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1. Scope

This SAE Standard specifies a message set, and its data frames and data elements specifically for use by
applications intended to utilize the 5.9 GHz Dedicated Short Range Communications for Wireless Access
in Vehicular Environments (DSRC/WAVE, referenced in this document simply as “DSRC”),
communications systems. Although the scope of this Standard is focused on DSRC, this message set, and
its data frames and data elements have been designed, to the extent possible, to also be of potential use for
applications that may be deployed in conjunction with other wireless communications technologies. This
Standard therefore specifies the definitive message structure and provides sufficient background
information to allow readers to properly interpret the message definitions from the point of view of an
application developer implementing the messages according to the DSRC Standards.

1.1 Purpose

The purpose of this SAE Standard is to support interoperability among DSRC applications through the use
of a standardized message set, and its data frames and data elements. This Standard provides information
that is useful in understanding how to apply the various DSRC Standards, along with the message set
specified herein, to produce interoperable DSRC applications.

This second published version of J2735 is designated a 'Standard' rather than a '"Recommended Practice.’
This implies that the data set dictionary in this version is deployable. It also creates a requirement that
future revisions of J2735 be backward compatible with this revision. This revision adds content to and
corrects errors in the previous published Standard.

2. References

2.1 Applicable Documents

The following documents shall be used. when applicable, in the process of populating and developing the
message set of this Standard. The specific revision and issued date stated below shall be used for each
document. When the following documents are superseded by an approved revision, the revised version
shall be reviewed for applicability.

The references cited below shall be included in the references of the other companion volumes of this
Standard unless specifically excluded.

2.1.1 SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel:
877-606-7323 (inside USA and Canada) or 724-776-4970 (outside USA), www.sae.org.
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3. Terms and definitions

For the purposes of this standard, the following definitions, abbreviations and acronyms apply.

3.1 Definitions
For the purposes of this standard, the following definitions shall apply.

3.1.1 actuated operation: A type of traffic control signal operation in which some or al signal phases are
operated on the basis of actuation, e.g. detector inputs. A signal without any actuation runs on either fixed
time or time of day operation. A signal may be semi-actuated as well.

3.1.2 application-specificdatadictionary: A data dictionary specific to a particular implementation of an
ITS application. Local deployments which use DSRC (or other message sets) may often select a subset of
the defined messages meeting their specific needs and create an application-specific data dictionary for that
deployment.

3.1.3 approach: All lanes of traffic moving towards an intersection or a midblock location from one
direction, including any adjacent parking lane(s). In the context of this standard an approach is a arbitrary
collection of lanes used in the flow of traffic proceeding to an intersection or a midblock location. An
approach is typically identified by its general flow, i.e. “the east-bound approach”. In this standard an
approach consists of one or more motor vehicle lanes of travel as well as possible pedestrian lanes, parking
lanes, barriers, and other types of lane objects some of which cross the path of the motor vehicle travel.

3.1.4 basicencoding rules: Rules laid out by the ASN.1 standard for encoding abstract information into a
concrete data stream. The DSRC message set standard uses DER, a variant of BER for its encoding.

3.1.5BLOB: Binary Large OBject, a term used in software to describe sequences of octets or bytes where
any inner encoding or meaning is not visible.

3.1.6 bytetype encoding: A type of information encoding where units of information are handled in
modular increments of 8 bits.

3.1.7 computed lane: A computed lane is a lane drivable by motorized vehicle traffic which shares its path
definition with another nearby lane at the same intersection. It is one of several types of basic lanes defined
in the message set. The computed lane allows saving of message bytes used to express the geometric path
of multiple lanes approaching an intersection from the same direction.

3.1.8 conflict monitor: A device used to detect and respond to improper or conflicting signal indications
and improper operating voltages in a traffic controller assembly.

3.1.9 control channel (CCH): The radio channel of those defined in IEEE 802.11 used for exchange of
management data and WAVE Short Messages.

3.1.10 controller assembly: A complete electrical device mounted in a cabinet for controlling the
operation of a highway traffic signd.
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3.1.11 controller unit: That part of a controller assembly that is devoted to the selection and timing of the
display of signal indications.

3.1.12 cycle: One complete sequence of signal indications.

3.1.13 cyclelength: The duration of one complete sequence of signal indications. The cycle length is not
generaly fixed at actuated controllers.

3.1.14 dark mode: The lack of al signal indications at a signalized location. (The dark mode is most
commonly associated with power failures, ramp meters, beacons, and some movable bridge signals.) Note
that when the SPAT message is used to convey the status of a non-signalized 4-way stop type of
intersection, if an approach is modeled as being in the dark mode, it would indicate that the signage is
missing (normally a flashing red stop would be indicated).

3.1.15 data: Representations of static or dynamic entitiesin aformalized manner suitable for
communication, interpretation, or processing by humans or by machines.

3.1.16 data concept: Any of a group of data dictionary structures defined in this standard (e.g., data
element, data element concept, entity type, property, value domain, data frame, or message) referring to
abstractions or things in the natural world that can be identified with explicit boundaries and meaning and
whose properties and behavior al follow the same rules.

3.1.17 dataconsumer: Any entity in the ITS environment which consumes data from others.

3.1.18 datadictionary: An information technology for documenting, storing and retrieving the syntactical
form (i.e., representational form) and some usage semantics of data elements and other data concepts. The
major message sets of ITS, of which DSRC is but one, are kept and represented in a data dictionary.

3.1.19 dataelement: A syntactically formal representation of some single unit of information of interest
(such as afact, proposition, observation, etc.) with a singular instance value at any point in time, about
some entity of interest (e.g., a person, place, process, property, object, concept, association, state, event). A
data element is considered indivisible.

3.1.20 dataframe: (formerly: Data Structure, which appearsin the early ITS efforts, is now more
commonly called a Data Frame. The definition and meaning, which follows, remains the same.): One of
the constructs used to represent the contents of a Data Dictionary. From a computer science perspective,
data frames are viewed as logical groupings of other dataframes and of data elements to describe
"structures’ or parts of messages used in this and other standards. A data frame is a collection of two or
more other data concepts in a known ordering. These data concepts may be simple (data elements) or
complex (data frames). A construct composed entirely of an octet string is considered a data frame if the
octet string represents two or more distinct data concepts.

3.1.21 data plane: The communication protocols defined to carry application and management data across
the communications medium.

3.1.22 datastructure: Any construct (including data elements, data frames, and other data concepts) used
to represent the contents of a data dictionary.
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3.1.23 datatype: A classification of the collection of letters, digits, and/or symbols used to encode values
of a data element based upon the operations that can be performed on the data element. For example, real,
integer, character string, Boolean, bitstring, etc.

3.1.24 dialog: A sequence of two or more messages which are exchanged in a known sequence and format
(typically of areguest followed by one or more replies), which are considered a bound transactional
exchange between the parties.

3.1.25 distinguished encoding rules: A variant of ASN BER encoding used by this standard.

3.1.26 dual-arrow signal section: A type of signal section designed to include both a yellow arrow and a
green arrow.

3.1.27 egress: In the context of this standard an egress is a flow of vehicular or other types of traffic
leaving an intersection on one or more of the defined lanes of travel.

3.1.28 encounter: In the context of this standard an encounter is an exchange of messages between two or
more DSRC equipped devices (OBUs or RSUs) lasting for abrief period of time.

3.1.29 entity: Anything of interest (such as a person, place, process, property, object, concept, association,
state, event, etc.) within a given domain of discourse (in this case within the ITS domain of discourse).

3.1.30 entity type: An abstract type of structure defined in the ITS data register but no longer used. There
are no entity types defined in this standard.

3.1.31 flashing mode: A mode of operation in which at least one traffic signal indication (but more
typically al signal indication of the entire signalized intersection) in each vehicular signal face of a
highway traffic signal is turned on and off repetitively. Expressed in the terminology of the SPAT
message, this is reflected in the descriptions of signal states of the affected lanes (in that movement) being
set to red flashing.

3.1.32 full-actuated operation: A type of traffic control signal operation in which all signal phases
function on the basis of actuation.

3.1.33 functional-areadatadictionary (FADD): A datadictionary that is intended to standardize data
element syntax, and semantics, within and among application areas within the same functional area. This
DSRC standard isa FADD.

3.1.34ingress. In the context of this standard an egress is a flow of vehicular or other types of traffic
approaching an intersection on one or more of the defined lanes of travel.

3.1.35intelligent transportation systems(I TS): Systems that apply modern technology to transportation
problems. Another appropriate meaning of the ITS acronym is integrated transportation systems, which
stressed that ITS systems will often integrate components and users from many domains, both public and
private.

3.1.36 interoperability: The ability to share information between heterogeneous applications and systems.
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3.1.37 inter section: In the context of this standard an intersection is a nexus where two or more approaches
meet and vehicles and other type users may travel between the connecting links. Typically thisisa
signalized intersection when considered by this standard, and as such the modes of alowed travel are
reflected in the signal phases, the geometry of the intersection itself, and the local regulatory environment.
The messages of this standard convey some of this information to the traveling public. Specificaly, the
MAP message conveys the relevant the road geometry, while the SPAT message conveys the current signal
indication to allow and control movement in the intersection.

3.1.38 inter section control beacon: A beacon used only at an intersection to control two or more
directions of travel.

3.1.39 interval: The part of asignal cycle during which signal indications are stable and do not change. In
the SPAT message the current timing value for the remaining interval time estimate as well as the

anticipated interval for yellow change interval is provided for each lane. Because signal interval times
commonly change based on triggering events in many types of signaling systems, the value provided in the
SPAT message may represent a minimal value that is extended and updated as the message is re-issued
each time.

3.1.40 interval sequence: The order of appearance of signal indications during successive intervals of a
signa cycle.

3.1.411TIS: International Traveler Information Systems, the term commonly associated with the standard
for incident phrases developed by the SAE ATIS Committee in conjunction with ITE TMDD and other
standards. This work contains a wide variety of standard phrases to describe incidents and is expected to be
used throughout the ITS 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 aso be freely mixed with text and used to
describe many incidents.

3.1.42 lane: In the context of this standard a lane is a portion of the transportation network (typicaly a
section of roadway geometry) which is being described (its paths and various attributes about it) or referred
to. In the DSRC message set, the lane object is widely used. Lanes consist not only of sections of
“drivable” roadway traversed by motor vehicles, but other types of lanes including pedestrian and bicycle
walkways, trains and transit lanes, and certain types of dividers and barriers. When used in describing an
intersection, a lane is defined for each possible path into and out of the intersection (in the MAP message),
and the current signal phase (and therefore the allowed movements) then applicable to that lane or its
approach is provided in the SPAT message.

3.1.43 lane-use control signal: A signal face displaying signal indications to permit or prohibit the use of
specific lanes of aroadway or to indicate the impending prohibition of such use.

3.1.44 link (RF): A communications channel being used in support of application data transfer needs.

3.1.45link (traffic): A segment of aroad network; while highway links are generally separated by one data
collection node (such as an RSU or a vehicle detector station), local road links tend to be limited by
intersections with cross streets. Other common usages of the word "link," such as those used in
telecommunications, may also appear in the document.
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3.1.46 management plane: The collection of functions performed in support of the communication system
operation, but not directly involved in passing application data.

3.1.47 message: A well structured set of data elements and data frames that can be sent as a unit between
devices to convey some semantic meaning in the context of the applications about which this standard
deals. Within Section 5 of this standard, each sub-section (e.g. 5.1) defines one message. The term
"message type" has the same meaning as "message" in thisstandard.

3.1.48 message set: A collection of messages based on the I TS functional-area they pertain to. The
collection of messages defined in Section 5 of this standard is a message set

3.1.49 networking services: The collection of management plane and data plane function at the network
layer and transport layer, supporting WAVE communications.

3.1.50 natification: An indication of an event of interest, sent to an application. Also a term used by lower
layers inform upper layers an event of interest in a protocol stack.

3.1.51 offset (phase): Offset isthe time lag for the cycle start of a coordinated signal. Quoting from the
FHWA Signal Timing Manual, Chapter 6, Section 6.1 Terminology. (Draft 3 version, development still
underway): “The time relationship between coordinated phases defined reference point and a defined
master reference (master clock or sync pulse).” In other words, alocal signal controller setting that
references the start of the green to a common clock so the beginning of green can be coordinated aong a
roadway to speed motorist along at a designed speed.

3.1.52 on-board unit: An On-Board Unit (OBU) is a vehicle mounted DSRC device used to transmit and
receive a variety of message traffic to and from other DSRC devices (other OBUs and RSUs).  Among the
message types and applications supported by this process are vehicle safety messages, a primary subject of
this standard, used to exchange information on each vehicle's dynamic movements for coordination and
safety. An OBU contains a station (STA).

3.1.53 pedestrian changeinterval: An interval during which the flashing UPRAISED HAND

(symbolizing DONT WALK) signal indication is displayed, often also called the pedestrian clearance time.
During thisinterval the SPAT messages indicates a don’t walk state for that pedestrian lane (along with an
optional period of time remaining for this state).

3.1.54 pedestrian clearancetime: The minimum time provided for a pedestrian crossing in a crosswalk,
after leaving the curb or shoulder, to travel to the far side of the traveled way or to a median. During this
interval the SPAT messages indicates a Flashing Don’'t Walk indication for that pedestrian lane (along with
an optional period of time remaining for this state). The duration for such time intervals comes from
MUTCD and is based on arate of speed of 2 meters per second.

3.1.55 pedestrian phase: The time during which awalking figure or word “WALK?” is presented and the
DON'T WALK ispresented. The pedestrian phase is also the time interval of the pedestrian walk interval
and the pedestrian change interval combined.

3.1.56 pedestrian walk interval: Aninterva during which the WALKING PERSON (symbolizing
WALK) signal indication is displayed. When a verbal message is provided at an accessible pedestrian
signal, the verbal message is “walk sign.” During this interval the SPAT messages indicates a walk state
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for that pedestrian lane (along with an optional period of time remaining for this state and the subsequent
pedestrian clearance state).

3.1.57 permissive mode: A mode (l€eft or right) of traffic control signal operation in which, when a
CIRCULAR GREEN signal indication is displayed, left and/or right turns are permitted to be made after
yielding to pedestrians and/or oncoming traffic.

3.1.58 preemption control: The transfer of normal operation of atraffic control signal to a special control
mode of operation.

3.1.59 pretimed operation: A type of traffic control signal operation in which none of the signal phases
function on the basis of actuation. When such a signal operation is reflected in the SPAT message, the time
intervals given for various signal phases are fixed and do not vary based on any form of actuation.

Pretimed operation may be fixed or based on time of day schedules.

3.1.60 protected mode: A mode (left or right) of traffic control signal operation in which left or right turns
are permitted to be made when aleft or right GREEN ARROW signal indication is displayed.

3.1.61 provider service context (PSC): A field associated with a PSID containing supplementary
information related to the service. The format of the PSC is PSID dependent.

3.1.62 provider serviceidentifier (PSID): A number that identifies a service provided by an application.

3.1.63 red clearanceinterval: An optional interval that follows a yellow change interval and precedes the
next conflicting green interval.

3.1.64 reference lane: A reference lane is a lane drivable by motorized vehicle traffic which aso contains
a detailed path definition of the lane’'s geometry (a center line path and width) as well as basic attributes
(such as the alowed maneuvers) about the lane. The provided path data may optionally be shared with
another nearby lane (a “computed lane”) in the same intersection. It is one of several basic types of lanes
defined in the message set.

3.1.65 referencepoint: A reference point is a complete latitude — longitude — and vertical point on the
reference surface which is used as an initial starting point for subsequent orthogonal offset X, Y, Z values
from that point. All roadway geometry, maps of intersections, lane and curve descriptions, and other
geometrical data that is encoded in this standard uses a systems of local reference points to index and offset
the data that follows.

3.1.66 roadside unit: A RoadSide Unit (RSU) isa DSRC device used to transmit to, and receive from,
DSRC equipped moving vehicles (OBUs). The RSU transmits from a fixed position on the roadside
(which may in fact be a permanent installation or from "temporary" equipment brought on-site for a period
of time associated with an incident, road construction, or other event). Some RSUs have the ability to
transmit signals with greater power than OBUs and some may have connectivity to other nodes or the
Internet. An RSU contains a station (STA).

3.1.67 semi-actuated operation: A type of traffic control signal operation in which at least one, but not
all, signal phases function on the basis of actuation.
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3.1.68 service channel: Secondary channels (logical channels) used for application-specific information
exchanges.

3.1.69 signal head: An assembly of one or more signal lamps. One or more signal heads may be used to
provide complementary indications to one of more approaches, which may cover multiple lanes. The
definitive mapping to specific lanes can be determined by examining the SPAT and MAP fragment

messages.

3.1.70 signal phase: The right-of-way, yellow change, and red clearance intervals in a cycle that are
assigned to an independent traffic movement, or combination of movements. Each of these cycles are
reflected in the SPAT message for the lanes that are part of the movement(s), along with its expected
timing interval (which may be updated in signal systems that vary the time interval based on actuation or
other methods).

3.1.71 signal section: Two or more traffic control signals operating in signal coordination. Also called a
signal system.

3.1.72 signal timing: The amount of time allocated for the display of a signal indication, slang.

3.1.73 SPAT: In the context of this standard, Signal Phase And Timing (SPAT), is a message type which
describes the current state of a signal system and its phases and relates this to the specific lanes (and
therefore to movements and approaches) in the intersection. It is used along with the MAP message to
allow describing an intersection and its current control state.

3.1.74 split (phase): In split phase operations opposing turn lanes are coordinated at differing times. For
example, the east and west left turn movements would get green arrows at different times.

3.1.75 split (signal): Signal split is aterm having to do with coordinated signals. Signal split pertains to
time allocated to the coordinated road vs. the cross streets.

3.1.76 stability control: A system which operates to prevent a car from diding sideways under dynamic
driving conditions.

3.1.77 station: Any device that contains an |EEE 802.11 conformant medium access control (MAC) and
physical layer (PHY) interface to the wireless medium.. An RSU and OBU contain stations (STA).

3.1.78 stop line: The stop line is a defined location along the path of the lane type where users (vehicles)
are presumed to stop and come to rest at the edge of the intersection. The stop line is used as the starting
point to define the centerline path of alane in the messages (with sets of offset points defining the path of
the lane proceeding away from the stop line). While stop lines are normally considered for lanes describing
motorized vehicle travel, they are also used on other forms of lanes (such as pedestrian walkway lanes) to
describe theinitial point of the path.

3.1.79 syntax: The structure of expressions in a language, and the rules governing the structure of a
language.

3.1.80 transactions: Bi-directional data exchanges between devices (RSUs and OBUS).
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4 The use of DSRC messages in Applications

This section contains introductory material about this edition of J2735, background
information on the rationale for the Standard. and an introduction to the messages and
other data concepts, which follow in Sections 5-8.

4.1 Introduction to DSRC Goals and Objectives (Informative)

Public sector organizations throughout the world have identified the need to reduce fatalities and
serious injuries that result from vehicle crashes, as well as the need to reduce traffic congestion.
The use of wireless and computer technologies in vehicles, and on the roadway infrastructure,
have been identified as promising areas to provide solutions for these needs. Intelligent
Transportation System (ITS) planning in many regions of the world has therefore become focused
onsupporting applications thatutilize acommon platformto address three priorities:

1) Safety
2) Mobility
3) Commercial (or Private)

Safety applications, in particular, must be interoperable between vehicles from different manufacturers and
between vehicles and roadway infrastructure within all the areas where the vehicle is likely to travel. This
requirement for interoperability is also relevant to contemplated mobility applications. This SAE Standard
specifies messages, data frames and data elements that allow interoperability at the application layer

without the need to standardize applications. This approach supports innovation and product differentiation
through the use of proprietary applications, while maintaining interoperability by providing a standard
message set that can be universally generated and recognized by these proprietary applications.

The message set specified in this SAE Standard depends upon the lower layers of the DSRC protocol stack
(or potentially other wireless communications systems) to deliver the messages from applications at one
end of the communication system (for example, in a vehicle) to the other end (for example, in another
vehicle). These lower layers of the DSRC protocol stack are defined and specified in standards developed
by other Standards Development Organizations (SDOs). In particular, the protocols at the lowest layers are
addressed by IEEE 802.11, and the middle layer protocols are covered in the IEEE 1609 series of

standards. The DSRC family of standards developed by the various SDOs are meant to operate together in
a harmonious fashion. This standard defines the content and structure of messages exchanged between
applications. A given J2735 message is the payload of the next lower layer protocol, e.g. the "WSM data"
field defined in IEEE 1609.3. The aggregate content of an over-the-air packet is determined jointly by all

the protocols in the stack.

The following subsection provides an overview of the DSRC architecture and protocol stack. Subsequent
annexes describe examples of how the message and data concepts specified in this Standard might be used,
which also strongly influenced the philosophy of the message design. These messages are presentedin
Section 5. The particular message design techniques described in this Standard have allowed for the
construction of a dictionary of reusable, relevant data frames and data elements that support interoperability
for currently envisioned applications and are also intended to expedite the development of future messages.
The standard data frames are presented in Section 6 of this Standard, and the data elements are specified in
Section 7. Data concepts reused from other areas of ITS work are presented in Section 8.
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4.2  DSRC Overview (Informative)

The Wireless Access for Vehicular Environment (WAVE) communications system is designed to enable
vehicle-to-vehicle and vehicle-to/from-infrastructure communications in order to provide a common
platform to achieve the safety, mobility and commercial priorities described in Section 4.1. Interoperability
is afundamental requirement of this common platform, and WAVE is designed to provide the required
interoperable wireless networking services for transportation. As well, the WAVE system uniquely
supports the high-availability, low-latency communications requirements of vehicle safety applications,
such as pre-crash collision mitigation, intersection collision avoidance and cooperative collision avoidance.

The physical layer (PHY) and the medium access control (MAC) layer of the WAVE system are specified
in IEEE Standard 802.11™-2007, asamended (hereafter IEEE 802.11). The system generally supports a
MAC and PHY for each channel on which it operates, i.e. the control channel (CCH) and/or one or more
service channels (SCHs). The range of this system is generally considered to be line-of-sight distances of
less than 1000 meters. The MAC and PHY protocols have been modified to support usage by vehicles
traveling at highway speeds.

The |EEE Standard 1609™ family of standards (hereafter |EEE 1609) provides enhancements to the |EEE
802.11 medium access control (MAC) that support WAVE safety, mobility and private applicationsin a
multi-channel system by specifying mechanisms for prioritized access, channel routing, channel
coordination and data transmission.

The upper layers of the network stack, up to the application layer, are defined in IEEE 1609. There are two
pathways through the WAVE upper layers above the LLC layer: the Wave Short Message Protocol
(WSMP) stack and the IPv6 stack. |EEE 1609 describes networking services for applications running over
either of these stacks, as well as describing the operation of the WSMP stack. Transmissions on the CCH
are limited to WAVE Short Messages (WSM) and some management messages. Both the WSMP stack
and the IPv6 stack may be used for communications on SCHs. The WSMP stack is generally used for
broadcast applications. The IPv6 stack is typically used with UDP for the messages defined in this
standard.

IEEE 1609 defines secure message formats, and specifies how these secure messages are processed within
the WAVE system. These security services are designed to protect messages from attacks such as
eavesdropping, spoofing, ateration and replay, while respecting end users' rights to privacy. The messages
covered in |EEE 1609 security procedures include WAV E management messages and application

messages, but do not yet include vehicle-originating safety messages. Security services for vehicle-
originating safety messages have not yet been specified in any standard, but will be required before vehicle
safety applications can be widely deployed.

4.3  Philosophy of M essage Design (I nfor mative)

The wireless DSRC channels over which J2735 messages are communicated are finite resources, which
should be used conservatively in order to achieve good performance in redlistic traffic environments. The
WAVE Short Message Protocol (WSMP) is designed to operate efficiently over DSRC, using short packets
that are frequently broadcast in an un-acknowledged delivery mode. Other protocols can be used over
DSRC aswell, for example to carry avariety of other ITS related information including such things as
ATISinformation encoded in XML forms. WSMs also support dialogs and transactions, and these can
leave the control channel in order to use a service channel as needed, but the general design god is to
maximize support for short broadcast style messages. To that end, a dense encoding of information is used
in defining the messages of this Standard. Several of the design aspects of this encoding are discussed
below.
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This dense encoding uses a three-way approach:
1) The smallest divisions of information content to be standardized are called Data Elements
2) Data Frames are the next, more complex data structures to be standardized in this dense encoding
3) The top level of complexity in the data structure standardization is called Messages

The above data concepts are all described in both Abstract Syntax Notation revision One (ASN.1, referred
to as ASN hereafter) and in an XML schema syntax. This process follows the typical style used for
message sets defined in ITS standards by SAE and the other SDOs engaged in ITS development. Complete
ASN modules and XSD schema sets of the Standard are available for developers.

4.4 Message Encoding (Normative)

The ASN specified by this Standard is then encoded for transport by the lower layers (the encoded stream
of bytes becomes the payload of that lower layer). The encoding style required to be used to conform with
this Standard is the DER variant of BER (the CER variant is not used). The Distinguished Encoding Rules
are a specific subset of the Basic Encoding Rules which were developed to allow one (and only one)
encoding for any specific message content. The DER style follows the Illonnal byte-aligned Tag-Length-
Value format of BER for ASN. Consult any textbook on ASN for further details.

In the production of ASN and XML found in this standard there are OCTET STRING segments defined
which are made up of inner content constructed as outlined in ASN comments which are part of the
definition. In such cases the OTECT STRING shall be encoded to match the described inner content and
using the bit and byte numbering and packing order as defined by ASN. When the inner content of an
OCTET STRING refers to another data frame or data element found in this standard for its construction,
the definition of that element shall be used in the place it is referred to. The resulting content of that
portion of the OCTET STRING shall be conformant to the definition of the referenced data frame or data
element. As an example, the MsgCount field in DF_ BSM_Blob shall conform to the definition of

DE MsgCount."

5. Message Set

This section defines the precise structure of the DSRC messages defined by this standard. The DSRC data
concepts in this standard are divided into messages, data frames, and data elements. Messages are made up
of content further defined in this document (i.e. made up of entries that are either atomic or complex but
which are also defined in this document) and content defined externally to this document. Such external
content is reused from other functional areas and standards developed by other groups and SDOs. The
contents of this standard (both at the complete message level and its component parts) may be reused by
other efforts elsewhere.

All text in this clause is considered normative unless expressly marked otherwise. Definitions for this
message set are presented in the following subclauses. The ASN.1 is presented in a section titled ASN.1
Representation. The equivalent XML expression is presented in a section titled XML Representation

The DSRC committee has developed a (freely available) users guide to illustrate the proper use the
messages, and part of that guide provides additional data on the rules of encoding used in the message
set.
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In the Part I area (those data elements which are always sent in each BSM) some data elements have been
encoded as a well-defined octet blob to enable concise encoding and conserve channel bandwidth. In the
Part IT area, BER-DER tags and lengths precede each defined data element in the normal way. Any locally
defined content can be added to the part two content in the normal way. Developers of such local content
should take steps to avoid creating content with tags which could conflict with future revisions of the
standard (such tags should be in the local range of 128~255 to avoid conflict with the national standard).

5.3 Message: MSG_CommonSafetyRequest (CSR)

Use: The Common Safety Request message provides a means by which a vehicle participating in the
exchange of the basic safety message can unicast requests to other vehicles for addition information which
it requires for the safety applications it is actively running. Responding vehicles will (or may) add this
information to the appropriate place in the basic safety message when they broadcast it. Additional
operational concepts are explained further in other clauses of this standard.

Addition information (data elements and data frames) can be requested by this message to be placed into
the Part IT sections of the basic safety message (Part I contains selected information that is always present
in every message without exception).

When a device receives a request for a data element it does not understand or support, or from a vehicle
with a spatial position or heading that it may choose to ignore, then that request is simply ignored.

ASN.1Representation:
CommonSafetyRequest ::= SEQUENCE {

msgID DSRCmsgID,
msgCnt MsgCount OPTIONAL,
id TemporaryID OPTIONAL,

-- Note: Uses the same request as probe management
requests SEQUENCE (SIZE(l1..32)) OF ReguestedItem,

... —— # LOCAL_CONTENT
}

XML Representation:
<xs:element name="commonSafetyRequest"” type=" CommonSafetyRequest"/>
<xs:complexType name=" CommonSafetyRegquest"” >

<Xs:sequence>
<xs:element name="msgID" type=" DSRCmsgID" />

<xs:element name="msgCnt" type=" MsgCount" minOccurs="0"/>
<xs:element name="id" type=" TemporaryID" minOccurs="0"/>
<!-- Note: Uses the same request as probe management —-->

<xs:element name="requests" >
<xs:complexType>
<xs:sequence minOccurs="1" maxOccurs="32">
<xs:element name="request" type=" RequestedItem" />
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:element name="localCommonSafetyRequest"” type="local:CommonSafetyRequest”
minOccurs="0"/>
</xs:sequence>
</xs:complexType>

5.4 Message: MSG_EmergencyVehicleAlert (EVA)

Use: The Emergency Vehicle Alert message is used to broadcast warning messages to surrounding
vehicles that an emergency vehicle (typically an incident responder of some type) is operating in the
vicinity and that additional caution is required. The message itself is built on the original ATIS roadside
alert message which in turn uses the common ITIS phrase list to both describe the event and provide advice
and recommendation for travelers. The Emergency Vehicle Alert message appends to the message some
additional data elements regarding the overall type of vehicle involved and other useful data. Note that this
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5.10 Message: MSG_RoadSideAlert (RSA)

Use: This message is used to send alerts for nearby hazards to travelers. Unlike many other messages
which use the LRMS profiles to describe the areas affected, this message likely applies to the receiver by
the very fact that it is received. In other words, it does not use LRMS. Typically transmitted over the
Dedicated Short Range Communications (DSRC) media in both WSM and XML forms, this message
provides simple alerts to travelers (both in vehicle and with portable devices). Typical example messages
would be "bridge icing ahead" or "train coming" or "ambulances operating in the area." The full range of
ITIS phrases are supported here, but those dealing with mobile hazards, construction zones, and roadside
events are the ones most frequently expected to be found in use.

This message is for the alerting of roadway hazards; not for vehicle cooperative communications, mayday,
or other safety applications. It is generally presumed that each receiving device is aware of its own position
and heading, but this is not a requirement to receive and understand these messages. Nor is having a local
base map.

The position section of the message gives a simple (and optional) vector for where the hazard is located
(fixed or moving) and can be used to filter some messages as being not applicable. Consider a "train
approaching" message which indicates the train is in fact traveling away from the receiver. The basic
messages types themselves are represented in the standard ITIS codes sent only in their integer
representation formats. This ITIS list is national in scope, never outdated (items can only be added), and in
this use does not allow local additions. Refer to SAE J2540.1 for the complete code list. A priority level

for the message is also sent, which may be matched to various other priorities in the cockpit to determine
the order and type of message presentation to minimize driver distraction. Message transmission priority is
typically handled in the IEEE 1609 standard layer in the application stack and is a function of the
application type. A duration field provides a gross level for the range (distance) of applicability for the
message over distance. For example, some messages are no longer meaningful to the traveler once the
vehicle has moved a distance down the roadway link.

In many cases a complex event will also be explained in the other supporting ATIS messages (available on
DSRC service channels), and a linkage value is given in those cases when such data is available.

ASN.1Representation:
RoadSidelAlert ::= SEQUENCE {
msgID DSRCmsgID,
-— the message type.
msgCnt MsgCount,
typeEvent ITIS.ITIScodes,

-- a category and an item from that category
--— all ITS stds use the same types here
-- to explain the type of the
-- alert / danger / hazard involved
-- two bytes in length

description SEQUENCE (SIZE(1..8)) OF ITIS.ITIScodes OPTIONAL,
-- up to eight ITIS code entries to further
-- describe the event, give advice, or any
—-—- other ITIS codes
-— up to 16 bytes in length

priority Priority OPTIONAL,
-- the urgency of this message, a relative
-- degree of merit compared with other
-- similar messages for this type (not other
-- message being sent by the device), nor a
-- priority of display urgency
-- one byte in length

heading HeadingSlice OPTIONAL,
-—- Applicable headings/direction
extent Extent OPTIONAL,

-- the spatial distance over which this
-- message applies and should be presented
-- to the driver
-- one byte in length
positon FullPositionVector OPTIONAL,
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<xs:element name="localRTCM-Corrections" type="local:RTCM-Corrections™
minOccurs="0"/>
</xs:sequence>
</xs:complexType>

In addition, this item may be used by data structures in other ITS standards.

Remarks: Observe that the transport layer details (preamble, CRC, etc.) as outlined in RTCM standard
10403.1 version 3.0 clause four are not sent in this message. In a similar fashion, the same framing
information found in clause 4.2 of the RTCM standard 10402.3 (version 2.3) is not sent. These would be
reconstituted after reception by a mobile device and before sending the resultant message to any positioning
device expecting messages in such a format, as outlined in the RTCM recommendations found in clause
four of each document. Also observe that the specific bit ordering of the transport message level used in the
final message varies between RTCM version 3.x and that of version 2.3.

5.12 Message: MSG_SignalPhaseAndTiming Message (SPAT)

Use: The Signal Phase and Timing (SPAT) message is used to convey the current status of one or more
signalized intersections. Along with the MSG_MapData message (which conveys a full geometric layout
of the intersection in question) the receiver of this message can determine the state of the signal phasing
and when the expected next phase will occur.

The SPAT message sends the current movement state of each active phase in the system as needed (values
of what lights are active and values of for what durations the light is expected to continue). The state of un-
active movements (typically all red) is not normally transmitted. Movements are mapped to specific lanes
and approaches by use of the lane numbers present in the message. These lane numbers correspond to the
specific lanes described in the MAP message for that intersection.

The current signal preemption and priority status values (when present or active) are also sent. A more
complete summary of any pending priority or preemption events can be found in the Signal Status message.

ASN.1Representation:

SPAT ::= SEQUENCE {
msgID DSRCmsgID,
name DescriptiveName OPTIONAL,

—-— human readable name for this collection
-- to be used only in debug mode

intersections SEQUENCE (SIZE(l1..32)) OF IntersectionState,
-- sets of SPAT data (one per intersection)

... —— # LOCAL_CONTENT
}

XML Representation:
<xs:element name="sPAT" type=" SPAT"/>
<xs:complexType name=" SPAT" >
<Xs:sequence>
<xs:element name="msgID" type=" DSRCmsgID" />
<xs:element name="name" type=" DescriptiveName" minOccurs="0"/>
<!-- human readable name for this collection
to be used only in debug mode -->
<xs:element name="intersections" >
<xs:complexType>
<xs:sequence minOccurs="1" maxOccurs="32">
<xs:element name="intersection" type=" IntersectionState" />
<!-- sets of SPAT data (one per intersection) -->
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:element name="localSPAT" type="local:SPAT" minOccurs="0"/>
</xs:sequence>
</xs:complexType>
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In addition, this item may be used by data structures in other ITS standards.

5.13 Message: MSG_SignalRequestMessage (SRM)

Use: The Signal Request Message is a message sent by a vehicle to the RSU in a signalized intersection. It
is used for either a priority signal request or a preemption signal request depending on the way the message
flag is set. In either case, the vehicle identifies itself (using its VIN or another method supported by the
VehicleIdent data frame), its current speed, heading and location (using the Blob of the BSM ), and makes

a specific request for service (Vehicle Request) as well as an anticipated time of service (a start time and

end time). The specific request for service is typically based on previously decoding and examining the

list of supported zones for that intersection (sent in the MAP messages). The outcome of all of the pending
requests to a signal can be found in the Signal Status Message ( SSM ), and may be reflected in the SPAT
message contents if successful.

ASN.1Representation:

SignalRequestMsg ::= SEQUENCE {
msgID DSRCmsgID,
msgCnt MsgCount,

-- Request Data

request SignalRequest,
-- the specific request to the intersection
-- contains IntersectionID, cancel flags,
-- requested action, optional lanes data

timeOfService DTime OPTIONAL,
-- the time in the near future when service is
-- requested to start

endOfService DTime OPTIONAL,
-- the time in the near future when service is
-- requested to end

transitStatus TransitStatus OPTIONAL,
-- additional information pertaining
-- to transit events

-- User Data
vehicleVIN VehicleIdent OPTIONAL,
-- a set of unique strings to identify the requesting vehicle
vehicleData BSMblob,
-- current position data about the wvehicle
status VehicleRequestStatus OPTIONAL,
-- current status data about the vehicle
}
XML Representation:

<xs:element name=" SignalRequestMsg" type=" SignalRequestMsg"/>
<xs:complexType name=" SignalRequestMsg" >
<Xs:sequence>
<xs:element name="msgID" type=" DSRCmsgID" />

<xs:element name="msgCnt" type=" MsgCount" />

<!-- Request Data -->

<xs:element name="request" type=" SignalRequest" />

<!-- the specific request to the intersection

contains IntersectionID, cancel flags,

requested action, OPTIONAL lanes data -->

<xs:element name="timeOfService"” type=" DTime" minOccurs="0"/>
<!-- the time in the near future when service is

requested to start -->

<xs:element name="endOfService" type=" DTime" minOccurs="0"/>
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DF DF_AllInclusive <ASN> <XML>, and
DF DF_ApproachesObject <ASN>  <XML>.

In addition, this item may be used by data structures in other ITS standards.

Remarks: Note that the integer value given to each described item (lane, barrier, crosswalk, etc.) is used
in other messages and data frames to refer to that object within the context of the globally unique
intersection that this data frame is used in.

6.6 Data Frame: DF_ApproachesObject

Use: The ApproachesObject data structure associates a set of related approaches and egresses with each
other in the intersection. Observe that the data structure of each is the same. These approaches then define
lanes with properties, each with a unique index value within this link object. The approach name and
number is an (optional) convenience assigned in this data structure for human users only during testing.
The lane number is the key assignment used to map between this and other objects (such as the movement
states found in the SPAT message). The lane number and the intersection number, taken as a set, represent
a unique path of travel throughout the link (which may be traversed by specific types of travelers, vehicles,
pedestrians, etc. as a function of the signal timing and regulatory environment then in place). It may also
contain additional information about the approach such as the road type classification and any barriers
which are present.

ASN.1Representation:
ApproachObject ::= SEQUENCE ({

refPoint Position3D OPTIONAL,
-- optional reference from which subseguent
-- data points in this link are offset
laneWidth LaneWidth  OPTIONAL,
-—- reference width used by subsegquent
-- lanes until a new width is given

approach Approach OPTIONAL,
-- list of Approaches and their lanes
egress Approach OPTIONAL,

-- list of Egresses and thier lanes
}

XML Representation:
<xs:complexType name=" ApproachObject"” >
<Xs:sequence>
<xs:element name="refPoint" type=" Position3D" minOccurs="0"/>
<!-- OPTIONAL reference from which subsequent
data points in this link are offset -->
<xs:element name="laneWidth" type=" LaneWidth" minOccurs="0"/>
<!-- reference width used by subsequent
lanes until a new width is given -->
<xs:element name="approach" type=" Approach" minOccurs="0"/>
<!-- 1list of Approaches and their lanes -->
<xs:element name="egress" type=" Approach" minOccurs="0"/>
<!-- 1list of Egresses and thier lanes -->
</xs:sequence>
</xs:complexType>

Used By: This entry is directly used by the following 2 other data structures in this standard (record type,
descriptive name, ASN.1, and XML name (if present) of each):

DF DF_AllInclusive <ASN> <XML>, and
DF DF_Intersection <ASN> <XML>.
In addition, this item may be used by data structures in other ITS standards.
Remarks: Note that the offset data found in the underlying data structures will use the values found in the
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Used By: This entry is directly used by the following 2 other data structures in this standard (record type,
descriptive name, ASN.1, and XML name (if present) of each):

DF DF_AllInclusive <ASN> <XML>, and

DF DF_NodeList <ASN> <XML>.

In addition, this item may be used by data structures in other ITS standards.

Remarks: Note that while latitude and longitude and elevation values are provided in the reference point
with respect to the common geoid, these offsets are given in absolute distance (units of 1.0 cm) of offset.
When a value for zOffset or for LaneWidth is given, that value persists until changed again for additional
nodes in the list.

6.33 Data Frame: DF PathHistory

Use: The PathHistory data frame defines an adaptable set of PathHistoryPointSets reflecting recent vehicle
movement over some period of time and/or distance. The points present in the history represent a concise
representation(s) of the actual path history of the vehicle based on allowable position error tolerance
between the actual vehicle path and its concise representation. This data frame allows creating a sequence
of positions (typically a vehicle motion track) over a limited period of time or distance (each called
PathHistoryPointType).

The initial anchor point shall be the initialPostion data frame or be provided in the message in which the
PathHistory is sent (such as the BSM Part I). If the Path History is sent in a message which provides the
Full Position vector or similar initial position data then the optional initialPosition element shall not be sent.

The initial anchor point is used to create the offset values of the set. All path history points are older in
time than the anchor point used. Each path history point is subtracted from the initial anchor point to create
the offset values. The first point set in the message is the closest in time to the anchor point, older points
follow in the order in which they were determined.

The PathHistory data itself allows many optional variants of data to be encoded. Each possible set of
PathHistoryPointSets data elements is supported in an octet blob style, and the sets of data in that type (a
PathHistoryPointType) are sent in a single final octet blob (in other words each octet is made up of one or
more sets of inner data, using the same encoding). The number of points sent in the PathHistoryPointSets
can be determined by inspecting the length of the T-L-V of the ASN when sent.

The lat-long offset units used in the PathHistoryPointType octet stream support units of 1/10th micro
degrees of lat and long. The elevation offset units are in 10cm units. The time is expressed in units of 10
milliseconds. The GPSstatus uses 4 bytes the relate the pseudorange noise measured in the system. The
heading and speed are not offset values, and follow the units defined in the ASN comments. All of these
items are defined further in the relevant data entry.

ASN.1Representation:

PathHistory ::= SEQUENCE {
initialPosition FullPositionVector OPTIONAL,
currGPSstatus GPSstatus OPTIONAL,
itemCnt Count OPTIONAL,

-- Limited to range 1 to 23
-- number of points in set to follow
crumbData CHOICE {
-- select one of the possible data sets to be used

pathHistoryPointSets-01 SEQUENCE (SIZE(l..23)) OF
PathHistoryPointType-01,
-- made up of sets of the: PathHistoryPointType-1
-- a set of all data elements, it is
-- non-uniform in size, each item tagged in BER

pathHistoryPointSets-02 OCTET STRING (SIZE(15..345)),
-- made up of sets of the: PathHistoryPointType-02
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-- sets of all data elements including:
-- lat, long, elev, time, accuracy, heading, and speed
-- offsets sent as a packed blob of 15 bytes per point

pathHistoryPointSets-03 OCTET STRING (SIZE(l12..276)),
-- made up of sets of the: PathHistoryPointType-03
-- sets of the following data elements:
-- lat, long, elev, time, and accuracy
-- offsets sent as a packed blob of 12 bytes per point

pathHistoryPointSets-04 OCTET STRING (SIZE(8..184)),
-- made up of sets of the: PathHistoryPointType-04
-- sets of the following data elements:
-- lat, long, elev, and time
-- offsets sent as a packed blob of 8 bytes per point

pathHistoryPointSets-05 OCTET STRING (SIZE(10..230)),
-- made up of sets of the: PathHistoryPointType-05
-- sets of the following data elements:
-- lat, long, elev, and accuracy
-- offsets sent as a packed blob of 10 bytes per point

pathHistoryPointSets-06 OCTET STRING (SIZE(6..138)),
-- made up of sets of the: PathHistoryPointType-06
-- sets of the following data elements:
-- lat, long, and elev
-- offsets sent as a packed blob of 6 bytes per point

pathHistoryPointSets-07 OCTET STRING (SIZE(11..242)),
-- made up of sets of the: PathHistoryPointType-07
-- sets of the following data elements:
-- lat, long, time, and accuracy
-- offsets sent as a packed blob of 10.5 bytes per point

pathHistoryPointSets-08 OCTET STRING (SIZE(7..161)),
-- made up of sets of the: PathHistoryPointType-08
-- sets of the following data elements:
-- lat, long, and time
-- offsets sent as a packed blob of 7 bytes per point

pathHistoryPointSets-09 OCTET STRING (SIZE(9..196)),
-- made up of sets of the: PathHistoryPointType-09
-- sets of the following data elements:
-- lat, long, and accuracy
-- offsets sent as a packed blob of 8.5 bytes per point

pathHistoryPointSets-10 OCTET STRING (SIZE(S5..104))
-- made up of sets of the: PathHistoryPointType-10
-- sets of the following data elements:
-- lat and long
-- offsets sent as a packed blob of 4.5 bytes per point

} r
. -- # LOCAL_CONTENT
}
XML Representation:

<xs:complexType name=" PathHistory" >
<Xs:sequence>

<xs:element name="initialPosition" type=" FullPositionVector" minOccurs="0"/>

<xs:element name="currGPSstatus" type=" GPSstatus" minOccurs="0"/>
<xs:element name="itemCnt" type=" Count" minOccurs="0"/>
<!-- Limited to range 1 to 23

number of points in set to follow —-->
<xs:element name="crumbData" >
<xs:complexType>
<xs:choice>
<!-- select one of the possible data sets to be used -->
<xs:element name="pathHistoryPointSets-01" >
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Used By: This entry is used directly by one other data structure in this standard, a DF called
DF_Allinclusive <ASN> <XML>. In addition, this item may be used by data structures in other ITS

standards.

Remarks: The delta units used in the latOffset and Long offset are 1/10th micro degrees from the anchor
point given by the full position vector.

6.44 Data Frame: DF _PathPrediction

Use: The DF_PathPrediction data frame allows vehicles to share their predicted path trajectory by
estimating future vehicle path of travel. This future trajectory estimation provides an indication of future
positions of the transmitting vehicle and can significantly enhance in-lane and out-of-lane threat
classification. Trajectories in the Path Prediction data element are represented, at a first order of curvature
approximation, as a circle with a radius R and an origin located at (0,R), where the x-axis is bore sight from
the transmitting vehicle's perspective and normal to the vehicle's vertical axis. The vehicle's (x,y.z)
coordinate frame follows the SAE convention. Radius R will be positive for curvatures to the right when
observed from the transmitting vehicle's perspective. Radii shall be capped at a maximum value supported
by the Path Prediction radius data type. Overflow of this data type shall be interpreted by the receiving
vehicle as "a straight path" prediction. The radius can be derived from a number of sources including, but
not limited to, map databases, rate sensors, vision systems, and global positioning, the precise algorithm to
be used is outside the scope of this document. In the case where the radius is derived from instantaneous
vehicle information, such as rate sensors and velocity, and to minimize the effect sensor noise and "in-lane
driver wandering", the resulting roadway radius estimation will have to be achieved by using low-pass
filtering techniques (time constant typically >2s). To help distinguish between steady state and non-steady
state conditions, a confidence factor is included in the data element to provide an indication of signal
accuracy due to rapid change in driver input. When driver input is in steady state (straight roadways or
curves with a constant radius of curvature), a high confidence value is reported. During non-steady state
conditions (curve transitions, lane changes, etc.), signal confidence is reduced.

ASN.1Representation:
PathPrediction ::= SEQUENCE {

radiusOfCurve INTEGER (-32767..32767),

-— LSB units of 10cm

-- straight path to use wvalue of 32767
confidence INTEGER (0..200),

-- LSB units of 0.5 percent

... —— # LOCAL_CONTENT
}

XML Representation:
<xs:complexType name=" PathPrediction" >
<Xs:sequence>
<xs:element name="
<xs:simpleType>
<xs:restriction base="xs:short">
<xs:minInclusive value="-32767"/>
</xs:restriction>
</xs:simpleType>
</xs:element>
<!-- LSB units of 10cm
straight path to use value of 32767 -->
<xs:element name="confidence" >
<xs:simpleType>
<xs:restriction base="xs:unsignedByte">
<xs:maxInclusive value="200"/>
</xs:restriction>
</xs:simpleType>
</xs:element>
<!-- LSB units of 0.5 percent -->
<xs:element name="localPathPrediction"™ type="local:PathPrediction"
minOccurs="0"/>

radiusOfCurve” >
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which follows the translation rule set cited in Clause Two (SAE Standard J2630). Should the two sections
conflict in some way. the ASN.1 expression shall take precedence.

The productions of ASN.1 which follow shall be considered normative in nature. While the majority of the
normative content is reflected in the actual syntax of the ASN.1, some enfries also have additional
statements in the ASN.1 comments which shall be considered normative as well. In addition, the textual
commentary provided with each entry (in sections marked "use" and "remarks") may also provide
additional normative restrictions on the proper use of the entry being described. The XML productions
follow directly from the ASN.1 specifications and the same rules shall be applied. Users of this standard
seeking to be in conformance with it shall follow the normative text outlined here.

7.1 Data Element: DE_Acceleration

Use: A data element representing the signed acceleration of the vehicle along some known axis in units of
0.01 meters per second squared. A range of over 2Gs is supported. Accelerations in the directions of
forward and to the right are taken as positive. A 2 byte long value when sent.

Longitudinal acceleration is the acceleration along the X axis or the vehicle's direction of travel in parallel
with a front to rear centerline. Negative values indicate braking action.

Lateral acceleration is the acceleration along the Y axis or perpendicular to the vehicle's direction of travel
in parallel with a left-to right centerline. Negative values indicate left turning action and positive values
indicate right-turning action.

ASN.1Representation:

Acceleration ::= INTEGER (-2000..2001)
-- LSB units are 0.01 m/s"2
-- the value 2000 shall be used for values greater than 2000
-- the wvalue -2000 shall be used for values less than -2000
-- a value of 2001 shall be used for Unavailable

XML Representation:
<xs:simpleType name=" Acceleration" >
<xs:annotation>
<xs:documentation>
LSB units are 0.01 m/s”2
the wvalue 2000 shall be used for values greater than 2000
the value -2000 shall be used for values less than -2000
a value of 2001 shall be used for Unavailable
</xs:documentation>
</xs:annotation>
<xs:restriction base="xs:short">
<xs:minInclusive value="-2000"/>
<xs:maxInclusive value="2001"/>
</xs:restriction>
</xs:simpleType>

Used By: This entry is used directly by one other data structure in this standard, a DF called
DF_Allinclusive <ASN> <XML>. In addition, this item may be used by data structures in other ITS
standards.

Remarks: The upper four bits of this 2 byte value are reserved and should not be used.

7.2 Data Element: DE_AccelerationConfidence

Use: This DE is used to provide the confidence interval of the 95% confidence level for the currently
reported value of DE_Acceleration, taking into account the current calibration and precision of the
sensor(s) used to measure and/or calculate the value. This data element is only to provide the listener with
information on the limitations of the sensing system; not to support any type of automatic error correction
or to imply a guaranteed maximum error. This data element should not be used for fault detection or
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f ronD00- Ot 0022- 5degr ees Headi ngSl i ce = '0001'H
fronD22- 5t 0045- Odegr ees Headi ngSl i ce = '0002'H
fronD45- 0t 0067- 5degr ees Headi ngSl i ce = '0004'H
fronD67- 5t 0090- Odegr ees Headi ngSl i ce = '0008 H
from090- 0t 0112- 5degr ees Headi ngSli ce = '0010'H
fromll2- 5t 0135- 0Odegrees Headi ngSlice = '0020'H
fronl35- 0t 0157- 5degr ees Headi ngSl i ce = '0040'H
fronl57- 5t 0180- Odegr ees Headi ngSl i ce = '0080'H
fronll80- Ot 0202- 5degr ees Headi ngSl i ce = '0100'H
from202- 5t 0225- 0degr ees Headi ngSli ce = '0200'H
fronR25- 0t 0247- 5degr ees Headi ngSli ce = '0400'H
fronR47- 5t 0270- Odegr ees Headi ngSl i ce = '0800'H
fronR70- 0t 0292- 5degr ees Headi ngSlice ::= '1000'H
fronR92- 5t 0315- Odegr ees Headi ngSlice ::= '2000'H
fronB15- 0t 0337- 5degrees HeadingSlice ::= '4000'H
fromB837- 5t 0360- 0degr ees Headi ngSli ce = '8000'H

XML Representation:
<xs: conpl exType name=" Headi ngSlice" >

<xs: si npl eCont ent >
<xs:annotation>
<xs:docunent ati on>
Each bit 22.5 degree starting from
North and noving Eastward (cl ockw se)
Define global enuns for this entry
</ xs: docunent ati on>
</ xs:annot ati on>
<xs: ext ensi on base="Headi ngSlice-string" >
<xs:attribute nane="Encodi ngType" use="required">
<xs:sinmpl eType>
<xs:restriction base="xs: NMTOKEN' >
<xs:enuneration val ue="base64Bi nary"/>
</xs:restriction>
</ xs: si npl eType>
</ xs:attribute>
</ xs: ext ensi on>
</ xs: si npl eCont ent >
</ xs: conmpl exType>
<xs: si npl eType name="Headi ngSl i ce-string">
<xs:restriction base="xs:base64Bi nary" >
<xs:length value="3"/>
</xs:restriction>
</ xs:sinpleType >

Used By: This entry is directly used by the following 5 other data structures in this standard (record type,
descriptive name, ASN.1, and XML name (if present) of each):

DF DF_Allinclusive <ASN> <XM.>, and
DF DF_RoadSigniD <ASN> <XM_>, and
DF DF_VaidRegion <ASN> <XM_>, and
MSG MSG_ProbeDataManagement (PDM) <ASN>  <XM.>, and
MSG MSG_RoadSideAlert (RSA) <ASN>  <XM.>,

In addition, this item may be used by data structures in other ITS standards.

Remarks: See aso the heading DE used to define a specific single heading value found in other parts of
the DSRC message set.
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time-000-000-000-02 (29), -- Better then 0.000,000,02 sSeconds
time-000-000-000-01 (30), -- Better then 0.000,000,01 sSeconds
time-000-000-000-005 (31), —-- Better then 0.000,000,005 Seconds
time-000-000-000-002 (32), -- Better then 0.000,000,002 Seconds
time-000-000-000-001 (33), ——- Better then 0.000,000,001 Seconds

-— Better then one nano second

time-000-000-000-000-5 (34), —-- Better then 0.000,000,000,5 sSeconds
time-000-000-000-000-2 (35), —-- Better then 0.000,000,000,2 Seconds
time-000-000-000-000-1 (36), —— Better then 0.000,000,000,1 sSeconds
time-000-000-000-000-05 (37), -- Better then 0.000,000,000,05 Seconds
time-000-000-000-000-02 (38), -- Better then 0.000,000,000,02 sSeconds
time-000-000-000-000-01 (39) -— Better then 0.000,000,000,01 seconds
}

XML Representation:

<xs:simpleType name=" TimeConfidence" >

<xs:annotation>
<xs:appinfo>

unavailable (0) -- Not Equipped or unavailable
time 100 000 (1) -- Better then 100 Seconds

time 050 000 (2) -- Better then 50 Seconds

time 020 000 (3) -- Better then 20 Seconds

time 010 000 (4) -- Better then 10 Seconds

time 002 000 (5) -- Better then 2 Seconds

time 001 000 (€) -- Better then 1 Second

time 000 500 (7) -- Better then 0.5 Seconds

time 000 200 (8) -- Better then 0.2 Seconds

time 000 100 (9) -- Better then 0.1 Seconds

time 000 050 (10) -- Better then 0.05 Seconds
time 000 020 (11) -- Better then 0.02 Seconds
time 000 010 (12) -- Better then 0.01 Seconds
time 000 005 (13) -- Better then 0.005 Seconds
time 000 002 (14) -- Better then 0.002 Seconds
time 000 001 (15) -- Better then 0.001 Seconds

-- Better then one milisecond

time 000 000 5 (16) -- Better then 0.000 ,

time 000 000 2 (17) -- Better then 0.000 ,

time 000 000 1 (18) -- Better then 0.000 ,

time 000 000 05 (19) -- Better then 0.000 ,

time 000 000 02 (20) -- Better then 0.000 ,

time 000 000 01 (21) -- Better then 0.000 ,

time 000 000 005 (22) -- Better then 0.000 ,

time 000 000 002 (23) -- Better then 0.000 ,

time 000 000 001 (24) -- Better then 0.000 ,

-- Better then one micro second

time 000 000 000 5 (25) -- Better then 0.000 ,
time 000 000 000 2 (26) -- Better then 0.000 ,
time 000 000 000 1 (27) -- Better then 0.000 ,
time 000 000 000 05 (28) -- Better then 0.000 ,
time 000 000 000 02 (29) -- Better then 0.000 ,
time 000 000 000 01 (30) -- Better then 0.000 ,
time 000 000 000 005 (31) -- Better then 0.000 ,
time 000 000 000 002 (32) -- Better then 0.000 ,
time 000 000 000 001 (33) -- Better then 0.000 ,
-- Better then one nano second

time 000 000 000 000 5 (34) -- Better then 0.000 ,
time 000 000 000 000 2 (35) -- Better then 0.000 ,
time 000 000 000 000 1 (36) -- Better then 0.000 ,
time 000 000 000 000 0S5 (37) -- Better then 0.000 ,
time 000 000 000 000 02 (38) -- Better then 0.000 ,
time 000 000 000 000 01 (39) -- Better then 0.000 , 000 , 000 , 01 Seconds

</xs:appinfo>
</xs:annotation>
<xs:union>
<xs:simpleType>
<xs:restriction base="xs:unsignedInt">
<xs:minInclusive value="0"/>
<xs:maxInclusive value="39"/>
</xs:restriction>

-229 -

Siemens EX1022
Page 229 of 359































SAE J2735® Revised NOV2009

Used By: This entry is directly used by the following 2 other data structures in this standard (record type,
descriptive name, ASN.1, and XML name (if present) of each):

DF DF_AllInclusive <ASN> <XML>, and
DF DF_VehicleStatus <ASN> <XML>.

In addition, this item may be used by data structures in other ITS standards.

7.135 Data Element: DE_VehicleLaneAttributes

Use: The VehicleLaneAttributes data element relates the allowed (possible) movements from a motorized
vehicle lane. Note that in practice these values may be further restricted by vehicle class, local regulatory
environment and other changing conditions.

ASN.1Representation:
VehicleLaneAttributes ::= INTEGER (0..65535)
-— With bits as defined:
noLaneData VehicleLaneAttributes ::= 0
-- ('0000000000000C0Q0O0'B)
egressPath VehicleLaneAttributes ::= 1
-- ('0000000000000C0Q0O1"'B)
-- a two-way path or an outbound
-- path is described
maneuverStraightAllowed VehiclelLaneAttributes ::= 2
-- ('00000000000OOOCOQ10"B)
maneuverLeftAllowed VehicleLaneAttributes ::= 4
-- ('00000000000O0O0O100"B)
maneuverRightAllowed VehicleLaneAttributes ::= 8
-- ('0000000000001000"'B)
vield VehicleLaneAttributes ::= 16
-- ('0000000000010000'B)
maneuverNoUTurn VehicleLaneAttributes ::= 32
-- ('0000000000100000"'B)
maneuverNoTurnOnRed VehicleLaneAttributes ::= 64
-- ('0000000001000000'B)
maneuverNoStop VehicleLaneAttributes ::= 128
-- ('0000000010000000'B)
noStop VehicleLaneAttributes ::= 256
-- ('0000000100000000'B)
noTurnOnRed VehicleLaneAttributes ::= 512
-- ('0000001000000000'B)
hovLane VehicleLaneAttributes ::= 1024
-- ('0000010000000000'B)
busOnly VehicleLaneAttributes ::= 2048
-- ('0000100000000000"'B)
busAndTaxiOnly VehicleLaneAttributes ::= 4096
-- ('0001000000000000"'B)
maneuverHOVLane VehicleLaneAttributes ::= 8192
-- ('0010000000000000"'B)
maneuverSharedLane VehicleLaneAttributes ::= 16384

-- ('0100000000000000"'B)

-- a "TWLTL" (two way left turn lane)
maneuverBikeLane VehicleLaneAttributes ::= 32768

-— ('1000000000000000"'B)

XML Representation:
<xs:simpleType name=" VehicleLaneAttributes™ >
<xs:annotation>
<xs:documentation>
With bits as defined:
</xs:documentation>
</xs:annotation>
<xs:restriction base="xs:unsignedShort"/>
</xs:simpleType>
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ASN.1Representation:
YawRate ::= INTEGER (-32767..32767)

-- LSB units of 0.01 degrees per second (signed)

XML Representation:
<xs:simpleType name=" YawRate" >
<xs:annotation>
<xs:documentation>
LSB units of 0.01 degrees per second (signed)
</xs:documentation>
</xs:annotation>
<xs:restriction base="xs:short">

<xs:minInclusive value="-32767"/>
</xs:restriction>
</xs:simpleType>

Used By: This entry is used directly by one other data structure in this standard, a DF called
DF_Allinclusive <ASN> <XML>.  In addition, this item may be used by data structures in other ITS
standards.

8. External Data Entries

This section defines the precise structure of the external data concepts reused by this standard. The DSRC
data concepts in this standard are divided into messages, data frames, and data elements. Messages are
made up of content further defined in this document (i.e. made up of entries that are either atomic or
complex but which are also defined in this document) and content defined externally to this document.
Such external content is reused from other functional areas and standards developed by other groups and
SDOs. The contents of this standard (both at the complete message level and its component parts) may be
reused by other efforts elsewhere.

All text in this clause is considered normative unless expressly marked otherwise. Definitions for this
message set are presented in the following subclauses. The ASN.1 is presented in a section titled ASN.1
Representation. The equivalent XML expression is presented in a section titled XML Representation
which follows the translation rule set cited in Clause Two (SAE Standard J2630). Should the two sections
conflict in some way, the ASN.1 expression shall take precedence.

The productions of ASN.1 which follow shall be considered normative in nature. While the majority of the
normative content is reflected in the actual syntax of the ASN.1, some enfries also have additional
statements in the ASN.1 comments which shall be considered normative as well. In addition, the textual
commentary provided with each entry (in sections marked "use" and "remarks") may also provide
additional normative restrictions on the proper use of the entry being described. The XML productions
follow directly from the ASN.1 specifications and the same rules shall be applied. Users of this standard
seeking to be in conformance with it shall follow the normative text outlined here.

8.1 Data Element: DE Incident Response Equipment [ITIS]

Use: The ITIS enumeration list commonly refered to as "Incident Response Equipment,” is assigned the
upper byte value of [39] (which provides for value ranges from 9984 to 10239, inclusive). This list is
formally called "IncidentResponseEquipment” in the ASN.1 and XML productions. The items in this
enumeration list are not allowed to be used as an event category classification. This list contains a total of
72 different phrases. The remaining 55 values up to the lower byte value of [127] are reserved for
additional "national" phrases in this byte range. Local phrases may be added to the list starting with the
lower byte value of 128 and proceeding upward from there (in other words, the first value assigned for any
local additions to this list would be given the value 10112).
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Used By: This entry is directly used by the following 7 other data structures in this standard (record type,
descriptive name, ASN.1, and XML name (if present) of each):

DF DF_AllInclusive <ASN> <XML>, and
DF DF _ITIS Phrase ExitService <ASN> <XML>, and
DF DF_ITIS_Phrase_GenericSignage <ASN>  <XML>, and
DF DF_ITIS Phrase SpeedLimit <ASN> <XML>, and
DF DF_ITIS Phrase WorkZone <ASN> <XML>, and
MSG MSG_RoadSideAlert (RSA) <ASN> <XML>, and
DF DF_ITIS-Codes_And Text <ASN> <XML>.

In addition, this item may be used by data structures in other ITS standards.

Remarks: Refer to the SAE ITIS documents for the complete (and lengthy) listing of these codes and for
an XML rendering. An XML schema is also available in the "itis" namespace for this element. Note the
"over the wire" format of items in these lists is a 16-bit value in some systems, hence, the use of INTEGER
above, however, it is a numbered union of values and phrases in other systems such as XML.

9. Data Concepts Under Development

The following data frames and data elements are still in development in this edition of the standard. They
are not recommended for use in new systems and are presented here for reference because there may be
deployed systems which make use on of them or which depend on them (both in deployments of DSRC and
in other ITS standards). These entries may in turn use definitions taken from other standards that were
taken from the then cwrent adopted standards of these organizations. The referenced standards shall be
consulted for further information regarding their proper use. Unless otherwise noted in each entry. the
below ASN.1 and XML definitions shall be taken as the governing definition when used in this standard,
even when a more current revision of the standard is adopted by the issuing organization. In subsequent
editions of this standard, these entries may no longer be present.

At this time there are no messages in this category.

10. Conformance

Since this SAE Standard specifies standard message set, data frames and data elements for use by
applications intended to utilize the DSRC communications systems, an application will be judged to be in
conformance with this Standard by demonstrating functional interoperability with other conformant
applications. The level of interoperability possible will initially be limited to applications that can

effectively use the initial representative message set, data frames and data elements specified in this
Standard. Applications in conformance with this Standard shall be able to receive or to send at least one of
the messages defined in this standard.

In addition, an implementation is considered compliant with this standard if all messages, data frames, and
data elements that it sends conform to the format and encoding rules specified herein. Conformance to a
format requires that:

e required data fields are present,
e no data field is included that is not either required, explicitly optional, or classified as local

content,
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e data fields appear in the indicated order, and

e numerical values are within specified ranges.

11. Other Application Notes (Informative)

11.1 On the use of TIME

The representation of time in the DSRC Standard follows the methodology defined in the ISO 8601
standards for representing time. Unless specifically indicated in the definition of a data element, data
frame, or message, the time reference shall be Coordinated Universal Time (UTC) with the time zone of
Greenwich Mean Time (GMT). In this regard it follows the conventions of other ITS standards; however
there are some minor unique points that should be pointed out. First, the resolution of time in DSRC is
universally kept and expressed with a precision of one millisecond. This value (and its modulo derivatives)
is commonly used in many DSRC applications and forms the basis of many “short” forms of time. Time
within the current UTC minute is therefore expressed in a 2 bytes value (range 0 to 60,000 milliseconds) in
many messages. The rest of the elements of time (minutes, hours, days, month years etc..) are expressed in
the normative definition provided by ISO 8601 including a local time zone, although the time zones is not
used in most DSRC messages. Leap-seconds and other periodic approbations are handled in the normal
ISO 8601 way. In many DSRC messages there is only a need to send relative time (such as the current
minute or second) and the full (absolute) moment of time is only sent once or periodically when actually
needed. It should also be pointed out that component elements of the time in DSRC are sent as integer
values (i.e. Jan is sent as Hex 0x01) and not as ASCII strings as is found in some representations (for
example, ISO 8601 expressed as XML where Jan is represented as the ASCII pattern for “01” or Hex
0x3031). In addition, some unknown values have been mapped to the last value in the range. This is at
odds with some other standards that use zero for both a legal value of time and as an unknown value.

11.2  Persistence of the temporary MAC ID field

The MAC address used by OBUs is randomly generated at various times according to a timer, or vehicle
start-up, or possibly other events. This random MAC address is called the Temporary ID in DSRC
messages. The reason for having a non-permanent MAC address, and avoiding any other long-term
identification that is publicly available, is to preserve privacy through anonymity. The MAC value for a
mobile OBU device (unlike a typical wireless or wired 802 device) will therefore periodically change to a
new random value to ensure the overall anonymity of the vehicle. Because this value is used as a means to
identify the local vehicles that are interacting during an encounter, it is used in the message set.

11.3 URLs used in the Standard

The Standard makes use of URL strings in various places to link to other information. At times the data
elements used to convey the full URL break the string up into component parts. This is done to save
payload bytes in the transmitted message. The data element URL-Short must be combined with the contents
of the data element URL-Base to create a valid URL string in such cases.

114 Forward Compatibility in the Standard

The ASN and XML defined by the standard is designed to allow the addition of new messages and content
descriptions while preserving the backward compatibility with content described in this edition. Tagging
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values have been chosen such that both new standardized content as well as any locally developed and
deployed content can be added. Locally defined content shall use the ITS convention of tag numbering
ranges from 128 to 255 for any content which is added.

For further information and examples of how new message content is added to the ASN or XML defined
here, refer to the Implementation Guide for additional details and examples.

11.5 Requirements placed on the ASN encoding used by this standard

The general approach to compatibility used is that every compliant ASN parser must be able to handle well
structured ASN messages, both those found in the standard today and those with several types of content
that may be added to messages and found in the deployment environment in the future. By handle, it is
meant that such a message can be parsed, and the currently defined content can be recovered. There are no
requirements to use the resulting new content in any way, as it is not defined in this edition of the standard.

There are three types of additional tags (beyond those defined in the standard) that can be found in valid
DSRC messages. These are:

e New application Tags

e New local application Tags

e  Basic Universal Tags

New application tag content (numbered from zero and following after the last tag defined in the previous
version of the standard). This is expected to be developed in the succeeding editions of the standard. New
local application tag content (numbered from 128 to 255 to indicate that the content is locally defined).

This type of tag is found when a deployment decides to add new (typically experimental) content to an
existing message type in places where the symbol «...” is found. New tag content can also be composed of
the basic universal tags used by ASN for basic types (integers, etc.). New messages may also come to
exist, but as these will be encoded as different message types then those now defined, they should not be a
problem to any compliant parser.

12. Notes

12.1 Marginal Indicia

A change bar (I) located in the left margin is for the convenience of the user in locating areas where
technical revisions, not editorial changes, have been made to the previous issue of this document. An (R)
symbol to the left of the document title indicates a complete revision of the document, including technical
revisions. Change bars and (R) are not used in original publications, nor in documents that contain editorial
changesonly.

PREPARED BY THE SAE DSRC COMMITTEE OF THE SAE
BY SUBCARRIER SYSTEMS CORP (SCSC)
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Annex A Message Framework

Introduction

This annex is intended as a guide for message framework issues.

Message ID

J2735 messages have no need for a common header and none is defined. A message common header
would be data that is common to all messages. It would be part of the transmitted message, unchanged by
any lower levels and required and used by a receiving application or applications. The only datum that fits
this definition is the DSRCmsgID. The DSRCmsgID is a mandatory element in every J2735 message, and

it is required to be the first element.

Frequently Used Elements

For any generic message, the frequently used elements are defined as shown below.

-- Generic Message Structure
AnExampleMessage: := SEQUENCE {
—— DSRCmsgID and Frequently Used Elements
msgID DSRCmsgID,
msgCnt MsgCount,
id TemporaryID,

-- Message Content itself is defined here
-- Message Content itself is defined here
-- Message Content itself is defined here

. —— # LOCAL_CONTENT

-- Final header item
crc Msg CRC OPTIONAL
}

The MsgCount element is defined as either required or optional in several of the messages. When it is
present, it should be placed in the order shown in the specific message set definition of Section 5. See the
enfry in the preceding section for its definition and usage notes.

The TemporaryID element is defined as either required or optional in several messages. When it is
present, it should be placed in the order shown in the specific message set definition of Section 5. See the
enfry in the preceding section for its definition and usage notes.

The CRC element (of type CRCvalue) element is defined as either required or optional in several of the
messages and the value should always occupy the last two bytes of the message payload.” This element is
transmitted when the underlying protocols will not expressly provide a suitable CRC value for each
recovered (received) message. The purpose of this data element is not to ensure message reception
correctness (which the lower layers are presumed to handle) but rather as a message level hash value of the
preceding payload content.

Application Programming Interface

An Application Programming Interface (API) is required to process common management information not
included in a message (Application Protocol Data Unit). This message related information is not

2 In fact the T-L-V of this data element occupies the last 4 bytes of the message payload, but only

the last two bytes contain the actual crc value itself.
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Display Priority: A receiver may define a priority associated with displaying messages.
This would likely be proprietary to the OEM deploying the receiver and is out of scope
for this discussion.

DE_Priority: The Priority data frame is used in a DSRC message set to establish the
relative importance of certain messages with respect to other similar messages of the
same type. It is not a display priority (although it may factor into display ordering
algorithms), nor is it a transmission priority for lower layers.

Other Priorities: This section is limited to those priority concepts that are contained in
this standard or may directly interface with it. Other priority concepts exist that are
relevant to somebody using this standard, such as may appear in applications or lower
layers, but these are not defined here.

Message Priority Enforcement

This annex is intended only to provide guidance for recommended priority assignments to
messages and message sets. It is informative only.

Neither the Technical Committee nor its associated subcommittees are chartered to police or
enforce the 72735 defined application layer priorities detailed here; such enforcement will be, in
all likelihood, the responsibility of an empowered governmental agency. This annex and its
associated table are simply a tool to promote harmony and communication within a DSRC
community.

Message Priority Table

J2735 Message Priority is based upon a balance between the importance and urgency of a message
to be transmitted; the interpretation of the terms being as follows:

e IMPORTANCE: The first level of priority is associated with societal and/or safety
impact, and prioritizes safety above all other applications and/or communications. The
greater the potential for saving life or preventing injury, the higher the importance the
message and message sets receive. Though this is as per the USA Federal
Communications Commission, there is no intent to limit this guideline to any single
country.

e URGENCY: Many applications are predicated upon allowable communications latency.
The range of that latency defines the urgency of the message; if the message requires
quick transfer from sender to listener, it has a higher associated urgency.

Each row in the Message Priorities table includes an example application and suggested message
priority. In addition, an estimate of the allowable latency is provided as an indication of urgency.

Adjusting Priority
Although the 72735 defined message priority table indicates a single priority for each message set,

in practice priority is an attribute of a specific message. The priority of a specific message can be
raised or lowered, compared to the default priority in the table, according to the policies of the
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Annex B The Safety Message Handler (Informative)

Annex C describes examples of vehicle safety applications aimed at preventing collisions. The Safety
Message Handler is focused on that same type of safety application, though it can also be applied more
broadly. These safety applications generally compare the state of a host vehicle with the states of remote
vehicles, and take some action, e.g. driver warning, when a threat of collision is detected. Each application
tracks a set of state variables, many of which are of common concern to other applications, and some of
which are application-specific. As the name implies, the Basic Safety Message (BSM) [5.x] is designed to
support the collective communication needs of a set of safety applications. Rather than transmit a series of
single-application messages, a vehicle sends one BSM whose contents convey all aspects of the vehicle’s
current state that are relevant to at least one application. This feature of the communication architecture
saves bandwidth resources by suppressing redundant information and avoiding extra per-packetprotocol
overhead. It also saves processing resources in the sender and especially in the receiver. Finally, it
simplifies application designs by separating them from details of the communication system like message
structure and data element format.

This separation of the applications from the communication system implies an intermediate function. The
purpose of this annex is to describe at a high level how that function, which is called here a Safety Message
Handler (MH), could be designed to send and receive messages in support of safety applications.

A given vehicle both transmits its state and receives state updates from other vehicles. As noted in Annex
C, the state information from each vehicle might be updated via periodic broadcasts of the BSM. The
message period could be modified in response to network conditions or changing application requirements.
The periodic messages could also be supplemented by an occasional message upon the occurrence of a
specific event (e.g. hard-brake event).

Each application running on a vehicle has requirements for the state information that it needs to
communicate to other vehicles. For each state element, the application also has a requirement for the
broadcast update frequency. The job of the MH on the sender side is to compose and dispatch messages
with contents and at intervals that satisfy the collective needs of the applications. This process is illustrated
in Figure 1*. Three applications are shown on the left of the figure. For each, a set of data elements is
listed; these represent the state information that each application requires to be broadcast. The MH
composes messages whose content represents the union of the required elements. Note that an element like
Position that is required by multiple applications is sent only once in each message.

The MH might use a BSM to send the required information. In that case, any required element that is
included in Part I of the BSM is automatically sent. Any required element that is not included in Part I of
the BSM is explicitly included in Part II. Alternatively, a MH might use an A La Carte (ALC) message to
send the required information. The ALC has all of the flexibility of the BSM, but with no mandatory part;
Part I of the ALC message is similar to Part IT of the BSM. If the MH chose to send an ALC message,
every required element is explicitly included. The choice of whether to use a BSM or an ALC may depend
on how much of the BSM Part I information is in the set of required information. Part I of the BSM is
specifically designed to include the information most likely to be useful for safety applications, so one can
expect the BSM to be a good message choice for a MH most of the time.

The transmit and receive parts of each application running on a vehicle have a dual structure. Just as the
transmit part has requirements for information to be sent, the receive part has a set of elements that it
desires to receive. The receive side of the MH shown in Figure 1 performs an inverse operation of the
send side. Upon receipt of a safety message, the MH parses the message to extract the component
elements. Every received element is provided to each application that desires to receive it. Received
elements that no application needs are ignored.

4 . . L
In this annex, all references to specific applications, data elements, and message rates are purely
illustrative.
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Annex C Operation with the Basic Safety Message in Vehicles
Application and Research Implementation Background

The Basic Safety Message in this Standard was developed based on analysis of communications
requirements for seven high-priority vehicle-to-vehicle application scenarios with significant anticipated
safety benefits. These application scenarios and the research implementation of some of the applications
are:

e Cl1 Intersection Collision Warning
e C2 Emergency Electronic Brake Lights

e C3 Pre-Crash Sensing

e C4 Cooperative Forward Collision Warning

e C5 Left Turn Assistant

e C6 Stop Sign Movement Assistance

e C7 Lane Change Warning

e C38 CAMP VSC-A Implementation of V2V Safety Applications Using DSRC BSM

The use of the Basic Safety Message in the relevant vehicle safety application scenarios is described in this
annex in Sections C-1 through C-7. These sections of the annex present vehicle safety application scenarios
and are meant to illustrate the use of the Basic Safety Message specified in this Standard, rather than to
specify or prescribe these applications or to recommend the best way to deploy these applications. It is
expected that the messages in this Standard will fully or partially enable the development of additional
vehicle safety applications. Illustrations of such applications may be added to this annex in future versions
of this Standard.

Section C-8 presents the V2V Safety Application Implementation by Vehicle Safety Communication —
Applications (VSC-A) project using DSRC BSM, under a collaborative effort between the United States
Department of Transportation (USDOT) and the Vehicle Safety Communications 2 Consortium (VSC 2
Consortium — Ford, General Motors, Honda, Mercedes-Benz, and Toyota). This section provides a brief
introduction of the VSC-A project and the V2V safety applications implemented in the project, as well as
the system structure and the OTA BSM structure and its use in the VSC-A project.

Future vehicle safety applications may require additional message sets, data frames and data elements that
have not yet been specified in this Standard. The intention of the DSRC Technical Committee is for these
additional elements to be identified by the Technical Committee, analyzed, specified and added to future
versions of this Standard in order to support interoperability for an increasingly diverse range of vehicle
safety applications. These additions are likely to be especially noticeable in the area of future vehicle-
to/from-infrastructure safety applications that are envisioned. Some of these will likely be vehicle safety
applications and others are likely to be public safety applications. The technical committee intends for this
Standard to support the interoperability of all these safety applications between and among vehicles from
different manufacturers and roadside infrastructure operators/manufacturers throughout the entire region of
expected vehicle travel.

The basic premise of the initial vehicle safety applications is the use of frequent broadcasts of basic
information about each individual vehicle to enhance the awareness of vehicles that are in the vicinity. The
frequency of these broadcasts is expected to at least meet the requirements of vehicle safety systems
implemented using this technology. and if possible to exceed these requirements in order to compensate for
the inherently unreliable nature of radio frequency communications.

Due to the potential cumulative effect of many vehicles broadcasting within the same local area (in
particular during heavy traffic conditions), the DSRC communication channel is likely to encounter
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excessive channel loading on occasion. For this reason, it has been the focus of the technical committee to
limit the required information in these common messages to a concise set, and to provide effective coding
to minimize the size of the message payload. The common message set that was developed by the
committee to meet the requirements of the initial vehicle safety application scenarios is the
MSG_BasicSafetyMessage. which has a mandatory section (Part I) and an optional section (Part II):

Part I of the MSG_BasicSafetyMessage contains a fixed data structure comprising the information that
must be updated most frequently or which must be known to determine the meaning of the frequently-
changing data. Part I is mandatory in the Basic Safety Message, and so might be broadcast more frequently
than the optional Part II. The transmission frequency of the Basic Safety Message might be chosen so that
it provides an update rate that is consistent with the scan rates for on-board vehicle safety system sensors.

Part II of the MSG_BasicSafetyMessage is optional, and so might be included in only a subset of the
messages. The additional data provided in Part II is either required less frequently by vehicle safety
applications, or is less important, or both. Part IT information, when present, might vary from message to
message. Part IT can be included periodically or triggered by an event or a request. Locally defined content
can be sent in Part IT as well, although this requires additional definition in the ASN and XML used.

Applicable documents

A detailed description of the identification and selection of the high-priority vehicle safety applications, as
well as the background descriptions of the application scenarios, are included in the “Vehicle Safety
Communications Project Task 3 Final Report: Identify Intelligent Vehicle Safety Applications Enabled by
DSRC”, published by the National Highway Traffic Safety Administration in March 2005 and publicly
available from National Technical Information Service, Springfield, Virginia 22161.

Application message sequences

The repetitive broadcast of vehicle safety messages is expected to increase the range of vehicle
environmental awareness beyond the range of any on-board sensors. Each vehicle will broadcast its
relevant information frequently via the MSG_BasicSafetyMessage and receive the equivalent messages
from all DSRC-equipped vehicles in the immediate vicinity. Messages from other vehicles can then be
analyzed by on-board processors to identify impending situations that would warrant warning the driver or
initiating other actions, for example, pre-tensioning of seat belts.

Application use with DSRC

Basic Safety Messages will usually be transmitted using the Wave Short Message Protocol (WSM) stack on
a pre-agreed channel, to other devices (typically other mobile on-board units (OBUs)) which have
determined to receive this type of message. It will not be necessary for a sender to advertise a service, nor
for a receiver to undertake any confirm or join operation.

Receivers are expected to process all such messages. Upon receipt, a Basic Safety Message is examined for
message content and relevance at the application layer of the protocol stack.

Basic Safety Messages are expected to be broadcast at a rate sufficient to provide a level of data quality,
including data freshness, similar to that provided by on-board sensors used for vehicle safety systems.
However, to help prevent the possibility of vehicle broadcast messages congesting a channel, the frequency
of transmissions may need to be adjusted in dense traffic environments based on speed, number of vehicles
in close proximity or other parameters (e.g., a toll plaza).

In all seven of the following application scenarios, a working GPS unit’ and a connection to the vehicle
data bus, in addition to a DSRC radio unit, are necessary to send out the correct information to, and receive
the necessary information from, other vehicles.

Which is presumed to be able to provide position, velocity, and current time values for the vehicle.
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the algorithm, e.g., if a crossing path vehicle is in a left-turn pocket and it is known in advance that the left-
turn and straight-through phases are different, then the left-turning vehicle is no longer a likely threat.

Annex C-2 Emergency Electronic Brake Lights

Application Description

When a vehicle brakes hard, the Emergency Electronic Brake Light application conveys this information to
surrounding vehicles via one or more Basic Safety Messages. This application will help the driver of a
following vehicle by giving an early notification that the lead vehicle is braking hard even when the
driver’s visibility is limited (e.g. a large truck blocks the driver’s view, heavy fog, rain).

The current brake lamp goes on when the driver applies the brake. The Emergency Electronic Brake Light
application might not only enhance the range of a hard braking message but also might provide important
information such as acceleration/deceleration rate and duration. At present, brake lamps do not differentiate
level of deceleration and are only useful as far rearward as line of sight allows.

Flow of Events

Flow of events

1. Vehicle “A” sends MSG_BasicSafetyMessage, possibly with additional data associated with
| the hard braking event, such as a hard-braking event flag

2. Vehicle “B” receives message

‘ 3. Vehicle “B” processes the message from Vehicle A and determines that Vehicle A’s message
is relevant (similar heading in advance of Vehicle B’s path) and a significant braking event is
occurring per the message information (e.g. deceleration, brake pressure, event flag).

4. Vehicle “B” alerts its driver to the braking event and provides some indication of braking
severity.

' DSRC radio
Positional and vehicle sensors
| Human-MachineInterface

Hardware Devices:

Actors: (What entities play an Vehicle Occupant Service Road
. active role in use) ‘System | ) ' Provider Department
Driver Passenger
. Support information: | CAMP-VSC Task 3 Report, 2003

Concept of Operation

For this application, it is assumed that the vehicle in a hard braking situation would be equipped with a
DSRC unit. It is also assumed that the message from the vehicle would be received by the following
vehicles, including any that could have a collision with the braking vehicle.

The message sender needs to have an algorithm to decide if a hard brake was performed (for example:
deceleration greater than 0.4g). and if a non-routine event message transmission is advisable. If a vehicle
determines that it is braking hard then it could inform the surrounding vehicles by sending a
MSG_BasicSafetyMessage, possibly including an optional “hard-brake” event flag. The message could be
sent at the next scheduled transmission time, or earlier, and it could use a higher priority level than the
routine broadcast of a MSG_BasicSafetyMessage.
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In order to determine if a hard braking message is relevant, the listening vehicle needs to know the relative
location from which the message originated (e.g., front, rear, left, right). This can be done based on its GPS
information and the GPS information of the braking vehicle. The listening vehicle may not necessarily
inform the driver of such an event if the braking vehicle is traveling in an adjacent lane.

Sensors and Other System Needs

A map database, where available, may help to provide specific, relevant information related to current road
segments. This could allow, for example, intersection geometry or road curvature to be taken into account
when an application host vehicle evaluates the received MSG_BasicSafetyMessage to see if an alert to the
driver is necessary.

Annex C-3 Pre-crash Sensing

Application Description

Pre-crash sensing can be used to prepare for imminent, unavoidable collisions. This application could use
DSRC communication in combination with other sensors to mitigate the severity of a crash.

Countermeasures may include pre-tightening of seatbelts, airbag pre-arming, front bumper extension, etc.
~ Flow of Events

Flow of events

- 1. Vehicle “A” sends MSG_BasicSafetyMessage
Vehicle “B” receives message

Vehicle “B” processes the message from Vehicle A and determines that Vehicle A’s
message is relevant and, per the message information (e.g. location, speed, heading,
deceleration, brake pressure, etc.), that trajectories of Vehicles “A” and “B” will likely intersect
imminently.

4. Vehicle “B” automatically initiates pre-crash countermeasure(s).

' DSRC radio
Positional and vehicle sensors
| Human-MachineInterface

Hardware Devices:

Actors: (What entities play an Vehicle Occupant Service Road
tive role i Department
. active role in use) System ) . provider . Departmen
Driver Passenger
| Support information: | CAMP-VSC Task 3 Report, 2003

Concept of Operations

As in most of the other vehicle safety application scenarios, DSRC communications is used to allow the
host vehicle to detect position, velocity, heading, acceleration, and control parameters for all equipped
vehicles in the immediate vicinity. The in-vehicle unit analyzes these parameters for the other vehicles as
contained in their MSG_BasicSafetyMessages and projects future vectors for these vehicles. If this analysis
determines that a collision is imminent and unavoidable, the vehicle may deploy countermeasures, such as
pre-tightening of seatbelts. This further information might be used for such potential purposes as
determining the need to lower the bumper on a high-profile vehicle to minimize the damage to a smaller,
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lower vehicle, or to support a sensor-based decision to pre-deploy side-impact airbags if the collision vector
determination indicates an imminent side-impact.

Sensors and Other System Needs

On-board sensors, such as airbag accelerometers or radar systems, could be used to confirm the imminent
collision determination derived from the DSRC communications analysis.

Annex C-4 Cooperative Forward Collision Warning

Application Description

The cooperative forward collision warning (CFCW) system application is a vehicle-to-vehicle (V2V)
communication-based safety feature that issues a warning to the driver of the host vehicle in case of an
impending front-end collision with a vehicle ahead in traffic in the same lane and direction of travel.
CFCW will help drivers in avoiding or mitigating front-to-rear vehicle collisions in the forward path of
travel. The system does not attempt to control the host vehicle in order to avoid an impending collision.

_ Flow of Events

Flow of events

- 1. Vehicle “A” sends MSG_BasicSafetyMessage, periodically

2. Vehicle “B” receives and processes messages, and determines if Vehicle A is traveling ahead
in traffic in the same lane and direction of travel.

3. If so determined, Vehicle “B” processes the message information further to determine the
threat level of a front-end crash with Vehicle A.

‘ 4. Based on the threat level determined, Vehicle “B” warns its driver of the potential front-end
crash.
' DSRC radio
Positional and vehicle sensors
- Human-Machine Interface

Hardware Devices:

Actors: (What entities play an Vehicle Occupant Service Road

| active role in use) \System | ) " Provider Department

Driver Passenger

X X

| Support information: | CAMP-VSC Task 3 Report, 2003

Concept of Operations

This application is similar to the Emergency Electronic Brake Light scenario (Annex C-2). In the

Cooperative Forward Collision Warning scenario, however, the application warns the driver when the
possibility of a collision with a vehicle in front of the host vehicle becomes likely, whereas the brake light
application simply informs the driver of the onset of “hard” braking based on an indication of braking rate.
The concept of operation of the CFCW application can be explained as follows: Every vehicle that is
equipped with DSRC will broadcast the MSG_BasicSafetyMessage, including the optional path history, at

a certain frequency (path history might be included in a subset of all MSG_BasicSafetyMessages). The
CFCW application in the host vehicle receives safety messages and uses the contents to track the state (i.e.,
position, velocity, and acceleration, etc.) of remote vehicles within its communication range. Using such
information, along with its own state and its assessment of the relevance of the target location, the host
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vehicle determines the likelihood of a front-end collision with a remote vehicle ahead in its lane and
calculates the threat level. The threat level is used to further determine the appropriate warning through the
vehicle’s driver vehicle interface.

Sensors and Other System Needs

On-board sensors, such as radar or lidar systems, could be used to confirm the collision determination
derived from the DSRC communications analysis.

A map database, where available, may help to provide specific, relevant information related to current road
segments. This could allow, for example, intersection geometry or road curvature to be taken into account.

Annex C-5 Left Turn Assistant

Application Description

The Left Turn Assistant provides information to drivers about gaps and speeds of oncoming cars to help
them make a left turn across traffic safely. This application warns drivers when a collision is probable if
the left turn movement is initiated.

_ Flow of Events

Flow of events

1. Oncoming Vehicle “A” sends MSG_BasicSafetyMessage.

Turning Vehicle “B” receives message

Vehicle “B” processes the message from Vehicle A and determines that Vehicle A’s
message is relevant (crossing road segment via map and/or heading and indication of turn)

4. Vehicle “B” alerts its driver to an oncoming vehicle hazard.

| DSRC radio
Positional and vehicle sensors
| Human-Machine Interface

Hardware Devices:

Actors: (What entities play an ~ Vehicle Occupant Service Road

| active role in use) ‘System | . " Provider Department
Driver Passenger
| Support information: | CAMP-VSC Task 3 Report, 2003

Concept of Operations

DSRC communications is used to allow the turning vehicle to detect all equipped vehicles in the vicinity.
Furthermore, it allows the turning vehicle to receive the position, velocity, acceleration, and control
parameters, among others, for potential threat vehicles. The in-vehicle unit, based upon the host vehicle’s
left turn signal initiation (and/or possibly other control parameters such as steering wheel angle or yaw rate)
constructs a predicted travel path for the host vehicle and analyzes the received parameters for the
approaching vehicles . The unit also constructs expected future travel path for these vehicles. If this
analysis determines that a collision would be likely if the left turn movement is initiated, an appropriate
warning is issued to the driver
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among others, from these vehicles. The in-vehicle unit, based upon the host vehicle’s stopped condition and
combination of release of brake and application of throttle, for example, constructs a predicted travel path
for the host vehicle and also constructs expected travel path for the other detected vehicles by analyzing
their received parameters. If the in-vehicle unit determines that a collision would be likely if the start-from-
stop maneuver is initiated, an appropriate warning is issued to the driver.

Sensors and Other System Needs

On-board sensors to determine the host vehicle’s stopped condition and combination of release of brake
and application of throttle are also needed.

A map database could help to provide information whether crossing path vehicles are in the vicinity of an
intersection. If lane resolution is possible, lane position of the crossing path vehicle can be determined and
used in the algorithm.

Annex C-7 Lane Change Warning

Application Description
This application provides a warning to a vehicle that is about to change lanes. The warning is provided in
order to avoid a collision with vehicles in the intended lane destination of the host vehicle.

Flow of Events

Flow of events

1. Overtaking Vehicle “A” sends MSG_BasicSafetyMessage
2. Lane-changing Vehicle “B” receives message

3. Vehicle “B” processes the message from Vehicle A and determines that Vehicle A’'s message
is relevant (by location in adjacent lane, proximity or rate of overtaking)

4. Based upon the host vehicle’s turn signal indication and /or possibly other control parameters
like steering movements, Vehicle “B” alerts its driver to a potential overtaking vehicle hazard.
' DSRC radio
Positional and vehicle sensors
- Human-Machine Interface

Hardware Devices:

Actors: (What entities play an ~ Vehicle Occupant Service Road

| active role in use) ‘System _ ' Provider Department
Driver Passenger
| Support information: | CAMP-VSC Task 3 Report, 2003

Concept of Operations

As with the other vehicle safety application scenarios in this annex, DSRC communications is used to allow
the host vehicle to detect all equipped vehicles in the immediate vicinity. As well, the lane-changing
vehicle receives the position, velocity, acceleration, and control parameters, among others, for all these
vehicles through their MSG_BasicSafetyMessages. The in-vehicle unit, based upon the host vehicle’s turn
signal and/or possibly other control parameters like steering wheel movements, constructs a potential
vector for the host vehicle and analyzes the received parameters to construct expected future vectors for
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other vehicles in the immediate vicinity. If the in-vehicle unit determines that a collision would be likely if
the indicated lane change maneuver is initiated, an appropriate warning is issued to the driver.

Sensors and Other System Needs

On-board sensors to determine the host vehicle’s intent to change lanes, e.g., turn signal or other control
parameters, will also be needed.

A map database, if available, could help to provide information about whether vehicles are in adjacent
lanes. In addition, the road curvature can be taken into account when an application host vehicle evaluates
the presence of an approaching or existing vehicle in the adjacent lane.

Annex C-8Implementation of V2V Safety Applications Using DSRC BSM

Background

In December 2006, the United States Department of Transportation (USDOT) and the Vehicle Safety
Communications 2 Consortium (VSC 2 Consortium — Ford, General Motors, Honda, Mercedes-Benz, and
Toyota) initiated a collaborative effort in the area of wireless-based safety applications under the Vehicle
Safety Communications — Applications (VSC-A) project. The goal of the three-year VSC-A project is to
develop and test communications-based vehicle safety systems to determine if Dedicated Short Range
Communications (DSRC) at 5.9 GHz, in combination with vehicle positioning could improve upon
autonomous vehicle-based safety systems and/or enable new communications-based safety applications.

In order to address the goal of the VSC-A project as stated above, it was necessary, among other things, to
develop the suitable messaging framework, i.e. safety message contents and frequency of broadcast, which
ensures reliable performance of the Vehicle Safety Communications (VSC) applications. A messaging
framework, derived from requirements of VSC applications, that is necessary to achieve interoperability

and cohesiveness among different vehicle manufacturers has been developed. The objective is to
standardize this messaging framework under Society of Automotive Engineers (SAE) J2735 to facilitate
future deployment of VSC systems.

This annex briefly discusses some of the relevant activities in the VSC-A project and the development of
the Over-The-Air (OTA) message framework. The message framework has been implemented in a fleet of
vehicle test beds and the performance of the VSC applications has been successfully verified.

Crash Imminent Scenarios for Safety Applications

The USDOT evaluated pre-crash scenarios based on the 2004 General Estimated System (GES) crash
database in order to provide a list of potential crash imminent safety scenarios. This list served as a starting
point and reference for the selection of the safety applications to be studied under the VSC-A project. The
list included crash imminent safety scenarios based on the following USDOT rankings:

e  Crash rankings by frequency

e  Crash rankings by cost

e  Crash rankings by functional years lost
e  Composite crash rankings

The first three rankings listed above are self-explanatory. The composite crash rankings were determined

by taking the average of the crash rankings by frequency, cost and functional years lost for each scenario
and sorted the crash scenarios based on the composite ranking. These crash imminent safety scenarios were
then analyzed to evaluate whether autonomous safety systems and/or vehicle safety communications would
offer the best opportunity to adequately address the scenarios.

From the composite ranking list of crash scenarios, the top five (5) scenarios for each crash frequency,
crash cost, and functional years lost that could be addressed by VSC-A were selected. This was done in
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History Module shown in Figure 2. In this representation, each path history position is subtracted from the
current vehicle position (from BSM Part I). The representation is ordered such that the first element in the
data set is the path history position that is closest in time to the time corresponding to the current vehicle
position (from BSM Part I), the second element in the data set is the next closet in time, and so on. In

other words, the path history data proceed backwards in time to create previous positions in a path the
vehicle has traveled. In the VSC-A project, this object when transmitted periodically at a nominal

frequency of 10 Hz has provided the needed performance of safety applications developed. Research is
currently underway to determine the optimal frequency of transmission for this object that takes into
account the application performance.

In the VSC-A OTA message, this object includes a count of the number of concise path history points
included in the object, followed by a sequence of path history data points (one per path history position),
each typically comprising the following:

e latOffset: This is the difference between the current vehicle latitude position (from BSM Part I)
and the latitude at which the path history position was originally collected.

e longOffset: This is the difference between the current vehicle longitude position (from BSM Part
I) and the longitude at which the path history position was originally collected.

e  elevOffset: This is the difference between the current vehicle elevation (from BSM Part I) and the
elevation at which the path history position was originally collected.

The VSC-A design currently uses latOffset and longOffset but research is ongoing to understand the
advantages of using the elevOffset described above.

Vehicle Path Prediction Object

This object corresponds to the SAE J2735 ‘DF_PathPrediction’ data frame. The vehicle path prediction
object allows a vehicle to share its predicted path trajectory, by estimating its future vehicle path of travel,
with remote vehicles. This trajectory estimation provides an indication of the future positions of the
transmitting vehicle and can be used by remote vehicles to significantly enhance in-lane and out-of-lane
threat classification. The estimation is carried out by the Host Vehicle Path Prediction Module shown in
Figure 2. In this representation, trajectories in the path prediction object are represented, at a first order of
curvature approximation, as a circle with a radius R and an origin located at (0.R), where the x-axis is bore
sight from the transmitting vehicle’s perspective. The vehicle's (X.y) coordinate frame follows the SAE
convention. R is positive for curvatures to the right when observed from the transmitting vehicle's
perspective. The Radii is capped at a maximum value supported by the path prediction radius data type. To
help distinguish between steady state and non-steady state conditions, a confidence factor is included in the
data element to provide an indication of signal accuracy due to rapid change in driver input. When driver
input is in steady state (straight roadways or curves with a constant radius of curvature), a high confidence
value is reported. During non-steady state conditions (curve transitions, lane changes, etc.), a lower
confidence value is reported. In the VSC-A project, this object when transmitted periodically at a nominal
frequency of 10 Hz has provided the needed performance of safety applications developed. Research is
currently underway to determine the optimal frequency of transmission for this object that takes into
account the application performance.

In the VSC-A OTA message, this object is comprised of the following:

e radius of curvature (R): Radius of curvature of the predicted path, approximated to a circle
between the current host vehicle position and the end of the predicted path. The radius is a signed
calculation, where a default value is reserved for straight path.

e path prediction confidence: This data field has (0-100)% range.

-290 -

Siemens EX1022
Page 290 of 359




SAE J2735® Revised NOV2009

Vehicle Relative Positioning RTCM 1002 Data Object

This object corresponds to ‘msg1002° of the SAE J2735 ‘DF_RTCMPackage’ data frame. The vehicle
relative positioning data object allows a vehicle to share its raw GPS information which enables accurate
relative positioning between vehicles using moving base Real-Time Kinematic (RTK) solutions available
with relative positioning modules. The transmission frequency of this relative positioning object is driven
by safety application requirements.

In the VSC-A OTA message, this object is comprised of the following:

e  GPS antenna offset: This is a set of signed data fields used to indicate the positive or negative
offset of the GPS antenna from the center of the vehicle in the X and Y directions that follows the
SAE convention. The range is defined to support roughly one half of the vehicle width and length
range defined in the Part I data element.

e  Radio Technical Commission for Maritime Services (RTCM) data: Version 3.0 of the RTCM1002
binary message data for observed satellites.

Core Modules of Interest for this Annex

A detailed discussion of the VSC-A system modules shown in Figure 2 will take us too far afield in this
annex. However, in this section we briefly discuss a set of core modules necessary to support the safety
applications. These core modules set the foundation for not only the safety applications developed as part
of the VSC-A project but also for other safety applications to be developed.

Path History Module

The Path History (PH) module for the VSC-A system maintains a history of the past locations traversed by
the host vehicle. It provides an adaptable concise representation of recent vehicle movement over a certain
distance. The PH module in the host vehicle carries out these basic operations:

e Maintains a buffer of its recent vehicle position and sensor data points over a certain distance.

e Computes concise representation(s) of the actual path history of the vehicle based on allowable
position error tolerance between the actual vehicle path and its concise representation (See Figure

3).

e  Updates the path history concise representation periodically for use by the other VSC-A modules
and for transmission over-the-air.
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Annex D: Traveler Information Message Use and Operation

This is an informative annex. It provides suggested implementations as well as descriptions of how the
message set might be used. It is not a normative document.

Traveler Information Introduction

Traveler Information is designed to enable delivery of broadcast advisory messages to the vehicle driver
based upon location and situation relevant information. Messages are prioritized both for delivery and
presentation based on the type of the advisory. Presentation to the driver may be in the form of text,
graphics, or audio cues.

Examples include traveler advisories (traffic information, traffic incidents, major events, evacuations, etc.)
and road signs. Traveler advisories are dynamic and temporary in nature. Conversely, road sign messages
emulate their physical counterparts and are static in nature. Differences are discussed in this document.

The message, developed by the SAE-DSRC Traffic and Traveler Information Subcommittee discussed
earlier in this Standard, describes the payload of the Traveler Information Message. This Annex describes
how the On-Board Unit (OBU) will receive traveler information as well as how an OBU could utilize the
data prior to presentation to the driver. The format and mode of the presentation to the driver is left to the
developer.

Traveler Information Packet Structure

The following text describes the format of a packet containing multiple individual advisories or road signs.
(Refer to Figure 1: Packet Format, on the following pages)

Packet Structure

Multiple traveler advisories or road signs may be packaged into a single packet for transmission. However,
it is recommended practice not to mix advisories and road signs within the same packet since road signs are
essentially stable whereas advisories require frequent updates.

Each packet has a unique Packet ID. If a vehicle’s OBU has processed a packet with a particular ID, it can
then ignore subsequent packets with that same ID, updated packets will have a different ID. The
recommended Packet ID structure is an octet string which is a combination of an agency identifier in the
most significant byte and timestamp in the subsequent bytes. An example of this recommended Packet ID
structure in shown below.

packetID OCTET STRING (SIZE(4)),
-- PacketID (4-Byte ID)
-- Recommended packetID structure

. Byte 1 . Bytes 2-4

. Agency ID | MinuteofTheYear

Data Frame Header

All individual message (data frame) headers are of a common format. However, individual messages are
either of type “advisory” or “road sign”. If it is an advisory, the message ID consists of a 2-byte Advisory
Number. This Advisory Number can be used to connect to additional message content transmitted in the
ATIS message format over the IP stack, if available. Even if no additional information is available, an
Advisory Number will be present and unique. Otherwise, an OBU could not determine if it is receiving
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repeated transmissions of the same advisory. If the message is a road sign, the message ID is a
combination of 3D position, direction and an MUTCD code. In addition to a message ID, the header
contains a start time, duration time, and priority. This allows the advisory style of message to be similar to
Dynamic Message Sign (DMS) content or to ATIS event message content (and therefore dynamic),
whereas currently a road sign is typically painted (and therefore static).

Data Frame Valid Regions

Up to 16 valid regions may be used to geographically define where each message is useful to the driver.
Multiple regions are used to describe precise segments of roadway where the message applies, such as east
and west bound lanes approaching an intersection or interchange.

Data Frame Content

All advisory content consists of multiple ITIS code/text fields and an optional URL to images or additional
information.

The format of road sign content depends on the MUTCD code for the sign. Existing formats for road sign
content include — speed limit, work zone warning, and exit services. Additional content formats will be
defined in further editions of this Standard. These future formats will couple similar types of road signs
into broad categories. Each broad category of road signs will share a common content format. The general
format follows the established rules for using ITIS text and phrases, but with minor presumptions or
restrictions for DSRC needs.

A provision also exists for a generic road sign category. The list of valid MUTCD codes
(DE_MUTCDCode) includes a “generic” value. All generic road sign content also allows a text field and

an optional URL pointing to additional information. In general free text is avoided in the DRSC message
set work, but here limited means are provided to allow some free text (often needed for local street and

place names).

Bring up the concept of a base URL/URI to be found in another periodically sent “background”
message here. Will need yet another short annex to further develop this concept. Does the committee want
to support NTCIP “MULTT” strings from CMS/VMS signs here as well?
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Packet Format Diagram

Traveler Information FPacket Size Limited 10 WSM Maximum Bites
Packet ID Data frame #1 Data frame #J
— o
T e
_/ T
— Maximurm of 16 valid regions T
Header | ValidRegion# | .. | valdRegon#K | content e
. ,/‘ ~
‘ N — ITIS codes and Text ™
/ N - 15 roces 3n0a | e ~
\7\ ~ ‘r,—/gr\
| SN (Advisory) | Field #1 |Field #2| ... |Fie|d # |
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\‘\,\ Or  “Genenc Sign”
Cholce for dala frame 1D N | ITIS_Phrase_GenericSignage
.
| . Start tive \\7
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advisory ~ RoadSignID ;?::;':u‘u'n
or / \,\
road sign / ’\,\

 Position3D | HeadingSlice | MUTCD code

Figure 1: Packet Format

The ASN presentation of the message ( TravelerInformation ) can be found in section 5 of document
(along with its XML form) .
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Handling Newly Received Data Frames

Packets may contain geographically overlapping areas of advisories or road signs. As a result, a new
packet can be received that contains advisories or road signs already stored on the vehicle. If a received
road sign ID or advisory ID is not a match to anything on the vehicle, then it is new and should be stored if
room is available. Note that OBU designers will have to manage their own storage policies depending on
design constraints for their particular OBU. If sufficient space is not available, new data frames determined
not to be in the current direction of travel may be viewed as being less pertinent and not stored. If thereisa
match for this ID, then the start time needs to be checked. If the stored start time is newer, then this
received data frame is outdated. Likewise, if the stored start time is the same, then it is repeated. In both
cases, the received data frame can be discarded. However, if the stored start time is older, then the received
advisory or sign is updated. The old one is deleted, and the received one is stored in its place.

The following flowchart displays how each data frame can be parsed when receiving a new packet.
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Updated Messages from Network

If a network user needs to update a message, it issues it again with the same message ID but a more recent
start time. Note that a message ID is either an advisory ID or road sign ID as shown previously in Figure 1.
This allows for updated traveler information. A weather advisory issued in the morning may need to be
updated later as conditions change.

Deleting Messages as Directed by Network User

There is also a mechanism for the Network User to delete, or recall, messages that have already made it to
the vehicle. An updated message is sent where the duration time has already passed (or is set to zero). The
updated message should replace the old one in the vehicle’s data store, and it will now be considered stale
because it has an expired valid time. A work zone warning issued early in the morning may need to be
deleted if the construction schedule is delayed.

Vehicle Power-Up Events

It is advisable to store traveler information while the engine is stopped. If an OBU has the capability to
store messages over a power cycle, it can utilize them immediately upon power up. Otherwise, no traveler
information is available until the vehicle drives within range of roadside infrastructure (RSEs, etc.)

Presentation of Signs & Advisories in Vehicle

The specific presentation of road signs and traveler advisories is dependent upon vehicle manufacturer
HMI guidelines, display capabilities, etc. Some vehicles may only be capable of presenting a subset of the
message content. HMI design is out of scope for this document. However, three message attributes are
universal — location, direction, and time. To ensure only pertinent information is presented to the driver, all
messages have a physical region, direction of travel and timeframe in which they are valid.

Valid Time

All messages have a valid time which begins at the start time and ends after the duration time for that
message. Advisories may exist for periods of time ranging from minutes to hours to many days, and even
months of duration in the case of planned construction.  Physical road signs exist twenty four hours a day
and may be unchanged for years. Thus, during their valid time, most road signs will be valid twenty-four
hours a day. This does not imply that they are valid indefinitely. When their expiration time is reached,
they become invalid and should consequently be purged from the OBU. Exit service signs can contain a
service provider with limited operating hours. The entire sign may be valid twenty-four hours a day, but
individual services might only be presented to the driver during normal operating hours.

Valid time is transmitted in the message with a start time element. It is expressed in minute of the year
format with an optional year attribute. The duration (expressed in a number of minutes from the start
time), allows a span of multiple days with a resolution of 1 minute. OBU devices can easily combine these
elements to determine is a specific message is still valid.

Traveler advisory are continually active during their valid time, and they should always be considered for
presentation when they are active. The sign priority data element may be of value in determining this.

Valid Region

The validity of a sign or advisory can be evaluated spatially using its valid regions. There are three types of
regions — circular, polygon and shape points. All are described below. Physically being within the area
described by the region is not enough to make a message valid for display. If the region is not defined as
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Shape Point Set Region

An alternate form of valid region is the shape point set. It allows a spline-like representation of a road
segment using the same concepts developed for DSRC map fragments and is intended to tightly bind the
region to the contour of a particular road. The described segments use a node list to efficiently describe the
contour of the roadway center line as well as any changes in width and elevation (optional elements used
only when needed).

ASN.1Representation:

ShapePointSet ::= SEQUENCE {
anchor Position3D,
laneWidth LaneWidth OPTIONAL, -- initial width
nodelList NodeList, -- path details of the lane and width
}
where:
NodeList ::= SEQUENCE (SIZE(l1..64)) OF Offsets
Offsets ::= SEQUENCE {

xOffset INTEGER (-32767..32767),
yOffset INTEGER (-32767..32767),
zOffset INTEGER (-32767..32767) OPTIONAL,
-- all in signed values where
-— the LSB is in units of 1.0 cm
width LaneWidth OPTIONAL
}

Simple Shape Point Set Region

A set of two shape points is the simplest form of this region. It defines a region that can be placed so that it
overlays and includes a straight road segment. Using appropriate lane widths, two shape point sets can
describe an intersection. In figure 9, an intersection is defined by two ValidRegions. Both regions are
simple shape point sets containing only two nodes each.
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This application shall transmit its messages using a PSID of 5, as defined by IEEE 1609.4 or its successors,
and a PSC of 3. Probe Data is a one-way communication stream, vehicle-to-RSU, with no
acknowledgements sent back to the vehicle by the RSU.

Probe Snapshot Generation

A Probe Data Message consists of a series of Probe Data Snapshots taken autonomously as the vehicle
travels. In the absence of any overriding probe management messages (discussed later) snapshots are
generated in three manners:

e  Periodically — at intervals based on vehicle movement between RSUs
e Event Triggered — these occur when the state of certain vehicle status elements change

e Starts and Stops — these occur when a vehicle starts moving and stops moving

These snapshots consist of all probe data elements that are available on the vehicle, along with the time and
location when each snapshot was taken. Not all vehicles will support all probe data elements when the
DSRC system is first launched therefore, if a vehicle does not have the ability to send a certain element, it
should not send any reference to that element.

The specific encoding of data elements sent in snapshots follows the ASN and XML definitions provided
previously. The possible elements to be sent are enclosed in a simple CHOICE statement, followed by the
individual selected elements. When more than one element is sent, i.e. a data frame (as in the case of
selecting a specific wheel and then providing data about it) the normal tagging rules are still followed. The
net effect of this over the air is typically a tag byte followed by a length byte, followed by the data itself.

Periodic Snapshots

In order to obtain ubiquitous coverage nationwide, periodic snapshots are intended to distribute snapshots
between RSUs. To do this, the default method for the periodic snapshots is designed to space the snapshots
at regular intervals between RSUs.

The default method for generating periodic snapshots is to use time and the vehicle’s current speed to
linearly space the intervals between snapshots. Although the method could use distance, the arguments for
distance depend on uneven flow, such as when incidents occur however, most flow occurs when there are
no incidents and thus using time as the default should provide a more uniform distribution of snapshots. As
vehicle speed increases, the snapshot interval increases. This results in more widely spaced snapshots at
higher speeds and closer spaced snapshots at lower speeds. This approach is used because in general RSUs
will be further apart on higher speed roads.

The following assumptions were used to determine the default interval between snapshots:

e  For the rural case at 60 mph (26.8 m/s), the RSU spacing is 10 minutes, or 600 seconds. When
dividing this time by 30 snapshots it results in a snapshot interval of 20 seconds.

e  For the urban case at 20 mph (8.9 m/s), the typical trip between RSUs would take 120 seconds or a
snapshot interval of 4 seconds.

Thus the snapshot interval is:
e 4 seconds if speed is 20 mph and
e 20 seconds if speed is 60 mph

Between 20mph and 60 mph a linear spread of snapshot intervals would be used, this is achieved by using
the speed when a snapshot is taken to set a timer to count down to the next snapshot.

The exception to the above method is that periodic snapshots do not get collected after the vehicle is
stopped (see below under starts and stops).
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Event Triggered Snapshots

Event triggered snapshots may be triggered by change in vehicle status elements, either a state change (e.g..
from off to on) or when a value exceeds a specific threshold or undergoes a transition. The purpose of
event triggered snapshots is to gather data on occurrences in the vehicle that are transitory by nature. An
example of an event driven device is traction control switching from off to on. Multiple activations of
traction control at adjacent locations could be used to indicate the location of a slippery road section.

Starts and Stops Snapshots
Snapshots may also be generated by stops and starts. Start and Stop events are defined as the following:

e A Stop is when there is no movement for a threshold stop time (default stop time threshold = 5
seconds) and no other stops have occurred within another threshold time (default last stop
threshold time = 15 seconds). The latter being intended to prevent multiple counts when cars
creep forward.

e A Start is when the vehicle speed exceeds a threshold (default start speed threshold = 10 mph (4.5
m’s)).

As noted previously, no snapshots are taken after a vehicle has experienced a stop event until the vehicle
experiences a subsequent start event.

Starts and stops are useful indicators in a variety of traffic flow measures, including incident detection and
clearance, and traffic signal operational measures such as cycle failures — where the queue does not
dissipate in the first green phase.

Message Transmission Order

When a vehicle encounters an RSU that advertises the application using a PSID of 5 and a PSC value of 3,
the OBU may send a single Probe Data Message Set, comprised of several individual snapshots, on the
Service Channel indicated by the RSU. Snapshots are sent to the RSU as part of a probe message in the
following order:

1) Event triggered snapshots are first in the transmission queue from the OBU to the RSU. Since
these often relate to specific adverse conditions that are of interest to traffic operations, these are
considered more critical than the other types ofsnapshots.

2) Stop or start triggered snapshots are second and are needed to provide finer information on
incidents and the various dynamic parameters concerning the traffic flow.

3) Periodic snapshots are third, oldest first.

The snapshots are queued into groups of four per message, apart from when PSN (Probe Segment Number
as defined below) changes cause a new message. Messages with start and stop snapshots and/or periodic
snapshots should be composed of snapshots with the same PSN. Different PSNs should be in different
messages. All of these messages are then sent as a set. Following transmission, all snapshots including
non-transmitted snapshots in the buffer are purged. One example implementation of the message transmit
loop is shown below.
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Probe Data Messages Received By an RSU

‘When an RSU receives a Probe Data Message Set it can send the data to the RSU’s primary Network
Access Point (NAP). The NAP then forwards the data to the Service Delivery Node (SDN) which
maintains Subscriber Registration and Subscription information and publishes the data to all valid
subscribers such as a local Traffic Operation Center or third party Content Service Providers.

Local systems, if authorized, can subscribe to probe data directly from the RSU. This will allow local
systems and signal controllers to use probe data directly and significantly reduce bandwidth requirements.

Vehicle Anonymity

Probe snapshots when sent to the RSU and forwarded to an SDN publish/subscribe service will contain no

record’ of the originating vehicle nor will there be any information that directly links one PSN with another
PSN. To aid anonymity:

e The collection of snapshots does not begin until 500m or 120 seconds (whichever occurs first)
after the vehicle start up. All snapshots are purged from vehicle memory as they are sent to an
RSU and also when the vehicle is turned off.

Probe Data Security

Probe Data Messages are sent, unicast, to the RSU. The RSU will NOT send an acknowledgement back to
the OBU . therefore, if the message does not get through it is lost. All Probe Messages will be authenticated
to ensure message validity and protect their contents. Key management is assumed to be handled by
another layer, such as the TEEE 1609.2 Security Layer.

Probe Data Message Management

This message is broadcast from the RSU to all vehicles. Its purpose is to change the snapshot generation
characteristics of the OBU. For example, the OBU can be instructed to take snapshots more frequently and
transmit them more often. It does not change the snapshot message.

Probe management is temporary. By default a probe message management process ceases when a new
RSU that supports probe messages is contacted. This case overrides the termination settings below.

Probe messages can be set to terminate as follows:

e A time-based duration expires
e Adistance-based length has been traversed, or

e A vehicle is out-of-range of the current RSU

When a probe management message terminates the default conditions again operate in the OBU unless or
until a new probe management message is received. Probe management messages may perform the
following functions either singly or in combination:

Control the production of snapshots by either distance or time

Direct the management message to vehicles moving in specified directions
Control how often snapshots are transmitted

Be applied to only a random sample of vehicles

Modify the thresholds of when event snapshots are triggered

Modify the thresholds of start/stop snapshots

Some public fleet vehicle types may provide additional identity information.
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=10). This would allow the user managing the probe data generation, given knowledge of the distance and
direction to the next RSU, to evenly geographically space snapshots.

Probe Message Management: Interval between Probe Message Broadcasts

This parameter will control when the snapshots are transmitted back to the RSU as part of probe messages.
This could allow the management message to request that probe messages be sent to the RSU at an interval
other than the default (which is when a vehicle first enters range of an RSU). For example, this might

allow an adaptive control system to request periodic snapshots be generated every two seconds and probe
messages transmitted every four seconds (i.e., each probe message would contain only 2 periodic
snapshots) while in range of the RSU.

For example, an RSU with a radius range of 1km along a road way (and therefore spanning 2km of any
vehicle’s path) would have an individual OBU in view for about 400 seconds if the vehicle were traveling
at ~10mph. For example, this may be used at a complex interstate intersection to determine the onset of
congestion at merge areas.

Probe Message Management: Termination

This parameter is required to ensure that the OBU snapshot generation settings revert back from managed
settings to the default settings. This parameter will contain data such that when the first of the following
events occurs, probe snapshot generation returns to the default settings:

e A time-based duration expires
e Adistance-based duration expires (i.e., a vehicle travels a certain distance)

e A vehicle is out-of-range of the current RSU for a threshold time (default 5 seconds) — i.e. after 5
seconds of no RSU signal is received then management process is terminated

These values can be set independently. for example if time and out of range are not set then distance only
applies. For example if distance were set at 1km for westbound vehicles then, if no new RSUs were
encountered and no events or stops and starts occurred, the OBU would collect one snapshot per kilometer
for the next 30 km.

Probe Message Management: Vehicle Status Element Triggers

This parameter may be used to adjust event triggered snapshot generation by adjusting the threshold of or
transitions in various vehicle status elements which can be used as triggers.

For example, this parameter might include the vehicle status element for vertical acceleration, and a

reduced threshold value. Thus, this would generate more snapshots that could be used as a roughness
measurement. Another example would be to reduce the threshold of vertical g forces on each wheel to zero
to calibrate road slope as a function of speed to determine adverse cambers.

Probe Message Management: Vehicle Sampling

The probe management message is a broadcast message. Therefore, all vehicles within range of an RSU
receive this message and respond to it. However, it is possible to control the percentage sample of vehicles
which respond to any message by including in the probe management message a vehicle sampling
parameter. This parameter has two digits (range 0 to 255), which represent the range of the last digit of the
OBUs MAC address for those vehicles to which the management message applies.
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For example, by setting the first value to 0 and the second value to 63, all those OBUs with a current MAC
address that ends in the range 0 to 63 would use this probe management message, thereby yielding a sample
of one fourth of all vehicles (MAC addresses are hexadecimal, much like an IP address, and the last digit

can vary from 0 to 255 and over large populations are distributed randomly ). A vehicle OBU withaMAC
address ending in 64 or higher would not respond to this probe management message. A statistically
similar result could be achieved by using the values 64 and 127, also resulting in 1/4™ of the local OBU
population being affected. As a best practice, the issuer of the message should randomly vary the start and
stop values selected to ensure that the burden of supporting the probe management message is evenly
distributed among the entire OBU populations.

Probe M essage M anagement: Managed VehicleHeading

The probe management message may also include a parameter to indicate which direction-of-travel to
which it applies. The Managed Vehicle Heading parameter includes a heading value range, limiting its
application to only vehicles which are currently traveling in that direction. Heading is described by
dividing arange of 360 degrees into 16 different segments (each of which are 22.5° wide) and can be
combined to define the required heading of the affected vehicles when entering the region.

For example, by setting the value to OXFFFF al possible headings are selected and therefore any vehicle
receiving the probe management message may be affected. If avalue of 0x0081 were used only those
vehicles traveling directly east-bound would be affected, while a value of 0x8100 would indicate only
west-bound vehicles, and 0x8181 would include both directions.

Probe M essage M anagement: Start and Stop Threshold Settings

The management message allows the start and stop thresholds to be modified. The default stop time
threshold is 5 seconds, and the default last stop threshold time is 15 seconds. The default start speed
threshold is 10 mph. These three values can be modified by the local RSU. The default values may be
inappropriate for the case of ramp metering where the start stop thresholds are greater than the vehicle
metering rate.

Figure 16 below illustrates one example implementation of the probe management process.
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Annex F Emergency Vehicle Message Use and Operation

1. Application Description

This is a vehicle to infrastructure message, it is typically sent from an emergency vehicle or transit vehicle.
The Emergency Vehicle Message set consists of three distinct messages, as outlined below. Each will be
discussed in turn in this annex.

Signal Request Message (SRM) Used to request a preemption or
priority signal state from a signalized
intersection.

Signal Status Message(SSM) Used to relate the current preemption or

priority signal state(s) a signalized
intersection may be in.

Emergency Vehicle Approaching Message Used to announce to other vehicles that such
an emergency vehicle is operating in the
local area.

The first two of these messages are used in relation to the control of a signalized intersection during
emergency response operations. The first is transmitted by an emergency vehicle and is used by the
controller of a signalized intersection. The second is output by the local RSU (and originally created by the
signal controller) if a preemption or priority request is granted, causing a change to the signal state status
data of the SPAT message stream being sent, and allows emergency vehicles and priority transit to learn
aspects of the internal state of the controller. The third message is emitted by public safety vehicles while
responding to emergencies, so as to alert other nearby vehicles to that fact.

Restating the signal operations in greater detail: The first message, the Signal Request Message (SRM) is
transmitted by the requesting vehicle (a PSOBU equipped vehicle) to the RSU for that intersection (and
then on to the ASC device). This message is sent after the vehicle has received and processed the “zones”
present in the intersection map message which relates a specific preemption or priority id to a geographical
area. The advanced signal controller (ASC), which is continuously emitting SPAT style messages to relate
the current signal state to other vehicles in the area, will also issue a Signal Status Message (SSM) if there
is one or more active or pending preemption or priority events to report. Note that this message is
transmitted by the local intersection RSU in a broadcast style. There is a potential that multiple local
vehicles will be simultaneously sending Signal Request Messages as they approach the intersection and
receive the RSU/ASC 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 ASC. The
outcome of that process is reflected in the Signal Status Message. These two messages (along with the
SPAT and MAP message discussed elsewhere) are also considered part of the intersection control message
set.

The third message, or Emergency Vehicle Approaching Message, (EVA) is a simple broadcast message to
alert nearby vehicles of the presence of an emergency vehicle operating in the area. It uses the familiar

ITIS codes for this message, packaged in the format defined in the Roadside Alert message, but adds
additional useful details about the emergency vehicle itself (its use of sirens, lights and other alerts, its basic
type or class of vehicle). The purpose of this message is to provide warning to other drivers when a
PSOBU equipped vehicle such as police, fire or ambulance is in the vicinity and a potential interference

with the emergency vehicle's path is eminent.

Two safety issues are being addressed by the 3" message. First, the notification to the driver that an
emergency vehicle with its siren/lights flashing is in the area. This can occur even if the emergency lights
are hidden behind an obstruction and the sirens cannot be heard above the swrrounding audio (noise, radio,
etc). The second is identification of where the vehicle is and what to do to avoid interference with its path.
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It should also be noted that many times police will respond to a service call with lights flashing but without
sirens being active (an event which is also covered ).

When an emergency vehicle and other surrounding vehicles are equipped with PSOBU’s and OBU's, the
vehicles can establish communication when they are within range of each other and share information
relative to their location and direction. A PSOBU is required in emergency vehicles as this is a special
application that is not available to standard OBU's. This application should be implemented as a high
powered application to extend range. It is expected that the surrounding OBUs will receive this message
from the PSOBU well before they begin to receive the normal BSM transmission from the same vehicle.
From calculations resulting from this information, the private vehicle can first notify its driver of the
situation then may offer suggestions to avoid path interference. While difficult to make this function
robust and precise, enough information can be made available to the driver that improvements over a non-
equipped system can be significant.

2. Preconditions for operation:
The following general conditions are presumed to prevail in this application:
1. The private vehicles are equipped with active OBU.

2. The emergency vehicles are equipped with active PSOBU
and can issue SRM and EVA messages.

3. The emergency vehicles has previously received a MAP message for the target intersection which
contains “zone” data to relate specific priority or preemption values to specific service zones in the
intersection.

4. The intersection is equipped with an RSU and ASC.

5. The intersection equipment can handle the intersection control messages
(SPAT. MAP, SRM, SSM).

6. All systems are active and functional.

7. Emergency vehicles can provide location, speed, and direction of travel. This is required for the
EVA message and optional for the SRM message. The messages can be used when the direction
of travel is unknown (often the case when a vehicle is pulling out into traffic). ITIS codes and
speed./heading denote when a vehicle is stopped (indicating at scene).

8. Private vehicles have available thier location, speed, direction of travel.

3. Flow of Events

The first two messages are handled in the initial use case to control the intersection. The 3" messages is
then handled in another use case. In actual practice, the flow of events of these two use cases would be
interspersed in time.

Flow of events, Typical Intersection use

s Alerting others to the presence of the siren or flashing lights is optional and the standard allows for

“silent running” response as well. Police officials differ in opinion on the utility of this aspect of the
message, so its use is optional.
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Vehicle “A”, a PSOBU equipped vehicle is operating in a non-emergency condition. It is acting
similarly to any OBU equipped vehicle and it sends typical vehicle Basic Safety Messages (BSM). It
also receives MAP and SPAT messages about the local signalized intersections, from which it can
extract the preemption or priority zones data when needed. The MAP and PSAT message are being
sent out by the RSU for the target intersection on a periodic basis.

Vehicle "A" determines that activation of an Signal Request message is needed. This could occur
through various determinants, but is likely to be combined with the next use case at the same time.

This activates a PSOBU broadcast of Signal Request message (SRM), which contains the preemption
or priory requested as well as the optional “BSM blob” with current location information, speed, and
direction of travel in it. See GG note about need for destination here, unresolved issue. Current codes
support “at destination™ but not where it is.

The intersection RSU, receives the of Signal Request message (SRM) and hands it to the ASC for
further processing. The ASC looks that the data, its own current state, and any required validity
credentials and makes a determination regarding how to respond to the request.

The ASC sends to the RSU (for broadcast) the Signal Status message (SSM) which contains a
summary of the new state of the control with respect to preemptions and priority requests. The
updated SPAT message (which may now reflect a transition to a preemption or priority condition) is
also sent from the ASC to the RSU. The RSU broadcasts these in the normal way.

Vehicle "A" receiving the SSM and can determine if and when the request will become the current
state of the signal. It also will be receiving the SPAT message where this can be further confirmed.

This process repeats (steps 4 to 7) until the vehicle has past the intersection and the intersection is then
released to either resume normal operations or to process the next ranking preemption or priority
request that it has received. A timeout event will occur in the ASC if the requesting SRM is missing

for more than 3 seconds.

Vehicle "A" determines that it has past the intersection, and sends a new Signal Request message
(SRM) with the cancel bit set in the signal request type field for a period of time.

The intersection RSU, receives the of Signal Request message (SRM) with the cancel bit set and hands
it to the ASC for further processing. The ASC looks that the data, its own current state, and any
required validity credentials and makes a determination regarding how to respond to the request. It
may allow another pending request to become the active one (in which case we again cycle over steps
4 to 7) or it may resume normal operations (returning to step one).

Vehicle "A" may note that the received SSM has removed its request from those active and pending,
and therefore ceases sending the Signal Request message (SRM) with the cancel bit set, or after a
duration of 3 seconds may simply cease sending.

Flow of events, Typical EVA use

Vehicle “A”, a PSOBU equipped vehicle is operating in a non-emergency condition. It is acting
similarly to any OBU equipped vehicle and it sends typical vehicle Basic Safety Message (BSM).

Vehicle "A" determines that activation of an Emergency Vehicle Approaching Warning is needed.
This could occur through various determinants such as activation of its siren and emergency lights, or
other inputs to be determined by application developers.
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operator. The warning can advise the driver to be prepared to take actions to stay out of the path of the
responding vehicle. The warning could include information about:

e  The type of emergency vehicle
e  The location or proximity of the emergency vehicle
e Instructions on action that the driver may want to take

The warning presented to the driver may be different depending upon the proximity of the emergency
vehicle to their vehicle. The closer the emergency vehicle is, the more severe the warning. If pre
determined emergency route information is available from a public safety vehicle, the information may be
sent via other applications.

In general, private vehicles are expected to ignore signal request and signal status messages. When a
preemption or priority event does occur in an intersection, they are informed of this by way of the SPAT
message.

Other emergency vehicles that are responding, receiving the Emergency Vehicle Approaching message,
may use the data to analyze if they may encounter the responding vehicle. The warning can advise the
driver to be prepared to take actions to stay out of the path of the responding vehicle. The warning includes
information about:

e The type of emergency vehicle
e  The location or proximity of the emergency vehicle
e Instructions on action that the driver may want to take

The warning presented to the drivers may vary depending upon the proximity of other emergency vehicle
to their vehicle and the use of sirens by one or more responding vehicles. The closer the emergency vehicle
is, the more severe the warning that will be communicated to the operator.

In general, other emergency vehicles may also be sending signal requests and receiving signal status
messages at the same time (often in ad hoc convoys proceeding through the same intersection). The signal
state message may list their own signal requests as pending when another vehicle (ideally one ahead of
them) has been granted the preemption or priority first. When a preemption or priority event is occurring in
an intersection, they are also informed of this by way of the SPAT message, like private vehicles.

5. Application use with DSRC

The messages in this application are typically transmitted using the BER-DER encoding and the Wave
Short Message protocol (WSM) stack in a periodic broadcast mode on a high power channel (CCH or
SCH) to other devices (typically other mobile OBUs) who have determined to receive this type of message
(based on PSID value and running a suitable application). Upon reception of such messages they are
examined for message content and relevance regardless of any PSC provided by the sender.

If the message content is considered to be of a “low priority"9 (such as standing static reports, permanent
school zones, and other semi permanent data such as construction warnings) then the message may be
transmitted using an XML encoding as an IP datagram over a service channel in a periodic broadcast mode
to other devices (typically other mobile OBUs) who have determined to receive this type of message (based
on PSID value and running a suitable application). Upon reception of such messages they are examined for
message content and relevance.

’ The ultimate determination of this classification, and therefore the encoding and bandwidth

allocated to either type of message is a local jurisdictional consideration.
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Therefore, this is a provider application that does not employ a Wave Basic Service Set (WBSS) as per
IEEE 1609.4 Clause 5.3 and there is no confirm and join operations. Receivers of these messages are
expected to process all such message regardless of the PSC found (typically each device running a provider
application will have its own PSC to further classify its transmissions).

This application shall transmit its messages using an PSID value of “19” [the “emergency-warning”
service] as defined by IEEE 1609.4 or its successors. Multiple applications, each with their own PSC data,
are expected to be found operating in overlapping local coverage areas but using the same PSID and this
message set. Based on the data exchanged in this application, devices may determine the need to initiate
other services or applications using other PSID values. The message priority of this application shall be
set, as per Annex A of this document, to the value determined for devices sending this message. The
expected repetition rate for the messages broadcast in this application is nominally to be one new message
every half second for BER-DER WSM encodings. The expected repetition rate for the messages broadcast
in this application is nominally to be one new message every two seconds for XML encodings. These
values may vary based on other system allocation requirements.
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Annex G Roadside Alerting Message Use and Operation

1. Application Description

The purpose of the Roadside Alerting message is to provide warnings to a driver from either a RSU or a
PSOBU equipped vehicle such as police, fire, transportation, or ambulance vehicle which is sending data
about a nearby event of interest to travelers. This message was originally developed by the SAE ATIS
committee. It has been used by the DSRC committee in the initial published version of the Standard (as an
external imported data concept), and with this edition has been brought into DSRC Standard itself with
minor modifications to take advantage of the BER-DER encoding style now being used. The message
allows a sender to “strip down” the more verbose ATIS event message and send the critical content ITIS
phrase content over the DSRC WSM stack. Variations of the message, used when less urgent content is to
be sent, can be encoded over XML and sent as an IP datagram. Examples of the proper use and encoding
of this message are covered in the DSRC Users Guide documents.

2. Preconditions for operation:

The following general conditions are presumed to prevail in this application:

The private vehicles are equipped with active OBU.

There is an RSU or an incident response vehicle equipped with active PSOBU in range.
Both systems are active and functional.

Private vehicles have available it's location, speed, direction of travel (to filter content with)

B S R

3. Flow of Events

Flow of events

1 The sender (an RSU or an PSOBU) receives or creates a suitable Roadside Alert message for
transmission .
2 The sender (an RSU or an PSOBU) begins transmitting the message using the proper encoding,

channel and repetitive rate.

'3 The Vehicle, which is typically a standard OBU equipped vehicle in the vicinity, receives the
message for the first time

4 The Vehicle determines whether the message is relevant (calculates its relative position to the
event and determines if a potential interference may exist). If not, no action is taken; the vehicle may be
moving away from the event, it may not apply, or it may have already been processed.

s If an imminent interference is detected, an alarm of some type is sent to the driver's HMI. It is
assumed that vehicles will have differing levels of HMI sophistication.

6 Dataupdates continue as warranted and depending on the event type.

) ' And RSU or an PSOBU
Sender Devices:
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" Vehicle Actors: (What ' L. . " Road Department
entities play an active role in Vehicle Occupant Service
System Provider
- use) i X i
X
| Support information:

4. System Architecture and Concept of Operation

An RSU (or a PSOBU vehicle) is put into emergency service by the reception or the creation of a Roadside
alert message. The messages begin being sent to surrounding vehicles (using the WSM for urgent
messages and IP for less urgent advisory type messages). The message content includes: Location,
Direction (applicability). and a set of descriptive ITIS codes.

Privatevehicles in the area may use this data to analyze the event when they receive the data. If this is

relevant, applicable information may be communicated to the operator. The warning could include
information about:

e The type of event, a general event description.
e  The location or proximity of the event
e Instructions on action that the driver may want to take

The warning presented to the driver may be different depending upon the type and its proximity to the
receiving vehicle. If additional information is available from the sender, the information may be sent via
other applications and messages.

5. Application use with DSRC

The messages in this application are typically transmitted using the BER-DER encoding and the Wave The
messages in this application are typically transmitted using the BER-DER encoding and the Wave Short
Message protocol (WSM) stack in a periodic broadcast mode on a high power channel (CCH or SCH) to
other devices (typically other mobile OBUs) who have determined to receive this type of message (based
on PSID value and running a suitable application). Upon reception of such messages they are examined for
message content and relevance regardless of any PSC provided by the sender.

If the message content is considered to be of a “low priority"lo (such as standing static reports, permanent
school zones, and other semi permanent data such as construction warnings) then the message may be
transmitted using an XML encoding as an IP datagram over a service channel in a periodic broadcast mode
to other devices (typically other mobile OBUs) who have determined to receive this type of message (based
on PSID value and running a suitable application). Upon reception of such messages they are examined for
message content and relevance.

Therefore, this is a provider application that does not employ a Wave Basic Service Set (WBSS) as per
IEEE 1609.4 Clause 5.3 and there is no confirm and join operations. Receivers of these messages are
expected to process all such message regardless of the PSC found (typically each device running a provider
application will have its own PSC to further classify its transmissions).

10 The ultimate determination of this classification, and therefore the encoding and bandwidth

allocated to either type of message is a local jurisdictional consideration.
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This application shall transmit its messages using an PSID value of “19” [the “emergency-warning”
service] as defined by IEEE 1609.4 or its successors. Multiple applications, each with their own PSC data,
are expected to be found operating in overlapping local coverage areas but using the same PSID and this
message set. Based on the data exchanged in this application, devices may determine the need to initiate
other services or applications using other PSID values. The message priority of this application shall be
set, as per Annex A of this document, to the value determined for devices sending this message. The
expected repetition rate for the messages broadcast in this application is nominally to be one new message
every half second for BER-DER WSM encodings. The expected repetition rate for the messages broadcast
in this application is nominally to be one new message every two seconds for XML encodings. These
values may vary based on other system allocation requirements.
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Annex H Map and SPAT Message Use and Operation

1. Introduction

There are four messages currently defined to support intersection mapping needs and relating signal phase
and timing data to OBUs. These message support the intelligent intersection needs of the VII program. All
of these are the result of field experience involving several dozen intersections where similar prototype
messages have been operating. The data content used in those messages was similar, but used a proprietary
encoding, now replaced by the standard BER-DER encoding format specified here. These four messages
(listed below) are mature but supporting documentation on how they are to be used remains to be
developed. This annex serves as a short introduction to the intended general use of the messages.

The four subject messages are:

Signal Phase and Timing Message  (SPAT) Relates the current intersection signal light phases

Map Data (MAP)  Relates the Physical Geometry of the intersection

Signal Request Message (SRM) Requests preempt or priority services

Signal Status Messages (SSM) Relates the internal state of the signal controller
1.1 Intended Audience

This document is written primarily for application and system programmers who write compliant software;
system architects who drive the DSRC message creation, distribution and consumption processes; and
content designers and managers such as city managers and their staff.

1.2 Philosophy of SPAT and MAPs

In normal use the OBU units are expected to receive the MAP message before entering the intersection.
This map message conveys all the physical geometry for one or more intersections and well as the
regulatory information (allowed maneuvers) for the intersection and assigns specific lane numbers to both
drivable vehicle lanes and other features of each intersection. When in the range of the intersection, the
SPAT message is broadcast from an RSU with the current signal state at all times. OBU users can relate
the (dynamic) SPAT message information to specific lanes of travel in the (static) MAP message and
determine the phase state of the intersection and for how long that state will persist. Two additional
messages (SRM and SSM) are used to request and the determine priority and preemption events. These
two messages are typically used by public safety and public transport OBUs only.

At a high level, the MAP message contains all the static (unchanging) information relating to one or more
intersections in the infersections data frame. This information (consisting of both required and optional
informational content) is determined for the intersection and broadcast in such a way that a cache of local
intersections can be maintained by the OBU. Besides describing the lane geometry paths and the allowed
maneuvers for each lane, the intersection data frame can provide additional information regarding barriers,
pedestrian walkways, shared roadways and rail lines that may affect vehicle movement.

By contrast the SPAT message contains the state of the intersection and got how long this state will persist
for each approach and lane that is active. The SPAT and MAP share a common lane numbering
assignment between them to allow mapping.

2. The overall framework of the SPAT

The Signal Phase and Timing message (SPAT) uses a simple framework to provide a basic summary of the
signal state at any given time (dynamic data). The many optional elements defined in this message allow
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for both simple and complex signalized intersections to be modeled without additional overhead in the
message unless that overhead is needed (say to relate pedestrian lanes states, or other events that may not
be present in every intersection). Consult the prior definitions for specific details, but here is a general
overview of the structures defined in the SPAT message.

The overall use of the SPAT message is to reflect the current state of all lanes in all approaches in single
intersection. Any preemption or priority then follows in a structure for the whole intersection. Lanes that
are at the same state (with the same end time) are combined. Thus the simplest SPAT message consists on
two such states, one for the then active lanes/approach, and another for all the other lanes that at that time
share the state being stopped (a red state). The stopped (red) lanes are optionally not sent at other times
(the presumption being that any lane not enumerated in the SPAT is in fact set red).

Here is a message fragment illustrating this:

SPAT Message

Msg id = 0x0c (indicates a SPAT message)
SPAT id = TBD (indicates a unique value for this intersection)
States
State #1
Lane Set (list of lanes this applies to)
1, 2
Movement State(signal state or pedestrian state)
SignalState = Green light
TimeToChange = 12.3 seconds
YellowSignalState =
State #2
Lane Set (list of lanes this applies to)

3,4.5.6, etc...
Movement State(signal state or pedestrian state)

SignalState = Red light
TimeToChange = Indeterminate for this state
YellowSignalState =
Preempt = none present

The SPAT message consists of a sequence of MovementStates for each lane in the intersection.” The
SPAT status information is associated with the lanes found in the MAP message by the use of shared lane
numbering values. The overall framework consists of the regionally unique infersectionID (required), the
collation of current lane states, any signal-wide preemption data, and some optional content (such as the
human readable name of the intersection) as follows. Some additional information regarding the internal
preemption or priority request status of the signal controller itself can be obtained in the Signal Status
Messages (SSM) message.

Up to 255 unique states can be sent, although more commonly only active states are sent at any time (the
phase of the active lane-approach, and all other lanes which are in a red-phase). Considering the
MovementState data frame further we see that it includes a great deal of timing information:

" In these messages all lanes are given a unique number regardless of what approach they may

belong to. Therefore, an “approach” in a traffic engineering sense of the word always consists of one or
more defined lanes in these messages. Lane numbering value assignment is arbitrary, but some
conventions or bestpractices are expected to apply.
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Each request value (pValue) is associated here with a set of data (dafa) that outlines either the lanes it
covers (laneSet) or a set of zones (zones) made up of either encloses lanes (LaneSet) or a nodeList forming
a polygon of coverage. Public safety vehicles use this data to determine which request to make, then use
that value in the Signal Request Message (SRM) to request a preempt or priority from the intersection
controller. The changed state of the controller (if any) is reflected in both the SPAT message and the
Signal Status Message (SSM) message.

4. Additional details of message use

The use of this message set to correctly describe intersections and then model them with the SPAT will
involve a considerable number of additional details. At the time the current Standard went to ballot, this
detail had not been created, but is expected to be placed into a subsequent users guide document along with
working examples.
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Annex I Cooperative Cruise Control (CCC) Use and Operation

1. Introduction

The Cooperative Cruise Control Message Set provides a mechanism for vehicles to effectively
communicate relevant information to each other, and operate as a coherent group. Vehicles will
communicate internally within the team in order to maintain group cohesion, operational safety, and
maximize individual and team mobility. The vehicle team will be able to communicate as a collective with
other vehicle teams, individual vehicles, and roadside infrastructure devices.

The goal in developing this message set is to standardize the process for communication within a
cooperative vehicle system, which is independent of the level of functional autonomy of the vehicle. The
message set is not meant to replace existing sensors and equipment on vehicles; rather, to enhance existing
sensor systems with information not directly acquired through intrinsic capabilities, enabling the formation
of a cooperative vehicle system.

In essence, the message set enables an adaptive cruise control capability, which utilizes low latency
communications in conjunction with vehicle sensors and controls. Data formatting follows the SAE J2735
message set. By utilizing this message set, the vehicle following distance can be dynamically managed in
cooperation with a driver. While it is not envisioned that full control of the vehicle is managed. the throttle
and brake may be may be utilized similar to current cruise control implementations, as well as audible and
visual warnings to the driver. A mechanism for providing active and automatic brake control may be
required for controlling the shorter following distances envisioned during cooperative cruise control
operations. Alterations to the preset driving condition will alert the driver while automatically ensuring a
safe following distance.

This message set is not meant to define such a system and set limits such as safe following distance, as
these are beyond the scope of the cooperative cruise control message set. System-related design concepts
should be considered in the development of the message set, where operational requirements and
implementation are left to vehicle OEMs, and the driver.

2. Operational Concept

The following section provides a definition for the operational concept of teaming operations, and more
specifically cruise control operations enhanced with low latent communications.

e Team:
Finite number of vehicles.
0 Possessing DSRC communications.
O Traveling in same direction.
O  Consecutively traveling in the same lane.
0  Vehicles shall be of compatible Vehicle Type as defined by the FHWA Office of Highway

Policy Information. The J2735 Vehicle Type data representation will be used.
O  Any single vehicle shall not be a member of more than one team concurrently.

e Cooperative Cruise Control
O  Adaptive cruise control mechanism or operation.

O  Enhanced via low latent vehicle-to-vehicle and vehicle-to-infrastructure communications.
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9. Developer Notes
Vehicle Class Compatibility

Cooperative Cruise Control systems utilizing this message set aim to increase mobility, safety, and fuel —
efficiency through enabling low-latency communications between vehicles. Such communications provide
information which allow shorter distances or separation between two vehicles traveling in the same
direction, in the same lane, and at the same speed. A team shall be made up of similar or compatible
vehicletypes in order to achieve the same operational characteristics and safety between team vehicles.
Different vehicle platforms have significantly different operational characteristics and therefore make the
benefits to safety and mobility unachievable. For instance, a passenger vehicle and a freight truck have
different acceleration, braking, turning, and reaction characteristics. It would be extremely unlikely if not
feasible at all to implement a system where the two could co-exist in the system environment envisioned
for Cooperative Cruise Control.

L eader to Team Communications

The purpose of the Cooperative Cruise Control message set is to provide a mechanism to improve the
mobility throughput, fuel efficiency and vehicular safety of the roadway through the use of a team or
collective of vehicles. Industry expert experience involved with committee brought to bear during the
development of this message set deem communications between the team leader and team members must
be direct. Direct communications is defined as receiving the message packets directly from the sender of
the packets themselves and not being relayed those packets through an intermediary or other mechanism.

The side effect of in-direct communications proves to undermine the intent of the message set. Even
through the use of low-latent communications, alag or latency exists between the time ateam leader sends
amessage and when a team member receives the message directly. Should an intermediary have to receive
the message and relay to following team members the benefit of the information contained in the message
isreduced or lost. In some cases, the effect may be increased. Thus, instead of improving vehicular
reaction time in response to external variables, vehicle reaction times may decrease.  The result may
increase the traffic caterpillar or slinky effect. Thisisaso known as adversely affecting the string stability
of the vehicle team.

Reducing the caterpillar effect is the overarching goal of the message set. Thisis achieved or accomplished
by maintaining team size limits, vehicle class compatibility within teams, and direct communications with

the team leader. These factors may change given the type of low latent communications utilized.
Alterations are left to the implementation of the system.

Broadcast Strategy

The cooperative Cruise Control message set as defined in this document follows a broadcast or non-
acknowledgment response strategy. A broadcast strategy is one in which the communications
infrastructure necessitates a handshaking mechanism which includes dedicated or verified connection.
Thereis no intent to provide a sense of ad-hoc mobile network functionality through the use of this
message set. That said, vehicle networks based on ad-hoc networking or some other strategy may still use
this message set without needing to modify the message set structure.

Teaming Speed Limit

The teaming concept provides a strategy for vehicles traveling with similar goals, such as speed, heading,
and roadway lane. The strategy is intended to improve mobility, roadway throughput, reduce roadway
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caterpillar effect, and improve fuel efficiency to name a few. However, these goals must not be achieved
by exceeding the roadway limitations as governed by Federal, State and Local authorities and agencies.
Thus, the broadcasting of the speed limit value for the teaming zone provides the speed limitation required
for safe and successful teaming operations in the particular zone of interest. In absence of a speed limit, a
vehicle shall make the assumption that teaming operations are unavailable for the current zone. This
possibility may occur in areas where RSU coverage is not as saturated. Once a vehicle enters an RSU
coverage zone, authorization for teaming operations may be received.

FHWA Vehicle Classes

FHWA Vehicle Class has been previously defined for the SAE J2735. A detailed discussion of the FHWA
vehicle Class definitions may be found at the FHWA Office of Highway Policy Information. An excerpt of
this information follows.

FHWA Vehicle Classes with Definitions

Motorcycles -- All two or three-wheeled motorized vehicles. Typical vehicles in this category
have saddle type seats and are steered by handlebars rather than steering wheels. This category
includes motorcycles, motor scooters, mopeds, motor-powered bicycles, and three-wheel
motorcycles.

Passenger Cars -- All sedans, coupes, and station wagons manufactured primarily for the
purpose of carrying passengers and including those passenger cars pulling recreational or other
light trailers.

Other Two-Axle, Four-Tire Single Unit Vehicles - All two-axle, four-tire, vehicles, other than
passenger cars. Included in this classification are pickups, panels, vans, and other vehicles such
as campers, motor homes, ambulances, hearses, carryalls, and minibuses. Other two-axle, four-
tire single-unit vehicles pulling recreational or other light trailers are included in this classification.
Because automatic vehicle classifiers have difficulty distinguishing class 3 from class 2, these two
classes may be combined into class 2.

Buses -- All vehicles manufactured as traditional passenger-carrying buses with two axles and
six tires or three or more axles. This category includes only traditional buses (including school
buses) functioning as passenger-carrying vehicles. Modified buses should be considered to be a
truck and should be appropriately classified.
NOTE: In reporting information on trucks the following criteria should be used:

1. Truck tractor units traveling without a trailer will be considered single-unittrucks.

2. A truck tractor unit pulling other such units in a "saddle mount" configuration will be
considered one single-unit truck and will be defined only by the axles on the pulling unit.

3. Vehicles are defined by the number of axles in contact with the road. Therefore, "floating"
axles are counted only when in the down position.

4. The term "trailer" includes both semi- and full trailers.

Two-Axle, Six-Tire, Single-Unit Trucks - All vehicles on a single frame including trucks,
camping and recreational vehicles, motor homes, etc., with two axles and dual rear wheels.

Three-Axle Single-Unit Trucks - All vehicles on a single frame including trucks, camping and
recreational vehicles, motor homes, etc., with three axles.

Four or More Axle Single-Unit Trucks -- All trucks on a single frame with four or more axles.

- 356 -

Siemens EX1022
Page 356 of 359




SAE J2735% Revised NOV2009

Four or Fewer Axle Single-Trailer Trucks -- All vehicles with four or fewer axles consisting of
two units, one of which is a tractor or straight truck power unit.

Five-Axle Single-Trailer Trucks -- All five-axle vehicles consisting of two units, one of which is a
tractor or straight truck power unit.

Six or More Axle Single-Trailer Trucks -- All vehicles with six or more axles consisting of two
units, one of which is a tractor or straight truck power unit.

Five or fewer Axle Multi-Trailer Trucks -- All vehicles with five or fewer axles consisting of three
or more units, one of which is a tractor or straight truck power unit.

Six-Axle Multi-Trailer Trucks -- All six-axle vehicles consisting of three or more units, one of
which is a tractor or straight truck power unit.

Seven or More Axle Multi-Trailer Trucks -- All vehicles with seven or more axles consisting of
three or more units, one of which is a tractor or straight truck power unit.

10. Message Set Human Interaction

The message set concept follows a fundamental operational paradigm which assumes automatic operation
of the system. This means that once the system is turned on via human interaction the system operates
based on system parameters and implementation criteria.  However, pertinent messages are received from
the vehicle team or the roadside infrastructure which detail operational status or operational changes which
may be of interest to the driver. This information may be presented to the driver viathe display in asimilar
manner as other defined traveler information messages. The current intent is not to provide system
interaction for the driver but only provide system and team interaction monitoring.
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