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1 INTRODUCTION

This review was developed as part of the Connected Vehicle Pooled Fund Study project “Basic
Infrastructure Message Development and Standards Support for Connected Vehicles Applications”.

1.1 Project Background

In a connected vehicle (CV) environment, vehicles which are equipped with Dedicated Short-Range
Communication (DSRC) devicesbroadcast Basic Safety Messages(BSMs),and a standard such as SAE 2735
has been well defined for whatinformationisinthe BSM. Onthe other hand, from theinfrastructure side,
which infrastructure information will be or needs to be broadcasted is relatively unknown and has not
been wellinvestigated yet.

Currentstandards include many of the infrastructurerelated information such as Signal Phase and Timing
(SPaT) message and messages that contain intersection geometry (known as MAP messages). Additional
infrastructure information could be transmitted that may benefit CVs applications, such as:

speed limit (particularlywhere that might be variable)

standard signage inthe area

presence of school zones

work zones and lane closures

e messagesdisplayed onvariable messages signs or highway advisory radios
e etc

With this background, it was recently suggested that a corollary message to the BSM from the
infrastructure, a BasicInfrastructure Message (BIM), needs to be investigated. Having astandard (or near
standard) BIM would help the Original Equipment Manufacturers (OEMs) and third-party application
providers to understand that there will be some infrastructure for them to rely on, and will give them
some basis for the kind of message they can expect from the infrastructure. At the same time, this will
also help the public transportation agencies to know what kind of information to broadcast from their
Road Side Equipment (RSE).

Once astandard (or nearstandard) BIMis developed, the nextstep wouldbe to work withthe appropriate
standards development organization and committee to get the BIM standard message under
consideration as a standard. Likewise, thereis an urgent need for the public agencies (actual operators
and maintainers of the infrastructure) to be able to influence the decisions related to the standards for
vehiculardata, such as BSM, as well. For a variety of reasons (budget, expertise, travel constraints, time
availability, etc.), the operating agency personnel have not engaged in these standards development
exercises, but have an important interest in their outcomes. Also, many of the states are not even fully
aware of what standards exist or what the status of them is. With that beingsaid, it is important to
establish ameans with which the Connected Vehicle Pooled Fund Study team can track standards related
activitiesand influence the development of these standards.

1.2 Project Goals

The goals of this projectare:
e DevelopaBIM
e Establishameansto collaborate with the relevant standards development organizations

1.3 Purpose of this Document

Thisreview paper was developed under Task 2 of the project: “BasicInfrastructure Message Development
and Standards Support for Connected Vehicles Applications”. Thisreview isintended to capture the use
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cases and information needs pertaining to infrastructure communication. The informationin this
documentwill be usedin subsequent project tasks to develop the BIM.

2 REFERENCES

SAE International. (2016, Mar). Dedicated Short Range Communications (DSRC) Message Set Dictionary.
Retrieved from SAE International: https://saemobilus.sae.org/content/j2735_201603

3 TOP LEVEL NEED (USE CASE)

Through efforts represented in Task 4 of this project, the Concept of Operations (section 2) provides
contextforthe infrastructure elements representedbelow including the user needs.Please reference the
Task 4 document forclarification on these items.

4 USE CASE INFORMATION

Each use case should be presented with some (or all) of the following information:
e Use Case Name

e Category (typically safety/mobility/environment)

e Short Description (summary)

e Actors (participants)

e Goal (desiredresult)

e Needs(problemtobe addressed)

e Constraints/Presumptions (limitations or assumptions)

e GeographicScope (range and type)

e TimingScope (current, predictive, recurring, historical)

e [lllustration (graphical representation of actors, events, environment)

e Pre-Conditions (conditions assumed before start of the use case)

e Main Event Flow (primary sequence of events and interactions)

e Alternate EventFlow(s) (alternative sequence given conditions)

e Post-Conditions (anticipated conditions afterthe interactions are complete)
¢ Information Requirements (data elements that are exchanged between actors)
e Issues(concernsrelatedtothe use case or implementation)

e Source Docs/References (external documents used as reference)

5 USE CASES
5.1 Static Signage

Use Case Name Static Signage

Category Environment

Short Description | Digital representations of physical signsand placards.

Infrastructure Provide information about staticsigns to nearby vehicles.

Roles Receive staticsign information from sign authority or other external source.

Vehicle Roles Receive information about static signsin the nearby region, display the
information to the driver.
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Use Case Name

Static Signage

OtherRoles Sign authority provides staticsign contentand location, as well as applicable
regioninformation.

Actors e Sign Authority (may be manually entered or sensed)
e Infrastructure Equipment
e InVehicle Equipment

Goal Help driversretain awareness of theinformation providedthrough staticsignsin
the area by leveraginginfrastructure-provided information.

Needs The driverneedstoreceive information about the location and content of

nearby staticsigns.

Constraints/
Presumptions

GeographicScope | Local
Timing Scope Current
Illustration

Sign Authority

(Traffic Management Agency/Cloud-
based Information Source/Contractor)

J/ INTERSTATE ) SPEED

Uiy i | LmiT i
1= & |65 A EXITONLY X

EXIT
34

.

Pre-Conditions

Staticsigns existinan area and their meaningis unambiguous andrelevantto
travelers.

Main Event Flow

1. Staticsignage informationis provided/updated by roadway authority and
sentto RSE.

2. RSE providesstaticsignage information to vehicles operatinginthe region.

3. InVehicle Equipmentreceivesthe staticsignage information and presents
relevantinformation to the operator.

Alternate Event
Flow(s)

1. Staticsignageinformationissensed by signage detection and classification
equipment.

2. Sensedstaticsignage informationis provided to RSE.

3. RSE providessensed staticsignageinformation to roadway authority for
verification.

4. Source for presentinginformationto operatorcould be sensed staticsignage
data or verified (agreeing) sensed +reported static signage.

Post-Conditions

Staticsignage informationis available in the vehicle

Information
Requirements

e Absolute (and optionally contextual) position of signs (angle may be relevant
as well)

e Typeofsign

e Contentofsign

e Applicable region/paths/roadways

April 18,2018
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Use Case Name

Static Signage

Issues

Signage can be quite complex andinformation overload is possible asindicated
inthe following picture.

Source
Documents/
References

StaticSign Definition.docx

5.2 Dynamic Traveler Information

Use Case Name

Dynamic Traveler Information

Category

Environment

Short Description

Information that would be displayed dynamically todriversinaregion would be
transmitted digitally through BIMs. CVs could then display this information to
drivers.

Infrastructure
Roles

Provide information about dynamicsigns to nearby vehicles.
Receive dynamicsigninformation from sign authority or other external source.

Vehicle Roles

Receive information about dynamicsignsinthe nearby region, display the
information tothe driver.

OtherRoles Sign authority provides staticsign contentand location, as well asapplicable
regioninformation.

Actors e DTl Source
e RSE
e InVehicle Equipment

Goal Help drivers understand and retain the information displayed on dynamicsigns
alongtheirroute.

Needs The driverneedstoreceive information about the location and content of

nearby dynamicsigns.

Constraints/
Presumptions

Information from an authorized source is available

GeographicScope

Regional

Timing Scope

Current, Predictive

April 18, 2018
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Use Case Name

Dynamic Traveler Information

Illustration

DTI Source e 2 T T
(Traffic Management Agency/ - r | el
Infrastructure)

Pre-Conditions

DTl is available

Main Event Flow

1. Authority provides formatted information to RSE.
2. RSE providesinformation tovehicle.
3. Vehiclereceivesinformation and providesinformation to occupants.

Alternate Event

Dynamicinformation foran entire route is presented to operators priorto

Requirements

Flow(s) departure.
Post-Conditions Operator has dynamicinformation available tothem.
Information 1. Applicable region/area/path/roadway

2. Timeframe

3. Content
a. Type of dynamicinformation
b. Priority
Issues Screenreal-estate limits the information and text that appears on dynamicsigns,
but digital presentation would not necessarily be similarly constrained. Should
digital dynamicsigns be abbreviated in the same way that physical DMS
messages are abbreviated?
Source
Documents/
References

5.3 Map Information

Use Case Name

Map Information

Category

Environment

Short Description

Information pertaining to the localization and navigation of an area, including
any adjustments tothe typical driving pattern. Thisincludes highways,
intersections, lane adjustments, road closures, and route changes.

Infrastructure
Roles

Provide information about localization and navigation to nearby vehicles.
Receive dynamicsigninformation from sign authority or other external source.

Vehicle Roles

Receive information about roadway geometry in the nearby region, display the
informationtothe driver.

OtherRoles

Map authority provides content, as well as applicable region information.

April 18,2018
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Use Case Name Map Information
Actors e Map Information Source
o Crowd-sourced
o Local map authority
o Global source
e RSE
e InVehicle Equipment

Goal Provide drivers with information about the geometry, distances and roadway
network.

Needs The driverneedsto receive information about the geometry and roadway
network. Additionally, applications running on the OBE can utilize the
information.

Constraints/ Thereisa roadway authority oran authorized information source that can be

Presumptions trusted to provide mapinformation.

GeographicScope | Range (extended) of RSEand local area

Timing Scope Current

April 18, 2018 Page 8 of 25
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Use Case Name Map Information

Illustration Intersection

Map
Authority

Lane closure

Crowd-source

Map
Authority

M
e T

5@3 s Bl ;o : s
)
(1]
Pre-Conditions Map informationis available—from authorized source orexamination of

persistent traffic patterns.

Main EventFlow | 1. Map information authority provides regional map infoto RSE

2. RSE providesregional mapinfotovehiclesinrange

3. Vehicle equipment provides map infoto operator

Alternate Event Given knowledge of anticipated route, updated/changed map informationis
Flow(s) provided to operator priorto departure.

Post-Conditions Operator has updated map information.
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Use Case Name

Map Information

Information
Requirements

e Map data
e Routedata
e Timeframe foradjustments (futureorcurrent)

Issues e Accuracy betweendigital information and real-world environment.
e Registration between localization and global coordinates.
e Incomingdatathreshold needstobe reached to provide accurate data
(otherwiseone errantvehicle could biasthe map information).
Source
Documents/
References

5.4 Situational Awareness

Use Case Name

Situational Awareness

Category

Environment

Short Description

Contextual information aboutthe environment and any situational -specific
detailsthat would be relevant to safe vehicle operationinan area.

Infrastructure
Roles

Provide information about contextual situationsin the area.
Receive contextual situation information from external sources.

Vehicle Roles

Receive information about situationsinthe nearby region, display the
information tothe driver.

OtherRoles Authority provides information about the situation, as well as applicable region
information.
Roadway users may provide situational awarenessinformation up toa crowd-
sourced authority fordistribution to otherdrivers orverification.
Actors e Situational awareness authority
e RSE
e InVehicle Equipment
Goal Help driversreceive up to date information about situations along their route.
Needs The driverneeds toreceive information about situations that may affect their

navigation of an area.

Constraints/
Presumptions

GeographicScope

Local

Timing Scope

Current, Predictive

Illustration

Flagman

Crowd=sglrce

1)

Water on road stalled vehicle

Pre-Conditions

Environmental conditions exist

April 18,2018
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Use Case Name

Situational Awareness

Main Event Flow

1. Roadway authority provides situational awareness information to RSE.
RSE providesinformationtovehicleequipment.

Alternate Event
Flow(s)

2

3. Vehicle equipment providesinformation to operator.

1. Operatoror vehicle provides situational awarenessinputtoInVehicle
Equipment.

In Vehicle Equipment provides situational awareness input to RSE.

RSE providesinformation to roadway authority forverification or statistical
analysis and algorithm.

[Main Event Flow can then follow]

w N

Post-Conditions

Operator has updated situationalawareness information

Information
Requirements

e Timeframe
e Position/Area
e Content
o Type of situation
o Specificnature of situation (lowspeed limit)

Issues This use case does not capture how to represent the difficulties to the operator,
everything from oversized vehicles to flagmen to weather. This may be too
broad.

Source

Documents/

References

5.5 Limited Access

Use Case Name

Limited Access

Category Safety, Mobility

Short Description | Restrictionsforvehicles operatingin specificroadway areas.
Infrastructure Provide information about limited access to nearby vehicles.

Roles Receive limited access information from trafficauthority or other external

source.

Vehicle Roles

Receive information about limited access inthe nearby region, display the
information tothe driver.

OtherRoles Trafficauthority provides contentand timeframe, as well as applicable region
information.
Actors e Limitedaccesssource
e RSE
e InVehicle Equipment
Goal Help drivers understand and followthe access restrictions along their route.
Needs The driverneedstoreceive information about the region and timeframe of

relevantlimited access areas.

Constraints/
Presumptions

GeographicScope

Regional, Local, Lane-level

Timing Scope

Current, Predictive, Reoccurring

April 18,2018
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Use Case Name

Limited Access

Illustration

(fl)) (1!)

RSE

Restriction Authority

NG
N

<

[i(em))]

Pre-Conditions

Authorized restrictioninformation is available.
Vehicle types can be reported/recognized by vehicles.

Main Event Flow

1. Authority provides restrictioninfoto RSE.
2. RSE providesinfotovehicle equipment.
3. Vehicle Equipment provides info to operator.

Alternate Event

Requirements

Flow(s)
Post-Conditions In Vehicle Equipment has restriction information forthe area.
Information e Timeframe

e Position/Area
e Content
o Type of restriction
= Restriction details (such asdirection, vehicleclass, price, etc.)

Issues The “type of vehicle” needs to be reported by the vehicle, butit may require
human-interpretation (such as whetheracariseligibleforthe HOV lane).
Human error or intentional misuse may pose a problem.

Source

Documents/

References

5.6 Data Collection Requests

Use Case Name

Data Collection Request

Category

Environment, Mobility

Short Description

Vehicles have datathat can be useful when aggregated, such as traffic
conditions and environmental responses (wind-shield wipers, traction control
activation, temperature, etc.). This data can be aggregated and anonymized to
provide contextualinformation to a trafficauthority.

Infrastructure
Roles

Requestinformation from nearby vehicles.
Transferthe requestedinformation to authority for storage and processing.

Vehicle Roles

Respondto data requests.
Interact with driver/ownerto establish permission (or denial) of requested data.

OtherRoles

April 18,2018
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Use Case Name

Data Collection Request

Actors

o TrafficAuthority
e RSE
e InVehicle Equipment

Goal Help roadway users by gatheringand interpretinginformation gathered from
vehicles.
Needs The driverneedstoreceive information relevanttothe area in orderto improve

trafficflow.
The trafficauthority needs to gatherand interpret datain orderto anticipate
problems before they worsen.

Constraints/
Presumptions

GeographicScope

Local

Timing Scope

Current, Historical

Illustration

('il}) (T)

Weather Sensor RSE

-l

Authority

J

Pre-Conditions

Data collection agreement has been established.
Collection authority has been authorized and verified.

Main Event Flow

Authority indicates desired data.
Infrastructure requests datafrom In Vehicle Equipment.
In Vehicle Equipment provides data.

Alternate Event
Flow(s)

Operatordeclinestoshare data.

Authority extracts datafrom outside sources (such as a weathersensoror
report).

e RSE utilizes datafrom outside sources.

o o W N H| e o

Post-Conditions

Data from vehiclesis availableforanalysis by trafficauthority.

Information
Requirements

e Requestfordata
o Authorizationkey
o Type of data desired

Issues e Data-rights mayreside with the operator, although original ownerand
operator may be different.
e Individual privacy mustbe protected.
e Requestingauthority needstobe secure and trusted.
Source
Documents/
References

April 18,2018
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Use Case Name

Incidents

Category Environment

Short Description | Occurrences that require authorities torespond.
Infrastructure Provide information aboutincidentsto nearby vehicles.
Roles

Vehicle Roles

Receive information aboutincidentsin the nearby region, display the
information tothedriver.

OtherRoles Roadway authority providesincident contentand timeframe, as well as
applicable regioninformation.

Actors e DTl Source
e RSE
e InVehicle Equipment

Goal Help drivers understand and respond toincidents along their route.

Needs The driverneedstoreceive information about the location and timeframe of

nearbyincidents.

Constraints/
Presumptions

¢ Informationaboutincidentsand enough contextual datais available and will
remain persistent long enough toimpact traffic.

e There are additional options for drivers operatingin the region of the
incident to mitigate the impact of the incidenton theirtransportation needs.

e Incidencesare unique fromsituationalawarenessin thatincidentsinvolve
authorities or publicservice personnel that may impact the trafficflow.

GeographicScope

Locale, size will depend on the nature of the incident (trafficaccident, sports
activity, weather evacuation).

Timing Scope Current
Illustration
(«l» (I:)
RSE
\\— Roadway
\; Authority

@)

& o

Pre-Conditions

Main Event Flow

1. Incidentinformationis provided fromroadway authority to RSE.
RSE provides BIMwithincidentinfo tovehicles.
3. InVehicle Equipment providesincidentinformation to operators.

N

Alternate Event
Flow(s)

Post-Conditions

Information
Requirements

e Timeframe
Position/area
e Content
o Incidenttype
= [Incidentdetails]

April 18,2018
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Use Case Name

Incidents

Issues

Some incidents or details about them may be sensitive in nature (for privacy or
security concerns) and should not be communicated to the publicthrough
official channels [examples would include a presidential motorcade, funeral
procession, orthe cause (or results) of an accidentonthe road].

Source
Documents/
References

5.8 Restriction Enforcement

Use Case Name

Restriction Enforcement

Category

Mobility

Short Description

Enforcement of laws or restrictions on specific types of vehicles in aroadway
area.

Infrastructure Receive voluntary information regarding the status of restrictions from
Roles operators.
Vehicle Roles
OtherRoles Operator providesinformation regarding restrictions or enforcement.
Actors o Enforcementauthority
e RSE
e InVehicle Equipment
Goal Help roadway authorities enforce restrictions, tolls, etc.
Needs Enforcement authorities needs to receiveinformation about the vehicles or

operatorstravelinginanarea.

Constraints/
Presumptions

Authorized and unaltered registration information can be securely storedinthe
In Vehicle Equipment.

GeographicScope | Regional
Timing Scope Current
Illustration

%

Enforcement Authority

(1)) (1))

RSE

N

(€

Pre-Conditions

April 18,2018
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Use Case Name

Restriction Enforcement

Main Event Flow

1. Infrastructure device requests enforceableinformation, provides
authenticationidentity.

2. InVehicle Equipment verifies the authentication and replies with
information regarding enforcement.

Alternate Event
Flow(s)

e Restriction Enforcement requestis refused by the In Vehicle Equipment or
operator, alternate inspectionisstillnecessary.

e Enforcementinformationindicates a deficit, appropriateinformationis
displayedto operator/enforcement authority.

Post-Conditions

Enforcementinformation has been gathered from nearby vehicles

Information
Requirements

e Timing
e Validity
e Content

o Type of enforcement

Issues Privacy, authentication of enforcement authority, enforcement actions.
Source
Documents/
References
5.9 Driver Safety/Assistance/Support
Use Case Name Driver Support
Category Safety

Short Description

Vehiclesthat must stop along a roadway can rapidly and accurately provide
information regarding aloss of safety or capability to an authorized authority.

Infrastructure
Roles

Receive information fromvehicles that need support.
Provide information to roadway authority.

Vehicle Roles

Gather information from the driverregarding necessary assistance orsupport.
Transmit supportrequests to Infrastructure.

OtherRoles

Roadway authority provides support and coordinates response, optionally with
indications about the time to response orassistance provided.

Actors

e RoadwayAuthority

e RSE

e InVehicle Equipment
e Emergency Call Box

Goal

Provide additional channels of communication between roadway authority and
vehicle operators.

Needs

The driverneedsto be able to request support from the roadway authority
without walking to the nearestemergency call box (if available).

The roadway authority needs to have a mechanism of providing more detailed
information to the driver with regards to the availability and timeliness of
support.

Constraints/
Presumptions

An operatoris capable of accurately entering specificassistance needs.
Additional/multiple assistance is not needed or can be indicated.

GeographicScope

Region

Timing Scope

Current

April 18,2018
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Use Case Name

Driver Support

Illustration

@
RSE
&

Roadway \\”
Authority

[ Wﬁﬁ

Emergency
Call Box

Pre-Conditions

A vehicle needs assistance.

Main Event Flow

1. Avehicle muststopalongaroadway, and the operatorinteracts with the In
Vehicle Equipment to provide the nature of the support need.

2. Theln Vehicle Equipment transmits thisinformationtoinfrastructureand to
the roadway authority.

3. Theroadway authority dispatches assistance and provides feedback to the
supportvehicle.

Alternate Event
Flow(s)

e Anothervehiclenearthe supportvehiclerelaysthe supportrequest (either
immediately or after some delay) to aninfrastructure device or another
vehicle.

e Anincidentmayalsobe generatedtorelevantvehiclestoallowthemto
respond appropriately to the stopped vehicle.

e Existinginfrastructure devices such as emergency call boxes may be
integratedintothe systemand provide the supportinformation or generate
Incidentinformation.

e Emergencyvehicles mayrespond andinitiateemergency vehiclealerts.

Post-Conditions

Information about the existence and nature of avehicle that requires supportis
providedtoan authority thatcan thenrespond.

Information
Requirements

e Location
e Type of supportneeded
e Anticipatedresponse time/location of assistance

Issues Security and privacy concerns about a disabled vehicleand any individuals that
are distressed needs to be maintained.

Source

Documents/

References

5.10 Emergency Vehicle Operations

Use Case Name

Emergency Vehicle Operations

Category

Safety

Short Description

Information about emergency responsevehicles that are operating on a roadway
are providedtovehicles.

Infrastructure Roles

Provide information about emergency vehicle operations to nearby vehicles.

Vehicle Roles

Receive information about emergency vehicle operationsinthe nearby region,
display the information to the driver.

OtherRoles

Emergency dispatch provides content and timeframe, as well as applicableregion
information.

April 18,2018
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Use Case Name

Emergency Vehicle Operations

Actors

e Emergency Dispatch
e RSE
e InVehicle Equipment

Goal Help drivers understand and respond to the presence of emergency vehicles and
any approachingemergency vehiclesin theirvicinity.
Needs The driverneedstoreceive information about the location and nature of nearby

emergency vehicles.

Constraints/
Presumptions

Privacy surrounding the emergency response can be adhered to.

GeographicScope

Timing Scope

Current, Predictive

Illustration

Emergency vehicles approachinga CV/region and a CV approaching an emergency

vehicle.
((%» (:%»
RSE

NS
o
Dispatch \-/

o))

Pre-Conditions

Main Event Flow

e Anemergencyvehicleisdispatched torespondtoan incident, and the
infrastructure reportsinformation to vehiclesin effect thatallowsaCV
operatorto respond safely to the presence orfuture location of emergency
vehicles.

e Thismay be available priorto the Vehicle-to-Vehicle (V2V)information
directly from the emergency vehicle.

Alternate Event
Flow(s)

The infrastructure is aware of the planned route for the emergency vehicle, and
thisinformationisreportedto the operators of CVs, who choose to alter their
route to avoid causing additional congestion.

Post-Conditions

CV operators are informed about the existence, type, location and possibly
destination of emergency vehicles.

Information
Requirements

e Timeframe

e Location

e Content
o Type of emergency vehicle
o [Plannedroute segments]

Issues

Privacy, security of emergency responders

Source Documents/
References

5.11 Intersection

Use Case Name

Intersection

Category

Safety

April 18,2018
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Use Case Name

Intersection

Short Description

Potential vehicleinteraction between vehicles and between infrastructure and
vehicle at cross-roads and intersections including indications of dilemma zones
are communicated tovehicles through a BIM.

Infrastructure
Roles

Provide information aboutintersections to nearby vehicles.
Information may include:

¢ Interactions between vehicles (potential collisions, violations, presence and
type of vehicles).
e Interactions withinfrastructure (trafficsignals, position reports, geometry).

Vehicle Roles

Receive information aboutintersectionsinthe nearby region, display the
information tothe driver.

OtherRoles Roadway authority could provide contentand timeframe, as well as applicable
regioninformation.
Actors e Intersection geometry provider
e RSE
e InVehicle Equipment
Goal Help drivers gain additional insight about intersections along theirroute.
Needs e Thedriverneedstoreceive information aboutthe geometry, status and

potential interactions with othervehicles at roadway intersections.

Constraints/
Presumptions

e Vehicle pathsorintentions can be correctly calculated.
e Timelyalertscanbe generated.
e Operators can respondina safe manner.

e False negativesare kepttoa minimumto preventoperatoroverload or
frustration.

GeographicScope

Regional

Timing Scope

Current

April 18,2018
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Use Case Name Intersection
Ilustration Vehicle detection at signalized intersection:

Vehicle violating red-light with dilemma zone alerts:

Pre-Conditions
Main Event Flow

1. [Optional, may be always broadcast regardless of detection] Avehicle
waitingfora red lightis detected by the infrastructure.
2. Thevehicleisprovided with astatusindication thatthe infrastructure

recognizes their presence and proper position.
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Use Case Name

Intersection

Alternate Event
Flow(s)

e Vehicle entersanintersection while theirlane hasared light, infrastructure
calculatesaninteraction between that vehicle and anothervehicle,
infrastructure provides warnings and alerts as appropriate to each vehicle.

Post-Conditions

Driversare informed of infrastructure status and warned of detected collisions
due to interactions with the infrastructure.

Information
Requirements

e Position

e Content
o Type of interaction
o Timeuntil interaction

Issues Operators needtorespond properly tothe detected danger; intersection
interactions have avariety of causes and properresponses thatneedtobe
executed quickly. Enabling operators to respond properly without givingthem
directinstructions would be difficult.

Also, if a collision was predicted, would the trafficauthority be partially
responsible if the accident does occur?

Source

Documents/

References

6 CONCLUSION

This review paperwas developed under Task 2 of the project: “BasicInfrastructure Message Development
and Standards Support for Connected Vehicles Applications”. Thisreview isintended to capture the use
cases and information needs pertaining to infrastructure communication. The information in this
documentwill be usedin subsequent project tasks to develop the BIM.

The goal of this task is to develop a comprehensive list of infrastructure information elements that are
available and desirable to be broadcasted under a CV environment. Table 1 provides a list of elements
that represent applicable dataelementsidentified during this task (SAE International, 2016).
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Table 1. Identified Infrastructure Information Elements

Information Data Frame

Type

SpecificType

Standard

Description

StaticSignage

Message

Message

(compare to TravelerDataFrame)

The MsgCountdataelementis usedto providea

msgCnt MsgCount Integer SAE J2735 | sequence number within astream of messages with
the same DSRCmsglID and from the same sender.
The MinuteOfTheYear dataelement expresses the
timestamp MinuteOfTheYear Integer SAE J2735 | number of elapsed minutes of the currentyearin
the time system being used (typically UTCtime).
position Position3D Object
Latitude SAE J2735
Longitude SAE J2735
Elevation SAE J2735
Sequenceof | gre 15735 | Optional
Regional Extension
content CHOICE Object SAE J2735 Possibly also use EnabledLanelistand
Revocablelane.
Thiselement describes acategoryandanitem
item CHOICE { itis SAE J2735 fromthat category all ITS standards use the same
ITIS.ITIScodes, typesheretoexplainthe type of the alert / danger
/ hazard involved.
JIE'I?I)éttextPhrase provide message/information

Dynamic Traveler
Information

The MsgCount dataelementis usedto providea

msgCnt MsgCount Integer SAE J2735 | sequence number within a stream of messages with
the same DSRCmsgID and from the same sender.
The MinuteOfTheYear dataelement expresses the

startTime MinuteOfTheYear Integer SAE J2735 | number of elapsed minutes of the currentyearin
the time system being used (typically UTCtime).

durationTime MinutesDuration Integer SAE J2735 | Can figure endtime from duration

path OffsetSystem Object SAE J2735 | Lat/Long offsets with lane width
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Information Data Frame Type SpecificType Standard | Description

geometry GeometricProjection Object SAE J2735 | Circle (pointandradius)

id IntersectionReferencelD | Object SAE J2735 | Reference object for MAP
regionPointSet Polygon/RegionPointSet Object SAE J2735 | Orderedset of closed convex points
dynamicContent Choice Object Message specificdetails

_Map Information ___ . ___

The MsgCountdataelementisusedto providea

msgCnt MsgCount Integer SAE J2735 | sequence number within astream of messages with
the same DSRCmsgID and from the same sender.
The MinuteOfTheYear dataelement expresses the

startTime MinuteOfTheYear Integer SAE J2735 | number of elapsed minutes of the currentyearin
the time system being used (typically UTCtime).

durationTime MinutesDuration Integer SAE J2735 | Can figure endtime from duration

path OffsetSystem Object SAE J2735 | Lat/Long offsets with lane width

geometry GeometricProjection Object SAE J2735 | Circle (pointandradius)

id IntersectionReferencelD Object SAE J2735 | Reference objectfora map

regionPointSet Polygon/RegionPointSet Object SAE J2735 | Orderedset of closed convex points

mapContent Choice Object Map Context (construction, typical, etc.)

message specificdetails.

Situational Awareness

The MsgCountdataelementis usedto providea

msgCnt MsgCount Integer SAE J2735 | sequence number within a stream of messages with
the same DSRCmsgID and from the same sender.
The MinuteOfTheYear dataelement expresses the

startTime MinuteOfTheYear Integer SAE J2735 | number of elapsed minutes of the currentyearin
the time system being used (typically UTCtime).

durationTime MinutesDuration Integer SAE J2735 | Can figure endtime from duration

path OffsetSystem Object SAE J2735 | Lat/Long offsets with lane width

geometry GeometricProjection Object SAE J2735 | Circle (pointandradius)

id IntersectionReferencelD Object SAE J2735 | Reference objectfora map

regionPointSet Polygon/RegionPointSet Object SAE J2735 | Orderedset of closed convex points

situationalAwarenessContent | Choice Object Message specificdetails
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Information Data Frame Type SpecificType Standard | Description

Limited Access
The MsgCount dataelementis usedto providea

msgCnt MsgCount Integer SAE J2735 | sequence number within a stream of messages with
the same DSRCmsglID and from the same sender.
The MinuteOfTheYear dataelement expresses the

startTime MinuteOfTheYear Integer SAE J2735 | number of elapsed minutes of the currentyearin
the time system being used (typically UTCtime).

durationTime MinutesDuration Integer SAE J2735 | Can figure end time from duration

path OffsetSystem Object SAE J2735 | Lat/Long offsets with lane width

geometry GeometricProjection Object SAE J2735 | Circle (pointandradius)

id IntersectionReferencelD Object SAE J2735 | Reference objectfora map

regionPointSet Polygon/RegionPointSet Object SAE J2735 | Orderedset of closed convex points

limitedAccessContent Choice Object Message specificdetails

id

dataCollectionID

Integer

SAE J2735

Data Collection Request

--the unique value

packet

dataCollectionPacket

Object

The MsgCount dataelementis usedto providea

id

vehicleEnforcementID

Integer

SAE J2735

msgCnt MsgCount Integer SAE J2735 | sequence number within a stream of messages with
the same DSRCmsglID and from the same sender.
The MinuteOfTheYear dataelement expresses the

startTime MinuteOfTheYear Integer SAE J2735 | number of elapsed minutes of the currentyearin
the time system being used (typically UTCtime).

durationTime MinutesDuration Integer SAE J2735 | Can figure end time from duration

path OffsetSystem Object SAE J2735 | Lat/Long offsets with lane width

geometry GeometricProjection Object SAE J2735 | Circle (pointandradius)

id IntersectionReferencelD Object SAE J2735 | Reference objectfora map

regionPointSet Polygon/RegionPointSet Object SAE J2735 | Orderedset of closed convex points

incidentContext Choice Object Message specificdetails

Vehicle Enforcement

--the unique value

packet

vehicleEnforcementPacket

Object
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Information Data Frame Type SpecificType Standard | Description

Driver Support
The MinuteOfTheYear dataelement expresses the

startTime MinuteOfTheYear Integer SAE J2735 | number of elapsed minutes of the currentyearin
the time system being used (typically UTCtime).

position Position3D Object SAE J2735

driverSupportContext DriverSupportContext Object

Emergency Vehicle

Operations
The MsgCount dataelementis usedto providea

msgCnt MsgCount Integer SAE J2735 | sequence number within astream of messages with
the same DSRCmsglID and from the same sender.
The MinuteOfTheYear dataelement expresses the

startTime MinuteOfTheYear Integer SAE J2735 | number of elapsed minutes of the currentyearin
the time system beingused (typically UTCtime).

durationTime MinutesDuration Integer SAE J2735 | Can figure end time from duration

path OffsetSystem Object SAE J2735 | Lat/Long offsets with lane width

geometry GeometricProjection Object SAE J2735 | Circle (pointandradius)

id IntersectionReferencelD Object SAE J2735 | Reference objectfora map

regionPointSet Polygon/RegionPointSet Object SAE J2735 | Orderedset of closed convex points

emergencyVehicleContext Choice Object Message specificdetails

Intersection

id IntersectionReferencelD Object SAE J2735 | Reference objectfora map

intersectionContext IntersectionContext Object Railroad Crossings (Not provided forin standard),

School Crossings, etc.
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