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[List of Themes for FY2021]

a)

b)
c)
d)

e)
f)
g)
h)

Examination of the social functional requirements (the need) of the SPaT Information
Center

Examination of the technical requirements of the SPaT Information Center
Examination of the implementing entities of the SPaT Information Center

Examination of the integrated delivery of information other than SPaT information
(traffic regulation information, etc.)

Examination of linking SPaT information and high-precision three-dimensional maps
Verification of the improvement in accuracy of SPaT information
Examination of reducing communication delays of SPaT information

Examination of reducing the functions of the National Police Agency’s SPaT
information aggregation system

* The contents indicated by the symbols a) through h) in the following documents are as

above.



1. Assignment of Themes (for fiscal year 2021)

Theme 1 “R&D for the social implementation of the provision of SPaT information
using cloud and other technologies [Examination of the social functional
requirements (the need) of the SPaT Information Center] ”

[UTMS Society of Japan] a, c

Theme 2 “R&D for the social implementation of the provision of SPaT information
using cloud and other technologies (Examination of the technical
requirements of the SPaT Information Center)”
[Panasonic System Solutions Japan Co., Ltd.]

(*) Company name changed to Panasonic Connect Co., Ltd. on April 1, 2022

Theme 3 “R&D for the social implementation of the provision of SPaT information
using cloud and other technologies (Examination of the integrated delivery of
information other than SPaT information (traffic regulation information, etc.)”

[NIPPON SIGNAL CO., LTD.] m

Theme 4 “R&D for the social implementation of the provision of SPaT information
using cloud and other technologies (Examination of the verification of the
improvement in accuracy of SPaT information and the examination of
reducing communication delay of SPaT information)”

[OMRON Social Solutions Co., Ltd.] f, g



1. Assighment of Themes (for fiscal year 2022)

The following are items that have been added as a result of the contract change

Theme 5

Theme 6

Theme 7

Theme 8

“Examination of equipment and software to be installed in the prefecture
where the FY2022 FOT is implemented”
[OMRON SOCIAL SOLUTIONS Co., Ltd.]

“Creation of an environment for verifying the provision of SpaT information
connected to the National Police Agency's SPaT information aggregation
system, and implementation of the verification, etc.”

[Panasonic Connect Co., Ltd.]

“Establishment of a network between the National Police Agency and
prefectures, creation of a verification environment for the provision of SpaT
information in the system at prefectural police, and implementation of
verification, etc.”

[NIPPON SIGNAL CO., LTD.]

“Creation of an environment for the verification of SPaT information
provision in the system at prefectural police, and implementation of the
verification, etc.”

[OMRON SOCIAL SOLUTIONS Co., Ltd.]



2. History of the project

Research name :(e;z;es FY 2018 FY 2019 FY 2020 FY 2021 FY2022
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* Specification based on the above



3. Overview of the research

Automated driving for Universal Services in the Phase 2 of the Cross-ministerial Strategic Innovation Promotion Program (SIP)
stipulates, aiming to be competitive in the fierce international competition of automated driving, the establishment of the world's
most advanced core technologies (such as technologies for collecting and distributing road traffic information, including traffic
signal and probe information), which requires cooperation among automobile manufacturers, and the establishment and social
implementation of a foundation for the realization of automated driving (equivalent of SAE Level 3) on ordinary roads. As part of
these efforts, this project will conduct research and development for the social implementation of the provision of traffic signal
information (SPaT information) using cloud and other technologies.

[Overview]

Domain of competition

Upcoming SPaT Upcoming SPaT
5 information information QQQ Delivery Center
; N = Q E —ll—b (Service providers, etc.)

inf . SPaT Information
NPA SPaT information Center

aggregation system (provisional name)
(NPA)

Traffic Control Center
(Prefectural Police Headquarters)

"7‘ LTE lines
"“Upcoming SPaT information

° CI )
\J —

Prefectural Police Headquarters  Generates upcoming SPaT information based on

Traffic Control Center command information from traffic lights and sends the
generated information to the NPA SPaT information
aggregation system. Manages information used for
linking with dynamic maps.

Upcoming SPaT
informatio

Non-centralized area

Centralized area

Traffic signal
controller

(non-centralized) National Police Agency SPaT Collects upcoming SPaT information from traffic control
Traffic signal information aggregation system  centers across the country and sends the collected
controller information to the SPaT Information Center.
(centralized)
SPaT Information Center Sends SPaT information to providers’ delivery centers.
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4. SPaT information provision methods

The R&D studies and develops methods for providing upcoming SPaT information, which is generated by traffic control centers
or traffic signal controllers, aggregated temporarily to the NPA SPaT information aggregation system via LTE lines, etc. and then
provided to delivery centers. Based on the results of the examinations carried out in fiscal 2020, the R&D will focus on the
examination of the control-based method and explores the centralized and controller-based methods as complementary to the
control-based method.

* SPaT Information Center and Delivery Center are provisional names.

Upcoming SPaT information )
1

Delivery Center
(Servers of private
sector providers, etc.)

Traffic Control Center NPA SPaT SPaT Information
Information Center
yPedicated line | Aggregation System

\ 4

The method by which upcoming SPaT information is

Control-based method created at traffic control centers.

Traffic Control Center NPA SPa_T .| SPaT Information
Information Center

Aggregation System

\4

Delivery Center > @

The method by which upcoming SPaT information is

created by traffic signal controllers.

% Applicable to traffic signal controllers that are remotely
controlled from traffic control centers

IDedicated line

Centralized method

Upcoming SPaT

information

Traffic Control Center NPA SPaT SPaT Information
Information —> Center > Delivery Center
A Aggregation System
= LTE line . .. . .
v The method by which the current traffic light information

and upcoming SPaT information are created by traffic signal
controllers at each intersection.

% Applicable to independently operating traffic signal

controllers
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5. Implementation system (FY2021)

UTMS Society of Japan a,c  ==—p>

(Takes charge of the
operation of both
committees)

Panasonic System Solutions >
Japan Co., Ltd. b, h

Submit results of
examination and
verification

NIPPON SIGNAL CO.,LTD. d-g

Verifies the control-based
method and centralized
method

OMRON Social Solutions Co., Ltd.
f, g

Verifies the control-based
method and controller-
based method

SPaT Information Center Examination Committee

The National Police Agency, transportation infrastructure manufacturers,
vehicle manufacturers, traffic information providers, communications
carriers, etc.

[Deliberation issues]

a. Examination of social functional requirements (the need) of the SPaT
Information Center

b. Examination of technical requirements of the SPaT Information Center
c. Examination of the implementation entity of the SPaT Information Center

h. Examination of reducing the functions of the National Police Agency’s
SPaT information aggregation system

To be confirmed through deliberations
Overlap areas are confirmed by both sides

Committee to examine technology for providing SPaT information
utilizing cloud and other technologies

The National Police Agency, transportation infrastructure manufacturers,
vehicle manufacturers, map-related companies, communications carriers, etc.

[Deliberation issues]

d. Examination of the integrated delivery of information other than SPaT
information (e.g., traffic regulation information, etc.)

e. Examination linking SPaT information and high-precision three-
dimensional maps

f. Verification of the improvement in accuracy of SPaT information

g. Examination of reducing communication delays of SPaT information



5. Implementation system (FY2022)

UTMS Society of Japan a,c ==

(Takes charge of the
operation of the committee)

Panasonic Connect Co., Ltd. b, h

(Verifies information delivery
environment

Submit results of
examination and
verification

NIPPON SIGNAL CO.,, LTD.

Verifies information
generation environment
(for the centralized
method)

OMRON Social Solutions Co., Ltd.

Verifies information
generation environment (for
the control-based system,
controller-based method)

SPaT Information Center Examination Committee

The National Police Agency, transportation infrastructure
manufacturers, vehicle manufacturers, traffic
information providers, communications carriers, etc.

[Deliberation issues]

* Confirmation and evaluation for the Nara
Prefecture FOTS (Field Operational Tests)

e Examination of issues



6. Schedule of the research and development (FY 2021)

a. Examination of social functional requirements (the need) of the
SPaT Information Center

b. Examination of technical requirements of the SPaT Information
Center >

c. Examination of the implementation entity of the SPaT
Information Center

d. Examination of the integrated delivery of information other than
SPaT information (e.g., traffic regulation information, etc.)

e. Examination of linking SPaT information and high-precision
three-dimensional maps

f. Verification of the improvement in accuracy of SPaT information

g. Examination of reducing communication delays of SPaT
information

h. Examination of reducing the functions of the National Police
Agency’s SPaT information aggregation system

v VvV VN VWV

[Preparation of the integrated report] >
SPaT Information Center Examination Committee ST o ‘i“ {7 De e Z“I i Flb N fr i
meeting (about once a month)

SPaT Information Provision Technology Examination

Sexﬂ Oct. 14 Nov. 11 Deci Dec. 23 Jap. 14 Feb 10 Mar 8
Committee meeting (about once a month)
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6. Schedule of the research and development (FY 2022)

“mmmmmmmmmmm

Simulated SPaT Information Center,
Delivery Center:

Preparation of functional design,
verification plan

Simulated SPaT Information Center, >
Delivery Center:
System design production, verification 3
plan preparation

Upcoming SPaT information and
intersection management information >
(data verification)

Verification environment of systems in >
prefectural police: Creation

FOTs evaluation >

. . . Apr.19 Jun. 17 Deliberation by mail Oct. 20 Dec. 15 Jan.20 Feb. 10 Mar. 10
Result compllatlon, report preparatlon A A A

SPaT Information Center
Examination Committee meeting
(about once a month)
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Various examinations and factory-level verifications
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7. Results and issues against the R&D goals (1/2)

Establishment of SPaT information provision environment for

the practical application of automatic driving

Priority goal (2)

Establishment of a rational delivery environment

SPaT information

generation environment

— V2| method

SPaT information

delivery environment

Cleared JAMA
requirements

Priority goal (1)
Verification of the control system to resolve issues

n Control-based

installation cost

SPaT
information
aggregation
system

Examined in FY2020

method Cost advantageous method
Performance issues exist => Verified whether they can be
olved
— V2N method Centralized . .
Highly feasible method

Cleared JAMA method
requirements + Remaining issues exist=> Improved the performance to
reduced increase the perfection level

Controller-based Method for non-centralized

’B‘Reduction of system functions

SPaT

method intersections

Remaining issues exist=> Improved the performance
to increase the perfection level

Functions overlap with the SPaT Information Center
and performance issues exist => Reduced functions,
and identified performances and solved issues in a
rapid and fully integrated manner

Clarified social roles
Organized operations such as construction,
maintenance, management, procedures, etc.

| Information

Center

Examined under
this theme

g‘ Identification of needs
|

Examination of technical requirements

Functional and non-functional requirements necessary
for the operation, security and other specifications, and
connection specifications with external centers

g‘ Examination of implementing entities

Requirements for the implementing organizations
(operational methods, systems, etc.)

O

OO O O O O

[Implemented] [Future issues]

Completion of
technical examination
Examination of
installation guidelines
(ease JAMA
requirements, expand
applications to driver
assistance)

FOTs in a final form

FOTs in a final form

FOTs in a final form
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7. Results and issues against the R&D goals (2/2)

Issues in implementing the system

Information to be delivered

Examination of the integrated delivery of

traffic regulation information, etc.

Identified use cases for regulation information in
automated driving, and examined delivery message
specifications and functions of traffic control centers for
delivery

Examination of linking SPaT information

Delivery method

and high-precision three-dimensional maps

Linking SPaT information with dynamic maps is an issue.

=> Examined issues in linking signal information and maps
and measures to address them, and examined delivery
message specifications and functions of traffic control centers
for the delivery of such information

n Examination of reducing communication

delays of SPaT information

Communication delay issues have emerged in the control-
based method, centralized method, and center-to-center
communications under the FY2020 theme.

—>Analyzed issues from SPaT information delivery origins
to delivery destination, and examined mitigation
measures.

[Results] [Future issues]

O

Development of
specifics of the linking
method, and
determination of
function placement

FOTs in a final form

O Identification of the
relationship between the
physical distance of each
center and delay times

14



8. Overall picture of the SPaT Information Center project

(assumption) n

(UTMS Society of Japan)

.
==

SPaT information, etc.

Prefectural police

' SPaT information delivery device
¥

Financial burden

SPaT information aggregation
system *1

SPaT Information Center
equipment

40 o

National Police Agency

|

! T _-Q A\
Non-competitive | | Competitive 00
domain I domain @ : a1 burden *2
Financial burden *2 | 4 F'"a“‘f'? urden
. . v , @ Beneficiaries *4
* Companies, etc. promoting |
o« e —
automated driving, etc. ¥3 = . @
 E——
* £ 5 !
* Local governments, etc. *5 == :. ¥ ; > !
% Jom ¥
. * Delivery Center @
SPaT Information Center *6
*1 SPaT information aggregation system: Its functions including its technical perspectives need to be discussed in the process of starting operation ¥
*2 Financial burdens: The allocation of the burden of initial and maintenance costs needs to be discussed, and the burden here is limited to those ? —
necessary for the operation of the SPaT Information Center. i .E.__w'\

*3 Companies, etc. promoting automated driving, etc.: OEMs and other companies promoting automated driving

*4 Beneficiaries: Including not only vehicle operators but also data users such as MaaS$ operators, etc.

*5 Local governments: Prefectural police are not included. They are, for example, prefectures, cities, towns, and villages that operate buses, etc. 15
*6 SPaT Information Center: Specified as a conceptual positioning, and the decentralization of functions to regions, etc. need to be discussed in the future.



8. Social requirements needed to be met by the SPaT Information Center

(UTMS Society of Japan)

Operation of an * Managerial planning function *Securing of human resources (those with
organizational entity * Function to secure financing experiences in financing including the
securing of payments from beneficiaries,
and with the ability to think from a public
perspective)
* Smoothness of communication with
related organizations

Relaying of SPaT information * Relay-related operational functions * Securing of human resources (those with
* Recovery response function at the time of an experiences in operations)
event * Experiences of similar tasks
Installation, preservation, * Planning and design of signal information * Securing of human resources (field
management, repair and center facilities and related ordering functions engineering and dynamic database
operation of the SPaT * Security management functions specialists)
Information Center * Handling of routine failures * Experiences of similar tasks
* Support for delivery centers * Ensuring of a nationwide system
Technical connection to the * Functions to implement the installation, etc. of * Securing of human resources (those with
delivery center connection equipment, etc. (including the technology management skills)
construction works of the SPaT Information * Experiences of similar tasks
Center facilities), etc.
Procedural connection to the * Acceptance (confirmation of terms and * Securing of human resources (those with
delivery center conditions) function customer service experiences)
* Fee (to be borne by beneficiaries) collection * Experiences of similar tasks
function
Technical support to the * Technical support including the confirmation of  * Securing of human resources (those with
delivery center specifications, standards, etc. knowledge of newly developed SPaT

information provision technology)

2 Human resources shown in red should be secured by the SPaT Information Center. Operations and facility-related personnel
can be outsourced. 12



8. Conditions for implementing entities of the SPaT Information Center

(UTMS Society of Japan)

From the perspective of being responsible for SPaT information, etc., which requires
higher reliability than conventional traffic information, it is necessary to satisfy at least
Article 38-7, Paragraph 2 of the Enforcement Regulations of the Road Traffic Law.

Relationship

with the Road
T ff L “aims to contribute to the safety and smoothness of traffic on roads by providing information on road traffic.....
rarfic Law and has the necessary and appropriate organizations, facilities and capacity to conduct affairs pertaining to the

provision of traffic information prescribed in paragraph (1) of the same Article.” (Article 38-7, Paragraph 2 of
the Enforcement Regulations of the Road Traffic Law)

Need to fulfill the necessary social requirements

social Items among the functional requirements for which it is appropriate to seek a
technical solution, such as facility development, technical support, etc., can be

requirements entrusted to other organizations

Fulfillment of

* Due to the nature of the operation of relaying between the police and the competitive
domain, it is appropriate that the least possible number of organizations be responsible

Matters to for the SPaT Information Center from the perspective of the burden on the police side,
consider maintenance of security, nationwide uniformity, and operational feasibility (if possible, a
single organization with a nationwide and 24-hour system that can guarantee neutrality
* Limiting the number and fairness and manage all functions in an integrated manner while taking into
* Utilization of existing consideration regional decentralization of the functions).
orga_n!zatl_ons * Due to the nature of supporting automated driving, management certainty to ensure
. Partlc!patlon of sustainability is important, and one of the most promising ways to achieve this is to
experienced h - o .
expand the operation of an existing organization that has a certain track record.

organizations

* The need to secure human resources for planning, management decisions, etc. requires
the participation of organizations with experience in the field of traffic information.
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9. Overall configuration and necessary functions for the technical requirements
of the SPaT Information Center

(Panasonic System Solutions Japan Co., Ltd.)

[Technical requirements of the SPaT Information Center, etc.]
* Specification of a system for the SPaT Information Center that aggregates SPaT information provided from the Prefectural

Police traffic control centers through the NPA SPaT information aggregation system and transmits the information to the SPaT

Information Delivery Center.
(Draft specifications for the signal information aggregation system have already been prepared in FY2021)

* Redesign of roles among each of the above devices

« Delivery of SPaT information at

the start and change of a cycle

* Information in abnormalities
* Intersection control information

Prefectural police
Traffic control centers

r APref.

SPaT information
delivery device

- ZPref.

SPaT information
delivery device

— Mainrole:

;'f Information generation _-\,
Generation of upcoming
SPaT information
Registration of intersection
control information
. Y

National Police Agency
aggregation system

+ Delivery of SPaT information at the

start and change of a cycle

* Informationin abnormalities
* Intersection control information
+ Communication abnormality

information
(Aggregation < Information
Center)

SPaT information
aggregation device

. External organizations, etc.,
SPaT Information Center

SPaT Information
Center
(tentative name)

Upcoming SPaT information
Intersection control
information

Main role:

-

Information aggregation __\
SPaT information

receiving and transmitting

SPaT information

receiving and transmitting

Upcoming SPaT
information
Intersection control
information

* Delivery of SPaT information at the
start and change of a cycle

* Information in abnormalities

* Intersection control information

* Communication abnormality
information
(Information Center <> Delivery
Center)

— Delivery Center

Private sector SPaT Information -

N TTTTTTITTITIII -

SPaT information
Delivery Center

Main role:
Information delivery

r,.r

Upcoming SPaT
information delivery
management

Guarantee of accuracy, etc.
Guarantee of transmission
and reception of
communications

Upcoming SPaT
information
Intersection control
information

‘-\u

-
Upcoming
SPaT
information
DB
.

Abnormality
information

SPaT
information

Obtain information of L1-3
in the vehicle's traveling
direction
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9. Examination of configuration and functional placement for the technical

requirements of the SPaT Information Center
(Panasonic System Solutions Japan Co., Ltd.) “

(1) Examination of hardware configuration

Organization of hardware configuration (roles of each device)
Calculation of resource capacity (memory, hard disk) (per day, per month)

Hardware and its functional requirements for SPaT information aggregation devices and the SPaT
information Center’s system devices

Examination of technical (performance) requirements

(2) System configuration (the consistency of device placement and function)

Verification of minimum required system configuration (monitoring, storing of communications logs,
databases)

Examination of the utilization of theory and devices (the following items should be considered)
Data management consistent with the operation of intersection control information
Method of transmitting error information between upcoming SPaT information and devices

Examination with consideration to the system neutrality requirements of the software for building
databases needed for other than OS and middleware.

(3) Examination of reports (the reference system)

(4) Network environment and non-functional requirements



9. Identification of functions specified in the technical requirements
of the SPaT Information Center

b, h
(Panasonic System Solutions Japan Co., Ltd.)

Examination of the functions of the SPaT information aggregation system
and the Signal Information Center and determination of functional ite

Division of system functional roles

A proposed division of system functions that will serve as a premise for examining the requirements for the SPaT information aggregation system and SPaT
Information Center system, in order to realize the service of providing SPaT information.

Cooperative domain ~ompetitive domain (private sectors)

Prefectural police/Traffic Natlo.nal POI'C? Agency/ . Sl Informat!on L] Delivery Center/Delivery Center
System SPaT information aggregation SPaT Information Center System .
control system - ystem (tentative)
system (tentative)
. . SPaT information delivery SPaT information aggregation SPaT information provision device PaT information delivery server
Main devices h h . .
device device (tentative) entative)

® Generation of SPaT ® Aggregation of nationwide ® Ensuring of consistency of rules Management of delivery of
information information and integratio and regulations for SPaT upcoming SPaT information
® Registration of intersection of routes information, etc.

control information

® Management of ® Communications Delivery management and inquiry -
communications, etc. monitoring
S : ® Historical records inqui communication error
Division of system functions quiry (
response)

® Historical records inquiry

® Management of provision ® \Various verifications of Management of information -
of upcoming SPaT FOTs provided
information (Including the time of

(Ensuring of consistency of launching the service)
upcoming SPaT information)

[Legend]
® Red: Functions that were shifted from those in the FY2020 specifications.
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10. Performance measurement (performance improvement and
bottleneck factors)

(Panasonic System Solutions Japan Co., Ltd.)
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SPaT information 12.5 Mbps bandwidth SPaT Infdrmatlon Dell\;ery Center

delivery device with USB-LAN, etc.

Prefectural police ! National

Police Agency. |

Private sector

General users
MVNO environment

SPaT information SPaT information

delivery device aggregation device]|

SPaT Information
Center

SPaT Information /]/’ OBU

A B

C

Z

Slmulatlon of the number of
simultaneous communications

4000 intersections with the cycle

length of 60 sec.
100 intersections (99.99%)

I - Database - I

Delivery Center | ™ ° ° ] (Android terminal, etc.)
D ﬁ ﬁ E:
ey q
e e

Aging data during the packet
communication over a general public
network will be obtained.

Obtained the number of retransmissions
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10. Examination of internal processing to reduce delays, etc.

(Panasonic System Solutions Japan Co., Ltd.)

Signal controller for
vehicles

Each prefectural police

Intersection ID

Data content |

/ \

Pedestrian signal (Master DB) D' : -fl- -»>
controller ata flow
1
TN T, ! In the SPaT Information Center__Information processing server internal processing
1 1
1 1
i Error 1 L
! - -» - d - Upcoming signal Formats for
i Traffic Control o aton | i information delivery . —
] Center ] ;fgcegstsl?nng (transmission Dellvery Provision
H ! time is added) processing anq .
! Per cycle i_ bo-|-1- Time check only Delivery format ~htransmission
! At each change|! preparation
1 1

e e e e e e o o o e o e ]
fmt \& V' Files of extracted
SPaT information checked SPaT information Delivery \\ information to be
li . decompressed data information 0 provided
delivery device v creation Information for 1
‘| I' =~ | delivery provision nformation
) A { tele rar\ns to be provided
\ and transmitted

Information
Decompression
processing

SPaT information
decompressed data

Delivery
information

Upcoming

SPaT 0

accumulation
DB

SPaT information aggregation device

Data
accumulation

information
storage DB

processing R \ Information files for
»* Display of \ internal operation
,7 information \
, \
K |
Reference terminal I.n.forr.'nation
(GIS, etc.) verification server

Transmission Provision
data transar:‘iission -~
accumulation
DB
\ Data provided
AR and transmitted
\
\
\
\,
4

Information data
management server

SPaT Information Delivery Center

(1) Creation of an environment for measuring the performance of the header load processing section

(2) Revision of the number of simultaneous communication processing
(3) Time check processing
(4) No retransmission processing
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10. Performance measurement results

(Panasonic System Solutions Japan Co., Ltd.) n
Measurement environment

Between the simulated SPaT information delivery device (for each prefectural police) and the simulated SPaT

information aggregation device Bandwidth: 12.5 Mbps

Cycle length: 100 sec Size of upcoming SPaT information: 585 bytes Number of simultaneous communications: 256

intersections

Location: In Fukuoka and Tokyo Measured at the same time period from 17:00 to 19:30

* In FY2020, verification was conducted between two devices. In FY2021, a simulated environment closer to the actual
environment was created by such means as placing four devices (the generation device, aggregation device, and the
devices for the SPaT Information Center and Delivery Center) in different segments.

Results
Fukuoka Maximum 2.63 sec. Average 0.87 sec.
Tokyo Maximum 1.57 sec. Average 0.47 sec.

(Connectivity environment with PULL communication)

* As the processing time of the SPaT Information Center, delivery took 30 to 60 ms including communication time.
* Communication delays increase as the distance between the prefecture where the center is installed and the
OBU increases.

ms Measured values of performance Tokyo . Fukuoka |:|
1100
1000
900
200
700
500
500
400

300

200

100
0 - —_— = —= 2¢
Indication of reception

Delivery =>Aggregation Aggregation=>Info. Center Info. Center=> Delivery Center Delivery Center device=>LTE transmission completion by OBU
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10. Performance measurement results n

(Panasonic System Solutions Japan Co., Ltd.)

*In FY2020, the performance was evaluated by evaluating the delay time until writing data
to the database and the delivery time from the Delivery Center to the simulated OBU,
respectively, and then evaluating the results of the addition of both times. The result was a
delay of around 2 to 3 seconds.

*In FY2021, the delay was reduced to 200 ms - 500 ms by setting up calls through the MQTT-

PING data propagation result communication between the OBU and the Center at 1 second
intervals in parallel with database writing.

(#p mmn-zspmsm) ErmersT

] ) i = =
s P p— o ) 9 (=8n-ESEEaE] ZES ref x|
Delay4 [0BU] ¢-—----oo—— [Generation device] 'g'ﬁs,i‘;',,e,w;n";\ 6BU communication is via radio LTE | Delay4 [OBU] ¢~ [Generation device] oo et — o Ts via Tadio [TE |
Delay3 [Delivery Center] {———————- [Generation device] Delay 3 [Deliverv Centerl ¢———————— [Generation device] Measurement
Delay 2 [SPaT Information Center] I<- [Generation device] ’g':\’;llsrléfnemm:n'}t | Nu mbz of topics [256], cycle [60 sec.], transmission interval [10 msec.], Delay 2 [SPaT Information Center] ¢(— [Generation device]_ environment [ N mb OF Topics [Z58], cycle [oUsec.], Tnterval [10 msec.], |
g%:gyl [Aggregation device] 1<~ [Gzr;s:’:etion [ Procl:z:smg _____ lGﬁgs::etion ;3?)\:)1 [Aggregation device] <—- [Gf‘:sll'get;on Pmcessmg B 325.’?&'“"
| ‘ | |
400 | Measurement ‘l 1600 I
’ environment
300 gt I l h i .I_‘|‘| L 'I J|j| | | i Il
Tl”m r‘rqlml W W”N lw F “‘ ” , ' ’( w' | "V W L
Ll Wil
200 t H i Il"" ”’ e ,u ’ |l|‘1' ‘U“ f '\’”
100 Tk o - i u'_.. 4 I‘_._I.L._.‘
A i ﬂ il el o [P W e O i
BN R et e
N
msec ' w' 21 2
I HO 3 1] 9 12 15 1% 21 24
C—
Continuous operation with MQTT-PING at every 1 sec. Continuous operation without MQTT-PING

Communication between the Center and the OBU was lost twice during 24-hour
continuous operation, disabling measurement. Restored after retries.



10. Investigation of At and Ad (processing + communication delay)

(Panasonic System Solutions Japan Co., Ltd.) *Ad = Processing + communication delay

In the case of Fukuoka when the maximum value is 2630 ms n

Traffic Control Center National Police Agency SPaT Information Private sector

(Prefectural Police Headquarters) I“I”H Center operator
H” H operating entity

AT
e
Traffic [ Terminal " Y Y ) \
signal control Private sector | OBU
controller unit T H delivery center
erminal | SPaT n —
control et in_formatio_n SPaa';ér:'g%;?gltqlon SPaT Information
Traffic Terminal block delivery device system Center system Drivate sector
signal control i - OBU
controller unit delivery center
Control-based method
Separately

Existing monitoring control IF

specified IF

Upcoming | N

ﬁ‘ SPaT \ \ I i Vh

i information > > > :

Centralized method | |
S | - ;
Upcomin ; | |
PSpar ; < d 4
information é % i

Controller-based method *1

Upcoming i
SPaT | ) .
informaation > > : >

5 i Ad=2630ms
*1 To be generated using the additional device
100ms 20ms 50ms 2245ms 215ms
< > <= > <= > < —
Reception of information from the Time check Format check Data reception format check
terminal control unit (Receive and send DB write processing To be sent from LTE to OBU Completion of reception
Generation of SPaT information to check if there is by OBU
time reversal)

Time from the start of the cycle to the end of green > Time for the upcoming SPaT
information to reach the OBU + AT was confirmed.
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10. Verification of the improvement in accuracy of SPaT information

(Control-based method)

(OMRON Social Solutions Co., Ltd.)

The verification confirms that the accuracy of the output data is the required accuracy in order to edit signal
information based on the output data from the signal controller (0.1 second processing). To perform effective
verification in a short period of time, a prototype of off-line processing was developed. To verify more data (with a
longer period of time), video cameras were used and data-to-data comparisons were conducted.

Simulated central computer
(Supports 0.1 sec processing)

LAN analyzer

Terminal control unit

Traffic signal controller
(Supports 0.1 sec
processing)

Traffic signal light

PC (for NTP time
synchronization)
Clock for verification

Verification point (1) Verification of the
accuracy of the output data from the
signal controller

Verification point (2) Verification of SPaT
information using a partial prototype

Offline processing

SPaT information
delivery device
(prototype)

Communication
interface data

Comparative

SPaT information

Comparative
verification 1

Verification 2

Verification point (3) Verification of more
data using the same method as in FY2020

Video camera

A 4

true values)
The
To be Company’s
Legend | developed equipment

SPaT information
(equivalent to
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11. Verification of the improvement in accuracy of SPaT information
(Control-based method)

(OMRON Social Solutions Co., Ltd.)

Verification point Verification results Issues and prospects
Verification of the Confirmed the improvement of time No problem under normal conditions. Need to
accuracy of the output | accuracy by GPS (error of less than 100 check GPS satellite supplementation status at
data from traffic signal msec). intersections.
controllers
Confirmed the improvement of the accuracy | Sufficient accuracy as source information for
of signal control history (error of less than upcoming SPaT information. No issues.
150 msec).
Confirmed the accuracy of recall request SPaT information provision at pushbutton
receipt information. activated intersections, which had been an issue

to date, is now possible.

Verification of the Verified that JAMA requirements are met Signal controllers manufactured by other
accuracy of SPaT for the Company's signal controllers. companies may not meet JAMA's requirements
information using a due to expected performance degradation during
partial prototype offset transition.

This is due to the fact that detailed specifications
for offset transition of signal controllers are not
made available to public. The committee
discussed several proposed measures, but no
conclusion has been reached.

Examined operation specifications during This issue will be discussed, including the
abnormal conditions based on actual data. relaxation of JAMA’s requirements.
Confirmation is underway as to whether or not
there are any issues, including the operation on
the OBU side in the event of an abnormality.
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Supplementary material: Error analysis model for the control-based method

In the case of signal controllers manufactured by other companies, up to 200 msec is

added as an error during offset transition, which may result in a total signal error of 380
msec.

Error O
Requirements by Japan 300msec 300msec
Automobiles |
Manufacturers Association
_|_
<« E——

Control-based method 380msec
theoretical error value

- LlSOmsec 150msec

380msec

Control-based method prototype Cmm e e R e D>
error verification results

Legend
: Signal controller time error (within 100 msec)
: Light color error (within 50 msec)

: Error during offset transition (assumed to be within 220 msec)

OmO0

1 OBU time error (within 30 msec)
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12. Verification of the improvement in accuracy of SPaT
information (Controller-based method
‘ ’

(OMRON Social Solutions Co., Ltd.)
Measures will be taken to address the accuracy decline during offset transition that was found in the
FY2020 verification of the prefectural police model system, and the verification that the accuracy
improves will be conducted. Also, the accuracy of controllers that do not perform time synchronization,

which was not verified in FY2020, will also be verified.
Verification point (1) Accuracy

improvement during offset transition

SPaT information >
roadside unit
Comparative

Operation logs verification
Traffic signal controller §Upcom|pg SPaT
(Decentralized information, etc.)

method)

SPaT information
(Equivalent to
true values)

A 4

Video camera

Signal lights

Legend To be The Company’s
developed equipment, etc.

Verification point (2) Verification of
controllers that do not perform time
synchronization

Supplementary information: Other than “adding SPaT information roadside unit” to the signal controllers
currently in operation, the controller-based method can also be implemented by upgrading current signal

controllers to those that support the method.
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12. Verification of the improvement in accuracy of SPaT information

(Controller-based method)
(OMRON Social Solutions Co., Ltd.)

Verification point Verification results Issues and prospects
Accuracy It was confirmed that during It is necessary to verify the accuracy of
improvement coordinated control, offset SPaT information for signal controllers
during offset transition in 0.1 sec increments operated at intersections through long-
transition occurs depending on the term operation.

manufacturer of the signal
controller. It is desirable to verify the operation

It was confirmed that the JAMA
requirements will be satisfied by
learning offset transition in 0.1 sec
increments.

using signal controllers from
manufacturers that performs offset
transition in 0.1 sec increments.

Verification of It was verified that, even when
SPaT information signal controllers are not time-
when traffic signal | synchronized, upcoming SPaT
controllers are not | information is correctly generated
time-synchronized | by time estimation performed by
the signal controllers.

It is necessary to verify the accuracy of
SPaT information for signal controllers
operated at intersections through long-
term operation.




12. Reducing communication delays =

(OMRON Social Solutions Co., Ltd.)

Assuming that the transfer time in the application layer is the cause of communication delay, the
delay time for each device will be measured and measures to improve performance will be examined.

| OBU |

SPaT Information
Delivery Center

(3) Transfer in the application layer

SPaT Information Center | (2) Transfer in the application layer

SPaT information
aggregation system

(1) Transfer in the application layer

Note) Transfer below the IP layer is not shown.

Traffic Control Center

Spat information
delivery device

SW-HUB (5) Transfer in Layer 2

Terminal
control block | (4) Transfer in the application layer

SW-HUB (3) Transfer in Layer 2

Terminal : P
B i (2) Transfer in the application layer

I_

i

Analog lines or digital lines

Terminal line

aggregation unit (1) Transfer in the application layer

Signal controller |

Verification point (1) The cause of the communication
delay is assumed to be the transfer in the application layer.

With minimum required transfer
functions, processing delays are small and
there are no issues.

Verification point (2) For center-to-center communication,
delays are measured by implementing transfer processing
with MQTT using a prototype, and overall communication
delay times are estimated.

Delay time increases by several percent
when the number of traffic signals or the
number of simultaneous generations of
upcoming SPaT information increases.

Response to delays that are characteristic of
communications are being examined

Verification point (3) Investigate transfer time of existing
interfaces and examine measures to improve performance.

Confirmed the occurrence of a delay time
of about 1.4 sec in the specifications.
Timing will be designed as a precondition
in the future.
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13. Verification of the improvement in accuracy of SPaT information

(in the control-based method, centralized method)/communication delay reduction

(NIPPON SIGNAL CO., LTD.)

A simulated traffic control center environment was created, and comparative verification was conducted between signal control (0.1
second processing) and that of the current specification (1 second processing). The verification was conducted while effectively utilizing
data from the actual field experiment in FY2020, and the effects of introducing the system to the actual field was estimated.

Database

Signal control block

Traffic Control Center (simulated)

Verification point (3) Investigation of
each company's methods such as offset

Time
server

SPaT information
delivery device

transition and correction, and
examination of solutions

Connecting
device

I—l Upper LAN |J

Upcoming SPaT information
Intersection control information

I Lower LAN |—
|

| Terminal control block |
[

I Terminal LAN I
[ [

| Terminal control unit 2 | | Terminal control unit 1 |

Verification point (2) Verification of
communication delay caused by
differences in system configurations

For communication delays, I\ |

| Existing analog lines !

Upcoming SPaT information
Failure information

Comparative verification
(communication delays)

Fiber optic lines

verification results of
FY2020 are cited.

| <

Closed network

Upcoming SPaT information
Failure information

Verification point (1) Verification of
accuracy improvement by applying
0.1 second processing

Comparative
verification
(accuracy
improvement)

Signal controller
(with current
specifications)

Signal controller
(set to processing
time of 0.1 sec)

Signal controller
(with current
specifications)
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13. Verification of the improvement in accuracy of SPaT information
(with control-based method, centralized method)/communication delay reduction fg
(NIPPON SIGNAL CO., LTD.)
Verification point (1) Verification of accuracy improvement by applying a 0.1 second processing cycle
The intersection demonstrated in Saitama in FY2020 was simulated within the network, verified the
accuracy of SPaT information with both the control-based and centralized systems, and compared the
results with those of FY2020 (results of the experiment with the former specifications).

Comparison with the FY2020 experiment results (control-based method)  unit (ms)

: Version of traffic signal Number of : Minimum Average Standard
Fiscal year controller measurements Maximum value value value deviation
Version 4 84 -3,073 -43 -2,066 645
FiALAL Version 4
(with GPS correction) 84 -2,191 -244 -1,366 631
FY2021 Version 5 114 267 -117 170 46

Compared to FY2020 (Version 4), deviations in FY2021 (Version 5) were significantly reduced, indicating
an improvement in accuracy.

Comparison with the FY2020 experiment results (centralized method)  unit (ms)

: Version of traffic signal Number of . Minimum Average Standard
Fiscal year controller measurements Maximum value value value deviation
Version 4 170 1,312 7 476 481
FUALAL Version 4
(with GPS correction) 181 274 0 -12 75
FY2021 Version 5 236 -167 0 -71 34

Compared to FY2020 (Version 4 with GPS correction), deviations in FY2021 (Version 5) were slightly reduced,

indicating a modest improvement in accuracy.
33



13. Verification of the improvement in accuracy of SPaT information
(with control-based method, centralized method)/communication delay reduction fg
(NIPPON SIGNAL CO., LTD.) !

Verification point (2) Verification of communication delay caused by differences in system configurations

The time difference between the data creation time in the traffic signal controller and the data reception
time in the terminal control device and the simulated OBU was measured as communication delay and
was compared with the FY2020 results (the results of an experiment using an analog line in the field).

Communication delays between traffic signal controller and
terminal control device (in the centralized method)

% e * The difference in time from data generation in the

traffic signal controllers to data reception in the
terminal control devices (= the delay that occurred
in the MVNO line section) was from 90 to 390
milliseconds.

* In other FOTs that have been conducted to date, the
actual results in the MVNO line section have averaged

200

150

100

50

125-149

" I ‘N . orre . .
U e e oo o e e 100 to 200 milliseconds, which are equivalent to the
YITTIIRS ARSR8YISFE8 . e
RBR A% hdhdhad ot results of the experiment this time.
SRR B NRMmmEIIE

Time difference (delay)

Comparison with the FY2020 experiment results (between the traffic signal controllers and

n msec]

simulated SPaT Information Center with the centralized method) Unit (ms)
Fiscal Version of traffic signal Communication Number of Maximum  Minimum  Average Standard
year controller line to terminal measurements value value value deviation
FY2020 (with GBS comraction] Analog 105 4720 1350 | 2307 855
FY2021 Version 5 MVNO 1035 1430 550 960 148

Although the delay in FY2021 (MVNO lines) is significantly lower than in FY2020 (analog lines), this is believed to be due partly to the
impact of the decrease in the number of devices to be routed as a result of the change of the terminal control unit from Il to I.
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13. Verification of the improvement in accuracy of SPaT information
(control-based method, centralized method)/communication delay reduction

f, g

(NIPPON SIGNAL CO., LTD.)

Verification point (3) Investigation of each company's methods such as offset transition and correction, and examination of
solutions

[Background]

In the control-based method, change in the number of seconds of signal caused by offset transition needs to be added
when SPaT information is generated in the traffic control center; however, detailed differences are assumed to be exist in
each manufacturer’s calculation methods, such as in methods of allocating the amount of offset transition to each split,
and this may result in discrepancies between the calculation results of the traffic control center and the outputs of signal
lights.

[Implementation of questionnaire survey]

Implementation period: From December 23, 2021 to January 7, 2022
Survey respondents: Five traffic signal controller manufacturers
Content: Method of determining and calculating the amount of offset transition and solution to this issue

[Results]

The results of the questionnaire survey found that there are differences between the companies in methods of
determining and calculating the amount of offset transition. When assuming the implementation using traffic signal
controllers with new specifications, recognition error during offset transition may be up to around 500msec.

Continued examination needs to be conducted to determine how to address this issue in conjunction with the resolution
of other issues.

<Reference> Offset: A phase difference between traffic signals (difference in switchover timing)
Offset transition: When the cycle length and offset change due to traffic conditions, time of day, etc., values
are changed gradually to meet the target values, taking into account the impact on traffic
and safety.
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13. Summary on the verification of the improvement in accuracy of SPaT information

d e
(NIPPON SIGNAL CO., LTD.)

It was confirmed that the increase of recognition errors in the control-based method, which was the issue for FY2020,
is improved by the new specification for traffic signal controllers and the central computer of the traffic control center.
Improvement was also confirmed, although modest in degree, in the centralized method.

Controller-based | Controller-based
method method
(information (information Police A
generated by generated by
roadside unit) controller)

Control-based Centralized

Content method method

Normal operation Nete O O @) @) O

SPaT information
; i Note 2

generation During offset transition X Note @) @) O O
accuracy Traffic-actuated control _

by terminals O O O O

Detection of abnormal

conditions

(consistency with signal X O o O O

light colors)

Centralized control @) @) — — @)
Operation

Non-centralized control = — @) @) -

- Not appliable

Note 1) A state in which the traffic signal controller operates at timings in seconds determined by the control center.
Note 2) Recognition errors of up to around 500 msec may occur. (JAMA target =300 msec )

The recognition error of =300 is believed to be satisfied by combining the control-based method and centralized method for
intersections with centralized control and by applying the controller-based method for intersections with non-centralized control.
However, issues of communication delays exist in the fail-safe system of the control-based method and in both methods in the V2N
environment, and continued examination is necessary to address notification delays in the event of abnormalities and when the
number of seconds of signal steps changes due to traffic-actuated control by terminals.
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14. Examination of the integrated delivery of information other than SPaT information
(traffic regulation information, etc.)/Examination of linking SPaT information and

high-precision three-dimensional maps

(NIPPON SIGNAL CO., LTD.

In addition to examination of the feasibility with experts toward realization, simulations (desk-top
verification) were conducted based on several examples.

oo e Code

[ Remarks

I
mber

E-2

Verification point (1)

B4

[

Whether information can be

antbit If 1, itindicates
rsecting roads

integrated with traffic

s with 2-byte representation

regulation information

Co

Intersection control data

(example)

rules for assigning IDs, etc.

Intersection
control data

AV

Traffic Control Center
(Prefectural Police Headquarters

Verification point (3) Function

Intersection
control
I information
1 i El A 4’
B -

“SPaT information |
Center
(tentative)

National Police Agency SPaT
information aggregation system
(National Police Agency)

System configuration (example)

placement and maintenance and

management methods

Verification point (2) Information
required for linking to maps and

Qpy
g
N

Linking

Intersection \
control data

SPaT Information Delivery
Center (providers, etc.)

ﬁ

ompetitive
domain
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14 Examination of the integrated delivery of information other than SPaT information
(traffic regulation information, etc.)/Examination of linking SPaT information and
high-precision three-dimensional maps

(NIPPON SIGNAL CO., LTD.)

Integration with traffic regulation information (Examination point (1))

It was decided that, among the items of intersection control information to be defined by each prefectural police for linking them with high-precision
three dimensional maps, intersection IDs and central longitude and latitude information will be aligned with traffic regulation information that had
already been made available as open data.

‘Large category Formatitem Attribute ,Byte count Notes

Prefecture information
iPrefecture code :Codé 2|[[Common code] Refer to prefecture codes
‘Police station code Codé 4| [Defined by prefectural police
Related police station code 1 Code™ 4|«[Defined by prefectural police
Related police station code 2 Codé 4|«[Defined by prefectural police
Related police station code 3 Codé 4|:[Defined by prefectural police
Related police station code 4 Codé 4| [Defined by prefectural police
[Related police station code 5 Codé 4| [Defined by prefectural police
[Related police station code 6 Code 4|[Defined by prefectural police
IRelated police stationcode 7 | Code 4|{[Defined by prefectural police
IRelated police station code 8 :Code 4|4[Defined by prefectural police

\Information by regulation type
iCode by common regulation type :Codé s‘[Cummun code] Refer to codes by common regulation type
Point, line and area code ICude' lJ [[Common code] Refer to point, line and area codes
Name by regulation type by prefecture —characters ,00]

Date management

|3Regulation decision date

o]

10]YYYY/MM/DD

Regulation number management

L Unﬁue key by pr?ecture
ufation number

Tiamercavloe T2]JUnique key by pretecture
[Number Igmumemw value 8

Regulation information Location

Traffic control information prepared by each prefectural police

Configuration DF/DE

Representation
form Remarks

IDF_Provision point management No.

DE_Prefecture code bin(8)
DE_Provision point type code bin(1)
DE_Intersection ID/Basic road ID bin (47)
Preliminary bin(8) If most significant bit is 1, it indicates multiple intersecting roads.
DE_Multiple intersecting road flag
prelimi 32 characters with 2-byte representation characters.
reliminary bin (16%32)
DE_lIntersection name
DF_Intersection information
Represents the generation of traffic control information (1 - ). This
information prevents inconsistencies between the static information
Version information bin(8) recognized by the vehicle side and SPaT information caused by

— — changes of intersection locations and the number of paths due to road
World Geodetic System (WGS84) Fractional degree values with variable length improvement works, etc.
Longitude and latitude of coord o !Up 0 16 bytes (16 characters) including decimal points of each longitude and latitude
regulation location [Coordinate [iNo limit Longitude (X1) Latitude (Y1)" “Longitude (X2) Latitude (Y2)" ... “Longitude (Xn) Latitude - -
{(vn)” DF_Central longitude and latitude
Example: “135.2249035.31567" “135.2241135.31572"..."135.2413135.72572"
Regulation location start point LCharacters 200 Location longitude information. The geodesic is WGS84 (or its
legulation information_Route name DE Longitude bin(32) equivalent.) Positive values indicate east longitude, negative values
1-Route 1 ‘Characters 60 - daisiaie indicate west longitude. If indefinite, set to -2147483648 (0x80000000).
- Route 2 Characters 60 Unit is 0.0000001 degrees, range is -180 to 180.
1-Route 3 Characters 60
1-Route 4 “Characters 60) Location latitude information. The geodesic is WGS84 or its equivalent.
{Regulation information Direction DE Latitude binf Positive values indicate north latitude, negative values indicate south
i Targets and jons Time — - longitude. If indefinite, set to -2147483648 (0x80000000). Unit is
Regulation informationItems by regulation type 0.0000001 degrees, range is -90 to 90.
|Reasan for update lCharac(ers | 200‘
[Remarks [characters | 600] Operation mode bin(l) 0: Test 1: Operation
DE_Number of paths (1) bin(7) Number of paths (up to 8)
. . . . . . . DF_Path angle information: |
From instructions of Traffic Regulation Information (103 kinds) on JARTIC Website T
bin ( "Represents absolute azimuth (in 1.5 degree increments: 0
vin (8)

[Issue] Data creation and management methods

DF_Angle information by path

jto 239) with true north at 0 degrees.

DF_|

Path angle information: |
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14. Examination of the integrated delivery of information other than SPaT information
(traffic regulation information, etc.)/Examination of linking SPaT information and
high-precision three-dimensional maps

, e

(NIPPON SIGNAL CO., LTD.
1. Summary of investigation results of the linking of high-precision three-dimensional maps (Examination point (2))

In the Tokyo Waterfront area FOTs, the linking of signal lights on the high-precision three-dimensional maps with SPaT
information was realized by creating the association table (hereafter SPaT information association table) to link the maps
with SPaT information. Therefore, the realization of the provision of SPaT information using high-precision three-
dimensional maps is believed to be feasible by providing intersection ID (including location identification) and paths,
which are defined by the SPaT information association table.

2. Proposed function placement (Examination point (3))

In the Tokyo Waterfront FOTs, the SPaT information association table was managed by the simulated OBU; however, when
looking at social implementation, it is believed that, rather than the information managed by each service provider, this is
the information that needs to be managed by the cooperative domain as is the case with dynamic maps.

<Proposed function placement>

Prefectural police Cooperative domain for SPaT information Competitive domain
(including National Police Agency) provision (Vehicle manufacturers,
(SPaT Information Center, map vendors, etc.) automated driving operators, etc.)
Provision of the following information * Management of the SPaT information Provision of SPaT information to
* Intersection IDs to identify information association table to link SPaT information vehicles
and location information to identify (intersection IDs, paths) with high-precision
locations on maps three dimensional maps (stop lines (routes),
* Information to identify route IDs and signal lights)
locations on maps * Linking of high-precision three dimensional
maps and SPaT information
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FY2022 Field Operational Tests
in Nara Prefecture
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1. Overall picture of research and development for FY2022

Establishment of SPaT information provision environment for the practical
application of automated driving

SPaT information generation

environment

Demonstrate that SPaT information at diverse types of intersections can be
-| V2l method provided accurately and with a system that further reduces costs by using
Cleared JAMA equipment in operation.
requirements Control-based Verification that the method can be established as a cost-
1 method advantageous method
Remaining issue: Examination for improvement of
accuracy during offset transition
| H V2N method —
Centralized FOTs that the method can be established as a highly

Cleared JAMA | method feasible method for intersections including those with

special controls

requirements +
reduced

installation cost

Controller-
based method

FOTs that the method can be established as a method to
be introduced at intersections without centralized control

Demonstrate that the targeted performance can be achieved under MQTT, multi-center configuration,

and under systems using LTE lines.

SPaT information delivery

SPaT information delivery

environment

unit

SPaT information
aggregation system

L~ SPaT Information Center

SPaT Information Delivery
Center

H Communication line

FOTs that the design of the SPaT information generation and
delivery functions is valid

FOTs that the design of the SPaT information aggregation and
delivery functions is valid

FOTs that the design is valid for basic functions such as receiving
SPaT information and transmitting it to the delivery center.

FOTs that the design of the overall system configuration for the
provision of SPaT information, including this center, is valid

Confirmation of methods for selecting lines that satisfy
performance requirements and reduce costs



O: Goal achievement confirmed

2. Main technical goals

O

SPaT information error within =300 ms

—)

(1) Differences between signal light colors and SPaT
information are within the specifications.

O

Fail-safe functions: Failure detection

SPaT information
generation

(2) Functions such as light color signal monitoring and

failure information monitoring are implemented

-0

Eliminate the time periods when the

provision is not possible.

(3) There is no omission in the provision of SPaT
information for a long period of time.

O

Provision of pedestrian SPaT

information

Requirements by Japan

Automobiles

Control-based method
theoretical error value

Controk-based method prototype
error verification results

|
Manufacturers Association
+
<« >

Error 0

300msec 300msec |

380msec 380msec

150msec | 150msec

Legend

D: Signal controller time error (within 100 msec)

D: Light color error (within 50 msec)

.: Error during offset transition (assumed to be within 220 msec)
D! OBU time error (within 30 msec)

(4) Information in provided correctly.

Information linked to dynamic maps

(5) Correct intersection management information is
provided

Delivery before At seconds for

“gradual deceleration”

(6) Ability to deliver information within 1.3 seconds
(tentative target)

Number of intersections whose SPaT

SPaT information
delivery

information is provided

(7) Functions and performance should be exhibited
at 512 (the maximum number in one prefecture
for the time being) x 3.

Required equipment performance

O

(8) Hardware specifications of the equipment must

Communication line requirements

be valid.

O

(9) Ability to select line speeds that meet performance
The target time for center-to-center communication

(including internal processing) is 20 to 30 ms

D indicates requested items from the Automobile Manufacturers Association.

Error analysis model for the control-based method

vehicles

information

unit

Signal lights 1G for

Signal controller transmits
signal control execution

Communication time to
SPaT information delivery

Upcoming SPaT
information creation time
Communication time

from SPaT information
delivery unit to OBU

Cycle start time

Within 5 sec.

2
Within 1.4 sec.

Within 0.1 sec.

Within 1.3 sec.
Within 7.8 sec.

Time from the start of the
cycle until OBU receives
the scheduled SPaT
information

Vv

AN

P Design margin

~
1 sec. or more

At

4.0 sec.
Time chart of the centralized method
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3. Verification in the system at prefectural police (Theme 8)
(Organization in charge : OMRON Social Solutions Co., Ltd.)

3.1 Summary of verification results

Verification item

Confirmation of time accuracy of
traffic signal controllers

Confirmation of SPaT information
accuracy after performance
improvement

Intersections with recall control

Confirmation of behavior during
abnormal conditions

Communication delay time
measurement (confirmation of
time chart)

Relevance of standardizing
communication interfaces

Confirmation of the accuracy of
intersection definition information

Confirmation of connection with
SPaT information aggregation
system

Operation confirmation for long-
term operation of SPaT
information provision

Verification results summary

High time accuracy is a prerequisite for SPaT information.
Verified to be in accordance with specifications.

Confirmed that the goal has been achieved from video images and
accumulated data

Confirmed that the goal has been achieved from accumulated data.

Implemented in the factory. Communication error and single
operation occurred at the site.

Verified that the communication delay time is as designed.
Confirmed the occurrence status of UD communication
retransmission delay (+5 sec.).

Operation has been confirmed with OBUs from three companies.
Some differences between manufacturers were confirmed in the
interpretation of standards.

Examined traffic regulation information (open data) across the
country. Issues have been identified. Operation verification has
been conducted with in-vehicle equipment.

Confirmation completed. Using MQTT, the connection was easily
verified and small delays were also identified.

SPaT information provision was implemented at 111 intersections,
including 17 intersections placed by the SIP. Confirmed operation for
about 2 months.

Higher-level goals

(1) SPaT information
error within =300 ms

(2) Fail-safe function:
Failure detection

(3) Eliminate the time
periods when the
provision is not possible.

(3) Eliminate the time
periods when the
provision is not possible.

(6) Delivery before At
seconds for “gradual
deceleration”

(5) Information to be
linked to dynamic
maps

(6) Delivery before At
seconds for “gradual
deceleration”

(3) Eliminate the time
periods when the
provision is not
possible.




3-2 Verification environment (Prefectural police model system)

Characteristics of traffic signal controller (ver. 5)

* Accurate time synchronization by GPS (error less than 0.1 second)

* Improvement of information resolution (1 sec = 0.1 sec)

* Notification of recall requests (push-button-actuated, etc.) to the
control center

Traffic signal controller
(Ver. 5)(newly installed)
* Centralized control

* Control-based method

Traffic signal controller (Ver. 5
Centralized method)

(newly installed)

* Centralized control

* Centralized method

Traffic
signal

SPaT information delivery unit (newly installed)

Characteristics of SPaT information
delivery unit

* Generates upcoming SPaT information

with the control-based method

* Accumulates, delivers and monitors SPaT

information generated with the three
methods

controller
(Already
existing)

Local control SPaT information roadside

unit (newly installed)

e Controller-based method

* LTE connection

In the NPA

* Aggregation system (newly
installed)

* Simulated SPaT Information
Center (newly installed)

* Simulated SPaT Information
Delivery Center (newly installed)

* Carrier network LTE router
(newly installed

Characteristics of SPaT information roadside unit
* Can be connected to signal controllers of all manufacturers
* Connected by light color signal and CT sensor

Simulated OBU
(newly installed)
* LTE connection
* GNSS
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3-3 Verification environment (intersections for verification)

* Centralized intersections are in a 6 km section of Narayama Main Street near Nara University.

* Verification during recall control, right-turn actuated control, and nighttime flashing was conducted for the first
time in the actual field as V2N. Verification of the accuracy during offset transition, which is an issue, was
conducted for all methods.

* For intersection locations, open data traffic regulation information was used to the extent possible.

Recall control
(push-button-
actuated, etc.)

Location information
available in traffic
regulation information

Number of Right-turn Coordinated control Nighttime

actuated control (Offset) flashing

intersections

Control-based

method 9 Note) 6 0 9 g 6
Centralized

method 6 Note) 3 3 6 e 4
Controller-based 5 1 0 4 4 0

method

Note) Both the control-based method and centralized method were implemented at the three intersections.

/ \\\\ w , gy
I~ 12_Jingu 5-chome B N .:,// =S
fe NS = 7 g e p 4
,— P S p
11_ Jingu 4-chome g‘ ) @)m 5R / %
BEOH S =8 ’ ]
@ .10_Jingu 4-chome Minami | 7_Ukyo 3-chome Higashi . /
. A\ Y
| s 3
I b | iR
| L J 6_Heijo Ni-gou-sen LT | (Y i
e y - /
: Coordinated 5_Heijo Ichi-gou-sen - VA
9 Pref | sub-unit Sl . \
111 BT _Prefectura Ukyo 3-chome- 4_Heijo New Town East 2_Sahoyama ™N . S .
Housing Entrance Naka ~ HBusing
8_Heijo San-gou-sen ® 3_Sahoyama Eﬁi:::;e 1_Narazaka-cho
Housing Western North
@ . Entrance
+ Hzar\ ® [/ 3 * ?
58] PR A BT -‘,,:\
| 1 km | / Leaflet GSL Tile
B ® centraliced Traffic- | EA@ 1@9'}%!'3_"1“_ (VR4 f:b"a"sgg' i 4 (Fiontlrlol-based_ B Both 7 M Both Recall , E4e: Coordinated sub unit
actuated_Recall a';atu;,cted eca
Source: The website of Saitama University (Map from the Geospatial Information Authority of Japan is used). Non-centralized intersections 45
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(1) SPaT information

3-4 Verification results on the control-based method (1) error within 2300 ms

(1) Confirmed that errors in the data accumulated (in 0.1 second increments) in the traffic signal controller (ver. 5) in the control center and errors
of signal light colors are within the specification.
(2) Compared the SPaT information of the simulated on-board unit with signal light colors. Confirmed that errors are within the specification.

(1) Time accuracy of traffic signal @) Error: -100 to +200 msec (Confirmation by video )
controller Will be reconfirmed by the clock in the controller because there are
measurement errors.
(2) SPaT information accuracy @) Error: -150 to +100 msec (Confirmation by video)
o (1) Ukyo 3-chome E 4%
. yo 3-chome East intersection .
3% A lighting delay of about 100 40% (1) Ii’r:‘:f:ctu;alnH(tI)-:;rllig :tnt)rance
30% msec is observed because of 35% ersectio ghts
25% the bulb lamps. Negative x 30%
S values indicate slow lighting. o 25%
g 20% c 20%
© 15% 5 15%
-~ C
5 10% 2 1S°f I
o) %
g 5% 100msec I I S ox | -
o
S 0% O e T - = I~ S
S R 8 &5 8°8585888 888838 ° 8 88 8 8
S © & © = e o o o © Error (msec)
Error (msec)
At intersections with bulb lights, lighting delays need
to be considered dur§ng verification. N 35%
= ] B | 30 (2) Prefectural Housing Entrance

Component ratio (%)

intersection (LED lights)

25%
20%
15%
10%

5%

0% i

0 50

-300 -250 -200 -150 -100 -50 100 150 200 250 300

Error (msec)

R o 46
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3-5 Verification results on the control-based method (2)

Verification item m

(1) SPaT information accuracy @)
(Verified: 6 intersections)

(2) Provision of SPaT information O
of intersection with recall
control (Verified: 1 intersection)

(3) Measurement of @)
communication delay time

120.0%
100.0% 95.7%

- 0

80.0%

60.0%

Ratio (%)

40.0%

20.0% 4.9%
0.0%0.0%0.0%0.1% <" 0.0%0.0%0.0%0.0%0.0%
0.0% -

-500-400-300-200-100 0O 100 200 300 400 500

SPaT information error (msec)

(1) Signal error distribution at Narazaka-cho North
intersection on January 25.
The + direction indicates that the SPaT
information changes slower than it actually does

(1) SPaT information
error within =300 ms

(3) Eliminate the time
periods when the
provision is not

Description possible.

Error: -200 to +200 msec (Confirmed by accumulated data)

Confirmed by presence/absence of recall request in all timings
Provision within 1.6 sec after recall request (push-button, etc.)

Signal controller to SPaT information delivery unit
0.2 sec to 1.6 sec (Average 0.82 sec) — As designed
However, the result was 6.3 sec during re-transmission.

100 )

Traffic Control Center

SPaT
LTE communication + passing through equipment in the control centg information
|‘I >| provision >
Push-button-actuated, etc. / unit

25.0%

20.0%

15.0%
10.0%
5.0% I
0.0% - |
02 04 06 08 1 12 14 16 18

Communication delay (sec)

Ratio (%)

(3) Communication delay measurement result
(At Sahoyama Residence Eastern Entrance
intersection on January 13)
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3-6 Verification results on the controller-based method [@seaTinformation

error within =300 ms

* Confirmed that the communication standards are met and that errors are within specifications.

(1) SPaT information accuracy O
(2) Provision of pedestrian SPaT O
information
40%
35%
30%
£ 25%
.2
S 20%
% 15%
§ 10%
5%
0% - -
& 1 ' ' [ h © U P kNN
s 388 ° ©°8883

Error (msec)

(1) Jingu 4-chome East intersection (pre-timed control)
5:00 - 24:00

Error: -200 to +200 msec (Confirmed by accumulated

data)

00t

Component ratio (%)

Confirmed the provision with the simulated OBU.

35%
30%

25%
20%
15%
10%
5%
0%
' ' L ©
o o
o

|
0ST-

-

! b =2 P NN W
2 B M ©O o U O u O
S g 8 S © & © o

Error (msec)

(1) Ukyo 3-chome East intersection (Coordinated control)
6:00 - 22:00
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3-7 Verification of the time chart up to signal information generation

Confirmed that the time chart is as designed.
Communication delay (+5 seconds) at the time of communication retransmission in the UD communication section is difficult to avoid and

needs to be considered in the overall anomaly system design.

(6) Delivery before At
seconds for “gradual
deceleration”

Control-based method

Traffic Control Center

60%

Distribution example

( Y.Y ) o of Company A
/\_/N % 40%
SPaT Company A: Ave. of 3.6 sec, max. of 5.6 sec. & 30%
LTE communication + passing through | jnformation Company B: Ave. of 1.0 sec,lmax. of 6.7 sec. | E L
equipment in the control center provision S
rd unit 9 g_ 10% I I
Information creation delay for signal S w AN _ o | I
. NN W W W W W s s R R R G e,
Signal control execution information (UD  Upcoming SPaT cont.ro‘llers is allowed U‘p 105 s.e.con‘ds o Ve Ve v
transmission) information and is in accordance with specifications. Delay time (sec)
Centralized method a5
N\ ’
100 )
LS 35%
T 30%
LTE communication + passing through |~ SPaT Company B: Ave. of 1.0 secf max. of 6.7 sec.] o 25%
equipment in the control center information T 20%
provision > £ 15%
unit S 10% 0.1%
: : £ 5% I
) ) ) It is around 1 sec and as designed. S o - 01N (NN
Upcoming SPaT information Upcoming SPaT Retransmission of communication about Soooooo0orpbeL o
(UD transmission) _information once a day causes a +5 sec delay.
> > Communication delay time (sec)
Controller-based method #:—
35%
(ee" ) |
A/ < 25%
Company A: Ave. 0.6 sec, max. of 1.6 sec. % 0%
SPaT § 15%
LTE communication information g 10%
provision > S oo
unit Estimated to be the actual performance E ox _m I I I I I b1
value of general LTE communication. Bias © cocoooooorme e
. . . - . . Mo LS PR
Light color signal  Upcoming SPaT information in some time periods is due to e N e e
> communication timing. Communication delay time (sec)
— Processing time for the thin line section is less Processing time for the thin line section is less 49

than 10 msec.

than 200 msec.




4. Verification in the system at prefectural police (Theme 7/)
(Organization in charge: NIPPON SIGNAL CO., LTD.)

4-1 Summary of verification results

Verification item Verification results summary Higher-level

goals

Confirmation of time Confirmed by video image that the goal has been (1) SPaTinforrnaiion

accuracy the centralized achieved. Confirmation being continued. error within =300 ms

method

Confirmation of Analyzed and verified the accumulated data of the (6) Delivery before At

transmission delay of the simulated OBU and confirmed that the goal has ;Zi‘;?grsa;c’;r;?rad“a'

centralized system been achieved.

Confirmation of The goal is expected to be achieved after confirming |[(s) pelivery before At

intersections that use the  the accuracy of SPaT information and transmission Zeecc‘;fl‘edrsa;o;r;,grad“a'

centralized method and delay of the centralized system.

provide recall control

Confirmation of SPaT It has been confirmed that information can be

information common transmitted using a common standard for the control-

message standard based system, centralized system, and controller-based

system, and can be received by the individual simulated
on-board units of the three companies. The draft
standard is under review due to some differences in
interpretation.



4-2 Intersections where the centralized method were
implemented and the installation of equipment

&107

L

Traffic control block

System control block

Area to be examined  Traffic Control Center

SPaT information

[Terminal control block

SPaT information delivery unit

ggregation system

i
Simulated SPaT
information center

Terminal control unit Router Router

Simulated SPaT
information
delivery center

@ g
® @,//

Map from the Geosp&tial
Information Authority of Japan

PA i B

1) Completed installation of controllers at each intersection.

2) Confirmed the provision of SPaT information from the
controller. Confirmed the reception of SPaT information by the
simulated OBU.

Telecommunications cafliers

Traffic signal controller
(Centralized method)

Traffic signal controller
(Control-based method)

Traffic signal controller
(Controller-based
method)

Simulated

0BU

==

. - . Installation SPaT information delivery using
No. ID Intersection name Additional function work simulated OBU
ap responsive omplete omplete
@ 20297 G i Completed Completed
Heijo New Town East
® . . Recall 1, Gap Completed Completed
20298 | Heijo Ichi-gou-sen responsive
® 20299 | Heijo Ni-gou-sen Completed Completed
@ 300384 Jingu 4-chome Recall 1 Completed Completed
Minami
® 300375 | Jingu 4-chome Recall 1 Completed Completed
® . Gap responsive, Completed Completed
20382 | lJingu 5-chome coordinating base unit
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E .
Fror recognized by a car

Transmission delay

<Measurement of errors>

<Measurement of transmission delay>

Difference between the lighting status of signal lights and the lighting status

4-3 Evaluation method for the intersections where the centralized method was implemented

Evaluation item (1) SPaT information

error within =300 ms

(6) Delivery before At

. . : . L. . seconds for “gradual
Time difference from when signal information is generated to when it is deceleration”

received by a car

A video is taken in such a way that the vehicle lights
and the simulated on-board unit's screen are placed
in the same angle of view.

The time difference of signal switching between the
simulated OBU and the vehicle signal lights is
measured at the timing of signal change.

/signal/29/20297,2023/01/10/18:04:081039,301, 1D 00 00 00 00 4F 49 00 00 01 01 00 00 01 CB

01 04 03 02 03 03 01 80 40 00 7B 00 78 00 7B 00 EF 01 OF FF FF 02 80 FF 00 A6 00 A6 00
A6 01 OE FF FF 01 OF 03 80 FF 00 4A 00 4A 00 4A FF FF 00 EF 01 OF 18 01 00 01 F3 01 F3 02 00 00 1E 00 1E
03 00 00 94 00 94 03 40 01 CB 01 CB 01 00 00 B4 09 60 02 00 00 0A 00 50 03 00 00 32 05 28 03 40 00 8C
09 60 27 03 40 02 A5 02 AS 01 00 01 8F 01 8F 02 40 00 1E 00 1E 03 40 01 O 09 60 01 00 00 78 08 C0 02
40 00 0A 00 50 03 40 00 OA 00 50 3C 01 00 01 F3 01 F3 02 10 00 1E 00 1E 03 10 00 1E 00 1€ 03 14 00 26
00 26 02 00 00 1E 00 1E 03 00 01 FD 01 FD 01 00 00 B4 09 60 02 10 00 0A 00 50 03 10 00 OA 00 50 03 14
00 14 04 38 02 00 00 0A 00 50 03 00 00 96 09 60 16 01 01 8E 01 8E 02 00 3C 00 3C 03 02 A6 02 A6 01 00
A 08 70 02 00 0A 00 50 03 00 D2 09 60 26 03 02 A5 02 AS 01 00 FO 00 FO 02 00 3C 00 3C 03 01 8F 09 60
01 00 64 04 38 02 00 0A 00 50

The log data of the simulated OBU is analyzed and
calculated.

The difference between the information creation
time in the SPaT information and the time received
by the simulated OBU is calculated.

Log data of the simulated OBU
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4-4 Measurement results at intersections where the centralized method was implemented

(1) SPaT information error within =300 ms

<Measurement of errors>

& 25
Measurement E
results B 20
(]
o)
Average value -77 ms § 15
Minimum value (with 10
. 0ms
absolute value evaluation)
5
Maximum value (with
(with 233 ms s Ll I
absolute value evaluation) 0
S889888898888988°8¢9888
I IR IENIRN I B =
Standard deviation 58 ms

Results were obtained that were within the target value of =300 ms.

1) Calculation formula
Error = (Light color change time of the simulated OBU) — (Signal light color change time)
If the vehicle's light color changes faster, the value will be on the negative side.
2) As previously described, the color change of the simulated OBU and the signal lights were videotaped together,
and the time difference between each change was measured.
3) The signal lights evaluated are of the bulb type and require time to light up.
This caused a delay of about 100 ms observed in the video confirmation.
As a result, the time of light color change became slower (larger in numerical value) and was biased toward the
minus side.
Considering the lighting delay of the signal lights, the target value of =300 ms is satisfied even if the overall time is
shifted to the positive side by about 100 ms.
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4-5 Measurement results at intersections where the centralized method was implemented

<Measurement of transmission delay>

Measurement
results

Average value 1357 ms
Minimum value 710 ms
Maximum value 3042 ms
Standard deviation 406 ms

Number of times

(6) Delivery before At seconds
for “gradual deceleration”

100
90
80
70
60
50
40
30
20
10 I

= NN
[ |

OOOOOO
o O O o o o

00T
00€
00S
00L
006  m———

00TT
00€T
004¢
006¢
00TE
00€€
00S€

Transmission delay [ms]

Transmission delay = (Reception time by the simulated OBU) — (SPaT information creation time)

Area to be suamined  gro4hic contral Canter
Traffic control bleck System cantrol block

SPaT information

1 |
[ !

gRregatian system
n

[Ferminal control blode
s2aT Infarrmation debvery urit

Simulated SPaT
e
Infarmation center

Termiral control unit Rauter Router

simulated SPaT

e
inforrmatian

delveny center

Telecammunications cafers

Traffic sigral cantroler Traffic sigral contraler Trafic signal contralier
(Cantrol-based method) iCertralized method) [Cantroller based
b methiod|

kY

Simulatec DBU

Based on the results with an average value of 1357 ms and a
standard deviation of 406 ms, the information by and large
reached the vehicle with a transmission delay of within 2 seconds.

The results are equivalent to those of the on-premises tests
conducted in FY 2021. This means that, as in the on-premises test,
the effect of using PTSDS (Police Traffic Safety Device
Specifications) No. 1012 Ver. 5 and adopting MVNO for the line
was also obtained in the actual field.

<Reference (results of the on-premise tests for FY2021)

Average value : 1765 ms
Minimum value : 780 ms
Maximum value : 3020 ms
Standard deviation : 522 ms
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5. Verification after connecting the prefectural system to the National Police Agency’s
SPaT Information Aggregation System (Theme 6)

5-1 Summary of verification results

Verification item

Time synchronization operation

Security operation verification

Basic function verification

Verification of delay time

Verification of conformance to
standards

Availability rate of upcoming
SPaT information

Network bandwidth verification

Verification of operation under
abnormal conditions

Verification details and results

Confirmed time accuracy of signal information aggregation equipment and
verification-related equipment

Implemented server and client authentication over the MQTTS protocol and
confirmed transfer and delivery of upcoming SPaT information.
TLS1.2 and TLS1.3 interconnection was also confirmed.

Completed verification of the validity of the hardware environment and
software functions prepared for the system verification

Implemented measurement and verification of the transfer delay between
each equipment, i.e., the signal information aggregation unit = units of each
center to be verified = simulated OBU and confirmed the targeted
performance (delay time within 1.3 seconds).

For the degree of conformance to the interface standards for upcoming SPaT
information (dynamic), data collection has been completed for the
inspection of conformance to data specification standards and for the
number of violations (to be continued to improve the accuracy).

Completed measurement of simulated OBU available time (time during
which the upcoming SPaT information was valid (hereinafter referred to as
“upcoming information available time")

Between the aggregation unit and the centers to be verified:

Completed the verification of bandwidths 1Mbps, 2Mbps, and 10Mbps for
shaping.

Identified a conclusion that the network bandwidth under maximum load is
2 Mbps.

Will confirm the behavior of the entire system in the event of a failure that is
assumed to occur as a system. In particular, will confirm the behavior of the
system to notify abnormality information by center-to-center failure
information and promptly invalidate the signal schedule information.
(Verification to be continued)

(Organization in charge : Panasonic Connect Co., Ltd.)

Applicable items

System configuration
verification

Load verification

(7) Number of intersections providing
information

(8) Required equipment performance

(6) Delivery before A t seconds for
“gradual deceleration”

Positioning of “(2) Fail-safe
functions: Failure detection” in a
broad sense

(3) Verification of the time
periods when the
provision is not possible.

(9) Communication line
requirements

Load verification

(7) Number of intersections providing
information

(8) Required equipment performance

Positioning of “(2) Fail-safe
functions: Failure detection” in a
broad sense




5-2 Summary of the verification results from (6) to (9)

Results of the verification system

- 1 i i H
Prefectural Traffic Control Center ||, National Police Agency . - |
1|! Installation of SPaT information aggregation system (experimer Creation of verification system I
SPS 'I;----t------------------“-----_ ________________ Ul
antenna Transmits SPaT __ransmits Simulated i "
information of GPS 1
= information of 1024 | delivery antenna I: 11
ime i i i . Simulated
server 12 intersection intersections unit x2 T i Sm;gk?rted lr;l:;_te : :
1n a .
. SPaTt‘ . fSPaTt. Time |ll| Information '";‘:I:"I'::r“ : :
intformation R
:jnef':‘:?r; l:c:,?t | aggregation uni server :: Center unit Center unit : :
1| 11
) 1 11
Traffic control il 1
upper layer FW, router, etc. i L2SW ‘ 11
Each block unit 1 : I | 1
1 u 1
| : Upcoming FW | | FW | : 1
il |information 1l Aggregation unit specification
Terminal control : : simulator x1 Router | [ M2M Router | : :
unit, etc. :L--AK --------------- :: * Up to 512 intersections
1 . H in 1 prefecture
1 Transmits H
LTE inf tion of
1 information o LTE i1 .
: Installed as part of o Il Eh%t:picpmg?;i%:res supported
the verification intersections I Imcati
Closed network : system (Transmits 1 Closed network : : L
I the shortfall so that : 11 * Verification conducted at 1536
1 the transmission 1 . .
GPS inf ; 1 from the prefecture Il GPS 1 I intersections
antenna SPaT information GPS ' 1| antenna 1
roadside unit antenna : side covers 512 1 : :
[ i Intersections. : i1 Prefecture <—> National Police Agency:
Traffic signal controller Non-centralized | 1 " 20Mbps
(Control-based/ traffic signal controller I 1 1 el s . .
centralized method) (Controller-bosed ' | ¥ Within National Police Agency:
1
: Signal information provision : 1 20Mbps to 100Mbps
verification environment L l boLTE: 10Mbps (at best effort
Flow of upcoming | 1
b
Legend SPaT information
[Results]

* Completed the creation of a system that collectively manages and delivers SPaT information from all over the country, using
equipment installed on the prefectural side and on the National Police Agency side, and equipment of the simulated centers onthe

verifying side.

* Completed the confirmation of performance, such as delay time, during normal operation and maximum scale operation (the

system was operated with no significant difference)
* Completed system specification determination (NW bandwidth, CPU utilization, and DB capacity) through the verification
* Completed various types of verification for practical application
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(6) Delivery before At seconds

5-3 Cumulative delay and frequency for “gradual deceleration”

* The cumulative delay to the simulated OBU was generally within 1400 ms, which was the expected delay second.

Control-based method (for 8 days) Sectional distribution of delay time Cumulative delay distribution
Prefectural police  National Police Agency 2nan
] = 350 ms .
i @ Al g D S 300ms 7m0 I  Median (300 ms)
Signal SPaT information SPaT information |l Simulated SPaT || Si:‘n;]latedt'SPaT || simulated] 250 ms 3000
controller 7]  delivery unit || Aggregation unit Information Center Der}i\?erx%;rtler OBU 200 ms > 2500
Existng m et;' ing and E Upscggmg ! E i E 150 ms g: 2000
‘) i formation —— — E— 100 ms 83 ms 6ms 1ms 2 1500
! Section 1 ! Section 2 ! [ Section3 Section 4 ! 1000 270
50 ms £00 I 101
Communication delay to OBU Median: 300 ms O musted simuted - 0 R
. . . . al Information Imuiate Si t
Delay is mainly in the LTE section from the centers to OBU. aggregation unit _signal C delivery C U 200 500 800 1100 1400 1700 2000 2300 2600 >2600
Delay variation is small. Time (ms)
Centralized methoq L. . Sectional distribution of delay time Cumulative delay distribution
(for 12 days excluding recall operation time period) o
Prefectural police  National Police Agency ’ 163 ms 7000 . 6447 R
. | & o 1,200 ms . ) so00 Median Within (1400 ms)
" El b= @ 6% 1 000ms 1,007 ms ms ms - 84 S(y
= = — T ITeT — ' .. 5000 (1201ms) D7
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controller [ ] Pzzlli:;r:/rlantilton | Agagrelga%rﬁaulf?i? [~ |Information Center Dlenlif\?erp\;aéle%r;er | oBU 500 g 4000 3234
T - ) - T T T me g 3000
prscgﬂing | o ith conversion from Up | ! ' i 400 ms * 2000 1552
information | ! | i ! ! 200 ms o
! Section 1 ! Section 2 ! Section 3 Sectiond ' o - 1002 ' | I L
Comm_ur_ﬂcation delay 'FO OBU Median: 1201ms *UD communication =>MQTT Sapgggg;"tg?naﬂg; S‘S”i“gfl':fgd z'e"l‘“‘l":r;eg simulated 200 500 800 1100 1400 1700 2000 2300 2600 >2600
Delay is in the LTE section on the way to the prefecture. Time (ms)
Accounts for the variability of the overall delay.
Controller-based method (for 3 days)
Reference results
. Prefectual police National Police Agency _ — * There may beala rge amount of
i = ms
r = <y 170 ms i i
II!|I||§I\I| = Q < o f:lata .of small packet size with
signal | IspaTinformation || saTinformation [ | simutateaspar | | SiTlateqsPal | [ simulated invalid system state because
controller delivery unit Aggregation unit Information Center Delivery Center 0OBU 400 ms 353 ms 6ms 1ms . ..
- . . - y é E— tuning is in progress.
i="Upcoming ! 1 ] ' ] 300 ms
SRl —— —— —— e—
\Linformation \ i h | ' 200 ms
! Section 1 1 Section 2 ' Section 3 ! Section 4 !
. . . 100 ms
Communication delay to OBE Median: 1039 ms .
. . . ms
Delay is in the LTE section on the way to the prefecture. SpaTinformation  Simulated  Simulated  Simulated
aggregation unit signal C delivery C OBU
Control-based method 3intersections  For a total of 8 days Upcoming SPaT information: Acquired 7489 data (No responsive, no recall)
Centralized method 4 intersections  For a total of 12 days Upcoming SPaT information: Acquired 12736 (excluding recall operation time

periods from 22:00 to 06:00)

Controller-based method 1 intersection  For a total of 3 days Upcoming SPaT information: Acquired 4398 samples (excluding the OBU section ) 57




Load verification

(7) Number of intersections providing
information

(8) Required equipment performance

5-4 [CPU utilization and database usage]

B CPU utilization (70% or less at maximum load (in the previous report))

The unit consists of two units with a data base server unit
in addition to the main unit that handles data transfer.

Intel® Xeon® E-2388G Processor
3.2 GHz 8 cores

Intel Xeon® Silver 4208 Processor
2.1 GHz 8 cores Storage: HDD 1.2TB
16 GB memory

SPaT information
aggregation unit

Simulated SPaT Information
Center

Simulated SPaT Information
Delivery Center

During operation at 52 intersections

[Preliminary values] (5_qa\ average as of January)

[Preliminary values] Under load conditions (As of December)

Average utilization Maximum utilization
BEBranaBamaon 0.56(%) 46.49(%)
e 3 elnter 0.61(%) 2.61(%)
TBHALSfon Bulivery Canter 0.62(%) 3.18(%)

Average utilization Maximum utilization
ARalapiarmation 0.76(%) 40.15(%)
TSN Canter 1.60(%) 9.00(%)
Thformation Delivery Center 1.47(%) 7.81(%)

|:> Even considering the maximum scale, operation is possible if a CPU with the listed specifications
is implemented.

B DB usage (50% or less at maximum load (in the previous report))

During operation at 52 intersections

(5-day average as of January) [Preliminary values] Under load conditions (As of December)

[Preliminary values]

Load for 3 hours increase | Load for 1 day increase

Load for 3 hours increase Load for 1 day increase

SPaT information

S 6,300 (KB)| 50,398 (KB)| | dsdregstonci 800,611 (KB)| 6,404,884 (KB)
R 3,240 (KB) 26,033 (KB) VA S 517,268 (KB)| 4,138,140 (KB)

Given the large discrepancy between the required scale and the maximum scale, it is preferable to
determine the scale of implementation in line with information provision plans of intersections.

Estimated values for SPaT information aggregation unit (10-day accumulation)
Normal times: Requires 0.55 GB Maximum times (for 1536 intersections) : Requires 70.4 GB

—

Estimated values for SPaT Information Center (31-day accumulation)
Normal times: Requires 0.33GB Maximum times (for 1536 intersections) : Requires 134.0 GB
(365 day accumulation)
Normal times: Requires 10.98 GB Maximum times (for 1536 intersections) : Requires 1.54 TB



5-5

Verification of network bandwidth throttling
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(9) Communication line requirements

Setting at the time of verification
Communication capacity about 4 times
that during operation under load
Communication capacity is about 4
times that during operation under load
Communication capacity is about twice
as that during operation under load

Measurement
conditions 1424 intersections Data size 1429byte (Maximum)
52 intersections are from prefectural data (300 to 400 byte)

In steady state 500kbps

Obtaining information at the time of reconnection when
bandwidth limitation is applied to upcoming SPaT
information.
Delay of the first upcoming SPaT information is shown
on the left.

0.5 sec delay in the case of 10 Mbps

7.6 sec delay in the case of 2 Mbps
20.5 sec delay in the case of 1 Mbps

Considering operation, it is desirable to provide an allowable
range for connection and reconnection between centers.

In this verification, approximately 2 Mbps or more seems to

be required, taking into account large delays at the time of
connection.
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5-6 Availability rate (Control-based method)

* Control-based method availability rate per intersection

(3) Eliminate the time periods when
the provision is not possible.

Provision method

Control-based method

Control-based method

Control-based method

Control type

Recall: No Responsive: No

Recall: No Responsive: No .

Recall: No Responsive: No .

Intersection name

Heijo Ni-gou-sen

Narazakacho Kita

Jingu 4-chome

(=MTTR)

1D 400379 20302 400375
Implementation period 01/2010:16 ~ 01/2311:30 ~ 01/3112:01 ~
ind?:;cors 01/23 10:36 01/26 11:47 . . 02/03 1.2:07
* Excluding Jan. 21 FE):(;Iiggmg each maintenance
Scheduled provision period 175,019 sec 260,259 sec 237,679 sec
Non-provision period 5,658 sec 494 sec 3,311 sec
Number of information transmissions 2,434 times 2,361 times 2,541 times
Availability rate 96.767 % 99.810 % 98.607 %
Average provision period 24,194 sec 129,883 sec 18,301 sec
(=MTBF)
Average non-provision period
043 sec 494 sec 256 sec

* Control-based method 98.59%

* In the case of non-provision due to invalid system state, the duration of non-provision takes about 5-15 minutes:

Heijo Ni-gou-sen: 6 times, Narazakacho Kita: 1 time, Jingu 4-chome: 4 times, accounting 99.8% or more of the overall
non-provision periods.

* Cases where the information provision period is simply lost occurred 9 times at Jingu 4-chome for a total of 23 seconds,

accounting for 0.2% or more of the total.

=There is a possibility of reducing the number of non-provision periods by changing the invalidity judgment logic
in the SPaT information delivery unit, etc.




5-6 Availability rate (Centralized method)

* Centralized method availability rate per intersection

(3) Eliminate the time periods when
the provision is not possible.

Provision method

Centralized method

Centralized method

Centralized method

Centralized method

Control type

Recall: No Responsive: No

Recall: No Responsive: Yes

Recall: No Responsive: Yes

Recall: No Responsive: No

Intersection name

- Heijo Ni-gou-sen

Heijo Ichi-gou-sen

Jingu 5-chome

Jingu 4-chome

D 20299 20298 20382 300375
Key Implementation period 01/20 10:16 ~ 01/23 11:30 ~ 01/27 11:10 ~ 01/26 12:01 ~
indicators 01/2310:36 01/26 11:46 01/30 12:01 01/3012:01
* Excluding recall time periods
Scheduled provision period 260,368 sec 173,984 sec 264,066 sec 345,651 sec
Non-provision period 0 sec 0 sec 0 sec 739 sec
Number of information transmissions 2,434 times 3,028 times 4,392 times 2,879 times
Availability rate 100.000 % 100.000 % 100.000 % 99.786 %
Average provision period 260,368 sec 43,496 sec 262,274 sec 114,952 sec
(=MTBF)
- Average non-provision period 0 sec 0 sec 0 sec 370 sec

(=MTTR)

* Centralized method Availability rate 99.9%

Excluded due to issues regarding the method of providing information during the recall time period.

3 intersections: Availability rate: 100%.

Total period of provision: 289 hours 18 minutes




6 . Summary of results and issues related to this research and development
6-1 Summary of Results

(1) Technology for signal Information Generation

Although there are still issues to be addressed with each of the three methods (control
center method, centralized method and controller-based method) under consideration,
we have achieved a certain degree of success in our initial goal of satisfying the
requirements (accuracy error of scheduled signal information within =300 msec, ability
to provide scheduled signal information by the time it is safe to stop, and a function to
check the consistency between signal light colors and delivered information) of the Japan
Automobile Manufacturers Association (JAMA) for signal information provision.

(2) Technology for distributing signal information

Among the delivery routes to the automatic vehicle (in-vehicle equipment), we studied
the system up to the signal information center, which is a non-competitive area.

The performance verification of the entire system from the signal controller to the in-
vehicle equipment was conducted in a simulated environment.

[System configuration]
The system configuration was verified to be capable of distributing information on
traffic signals in Nara Prefecture to Tokyo.

[Functional Assignment]
Verified that the expected functional allocation between the signal information
aggregation system and the distribution center can be implemented.



6-2 Challenges
To date, the following issues have been identified

e Standardization of specifications, standards and technical knowledge and know-
how created in the SIP project

* How to apply the three V2N methods and the V2| method according to use cases

* Specify specifications according to the level required for social implementation,
taking into account the fact that V2N is inferior to V2l in terms of fail-safe
functions, etc.

e Establishment of a mechanism to periodically verify the correctness of signal
information to be distributed, and clarification of the boundary of responsibility
among prefectural police, National Police Agency, signal information centers, and
distribution centers.

* Organize the concept of generating scheduled signal information, which differs
among signal manufacturers (guidelines for preparation are needed).

6-3 Future Outlook

v" In the future, the Working Group on Automated Driving Infrastructure established within the
UTMS Association will continue to study these issues. The results of the study within the
working group will be returned to the committee members of this project.

v" In addition, we would like to promote comprehensive studies including the in-vehicle
equipment side, which is an area of competition, in cooperation with the Japan Automobile
Manufacturers Association and other external organizations.
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Supplementary materials

(Organization in charge: Panasonic Connect Co., Ltd.)

[1]Margin Number of seconds for the first signal phase

Material that calculated the number of seconds of leeway for the first

signal phase to achieve the goal of before At seconds for “gradual
deceleration”

[2]Detail of conformance verification
Material that compiled the data showing the number of items to be
checked in the data structure of the upcoming SPaT information at the
Signal Information Center and the cumulative number of items that have
been checked.

[3] Packet retransmission rate verification

Material outlining the policy on data retransmission



[1] Margin number of seconds for the first signal phase Excluding recall operation

B Number of seconds remaining during the first

phase in the control-based method

Jan. 20 to Feb. 3 (a total of 187h)
1D:400379, 20302, 400375

B Number of seconds remaining during the

first phase in the centralized method
Jan. 20 to Jan. 30 (total of 290h)

1D:20299, 20298, 20382, 300375
* Excluding recall operation time period (22:00 to 06:00)

(6) Delivery before At seconds
for “gradual deceleration”

Vehicle light 1 Vehicle light 1
Simulated SPaT Simulated SPaT . Simulated SPaT Simulated SPaT
Information Information Simulated OBU Information Information Simulated OBU
Center Delivery Center Center Delivery Center
Median value 49.02 s 49.02 s 48.90 s Median value 61.86 s 61.86 s 61.63 s
Maximuym value 108.24 s 108.24 s 107.83 s Maximum value 114.08 s 114.07 s 113.96 s
Minimum value 28.07 s 28.07 s 27.92 s Minimum value 27.00 s 27.00 s 26.69 s
Average value 55.58 s 55.57 s 55.34 s Average value 65.18 s 65.18 s 64.98 s
Standard deviation 18.47 s 18.47 s 18.47 s Standard deviation 17.27 s 1727 s 17.27 s
Number of samples 7157 7157 7157 Number of samples 5140 5140 5140
3000 2000 1883
2500 2307
> 2000 1500
g z
$ 1500 1182 S oo
g 1000 890 i T g_
2 ime (sec) g s67
500 i 273 & 500
o 15 30 60 75 20 105 120 120 o
Time (sec) o 15 30 a5 60
Time (sec)
Vehicle light 1

Heijo Ni-gou-sen
Intersection results
in different methods

Eoln_t'rgjl—k?ased method

Median value

Maximum value
Minimum value

Average value

Standard deviation

Number of samples

Centralized method

Median value

Maximum value
Minimum value

Average value

Standard deviation

Number of samples

Simulated SPaT
Information Center
59.99 s

108.24 s

36.62 s

64.67 s

16.80 s

2308

Vehicle light 1
Simulated SPaT
Information Center
59915s

108.24 s

3747 s

65.26 5

16.94 s

2435

Simulated SPaT Information

108.24 s
36.62 s
64.67 s
16.80 s
2308

Simulated SPaT Information

Delivery Center
59.91s
108.24 s
3747 s
65.25s

16.94 s

2435

Simulated
OBU

59.75s
107.83 s
3648 s
64.45s
16.81s
2308

Simulated
OBU

59.76 s
108.12 s
37.10s
65.08 s
16.94 s
2435
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[3] Standards conformance verification
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Number of

received pieces
of information

* Over 70,000 pieces of upcoming SPaT information were received for conformance

verification.

On a single day

99.996 %

2/4

Cumulative conformance
Degree since Feb. 3

Cumulative
. Conformance degree

99.928%

2/5

=g Single day conformance degree

* The total conformance rate from Feb. 3 was 99.928%.
The conformance rate for the most recent single day was 99.996%, an extremely high
conformance rate, which cleared the goal of 99% conformance.

80,000
70,000
60,000
50,000
40,000
30,000
20,000
10,000

Number of pieces of SPaT information received

* The conformance reached 100%, excluding intersections where the frequency of the
control system undergoing adjustment was high.
Further improvement in conformance to the standard can be expected once the

adjustment is completed.

Positioning of “(2) Fail-safe functions:
Failure detection” in a broad sense

Information item

Range of standards

System state

Shallbe Oor 1

Creation date: Year

Shall be in BCD format and 0000 to 9999, or OXFFFF

Creation date: Month

Shall be in BCD format and 01 to 12, or OxFFFF

Creation date: Day

Shall be in BCD format and 01 to 31, or OxFF

Creation date: Time (Time of day)

Shall be in BCD format and 00 to 23, or OxFF

Creation date: Time (Minute)

Shall be in BCD format and 00 to 59, or OxFF

Creation date: Time (Second)

Shall be in BCD format and 00 to 59, or OxFF

Creation date: Time (millisecond)

Shall be in BCD format and 00 to 99, or OxFF

Number of vehicle lights

Shall be 0to 12

Number of pedestrian lights Shall be 0 to 4
: Number paths connected Shallbe 1to 8
- Number of service routes Shallbe 0to 8
Route ID Shallbe 1to 8

Vebhicle light information pointer

Shall be 0 to 4000 or OXFFFF

¢ Pedestrian light information pointer

Shall be 0 to 4000 or OxFFFF

. Vehicle light ID

Shall be 1to 12

Number of light output changes (K)/(L)

Shall be 1to 12

Round signal light color indication

Shallbe Oto 6

Countdown stop flag

Shallbe Oor 1

Minimum number of sec remaining (0.1 sec.)

i Shall be 0 to 2400, or Ox7FFF

Maximum number of sec remaining (0.1 sec.

Shall be 0 to 2400, or Ox7FFF

Pedestrian light ID

1 Shallbe 1to 4

Simulated SPaT Information Center
* Threshold checks listed above

* Mismatch in the
* Date conformity

number of actual data stored

After the standard conformity check process,
data validity/invalidity judgment is made, and
the data is sent to the simulated SPaT
Information Delivery Center.
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[4] Packet retransmission rate (3) Verification of the time periods when the

provision is not possible.

Period Intersections verified
From Jan. 20 10:16 to Jan. 23 10:33 20299 centralized intersections

Carefully examined count values of upcoming SPaT information. Verified the data received by the simulated OBU
from the SPaT information aggregation unit for 2435 messages and found that the 2435 messages were received
successfully without omission.

Confirmed that MQTTS QoS=2 communication did not leave out any data.

As for the carrier network, a line failure occurred from 13:05 to 23:10 on February 3, 2023 during the verification
period from December 2 to February 28, resulting in a communication delay from the base station (a delay time
difference of about 1 sec occurred.

The LAN port that caused the failure was identified in the network equipment within the carrier service
infrastructure, therefore, the port was blocked to reroute the communication, and it was confirmed that the
communication delay event has been resolved.



