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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out

through ISO technical committees. Each member body interested in a subject for which a techni

cal

committee has been established has the right to be represented on that committee. International

organizations, governmental and non-governmental, in liaison with ISO, also take part in the wo
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters
electrotechnical standardization.
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The procgdures used to develop this document and those intended for its further maintenance
described|in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed-for
different {ypes of ISO documents should be noted. This document was drafted in accordance jwith
editorial fules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention|is drawn to the possibility that some of the elements of this document may.be the subjecf

list of patent declarations received (see www.iso.org/patents).

name used in this document is information given for the convenience of users and does
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Cooperative-ITS (C-ITS) is a promising and remarkable advancement of intelligent transport systems
(ITS). Numerous cooperative applications are specified that open up new possibilities to make traffic
safer, more efficient, and smarter. Technologies are developed and improved to realize and support
those new services and applications. To enable those applications, information needs to be reliably
communicated between the stationary infrastructure and mobile vehicles.

This document describes the use cases for several applications that address safety, mobility, and
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] the infrastructure facilitate. It then identifies the information needs for the applicatio
irements to satisfy them. In turn, it maps the requirements into data frames and datae

22951 has a relationship to this document. PRESTO addresses its user\needs th
plementation of a specific system architecture similar to that described”in NTCIP 1
hitecture includes traffic signals, message signs, routing systems, liuman machine
] fixed detection locations. Many of PRESTO’s data value details aré “Ieft undefined to
cretional definition by each country.” The PRESTO architecture detects priority requestin
installing specific detection equipment at these locations.

is document uses a similar set of user needs to develop the message set between vehiclg

idside equipment they interface. This document does not address the system architecture
fa needed to fulfil the user needs that will be managed elSewhere in the architecture. It dg
ues and structures in order to define the interface between these two devices. Routing in

supported in the architecture through other mechanisms and is not a need supported by {]

roadside equipment information flows. The user needs also provide for priority by
pbreconfigured strategy, and ingress/egress lane requests. This document is based o
iodically broadcasting their location and tr@jectory information to other vehicles and th
rastructure. This document compliments™SO 22951 as it provides for vehicle location ar
prmation directly from connected vehicles rather than the detection of the vehicles from @

selsing equipment. It does not address-the architecture data flows and operations that ar
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Intelligent transport systems — Cooperative ITS — Using

V2I and 12V communications for applications related
signalized intersections

1 _Scope

to

Thiis document defines the message, data structures, and data elements to suppoOrt
between the roadside equipment and vehicles to address applications to improve safety, md
enyironmental efficiency. In order to verify that the defined messages will satisfy these ap|
a pystems engineering process has been employed that traces use cases (te-“requirern
requirements to messages and data concepts.

o

s document consists of a single document that contains the base /$pecification and 3
anhexes. The base specification lists the derived information requiremients (labelled inform
references to other standards for message definitions where available) Annex A contains de
of the use cases addressed by this document. Annex B and Annex’C contain traceability ma
relpte use cases to requirements and requirements to the message definitions (i.e. data fi
data elements). The next annexes list the base message requirements and application-orientd
requirements (requirements traceability matrix) that map to the message and data conc
implemented. As such, an implementation consists of the-base plus an additional group of ¢
within this document.

Details on information requirements, for other than SPaT, MAP, SSM, and SRM messages ars
in pther International Standards. The focus of this document is to specify the details of the §
SSM, and SRM supporting the use cases defined in this document. Adoption of these messages
region and their adoption may occur overasignificant time period.

Thiis document covers the interfacé.between roadside equipment and vehicles. Applicati
intlernal algorithms, and the logical. distribution of application functionality over any speci
ar¢hitecture are outside the scope-of this document.

2

The following documents are referred to in the text in such a way that some or all of theg
copstitutes requirements of this document. For dated references, only the edition cited aj
unfated references, the latest edition of the referenced document (including any amendment

Normative references

IS(
em

22951y\Data dictionary and message sets for preemption and prioritization signal s)
ergenigy*and public transport vehicles (PRESTO)

exchanges
bility and
plications,
hents and

series of
ative) and
scriptions
rices that
rames and
ed specific
bpts to be
xtensions

provided
PaT, MAP,
varies by

ons, their
[ic system

ir content
bplies. For
5) applies.

y'stems for

ISQ) 26684, Intelligent transport systems (ITS) — Cooperative intersection signal information an

[ violation

warning systems (CIWS) — Performance requirements and test procedures
SAE J2735™:2016, Dedicated Short Range Communications (DSRC) Message Set Dictionary

EN 302 637-2 V1.3.2, Intelligent Transport Systems (ITS); Vehicular Communications; Ba
Applications; Part 2: Specification of Cooperative Awareness Basic Service

ARIB STD-T109, 700 MHz Band Intelligent Transport Systems

ITS FORUM RC-010, 700 MHz Band Intelligent Transport Systems — Extended Functions
published on March 15, 2012

sic Set of

Guideline,

ETSI/TS 102 894-2 V1.2.2, Intelligent Transport Systems (ITS); Users and applications requirements; Part

2: Applications and facilities layer; common data dictionary
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3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— IEC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at http://www.iso.org/obp

NOTE This document requires the understanding of the terminology used in the context of C-ITS and the
various defices involved in Its Implementation. As a result, the following terms contain important informacioi to
set the congext of the discussions which follow in the remaining sections of this document.

31
active m3dnoeuvre
traveller paths (vehicles, pedestrians, bicyclists, etc.) that are allowed and have the right.of way to enfter
and move|through the path

Note 1 to ¢ntry: This term supersedes allowed movements which meant, in the context of this document, the
directions pf manoeuvre that are legally allowed at a specific point in time based upon(the'state of the intersectjion
signals.

Note 2 to eptry: Formerly known as active movement.

3.2
aftermarket safety device
ASD
connected|device (3.8) in a vehicle (3.50) that operates while'the vehicle is mobile, but which is not fylly
integrated into the vehicle systems (as opposed to an OEMdevice that is pre-installed into the vehicle
systems)

3.3
allowed mmanoeuvre
traveller paths (vehicles, pedestrians, bicyclists, etc.) legally permitted to be performed when mov]ng
from/intola lane (3.21) or between lanes

3.4
application
software [esigned to help users péerform particular tasks or handle particular types of problems,as
distinct frjom software that controls the computer itself

Note 1 to gntry: In the context of this document, it is a software program that provides functionality to realize
safety, molility, and envivohmental benefits.

[SOURCE:|ISO/IEC26514:2008, 4.5, modified.]

3.5
Barnes dance
signal phase that stops vehicular manoeuvres and allows pedestrian manoeuvres to exclusively occur
across the intersection (3.17) including diagonally moving between corners

Note 1 to entry: Also referred to as a scramble, or “X” crossing. The term refers to Henry Barnes, a deceased
traffic engineer.

3.6

commercial motor vehicle

self-propelled or towed motor vehicle (3.50) used on a highway in interstate commerce to transport
passengers or property when the vehicle

a) has a gross vehicle weight rating or gross combination weight rating, or gross vehicle weight or
gross combination weight, of 4 536 kg (10 001 pounds) or more, whichever is greater,

2 © IS0 2017 - All rights reserved
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b) isdesigned or used to transport more than 8 passengers (including the driver) for compensation,

c) is designed or used to transport more than 15 passengers, including the driver, and is not used to

transport passengers for compensation, or

d) is used in transporting material found by the Secretary of Transportation to be hazard

ous under

49 USC 5103 and transported in a quantity requiring placarding under regulations prescribed by

the Secretary under 49 CFR, subtitle B, chapter I, subchapter C

[SOURCE: 49 USC 31132]

3.7
commercial motor vehicle on-board equipment
OBE (3.29) or ASD (3.2) mounted or in a vehicle (3.50) moving goods, heavy equipment,or pe

Note 1 to entry: Vehicles include tractor-trailer combinations, panel trucks, and motor codches.

3.8
cohnected device
deyice used to transmit to or receive messages from another device

Nofe 1 to entry: A connected device can be sub-categorized as an OBE (3.29),ASD (3.2), or RSE (3.39).

ple

Nofe 2 to entry: In many cases, the connected device will be 4, DSRC (3.10) device, but other types of

conmunications could be supported.

cohnected vehicle
icle that contains a connected device (3.8)

tedhnology for the transmission of inforniation between multiple vehicles (3.50) (V2V) and between

vehicles and the transportation infrastructure (V2I and [12V) using wireless technologies

Nofe 1 to entry: It is characterized as.having a limited distance (approximately 300 m) but is assume
latgéncy to establish a connectiontand exchange information.

Note 2 to entry: Alternative definition - means of effecting (short-range) transactions between fixed equ
OBE(s) using an “air interface” comprising inductive or propagated signals between the fixed equipment

[SQURCE: ISO 17687:2007, 3.10 and ISO 17261:2012, 3.15]

d to be low

ipment and
and OBE(s)

I
eco~rane

dedicated lane(s) (3.21) optimized for eco-driving (3.11) similar to high-occupancy vehicle lanes

Note 1 to entry: However, these lanes are optimized for the environment using connected vehicle data.

Note 2 to entry: These lanes would be targeted toward low-emission, high-occupancy freight, public transport,

and alternative-fuel vehicles (AFV).

Note 3 to entry: Drivers would be able to opt-in to these dedicated eco-lanes to take advantage of e

co-friendly

applications such as eco-speed limits, eco-cooperative adaptive cruise control, and connected eco-driving

applications.

© IS0 2017 - All rights reserved
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3.13

electronic on-board recorders
device on-board a commercial vehicle (3.50) used to record driver information such as hours of service

3.14

inactive manoeuvre
traveller paths (vehicles, pedestrians, bicyclists, etc.) that are allowed and do not have the right of way
to enter and move through the path

3.15
intellige

ttransnortation svstems
r 4

ITS
transport
including

Note 1 to 4
stresses th

[SOURCE:

3.16

interopel
ability of {
has been ¢

[SOURCE:

3.17

intersect
nexus wh
travel bet

Note 1 to ¢

system in which advanced information, communication, sensor, and control technelog
the Internet, are applied to increase safety, sustainability, efficiency, and comfort

ntry: Another appropriate meaning of the ITS acronym is integrated transportatior systems, wh
at TS systems will often integrate components and users from many domains, both ptiblic and priv

ISO/TR 17465-1:2014, 2.3]

ability
Wwo or more systems or components to exchange information and to use the information t
bxchanged

IEEE 610.12-1990]

jon
bre two or more approaches (links) (3.26) meetand vehicles (3.50) and other type of users n
iween the connecting links

ntry: Typically, this is a signalized interséction when considered by this document, and as such,

modes of allowed manoeuvre are reflected in the-signal phases, the geometry of the intersection, and the lg

regulatory

Note 2 to 4
Specifically
the curren

Note3toe
a complex

[SOURCE:

3.18
interval
partofat

environment.

ntry: The messages of J2735™ €onvey some of this intersection information to the travelling puH
, the MAP message (3.28) conveys the relevant road geometry, while the SPaT (3.44) message conv
f allowed manoeuvres and timing which control movements within the intersection.

htry: Alternative definition - GDF level 2 representation of a crossing which bounds a road or a ferry
eature composed,efiorie or more GDF level 1 junctions, road elements and enclosed traffic areas

ISO/TS 20452:2007, 3.14]

raffic signal cycle during which, signal indications (3.43) are stable and do not change

ich
hte.

nat

jay

the
cal

lic.
Ey'S

Ias

Note 1 to entry: In the SPaT (3.44) message, the current timing value for the remaining interval time estimate, as

well as the

anticipated interval for yellow change (clearance) interval, is provided for each lane.

Note 2 to entry: Because signal interval times commonly change based on triggering events in many types of
signalling systems, the value provided in the SPaT message may represent a minimal value that is extended and
updated as the message is re-transmitted in real time.

3.19

interval sequence
order of appearance of signal indications (3.43) during successive periods of a traffic signal cycle

© ISO 2017 - All rights reserved
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3.20
international traveller information system
ITIS
standard for incident phrases developed by the SAE ATIS Committee in conjunction with ITE TMDD and
other standards

:2017(E)

Note 1 to entry: The ITIS documentation contains a wide variety of standard phrases to describe incidents and
is expected to be used throughout the ITS (3.15) industry. The codes found there can be used for sorting and
classifying types of incident events, as well as creating uniform human readable phrases. In the capacity of
classifying incident types, ITIS phrases are used in many areas. ITIS phrases can also be freely mixed with text

an

used to describe many incidents

3.3

lane
tion of the transportation network (typically a section of roadway geometry)- which is being

po
de

No
wal
No
the

arqg

3.3

lane-use control signal

sig
rod

No

driﬁzable roadway traversed by motor vehicles, but other types of lanes ineluding pedestrian 3

1

scribed (its paths and various attributes about it) or referred to

fe 1 to entry: In the DSRC message set, the lane object is widely used. Lanes consist not only of
kways, trains and public transport lanes, and certain types of dividers and-barriers.

Le 2 to entry: When used in describing an intersection, a lane is defined\fet each possible path intd
intersection (in the MAP message). The current allowed manoeuvres applicable to the lane or it

provided in the SPaT (3.44) message.
2

nal face displaying signal indications (3.43) to permit or prohibit the use of specific lanes
idway or to indicate the impending prohibition of stuch use

fe 1 to entry: Typically, these are arrow displayscefvarying colours.

sections of
nd bicycle

and out of
s approach

(3.21) of a

Note 2 to entry: This document does not attempt to use signal colours/indications to reflect the alloyed vehicle
op¢ration, rather, the permitted movements ‘are indicated and the state of the movement as explhined later
hetein. Each region has unique mechanisths for using the display signals to indicate the movement(s) pllowed.
3.23

latency

<system> time interval between the instant at which an instruction control unit issues a call for data
anfl the instant at which-the‘transfer of data is started

Nofe 1 to entry: The reader is advised to select the appropriate definition based on the context.

[SOURCE: ISO/IEGJIEEE 24765:2010, 3.1565]

3.24

latency,

<cpmmuhication> time delay between sending a signal from one device and receiving it by another device

No

te T toentryr The reader {sadvised to sefect the appropriate defimition based o the Tontext:

[SOURCE: ISO/IEEE 11073-10201:2004, 3.31]

3.25

lin

k

<radio frequency> communications channel being used in support of application data transfer needs

3.26

lin

k

<traffic> segment of a road network

Note 1 to entry: While highway links are generally separated by one data collection node (such as an RSE or a
vehicle detector station), local road links tend to be limited by intersections with cross streets.
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Note 2 to entry: Other common usages of the word “link,” such as those used in telecommunications, may also
appear in this document.

3.27

low-emissions zone

geographically defined area that seeks to restrict or deter access by specific categories of high-polluting
vehicles (3.50) to improve the air quality within the geographic area

Note 1 to entry: The low-emissions zone can be dynamic, allowing the operating entity to change the location,
boundaries, or time of the low-emissions zone.

3.28
MAP datq message
MAP
data elemlents and frames comprising a message, the contents of which describe the gesmeétry df a
roadway iptersection (3.17)

Note 1 to gntry: In the context of USDOT ]J2735™ SE Candidate, the MAP message provides the:road geometry at
an intersedtion.

Note 2 to eptry: It is broadcast from the infrastructure to the vehicle.
Note 3 to eptry: The MAP message contains geographic intersection description{GID) data.

3.29
on-board|equipment
OBE
complimept of equipment located in the vehicle (3.50) for the purpose of supporting the vehicle sidg of
the C-ITS ppplications

Note 1 to |entry: It is likely to include the DSRC radios,¢ther radio equipment, message processing, driver
interface, gnd other applications to support the use cases'described herein.

Note 2 to eptry: It is also referred to as the vehicle ITS'station.

Note 3 to ¢ntry: Alternative definition - device,on board or attached to the vehicle/equipment to perform fhe
functionality of AVI/AEI

[SOURCE:|ISO 17687:2007]

3.30
prohibited manoeuvre
traveller paths (vehicles, pedestrians, bicyclists, etc.) legally disallowed from being performed when
moving frpm/into a lape\(3.21) or between lanes

3.31
traffic signal phase
set of marnjoeuvres being allowed by the roadside traffic signal controller

N 1 4+ La ol PR - 1 d 3 AL el A H 4 £ 4 i L3 eloot 3 11 d
Ote tO entr y . THIS LTI U IS CULHITTIIUIITY USTU I INUT UL AIIICTHILA LU TTITTH LU 4 SPTULITIL HIalIUTUVI T LIAU IS dlTUVWEU L"'g'

main street left turn to a side street, main street north bound through manoeuvre, side street pedestrian walk.)

3.32

platoon

collection of vehicles travelling together, coordinating their operation (e.g. speed, headway) using V2V
communications

Note 1 to entry: Platoons may consist of a mixture of vehicle types (3.51) or in special circumstances, a single
vehicle type such as freight vehicles (e.g. lorries), public safety vehicles, or public transport vehicles (3.35).

3.33
precondition
condition that must exist or be established before something can occur or be considered
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3.34

public safety on-board equipment

PSOBE

OBE (3.29) or ASD (3.2) mounted or in an authorized public safety vehicle (3.50)

Note 1 to entry: It may be designed to transmit at a higher power to allow its messages to be received from a
greater distance to provide more time to complete appropriate clearance intervals at signalized intersections.

3.35

public transport vehicle

PTV

vehicle (3.50) specifically designed to carry multiple passengers such as a bus

Nofe 1 to entry: Does not refer to taxis or similar vehicles.

3.36

quleue jump
oppration where public transport vehicles (3.35) are provided an advantage over-adjacent vehifles (3.50)
through signal operations that allow the public transport vehicle to enter an intersection (3.17) in
adyance of the adjacent vehicles

3.37

road surface condition
enyironmental measures of a pavement’s running surfageincluding temperature and|moisture
condition

EXAMPLE Dry, wet, snowy, icy, chemical concentrationgoil; etc.

Note 1 to entry: This information may also include infer¥mation regarding surface conditions that cotlld be used
to gompute stopping distances for selected use cases.

3.38

road sign
physical traffic control device intendedito communicate specific information to road users [through a
wdrd, symbol, and/or arrow legend

Note 1 to entry: Road signs downot include highway traffic signals, pavement markings, delipeators, or
chgnnelization devices.

3.39
r(%dside equipment
R

compliment of equipment located at the roadside that prepares and transmits messages fo vehicles
(3.50) and rec€ives messages from vehicles for the purpose of supporting the V2I and 12V applications

Nofe 1 to entry: This is intended to include the DSRC radio, traffic signal controller, where appropriatg, interface
to the backhaul communications network necessary to support the applications, and support such flinctions as
dafja,security, encryption, buffering, and message processing.

Note 2 to entry: It may also be referred to as the roadside ITS station.

3.40

roadway segment

section of a highway improved, designed, or ordinarily used for vehicular travel and parking lanes, or
that portion of a highway improved, designed, or ordinarily used for vehicular travel and parking lanes,
but exclusive of the sidewalk, berm, or shoulder even though such sidewalk, berm, or shoulder is used
by persons riding bicycles or other human-powered vehicles (3.50)

[SOURCE: MUTCD, 2009, Section 1A.13]
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3.41

signal control zone

geo-physical area of an intersection (3.17) used for an approaching vehicle (3.50) to request a pre-empt
or priority request of a traffic signal

3.42

signal group

set of traffic signals providing a signal indication (3.43) that governs the vehicle/pedestrian/bicycle
manoeuvres possible for a set of one or more lanes (3.21)

3.43
signal inttication
illuminatipn of a signal lens or equivalent device

Note 1 to eptry: The signal face of a signal indication is an assembly of one or more signal sections thatis provided
for controlling one or more traffic manoeuvres on a single approach.

[SOURCE:IMUTCD, 2009, Section 1A.13]

3.44
signal phpse and timing
SPaT
SAE J2733™ message from the infrastructure to the C-ITS device that describes the current state gf a
traffic sighal system (at one or more intersections) and its phases and‘relates this to the specific lapes
(3.21) (anf therefore to manoeuvre and approaches) in the intersection (3.17)

Note 1 to entry: It is used along with the MAP message (3.28) to alléw.describing an intersection and its current
allowed manoeuvres and timing of same.

3.45
signal request message
SRM
SAE ]273%™ message from a C-ITS device to_the-infrastructure by which the vehicle (3.50) asks [for
priority tijeatment by an intersection’s trafficsignal controller

3.46
signal stdtus message
SSM
SAE J273%™ message from the infrastructure to the C-ITS device that contains the infrastructure’s
response fletails to a signal requést message (SRM) (3.45) for requesting priority from an intersectidn’s
traffic sighal controller

Note 1 to eptry: This is abreadcast message in this document; this is not a unicast message.

3.47
speed
rate of progress; or change in position, usually without regard to direction

Note 1 to emtry- The d

2 > to
how fast an object is moving.

3.48
traffic signal phase overload
proceed manoeuvre that has been terminated while demand for the manoeuvre continues

Note 1 to entry: Repeated phase overloads indicate that the signal phase timing is not adequate to satisfy the
demand.

3.49

public transport vehicle on-board equipment

PTVOBE

OBE (3.29) or ASD (3.2) mounted or within a public transport vehicle (3.35)
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self-propelled transport device, along with any attachments (e.g. trailers), that is a legal user of the
transportation network

Note 1 to entry: Alternative definition — Object subject to being navigated or tracked

Note 2 to entry: Alternative definition — Machine for the transportation of goods and people on land

[SOURCE: ISO 11783-1:2007, 3.70]

3.91
vehicle type

classification scheme used to identify vehicles (3.50) for appropriate services by variqus cr
C-IITS applications

Nofe 1 to entry: Observe that this definition differs from the (multiple other) vehicle types defined|
in pther International Standards used in ITS (3.15). The specific vehicle type (i.e."classification)

application may not satisfy the needs of other applications.

Nofe 2 to entry: Alternative definition - type (i.e. classification) of vehicle based/on the nature of its cd

or Intended purpose

Noge 3 to entry: See SAE ]J1100.

[SQURCE: ISO 12353-1:2002]

3.52
wark zone

ar¢a of a highway with construction, maintenance;‘or utility work activities

Nofe 1 to entry: A work zone is typically marked\By signs, channelizing devices, barriers, pavement

andl/or work vehicles.

Note 2 to entry: A work zone extends from-the first warning sign or high-intensity rotating, flashing,
or ftrobe lights on a vehicle to the END-ROAD WORK sign or the last Temporary Traffic Control device|

[SOURCE: MUTCD 2009, Section\6C.02]

4 | Abbreviated terms

bsscutting

elsewhere
sed for an

nstruction

markings,

pscillating,

AHl Autématic Equipment Identification

AHRIS Applications for the Environment: Real-Time Information Synthesis

AS Aftermarket Safety Device

AT[IS Advanced Traveller Information System

AVI Automatic Vehicle Identification

BOPC Back Office Processing Centre (also known as Traffic Management Centre)
BSM Basic Safety Message (J2735™)

CAM Cooperative Awareness Message (ETSI)

CEN Comité Européen de Normalization (European Committee for Standardization)
Ccv Connected Vehicle
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DSRC
ETSI
EVP
FrVOBE
FSP
GHG
GID
GNSS
GPS
HDOP
HOV
12V
IEEE
ISO

ITE
ITIS
ITS
MMITSS
MPR
MUTCD

NMEA
OBE
PRESTO

PSOBE
PTV
RF
RSE
RTCM
SAE

SPaT

10

Dedicated Short Range Communications

European Telecommunications Standards Institute
Emergency Vehicle Pre-emption

Freight Transport Vehicle On-Board Equipment

Freight Signal Priority

Green House Gas

Geographic Intersection Description

Global Navigation Satellite System

Geographic Positioning System (by use of GNSS)
Horizontal Dilution of Precision

High Occupancy Vehicle

Infrastructure to Vehicle

Institute of Electrical and Electronics Engineers
International Organization for Standardization
Institute of Transportation Engineers
International Traveller Information System
Intelligent Transport Systems

Multi-Modal Intelligent Traffi¢.Signal System (a project within the US)
Minimum Performance Requirements

Manual on Uniformr Traffic Control Devices (a US Department of Transportation techni
document)

National Marine Electronics Association
On-Bodrd-Equipment

Data-Dictionary and Message Sets for Pre-emption and Prioritization Signal System
Enmtergency and Public Transport Vehicles

ical

for

Public Safety On-Roard Equipment

Public Transport Vehicle

Radio Frequency

Roadside Equipment

Radio Technical Commission for Maritime Services
Society of Automotive Engineers International

Signal Phase and Timing (J2735™)

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=45743bb983139bc745328a5d37610e6b

ISO/TS 19091:2017(E)

SRM Signal Request Message (J2735™)

SSM Signal Status Message (J2735™)

TMC Traffic Management Centre (also known as Back Office Processing Centre)
TMDD Traffic Management Data Dictionary

PTVOBE Public Transport Vehicle On-Board Equipment

TSE Traffic Signal Controller

TS Public transport Signal Priority

SN United States Code

V2 Vehicle to Infrastructure

V2 Vehicle to Vehicle

VRU Vulnerable Road User (typically, a pedestrian may incltide’bicycle rider)

5 [ General description (informative)

5.1 Overview

Thiis clause describes the actors, needs, and models&equiring the services provided by th¢ message
sef. It describes how the connected vehicle (CV), obtains the data needed from the infrastfucture to
perform its on-board processing and decision making within the context of the use cases.

It 4lso describes the assumptions and operational issues associated with delivering the serviges.

Th use cases are organized into thre€ areas: safety, mobility/sustainability, and priority/prg-emption
for] specific vehicle types (public safety, public transport, freight, etc.) and are shown in Anngex A. Each
ar¢a is identified using an alpha-numeric identification consisting of a use case category and|a number.
Th use case categories are PRfor priority/pre-emption, SA for safety, and MS for mobility/sustjainability.
Table A.1 lists the use cases by their identification and name.

Eafh use case comprises-16 descriptive characteristics ranging from simple identification information
though data/process.flow sequences and outstanding issues. These are presented in tabular fform with
eath use case begihning on a new page. An illustration is included with each use case to provigle a visual
erence whendiscussing the operation.

Thiree types.of travellers are supported by this document: general motorized vehicles, non-motorized
motorized
es such as
5 or public

vehieles, pedestrian lanes (cross walks) are for pedestrians, including non-motorized vehicl

5.2 Functional model

5.2.1 Description

The use cases described in this document utilize the following functional working model, which
describes at a high level the relevant vehicle equipment, roadside infrastructure, and traffic
management functionality to support the use cases. While the focus is on the communications between
the vehicle and roadside infrastructure, selected use cases involve interaction with traffic/fleet
management functions beyond the roadside. The precise details of these interactions are not defined
herein, but rather are described in general terms. While DSRC communications media has been assumed
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for message exchanges, the focus of this document is to identify the specific data elements needed for
the exchanges over the V2I/12V link to meet the needs of the use cases described herein. The message
content is intended to be media-independent. However, it is likely that performance requirements for
certain applications will dictate the type of media capable of supporting the intended functionality.

Roadside Infrastructure

RSE Device
OBE Device/ —) Includes

Vehicle Application DSRC Local Infrastructure
. Wireless . . .
Processing Comm Application Processing

Vehicle

Vehicle role. The connected vehicle includes the basic functionality needed to implement transmiss

of basic ¢
messages
timing (S
vehicle m¢

— An OR
— Vehic
— Other

— Vehic
alert,

The vehic
transmisg
data flow
indicate d

Roadside|
and procs
applicablé

Traffic Signal Typical — ITS Field
V‘.,. Controller ITS Equipment

Sensors

Other % Backhaul
‘e Comm.

hE'N Traffic/Fleet
Management Center(s) Bagck Office
Processing Center(s)

Figure 1 — Working model for use cases (functional)

afety messages (BSM) [or cooperative awareness.messages (CAM)], and signal requ
(SRM), where applicable, as well as receiving and processing incoming signal phase 3
PaT) messages, MAP messages, signal status meéssages (SSM), and other infrastructure-
pssages. The following assumptions apply.

E device provides for DSRC communications with the field infrastructure.
e application processing may be provided by the OBE device and/or separately.
communications may exist to conimunicate with the traffic/fleet management center.

es are assumed to make_ dllisafety-related decisions and determine what, if any, advisd
or warning to provide te the driver.

le transmits to the-infrastructure (V2I) and receives from the infrastructure (12V). Th
ions are also received by other vehicles (V2V) since they are broadcast messages. While
5 between vehicles could be utilized within the use cases identified herein, they exist only
ata availability-and these data flows are outside the scope of this document.

infrastructure role. The roadside infrastructure incorporates the communicatic
ssingfunctionality to send, receive, and process messages to and from the vehicle and,
, provides for traffic signal control, sensing/detection using traditional ITS devices, and ot]

on
st
nd
to-

ry,

bse
he
to

ns
as
ner

field-relat

d-functions. It also includes backhaul communications rnpnhilify to support managem

ent

functions

such as traffic management. The following assumptions apply.

— RSE devices provide for DSRC communications with vehicles.

— Local infrastructure application processing may be provided by the RSE device and/or separately
(in combination, the RSE may be referred to as roadside equipment).

— RSE device, traffic signal controller, and other ITS field equipment are connected via backhaul
network to one or more back office processing centres (BOPC).

— Traffic signal controller and other ITS field equipment are typically connected to the RSE device via
local wireline communication.

12
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geographic area, i.e. at an intersection and its approaches.
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a specific

The use cases typically identify or separate functions within the roadside infrastructure as the RSE
and the TSC to be separate devices. Hence, selected processing is assigned to the RSE while other
processing is assigned to the traffic signal controller. This is an arbitrary separation; the reader
should assume that the functions specified at the roadside can be performed by any of the roadside

devices, thus all processing could take place within the traffic signal controller if it has

sufficient

processing power and memory, or such processing could be assigned to other devices within the
cabinet. This document only addresses the message content exchanged between the vehicle and the

Tr
off
sig
su
pe

5.2

Th
of

P I |
I'UdusIuc.

affic management center (TMC) role. The traffic management centre, also known as
ice processing centre (BOPC), provides for management of field ITS equipment'includ
nal controllers, RSE devices and associated processing capabilities, as well as managing in
th as policies and rules, the geometric database, regional (section, arterial) signal timing
-formance management. The following assumptions apply.

TMC incorporates other back-office functions.
Backhaul communication exists between field infrastructure‘components and TMC.
Other communications may exist to communicate with/vehicles and other centres.

Traffic management is assumed to provide for higher-level control and coordination
wide (network) and corridor-level functions andzperformance. This includes arterial pr
adaptive control, and timing pattern/plan selection.

Multiple facilities could be represented by the single centre shown in the diagram.

.2 Architecture

e conceptual architecture for thé yse cases is shown below. This generalizes the overall di
equipment. The roadside equipment (RSE) will contain a DSRC radio transceiver that

brpadcasts from the vehiclessBSM/CAM) and uses this information to provide the appli

suj
sig
to

NO
aw|
oth

bport use cases. The RSE ‘includes the traffic signal controller responsible for controlling

Fegulate the right of way at the signalized intersection.

TE The termBSM and CAM are used in this document to refer to the basic safety message and d
preness message’which is broadcast by the vehicles to provide data regarding the position, traj
er data for eaeh vehicle within range of the signal.

the back
ng traffic
formation
data, and

Traffic management center (TMC) manages traffic signal controllersand ITS field equipnpent.

for area-
bgression,

stribution
hears the
cations to
the traffic

nals, and it uses the infrastructure-based sensors along with the information provided from the BSM

ooperative
bctory, and
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Figure 2 — General architecture for V2I/12V communications

Some of the key concepts are the connection to the back-office systems where the RSE will obtain
its local gonfiguration information, which will include the security certificates, GNSS augmentatjfon
informatipn, and the detailed static geometric information for the intersection (MAP). The connectjon
to the BOPC (in this specific case, the traffic.management centre) is used for the management of the
traffic corntroller database which includes timing patterns, schedules, etc. The BOPC is also involved in
the selectjon of timing plans and adaptivé signal timing to accommodate special timing plans, platqon
management, etc.

There is & connection shown frem-the vehicle to the BOPC which is recognition that some of the
informatipn may be exchanged, directly with the BOPC if there is a wide area network available.
This connection may also include the back-office systems and could be used for such tasks as the
distributipn of the MAP information, regional status, and route pre-emption (green wave). Whilg a
single TMIC/BOPC is logically shown in the figure, it represents one or more physical locations where
various processes/functions may be resident, such as traffic, public transport, and/or emergency
services operations:

Note that|the ekchanges between the RSE and the OBE may also be used to directly impact the sighal
timing anfdwill be used to provide the approaching connected vehicle with the real-time informatjon
regarding-the-eurrently permitted-manoeuvresand-timingsuehasthe remaining “green” timeandthe
remaining “red” time. Note that signal colours have been used; it is the intent of these use cases that the
RSE provides information to the OBE that indicates the permitted manoeuvres for the specific location
of the vehicle. In some cases, this may be lane by lane, while in other cases, it may be by approach only.
Since different countries/regions use different displays to indicate the permitted manoeuvres and the
time point of their change, they will be dealt with as information concepts termed movement states

rather than specific displays.

This document focuses on the messages exchanged over the interface between the vehicles and the
roadside equipment. Since these are message specifications, using broadcast messages, the role of
the ITS station is not addressed. It is assumed that the roadside equipment (RSE) and the on-board
equipment (OBE) could be constructed in any manner using any architecture including the ITS station
as described in other standards, or other hardware and software constructs of a proprietary nature. It
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is important that the messages adhere to the structure, dialogues, and content specified herein and this
content identified for the specific regions in the subsequent additional annexes (e.g. Annex E for North
America). This approach allows an intermix of proprietary and open devices to be used to implement
the various elements of the C-ITS infrastructure and remain interoperable with equipment constructed
by a variety of vendors.

As noted below, security issues (e.g. authentication, encryption, privacy protection, misbehaviour
detection, etc.) are assumed to be addressed in the implementation of the message exchanges as
required but are outside the scope of this document. The use cases assume that the communications
among all parties is secure.

5.2.3 Message interactions

roadcast”
11 entities

Thee messages which support the use cases described herein are based on the congept’of “h
mgssages where the appropriate device (OBE or RSE) broadcasts the message cohtent to

(e.

us
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ma

thd
thd
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Where the application described uses wide-area communications (e.g. 3G/4G/LTE), then the

md
int

5.2
Th

a)

b)

b. vehicles and infrastructure) within range of the DSRC radio signals. The messages to sup
b cases are not based on the concept of an interactive information exchange between tw|
cific entities.

ren the nature of the DSRC communications, the applications described herei
bility/sustainability, priority/pre-emption) rely on the replication of messages and the p
It the target entity will receive the message in time to take @ppropriate action, such a
driver of an impending intersection violation or that aspecific vehicle is requestin|
atment. Each entity in turn cannot assume that its request(s) have been received and
ess it confirms such a situation based on a broadcastimessage from the target entity. Ev
es, conditions can change instantaneously; for example, a priority treatment can be i

uld continuously monitor the messages received and act accordingly whether it is to mo
ing or provide driver warnings.

y be point to point exchanges using;other protocols such as TCP/IP, where a specific u
eraction is required.

.4 Common operational assumptions
e use cases described herein are based on the following general assumptions.

It is assumed thatall OBE equipped vehicles are broadcasting the basic safety message
cooperative awaréness message (CAM) message continuously at some repetition rate
yet to be detérimined and may vary depending on the saturation of active vehicles. The
assumed rate is 10 times per second; however, the exact latency necessary for such use
not beenydetermined at this time. It is likely that the rate of less than 10 Hz will be ad
thesesapplications.

port these
0 or more

h (safety,
robability
5 warning
Ig priority
honoured
bn in such
ediately

m
minated to accommodate an emergency vehicle (of higher priority pre-emption. Thus',r:the entity

ify signal

bxchanges
nit to unit

(BSM) or
which has
commonly
cases has
bquate for

The use cases descrlbed below are based on the assumptlon that the Vehlcles w1th1n ra

= garding the
vehicle’s locatlon speed, heading, and directional 51gnals as a minimum. This 1nformat10n will be
used by the applications supporting these use cases as described herein.

These use cases are also based on the use of DSRC communications from the vehicle to the RSE
with a range of approximately 300 m under “normal” conditions. While different conditions and
locations may extend this, the applications should only be designed to work with this range in mind.
It is likewise possible that infrastructure (buildings) and weather conditions restrict the range to
significantly less than 300 m.

d) The RSE at the traffic signal controller (TSC) is continuously broadcasting the signal phase and
timing (SPaT) message to indicate the current (and future) signal state information to vehicles in
the vicinity. Vehicles approaching the intersection become aware of the traffic signal when they
“hear” this message.
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e) The RSE at the traffic signal controller (TSC) is periodically broadcasting information that
describes the geometrics of the intersection, which defines the approach lanes, the departure
lanes, and the permitted manoeuvres (the MAP message). A set of performance requirements are
included to establish a framework for the periodic broadcast of the MAP message. At this time,
these performance requirements are subject to additional analysis as the repetition rate will be
determined in part by the RF propagation characteristics and the speed of the approaching vehicles.
Note that it is assumed that the vehicle “knows” its position and can judge the relevant intersection
it is approaching. Since it may be possible for the OBE to “hear” multiple RSE’s at any point in time,
the responsibility of determining which intersection ID it is approaching and hence how to react to
the messages.

f) Itis apsumed that the priority requesting vehicles and other OBE equipped vehicles have some\sprt
of on-poard map database that they can use for identifying a route through the street network. The
map database will contain information regarding the identification of the intersections along the
route[such that the vehicle “knows” its current location and “knows” what type of signal priority
request (scenario) to make at a given intersection it is approaching. It will also be able’to determjne
whenl|it will arrive at the intersection and when the required priority manoeuvre is needed.

g) The MAP information will include base geometric information and other rélated information (¢.g.
manokuvres permitted). Generally, MAP information is static in nature-There are times when the
MAP {nformation changes (e.g. when access to a side road or a turn is notpermitted). Therefore, the
MAP Information shall contain both the base geometry and changes €o'the other MAP informatipn.
A vehlicle receiving the MAP information message need only proecéss the changes unless the base
geomegtric information has changed (e.g. the version for the base/geometric is different from what
is currently stored in the vehicle). If the base geometric information has changed, the vehicle sHall
procelss the base geometric information. If the vehicle dées not contain a base geometric for the
interdection in question, then the vehicle process the baségeometric information and other changes
contajned in the MAP.

h) Vehicles will be assigned a type that will be used by the intersection control logic to determjne
the nature of the priority request that may he supported for that vehicle. This shall identify such
vehicle types as public transport vehicles, freight vehicles (lorry), emergency vehicles, etc.

i)  Wherk route pre-emption or platoonsupport is desired over multiple intersections (for examjple,
along|an arterial), interaction with a central system or interaction between traffic controllers will
be nefessary to manage signal timing along a route (arterial) and route priority or pre-emptjon
rather than an isolated intersection interaction.

i) Securfity is a global requirement for all SPaT/MAP, SRM and SSM transmissions found in these tlise
cases| The use cases asstune that security will be in place and is therefore not mentioned in the
respeftive use cases:

k) Whilg the message'sets are intended to be media-independent, their application should address the
chosejn media’s bandwidth limitations and propagation latencies for a successful implementation.

5.3 Safety use cases

5.3.1 Intent

The safety related use cases for V2I/I2V are intended to provide vehicles with information regarding
the current condition of the traffic signal it is approaching (permitted manoeuvre) and the time point
for the manoeuvre to change. Using this type of information, the approaching vehicle should be able to
determine the appropriate actions to avoid violating the right of way and a subsequent crash.

It is also possible for the traffic controller to use the information regarding impending violations of the
stop-bar to alter the signal timing to reduce the probability of a crash under such circumstances.

The safety use cases are related to the concept of using the connected vehicle (CV) message exchanges
(V2I, 12V) for the purpose of modifying the traffic signal operation and/or providing warning
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information to OBE equipped vehicles. These use cases are based on the use of DSRC communications,
although some of them could be supported with other media that meet the appropriate performance
characteristics such as latency, reliability, and range. It is important to keep in mind that the SPaT and
MAP are intended to be media-independent such that they could be handled with alternatives to DSRC.

The details of the safety use cases are provided in Annex A.

5.3.2 Additional assumptions

There are not any safety specific assumptions contained within these use cases.

5.3.3 Architecture implications

The conceptual architecture for the use cases for general safety applications is shown in Figy
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The mobility/sustainability use cases are related to the concept of using the connected vehicle (CV)
message exchanges (V2I, 12V) for the purpose of modifying vehicular operations to improve travel
and reduce environmental impacts within a roadway network. These use cases are based on the use
of DSRC communications, although some of them could be supported with other media that meet the
appropriate performance characteristics such as latency, reliability, and range. It is important to keep
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in mind that the SPaT and MAP are intended to be media-independent such that they could be handled
with alternatives to DSRC.

The overall operation and architecture is identical to that described in 5.3 for the safety applications.
While 5.3 dealt primarily with the use cases and requirements to support intersection safety, the use
cases in this subclause deal with the additional information needed to promote more efficient use of
the roadway network and, more specifically, improved efficiency of the individual intersections. For
example, for ECO driving, knowing how much green remains or when the green will appear allows the
vehicle/driver to better modulate the vehicle’s speed to minimize the production of green house gases
(GHG) and allow more efficient driving. It is also possible for the intersection to track the location of

all approachingvehictesamdtoimprove theefficterrcy of theoverattsystemroperationr througiroptimal

intersectipn and arterial timing to accommodate platoons.

The information needed is virtually identical. The vehicles need to know what manoeuvre is currently
permitted for their specific lane (approach) and how long it will remain active. If their desited
manoeuvife is not currently permitted, the vehicle needs to know when it will be permitted such that it
can make|efficient use of the time before “green” for such applications as vehicle charging and engjne
shutdown| and startup. This information can also be used in conjunction with othep on-board sensprs
to modulate the vehicle speed through the intersection or roadway network\to minimize the hard
breaking pr startup costs. A modulated speed can create a safer environment-and minimize pollutjon
and fuel cpnsumption, as well as reduce congestion.

The details of the mobility/sustainability use cases are provided in Anrex A.

5.4.2 Agditional assumptions

It should|be noted that the mobility/sustainability use cases include applying these operatiopal
concepts fo vehicular platoons in addition to single vehicles. The definition and operations involving
platoons have yet to be established for these applications. The uses cases do not address these ongojng
needs and therefore requirements for platoon operatiens will be addressed in a future version of this
document].

The inductive charging use case assumes thatany financial transaction involving the use of the facility
is provideld outside the scope of this document. The location of the facility and the time available for the
operation|are the only aspects of the use'case that are within the scope of this document.

5.4.3 Architecture implications

The mobility use cases exist-within the architecture outlined in 5.2.2. Otherwise, there are not gny
additiona] architecture implications.

5.5 Prigrity/presemption use cases

5.5.1 Irtent

The prioriity/pre-emption use cases are related to the concept of using the connected vehicle ((V)
message exchanges (V2I, [2V) for the purpose of modifying the traffic signal operation, for one or more
intersections, to better serve the needs of public transport, freight, and emergency service vehicles.
These use cases are based on the use of DSRC communications, although some of them could be
supported with other media that meet the appropriate performance characteristics such as latency,
reliability, and range. It is important to keep in mind that the SRM and SSM are intended to be media-
independent such that they could be handled with alternatives to DSRC.

The details of the priority/pre-emption use cases are provided in Annex A.
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This is a vehicle to infrastructure message set, typically sent from an emergency vehicle, public
transport vehicle, or freight transport vehicle to request priority treatment at a signalized intersection.
The priority vehicle message set consists of two distinct messages, as outlined below.

Signal request message (SRM) is used to request a pre-emption or priority signal state (preferential
treatment) from a signalized intersection. This message is broadcast from the vehicle to the
infrastructure.

Signal status message (SSM) is used to relate the current pre-emption or priority signal state(s)
that a signalized intersection may be in. This message is broadcast from the infrastructure to the

vehicle
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scenarios are built on the assumption that such communications will be directly be
cle(s) and the RSE and intersection equipment, but these méssages are broadcast in natu
pcific vehicle interaction with the intersection/RSE.

ctating the sequence of operations in greater detail is asfollows.

When the vehicle “knows” that it is in the vicinity of the intersection for which priority
is desired, the OBE equipped vehicle transmits'a signal request message (SRM) to the |
identified intersection which then passes the request to the TSC equipment. This mess{
after the vehicle has received and processed the intersection MAP message.

NOTE This presupposes a specific approach to identifying the actions desired by the a
vehicle. This will be examined later-when the detailed requirements are established for each mes
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the vehicle is approaching.is for the vehicle to use the MAP information and to reque
treatment to support a-specific manoeuvre. In this situation, the vehicle could identify it
approach (and lane) and request a specific manoeuvre along with the expected time of
other relevant infermation. In this situation, the RSE and traffic controller would need t
all such requests;“prioritize these requests and establish the optimal sequence and
accommodatethe approaching vehicle(s). It is anticipated that both techniques for priorit
should be supported by the RSE/TCS. Different requirements are needed for each mecha
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The RSEvill transmit a signal status message (SSM) if there is one or more active or pel
emption or priority events to report. This message is transmitted by the local intersecti

hding pre-

n RSE in a
broadcast style. The RSE should include sufficient information such that the vehicles a;}roaching

the intersection can determine if their QpP{‘ifi(‘ request ig hping serviced. However]l the SPaT

d)
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message will always indicate the state of the signal and thus the approaching vehicle can determine
if and when the movements required will be available.

There is a potential that multiple local vehicles will be simultaneously sending signal request
messages as they approach the intersection and receive the RSE/TSC generated signal status
message in this time interval. The required logic to decode the “winner” in such a conflict is outside
the scope of this of document and resides in the combination of the RSE and TSC. The outcome of
that process is reflected in the SSM. These two messages (along with the SPaT and MAP message
discussed elsewhere) are considered part of the intersection control message set.
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5.5.2 Additional assumptions

The priority/pre-emption use cases described herein are based on the following additional assumptions
that are specific to this set of use cases.

a) Vehicles will be assigned a priority that will be used by the intersection to determine the priority of
this vehicle relative to the priority structure for all vehicle types and the operation to be supported.
For both vehicle type and priority, these attributes shall be developed for each region as it is likely
that the rules of engagement may vary by region and the actions to be taken by the intersection
control algorithms are likely to vary as well.

b) In getlleral, use cases associated with a single intersection are not based on real-time interattjon
with g central traffic management system to support priority treatment at the specific interseetipn.

c) Publi¢ transport vehicles, freight vehicles, and emergency vehicles are assumed to haveé.censistgnt,
non-changing IDs for the duration of all interactions described for pre-emption and priority|as
described herein. That is, the randomization present for light vehicles to maintain‘anonymity dges
not apply to this class of vehicle for these applications.

d) The yse cases herein do not reflect the user needs or use cases that are\intended to optimijize
traffi¢ signal operation based on receipt of BSM/CAM messages from all-yehicles approaching the
interdection. The assumption is that priority/pre-emption is of greatér importance than operatjon
of other vehicles. It is also assumed that the traffic management.centre (TMC) is responsible for
configuring the RSE and TSC and for enabling and disabling priority operation at the intersectipn.
Hencg, the link to the TMC is critical, although its active role is\limited to a few of the scenarios that
deal with signal priority along an arterial or string of interséctions.

5.5.3 Architecture implications

When an ¢mergency vehicle and other surrounding vehicles are equipped with an OBE, the vehicles ¢an
establish Fommunication when they are within range of each other and share information relative to
their location and direction. A special applications(PSOBE) may be used in emergency vehicles and is not
available fo standard OBEs. This PSOBE limits'ID changes and may be implemented as a high-powered
applicatiopn to extend the range. It is expected that the surrounding private vehicle OBEs will recejve
BSM and PRM messages from the high-powered PSOBE well before they begin to receive the norrmal
BSM/CAM transmission from the same vehicle. From calculations resulting from this information, the
private vehicle can first notify its driver of the situation, after which it may offer suggestions to avpid
path interfference. While it is difficult to make this function robust and precise, enough information ¢an
be made available to the driver.that improvements over a non-equipped system can be significant.

NOTE This presumes, that the DSRC 59 GHz license allows certain emergency vehicle applications| to
transmit at a power higherthan that of the normal OBE and RSU, thus extending the range.

The message contént'for the V2V use case will not be developed here since this concept is completely
within the V2V _domain and not the V2l and 12V domain space.

The basiclatehitecture for the connected vehicle system for the discussion of priority and pre-emptjon
is illustratedim Figure2—Tthe major compornentsare the Toadside equipmrentt (RSE)amdthevetticle
systems. To simplify the interface discussion in this document, the vehicle systems will be called the
on-board equipment (OBE). Traffic management and fleet management systems are designated as back
office processing centres (BOPC). This basic physical architecture will be used for the discussion of the
use cases.

These use cases focus on the message exchanges between the connected vehicle and the intersection
traffic controller with the intent to modify the operation of the traffic controller and the vehicle to
support the operational scenarios described. Although DSRC is assumed, the message content could be
routed through a public transport centre, fleet management centre, and a traffic management centre
which may also affect its operation. Examples might include the need to suspend priority operation
due to special events or road construction or to change priority strategy based on environmental
conditions.
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While a separate roadside processor is shown in Figure 1, this could be a function included in the traffic
signal controller depending on the age and capabilities of that device. Many of today’s traffic controllers
include encryption processors and processor speeds that are more than adequate to handle the
functions described herein. Likewise, the use cases describe interactions between the RSE and the TSC
that imply that there is a layered decision-making process. Again, these may be combined into a single
processor unit such that the only external element is the DSRC radio and all algorithms and interactions
take place within the TSC.

5.5.4 Public transport signal priority application

There are several use cases associated with public transport and while they are shown,a$ separate
hefe, they are similar in operation. They have the common characteristic of requiring specific actions
by the traffic controller to facilitate the progression through the intersection.

However, there are different needs associated with each; therefore, they will be rephesented $eparately

as follows:

a) | providing preferential “through” manoeuvre to allow a public transpertvehicle (PTV) to proceed
through the intersection by truncating conflicting manoeuvres and* returning to thg required
manoeuvre “early” or by extending the required manoeuvre to allew the public transpgrt vehicle
more time to get through the intersection;

b) | preferential “turning” manoeuvre at the intersection, foréexample, a protected left (or right) that
may normally be prohibited or a permissive turn. Inythis instance, the traffic contrpller shall
determine the need for advancing the green phase to.glear the queue in front of the public|transport
vehicle to allow the vehicle to enter the left-turn pecket, and manages coordinated priorjity timing
between the through and left-turn manoeuvres;

c) | “clearing a queue” to enable a vehicle to get to a near side passenger stop. This could be[combined
with additional actions as described belows

d)| providing a leading public transportvehicle “green” (queue jump) to allow the public|transport
vehicle to “jump” out into traffic after the completion of passenger pickup/discharge at 4 near side
public transport stop.

Operational constraints

The desired “action” from¢the’TSC is embodied in the configuration of the scenario at the infersection

anfl is requested in the~SRM. The action taken by the TSC will depend on the priority manoeuvre

requirements and current conditions and the rules for signal operation within the roadway ajnd region.

There are two méchanisms that could be used by the public transport vehicle to identify the pieferential

trdatment needed.

— | The intersection is “pre-configured” to support specific actions (scenarios) requested by the vehicle.
Inthis case, the vehicle would indicate the required “scenario” (based on their route) and the traffic
controller would respond accordingly based on current conditions and conflicting reqyests. This
Janraach racamivrac that tho vohicla ha mvragrayasand 0 vz vahich conmain 1o waaniend b Sed on its
dppreachrequires-thatthe vehicle be programmed-to-knowwhich secenarioisrequired b
“route” and the intersection ID.

[f the public transport vehicle is required to deviate from its route due to such situations as roadway

©lI

construction, a crash, a special event, or other blockage, then scenarios should be developed for

those possibilities and intersections as well.

The vehicle is “pre-configured” to request that the traffic controller provides preferential
for its approach in a specific lane and exit in a specific lane, i.e. “l am arriving in lane X and

treatment
departing

in lane Y”. This requires that the vehicle “know” the intersection geometrics (MAP) and is able to

translate its route information into the “X” and “Y” parameters indicated above. The
indicated below are based on the concept of “pre-configured” intersection scenarios.
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5.5.5 Freight vehicle signal priority application

This subclause describes the use cases for heavy vehicles (assumed to be carrying freight) with
characteristics that include a slower start-up and greater stopping distance/time than light vehicles.
The term freight vehicle, truck, and lorry (EU) are used synonymously. The freight signal priority use
cases are similar in nature and support the following concepts:

ed

ge

a) priority treatment for an individual truck at a signalized intersection;

b) priority treatment for a fleet (platoon) of trucks at a signalized intersection;

c) priority treatment for a fleet (platoon) of trucks travelling along an arterial of signalij
interdections.

There argq advantages to keeping the platoon moving where possible to avoid unnecessary stops.

This makes trucks different from public transport vehicles which must stop to pick up-anid discha

passengeli|s.

One of the issues with attempting to move a platoon through an arterialcor) even an isolat
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Figure 3 d
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bn is the identification of the existence of such a platoon with the limited range of the DS
ations. It would be important if the platoon could identify itself with-a'lead and end such t
d BOPC could adjust the complete arterial to pass a limited number of vehicles. Knowing

speed of the platoon, the TSC can determine how to best accommodate the platoon throu
bl or intersection. If the platoon is to be identified as an exntity, then there needs to be V
d communications where the vehicles identify if there iS)ariother vehicle “behind” them 3

use cases, it will be assumed that the RSE/TSC will continuously monitor the BSM/CAM
fied truck(s) and monitor their locations throughthe intersection(s).

emonstrates the normal FSP interaction where a group of vehicles is involved.
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Figure 3 — FSP flow for a platoon of vehicles
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The FSP operation is largely intended to improve the efficiency of freight transport through a signalized
intersection, arterial, and ultimately, a corridor with the benefit of improved safety, travel time
reliability, reduced fuel consumption, and reduced GHG production. One concept is to develop a “green
band” for connected freight vehicles that requires that the platoon be constructed and limited, and that
members of the platoon be tracked and notified when the green period is about to close and they will
need to stop and wait until the next “green wave” of freight vehicles. The platoon cannot be infinite in
length; therefore, some criteria need to be invoked to determine when a platoon must stop for the next
green band.

Many of the use cases described above are similar in nature and it is llkely that they can be combined
duri rontent to
support these applications. It will be up to the developers of the detailed requirements,to. fletermine
which of these use cases can be combined.

Ultimately, it will be the responsibility of the TSC to make the priority decision as to.which manoeuvres
ar¢ serviced next, the duration of manoeuvre(s), and how the intersection responds to specific and
competing priority requests. Some priority requests such as FSP and TSP are~not “missiop critical”,
wHereas emergency vehicle pre-emption is considered critical such that,it‘will take over the normal
opgration of the intersection. However, the exact operation of the intersection will depehd on the
gepmetrics and specifics of the request including the vehicle type and-priority.

The rules that must be enforced are likely to vary by region; hengeythe detailed requiremenits need to
belopen and consider that different regions may establish diffetent priorities for each type of|vehicle.

5.3.6 Emergency (public safety) vehicle pre-emptionrapplication

Enjergency vehicle pre-emption (EVP) is different frem priority treatment in that it is expgcted that
the intersection will react and immediately takexsteps to terminate all conflicting manoefivres and
grant a “green” that will both clear vehicles that.may be “in the way”, as well as facilitate the gmergency
vehicle path through the intersection(s). However, most of the exchanges with the RSE/TSC devices are
sirpilar to that for TSP and FSP. The use case is presented separately, but ultimately, the mgssaging is
anfticipated to be identical to the TSP or FSP with changes only to the vehicle type and priority. The TSC
eqhipment, however, will take much.njore dramatic and immediate action for this type of prigrity.

Two different pre-emption use cases are presented in Annex A. The first, PR4, assumes a standard
OBE and is based on the concept that the emergency vehicle should first “hear” the intersgction RSE
before reacting and initiating/an EVP request. Under these circumstances, there is a provision for the
intersection to “tell” the.vehicle what type of pre-emption is supported and the full geometriics for the
intersection such thatthe'vehicle can either make a specific request or indicate entry and exit.

The second use .case, PR5, depends on the implementation of a “high-powered” OBE radio that is
présumed to have’a much greater range than a standard OBE, and hence, it can provide infformation
regarding its location, heading, speed, lane, type, etc. long before it can actually receive datg from the
intersectiont is uncertain at this time as to which approach will be supported so both are coviered here.

Th $€ tWo use cases cover | “on-the- fly pre- emptlon at intersections as encountered by a puplic safety
cept such
that pre emption is requested at a series of intersections in sequence in anticipation of the public
safety vehicle(s) arrival. This third possibility allows a platoon of PSOBE-equipped vehicles to travel
through closely spaced signalized intersections and provides time for the traffic signals to clear traffic
in advance of the platoon. The mechanism for implementing the green wave varies as it may involve
operations at the TMC/BOPC or be triggered by the first PSOBE-equipped vehicle as it requests priority
at the first intersection of a pre-defined emergency route. In such a case, the request can be transmitted
from RSE to RSE along a route based on the content of the SRM. This scenario is discussed in the above
use cases under the issues topic as route pre-emption.

© IS0 2017 - All rights reserved 23


https://standardsiso.com/api/?name=45743bb983139bc745328a5d37610e6b

ISO/TS 19091:2017(E)

6 Function description (informative)

This clause is informative as it documents a portion of the system engineering process used in the
development of this document. It identifies requirements based on the information flows that move
data from sources to destinations as needed to implement solutions on geographically fixed and
mobile devices. They address the interface between the infrastructure’s roadside equipment (RSE)
and the vehicle’s on-board equipment (OBE). It also identifies system implementation requirements
for deployment under various communication solutions reflecting various bandwidth and media
constraints.

Each use pase-asstimes-thatthereis cast-a-single—contree g o vicle
informatipn using the basic safety message (BSM), cooperative awareness message (CAM),|or

od @
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to the generic vehicle requirements ‘in SAE J3067™:2014, 3.5.1, there are several safe

related requirements specific to public safety.vehicles. For example, while travelling to the scene of
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roadcast publicsafety vehicle information

c safety vehicle shall broadcast information about its location to other connected devices.

roadcdst emergency response indication

\fety connected vehicle needs to identify itself as an authorized public safety vehicle travell
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to or at the'scene of a service call. This identification 1s included as part of vehicle information broadcast
to connected devices (see SAE J3067™:2014, 3.5.1.1.4.6.19).

6.2 Signal pre-emption

While travelling to the location of an incident, a public safety connected vehicle needs to request
preferential treatment when approaching a signalized intersection.

The detailed requirements for a properly authorized public safety connected vehicle to request
preferential treatment at a signalized intersection are listed below. Note that the requirements support
priority requests using the operational concepts discussed in the previous section for normal or high-
power transmissions.
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6.2.1 Signal pre-empt request (normal power)

An authorized public safety vehicle shall begin transmitting SRM to an intersection using a normal
power OBE transmission when the following conditions are met.

a) The authorized vehicle is on the intersection’s approach or moving toward the intersection.

b) The vehicle has the intersection’s roadway geometric information available or has received one or
more MAP message(s) from the intersection.

c) The authorized vehicle has a need for priority services.

d)| The vehicle has received one or more SPaT message(s) from the intersection.

6.2.2 Signal pre-empt request (high power)

An|authorized public safety vehicle shall begin transmitting SRM to an intersection using a hjgh-power
OBE transmission when the following conditions are met.

a) | The vehicle is on the intersection’s approach or moving toward the intersection.

b) | The vehicle has sufficient intersection roadway geometric data avdilable to identify its approach in
the request.

c) | The authorized vehicle has a need for priority services,

6.2.3 Request signal pre-empt — Message identifier

A public safety connected vehicle shall include a<request identifier for each signal request message
trgdnsmitted to an RSE. The message (request) identifier is used to identify a sequence number within
a Jtream of messages (of the same message type) from a connected vehicle. The message|identifier
indrements by one whenever the contents-of the message has changed. This identifier is uged by the
RSE to distinguish between requests from-the same connected vehicle.

Eafh signal request message shall"also include a unique identifier for the specific requedt and use
that same identifier for all subsequent changes necessary related to that same request. For example,
if the expected arrival time were to change, then the vehicle could transmit a new arrival ftime (in a
subsequent SRM) using the same request identifier. Further, the intersection shall assume tlhe request
refnains active until the RSE receives a clear request from the same vehicle or the request “times out”
baged on a “time to live®*transmitted by the vehicle as part of the signal request message.

6.2.4 RequestSsignal pre-empt — Intersection identifier

A public safety connected vehicle shall include the unique identifier of the intersection that isfthe target
of the signal'fequest broadcast.

Eafh-intersection shall have a unique identifier which is used for all requests and navigation [functions.
- A o . . : : : rdcast by the RCU

6.2.5 Request signal pre-empt — Approach lane

A public safety connected vehicle shall include the identifier of the lane, approach, or connection to be
used to approach the intersection as part of the signal request message transmitted to an RSE. The lane
numbering is identified as part of a roadway geometrics message broadcast by the RSE at the signalized
intersection.
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6.2.6 Request signal pre-empt — Egress lane

In addition to identifying the approach lane, a public safety connected vehicle shall include the lane
number to be used to exit the intersection as part of the signal request message transmitted to an RSE.
The lane number is assigned as part of the roadway geometrics information broadcast by the RSE at
the signalized intersection. The egress lane information is needed to determine which pre-emption
strategy may be appropriate for the public safety connected vehicle.

6.2.7 Request signal pre-empt — Vehicle class

A public spfety tonmected velhlicle shratt inciude 115 velticte type and Tequest tevet as part ot the sighal
request mlessage transmitted to an RSE. Signalized intersections can use the vehicle type and nequpst
level to determine which vehicle receives priority in the event multiple conflicting requests are
received Qy the same signalized intersection. Examples of vehicle types are public safety vehicle, public
transport|vehicles, military vehicles, commercial motor vehicles carrying freight, and private vehicles.
A signal request from a higher vehicle class type may take priority over another signal-request frpm
a lower vghicle class type. In addition, within each vehicle class type, a vehicle may also be assignef a
vehicle clgss level. For example, with a public safety vehicle class type, an emergency services vehicle
may have|a higher vehicle class level than a law enforcement vehicle. A signal\request with a higher
vehicle class level will take priority over another signal request from a lower vehicle class level. The
order of precedence for the signal request priority is by signal priority vehicle class type and then class
level. How these are assigned and how the intersection traffic control equipment reacts may vary|by
jurisdictign and is not standardized here.

6.2.8 Request signal pre-empt — Time of service

A public safety connected vehicle shall include the time whenthe signal pre-empt is requested to startas
part of the signal request message transmitted to an RSE. This is the estimated time (point), in minufes
and seconjds past midnight that the connected vehiele@ €xpects to arrive at the intersection’s stoppjng
point (e.g.|stop bar). The time is assumed to be a future time and is based on the current local time.

6.2.9 Request signal pre-empt — Vehicleddentity

A connected public safety vehicle shall include its vehicle identifier as part of the signal requpst
message fransmitted to an RSE. The«vehicle identifier may be a permanent identifier assigned by the
public safety agency and used to track the service performance for that vehicle, or it may be a randpm
number tp ensure the overall anenymity of the connected device. The vehicle identifier is used|to
allow the|RSE to distinguish-requests from different connected vehicles and to distinguish differgnt
requests from the same cennected vehicle. Where the pre-empt request is for one or a sequence of
intersectipns (e.g. an arterial), then the vehicle ID shall remain constant throughout the navigation] of
the intersgection/arterialsuch that the traffic management systems can track the progress of the vehicle
and manage the coerdination between intersections where appropriate.

6.2.10 Requestsignal pre-empt — Vehicle location and speed

A public safety—conmected-vehicteshaltHnchude-itscurrenttocation, speed;and-headingaspartof the
signal request message transmitted to an RSE. This information may be used by the traffic signal
controller to determine what operational strategy it will perform (service) in the event there are more
than one conflicting request for preferential treatment from different connected vehicles.

6.2.11 Request signal pre-empt — Cancellation

A public safety connected vehicle shall transmit to an RSE a signal request message to cancel (clear)
a previously transmitted signal request. The combination of the vehicle identifier and the message
identifier for the initial signal request message are used to identify the signal request to be cancelled.
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6.2.12 Request signal pre-empt — Transaction identifier

Each signal request message shall also include a unique identifier for the specific request and use that
same identifier for all subsequent changes related to that same request. For example, if the expected
arrival time were to change, then the vehicle could transmit a new arrival time (in the SRM) using
that same request identifier. Further, the intersection shall assume the request remains active until the
RSE receives a clear request from the same vehicle or the request “times out” based on a “time to live”
transmitted by the vehicle as part of the signal request message.

6.2.13 Request signal pre-empt — Duration

Eafh signal request message shall include a “duration” value as calculated by the requestitllg vehicle.
Thle duration value shall be the time as seconds that the request may remain active after the time of
sefvice (see 6.2.8) occurs.

6.3 Public transport and commercial vehicle

In|addition to the generic vehicle requirements in SAE ]3067™:2014,-3.5.1, there are several
requirements specific to public transport vehicles (PTV) and commefrcial freight transporf vehicles.
Theese requirements include providing preferential treatment to PTVs to improve the thrqughput of
trgvellers through the transportation network.

The detailed requirements for a connected PTV or freightvehicle to exchange priority request and
stqtus information are listed below.

6.3.1 Broadcast priority requesting vehicle information

Eafh public transport or commercial vehicle shall*broadcast information about its locatiop to other
cohnected devices.

6.4 Signal priority requirements

A donnected public transport vehicle (PTV) or commercial vehicle approaching a signalized infersection
mdy wish to send a priority request to stay on schedule. For example, a public transport gonnected
vehicle with a passenger load inrevenue service and behind schedule may send a signal priorify request
to maintain its schedule.

Thr detailed requireménts for a connected PTV or commercial vehicle to transmit requests|for signal
priority at an intersection are listed below.

6.4.1 Signalpriority request

An| authorized PTV or commercial vehicle shall begin transmitting SRM to an intersectiqn using a
nofmal pewer OBE transmission when the following conditions are met.

a) |_The authorized vehicle is on the intersection’s approach or moving toward the intersectign.

b) The authorized vehicle has received one or more SPaT message(s) from the intersection.

c) The authorized vehicle has the intersection’s MAP content available or has received one or more
MAP message(s) from the intersection.

d) The authorized vehicle has a need for priority services.

6.4.2 Request signal priority — Message identifier

A connected PTV or commercial vehicle shall include a request identifier for each signal request message
transmitted to an RSE. The message (request) identifier is used to identify a sequence number within
a stream of messages (of the same message type) from the connected PTV or commercial vehicle. The

© IS0 2017 - All rights reserved 27


https://standardsiso.com/api/?name=45743bb983139bc745328a5d37610e6b

ISO/TS 19091:2017(E)

message identifier increments by one whenever the contents of the message has changed. This identifier
is used by the RSE to distinguish between requests from different connected devices and to distinguish
different requests from the same connected vehicle.

6.4.3 Request signal priority — Intersection identifier

A connected PTV or commercial vehicle shall include the unique identifier of the intersection that is the
target of the signal request message transmitted to an RSE. The intersection identifier is assigned as
part of a roadway geometric message broadcast by an RSE at or near the intersection.

6.4.4 Requestsignal priority — Approach lane

A connectled PTV or commercial vehicle shall include the lane, approach, or connection nuniber to|be
used to approach the intersection on as part of the signal request message transmitted to an-RSE. The
lane numbers and lane information are assigned by the RSE at the signalized intersectionas part of the
roadway geometrics information broadcast by the RSE.

6.4.5 Request signal priority — Egress lane

In additiop to identifying the approach lane, a connected PTV or commerecialvehicle shall include the
lane numbyer to be used to exit the intersection as part of the signal reque$t message transmitted to[an
RSE. The lane numbers and lane information may be provided by the RSE-at the signalized intersectjon
as part of|the roadway geometrics information broadcast by the RSE. The egress lane informatior is
needed tol determine which priority strategy or signal timing pattern may be the most appropriatd to
provide the requested service.

6.4.6 Request signal priority — Vehicle class

A connectled PTV or commercial vehicle shall includedts vehicle type and request level as part of the
signal request message transmitted to an RSE. Signalized intersections may use the vehicle type gnd
request lgvel to determine which vehicle receives priority in the event multiple requests are received
by the same signalized intersection. Examples of vehicle types may be public safety vehicle, pulblic
transport|vehicles, or commercial motor vehicles carrying freight.

A signal r¢quest message from a highen\vehicle class type may take priority over another signal requpst
from a lower vehicle class type. In addition, within each vehicle class type, a vehicle may also be assignjed
a vehicle flass level. For example;-in public transport vehicle class type, a bus rapid public transpprt
vehicle mpy have a higher vehicle class level than a local public transport vehicle. A signal requpst
message With a higher vehicle’ class level may take priority over another signal request from a loyer
vehicle clgss level. The erder of precedence for the signal request priority is by signal priority vehicle
class type|and then class-level. However, the operation of the local intersection is left to the local agericy.

6.4.7 Requestsignal priority — Time of service

A connected-PTV or commercial vehicle shall include the time when the signal service is requested
to start asma of- the-signalrequestmessage-transmittedtoan R —Thiststheestimatedtimepoint
representing minutes and seconds that the connected vehicle arrives at the intersection’s stopping

point (e.g. stop bar). The time is assumed to be a future time and is based on the current local time.

6.4.8 Request signal priority — Vehicle identity

A connected PTV or commercial vehicle shall include its vehicle identifier as part of the signal request
message transmitted to an RSE. The vehicle identifier may be a permanent identifier assigned by the
owning public transport agency or commercial organization and used to track the service performance
for that vehicle or it may be a random number to ensure the overall anonymity of the connected device.
The vehicle identifier is used to allow the RSE to distinguish requests from different connected vehicles
and to distinguish different requests from the same connected vehicle. Where the priority request is for
one or a sequence of intersections (e.g. an arterial), then the vehicle ID shall remain constant throughout
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the navigation of the intersection/arterial such that the traffic management systems can track the
progress of the vehicle and manage the coordination between intersections where appropriate.

6.4.9 Request signal priority — Vehicle location and speed

A connected PTV or commercial vehicle shall include its current location, speed, and heading as part of
the signal request message transmitted to an RSE. This information may be used by the traffic signal
controller to determine what operational strategy it will perform (service) in the event there are more
than one request for preferential treatment from different connected vehicles. It may also be used to
optimize the signal timing to accommodate the vehicle for an ad hoc request.

6.4.10 Request signal priority — Service information

A ¢
trg

onnected PTV shall include its public transport service status as part of the signal requeg
nsmitted to an RSE. Such status information may include the passenger load ofthe PTV, if

t message
the PTV is

Std
wh
by

pped, if the PTV vehicle door is open, and if the PTV is in the process of loadinga mobility d
eelchair) or bicycle (device that needs to be racked). The passenger load.information m4
the traffic signal controller to determine what operational strategy/toService in the e

evice (e.g.
y be used
rent there

ar¢ more than one conflicting request for preferential treatment from)different connected vehicles.
The other status information may be used to help the traffic signal-Controller to determing when to
provide preferential treatment if a public transport vehicle is stopped to load/unload befor¢ reaching
the intersection.

6.4.11 Request signal priority cancellation
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fonnected PTV or commercial vehicle shall transmit to an RSE a message to cancel a |
nsmitted signal request message. The priorityrequest ID combined with the vehicle I
ficient to cancel the request. See 6.4.2.
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6.4.12 Request signal priority — Priority request level
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onnected PTV or commercial vehigl€ shall include a priority request level as part of the sign
ssage transmitted to an RSE. The priority request level shall be configurable with 1 being |
being highest. The default request shall be set to 5.

al request
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6.4.13 Request signal priority — Transaction identifier

Eafh signal request niessage shall also include a unique identifier for the specific request anjd use that
saime identifier forcall'subsequent changes related to that same request. For example, if theg expected
arrival time were 1o change, then the vehicle could transmit a new arrival time (in the SRM) using
that same request identifier. Further, the intersection shall assume the request remains active until the
RSE receivesa clear request from the same vehicle or the request “times out” based on a “time to live”
trgnsmitted by the vehicle as part of the signal request message.

6.4.12 Request signal priority — Duration

Each signal request message shall include a “duration” value as calculated by the requesting vehicle.
The duration value shall be the time as seconds that the request may remain active after the time of
service (see 6.4.7) occurs.

6.4.15 Request signal priority — Transit schedule

When PTV transmit a signal priority request, the signal request message shall include the time
difference between the PTV’s current location and its scheduled location with a positive value indicating
that the PTV is in advance of its schedule and a negative value indicating that the PTV is behind its
schedule with the value in minutes.
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6.5 Broadcast area’s geometrics

An area’s geometric information is used to provide connected devices with information about the
roadway geometry, including intersection descriptions, speed curve outlines, and roadway segment
information. For example, roadway geometric data can be used by a connected vehicle to support
warnings to drivers for accident prevention.

The detailed requirements for providing roadway geometric information from the infrastructure to
connected devices are as follows herein. Note that this information is broadcast to all devices within
range. There is not any point to point or individual communications directed to specific vehicles implied.

6.5.1 Broadcast roadway geometrics

An RSE shall broadcast a message with information about the roadway geometrics to_connected
devices. The following sub-requirements identify the types of information needed to support the tise
cases des¢ribed herein with respect to roadway geometrics.

6.5.2 Broadcast roadway geometrics — Message identifier

An RSE shall include a message identifier as part of the roadway geometnics-information broadc3st.
The message identifier is used to identify a message within a stream of messages (of the same messjge
type) frorph the RSE. The message identifier increments by one whenevér'the contents of the message
has changed. This requirement allows a receiving connected deviceto ignore (not process) messages
from an RSE when the content has not changed. This is required to”support the concept of updatjng
the roadway geometric information related to construction activities or other permanent or transignt
(semi-statffic) situations.

6.5.3 Broadcast intersection — Identifier

An RSE shall include the unique identifier of the intersection as part of the geometric informatjon
broadcast]. This identifier is used to uniquely define an intersection within a country or region.

6.5.4 Broadcast intersection — Reference point

An RSE sHall include the geographic log¢ation (latitude, longitude, elevation) of a reference point for the
intersectipn as part of the geometric)information. This reference point will be used to determine the
offset for |other data points. The latitude and longitude are measured in units of 1 cm. The elevatjon
representf the intersection’s-geographic position above or below the reference ellipsoid (WGS-84) in
units of 1 cm.

6.5.5 Broadcast intersection — Lane/approach default width

An RSE dhall include the default lane/approach width for the intersection as part of geometric
informatipn broadcast. The default lane/approach width, measured in one centimeter units, is used such
that a lan¢/approach width does not have to be transmitted for each lane/approach at the intersectipn.

For each 1 b /annraach A an tntarcnctinn tho tntarcactiny’c dAofoult lano /annencbh uadih 1o piend 10l SsS
HReapproacataiih terSeeteh e tersecHeh s aeathtraRe Approaet-wiat s use ettt

the lane/approach width is specified or adjusted at points along the specific lane/approach.

6.5.6 Broadcast intersection — Egress lanes/approach

An RSE shall include all the vehicular lanes/approach that are leaving the intersection as part of the
geometric information broadcast. These lanes/approach, known as egress lanes/approach, allow
vehicles that have entered into the intersection to exit out of the same intersection.
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6.5.7 Broadcast intersection — Ingress lanes/approach

An RSE shall include all the vehicular lanes/approach that are approaching the intersection as part of
the geometric information broadcast. These lanes/approach, known as ingress lanes/approach, allow
vehicles to enter into an intersection.

6.5.8 Broadcast intersection — Lane/approach number

For each lane/approach at an intersection, the RSE shall include a lane/approach number as part of the
geometric information. Each lane/approach number shall be unique for that intersection.

A llnumber convention should be established for consistency of the lane numbering but is Tiot requried
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TE The specific choice for the accuracy specifiedherein is based on previous versions of the §
a dictionary standard and may be subject to change as more research is performed.

.10 Broadcast intersection — Vehiclée¢Jlane/approach manoeuvres

" each vehicular lane at an intersection, an RSE shall include the allowed (valid) manoeul
lane as part of the geometric information broadcast. The allowed manoeuvres indicate
manoeuvre(s) permitted through the intersection and the type(s) of vehicles that are 3
rform those manoeuvres. Malid manoeuvre types are as follows:

no data available;
straight;

left;

" a lane/approach at an intersection, an RSE shall include a sequence of node.locations that together
scribe the path of the lane’s/approach centre line, as part of the geometric broadcast information.
th node location (based on the WGS-84 coordinate system and its\reference ellipsoid|) shall be

location)

hodes needed to represent the path of a lane shall be selected such that the perpendiculaf distance
fween the lane centre line and the straight line connecting the)two consecutive nodes ig less than
. For example, two nodes may be sufficient to represent a-straight lane, while for a curved roadway

est to the

pmetric centre of the intersection, and is typically at the stop line of the lane, and the valjes should

AE J2735™

vres from
the types
llowed to

shared opposing turns.

Valid vehicle types are as follows:

a)
b)
‘)
d)
e)

©lI

general vehicles;

HOV;

commercial vehicles;

emergency vehicles (public safety);

bus (public transport vehicles);
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f) taxi;
g) tracked vehicle;
h) undefined.

The shared lane represents a lane, generally in the centre of the roadway, that can be used as a turn lane
for both directions of traffic to cross opposing through traffic. Shared lanes can be represented as a single
lane or multiple uni-directional lanes that overlay one another with each lane supporting left turns.

A lane may allow more than one valid manoeuvre value, for example, a lane may have straight, left,
right, and[U-turn as valid manoeuvre types.

A lane maj allow more than one valid vehicle type.

6.5.11 Broadcast intersection — Pedestrian crossing lane/approach manoeuvres

For each pedestrian lane at an intersection, an RSE shall include the allowed (valid) manoeuvres frpm
the lane a$ part of the geometric information. The allowed manoeuvres for a pedestrian lane are related
to the typle of crosswalk, bicycle-crossing, or non-motorized lane and, as a minimum, shall include|no
data available, straight, and proceed after stopping. Valid user types for tliese lanes are pedestriapns,
bicycles, dther.

6.5.12 Broadcast intersection — Special lane/approach manoeuvres

For each gpecial lane at an intersection, an RSE shall include the-allowed (valid) manoeuvres from the
lane as part of the geometric information broadcast to connected devices. The allowed manoeuvtes
indicate the allowed navigational manoeuvres through thé’intersection and any other restrictiEs.

Valid marloeuvre values for special lanes are no data available, straight, and proceed after stoppipg.
Valid traffic types for special lanes are no data available, heavy rail, commuter rail, light rail traipns,
buses, HOV. Each special lane may have more than one manoeuvre and more than one vehicle type.

6.5.13 Broadcast intersection — Version.identifier

An RSE sHall include a version identifier-aspart of the geometrics information broadcast. This versjon
identifier |is used to identify the version of the roadway geometrics currently being broadcast frpm
the RSE. A map version identifier.should be assigned whenever the roadway geometrics change. For
example, an intersection may have’an approach with two reversible lanes, which are used as egrgss
lanes in tlhe morning, and allews vehicles to enter the intersection at all other times. This intersectjon
may havela version identifier of “2” during the weekday morning peak hours and a version identifier of
“3” all othler times. If the‘intérsection geometrics were to change, for example, a new lane was added to
the approfch, it would{beassigned a new version identifier.

This reqyirement allows a receiving connected device to ignore (not process) the intersectign’s
geometrid information if the geometric information has not changed. A connected device may also hgve
the capabllity to store the intersection’s geometric information in its memory - if that connected devijice
already has that version of the geometric information stored, the device may ignore the remaindet of
the geometric information being transmitted, if the version identifier has not changed.

6.5.14 Broadcast intersection — Crossings

An RSE shall include lane information about all the crossings in the intersection as part of the geometric
information broadcast. Crossings can generally be considered bi-directional and do not have approaches
or egresses. The users of crossings are typically not vehicles but include pedestrians, bicyclists, or
railroad cars (including light rail).
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6.5.15 Broadcast intersection — Lane/approach width

For each lane/approach at an intersection, an RSE shall include its lane/approach width as part of the
geometric information broadcast. This is the lane width, in one centimeter units, at each offset value
defining the path of the lane. A non-zero value will take precedence over the default lane/approach
width for the intersection; otherwise, the default lane/approach width for the intersection (see 6.5.5)
should be used. To support regional interests, the lane can be defined as an approach or parts of an
approach.

6.5.16 Broadcast intersection — Node lane/approach width
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" a lane/approach at an intersection, an RSE shall establish its lane/approach widthjat\g
ation describing the path of the lane/approach as part of the geometric information broad

en the width of the lane/approach varies. An absolute lane width value or a delta lane w
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ue will take precedence over the default lane/approach width for the intersection (see |
 lane/approach width defined for length of the lane/approach (seel6-5.15). It is exps
he lane/approach width at each node is broadcast, a lane/approach width for the len
e/approach will not be broadcast.

.17 Broadcast intersection — Egress connection

each lane/approach entering an intersection, an RSE/ shall identify the lanes/approz
subject lane/approach connects to, called the egress lanes/approach, as part of the
prmation broadcast. The egress lane/approach information is needed to help identify
estrian/cyclist/special vehicle crossing conflicts\that affect the turning manoeuvre tim

e. Valid manoeuvre information are (nknown (or not applicable), uTurn, leftTurn,
aightAhead, and lane change.

.18 Broadcast intersection — Traffic control

RSE shall broadcast intersection geometric and manoeuvre information for intersections
signs, beacons, crossing gates, pedestrian hybrid beacon (e.g. HAWK), rectangular rapi
hcons (RRFB), or ranip signals. This requirement enables connected vehicles to navigate int

vement phase states that are consistent with the intersection’s traffic control devices and th

.19 Broadcast intersection — Traffic control by lane/approach

RSEtshall broadcast intersection geometric and manoeuvre information for each lane
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to navigate intersection lanes/approaches controlled by other types of traffic control devices. An RSE
will utilize a “psuedo-signal” to broadcast each lanes/approaches manoeuvres and the movement phase
states that are consistent with the intersection’s traffic control devices and the device’s states.

6.5.20 Broadcast road conditions

The RSE shall broadcast environmental information to connected devices regarding pavement
conditions. This information enables OBEs to calculate stopping distances based on the current
conditions in order to properly predict the stopping distance and time.
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6.5.21 Broadcast intersection — Signal group

An RSE shall broadcast the signal group identifier, the lanes/approaches associated with the signal
group, and the lanes/approaches’ allowable manoeuvres. This association enables connected devices
to associate broadcast signal phase and timing information with the lanes/approaches in which it is
travelling.

6.6 Broadcast GNSS augmentation details

Connected devices need information to improve its positional accuracy estimate. These differential
GPS corrections allow a mobile GPS recelver, such as a GPS system In a connected venicle, to achigve
a greater pbsolute positional accuracy, compensating for errors that exist in satellite positioning.\(qPS
receivers lise the differential GPS corrections to improve the accuracy of their positioning by cemparing
its position with the RSE’s location, which is known.

The detailed requirements for transmitting differential GPS corrections are as follows

6.6.1 Broadcast GNSS augmentations

An RSE shall broadcast GNSS augmentation details using one of the following GNSS augmentatjon
messages

6.6.2 Broadcast GNSS augmentation detail — NMEA

The RSE pghall broadcast Marine Electronics Association (NMEA) 0183 differential GPS correctjon
messages| NMEA 0183 is a standard that defines the interface between two different devices, generglly
marine de¢vices. NMEA 0183 includes support for a GPS~receiver to provide its real-time positjon
informatipn, such as position, velocity and time as computed by the GPS receiver.

6.6.3 Broadcast GNSS augmentation detail — RTCM

The RSE phall broadcast Radio Technical Commission for Maritime Services (RTCM) 10402.3 gnd
RTCM 10403.1 messages to connected devices. These standards support very high accuracy navigatjon
and positipning through a broadcast to mobile global navigation satellite system (GNSS) receivers, whijch
allows thg receivers to compensate ferierrors that exist in satellite positioning without augmentatipn.
RTCM 10403.1 is a later edition of RTE€M 10402.3 and more efficient.

6.7 Signalized intersection'requirements

Signal phase and timinginformation is used to provide connected vehicles with information to safely
and efficigntly pass thtough the intersection. For example, signal phase and timing information can|be
used by the connected Vehicles to determine imminent signal changes, and hence alert the driver in the
event it agpearsthat the vehicle will enter the intersection when such movements are not allowed.

[tisassu Ces
within ramn signa 3 S 3 . : se used b  to
avoid violating the permitted manoeuvres that might cause a crash or to manage its operation to more
efficiently navigate an arterial network, thus reducing fuel consumption.

ed that the signal phase and timing (SPaT) information is periodically broadcast to all devi

6.7.1 Broadcast signal phase and timing information

An RSE shall broadcast a message with signal phase and timing information. Signal phase and
timing information may be used to provide connected devices with the current status of a signalized
intersection. Together with the intersection geometric information, connected vehicles can determine
what manoeuvres are currently permitted by lane/approach,and when their permitted manoeuvre
may end.
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6.7.2 Broadcast signal phase and timing — Message identifier

An RSE shall include a message identifier as part of the signal phase and timing message broadcast. A
change in the message identifier indicates a change in the message content. This requirement allows a
connected device to ignore (not process) messages from an RSE when the content has not changed.

6.7.3 Broadcast signal phase and timing — Intersection identifier

An RSE shall include the unique identifier for the intersection as part of the signal phase and timing
message broadcast. The intersection identifier is provided as part of a roadway geometric message
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e that it is assumed that the vehicle will use information about its current p@sitio
resection geometrics (MAP message) to determine its relative position with respect to
rsection stop lines, etc. and the SPaT information to determine the manoeuvres, permitts
e at which such manoeuvres will no longer be allowed in order to improve the-efficiency
ts navigation through the roadway network.

.4 Broadcast signal phase and timing — Intersection status

RSE shall include the operational status of the intersection’s traffic signal controller as j
nal phase and timing message broadcast. Valid operational status includes operating nor
ed time, traffic dependent as in actuated or semi-actuated;-standby), intersection is in cor
de, pre-empt is active, priority is active, manual control4s enabled, and stop time is activat

n and the
the lanes,
bd and the
ind safety

art of the
mally (i.e.
flict flash
ed and all

colinting/timing has stopped.

4

6.7.5 Broadcast signal phase and timing — Timestamp
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An| RSE shall include a timestamp as part ofsthe signal phase and timing message broag
timestamp indicates when the message was“generated. This time, indication allows dete
cofrection of different rates and offsets between the clocks and latency of message transmiss
6.7.6 Broadcast manoeuvre — Signal group
bup at the

P message
y the RSE

For each active manoeuvre at a.signalized intersection, an RSE shall include the signal gr
intlersection for which this manoeuvre is permitted as part of the signal phase and timin
brpadcast. The signal group/is assigned as part of a roadway geometrics message broadcast |
at the signalized interséction for each lane and its manoeuvres.
6.7.7 Broadcastimanoeuvre — Manoeuvre state

Fo
ing

- each active manoeuvre at a signalized intersection, an RSE shall indicate the state and signal

ications.pertaining to that manoeuvre.

6.7.8- "‘Broadcast manoeuvre — Vehicular state

For each vehicular manoeuvre at a signalized intersection, an RSE shall include the current movement’s
state pertaining to that manoeuvre as part of the signal phase and timing message broadcast. The valid
movement phase states are unavailable, stop then proceed, stop and remain, permissive movement
allowed, protected movement allowed, permissive clearance, protected clearance, and caution
conflicting traffic.

6.7.9 Broadcast manoeuvre — Pedestrian state

For each pedestrian manoeuvre at a signalized intersection, an RSE shall include the movement state
of the manoeuvre as part of the signal phase and timing message broadcast. The valid states for
pedestrian movements are unavailable, stop then proceed, stop and remain (i.e. don’t walk), permissive
movement allowed (i.e. walk), protected movement allowed (i.e. exclusive walk), permissive clearance
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(i.e. flashing don’t walk), protected clearance (i.e. exclusive flashing don’t walk), and caution conflicting
traffic.

6.7.10 Broadcast manoeuvre — Special state

For each manoeuvre for specialized vehicles at a signalized intersection, an RSE shall include the
movement state of that manoeuvre as part of the signal phase and timing message broadcast. Special
signal states are needed for traffic in non-vehicular (special) lanes, such as fixed guideways for trains.
The allowable states for the special movement states are unknown, the special lane/approach is empty
(no traveller) or not in use (closed), the special lane/approach is about to be occupied, the special
lane/apprpach is occupied, and the special lane/approach is about to be empty.

NOTE This information is intended to notify the vehicles in the area about the condition of the specidl lane(s)/
approach(gs) and is not intended to provide instructions to the vehicles that use the special lane/approach.

6.7.11 Btoadcast manoeuvre — Time of change — Minimum

For each nanoeuvre at a signalized intersection, an RSE shall include the earliest time point when the
manoeuvie state is predicted to change as part of the signal phase and timing message broadcast. Thif is
the earlie$t time that the manoeuvre’s signal indication will change. For example, with this informatipn,
connected devices can calculate if it has sufficient time to safely pass through the intersection befpre
the manog¢uvre state changes.

For actuated traffic signal controllers, since the actuation on a side‘street can occur at any time, this
earliest time will be equal to the time that the minimum green ot\pedestrian times have been satisfiged,
whichever is later. The same earliest time value will continue«to’be transmitted by the RSE even affter
the minimpum green and pedestrian time have been satisfigd. Note that the earliest time is subject to
and could be overridden by pedestrian manoeuvre acttiations depending on the local intersectjon
control algorithms. It is essential that the traffic controller always indicates the soonest the movement
can termihate such that any vehicle approaching thestop line can make an appropriate descision.

For traffiq signal controllers operating fixed timeywhere the time of change is known, the earliest time
of change|will be equal to the latest time of change (see requirement in 6.7.12).

6.7.12 Broadcast manoeuvre — Time of change — Maximum

For each manoeuvre at a signalized’intersection, an RSE shall include the latest time for when the
manoeuvie state is predicted to~cliange as part of the signal phase and timing message broadcast. This
is the lategt time that the maneguvre’s signal indication will change. For example, with this informatipn,
connected vehicles can calculate if it has sufficient time to safely pass through the intersection befpre
the manog¢uvre state changes.

For actuafed traffic-signal controllers, since the actuation on a side street can occur at any time, this
latest timg will beequal to the time that the manoeuvre state will reach the maximum allowable green
or pedestriancddration, whichever is later. Once this time is reached, the manoeuvre state will chanF{e.

Note that tlie|latest time is subject to and could be overridden by pedestrian actuations and signal pye-
emption orpriority activity:

For traffic signal controllers operating fixed time, where the time of change is known, the latest time of
change will be equal to the earliest time of change (see requirement in 6.7.11).

6.7.13 Broadcast manoeuvre — Succeeding signal indications

For each manoeuvre at a signalized intersection, an RSE shall include the next expected movement
states pertaining to that manoeuvre (the succeeding manoeuvre) as part of the signal phase and timing
message broadcast. The movement states after an allowed vehicle manoeuvre is usually a clearance
state, such as a yellow or red state. Local regulations determine permitted actions during clearance
conditions. Typically, vehicles are allowed to enter during the “yellow” clearance state but not on a “red”
state and typically, an intersection may include a red clearance time before the conflicting manoeuvres
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are permitted (receive a “green”). Valid movement states for vehicle and pedestrian manoeuvres are
identical to those required in 6.7.8 and 6.7.9.

The SPaT message shall indicate the currently permitted movement(s) for the subjectlane(s)/approaches
and the time points when each movement will terminate (assumed with a clearance interval).

For each manoeuvre which is not currently permitted, the SPaT message shall indicate the time point
when the manoeuvre will next be permitted.

Rationale: the former is to support the intersection violation warning and the latter is to support the
ECO driving applications. This is based on the following premise. The OBE will take steps to either notify
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driver or other automated means to keep the vehicle from entering the intersection (i
p line for the movement for the lane).

- example, if the current movement state for a vehicle manoeuvre is a proceed\(protect
tected left turn, the next expected movement state for the manoeuvre may be aptroceed (p
] a left turn clearance. This indicates to connected vehicles continuing/straight th
ersection that the next clearance state does not apply to them, while connected vehicles
make a left turn at the intersection are now aware when a clear or stop.left turn signal in
pected so the vehicle should approach the intersection with caution.

.14 Broadcast manoeuvre — Succeeding signal indication time of change

- each manoeuvre at a signalized intersection, an RSE shall include the time point for
ceeding manoeuvre state is predicted to change as part of the SPaT message broac
rceeding manoeuvre state is generally a clearance state, such as a yellow indication. Thus
nerally defines the time the clearance state will end, With this information, travellers with
ices can calculate if it has sufficient time to cléar an intersection before the clearance n
te changes.

.15 Broadcast manoeuvre pending manoeuvre start time

RSE shall transmit the start time for each pending (i.e. currently stopped) manoeuvre ata
ersection. The time shall be broadeast as a time point and is subject to change based on
uations, priority treatment, pre-emption, vehicle actuations for opposing manoeuvres, an
nal timing algorithms. Intersections running a pretimed timing pattern can provide the ¢
bject to priority and pre-emption actions.

.16 Broadcast manoeuvre — Pedestrian detect

part of the_signal phase and timing message broadcast, for each manoeuvre at a
ersection, an{RSE shall indicate if one or more pedestrians have been detected in the
ssing. Valid types are pedestrians detected (one or more) or no pedestrians dete
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6.7.17

Broadcast manoeuvre — Pedestrian call

As part of the signal phase and timing message broadcast to connected devices, for each manoeuvre
at a signalized intersection, an RSE shall transmit an indication if a pedestrian call (request) has
been detected in the pedestrian crossing. Valid types are no call detected, pedestrian call detected,
and unavailable. This requirement can be used to warn turning vehicles at an intersection, e.g. public
transport vehicles, that a pedestrian may be present in the pedestrian crosswalk. Note that the
presence of a pedestrian call is only valid if the “walk” signal is not being displayed. The presence of a
“call” indicates that a pedestrian has requested pedestrian service that has not or is not being serviced
by a “walk” signal.
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6.7.18 Broadcast manoeuvre — Optimal speed information

An RSE shall transmit information about the optimal speed for vehicles on each lane.

6.7.19 Broadcast manoeuvre — Signal progression information

An RSE shall transmit information about the signal timing progression speed along the roadway. This
speed may be the signal progression’s “green wave” speed or speed associated with another progression
algorithm.

6.7.20 Broadcast manoeuvre — Egress lane queue

An RSE sHall transmit the length of the queue on each egress lane. The queue length shall be limited to
the rangelfrom 0 to the length of the egress lane’s roadway segment.

This inforymation is useful where there are regulations regarding blocking the intensection (“do pot
block the pox”) due to down stream queue lengths.

6.7.21 Broadcast manoeuvre — Egress lane storage availability

An RSE shall transmit the length of available vehicular storage on each ‘egress lane. The availaple
storage length shall be limited to the range from 0 to the lower of the length of the egress lane’s roadway
segment dr 500 m.

6.7.22 Broadcast manoeuvre — Wait indication

An RSE shiall determine whether there is available storage on@n egress lane. When the available storgge
length is greater or equal to than the length of a vehicle at'the stop line, the RSE shall indicate that the
vehicle can proceed into the intersection. Otherwise,cthe RSE shall indicate that vehicles shall wait at
the stop liEe and not proceed into the intersection.

6.8 Brdgadcast cross traffic sensor information

An RSE small broadcast a message with. cross traffic sensor information to connected devices. Crpss
traffic semsor information is used te.provide connected devices with the current (see 6.18) stafus
of vehiclep (position, speed, and direction) that have the potential for a collision in a non-signalized
intersectipn. Together with the intérsection geometric information, connected vehicles can determjne
when theilr intended manoeuvres may conflict with other vehicles approaching or in the intersection.

6.9 Brdgadcast vulnerable road user sensor information

An RSE sHall broadeast a message with vulnerable road user sensor information to connected devides.
Vulnerablp road-—user sensor information consists of potential presence (for signalized and ngn-
signalized intesections). Together with the intersection geometric information, connected vehidles
can deterpnine 'when their intended manoeuvres may be in conflict with other non-vehicle users of the
intersectiom:

6.10 Broadcast dilemma zone violation warning

An RSE shall broadcast a message that indicates that a vehicle is violating the intersection by entering
after the termination of the clearance indication.

6.11 Broadcast signal preferential treatment status

Preferential treatment at signalized intersections, generally in the form of signal pre-emption for
emergency vehicles and signal priority for public transport vehicles, provides improved safety
and operational efficiencies at the intersection. After a connected vehicle approaching a signalized
intersection transmits a signal pre-emption request or a signal priority request, it is helpful for the
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connected vehicle to determine if their preferential treatment request is currently being serviced by
the signal controller.

Note that the repetition rate for the transmission of the SSM is unclear, but it is assumed that the
RSE will broadcast the SSM information periodically as long as the signal is attempting to adjust its
operation to accommodate the request.

The detailed requirements for an RSE broadcast signal status message to connected devices are
listed below.
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If d request for signal preferential treatment is received, an RSE shall broadcast a signalstatuls message
(S§M) indicating what preferential treatment, if any, a signal controller is processing.

6.11.2 Broadcast preferential treatment — Message identifier

If § request for signal preferential treatment is active, an RSE shall include a message identifier for
eath signal status message broadcast to connected devices. The message\identifier is used to|identify a
sequence number within a stream of messages from the RSE. The message identifier incremepts by one
whenever the contents of the signal status message has changed. ThisTequirement allows a fonnected
deyice receiving the signal status message to ignore (not process).the message from the RSH when the
contents has not changed.

6.11.3 Broadcast preferential treatment — Intersection identifier

If 3 request for signal preferential treatment is received, RSE shall include the unique identifier of the
inersection for which the signal status is broadcast to connected devices. The intersection| identifier
is the same identifier included in the roadwaygeometrics message broadcast by an RSE neaf or at the
signalized intersection.

6.11.4 Broadcast preferential treatment — Intersection status

An| RSE shall include the operational status of the traffic signal controller as part of the signal status
mgssage broadcast to connected devices. Valid operational status includes intersection is nprmal (i.e.
fixpd time, traffic dependenf as in actuated or semi-actuated, standby), conflict mode (contyoller is in
conflict flash state), pre-empt active (pre-empt is active), priority active (priority is active)| stoptime
(stpp time is activated(and all counting/timing has stopped), and manual control (manual|control is
engbled).

6.11.5 Broadcast preferential treatment — Prioritization request status

An[RSE shall/include the status of pre-empt and priority requests as part of the signal status message
brpadcast:to connected devices. The prioritization request status provides informatign on the

inflrastructure’s processing of the request. The states are defined as unknown, requested, processing,
ar | rei | hE ] ffi ] . . lod r

6.11.6 Broadcast preferential treatment — Vehicle source

An RSE shall include the identifier of the vehicle that is the source of the signal request currently being
serviced by the signal controller as part of the signal status message broadcast to connected devices.

This is the mechanism by which the requesting vehicle can determine that its request is being serviced;
likewise, other vehicles requesting service will know that they are not being serviced.
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6.11.7 Broadcast preferential treatment — Transaction identifier

An RSE shall include the transaction identifier (see 6.2.12 and 6.4.13) of the preferential treatment
request as part of the signal status message broadcast to connected devices.

6.12 Message identifier

A connected vehicle shall change the message identifier transmitted to another connected device when
its device identifier (see SAE J3067™:2014, 3.6.1.2) has changed. This is done to protect the overall
anonymity of the connected vehicle.

Where a priority/pre-emption request is made for one or a sequence of intersections (e.g. an arterial),
then the yehicle ID shall remain constant throughout the navigation of the intersection/artefial sych
that the tifaffic management systems can track the progress of the vehicle and manage the coordinatjon
between intersections where appropriate.

6.13 System performance requirements

The following requirements address implementation needs within the yarious communicatigns
environmpents that will support these applications. They are based on theygeneral requirement| to
minimize [the bandwidth required for the transmission of the data content: These requirements are pot
inherent ih the use cases and hence are included separately.

6.13.1 Broadcast intersection — Computed lane/approach

For a lan¢/approach at an intersection, an RSE shall includean offset value from another defirjed
lane/apprpach at the intersection, to indicate its path relativeto the referenced lane/approach as parf of
the geomgtric information broadcast. The offset value indicates the distance, in centimeters, and angle
between the centerline of the referenced lane/approach and the centerline of the subject (comput¢d)
lane/apprpach. This offset value also includes the lane number of the referenced (referenc¢d)
lane/apprpach. This requirement reduces the bandwidth needed to define similar lanes/approacheg at
an intersgction. Instead of transmitting a newtsequence of offset values for each lane, only an offset
value and|lane/approach number information of a referenced lane/approach is transmitted.

6.14 Transmission rates — Signalpreferential treatment

The detafled transmission rate ‘requirements for an authorized connected vehicle to transmif a
preferentfal treatment request:to an RSE are as follows.

6.14.1 Maximum tranSmission rate — Request signal preferential treatment

An authorized comnnected vehicle shall transmit requests to an RSE for preferential treatment aft a
signalized intersection no more than once every 500 ms.

6.14.2 Maximum response time — Request signal preferential treatment

An RSE shall process all signal preferential treatment requests from authorized connected vehicles
within the maximum response time. The response time is measured as the time between the receiving
of the last byte of the request and the transmission of the first byte of the response. If the specification
does not indicate the response time, the default maximum response time shall be 2 s.

6.14.3 Minimum transmission rate — Signal status message

The RSE shall broadcast the signal status message in response to a signal request message at a minimum
of once every 500 ms.
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6.14.4 Minimum transmission period — Signal status message

The RSE shall broadcast the signal status message from the maximum response time-request signal
preferential treatment until the authorized connected vehicle clears the intersection.

6.15 Transmission rate requirements — Broadcast roadway geometrics information

RSE(s) broadcasting roadway geometrics information has different transmission requirements than a
generic RSE because of its safety aspects. For example, connected vehicles approaching or within an
intersection needs to be aware of the roadway geometrics. Wireless communications are not 100 %
relfable, Thus 1f a vehicle only has the oppOrtunity to recelive one transmission, there 1s g feasonable
potential it will miss it. Thus, for RSEs broadcasting roadway geometric information, whi¢h may be
considered safety critical, the transmission rates should be different to increase the opportunities for a
coxnected device to receive the messages.

6.15.1 Minimum transmission rate — Broadcast roadway geometrics information

An|RSE shall broadcast roadway geometrics information to connected devices no less than orce per 2 s.

6.15.2 Maximum transmission rate — Broadcast roadway geometrics information

An| RSE shall broadcast roadway geometrics information to/cotthected devices no more than once
per 500 ms.

6.15.3 Default transmission rate — Broadcast roadway geometrics information

If the specification does not indicate a default transmission rate, the suggested default transmission rate
forjan RSE to broadcast roadway geometrics inforimation to a connected device shall be once per second.

6.16 Transmission rate requirements,— GNSS augmentations detail broadcasts

The detailed transmission rate requivements for an RSE to broadcast GNSS augmentatipn details
information to connected vehicles arg'as follows.

6.16.1 Minimum transmission rate — GNSS augmentation details broadcasts

An[RSE shall broadcastthe GNSS augmentation details message to connected devices at leasft once per
se¢ond (1 Hz) for the GNSS augmentation messages. Broadcasting GNSS augmentation detaillmessages
any slower than onee per second has a significant effect on the integrity of the GNSS augmentation
information.

6.16.2 Default transmission rate — GNSS augmentation details broadcasts

If thesspecification does not indicate a default transmission rate, an RSE shall broadcast|the GNSS
aughentation details message to connected devices at a constant 1 Hz for the GNSS augmentation
messages and at least once every 15 s for other auxiliary messages.

6.17 Transmission rate requirements — Broadcast signal phase and timing information

Broadcasting signal phase and timing information has different requirements because of its safety
aspects. Connected vehicles approaching a signalized intersection needs to be aware of the signal timing
information. Wireless communications are not 100 % reliable, thus if a vehicle only has the opportunity
to receive one transmission, there is a reasonable potential it will miss it. Thus, for RSE(s) broadcasting
signal phase and timing information, which may be considered safety critical, the transmission rates
should be different to increase the opportunities for a connected vehicle to receive the messages.
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6.17.1 Minimum transmission rate — Broadcast signal phase and timing information

An RSE shall broadcast signal phase and timing information to connected vehicles no less than once
every 2 s.

6.17.2 Maximum transmission rate — Broadcast signal phase and timing information

An RSE shall broadcast signal phase and timing information to connected vehicles no more than once
every 100 ms.

6.17.3 Dpfault transmission rate — Broadcast signal phase and timing information

If the spegification does not indicate a default transmission rate, the default transmission rate)for(an
RSE to br¢adcast signal phase and timing information to a connected vehicle shall be once per.150 ns.

6.18 Transmission rate requirements — Broadcast cross traffic sensor information

Broadcastjing cross traffic sensor information has different requirements because of its safety aspedgts.
Connected vehicles approaching a non-signalized intersection needs to be awgare of the presence of
vehicles that maybe approaching the intersection in a conflicting angle.“Wireless communicatigns
are not 100 % reliable, thus if a vehicle only has the opportunity to receive one transmission, there
is a reasohable potential it will miss it. Thus, for RSEs broadcasting«ross traffic sensor informatipn,
which may be considered safety critical, the transmission rates should be different to increase the
opportunities for a connected vehicle to receive the messages.

6.18.1 Minimum transmission rate — Broadcast cross traffic sensor information

An RSE shpll broadcast cross traffic sensor information te.connected vehicles no less than once every P s.

6.18.2 Maximum transmission rate — Broadcast cross traffic sensor information

An RSE shall broadcast cross traffic sensexr information to connected vehicles no more than once
every 100l ms.

6.18.3 Dpfault transmission rate,~Broadcast cross traffic sensor information

If the spetification does not indicate a default transmission rate, the default transmission rate for{an
RSE to brgadcast cross trafficsensor information to a connected vehicle shall be once per 150 ms (TBR).

6.19 Transmission rate requirements — Broadcast vulnerable road user sensor
information

Broadcasting vulaerable road user sensor information has different requirements because of its safety
aspects. Jonnected vehicles approaching an intersection (signalized and non-signalized) needs to|be
aware of th&presence of vulnerable road users that may be in a crossing. Wireless communicatigns
are not 100 % reliable, thus if a vehicle only has the opportunity to receive one transmission, there
is a reasonable potential it will miss it. Thus, for RSE(s) broadcasting vulnerable road user sensor
information, which may be considered safety critical, the transmission rates should be different to
increase the opportunities for a connected vehicle to receive the messages.

6.19.1 Transmission rate — Broadcast vulnerable road user sensor information

An RSE shall broadcast vulnerable road user sensor information to connected vehicles no less than once
every 2 s.
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6.19.2 Maximum transmission rate — Broadcast vulnerable road user sensor information

An RSE shall broadcast vulnerable road user sensor information to connected vehicles no more than
once every 100 ms.

6.19.3 Default transmission rate — Broadcast vulnerable road user sensor information

If the specification does not indicate a default transmission rate, the default transmission rate for an RSE
to broadcast vulnerable road user sensor information to a connected vehicle shall be once per 150 ms.
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Thlis document specifies the data dictionary to be used internationally for the deploym
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owing messages:
map data (MAP);
signal phase and timing (SPaT);
signal request message (SRM);
signal status message (SSM).

e structure of these messages is defined by selection offan annex and the message req
rein. The annexes with message structure requirements‘are as follows:

Annex E Profile A for J2735™;
Annex F Profile B for J2735™;

Annex G Profile C for J2735™.

Conformance
implementation is conformant with this document when all of the following conditions ar

The implementation’s@ata content shall satisfy the mandatory and selected optional req
as identified in therequirements traceability matrix (see Annex C) or as defined in th
annexes.

To conferm to a requirement in this document, a system or device interface shall imp
data.elements traced from that requirement (and in the order specified in this documg
conSistent with a requirement, a system or device interface shall be able to fulfil the re
using only messages, data frames, and data elements that a conforming system or device

The implementation’s message structure satisfies the requirements of the selected anney.
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Annex A
(informative)

Use cases

Table A.1 — Identified use cases

ID Title
PR1 A.2 — PR1: Localized public transport signal priority (TSP)
PR1-a A.3 — PR1-a: Localized public transport signal priority — Near side stop
PR2 A.4 — PR2: Public transport signal priority along an arterial (group of intersections)
PR3 A.5 — PR3: Localized freight signal priority
PR3-a A.6 — PR3-a: Localized freight signal priority with a platoon
PR3-b A.7 — PR3-b: Arterial freight signal priority for a platoon
PR4 A.8 — PR4: Emergency vehicle single or multiple vehicles (normal’power PSOBE)
PR5 A.9 — PR5: Emergency vehicle single or multiple vehicles (high-power PSOBE)
PR6 A.10 — PR6: Mixed emergency vehicle and other priority eligible vehicles
SA1 A.11 — SA1: Dilemma zone protection
SA2 A.12 — SA2: Red light violation warning
SA3 A.13 — SA3: Stop sign violation warning
SA4 A.14 — SA4: Turning assistant — Oncoming traffic
SAS5 A.15 — SA5: Turning assistant — Vulnerable road user avoidance
SA6 A.16 — SA6: Non-signalized crossing traffic warning
SA7 A.17 — SA7: Crossing vulnerable r6ad user advisory (non-signalized)
MS1 A.18 — MS1: Basic local traffic'signal actuation
MS2 A.19 — MS2: Platoon detectien for coordinated signals
MS3 A.20 — MS3: Congested\intersection adjustment
MS4 A.21 — MS4: Traffiesignal optimal speed advisory
MS5 A.22 — MS5: Sighalized corridor eco-driving speed guidance
MS6 A.23 — MSe+ldling stop support
MS7 A.24 — MS7: Start delay prevention
MS8 (Deleted) Travel lane advice
MS9 A25.— MS9: Inductive charging at signals
MS10 A.26 — MS10: Don’t block the box
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Table A.2 — PR1: Localized public transport signal priority (TSP)

Use case name

Basic TSP scenario — Single public transport vehicle at one signalized intersection

Category Mobility
Infrastructure Data receiver, traffic signal control, data transmitter
role
Short This use case describes the basic priority control for connected public transport vehicles.
description
Goal Improved public transport efficiency and reliability
Camstraimts Useof DSRCOT otier Med T that Wit meet the performance requirements to7) this use
case (the RSE and OBE include radio devices that operate in the medium used)
Alternate: wide area broadband communications is available for the publie'trahsport
vehicle to indicate its TSP request via an alternate media than DSRC through back office
processing centre (BOPC). (Data flow #5 supports that situation)
Ggographic Localized to a specific intersection
scppe
Adtors Public transport vehicle equipped with on-board equipment (OBE)
Roadside equipment (RSE) and traffic signal controlter(TSC)
Alternate: traffic management central system (BORC)
Illustration
L0 1]
Maz:ga:i;:ent Lie i
Central -<i>— '(E:]on-trollert
e quipmen g
E DSRC - h‘
H Roadside —‘ﬂ Transit Vehicle
E Equipment | .=’ =
teememacacann Gy s
Preconditions 1) The transportation agency(ies) has established a policy for priority control (called
N-level priority) and the fleet management (public transport) system is prepared to
provide priority service for vehicles on routes.
2) The traffic signal controller is programmed with a variety of priority control
schemes, such as early green, green extension, phase rotation, phase skipping, etc. The
traffic signal controller has an intelligent algorithm for providing priority signal timing
for priority requests.
Main flow Vehicle to TSC — Direct

1) The use case begins when an equipped public transport vehicle enters the radio
range of an RSE (note that if another medium is used, the same assumption applies).

2) The OBE (public transport vehicle) receives MAP and SPaT messages from the RSE.
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Table A.2 (continued)

3) The OBE sends basic safety messages (BSM) or cooperative awareness message (CAM).

4) The OBE determines the eligibility for priority and sends a signal request message
(SRM) if needed. The scenario requested may include a straight through manoeuvre, a
right or left turn (permissive or protected), or a queue jump.

5) The RSE receives and monitors the vehicle position using the BSM/CAM.
6) The RSE receives the SRM from the OBE.

7) The RSE manages and prioritizes requests (SRM) from multiple public transport
vehicles on the same or conflicting manoeuvres with the consideration of the prevaili

oQ

traffic conditions and the requested level of priority (as determined by the vehicle and
the established policy).

8) The RSE determines the best signal timing plan to accommodate the active'priority
request and executes plan (if it can be accommodated).

NOTE Depending on the current timing, time in cycle, and phase sequenge) it is more
likely that the TSC will need to evaluate all priority requests received te determine hoy
to best service the approaching vehicles. This will depend on such,information as the
vehicle location, speed, projected arrival time, current traffic queues, etc.

9) The RSE broadcasts the signal status message (SSM) to any-eonnected vehicle (CV)
approaching the intersection.

10) The OBE receives the SSM and determines if and when the request will become
active at the intersection.

11) The OBE determines that the public transpottvehicle has cleared the intersection
and sends a new SRM to cancel the priority requiest. (Alternative 11a: The RSE deter-
mines that the time to live for the request has\expired and terminates the priority acti¢n.
Alternative 11b: The RSE determines that-the vehicle has cleared the intersection based
on receipt of the BSM/CAM and terminates the priority action.)

12) The RSE receives the cancel SRM (or timeout) and terminates the priority action.

13) The RSE initiates the configured recovery procedures to normal signal timing
operation.

14) The case ends.

Alternate
flow(s)

1) (7) The public transpért vehicle changes speed and the RSE updates its priority tinj-
ing based on traveli¢ime estimates.

2) (8) The publictransport vehicle will not arrive during green max window and vehi
cle has to stop at Ted signal.

3) (insertbetween steps 12 to 13) The RSE updates the public transport vehicle served
performance measures.

Vehitle-to Intersection — Indirect through BOPC

4) OBE monitors its vehicle position using an on-board map and location algorithms.
Hence, the vehicle determines which intersection(s) it is approaching and the likely tin
of arrival. Precondition: the vehicle should have on-board map information sufficient t
make priority requests at the appropriate time.

5) The OBE transmits its SRM to the BOPC via a non-DSRC media such that the traffic

o

COTtI Ol TTATTAgEENt SYStEIS are aware of the tocation and impending need for TSP
treatment.

6) The BOPC alerts the TSC of the approaching vehicle with the need for TSP treatment
and the likely time of arrival along with the current location of the vehicle, adjusting for
traffic conditions.

7) The TSC prepares to adjust its signal operation based on the approaching vehicle and
alerts the BOPC of its operation.

8) Once the OBE begins to “hear” the SPaT message from the intersection, it updates its
SRM to the RSE and the scenario described above continues.
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Table A.2 (continued)

Post-conditions

The TSC initiates recovery operations to restore normal timing operation, which might
include appropriate coordination. Some recovery may include split time compensation to
clear queues which might have formed on the phases that were adversely affected by the
priority request.

Information SPaT
requirements Current manoeuvre(s) permitted, remaining time for manoeuvre, yellow clearance time,
red clearance time, next manoeuvre to be serviced, queue length or end of queue infor-
mation, and Pedestrian warning
MAP
Intersection geometry (MAP base), permitted manoeuvres, and changeste MAP other
than base
BSM/CAM
Vehicle ID (for tracking), vehicle location, vehicle heading, vehjcléspeed, vehicle type
SRM
Vehicle type, priority request scenario, vehicle priority,time to arrive, cancel request,
(time to apply) (Optional: entry lane, exit lane)
SSM
Priority scenario being serviced, vehicle ID(s)being serviced, time to reach degired dis-
play, vehicle type being serviced, entry lane(approach roadway), exit lane (exif roadway)
Issues 1) This use case assumes that the scenarios needed for the public transport vehicle are

pre-determined and loaded into TSC«

2) Italso presumes that the publictransport vehicle knows which of the scengrios that
the controller can support should be invoked to meet its specific needs although these
might be included in the SSM.Note that this also assumes that the vehicle knows its
route and hence knows what’éxit lane (or manoeuvre) to request.

3) Itis also possible forthe public transport vehicle to identify its entry lane (BSM/CAM
locates the vehicle).andthen the vehicle identifies its exit lane based on the MAP infor-
mation. In this casé, the TSC will be reviewing all timing requests and priority requests
and selecting theoptimal sequence of phases and signal timing to meet the priprity
requests.

4) The recovery rate, re-service time, and techniques to be used are configurdd at the
intersection and shall be part of the algorithm and configuration data exchanged with
the-BOPC.

Sdurce docs/
references

MMITSS, CEN, USDOT J2735™ SE Candidate

Table A.3 — PR1-a: Localized public transport signal priority — Near side stop

Udelcase name

Basic TSP scenario — Single public transport vehicle at one signalized intersedtion for

=1 -
T4l ST Stop

Category Mobility

Infrastructure Data receiver, traffic signal control, data transmitter

role

Short description |This use case describes the basic priority control for connected public transport vehicles
for near side stops

Goal Improved public transport efficiency and reliability
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Table A.3 (continued)

Constraints

Use of DSRC or other medium that will meet the performance requirements for this use
case (the RSE and OBE include radio devices that operate in the medium used)

Alternate: wide area broadband communications is available for the public transport
vehicle to indicate its TSP request via an alternate media than DSRC through back office
processing centre (BOPC). (Data flow #5 supports that situation)

Geographic scope

Localized to a specific intersection

Actors

Public transport vehicle equipped with on-board equipment (OBE)

Roadcida aquinioant (DCEY o d b 0o cigpnal oot o]lae f’T‘CI‘\

oo TO - C ot P C T (IO ot cr ot r 1o ST COTIer OTIcT =

Alternate: traffic management central system (BOPC)

IMlustratipn

Traffic Traffic
Management_<i>_ Controller

Central .
e Equipment

Near Side
Bus Stop

< Transit Vehicle
------ =3

B
£
a@
L!—h o

-
--‘
--"
-
-
-

Precondif

ions

1) The transportation agency(ies) has established a policy for priority control (called
N-level priority) and the fleet management (public transport) system is prepared to
provide priority service for vehicles on routes.

2)~ THhe traffic signal controller is programmed with a variety of priority control
schemes, such as early green, green extension, phase rotation, phase skipping, etc. The
traffic signal controller has an intelligent algorithm for providing priority signal timin
for priority requests.

g

Main flow

Vehicle to TSC — Direct

1) The use case begins when an equipped public transport vehicle enters the radio

range of an RSE (note that if another medium is used, the same assumption applies).

2) The OBE receives MAP and SPaT messages from the RSE.

3) The OBE sends basic safety messages (BSM) or cooperative awareness message (CAM).
4) The RSE receives and monitors the vehicle position using the BSM/CAM.

5) The OBE determines the eligibility for priority and sends a signal request message
(SRM) if needed. The scenario requested may include a straight through manoeuvre, a
right or left turn (permissive or protected), or a queue jump.

6) The RSE receives SRM.
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Table A.3 (continued)

7) The RSE manages and prioritizes requests (SRM) from multiple public transport
vehicles on the same or conflicting manoeuvres with the consideration of the prevailing
traffic conditions and the requested level of priority (as determined by the vehicle and
the established policy).

8) The RSE determines the best signal timing plan to accommodate the active priority.

NOTE Depending on the current timing, time in cycle, and phase sequence, it is more
likely that the TSC will need to evaluate all priority requests received to determine how
to best service the approaching vehicles. This will depend on such information as the

vahiclalaocation cnaad nraotactadarrivaltima currant traffic avaniac atc
vertererocatiohSpeeasprojecteaarrartHnRe et rentttatHe-quedes,ete:

9) The RSE broadcasts an updated signal status message (SSM) to any connecfted vehi-
cle (CV) approaching the intersection.

10) The OBE receives the SSM and determines if and when the request will befome
active at the intersection.

11) The OBE determines that the public transport vehicle hasyeither cleared the inter-
section or has stopped at the near side stop and sends a new-SRM to cancel the|priority
request. (Alternative 11a: the RSE determines that the time to live for the requgst has
expired and terminates the priority action. Alternative hib: The RSE determings that the
vehicle has cleared the intersection based on receipt/of the BSM/CAM and ternjinates
the priority action.)

12) The RSE receives the cancel SRM (or timeout).

13) The RSE initiates the configured recovery procedures to normal signal titpning
operation.

14) The case ends.

15) The bus will start the sequencéover from the near side stop when ready tp depart if
the signal does not allow it to depart. Otherwise, no further action is required.|Note that
recovery does not complete before accepting the queue jump request.

Alternate
flow(s)

1) (7) The public transpentvehicle changes speed and the RSE updates its prigrity tim-
ing based on travel timé estimates.

2) (8) The public transport vehicle will not arrive during green max window gnd vehi-
cle has to stop at'red signal.

3) (insert between steps 12 to 13) The RSE updates the public transport vehidle served
performancé measures.

Vehicle to/intersection — Indirect through BOPC (replaces steps 5 to 9 of main|flow)

5)OBE monitors its vehicle position using an on-board map and location algofithms.

HeiicCe, the vehicle determines which intersection(s) it is approaching and the ljkely time
of arrival. Precondition: the vehicle should have on-board map information sufficient to
make priority requests at the appropriate time.

6) The OBE transmits its SRM to the BOPC via a non-DSRC media such that thg traffic
control management systems are aware of the location and impending need fof TSP
treatment.

7) The BOPC alerts the RSE of the approaching vehicle with the need for TSP treatment
and the likely time of arrival along with the current location of the vehicle, adjysting for

traffic conditions.

8) The RSE prepares to adjust its signal operation based on the approaching vehicle and
alerts the BOPC of its operation.

9) Once the OBE begins to “hear” the SPaT message from the intersection, it updates its
SRM to the RSE/BOPC and the scenario described above continues.

Post-conditions

The RSE initiates recovery operations to restore normal timing operation which might
include appropriate coordination. Some recovery may include split time compensation to
clear queues which might have formed on the phases that were adversely affected by the
priority request.
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Table A.3 (continued)

Information SpaT
requirements Current manoeuvre(s) permitted, remaining time for manoeuvre, yellow clearance time,
red clearance time, next manoeuvre to be serviced, queue length or end of queue infor-
mation, and pedestrian warning
MAP
Intersection geometry (MAP base), permitted manoeuvres, and changes to MAP other
than MAP base
BSMACAM
Vehicle ID (for tracking), vehicle location, vehicle heading, vehicle speed, vehicle type
SRM
Vehicle type, priority request scenario, vehicle priority, time to arrive, cancel request,
[Time to apply] (Optional: entry lane, exit lane)
SSM
Priority scenario being serviced, vehicle ID(s) being serviced, timfe:to reach desired dig-
play, vehicle type being serviced, entry lane (approach roadwayJ)exit lane (exit roadway)
Issues 1) This use case assumes that the scenarios needed for thé\public transport vehicle arfe

pre-determined and loaded into the TSC.

ot

2) Italso presumes that the public transport vehiclekhows which of the scenarios th3
the controller can support should be invoked to meetits specific needs although these
might be included in the SSM. Note that this also.assumes that the vehicle knows its
route and hence knows what exit lane (or manoeuvre) to request.

3) Itis also possible for the public transport vehicle to identify its entry lane (BSM/CAM
locates the vehicle) and then the vehicle*identifies its exit lane based on the MAP infor-
mation. In this case, the TSC will be reviewing all timing requests and priority request|
and selecting the optimal sequence.of phases and signal timing to meet the priority
requests.

1]

4) Therecovery rate, re-seryice time, and techniques to be used are configured at the
intersection and shall be part of the algorithm and configuration data exchanged with
the BOPC.

Source ddcs/
referenceds

MMITSS, CEN, SAEUSDOT J2735™ SE Candidate

Table 1|L4 — PR2: Publigtransport signal priority along an arterial (group of intersections)

Use case Jlame

Public transport signal priority along an arterial (group of intersections)

Category Mobility

Infrastrugture Data receiver, traffic signal control, data transmitter

role

Short This use case describes the basic prinrify control for a connected pnh]ir‘ hr-:\ncpnr'f vehi

description cle travelling through a section of signalized intersections.

Goal Improved public transport efficiency and reliability

Constraints Use of DSRC or other medium that will meet the performance requirements for this use
case (the RSE and OBE include radio devices that operate in the medium used)
Alternate: wide area broadband communications is available for the public transport
vehicle to indicate its TSP request via an alternate media than DSRC through back office
processing centre (BOPC). (Data flow #5 supports that situation)

Geographic Localized to a specific intersection. However, while the vehicle will deal with a single

scope intersection at a time (or multiple if they are tightly located), the BOPC may attempt to
modify the timing pattern at a number of intersections along an arterial to provide opti-
mal signal timing considering the location of the bus stops, vehicle speed, etc.
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Table A.4 (continued)

Actors

Public transport vehicle equipped with on-board equipment (OBE)
Roadside equipment (RSE) and traffic signal controller (TSC)

Alternate: traffic management central system (BOPC)

Illustration

(8

Traffic

(4 Controller
Equipment {

DSRC
Roadside
Equipment

+ Controller
Equipment

{3 J
| { DSRC 2
. Roadside 1 _ﬂ Transit Vehicle |
—_— : == . == Equipment o

Preconditions

1) Multiple signalized intersections are equipped with RSE(s) and have RSE-to-RSE

communication enabled. Alternatively, RSE and/or traffic controllers communicate with

the BOPC and the BOPC is responsible for coordinating the intersection to intersection
offset relationship and priority treatment to support the priority request.
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Table A.4 (continued)

2) The RSE(s) store public transport route MAP data or this data is available from the
public transport management system.

3) The traffic signal controllers in the section are programmed with a variety of priori-
ty control schemes, such as early green, green extension, phase rotation, phase skipping,
etc. or the traffic signal controller has an intelligent algorithm for providing priority
signal timing for priority requests.

Main flow

1) The use case begins when an equipped public transport vehicle enters the radio
range of an RSE (note that if another medium is used, the same assumption applies).

Z] The UBE receives MAP and SPal messages irom the RSE.
3) The OBE send basic safety messages (BSM) or cooperative awareness message (€CAM)

4) The OBE determines the eligibility for priority and sends a signal request message
(SRM) if needed.

5) The RSE receives and monitors the vehicle position using the BSM/GAM.
6) The RSE receives SRM and forwards to the BOPC.

7) The BOPC manages and prioritizes requests (SRM) from the public transport vehicles
to issue priority based on prevailing traffic conditions at a section of signalized interselc-
tions and the requested level of priority (as determined by thevehicle and the estab-
lished policy).

8) The BOPC determines the best coordinated signaldiming strategy along the section
of signalized intersections to accommodate the acti¥e)priority request.

9) The BOPC sends priority timing to the traffie signal controllers (via RSE-to-RSE
communication or directly to the RSE for each.jntersection in the “section”) for further
processing and execution.

10) The TSC sends updated SSM to the RSE and the RSE broadcasts the SSM to any corj
nected vehicle (CV) approaching the intersection.

11) The OBE receives the SSM and determines if and when the request will become
active at the intersection.

12) The OBE determines thdt-the public transport vehicle has cleared the intersection
and sends a new SRM to_cancel the priority request. (Alternative 12a: the RSE deter-

mines that the time to live for the request has expired and terminates the priority actign.
Alternative 12b: the RSE determines that the vehicle has cleared the intersection based
on receipt of the BSM/CAM and terminates the priority action.)

13) The RSE tegéives the cancel SRM (or timeout) and sends it to the TSC.

14) The RSEinitiates the configured recovery procedures to normal signal timing
operatiem.

15)¢ The case ends.

Alternate
flow(s)

1)<(12) The public transport vehicle changes speed and the RSE updates its priority tin-
Ing based on travel time estimates. This shall also include the BOPC since it is managing
the arterial.

2) (12) The public transport vehicle will not arrive during green max window and vehji-
cle has to stop at red signal.

3) (insertbetween steps 13 to 14) The RSE updates the Public Transport vehicle served
performance measures.

4) The RSE continues to assist the vehicle based on its configuration information on
subsequent cycles until the vehicle clears the intersection.

5) The BOPC may further adjust the timing to reflect difficulties at the subject inter-
section.

Vehicle to intersection — Indirect through BOPC (replaces steps 4 to 8 of the main flow):

4) The OBE monitors its vehicle position using an on-board map and location algo-
rithms. Hence, the vehicle determines which intersection(s) it is approaching and the
likely time of arrival. Precondition: the vehicle should have on-board map information
sufficient to make priority requests at the appropriate time.
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Table A.4 (continued)

5) The OBE transmits its SRM to the BOPC via a non-DSRC media such that the traffic
control management systems are aware of the location and impending need for TSP
treatment.

6) The BOPC alerts the RSE of the approaching vehicle with the need for TSP treatment
and the likely time of arrival along with the current location of the vehicle, adjusting for
traffic conditions.

7) The RSE prepares to adjust its signal operation based on the approaching vehicle and
alerts the BOPC of its operation.

8] Once the UBE begins to "hear the sPal message irom the intersection, icupdates its
SRM to the RSE and the scenario described above continues.

Pdgst-conditions

The RSE initiates recovery operations to restore normal timing operation-whigh might

include appropriate coordination. Some recovery may include split time.Compensation to
clear queues which might have formed on the phases that were adversely affected by the
priority request.

Information SPaT

regquirements Current manoeuvre permitted, remaining time for manoeuvre, yellow clearande time,
red clearance time, next manoeuvre to be serviced, queue length or end of queye infor-
mation, and pedestrian warning
MAP
Intersection geometry (MAP base), permittédymanoeuvres, and changes to MAP other
that MAP base
BSM/CAM
Vehicle ID (for tracking), vehicle lodation, vehicle heading, vehicle speed, vehiclg type
SRM
Vehicle type, priority requestscenario, vehicle priority, time to arrive, cancel r¢quest,
[Time to apply] (Optional:entry lane, exit lane)
SSM
Priority scenarijo'being serviced, time to reach desired display, vehicle type being ser-
viced, vehicle ID(s) being serviced, entry lane (approach roadway), exit lane (exlit road-
way), progression speed for green band

Issues 1) This(use case assumes that the scenarios needed for the public transport vdhicle are

pre-détermined and loaded into the RSE.

2) \Italso presumes that the public transport vehicle knows which of the scenajrios that
the'controller can support should be invoked to meet its specific needs although these
might be included in the SSM.

3) Itis also possible for the public transport vehicle to identify its entry lane (BSM/CAM
locates the vehicle) and then the vehicle identifies its exit lane based on the MAIP infor-
mation. In this case, the traffic signal will be reviewing all timing requests and|priority
requests and selecting the optimal sequence of phases and signal timing to me¢t the
priority requests.

A) The recovery rate, re-service Hmn’ and techniguestobe used are configured at the

intersection and shall be part of the algorithm and configuration data exchanged with
the BOPC.

5) For this use case, there is a shared responsibility between the BOPC and the RSE as to
how to best service the vehicle and how to react if the vehicle is unable to make the green
within the parameters allowed. This is a more complex use case and requires that timing
of the arterial be dynamic for the vehicle as it travels along the route.

Source docs/
references

MMITSS 11.2.3
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Table A.5 — PR3: Localized freight signal priority

Use case name

Basic FSP scenario — Single freight vehicle (truck, lorry) at one signalized intersection

Category Mobility, sustainability (ECO)

Infrastructure Data receiver, traffic signal control, data transmitter

role

Short This use case describes the basic priority control for connected heavy vehicles.

description

Goal Improved freight movement efficiency and reliability

Constrainfts Useof DSRCOT OtiTer Med T that Wi eet the performance requIiTements for tis Usa
case (the RSE and OBE include radio devices that operate in the medium used)
Alternate: wide area broadband communications is available for the freight vehicle' to
indicate its FSP request via an alternate media than DSRC through back office.processihg
centre (BOPC). (Data flow #5 supports that situation)

Geographlic Localized to a specific intersection

scope

Actors Freight vehicle equipped with on-board equipment (OBE)

Roadside equipment (RSE) and traffic signal controller (TSC)
Alternate: traffic management central system (BOPC)
Illustration
N
)
7
A
i % oy
=
fw) |lem =
Ma:;egjifririent Traffic
Controller
Central -@- Equipment
r System -~
= 8
@ '
DSRC

' Roadside —@—
<:5:> Equipment =

]
(s) -
-]

Preconditions 1) The transportation agency(ies) has established a policy for priority control (called
N-level priority) and the fleet management (trucks) system is prepared to provide priori-
ty levels for vehicles on routes.

2) The traffic signal controller is programmed with a variety of priority control
schemes such as early green, green extension, phase rotation, phase skipping, and etc.
or the traffic signal controller has an intelligent algorithm for providing priority signal
timing for priority requests.
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Table A.5 (continued)

Main flow

1) The use case begins when an equipped vehicle enters the radio range of an RSE (note
that if another medium is used, the same assumption applies).

2) The OBE receives MAP and SPaT messages from the RSE.
3) The OBE sends basic safety messages (BSM) or cooperative awareness message (CAM)

4) The OBE determines the eligibility for priority and sends a signal request message
(SRM) if needed. The SRM includes the level of requested priority which can differentiate
the case that the truck can or cannot make a safe stop before the stop bar.

5) The RSE receives and monitors the vehicle position using the BSM/CAM

6) The RSE receives an SRM.

7) The RSE manages and prioritizes requests (SRM) from multiple vehicles on|the same
or conflicting manoeuvres with the consideration of the prevailing traffic condftions and
the requested level of priority (as determined by the vehicle and thé&’establishefl policy).

8) The RSE determines the best signal timing plan to accommodate the active priority
request.

9) The RSE broadcasts the updated SSM to any connectedwehicle approaching the inter-
section.

10) The OBE receives the SSM and determines if anid when the request will be¢ome
active at the intersection.

11) The OBE receives and monitors the SPaTiessage to determine when the dignals are
likely to change state, i.e. whether a stop is1equired.

12) The OBE determines that the freightwvehicle has cleared the intersection apd sends
anew SRM to cancel the priority requést. (Alternative 12a: the RSE determined that the
time to live for the request has expired and terminates the priority action. Altefnative
12b: the RSE determines that thevehicle has cleared the intersection based on [receipt of
the BSM/CAM and terminates the priority action.)

13) The RSE receives the cancel SRM and sends it to the TSC.

14) The RSE initiatesithe configured recovery procedures to normal signal tining
operation.

15) The case ends:

Al
fl

ernate
w(s)

1) (10) The truck changes speed and the RSE updates its priority timing based on re-
vised traveltime estimates.

2) (14) The RSE updates the delay and stop performance measures.

3) ((insert between steps 13 to 14) The RSE updates the freight vehicle served perfor-
mance measures.

Vehicle to intersection — Indirect through BOPC (replaces steps 4 to 8 of main flow):

4) The OBE monitors its vehicle position using an on-board map and location glgo-
rithms. Hence, the vehicle determines which intersection(s) it is approaching and the
likely time of arrival. Precondition: the vehicle should have on-board map inforjmation
sufficient to make priority requests at the appropriate time.

5) The OBE transmits its SRM to the BOPC via a non-DSRC media such that the traffic

contralmanacamant cuctame ara Avara afthalacatinny And dmananding naod fod FSP
CoOtFroraiageme HSaFe-aware-orterocadoiaReHnpenahgheea+of

TIcoy ottt

treatment.

6) The BOPC alerts the RSE of the approaching vehicle with the need for FSP treatment
and the likely time of arrival along with the current location of the vehicle, adjusting for
traffic conditions.

7) The RSE prepares to adjust its signal operation based on the approaching vehicle and
alerts the BOPC of its operation.

8) Once the OBE begins to “hear” the SPaT message from the intersection, it updates its
SRM to the RSE and the scenario described above continues at step 9.
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Table A.5 (continued)

Post-conditions

The TSC initiates recovery operations to restore normal timing operation which might
include appropriate coordination. Some recovery may include split time compensation to
clear queues which might have formed on the phases that were adversely affected by the
priority request.

Information SPaT

requirements Current manoeuvre(s) permitted, remaining time for manoeuvre, yellow clearance time,
red clearance time, next manoeuvre to be serviced, queue length or end of queue infor-
mation, and pedestrian warning
MAP
Intersection geometry (MAP base), permitted manoeuvres, and changes to MAP other
than MAP base
BSM/CAM
Vehicle ID (for tracking), vehicle location, vehicle heading, vehicle speed,-yehicle type
SRM
Vehicle type, priority request scenario, vehicle priority, time toarrive, cancel request,
vehicle characteristics (acceleration time, deceleration time/distance), [Time to apply]
(Optional: entry lane, exit lane)
SSM
Priority scenario being serviced, time to reach desifed display, vehicle type being
serviced, vehicle ID(s) being serviced, entry lane (approach roadway), exit lane (exit
roadway)

Issues 1) This use case assumes that the scenarigs needed for the truck are pre-determined

and loaded into the traffic signal controllér:

2) Italso presumes that the truck knows which of the scenarios that the controller can
support and should be invoked to meet its specific needs.

3) Itis also possible for the vehigle to identify its entry lane (BSM/CAM locates the
vehicle) and then the vehicle identifies its exit lane based on the MAP information. In this
case, the traffic signal will be'reviewing all timing requests and priority requests and
selecting the optimal séquence of phases and signal timing to meet the priority reques

©n

4) The recovery rate, re-service time, and techniques to be used are configured at the
intersection and-shall be part of the algorithm and configuration data exchanged with
the BOPC.

Source ddcs/
referenceds

MMITSS

Table A.6 — PR3-a: Localized freight signal priority with a platoon

Use case pame

7
[

Basic FSP scenario — Platoon of freight vehicles (truck, lorry) at one signalized intersef
tion

Category Mobility, sustainability (ECO)

Infrastructure Data receiver, traffic signal control, data transmitter

role

Short This use case describes the basic priority control for a connected heavy vehicle platoon.
description

Goal Improved freight transport efficiency and reliability
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Table A.6 (continued)

Constraints

Use of DSRC or other medium that will meet the performance requirements for this use
case (the RSE and OBE include radio devices that operate in the medium used)

Alternate: wide area broadband communications is available for the freight vehicle to
indicate its TSP request via an alternate media than DSRC through back office processing
centre (BOPC). (Data flow #5 supports that situation).

Since an infinite platoon cannot be accommodated, the intersection should continuously
monitor the BSM/CAM messages received for the trucks and decide when to “cut off” the
platoon and signal the vehicles approaching in some manner that they will no longer be ac-

TOMIModated and that the sigmat withbe stopping the movement S tratfficata spegific time.

Ggographic
scppe

Localized to a specific intersection

Adtors

Freight transport vehicle equipped with on-board equipment (OBE)
Roadside equipment (RSE) and traffic signal controller (TSC)

Alternate: traffic management central system (BOPC)

Ilustration

Traffic
Management

Traffic
Controller
Equipment

Roadside
Equipment

Preconditions

1) The transportation agency(ies) has established a policy for priority control|(called
N-level priority) and the fleet management (trucks) system is prepared to provide priori-

ty levels for vehicles on routes.

2) The traffic signal controller is programmed with a variety of priority control
schemes, such as early green, green extension, phase rotation, phase skipping, etc. or the
traffic signal controller has an intelligent algorithm for providing priority signal timing
for priority requests.

Main flow

1) The use case begins when an equipped vehicle enters the radio range of an RSE (note
that if another medium is used, the same assumption applies).

2) The OBE receives MAP and SPaT messages from the RSE.

3) The OBE send basic safety messages (BSM) or cooperative awareness message (CAM).

© IS0 2017 - All rights reserved 57


https://standardsiso.com/api/?name=45743bb983139bc745328a5d37610e6b

ISO/TS 19091:2017(E)
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4) The OBE determines the eligibility for priority and sends a signal request message
(SRM) if needed. The SRM includes the level of requested priority which can differentiate
the case that the truck can or cannot make a safe stop before the stop bar.

5) The RSE receives and monitors the vehicle position using the BSM/CAM.
6) The RSE receives an SRM.

7) The RSE manages and prioritizes requests (SRM) from multiple vehicles on the same
or conflicting manoeuvres with the consideration of the prevailing traffic conditions and
the requested level of priority (as determined by the vehicle and the established policy).

8) The RSE determines the best signal timing plan to accommodate the active priority]
request.

9) The RSE broadcasts the updated SSM to any connected vehicle approaching the intgr-
section.

10) The OBE receives the SSM and determines if and when the request willbecome
active at the intersection.

11) The OBE receives and monitors the SPaT message to determire when the signals are
likely to change state, i.e. whether a stop is required.

12) The OBE determines that the freight vehicle has clearedthe intersection and sendp
anew SRM to cancel the priority request. (Alternative 12d: the RSE determines that
the time to live for the request has expired and terminatés'the priority action. Alter-
native 12b: the RSE determines that the vehicle has eléared the intersection based on
receipt of the BSM/CAM and terminates the priority action.)

13) The RSE receives the cancel SRM and sends\jt to the TSC.

14) The RSE initiates the configured recoyery procedures to normal signal timing
operation.

15) The case ends.

NOTE The platoon may be makinga turn and exiting the intersection in a direction
other than the through manoeugre.

Alternate
flow(s)

1) (10) The truck changes speed and the RSE updates its priority timing based on re-
vised travel time estimates.

2) (insert between steps 14 and 15) The RSE updates the freight vehicle served perfort
mance measures or the RSE updates the delay and stop performance measures.

An additional alternate flow is that the RSE determines that the platoon is too long and|
hence should be’broken into sections for the progression through the intersection and for
arterial. Jn\this case, the RSE/TSC needs to know the length of the platoon, which raisep
the issue of communications among the vehicles to form a platoon. In this alternate floyy,
the RSEAwill need to notify a specific vehicle that it will not be granted right of way and
should stop at the intersection while the preceding vehicle will be tracked through the
intersection.

Post-conditions

The RSE initiates recovery operations to restore normal timing operation which might
include appropriate coordination. Some recovery may include split time compensation [to
clear queues which might have formed on the phases that were adversely affected by tllle
priority request.

NOTE Ifit was necessary to split a platoon, then local timing priorities will determine
whether a new platoon will be “formed” by counting vehicles and tracking the formation
and then separating if there are too many as described above.

Information SPaT

requirements Current manoeuvre(s) permitted, remaining time for manoeuvre, yellow clearance time,
red clearance time, next manoeuvre to be serviced, queue length or end of queue infor-
mation, and pedestrian warning
MAP
Intersection geometry (MAP base), permitted manoeuvres, and changes to MAP other
than base

58 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=45743bb983139bc745328a5d37610e6b

ISO/TS 19091:2017(E)

Table A.6 (continued)

BSM/CAM

Vehicle ID (for tracking), vehicle location, vehicle heading, vehicle speed, vehicle type
SRM
Vehicle type, priority request scenario, vehicle priority, time to arrive, cancel request,

vehicle characteristics (acceleration time, deceleration time/distance), [Time to apply]
(Optional: entry lane, exit lane)

SSM

Priority scenario being serviced, time to reach desired display, vehicle type being
serviced, vehicle ID(s) being serviced, entry lane (approach roadway), exit lane|(exit
roadway)

Issues

1) This use case assumes that the scenarios needed for the truck are'pre-detefmined
and loaded into the traffic signal controller.

2) Italso presumes that the truck knows which of the scenariosthat the contrpller can
support and should be invoked to meet its specific needs.

3) Itisalso possible for the vehicle to identify its entry lane (BSM/CAM locateg the
vehicle) and then the vehicle identifies its exit lane based/on the MAP information. In this
case, the traffic signal will be reviewing all timing requests and priority requegts and
selecting the optimal sequence of phases and signaltiming to meet the priority|requests.

4) The recovery rate, re-service time, and tecltniques to be used are configured at the
intersection and shall be part of the algorjthm’and configuration data exchange¢d with
the BOPC.

5) Platoon operation’s research is onigeing and therefore platoon requirementy will be
addressed in a future version of thi¥document.

regerences

STlrce docs/

MMITSS

Thiis use case is identical to the PR3 except that the intersection should be tracking a group of trucks
though the intersection. Since an infinite platoon cannot be accommodated, the intersectijon should
continuously monitor the BSM/CAM.messages received for the trucks and decide when to “cut off” the
pldtoon and signal the vehicles approaching in some manner that they will no longer be accommmodated

anfl that the signal will be stopping the movement’s traffic at a specific time.

Table A7 — PR3-b: Arterial freight signal priority for a platoon

Uge case name

Arterial freight signal priority for a platoon

Cqtegory Mobility

Il(l)hrastructure Data receiver, traffic signal control, data transmitter

role

Short This use case describes the basic priority control for a connected freight platodn travel-

ddscription ling through a section of signalized intersections.

Gqal Improved freight transport efficiency and reliability

Constraints Use of DSRC or other medium that will meet the performance requirements for this use
case (the RSE and OBE include radio devices that operate in the medium used)
Alternate: wide area broadband communications is available for the public transport
vehicle to indicate its priority request via an alternate media than DSRC through back
office processing centre (BOPC). (Data flow #5 supports that situation)

Geographic Localized to a specific intersection

scope

Actors Freight vehicles equipped with on-board equipment (OBE) forming a platoon

Roadside equipment (RSE) and traffic signal controller (TSC)

Alternate: traffic management central system (BOPC)
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Table A.7 (continued)
Illustration
5
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@_—-' Controller
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I Traffic
Management
: Central /‘-\_\/
I System
I
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I
|
i [t
. o
w Jad
| e
I Traffic
. Controller
I Equipment
—(-
(5|
Preconditions 1) Multiple signalized intersections are equipped with RSE(s) and have RSE-to-RSE
communication enabled. Alternatively, RSE and/or traffic controllers communicate with
the BOPC and the BOPC is responsible for coordinating the intersection to intersection
offset relationship and priority treatment to support the priority request.
2 The RSE(S)stores freightToute MAP data orthis data s avattabte from the traffic
management system.
3) The traffic signal controllers in the section are programmed with a variety of priori-
ty control schemes, such as early green, green extension, phase rotation, phase skipping,
etc. or the traffic signal controller has an intelligent algorithm for providing priority
signal timing for priority requests.
Main flow 1) The use case begins when an equipped freight vehicle enters the radio range of an
RSE (note that if another medium is used, the same assumption applies).
2) The OBE receives MAP and SPaT messages from the RSE.
3) The OBE sends basic safety messages (BSM) or cooperative awareness message (CAM).
4) The OBE determines the eligibility for priority and sends a signal request message
(SRM) if needed.
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Table A.7 (continued)

5) The RSE receives and monitors the vehicle position using the BSM/CAM.
6) The RSE receives SRM and forwards to the BOPC.

7) The BOPC manages and prioritizes requests (SRM) from the freight vehicles to issue
priority based on prevailing traffic conditions at a section of signalized intersections and
the requested level of priority (as determined by the vehicle and the established policy).
The BOPC also determines the size of the platoon for a given intersection or group of
signalized intersections.

8) The BOPC determines the best coordinated signal timing strategy along the section

of signalized 1ntersections to accommodate the active priority request.

9) The BOPC sends priority timing to the traffic signal controllers (via RSE*t0{RSE
communication or directly to the TSC for each intersection in the “section®j for|further
processing and execution.

10) The TSC sends updated SSM to the RSE and the RSE broadcasts the SSM to]any con-
nected vehicle (CV) approaching the intersection.

11) The OBE receives the SSM and determines if and when&he request will be¢ome
active at the intersection.

12) The OBE determines that the freight vehicles (forming a platoon) has cleared the
intersection and sends a new SRM to cancel the priority request. Arterial freight signal
priority for a platoon. The RSE determines when all'vehicles have cleared the inptersec-
tion. (Alternative: the RSE determines that thétime to live for the request has ¢xpired
and terminates the priority action.) The RSE.umay split a platoon for signal coordination
and to support the needs of an emergency ¥ehicle.

13) The RSE receives the cancel SRM; determines that a timeout condition exi$ts or an
emergency vehicle is present and reguesting pre-emption, and sends the cleargd status
to the TSC.

14) The TSC initiates the configured recovery procedures to normal signal tifning
operation.

15) The case ends.

Al
fl

ernate
w(s)

1) (12) The freight-vehicles change speed and the RSE updates its priority timjng based
on travel time estiniates. This should also include the BOPC since it is managing the
arterial.

2) (12) Thefreight vehicles will not arrive during green max window and the freight
vehiclesthave to stop at red signal.

3) Jinsert between steps 13 to 14) The RSE updates the freight vehicles served perfor-
mance measures.

P

st-conditions

The TSC initiates recovery operations to restore normal timing operation which might

include appropriate coordination. Some recovery may include split time compepsation to
clear queues which might have formed on the phases that were adversely affected by the
priority request.

In|

ormation

rejquirements

SPaT

Current manoeuvre permitted, remaining time for manoeuvre, yellow clearande time,
red clearance time, next manoeuvre to be serviced, queue length or end of queye infor-

mation, and pedestrian warning
MAP

Intersection geometry (MAP base), permitted manoeuvres, and changes to MAP other
than base

BSM/CAM
Vehicle ID (for tracking), vehicle location, vehicle heading, vehicle speed, vehicle type

SRM

Vehicle type, priority request scenario, vehicle priority, time to arrive, cancel request,
[Time to apply] (Optional: entry lane, exit lane)
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Table A.7 (continued)

SSM

Priority scenario being serviced, time to reach desired display, vehicle type being ser-
viced, vehicle ID(s) being serviced, entry lane (approach roadway), exit lane (exit road-
way), progression speed for green band

Issues

1) This use case assumes that the scenarios needed for the public transport vehicle are
pre-determined and loaded into the traffic signal controller.

2) Italso presumes that the public transport vehicle knows which of the scenarios that
the controller can support should be invoked to meet its specific needs although these

might be included in the SSM.

3) Itisalso possible for the public transport vehicle to identify its entry lane (BSM/CAM
locates the vehicle) and then the vehicle identifies its exit lane based on the MAP)infor-
mation. In this case, the traffic signal will be reviewing all timing requests and priority
requests and selecting the optimal sequence of phases and signal timing toumeet the
priority requests.

4) The recovery rate, re-service time, and techniques to be used are.configured at the
intersection and shall be part of the algorithm and configuration{@ata exchanged with
the BOPC.

5) For this use case, there is a shared responsibility between-the BOPC and the TSC as|to
how to best service the vehicle and how to react if the vehicle is unable to make the green
within the parameters allowed. This is a more compleX.use case and requires that timipg
of the arterial be dynamic for the vehicle as it travels along the route.

6) Platoon operation’s research is ongoing and thérefore platoon requirements will be
addressed in a future version of this document,

Source ddcs/
references

MMITSS 11.2.3

This is similar to the TSP use case where the BOPC should also be involved to communicate the
appropriate timing pattern to all of the intersections that will be involved along the arterial. The SSM
message flo the freight vehicles needs to includévinformation necessary for the individual vehicled to
determing the speed they should maintain.and when the signal will turn “red” so that they can tgke

appropriate breaking actions.

This use cpse will also include the BORCas an actor since it will be directing the selection of a compatiple

timing pldn and manage signal timing along the arterial to support the platoon.

Table A.8 — PR4: Emergency vehicle single or multiple vehicles (normal power PSOBE)

Use case name Emergency vehicle single or multiple vehicles (normal power PSOBE)

Category Mability

Infrastrugture Data receiver, traffic signal control, data transmitter

role

Short This use case describes the basic emergency vehicle pre-emption control for connected

description emergency response vehicles (police, fire, ambulance, etc.). The nature of those vehiclefs
permitted to make such requests will depend on the region and local laws.

Goal Improved emergency response efficiency and reliability

Constraints DSRC
Normal power PSOBE on vehicle, therefore, the pre-empt request is issued within the
normal limits of DSRC communications

Geographic Localized to a specific intersection

scope

Actors Emergency vehicle equipped with normal power on-board equipment (OBE)
Roadside equipment (RSE) and traffic signal controller (TSC)
(BOPC if route pre-emption is provided.)
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Illustration

:

Ueiiils Traffic

Management -@- Controller
Central

oo Equipment e

=
= k /E

Emergency Vehicle

—J

Roadside
Equipment . E

W

G

t
DSCR A
8

Preconditions

1) Emergency yvehicle is in active response mode.

2) The transportation agency/(ies) has established a policy for pre-emption coptrol
(called N-level priority) and the emergency service agency is prepared to provifde priori-
ty levelgforvehicles on routes.

3) Thetraffic signal controllers are programmed with a variety of pre-emptiop control
schema, such as early green and green extension, or the traffic signal controllef has an
intelligent algorithm for providing pre-emption signal timing for priority requégsts.

NOTE The term pre-emption is distinct and considered different from priority treat-
ment. A pre-emption operation can significantly alter the operation of the signalized
intersection and hold phase displays for prolonged periods or run different sequence of
displays (railroad pre-emption blocking one of the egresses), whereas the concppt of pri-
ority treatment assumes that the traffic signal will attempt to accommodate the request,
but only within limited parameters in an attempt to recover and still permit crpss street
traffic. Priority treatment typically adds a phase (e.g. protected left/right turn}, extends

the current phase, or accelerates service to the requested phase, without totally disrupt-
ing the overall local timing and arterial coordination.

In addition, the servicing of the emergency vehicle requests can be handled significantly
different from priority requests as often the signal will simply get to and stay in green
facing all lanes in the direction of travel while presenting red to all other manoeuvres,
thereby facilitating the vehicle entry to the intersection and blocking possible opposing
manoeuvres or making it possible to go into the oncoming lane to get through the inter-
section.

Main flow
(example)

1) The use case begins when any one of the equipped emergency vehicles enters the
radio range of an RSE (note that if another medium is used, the same assumption applies).

2) The following steps occur for each emergency vehicles that approaches the inter-
section:
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a) The OBE receives MAP and SPaT messages from the RSE.
b) The RSE receives basic safety messages (BSM/CAM) from the OBE.

c¢) The OBE computes the estimated arrival time (min, max) and desired manoeuvre
(entry lane, exit lane) as available.

d) The OBE determines the eligibility for priority and establishes the proper level of
priority.
e) The OBE sends a signal request message (SRM) to the RSE.

£ Tl RC

oo - 4=l . o - 1 1 4= 4=l loaal
lj TTICT INOL UTLCT IIIITIITS LIIT a}J}Jl U}Jl Iatc tralric Dlsllal puaoc LU SCT VU LIIT VUITIUIT

(translates SRM data into a phase request).
g) The RSE determines which SRMs (from multiple vehicles) can be served.

h) The RSE notifies the traffic signal controller (or logic) of the active requiests inclyd-
ing desired phase and service time.

v

i) The RSE transmits a status message (SSM) with information aboutwhich request
will be served (feedback to the vehicle).

j) Emergency vehicles OBE notifies RSE it has cleared the intersection, or if the
vehicle has cleared the intersection (as tracked by the RSE usingthe BSM/CAM) or if a
request cancelation is not received, the RSE clears the requested service after a locally
set time.

3) Traffic signal initiates recovery procedure from-éffects of EVP on timing and coor
dination.

4) The use case ends.

Alternate
flow(s)

1) (2c) The OBE updates the SRM with new arrival information based on a change of
speed or route change.

2) (2d) If the OBE determines that thelvehicle is not eligible for priority, the use case
ends and the emergency vehicle opefates as any normal vehicle.

3) (insert between steps 3 to 4).The RSE updates the vehicles served performance
measures.

Post-cond

itions

The TSC initiates recoveryoperations to restore normal timing operation which might
include appropriate cogrdination. Some recovery may include split time compensation[to
clear queues which might have formed on the phases that were adversely affected by the
priority request.

require

lnforma;l(:n

nts

SPaT

Current manpéuvres(s) permitted, remaining time for manoeuvre, yellow clearance
time, red-Clearance time, next manoeuvre to be serviced, queue length or end of queue
information, and pedestrian warning

MAP

Intersection geometry (MAP base), permitted manoeuvres, and changes to MAP other
than base

BSM/CAM

Vehicle ID (for tracking), vehicle location, vehicle heading, vehicle speed, vehicle type

SRM

Vehicle type, priority request scenario, vehicle priority, time to arrive, cancel request,
[Time to apply] (Optional: entry lane, exit lane)
SSM

Priority scenario being serviced, vehicle ID(s) being serviced, time to reach desired dis-
play, vehicle type being serviced, entry lane (approach roadway), exit lane (exit roadway)

64

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=45743bb983139bc745328a5d37610e6b

ISO/TS 19091:2017(E)

Table A.8 (continued)

Issues

1) Route pre-emption, i.e. vehicle priority along a route, requires that the BOPC receive
information from the emergency vehicle identifying its current location, the intended
destination, and the route to be followed. Then, the traffic controllers along the route

should be tracking the vehicle and updating the BOPC so that it can take steps t

the way” and attempt to provide a “green wave” or similar effect to support the more

rapid movement of the emergency vehicle through the network.

2) In addition to the above, the BOPC could be tracking multiple vehicles through the
roadway network and may need to alter the route or handle conflicting requests for

emergency vehicle routing by communicating these circumstances to the emer

o “clear

gency ve-

hicle via either the RSE along the route or some other wide-area wireless sepyife/media.

Sdurce docs/ CEN#n pp. xx; MMITSS p. x ID xx

references

Table A.9 — PR5: Emergency vehicle single or multiple vehicles,(high-power PSOBE)

Uge case name Emergency vehicle single or multiple vehicles (high-power PSOBE)

Cqtegory Mobility

Infrastructure Data receiver, traffic signal control, data transmitter

role

Short This use case differs from the previous use’cdse because it is based on the condept of a

dgscription one-way broadcast to the intersection, stich that the intersection is likely to “h¢ar” the
SRM before the vehicle (OBE) can hear'the intersection SPaT message. It is antifipated
that if the high-power PSOBE is supported for such vehicles (police, fire, ambulpnce, etc.),
the intersection can receive advance warning of the approaching vehicle and tgke the
appropriate steps to facilitate movement through the intersection based on a specific
scenario(s). The nature of th65e vehicles permitted to make such requests will depend
on the region and local laws. Note that this use case does not deal with the vehicle based
applications that warn'the driver to take appropriate action to avoid the appropching
public safety vehicle(rear, front, side).

Ggal Improved emergency vehicle efficiency and reliability

Cdnstraints DSRC

Ggographic Localiz&dto a specific intersection

scppe

Adtors Emergency vehicle equipped with a high-power public safety on-board equipmgent with
extended broadcasting range
Roadside equipment (RSE) and traffic signal controller (TSC)
(BOPC if route pre-emption is provided.)
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Illustration

I
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[ Jadd)
Traffic Traffic j

LB TS -@- Controller

Central .
SEe Equipment

-~
-]
§32 DSRC =
Roadside _,@_ _E-.I.- Eniergency Vehicle
Equipment 7

.@ ............................ :/;,.,. .-

Preconditions 1) Emergency vehicle is in active responsedmode

2) The transportation agency/(ies) has\established a policy for pre-emption control
(called N-level priority) for emergeney response vehicles.

3) The traffic signal controllers.are programmed with a variety of pre-emption contr¢l
schema for emergency vehicle'pre-emption or the traffic signal controller has an intelli
gent algorithm for providingpriority signal timing for priority requests.

Main flow 1) The use case begin§ when the PSOBE equipped emergency vehicle reaches a specif
(example area where it has been,configured to initiate an SRM to the intersection(s) it is ap-
proaching.

(g}

2) For each vehiele approaching the intersection, the following steps will occur:

a) The OBE determines the eligibility for priority and establishes the proper level of
priority.

b)~.The PSOBE transmits the SRM indicating the specific scenario desired.

NOTE Because it does not have the MAP at this point, it is assumed that the vehiclg

is likely to simply request the scenario desired based on where it is and the approach
and exit.

c) The RSE determines which SRMs (from multiple vehicles) can be served (priority
ranking? or maximum number).

d) The RSE determines the appropriate traffic signal phase to serve the vehicle.

e) The RSE notifies the TSC (or logic) of the active requests including desired phase
and service time.

f) The RSE transmits a status message (SSM) with information about which requests
will be served (feedback to the vehicles).

g) As the vehicle approaches the intersection, the vehicle begins to “hear” the RSE
broadcast of the SSM, SPaT, and MAP. At this point, the vehicle can either continue with
Step 2h or jump to Step 3 (thereby switching to a more interactive request for pre-emp-
tion service).
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Table A.9 (continued)

h) Emergency vehicles OBE notifies RSE it has cleared the intersection, or if the
vehicle has cleared the intersection (as tracked by the RSE using the BSM/CAM), or if a
request cancelation is not received, the RSE clears the requested service after a locally
set time.

i) Transition to step 4 below.

3) The following steps occur for each emergency vehicles that approaches the intersec-
tion (note that this is the same as PR4 since the distance factor has been fully compen-
sated for above):

aJ The UBE receives MAP and SPal messages from the RSE.
b) The RSE receives basic safety messages (BSM/CAM) from the OBE,

c) The OBE computes the estimated arrival time (min, max) and desired manoeuvre
(entry lane, exit lane) as available.

d) The OBE determines the eligibility for priority and establishes the propefr level of
priority.
e) The OBE sends a signal request message (SRM) to the RSE.

f) The RSE determines the appropriate traffic signal phase to serve the vehjcle
(translates SRM data into a phase request).

g) The RSE determines which SRMs (from multiple vehicles) can be served [priority
ranking? or maximum number).
h) The RSE notifies the traffic signal controller (or logic) of the active requests in-
cluding desired phase and service time,
i) The RSE transmits a status message (SSM) with information about which requests
will be served (feedback to the vehicle).

j) Emergency vehicles OBE notifies RSE it has cleared the intersection, or if the
vehicle has cleared the intersection (as tracked by the RSE using the BSM/CAM) or if a
request cancelation is not received, the RSE clears the requested service after 4 locally
set time.

4) Traffic signal initiates recovery procedure from effects of EVP on timing gnd coor-
dination.

5) The use case-ends.

Algkernate
flow(s)

1) (3c) The\OBE updates the SRM with new arrival information based on a change of
speed ok route change.

2) A3d) If the OBE determines that the vehicle is not eligible for priority, the ude case
ends‘and the emergency vehicle operates as any normal vehicle.

3) (insert between steps 4 and 5) The RSE updates the vehicles served performance
measures.

Pgst-conditions

The TSC initiates recovery operations to restore normal timing operation whidh might

include appropriate coordination. Some recovery may include split time compejnsation to
clear queues which might have formed on the phases that were adversely affected by the
priority request.

Information

SPaT

requirements

Current manoeuvre permitted, remaining time for manoeuvre, yellow clearance time,
red clearance time, next manoeuvre to be serviced, queue length or end of queue infor-
mation, and pedestrian warning

MAP

Intersection geometry (MAP base), permitted manoeuvres, and changes to MAP other
than base

BSM/CAM

Vehicle ID (for tracking), vehicle location, vehicle heading, vehicle speed, vehicle type
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Table A.9 (continued)

SRM

Vehicle type, priority request scenario, vehicle priority, time to arrive, cancel request,
[Time to apply] (Optional: entry lane, exit lane)
SSM

Priority scenario being serviced, vehicle ID(s) being serviced, time to reach desired dis-
play, vehicle type being serviced, entry lane (approach roadway), exit lane (exit roadway)

Issues

1) For route pre-emption (i.e. for vehicle priority along a route), this requires that the

DﬁDf‘ v-nnn o n‘:nwmr\{- o Fv«,\m G—Ir\n CHOESeRE n]r\ n]n r]nv\i— £i3 Re-Es-c1 Hrent laocation
[S) TR

TS TCT €HH TOCT IO

the 1ntended destination, and the route to be followed. Then, the traffic controllers dlong
the route should be tracking the vehicle and updating the BOPC so that it can take-steps
to “clear the way” and attempt to provide a “green wave” or similar effect to support th
more rapid movement of the emergency vehicle through the network.

[¢)

NOTE This could be accomplished by expecting the PSOBE to be transmitting route
information of some sort to either the BOPC or the RSE and the first RSE would pass thfs
information along to the BOPC for route pre-emption considerationt

2) In addition to the above, the BOPC could be tracking multiple vehicles through the
roadway network and may need to alter the route or handle conflicting request for emer-
gency vehicle routing by communicating these circumstancesto the emergency vehiclg
via either the RSE along the route or some other wide-area wireless service/media.

3) Use of the high-powered OBE DSRC transmitter méans that the intersection can hear
the requests long before the vehicle can hear the ifitersection details (SPaT and MAP and
SSM); hence, there is an issue with multiple ovetlapping or conflicting SRM messages
from the PSOBE. It is estimated that the othekapproaching vehicles will be able to “hedr
the SSM and understand what vehicle has heen granted pre-emption to avoid intersec-
tion conflict.

”

Source ddcs/
references

MMITSS

Table A.10 — PR6: Mixed emergency vehicle and other priority eligible vehicles

Use case name Mixed emergencyvehicle and other priority eligible vehicles

Category Mobility

Infrastrugture Data receiver, traffic signal control, data transmitter

role

Short Thisuse case describes multiple priority requesting vehicles including an emergency

description véhicle and a platoon of public transport vehicles. The nature of those vehicles permittgd
to-make such requests will depend on the region and local laws.

Goal Improved priority granting efficiency and reliability

Constraints DSRC
All priority requesting vehicles have normal power OBE on vehicle; therefore, the prioifi-
ty requests are issued within the normal limits of DSRC communications

Geographic Localized to a specific intersection

scope

Actors Emergency vehicle equipped with normal power on-board equipment (OBE)
Platoon of public transport vehicles each equipped with normal power OBE
Roadside equipment (RSE) and traffic signal controller (TSC)
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Illustration

g /\E]
Traffic Traffic

Management -@- Controller

Central .
System Equipment

DSRC

Equipment

Emergency Vehicle
7=

Preconditions

1) Emergency vehicle is in activexrgsponse mode.

2) The transportation agencyiies) has established a policy for pre-emption coptrol
(called N-level priority).

3) The traffic signal controllers are programmed with a variety of pre-emption control
schema, such as early green and green extension, or the traffic signal controllef has an
intelligent algorithmfor providing pre-emption signal timing for priority requ¢sts.

NOTE The terin pre-emption is distinct and considered different from priority treat-
ment. A pre-emption operation can significantly alter the operation of the signalized
intersectieniand hold phase displays for prolonged periods or run different sequence

of displays (railroad pre-emption blocking one of the egresses), whereas the concept of
priority'treatment assumes that the traffic signal will attempt to accommodatg the re-
quest but only within limited parameters in an attempt to recover and still permit cross
street traffic. Priority treatment typically adds a phase (e.g. protected left/right turn), or
extends the current phase, or accelerates service to the requested phase, withqut totally
disrupting the overall local timing and arterial coordination.

In addition, the servicing of the emergency vehicle requests can be handled sighificantly
different from priority requests as often the signal will simply get to and stay ip green
facing all lanes in the direction of travel while presenting red to all other manofuvres,
thereby facilitating the vehicle entry to the intersection and blocking possible ¢pposing
manoeuvres or making it possible to go into the oncoming lane to get through the inter-

section.

Main flow
(example)

1) The use case begins when a platoon of public transport vehicles enters the radio
range of an RSE (note that if another medium is used, the same assumption applies).

2) The following steps occur as each public transport vehicle approaches the intersection:
a) The OBE receives MAP and SPaT messages from the RSE.
b) The RSE receives basic safety messages (BSM/CAM) from the OBE.

c) The OBE computes the estimated arrival time (min, max) and desired manoeuvre
(entry lane, exit lane) as available.

d) The OBE determines the eligibility for priority and establishes the proper level of
priority.

e) The OBE sends a signal request message (SRM) to the RSE.
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f) The RSE determines the appropriate traffic signal phase to serve the vehicle
(translates SRM data into a phase request).

g) The RSE determines which SRMs (from multiple vehicles) can be served (Priority
ranking? Or maximum number).

h) The RSE notifies the traffic signal controller (or logic) of the active requests includ-
ing desired phase and service time.

i) The RSE transmits a status message (SSM) with information about which requests
will be served (feedback to the vehicle) and which requests are pending.

j) The RSE issues updated SPaT messages with revised signal timing informatiom

3) Anequipped emergency vehicle enters the radio range of the RSE (note that if-anoth-
er medium is used, the same assumption applies).

4) The following steps occur for each emergency vehicles that approachesithe inter-
section.

a) The OBE receives MAP and SPaT messages from the RSE.
b) The RSE receives basic safety messages (BSM/CAM) from the OBE.

c) The OBE computes the estimated arrival time (min, max).and desired manoeuvreé
(entry lane, exit lane) as available.

s}

d) The OBE determines the eligibility for priority and(éstablishes the proper level o
priority.
e) The OBE sends a signal request message (SRM)to the RSE.

f) The RSE determines the appropriate traffic'signal phase to serve the vehicle
(translates SRM data into a phase request).

g) The RSE determines which SRMs (from multiple vehicles) can be served (priority
ranking? or maximum number).

h) The RSE notifies the traffic siginal controller (or logic) of the active requests inclyd-
ing desired phase and service time.

%2}

i) The RSE transmits a status message (SSM) with information about which reques
will be served (feedback.td.thie vehicle) with the status of multiple priority requests.

j) The RSE issues updated SPaT messages with revised signal timing information.
k) Emergencyxehicle traverses the intersection.
1) The publictransport vehicles continue to issue signal request messages.

m) Either one of the following will occur: 1) emergency vehicles OBE notifies RSE it
has clearéd-the intersection, 2) if the vehicle has cleared the intersection (as tracked by
the RSE.using the BSM/CAM), 3) if a request cancelation is not received, the RSE clears
thedéquested service after a locally set time, 4) an external system notifies that the need
has-expired.

n) The RSE updates the list of priority requests and identifies the next priority
request to be serviced. The RSE transmits a status message (SSM) with the updated
request information.

o) The traffic signal controller initiates signal timing changes for the current priorify

request.
p) The RSE transmits updated SPaT messages with revised signal timing information.
q) Steps5to 10 repeat until the priority requests are either cancelled or satisfied.

5) Traffic signal initiates recovery procedure from effects of granting priority on timing
and coordination.

6) The use case ends.

Alternate 1) (2c) The OBE updates the SRM with new arrival information based on a change of
flow(s) speed or route change.
2) (2d) If the OBE determines that the vehicle is not eligible for priority, the use case
ends and the emergency vehicle operates as any normal vehicle.
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Table A.10 (continued)

3) (insert between steps 9 to 10) The RSE updates the vehicles served performance
measures.

Post-conditions

The TSC initiates recovery operations to restore normal timing operation, which might
include appropriate coordination. Some recovery may include split time compensation to
clear queues which might have formed on the phases that were adversely affected by the
priority request.

Information SPaT
requirements Current manoeuvres(s) permitted, remaining time for manoeuvre, yellow clearance
time, red clearance time, next manoeuvre to be serviced, queue length or end of queue
information, and pedestrian warning
MAP
Intersection geometry (MAP base), permitted manoeuvres, and changes to MAP other
than base
BSM/CAM
Vehicle ID (for tracking), vehicle location, vehicle heading] vehicle speed, vehicle type
SRM
Vehicle type, priority request scenario, vehicle prierity, time to arrive, cancel r¢quest,
[Time to apply] (Optional: entry lane, exit lane)
SSM
Priority scenario being serviced, vehicleJD(s) being serviced, time to reach degired dis-
play, vehicle type being serviced, entry lane (approach roadway), exit lane (exi roadway)
Issues 1) Route pre-emption, i.e. vehicle priority along a route, requires that the BOP[ receives

information from the emergency.vehicle identifying its current location, the infended
destination, and the route to be\followed. Then, the traffic controllers along thg route
should be tracking the vehicle’and updating the BOPC so that it can take steps fo “clear
the way” and attempt to.provide a “green wave” or similar effect to support thg more
rapid movement of the‘emergency vehicle through the network.

2) Inaddition to:the'above, the BOPC could be tracking multiple vehicles throygh the
roadway netwark'and may need to alter the route or handle conflicting requests for
emergency vehicle routing by communicating these circumstances to the emergency ve-
hicle via either the RSE along the route or some other wide-area wireless servite/media.

Sdurce docs/
references

CEN#nmpp? xx; MMITSS p. x ID xx

Table A.11 — SA1: Dilemma zone protection

Ude case.nanie

Dilemma zone protection

Cdtegory Safety

Inh‘astructure Data receiver

role

Short description |This use case describes detection of equipped vehicles approaching a traffic signal that,
upon onset of yellow, may find it challenging to either stop before the stop bar or con-
tinue through the intersection before the signal turns red. Vehicles in this situation are
termed dilemma zone vehicles though their actual location may vary.

Goal Detect potential dilemma zone vehicles and pass information to signal controller to min-

imize occurrences
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Constraints

Channel plan in place to allow RSE to receive BSM/CAMs.

Vehicles’ DSRC transmit performance under high-speed approach conditions adequate
for timely RSE reception.

OBE BSM/CAM meets minimum performance requirements.

Intersection approach roadway segments mapped to sufficient accuracy and differenti-
ates segments governed by other traffic control device (signal/stop/yield)

This use case will only deal with data exchanges between the connected vehicle and the

frastructure (RSE), While othertocal INTersection Sensors coutd be used to augme}gd
the information available to the intersection controller. Such information is considp{
out of scope for this use case.

The traffic signal controller operation is configured to accept input from the &‘S(E/and Has
been configured to allow clearance extension to enable vehicles to pass b@ on BSM

Geographlic scope

CAM and anticipated vehicle trajectory. RS)
N

Local signalized intersection and approaching roadway segments .

Actors OBE-equipped vehicles <\
RSE connected to local traffic signal controller K O

Illustratipn

(example

Roadside
Equipment
[RSE) Unit

Preconditions é\‘
<X

Local traffic signal controller not in pre-empt/special mode

Local traffic signal controller operating in [pretimed, semi-actuated/actuated] mode

Main flow % )

1) OBE-equipped vehicle enters DSRC range (i.e. for OBE transmit/RSE receive) of RSH

(example

J

(note that if another medium is used, the same assumption applies).
2) OBE transmits BSM/CAM.
3) RSE receives BSM/CAM.

4) RSE parses BSM/CAM to identify vehicle temporary ID, position, speed, heading,
type, turn signal status.

5) (in parallel with steps 1 to 4) RSE receives SPaT information from traffic signal con-
troller.

6) (in parallel with steps 1 to 4) RSE receives road condition information.
7) RSE updates state map of vehicles on each intersection approach.

8) If RSE estimates that a vehicle will not reach the stop bar before the red onset, RSE
notifies the traffic signal controller.
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9) The traffic controller adjusts the signal timing to extend the clearance before dis-
playing conflicting movements.

Alternate flow(s)

1) (insert after step 9) RSE updates vehicles served performance measures

One or more of these alternative flows may be added in a later revision of this document.
Alternative A:

8a) RSE also uses vehicle type in calculating stopping distance

Alternative B:

8a) RSE transmits advisory message aimed at vehicles on other approaches

Pgst-conditions

Vehicle crosses stop bar before red onset or stops on red before enteringintergection.

Information SPaT (for RSE use only)

requirements Current manoeuvre permitted, time points for manoeuvre terminations yellow clear-
ance time, red clearance time, next manoeuvres to begin
To support the alternate flows B:
Advisory to other vehicles
MAP (for RSE use only)
Intersection geometry (MAP base), permitted,manoeuvres, and changes to MAPP other
than base
BSM/CAM
Vehicle ID (for tracking), vehicle location; vehicle heading, vehicle speed, vehicle type,
turn signal status

Issues 1) Vehicle may change speed abxuiptly (driver brakes, or changes mind).

2) Timing/stopping distanee; for heavy vehicles
3) Advance warning information/advisory to other vehicles

4) Coupling with enforéement

NOTE This use case'is only intended to address actions taken by the intersect]on equip-
ment and is intended to augment the appropriate stand alone in-vehicle warnings of stop
line violations based on the SPaT and MAP information.

5) May(be'subject to abuse by drivers (learned behaviour)

6) Source and nature of road condition information is undetermined; it is intehded to
reflect the friction for stopping distance calculations.

Sdurce docs/

MMITSS p. 61D 11.1.4

references
Table A.12 — SA2: Red light violation warning

Udecase name Red Iighf violation warning

Category Safety

Infrastructure Data provider

role

Short This use case describes provision of signal timing information to approaching vehicles to

description help prevent red light violations.

Goal Roadside equipment sends MAP and SPaT in real-time to approaching vehicles, which
utilize the information to notify the driver of the need to stop to avoid potential red light
violation.

Constraints RSE transmit performance adequate for approaching vehicles’ timely DSRC reception.
Security management system in place to allow OBE to check RSE messages
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RSE messages meet minimum performance requirements.

Intersection approach roadway segments mapped to sufficient accuracy and differenti-
ates lanes governed by each signal phase

Positioning performance adequate to match vehicle with lane-specific signal phases, if
applicable

OBE driver interface/algorithm with appropriate timing/inputs established

Geographic Local signalized intersection and approaching roadway segments
scope
Actors OBE-equipped vehicles with red light violation warning application ,<\
RSE connected to local traffic signal controller qg
Illustratipn
(example
’ Roadside
e Equipme nt
{RSE) Unit
1
Preconditions MAP messagefr@\cts current intersection geometry.
Main flow 1) OBE-equipped vehicle enters DSRC range (i.e. for OBE receive/RSE transmit) of RSH
(example (note th nother medium is used, the same assumption applies).
2) ansmits MAP and SPaT information.
E verifies that RSE messages are acceptable (authentic, valid, meet MPR).
C?j’ OBE matches vehicle location to intersection geometry/lane and associated sig-
é nal phase.
&?‘ 5) OBE determines if vehicle is expected to violate red indication based on vehicle tra
% jectory and other information.

6) Ifviolation is expected, OBE provides information to the driver to stop at the appro-
priate time (in time to stop).

Alternate flow(s)

4) OBE also utilizes turn signal information and/or other vehicle parameters to match
with signal phase.

5) OBE also considers vehicle stopping parameters (e.g. size/weight).

6a) OBE utilizes other information (e.g. image processing of traffic light, etc.) as a back-
up to determine whether the information to stop should be provided to the driver.

6b) OBE initiates action directly with vehicle if violation is expected.

Post-conditions

Vehicle crosses stop bar before red onset or stops on red before entering intersection.
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Information SPaT

requirements . o . .
Current manoeuvre permitted, remaining time for manoeuvre, yellow clearance time,
red clearance time, next manoeuvre to be serviced
MAP
Intersection geometry, permitted manoeuvres

Issues 1) Determining turn lane prior to approach

2) Violation based on current signal phase vs. future

3) MPR/acceptability of current RSE messages

Sdurce docs/
references

CEN#1 p. 3; USDOT J2735™SE Candidate Use Case #1, p. 4

Table A.13 — SA3: Stop sign violation warning

Ude case name

Stop sign violation warning

Cqtegory

Safety

Infrastructure
role

Data provider

Short This use case describes provision of stop sign location information to approaclling vehi-
ddscription cles to help prevent stop sign violations)(running).
Ggal Roadside equipment sends MAP an@SPaT to vehicles, which utilize the inform3tion to
notify the driver of the need to stop to avoid running on stop sign.
Cdnstraints RSE coverage adequate for providing MAP to vehicles approaching stop signs
Security management system in place to allow OBE to check RSE messages
RSE messages meet minimum performance requirements.
Intersection appreach roadway segments mapped to sufficient accuracy and differenti-
ates lanes governed by stop sign and segments governed by other traffic contr¢l devices
Positioningtperformance adequate to match vehicle with lane-specific stop controls, if
applicabte
OBE driver interface/algorithm with appropriate timing/inputs established
Ggographic Individual stop-controlled intersections and approaching roadway segments
scppe
Adtors OBE-equipped vehicles with stop sign violation warning application
RSE with MAP and SPaT information
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Illustration
(example)
X\
o
N
- Roadside
e Eq:?;.r\;nt
(RE} Unit
Driver
Preconditions MAP message reflects current intersection geo@\sry, SPaT message reflects stop sign
configuration G\\)
Main flow 1) OBE-equipped vehicle enters DSRC r (i.e. for OBE receive/RSE transmit) of RSH
(example (note that if another medium is used, t me assumption applies).

2) RSE transmits MAP informatiQn\Q)
3) OBE verifies that RSE messa ééare acceptable (authentic, valid, meet MPR)

4) OBE matches vehicle loqtﬁm to intersection geometry/lane and SPaT associated
stop sign(s) - O

5) OBE determines if@hlcle is expected to violate (run) stop sign based on vehicle trg
jectory and other information

6) Ifviolationi ected, OBE provides information to driver to stop at appropriate
time (in time o stop)

The fi

Alternate|flow(s) |2a) RSE @ transmits MAP information for other intersections.
Qﬂ&%’nng flow steps address yield controlled approaches (replace steps 4 to 6 of the

ma@ w).
BE matches vehicle location to intersection geometry/lane and SPaT associated
)yield sign(s).

based on the crossing vehicle’s BSM, the other vehicle’s trajectory, OBE vehicle trajectofy,

?§ 5) OBE determines whether a crossing vehicle is expected to violate (run) its stop sig
% and other information. T

6) If the crossing vehicle is expected to violate the stop sign, the OBE provides informa-
tion to the driver to stop at the appropriate time (in time to stop).

Post-conditions Vehicle stops at stop sign.
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Information MAP
requirements Intersection geometry, permitted manoeuvres (governed by stop signs)
SPaT

Manoeuvre information related to intersection’s sign controlled lanes/approaches

Issues 1) Is stop sign information in MAP message or separate message?

2) Threshold for definition of stop speed

S ----- daoeccl CENHD o A4 ICDAOT D720 MO o dido+r s TND O D 1 1
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references

Table A.14 — SA4: Turning assistant — Oncoming traffic

Ude case name Turning assistant — Oncoming traffic

Cqtegory Safety

Infrastructure role |Data provider

SHort description |This use case describes the provision of information.on approaching oncoming traffic to
vehicle(s) waiting to turn at a signalized intersection.

Gqal Roadside equipment sends MAP, SPaT, and Sensorinformation to a vehicle waifing to
turn across oncoming traffic to warn its drivér of potential conflicts

Cdnstraints RSE transmit performance adequate for vehicles’ timely DSRC reception
Security management system in place to.allow OBE to check RSE messages
RSE messages meet minimum perfermance requirements.

Intersection approach roadway’segments mapped to sufficient accuracy and djffferenti-
ate lanes governed by each signal phase

Positioning performance.adequate to match vehicle with lane-specific signal phases, if
applicable

Sensor information‘adequately covers details of opposing traffic in a timely faghion
OBE driver interface/algorithm with appropriate timing/inputs established

Ggographic scope |Local signalized intersection and approaching roadway segments

Adtors OBE-equipped vehicles with turning assistant warning application

RSE cennected to local traffic signal controller and sensor(s)
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Illustration
(example)
Roadside
Equipment
(RSE) Unit
Preconditions MAP message reflects current intersection geoQéry
Sensor senses vehicle(s), if any, in opposin e
Equipped vehicle waiting to turn across\‘t@a fic at intersection
Main flow 1) OBE-equipped vehicle enters DS ange (i.e. for OBE receive/RSE transmit) of RSE
(example (note that if another medium is used;the same assumption applies).
2) RSE transmits MAP, SPaT,,@i sensor information.
3) RSE transmits infrasgrg&ure-sensed vehicle information in a BSM as a proxy for tle
vehicle. N
4) OBE verifies that RSE messages are acceptable (authentic, valid, meet MPR).
5) OBE matche n vehicle location to intersection geometry/lane and associated
signal phase.
6) OBE u@ received sensor information to estimate opposing vehicle trajectory.
7) OBT\q?termines if infrastructure-sensed vehicle is expected to conflict with turn
ma re, based on vehicle trajectory and other information.
conflict is expected, and OBE-equipped vehicle senses initiation of turning, OBE
vides information to the driver to stop turning at the appropriate time (in time to
.§ avoid conflict).
Alternate floy@ None
Post-cond ifbl}s Equipped vehicle proceeds through turn without conflict.
Information re- SPaT
quirements Current manoeuvre permitted, remaining time for manoeuvre, yellow clearance time,
red clearance time, next manoeuvre to be serviced
MAP
Intersection geometry including approaches, permitted manoeuvres
Sensor information: coverage, traffic location/heading/speed/acceleration
Issues 1) Adequacy of opposing traffic zone coverage
2) Details of sensor information: which message, location, and definition
Source docs/ CEN#3 pp. 5
references
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Table A.15 — SA5: Turning assistant — Vulnerable road user avoidance

Use case name

Turning assistant — Vulnerable road user avoidance

Category Safety
Infrastructure Data provider
role
Short This use case describes provision of information on vulnerable road users (e.g. cyclists,
desl‘ripfil\n pnr]ncflﬂ'c\hc) toturninag traffic ot o cigh alized intorsection
Gqgal Roadside equipment sends MAP, SPaT, and sensor information to a Vehicle;(b\) 1t to turn
to warn its driver of potential conflicts with vulnerable road users. .
Canstraints RSE transmit performance adequate for vehicles’ timely DSRC rece&t@nv
RSE messages meet minimum performance requirements. Q
Intersection approach roadway segments mapped to sufficienl\%curacy and djffferenti-
ate lanes governed by each signal phase. %
Positioning performance adequate to match vehicle w@‘l&w-speciﬁc signal phases, if
applicable %
Sensor information adequately covers position arﬁ{}lovement details of vulnerable road
users in a timely fashion
OBE driver interface/algorithm with appropriate timing/inputs established
Ggographic Local signalized intersection and conn@‘d roadway segments
scppe [70)
Adtors OBE-equipped vehicles with turnir@a\ssistant warning application
RSE connected to local traffic‘g}nal controller and sensor(s)
Illustration
(example)

Equipment
[RS5E) Unit

SAS5 Illustration

Preconditions

MAP message reflects current intersection geometry

Sensor senses vulnerable road user(s), if any, in alongside zone and far turning zone.

Equipped vehicle approaching or stopped at intersection
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Table A.15 (continued)

Main flow
(example)

1) OBE-equipped vehicle enters DSRC range (i.e. for OBE receive/RSE transmit) of RSE
(note that if another medium is used, the same assumption applies).

2) RSE transmits MAP, SPaT, and sensor information.
3) OBE verifies that RSE messages are acceptable (authentic, valid, meet MPR).

4) OBE matches own vehicle location to intersection geometry/lane from MAP and
associated signal phase.

5) OBE usesreceived sensor information in conjunction with MAP to estimate location

dNnd trajectory orvulnerable road users.

6) OBE determines if vulnerable road users are expected to conflict with potentiaktufn
manoeuvres, based on vehicle trajectory and other information.

7) If conflict is expected, and OBE-equipped vehicle senses initiation of turning, OBE
provides information to the driver to stop turning at the appropriate time (in time to
avoid conflict).

Alternate| flow(s)

None

Post-conditions

Equipped vehicle proceeds through intersection without conflict with vulnerable
road users.

lnforma;ltn
requirements

SPaT

Current manoeuvre permitted, remaining time for manoeuvre, yellow clearance time,
red clearance time, next manoeuvre to be serviced,pédestrian sensor/call information,
cyclist sensor information

MAP

Intersection geometry (MAP base), permitted manoeuvres, changes to MAP other thanp
base geometry, pedestrian crossings, and sensor areas

Issues

1) Adequacy of vulnerable road usér'sensor coverage

2) Details of sensor informatjon: which message, location, and definition

Source ddcs/
references

CEN#4 pp. 6-7

Table A.16 -~ SA6: Non-signalized crossing traffic warning

Use case pame

Non-sighalized crossing traffic warning

Category Safety.
Infrastrufture Bata provider
role
Short This use case describes provision of information on cross traffic at a non-signalized
description intersection
Goal Roadside equipment sends MAP and sensor information (position, movement from OBE-
equipped vehicles or roadside Sensors) to venicle. The information provided includes
trajectory of crossing traffic to prevent potential crossing path crashes.
Constraints RSE transmit performance adequate for vehicles’ timely DSRC reception
RSE messages meet minimum performance requirements.
Intersection approach roadway segments mapped to sufficient accuracy
Vehicle positioning performance adequate to match vehicle with roadway segment
Sensor information adequately covers position and movement details of cross traffic in a
timely fashion
OBE driver interface/algorithm with appropriate timing/inputs established
Geographic Local non-signalized intersection and roadway approaches
scope
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Table A.16 (continued)
Actors OBE-equipped vehicles with crossing traffic warning application
Non-OBE-equipped vehicles detected by sensors
RSE connected to local vehicle lane/approach sensor(s)
Illustration Source: Noblis 2013
(example) e
Cabinet
_ Equipment (RSE)
NOTE This figure is just ;ngﬁmple. The use case description applies to any rjon-sig-
nalized intersection with aStop sign.
Prjeconditions MAP message reflects\®r1:ent intersection geometry.
Sensor senses vehicle(s), if any, in crossing traffic zone approaching intersectign
Equipped Vehlig\approachmg intersection
Alternat@lnerable user mobile device signals RSE of their presence.
NOT@ munications between vehicles is a different use case and out of scgpe for this
Main flow | -OBE- -equipped vehicle enters DSRC range (i.e. for OBE receive/RSE transmit) of RSE
(example) (%) ote that if another medium is used, the same assumption applies).
Oy 2a) RSE broadcasts MAP information and GNSS augmentation information to vehicle OBE
?9~ 2b) RSE broadcasts sensor information relating the location of cross traffic v¢hicle(s).
éo 3) OBE verifies that RSE messages are acceptable (authentic, valid, meet MPR
&?‘ 4) OBE matches own vehicle location to intersection geometry/lane from MAP
% 5) OBE uses received sensor information in conjunction with MAP to estimat¢ location

and trajectory of crossing traffic (either oncoming such as in a cross traffic turn or
crossing traffic due to an intersecting road).

6) OBE determines if crossing traffic is expected to conflict with continued trajectory
(or startup movement if stopped)

7) If conflictis expected, and OBE-equipped vehicle is moving in conflicting direction,
OBE either provides information to driver or starts control actions on vehicle to stop (or
not allow a start-up) at appropriate time (in time to avoid conflict)

Alternate flow(s)

MAP information may be omitted from the local RSE message if it is provided in a re-
gional manner, i.e. if the vehicle receives MAP information from an RSE as it enters the
general region or via broadband wide area network media.

Post-conditions

Vehicle proceeds through intersection without conflict from cross traffic.
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Table A.16 (continued)

Information re- MAP

quirements Intersection geometry (MAP base) including approaches, permitted manoeuvres (gov-

erned by stop signs), and changes to MAP other than base geometry (e.g. time-of-day
restrictions, construction restrictions).

Sensor information (crossing traffic location/heading/speed)

Issues 1) Adequacy of cross traffic sensor coverage

2) Details of sensor information: which message, location, and definition

Source ddcs/ CEN#15, p. 24
references

Table A.17 — SA7: Crossing vulnerable road user advisory (non-signalized)

Use case name Crossing vulnerable road user advisory (non-signalized)

Category Safety

Infrastrufrture Data provider

role

Short This use case describes provision of information on vulnerable road users (e.g. cyclistd,

description pedestrians) to traffic at a non-signalized interseetion.

Goal Roadside equipment sends MAP, SPaT, and sensdr. information to a vehicle that is ap-
proaching a pedestrian/vulnerable road usefxcrossing, at a non-signalized intersectior,
in order to warn the driver of potential conflicts with pedestrian/vulnerable road users.

Constrairnts RSE transmit performance adequate for vehicles’ timely DSRC reception
RSE messages meet minimum perforinance requirements.

Intersection approach roadway,segments mapped to sufficient accuracy and differentit
ates area governed by sensor(s)

Vehicle positioning perfarmance adequate to match vehicle with lane/approach-specific
crossing areas, if appliable

Sensor informatiomadequately covers presence and location details of vulnerable road
users and if avajlable, the trajectory and speed, in a timely fashion.

OBE driver interface/algorithm with appropriate timing/inputs established

Geographic Local non-signalized intersection and connected roadway approaches

scope

Actors OBE-equipped vehicle with crossing vulnerable road user advisory application
RSE connected to sensor(s)

Alternate: RSE equipped to accept transmissions from vulnerable users to identify thelr
location (which may include trajectory, and speed)
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Table A.17 (continued)

Illustration
(example)

Source: Noblis 2013

Traffic Signal
Controller 3§

Equipment
(RSE) Unit

NOTE This figure is just an example. T@gse case description applies to any njon-signal-
ized intersection with a stop sign. G\\)

Preconditions

MAP Nz )

Message reflects current inte@%ﬁon geometry.

SPaT A‘\Q)

Pedestrian detection &@manoeuvre information for the intersection
Roadside sensor s.e\ s vulnerable road user(s), if any, in approach zone and turing zones.
Alternate: Vulrgnh le user mobile device signals RSE of their presence

NOTE Co%ﬁuu’nications between a pedestrian mobile device and the vehicle ig
ent use @ and out of scope for this document.

a differ-

Equipped vehicle approaching or stopped at intersection

Main flow
(example)

O
53
D
?\
&

C

\O’BE-equipped vehicle enters DSRC range (i.e. for OBE receive/RSE transmif) of RSE
R}mte that if another medium is used, the same assumption applies).

2a) RSE broadcasts MAP information and GNSS augmentation information to vehicle OBE.
2b) RSE broadcasts information relating to the presence of vulnerable road ugers.
3) OBE verifies that RSE messages are acceptable (authentic, valid, meet MPR]).

4) OBE matches own vehicle location to intersection geometry/lane/approach from

MAP and associated crossing area(s).

5) OBE usesreceived vulnerable user location information in conjunction with the MAP
information to estimate location and trajectory of vulnerable road users.

6) OBE determines if vulnerable road users are expected to conflict with potential ma-
noeuvres, based on vehicle trajectory and other information.

7) If conflictis expected, and OBE-equipped vehicle senses initiation of turning, OBE
provides information to driver or starts control actions on vehicle to stop at the appro-
priate time (in time to avoid conflict). If vulnerable user is in the approach roadway,
OBE provides information to the driver or starts control actions on vehicle to stop at the
appropriate time (to avoid conflict).

Alternate
flow(s)

MAP information may be omitted from the local RSE message if it is provided in a re-
gional manner, i.e. if the vehicle receives MAP information from an RSE as it enters the

general region or via broadband wide area network media.
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Table A.17 (continued)

Post-conditions Equipped vehicle proceeds through intersection without conflict with vulnerable
road users.

Information MAP

requirements

Intersection geometry (MAP base) including approaches, permitted manoeuvres (gov-
erned by stop signs) and changes to MAP other than base geometry (e.g. time-of-day
restrictions, construction restrictions)

SPaT

SFdT lllebdsC illdibdttb tllC ‘V’u}llcl a‘u]c RUdd UDCI ‘b P1 CDCIILC). A futul C VCI DiUll Uf tllib
document may optionally provide the VRU’s detailed location, heading, and speed.

Issues 1) Adequacy of vulnerable road user sensor coverage
2) Details of sensor information: which message, location, and definition
3) Support for vulnerable user to RSE communications

4) While the use case currently supports vulnerable road users’ presence, trajectory,
speed, and heading information for vulnerable users, only presen€e will be supported by
this document.

Source ddcs/ CEN #16, p. 25
references

Table A.18 — MS1: Basic local traffic sighal actuation

Use case name Basic local traffic signal actuation

Category Mobility, sustainability

Infrastrugture role |Data receiver

Short destription | This use case describes basic,r€al-time traffic signal actuation by connected vehicles in
the vicinity of a single intersection.

Goal Roadside equipment utilizes real-time information on the motion and specific charac-
teristics of approachingvehicles to provide more precise demand information to the

local traffic signal controller, thereby increasing efficiency and reducing emissions for
the intersection:

Constraints Channel plan.in place to allow RSE to receive BSM/CAMs
Approaching vehicles’ DSRC transmit performance adequate for timely RSE reception

OBE BSM/CAM meets minimum performance requirements (e.g. SAE J2945).

Intersection approach roadway segments mapped to sufficient accuracy and differentjf
ates segments governed by other traffic control device (signal/stop/yield)

RSE algorithm established to determine what input to provide to traffic signal controll
ler based on vehicle, SPaT information

Geographicscope |Local signalized intersection and approaching roadway segments

Actors OBE-equipped vehicles
RSE (includes the local traffic signal controller)

BOPC/signal operations back office
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Table A.18 (continued)

Illustration
(example)

Roadside

Equipment

(RSE) Unit |

©
Pa)
Prieconditions Local traffic signal controller not in pr@\ﬁlpt/special mode
Local traffic signal controller oper’a,t‘ﬁq\gin [semi-actuated/actuated] mode

Main flow 1) OBE-equipped vehicle enter: C range (i.e. for OBE transmit/RSE receivi) of RSE
(ekample) (note that if another medium &gused, the same assumption applies).

2) OBE transmits BSM/(K.@).
3) RSE receives BSM@M.

4) RSE parses BS AM to identify vehicle temporary ID, position, speed, he
type, and turn signal status.

5) RSE updates’state map (i.e. tracks individual trajectories) of vehicles on ea
section a ach.

6) R termines what type of calls to place or remove based on projected t
al phase.

and si
dSE places or removes call on applicable detector input(s) based on alg

Tand timing.

hding,
ch inter-
rajectory

rithm

Alkernate flow

5a) RSE also identifies/tracks vehicles formerly on/not on an intersection apIroach

[e.g. messages from vehicles that have already passed through the intersectio
nearby street not associated with this intersection, or entering land parcels ac
the intersection (e.g. re-fuelling station, parking facility)].

8) (insert after step 7) RSE updates performance measure data

,orona
jacent to

8a) RSE also sendsperformance measure datato BORC

Post-conditions

Vehicles able to pass through intersection without stopping when local efficiency is

increased

(alt.) BOPC/signal operations receives performance measure input data

Information
requirements

SPaT (used internally by the RSE only)

Current manoeuvre permitted, remaining time for manoeuvre, yellow clearance time,

red clearance time, next manoeuvre to be serviced, call placed
BSM/CAM

Vehicle ID (for tracking), vehicle location, vehicle heading, vehicle speed, vehic

turn signal status

le type,
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Table A.18 (continued)
MAP (used internally by the RSE only)

Intersection geometry, permitted manoeuvres

Issues 1) OBE transmit range may be dynamic (e.g. Tx power based on congestion control)
2) RSE needs to account for periodic changes to OBE ID

3) Optimization at corridor/network level may constrain local intersection

Source docs/ CEN#13 pp. 20-21; MMITSS p. 31D 11.1.1.3
references
X\
>
Table A.19 — MS2: Platoon detection for coordinated signals N

e
Use case pame Platoon detection for coordinated signals ,\q\)
Category Mobility, sustainability ,CH N
Infrastrufture role |Datareceiver A~\ -
Short desgription This use case describes provision of vehicle platoon charac ics to facilitate re-

al-time arterial-level traffic signal timing adjustments. TQk\case only targets timing
optimization (i.e. does not send directions to drivers), O

Goal Roadside equipment relays vehicle platoon infor ion to BOPC which uses informatipn
to dynamically adjust signal timing offsets Q
Constraints Channel plan in place to allow RSE to receiv @'/[/CAMS

Platoon vehicles’ DSRC transmit performaice adequate for timely RSE reception
Security management system in place to-allow RSE to check BSM/CAM

OBE BSM/CAM meets minimum p{@brmance requirements (e.g. SAE J2945)
Coordinated corridor of traffigsignals connected to TMC/BOPC

Geographlic scope Roadway section with cgo{&m‘éted traffic signals

Actors OBE-equipped vehiclei)\\v

RSE(s) connected to local traffic signal controllers

TMC/BOPC/signal'operations back office
Ilustratipn K)

1
(example \%

Equipment
[RSE) Unit(s)

OO
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:2017(E)

Preconditions

Local traffic signal controller not in pre-empt/special mode

Platoon of vehicles is travelling in direction of coordination plan

Main flow
(example)

1) OBE-equipped vehicles in platoon enter DSRC range (i.e. for OBE transmit/RSE re-
ceive) of RSE (note that if another medium is used, the same assumption applies).

2) Each OBE transmits BSM/CAM.
3) RSE(s) receives BSM/CAM(s).

4) RSE parses BSM/CAMs to identify vehicle temporary ID, position, speed, head-

g, type.

5) Each RSE sends estimated platoon status information based on received BSM/CAMs

(speed, time, location of head and tail of platoon) to BOPC.

6) BOPC processes information on platoons to optimize offsets ateach interspction in

the platoon direction including time periods for application and transitions.

7) BOPC sends newly adjusted offsets/time period of application (and transitjion infor-

mation) to each traffic signal controller.

Al

kernate flow(s)

5a) RSE sends platoon vehicles’ individual status information to BOPC.

5b) RSE sends platoon vehicles’ information in conjunction with loop/convenftional

detector information to BOPC.

6a) BOPC processes information on platoons.to optimize offsets at each intersection

incorporating a trade-off function with both directions.

Pdgst-conditions

Traffic signal timing reflects dynamically optimized offsets for vehicle flow in corridor.

Time period of application passes and'signal controller executes transition.

In|
re

formation
quirements

SPaT (for RSE only)

Current manoeuvre permitted; remaining time for manoeuvre, yellow clearanice time,

red clearance time, next manoeuvre to be serviced
BSM/CAM

Vehicle ID (for tragking), vehicle location, vehicle heading, vehicle speed, vehidle type,

turn signal status
MAP (for RSE only)

Intersection geometry, permitted manoeuvres

Is

ues

1) Definition of platoon/detection information.

2).Accurate identification of front and back of platoon challenging without high fleet

penetration.
3) Platoon enters DSRC range of RSE over period of time.

4) Optimization at corridor level may conflict with network and/or local inte
optimization.

5) Platoon operation’s research is ongoing and therefore platoon requirements will be

addressed in a future version of this document.

F'section

re

Source dnr‘c,/

CEN#13 pp 20-21; MMITSSp 41D 1112

ferences

Table A.20 — MS3: Congested intersection adjustment

Use case name

Congested intersection Adjustment

Category Mobility, sustainability
Infrastructure Data receiver
role
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Table A.20 (continued)

Short This use case describes the detection of persistent traffic signal phase overloads on one
description or more manoeuvres and executing mitigating adjustments to traffic signal plans at the
intersection(s). Multi-intersection adjustments involve a BOPC.
Goal Reduce impacts of phase overloads at a congested intersection by utilizing adjustments
to traffic signal timing based on mitigation strategies.
Constraints Channel plan in place to allow RSE to receive BSM/CAMs
Vehicles’ DSRC transmit performance under congested conditions adequate for timely
RSE reception
OBE BSM/CAM meets minimum performance requirements (e.g. SAE J2945)
Intersection approach roadway segments mapped to sufficient accuracy and di@r nti-
ates segments governed by other traffic control device (signal/stop/yield) q/
RSE algorithm established to determine what input to provide to traffic @}1 control-
ler and/or BOPC based on vehicle information indicating phase overlo@e.g. vehicle
present in queue at the beginning of the phase did not pass through the intersection
prior to the termination of the phase) &%
Intersection has sufficient detection to identify phase overloqd»%\e.g. stop bar detectign.
Geographic Local signalized intersection and potentially nearby inter@bjns
scope &
Actors OBE-equipped vehicles
RSE connected to local traffic signal controller QQ
BOPC/signal operations back office ) ‘\\\
Ilustratipn -
(example
Local
Signai .}
Con*roller j
o
‘?\ Roadside Equipment -
§ E (RSE) Unit(s) L
Source: Noblis 2013
Preconditions Sufficient number of equipped vehicles on approach segment to accurately identify true
phase overloads
Main flow 1) OBE-equipped vehicle enters DSRC range (i.e. for OBE transmit/RSE receive) of RSE
(example) (note that if another medium is used, the same assumption applies).
2) OBE transmits BSM/CAM
3) RSE receives BSM/CAM
4) RSE parses BSM/CAM to identify vehicle temporary ID, position, speed, heading,
type, turn signal status
(Steps 5 to 7 are occurring in parallel with steps 2 to 4.)
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Table A.20 (continued)

5) RSE updates state map of vehicles on each intersection approach using SPaT and
MAP information.

6) RSE identifies phase overload based on equipped vehicle not being serviced for
(configurable number) cycles.

7) RSE sends phase overload information to local signal controller.

8) Local signal controller implements strategy (free operation, split adjustment/dy-
namic split assignment, cycle length modification, queue management) to eliminate
phase overloads.

9) If phase overloads not detected for (configurable number) cycles, RSE sendls mes-
sage to local signal controller.

10) Local signal controller adjusts to strategy absent phase overloads.

Alkernate flow(s) 7a) RSE sends phase overload information to BOPC which deterniines the actfion.
8a) BOPC implements strategy adjusting timing of other intersection(s).
9a) RSE sends lack of phase overload detection to BOPC wihich determines th action.

10a) BOPC implements normal operation/recovery transition at intersection(s) based
on absence of phase overload.

Pgst-conditions Conditions on congested manoeuvre at the intersection improved to eliminat¢ phase
overload

Information SPaT

requirements

Current manoeuvre permitted, time peints for manoeuvres including yellow dlearance,
red clearance, and next manoeuvre to.begin

BSM/CAM

Vehicle ID (for tracking), vehiele location, vehicle heading, vehicle speed, turn|signal
status

MAP (for RSE only)

Intersection geometry, permitted manoeuvres

Issues 1) RSE needs(toaccount for periodic changes to OBE ID

2) Optimigation at corridor/network level may conflict with adjustments at Ipcal in-
tersectionlevel, and similarly, local optimizations may conflict with corridor/network
levelstrategies.

3). SPaT information (as described in the requirements of 6.7.1x series) does ot con-
tain phase overload indicators.
4) Communication of phase overloads from the RSE to the intersection contrpller

Sdurce docs/ CEN#13 pp. 20-21; MMITSS p. 5 ID 11.1.3; NCHRP 3-79
references

rapbie A.Z1 — MS4: ITalTlC sighdl optiindl speed advisory

Use case name Traffic signal optimal speed advisory

Category Mobility, sustainability

Infrastructure role |Data provider

Short description This use case describes provision of traffic signal information to approaching vehi-
cles to enable speed adjustment, and lane switching, to optimize vehicle trajectory for
smooth operation of the vehicle.

Goal Roadside equipment sends MAP and SPaT in real time to approaching vehicles, which
utilize the information to notify the driver of optimal speed to smoothly stop or trav-
erse the intersection.

Constraints RSE transmit performance adequate for approaching vehicles’ timely DSRC reception
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Table A.21 (continued)

RSE messages meet minimum performance requirements.

Intersection approach roadway segments mapped to sufficient accuracy and differenti-
ate lanes governed by each signal phase

Positioning performance adequate to match vehicle with lane-specific signal phases, if
applicable

OBE driver interface/algorithm with appropriate timing/inputs established

OBE acceleration/deceleration profiles established for possible trajectory and tim-

ing input
Geographlic scope Local signalized intersection and approaching roadway segments ,\/\
Actors OBE-equipped vehicles with optimal speed application q/Q R
RSE connected to local traffic signal controller (\'\ :
IMlustratipn QQVJ
(example N
, Roadside
9 Equipment
{RSE) Unit
C.
Preconditions MAP mespagé'{eflects current intersection geometry.
Main flow 1) 0 \ﬁipped vehicle enters DSRC range (i.e. for OBE receive/RSE transmit) of RSE
(example (no @1 tif another medium is used, the same assumption applies).
SE transmits MAP and SPaT information.
d@ OBE verifies that RSE messages are acceptable (authentic, valid, meet MPR).
é 4) OBE matches vehicle location to intersection geometry/lane, associated signal
&?‘ phase, intersection speed limit, vehicle routing, turn signal status, vehicle type, and
% queue length (by lane) information.

>) OBE determines if vehicle is expected to arrive at intersection during red interval
(based on vehicle trajectory and other information) or if the queue length is excessive
by lane.

6) Ifarrival at/near red interval is expected, the OBE determines optimal deceleration
profile to stop at intersection, or acceptable acceleration profile, and provides infor-
mation to the driver. If the queue length is excessive, the OBE alerts the driver of the
situation and recommends a change in speed or a change in lanes. Note that stop lines
effectively move upstream due to the presence of queues.

Alternate flow(s) 6a) OBE provides optimal profile as input for vehicle control system

Post-conditions Vehicle stops smoothly at intersection or continues through without stopping in envi-
ronmentally optimal fashion.
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Table A.21 (continued)

Information
requirements

SPaT

Current manoeuvre permitted, remaining time for manoeuvre, yellow clearance time,
red clearance time, next manoeuvre to be serviced, predicted future timing, queue
length, and pedestrian warning

MAP

Intersection geometry (MAP base), permitted manoeuvres, and changes to MAP other
than base

Issues

EhY A PR N R £ 1 —l

1) ALLTPLAUIIILy Ul SpetU guludlittT

2) Speed range (speed limit) information: message location, details
3) Determining turn lane prior to approach

4) Impacts on optimal speed due to dynamic environment (predicted signal {iming,
other vehicles, accuracy on the location of the queue length)

5) Matching vehicle location to intersection geometry and signal phase requilres vehi-
cle routing information to associate the vehicle with the proper lane and signgl phase.
(Whatlane is an 18-wheeler in when it straddles the lane marking so that it cgn make a
right-turn without the trailer hitting the curb?)

6) Traffic signal controllers vary as to when themext phase is identified.

7) Decisions will impact platoons.

Sdurce docs/
references

CEN#5p. 8

Table A.22 — MS5: Signalized corridor eco-driving speed guidance

Ude case name

Signalized corridor eco-driving speed guidance

Cqtegory

Mobility and sustainability

Infrastructure
rojle

Data provider

Short This use case‘describes the provision of traffic signal information to approaching vehi-

dgscription cles toenable speed and lane adjustments to optimize vehicle trajectory for itnproved
fuel gfficiency in a corridor.

Gqal Roadside equipment sends MAP and SPaT in real time to approaching vehicleg, which
utilize the information to notify vehicle of optimal speed and lane use to smo¢thly stop
or traverse the intersection using less fuel

Cdnstraints RSE transmit performance adequate for approaching vehicles’ timely DSRC reception
RSE messages meet minimum performance requirements.

Intersection approach roadway segments mapped to sufficient accuracy and glifferenti-
ate lanes governed by each signal phase

Positioning performance adequate to match vehicle with lane-specific signal phases, if
applicable

OBE driver interface/algorithm with appropriate timing/inputs established

OBE acceleration/deceleration and engine management profiles established for possi-
ble trajectory and timing input

Geographic Roadway section with traffic signals

scope

Actors OBE-equipped vehicles with eco-driving application

RSE(s) connected to local traffic signal controllers and BOPC

BOPC/signal operations back office
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Table A.22 (continued)

Illustration
(example)
Roadside |
Equipment §
(RSE) Unit(s)
Preconditions MAP message reflects current intersection ge@l‘stry
Vehicle travelling in direction of coordinaﬁ&n\%lan
Main flow 1) OBE-equipped vehicle enters DSRC,@\(ée (i.e. for OBE receive/RSE transmit) of RYE
(example (note that if another medium is usedéhe same assumption applies).
2a) RSE receives SPaT from sig@ontroller and corridor progression information
from BOPC.
| QL R
2b) RSE transmits MAP aqg aT information, corridor progression information

3) OBE verifies that essages are acceptable (authentic, valid, meet MPR).

4) OBE matches vehicle location to intersection geometry/lane and associated sig
nal phase. :

5) OBE det 1@1es if vehicle is expected to arrive at intersection during red interval
based on vehicle trajectory and other information or if the current queue length for tlhe
\éible is travelling is excessive.

lane th

6) @%?val at/near red interval is expected, OBE determines optimal deceleration

profile to stop at intersection, or acceptable acceleration profile, or if the vehicle shoulld
ch lanes based on SPaT and corridor progression information, and provides infor

‘mation to driver.

§ 7) Ifarrival during green interval is expected, OBE determines optimal speed, or if the
&?* vehicle should change lanes profile based on SPaT and corridor progression informa-
tion, and provides information to driver

Alternate Il(;'W[SJ baj Optimal deceleration proiile information provided to venicle control system rom
RSE or from BOPC.
7a) Optimal speed profile information provided to vehicle control system from RSE or
from BOPC.

Post-conditions Vehicle traverses corridor with increased efficiency.
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Table A.22 (continued)

:2017(E)

Information SPaT

requirements . o . .
Current manoeuvre permitted, remaining time for manoeuvre, yellow clearance time,
red clearance time, next manoeuvre to be serviced, predicted future timing, and pedes-
trian warning
MAP
Intersection geometry (MAP base), permitted manoeuvres, and changes to MAP other
than base
COTTIdOT progression information

Issues 1) Definition, message location of corridor progression information

2) Platoon operations through a corridor (it is unclear how the vehiclelwould even use
the preference information to make its trajectory calculations)
3) Acceptability of speed guidance
4) Speed range (speed limit) information: message location, details
5) Determining turn lane prior to approach
6) Impacts on optimal speed due to dynamic environment (predicted signal fiming,
other vehicles)
Sdurce docs/ CEN#6 p. 10; USDOT ]J2735™SE Candidate Use Case#2 p. 5
references
Table A.23 — MS6: Idling stop support
Ude case name Idling stop support
Cqtegory Mobility and sustainability
Infrastructure Data provider
role
Short This use case deseribes provision of traffic signal timing information to vehidles
dgscription stopped at a,signal to enable engine shutoff.
Ggal Roadside.equipment sends MAP and SPaT in real time to vehicles stopped at the inter-
section to enable drivers/vehicles to turn off engines while idling (stopped).
Cdnstraints RSE transmit performance adequate for approaching vehicles’ timely DSRC rgception
RSE messages meet minimum performance requirements.
Intersection approach roadway segments mapped to sufficient accuracy and {lifferenti-
ates lanes governed by each signal phase
Positioning performance adequate to match vehicle with lane-specific signal phases, if
applicable
OBE driver interface/algorithm with appropriate idling/startup timing/inguts es-
tablished
Geographic Local signalized intersection and approaching roadway segments
scope
Actors OBE-equipped vehicles with idling stop support application
RSE connected to local traffic signal controller
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Table A.23 (continued)

Illustration
(example)
Roadsiga
Equaprie nt
2 [RSE} Unit
oY
Preconditions OBE-equipped vehicle stopped at red signal $not include vehicles stopped at a cop-
venience store or fueling station driveway g to enter the roadway)
Main flow 1) OBE-equipped vehicle enters DSRC e (i.e. for OBE receive/RSE transmit) of RYE
(example (note that if another medium is used, same assumption applies).
2) RSE transmits MAP and SPaT. 1$matlon
3) OBE verifies that RSE messagés are acceptable (authentic, valid, meet MPR).
4) OBE matches vehicle l({i}mn to intersection geometry/lane, manoeuvres, and asgo-
ciated signal phase.
5) OBE determines 1C>hlcle is stopped and governed by red indication using SPaT.
6) Ifvehicleis Q§§Qcted to remain stopped, based on duration of the applicable
predicted ma vre change time, OBE determines optimal engine shutdown profile
based on the'tifme remaining in intervals and queue lengths prior to the time for the
vehicle tq'go,and provides information to the driver on shutdown/startup.
Alternate| flow(s) 6a) ,I.n@\rﬁation on shutdown/startup provided to vehicle engine control system
Post-conditions Vehicle leaves intersection after the end of red interval, assuming that the egress langs
akeClear of traffic.
Informatio Q\ PaT
requlrerrJents é Current manoeuvre permitted, remaining time for manoeuvre, yellow clearance timej
&?\ red clearance time, next manoeuvre to be serviced
S MAP
Intersection geometry (MAP base), permitted manoeuvres, and changes to MAP other
than base
Issues Determination of permissible/optimal shutdown and startup parameters under manu-
al/automatic control of the vehicle
Source docs/ CEN#7 pp. 11-12; USDOT ]J2735™SE Candidate Use Case #2, p. 5
references
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Table A.24 — MS7: Start delay prevention

Use case name

Start delay prevention

Category

Mobility, sustainability

Infrastructure role

Data provider

Short description This use case describes a provision of traffic signal timing information to vehicles
stopped at a signal to enable efficient resumption of flow.
Goal Roadside equipment sends MAP and SPaT in real time to vehicles stopped at the inter-

section to enable drivers/vehicles to prepare for startup efficiently.

Camstraimts RSETTansmit performance adequate for approaciiing VEiTies tmety uaR‘C;\I'E ception
RSE messages meet minimum performance requirements. Q’\
Intersection approach roadway segments mapped to sufficient accuracy and glifferenti-
ates lanes governed by each signal phase q
Positioning performance adequate to match vehicle with lan(;-\é&ific signal phases, if
applicable
OBE driver interface/algorithm with appropriate starth(ﬁszl ing/inputs estaljlished
Ggographic scope Local signalized intersection and approaching road(ul@éegments
Adtors OBE-equipped vehicles with start delay preventi@a’ﬁplication
RSE connected to local traffic signal controllér
Iljustration )
(exkample)
{
S
Equipment
?99 9 [RSE) Unit
A Y
Py eﬁ'yl\litions Equipped vehicle stopped at red signal

Main flow
(example)

1) OBE-equipped vehicle enters DSRC range (i.e. for OBE receive/RSE transmit) of RSE
(note that if another medium is used, the same assumption applies).

2) RSE transmits MAP and SPaT information.
3) OBE verifies that RSE messages are acceptable (authentic, valid, meet MPR).

4) OBE matches vehicle location to intersection geometry/lane and associated sig-
nal phase.

5) OBE determines if vehicle is stopped and governed by red indication using SPaT.

6) Ifvehicle is stopped but expected to receive green indication within a specified
time, based on SPaT information, OBE determines the optimal time and nature of mes-
sage to provide to the driver to prepare for startup.

Alternate flow(s)

None
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Table A.24 (continued)

Post-conditions

Vehicle proceeds through intersection once green indication given

Information re-

SPaT

quirements . . . .
Current manoeuvre permitted, remaining time for manoeuvre, yellow clearance time,
red clearance time, next manoeuvre to be serviced
MAP
Intersection geometry (MAP base), permitted manoeuvres, and changes to MAP other
than base

Issues Human factors: confidence/timing of startup information, false startup

Source dqcs/ CEN#8p. 13

references

96 © IS0 2017 - All rights reserved



https://standardsiso.com/api/?name=45743bb983139bc745328a5d37610e6b

ISO/TS 19091:2017(E)

MS8: (Deleted) Travel lane advice

This page intentionally left blank.
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Table A.25 — MS9: Inductive charging at signals

Use case name

Inductive charging at signals

Category Sustainability
Infrastructure Data provider
role
Short This use case describes provision of inductive charging information to vehicle stopped
description at a signal. Actual charging transaction and technology is outside scope.
Goal Roadside equipment sends MAP and SPaT in real time to vehicles stopped at the inter-
section to enable vehicles to establish temporary r‘harging
Constraints RSE transmit performance adequate for approaching vehicles’ timely DSRC recep@n
RSE messages meet minimum performance requirements. q/
Intersection approach roadway segments mapped to sufficient accuracy ifferenti-
ates lanes governed by each signal phase
Positioning performance adequate to match vehicle with lane-speci !\51gna1 phases, If
applicable, and inductive charging location %
OBE driver interface/algorithm with appropriate tlmlng/mp@\establlshed
Geographic Approach of equipped intersection \
scope é\
Actors OBE-equipped vehicles equipped with inductive c@@ing application
RSE connected to local traffic signal controller Q
Illustratipn .
(example
Equipment
Q‘ Equipment =
éo‘ﬁ (RSE) Unit
Preconditions Equipped vehicle stopped at red signal above inductive charging location
Main flow 1) OBE-equipped vehicle enters DSRC range (i.e. for OBE receive/RSE transmit) of RSE
(example) (note that if another medium is used, the same assumption applies).
2) RSE transmits MAP and SPaT information.
3) OBE verifies that RSE messages are acceptable (authentic, valid, meet MPR).
4) OBE matches vehicle location to intersection geometry/lane and associated sig-
nal phase.
5) OBE determines if vehicle is stopped above charging station using SPaT and MAP or
TIM for station location.
6) Ifvehicle is stopped and is not expected to receive a go indication within a specified
time, OBE determines timing to initiate and terminate charging connection.
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Table A.25 (continued)

7) OBE conducts charging request transaction.

8) OBE completes charging transaction.

Alternate flow(s) None

Post-conditions Vehicle continues through intersection after charging.
Information SPaT

requirements

Current manoeuvre permitted, remaining time for manoeuvre, yellow clearance time,
red clearance time, next manoeuvre to be serviced

MAP

Intersection geometry (MAP base), permitted manoeuvres, and changesto MAP other
than base

MAP or TIM

Inductive charging location(s)

Issues 1) Inductive charging location(s) on MAP or through TIM'messages as addre$sed in a
future edition of this document.

2) Charging transaction and related attributes

3) Assumes that the charging transaction is between the OBE and the inductfive charg-
ing station and is independent of the RSE

Saurce docs/ CEN#14 pp. 22-23
references

Table A.26 — MS10: Don’t block the box

Ude case name Don’t block the box (also known as manoeuvre assist)

Cqtegory Mobility

Ir(l)hrastructure Data provider,

role

SHort This use.case describes OBE vehicles determining whether they can enter and clear an
dgscription interséction or stopping until they can enter and clear.

Gqal Roadside equipment sends MAP and SPaT in real time to vehicles approaching the in-

tersection to enable vehicles to determine whether to enter the intersection dr to wait.

Cdnstraints RSE transmit performance adequate for approaching vehicles’ timely DSRC rgception
RSE messages meet minimum performance requirements.

Intersection approach roadway segments mapped to sufficient accuracy and fifferenti-
ates lanes governed by each signal phase

Positioning performance adequate to match vehicle with lane-specific signal phases, if
applicable, and inductive charging location

OBE driver interface/algorithm with appropriate timing/inputs established

Geographic Approaches and egress lanes at the intersection
scope
Actors OBE-equipped vehicle equipped with the manoeuvre assist application

RSE connected to local traffic signal controller
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Table A.26 (continued)

IMlustration | paamge——— =TT
(example) ‘ 2 ) —
" To QqueueLength
C: RSE
Local } k availableStorageLength
Signal N B D « e e e el pee s e
t  Controller }
X\
o
O@06
Roadside Equipment
(RSE) Unit(s)
Preconditions Equipped vehicle in an approach lane abouf&@ter the intersection
Main flow 1) OBE-equipped vehicle enters DSRC ra@e\(i.e. for OBE receive/RSE transmit) of R§E
(example (note that if another medium is used, the.same assumption applies).

2) OBE transmits BSM to RSE aqd@&er vehicle’s OBE
3) RSE transmits MAP and SPa‘l&\lformation
4) OBE verifies that RSE me’&Qges are acceptable (authentic, valid, meet MPR)

5) OBE matches vehicl&ﬂb ation to intersection geometry/lane and associated sig-
nal phase C)
6) OBE checks r§t’ing information and identifies its egress lane.

7) OBE deter s whether egress lane entrance contains a vehicle or has storage
space availa@} or it to move into

8) OB 1@ifies driver whether the vehicle can enter the intersection and move into
the egréss lane or the vehicle needs to remain in its current location.

Alternate| flow(s) ZKDT&E updates queueLength and availableStorageLength based on all available datja.

‘ RSE calculates whether vehicles approaching the stop line may proceed due to
available storage or stop until storage space is available.

?§ 2c) RSE updates SPaT with current queueLength, availableStorageLength, and a waif
& (i.e. stop or proceed) indication.

Post-conditions Vehicle continues through the intersectioninto the clearegresslane or the vehicle

stops and waits for the egress lane to have space for the vehicle to clear into.
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Table A.26 (continued)

Information SPaT

requirements . . .
Current manoeuvre permitted, remaining time for manoeuvre, yellow clearance

time, red clearance time, next manoeuvre to be serviced, queue and available storage
lengths, wait indicator.

MAP

Intersection geometry (MAP base), permitted manoeuvres, and changes to MAP other
than base, inductive charging location(s)

EiY 1.l - o dne £ 1 = 1 - L - £ h . | .
IS ucoS 1) TUCTIIUITICALIUIT Ul Csl TS5 Id1IT STUIL asc SpPdlt Uy bcllbllls/ llldppllls OT VeITITIoS 1n
egress lane

2) Assumes that the egress lane situation is known and assessed by the.apprjoaching
vehicle.

Sdurce docs/ Manoeuvre assist e-mail documents
references
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Annex B
(informative)

Use case to requirements traceability

B.1 Gemerat

Table B.1

informati
provided,

B.2 Syn

Table B.1
tables to t

The O.# (1

one or mdre of the.option group 2 options is required to be implemented. Two character combinati

are used fi

bn requirements associated with each use case. Three tables, Table B.3 to Table!B.6,
each organized by use case operational type (priority/pre-emption, safety, and mobility).

nbols indicating requirement status

ndicates the how individual requirements apply to the use cases. The symbols are used in
he logic of how the requirement shall be addressed in context of the-use case.

Table B.1 — Symbols indicating requirement status

Abbreviated -
Description
term

M Mandatory

M.# Support of every item of the group labelled by the same nu-
meral # is required, butenly one is active at a time

0 Optional

0.# (range) Part of an option, gréup. Support of the number of items in-
dicated by the {(range)” is required from all options labelled
with the same-numeral #

C Conditignal

N/A Not@applicable (i.e. logically impossible)

REG: Regional selection

X Excluded or prohibited

Ix Internal RSE<->TSC use only with “x” replaced by the status
symbols listed above

ange) notation is used to show a set of selectable options, e.g. 0.2 (1..*) would indicate t

br dynammic requirements. In this case, the first character refers to the static (implementati

status antﬂ the*second refers to the dynamic (use); thus, “MO” means “mandatory to be implement

fo Table B.6 provide traceability from the use cases to the requirements. The tables\identi

pre

he

hat
ns
bn)
ed,

1 aq»

optional oo uset:

B.3 Conditional status notation

The predicate notations in Table B.2 may be used.

102
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Table B.2 — Predicate notations

Notation Description

<predicate>: This notation introduces a single item that is conditional on
the <predicate>.

<predicate>: This notation introduces a table or a group of tables, all of
which are conditional on the <predicate>.

(predicate) This notation introduces the first occurrence of the predi-
cate. The feature associated with this notation is the base
feature for all options that have this predicate in their con-
formance column.

The <predicate>: notation means that the status following it applies only when the uge case to
requirements tables state that the feature or features identified by the predicate are ‘'supported. In the
simplest case, <predicate> is the identifying tag of a single use case to requiremiéents table|item. The
<predicate>:: notation may precede a table or group of tables in a section or subsection. When|the group
pre¢dicate is true, then the associated section shall be completed. The symbol <predicate> also may be
a Hoolean expression composed of several indices. “AND”, “OR”, and “NOTZ shall be used to indicate the
Boplean logical operations.

The predicates used in use case to requirements tables are as follows:

Table B.3 — Predicate mapping to this document’s subclauses

Predicate Subclause
Location 6.6.1
Safel
Safe2 Ot

B.# Prioritization and pre-emption use case to requirements table
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B.5 Safety related use case to requirements matrix
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B.6 Mobility/sustainability related use case to requirements matrix
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Annex D
(normative)

Extension procedures

:2017(E)

The SAE ]J2735™ data dictionary is constructed with a mechanism for extending messages for local (i.e.

regional) needs. The goals of the mechanism are described 1n SAE JZ735™:2016, IT.T and pr
separation of the SAE J2735™ content from regional extensions. Rules for extending the data
ar¢ laid out in SAE J2735™:2016, 11.2 as are examples.

bserve the
lictionary

Anjother aspect of SAE J2735™ extensibility is a set of messages to support the develppment ajnd testing
of hew C-ITS applications without the need to update the base data dictionary. Specifically, SAE J2735™

stdtes that the test messages “are intended to allow the development of entirely new me

ssages for

seffving use cases and applications not covered by the existing messageZset.” These megsages are
completely extendable using existing data dictionary content and/er\ new content necg¢ssary for

supporting the application.

Usgrs of this document shall conform to the extension requirements contained in SAE J2735™

hs defined

in BAE J2735™:2016, 11.2 when extending the messages and data frames defined in this document. As
dafa elements are not extendable, extending this document’s'data dictionary shall be done bfy creating

nel data elements and types or reusing existing data elemnents and types.

It is critical that any extension of the messages be vetted and tested due to the impacts of
mgssage sizes have on bandwidth utilization and titning relationships.

ncreasing
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Annex E
(normative)

Profile A for J2735™

E.1 Gemerat

addresses the use cases, requirements, and traceability matrices as applied to oné yegipn.
The use dases are listed in Annex A, the requirements are listed in Clause 6, and the jtraceability
matrices gre documented in Annex B and Annex C. When implementing this document using Profilq A,
Annex C shall be normative.

The ISO/TS 19091 MAP, SPaT, SRM, and SSM messages shall conform to the structure specified| in
SAE J2733™-201603with the additions as specified in this annex. Note that eachJ2735™ mandatory data
frame and data element shall be present in the message to maintain conformancewith J2735™ at the data
dictionary level regardless of their inclusion in the requirements traceability matrix. All transmitfed
BSM mesgages, while beyond the scope of this document, shall conform €o'the J2735™ data dictiongry
requireménts for BSM messages, as well as performance requirementsin the SAE J2945 series.

E.2 MAP

E.2.1 SAE]J2735™ MAP elements

ISO/TS 19091 MAP message shall satisfy the mandatory requirements for the MSG_MapData message
specified n SAE ]J2735™, as well as implement each mandatory and selected optional requirement] as
listed in Annex C. Each ISO/TS 19091 data elemient that is not specified within SAE J2735™ shall[be
incorporafed into the J2735™ message structipe and satisfy the ]2735™ requirements for extending the
J2735™ mpssage.

E.2.2 Profile A MAP elements
This annejx does not augment the base MAP message with any regional extensions.

E.2.3 Profile A MAP performance requirements

The ISO/TS 19091 MAP-message shall meet the mandatory performance requirements as selected in
Annex C. Note thatfuture minimum performance requirements specified in the SAE J2945 series may
be requir¢d to maintain conformance.

E.2.4 Profile A MAP ASN.1

No additional data elements are required.

E.3 SPaT

E.3.1 SAE]J2735™ SPaT elements

ISO/TS 19091 SPaT message shall satisfy the mandatory requirements for the MSG_
SignalPhaseAndTiming message specified in SAE ]J2735™, as well as implement each mandatory and
selected optional requirement as listed in Annex C. Each ISO/TS 19091 data element that is not specified
within SAE ]J2735™ shall be incorporated into the J2735™ message structure and satisfy the J2735™
requirements for extending the J2735™ message.
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E.3.2 Profile A SPaT elements

:2017(E)

This annex supplements the base SPaT message by adding regional content to the connection manoeuvre
assist for pedestrian/bicycle phase calls, for movement states to address fixed (e.g. tracked) guideway
special lanes.

E.3.3 Profile A SPaT performance requirements

The ISO/TS 19091 SPaT message shall meet the mandatory performance requirements as selected in
Annex C. Note that future minimum performance requirements specified in the SAE J2945 series may

be

E.]

4
E.3
3

Us
to

are
an

. 1 . . c
[CQUITTU LU ITIdIITLdIIT COIITUT I IICE,

3.4 Profile A SPaT ASN.1

4.1 Data frame: DF_NA.Reg_ConnectionManeuverAssist

e: The regional definition of any extensions to this data frame, if required. Used to allow e
hdd additional content to a given data frame to suit regional needs. In such-use, the requirec

defined below to augment the base technical specification. Each region will define this da
1 the containing namespace, as it requires.

ASN.1 Representation:

NA

Us
Re
in

E.3
.
.3

Us
to

Reg-ConnectionManeuverAssist ::= SEQUENCE ({
pedBicycleCall PedestrianBicycleCall OPTIONAL,

}

ed by: This entry is used directly by one other data structure in this document, a DF
bional_ConnectionManeuverAssist <ASN>\<>. In addition, this item may be used by data §
pther ITS standards.

4.2 Data frame: DF_NA.Reg-MavementState

e: The regional extension to allow North America to define additional content for a given d
suit regional needs, if required.

ASN.1 Representation:

NA

Us
Md

Reg-MovementStabte” : := SEQUENCE ({

specialSignadState SpecialSignalState OPTIONAL,

}

ed by: This entry is used directly by one other data structure in this document, a DF

vementState <ASN> <>,

hch region
| elements
fa concept

ralled DF_
tructures

ata frame

ralled DF_

E.3.4.3 Data element: DE_PedestrianBicycleCall

Use: The PedestrianBicycleCall data concept is used to provide an indication that pedestrians and/or
bicyclists who have requested service are therefore in the vicinity of the intersection.

AS

N.1 Representation:

PedestrianBicycleCall ::= BOOLEAN --

-- true if ANY Pedestrians or Bicyclists have activated the
-- crossing signal
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Used by: This entry is used directly by one other data structure in this document, a DF called DF_REG-
ConnectionManeuverAssist <ASN> <>. In addition, this item may be used by data structures in other
ITS standards.

E.3.4.4 Dataelement: DE_SpecialSignalState (SAE J2735™ Revised NOV2009 - 218 -)

Use: A data element indicating the current signal state of a particular, known special lane type (such as
a train). Used in the SPaT frame.

ASN.1 Representation:

SpecialSignalState ::= ENUMERATED ({
urlknown (0),
nqtInUse (1), -- (B0O001l) default state, empty, not in use
anriving (2), —-- (B0010) track-lane about to be occupied
pyesent (3), —-- (B0100) track-lane is occupied with vehicle
ddparting (4), —-- (B1000) track-lane about to be empty
} |-- one byte
E.4 SRM
E.4.1 SAE]J2735™ SRM elements
ISO/TS 19091 SRM message shall satisfy the mandatory )requirements for the M$G

SignalRequestMessage message specified in SAE J2735™, as well<as implement each mandatory gnd
selected optional requirement as listed in Annex C. Each ISO/TS 19091 data element that is not specifjed
within SAE ]J2735™ shall be incorporated into the J2735™ message structure and satisfy the J2735™
requiremg¢nts for extending the J2735™ message.

E.4.2 Profile A SRM elements

This annek supplements the base SRM message by-adding the regional requestor description to identify
the locatign of the requesting connected vehiele:

E.4.3 Profile A SRM performance requirements

The ISO/TS 19091 SRM message shall meet the mandatory performance requirements as selected in
Annex C. Note that future minimum performance requirements specified in the SAE J2945 series may
be requir¢d to maintain conformance.

E.4.4 Profile ASRMASN.1

No additignal elementsrequired.

E.5 SSlTl

E.5.1 SAE]J2735™ SSM elements

ISO/TS 19091 SSM message shall satisfy the mandatory requirements for the MSG_SignalStatusMessage
message specified in SAE ]J2735™, as well as implement each mandatory and selected optional
requirement as listed in Annex C. Each ISO/TS 19091 data element that is not specified within
SAE ]J2735™ shall be incorporated into the ]J2735™ message structure and satisfy the J2735™
requirements for extending the J2735™ message.

E.5.2 Profile A SSM elements

This annex does not augment the base SSM message with any regional extensions.
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E.5.3 Profile A SSM performance requirements

The ISO/TS 19091 SSM message shall meet the mandatory performance requirements as selected in
Annex C. Note that future minimum performance requirements specified in the SAE J2945 series may
be required to maintain conformance.

E.5.4 Profile A SSM ASN.1

None

E.6 Examples — Profile A PICS

Se¢ Annex C to select the optional requirements necessary for fulfilling the use case heeds ds listed in
Annex B.
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Annex F
(normative)

Profile B for J2735™

F.1 Gemperat

This annegx provides a simplified message profile concerned with MAP, SPaT, SRM, and SSM-for some
regions, typically Japan, where the signal control systems do not operate lane-by-lane control invgeneral.
This mear)s that the message profile described in this annex addresses use cases which require not Igne
unit descrjiption but approach unit description. Use cases, which this message profile will-be applied|to,
are showt) in Table F.1.

Table F.1 — List of use cases related to this annex

ID Title
SA1 Dilemma zone protection
SA?2 Red light violation warning
SA3 Stop sign violation warning
SA4 Turning assistant — Oncoming traffic
SAS Turning assistant — Vulnerable road user avoidance
SA4 Non-signalized crossing traffic warning
SA7 Crossing vulnerable road user advisory (hon-signalized)
MS4 Traffic signal optimal speed advisery
MSH Signalized corridor eco-drivingspeed guidance
MS6 Idling stop support
MS7 Start delay prevention

F.2 Normative references

The folloying referenced-documents are normatively referenced in this annex. And these sHall
supersedg the normative references listed in the main part of this document.

ISO 26684, Intelligenttransport systems (ITS) — Cooperative intersection signal information and violatfon
warning systems{CIWS) — Performance requirements and test procedures

ISO 2295],-Data dictionary and message sets for preemption and prioritization signal systems [for
emergencyand public transport vehicles (PRESTO)

ARIB STD-T109, 700 MHz Band Intelligent Transport Systems

ITS FORUM RC-010, 700 MHz Band Intelligent Transport Systems — Extended Functions Guideline,
published on March 15, 2012

FE.3 MAP message specification

F.3.1 General

Use: This MAP_OpB message is used to convey geometric information of the intersection. This includes
such items as an intersection description, ingresses, egress pathways, and connected sub-links.
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ASN.1 Representation:

Map OpB ::= SEQUENCE{
commonHeader CommonHeader,
identifier IntersectionIdentifier,
positionReferencePoint REG Position3D JPN,

apprAttribute SEQUENCE (SIZE(1..8)) OF ApproachAttribute,
ingress SEQUENCE (SIZE(0..8)) OF IngressApproach,
egress SEQUENCE (SIZE(0..8)) OF EgressPathway,

F.3.2 Identification of the data elements and data frames

F.3.2.1 General

Thiis subclause provides information to identify the specific data concepts, with-references tp the data
elgments and data frames related to MAP contained in SAE J2735™.

F3.2.2 List of data frames contained in SAE J2735™
DF| LatitudeDMS2

DH LongitudeDMS2

DF| REG_Position3D_]JPN

DF| TimeMark_]JPN

F.3.2.3 List of data elements contained in SAE J2735™
DH_ApproachID

DH StationID

DH_Angle_]PN

DH Day_]PN

DH DayOfWeek_]JPN

DH DegreesLat_]PN

DH DegreesLong_JPN

DH Elevation_]PN

DH Holiday_]JPN

DE_Hour_]PN
DE_Minute_]PN
DE_MinutesAngle_]PN
DE_Month_]JPN
DE_MsgCount_]PN
DE_Second_]JPN
DE_SecondAngle_]PN
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DE_SummerTime_]JPN

DE_TenthSecond_]PN

DE_Year_]JPN

F.3.3 Definition of the data frames

F.3.3.1 General

This subc

F3.3.2

Use: The
intersecti

ASN.1 Re

Approachj
apprID

apprDif

apprTyy

identif

identif

F3.3.3
Use: The |

ASN.1 Re
BranchAtH

brnDirs

nodelLid

+el 1t 4 raddafs +1 afia dor o € lotad o 21 o
austT l.)l UVIUCTO ITTTUTIIIAdUIVUIT LU UCTITIIIT LIIT D}JCLIIIL Udid 11 dIlITo 1TTIAdlTU TU LIS dIITITA,.

DF_ApproachAttribute

“ApproachAttribute” is used to describe the general information of each approach of
b1.

bresentation:

ttribute::= SEQUENCE{

ApproachID,

- ID information of an approach at an intersection

- The number shall be unique in the specified intersectilon

ection Angle JPN,

- Connection angle of approach with intersection

e ApproachType,

- Type of the approach to indicate the existenceyof ingress and egress

er-I Ingressldentifier,

- This data provides the data to identify irdgress belonging to this approach
er-E EgressIdentifier,

- This data provides the data to identifiyy egress belonging to this approach

DF_BranchAttribute
BranchAttribute” is used te.describe the attribute information of a branch sub-link.

bresentation:

ribute ::= SEQUENCEA

ction Angle JPRIN,
-- Connecgior angle of branch road with Branch Node (defined in
-- DE NoGQeittribute OpB)

t SEQUENEEN (SIZE(0..64)) OF Node OpB,

- Inforfiation of each node belonging to this branch

F.3.3.4 DF_BranchSublink

an

Use: The “BranchSublink” is used to describe the information of branch sub-link connected with a

branch no

de, where this sub-link branches from ingress.

ASN.1 Representation:

BranchSublink ::= SEQUENCE{
brnID BranchSublinkID OPTIONAL,
brnAttribute SEQUENCE (SIZE(1..8)) OF BranchAttribute,
}
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F.3.3.5 DF_CommonHeader

Use: The “CommonHeader” data structure is used to describe the information of RSE and the general
information of message.

ASN.1 Representation:

CommonHeader ::= SEQUENCE {
communicationType CommunicationType,
-- Information about the communication types
Identifier VersionIdentifier,
—— The data to identify me age ersion
| dentifier RSEIdentifier,
-- Specific information about the RSE,
-- which includes ID and the prefecture code where RSE is installeg

perationMode OperationMode,
-- Operation status (test mode or live mode)
msgID MessageID OpB,
-— ID information to identify a message type
hsgcount MsgCount JPN,
-- A sequence number within a stream of messages from the «game sender
fime TimeMark JPN,

-—- Information about when the message is generated
-- It contains the information of the year, the months the day,

-- summer time or not, holiday or not, day of the\week, the hour,
-- the minute, the second and the tenthsecond
hsgSize MessageSize,

-- Data size of a message

F.3.3.6 DF_DivergenceAttribute
Uspg: The “DivergenceAttribute” is used to describe the attribute information of a divergence pathway.

ASN.1 Representation:

DiyergenceAttribute ::= SEQUENCEA

pprType ApproachType,

-- Type of the approach to indicate the existence of ingress and egress
ivDirection Angle JPN,

-- Connection angle of Divergence pathway with Divergence Node

-- (defined in DE NodeAttribute OpB)

F3.3.7 DE_DivergencePathway

Usg: The “DivergencePathway” is used to describe the information of pathways connectpd with a
diyergence node, where these pathways diverge from ingress. This is used to describe the out{of-service
location.

ASN.1 Representation:

DivergencePathway: := SEQUENCE {
divId DivergencePathwayID OPTIONAL,
divAttribute SEQUENCE (SIZE(1..8)) OF DivergenceAttribute,
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F.3.3.8 DF_DownstreamlintersectionAttribute

Use: The “DownstreamIntersectionAttribute” is used to describe the attribute information about one
of the downstream intersections belonging to egress pathway.

ASN.1 Representation:

DownstreamIntersectionAttribute: := SEQUENCE{
id IntersectionID OpB,
-- ID information of an intersection in the specified prefecture
ingress IngressApproach,
—— An ingre information of a downstream intersection

F3.3.9 DF_EgressPathway
Use: The |EgressPathway” is used to describe the information of egress pathway.

ASN.1 Representation:

EgressPafthway ::= SEQUENCE {

egress]d EgressPathwayID OPTIONAL,
-- ID information of the egress pathway
downstreamIntersectionAttribute SEQUENCE (SIZE (1.{1%)) OF
DownstredmIntersectionAttribute, --Attribute of each downstigéam intersection belonging td
egress pdthway

}

F.3.3.10 DF_Egressldentifier

Use: The Egressldentifier contains data to identify egress pathway belonging to the approach that is
EgressID and/or the storage address.

ASN.1 Representation:
EgressIdgntifier::= = SEQUENCE {
egressId EgressPathwayID(OPTIONAL,

address StorageAdress OPBPFIQNAL,
-- Byte lengfh from the head of message

F.3.3.11 DF_IngressApproach

Use: The ‘|IngressApproach” is used to describe the ingress information of an approach.

ASN.1 Representation:

IngressApproach: := SEQUENCE {
ingressId IngressID OPTIONAL,
nodeList SEQUENCE (SIZE(0..64)) OF Node OpB,
diverge SEQUENCE (SIZE (0..64)) OF DivergencePathway,
brnSublink SEQUENCE (SIZE(0..64)) OF BranchSublink,
mrgSublink SEQUENCE (SIZE(0..64)) OF MergeSublink,
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F.3.3.12 DF_Ingressldentifier

Use: The “Ingressldentifier” contains data to identify ingress approach that is IngressID and/or the
storage address.

ASN.1 Representation:

IngressIdentifier::= = SEQUENCE ({
ingressId IngressID OPTIONAL,
address StorageAdress OPTIONAL,
-- Byte length from the head of message

F.3.3.13 DF_Intersectionldentifier

Uspe: The “Intersectionldentifier” is used to uniquely define an intersection, within a couptry. This
indludes prefecture code, road type, and the ID.

ASN.1 Representation:

InfersectionAttribute ::= SEQUENCE{
prefectureID PrefecturelD,

-- Prefecture information
ocoadType RoadType,

-- Road type information to indicate the in€ersection and non-intersecti¢n
IntersectionID IntersectionID OpB,
-— ID information in the specified prefeékiire

F.3.3.14 DF_MergeSublink

Usg: The “MergeSublink” is used to desgribe the information of merge sub-link connected with a merge
nofle, where this sub-link merges ifite*an ingress.

ASN.1 Representation:

MetrgeSublink::= SEQUENCE {

ihrgID MergeSublinkTh;

mrgDirection Angle-JPN,

-- Connegtidh angle of Merge approach with Merge Node (defined in
-- DE NodeAttribute OpB)

podeList SEQUENCE (SIZE(0..64)) OF Node OpB,

F.3.3:15 DF Node OpB

Use: The “Node_OpB” is used to describe the position information of a point in a representative lane of
an ingress with the attributes information.

ASN.1 Representation:

Node OpB::= SEQUENCE {
nodeID NodelD,
-- ID information of a node, uniquely defined within a MAP message.
nodeAttribute NodeAttribute OpB,
-- Type information of a node
nodePosition REG Position3D JPN,
-- A data concept which provides a definitive and precise location of a node
nodeDirection Angle JPN,
-- Current heading of the orientation from one node to the next node
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laneCount LaneCount,

—-— Number of Lanes in a node

identifier SublinkIdentifier,

-- This is used to identify divergence pathway oRSEb-link connected with a
-- node

F.3.3.16 DF_RSEldentifier

RCLIA 12

Use: The |
prefectur

ASN.1 Re

RSEIdent]
prefecty

RSEID

F3.3.17

Use: The
address.

ASN.1 Re

SublinkId
id
addresg

F3.4 D

F3.4.1

This subc
data elem

F.3.4.2

-y 3 Ao oo tl NI 43 L1 s N Laalai § A |
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b information and the ID.

bresentation:
filer: := SEQUENCE {
reID PrefecturelD,
-— Prefecture information

StationID,
-- RSE ID is uniquely defined in each prefecture

DF_SublinkIdentifier

“Sublinkldentifier” contains data to identify Sublink that is SublinkID and/or the stor3

bresentation:

entifier::= = SEQUENCE {
SublinkID OPTIONAL,
s StorageAdress OPTIONAL,
-- Byte length from the head of message

bfinition of the data elements

General

ause provides information to define the specific data elements related to this annex. (So
bnts whichiare the same as the data elements in SPaT message are defined in B.4.)

DE_ApproachType

Use: The

he

ge

me

“ApproachType” is used to describe the type of the approach to indicate the existenc

of

ingress and egress.

ASN.1 Representation:

ApproachType: := ENUMERATED {
Egress only (0),
Ingress only (1),
Ingress and egress (2),
}
144 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=45743bb983139bc745328a5d37610e6b

ISO/TS 19091:2017(E)

F.3.4.3 DE_BranchSublinkID
Use: The “BranchSublinkID” data element is used to relate the index of Branchsublink.

ASN.1 Representation:

BranchSublinkID: :=INTEGER (0. .255)
—-— The value 255 shall be used for invalid

F3.4.4 DE_CommunicationType

UI; The “CommunictionType” is used to identify the communication types for future usage.

ASN.1 Representation:

CommunicationType: := ENUMERATED{
'yper (1),

[ypeB  (2),
[ypeC  (3),

F.3.4.5 DE_DivergencePathwayID
Usg: The DivergencePathwaylD data element is used to relate‘the index of a divergence pathway.

ASN.1 Representation:

DiyergencePathwayID: :=INTEGER (0..255)
-— The value 255 shall be used for inyalid

F.3.4.6 DE_EgressPathwayID

Usp: The EgressPathwaylID data element is used to identify the egress pathway belonging tg approach
of fargeted intersection.

ASN.1 Representation:

EgfessPathwayID: :=INTEGER (0..255)
-- The value 255/shall be used for invalid

E3.4.7 DE_IngressID

Usp: The IngressID data element is used to identify the ingress belonging to approach of targeted
intersection.

ASIN.1 Rpprpcpnratinn-

IngressID: :=INTEGER(0..255)
-— The value 255 shall be used for invalid

F3.4.8 DE_IntersectionID_OpB
Use: The “IntersectionID_OpB” is used to identify targeted intersection.

ASN.1 Representation:

IntersectionID OpB::=INTEGER(0..32767)
-- The value is uniquely defined in each prefecture.
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—— The value 0 shall be set to the end of intersection belonging to each egress
-— pathway

F.3.4.9 DE_MergeSublinkID
Use: The MergeSublinkID data element is used to relate the index of a Mergesublink.

ASN.1 Representation:

MergeSublinkID: :=INTEGER(0..255)
-- The vdIUc 255 Snall D& USed for invarla

F.3.4.10 DE_MessagelD_OpB
Use: The {MessagelD_OpB” is used to describe the type information of a message.

ASN.1 Representation:

Messagell}: := ENUMERATED{
MAP (1), —--Each message has own ID
ServicgSupport (2),
SPAT (3),

F.3.4.11 DE_MessageSize
Use: The |MessageSize” is used to describe the data siZe of a message in byte length.

ASN.1 Representation:

MessageSize: :=INTEGER(1..65535)

F.3.4.12 DE_NodeAttribute_OpB
Use: The |NodeAttribute_OpB’7is used to describe the type information of a node.

ASN.1 Representation:

NodeAttribute OpB: :</ENUMERATED{

Start |[Node (with”IR beacon) (1),
-- Set afl starting) point of ingress of targeted intersection, where an IR beacon
-- 1is indtalleds

Start |[Nodée {(without IR beacon) (2),
-- Set afl gtarting point of ingress of targeted intersection without an IR beacon
Conned&ldde (3

-- The travel distance between nodes shall be within the certain value. This node
-- 1s set to bridge other nodes to meet this value.
DivergenceNode (4),
-- Set at the divergence-pathway connection point
BranchNode (5),
-- Set at the branch sub-link connection point
Merge Node (6),
-- Set at the merge sub-link connection point
Stop-line Node (ingress) (7),
-- Set at stop-line of ingress of targeted intersection
Stop-line Node (downstream intersection) (8),
-- Set at stop-line of ingress of downstream intersection
Start Node (downstream intersection) (9),
-- Set at starting point of ingress of downstream intersection
End Node (10),
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-- Set at end point of the egress-pathway

}

F.3.4.13 DE_NodeID
Use: The “NodelD” is used to identify a node in a message set.

ASN.1 Representation:

NO@ETIDTT=INTEGER(I.-2507,
--|The unique ID numbers for each MAP message
--|The value 255 shall be used for invalid

F.3.4.14 DE_OperationMode
Usp: The “OperationMode” is used to describe the operation status.

ASN.1 Representation:

Op¢rationFlag::= ENUMERATED/{

Té¢st mode (0),
Live mode (1),

F.3.4.15 DE_PrefecturelD
Usp: The “PrefecturelD” is used to describe the prefecture information. There are 47 prefecturgs in Japan.

ASN.1 Representation:

Pr¢fectureID ::
refecturel

= ENUMERATED{
(1) --Ea¢h)ID is assigned to each prefecture
refecture?2 (2)

14
14

refectured? 47),

F.3.4.16 DE_ReadType

Usp: The “RoadType” is used to describe the road type information to indicate the intersectiop and non-
intersection.

AqN.l Representation:

LocationType: :=ENUMERATED ({
Intersection (0),
Non-intersection (1),

F.3.4.17 DE_StorageAddress

Use: The StorageAddress data element provides the storage address of the corresponding data that is
byte length from the head of message. This is used by IngressStorageAddress, EgressStorageAddress,
SublinkStorageAddress, SignalGroup.
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ASN.1 Representation:

StorageAdress::= INTEGER(1l..65535)

-— The

value 65535 shall indicate an invalid value

F.3.4.18 DE_SublinkID

Use: The SublinkID data element is used to relate the index of a sublink.

ASN.1 Representation:

SublinkI}: :=INTEGER (0..255)

-- ID fqr divergence pathway, branch sub-link and merge sub-link are assigned
respectiyely

—-— The yalue 255 shall be used for invalid

F.3.4.19
Use: This
ASN.1 Re

VersionId

F.3.5 Pg
F.3.5.1

F3.5.1.1

MAP mes
that conng

F.3.5.1.2
An RSE br

F.3.5.2

Node deq
prioritiza
caution le
with an a

should be

DE_Versionldentifier
version identifier is used to identify the version of the message provided by RSE.

presentation:

entifier: :=INTEGER(1..15)

prformance requirements of MAP message related to this annex
[ransmission rate requirements

Minimum transmission rate

sage is the static information. Thenefore, the requirement of minimum transmission ratg
bcted vehicles receive MAP message no less than once before entering service-in-location.

Maximum transmission-rate

oadcasts MAP message to connected devices no more than once every 100 ms.

Nodes design requirements

ign requirements shall be defined respectively according to use case category (
ion, safety,‘and mobility) and service level (e.g. information, caution, and warning). As
Vel safetyrelated use cases, each node location should be expressed by the absolute coordin

léss than 30 m.

is

. g.
for
hte

ccuracy of less than #1,75 m error and the location of connecting the two consecutive nodles

F.3.6 Requirements to message traceability matrix of map message

Table F.2 shall define the requirements to message DE/DF traceability matrix of MAP message related
to this annex.
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Table F.2 — Requirements to message DE/DF traceability matrix

ID Title DF DE Conform- Comments
ance

6.5.1 |Broadcastroadway N/A N/A M
geometrics

6.5.2 |Broadcast roadway CommonHeader StationID M
geometrics — Mes-
sage identifier

6.5.2 |Broadcast roadway CommonHeader MessagelD_OpB M
geometrics — Mes-
sage identifier

d.5.2 |Broadcast roadway CommonHeader MsgCount_]PN M
geometrics — Mes-
sage identifier

d.5.3 |Broadcast intersec- Intersectionldentifier |PrefecturelD M Prefecture[D and
tion — Identifier IntersectiognID_OpB
are used td identify

g.5.3 |Broadcast intersec- Intersectionldentifier |IntersectionID_OpB M a unique intersection
tion — Identifier in the country.

d4.5.4 |Broadcastintersec- REG_Position3D_JPN |LatitudeDMS2 M Reference point is
tion — Reference point used to express a
point equivalent to
the centre pf the
intersecti

d4.5.4 |Broadcastintersec- REG_Position3D_JPN |L@ngitudeDMS2 M All nodes afre ex-
tion — Reference point pressed innot offset
value from|the

d4.5.4 |Broadcastintersec- REG_Position3D\JPN |Elevation_]PN M reference point but
tion — Reference point in absolute position.

g.5.5 |Broadcastintersec- Undefined undefined X Related us¢ cases
tion — Lane/approach do not require lane/
default width approach width.

g.5.6 |Broadcast intersec- ApproachAttribute ApproachID M
tion — Egress lanes/
approach

d.5.6 |Broadcast intersec ApproachAttribute Angle_]JPN M
tion — Egress lahes/
approach

g.5.6 |Broadcastintersec- ApproachAttribute ApproachType M
tion.—~Egress lanes/
approeach

g.5.6, |Broadcast intersec- |Egressldentifier EgressID 0 Either
tion — Egress lanes/ EgressStorjageAd-
approach dress or EdressID is

6.5.6 |Broadcast intersec- Egressldentifier EgressStorageAd- 0 used as an identifier.
tion — Egress lanes/ dress
approach

6.5.7 |Broadcast intersec- ApproachAttribute ApproachID M
tion — Ingress lanes/
approach

6.5.7 |Broadcast intersec- ApproachAttribute Angle_]PN M
tion — Ingress lanes/
approach

6.5.7 |Broadcast intersec- ApproachAttribute ApproachType M
tion — Ingress lanes/
approach

© IS0 2017 - All rights reserved 149


https://standardsiso.com/api/?name=45743bb983139bc745328a5d37610e6b

ISO/TS 19091:2017(E)

Table F.2 (continued)

ID Title DF DE Conform- Comments
ance

6.5.7 |Broadcast intersec- Ingressldentifier IngressID 0 Either
tion — Ingress lanes/ IngressStorageAd-
approach dress or IngressID is

6.5.7 |Broadcast intersec- Ingressldentifier IngressStorageAd- 0 used as an identifier.
tion — Ingress lanes/ dress
approach

6.5.8 |Bfoadcastintersec- |ApproachAttribute ApproachID M
tijon — Lane/ap-
proach number

6.5.9 |Bfoadcast intersec- Node_OpB REG_Position3D_]PN M All nodes\are ex-
tion — Lane/approach pressediin absolut¢
c¢nterline coordinates position.

6.5.10 |Broadcast intersec- undefined undefined X A manoeuvre is ex
tion — Vehicle lane/ pressed by a pair of
approach manoeuvres ingress and egress

If needed, a separafe
message including
traffic regulation
information equiv-
alent to the “valid
manoeuvre types”|is
provided.

6.5.11 |Broadcast intersec- undefined undefined X
tion — Pedestrian
crossing lane/ap-
proach manoeuvres

6.5.12 |Broadcast intersec- undefined undefined X
tion — Special lane/
approach manoeuvres

6.5.13 |Bfoadcast inter- CommonHeader Versionldentifier M
s¢ction — Version
identifier

6.5.14 |Broadcast intersec- undefined undefined X A separate messagp
tibn — Crossings including the posi-

tion of crossing andl
the travel distance
to there is providefl
for SA5 and SA7 use
cases.

6.5.15 |Broadcastintersec- |undefined undefined X Related use cases
tion 4 Kane/ap- do not require lang/
prdach width approach width

6.5.16 |Broadcastintersec- undefined undefined X
tion — Node lane/
approach width

6.5.17 |Broadcast inter- undefined undefined X A manoeuvre is ex-
section — Egress pressed by a pair of
connection ingress and egress.

6.5.18 |Broadcast signal con- |undefined undefined X
trol zone

6.5.19 |Broadcast pre-empt |undefined undefined X
or priority scheme
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Table F.2 (continued)

ID Title DF DE Conform- Comments
ance
6.5.20 |Broadcast pre-empt |undefined undefined X
or priority scheme —
Valid lane
6.5.21 |Broadcast pre-empt |undefined undefined X No related use cases
or priority scheme —
Valid zone
6]5.2Z2 Broadcastintersec- undefined undefined X
tion — Traffic control
6{5.23 |Broadcast intersec- undefined undefined X
tion — Traffic control
by lane
6/5.24 |Broadcast weather undefined undefined X
and pavement condi-
tions
6/5.25 |Broadcast intersec- undefined undefined X Referenced signal
tion — Signal group group is identified
by a pair of ingress
and egress
g.6.1 |Broadcast GNSS aug- |undefined undefined X
mentations details
f.6.2 |Broadcast GNSS aug- |undefined unéefined X
mentation detail —
NMEA
f.6.3 |Broadcast GNSS aug- |undefined undefined X
mentation detail —
RTCM

.8 |Broadcast cross traf- |undefined undefined X A separatg message

fic sensor information including ¢ross
traffic senpor infor-
mation is provided
for SA6.

H.9 |Broadcast vulnera- undefined undefined X A separate[message
ble road user sensor including vulnerable
information road user §ensor

informatiop is pro-
vided for SA5 and
SA7 use cases.
6.10 |Breadcast dilemma undefined undefined X This annex assumes
zoneviolation warning that a vehigle itself
judges dilemmma zone
violation warning
wsing-SPaFand MAP
information from
RSE for SA1 use case.
6.13 |Broadcast intersec- undefined undefined X No related use cases
tion — Computed
lane/approach
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F.4 SPaT message specification

F.4.1 General

Use: This SPAT_OpB message is used to convey the current status of one signalized intersection. Along
with the MAP_OpB message, the receiver of this message can determine the current state of the signal
phase, as well as the state of the signal phase in a future time.

ASN.1 Representation:

SPAT OpB =

headq
ident
staty
count

apprdg
signg
signg
}
F4.2 1Id
F4.2.1

This subc
elements

F4.2.2
DE_Apprq

- = SEOUENCE{

r CommonHeader,

ifier IntersectionIdentifier,

s IntersectionStatusObject OpB,

er EventCount,

ach SEQUENCE (SIZE(l.. 8)) OF ApproachState,
lgroup SEQUENCE (SIZE (1.. 12)) OF SignalGroupState V,

lgroup SEQUENCE (SIZE (1.. 8)) OF SignalGroupState P,

entification of the data elements and data frames

eneral

ause provides information to identify the specific data cengepts, with references to the d
ind data frames related to SPaT contained in the SAE J2735™.

List of data elements contained in SAE J2735™

achID

DE_Signa

GroupID

DE_MsgCgqunt_]PN

DE_MaxTimetoChange

DE_MinTi

F43 D

F4.3.1
This subc

F.4.3.2

metoChange

bfinition of the data frames

eneral

ause provigdes information to define the specific data frames related to this annex.

DF_ApproachState

Use: The

ApproachState contains current green light indication and corresponding signal groups

ata

for

this approach to refer to.

ASN.1 Representation:

ApproachState ::= SEQUENCE {

id

ApproachID,

indication GreenLightIndication,

-- Visual traffic green light indication information

identifier SEQUENCE (size (1..20)) of SignalGroupldentifier,

152

-- SignalGroup is connected to pairs of ingress of this approach and
-- egresses of every approaches of intersection

-- This data element provides the data to identify corresponding

-- SIgnalGroup that are SignalGroupID and/or the storage address

-- Firstly, SignalGroup for vehicle for egress of this approach

-— (i.e. U-turn) is set.
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-—- Subsequently, SignalGroups for vehicle for other egresses are set
-- in order in a clockwise direction
-- Secondly, corresponding SignalGroups for pedestrian are set as well

F.4.3.3 DF_GreenLightindication

Use: The GreenLightIndication contains the current visual traffic green light indication for each
approach which oncoming vehicles face.
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ASN.1 Representation:

GreenLightIndication ::= SEQUENCE {
status availableStatus,

-- Data availability status

currentGreen CurrentGreenlIndication,

F.4.3.4

Use: The
such as tr

ASN.1 Re

SignalGrd
ball

ary

mint]j

maxt ]

F.4.3.5

Use: The
status sud

ASN.1 Re

SignalGrd
ped

mintj

maxt ]

-- Visual traffic green light indication for each approach

] : 1C ) £ 1L
— narorotprvent_v

bignalGroupEvent_V contains details about signal event for vehicle. It is a signal light,sta
hffic light indication and remaining time to the next state.

presentation:

upEvent V ::= SEQUENCE{
BallLight,
-- Phase state of ball light
ow ArrowLightIndication,
—-- Indication of arrow light

me MinTimetoChange,
-- the minimum time (in units of 0.1 seconds)“remaining
-- for a signal phase value

me MaxTimetoChange,
-- the maximum time (in units of 0.1 seconds) remaining
-- for a signal phase value

DF_SignalGroupEvent_P

SignalGroupEvent_P contains detajls-about signal event for pedestrian. It is a signal li
h as traffic light indication and remaining time to the next state.

bresentation:

upEvent P ::= SEQUENGEY
PedSignalPhaseState,
—-- Phase state of pedestrian light
me MinTimetg€hange,
-- the *minimum time (in units of 0.1 seconds) remaining
- fpbr a signal phase value
me Max®ifmetoChange,
~= the maximum time (in units of 0.1 seconds) remaining
-- for a signal phase value

fus

bht

F4.3.6 DF_SignalGroupldentifier

Use: The SignalGroupldentifier contains data to identify SignalGroup that is SignalGroupID and/or the
storage address of it that is byte length from the head of message.

ASN.1 Representation:

SignalGroupIdentifier::= SEQUENCE ({
id SignalGroupID OPTION,
address StorageAdress OPTION,
-- storage address that is byte length from the head of message
}
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F.4.3.7 DF_SignalGroupState_V

Use: The SignalGroupState_V contains details of states of SignalGroup for vehicle. It is a sequence
of vehicle signal events from the current to a future time for each SignalGroup. This is applied to
manoeuvres, which are expressed with pairs of ingress and egress.

ASN.1 Representation:

SignalGroupState V ::= SFQUENCE {
id SignalGrouplID,
-- Vehicle SignalGroupID
-- Note; vehicle and pedestrian SignalGroupID are assigned pespectively
state SEQUENCE (size(1..12)) of SignalGroupEvent V,
-- Consisting of sets of signal group data with:
-- a) VehicleSignalPhaseState
-- b) TimeChangeDetails
-- Note one or more of the signal events may be for
-- a future time and that this allows conveying mulfiple
-- predictive phase and signal timing for varipus uses
-- for the current signal group

F.4.3.8 DF_SignalGroupState_P

Usp: The SignalGroupState_P contains details of states of SignalGroup for pedestrian. It is § sequence
of pedestrian signal events from the current to a.future time for each SignalGroup. This is ppplied to
mgnoeuvres, which are expressed with pairs of ifigress and egress.

ASN.1 Representation:

Si nalGroupState P ::= SEQUENCE ({
id SignalGrouplD,
-- Pedeatrian $ignalGroupID
--|Note; vehicle and pedestrian~SignalGroupID are assigned respectively
state SEQUENCE (size (1,.%2)) of SignalGroupEvent P,
-- Consigting of sets of signal group data with:
-- a) PedéstrianSignalPhaseState
-- b))~ TifmeChangeDetails
-— Note one or more of the signal events may be for
-=\a“future time and that this allows conveying multiple
<<)predictive phase and signal timing for various uses
+7- for the current signal group

F.4.4-, Definition of the data elements

F.4.4.1 General

This subclause provides information to define the specific data elements related to this annex. Some
data elements which are the same as the data elements in MAP message are defined in B.3

F.4.4.2 DE_AvailableStatus
Use: The AvailableStatus provides data availability

ASN.1 Representation:

AvailableStatus::= ENUMERATED{
data not available (0),
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data available (1),

F4.4.3 DE_ArrowLightIndication

Use: The ArrowLightIndication provides Permissive-Movement-Allowed direction indicated by
arrow light.

ASN.1 Representation:

ArrowLigHtIndication: := ENUMERATED({
sharg left (0x80),
left | (0x40),
soft |left (0x20),
straight (0x10),
soft |[right (0x08),
rightl arrow (0x04),
sharg right (0x02),
U-tungn (0x01),

F4.4.4 DPE_BallLight

Use: The BallLight provides the overall current signal state and an'indication for a vehicle if this stat¢ is
permissive or protected as indicated by ball light.

ASN.1 Representation:

BallLightl: := ENUMERATED({

unavailable (0),

-- |This state is used for unknown or “€rror

permissiyje-Movement-Allowed (1),

--|Driver Action:

- Proceed with caution,

-= must yield to all conflicting traffic

-- |Conflicting traffic may béipresent
permisdive-clearance (2),

-—- |Driver Action:

- Prepare to stop.

-= Proceed if unabdge to stop,

-= Clear Inters€eckion.

-- |Conflicting tfaffic may be present

stdp-And-Remain.(3),

-- |Driver Action:

-= Stop.&ehicle at stop line.

-= Do_fot proceed.

cautionxConflicting-Traffic (4),

-- |Dgiver Action:

- Proceed with cantion
stop-Then-Proceed (5),

-— Driver Action:

-= Stop vehicle at stop line.

-- Do not proceed unless it is safe.
reserve (6),

F.4.4.5 DE_CurrentGreenlndication
Use: The CurrentGreenlndication provides visual information indicated by traffic green light.

ASN.1 Representation:
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CurrentGreenIndication: := ENUMERATED/({
Green Ball (or Yellow flash Ball) (Oxff),
sharp left arrow (0x80),
left arrow (0x40),
soft left arrow (0x20),
straight arrow (0x10),
soft right arrow (0x08),
right arrow (0x04),
sharp right arrow (0x02),
U-turn arrow (0x01)

:2017(E)

F.4.4.6 DE_EventCount

Use: The EventCount data element is used to provide a sequence number withih a streal
mgssages and from the same sender. A sender may initialize this element to anywalue in the
25p when sending the first SPaT message. When the specific events of signal control occur,
trdffic light change or status change except for simple countdown of remaining time, EventC
to pqual to one greater than the value used in the most recent SPaT message. For this element|
after 255 is zero. The receipt of a non-sequential EventCount value (ftem the same sending ¢
mgssage type) implies that one or more messages from that sendifg device may have been 1
EventCount has been reinitialized due to an identity change.

.1 Representation:

EvéntCount ::= INTEGER (0..255)

F.4.4.7 DE_IntersectionStatusObject_OpB
: The Intersection Status Object contains SPaT message status information.
.1 Representation:
InfersectionStatusObject OpB :=_ENUMERATED {
not working (0),
-—- SPAT system is not/working at this time

working (1),
-- 1 SPAT system®is working at this time

F.4.4.8 DE_PedSignalPhaseState

Usp: The DE_PedSignalPhaseState provides the overall current signal state and an indi
pefléstrian if this state is permissive or protected indicated by pedestrian light

m of SPaT
range 0 to
which are
bunt is set
the value
levice and
st, unless

cation for

ASN.1 Representation:

PedSignalPhaseState: := ENUMERATED({

unavailable (0),

-- This state is used for unknown or error
permissive-Allowed (1),

-- Pedestrian Action:

- Proceed with caution,
permissive-clearance (2),

-- Pedestrian Action:

-= Stop crossing.

-= Proceed if overreach halfway

- Turnback if not overreach halfway
stop-And-Remain (3),

-- Pedestrian Action:
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Stop and wait for crossing
Do not proceed.

reserve (4),

F.4.5 Performance requirements of SPaT message related to this annex

When signal phase and timing is updated at a signalized intersection where connected vehicles are
approaching, RSE needs to provide the signal phase and timing information to connected vehicles

immediat

message tp connected vehicles once every 100 ms.

F.4.6 Requirements to message traceability matrix of SPaT message

Table F.3

hall define the requirements to message DE/DF traceability matrix of SPaT@iessage rela

to this annex.

Ply. This annex suggests the transmission rate requirement that RSk should broadcast S>h aT

ed

158
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Table F.3 — Requirements to message DE/DF traceability matrix

Con-
ID Title DF DE form- Comments
ance
6.7.1 |Broadcast signal N/A N/A M
phase and timing
information
6.7.2 |Broadcast signal CommonHeader StationID M
phase and timing —
N[Cbbasc idClltiflCl
6.7.2 |Broadcast signal CommonHeader MessagelD_OpB M
phase and timing —
Message identifier
6.7.2 |Broadcast signal CommonHeader MsgCount_]PN M
phase and timing —
Message identifier
6.7.3 |Broadcast signal Intersectionlden- |PrefecturelD M PrefecturelD and Inter-
phase and tim- tifier sectionID_OpB dre used to
ing — Intersection define a unique ntersec-
identifier tion in the
6.7.3 |Broadcast signal Intersectionlden- |Intersection]ID<OpB M country.
phase and tim- tifier
ing — Intersection
identifier
6.7.4 |Broadcast signal SPAT_OpB IntersectionStatus- M
phase and timing — Object_OpB
Intersection status
6.7.5 |Broadcast signal TimeMark_]JPN year, month, day, M
phase and timing — hour, minute,
Timestamp tenthSecond
6.7.6 |Broadcast manoeu- |[SignalGrguplden- |SignalGrouplD 0 SignalGroup to tefer can
vre — Signal group  |tifier be identified by|the stor-
age address of if that is
byte length from the head
of message.
6.7.7 |Broadcast manoeu-’|undefined Undefined x
vre — Manoeuvre
state
6.7.8 |Broadcast manoeu- |SignalGroupEvent_V|BallLight M Sequence of “signal group
vre — Vehicular state events” of the future from
the current phage for each
6.7.8 |Broadcast manoeu- |SignalGroupEvent_V|ArrowLightIndica- M manoeuvre is pfovided as
vte — Vehicular state tion “signal group sthtus”.
6.79 |Broadcast manoeu- |SignalGroupEvent_P |PedSignalPhaseS- 0
vre — Pedestrian tate
state
6.7.10 |[Broadcast manoeu- |undefined Undefined x
vre — Special state
6.7.11 |Broadcast ma- SignalGroupEvent_V |MinTimetoChange M
noeuvre — Time of
change — Minimum
6.7.11 |Broadcast ma- SignalGroupEvent_P |MinTimetoChange 0
noeuvre — Time of
change — Minimum
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Table F.3 (continued)

Con-
ID Title DF DE form- Comments
ance
6.7.12 |Broadcast ma- SignalGroupEvent_V |MaxTimetoChange M
noeuvre — Time of
change — Maximum
6.7.12 |Broadcast ma- SignalGroupEvent_P | MaxTimetoChange 0
noeuvre — Time of
c]ﬂf\hnn Maoszinaiioa
range—Metrm 1
6.7.13 oadcast manoeu- |SignalGroupEvent_V|BallLight M Sequence of “signal gr01|1p
vie — Succeeding events” of the futiire frqm
slgnal indications the current phaseAfor edch
6.7.13 oadcast manoeu- |SignalGroupEvent_V|ArrowLightIndica- M manoeuvreis provided ps
vfe — Succeeding tion “signal gtonup status”.
slgnal indications
6.7.13 |Broadcast manoeu- |SignalGroupEvent_P |PedSignalPhaseS- 0
vfe — Succeeding tate
slgnal indications
6.7.14 |Broadcast manoeu- |SignalGroupEvent_V|MinTimetoChange M
vire — Succeeding
slgnal indication time
of change
6.7.14 oadcast manoeu- |SignalGroupEvent_V|MaxTimetoCharnge M Sequence of “signal groyp
vfe — Succeeding events” of the future frgm
slgnal indication time the current phase for each
of change manoeuvre is provided ps
“signal group status”.
6.7.14 oadcast manoeu- |SignalGroupEvent_P|MinTimetoChange 0
vie — Succeeding
slgnal indication time
of change
6.7.14 oadcast manoeu- |SignalGroupEvent_P|MaxTimetoChange 0
vire — Succeeding
slgnal indication time
of change
6.7.15 oadcast manoeu- ,SignalGroupEvent_V|MinTimetoChange M Sequence of “signal groyp
vfe pending manoeu* events” of the future frgm
vfe start time the current phase for edch
6.7.15 oadcast mangeu- |SignalGroupEvent_V|MaxTimetoChange M manoeuvre is provided ps
vie pending.manoeu- “signal group status”.
vfe start time
6.7.16 oadcast manoeu- |undefined Undefined x A separate message in-
vie=Pedestrian cluding pedestrian senspr
+ACE infarmation ic neayidad
..................... s-previded
for SA5 and SA7 use cases.
6.7.17 |Broadcast manoeu- |undefined Undefined x
vre — Pedestrian call
6.7.18 |Broadcast manoeu- |undefined Undefined x This annex assumes that
vre — Optimal speed optimal speed is calcu-
information lated by OBE itself in MS4
use case
6.7.19 |Broadcast manoeu- |undefined Undefined x
vre — Signal pro-
gression information
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Con-
ID Title DF DE form- Comments
ance
6.7.20 |Broadcast manoeu- |undefined Undefined x A separate message
vre — Egress lane including vehicle sensor
queue information is provided
for SA4 and SA6 use cases.
6.7.21 |Broadcast manoeu- |undefined Undefined x
A Loracc laxna
vre—Egresstane
storage availability
6/7.22 |Broadcast manoeu- |undefined Undefined x
vre — Wait indication
F.3 SRM message specification

SRM message related to this annex is compliant with ISO 22951.

Allthe requirements regarding SRM listed in Annex C are optional or-€xcluded.

F.6

F.4.1 General

SSM message specification

Thijis annex does not address SSM message.

F.§.2 Requirements to message traceability matrix of SSM message

Allthe requirements regarding SSM listed(in Annex C are optional or excluded.

E7

PICS list for this annex
Se¢ Table E.2 and Table F.3 touselect the optional requirements necessary for fulfilling the use case
negds as listed in Annex F,
161
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Annex G
(normative)

Profile C for J2735™

G.1 Gemerat

This anngx defines a profile for the MAP, SPaT, SRM, and SSM messages defined in SAE J2735%". This
profile defines data extensions to the messages and includes additional explanations for the'isagq of
the messages in the context of this profile.

The data|elements of this profile (module: “AddGrpC”) are included via the extension framewgqrk
specified |n SAE J2735™ and are identified by “AddGrpC”.

G.2 Normative references

For this profile, all normative references defined in former subcldusés of this document are not
applicabld. The following normative references apply.

The MAP, BPaT, SRM and SSM message definitions defined in the ASN.1 module “DSRC” from SAE J2735™
are mandatory. All other ASN.1 Modules from SAE J2735™ are informative.

Additional normative references relevant for this profile:

[G1]  ETSI/TS 102 894-2 V1.2.2; Intelligent Trawsport Systems (ITS); Users and applications
requireménts; Part 2: Applications and facilities layer; common data dictionary.

[GZ2] EN302637-2V1.3.2; Intelligent Transport Systems (ITS); Vehicular Communications; Basic
Set of Appllications; Part 2: Specification of Cooperative Awareness Basic Service.

G.3 Comformance

For this pfofile, all conformance)requirements defined in former subclauses of this document are not
applicablg. An application deployed in conformance to this profile shall be compliant as follows.

— AddGrpC{iso (1) standard (0) signalizedIntersection (19091) profilec (2) addgrpc (0) version (1)} gnd

— REGIQN {iso{1)‘standard (0) signalizedIntersection (19091) profilec (2) region (1) version ({1)}
together with

— DSRC|{ise (1) standard (0) signalizedIntersection (19091) profilec (2) dsrc (2) version (1)} shalllbe

: a | dn 1 L - D yoa | oL 1720 IM
considereu a MoT MIative Pactkdge 10T OIS [ T Ole G101 JZ27 07 .

The module DSRC {iso (1) standard (0) signalizedIntersection (19091) profilec (2) dsrc (2) version (1)}
is provided for readability and ease of deployment using this ProfileC for J2735™. This module imports
the regional extensions directly from the Profile C modules. Since it has an OID it can be referred to by
other standards (e.g. ETSI/TS 103 301).

G.4 Message content revision strategy

The SPaT and MAP message are related each other. If, for example, the signalling of the lanes changes,
the related data frames of the SPaT and MAP have to be updated using the same revision number. This
ensures a valid set of messages with a correct relation of the signal states (SPaT) to the intersection
geometry (MAP). For achieving this goal, the data element “revision”, which is included in the data
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frames “DF_IntersectionGeometry” and “DF_IntersectionState”, is used. The intersection states
transmitted within a SPaT message are related to the intersection geometry with the same revision
identification.

G.5 Data extensions “addGrpC”

The following subclause defines the data frames and elements which extend the messages defined in
the ASN.1 module “DSRC” from SAE J2735™. They use, additionally, data elements from the common
data dictionary [G1] (ASN.1 module “ITS-Container”).

G.5.1 Data frames

G.3.1.1 ConnectionManeuverAssist-addGrpC

The data frame “ConnectionManeuverAssist-addGrpC” includes positioning- support [from the
infirastructure to the vehicle.

— | “itsStationPositions” defines a list of ITS stations (e.g. vehicles) and their corresponding position on
the driving lane as defined in the lane topology of the “MAP” mesgage. It enables accurate| real-time
positioning support to the moving ITS entities by the infrastructure.

— | “rsuGNSSOffset” defines the real-time positioning deviatiotrof the received GNSS position from the
high precision reference position in X/Y coordinates.

ASN.1 representation:

CopnectionManeuverAssist ::= SEQUENCE ({
itsStationPositionList ItsStationPositidonList OPTIONAL,
rsuGNSSOffset NodeOffsetPoiftXY OPTIONAL,

}
G.3.1.2 ConnectionTrajectory-addGrpC

The data frame “ConnectionTrajectory-addGrpC” defines the trajectory for travelling through the
conflict area of an intersection. The trajectory is defined by two or more nodes. The starting node is the
nofle of the ingress lane towa¥ds the conflict zone. The ending node is the first node of the fonnected
egress lane.

“Npdes” defines a list-of iodes for the trajectory. It defines a geometric trajectory from an {ngressing
to p connected egressing lane. The position offset value of the first node of the trajectory is defined in
relation to the nede-of the ingress lane. The position of the last node matches the position ¢f the first
nofle of the egressing lane.

ASN.1 representation:

CopneétionTrajectory-addGrpC ::= SEQUENCE ({
Noedes NodeSetXY,

}
G.5.1.3 Control-addGrpC

The data frame “Control-addGrpC” is used to support special vehicles. It includes control points for
public transport prioritization. These control points are currently implemented by legacy systems
using hardware sensors mounted on the roadside. For C-ITS migration of legacy prioritization systems,
these control points are introduced in the map.

“ptvRequest” defines control types attached to a node on a lane used by public transport for triggering
the transmission of messages (e.g. prioritization request).

ASN.1 representation:
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Control-addGrpC ::= SEQUENCE ({
ptvRequest PtvRequestType,

}
G.5.1.4 IntersectionState-addGrpC

The data frame “IntersectionState-addGrpC” defines a list of prioritization responses for, for example,
public transport acceleration.

ASN.1 representation:

IntersectfIonstate-addGrpC : := SEQUENCE {
activgdPrioritizations PrioritizationResponselList OPTIONAL,

}
G.5.1.5 MapData-addGrpC

The data frame “MapData-addGrpC” defines a list of three-dimensional positions of signal heads injan
intersectipn. It enables vehicles to identify the signal head location for optical evaluation of the traffic
light. Compbined with the “SPaT”/“MAP” messages, it enables to enhance safetyZdecision in critical
situations,

ASN.1 representation:

MapData-g4ddGrpC ::= SEQUENCE {
signalHeadLocations SignalHeadLocationList OPTIONAL,

}
G.5.1.6 Position3D-addGrpC

The data frame “Position3D-addGrpC” includes the altitude data element defined in the common data
dictionary [G1].

ASN.1 representation:

Position3D-addGrpC ::= SEQUENCE ({
Altityde Altitude,

}
G.5.1.7 PrioritizationResponse

The data frame “PrioritizationRésponse” is used to provide the prioritization status response and the
signal group identifier for a‘specific ITS station (e.g. vehicle).

ASN.1 representation:

PrioritigdationReéppnse ::= SEQUENCE ({
statiqnID StationID,
priordtate PrioritizationResponseStatus,

signallGeoup SignalGrouplID,

}
G.5.1.8 PrioritizationResponselList

The data frame “PrioritizationResponseList” defines a list of prioritization response entries.

ASN.1 representation:

PrioritizationResponselList ::= SEQUENCE SIZE(l1..10) OF PrioritizationResponse

G.5.1.9 RestrictionUserType-addGrpC

The data frame “RestrictionUserType-addGrpC” defines the driving restriction based on toxic
emission type.
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ASN.1 representation:

Re

}
G.

strictionUserType-addGrpC ::= SEQUENCE ({
Emission EmissionType OPTIONAL,
5.1.10 SignalHeadLocationList

2017(E)

The data frame “SignalHeadLocationList” defines a list of traffic light signal heads locations in relation

to

the intersection reference position.

ASN.T representation:

si
G.

nalHeadLocationList ::= SEQUENCE (SIZE(l..64)) OF SignalHeadLocation

5.1.11 SignalHeadLocation

Th data frame “SignalHeadLocation” defines the XYZ position of a signal headwithin an in
anl indicates the related signal group identifier.

ASN.1 representation:

Si

}
G.

nalHeadLocation ::= SEQUENCE {
nodeXY NodeOffsetPointXY,
nodeZz DeltaAltitude
signalGroupID SignalGrouplID,
5.1.12 SignalStatusPackage-addGrpC

The traffic control centre (TCC) may advice a public transport vehicle (e.g. bus) to synch

fersection

ronize his

trgvel time. This may happen when, for example; two busses, due to special traffic conditions, are out
of gchedule; the first might be too late, the sécond too fast. This means that the second is driving just
behind the first and is empty as all passefgers are within the first one. To avoid this often{occurring
sithation, the TCC sends out time synghronization advices to the public transport vehicles|using the
signal status message.
ASN.1 representation:
Si¢nalStatusPackage-addGrpl ::= SEQUENCE ({

synchToSchedule DeltaTime OPTIONAL,
}
G.3.1.13 ItsStationPosition
The data frame-“ItsStationPosition” is used to provide real-time positioning information to|a specific

IT

S station, the time stamp from the messages shall be used as time reference

ASN.1 representation:

ItsStationPosition ::= SEQUENCE ({
stationID StationID,
laneID LanelID OPTIONAL,
nodeXY NodeOffsetPointXY OPTIONAL,
TimeReference TimeReference OPTIONAL,
}
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G.5.2 Data elements

G.5.2.1 EmissionType

The data element “EmissionType” element defines an enumerated list of toxic emission types for
vehicles.

ASN.1 representation:

EmissionType ::= ENUMERATED {
eurol,
euro2,
euro3,
euro4,
eurob,
euroo,

}
G.5.2.2 PtvRequestType
The data|element “PtvRequestType” element defines a list of activation-requests used for C-]TS

migration| of legacy public transport prioritization systems. The activation points are used wlHile
approach:lng to an intersection.

ASN.1 representation:

PtvRequedtType ::= ENUMERATED ({
preRequest,
mainRdqquest,
doorClloseRequest
cancelRequest,
emerggqgncyRequest

}
G.5.2.3 TimeReference

The data element “TimeReference”’“~“element defines a value in milliseconds sifce
2004-01-91T00:00:00:000Z as defined in [G1]. The value of the DE shall be wrapped to 65 536. This value
shall be sqt as the remainder of the ¢orresponding value of “Timestamplts” divided by 65 536 as below:

TimeReference = Timestamplts mod 65 536.

ASN.1 representation:

TimeRefenence ::= INPEGER { oneMilliSec(l) } (0..65535)

G.6 FrameworkK for including extension data

Due to intprcontinental harmonization of the SAE J2735™ messages like SPaT, MAP, SRM, SSM, a flexiple
extension|mechanism has been introduced to SAE J2735™, to allow the extension of additional data
elements with focus on a specific region (e.g. Europe, Japan, US, etc.). This is done using ASN.1 object
identifiers as described in SAE J2735™. The following example shows how to extend the messages of
DSRC module defined by SAE J2735™.

The goal of the example is to extend the intersection state of the “SPaT” message. The data frame
“DF_IntersectionState” defines an optional data element “regional” used for extension. The type of this
“regional” data element is “Reg-IntersectionState” and is defined in the region control module “REGION”.
The data element “Reg-IntersectionState” includes the regional data element “IntersectionState” which
is defined in the module “AddGrpC”. If in future, additional data elements are needed for extension,
they will be defined in the module “AddGrpC” and added to “Reg-IntersectionState” after the
“IntersectionState-addGrpC” entry.
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Module DSRC (defined by SAE J2735™):

IntersectionState ::= SEQUENCE {
Name DescriptiveName OPTIONAL,
Id IntersectionReferencelD,
revision MsgCount,
status IntersectionStatusObject,
moy MinuteOfTheYear OPTIONAL,
timestamp DSecond OPTIONAL,
enabledLanes EnabledLanelist OPTIONAL,
states MovementList,
maneuverAssistList ManeuverAssistList OPTIONAL,
PL1IOL1ILY o 1LglIallLONtIrolotdle UOFTIUNAL,
pre-empt SignalControlState OPTIONAL,
regional RegionalExtension {{REGION.Reg-IntersectionState}} OREIONAL,

}

Mddule REGION:

Reg-IntersectionState REG-EXT-ID-AND-TYPE ::= {

{IntersectionState-addGrpC IDENTIFIED BY addGrpC} ,

Mqdule “AddGrpC”:

IntersectionState-addGrpC ::= SEQUENCE ({
activePrioritizations PrioritizationResponseList ORTTONAL,

}

G.V Extension data frame control structure “REGION”

G.7.1 Reg-ConnectionManeuverAssist

Thiis data element is used to extend the dataframe “DF_ConnectionManeuverAssist” from SAE J2735™
with data content defined by “ConnectionManeuverAssist-addGrpC” of this profile (see G.5.1.1).

ASN.1 representation:

Re¢g—-ConnectionManeuverAssist REG-EXT-ID-AND-TYPE ::= {
{ConnectionManeuverAssigt+addGrpC IDENTIFIED BY addGrpC} ,

}
G.7.2 Reg-GenericLane

Thjis data element\is used to extend the data frame “DF_GenericLane” from SAE J2735™ with data
content definedby “ConnectionTrajectory-addGrpC” of this profile (see G.5.1.2).

ASN.1 representation:

Re¢—-Géneériclane REG-EXT-ID-AND-TYPE ::= {
feonnectionTrajectory-addGrpC IDENTIFIED BY addGrpC} ,

}
G.7.3 Reg-IntersectionState

This data element is used to extend the data frame “DF_IntersectionState” from SAE J2735™ with data
content defined by “IntersectionState-addGrpC” of this profile (see G.5.1.4).

ASN.1 representation:

Reg-IntersectionState REG-EXT-ID-AND-TYPE ::= {
{IntersectionState-addGrpC IDENTIFIED BY addGrpC} ,
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G.7.4 Reg-MapData

This data element is used to extend the message “MSG_MapData” from SAE J2735™ with data content
defined by “MapData-addGrpC” of this profile (see G.5.1.5).

ASN.1 representation:

Reg-MapData REG-EXT-ID-AND-TYPE ::= ({
{MapData-addGrpC IDENTIFIED BY addGrpC},

}
G.7.5 R¢g-NodeAttributeSetXY

This data|element is used to extend the message “NodeAttributeSetXY” from SAE ]J2735™ with data
content d¢fined by “Control-addGrpC” of this profile (see G.5.1.3).

ASN.1 representation:

Reg-NodeAttributeSetXY REG-EXT-ID-AND-TYPE ::= {
{ Contgol-addGrpC IDENTIFIED BY addGrpC} ,

e
G.7.6 Reg-Position3D

This data element is used to extend the data frame “DF_Position3D” frem SAE J2735™ with data contgnt
defined by “Position3D-addGrpC” of this profile (see G.5.1.6).

ASN.1 representation:

Reg-Posifjion3D REG-EXT-ID-AND-TYPE ::= {
{Posifjion3D-addGrpC IDENTIFIED BY addGrpC} ,

}
G.7.7 Reg-RestrictionUserType

This datalelement is used to extend the data-frame “DF_RestrictionUserType” from SAE ]J2735™ wijith
data contg¢nt defined by “RestrictionUserType-addGrpC” of this profile (see G.5.1.9).

ASN.1 representation:

Reg-RestgictionUserType REG-EXT-ID-AND-TYPE ::= ({
{RestygictionUserType-addGrpC IDENTIFIED BY addGrpC} ,

}
G.7.8 Reg-SignalStatusPackage

This datalelementiis/used to extend the data frame ” DF_SignalStatusPackage ” from SAE ]J2735™ wjith
data contg¢nt defined by ” SignalStatusPackage-addGrpC” of this profile (see G.5.1.9).

ASN.1 repgresentation:

Reg-SignalStatusPackage REG-EXT-ID-AND-TYPE ::= ({
{ SignalStatusPackage-addGrpC IDENTIFIED BY addGrpC} ,

}

G.8 Usage of the SAE J2735™ messages, data frames, and elements
The following subclauses give a guidance of usage and additional details related to the basic message

sets (SPaT, MAP, SRM, SSM) defined in the module “DSRC” of SAE J2735™ in the context of this profile. If
the data frame/data element is not listed below, the definition from SAE ]J2735™ apply.
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