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1. Study Outline
1.1. Project Goals

In automated driving on expressways, there may be cases where it is
difficult to change lanes smoothly from the traveling lane to the
deceleration lane due to the insufficiency or inaccuracy of information
available in advance, such as when there are stopped venhicles or fallen
objects ahead or there is congestion at the exit. One way to solve such
cases is to allow automated vehicles to obtain lane-specific road traffic
Information, which will enable early lane change and consequently safe
and smooth automated driving.



1.1. Project Goals
Necessity of Lane-level Road Traffic Information

® Lane-level road traffic information is necessary to achieve safe and smooth driving
by obtaining the status at the front that cannot be detected by in-vehicle sensors,
and changing lanes early, or other means.

® To generate lane-level road traffic information, it is effective to use vehicle probe
information that can obtain traffic conditions in areas, and further sophistication of
information by adding information from road/traffic controllers or others is expected.

Autonomous driving based on Sudden deceleration by the preceding car will cause a risk for the
W/biﬁfo restricted information from the front automated vehicle located at the congestion tail to decelerate
L 2 detectable with in-vehicle sensors accordingly, and unable to change lanes smoothly.
|
i Automated veh@e% ' icti
ted vehicl v ﬁ — ngLar)‘e‘ restriction |
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~N Obtaining lane-level information at the
WILinfo. | front preliminarily gi h ti
(& preliminarily gives enough time
for early lane change, etc.

Effectively generating information by combining
information from various sources
O Vehicle probe information
Can obtain areas and positions precisely
O Road/traffic controller information

Needs by vehicle
« What lane should be used?

« When to change lanes? Can obtain information such as incident causes
— Lane-level road traffic tolneeds that cannot be obtained through vehicles

O Others (emergency information, etc.)
Can obtain emergency information immediately

information is necessary to
determine the above.




1.1. Project Goals
Scope of This Measure

® There are multiple stages for automated vehicles to appropriately control or
make judgment, depending on the distances to the point to perform
controls necessary for individual scenes. Thus lane-level information is
required for each stage.

® It is important to use various communication measures depending on the
characteristics of each stage, and integrally combine obtained information.

® Lane-level road traffic information according to characteristics of scenes is
being reviewed for the effectiveness or use, and this measure first reviews
use of path planning mainly for lane change.

Path change, etc. Lane change, etc. |[Emergency brake, etc. |

Path planning (f 3
/o /B /o s
P oo oo %o o ¥ o 00
Upstream side several km Upstream side several hundred m Incident location
distant from the incident distant from the incident

Info. directly leading to control
(Areas to be mainly handled by V.

Info. to support judgment/control
(Areas with high expectations placed on V2I)

judgment/control:iLane-level road traffic info., etc.

[(Areasjwithlhighlexpectations! placed on V2N)

e
with VICS info. Scope of this measure



1.1. Project Goals
Scope of This Measure

® This measure utilizes vehicle probe information already implemented to
realize early social implementation and starts activities from reviewing
technologies to generate/provide information in real time similar to
conventional road traffic information.

® It also aims to generate/provide further instantaneous information in the
future.

Path change, etc. [Emergency brake, etc.|

Path planning @
/P, /OB Vs N anY
L) [ oo ¥o o ¥y ¢ L
Upstream side several km Upstream side several hundred m Incident location
distant from the incident distant from the incident
5 Several
High to several dozen seconds

Several dozen seconds to several minutes

‘

More instantaneous and
L advanced utilization will be
W . .
‘ reviewed in the future.

Scope of this measure

Technical study using vehicle probe information already
implemented to realize early social implementation

Several minutes or longer

Instantaneousness required




1.1. Project Goals
Target Use Cases and Advantage of Information Provision

LI [SRNESNeEEEEl) Targets three use cases being studied by Japan Automobile Manufacturers Association

A: Congestion tail B: Traffic accidents, disabled C: Lane restrictions
(branch support, passage support) vehicles, fallen objects, and (due to construction work, etc.)
Q@ other obstacles
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= - — . ick response (response from
c Target Communi | Control application (vehicle control or chvehicle et obbaInis

g sections cation information provision, etc.) information) 9

£ _

g| Expressways | V2I, V2N Lane chaggg,eérg\éjelllsntgm%rﬁp change, Not required

Note) Set based on the SIP Cooperative Automated Traveling Use Cases (1st Edition, September 3r9)

Advantages of info provision

® Improvement on safety and smoothness, etc. is expected thanks to smooth lane
change and prevention of impact collision by the following car, as well as sudden
deceleration of the automated vehicle when meeting an event shown in use cases by
changing the lane in an early stage based on the situation of the front area.

o Effective as support information for vehicles with automated driving levels 1 and 2.




1.1. Project Goals

Future Visions and Scope of Study of This Year

® In the future, data amount will be increased in line with widespread use of
connected cars, so we will proceed with the study assuming that latest
information will be provided thanks to collection of data without uplink delay.

@ Future vision as extension of

current technology

3 Future ideal vision

(Transition period)

Probe information
« Large amount of data
» Decrease in uplink delay
« Road link data
(leveraging turn signal
information, etc.)
¢ 1-minute summary data
Infrastructure information
« Traffic control information
(lane restrictions, accidents
etc.)

Probe info (commercial)
+ Less data
» Delay in uplink
» Road link data (per 100 m
section, speed distribution)
*  5-minute summary, 5-
minute update

Contents for this year

Perform field operational tests targeting 2 routes of Metropolitan
Expressway to verify the following matters.
@ Verification of the possibility of generating lane-level road traffic information
® Review of necessary technical specifications
® Verification of the effectiveness of information

Probe information

« Large amount of data

» Further decrease in uplink
delay

+ Leveraging lane-level data
(speed, turn signal information,
etc.)

+ 1-minute or shorter time data

Infrastructure information

« Traffic control information
(lane restrictions, accidents,
etc.)

Other look-ahead information
« Emergency information
(accidents, etc.)




1.2. Project Outline

To put the above into practice, this study and evaluation project examines the technologies to collect
lane-specific congestion information, stopped vehicle information, fallen object information, and
incident/restriction information (hereinafter collectively referred to as "lane-specific information") and
provide them to automated vehicles. Specifically, this study conducts a demonstration experiment on the
Metropolitan Expressway Haneda Line and Bayshore Route (hereinafter referred to as "demonstration
experiment") in the course of the Tokyo Bay Area 2020 Demonstration Experiment. The above measures
are examined not only for the automated driving system, but also for the Level 1 and Level 2 driving
support systems.

To achieve the above research and development objectives, the following research and

development items are conducted.

a. Technical study on each element

1) Study on lane-specific information generation technology

2) Study and evaluation of lane-specific probe processing technology required for generating
lane-specific information

3) Study and evaluation of data integration technology for generating lane-specific information

4) Study and evaluation of lane-specific information distribution technology

5) Study and evaluation of technology for collecting various types of traffic environment
information

6) Study and evaluation of technology for distributing various types of traffic environment
information

b. Demonstration experiment
c. Study and verification of elemental technologies using quasi-dynamic level look-ahead
information

d. Study on the use and validation of vehicle probe data for the detection of bad weather
and road surface conditions



1.2. Project Outline
Study Flow of This Research and Development

Study on requirements and specifications (a. Technical study on each element (1) Technical study)

al) Study on lane-specific information generation technology

Probe data information Study on requirements

obtained from vehicles N for data processing technology
- - : — + Lane-specific information generation technology
Incident information (restriction —| + Probe information processing technology

information, information on fallen - Data integration technology
objects and disabled vehicles)
= =
a2) Study and evaluation of lane-specific a4) Study and evaluation of lane- a5) Study and evaluation of technology
probe processing technology required for specific information for collecting various types of traffic
. e . C : environment information
generating lane-specific information distribution technology B
- . - Link with high-precision 3D maps -
a3) Study and evaluation of data integration « Setting Common Reference Points (CRP) a6) mmug’?" of ‘ed";’,’ogy
technolo for generating lane-specific + Data generation based on the lane-level " s rious types.
. -gy g g P position reference method traffic environment information
information
Reflection on experiment and development i Feedback

b. Demonstration experiment

. 1) Creation and update of node link maps of the demonstration experiment sections
Demonstration
experiment 2) Construction of an experimental system based on the technologies and specifications examined
lannin _ _ . - - — ,
Y g 3) Demonstration experiment Evaluation based on the use cases of lane-level road traffic information

» Evaluation of the certainty of information and position expression

* The demonstration experiment is assumed to be conducted mainly by the
Demonstration Experiment Consortium.

c. Study and verification of elemental technologies using quasi-dynamic level look-ahead information

d. Study on the use and validation of vehicle probe data for the detection of bad weather and road
surface conditions




1.2. Project Outline
Examination of elemental technologies

This research aims to generate alert information on the location of congestion trails and obstacle lanes from
commercial probe vehicle information, etc., and to provide this information to automated vehicles.

The scope of this project includes data aggregation and integration from data providers, information generation,
location representation, and distribution to OEMs, etc., as part of a series of steps up to the distribution of information
to user vehicles, which is a cooperative area.

Based on the effectiveness verification and technological evaluation through demonstration experiments, this project
aims to develop specific technical specifications (information resolution, delivery frequency, delivery format, etc.) for
the practical application of lane-level road traffic information.

Technical specifications for generating and providing
lane-level road traffic information
@®Data sharing (aggregation) specifications

Assumptions and

Data sharing specifications (data items, format, collection frequency, conditions to be

etc.) between centers when probe data, etc. are shared from the considered

provider's server to the information integration/generation server.

- - — - - - Related specifications, etc.
3 @Data !n_teq_ratlon specmcatlons for mL_lItlDIe information sources OData sharing specifications
® Specifications for integrated processing of data collected from between centers
=3 multiple information providers - JASPAR Specifications
Q — : — : OLocation Expression
— ®Specifications for generating lane-by-lane road traffic information Specifications
= Technical specifications for generating road traffic information « Extended DRM-DB
3 by roadway from available data . CRP
=
9 @Conversion specification to location-expressible data .
= Data format and conversion specifications (e.g., conversion to CRP Data that can be utilized for early
2 and dynamic maps) to enable representation (distribution) of commerua}hzatlon . .
« Probe information available

generated lane-by-lane road traffic information )
from commercial-based

X _Consideration of whether or not this functionality is required. .
Y S T P T ST P S T PR vehicles
®Data sharing (distribution) specifications — Roadway-level travel time
Data sharing specifications (data items, format, frequency of information. event
distribution, etc.) between centers when distributing generated information’ etc
information from information integration/generation servers to OEM L 10

and other servers




1.2. Project Outline
Demonstration experiment system configuration

® Construct an experimental environment in which various types of traffic environment information useful to
appropriately determine and control automated vehicles can be centrally aggregated with lane-level vehicle
information, for which a demonstration experiment system has been constructed since FY2020, and then
provided to the vehicle side (OEM center or equivalent), and implement the demonstration experiment.

This project (data generation and aggregation) Demonstration experiment project* (data conversion and vehicle output)

NN BN |

+ “Implementation of Tokyo

Lane-levgl pata | _ 3 D Waterfront Area Field
Businoss vehicle aggre- o4 3| diS'E'r?gSgon S High- Operational Tests”
a»informatipn _— <« Jation function precision
: server . X - server | map
i Subject of Information distribution Linkage with high-

Business
operator n Lane-level

study and to narrow- and ici
— vehicle evaluation medium-area projects precision map and
avigation - ; and demonstration conversion
system information ) :
manufacturer experiment projects
Construction of FY2020 experimental . - ) )
system Utilize distributed information

: : Aggregate ~ - - 2 ¥ for safe and smooth driving
e

Support Center various sources
Rainfall I 4 Lani-_lelvel Rainfall
information A2 ) fve 'Ct"? information
Data server information

g Location A . i

P H * — - information of V2N signha

Distributor A N Distribution simulated information

server emergency vehicles,

Location
information of

.
|
|
|
|
|
|
Development of Sgna . JREETRO : OFM center or equivalent > [ ——
|
|
|
|
|
|
|

* “Research and

emergency
vehicles

‘ | (mobile router)

Viewer’s display
terminal

Distributor B *

* “Construction of an
Experimental Environment .
for Providing Signal _VZN 5|gr_|al
Information via a Network information
in the Tokyo Waterfront

Area”

Box-type | M vehicle
control

Distribute various types of rd
traffic environment information
to automated vehicles via
narrow- and medium-area
projects

* “Research and Development of
Collection, Analysis, and Distribution
of Narrow- and Medium-Area
Information”

Linkage with high-precision
map and output conversion

Scope of construction and verification in FY2021/22



1.2. Project Outline

Implementation Schedule of This Research and Development

using the PDCA cycle.

® In FY2021, the amount of probe data was increased to verify stable information generation on actual
roads. Furthermore, an information generation function using vehicle event information (e.g., turn
signals) was added to verify the feasibility of information generation other than congestion by branch
direction. At the same time, how to realize social implementation was studied.

® In FY2022,In addition to the addition of probe providers (further increase in data volume), verification
experiments were conducted twice a year, in spring and fall, and technical verification was conducted

- FY2019,20 FY2021 FY2022

1) Study on lane-specific information
generation technology

2) Study and evaluation of lane-specific
probe processing technology required
for generating lane-specific information

3) Study and evaluation of data integration
technology for generating lane-specific
information

4) Study and evaluation of lane-specific
information distribution technology

(_DI
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>
=,
0
]
0
-+
=
Q
<

Demonstration
system
development

Demonstration
experiment
(desk verification /
verification on actual
roads)

JudwILIDAdXd
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Addition of an information generation function using vehicle event information (e.g., tum signals) 8 ,'
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_________ - :Q 1
5), 6) Study and evaluation of collection and distribution technologies for various -A-- d
types of traffic environment information (e.g., rainfall information and V2N M;iun
signal information :
* g ) 2023
Demonstration .
. . Probe Information
experiment planning online connection | ITTRAGEA
B el | /mprovement
System improvement A= ———————
==y I Demonstration 7y
Demonstration experiment Demonstration I experiment
(verification on actual roads) experiment 1 (fall period)
-More data (spring period) I 1 - Functional
-Turn signal, etc. - Additional data” L Improvements ,’
(Around (Around (Around™~ """~ 12

Dec. 2021 - Jan. 2022)  Apr.-May. 2022)  Sept. - Oct. 2022)



2. Technical Study on Each Element

2.1. Study on Lane-specific Information Generation Technology

® This project examines how to generate lane-specific information using

(1) Statistical data of probe information (e.g. travel speed by link)
collected from each company's vehicles, and

(2) Lane-specific fallen object information, incident/restriction
Information, and others

with regard to expressways and motorways.

® This project uses available data (i.e., data obtained not from automated
vehicles but from existing vehicles) in order to achieve early
commercialization.

® |n FY2020, a basic study was conducted on how to generate lane-

specific information. Also, probe suppliers were interviewed about
available data.




2.1. Study on Lane-specific Information Generation Technology

(1) Basic Study on How to Generate Lane-specific Information

B Target use case incidents and concept of detection based on probe information

® The following are three use cases where automated vehicles use lane-level road traffic

information.

® Study how to detect incidents by using available probe information depending on the use case.
A: Congestion tail B: Traffic accidents, disabled C: Lane restrictions
(branch support, passage support) vehicles, fallen objects, and (due to construction work, etc.)

Hazard

Congestion (*= - g

Turn signal
Steering

other obstacles (e.g., oil leaks)

Automated | o5

vehicles AHEAD

Lane restrictions

tail Braking @ Braking Disabled vehicles A
(=) = =i @ = =) ) YYYY
\@ @j \- Turn sig \-

Turn signal
nal @j Steering

Steering

)

Probe information (information source)

Target use cases and how to detect relevant incidents based on probe information

_ _ _ B: Sudden incident C: Lane restrictions
A: Congestion tail (traffic accidents, disabled

Use Case

(e.g. directional congestion) vehicles, fallen objects, and e constrqctlon
other obstacles (e.g. oil leaks work or the like)

Information obtained
by automated vehicles

How to detect location
of incident at lane level
(Information source)

Behavior of automated
vehicles

Lane-specific road traffic information
* Quasi-dynamic information (1-minute level)

® Low speed points in lane-specific ® Frequent turn signals ® Frequent turn signals
probes (directional probes at ® Frequent steering ® Frequent steering
junctions) ® Frequent braking

® Frequent hazard flashing/braking
@ Frequent turn signals/steering
Early avoidance (e.g. lane
change) or following the Early avoidance (e.g. lane change) 14
congestion tail



2.1. Study on Lane-specific Information Generation Technology

(1) Basic Study on How to Generate Lane-specific Information

B Concept of generating lane-specific road traffic information required for automated driving

® Determine the location of the incident (where lane change should be completed) using
available probe information depending on the use case and provide it to automated vehicles.

Image of generation of lane-specific road traffic information to be
provided to automated driving vehicles and matters to be clarified

Longitudinal spatial resolution

How nﬁi\ . .

Image of the (lane-specific) probe information to be collected ‘

- = N - . N
[ Frequent (lef) °| ( Frequent (right) |
Frequent | Frequent | Frequent
| | Frequent |
| Frequent (left) I Frequent (right) :
|

I Frequent in low
| speed range

| Low speed on the !
\ left ]

—-— o o o

Frequentinlow | Frequent in low
speed range

Sample frequency by
speed range

S am s s

speed range 1

Low speed on
the left

Speed by branch
direction

AN e W e e B

Image of lane-specific road traffic information to be generated‘_’Data Integration

Congestion
ahead in left lane

Obstacle ahead
in right lane

Lane-specific road
traffic information

- I } 1 can the delay in i i i >

5 o
== V) providing
05 e information be o
32 <So7, .ilu'ufz-:&leulfg} 1 P— ARt ! — w2
8 e = = o
= % 7y 12:25-12:30 ! ! “Congestion tail m B “;‘L‘akne restrictions
= i i i % ! Yy
ga B - : _ i i EO
g WD oD i Accident ™ : : .
© ! ; , '

What data is
useful for incident
determination?

Frequent (right)
Frequent

Frequent (right)

Frequent in low
speed range

What resolution is
effective as support
information?

Obstacle ahead
in left lane
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2.1. Study on Lane-specific Information Generation Technology

(1) Interviews with Probe Suppliers

® [nterviews were conducted with multiple probe suppliers in order to
organize the data format and information items regarding the available
Information obtained from vehicles and required for generating lane-

specific information.

Interview period
- Late February to early March 2020

Interview method
- Send an interview sheet in advance and conduct an interview on the day.

Interview items
« Cooperation in providing probe information in the data format desired in

this project
» Cooperation in providing information on-line during the demonstration

experiment
» The cost, contract method, and coordination required to cooperate with

this project, and more




2.1. Study on Lane-specific Information Generation Technology
(2) Basic Study on How to Generate Lane-specific Information

B How to pre-verify information generation method (draft)
O Verification using actual data

® Obtain the actual probe information and verify the certainty of the information generation
method, regarding lane restrictions (due to construction work or the like), which are
announced in advance, and congestion starting from Route No.1 Haneda Line inbound
Hamazakibashi JCT, where lane-specific traffic congestion constantly occurs, among the
target use cases.

® The target incidents and vehicle behavior are checked with CCTV video images.

O Verification using dummy data

® The certainty of the information generated is desirable to be verified based on the actual
probe information. However, it is difficult to obtain lane-specific probe or turn signal
information at 100-m intervals at an early stage, and only limited video images can be used
for verification. Therefore, dummy data is also created and verified by reproducing use case
iIncidents by means of traffic simulation and presuming the amount of probe information to be
obtained.

® The verification clarifies the spatial variations in the points of turn signal indication with regard
to the location of lane obstruction, the amount of data obtained at
100-m intervals, and the relationship with the sample frequency by speed range.

17



2.2. Study and Evaluation of Lane-specific Probe Processing Technology
Required for Generating Lane-specific Information

2.2.1 Technical Study

B Basic technology for generating lane-specific probes

® Among the methods discussed in 2.1, probe processing technology will be examined
for those that are feasible to conduct demonstration experiments.

® In FY2019, the data format and information items were organized regarding the
available information obtained from vehicles and required for generating lane-specific
information.

® In FY2020, the information items, data aggregation definitions, and collection format
(Json format) for collecting probe information from probe providers were organized. In
addition, a hierarchical data format that takes into account the delay in unlinking from
probe vehicles will be organized.




2.2. Study and Evaluation of Lane-specific Probe Processing Technology
Required for Generating Lane-specific Information

2.2.1 Technical Study
M Available probe information

® The spatial aggregation unit of probe information (such as speed) is generally a link
aggregation such as DRM*, (Pattern 1)

® It is desirable to use lane-level probe information (Pattern 3) to generate lane-level
road traffic information, but in real terms commercial-base data (data obtained by
commercial vehicles) are road-specific linked information (Patterns 1 and 2)

® Therefore, using probe information of Patterns 1 and 2 to generate lane-level road
traffic information is being studied.

Travel track *DRM: Digital road map prepared by
/

Venhicle SUbJeCt to probe': acquisition ! @@Q the Japan Digital Road Map Association
T | T

T
¥ : -— ; ; —<< FEees
=D = o mml emim)vimiml S mn i imim i SATIPY

tF)’oir;]t of pr?siltioning ’ Data format to be expected to
y the vehicle realize in future (ideal format)

__________________________________________________________________________________________________

: Pattern 1 Pattern 2 Pattern 3
' DRM links DRM links (at 100-m equal lane-level links (e.g. at 100-
(road links) interval) m intervals)
V4 V4 A
\Val V2 V3 ... V1 V21 V22 V23 V3 --- VET)__>__>__>__>__>
V: Link travel speed e Vit o !
- - P Subdivided into 100-m intervals orothersto .o _ovvverierr oo S/

heighten the resolution in the travel direction
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2.2. Study and Evaluation of Lane-specific Probe Processing Technology
Required for Generating Lane-specific Information

2.2.1 Technical Study
B Details of Probe Information to be Used

® Uses of probe information obtained from probe operators are roughly divided into desk study to
evaluate the reliability of information generated with the established method, and verification of
experiment system by actually distributing information to experiment participating vehicles during
the 2020 field operational test.

® Probe information will be totaled every 5 minutes, considering current data collecting status or
other factors.

Probe information to be used in field operational test

. Field operational test
Unit of

links for . Verification with Note 1) Image of
data Data item Desk study experiment system data format on

. (using past data) (online/real-time No. of vehicles
collection 9 data) by speed range

Speed category No. of
vehicles

Speed by branch  Speed by branch

Patterr.l 1 direction (5- direction at links @) O 0<V=<10km/h
In DRM links . . ) .
minute interval) before junction 10<V=20km/h
Link speed Average speed O (@) -
(5-minute o of v Teea s 110<V=120km/h
Pattern 2 interval) 0. ofvehicles by @) O 120<V
: speed range(®)
In DRM links
(100-m Frequency on Brake Note 2) Not used in
interval) vehicle events . the FY2020
(5-minute Turn signal O o) demonstration
interval) Steering system

20




2.2. Study and Evaluation of Lane-specific Probe Processing Technology
Required for Generating Lane-specific Information

2.2.1 Technical Study
B Data sharing (aggregation) (occurrence of uplink delays)

® It is assumed that there will be a certain amount of time before the driving information of the

probe vehicle is uplinked to the information generation server of the probe provider, and this
should be kept in mind when collecting probe information.

Vehicle (Navigation) || Probe operator server | | lane-specific information
generation server

Exit time of a 100- | [Vehicle Time of the information Time of generation of distributed
m link —Probe operator generation process in the information in the server for generating
18:58 server uplink time probe operator's server lane-specific traffic Information

- 19:07 %9 19:10-

*Times are examples

%& Running (link exit) information generation
» - cellular
\\ phone line
\

\
N
m Q Aggregated in 5-minute
s = o

increments based on 100-

Integrated Processing
Generation of delivery information

; -4 L Generate traffic information every 5
: meter link exit times minutes based on the latest data.
Time to i(;1allc(l)J(|)a_tne1 tlirr?llleulnsi’?:ed, etc. ~ Aggregation completed (Information generation processing

18:58 + Time of transmission to the server time (delay) in each probe operator’s
1990 _ by lane-specific server is taken into account.)
(= Exit time of a 100-m link) = Completion time of information
generation
19:09

Flow from data acquisition to information collection at the vehicle o



2.2. Study and Evaluation of Lane-specific Probe Processing Technology

Required for Generating Lane-specific Information

2.2.1 Technical Study
B Data sharing (aggregation) (occurrence of uplink delays)

® It is assumed that there are many data that are uplinked late in the probe information,
and it is possible that the required number of samples cannot be obtained only from the

latest data.

® Therefore, the following should be considered in the data sharing (aggregation) phase.
» Aggregation in 5-minute increments (called "class") based on probe vehicle travel

times

» Consolidates the most recent past data at each class (class 6). Class 1

consolidates data for the last 5 minutes, and class 6 for the last 30 minutes.

» Examine the generation logic while checking the data acquisition rate of each
hierarchical frame.

Verification items

-Data acquisition
rate (occurrence
of uplink delays)

Exit time of 100-m link

For the generation of distribution

Delivered information 18:30- | 18:35- | 18:40- 19:00- information as of 19:00, integrate
generation time 18:35 18:40 18:45 19:00 19:05 hierarchy class 1 to class 3 to ensure
the required number of samples of 10.
19:00 class 6 | class5 | class 4 W class 3 | class 2 : :
10 = 4 As of 19:05, it will be
19:05 class 6 | class 5 | class 4 | class 3 B class 2 | class 1 integrated to hierarchy
10 8 6 cllass 1to Iclass 2.
19:10 At the next class4 | class 3 | class 2 | class 1 As of 19:10, use only
generation time, the 12 10 10 class 1.
19:15 uplink delay dat‘-f' will class5 | class4 | class 3 | class 2 | class 1
ded over time.
19:20 class6 | class5 | class4 | class 3 | class 2 | class 1

Image of data integration to ensure the required number of samples
*When the required number of samples is 10 22



2.2. Study and Evaluation of Lane-specific Probe Processing Technology
Required for Generating Lane-specific Information

2.2.1 Technical Study
m Data sharing (aggregation) (occurrence of uplink delays)

® The data collection format for aggregating data from probe providers is designed so that information
up to 30 minutes prior to the collection deadline can be aggregated in 5-minute increments, taking into
account uplink delays.

Format structure to be collected from probe providers

Configuration information Main Information
Basic Information Geodetic system, time zone, information generation time
DRM Basic

. DRM link version, secondary mesh code, link number
Information

class 1-6 Information up to 30 minutes prior to the collection deadline is aggregated in 5-minute
increments.

DRM link
unit information

Average travel speed by direction

Information up to 30 minutes prior to the collection deadline is aggregated in 5-minute

class 1-6 .
increments.

uoijeuwllojul 3go.d

100m split link unitSplit serial number, split link distance, average speed information, speed stratification information
information other vehicle information, average travel speed by direction

*From the probe provider, the data expression is in Json format, and the information is collected by file transfer using the HTTP protocol.

m Data sharing (aggregation) (collected data items and definitions)

® Define uniform definitions for information items to be collected from probe providers.
® The definition of "other vehicle information (blinker, brake, etc.)" is also defined to count the number
of events. 5




2.2. Study and Evaluation of Lane-specific Probe Processing Technology
Required for Generating Lane-specific Information

2.2.2 Technical evaluation

® Based on the results of the study in 2.1.1, it will be confirmed that the
information necessary to create lane-specific information can be
created from probe statistics (travel time by link, vehicle information by
speed band, etc.) collected from probe providers. In addition,
necessary improvements will be made based on the results of the
demonstration experiment.

® In FY2020, we procured past probe statistics from several probe
providers and confirmed the information generation rate by time zone
section and the number of backward classes required for information
generation.




2.2. Study and Evaluation of Lane-specific Probe Processing Technology
Required for Generating Lane-specific Information

2.2.2 Technical evaluation

m Check the amount of probe information collected (contamination rate)

® The contamination rate of probe information (number of vehicles by speed
stratification) that can be collected at present is about 3% on the Metropolitan
Expressway (Route No.1 Haneda Line and Bayshore Route) (weekdays/daytime).

® Equivalent to 6 cars/5 minutes on Route No.1 Haneda Line (inbound) and 8 cars/5
minutes on Bayshore Route (eastbound).

ONumber of units by speed stratum (100m section unit, mixing rate)
2020/7/8-8/7

Haneda Line (inbound) Bayshore Route (eastbound)
Haneda Line (inbound) Bayshore Route (eastbound)
7% Weekday 7% Weekday
Z 6% Saturday Z % Saturday
§. 5o Sunday and holiday ; i Sunday and holiday
¢
8 4% O | Weekday 7:00 a.m. to
7:00 p.m.-average: 3%.
= 3% (e XA i > 8 3% :4-——---p ——————— d ———-o——b:
A ! _Weekday 7:00 a.m.to | =+ | !
D ’ i 7:00 p.m. average: 3%. 1 D X X
1 |
1% 1 1 1% : :
| | | |
0% ! ! 0% 1 1
SHA®mILERBag I NINENRA]INQ SHNWShUr®ag 3T uEN eI NR
Time Time

*Comparison with FY2015 census traffic volume by time zone. -



2.2. Study and Evaluation of Lane-specific Probe Processing Technology
Required for Generating Lane-specific Information

2.2.2 Technical evaluation
m Check the amount of probe information collected (number of units per 5 minutes)

® On Route No.1 Haneda Line, regardless of the day of the week, generally more than 50% of the
sections have 5 cars/5 minutes or more* during the daytime.
® On the Bayshore Route, generally more than 80% of the sections have 5 cars/5 minutes or more*
during the daytime, regardless of the day of the week.
® Both routes cannot secure 5 cars/5 minutes at night.
> In the daytime, there is a possibility of generating information with a certain level of accuracy
with the current amount of collectable data.

*Number of samples for which the average travel speed can be calculated with an accuracy of £10 km
(95% confidence level) in the distribution of speeds on urban highways.

OPercentage of sections (in 100-meter increments) where the number of vehicles by speed stratum
is 5 vehicles/5 minutes or more.
July 8, 2020 - August 7, 2020 Weekday average

Haneda Line (inbound) Bayshore Route (eastbound)
ine (i Bayshore Route (eastbound)
100.0% Weekday Haneda Line (inbound) 100.0% Weekday
90.0% Saturday 90.0% Saturday
Sund
80.0% Sunday and holiday 80.0% == =: a:z haglida —————————————————————————————————
v o

70.0% 70.0% 80%
60.0% 60.0%

50%
50.0% mm T T T T T T T T T e e T 50.0%
40.0% 40.0%
30.0% 30.0%
20.0% 20.0%
10.0% 10.0%
0.0% 0.0%
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2.2. Study and Evaluation of Lane-specific Probe Processing Technology
Required for Generating Lane-specific Information

2.2.2 Technical evaluation
B Uplink delay (backtracking time required to secure 5 units)

® Since there is a delay in the uplink when collecting probe information for each OEM, etc., data will be
collected in 5-minute units up to 30 minutes in the past so that data collected late can be utilized.
® When trying to secure data for more than 5 units, the percentage of sections that can be collected in
the last 5 minutes is 10%, 60% if you go back to the last 10 minutes, and about 80% if you go back to
the last 15 minutes. (Haneda Line (inbound))
» Taking uplink delays into account, it is expected to take about 15 minutes to collect data from five
cars depending on the time of day and the segment, but this is expected to improve as the
number of connected cars increases.

Olnformation generation rate Haneda Line (inbound) July 8, 2020 - August 7, 2020 Weekday average
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2.3. Study and evaluation of data integration technology for generating
lane-specific information

2.3.1 Technical Study

® Study how to integrate statistical data of probe information provided by
each supplier into lane-specific information in consideration of the
differences in the number of probe data items and accuracy while
assuming the following.

® |In FY2019~20, a basic study was conducted on the statistical processing
method for integrating statistical data of probe information into lane-
specific information.

® |In FY2021, by improving the logic for generating lane-specific information,
which is implemented in the demonstration experiment server, a logic that
also uses vehicle event information (e.g., turn signal count) for generating
lane-specific information was studied.




2.3.1 Technical Study

B Data integration and information generation that takes into account
variations in the time information is received from each company's servers

® In the experiment using real-time online data, the time at which the server can receive the data
will vary depending on the processing time for data generation, etc. at each probe provider.

® Therefore, in generating information, we set the specification that data integration and information
generation based on the latest aggregated data is updated every minute, taking into account the
delay in the time when probe information can be received by the server of this experiment and the
variation of each probe provider with respect to the reference time for information generation.

lane-specific : information
Probe operator ‘ information 19:05 generation
server HTTP generation server reference time

communication . : Transmission time

18:35 18:40 18:45 18:50 18:55 19:00 19:05 time—
A : time of receipt

Company A information >

Servzr Y — | layer6 | layer5 | layerd4 | layer3 | layer2 | layerl géneratt.on\ e

Company B — layer6 | layer5 | layerd | layer3 | layer2 | layerl nformar-’\ >

Server generatio

Company X

Server >

— layer6 | layer5 | layerd4 | layer3 | layer2 | layerl information generation
Server by lane & \ .
Dellver nformation

Generation Process

Data integration and information generation based on
the latest aggregate data updated every minute

Data integration and information generation that takes into account variations in
the time information is received from each company's servers 29



2.3. Study and evaluation of data integration technology for generating
lane-specific information

2.3.1 Technical Study

B Basic concept of information held by probe information links and lane-specific information
Information held by links for probe information to be used

Speed by direction at links before junction

in the left lane.

If the speed on the left is low, it is
estimated that there is congestion

Frequency by speed range
(speed distribution))

Variations in speed possibly

mean the occurrence of
> Frequency

II;aRT\EIe;:‘:k: (road Speed on the left
link) N\
® Speed by direction >0 >F——>C
at links before Vi Ve : i
junction Straight speed |
Pattern 2 E : :
DRM links : ! i
(100 m equal i V4l
interval) sloa o A
® No. of vehicles by Vi 'v2-1' V22 \23 V3 ~

speed range

® Frequency on vehicle
events (such as turn
signals)

- =

Congested £ J Normal

congestion

> Speed
Low High

Frequency on vehicle events

Turn signal

Left turn
signal

Right turn
signal

Left steering
Braking

Freq. Z
15

0

If many vehicles
indicate left turn, it is
estimated that there
is trouble ahead in
the left lane.

15

N

If many vehicles
use braking, it is
estimated that
there is trouble
ahead.

® Identifies a position where an abnormality occurs in the traveling direction at 100-m intervals from information
on number of vehicles by speed range in Pattern 2.
® For lane-level abnormality, the direction (left or right) of the lane having the trouble is judged from turn signal

information or the like in Pattern 2.

® At junctions, lane-level congestion status (left turn or straight) by branch direction is judged from the speed

information by direction in Pattern 1.
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2.3. Study and evaluation of data integration technology for generating
lane-specific information

2.3.1 Technical Study
H Lane-Level Road Traffic Information to be Generated

® Generation of the following warning information applicable to target use cases is
studied.

® Since vehicle event information processing functions are not implemented in the
experiment system for verification, use cases for congestion tails at the junction will
be mainly verified.

Generating

warning :
information based ! ;
on probe data i

m Abnormality III Abnormality
III in left lane III in left lane

Space resolutlon in travel direction (at 100-m mterval)
| | I |
| I I I
0 100 200 300 400 600 mon 700
, : : : !Cc"gestloHaHI—LOW Speed'@ ane-restrictior]
Actual incident i | : el o= R T Bl
Ctual inciaen @B W : Turn signal : :%@’azard Iamp D ignal
= Deceleration ' |Accident Turn signal Decelersed] signa
Automated vehicles , D T H0 SNy | ; s
* Speed distribution  Speed distribution . S
abnormality abnormality ggﬁgfn::l;s“ttrlbutlon
 Frequent turn signal » Branch speed lowering in F Y
i . * Frequent turn
(left), etc. left direction signal (right), etc
) - « Frequent turn signal 9 9nv), )
Information update: every 5 minutes (right), etc. :

*At 100-m interval/lane-level ’
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2.3.1 Technical Study

B Event determination flow for generating lane-specific vehicle information

® The event determination for generating warning information consists of two processes: congestion section
determination (a, a') in the longitudinal (travel) direction and abnormality determination (b, c) in the lateral (lane)
direction, which is for generating lane-level information.
® The lateral abnormality determination is divided into two processes: one to determine whether the congested lane
is on the left or right based on the speed by branch direction (c) and the other to determine whether the
obstructed lane is on the left or right in use cases other than branches (d).
® If an abnormality is determined only in the longitudinal direction, warning information is generated for all lanes.

Vehicle count
by speed range

Vehicle count by speed range
(per 100-m road link)

Variation in speed (occurrence of low-speed
vehicles) possibly means a lane-specific abnormality

> Speed

Frequency

Congested

Low speed
range

High speed
range

Lateral abnormality
Speed by determination

branch direction

-
Speed by branch direction
(per DRM link)

Left Right

(Branch line (Main line)
Link C Link B
Low speed in
the left lane
suggests .
congestion in : LIIQ?kh?
that lane. [ Left lane Iage
speed speed

deter

Start of event

ination

a’. Determination by

<, Added in FY2021

{

Braking information
I

Vehicle control event count
(per 100-m road link)

At branches

c. Determination by speed
probe
(speed by branch direction)

In other cases

b. Determination by
event-bas¢d probe
(turn signal iriformation)

event-based probe Frgquent bhreaking
. . . . - indicates the
(braklng mformatlon) Event classification Freq. presence of many
Braking 9. low-speed
\| vehicles.

N

Turn signal information

J
Vehicle control event count
(per 100-m road link)

Event Fre

q.

Generates lane-level vehicle

information depending on the
determination result

Basic flow of event determination and data used

classification The presence of

: many vehicles

Left turn signal 15 indicating left

Right turn 5 turn signals
) suggests
signal obstacles ahead
in the right Iane)
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2.3. Study and evaluation of data integration technology for generating
lane-specific information

2.3.2 Technology Assessment

® Build a data integration server and create lane-specific information using a
statistical processing method based on the technical study described in the
previous section. Analyze the issues for practical use such as information
accuracy of the created lane-specific information, and make necessary
Improvements.

® In FY2020, a data integration server was constructed and lane by lane
information was generated using past probe statistics. Furthermore, the
accuracy of the information was evaluated by comparing it with actual traffic
conditions.

® In FY2021, the method for generating lane-specific information was verified by
generating the information in a section other than branches (junction at Tokai
JCT) using past probe statistics including turn signal information.




2.3.2 Technology Assessment

m Preliminary verification of information generation accuracy (event detection based
on the vehicle count by speed range)

_______________________________________________________________________________________________________________________________

Verify the number of samples (by speed range) required to detect the congestion tail and speed differences by
lane from the speed information. Specifically, compare the lane-specific traffic situation estimated based on the

pseudo-probe information generated by simulation results with that (true value) obtained from the traffic
micro-simulation results, and evaluate it by the event detection rate with respect to the true value.

Image of
validation of
event detection
method using
speed
information

Real event

Distribute warning
information based

on probe data

4 DU Roy 200m 100r 0 100r \_‘
: L €17 ! ! 4 W/
Direction of [ ! \u"e Oigy ) o 10%
travel t '
Upbound ' N
' N A : .
Automated vehicles ! Route 1 Haneda Liner/ Congestio tail :\~ To Ginza
R y 3 74l : .
(1) Whether the estimated 7 [/ -
congestion tail matches Rl Ll k . i i
x c Shibaura JCT Hamazakibashi JCT
the actual event //. ; : :
' — T i -
A i i i
(2) Whether the estimated 7 ! : LS
. N . ' AV
congestion information / : 105"
(cross-section or lane- \ :
specific) matches the : P \ Slowd
actual event L'“e‘ >!“*\ ! = Slowdown .
1 M siowdown Slowdown )
- To Ginza
: : Warning - : y
. . L} 1 1
i e information ; : s
] - (lane-specific) - - ;
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2.3.2 Technology Assessment
Preliminary verification of information generation accuracy (event detection using speed stratified volume data)

® Sorting out the accuracy of information generation according to probe vehicle mixing rate from traffic
simulation results.™
» Information generation accuracy of about 70% is expected with a contamination rate of about 10%.
® The accuracy of information generation using the actual data collected this time™ is 50-60% for the location
of the congestion tail, and about 50% if the content (lane-specific traffic jam or cross-sectional congestion) is

included.
» Slightly lower accuracy than simulation results because uplink delay is taken into account in real data.

(Determination of the location of
congestion tail)

(Determination of the location and contents

Detection rate . .
of congestion tail *3)

Detection rate

100% 100%
90% 90%
80% Y 80%
70% of [Actual data] Mixed rate of approx. 5% 70%
v . : i o .
60% Event detection rate 54% 60% P [Actual data] Mixed rate of approx. 5%
. .- . o .
40% 4 40% * Positive detection rate 49%
e |
30% Position only 0 ) Contents includ
) ™ event extraction rate 30% & =¥ event extraction rate
0, e
20% _g Positiononly 20% Contents include
10% positive extraction rate 10% positive extraction rate
0,
0% 0%
0 20 40 60 80 100 0 20 40 60 0 100
Probe vehicle contamination rate (%) Probe vehicle contamination rate (%)
*1 Probe vehicle contamination rate: 1%, 2%, 5%, 10%, 30%, 70%, Number of *2 Compared with the true value (lane-specific traffic jam and cross sectional traffic
judgment samples: 1% and 2% contamination rate = 2 vehicles, 5% and 10% jam) confirmed by CCTV images and driving images
contamination rate = 5 vehicles, 30% and 70% contamination rate = 10 vehicles *3 Content judgment: Determine whether the traffic jam is lane-specific or cross-
sectional.

@cEvent extraction rate = Percentage of congestion events detected by estimation out of actual congestion events
@ Positive extraction rate = Proportion of congestion events detected by the estimation that are exactly on target

Relationship between probe vehicle mixing rate and event determination accuracy

(Before Route No.1 Haneda Line inbound Hamazakibashi JCT) %




2.3.2 Technology Assessment

m Verification of lane-level information generation using turn signal information based on past data

(congestion at the junction at Tokai JCT)

7

- On weekday mornings and evenings, lane-specific congestion is prone to
occur mainly in the first lane at Tokai JCT on the eastbound Bayshore
Route due to large numbers of vehicles merging from the Bayshore
Branch Route.

- Verify from past probe data whether it is possible to generate warning
information at the head and tail of congestion based on the information
on continuous abnormal speed sections obtained from speed probe
information and the information on behavior at junctions and congestion
tails obtained from turn signal information.

I

> Bayshore Branch 1
" Route
(eastbound)

Lane-specific congestion in front of a junction

210928_review meeting

Concept of traffic phenomena and information
| generation at the junction
|

Information display interval
I(in 100-m units) | | |

(captured around 10:39 on August 6, 2020, during preliminary verification)

at Tokai JCT

Source: Add to the footage
taken by the contractor.

300
1

500

600
1

e

- Congestion tail !
1

=MD

=D |

Generate
Weldallale)

1
Bayshore Route

Estimate in which lane the
congestion tail exists and the location
of obstacles based;on the direction of
more frequent turn signals.

= .o

This'also applies to the case where
the first lane is obstructed due to a

i
1 | +
peed distribution|§ Speed distribution || Speed distribution
varies varies varies
\ Frequent right Frequent right Frequent right
[ turn signals turn signals turn signals 1
1 +
T

. : Warning
information eatah
based on (congestion tail) ;
probe data |Direction of travel: Eastbotmd> Tokai JCT
24.6kp 24.5kp 24.4kp 24.3kp 24.2kp 24.1kp 24.0kp

Warhing :
.\\iﬁmnm&ian\-
(lane-specific) i

trafficaccident:

23.9kp 23.7kp

23.8kp
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2.3.2 Technology Assessment

m Verification of lane-level information generation using turn signal information based on past
data (congestion at the junction at Tokai JCT)

® By combining information on longitudinal abnormality (abnormal speed distribution) and lateral abnormality
(frequent turn signals), it is possible to detect lane-specific congestion due to merging at Tokai JCT and generate
information on the location of obstacles and the congestion tail (lane-specific in some time of day).

Tokai JCT
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Oi PA Event determination based on probe
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2.4. Study and Evaluation of Lane-specific Information Distribution
Technology
2.4.1 Technical Study

® Examine the technology for providing the lane-specific information
Integrated in 2.3 above to vehicles participating in the experiment or
servers that relay the information (which are expected to be substituted
by telematics centers of automobile manufacturers at the stage of social
implementation in the future).

® Specifically, examine the message format after examining the location
reference method for superimposing lane-specific information on high-
precision 3D maps, lane-specific information items to be provided
depending on the location, and so on. The examination will be based on
other SIP measures and examinations conducted by other parties.

® Then, examine the position reference method, the contents of the lane-
specific information items to be provided, the encoding scheme, and
others to embody the encoding method.

® In FY2020, how to create node link maps was examined based on the
position reference method for superimposing lane-specific information
on high-precision 3D maps.




2.4.1 Technical Study
m Conversion to positionally representable data

® In the data flow from the probe provider to the vehicle, the combination of maps
to be used is assumed to be as follows.
» This section summarizes the issues to be addressed for future practical use in
generating the necessary extended DRM and CRP maps.

Competitive area Cooperative area Competitive area
OEM, etc. Public institution OEM, etc. Vehicles
I I
Basic .
Probe operators Integration and
form (OEM, etc.) >l  generation > OEM, etc. > Vehicles
servers server Servers
(— .

A @ DRM-DB Conversion flow

g assumed in this year's
LG DRM—Enhanced DRM study
o=

Q
T @ Enhanced
® 3 @ Enhanced DRM-DB
c 3 < DRM-DB

o
2 ; Enhanced DRM—CRP Enhanced DRM—CRP

Q

@ ® CRP ® CRP 3 CRP

Flow of conversion to positionally representable data
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2.4.1 Technical Study
m Data sharing (distribution) (Data Sharing Specification (Draft))

® JASPAR specification standards will be applied for data sharing between the
centers when the generated information is distributed from the information
integration and generation server to the servers of the Tokyo Waterfront Area
FOTs Consortium (assuming future OEM telematics centers, etc.).

® The message set referenced between servers consists of "spatial information”
and "content body," where the spatial information includes valid time and
latitude/longitude expressions.

® The point and lane classification for displaying the generated alert information is
described by the latitude/longitude and lane of the point details item.

Image of message structure

Time detailed item

Spatial information

. . Management
Administration . . Item Name
2 stratio information Item Name -
" - - : — Start Time of occurrence
Container | Basic Spatial Time Effective time , —
. . - : Expire Invalid time
information Section Latitude and
longitude Topographical detailed item
Contents | Content body | expressions — Name
Latitude Latitude
Item Name : -
Longitude Longitude
Beginning | Start location 4’ OnRoad Presence or absence
Point on the road
Name Road name
Lane Lane
(Plural possibilities)
Accuracy Veracity of information




2.4.1 Technical Study
B Data sharing (distribution) (Data Sharing Specification (Draft))

® The generated alert information was positioned in "5 alert event”.
® For the items Subject and Accuracy, we conducted empirical tests using the
definitions shown in the figure below.

Image of message composition

Administration

management information

Container | Basic

Spatial information

Contents Content body

item Content Type Definition
number
1 traffic flow conditions | Information on average speed and number of vehicles in the
(e.g. heavy traffic) section
Regulatory Status Traffic Regulation Information
Environmental Information on temperature, weather, estimated road surface
conditions conditions, solar radiation, regulations, etc.
4 obstacle Information on falling objects, stopped vehicles, etc.
alert event Information on emergency vehicles, road work, vehicles
requiring attention, etc.
Vehicle Events Information such as the point of activation of ABS and ESC
Parking position Locations where parking is possible/impossible and information
about them
8 Road structure Information on road geometry changes, paint changes, ancillary
Detailed alert event items change equipment changes, cracks and sinkholes, etc.
item name
Sequence Number to segregate/manage
Subject Targets that should be alerted [Additional items "50: Traffic jam end" and "60: Obstacle location" were used
in the demonstration experiment].
Accuracy Veracity of information [In the demonstration experiment, information was used as "5: information generated
by data up to hierarchy 1," "4: up to hierarchy 2," "3: up to hierarchy 3," "2: up to hierarchy 4," and "1: after
hierarchy 5"].
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2.4. Study and Evaluation of Lane-specific Information Distribution
Technology
2.4.2 Technical Evaluation

® Based on the results of the technology study, information by lane will be created using
data expressions based on the definitions of the location reference method determined,
and an interface will be implemented to exchange information between the probe data
integration server for the verification experiment and the server for the experiment
prepared by the Tokyo Waterfront Area FOTs Consortium, and the appropriateness of
using the technology will be evaluated. The details of the interface to be implemented
will be decided in consultation with the Consortium.

® In FY2020, information by lane was created using data expressions based on the
definition of the location reference method in accordance with the upgraded DRM, and
an interface was implemented on the probe data integration server to exchange
information with the server for the experiment of the Tokyo Waterfront Area FOTs
Consortium.

B Conversion to positionally representable data
O Development of data infrastructure for representing lane level road traffic
information

® For the process of integrating and generating lane-specific traffic information, the road
level map (DRM-DB in the demonstration experiment) and the high-precision 3D map
are used as the source data to generate the data that organizes the number of lanes in
the section every 100 meters.

® It is necessary to develop a data infrastructure capable of representing lane-specific
positions and to establish a system for continuous updating.




2.4. Study and Evaluation of Lane-specific Information Distribution
Technology
2.4.2 Technical Evaluation

m Data sharing (distribution)
OData distribution specification

® Through the demonstration experiment, we clarified the issues with the current
JASPAR specifications when distributing alert information.

® Although the current specifications do not specify the "congestion tail" as alert
content, the "99: Others" marker number is used in the demonstration
experiment to explicitly distribute information on the congestion tail.

— Consideration will be given to assigning a special marker number for congestion
tail information as needed.

OData delivery processing time

® The server side of the Tokyo Waterfront Area FOTs Consortium acquires lane-
specific road traffic information in arbitrary one-minute cycles and distributes it to
the experiment participants.

® To achieve 1-minute delivery, an API that can be processed in about 7 seconds
must be implemented.




2.5. Study and evaluation of technology for collecting various types of
traffic environment information

2.5.1 Technical Study

® Based on 2.1 through 2.4 above, technology for collecting lane-level vehicle information and
other traffic environment information (see table below) from information sources was studied.

Traffic environment .
information
Lane-level vehicle . . . ner nd distri in thi
. MEEVER Lane-level vehicle information server Ge I ated and distributed in this
information project
: : Generated in the information
. . . nM rological Busin X )

Rainfall information éipa orteC;cggtgrog cal BUsiness source side business and

PP distributed in this project

Location information  [pY= saistiee B! Generated in other SIP project
of simulated *1“Research and Development of Signal Control and distributed in this project
emergency vehicles Using GNSS, etc.”

. Distributor B *2 . .
V2N signal *2 “Construction of an Experimental Environment for Generated in other SIP project

information Providing Signal Information via a Network in the and distributed in this project
Tokyo Waterfront Area”
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2.5. Study and evaluation of technology for collecting various types of
traffic environment information
2.5.1 Technical Study

® Technologies for collecting and distributing various types of traffic environment information that are to be
implemented in the data aggregation server shown in the figure below are studied and evaluated in 2.5 and 2.6.

This project (data generation and aggregation) Demonstration experiment project* (data conversion and vehicle output)

T mm— — mm— m—— mm— mmm mmm mmm S mmm S EEm R Em R Em = )

Business
operator 1

* “Implementation of Tokyo
Waterfront Area FOTs”

Lane-leve

operator 2 informatipn precision
map

<
pata | - L
aggre- + Linked S
RS J ! diistribution
) - 92tion function
: server § - server |
operator n Lane-level

Subject of Information distribution Linkage with high-
Navigation vehicle

study and to narrow- and ici
evaluation medium-area projects preC|S|o_n map and
system information and demonstration conversion
manufacturer experiment projects
Construction of FY2020 experimental . L . .
system Utilize distributed information

Aggregate - —— : ¥ for safe and smooth driving
Japan Meteorological Business infOr?ngaticg)n from Nc?rrow and medium ?:Irila prgJe_Cts
Support Center various sources (data management and distribution

RENEL 7

information

NI Rainfall

\\4 vehicle . A
inf 0 information

Data server Lot
Location .
Distributi information of V2N signal
5| Distribution simulated information
server emergency vehicles,

OEM center or equivalent
.’ S Mobile terminal
‘ (mobile router)

D Box-type |4 M| Vehicle

Distributor A server*

Location
* “Research and

Development of Signal information of

Control Using GNSS, etc.” simulated
emergency

vehicles

Distributor B server*

Distribute various types of
traffic environment information
to automated vehicles via

control

* “Construction of an
Experimental Environment

g S V2N signal .
for Providing Signal . , - -
Information via a Network information narrow and medium-area Viewer's display
21 ths Tokyo Waterfront projects terminal
rea

* “Research and Development of
Collection, Analysis, and Distribution
of Narrow- and Medium-Area
Information”

Linkage with high-precisi_on
Scope of construction and verification in FY2021/22 map and output conversion

b oo oo oo oo oo e o e e omm e e mm omm omw o
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2.5. Study and evaluation of technology for collecting various types of
traffic environment information

2.5.1 Technical Study

® Based on the interface specifications of the information source, study and organize the

distribution cycles, information representation formats, and communication methods of various

types of traffic environment information.

Traffic

environment
information

Lane-level
vehicle
information

Rainfall
information

Location
information of
simulated
emergency
vehicles

V2N signal
information

Collection

Information source
cycle

Lane-level vehicle

. . 1-minute
information server
cycle

Japan Meteorological 5-minute
Business Support Center cycle
Distributor A *1
*1“Research and As n
Development of Signal 5 e
Control Using GNSS, etc.”
Distributor B *2
*2 “Construction of an
Experimental Environment for

As needed

Providing Signal Information
via a Network in the Tokyo
Waterfront Area”

Information representation format

JASPAR: JSON data
Contents: attention

GRIB2
(International Synoptic Code FM92 GRIB

Binary Lattice Point Data Weather Report
Format (Version 2))

Proprietary binary data

Proprietary binary data

Communication

method

HTTP

SFTP

UDP

UDP
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2.5. Study and evaluation of technology for collecting various types of
traffic environment information

2.5.1 Technical Study
(1) Study on technology for collecting lane-level vehicle information

m Information collection specifications overview

® Collect lane-level vehicle information according to the interface specifications (JASPAR specifications) on which information
was generated and distributed by the lane-level vehicle information server constructed in this project in FY2020.

® As warning information of JASPAR specifications, collect data in JSON format every minute via HTTP communication.

® The information items of lane-level vehicle information conform to those defined in 2.1 through 2.4.

Information source JSON format in accordance
[ OEM servers | \/\I with the warning information
- i R~ ugum -
sminute cyce | LAne e e | I = of JASPAR specification
NG n
server =~ (Contents: attention)
- Congestion tail in 100-m “container”[
units in the direction of {“basic”{
travel “time”:{
Probe - Lane-level congestion tail at “start”:"2020-10-01T13:30:00.000",
Informahon branch } "expire”:"2020-10-01T13:35:00.000”

HTTP “section”:{

; “beginningPoint”:{
- *
1-minute cycle “latitude™36.1234567, "longitude":139.1234567,
Lane-level ‘onRoad”:"on”,“name”:"Metropolitan Expressway
vehicle Haneda Line”

information “Iane”:[“1 11,”215]’naccuracyu:511 ”

- Collect information
online from multiple
business operators every
5 minutes.

* Although probe information is

collected every 5 minutes from _ }

OEMS, since information is expected ¢ CO”eCt Iane'level VehIC|e “Contents,':{

to arrive from different OEMs at information in JSON “attention”:{"sequence”:"1”,“subject”:"50"}

different times, the lane-level format via HTTP

vehicle information server generates communication } Marking number

information every minute using ] 50: Congestion tail

information that has arrived up to 60: Obstacles

that point. Data aggregation server : 47




2.5. Study and evaluation of technology for collecting various types of
traffic environment information

2.5.1 Technical Study
(2) Study on technology for collecting rainfall information

B Empirical hypothesis about information collection and distribution

® Use high-definition rainfall information to expect deviations from ODD, then issue TOR to drivers and change the route plan
with time to spare.

® Use the existing High-resolution Precipitation Nowcasts distribution service to distribute rainfall forecast information
expressed by the latitude and longitude of the center coordinates of 250-meter grids at five-minute intervals to the
demonstration experiment project side.

OEM center or equivalent
Information source (demonstration experiment

consortium server) * Although rainfall information includes radar rainfall,

I > RS I:> JMA AMeDAS, and rainfall information from
0 observation stations set up by road administrators,
. : NS - High-resolution Precipitation Nowcasts are adopted

X
High-resolution -
Japan Precipitation Data because of the following reasons:
Meteorological Nowcasts aggregation Data/Distribution server ® It is high-resolution areal data. o N

Business Support server @ It provides rainfall forecast information in addition

Center to the current value.
. Distribute data ® It uses _data from rain_fall observatorie_s nationwide

collected from in addition to radar rainfall for analysis and

forecasting to generate data.

Inféfmation | Select a safer route that does not
available | deviate from ODD.

information sources

Heavy rain forecast on the
planned route

i

Automated vehicles Switch to manual driving

‘L\‘.Q' Run according to the originél ‘L\‘.Q' May deviate from ODD, interfering
information |route plan information with safe driving
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Information
available |Maintain safe driving by switching driving early
A 4




2.5. Study and evaluation of technology for collecting various types of

traffic environment information
2.5.1 Technical Study

(2) Study on technology for collecting rainfall information

m Information collection specifications overview

® Use the existing High-resolution Precipitation Nowcasts distribution service to collect High-resolution Precipitation
Nowcasts provided in accordance with the online distribution specifications of the Japan Meteorological Business

Support Center.

® According to the above distribution specifications, collect precipitation intensity in GRIB2* format and 5-minute
accumulated precipitation via SFTP communication every 5 minutes (see the next page for details of data items).

* GRIB2: International Synoptic Code FM92 GRIB Binary Lattice Point Data Weather Report Format (Version 2)

Information source

Japan Meteorological
Business Support Center

m High-resolution Precipitation
Nowcasts

- Created based on the observation
data from the JMA weather radar
and MLIT XRAIN, data from ground
observation stations, etc.

« Distributes 5-minute instantaneous
precipitation intensity and 5-minute
accumulated precipitation in 250-m
grids (1-km grids at sea).

- Distributes the real-time value and
forecasts per 5 minutes for up to
the next 30 minutes.

1 km-grid
forecast area

Image Source: Technical Information on Distribution Materials (Weather
Edition) No. 398 Launch of High-resolution Precipitation

May 30, 2014 (partially revised on August 5, 2014))
https://www.data.jma.go.jp/suishin/jyouhou/pdf/398.pdf

Nowcasts (Forecast Department, Japan Meteorological Agency,

SFTP communication
5-minute cycle
S
I { <
High-resolution NS -
Precipitation
Nowcasts

Data aggregation
server

- Collect High-resolution
Precipitation Nowcasts
in GRIB2 format via
SFTP communication.
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2.5. Study and evaluation of technology for collecting various types of
traffic environment information

2.5.1 Technical Study
(2) Study on technology for collecting rainfall information

m Information collection specifications overview
Data specifications in High-resolution Precipitation Nowcasts (example of rainfall intensity)

Section Section name / . . . . . . e
No. | Appiicable template | OCtet Details Table Value Notes Source: Technical Information on Distribution Materials (Weather Edition) No.
0 Index section 14| GRIB “GRIB” | _International Alphabet No. 5 (CCITT IAS) 398 Launch of High-resolution Precipitation Nowcasts (Forecast
56 | Reserved missing _ Department, Japan Meteorological Agency, May 30, 2014 (partially
; z:;:na;r:e::‘ — Code table 0.0 g Meteorological field revised on August 5' 2014))
version number . ’ : A
5-16 | Overall length of GRIB report Fe——— https://www.data.jma.go.jp/suishin/jyouhou/pdf/398.pdf
1 Identification section 14 Sec(!o_n\emgth 2L
5 Section number 1
6-7 Identification of the creation center g?inmon code table 34 Tokyo
8-9 Sub creation center 0
10 GRIB master table version number Code table 1.0 10 Current operational version number (the latest version is
11 GRIB reglona\ table version number Code table 1.1 1 Reglona\ table version 1
L2 tleaning QL reference e Codctabic ]2 L Forecasslariime
13-14 | Material reference time (year) *1 1
15| Woterial reference time (month) o [Reference time]
16 Material reference time (day) *1 . T|me Of the dataset prov|ded
17 Material reference time (hour) *1 . . . . .
16| Material reference tme (minute) 1 - Described in Coordinated Universal Time (UTC)
19 Material reference time (second) *1
20 Creation status Code table 1.3 T 0: Current Eroduct, 1: Current test Eroduct
21 Type of material Code table 1.4 2 Analysis and forecast products
2 Locally used section | Not used Omitted
Grid system 1-4 Section length 72
3 definition section i
5 Section number 3
6 Source of grid system definition Code table 3.0 0 See code table 3.1.
7-10 Number of materials *2 Variable
11 Number of octets in the list that defines the number 0
of grid points
1> | Description of the lst that defines the number of o
grid points
13-14_| Grid system definition template number Code table 3.1 0| Latitude/longitude grid
Te;";;‘;g";’g 15 | Shape of the earth Code table 3.2 4| GRS80 spheroid
1|16 | scale factor for the radius of the earth sphere missing [Lattice system definition, earth shape, etc.]
1| 1720 | scaled radius of the earth sphere missing . + : : B :
[ TSigetorfor e oo i r e : Defines the coordinate system and ellipsoid with
spheroi .
1 [ 2oz | Siedlenth of e majr o of e et prenepen the codes in the GRIB2 code table.
spheroi
N 26 Scﬁ\ed vgactor for the minor axis of the earth 1
pheroit
1 27-30 Scaled »Idength of the minor axis of the earth 63567523
W Sl . . . -
L[ 31-34 | Number of grid points along the latitude line *2 | Variable Number of grid points, latitude and longitude of
’
4| 35-38 | Number of grid points along the longitude line *2 | Variable end p0| ntS, etC . (deﬂ n|t|on Of g r|d pOIntS)]
1 39-42 Basic angle of the original creation area 0 H H H S
. . - The High-resolution Precipitation Nowcasts
U 4346 | ionguce nnd tatkuge o the endpaint and the missing i ; id ; ;
Gréctioner merement provide information by dividing entire Japan into
13 47-50 Latitude of the first grid point In 10-6 degree un!ts *2 multlple reg Ions'
L |_51-54_| Longitude of the first grid point In 10-6 degree units *2 ‘ 7 . . i
4 |55 Resolution and component flags Flag table 33 030 - For each divided region, defines the latitude and
1 56-59 Latitude of the last grid point In 10-6 degree units *2 . .
4 [ 60-63 | Longitude of the last grid point In 10-6 degree units B longitude of the northwest and southeast end grid
4-67 I - In 10-6 degree units * 3125[1/80/4] for 250 , and 12500[1/80] for 1 ki 1 1 1
1 64-6' ncrement in i-direction n gree uni [1/80/4] for rrf\area an( [1/80] for 1 km area pOIntS (center Of the grld) and the number Of grld
1| 6871 | increment in j-direction In 10-6 degree units « | 2083[(2/ 3)*(1/80)/4] for 250 m area, and 8333((2/ 3)*(1/80)] . A
To here for?lin e oints included, etc.
I
Template 3.0 72 Scanning mode Flag table 3.4 0x00

o0



2.5. Study and evaluation of technology for collecting various types of
traffic environment information

2.5.1 Technical Study
(2) Study on technology for collecting rainfall information

B Information collection specifications overview
Data specifications in High-resolution Precipitation Nowcasts (example of rainfall intensity)

| section name /
Se’\v‘:gon Applicable Octet Details Table Value Notes
- template
2 | Product 14 Section length 82
definition 5 Section number 4
6-7 Number of coordinate values immediately after the template 0
89 | Product definition template number Code table 4.0 50011 | e e e it 4 8} [ Parameter numb er]
From here 10 Parameter category Code table 4.1 1 | Humidity . .. . . .
Temelre 500t 203: Precipitation intensity level (analysis, forecast) * DEﬁ nes the type Of data (preCI p|tat|0n IntenSItYI
11 Parameter number Code table 4.2 * : ) i 5
! 214: Factors of precipitation intensity error f t f f t t . t t
o [ 12| Type ot creation process Coe table 4.3 310 Analyss / anatysis error, 2 Forecast €rror factors or precipitation intensity,
o[ 13| Background creation process dentifer Code table 151 | preciitation Nowcasts accumulated precipitation, etc.)
1 14 Forecast creation process identifier missing
1 15-16 Deadline from the observation data reference time (hour) 0
1 17 Deadline from the observation data reference time (minute) 5 .
. 18| Duration unit indicator Code table 4.4 0 | minute [Forecast time]
o 1922 | Forecast time ‘1 - Difference from the reference time (time of
1 23 Type of first fixed surface Code table 4.5 1 | Ground or water surface : :
provided data) to the forecast start time
1 24 Scale factor of the first fixed surface missing
13 25-28 Scaled value of the first fixed surface missing
1 29 Type of second fixed surface Code table 4.5 missing
1 30 Scale factor of the second fixed surface missing
1 31-34 Scaled value of the second fixed surface missing
1 35-36 End of all time intervals (year) *1
l 37 End of all time intervals (month) *1 . .
1 38 End of all time intervals (day) 1 [At the end of all time lntervals]
T .
13 39 End of all time ‘mtervals (ho‘ur) 1 . Tl me of fo recast va | ue
13 40 End of all time intervals (minute) *1
13 41 End of all time intervals (second) *1
42 Number of period specifications that describe the time interval used 1
! to calculate the statistics
1 43-46 Total number of missing data in the statistical process 0
N 47 Type of statistical processing Code table 4.10 196 | 196: Representative value (analysis, forecast)
- . - Has the same forecast start time and is added to the
1 48 Type of time increment for statistical processing Code table 4.10 2 forecast time . . .
1 49 Indicator of the time unit for statistical processing Code table 4.4 0 | minute [Length Of StatIStlca I |y processed perIOd]
1 50-53__| Length of statistically processed period * |5 (Analysis,_error information, forecast) | . Period of Statistica| processing of fo recast va | ues
N 54 Indicator of the time unit for increments between successive 0 . . . . .
material ields - 5 minutes for High-resolution Precipitation
1 55-58 Time increments between successive material fields 0 | Result of continuous processing
1 59-66 Radar and other operational information 1 *3
1 67-74 Radar and other operational information 2 *3
To here 75-82 Radar and other operational information 3 *3
Template 4.50011

Source: Technical Information on Distribution Materials (Weather Edition) No. 398 Launch of High-resolution
Precipitation Nowcasts (Forecast Department, Japan Meteorological Agency, May 30,
2014 (partially revised on August 5, 2014))
https://www.data.jma.go.jp/suishin/jyouhou/pdf/398.pdf
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2.5. Study and evaluation of technology for collecting various types of
traffic environment information

2.5.1 Technical Study
(2) Study on technology for collecting rainfall information

B Information collection specifications overview

Data specifications in High-resolution Precipitation Nowcasts (example of rainfall intensity)

Section Section name / i
No. Applicable template Octet Details Table Value Notes
5 Material representation 1-4 Sectionlength | [ e
section -
5 Section number 5
6-9 Number of all material points *2 | Variable
10-11 Viaterial expression template number Code table 5.0 200 | Grid poInt data - Run length compression
Tempfgé’g“sf‘zegg 12 Number of bits per data 8
V| e | Meimum veloe of the fevl used fortis v | vis varable (<= ) [Material representation template, etc.]
I s | veimum fevel " - Data values, data compression method,
2 (anaiyss, forecas Tre represetaiv vlue to be parameters required for decompression and
L 17 Scale factor for the representative value of data * reported is multiplie .
0: (Ervor information) The representative value is the
(Eror nformation) The e conversion, etc.
To here | 16 + 2 x m to " : =1toM, level 0 is a missing value, unit is mm/h
Template 5.200 || 17 + 2xm | Data representative value corresponding to level m (forecast analysis) or categon? (error)
6 | Bitmap section 1-4 Section length 6
5 Section number 6
6 Bitmap indicator 255 | Bitmap not applied
7 Material section 1-4 Sectionlength | [ e
5 Section number 7
Template 7.200 6-nn Run-length compressed octet sequence D | Format described in document template 7.200
8 | Termination section 1-4 7777 7777 | International Alphabet No. 5 (CCITT IAS)

Source: Technical Information on Distribution Materials (Weather Edition) No. 398 Launch of High-resolution Precipitation
Nowcasts (Forecast Department, Japan Meteorological Agency, May 30, 2014 (partially revised on August 5, 2014))
https://www.data.jma.go.jp/suishin/jyouhou/pdf/398.pdf
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2.5. Study and evaluation of technology for collecting various types of
traffic environment information
2.5.1 Technical Study

(3) Study on technology for collecting location information of simulated emergency vehicles

m Empirical hypothesis about information collection and distribution

® By acquiring the location information of approaching simulated emergency vehicles, achieve appropriate alerting, lane

changes, avoidance action, etc.

® By using the model system faC|I|t|es constructed in the SIP project “Research and Development of Signal Control Using
GNSS (Location Information), etc.”, drive an experimental vehicle equipped with a simulated on-board unit, simulating an
actual emergency vehicle, collect the latitude and longitude information indicating the vehicle’s position, and distribute it to

the demonstration experiment project side.

OEM center or equivalent
(demonstration experiment

Information source consortlum server)

information of -
Distributor A * simulated
* "Research and Development emergency Data aggregation Data/Distribution server

of Signal Control Using GNSS, server
Location information of

etc.”
A simulated emergency
! vehicles

- Distribute data
collected from
information sources

Information| Possible to detect emergency vehicles approaching and
a‘@.‘@'e accordingly change the lane or take avoidance action

with time to spare.

Uplink every 2 seconds

(20 points)

Automated
Experimental vehicle vehicles W4 Impossible to detect emergency vehicles
NO™ approaching, possibly resulting in 53

(simulated emergency vehicle) inf
9 ngrmagion interference with the passage of the vehicles.




2.5. Study and evaluation of technology for collecting various types of
traffic environment information

2.5.1 Technical Study

(3) Study on technology for collecting location information of simulated emergency vehicles

B Information collection specifications overview

® In accordance with the interface specifications (Emergency Vehicle Location Information Distribution Server Communication
Application Standards) specified in the SIP project “Research and Development of Signal Control Using GNSS (Location
Information), etc.”, collect the location information of simulated emergency vehicles that is uplinked every 2 seconds from the
vehicles.

® According to the above interface specifications, collect the (1) on-board unit information, (2) latest latitude and longitude, and

(3) 2-second travel path of simulated emergency vehicles at any time via UDP communication (see the next page for details of
data items).

Information source

<Data section (up to 504 bytes)>

UDP communication
p7 |6 | b5 | D4 | D3] b2 D1 | DO As needed

W1

Distributor AX server

=

m Location information of simulated emergency vehicles

Basic on-board unit information \\\
Collect the following information as binary data every 2 I (16 bytes) ! ( ~——
seconds. reeredrersssnrersbrsnned . _Location NS
(1) Basic on-board unit information (transmission time, Latest latitude information mfsc:maliglt%ra of -
vehicle ID, operating status (normal / emergency travel), __(4bytes) 1 emergency Data aggregation
etc.) | | | | i vehicles server
(2) Latest latitude and longitude Latest longitude information
(3) 2-second travel path (measurement time, ! o (A DYEES) {
latitude/longitude, speed, etc., up to 20 points) o
If inf ti i ilabl ds heartbeat | ith a Continuous GNSS information
no information is available, sends heartbeat only wi .
header (data length: 0) ' Y ‘ . (up to 480 bytes) ‘ + Collect simulated emergency
. . 4\ i : ; ; H

vehicle information as
proprietary binary data via
UDP communication.

Uplink every 2 seconds  * “Research and
Development of Signal
Control Using GNSS, etc.”

Experimental vehicle
(simulated emergency vehicle)
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2.5. Study and evaluation of technology for collecting various types of
traffic environment information

2.5.1 Technical Study

(3) Study on technology for collecting location information of simulated emergency vehicles

m Information collection specifications overview

Data items in accordance with Emergency Vehicle Location Information Distribution Server Communication
Application Standards

D7 D6 | D5 | D4 | D3 | 2] D1 DO (1) Basic on-board unit information
Type of information [Information header] Basic information such as the ID number of the on-board unit.
- If there is no data,
Serial number sends heartbeat only ; —
Data length with a header. D7 | D6 | D5 | D4[ D3] D2 | D1 | DO Data item Description Format
On-board unit time On-board unit Date and time of sending BCD
! (8 bytes) ) time on-board unit information
_ . _ 3 3 3 3 3 Vehicle ID ID number unique to the Binary
i Data section (up to 504 bytes) ; Vehicle ID information information on-board unit data
! (5 bytes) ! ) Normal: O Binary
Operating status Emergency travel: 1 data
Spare Number of GNSS ber of | bath
Operating stat continuous GN Number of travel patl Binary
perating = u.s information data data stored (0 to 20) data
<Data section (up to 504 bytes)> Total number of continuous stored
information data stored
D7 D6]D5|D4ID3JD2|D1 DO
Basic on-board unit
information

! (16 bytes) !

(2) Latest latitude/longitude information

Latest latitude information

Latest latitude/longitude (in World Geodetic System).

! (4 bytes) l
- : i ) _— : Code form: Signed binary (4 bytes each for latitude and longitude)
Latest longitude information Unit form: Decimal (coefficient: 107)
: 1 i(4 b}’tes) 3 ! Numerical range: [Latitude] -90.0000000 to 90.0000000
........... eI [Longitude] -180.0000000 to 180.0000000
information

i (up to 480 bytes) v
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2.5. Study and evaluation of technology for collecting various types of
traffic environment information

2.5.1 Technical Study

(3) Study on technology for collecting location information of simulated emergency vehicles

B Information collection specifications overview

Data items in accordance with Emergency Vehicle Location Information Distribution Server Communication
Application Standards

(3) Continuous GNSS y ,,
D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO information Data item Description Format
Type of information Er;;orma_ntlon header] Data item for each travel path data. GNSS Time when the GNSS receiver
- ere is no data, Measurement BCD
Serial number ; module made the measurement.
sends heartbeat only b7 06| D5 (D4l D3| D2 | D1 | DO time
Data length with a header. Specifications for the unit, range
GNSS measurement time t%]t%lé:de/ and others are the same és for tfle Signed
Ytes atest latitude and longitude inary data
1 (5 bytes) \ I latitud d longitud Bi d
information.
- Data section (up to 504 bytes) -
i ; Spare Travel Unit: km/h Unsigned
Latitude speed Numerical range: 0 to 255 Binary data
! (4 bytes) Ui Altitude Unit: m (coefficient: 10) Sianed
above sea Numerical range: -3276.8 to Binag data
: level 3276.8 Y
Longitude
<Data section (up to 504 bytes)> Geoid Unit: m (coefficient: 10) -
l (4 bytes) ! A . - Signed
p7| b6 | D5 | D4 | D3 | D2 D1 | DO height Numerical range: -3276.8 to Binary data
Basic on-board unit Travel speed . -
information P HDOP* GNSS positioning quality Unsigned
Spare Unit: None (coefficient: 102) ;
! (16 bytes) 1 i value N ical -0 to 99.99 Binary data
Altitude above sea level umerical range: U to 5.
Latest latitude information (2 bytes) Number of | ynit: None Unsigned
Geoid height p li 9 Numerical range: 0 to 12 Binary data
! (4 bytes) l (2 bytes) satellites
3 3 3 3 3 0: Not positioned
HDOP value .
. . - 1: Independently positioned
Latest longitude information (2 bytes) Positioning | 2: DGPS-positioned Unsigned
! (4 bytes) ! Number of positioning status 3:- Binary data
3 3 3 3 . 4: RTK Fix
: : : : satellites 5: RTK Float
vy Positioning Status :
information
! (up to 480 bytes) Ui * HDOP: Horizontal Dilution of Precision
i i i i i A value that indicates the approximate measurement error of the position in the horizontal plane. 56




2.5. Study and evaluation of technology for collecting various types of
traffic environment information

2.5.1 Technical Study
(4) Study on technology for collecting V2N signal information

B Empirical hypothesis about information collection and distribution

® By supplementing signal information sent via a network that is expected to be delayed in distribution through the
absolute time synchronization with the signal phase table, effectively use automated vehicles and drivers.

® Collect V2N signal information from the system constructed in the SIP project “Construction of an Experimental
Environment for Providing Signal Information via a Network in the Tokyo Waterfront Area” and distribute it to the
demonstration experiment project side.

Information OEM center or equivalent
source (demonstration experiment

@ Ei consortium server)

V2N S|gnal
T ek s ) | Data aggregation

server

| Data/Distribution server

V2N signal
information

| Distributor B * |

* “Construction of an
Experimental Environment for
Providing Signal Information via
a Network in the Tokyo
Waterfront Area”

- Distribute data
collected from
information sources )

Infgfmation | Possible to support driving even in the
avglable | ahsence of V2I signal information

Aye®  [Impossible to support driving where I I I I ‘
infggmation | there is no V21I signal information
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2.5. Study and evaluation of technology for collecting various types of
traffic environment information

2.5.1 Technical Study
(4) Study on technology for collecting V2N signal information

B Information collection specifications overview

® Collect V2N signal information provided in accordance with the interface specifications specified in the SIP project

“Construction of an Experimental Environment for Providing Signal Information via a Network in the Tokyo

Waterfront Area.”

According to the above interface specifications, collect the (1) management information on the point of
information provision and (2) signal schedule information at any time via UDP communication (see the next page

for details of data items).

The management information on the intersection where traffic lights are installed is defined in the interface
specifications, but in this experiment, it is not distributed from the information source, so intersection

management information is not collected.

Information source

| Distributor B* server |

W 1

m V2N signal information
Distributes the following information:
(1) Management information on the point of information

provision
Static information on the point of information
provision, including the intersection ID, number of
lights, and directions.

(2) Signal schedule information
Predicted signal light color change pattern and
duration seconds.

(3) Intersection management information
Static information including the name, latitude, and
longitude of the intersection where traffic lights are
installed (not collected in this study, data length: 0).

* “Construction of an Experimental
Environment for Providing Signal
Information via a Network in the
Tokyo Waterfront Area”

UDP communication

As needed
E—

V2N signal
information

| Data aggregation server|

- Collect V2N signal control
information as proprietary
binary data via UDP

communication. 58




2.5. Study and evaluation of technology for collecting various types of
traffic environment information

2.5.1 Technical Study
(4) Study on technology for collecting V2N signal information

B Information collection specifications overview

Data items in accordance with interface specifications for V2N signal information

) - Representation Vehicle light information (x number of vehicle lights)
Configuration form Code - - - -
Information provision point management number Vehicle “qht. ID b!n (4) €5
e B () = Number of light color changes (K) bin (4) F-7
Information provision point type code bin (1) E-2 Vehicle trafﬂ; I|qht_|nformat|on (1) -
Intersection ID / Single-lane road ID bin (15) C-1 éound signal I!qht Icg!or o E'n gg; E'g
Spare bin (8) D-8 reen arrow signal direction in -
Spare bin (8) D-8 Countdown stop flag bin (1) F-10
Version number (standard) bin (8) C-3 Minimum number of seconds bin (15) F-11
| Version number (definition information) bin (8) C-4 remaining
Spare bin (8) D-8 Maximum number of seconds bin (16) F-12
Spare bin (8) D-8 remaininq
Creation date and time :
Year bin (8) Al Vehicle light information: K
Month bin (8) A-2
D bin (8 A-3 L . . . .
= o o EB; — Pedestrian light information (x number of pedestrian lights)
Time (minute) O) e Pedestrian light ID bin (4) C-6
Time (second) Bin (8) 3 Number of light color changes (L) bin (4) F-7
Time (10 ms) bin (8) A7 Pedestrian signal information: 1
Signal status information bin (8) E-1 Pedestrian signal display bin (8) F-13
Flag during specific control bin (8) D-8 Countdown stop flag bin (1) F-10
System status bin (8) F-1 Minimum number of seconds bin (15) F-11
Event counter bin (8) F-2 remaining
Number of vehicle lights bin (8) Cs Maximum number of seconds bin (16) F-12
Number of pedestrian lights bin (8) C-6 remaining
Number of connection routes (I) bin (8) D-9 .
Number of service routes (J) bin (8) D-10 Pedestrian light information: L
Service route signal information: 1
Route ID bin (8) C-2
zigna' traffic direction information flag E?” 8; E37 Information items enclosed by red frames are not defined in V2.
pare n - . HAn . ..
Signal traffic direction information bin (8) F-4 — Fixed to “0” or regarded as indefinite (See below).
Vehicle light information pointer: 1 bin (16) F-5 . .
: Version: Fixed to “0”
vehide light information pointer: I bin (16) F-5 Creation date and time: Next cycle start time
Pedestrian light |nf0rr'nat|0n pointer: 1 bin (16) F-5 (seconds and after are undeﬁned)
: . . L . P
Vehicle Tight information pointer: 1 bin (16) F6 Signal status 'nf(_)'jmat'on- Fixed to 0
: Flag during specific control:  Undefined (0)
Service route signal information: J 59

*No intersection management information provided.



2.5. Study and evaluation of technology for collecting various types of
traffic environment information

2.5.2 Technical Evaluation

® Based on the results of study described in 2.5.1, a data aggregation server (with a collection
function) was constructed for the demonstration experiment, and it was confirmed that it
can collect traffic environment information from information sources using the data collection
method based on the results of technical study described in the previous section. In addition,
the collected traffic environment information was analyzed for issues, such as collection

frequency and processing time, for practical application.




2.5. Study and evaluation of technology for collecting various types of

2.5.2 Technical Evaluation

traffic environment information

® Verify the communication between each information source and the aggregation server after taking
appropriate information security measures according to the interface specifications and other characteristics

of the information to be collected.

o

CLOUD

Line in the same cloud

—_ Y

Lane-level vehicle
information server

(1)

Rainfall information
‘(2) Internet line (Japan Meteorological

Business Support Center)

A A

I(3) Leased line

A

Aggregation server

Location information of simulated
emergency vehicles
(Distributor A server)

(4) Leased line

V2N signal information
(Distributor B server)

“ I enie Target server Security measures

(1)

(2)

(3)

(4)

Lane-level vehicle
information

Rainfall information

Location information
of simulated
emergency vehicles

V2N signal
information

Lane-level vehicle
information server

Japan Meteorological
Business Support Center

Distributor A server

Distributor B server

m Adopt peering connection of communication service between AWS
- Information is encrypted and never passes through the public
Internet, reducing threats such as general exploits (vulnerability-
based malicious programs) and DDoS attacks (attacks that interfere
with services).

m Adopt Internet gateway connection of AWS communication service
1) Packet filtering by inbound rules (IP filtering)
2) Communication port restrictions
3) User authentication by SFTP protocol

m Adopt a closed network that combines Cloud Gateway Cross Connect
(NTT East Japan connection service) and business ether network
- Connect directly to AWS from a secure network that does not use the
Internet
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2.5. Study and evaluation of technology for collecting various types of
traffic environment information

2.5.2 Technical Evaluation
(1) Evaluation of technology for collecting lane-level vehicle information

m Verification method for information collection

® Connect the lane-level vehicle information server, which generates lane-level vehicle information,
and the aggregation server via an in-cloud line.

m Verification Results

% In-cloud line
CLOUD
\ Lane-level vehicle information server Aggregation server )

Verification system configuration

® All verification items met the evaluation criteria.

Evaluation item Evaluation criteria Evaluation results

PING command
connectivity

Confirmation of
received data
accumulation
status

The PING command response time All response times met the criteria.

must be on the order of ms.

The lane-level vehicle information file Visually confirmed that the collected lane-level
must be stored in the storage folder vehicle information files are stored in the
every 5 minutes. storage folder.

Format of received There must be no reading error (format Visually confirmed that there is no import error

data

violation) in the process of importing message in the operation log of the
lane-level vehicle information using the information import process of the aggregation
aggregation server application. server application.
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2.5. Study and evaluation of technology for collecting various types of
traffic environment information

2.5.2 Technical Evaluation
(2) Evaluation of technology for collecting rainfall information

m Verification method for information collection

® Connect the Japan Meteorological Business Support Center, which distributes rainfall information,
and the aggregation server via an Internet line.

IEETEE

Sty | | Internet line

st | | ]

TLANER

“ANEEN > ¢
IEEEEE

SRR CLOUD
Japan Meteorological Aggregation server
K Business Support Center j

Verification system configuration

m Verification Results

® All verification items met the evaluation criteria.

Evaluation item Evaluation criteria Evaluation results

PING command The PING command response time must be All response times met the criteria.
connectivity on the order of ms.

Confirmation of The rainfall information file must be stored  Visually confirmed that the collected rainfall
2 received data in the storage folder every 5 minutes. information files are stored in the storage folder.
accumulation status
Format of received There must be no reading error (format Visually confirmed that there is no import error
3 data violation) in the process of importing message in the operation log of the information
rainfall information using the aggregation import process of the aggregation server
server application. application.

63



2.5. Study and evaluation of technology for collecting various types of

traffic environment information
2.5.2 Technical Evaluation

(3) Evaluation of technology for collecting location information of simulated

emergency vehicles

m Verification method for information collection

® Location information of simulated emergency vehicles(Distributor A server), which distributes the location
information of simulated emergency vehicles, and the aggregation server via a leased line.

\
. - Leased line
CLOUD

Distributor A * Aggregation server

* “Research and
) Development of Signal
Control Using GNSS, etc.”

Verification system configuration

m Verification Results

® All verification items met the evaluation criteria.

Evaluation item Evaluation criteria Evaluation results

1 PING command The PING command response time
connectivity must be on the order of ms.

Reception log The date, time, and data size of the

(date, time, data collected location information of

size) simulated emergency vehicles must
be the same as those obtained by
the aggregation server application.

All response times met the criteria.

Visually confirmed that the date, time, and
data size recorded in the information
collection log of the aggregation server
application are the same as those stored in
the collected location information of
simulated emergency vehicles.
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2.5. Study and evaluation of technology for collecting various types of
traffic environment information

2.5.2 Technical Evaluation
(4) Evaluation of technology for collecting V2N signal information

m Verification method for information collection

® V2N signal information(Distributor B server), which distributes V2N signal information, and the
aggregation server via a leased line.

4 N
.-—\—Cb

CLOUD * “Construction of an Experimental
I i Environment for Providing Signal
*
\ Distributor B Aggregation server ) Information via a Network in the
Tokyo Waterfront Area”

Verification system configuration

m Verification Results

® All verification items met the evaluation criteria.

Evaluation item Evaluation criteria Evaluation results

PING command The PING command response time  All response times met the criteria.
connectivity must be on the order of ms.
Reception log The date, time, and data size of the Visually confirmed that the date, time, and
(date, time, data size)  collected V2N signal information data size recorded in the information collection
must be the same as those log of the aggregation server application are
obtained by the aggregation server the same as those stored in the collected V2N
application. signal information.
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2.6. Study and evaluation of technology for distributing various
types of traffic environment information
2.6.1 Technical Study

® The technology to convert and distribute the traffic environment
information collected and accumulated in 2.5 to the server that relays the
information to the vehicles participating in the experiment (this relay
server is expected to be replaced by the telematics center of each
automobile manufacturer in future stages of social implementation) was
studied.




2.6. Study and evaluation of technology for distributing various
types of traffic environment information
2.6.1 Technical Study

® For distribution to the OEM center or equivalent (demonstration experiment consortium server),
study and organize the distribution cycles, information representation formats, and
communication methods of various types of traffic environment information considering their
characteristics.

Traffic Distribution | Information representation | Communication
environment
information cycle format method

Distributed upon request
from the OEM center or

Lane-level vehicle 1-minute JASPAR: JSON data : .

. ) . HTTP equivalent (demonstration

information cycle Contents: attention . .
experiment consortium
server)

Distributed upon request
from the OEM center or

Rainfall 1-minute JASPAR: JSON data : .

. . ) : HTTP equivalent (demonstration

information cycle Contents: environment . .
experiment consortium
server)

Location

information of

simulated As needed Proprietary binary data WebSocket

emergency

vehicles

V2N signal As needed Proprietary binary data WebSocket

information
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2.6. Study and evaluation of technology for distributing various

types of traffic environment information

2.6.1 Technical Study

® Basically, the information representation format specified in the JASPAR specifications (Vehicle
Information Sharing Specifications) should be adopted, but the format is to be determined from the
following perspectives.
» Since JASPAR data is in JSON format, the data volume is larger than binary data.
» For information that is highly urgent and volatile and therefore requires immediacy, for example,
use the data format of the information source as it is taking into account the amount of data after
conversion, etc.

DetCTm i ation JASPAR data (in JSON format) Binary data

O:
A : Definitions and handling arrangements are

Data
characteristics
Immediacy

Data volume

Scalability

Evaluation

O: The format is easy to understand for humans.
A: Agreement is required on the (alphanumeric)
data representation format.

A : Takes time to interpret and process
information.

A : Requires 1 byte to represent 1 one-byte
character (the data volume increases in
proportion to the number of characters).

O: Highly compatible with extensions such as
addition of data items (possible to continue

processing with unrecognized items discarded).

Adopted for distribution of information that
relatively does not require immediacy, such as
periodic distribution.

O:

The format is easy to understand for computers.

required to eliminate CPU dependency.

Fast in interpreting and processing information
(adopted in cases requiring communication
speed).

: Represents a lot of data in a small size

(represents numerical values from 0 to 255 in 1
byte).

: Has a problem with compatibility with

expansions such as addition of data items
(needs to modify the specifications or program,
in principle).

Adopted for distribution of information that is

highly urgent and volatile and therefore requires

immediacy.
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2.6. Study and evaluation of technology for distributing various
types of traffic environment information
2.6.1 Technical Study
(1) Study on technology for distributing lane-level vehicle information

B Information distribution specifications overview

® Since lane-level vehicle information is collected from lane-level vehicle information servers every minute as
warning information of JASPAR specification, distribute data in JSON format in accordance with the JASPAR

specifications without applying any conversion or other processing upon request received every minute via HTTP
communication.

® The information items of lane-level vehicle information conform to those defined in 2.1 through 2.4.

OEM center or equivalent JSON format in accordance with the warning
(demonstration experiment information of JASPAR specification
\\\ 1-mir|—1|l];£PcycI . consortium server) (Contents: attention)
° - I > . “container”:[
{“basic”{
“time”:{
Lane-level
: - “start”:"2020-10-01T13:30:00.000”,
Data aggregation server inf‘cl)?‘rrir:g:i:on Data/Distribution server "expire”:"2020-10-01T13:35:00.000"
“éection”:{
e /Iﬂ Lane-level “beginningPoint”:{
. Distribute lane-level vehicle ~ vehicle :Iatitude”’:,?:,G.1”2“34567,:”,!ongitude’_’:139.1234567,
information in JSON format information onRoad”:”on”,“name”:"Metropolitan
. L Expressway Haneda Line
via H.TFP communication “lane”:[“1”."2" “accuracy”:"1"
- Distribute the collected }
data as it is without } {
converting it. “contents”:
\ g / “attention”:{“sequence”:"1”,“subject”:"50"}
} -7
m ]} Marking number /
Automated . ; ;

50: Congestion tail
60: Obstacles

vehicle
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2.6. Study and evaluation of technology for distributing various
types of traffic environment information

2.6.1 Technical Study
(2) Study on technology for distributing rainfall information

B Information distribution specifications overview

® Since rainfall information is collected at regular intervals of 5 minutes, convert the data format as environmental
information of JASPAR specification, and distribute data in JSON format without applying any conversion or other
processing upon request received every minute via HTTP communication in conjunction with the lane-level
vehicle information cycle (see the next page for data format).

® The rainfall information to be collected is data for the whole country and an enormous amount of information is
distributed, so in order to reduce the information volume, extract the area corresponding to the demonstration
experiment area and convert it.

OEM center or equivalent . . . .
(demonstration experiment Areas subject to distribution

HTTP consortium server) and data description order

\\\ 1-minute cycle —_— , _
o < I /BRULE : §: N | e & e
NS - kD ‘ (FEFYL N

/‘\F; Eﬁ *[ﬁ] / \ “ .

g
- Rainfall S
Data aggregation server | . ) | I | <
| ggreg information Data/Distribution server . ¥ . \
S > i

I)\# { T ﬁ%

~2 % ) :
/—/I\ ¢ 5" 2 .
- F R (&
RE I g ==
- Extract only the data of information ’ﬁl\,zg %Il {\
areas subject to ) 8

1

N
distribution Pk PEEN +
- Convert the rainfall (Data location is =321 =
information in GRIB2 expressed by the AP 1L i,
format to data of latitude and /] ;#‘ A _5{ (

\JASPAR specifications / longitude of the ~a)
center coordinates /

for each 250-m grid. ﬁ%ﬁ

=

e P |
m % (g ? ¥ I‘ oy = -
S | D }\ sll:x!i | i -

Automated [AHN ¢ / ™
vehicle N dEETis o : . 1
Source: Modified GSI Tile (light-colored map) 70

Source: Modified GSI Tile

k (light-colored map)




2.6. Study and evaluation of technology for distributing various

types of traffic environment information
2.6.1 Technical Study
(2) Study on technology for distributing rainfall information

B Information distribution specifications overview

® Rainfall intensity and 5-minute accumulated precipitation are collected from the information source as
rainfall information. However, since instantaneous rainfall intensity is expected to be more effective for
automated driving control, rainfall intensity is distributed as rainfall information.

® Since vehicles are constantly moving and therefore real-time analysis value alone may be not “real-

time,” rainfall forecast information (per 5 minutes for up to the next 30 minutes) is distributed in
addition to the real-time analysis value.

JSON format in line with JASPAR specification environment

]

‘container”;[

{“basic”{
“time”:{"start”;"2020-10-01T13:30:00.000","expire”:"2020-10-01T13:35:00.0007},
“section”:{*beginningPoint”:{"latitude”:36.1234567,"longitude”:139.1234567,“accuracy”:"3"}}
“contents”;[
“environment”:{*sequence”:"1”,“rain”:["20.00”,”25.00”,”25.00",”30.00”,35.00",”35.00","40.00"],”accuracy”:"3"},
“environment”:{"sequence”:”2”,“rain”:[’20.00”,"25.00”,”25.00”,”30.00",”"35.00”,”35.00”,"40.00"],"accuracy”:"3"}

}] \ Distributes the real-time analysis
{:‘basic”:{ value and predicted values of
“time”:{*start’:"2020-10-01T13:30:00.000","expire”:"2020-10-01T13:35:00.0007}, rainfall intensity in an array.
“section”:{*beginningPoint”:{"latitude”:36.5671234,"longitude”:139.5671234,“accuracy”:"3"}}
“contents”;[

“environment”:{"sequence”:”1”,“rain”:["20.00",”25.00”,”25.00”,730.00”,35.00”,”35.00”,"40.00"],”accuracy”:"3"},
“environment”:{"sequence”:”2”,“rain”:["20.00”,”25.00”,”25.00”,”30.00",”35.00”,”35.00”,"40.00"],"accuracy”:"3"}
]
}
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2.6. Study and evaluation of technology for distributing various
types of traffic environment information
2.6.1 Technical Study

(3) Study on technology for distributing location information of simulated emergency
vehicles

B Information distribution specifications overview

® The location information of simulated emergency vehicles is highly urgent and volatile in nature, and therefore for
which immediacy is considered to be the highest priority. Accordingly, distribute the collected binary data as it is
without applying any conversion or other processing.

® Since information is collected at any time (irregularly), distribute information via WebSocket communication,
which can distribute data at any time and has a simple communication protocol procedure.

® To make it possible to measure distribution delays in the demonstration experiment, the collected information is
given the time it was received by the data aggregation server (time log header).

OEM center or equivalent
A WebSocket e e neortium server) i Data structure of location
Y e As needed information of simulated
X - I > . emergency vehicles

Location information b7 | D6 | b5 | D4 | b3 | D2 | b1 | DO |_
Data aggregation server of simulated Data/Distribution server
emergency vehicles Data reception time Time Iog
L header
Location information - — - (tO be given)
. Distribute simulated em;-fgsel:xl?/;ﬁdes 3 Relat:ve mllillsecor:ds froim recefptlon :
emergency vehicle information * 3 — L
in binary data via WebSocket Type of information .
communication. Serial number Information
- Distribute the collected data as Data length header
\ it is without converting it.

m - Data section (up to 504 bytes) -

[ Automated vehicle | 2




2.6. Study and evaluation of technology for distributing various
types of traffic environment information

2.6.1 Technical Study
(4) Study on technology for distributing V2N signal information

B Information distribution specifications overview

® V2N signal information is highly urgent and volatile in nature, and therefore for which immediacy is considered to
be the highest priority. Accordingly, distribute the collected binary data as it is without applying any conversion or
other processing.

® Since information is collected at any time (irregularly), distribute information via WebSocket communication,
which can distribute data at any time and has a simple communication protocol procedure.

® To make it possible to measure distribution delays in the demonstration experiment, the collected information is
given the time it was received by the data aggregation server (time log header).

OEM center or equivalent Data structure of V2N
demonstration experiment i i i
WebSocket  laemon: sortlum sell?ver) signal information

AS needed D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO _
- I > Data reception time .
| Time log header
V2N signa [ (to be given)
Data aggregation server information | Data/DIStrlbUtlon Server Relative milliseconds from reception

Type of information 7
/ V2N signal Serial number
. . . = = Si | schedule inf ti )
- Distribute V2N signal information o ScdaetauI:ngtr? menen | Information

information in binary data via I N header
WebSocket communication. I?rffgﬁ;gL?é‘n”;:?:?:nngfﬁt

- Distribute the collected data
as it is without converting it. -

- Signal schedule information data section (up to 1424 bytes) -

- J

- Intersection management information data section (up to 86 bytes)

Automated : ‘ : , : : ; ’
vehicle N R RN N N N =




2.6. Study and evaluation of technology for distributing various
types of traffic environment information
2.6.2 Technical Evaluation

® Based on the results of study described in 2.6.1, a data aggregation server (with conversion and distribution
functions) was constructed for the demonstration experiment, and it was confirmed that it can convert and distribute
traffic environment information to the experimental server prepared by the Tokyo Waterfront Area FOTs Consortium
using the data distribution method based on the results of technical study described in the previous section. In
addition, the converted and distributed traffic environment information was analyzed for issues, such as the time
required for conversion and distribution, for practical application.

Traffic
environment
information

Verification
verification item result

Continuity evaluation/

Distribution delay verification result

Lane-level PING command connectivity @) - It depends on whether the probe collection is
vehicle Distribution data accumulation status O in time to launch the information generation
information Distribution data format @) application.
PING command connectivity O - Almost independent of weather (sunny or
Rainfall Distribution data accumulation status O rainy)
information Distribution data format o - Possible to distribute information with a delay
of about 155 seconds.
Location PING command connectivity @)
information of Distribution log (date, time, data size)
simulated o - Transmission time error: 10 ms max.
emergency
vehicles
V2N signal PING command connectivity @) o )
Distribution log (date, time, data size) o - Transmission time error: 10 ms max.
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2.6. Study and evaluation of technology for distributing various
types of traffic environment information

2.6.2 Technical Evaluation

(1) Evaluation of technology for distributing lane-level vehicle information

m Verification method for information distribution

m Distribution delay verification result

Leased line

In the lane-specific vehicle information server, the information

generation application normally starts in 1 minute + 10
seconds, and takes about 5 seconds to generate the

® Connect the aggregation server, which distributes o
lane-level vehicle information, and the Tokyo
Waterfront Area FOTs Consortium demonstration
experiment system via a leased line. information.
)

The time required to generate information depends on whether

the probe collection is in time to launch the information
generation application.

CLOUD

Aggregation server

\_

Tokyo Waterfront Area FOTs Consortium
demonstration experiment system

m Continuity evaluation/verification result

® All verification items met the evaluation criteria.

Probe collection In time Not in time
Delayed for Delayed for
15 sec. 75 sec.

| No. [ Evaluation item Evaluation criteria Evaluation results

PING command
connectivity

1
Distribution data
2 accumulation
status

Distribution data
format

The PING command response time must be on the
order of ms.

The lane-level vehicle information file distributed must
be stored in the storage folder every minute.

There must be no reading error (format violation) in
the process of importing lane-level vehicle information
distributed by the Tokyo Waterfront Area FOTs
Consortium demonstration experiment system
application.

All response times met the criteria.

Visually confirmed that the distributed lane-level
vehicle information files are stored in the storage
folder.

Confirm that there is no import error message in the
operation log of the information import process of the
Tokyo Waterfront Area FOTs Consortium
demonstration experiment system application.
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2.6. Study and evaluation of technology for distributing various
types of traffic environment information

2.6.2 Technical Evaluation

(2) Evaluation of technology for distributing rainfall information

m Verification method for information distribution m Distribution delay verification result

Connect the aggregation server, which distributes
rainfall information, and the Tokyo Waterfront Area
FOTs Consortium demonstration experiment system
via a leased line.

Leased line

Analyzed rainfall information (High-resolution Nowcasts)

= Takes about 8 seconds on average to generate information

in JSON format (transmission format).

Confirmed that the time required to generate information is
almost independent of weather (sunny or rainy).

Possible to distribute information with a delay of about 155
seconds (normally every 5 minutes).

CLOUD

Aggregation server

\_

Tokyo Waterfront Area FOTs Consortium
demonstration experiment system

m Continuity evaluation/verification result

® All verification items met the evaluation criteria.

Evaluation item Evaluation criteria Evaluation results

PING command
connectivity

Distribution data
accumulation status

Distribution data
format

The PING command response time must be on
the order of ms.

The distributed rainfall information file must be
stored in the storage folder every minute.

There must be no reading error (format violation)
in the process of importing rainfall information
distributed by the Tokyo Waterfront Area FOTs
Consortium demonstration experiment system
application.

All response times met the criteria.

Visually confirmed that the distributed rainfall
information files are stored in the storage folder.

Confirm that there is no import error message in the
operation log of the information import process of
the Tokyo Waterfront Area FOTs Consortium
demonstration experiment system application.
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2.6. Study and evaluation of technology for distributing various
types of traffic environment information

2.6.2 Technical Evaluation

(3) Evaluation of technology for distributing location information of simulated

emergency vehicles

m Verification method for information distribution m Distribution delay verification result

® Connect the aggregation server, which distributes
location information, of simulated emergency
vehicles and the Tokyo Waterfront Area FOTs
Consortium demonstration experiment system via a
leased line.

[

Leased line

CLOUD

Aggregation server Tokyo Waterfront Area FOTs Consortium

demonstration experiment system

\_

m Continuity evaluation/verification result

® Transmission
time error:
10 ms max.

® Confirmed that it
hardly affects
the distribution
delay because
the transmitted
information
volume is small.

Simulated emergency vehicle information transmission time (January 10 to 28)

400000

350000 -

300000 +

250000 +

200000 -

150000 -

100000 -

50000

0

T
o
@

T
o
o

SN TIRONIG G G LA WO M 3 aY SN LG g
SENCELERRIRNNNNASNRE

Transmission time [ms]

1.0

o
ES

Cumulative relative frequency

o
[N

0.0

® All verification items met the evaluation criteria.

Evaluation item Evaluation criteria Evaluation results

PING command The PING command response time
connectivity must be on the order of ms.
Distribution log The date, time, and data size of the

(date, time, data size) distributed location information of
simulated emergency vehicles must
be the same as those obtained by
the aggregation server application.

All response times met the criteria.

Visually confirmed that the date, time, and
data size recorded in the information
distribution log of the aggregation server
application are the same as those stored in
the collected location information of simulated

emergency vehicles.
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2.6. Study and evaluation of technology for distributing various
types of traffic environment information
2.6.2 Technical Evaluation
(4) Evaluation of technology for distributing V2N signal information

m Distribution delay verification result

m Verification method for information distribution

° ConneCt the aggregatlon Servel‘, Whlch Y Transm|SS|On ZOOOOO-SignaI schedil:einformationtransmissiontime (January 10 to 28)_ .
distributes V2N signal information, and the time error: 75000 - e
Tokyo Waterfront Area FOTs Consortium 10 Ms mMax. 00

demonstration experiment system via a leased

line.
\

® Confirmed that | |

it hardly affects
the distribution
delay because
the transmitted
information
CLOUD volume is small.

Aggregation server B 0-
Tokyo Waterfront Area FOTs Consortium

125000 - L oe

100000 -

[

o
'S

Leased line 75000 1

50000

=
(¢}
Cumulative relative frequency

25000

||||||||||||||||||||||| 0.0

demonstration experiment system

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

Transmission time [ms]

\_

m Continuity evaluation/verification result

® All verification items met the evaluation criteria.

m Evaluation item Evaluation criteria Evaluation results

PING command

connectivity
Distribution log
(date, time, data size)

The PING command response time
must be on the order of ms.

The date, time, and data size of the
distributed V2N signal information
must be the same as those obtained
by the aggregation server
application.

All response times met the criteria.

Visually confirmed that the date, time, and
data size recorded in the information
distribution log of the aggregation server
application are the same as those stored in
the collected V2N signal information.
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3. Demonstration Experiment

3.1. Demonstration Experiment Implementation Policy

A demonstration experiment is conducted to verify the technical study and evaluation of each element
mentioned in 2 above.

Create two types of node link maps for the demonstration experiment sections (Metropolitan Expressway
Bayshore Route (from DiBa to Haneda Airport) and Metropolitan Expressway Haneda Line (from
Shiodome to Airport West)), based on the definition of the position reference method representing the link
map provided by the Japan Digital Road Map Association (hereinafter referred to as "DRM Association")
and that provided by the Vehicle Information and Communication System Center (hereinafter referred to
as "VICS Center") by lane and the definition of the position reference method based on the CRP setting
specifications, which is being examined in the SIP Second Phase "Investigation and study on the Role of
Common Reference Points (CRP) in High-precision 3D Maps."

In FY2020, real-time probe information was procured through online connections from probe providers,
and in cooperation with the Tokyo Waterfront Area FOTs Consortium, a verification experiment was
conducted to distribute lane by lane information to vehicles participating in the experiment in the above
section. Two types of node-linked maps were prepared for the locations of the demonstration experiment,
and the node-linked map based on the definition of the location reference method, which expresses the
link map by lane, of the DRM Association and the Road Traffic Information and Communication Systems
Center was used for the demonstration test. In addition, a questionnaire survey was conducted on the
participants of the experiment to verify the effectiveness of lane-specific information.

In FY2021, a new data aggregation server was constructed and connected with the information provider,
and various types of traffic environment information were stored in the data aggregation server, converted
to the prescribed communication specifications, and then distributed to the data server of another project
(). Of these, regarding lane-specific information, probe providers with online access increased from one
to two, and provided lane-specific information also in cases other than branches by using turn signal
information.

In FY2022, we accumulated various kinds of traffic environment information in the Data Integration Server
with the demonstration experiment environment constructed in the previous fiscal year maintained, and
distributed the information to the data server for another business 5 For the lane-specific information of
the above information, we conducted the demonstration experiment by dividing the experiment period into
the spring period (conducted from April to May) and the autumn period (conducted from around
September to October) with the objective of repeating such PDCA cycle as experiment = technical
assessment = review and improvement = experiment as well as by increasing the probe providers for
online connection from two to four.




3.1. Demonstration Experiment Implementation Policy

Configuration of Field Operational Test System

® Verify system operation, processing time, etc., and compile technical specifications.
® Participants in the experiment experienced delivery of information, and were asked

to answer questions about the effectiveness and issues.

Probe information
provider server

|

Process
ing

Wired line

Receives probe information through
HTTP protocol in every 5 minutes
Text (Json format) expression
information

: Scope of development
consigned in this project

Il - N
‘o o HTTP client },7
PR Another Project
S '\{\:‘.__.’ ) i - - . .
' ) o 0O SIP lane-level road __Wired line __ SIP Tokyo Waterfront Area
0— 0O traffic information r R > FOTs Consortium
field operational — J
Vehicle subject to test system j system
probe acquisition .

HTTP server Distributes warning HTTP client
information (attention) Mobile phone
content per JasPar network
vehicle information
sharing API specifications ]

Participant vehicle ™ To be used in
Field Operational verification by
est System function participants
Data Data Lane-level road Output data I
consolidation integration » traffic information » generation » Dataf:rl‘scttrilcl,):tlon
function function generation function function

T

*Perform processing of
uplink delay, etc.

* Detect a point where an
abnormality occurs based on the
number of vehicles by speed range

* Convert to data that can
express positions, and
edit them to be saved in

or other data, and generate warning JasPar format

information

* Including Web inquiry terminal

distribution functions and
system evaluation information
generation functions
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3.1. Demonstration Experiment Implementation Policy

Demonstration experiment system configuration

® Construct an experimental environment in which various types of traffic environment information useful to
appropriately determine and control automated vehicles can be centrally aggregated with lane-level vehicle
information, for which a demonstration experiment system has been constructed since FY2020, and then
provided to the vehicle side (OEM center or equivalent), and implement the demonstration experiment.

This project (data generation and aggregation) Demonstration experiment project* (data conversion and vehicle output)

NN BN |

* “Implementation of Tokyo

Business - ”
Lane-levgl pata | ek D Waterfront Area FOTs
. INKe S
vehde o 399re” 3y distribution High-
operator 2 a»informatipn < 93tion function precision
: server . X - server | map
i Subject of Information distribution Linkage with high-

Business
operator n Lane-level

study and to narrow- and ici
— vehicle evaluation medium-area projects precision map and
avigation - ; and demonstration conversion
system information ) :
manufacturer experiment projects
Construction of FY2020 experimental . - ) )
system Utilize distributed information

: : Aggregate ~ - - 2 ¥ for safe and smooth driving
e

Support Center various sources
Rainfall I 4 Lani-_lelvel Rainfall
information A2 ) fve 'Ct"? information
Data server information

g Location A . i

P H * — - information of V2N signha

Distributor A N Distribution simulated information

server emergency vehicles,

Location
information of

.
|
|
|
|
|
|
Development of Sgna . JREETRO : OFM center or equivalent > [ ——
|
|
|
|
|
|
|

* “Research and

emergency
vehicles

.‘ “| (mobile router)

Viewer’s display
terminal

Distributor B *

* “Construction of an
Experimental Environment .
for Providing Signal _VZN 5|gr_|al
Information via a Network information
in the Tokyo Waterfront

Area”

Box-type | M vehicle
control

Distribute various types of rd
traffic environment information
to automated vehicles via
narrow- and medium-area
projects

* “Research and Development of
Collection, Analysis, and Distribution
of Narrow- and Medium-Area
Information”

Linkage with high-precision
map and output conversion

Scope of construction and verification in FY2021

— e m mm Em Em Em Em Em Em Em Em Em Em Em o o omm omm o)




3.1. Demonstration Experiment Implementation Policy

B Sections subject to information generation and main verification fields in the demonstration
experiment

® The demonstration experiment of information generation is conducted in the sections shown below on the Metropolitan
Expressway Haneda Line and Bayshore Route.

® The main verification fields for the target use cases are as follows:

» A-1: Congestion tail (branch support): Branch at Hamazakibashi JCT where lane-specific congestion occurs
constantly

» A-2: Congestion tail (passage support): Junction at Tokai JCT where lane-specific congestion occurs constantly
> B: Accidents: Appropriate ones that occurred in the target section for which data is available

To the branch at Hamazakibashi JCT
on the upbound Haneda Line

Sections subject to information generation and the main _
verification field for each use case in the demonstration 7o shin uku ioGinz iz 1)
experiment e s A A G

:\lr.
-

1A
Lane- speciﬁc
congestion —
occurred on the™

Experimental section 1: Route 1 Haneda Line (from Airport West IC to Shiodome IC), L = Approx. 14 km (2 lanes on each side)

i L Heiwajima Suzugamori IC Al '_.»': o ! ’ \ = — Haneda Llne
PA* o K | g
o Heiwajima IC T i . T Congestion tail i 2
® q — - 9N
4 : ; B nch support)
Showajima JCT - ';" Use case A-1
! \ L \ Shibaura IC g%
L\ ) Hamazaki-
- Om—t " L Shibaura bashi
O ICT ashl

...... 3 JCT

v.

Tokyo Port
Tokal ; el
ICT o .

Congestion tail
(passage support)
Use case A-2

IE JE an cific
To Tokyo 'PO“ﬂTNJ (ic-oné?sgﬁ)n occurred Legend )
1 on the Bayshore Metropolitan

Route Main Line Expressway
Haneda Airport IC Main line junction

Main line branch

Lo ]
e
& IC junction

Ariake JCT

Experimental section 2: Bayshore Route :\|C)
(from Haneda Airport IC to DiBa IC), .
L = Approx. 10 km (3 lanes on each side) .\y IC branch
i -
© NTT InfraNet l Shinonome JCT 2" *§
Information provision period: Junction at Tokai JCT *From Metropolitan
Weekdays between December 13, 2021 and on the eastbound

Expressway CCTV 82

January 28, 2022 (9 a.m. to 5 p.m.) Bayshore Route — Mergin’grfgég;n‘t?gvsore




3.1. Demonstration Experiment Implementation Policy
Overview of information generation in target use cases

longitudinal direction) every 5 minutes.

Generate warning information about the congestion tail and location of obstacles (in 100-m units in the

If lane-specific congestion is determined in a section with three or more lanes, the obstructed lane cannot be
identified, so warning information is displayed in all lanes except the farthest lane from the left or right where the

obstructed lane exists.

A-1 Congestion tail (branch support)

= Mainly at the branch at
Hamazakibashi JCT*

Real event

Branch

ICong EStIOI‘I tail

D
&=

s 5

o

A-2 Congestion tail (passage support)

= Mainly at the junction at Tokai JCT*
Junction

%
L)

B Accidents
= In all experimental sections

R

D @m @m@: b

Information

source

Longitudinal: Speed varies widely
Lateral: Low speed in left lane

1 nnnlhl

Generated (100 m)
information }

Information
source

Longitudinal: Speed varies widely
Lateral: Frequent right turn signals

Information
source

Longitudinal: Speed varies widely
Lateral: Frequent right turn signals

.

* Displayed when

| 2

I } T t } }. congestion } >
300 OCCUrs.

o 1;:0 200 400 500 60U estion tai /0 obstacies 800

- ongestion tai " T Ccngestlon—tau— 1 T

; / (Iane-specific)g : 2 (Iane-specifio_) | . na

ATH | AR o D
LT \ : : - : Obsta_cfl_ef , Use tl}e s_ar.ne A %
; . : . | = ific 1 oc;;uc. 21N ;
: v\ 1 '

*The road structures
shown above are not
the actual ones at
Hamazakibashi JCT or
Tokai JCT.

If the left lane is congested,
the congestion tail is
displayed in all lanes except
the rightmost lane.

- If frequent turn signals are detected at the congestion head at
branch, the location of obstacles is displayed in the lane opposite to

the turn S|%nal direction.

- However, i
obstacles is not displayed (the same applies to the head of natural

frequent turn signals are not detected, the location of

congestion in single-lane sections).

If the amount of information for lane
direction determination is not
sufficient to determine whether the
congested lane is on the left or
right, the congestion tail is displayed

in all lanes.
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3.1. Demonstration Experiment Implementation Policy
Traffic congestion by lane at Hamazakibashi JCT and image of information distribution

® When there is lane by lane congestion in the first lane of Route No.1 Haneda Line, the second

lane is flowing with dense traffic and it is difficult to change lanes quickly when going straight
toward Ginza.

® If you know the lane ahead of you in advance, you can change lanes in plenty of time.

Image of displaying lane level road traffic
information on a high-precision 3D map

m—— (example of in-vehicle viewer display)
8 Traffic congestion in the left .

2= |ane only, with cars heading ,
For Shinjuku || e e for Shinjuku | o z:: 3" - e 0

DTy n_c4 g &
| 2 o 7 aegmms K-5a

The location of the
end of the lane
where the traffic
jam is occurring is
J provided as alert
Alert information ¢ information.

(End of traffic jam)

N

e of the Metropolitan Expressway
mage

From DiBa ;
Source: Add to the CCTV foota%
Running

You can change lanes

The right lane is
flowing with dense
traffic, making it
difficult to change
lanes quickly.

mogN 35738 528317 E139° 45 27.989—2020/07/ 817 15 dSkrnl
Source: Add to the footage taken

by the COﬂtl"CtOf‘.

earlier based on the
above information.

Vehicle
position

Source: Display high-precision 3D map data prepared by
the demonstration experiment consortium using viewer
software prepared by the same consortium.
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3.1. Demonstration Experiment Implementation Policy

Occurrence of lane-specific congestion at Tokai JCT and image of information
distribution

Image of display of warning information in case of lane-specific traffic congestion (in a specific lane)

O If vehicles merging from the Haneda Line increases, it interferes with the travel of vehicles in the first lane of
the Bayshore Route, generating congestion starting from the junction.

O Lane-specific congestion occurs in the first lane of the Bayshore Route, then if traffic is heavy, the second lane
also becomes congested.

Example of distributed information
displayed on the viewer (image)

THH

Video of driving eastbound Bayshore Route
" ,

Bayshore
Branch Route
(eastbound)

Baysho Warning information is

displayed in the two lanes
(1st and 2nd lanes) from the
side where the congestion
occurred*

Branch

Traffic between Haneda Airport IC and Tokai JCT on the ‘ ng;”g‘sii:‘:‘z:;)a“°”
Bayshore Route (eastbound) #
(weekday, August 2020, around 10:39)

Source: Add to the footage taken by the contractor.

* In the case of cross-section cgesin (in all lanes), warning

information is displayed in all three lanes.

Source: Display high-precision 3D map data prepared by the demonstration
experiment consortium using viewer software prepared by the same consortium.
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3.2. Outline of Implementation of Demonstration Experiment
Distribution of warning information during demonstration experiment

- The viewer display at 10:00 a.m. on December 20 (Monday) shows warning information (congestion tail)
around Hamazakibashi JCT to Shibaura IC (upbound Haneda Line), and warning information (estimated

location of obstacles) at Tokai JCT (eastbound Bayshore Route), which almost corresponds to the traffic
situation on that day.

December 20, 2021 (Monday) 10:00 a.m.

Distribution information displaved on the viewer JARTIC congestion information
a;n N &3 ;.gm ; 3 5
Hamazakibashi JCT (| = A8 SHEJCT "4.
| 2% FEIBJCT ;
LS 2 :
2 A x
Shibaura IC J-CT _- r; f" £BJC
» A ¢
DiBa IC K1 & i,m: i m BREHEBO
R g ™
w A uXH
*
. )
« X#FJCT

N — T e
Source: Display high-precision 3D map data prepared b
experiment consortium using viewer software prepare

the demonstration - L
I -
by the same consortium. *From JARTIC website



3.2. Outline of Implementation of Demonstration Experiment

Distribution frequency of warning information (by content) during the demonstration experiment

- On the Bayshore Route (eastbound), the generation frequency of warning information was

particularly high around Tokai JCT during the period. In this connection, lane-specific congestion

information was generated around Tokai JCT and Oi PA entrance/exit.

Number of warning information distributions [weekday average for the eastbound Bayshore Route]

Congestion tail location

i8

e

If the congestion extends beyond the
end of the experimental section (on
the entry side), congestion tail
information is always generated at
that end (this was solved in the

January

Survey dates: December 13 (Mon) to 17 (Fri), 20 (Mon) to 24 (Fri), 2021, 9:00 a.m. to 5:00 p.m.

experiment).

Legend
In long tunnels, congestion tail Crossc'gﬁgggtr;on
information may be distributed in - Lane-specific
the middle of congestion or the congestion

location accuracy of the
information may be reduced.

B Tokyo Port TN

Airport North TN

-IlInL.I.._u.u-.__.L_..m._..___...||II|| 1 1 |I|||||..I||||_||||||I|.

Estimated location of obstacles (locations of congestion head
or obstacles themselves (e.g., accidents and falling objects))

m
16
o b
o 38
2 — 14
= [%]
QO c
= 2 12
=] 3
= 2 10
- —
2 a
c o
D) — =3
3 o
2 N
Rt 6
€
2 a
2
) 14
[0}
>
@ 12
Q
=3
2 10
=
=
(0]
Ko}
C
(0]
>
[}
<

Number of distributions (cases)
O N » O ®

ol Moday

epauey
loriejol

-
c
=
o
=
=]
S
[
-

N\

Legend
- Estimated location of
obstacles

I_III- Ill-l-l..--.-ll_

o © = = o

20 80 /% o 8O I 9 >

g og -9 =3 = C o

s> o> 3 9z s° i 2 ]

a a = S a = I -

) ® Y] o ] a
- 9 X, =
(o] - -

Direction of travel

87




3.2. Outline of Implementation of Demonstration Experiment
Age of information calling for attention during the demonstration experiment period

- In terms of the breakdown of the distribution number of information items calling for attention in the order of the age of information, the
age of the distributed information improved with the increase of the fresher data distributed within the latest 5 minutes (Layer 1) and

within the latest 10 minutes (Layers 1 + 2).

September 2022 (FY2022 autumn)

April 2022 (FY2022 spring)

December 2021 (FY2021 winter)

Online connection (four providers)

Online connection (four providers)

Online connection (preceding two providers)

information égoei) of information_1

2 4%
information_3
3.8%

information_2
1.5%

Age of
information_3
11.1%

0.1%

Age of

—The rate of

information up
to the latest 10
minutes in age

Age of
information

uo abelane Aepxosp

—The rate of
information up to
the latest 10
minutes in age

=

8 ﬁﬂgfgrcrgation Age of .~ Age of information_1 Age of i i

~ alion Age of information_2' ac _ information_ 2 | Age of information_1

8 |age of _20.2% information_1 0.1% 1.0% /.0-0% 2.8% #0.3%
o | . ¥

format
: information | —The rate of -A%e of i —The rate of Age of —The rate of
- - . Information . . ! . . .

5 information up 3 13.6% information up to |1nsf05rcr’}1atlon73 information up to
2 to the latest 10 " the latest 10 S the latest 10

Q Age of minutes in age \ minutes in age = minutes in age

o | (W was - was poe o was

_ © R . ; f -
T approximately information_4 approximately gfgrsmg%on_ approximately
0, .

v 95% < 85% 81%

3

Q

* Actual value * Actual value * Actual value
Age of Age of Age of information_1 Age of

Age of
information_1
(=2.1%

information_2

1.7%
Age of
information
3 9.8% —The rate of
information up
to the latest 10

minutes in age

_4 32.4% Age of Age of
was information_ was |n%ormatlon was
- 0, - -
approximately E288% approximately 4 43.3% approximately
96% 87% 86%
* Actual value * Actual value * Actual value
* i _
Survey period Age of The data of the latest 5 minutes (Layer 1)

9:00 to 17:00, from December 13 (Mon) to 17 (Fri), from December
20 (Mon) to 24 (Fri), 2021

9:00 to 17:00, from April 18 (Mon) to 22 (Fri), from April 25 (Mon) to
28 (Thu), 2022
(9:0;) to 17:00, from September 15 (Thu) to 30 (Fri), 2022 *Except 27
Tue
* The age of information as of the time of information generation (by
minutes) was aggregated

information 5

was used

Age of
information 4

The data of the latest 10 minutes (Layer 1 +
Layer 2) was used

Age of
information 3

The data of the latest 15 minutes (Layers 1 3¢
to 3) was used




3.3. Efficacy Evaluation by Experiment Participants
Summary of questionnaire contents and results (preliminary report)

*In the future, the reasons for the responses will be confirmed, cross-analyzed, and cross-checked with the driving images.

Questionnaire A
(Answer for each trip)

Questionnaire B

(Answer based on all runs)

® Regarding questions that contribute to
path planning for automated vehicles

(level 3 and above)

@ Valid + Somewhat valid
= 54% (I'm not sure, 27%)

@ How far in advance do you need the
information?

=200m-2km

® Location accuracy of required
information (direction of travel)
=700-300m

@ Update cycle for necessary
information

=1-2 minutes

*All of these answers are for intra-city highways.

®®@ Congestion tail position
=>Necessary + Somewhat necessary=
82-91%

®®@ Congested traffic section
=>Necessary + Somewhat necessary=
72-81%

®®® Location of obstacle itself
=>Necessary + Somewhat necessary=
63-73%

- Date and time of travel Congestion tail with lane-specific
- Degree of agreement between

. . : location information
gsélered information and actual ~Match + Slight match = 44%

Validity of
information

Service requirements Service requirements
(bylintra-city/inter=city’  Jo/EVN ©) Timing

expressway) "
® Timing @ Positional accuracy

® Positional accuracy @ Update cycle

@ Update cycle

© How far in advance do
you need the information?
. =200m-2km
Information needed @ Location accuracy of
and why required information
® Congestion tail (direction of travel)
© Traffic accident =50-500m

) @ Update cycle for
@ Lane regulation necessary information

1 =1-5 minutes

. *All answers are for
@ Improvements for practical use intra-city highways.

Questionnaire structure and summary of results 89



3.3. Efficacy Evaluation by Experiment Participants
Summary of questionnaire items and results

(1) Degree of agreement between the distributed information and the actual event
*Confirmed by comparing the participant’s dashcam video with the information distribution log.

- The percentage of actual encounters with congestion tails to the cases of passing through the warning
information location was a little less than 40%.

- It was confirmed that the probe information used was often not current in cases of ho encounter with congestion
tails.

- The number of allowable retroactive levels is considered to be at least up to the third level (the last 15 minutes).
= This target is considered to be attainable if more probe providers with online access participate.

(2) Effectiveness of distributed information
*As information that contributes to path planning for automated vehicles (Level 3 and above)

- Majority of participants answered “Effective” or “Somewhat effective” for lane-specific information.

- In the demonstration experiment on the actual road, the participants who had experienced a high degree of
matching between the distributed information and the actual event tended to highly evaluate the effectiveness.
= It is expected that the effectiveness will be evaluated more highly by improving the information accuracy.

- Majority of participants answered “Effective” or “Somewhat effective” even for non-lane-specific information.
= Possibility of early social implementation

(3) Service requirements *Answers for urban expressways
- Required information update cycle: 1 to 2 minutes
= May be improved if restrictions on probe providers are eliminated.
- At how far forward is the information required? : 200 m to 2 km
= Assuming 60 km/h, this matches the update cycle.
- Location accuracy required for information (in the longitudinal direction): 100 to 300 m
= An error of less than 300 m is considered to be attainable if more probe providers participate.

(4) Other necessary information *As information that contributes to path planning for automated vehicles (Level 3 and above)
- In any use case, there is a high need for information on “congested sections” and “the location of obstacles
themselves.” = Referred to as a priority for future development.
(5) Improvements for practical use
- 2/3 of participants answered “Effective” or “Somewhat effective” as information that benefits drivers.
= Possibility of early social implementation
- Participants requested improvements in location accuracy and update cycle as points to be improved for
realization. = May be improved if restrictions on probe providers are eliminated.
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3.3. Efficacy Evaluation by Experiment Participants
m Findings obtained through the demonstration experiment

Primary evaluation items

®Probe amount acquired

Findings obtained through the demonstration experiment

- The average data amount acquired within the latest 5 minutes increased from 5.2 to 6.5 units in the

and real-timeliness

spring experiment to 6.0 to 7.3 units in the autumn experiment (1.1 times).

- The information was able to be generated from the data up to the latest 5 minutes for approximately 60% and from the data

up to the latest 10 minutes for 95%.

- In large long tunnel sections, however, the rate of the information generated from the data up to the
latest 10 minutes decreased to 72%* due to the hindrance of the uplink.

m Average number of probes per five minutes
(FY2021 winter, FY2022 spring and autumn)

Haneda Route inbound

* A value at the peak hours in the morning and the evening on
September 29, 2022 (from 7 to 9 and from 17 to 19) in the
autumn experiment at the Tokyo Port Tunnel on the Bayshore
Route

Bayshore Route eastbound

Average number of samples per five minutes
[Haneda Route inbound]

-
S

Average number of samples per five minutes
[Bayshore Route eastbound]

-
S
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<Survey period>

- FY21 winter: 9:00 to 17:00 on 15 weekdays from January 10 (Mon) to 28 (Fri), 2022
- FY22 spring: 9:00 to 17:00 on five weekdays from April 4 (Mon) to 8 (Fri), 2022
- FY22 autumn: 9:00 to 17:00 on 11 weekdays from September 15 (Thu) to 30 (Fri), 2022

*Except 27 (Tue)
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3.4. Summary of the demonstration experiment evaluations

m Findings obtained through the demonstration experiment
Primar%:a/]asluation Findings obtained through the demonstration experiment

@Information accuracy in - The traffic jam tail encounter rate at the time of information provision is 65%, 60% of which is within
the traveling direction the deviation distance of 800 m.”

* Given that, in the five-minute assessment, deviation of 500 m to 1000 m may be
generated due to the extension or shortenlng of the traffic jam, the deviation distance
was set at 800 m or less as a guideline.

- In tr&e five-minute assessment, an error will be observed according to the changes of the traffic
condition.

mThe deviation distance between the provided information on traffic
jam tail and the observed traffic jam tail, etc.

Rate of winter  gugggRate of spring gy Rate of autumn <Total of the Bayshore Route
experiment experiment experiment he H da Route>
Cumulative rate of Cumulative rate of Cumulative rate of and the Haneda Route
100% winter experiment spring experiment autumn experiment‘ 100% o .
0 {2021.12} {2022.5} {2022.9’10} Note 1) Traffic jam tail not
90% encountered: A case where a
o corresponding traffic jam tail was not
80% N=88 N=100 N=150 . observed, such as where the test
70% 65% vehicle did not encounter traffic jam
S0% 519% 59% 61%} although traffic jam tail information
o 40% . ./ 55%: 49% had been displayed
>0% n/ 2 ¢ oo Note 2) Traffic jam tail t
9 0 o ote raffic jam tail encounter
40% 7% 4% 4% 46% 9% 5% rate: Rate of the observed traffic
30% 36% jam tail of the traffic jam tail
50 25% information generated
(+]

0% 4 B Note 1)
Traffic jam Achieved approximately 35% through the
0~200m 200~400m 400~600m 600~800m 800mM~  tail not M experiment Y J
The deviation distance from the encountered  * In the spring experiment, the error likely had been
\ observed traffic jam tail / ) increased due to the small traffic volume and the
Y Winter experiment  Spring experiment  frequent occurrence of slight traffic jam (the error
Autumn ex| was improved by the process improvement in the
[Traffic jam tail encounter rate at the time of informatj autumn experiment).
generation Note 2) ] 1%=>51%m » Achieved approximately 65% through the experiment

| [Rate of deviation distance within 800 m] 55°/o=>49°/oé@9°,/J |» Achieved approximately 60% through the experiment
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3.4. Summary of the demonstration experiment evaluations
m Findings obtained through the demonstration experiment

®Information All - While the cross-sectional / lane-specific assessment of traffic jam was properly performed for
accuracy in experiment 90%, the left or right of the congested lane was able to be determined with the winker indication
the lane sections detected only in 30% of the cases. Winker indication was not detected in most cases.
direction Branching/ - However, in terms of the major validation fields (Hamazakibashi JCT, Tokai JCT) only, where a lane-
merging specific traffic jam frequently occurs, the rate_of the cases where the left or right of the congested
sections lane was able to be determined was high at 77% to 100% and the hitting rate was 100%.

Comparison of the information accuracy in the lane direction at a certain section with the
evaluation results in all the sections

""""""""""""""""" Ry e At i it it A i niat et
m Evaluation in all the sections _Cross-sectlonal / lane-specific traffic Hit 12 '89% 11% N=97 |
jam assessment accuracy ;

1
1
1
1
1
! Rate of cases where the left or right of the
:
1
1
1

69%
The left/right determination accuracy
of the lane-specific traffic jam at 1

congested lane was able to be determined in the
lane-specific traffic jam assessment

Hitting rate of left/right determination ‘' Hit : 729%
| m Hamazakibashi JCT (branching section) Cross-sectional / lane- ————— \' g NG fieg  N=9 !
I * To be assessed by the direction-specific specific traffic jam ' : |
' speeds at the branching section assessment accuracy \
1 Rate of cases where the left or right of the Determinablg : !
' congested lane was able to be determined in the I
! |
1 1

lane-specific traffic jam assessment
Hitting rate of left/right determination

\ mTokai JCT (merging section) Cross-sectional / lane-specific N=21
'* To be assessed by the winker traffic jam assessment
lindication rate accuracy _

Rate of cases where the left or right of the Determinable 3 77%

congested lane was able to be determined in the
lane-specific traffic jam assessment

Hitting rate of left/right determination Hit : 100%

Note) Evaluation of all the sections: The difference between the traffic jam observed by the survey vehicle and the provided traffic
jam tail information was assessed.
Assessment of branching/merging sections: The difference between the provided traffic jam tail information and the traffic jam
condition observed from the CCTV images was assessed for the traffic jam conditions on May 19 and May 31 that
were able to be grasped from the CCTV images (evaluated according to the apparent time).



3.4. Summary of the demonstration experiment evaluations
m Findings obtained through the demonstration experiment

Primary evaluation items Findings obtained through the demonstration experiment

@Amount of data required to - Accurate traffic jam assessment will be obtained if data is obtained from 15 units or more per
obtain a certain level of five minutes for a merging section with complicated traffic behaviors and 10 units or more per five
assessment accuracy minutes for a single-lane section.

m Comparison between the lane-specific traffic jam assessment indicator (rate of vehicles traveling at lower than 30 km/h) probe
data and the results observed from CCTV (actual time)

Bayshore Route eastbound (Tokai JCT) Relationshio bet the CCTV dRe%ationshiptbetdw?ﬁn the probe
. : I I elationship between the ata amount and the errors
Note) Observed from 7:30 to ,10'00 [Merging section] observation and the aggregate (difference of rates of vehicles
cl)g'l\élgy 19M(Th§)1 aprd fror;oégBO to results of the demonstration < traveling at lower than 30 km/h)
100 on May 31 (Tue), Lo, EXPEriment system 8 E%% || eTraffic jam condition proven right
\ S ao% -j:—)%g”f «Traffic jam condition not proven right
= 80% . = 5
B o e ! /The failure in
e 70% 45 B 70% : [ traffic jam
m 2 Q9 n £ 60% . condition .
» Eastbound Tokai o o0 p ORI :/ assessment will
@ JCT merging section = O sox% - e © 3 0% i1 be eliminated
ZAREET e b G » =, ° | o O 0% o . when the
5 e L Sy ° . number of
O e *¢ 6 . * A singl it g g ¢ Lol robes =
o ; . single poin 20% e . ecomes 15 or
0% | SOy g ° shows data of <, . .3' o °1 \_more j
10% |~ every five o O 10% IR TR L -
| » L Very Tv o> §°880e80 "% ¢
HICT | 0% e @ minutes 95 © 0% °
4 ' ?ésess%“l%ent rzéoguult bglO% 80% 100% + 0 0 . .. 20 ) 30
the demonstration experiment system o Regrgilg#snﬁigfb%fccx):egeﬁleac%usgegata
v ; ; c ;
) [Single-lane section] Relationship between the CCTV = amount and. the errors ( iFrerence of
observation and the aggregate results of 0 rates of vehicles traveling at lower than
: 1005 the demonstration experiment system g 0% 30 km/h) -
\ '5 90% . *;; 80% | ®*Traffic jam condition proven right
g 80% : g g 80:/5 »Traffic jar]'l condition not proven right
Ly o 7% * & T 70% . ~
3 . 0 cs0% * /' The failure in traffi
% o 6% & i\ . I'he fal udr_%_ln raftic
> s Y S & sox o Litesement will be
5 0% 7 d B S Do 0% : | eliminated when the
O 0% o 2% o ©™ 30% ® : | number of probes
o g =N § : | becomes 10 or more
20% o* o D 20% ° r
0% |~ . 9T 10% o eé
M;E)r_?%u;ceN o 8% o 5%" 0% *8 3¢ %
: nfraNet O:ﬁ‘ 20% t4o% It Es)o% 80% 100% oo 0 10 .20 309
: ssessment result by = . 4
Source: Add to the demonstration experiment system & © Amount of probe data acquired



3.4. Summary of the demonstration experiment evaluations
m Findings obtained through the demonstration experiment

Primary evaluation items Findings obtained through the demonstration experiment

®Analysis of the assessment - It is effective to shorten the assessment time and the information updating interval for increasing

time*! and the the hit rate of the provided information.
information updating - During the changes of traffic condition where the hit rate of the provided information lowers,
interval shortening effect shortening the information updating interval to one minute with the current 5-minute assessment

time maintained increases the hit rate of the generated information to approximately 1.1 times
- It is effective to preferentially shorten the information updating interval that does not need an
increase of probe data.

Estimation of the event hit rate expected to be improved when the event assessment time*!and the
information updating interval are shortened

- (Estimation only during the changes of traffic condition at the merging section)
The provided

information will not WHREDZ X LY 7Y v 7a3iTERE (100E8]FH)

Pe f.roveddr_ltght |r1: the The hit rate in

raffic condition has |,--=--------"""-"-"""""---""------------ ~ ;

been changed during | e gmmmreemseeessseeess g 80% evi?ladlgcq‘teg?ge Improved by {'_‘}P{i%;’eeg' by
the information I : : : o 68.1% compared with 1.1 times

provision time
(faPparent time) even
if the assessment for
the previous five
minutes (actual time)
had been right.

938l IH

60%
50%

s0% Actual

the actual time @
/l

__________________ time
Updating at one 30% A t
minute interval will —_ t_pparen
improve the hitrate [1'> T ¥ 20% =
with the information [#SZ.0 [
updated as needed [3833 L 10%
even at 5-minute W r L
assessment time '3 3 | ‘S—minutetasseasrtnent 5- 5-1min_utet assegsgnent 2.5—minut§
. ! ! minute updating -minute updatin assessment 2.5-
ShortenlngttP_e " : ' Present condition (six probes) (Six proBes) 9 minute updatin
asserss\,/metﬂ ATQPF VtV' : : Actual Apparent (Six p_robeséz.
buk the probe data | : ; : ! - time time minutes
P aede s " 5-minute 5-minute 2.5-minute! ™ Eastbound Tokai _ ,
hereasad | assessment assessment assessment; % JCT merging section ~ WUsed data: Measured from the CCTV images
e - ' 5-minute 1-minute 2.5-minute: 3 , at the Tokai JCT (merging section) (7:40 to
P gy \_ updating updating updating |

@m0 8:15 on May 19 (Thu) 2022 * The_time
* & zone when the traffic condition changes)

m Method: Comparative errors in traffic jam
condition assessment were validated
between the random sampling of speed

N measurement data of all vehicles and all
=< Samples (average value of 100 assessments)95

Source: Add to the CCTV footage of the Metropolitan Expressway

Relationship between the assessment time*?
and the information updating interval

*1 This assessment time includes the time to collect and accumulate the
probe data. For reference, the actual time required for the assessment
itself is several seconds.



3.4. Summary of the demonstration experiment evaluations
®m Findings obtained through the demonstration experiment

Evaiuatid Findings obtained through the demonstration experiment
®Analysis of the - The disseminated number of connected cars is estimated to be 1.24 times the present level in 2025 and 1.59
accuracy times the present level in 2030
improvement effect - Based on the present number of probe acquisition, data will be possibly acquired from approximately 10 units
in the case that the per five minutes in 2030.
data amount is - In that case, the actual time hit rate of the information generated at the merging section during the changes
increased in future of the traffic condition is estimated to increase by 1.13 times (hit rate 77%) and the apparent time hit

rate during the changes of the traffic condition by 1.03 times (hit rate 49%)
Estimation of the event hit rate to increase in the case that the probe data amount increases
(During the changes of the traffic condition at the merging section)
MR Z X LYY 7)) v IR THRE (108]F19)
Improved by
90% 1.13 times

Setting of information hit rate estimation
cases based on the estimated number of

disseminated connected cars
2022 =
(Present 60% —
condition) <o . ved
40% A Improved by by 1.22
Increase rate of . C 1.03 times times
disseminated 1.00 .1612:5 t|1ms tilr;*nsezs T ¢
connected cars* : 20% Bt
Estimated 10% time
number of 0%
probes from 6.0 to 2.4 to 91% t20 11-34;0 (6'55 units { 5 m(ljntfltes) (150 unltst/ 5 nalntute§ (1? umtst/ 5 nalntute§
: ; : . . minute updating minute updating minute updating
which data can 7.3 units 9.1 units ; .
be acquired per units units -tActuaI tApparent
e o “mU cllr:|et Il\Te dfi the CCTV i
Estimated case . ) . Eastbound Tokai mUsed data: Measured from the Images
s 6 units 15 units - JCT merging section 3t the Tokal JCT (merging section) (7340 to
20 ey 8:15 on May 19 (Thu) 2022 * The time

* Calculated from the estimated number of zone when the traffic condition changes)

disseminated connected cars in Fuji Keizai
"Future perspective 2020 of the markets relating
to connected cars, V2X, and autonomous cars"

condition assessment were validated
between the random sampling of speed
measurement data of all vehicles and all

*= samples (average value of 100 assessmen’cs)96
Source: Add to the CCTV footage of the Metropolitan Expressway




3.4. Summary of the demonstration experiment evaluations
m Discussions on the practical use

a. This information generation method demonstrated that it is possible to generate lane-level traffic information

from the lane-level probe under certain road traffic conditions.

b. In particular, given that, at branching sections (including exits) and merging sections where the lane-specific

traffic jam constantly develops, it is highly possible to put the provision of the lane-level traffic jam information

into practical use in an early stage because the traffic volume (obtainable probe data) is also large in those sections.

C. It was also demonstrated that more detailed information about the traffic jam in the traveling directions can be

provided than in the existing services in other sections (such as single-lane sections) as well for provision of traffic jam

tail information as congestion of all lanes (cross-section).

d. Although the present amount of probe data is not enough to generate information with high accuracy under various

traffic environment and traffic flow conditions, the accuracy is expected to be improved with the increase of the

collected probe data associated with the future dissemination of connected cars.

e. In order to enhance the accuracy, while there is an idea to further improve the data processing and distribution

method such as shortening of the information updating interval, study on the business aspect including the cost

effectiveness associated with the increase of communication cost is also required.

f. In addition, the accuracy is expected to be further improved by the lane-specific use of probe information likely to be

enabled in future associated with the dissemination of high-precision 3D maps.




Applicability of this information generation method for respective road traffic conditions

® At branching sections (including exits) and merging sections where the traffic volume is large and the lane-specific traffic jam
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3.5. Technical study results based on the demonstration experiment

m Outlook of the technical study results for the respective element technologies (2/2)

Study item Purpose of technological m Outlook of the technological study results
study

®Data
sharing

(aggregation)

@Data
integration of
several
information
sources

- The inter-center data
sharing specifications will
be studied in sharing the
probe data between the
provider server and the
information
integration/generation
server

- The data integration and
processing specifications for
the data collected from
several information
providers will be studied

[Technical specifications]

® Definition of collected data items and aggregation, collection format (json

format)

® Collection frequency (five minutes), uplink delay data handling method
@ Method to split from the DRM link to the 100-m link

[Technical evaluation]

& The data of four probe providers from whom data can be collected online at
present and the data acquisition tendency will be assessed

=The average data amount obtainable in the latest five minutes is 6.0 units for
the 2-lane sections (Haneda Route) and 7.3 units for the 3-lane sections

(Bayshore Route)

[Technical specifications]

® How to handle the numerical data in integration and to secure required number

of samples

® Response to the variation in the information provision time by several probe

providers

[Technical evaluation]

& The relationship between the number of retrospective layers and the
information generation rate (section rate) will be studied

=Approximately 60% of information can be generated from the data up to the
latest 5 minutes (Layer 1) and approximately 95% from the data up to the latest
10 minutes (Layer 1 + Layer 2)

=In large long tunnel sections, however, the rate of the information generated
from the data up to the latest 10 minutes decreased to 72%* due to the

hindrance of the uplink
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3.5. Technical study results based on the demonstration experiment

m Outlook of the technical study results for the respective element technologies (1/2)

Study item Purpose of technological Technical study results
study

®Generation
of lane-specific
road traffic
information

@Conversion
to data that
can express
locations

(®Data sharing
(distribution)

- The technical
specifications to generate
the lane-level road traffic
information from the lane-
specific probe will be
studied

- Data format and
conversion specifications
will be studied that can
express (distribute) the
generated lane-level road
traffic information

- The data sharing
specifications between the
centers in distributing
generated information to
the OEM server will be
studied

[Technical specifications]

® A logic will be constructed to assess the lane-specific traffic jam condition in the
traveling distance (hundreds of meters) from the information about the number of
units by speed layers

@ In the case of the lane-specific traffic jam, a logic will be constructed to assess
the direction of the interference lane (left or straight) from the speed for each
direction at the link before the branching section for branching sections and to
assess the direction of the interference lane (left or right) from the winker
information for sections other than branching sections

[Technical evaluation]
It was demonstrated that it is possible to generate lane-level traffic information
from the lane-level probe under certain road traffic conditions

[Technical specifications]

® Method to prepare a node-link map that can express the locations in the lane
direction

® Location reference method to superimpose on a high-precision map
[Technical evaluation]

& The matters noted through the actual data prototyping will be reflected in the
technical specifications (draft)

[Technical specifications]
® The Jaspar specifications will be applied (the issues of the present JASPAR
specifications will be organized)
® A start process of every one minute will be realized to minimize the information
delay

Implementation of API

[Technical evaluation]
& The API processing time is approximately seven seconds
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4. Investigation and verification of elemental technologies using
guasi-dynamic level look-ahead information

® The following is a summary of the information sources that may be utilized as

to lane-specific information generation.
® In FY2020, the sources of warning information (operators) and available
information items were organized.

guasi-dynamic level look-ahead information, as well as a study of the applicability

Information expected to be Flow of probe information
used in the future other

than probe information
Probe operator
(OEM, etc.)
Infrastrucjcure server
information . Consideration 3:
(on road and traffic Consideration 1: | | = = = £ = = = = Distribution format
administrators) Collection format I \
I Lane-specific |
[l A S vehicle -
1 Emergency call Traffic accidents, | information P OEM
| service providers breakdowns, etc. generation server I server
I (OEM, insurance Information items: Date and time — | i
I companies, etc.) /,of occurrence, route, direction, | _
I " (longitude, latitude, KP, etc.) Consideration 2: I Vehicle
l = — — Informationtobe . o o o o e e e e e e e - How: to utilize- — —
used as look- (integrate) data

ahead information

Information expected to be used in the future other than probe
information and issues to be considered regarding its use
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4.1. Information sources and information-gathering specifications for

emergency call service information

® The emergency call service is provided by OEM and insurance companies and those providers are candidates for the information sources.
Guidelines have been established for the information items that the related organizations can obtain from the emergency call service
toward the acceleration of their dissemination and it is anticipated that information items will be gathered according to those guidelines.
The information items do not include the information regarding closed lanes.

Examples of information sources of emergency notification

Service
example

(1) Service
example of
OEM
(HELPNET™)

(2) Service
example of
an insurance
company
(GK
Automobile
insurance
Mimamoru*?)

information

Service outline

- The HELPNET service has been employed for the
emergency call service provided by automobile
manufacturers for their users.

- The emergency information will be automatically
reported to the HELPNET Center through the airbag-
interlocking device or by simple operation.
Communication will be made with the reporter to
grasp the situation to call an ambulance or the police
as needed.

- Data will be transmitted simultaneously with the
communication. Accurate location and vehicle
information allows an ambulance and a patrol car to
quickly arrive at the accident site.

- The dedicated dashboard camera will detect an
impact of a given level and, if vehicle traveling cannot
be detected for approximately 30 seconds, it will
judge that the vehicle has encountered a traffic
accident and will transmit the location information, the
"event records" at the impact detection, etc.

- An operator at the dedicated safety confirmation
desk will make a safety confirmation call to the driver
through the dedicated dashboard camera.

*1 Source: Mechanism and flow of HELPNET
(https:/lwww.helpnet.co.jp/about/flow/)

*2 Source: GK Automobile insurance Mimamoru (Mitsui Sumitomo

Insurance)

(https://www.msins.com/personal/car/gk/mimamoru-dr.html#anc-06)

*3 Source: Guidelines on the handling of emergency call from
automobiles by service providers (May 2018, National Police
Agency, Fire and Disaster Management Agency, Ministry of
Land, Infrastructure, Transport and Tourism)

Information items expected to be provided in the emergency
notification information (traffic accidents, etc.)*3

Iltem

NoO Notification Item Details
Automatic/manual : ; ;
1 reporting Automatic reporting or manual reporting
] Latitude and longitude information ]
2 Latitude and (The datum and expression form (degree representation)
longitude must comply with the conditions designated by the rescue
organization)
3 |Location accuracy | Radius errors of latitude and longitude (unit: meters)
4 (\j/ﬁgci:ciilce)r;[raveling Orientation representing the vehicle traveling direction
Track information representing the route where a vehicle
5 [Traveling track has traveled to the accident site ) )
9 (Track information at several points acquired at a certain
interval (2 to 4 above) approximately 10 points (*1))
6 |Vehicle type Vehicle type such as large-sized vehicle, bus, etc.
ehicle . - X -
: e Vehicle identification number or a unique number given
7 'r?uer?]tt')fgat'on to the reporting device used to identify a vehicle
; Fuels such as gasoline, light oil, LPG, electricity, and
8 [Fuel species (*2) hydrogen
9 JAccident time The time when the reporting was made
Telephone The telephone number of an automatic reporting device or
10 | number for call |mobile phone that can be used for communication with the
back reporter
[Name of : : : :
11 | Gntractor Name of vehicle owner (user) (including legal entity)
12 |Registration No. | Vehicle registration number (e.g. Nagoya 123 A 1234)
13 | Provider ID An identifier used to identify the service provider
Telephone number : ;
14 |)fthe sender Sender telephone number of the service provider
Reporting classification that the operator of the service
15 [Cause for provider confirmed in the communication with the reporter
reporting (e.g. traffic accident resulting in property damage, no 1()2

response)




4.2. Study on the generation of lane-level emergency notification
information through the integrated use of probe information

o Trr:e im%g? of the information generation through the integrated use of emergency notification information and probe information is as
shown below.

® While a lane closed by an accident, etc. is initially unknown, instantaneous information calling for attention can be provided. Then, it
will be validated if a closed lane can be estimated from the probe information.

Image of the integrated use of emergency notification information and probe information

Unit of information generation in the
traveling direction | f f f f f f
(Unity 100 m)0 100 200 300 400 500 600
Actual event i ( ( i i i i ! i [ |
L] ? N' i i i wccident, etcl] i i
Autongmated !car ; : ¥D ¥CD : ; ! !
' L\ ' ' %
In the event of an accident: _Betc_ahlse akclosed lane is H ificati ‘
- initially unknown, The emergency notification
Instantar?eous\ \ Information will be information- s expected to be

®Display of accident i

displayed over all lanes. %s?layed with points or 100-
; i

nks based on the latitude

Accident, etc.

information by the (1) ) ’: B, : ! Accident, etc/ and longitude information.
emergency call service ; When it could be estimated whether Accident. etc ; .
i the closed lane is right or left based on [ ! ] i i |
- 1 { the winker indication of the probe '
Information update: information, the information display
®EstirrPation olf theb . ' g CONCErNeC. : IIt will be vbalidatﬁd iftadclfgsed
interference lane base ' : : _ ! ane can be estimated from
on the probe information : ( ( : : ! : ! the prob_e information (winker
+ @B -\ ; ; A Accident, etc.y_information).
®Display of traffic jam i ). If traffic jam is A G WV [Accident, etc : :
information 5 enerated, the ] ldent, etc. i o
[ traffic jam tail
information will| | The interference location
be displayed. information will be also .
@The accident information displayed based on the : -
will be erased with the probe information. i : Tf]le dlsE_Iay ofbthe
information about the 5 information about

i [the accident will
Jdisappear  when
the lane restriction
] ends.

A Y
A \

handling the accident
obtained from the road

end of lane restriction ) »:

administrator
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4.3. Validation of lane-level emergency notification information generation
capability

® More instantaneous information calling for attention will be provided from the probe
information and then it will be validated if a closed lane can be estimated based on the later
probe information.

® The validation procedure and the data used are as shown in the chart below.

Validation procedure Data used

Grasping of the traffic accident occurrence « Metropolitan Expressway abnormal

situation _ circumstances handling records*

(Date and time, location, closed lane, traffic jam « JARTIC information

occurrence) « Survey vehicle travel video

‘1, *Accident occurrence

location/time/details, restricted lane,

Study on the capability of estimating whether the start/end time of restriction

_closed Ia_ne is right or left based on the probe « Probe information

information < Winker indicati fat

(Time when abnormality was grasped, accuracy (Winker indication status)

status, traffic jam judgment)

4

Validation items

@ Possibility of generating lane-level emergency notification information
through the estimation of whether the closed lane is right or left based on
the winker indication status

@ Provision of lane-level traffic jam information in the event of congestion

Validation method of lane-level emergency notification information generation capability
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4.3. Validation of lane-level emergency notification information generation
capability

® Regarding a rear-end collision in the vicinity of the head of the Oi Junction merging section on the Haneda Line (inbound),
®Owhether the closed lane is right or left was estimated based on the winker indication status and @the lane-level traffic
jam due to congestion was detected.

® [t was validated that a closed lane can be estimated and the information calling for attention can be provided from the
probe information.

<Example of detecting accidental traffic congestion at the merging lane in the vicinity of the head of the Oi Junction
merging section on the Haneda Line (inbound)>

® A rear-end collision by a truck occurred on the merging lane in the vicinity of the Video sent from the survey vehicle
head of the Oi Junction merging section /

® Information calling for attention was generated on the right-side lane of the accident
site (interference location) (many left winkers were detected), the traffic jam tail
information was generated approximately 300 m behind the interference location
(right lane). (10:45)

® Since then, the information calling for attention was continuously displayed and the
traffic jam was extended.

® The "abnormal circumstances handling records" of the Metropolitan Expressway a -
showed the following information. = TTUCK Fegr=emna
(Event type: accident, occurred at 10:46, ended at 12:15, type: minor collision, LMEE® 53 callisioinfstates

i . 11704
interference lane: Lane 1) Source: Add to the footage taken by the contractor.

®10: 45 @10: 50 ®11: 00 @11 :45 @12 15

nfor The SR it The
calling for - Xlinterference| . .| \]interferencel,

ata%“té?gté"aas location was|. . ] {location was}.

1“lcontinuously continuously i ontinuously
('?g‘égft?{,ﬁr)‘ce ;] generated 1015l generated @ generated ¢

ht 5|deI is

Changes of

by the probe

Informa |on

; : n - ‘
* Internal screen | 2§ / atfen {‘%‘t v T.g% tze;fsic A1 o Bl
of the probe ,; /| extended | | Sl T The traffic

jam was

System ng x4 - All lanes etab e 4 extended
infor %IOI‘\ 4 were

Source: Created by processing (:eospatlal Informatlon
congested Authority of Japan tﬁes (pale-colored map) 105




4.3. Validation of lane-level emergency notification information generation
capability

[Reference] Mosaic plot of the interference location, Haneda Line (inbound)

: Interference
Suzugamori . . . d
\g Fnhganrp Katsuura Exit Oi Junct;)nlocatlon

»
J/ Ll

[ 4—;-—29500103 Tos0aaTs - - :

[no 52| 53 54 87|

B 2347 7526, 2646 1736| 7927 5140 5149 5229 5349 5472| 5532 5568| 5668| 5768 5868| 5968 6065) I nfOI’matIOI’] Cal I I ng [ 6951 7051 | I nformatl on Cal I Ing for attentlon

[EamP 4545 645 4745 394]] 5139 5148] 5248] 5328 5471 5531] 5567 5667] 5767] 5867 5967 6067 6167 for attentlon was 7050) 7150 was generate

=5 E - - - - [ BB R (&) - - - |BEEE- W) [- - - - - - - - generated - - (In-terference Iocatlon)

SEARRESERE |roma |romal romal Jromal Jromal JromelJrarmal[rormel[normelJrommalromar Jromal |romal romel el [rormel [l Jparm o romar Jno] - Right side is abnormal

10:41 [OFHFRRE (Traffic jam tail)
| e . - Lane-specific traffic
T|me Zone Shown N Err normal  [normal  [normal[normal  [normal  [normal |normal [normal [normal  |normal [normal [normal  [normal  |norm: Jam (I’Ight) I>\
@ of the previous page | i
T|me zone shown |n Li normal  |normal  |normal |normal  |normal  |normal  |normal |normal |normal  |normal |normal |normal |normal |normal |normal |normal  |normal |normal  |iane lane ane ane Section ||normal  |normal |normal
1@ of the previous pagep ]

04830 280604830 [480)

N |rormal_[iane lane lane nofmaT |normal  |normal

=

=

TEME ISR T e RS [Tomar_[ormal o [ahs _ [normal _|normal _|normal _|normal _|normal _|normal _|normal _|normal _[normal _|normal _|normal _|normal _[normal _[normal _|normal lane Jlane  [lane  [lane  |lane _ |lane _|section |section [lane |lnormal |normal _|normal
10:56| fA#H | | | |G BT

CxEuEES I [ L N A
1 Time Zone Shown N [ \_[romal_Jnomal_Jnormal[normal_[normal_Jnormal _|normal _|normal _[normal _[normal_Jnormal _|normal _|normal_fllane[laneJlane section |section |section _|section |section |section _|[section |[normal _|normal _|normal

=

4

of the previous pagep/] |
@A MEZOYELE  |normal normal normal normal normal normal normal normal normal normal normal normal normal normal normal normal normal section section [section |s on

11:06|®%#REER Eiis
©3fFEfEER Pz
OfAMREOHERER [normal  |normal  |normal  [normal |normal  |normal  [normal [normal  |normal  [normal |normal  [normal |normal  [normal  [normal [normal  |lane section |section [section
11:11 |®@%EkERE ATE

(OXBITMAE The traffic jam — — 4

(DA ARFEOHIERER  [normal  |normal  |normal  [normal  |normal  |normal  |normal  |normal normal  [normal  flane lane section [section [section section [section section |section |section |section [section |lnormal |normal  |normal

11:16 was extended G
ExEuEER - All lanes were — . - Z

section [section |section |[section |[section [section fsection [Inormal [normal |normal

section [section [section [sectio

section |section flane normal  |normal  |normal

@ftFAREOHUESR |normal [normal  [normal  [normal  [normal  |normal [normal [normal el [normalJiane lane section [section [section n_|section section |[normal [normal [normal
11:21[owmRRRR congested =

©X i E R 4

@fFEEEOHEHR |normal  [normal  [normal [lane normal _|normal _|normal _|normal _[normal _|normal _|normal _|normal _|normal _|normal _|noms_|lane lane section section Section |[section |section ||section |[normal _|normal _|normal
11:26 R = EE

(X miEER 4|

(@AAREOWERE |nomal |normal |normal |normal |normal |normal |normal_|normal |normal _|normal _|normal _|normal_|normal _|normal |normal_|lane  |lane |section section section _|section Section |[section |section [section |normal _|normal _|normal
11:31 |[@%#FEHER EE

(OXmEER

@RAMEBOHERE [normal |normal _|normal _|normal_|normal _|normal _[lane|normal _|normal_|normal _|normal _|normal_|normal_|normal_|normal_|lane|lane on_[section 1 [section section _[section section [section_|normal _|normal _|normal
11:36 [@EmERER Wi i

@R IEER |

Ot mREOHEER [normal  |normal  |normal  [normal  |normal |normal  |lane lane ane lane ane lane lane section [section [section [section [section [section [section [section section [section fsection |normal [normal |normal
11:41 |©%#KRRER Lz

. = x|

T|me Zone ShOWn N lane ane ane lane ane lane lane ane lane lane Section |section |section |section |section |section |section |section |section |section |section [lane normal _|normal_|normal
1@ of the previous pagep, 4
@A AREOHERER |normal  [normal  [normal |lane lane ane ane lane ane ane lane ane ane lane section _[section |[section
11:51 |®xm+EER i

(©x B E R H

@RAMEEOHEHR |normal  [normal  [normal Jiane lane lane section _|lane ane ane lane section _|section S
11:56 |@#xEER e
(X @iEER H
@A MEREDHELR [normal [normal [normal _|normal__[lane lane normal _[normal  [normal _[normal _[normal
12:01 |@&#ERER -
(OXmEER H
@A MEREDHEHR [normal [normal[normal _[normal_[normal[normal[normal _[normal _|normal [normal _[normal _[normal[normal[normal _[normal _[normal [normal [normal flane lane
12:06 |®&#EEER i
@3B SR
(DA AREOHIERER  [normal  |normal  |normal  [normal  |normal  |normal  |normal |normal |normal  |normal  |normal  |normal |normal  |normal |normal |normal  |normal |normal [normal |normal |normal  [normal |normal
12:11 [DxmxRE#R
B EER Al

0 . N
||me Zone Shown n H\ normal _|normal[normal [normal[normal |normal|normal |normal |normal|normal |normal |normal |normal[normal |normal [normal |normal |normal |normal [normal [normal  [normal [normal [normal  [normal[normal |normal |normal

x|

section |section |section |section [section [section [section fseetion [Inormal [normal [normal [normal

section  |lane lane section fsection finormal [normal  [normal  [normal

section [section

ane lane lane section section  |lane lane section fsection finormal  [normal  [normal  [normal

section

ane lane lane section section |section fnormal [normal  [normal  [normal

ane ane ane lane lane normal  [normal  |normal  [normal
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4.4. Study on the information distribution specifications

® The emergency notification information can be distributed as obstacle information (contents: obstacle) in the

JASPAR specifications.

® Accordingly, the information distribution specifications will be assumed to be an interface according to the
JASPAR specifications (HTTP protocol, JSON format information expression). The information distribution cycle
needs to be studied in future based on the cycle at which the information can be gathered from the

information sources.

Example of data in the JSON format
according to the obstacle information in the
JASPAR specifications

]

3

‘container”:[
{“basic”:{
“time”: {
“start”:”2020-10-01T13:30:00.0007,
“expire”:"2020-10-01T13:35:00.000”

“section”:{
“beginningPoint”: {
“latitude™:36.1234567,”longitude™:139.1234567,
“onRoad”:”on”,“name”:" & &b =& T A 5
“lane™:[*17,72”

Distribution image of the
emergency notification

information
HTTP OEM Center-equivalent

> g
§

a

Emergency notification

will be studied in future
Data Server /

Distribution Server

information

Data Integration Server

“accuracy”:"1” Locations to which lane-level
} information relating to the
closed lane will be provided

“contents”: {
“obstacle”: {
zcsequence”:” 1 ”,“SiZe”:”L”,”mOVe”:”1”,”Object ‘c:a’{$¢$ﬁ97

(Accident information)

Emergency notification
information

- Emergency notification information:
(accident information) in the JSON '
format will be distributed via HTTP
communication (assumption)

(Accident information)

Automated car
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5. Study on the use and validation of vehicle probe data for the
detection of bad weather and road surface conditions

such as torrential rain and the associated road surface conditions such as
water film formation by use of vehicle probe data with the objective of the
safety improvement of automatic driving and the efficiency
improvement/enhancement of road management.

1) Study on elemental technologies

® We studied the applicability of vehicle probe data and technologies to
automatic driving and road management after organizing available vehicle
probe data and technologies.

2) Collection and evaluation of vehicle probe data

® We collected the available vehicle probe data organized in 1) for a certain
period and then conducted the comparative evaluation with the weather and
road surface conditions and the collected vehicle probe data during that
period. We also collected the data of the weather and the road surface
conditions required for the comparative evaluation.

3) Study on the application methods to autonomous cruising and road

maintenance

® We studied the method to apply the vehicle probe data to autonomous
cruising and road maintenance and the possibility to put it into practical use
by grasping the rainfall and road surface water film conditions from the
vehicle probe data based on the studies 1) and 2).

® We studied and evaluated/validated the techniques to detect the bad weather




5. Study on the use and validation of vehicle probe data for the
detection of bad weather and road surface conditions

5.1. Study on elemental technologies

® We studied the applicability of the probe data to the detection of road surface conditions such as the water film
development and flooding with the objective of effective information service to road management and

drivers/automated cars

® We targeted the following vehicle probe data for the study of detectability:
Target 1: vehide control information (operational information such as ABS) and windshield wiper

operational information as probe data assodated with the grasping of road surface conditions that can be

presently collected from OEM

Target 2: tire rotation signals and travel resistance that are likely to be available in future from tire

manufacturers as input data for road surface grip levels, water film thickness levels

Vehicle probe data
to be collected

1. Vehicle control information
(ABS etc.), windshield

Generated
information

1. Detection rate of
operations such as

wiper operational
information

Demonstration
experiment

ABS and windshield
wiper

Information likely to be available in future
Target 2 (Technologies under development by tire manufacturers)

= 2. Travel resistance
(wheel torque, number
of engine revolutions,
traveling speed, etc.)

Collection by test vehicles

= Data is not acauired in this study

| |
=x 1: Engine torague, number of engine

— ?rlp level —
. (slipperiness) ! :

2. Water film

Correlation analysis with
the precipitation amount
on the actual road*?

Road surface

conditions to be

grasped

thickness level

S

Grasping of
water film
development
conditions

The method to detect the
water film thickness will be
studied in cooperation with
tire manufacturers (to be

experimented on test tracks) =

__________________________

‘3. Road surface !

* 2: To be grasped from
high-resolution
precipitation howcas

Observation of the
relationship with the
water splash conditions
on the actual road*3

* 3: To be grasped from the

Grasping of

flooding spots

L
The technicalinformation will =
be grasped from the reference §
materials of Sumitomo Rubber =

*LeVOLUIQNS, 1ie FQtAHION.SPEETs o v u s mmm s e e d IS S s n s s nnnns

traveling videos of test
vehicles

A

Grasping of
freezing and
SNoOwW cover

Hearing from the road
administrator
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5.1. Study on elemental technologies
Target 1: Summary of the use of vehicle control information and windshield wiper

information

® Vehicle control information (ABS etc.) and windshield wiper operational information (high-speed, low-
speed, intermittent) will be acquired as from OEM as statistic information (number of operated vehicles)
per 100-m link section by five minutes (the same type as the one used for the demonstration experiment of
the lane-level road traffic information) in off-line form.

» Since the water film formation is attributable to the precipitation amount in general, it will be
validated assuming that the water film thickness can be estimated from the relationship between the
development of the vehicle control such as ABS or the windshield wiper operational information

and the precipitation amount for each section.

<Image of the analysis of the water film
formation estimability>

Collate the data acquired for each 100-m link section in the

<Image of data aggregation by 100-m link
section>

@ From OEM, the number of probe vehicles that

passed such 100-m link section durin
minutes and the number of vehicles that operated

such 5

ABS or the like in the section will be collected as

statistical information

ole

St

same time zone

ABS or windshield wipelr operation detection rate per section™?

f

Precipitation amount per section”?2
|

‘.

A scatter diagram will
be prepared to grasp

Probe vehicle Non-probe ABS etc. was [ ‘
vehicle operated : . , the relativity with the
Operated! Operated! v A F
’ ’ - precipitation amount
o B e a W o
*1 Operation detection rate = Number
<— 100-mlink (1) —»— 100-mlink (2) —> of vehicles that operated the control o o Scatter P
devices/number of probe vehicles EX di 7o
lagram e
Number of probe Number of probe g%j & .- @
vehicles: 2 vehicles: 1 * 2 To be prepared by linking the datato § ‘,,/ )
. . the 100-m link section corresponding to o e
> -
Of which, the number Of which, the number of the Nowcast 250-m mesh data ..

of probe vehicles that
operated ABS: 1

probe vehicles that
operated ABS: 0

ABS etc. or wiper
operation detection
rate
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5.1. Study on elemental technologies
Target 2: concept of the method to estimate the road surface grip level and the

water film thickness level

[Road surface grip level]

® The relationship (inclination) between the slip rate and the driving force, etc. depends on the slipperiness of

the road surface. This inclination will be derived from the tire rotation signals (engine torque, number of engine
revolutions, tire rotation speed, etc.) to detect the road surface slipperiness (road surface grip level=4 levels)
(the technology will be developed in advance by tire manufacturers)

[Water film thickness level]

® A method will be studied to estimate the water film thickness from the changes in travel resistance during

traveling on water-filmed roads based on the vehicle driving force information during traveling

® After the validation on the test tracks (up to 10mm of water film thickness), the water film thickness will be

estimated by driving test vehicles mounted with a device capable of acquiring necessary data such as driving

force and travel resistance on actual roads in wet weather.

Concept of road surface grip level detection

Concept of water film

U (friction coefficient) -s (slip ratio)

thickness detection

During travelling on

. .. - i ipD ° i water filmed roads
characteristics of the tire § onp 5 _ _
Drivin Maximum |7 g2 Ex.) Road surface | During travelling
g — — —drivin : l High p condition ! on normal roads
force f 9 | Dry asphalt } < >
i ] Braking force
i Snow ice i
P Normal Slip ratigi l L(')\{_VJ:J road i F=ma+ (Rsum + Rwater)
D travel area L i m: Dead weight
) a: Acceleration
4 -

Maximum
braking -~ Braking
force force

* The driving force will be calculated from the engine torque, the number of engine
revolutions, and the tire rotation speed. The slip ratio will be calculated from the tire
rotation speed

\

Water film Travel Driving force F =
Fluid resistance  resistance  wheel torque

LOV_V 1 Rwater Rsum

\\
A J

The “inclination” will
change according to
the road surface

—
OamO

More resistance than in normal traveling

Source: Excerpts from data of Sumitomo Rubber Industries

will be applied to a vehicle in travelling
on water-filmed roads.
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5.2. Collection and evaluation of vehicle probe data

m: Collection of vehicle control information (August to November 2022)

> Area: Route 1, Haneda Line/Bay Shore Route, Metropolitan Expressway (same as in the
demonstration experiment of the lane-level road traffic information)

September 2022)
> Area: Same as in Target 1 + general roads (Route 357 between Shinkiba and Funabashi)

. : Acquisition of the tire rotation signals and travel resistance information (August to

Probe data acquisition area

[Target 1-2] Metropolitan Expressway section (Route [Target 2% Route 357 section (between Shinkiba and

1 Haneda Line/Bay Shore Route) Funabashi

Route 1 Haneda Line (between Airport West IC and ; - , .
Shiodome IC, Shibakoen IC) ) LV 4 Y A B
: ; ez . J;ie_ 4 IS\ mi.& mam N !
g1 Z . gt e e Ry S
. / S g mf@“ "% Route 357 (between o N
P\ >—_Ed ) [y, B Shinkiba and Funabashi) / NORE.
Legends Stk ‘“fj I ' % o
Tokyo Metropolit 2221 ' B I ¢4
Expressway F oo X g™ O
/ o= Main line confluence mh ; 4
=~ Main line branch N\z® = oA LS A ydicy
Bay Shore Route (between Haneda A i“; I confluence ' W >
Airport IC and Rinkai Fukutoshin IC) < on T e
— A Highlaccident area
Source) Added to the NTT InfraNet Traffic congestion

ar

Test vehicle and instrumentation device

Target 2: number of days taken for the acquisition of the traveling used for the measurement of the water
data (water film thickness measurement on actual roads)

Rainfall Considerable Total

Rainfall Slight (5 mm or more rainfall number

ategory . .
rainfall /12 h daytime) | (25 mm or more of days
Travel area /12 h daytime) traveled

Haneda Line /Bay 3 days 2 days 2 days 4 days
Shore Route

Route 357 8 days 4 days 1 day 8 days Source: Add to the footage taken by the contractor(vehicle and

instrument provided by: Sumitomo Rubber Industries)
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5.2. Collection and evaluation of vehicle probe data
The correlation analysis with the precipitation amount on the actual roads will use the
“high-resolution precipitation nowcasts”

High-resolution precipitation nowcasts

«  Weather information provided by the Japan Meteorological Business Support Center

« Detailed and high-precision radar image and precipitation amount forecast will be provided

« The service aims to strengthen the monitoring /forecasting capability of local heavy rain

« Two types of weather information (1) high-resolution precipitation nowcasts (represents instantaneous
precipitation intensity) and (2) high-resolution precipitation nowcasts (5-minute precipitation amount)

« The weather will be forecasted in the details of 250 square meters (1 square km up to 30 minutes forward and 1
square km up to 35 minutes to 60 minutes forward for the weather on the sea) and will be updated every five
minutes

« The weather will be forecasted using the meteorological phenomenon doppler radar data from 20 stations all over
Japan; observational data from approximately 10,000 rain gauges possessed by the Japan Meteorological Agency,
Ministry of Land, Infrastructure, Transport and Tourism, and local authorities; high-story observational data from
wind profilers and radiosondes; and the radar rain gauges of the Ministry of Land, Infrastructure, Transport and
Tourism

arget forecast area by
250-m mesh spaci

Definition It represents the rainfall in millimeters It represents the precipitation amount in
when it continues to rain for 1 hour at millimeters for five minutes.
the present precipitation intensity (Unit: mm) by 1-km mesh
(instantaneous rainfall intensity). (Unit: spacing
mm/h)
Mesh spacing | Up to 30 minutes forward: 250 m x 250 m, 35 minutes to 60 minutes forward: 1
km x 1 km
Update Every 5 minutes (the present condition and the predictive value up to 30 minutes
interval later will be delivered every five minutes)
Applicability Suitable to know the rain intensity felt Suitable to know the actual precipitation
by the skin amount.

Major Continuous use Used as precipitation amount Image Source: Japan
applications Meteorological Business
Summ f |Tob d as detailed forecast Tob d as detailed records Support Center

! ary o 0 be used as 0 be used as http://www.jmbsc.or.jp 113
characteristics Jip/index.html/




5.2. Collection and evaluation of vehicle probe data
Target 1: Demonstration experiment result using OEM probe data (ABS etc.)

® The operation detection rate of ABS or other control devices tends to increase with the increase
of the precipitation amount

> Since the water film formation is attributable to the precipitation amount in general, the
operation detection rate of ABS or other control devices is considered to be related to the
road surface water film formation.

> However, the operation detection rate of ABS or other control devices was small for the
present data and the effects need to be observed at a shorter data acquisition cycle in future

> Since the probe data specifications from which the data of ABS or other control devices
may differ among OEMS, the specifications need to be checked for other OEMs in future

Relationship between the daily precipitation and the average daily operation detection rate (Haneda Line, inbound) .. ., (Tue) t
Investigation date: August 2, 2022 Investigation ?Ne ugus ue) to
(Tue) to November 30 (Wed) 100 ovember 30 (Wed

100

g <ABS> % <Traction control function>
< <
Q 80 _2 80
D D
o, Q.
=l =t
—t —t
Q) Q
=, 60 = 0
o o
=) >S5
3 3
é 40 é 40
Q. Q.
Q Q
= =
0 20
0 0
0.00% 0.05¢ 0.00% 0.01% . 0.02% .0.0?‘"i 0 Ofl';-‘:- 0.05%
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5.2. Collection and evaluation of vehicle probe data
Target 1: Demonstration experiment result using OEM probe data (windshield wiper)

® Number of activated ABS and other devices detected on the Haneda Line (uplink) from probe vehicles, organized by 100-meter link.
=The percentage of sections where the number of activated vehides detected is less than 0.1 vehides/day accounts for about 90% in ABS.

=The detection tends to occur at curves and the sections before and after curves, at mergers, and at JCTs.

[ Composition of sections by daily average number of activated [Daily average number of detected activations by
vehicles detected: Haneda Line up] section: Haneda Line up]
actuator detectable Proportional composition by section of daily average operating detection count. s S e MR TR
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5.2. Collection and evaluation of vehicle probe data
Target 1: Demonstration experiment result using OEM probe data (windshield wiper)

® The relationship between the windshield wiper operation detection rate for all the 100-m links on the east bound lanes
of the Bay Shore Route and the precipitation intensity every five minutes at the Nowcast 250-m mesh
corresponding to the above links was organized in a scatter diagram using the same data as in the previous page.

> A certain correlation is observed between the ratio of vehicles operating the windshield wiper at a high speed
and the precipitation intensity.

Relationship between the windshield wiper operation detection rate and the 5-minute precipitation
intensity (mm/hr) (scatter diagram)

O Bay Shore Route east bound lanes: September 18, 2022 (Sun)

* Only the 100-m links with the number of probes of 10 pcs/5 minutes or more
from which windshield wiper information can be obtained were plotted
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5.2. Collection and evaluation of vehicle probe data

Summary of evaluation results (Target 1)

<Discussions on the possibility of commercialization>

@

It was observed that the operation frequency of the probe data associated
with the vehicle control (ABS, etc.) will increase on days with high
precipitation amount. Since the water film formation is attributed to the
precipitation amount, the operation detection rate of ABS or other control
devices is considered to relate to the water film formation on the road
surface.

In the meantime, the operation detection rate of ABS or other control devices
was small for the present data and the effects need to be observed at a shorter
data acquisition cycle in future

For the constraints of the business period and scale, no validation has been
conducted during the snowfall or freezing season. In addition, the validation
has been conducted for vehicle probe data of only one OEM. Accordingly,
data specifications or accuracy validation including the threshold value of
ABS or other control devices have not been conducted yet. These need to be
verified and validated in future.




5.2. Collection and evaluation of vehicle probe data

Target 2: Study results on the water film thickness level detection method
(preparation of a calibration curve)

® Because the “water film thickness” is linearly related to the square of the “resistance value of the water film / traveling
speed (hereinafter referred to a new indicator),” we assumed that it can be obtained from the “resistant value of the
water film” and the “traveling speed” (based on the knowledge of tire manufacturers)

» We found from the measurement results on the test course (up to 10 mm of water film thickness) that a linear
approximate equation (calibration curve) can be prepared

» Theoretically, flooding (such as 20 cm of water film thickness) may be detected (future validation is needed)

Course of action to prepare a calibration curve for estimation of water
film thickness

® Water film of 10 mm mWater film of 9.5 mm

m Water film of 1 mm

® wet EDry .
— = i _ ) * Mean values of all the conditions data of
fing o e " each speed were plotted
: Photographed by Contractor . ,
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Source; Excerpts from data of Sumitomo Rubber Industries Source: Excerptsfrom data of Sumitomo Rubber Industries




5.2. Collection and evaluation of vehicle probe data
Target 2: Results of the water film thickness level detection trial on actual roads

® Sections with a higher estimated water film thickness appeared at higher rainfall intensity

® We observed sections with the same rainfall intensity and different estimated water film thickness in
the travelling video and found difference of the water film thickness condition from the water splash
conditions of surrounding vehicles. = It shows that the water film thickness levels have been
correctly detected.

Relationship between the rainfall intensity and the estimated water film thickness and the actual condition
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5.2. Collection and evaluation of vehicle probe data

Target 2: Issues and possibility of water film thickness level detection based on the
trial result

® As one issue of the water film thickness estimation based on the calibration curve, 1 mm to 2
mm of water film thickness may be estimated even on a dry road surface and the error
may become significant when the vehicle travels at a slow speed (40 km/h or slower)

> In light of the above findings, the estimation of water film thickness levels may be
possible for larger categories (e.qg. three levels).

Issues in the estimation of the water film thickness

« There are conditions where the water film thickness cannot be estimated (when the vehicle is turning,
braking, changing gears, accelerating rapidly)

« Even on dry road surface, the water film thickness may be estimated at 1 mm to 2 mm due to
estimation error.

« The estimation error is significant at a slow speed (40 km/h or slower) and a significantly large water
film thickness may be estimated even on a dry road surface.

Detection conditions and detectability

[Conditions] Constant traveling at a speed of 40 km/h or more

[Detectability] The water film thickness level can be estimated according to the following categories (in
the case of 3 levels*)

@ The road may not have been covered with water film (the water film thickness will be estimated to be 0
mm to 4 mm)

@ The road may have been covered with a thin water film (the water film thickness will be estimated to be
5 mm to 9 mm)

® The road may have been covered with considerable water film (the water film thickness will be
estimated to be 10 mm or larger)
* The number of levels and the threshold values need to be validated in future
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5.2. Collection and evaluation of vehicle probe data

Target 2: Future issues toward the practical creation of the water film thickness level
information

® While the calibration curve needs to be prepared for each vehicle model at present, prior preparation of the
calibration curve will enable the water film thickness level information only from the data obtainable
from the vehicle.
> The load of passengers, the inner tire pressure, and the remaining tire groove (as long as the
drainage performance is secured) have little impact on the estimation.
» However, the calibration curve may vary according to the vehicle model and the tire type (difference
between the summer tire and the studless tire).
» In order to generalize the calibration curve, the factors for the difference of the calibration curve need
to be identified and the countermeasures need to be studied in future.

Flow of water film thickness detection and the application image

Course of action of the water film thickness Data ach|S|t|on.from the
estimation probe vehicle

The calibration curve
needs to be prepared

for each vehicle model

Wheel torque, number of engine
revolutions, traveling speed,
acceleration, brake on/off, yaw rate,

Preparation of

‘epar Acquisition of travel data
calibration curve

(data acquisition * lat/long
and analysis on the
test course, etc.) Filtering

v

Judgement of computability

* The water film fluid
resistance value will
be calculated only for ©
the data judged to
be computable

Water film fluid resistance value

Water film thickness | Wi i

Calibration
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target vehicle

model

The water film thickness
information will be aggregated
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5.2. Collection and evaluation of vehicle probe data

Summary of evaluation results (Target 2)

<Discussions on the possibility of practical use>

@

As for the water film thickness level, it has been confirmed by the validation on
the test tracks that the calibration curve can be prepared based on the travel
resistance value detection technology of tire manufacturers, and the water
film thickness can be measured. The calibration curve may be also able to
detect flooding by further application.

At the measurement on actual roads (during wet weather), it has been
visually checked that the water film thickness level can be detected correctly.

However, the demonstration experiment results show that the measurement
error is significant at a low speed, and water film thickness of several
millimeters may be detected even when the road surface is dry. Accordingly,
it may be realistic to estimate the water film thickness level in large
categories.

On the other hand, there is a possibility that the calibration curve may vary
among vehicle types and tire types. Accordingly, the factors for the
difference of the calibration curve need to be identified and the
countermeasures need to be studied in future.




5.3. Study on the method to use for autonomous cruising road
maintenance

® The road surface grip level and the water film thickness level estimated from the vehicle probe
data enables_road surface freezing/snow cover, water film development, and flooding
events to be grasped and provided to road management, drivers, and automated cars.

® A hearing survey was conducted based on the validation results on the applicabilit%_of the
|

v%hicle) probe data with the road administrators (expressway companies and national highway
orTIceS).
® We extracted 10 expected use cases from the hearing survey results.
Use cases extracted concerning the grasping of road surface conditions
Road ) )
Sc';':gft? EREETE G f:gs::ng EE S Grasping of water film development Grasping of flooding areas
on
(1) Support for judgement of | (6) Grasping of sections prioritized |(7) Identification of abnormal
road closing for measures against pavement flooding areas
deterioration (water splash
(2) Provision of slipperiness prevention) (8) Real-time detection of flooding
information to drivers™! (heat map, etc.)
Expect | (3) Monitoring of effect (9) Detection of flooding signs
ed use |duration of antifreezing agents
case (10) Provision of flooding
(4) Use for elaborate spraying information to drivers*!
of antifreezing agents
(5) Judgement of antifreezing
pavement sections

*1: The use cases for drivers may be applicable to automatic driving and driving support.



5.3. Study on the method to use for autonomous cruising road
maintenance
Concept and issues of function allocation expected in practical use

® When collecting and using the grip level and the water film thickness information examined this time,
three cases are considered. The first case is to mount the information creation function on the
vehicle, the second case is to collect the necessary probe data directly from the vehicle or via
OEM, and the third case is for the center to create information.

® An issue in the case of mounting the function on the vehicle is how to disseminate it. Regarding the

method of mounting the function on the center, whether the necessary probe data can be collected
is an issue, and if not, the countermeasures against the unavailability needs to be studied in future.

Concept and issues of function allocation expected in practical use
[Issue 1 (shown before) : How]

to generalize the calibration
curve? (In the case of water film
thickness detection)

I Vehicle installation ]
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— : : Water film thickness  (provisional name)
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Use of freezing,
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(Probe data Y.Vl'lEE mdlrectly collected) I T—)FI U. : :' ' deterioration),
— = ) : and flooding
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This report presents the results of the Cross-ministerial Strategic
Innovation Promotion Program (SIP) Phase 2: Automated Driving
(Expansion of Systems and Services) (NEDO management number:
JPNP18012), which was carried out by the Cabinet Office and for
which the New Energy and Industrial Technology Development
Organization (NEDO) served as the secretariat.
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