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Purpose of Use Case

Provide location and situation-relevant information to travelers in vehicles using VII.

Description

Publicly-provided traveler information systems provide information that may be relevant to the performance of a
traveler’s trip, including travel times, incident alerts, road closures and work zones. Today these applications are
limited to web-based systems and telephone-based systems (511) that respond to users’ requests for
information, and provide little or no automated distribution of information directly to the vehicle. With VI, the
potential exists to provide this information in such a manner that is targeted to a driver’s trip, and update the
information in real time as the vehicle progresses along a route.

Within the scope of traveler information, public entities (both state and local) provide information derived from
public data, and provide geographically-relevant information. Private entities on the other hand, can use that
public data as well as other data sources to provide a more individually targeted service, providing more up-to-
date and accurate information and, depending on the information provided by the subscriber, more personalized
information. VII will provide private entities with a richer database than is currently available, without impinging
on traditionally private applications such as in-vehicle navigation and routing.

Public information provided at Day 1 will include travel times, road closures, special events (parades, bridge
closings), non-recurring congestion, work zones, incidents and civil emergency notifications. This data will be
provided through the VII Network to all equipped vehicles within the geographic range for which the data may be
relevant, and also made available through existing public traveler information systems, including Highway
Advisory Radio, Dynamic Message Signs, 511 and web-based systems.

Travel times will be provided on a regular recurring basis, and referenced either from landmark to landmark, or
between geo-located road positions. Interpretation of travel time data will be left up to separate applications
resident in the vehicle.
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Incident information and civil emergency notifications will use the same mechanisms as other road status
notifications, except that these messages will be generated as soon as they are detected by the TOC. Further,
emergency notifications will be passed to the vehicle in such a way as to ensure immediate unaltered
presentation of the emergency message.

All of these data will also be provided to private Information Service Providers (ISPs), which may in turn provide
value added services, such as personalized traveler information, route guidance and estimated arrival times.
Services provided by private ISPs are not governed by this use case.

Also, at Day 1 VII will incorporate a set of performance measurement tools, to automatically provide evaluation
of performance gains of Vll-affected systems. These tools will provide the feedback necessary to raise
awareness of VII's impact, and report on whether Vll-enabled traveler information systems may need additional
work to realize predicted goals.

Definitions

General

Civil Emergency Notifications: Information regarding potentially disastrous events, such as weather
emergencies (tornadoes or other severe storms), hazardous material conditions, bombings and the like.
Digital Centerlines Map: A database of GIS-based link coordinates that collectively represent a lane-by-lane
map of the roadway network, including interchange and intersection geometry.

Geographic Extent: The region for which the role (TOC, etc.) is active and/or responsible.

National Weather Service (NWS): National Weather Service administered by NOAA, currently responsible for
disseminating civil emergency alerts.

Road Status Events: Excessive congestion, special events (parades, etc.), bridge closings, road construction,
work zones, incidents and road closings.

Roadway Network: The collection of roads over which the VIl use case applies.

VII Network End Users: Represents the entire user community of VII System data including both public and
private sector users. These are “right hand side” users, like TOCs and ISPs. It explicitly does not include
vehicles.

Actors

511 System: The role that implements the 511 system for the roadway network.

DMS: Dynamic Message Sign, visual medium for providing drivers with traveler information.

Driver: The primary vehicle operator.

HAR: Highway Advisory Radio, audio medium for providing drivers with traveler information.

Information Service Provider (ISP): Public or private specialized traveler information service providers that
receive data from the TOC and possibly other services and provide value-added information to travelers.
Probe Data Provider (PDP): The VIl service that provides vehicle probe data to subscribing applications.
Public Data Disseminator (PDD): The VIl service that disseminates public end user information, advisories and
alerts to multiple vehicles.

Public Safety Agencies: This role includes any agency that provides emergency notifications, including state
and local police and fire departments and the National Weather Service.

Traffic Operations Center (TOC): This role includes the management of all local, state and interstate
roadways, through the control of traffic signals, ramp meters, data collection equipment and data dissemination
equipment, and the maintenance of roadway status, including work zones, special events, scheduled and
unscheduled road closures and environmental conditions within the geographic extent.

Vehicle: Provides the sensory, processing, storage, and communications functions necessary to support safe
vehicle travel on the roadway. Vehicles could provide vehicle identification, location, wiper system state, exterior
temperature, rain sensor status, sun sensor status, fog lamp status, and traction control state. As an actor,
Vehicle represents the common vehicle with specialized vehicles (e.g., Maintenance Vehicle) inheriting from
Vehicle.

WWW: World Wide Web; this role provides internet access to traveler information.

Use Cases

Collect Vehicle Probe Data: This use case is responsible for communicating with the vehicle and collecting
vehicle probe data, including both snapshot and event probe data.

Disseminate Geographically-Focused Traveler Information: This use case takes TOC-provided traveler
information and distributes it to vehicles for which it is relevant, based on vehicle location.

VII National Working Group Document

Traveler Information Dayld.doc, Page 2 of 7



Fuse Data: This use case is responsible for fusing VII-provided data with data from other sources.

Present Traveler Information: This use case is responsible for presenting traveler information to the driver.
Provide Civil Emergency Notifications: This use case is responsible for providing any civil alerts from the
reporting agency to the TOC.

Provide Raw Probe Data: This use case is responsible for publishing probe data to subscribing VII Network
End Users.

Provide Traveler Information through Field Devices: This use case takes TOC- supplied messages and
presents them through field devices, including HAR and DMS.

Provide Traveler Information to Network End Users: This use case takes TOC- supplied traveler information
and distributes it to other network end users.

Provide Traveler Information to Vehicles: This use case takes TOC-supplied traveler information and
provides it to the Public Data Disseminator.

Record Performance Measures: This use case is responsible for monitoring and storing performance
measurements of the Vll-enabled system.

Preconditions
All scenarios:
1. The TOC is subscribed to vehicle probe data from the Probe Data Provider within a geographic extent.

2. The Probe Data Provider collects and provides probe data to VII Network End Users throughout the
geographic extent. This data includes vehicle location, heading and speed for each equipped vehicle in
the roadway network.

3. The TOC has an up-to-date digital centerline map of the roadway network throughout the geographic
extent that is sufficient to geo-locate events.

4. Vehicles are transmitting probe vehicle data to the Probe Data Provider.

The TOC maintains status of Road Status Events.

Main Flow of Events
1. The Probe Data Provider collects VIl probe data from vehicles.
2. The TOC receives VIl probe data from the Probe Data Provider.
3. The TOC fuses probe data with other data it has access to.
4

The TOC processes the data it receives and determines travel times and roadway conditions for each
link of roadway within its geographic extent.

5. The TOC provides current link travel times, road conditions and road status events to the PDD, ISPs,
web-based and 511 systems.

6. The TOC sets DMS messages and HAR messages to supply the highest priority information for the
coverage area of those devices.

7. The PDD distributes geographically relevant link travel times, road conditions and road status events to
vehicles.

8. The vehicle presents relevant traveler information to the driver.

(Asynchronous) The TOC records relevant performance data, comparing Vll-enabled system
performance with non-VII predicted performance.

Alternate Scenario: Immediate Notification
1. The TOC receives incident and/or civil emergency notification from Public Safety Agencies.

2. The TOC distributes civil emergency and/or incident notifications to the PDD, ISPs, web-based and 511
systems.

3. The TOC sets DMS messages and HAR messages to supply the highest priority information for the
coverage area of those devices.
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4. The PDD distributes civil emergency and/or incident information to vehicles within the geographically
relevant area.

5. The vehicle presents relevant civil emergency and/or incident information to the driver.

(Asynchronous) The TOC records relevant performance data, comparing Vll-enabled system
performance with non-VII predicted performance.

Lifecycle Category
Operations
Performance Requirements

e Messages pertaining to road closures, work zones and congestion will all be provided to the driver in
time for the driver to take action.

Non-Functional Requirements
e none
Supporting Capabilities
« VIl Probe data is sufficient to determine both travel times and speed profiles along links.
e VIl probe data must be continuously available.
e The TOC receives civil emergency notifications from Public Safety Agencies.
- Entities exchanging data must use a common data exchange format.

e Message passing architecture must allow messages to be presented to the driver unaltered from the text
specified by the TOC.

Frequency & Conditions of Use
e Continuous during traffic management operations.

Notes
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Use Case Diagram
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Sequence Diagram (Main Flow)
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Sequence Diagram (Alternate Flow: Immediate Notification)
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Purpose of Use Case

Modify ramp metering operation to enhance freeway performance based on VIl data.

Description

Like many signal systems, most ramp metering systems operate on a time-of-day basis. Some systems use
detector data from the freeway to determine metering on/off times during peak periods, and check for an
unacceptably long queue with a single detector upstream on the ramp, but otherwise do not respond to changing
traffic conditions in real-time. VII data can eventually provide sufficient data to provide more responsive ramp
metering systems, and in the short term can simplify the setting of optimal ramp metering rates by providing
more comprehensive data and that will enable the generation of effective ramp metering plans without the need
to manually collect data in the field. (Some sophisticated ramp metering systems adjust metering rates as often
as twice per minute. VII may eventually provide advantages to these systems, but likely not until either full
market penetration is achieved. VIl integration with advanced ramp metering systems is not considered for Day
1 as part of this use case.)

At Day 1, VII probe data will provide detailed vehicle snapshots, including timestamp, vehicle position, speed,
braking and acceleration information, as well as the vehicle’s trajectory through the ramp and merge area(s) and
the aggregated flow profiles of instrumented vehicles between ramps on a per-lane basis. From this data, other
measures including link travel time, mainline speed, mainline delay, ramp queue delay and average ramp queue
length (over time intervals, non-real time) information can be derived. These data will be archived and
subsequently fused with other data from non-VIl sources, and analyzed to generate new ramp metering plans
and at which times to activate those plans to support time-of-day operations (the algorithms required to perform
this activity may require additional research to develop).

Additionally, this same data can be analyzed in real time to dynamically modify ramp metering rates to respond
to changing traffic conditions.
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Finally, at Day 1 VII will incorporate a set of performance measurement tools, to automatically provide evaluation
of performance gains of Vll-affected systems. These tools will provide the feedback necessary to raise
awareness of VII's impact, report on the performance of Vll-enabled ramp metering systems, and determine if
additional work is required to realize predicted goals.

In the future, as higher penetrations of OBU-equipped vehicles are realized, more responsive algorithms may be
employed to take advantage of the ability to determine queue length in real time with VII data. Additionally, VII
may provide a simpler installation paradigm for future deployments, as agencies would not need to install
mainline or even ramp detectors, instead relying on VIl to provide required detection.

Definitions

General

Central Control System: A centralized computer system that manages ramp meter controllers from a single
location.

Digital Centerlines Map: A database of GIS-based link coordinates that collectively represent a lane-by-lane
map of the roadway network, including interchange and intersection geometry.

Geographic Extent: The region for which the role (TOC, etc.) is active and/or responsible.

Roadway Network: The collection of roads over which the VIl use case applies.

Ramp Meter Controllers: The ramp meter controllers connected to and controlled by the TOC.

Ramp Metering Plan: The selection of timings and other parameters that control ramp meter operation.

VII Network End Users: Represents the entire user community of VII System data including both public and
private sector users. These are “right hand side” users, like TOCs and ISPs. It explicitly does not include
vehicles.

Actors

Probe Data Provider (PDP): The VII service that provides vehicle probe data to subscribing applications.
Traffic Operations Center (TOC): This role includes the management of all local, state and interstate
roadways, through the control of traffic signals, ramp meters, data collection equipment and data dissemination
equipment, and the maintenance of roadway status, including work zones, special events, scheduled and
unscheduled road closures and environmental conditions within the geographic extent.

Ramp Meter System: Combination of the central control system, ramp meter controllers and associated
communications infrastructure that collectively control ramp meters within the roadway network.

Vehicle: Provides the sensory, processing, storage, and communications functions necessary to support safe
vehicle travel on the roadway. Vehicles could provide vehicle identification, location, wiper system state, exterior
temperature, rain sensor status, sun sensor status, fog lamp status, and traction control state. As an actor,
Vehicle represents the common vehicle with specialized vehicles (e.g., Maintenance Vehicle) inheriting from
Vehicle.

Use Cases

Activate Appropriate Ramp Metering Plan: This use case activates a ramp metering plan for any ramp meter
in the roadway network that must have a new ramp metering plan.

Analyze Archived Probe Data and Generate New Ramp Metering Plans: This use case is responsible for
examining the archived probe data and determining ramp metering plans for each ramp meter in the roadway
network, for a specified time period.

Analyze Real Time Probe Data and Determine Appropriate Ramp Metering Plan: This use cases analyzes
probe data in real time and determines the most appropriate ramp metering plan for each ramp meter in the
roadway network.

Archive Probe Data: This use case is responsible for archiving VIl probe data for later analysis

Collect Vehicle Probe Data: This use case is responsible for communicating with the vehicle and collecting
vehicle probe data, including both snapshot and event probe data.

Determine Time-of-Day Times for Implementing Ramp Metering Plans: This use case is responsible for
examining the developed ramp metering plans and determining which times to set for automatic activation of
each plan for each ramp meter in the roadway network.

Fuse Data: This use case is responsible for fusing VII-provided data with data from other sources.

Provide Raw Probe Data: This use case is responsible for publishing probe data to subscribing VII Network
End Users.

Record Performance Measures: This use case is responsible for monitoring and storing performance
measurements of the Vll-enabled system.
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Store Ramp Metering Plans: This use case stores developed ramp metering plans within the ramp metering
system, as appropriate to the ramp metering system architecture.

Preconditions

All scenarios:

1. The TOC is subscribed to VII probe data including time, weather measurements, position, speed,
braking, traction control, anti-lock braking system and acceleration information for all equipped vehicles
in the geographic extent.

2. TOC has an up-to-date digital centerlines map by lane of the roadway network.
Main Flow of Events

1. The Probe Data Provider collects VIl probe data from vehicles.
The TOC receives VIl probe data from the Probe Data Provider.
The TOC archives VIl probe data.

The TOC fuses probe data with other mainline freeway, ramp and associated arterial data it has access
to.

L

5. The TOC analyzes the fused data set and determines appropriate ramp metering plans for each ramp
within the roadway network.

6. The TOC analyzes the fused data set to determine appropriate times for implementing stored ramp
metering plans for each ramp within the roadway network.

7. The TOC stores ramp metering plans for each time period in ramp metering controllers or the central
system (as appropriate for the ramp metering architecture) for each ramp meter in the roadway network.

8. The TOC records relevant performance data, comparing Vll-enabled ramp metering plans with those
create without the benefit of VII.

Alternate Scenario
1. The Probe Data Provider collects VIl probe data from vehicles.
2. The TOC receives VIl probe data.

3. The TOC analyzes real-time VII probe data and automatically selects the appropriate ramp metering
plan for current operations for each ramp.

4. The TOC selects and activates appropriate ramp metering plans.

(Asynchronous) The TOC records relevant performance data, comparing Vll-enabled system
performance with non-VII predicted performance.

Lifecycle Category
Operations
Performance Requirements
e TOC must be able to determine a new set of ramp metering parameters once every thirty seconds.
Non-Functional Requirements
e none
Supporting Capabilities

e The TOC must be connected to and able to remotely select ramp metering plans and download ramp
metering plans to ramp meter controllers.

e VIl data must be continuously available

e The TOC must have capacity for archiving VIl data
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« Provided VII probe data must be sufficient to determine vehicle trajectories through a ramp merge area,
and is sufficient to develop aggregated speed profiles between interchanges on a lane-by-lane basis.

Frequency & Conditions of Use
e Continuous during traffic management operations.

Notes
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Use Case Diagram
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Sequence Diagram (Main Flow)
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Purpose of Use Case

Modify signal timing to improve traffic flow and reduce congestion on signalized roadways based on VII data.

Description

Most of today’s traffic signal systems are first generation (stored pattern) systems in which signal timing plans
are developed off-line from data collected both automatically from roadside sensors and manually from direct
observation counts by observers at intersections. An appropriate plan is selected for operation from a library of
stored timing plans based on the current time-of-day, day-of-week, or other pre-determined criteria. More
advanced systems may use traffic responsive signal control (TRSP), where the appropriate plan is selected from
the library of stored plans based on current traffic conditions. Even more advanced signal control systems use
adaptive control algorithms to modify traffic signal operation using a traffic flow model.

At Day 1, VII will provide the ability to gather the information necessary to develop signal timing plans without
sending personnel or setting up new equipment at intersections, and when combined with other existing data
sets produce more effective timing plans for both isolated and coordinated signal systems. VII data will provide
detailed vehicle snapshots, including timestamp, vehicle position and speed, as well as the vehicle’s trajectory
through the intersection. Aggregated and derived data will include the flow profiles of instrumented vehicles
between intersections on a per-lane basis, and the percentage of turning vehicles. These data will be archived,
fused with other data from non-VII sources, and subsequently analyzed to generate new signal timing plans and
at which times to activate those plans to support time-of-day operations (the algorithms required to perform this
activity may require additional research to develop).

Additionally, VII data may be used to implement TRSP for sufficiently capable signal systems. TRSP
implementation will utilize the VI traffic flow data, but also utilize weather and traction data that can be provided
from Vll-equipped vehicles to select the timing plans that best support current traffic and road surface conditions.
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Finally, at Day 1 VII will incorporate a set of performance measurement tools, to automatically provide evaluation
of performance gains of Vll-affected systems. These tools will provide the feedback necessary to raise
awareness of VII's impact, report on the performance of Vll-enabled signal systems, and determine if additional
work is required to realize predicted goals.

In the future, as higher penetrations of OBU-equipped vehicles are realized, fully adaptive traffic signal control
can also be enabled. This might require deployment of new traffic signal control hardware, however, since most
of today’s traffic signal systems are not capable of adaptive control. In addition, it will require capturing
individual vehicle movements through and between intersections, not merely aggregations.

Definitions

General

Central Control System: A centralized computer system that manages signal controllers from a single location.
Digital Centerlines Map: A database of GIS-based link coordinates that collectively represent a lane-by-lane
map of the roadway network, including interchange and intersection geometry.

Field Master: A field device that controls multiple signal controllers, and that may report to a central computer
system.

Geographic Extent: The region for which the role (TOC, etc.) is active and/or responsible.

Roadway Network: The collection of roads over which the VIl use case applies.

Signal Controllers: The signal controllers connected to and controlled by the TOC.

Timing Plan: The selection of intersection offset, cycle length, phase sequence, split timings, operating mode
and phase parameters.

Vehicle Trajectory: The physical path of a vehicle through a defined geographic area, including lane(s) of travel
and all turning movements.

VII Network End Users: Represents the entire user community of VIl System data including both public and
private sector users. These are “right hand side” users, like TOCs and ISPs. It explicitly does not include
vehicles.

Actors

Probe Data Provider (PDP): The VII service that provides vehicle probe data to subscribing applications.
Traffic Operations Center (TOC): This role includes the management of all local, state and interstate
roadways, through the control of traffic signals, ramp meters, data collection equipment and data dissemination
equipment, and the maintenance of roadway status, including work zones, special events, scheduled and
unscheduled road closures and environmental conditions within the geographic extent.

Traffic Signal System: Combination of the central control system, field masters, traffic signal controllers and
associated communications infrastructure that collectively manage intersections within the roadway network.
Vehicle: Provides the sensory, processing, storage, and communications functions necessary to support safe
vehicle travel on the roadway. Vehicles could provide vehicle identification, location, wiper system state, exterior
temperature, rain sensor status, sun sensor status, fog lamp status, and traction control state. As an actor,
Vehicle represents the common vehicle with specialized vehicles (e.g., Maintenance Vehicle) inheriting from
Vehicle.

Use Cases

Activate Appropriate Timing Plan: This use case activates a signal timing plan for any signalized intersection
in the roadway network that must have a new timing plan.

Analyze Archived Probe Data and Generate New Signal Timing Plans: This use case is responsible for
examining the archived probe data and determining signal timing plans for each signalized intersection in the
roadway network, for a specified time period.

Analyze Real Time Probe Data and Determine Appropriate Timing Plan: This use cases analyzes probe
data in real time and determines the most appropriate timing plan for each signalized intersection in the roadway
network.

Archive Probe Data: This use case is responsible for archiving VIl probe data for later analysis

Collect Vehicle Probe Data: This use case is responsible for communicating with the vehicle and collecting
vehicle probe data, including both snapshot and event probe data.

Determine Time-of-Day Times for Implementing Signal Timing Plans: This use case is responsible for
examining the developed timing plans and determining which times to set for automatic activation of each timing
plan for each signalized intersection in the roadway network.

Fuse Data: This use case is responsible for fusing VII-provided data with data from other sources.
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Provide Raw Probe Data: This use case is responsible for publishing probe data to subscribing VII Network
End Users.

Record Performance Measures: This use case is responsible for monitoring and storing performance
measurements of the Vll-enabled system.

Store Signal Timing Plans: This use case stores developed timing plans within the traffic signal system, as
appropriate to the signal system architecture.

Preconditions

Main scenario:

1. The TOC is subscribed to VII probe data including time, position and speed for all equipped vehicles in
the geographic extent.

2. The TOC has an up-to-date digital centerlines map by lane of the roadway network.
Alternate Scenario

1. The Traffic signal system has a library of stored signal timing plans (either in controllers or the central
control system, as appropriate to the architecture) generated and ready-to-use for all signals in the
signal system, appropriate for all foreseeable traffic flow and weather conditions.

2. The TOC is subscribed to VIl probe data including time, weather measurements, position, speed,
braking, traction control, anti-lock braking system and acceleration information for all equipped vehicles
in the geographic extent.

Main Flow of Events

The Probe Data Provider collects VII probe data from vehicles.
The TOC receives VIl probe data from the Probe Data Provider.
The TOC archives VIl probe data.

The TOC fuses probe data with other data sets it has access to.

o > w N e

The TOC analyzes the fused data set and generates new signal timing plans for each intersection in the
roadway network.

6. The TOC analyzes the fused data set and determines appropriate times for implementing stored signal
timing plans at each signalized intersection in the roadway network.

7. The TOC stores signal timing plans and implementation criteria in signal controllers or central system
(as appropriate for signal system architecture) for each signalized intersection in the roadway network.

8. The TOC records relevant performance data, comparing the Vll-enabled signal timing plans with those
created without benefit of VII.

Alternate Scenario: Traffic Responsive
1. The Probe Data Provider collects VIl probe data from vehicles.
2. The TOC receives VIl probe data.

3. The TOC analyzes VIl probe data and automatically selects the appropriate timing plan for current
operations.

4. The TOC selects and activates appropriate timing plan for the affected coordinated signal system.

(Asynchronous) The TOC records relevant performance data, comparing Vll-enabled signal system
performance with non-VII predicted performance.

Lifecycle Category
Operations
Performance Requirements

« Pre-defined timing plans must be able to be selected and put in operation at three minute intervals.
(alternate scenario)
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Non-Functional Requirements
i none
Supporting Capabilities

e The TOC must be connected to and able to remotely select timing plans at coordinated traffic signals
and download signal timing plans to affected traffic signal controllers.

e VIl probe data must be continuously available

« Provided VIl speed and position probe data must be sufficient to determine vehicle trajectories through
an intersection, and is sufficient to develop aggregated speed profiles between intersections on a lane-
by-lane basis.

e The TOC must have capacity for archiving VIl probe data
Frequency & Conditions of Use
e Continuous during traffic management operations.

Notes
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Use Case Diagram
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Sequence Diagram (Main Flow)
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Purpose of Use Case

Improve the ability to plan transportation improvements for a transportation corridor as a whole.

Description

Like many traffic management activities, the transportation planning process uses traffic counts as one source of
information relevant to the disposition of new road development. Existing data gathering techniques are limited
to counting vehicles at predefined locations, and using surveys, interviews and estimations to predict trip origins
and destinations. VII has the potential to revolutionize this data gathering.

First, VII probe data can effectively provide travel times on roadways within the region, and from travel time data
produce an estimation of volume/capacity. (Comprehensive count data will not be possible until full penetration)

Second, with an opt-in application VII will provide origin, destination and vehicle type information to planners,
eliminating the guesswork of current modeling, and improving forecasting.

To ensure positive benefit to the planning process in the VII environment, VII will provide a set of performance
measurement tools that will be used to provide a measure of performance improvement with VII and detect
areas where additional work may need to be done.

Definitions

General

Roadway Network: The collection of roads over which the VIl use case applies.

Transportation Corridor: The roadway network that provide for the conveyance of vehicles throughout a
region, typically between urban centers.

VII Network End Users: Represents the entire user community of VII System data including both public and
private sector users. These are “right hand side” users, like TOCs and ISPs. It explicitly does not include
vehicles.

Actors
VII National Working Group Document
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Application Manager: Management of application installation and communications.

Digital Centerlines Map: A database of GIS-based link coordinates that collectively represent a lane-by-lane
map of the roadway network, including interchange and intersection geometry.

Planning Entity: This is the role responsible for management of the transportation planning process. Entities
fulfilling this role may include state and local agencies responsible for planning transportation improvements
within their areas of responsibility.

Probe Data Provider (PDP): The VIl service that provides vehicle probe data to subscribing applications.
Vehicle: Provides the sensory, processing, storage, and communications functions necessary to support safe
vehicle travel on the roadway. Vehicles could provide vehicle identification, location, wiper system state, exterior
temperature, rain sensor status, sun sensor status, fog lamp status, and traction control state. As an actor,
Vehicle represents the common vehicle with specialized vehicles (e.g., Maintenance Vehicle) inheriting from
Vehicle.

Use Cases

Analyze Archived Probe Data and Generate Input Data for Planning Process: This use case is responsible
for examining the archived probe and opt-in data and producing the types of information that are useful for the
planning process, including origin/destination, counts, and roadway performance metrics.

Archive Opt-In Information: This use case is responsible for archiving opt-in application information for later
analysis.

Archive Probe Data: This use case is responsible for archiving VIl probe data for later analysis.

Collect Vehicle Probe Data: This use case is responsible for communicating with the vehicle and collecting
vehicle probe data, including both snapshot and event probe data.

Collect Vehicle Origins and Destinations: This use case is responsible for communicating with the vehicle ,
determining and collecting the origin and destination information from the vehicle for each vehicle trip, and
providing the information to the subscribing application.

Provide Raw Probe Data: This use case is responsible for publishing probe data to subscribing VII Network
End Users.

Provide Vehicle Origin and Destination Information to Planning Entity: This use case is responsible for
accepting the opt-in application origin and destination information through the VII network, and making it
available to the planning entity for archival.

Record Performance Measures: This use case is responsible for monitoring and storing performance
measurements of the Vll-enabled system.

Preconditions

All scenarios:

1. The Planning Entity is subscribed to VII probe data including location and speed for all equipped
vehicles in the geographic extent.

2. The Planning Entity has an up-to-date digital centerlines map by lane of the roadway network.
Alternate Scenario

1. Vehicles opt-in to the OD Application.

2. Vehicles enable the OD Application and the Planning Entity is subscribed to the OD Application.
Main Flow of Events

1. The Probe Data Provider collects VIl probe data from vehicles.

2. The Planning Entity receives VIl probe data from the Probe Data Provider
3. The Planning Entity archives VIl probe data.
4

(Asynchronous) The Planning Entity analyzes archived VII probe data and uses this data to provide
input to the planning process.

5. (Asynchronous) The Planning Entity records relevant performance data, quantifying the impact of VIl on
the planning process.

Alternate Scenario: OD Application

1. The Probe Data Provider collects VIl probe data from vehicles.
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The Application Manager receives Origin/Destination information from participating vehicles.
The Planning Entity receives VIl probe data from the Probe Data Provider

The Planning Entity receives Origin/Destination information from the Application Manager.
The Planning Entity archives VIl probe data.

The Planning Entity archives Origin/Destination information.

N o ok~ Db

(Asynchronous) The Planning Entity analyzes archived VII probe data and Origin/Destination information
and uses this data to provide input to the planning process.

8. (Asynchronous) The Planning Entity records relevant performance data, quantifying the impact of VIl on
the planning process.

Lifecycle Category
Operations
Performance Requirements
Non-Functional Requirements
e none
Supporting Capabilities
e VIl probe data must be continuously available
« VIl Probe data is sufficient to determine both travel times and speed profiles along links.

< An Origin/Destination log and transmission application must run on participating vehicles, and a
corresponding application at the Planning Entity must be equipped to handle the provided information.

Frequency & Conditions of Use
e Continuous data collection. Asynchronous analysis..

Notes
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Sequence Diagram (Main Flow)

Vehicle Probe Dagka Provider Planniné Entity

VIl Probe Data

VIl Probe Data

SRR S

SR 4

Sequence Diagram (Alternate Flow)

Vehicle Application Manager W Plannins Entit

VIl Probe Data

VIl Probe Data

Origin/Destination Data

Y

Origin/Destination Data

R I S

U SUU SO

VII National Working Group Document

Corridor Management Planning Assistance Daylc.doc, Page 5 of 5



VIl National Working Group

Use Case Number: Name of document Page
PD-22.c-2 CORRIDOR MANAGEMENT LOAD BALANCING (DAY 1) lof7
(Originator: (name. company, phone) Date
Tom Lusco, Iteris, 703-925-3808 2006-04-21
Subject [Template version

003

PD-22.c-2 — Traffic Management: Corridor Management
Load Balancing (Day 1)

Owned by
UsSDOT

Revision History

Version Date Description Responsible Approved by

001 2006-02-23 Initial Draft Tom Lusco

Draft modified after initial round of e-mail comments,

002 2006-02-27 updated with use case and actor definitions Tom Lusco
003 2006-04-06 Draft modified after public comment Tom Lusco
004 2006-04-21 Draft modified to require pre-determined management Tom Lusco

plans

Purpose of Use Case

Provide load-balancing tools to regional transportation networks to facilitate an increase in overall throughput.

Description

With the ability to monitor traffic throughout a transportation corridor promised by VII, it becomes possible to
view in real-time the loading of transportation resources over a transportation corridor, including roadways
managed by different agencies that traditionally do not have information sharing capabilities. As a result of this
extensive monitoring capability, corridor management strategies may be implemented by the agencies involved
to balance the network and make best use of available resources. This will in most cases require policy
decisions and interagency agreements whose scope is outside the domain of the VIl initiative.

At Day 1, VII will provide a uniform set of management tools, independent of existing management tools, to all
agencies in a transportation corridor. VII probe data will provide detailed vehicle snapshots, including
timestamp, vehicle position, speed, braking and acceleration information, which can be fused with existing data
sources and archived for post-processing analysis. From this data, agencies can determine at any previous time
the transportation network conditions throughout the corridor, including travel times, speeds, and potentially
hazardous conditions. By comparing conditions at multiple instances over time, agencies can then develop
comprehensive corridor management load balancing plans to best utilize the roadway network, including to:

e Utilize their existing traffic management systems including Traffic Signal Systems, Ramp Metering
Systems and Lane Control Systems to directly affect freeway and arterial performance, and

e Utilize their traveler information resources, including the VII network, Highway Advisory Radio, Dynamic
Message Signs, 511 and commercial outlets to provide routing suggestions during and pre-trip to
travelers, to provide them with information that allows them to make decisions which will benefit overall
transportation network performance, and
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e Provide routing suggestions to private Information Service Providers designed to empower travelers to
make decisions that will benefit both their trips and the performance of the overall transportation
network.

Further, VII data can be used to generate a real-time map of the transportation network conditions and loading,
including layers indicating speeds, travel times and potentially hazardous conditions. This real-time data can
then be used to predict future conditions, and select from the pre-defined load balancing plans the one that will
best balance the corridor’s traffic.

In the future, as higher penetrations of VII-equipped vehicles are realized, fully adaptive load-balancing can also
be enabled, allowing the real-time generation of load balancing strategies to best utilize the roadway network.
However, as significant research and high penetration of VII-equipped vehicles would be required, this
functionality is not included as part of the Corridor Management: Load Balancing Day-1 use case.

To ensure the improvement of traffic loading in the VII environment, VII will provide a set of performance
measurement tools that will be used to monitor roadway corridor performance, provide a measure of
performance improvement with VIl and detect areas where additional work may need to be done.

Definitions

General

Digital Centerlines Map: A database of GIS-based link coordinates that collectively represent a lane-by-lane
map of the roadway network, including interchange and intersection geometry.

Geographic Extent: The region for which the role (TOC, etc.) is active and/or responsible.

Load Balancing Plan: A collection of signal timing plans, ramp metering plans, lane control plans, and traveler
information suggestions to be disseminated by HAR, DMS, 511 and VIl that are focused toward rebalancing the
roadway network based upon a set of traffic and roadway conditions.

Roadway Network: The collection of roads over which the VII use case applies.

Transportation Corridor: The roadway network that provide for the conveyance of vehicles throughout a
region, typically between urban centers.

VII Network End Users: Represents the entire user community of VII System data including both public and
private sector users. These are “right hand side” users, like TOCs and ISPs. It explicitly does not include
vehicles.

Actors

511: 511 Information Services

DMS: Dynamic Message Sign.

HAR: Highway Advisory Radio.

Information Service Provider (ISP): Public or private specialized traveler information service providers that
receive data from the TOC, Clarus and other private services and provide value-added information to travelers.
Probe Data Provider (PDP): The VII service that provides vehicle probe data to subscribing applications.
Public Data Disseminator (PDD): The VII service that disseminates public end user information, advisories and
alerts to multiple vehicles.

Lane Control System: Combination of the central control system and field controllers that control lane control
signals.

Ramp Meter System: Combination of the central control system and ramp meter controllers that collectively
control ramp meters within the roadway network.

Traffic Operations Center (TOC): This role includes the management of all local, state and interstate
roadways, through the control of traffic signals, ramp meters, data collection equipment and data dissemination
equipment, and the maintenance of roadway status, including work zones, special events, scheduled and
unscheduled road closures and environmental conditions within the geographic extent.

Traffic Signal System: Combination of the central control system, field masters and traffic signal controllers that
collectively manage intersections within the roadway network.

Vehicle: Provides the sensory, processing, storage, and communications functions necessary to support safe
vehicle travel on the roadway. Vehicles could provide vehicle identification, location, wiper system state, exterior
temperature, rain sensor status, sun sensor status, fog lamp status, and traction control state. As an actor,
Vehicle represents the common vehicle with specialized vehicles (e.g., Maintenance Vehicle) inheriting from
Vehicle.
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Use Cases

Archive Fused Data: This use case is responsible for archiving fused roadway for later analysis.

Collect Vehicle Probe Data: This use case is responsible for communicating with the vehicle and collecting
vehicle probe data.

Develop Routing Plans: This use case is responsible for examining roadway network performance over a
period of time, and generating a new load balancing plan that will best manage the roadway network.
Determine Routing Strategy: This use case is responsible for examining the current roadway network status,
and selecting from the library of load balancing plans the plan that will best balance the roadway network.
Determine Travel Times and Roadway Conditions: This use case is responsible for developing a geo-coded
database of travel times and roadway conditions for all roads within the roadway network.

Disseminate Geographically Focused Routing Suggestions: This use case is responsible for communicating
TOC-suggested route suggestions from the VII Network to vehicles within the range where such information
would be relevant.

Fuse Data: This use case is responsible for fusing VII-provided data with data from other sources.

Modify Lane Controls: This use case is responsible for modifying the state of lane control signals to implement
the routing strategy.

Modify Ramp Metering Plans: Modify the ramp metering plans of ramp meters within the corridor to implement
the routing strategy.

Modify Signal Timing: Modify the signal timing plans of traffic signals within the corridor to implement the
routing strategy.

Predict Roadway Conditions: This use case is responsible for developing a prediction of the roadway network
some finite time in the future, to provide a guide for determining how to reroute the network.

Provide Raw Probe Data: This use case is responsible for publishing probe data to subscribing VII Network
End Users.

Provide Routing Suggestions: This use case is responsible for publishing TOC suggested routes through field
devices, to the VII network and to other VII Network End Users.

Record Performance Measures: This use case is responsible for monitoring and storing performance
measurements of the Vll-enabled system.

Store Load Balancing Plans: This use case is responsible for storing load balancing plans and the roadway
conditions that prompted those plans.

Preconditions
All scenarios:
1. The TOC is subscribed to vehicle probe data from the Probe Data Provider for the roadway network.

2. The TOC has an up-to-date digital centerline map of the roadway network throughout the geographic
extent that is sufficient to geo-locate events.

3. The Probe Data Provider collects and provides probe data to VIl Network End Users throughout the
roadway network. This data includes vehicle location and speed for each equipped vehicle provided at
minimum once per minute.

4. Vehicles are transmitting probe vehicle data to the Probe Data Provider.
Alternate Scenario:

5. The TOC has a library of load balancing plans, including signal timing, ramp metering, lane control and
routing messages developed for a variety of corridor-wide traffic conditions.

6. The TOC has a library of corridor performance maps, describing roadway network performance in terms
of travel times, speeds, and potentially hazardous conditions, and has these maps linked to indicate the
typical transitions of roadway network performance in the corridor.

Main Flow of Events
1. The Probe Data Provider collects VIl probe data from vehicles.
2. The TOC receives VIl probe data from the Probe Data Provider.

3. The TOC fuses probe data with any other roadway condition data it has access to and archives that
fused data for later analysis.
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(Asynchronously) The TOC develops a map of the state of the roadway network for a selected time
period, including travel times, speeds and potentially hazardous conditions.

(Asynchronously) The TOC develops a map of the state of the roadway a short time later from the initial
map, including travel times, speeds and potentially hazardous conditions.

(Asynchronously) The TOC compares the change in roadway performance, and determines how to
rebalance the roadway network in the initial time period to best optimize roadway performance, and
determines a load balancing plan to support this strategy.

(Asynchronously ) The TOC stores the load balancing plan and the pair of roadway network condition
maps.

Alternate Flow (Real-time Load Balancing)

1.
2.
3.

The Probe Data Provider collects VII probe data from vehicles.
The TOC receives VIl probe data from the Probe Data Provider

The TOC fuses probe data with any other roadway condition data it has access to and develops a real-
time map of the current state of the roadway network, including travel times, speeds and potentially
hazardous conditions.

The TOC predicts the future state of the roadway network, based on current conditions, using the stored
library of corridor performance maps as a guide.

The TOC determines how to rebalance the roadway network, selecting from its library of load balancing
plans the one that will best balance the network.

The TOC implements the routing strategy specified in the load balancing plan, modifying signal timing,
ramp metering, lane control as appropriate.

The TOC disseminates routing suggestions to 511, DMS, HAR, ISPs and the VII Network.

The Public Data Disseminator disseminates rerouting suggestions to vehicles within geographic areas
relevant to those suggestions.

(Asynchronous) The TOC records relevant performance data, quantifying the performance improvement
of the roadway network, if necessary noting if a new load balancing plan may need to be developed.

Lifecycle Category

Operations

Performance Requirements

Non-Functional Requirements

none

Supporting Capabilities

The TOC may have access to additional sources of roadway data. If so, this information must be made
available for data fusion and inclusion in the load balancing process.

VII probe data must be continuously available
VIl Probe data is sufficient to determine both travel times and speed profiles.

VII Probe data is available and comprehensive for all freeways, as well as all arterials with speed limits
of 25 mph or greater within the roadway network.

Frequency & Conditions of Use

Notes

Continuous during traffic management operations.
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Use Case Diagram
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Sequence Diagram (Main Flow)
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Sequence Diagram (Alternate Flow)
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Purpose of Use Case:

The purpose of this use case is to describe the operations associated with Winter Maintenance Operations
for different modes of surface transportation. The Main Flow of Events is the case where the national Clarus
system and ISP(s) are not available. The Alternate Scenario covers the case where Clarus and one or more
ISPs are augmenting the Winter Maintenance operations. The main object of this use case is to provide
additional environmental and surface condition information to the management function responsible for
winter maintenance.

The goals of this VII Day 1 Application are to:

1. Obtain information on the state of the transportation surface (including pavement surface/rail
condition, traffic volume and speed) through the collection and analysis of data from multiple vehicle
sensors,

2. Process the collected data through Clarus (if available — see alternate scenario below) and
subsequently through a Maintenance Decision Support System (MDSS) that has been customized
for the applicable routes, and

3. Provide real-time information on the state of the surface to roadway/railway maintenance managers.

4. Provide more accurate predictions of surface conditions (e.g., wet, icy, chemical concentration)
including road, transit, and rail segment-specific treatment recommendations to both maintenance
managers and fleet maintenance vehicle operators.

Description

This Winter Maintenance use case assumes that there is some sort of winter maintenance decision system
(e.g., Maintenance Decision Support System (MDSS)) that can be fed current and forecasted environmental
conditions and yield a picture of winter maintenance operations and current scheduling of maintenance
vehicles. Currently, the MDSS prototype collects weather observations from National Weather Service
(NWS) sensors that are located primarily at airports across the nation. The MDSS also ingests data from
State DOT operated Environmental Sensor Stations (ESS) that are deployed along many primary and
secondary roads. While these observations provide an approximation of the near surface weather conditions,
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very little is known about the actual state of the pavement surface; arguably the single most important
parameter in determining safe travel speed and it is difficult to predict. Other maintenance decision systems

may be used instead of the MDSS.

Data from VII vehicle probes and sensors will be collected by Clarus (if available) and subsequently sent for
analysis to the Maintenance Management System (MMS) which contains a MDSS or equivalent and could
be handled by a TOC (Transportation Operations Center), as found in Table 1 below. Table 1 is a list of
possible Maintenance Vehicle probe information and its derived information that could be utilized for winter
maintenance. A subset of the data types found in Table 1 can be collected from general vehicles. Once
collected, the data will be quality controlled to remove significant outliers or known biases as well as
aggregated by the WDT (Weather Data Translator) and subsequently stored by the Clarus system, if
available. The observations will then be further aggregated and associated with specific road, transit, and rail

segments and locations.

Table 1. Summary of Possible VIl Probe Maintenance Vehicle Data and its Derived Information

Onboard Vehicle Sensor

Derived Information

Date Time Stamp

Timeframe

GPS vehicle location

Vehicle location, altitude and direction of travel

Vehicle speed

Traffic data/implied surface conditions

Wiper system state

Precipitation detection

Exterior air temperature

Estimated ambient air temperature

Infrared temperature sensor

Estimate of pavement surface temperature for non-
snow covered pavement

Plow blade position

Surface treatment information

Chemical type selection

Type of chemical applied

Chemical application

If a chemical is being applied

Chemical application rate

Amount of chemical applied

Antilock brake status (ABS)

Pavement surface state (friction coefficient)

Traction control status (TCS)

Pavement surface state

Vehicle stability control

Pavement surface state (friction coefficient, snow
accumulation.

Steering inputs

Pavement surface state (friction coefficient, snow
accumulation.

Steering inputs & accelerometer outputs

Deduced vehicle skid

Steering inputs with/without accelerometer outputs

Snow accumulation on road

Heater/defroster state

Nature of precipitation, visibility index, etc.

Window washer state

Visibility index, road in chemically wet condition, etc.

Although. it would also be beneficial to know what lane is being treated with chemicals, the initial Day 1 VII
applications will most likely not have the GPS accuracy available for lane determination. While it might be
desirable to get status of systems such as the vehicle stability control, this may be difficult due to the
proprietary nature of these systems. Sensor inputs used by the systems, such as some of the others ones
listed above might be easier to obtain access to. In addition, there could be more information "mined" from
the raw sensor data for this application which would be of no interest to the vehicle's onboard stability control
system (rates, history, etc.). Determination of, for example, wheel slip, tire forces, accelerations and yaw
would be extremely useful in determining surface conditions. In order to further winter maintenance
operations, continued coordination with the vehicle OEMs is required.

Following the collection of the vehicle sensor data from VII, the subsequent preprocessing by the WDT and
the optional processing by Clarus, the data can be incorporated into the MDSS Road Condition and
Treatment Module (RCTM) or equivalent that contains a model for road temperature prediction and

algorithms for snow accumulation, pavement chemical concentration and treatment recommendations. In

addition, vehicle ABS, TCS and stability sensors will be used to evaluate the friction of the road surface. The
application(s) will be enhanced to provide highly specific treatment recommendations as well as provide new
informational messages to be used en route by the vehicle operators, possibly communicated through the VII
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network. Some example phrases for transmission to onboard maintenance vehicle displays might include
those in Table 2:

Table 2. Examples of Mobility Phrases and Treatment Phrases
Examples of Mobility Phrases

Good Mobility (green)

Reduced Mobility Ahead (yellow)

Caution! Slippery Road Surface (orange)
Danger! Very Slippery Road Surface (red)

Examples of Treatment Phrases
Reduce NaCl to 100 Ibs/lane mile
Increase NaCl to 250 Ibs/lane mile
Recommend Anti-Icing Operations
Recommend Plow Only Operations

Output from the MDSS can be routed to two primary user groups:

1. State DOT winter maintenance facilities: State DOTs will be able to receive route and segment-
specific surface condition analyses and forecasts as well as treatment and maintenance
recommendations based on the accumulated probe data and weather forecast information.

2. Maintenance vehicle onboard displays: Maintenance personnel (both in plow trucks, general
maintenance vehicles and in supervisory vehicles) will benefit from receiving quality checked
information on the mobility of the road or rail surface at their present location as well as on their
current projected route. As the state of the roadway and railway mobility changes, the phrases on
the onboard display change color alerting the driver/operator that mobility conditions may be
changing or significantly degraded on the current route. In addition, changes in treatment
recommendations can be delivered simultaneously to both the plow operator and the maintenance
supervisor. This alert function could allow sufficient time for speeds to be changed and/or treatments
to be augmented to accommodate changing conditions providing an added element of safety.

Note: This use case does not show traveler alerts for Caution and Danger from road surface conditions.
The Weather Information: Traveler Notification with Clarus (PD-20.a) and Weather Information: Traveler
Notification without Clarus (PD-20.b) use cases contain the functionality of traveler notification.

Definitions

General

Dedicated Short Range Communications (DSRC).

Environmental Conditions — all atmospheric and planetary boundary layer conditions including weather,
state of the surface (e.g., black ice) as well as chemical concentrations or dust in the atmosphere and on the
surface.

Maintenance Decision Support System (MDSS) - part of the MMS.

National Oceanic and Atmospheric Administration (NOAA).

National Weather Service (NWS) - administered by NOAA.

On-Board Equipment (OBE) - the transceiver (OBU), gateway and computer platform hosting the VII
services in the vehicle. May include multiple transceivers; e.g., DSRC, 802.11x, cellular, etc.

On-Board Unit (OBU) - DSRC transceiver.

Probe Event Data (PED) — represents the messages that are sent from the vehicle to the RSE and into the
VII network to end users that are triggered on some change in the vehicles characteristics (e.g., air bag is
deployed).

Provider Service Table (PST) — advertises in the beacon message functions the RSE and/or OBE supports.
Road Condition and Treatment Module (RCTM) - within an MDSS.

Roadside Equipment (RSE) - the transceiver (RSU), network and any computer system supporting the
services of the VII application.

Roadside Unit (RSU) - DSRC transceiver.

Road Weather Information System (RWIS).

Transportation Operations Center (TOC) — general operations center that impacts transportation (e.g.,
traffic, transit, emergency management, traveler information, etc.) The TOC may contain a MMS with MDSS
to handle winter maintenance responsibilities and non-winter maintenance of the transportation surface.
Vehicle Probe Data (VPD) — represents the standard message from the vehicle to the RSE and into the VII
network to end users containing data elements for a set of current sensor or status values in the vehicle.
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The Vehicle Probe Data messages may be queued in the vehicle and transmitted as a group when in the
vicinity of a RSE.

VII Network End Users - represents the entire end user community of VII System data including both public
and private sector users. VII Network End Users is the most encompassing term for end users in the VII
network environment. Specific end users like TOCs, and Clarus fall within this category.

Weather Data Translator (WDT) — responsible for collecting the vehicle probe data and vehicle event data,
performing data quality checking and generating environmental observation data (e.qg., grids, geo-referenced
observations, etc) for consumption by TOCs and/or Clarus.

Weather Information — information about environmental conditions that affect the surface transportation
network. Weather information covers the condition of the surface itself (e.g., icy roads) as well as
atmospheric conditions (e.g., rain, hailstorm, and freezing temperatures) that affect travel or safety.

Actors

Clarus - a data management system for sharing, quality controlling, and exchanging near-surface
environmental data and relevant surface transportation conditions.

Environmental Sensor Station (ESS) — Field device that monitors and controls pavement sensors, weather
stations, air quality monitors and other equipment to monitor and respond to environmental conditions. The
ESS equipment may be fixed, portable or even mobile.

Information Service Provider (ISP) — public or private service provider which could specialize in weather
information that receives data from the Clarus System and provide value-added weather and surface
transportation data integration and interpretation back to the vehicle. The ISP can have numerous
dissemination channels (e.g., website, 511 and cell phones)

Maintenance Management System (MMS) — the maintenance management system is responsible for
roadway, rail, transit and other surface transportation maintenance. The MMS monitors and manages
infrastructure maintenance activities. Representing both public agencies and private contractors that provide
these functions, the MMS manages fleets of maintenance vehicles (e.g., pothole repair vehicles). The MMS
receives a wide range of status information from these vehicles and performs vehicle dispatch, routing, and
resource management for the vehicle fleets and associated equipment. The MMS manages the repair and
maintenance of both non-ITS and ITS equipment including the traffic controllers, detectors, dynamic
message signs, signals, and other equipment associated with the transportation infrastructure. Maintenance
activities are tracked and coordinated with other systems, improving the quality and accuracy of information
available regarding closures and other transportation maintenance activities. The MMS can include a
Maintenance Decision Support System (MDSS).

Maintenance Vehicle - provides the sensory, processing, storage, and communications functions necessary
to support highway/transit maintenance. All types of maintenance vehicles are covered, including heavy
equipment and supervisory vehicles. A wide range of operational status is monitored, measured, and made
available, depending on the specific type of vehicle or equipment. For example, for a snowplow, the
information would include whether the plow is up or down and material usage information. The Maintenance
Vehicle may also contain capabilities to monitor vehicle systems to support maintenance of the vehicle itself
and other sensors that monitor environmental conditions including the road condition and surface weather
information. The Maintenance Vehicle can represent a diverse set of mobile environmental sensing
platforms, including wheeled vehicles and any other vehicle that collects and reports environmental
information. Maintenance Vehicles could provide vehicle identification, location, wiper system state, exterior
temperature, rain sensor status, sun sensor status, fog lamp status, pavement temperature and traction
control, ABS state and stability sensors. The Maintenance Vehicle inherits from the Fleet Specialized
Vehicle Actor.

Probe Data Provider (PDP) - collects vehicle measurement data from the various vehicle actors. This could
be the roadside collection units or a secondary aggregated collection unit.

Surface Condition Equipment (SCE) — equipment to detect the state of the surface (e.g., pavement and rail
bed), may be embedded in the surface or along the roadside/wayside (e.g., cameras).

Surface Treatment System (STS) - automated system that monitor and mitigate adverse road and surface
weather conditions (e.g., bridge treatment sprayers).

Transportation Operations Center (TOC) — general operations center that impacts transportation (e.g.,
traffic, transit, emergency management, traveler information, etc.) The TOC may contain a MMS with MDSS
to handle winter maintenance responsibilities and non-winter maintenance of the transportation surface.
Vehicle - provides the sensory, processing, storage, and communications functions necessary to support
safe vehicle travel on the transportation surface. Vehicles could provide location, wiper system state,
exterior temperature, ice road conditions, rain sensor status, sun sensor status, fog lamp status, traction
control, ABS state and stability control sensors data. As an actor, Vehicle represents the common
autonomous vehicle with Fleet Specialized Vehicle inheriting from Vehicle and Maintenance Vehicle
inheriting from Fleet Specialized Vehicle.

Weather Data Translator (WDT) — responsible for collecting the vehicle probe data and vehicle event data
then generating geo-referenced environmental observation data for consumption by TOCs and/or Clarus.
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Weather Enterprise — this represents the community of researchers in the academic sector, public sector
research organizations (e.g., NOAA) and the privately-funded research sector.

Use Cases

Collect ESS Data — this use case is responsible for collecting ESS data on a local and regional basis
typically those ESS that are connected to a TOC or equivalent.

Collect General Vehicle Probe Data — this use case is responsible for subscribing to the data from the
vehicle including general vehicle probe data as well as asynchronous probe event data.

Collect Maintenance Vehicle Probe Data - this use case is responsible for communicating with
maintenance vehicles specially equipped with additional environmental sensors that are not typical on
general vehicles. It will collect the maintenance vehicle probe data as well as probe event data in order for it
to be processed by the MMS.

Collect Surface Condition Data — this use case is responsible for collecting surface condition data (e.g.,
camera images) on a local and regional basis typically those SCE that are connected to a TOC or equivalent.
Command Surface Systems for Treatment — this use case forwards the command from the MMS to the
STS with regard to treating surfaces such as bridges

Coordinate Weather Enterprise/Clarus Data Transfer — this use case coordinates the bidirectional transfer
of weather information between the Weather Enterprise and Clarus.

Disseminate Recommended Routes and Treatment to the Maintenance Vehicle — this use case sends
the route and treatment recommendations to the maintenance vehicle from the MMS.

Monitor Surface Treatment System — this use case monitors the status of the STS for supply level and
frequency of actuation.

Provide ESS and Surface Condition Data— this use case is responsible for aggregating the collected ESS
and surface condition data by the TOC to other systems.

Provide Translated VII Data to Weather Observations — this use case provides the translated VIl data
from the WDT to VII Network End Users. The translated data is in the form of weather observations and
probe events and is not required to be transferred over the VII network.

Provide Traffic Conditions — this use case provides current traffic conditions to the MMS in order to make
appropriate winter maintenance decisions.

Provide Value-added Weather Data — this use case provides the aggregated and filtered weather data from
an ISP to the MMS.

Provide Vehicle Probe Data — this use case is responsible for publishing the probe data to subscribing VII
Network End Users.

Provide Weather Enterprise Data to WDT — this use case provides weather data to the Weather Data
Translator that supports the WDT quality control checking and aggregation processes.

Provide Weather Enterprise Value-added Weather Data — this use case provides the quality controlled,
aggregated and filtered weather data from the Weather Enterprise to ISPs.

Provide Winter Maintenance Vehicle Status to MMS — this use case provides feedback status from the
Maintenance Vehicle to the MMS with regard to the routes treated and/or plowed.

Query Clarus Weather Data — this use case allows VII Network End Users to query the Clarus system in
order to retrieve the various data collected and quality controlled by Clarus.

Preconditions:

1. Many vehicles are transmitting stored probe vehicle data to RSEs.

2. Fleet specialized vehicles contain an application to provide specialized sensor data to RSEs.

3. The WDT receives weather data from the Weather Enterprise in support of its quality control and
aggregation processes.

4. The WDT collects data from Probe Data Providers. This data includes vehicle location, date/time
stamp, wiper system state, external air temperature, vehicle handling events (ABS, traction control,
etc.) for each equipped vehicle in the region, provided at a minimum of once per minute.

5. The WDT converts, aggregates and provides probe data to VII Network End Users throughout the

geographic extent.

The MMS is subscribed to quality checked, aggregated vehicle probe data from the WDT within a

geographic extent.

The TOC collects environmental condition data from its ESSs within a geographic extent.

The TOC collects surface condition data (e.g., pavement temperature) within a geographic extent.

The MMS collects STS data within a geographic extent.

0. Maintenance Vehicles are OBE-equipped and configured to provide general probe vehicle data,
triggered probe event data and custom probe maintenance vehicle information, including: plow blade
position, chemical type selection, chemical application, chemical application rate, road treatment
information, type of chemical being applied, if a chemical is still being applied, amount of chemical

o

Ho©o~N
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11.

applied, and which lane chemical is being applied. This will most likely be a custom application
between the maintenance vehicles and the MMS or equivalent.

The MMS has a MDSS (or equivalent system performing maintenance decision support) as part of
its operations.

Alternate Scenario 1 (with Clarus and ISP):

12.
13.

14.

Clarus collects non-vehicle-originating weather data from ISP(s) within a geographic extent.
Clarus receives non-vehicle-originating weather data from the Weather Enterprise within a
geographic extent.

ISP(s) collect weather-related information from Clarus and the Weather Enterprise and provide the
value-added data to the MMS.

Main Flow of Events

1.

2.

3.

The MMS processes the collected, quality checked and aggregated general vehicle probe data and
the maintenance vehicle probe data that is received from the WDT.

The MMS processes the collected ESS, surface condition and traffic condition data received from
the TOC.

The MMS processes STS data along with the TOC data and vehicle probe data within its MDSS
resulting in predictions of surface conditions and surface segment-specific treatment
recommendations.

The MMS disseminates to the maintenance vehicles recommended routes and treatments.

The maintenance vehicle, based on the information received by its OBE, determines what messages
are displayed to the driver.

The MMS, based on the results from the MDSS, commands STS to treat targeted segments of
roadways or other transportation surface infrastructure.

The MMS keeps track of the transportation surface infrastructure that have been treated and/or
plowed.

Alternate Scenario (with Clarus and ISP)

1.

2.
3.
4

10.

Clarus is sent the collected, quality controlled, aggregated and georeferenced probe vehicle data
and probe maintenance vehicle data from the WDT.

Clarus performs quality control checking on the collected data.

Clarus provides the processed weather data when ISP(s) query for it.

The ISP determines the geographic areas and corresponding surface segments of changing or
potentially hazardous weather conditions, and provides this information to the MMS.

The MMS processes the received weather data from the ISP and directly from Clarus.

The MMS processes the information derived from Clarus through the ISP along with the TOC data
and vehicle probe data within its MDSS resulting in more accurate predictions of surface conditions
and recommended surface segment-specific treatment recommendations.

The MMS disseminates to the maintenance vehicles recommended routes and treatments.

The maintenance vehicle, based on the information received by its OBE, determines what messages
are displayed to the driver.

The MMS, based on the results from the MDSS, commands STS to treat targeted segments of
roadways or other transportation surface infrastructure.

The MMS keeps track of the transportation surface infrastructure that have been treated and/or
plowed.

Lifecycle Category
Operations

Performance Requirements

Vehicle weather-related probe data will conform to the following accuracy requirements:

0 Location accuracy within 2 meters

o Elevation accuracy within 10 meters

0 Temporal accuracy within 60 seconds

o0 External air temperature accuracy is dependent on sensor specifications. An example of a
sensor reading is within 2 degrees F +/- 1 degree for temperature ranges of 14 Degrees to
185 degrees F. Lower temp range below 14 degrees will have a lower level of accuracy

0 Surface temperature accuracy is dependent on sensor specifications
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e Perform analysis and produce instructions and recommendations every 15 minutes.

Non-Functional Requirements
Supporting Capabilities

Frequency and Conditions of Use
This application is continuously available to all equipped maintenance vehicles

Notes

In the future, since one of the goals is to collect a number of probe datasets which include the ability to
determine surface condition, the addition of a dedicated friction measurement sensor would be superior to
anti-lock brake state or vehicle traction control to collect data necessary to make this determination.

Communication to the maintenance vehicle may be better served through other means than the VII network.
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[Use Case Number: Name of document Page

PD-22.e TRAFFIC MANAGEMENT: POTHOLE MAINTENANCE (DAY 1) |1 (6)

Originator: (name. company, phone) Date

Jeff Brummond, Iteris, 703-925-3813, jab@iteris.com 2006-02-13
[Subject [Template version

Selected Top Priority Use Case 003

PD-22.e — Traffic Management: Pothole Maintenance
(Day 1)

Owned by: Vil National Working Group, Use Case Subcommittee

Revision History:

Version Date Description Responsible Approved by
February 13, Split out pothole maintenance separate from Winter
001 200%/ Maintenance based on input from US DOT Brummond
February 27, Updated based on US DOT comments and VII-Clarus
002 008 Workshop held 2/22-23/2006 Brummond
Incorporated the Clarus VII Use Case Task Force
) Comments based on US DOT meeting held on Brummond
003 April 5, 2006 3/27/2008, Incorporated comments received from
AASHTO
Reference:

Use Case “Top Ten” List dated 10/27/2005

Purpose of Use Case:
The goals of this VIl Day 1 Application are to:
1. Obtain information on the state of the road surface (including pavement condition, potholes, traffic
volume and speed) through the collection and analysis of data from multiple vehicle sensors,
2. Process the collected data through a system that analyzes potential pothole or rough road locations
and severity, and
3. Provide recommendations of road locations needing maintenance to both maintenance managers
and maintenance vehicle operators.

Description

Currently, maintenance vehicles search an area of responsibility for potholes. There would be a more
efficient use of resources if road surface conditions could be detected by the vehicles traversing the
roadways This information could also include potholes or pavement degradation for trolley and train track
areas and commuter parking lots for transit as well as national and regional parks. Data from VII vehicle
probes such as vertical axis acceleration, location, direction of travel, and speed will be collected for analysis
by the roadway maintenance agency. Since most potholes are avoidable, it may be more efficient to allow
the vehicle occupant to indicate that a pothole is nearby via the vehicles Human Machine Interface (HMI).
The observations will be aggregated and associated with specific roadway segments and locations.

Output from the roadway maintenance agency will be routed to the appropriate supervisory and/or
maintenance vehicles. Pothole location or more generally abnormal surface conditions including severity
along with a possible recommended route will be provided to the maintenance vehicle. Once the pothole is
fixed, the maintenance vehicle will send back the pothole status to the roadway/transit maintenance agency.

While this use case is directed toward the maintenance community, later use cases may want to consider
what portions of this capability could benefit passenger vehicles (e.g., traveler pothole notification) and other
modes of transportation.
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Definitions

General

On-Board Equipment (OBE) - the transceiver (OBU), gateway and computer platform hosting the VII
services in the vehicle. May include multiple transceivers; e.g., DSRC, 802.11x, cellular, etc.

On-Board Unit (OBU) - DSRC transceiver.

Pothole — A pothole is a type of disruption in the surface of a roadway where a portion of the road material
has broken away, leaving a hole. Potholes are usually bowl-shaped openings that have raveled edges and
can be from 1 inch to greater than 10 inches deep. They are typically formed due to the freezing and
thawing of water that has seeped into the surface, which expands when frozen.

Probe Event Data (PED) — represents the messages that are sent from the vehicle to the RSE and into the
VII network to end users that are triggered on some change in the vehicles characteristics (e.g., air bag is
deployed).

Provider Service Table (PST) — advertises in the beacon message functions the RSE and/or OBE supports.
Roadside Equipment (RSE) - the transceiver (RSU), network and any computer system supporting the
services of the VII application.

Roadside Unit (RSU) - DSRC transceiver.

VII Network End Users - represents the entire end user community of VII System data including both public
and private sector users. VII Network End Users is the most encompassing term for end users in the VIl
network environment. Specific end users like TOCs, and Clarus fall within this category.

Actors

Maintenance Management System (MMS) — the maintenance management system is responsible for
roadway, rail and other surface transportation maintenance. The MMS monitors and manages infrastructure
maintenance activities. Representing both public agencies and private contractors that provide these
functions, the MMS manages fleets of maintenance vehicles (e.g., pothole repair vehicles). The MMS
receives a wide range of status information from these vehicles and performs vehicle dispatch, routing, and
resource management for the vehicle fleets and associated equipment. The MMS manages the repair and
maintenance of both non-ITS and ITS equipment including the traffic controllers, detectors, dynamic
message signs, signals, and other equipment associated with the transportation infrastructure. Maintenance
activities are tracked and coordinated with other systems, improving the quality and accuracy of information
available regarding closures and other transportation maintenance activities.

Maintenance Vehicle - provides the sensory, processing, storage, and communications functions necessary
to support highway maintenance. All types of maintenance vehicles are covered, including heavy equipment
and supervisory vehicles. A wide range of operational status is monitored, measured, and made available,
depending on the specific type of vehicle or equipment. For example, for a snowplow, the information would
include whether the plow is up or down and material usage information. The Maintenance Vehicle may also
contain capabilities to monitor vehicle systems to support maintenance of the vehicle itself and other sensors
that monitor environmental conditions including the road condition and surface weather information. The
Maintenance Vehicle can represent a diverse set of mobile environmental sensing platforms, including
wheeled vehicles and any other vehicle that collects and reports environmental information. Maintenance
Vehicles could provide vehicle identification, location, wiper system state, exterior temperature, rain sensor
status, sun sensor status, fog lamp status, and traction control state.

Probe Data Provider (PDP) - collects vehicle measurement data from the various vehicle actors. This could
be the roadside collection units or a secondary aggregated collection unit.

Surface Condition Archive — repository of historical surface condition information.

Surface Condition Equipment (SCE) — equipment to detect the state of the surface (e.g., pavement and rail
bed), may be embedded in the surface or along the roadside/wayside (e.g., cameras).

Transportation Operations Center (TOC) — general operations center that impacts transportation (e.qg.,
traffic, transit, emergency management, traveler information, etc.) The TOC may contain a MMS with MDSS
to handle winter maintenance responsibilities and non-winter maintenance of the transportation surface.
Vehicle - provides the sensory, processing, storage, and communications functions necessary to support
safe vehicle travel on the transportation surface. Vehicles could provide location, wiper system state,
exterior temperature, ice road conditions, rain sensor status, sun sensor status, fog lamp status, traction
control, ABS state and stability control sensors data. As an actor, Vehicle represents the common
autonomous vehicle with Fleet Specialized Vehicle inheriting from Vehicle and Maintenance Vehicle
inheriting from Fleet Specialized Vehicle.

Use Cases

Archive Surface Condition Data — this use case is responsible for storing surface condition data into the
Surface Condition Archive.

Collect Pothole Event Data — this use case is responsible for forwarding vehicle characteristics that are
triggered by sensor readings indicating a possible pothole event.
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Collect Surface Condition Data — this use case is responsible for collecting surface condition data on a
local basis typically those SCE that are connected to a TOC or equivalent.

Collect Surface Conditions from Fleet Specialized Vehicle — this use case is responsible for collecting
surface condition data from a vehicle outfitted with special sensors (e.g., infrared) for detecting surface
irregularities.

Disseminate Recommended Routes, Pothole Location and Severity — this use case sends the optimized
vehicle route and pothole location and severity to the pothole maintenance vehicle from the MMS. There
may be a priority repair system for potholes. For example, a pothole on a bus route may receive priority
consideration over a less traveled route. Pothole and/or rough road conditions locations may need to be
filtered for known unpaved areas that don't require immediate repair. Potential abnormal surface conditions
will need to be checked for false alarms (e.g., vehicle accident, speed bumps, curb hits) over time.

Extract Archived Surface Condition Data — this use case is responsible for extracting surface condition
data from the Surface Condition Archive.

Provide Current Traffic Conditions — this use case provides current traffic conditions information (e.g.,
average speed, travel times).

Provide Probe Data to MMS — this use case is responsible for publishing the vehicle probe data to the
subscribing MMS.

Provide Pothole Repair Status — this use case provides feedback status from the Maintenance Pothole
Vehicle to the MMS with regard to the potholes that have been repaired.

Provide Surface Condition Data to MMS — this use case is responsible for providing surface condition data
on a local basis to a MMS.

Preconditions:

1. The MMS, which may or may not be part of a TOC, is subscribed to vehicle probe data from the
Probe Data Provider within a geographic extent.

2. The Probe Data Provider collects and provides probe data to VII Network End Users throughout the
geographic extent. This data includes vehicle location, date/time stamp, vehicle handling events
(ABS, traction control, etc.) and vertical axis acceleration for each equipped vehicle in the region,
provided as Probe Event Data (i.e., when the thresholds for the event message are reached the
message is sent into the VII network).

3. The TOC provides the MMS with current traffic conditions.

4. The maintenance vehicle has the capability to store information concerning multiple repairs and
download them when in range of an RSE.

Main Flow of Events

1. The MMS processes the probe event data that is received.

2. The MMS determines the location, direction of travel and severity of potholes or other roadway
condition and hazards based on the current and historical probe data.

3. Based on current traffic conditions as well as other factors, the MMS disseminates to the
maintenance vehicles recommended routes and pothole location and severity.

4. The maintenance vehicle, based on the information received by its OBE, determines what messages
are displayed to the driver via the HMI. It should be noted that in most cases the automobile
manufacturers will have the proprietary domain of designing and designating the HMI between the
on-board VIl applications and the driver.

5. The maintenance vehicle reports back to the MMS, via the HMI, when a pothole has been repaired.

6. The MMS keeps track of the roadways that have been repaired or if more work is needed.

Alternate Scenario

Lifecycle Category
Operations

Performance Requirements
< Vehicle pothole event data characteristics will conform to the following accuracy requirements:
0 Location accuracy within 2 meters
e The MMS provides analysis of the pothole/road conditions and produces instructions and
recommendations based on its customized schedule. Typically analysis and recommendations are
produced from once a day to once a week. However, some regions do not fix potholes and/or rough
roadway in the winter.

Non-Functional Requirements
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Supporting Capabilities

Frequency and Conditions of Use
This application is continuously available to all equipped maintenance vehicles and maintenance offices

Notes

In the future, if pothole and/or rough road natification is sent to vehicles/travelers, the notifications will need
to be screened/filtered as to not overwhelm the notification system with multiple instances of a generally
rough road in a concentrated area.

This system may be combined with other pothole notification systems (i.e., 1-800-Pothole).
Communication to the maintenance vehicle may be better served through other means than the VII network.

The sensors (e.g., accelerometers) may be located in an enclosed subsystem within the vehicle without an
interface from which to extract the needed data necessary for triggering a potential pothole event.
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with Clarus (Day 1)

Owned by: Vil National Working Group, Use Case Subcommittee

Revision History:

Version Date Description Responsible Approved by
February 9, Developed use case to include weather related
001 2006y objectives as proposed by US DOT Brummond
Split out the three individual use cases from the
002 February 17, previous version and revised use case scope based on Brummond
2006 US DOT meeting held on 2/10/2006
February 27, Updated based on US DOT comments and VII-Clarus
003 008 Workshop held 2/22-23/2006 Brummond
Incorporated the Clarus VII Use Case Task Force
) Comments based on US DOT meeting held on Brummond
004 April 5, 2006 3/27/2006, Incorporated comments received from
AASHTO
Reference:

Use Case “Top Ten” List dated 10/27/2005

Purpose of Use Case:

The purpose of this use case is to take the vehicular data from the VII network, process the data, provide the
data to Clarus and the Weather Enterprise, and subsequently send the value-added weather data back to
vehicles from Information Service Providers specializing in weather information through the VII network. This
use case utilizes the national Clarus system which will receive data of near-surface environmental and
implied conditions of the surface based on vehicle sensor readings received from vehicles through the VII
network. The aggregated environmental and surface conditions (including inputs from other data sources
monitored by Clarus) and the current and forecasted environmental and surface conditions by route segment
will be subsequently provided back to the vehicles directly or through intermediary actors such as the media
(radio, TV) and TOC's utilizing 511 and Variable Message Signs (VMS). It is the intent of this use case to
cover not just roads but all modes of surface transportation (e.qg., rail, transit, and commercial vehicle
operations).

VII will provide the national Clarus system and localized Transportation Operations Centers (TOC's) with
observations and inferred weather and surface conditions based on vehicle sensor readings received from
vehicles.

The main objective of this use case is to implement a set of algorithms that collect vehicle sensor data
associated with environmental condition occurrence and intensity, process and integrate the data with other
relevant data, generate weather and surface condition information products and disseminate value-added
weather alert, advisory and informational messages to on-board vehicle displays (see related use case “PD-
06A-1.f" for OBE to HMI to driver interactions), as well as, more conventional distribution channels (radio,
511 and VMS).

Description:
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There are three functional weather-related components to the Weather Information: Traveler Notification with
Clarus Day 1 use case. Firstis the ability to collect a limited number of probe datasets emitted by the vehicle
and forwarded by a probe data provider that can be used to observe and infer localized weather and surface
conditions. Second is the ability to transmit the VII generated data through a Weather Data Translator
(WDT) and convert this data into weather observations and event data (separate from probe event data) that
can be compared with other surface weather observations from other sources. It is not required that the
information sent from the WDT to Clarus and the TOC will use the VII network.

It is evident that Vehicle Infrastructure Integration (VII) has the potential to enable the development of a wide
variety of weather-related applications. However, the deployment of VII will result in an abundance of
disparate data, and what is not obvious is how these data elements will find their way into the Clarus system.
One solution for addressing this issue is to utilize a Weather Data Translator (WDT) to preprocess data
before they are included in the Clarus system.

The WDT comprises three primary components: acquisition, processing (quality control [QC] and
translation), and distribution. Data contained in the probe messages are representative of both periodic and
event triggered weather-related elements. Prior to a QC process, data are converted into formats that are
consistent with the Clarus system. Basic QC routines are included as part of the data processing function
within the WDT. The WDT also demonstrates the ability to translate VII data into single point observations
that are valid for select locations and times. These observations are delivered to the Clarus system, along
with related metadata.

For Day One Applications, the WDT would be expanded beyond what has been described above to include
information concerning vehicle type. This information will be used in the QC process to account for known
biases associated with data elements derived from specific vehicles. The WDT will also include outside data
as part of the QC process. Radar, ASOS, AWOS, ESS, and satellite data will be used to ensure the quality of
the data being distributed to the Clarus system. Further, the WDT will have the ability to translate VII data
into other formats (e.g. road segment, grid, profile, etc.). Translation into these formats will be based on data
elements and data quantity.

Thirdly is the ability to integrate and correlate the VlI-based data and, for example, map the data within a
Geographic Information System (GIS) with complementary terrestrial observation systems (such as the
National Weather Service’'s (NWS) Doppler Weather Radar) data. This integration will make it possible to
provide an estimate of environmental conditions and surface conditions at the location of the vehicle and
along its route of travel. This information from an ISP will be passed back to the Public Data Disseminator
(PDD) and forwarded on to, for example, individual vehicle onboard displays providing drivers and operators
with near real-time estimates and forecasting of environmental condition occurrence, type, location, intensity
and implied conditions for visibility and the state of the road surface. The vehicle OEMs have control of the
human machine interface (HMI) design and prioritization of messages brought to the vehicle occupant’s
attention.

For this application a minimum set of parameters could be collected including:
< Vehicle location (latitude/longitude, altitude, direction of travel and speed)
e Date/time stamp
e  Wiper system state (on/off, wiper speed)
e Exterior air temperature
< Vehicle handling characteristics (e.g., anti-lock break state, vehicle traction control)
< Ambient light conditions (e.g., automatic lights on/off system activation)

The Weather Enterprise may use various techniques and complementary weather-related data sets to
process the vehicular data. Some techniques will provide, for example, an indication of precipitation
coverage and intensity information for each kilometer of roadway and railway. For example, key decision
points within the algorithm can include:
< Isthe vehicle in an area with precipitation? Is there a risk of freezing?
- If the vehicle is in an area with precipitation, how long (at the average speed on the current route)
will it take to drive out of it?
- If the vehicle is headed into an area with precipitation, when will the vehicle encounter it?
e Will the precipitation intensity be light, moderate or heavy?
< Wil the vehicle be headed into conditions where visibility is impacted (i.e. white out conditions)?
« Is the vehicle likely to encounter slippery pavement conditions on its current route (as inferred from
radar coverage and probe temperature data as well as vehicle handling characteristics data from
downstream vehicles)?
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< Is the vehicle in the vicinity of extremely high winds, such is in the mountains?
« Is the vehicle entering black ice?

Once these questions have been answered, the final step in the algorithm is for an ISP to create a series of
traveler safety informational, advisory or alert messages that can be sent to the onboard vehicle HMI display
or alerting system. It should be noted that in most cases the automobile manufacturers will have the
proprietary domain of designing and designating the HMI between the on-board VII applications and the
driver.

Examples of traveler safety phrases could include:
e Caution: Heavy Rain/Low Visibility 2 Miles Ahead
e Caution: Heavy Snow/Low Visibility 2 Miles Ahead
e Caution: Icy Conditions Possible 1 Mile Ahead
e End Of Rain Detected 2 Miles Ahead
e Snow begins in 3 Miles

Note: This use case does not show traveler information dissemination to the traveler apart from the vehicle.
The Traveler Information (PD-06A-2) use case contain the functionality of multiple traveler dissemination
channels (e.g., 511, websites).

Definitions

General

Dedicated Short Range Communications (DSRC).

Environmental Conditions — all atmospheric and planetary boundary layer conditions including weather,
state of the surface (e.g., black ice) as well as chemical concentrations or dust in the atmosphere and on the
surface.

General Vehicle Probe Data — the standard contents for the vehicle probe message that is provided by all
vehicle classes.

Geographic Information System (GIS).

National Weather Service (NWS) - administered by NOAA.

National Oceanic and Atmospheric Administration (NOAA).

On-Board Equipment (OBE) - the transceiver (OBU), gateway and computer platform hosting the VII
services in the vehicle. May include multiple transceivers; e.g., DSRC, 802.11x, cellular, etc.

On-Board Unit (OBU) - DSRC transceiver.

Probe Event Data (PED) — represents the messages that are sent from the vehicle to the RSE and into the
VIl network to end users that are triggered on some change in the vehicles characteristics (e.g., air bag is
deployed).

Provider Service Table (PST) — advertises in the beacon message functions the RSE and/or OBE supports.
Roadside Equipment (RSE) - the transceiver (RSU), network and any computer system supporting the
services of the VII application.

Roadside Unit (RSU) - DSRC transceiver.

Vehicle Probe Data (VPD) — represents the standard message from the vehicle to the RSE and into the VII
network to end users containing data elements for a set of current sensor or status values in the vehicle.
The Vehicle Probe Data messages may be queued in the vehicle and transmitted as a group when in the
vicinity of a RSE.

VII Network End Users - represents the entire end user community of VII System data including both public
and private sector users. VII Network End Users is the most encompassing term for end users in the VIl
network environment. Specific end users like TOCs, and Clarus fall within this category.

Weather Information — information about environmental conditions that affect the surface transportation
network. Weather information covers the condition of the surface itself (e.g., icy roads) as well as
atmospheric conditions (e.g., rain, snow, hailstorm, strong winds) that affect travel or safety.

Actors

Clarus - a data management system for sharing, quality controlling, and exchanging near-surface
environmental data and relevant surface transportation conditions.

Dynamic Message Sign (DMS).

Environmental Sensor Station (ESS) — Field device that monitors and controls pavement sensors, weather
stations, air quality monitors and other equipment to monitor and respond to environmental conditions. The
ESS equipment may be fixed, portable or even mobile.

Fleet Specialized Vehicle - provides specialized (i.e., not common to general vehicles or Vehicle actor)
sensory, processing, storage, and communications functions necessary to support collecting vehicle data.
The vehicle, which could belong to a fleet of vehicles, can provide more detailed and robust sensor readings
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as well as the option to have the specialized vehicle opt-in to being tracked. This type of vehicle may include
additional environmental sensor instrumentation for research purposes.

Highway Advisory Radio (HAR).

Information Service Provider (ISP) — public or private service provider which could specialize in weather
information that receives data from the Clarus System and provide value-added weather and surface
transportation data integration and interpretation back to the vehicle. The ISP can have numerous
dissemination channels (e.g., website, 511 and cell phones)

Public Data Disseminator (PDD) — disseminates public end user information, advisories and alerts to
multiple vehicles.

Probe Data Provider (PDP) - collects vehicle measurement data from the various vehicle actors. This could
be the roadside collection units or a secondary aggregated collection unit.

Surface Condition Equipment (SCE) — equipment to detect the state of the surface (e.g., pavement and rail
bed), may be embedded in the surface or along the roadside/wayside (e.g., cameras).

Transportation Operations Center (TOC) — general operations center that impacts transportation (e.qg.,
traffic, transit, emergency management, traveler information, etc.) The TOC may contain a MMS with MDSS
to handle winter maintenance responsibilities and non-winter maintenance of the transportation surface.
Vehicle - provides the sensory, processing, storage, and communications functions necessary to support
safe vehicle travel on the transportation surface. Vehicles could provide location, wiper system state,
exterior temperature, ice road conditions, rain sensor status, sun sensor status, fog lamp status, traction
control, ABS state and stability control sensors data. As an actor, Vehicle represents the common
autonomous vehicle with Fleet Specialized Vehicle inheriting from Vehicle and Maintenance Vehicle
inheriting from Fleet Specialized Vehicle.

Weather Data Translator (WDT) — responsible for collecting the vehicle probe data and vehicle event data,
performing data quality checking and generating environmental observation data (e.g., grids, geo-referenced
observations, etc) for consumption by TOCs and/or Clarus.

Weather Enterprise — this represents the community of researchers in the academic sector, public sector
research organizations (e.g., NOAA) and the privately-funded research sector.

Use Cases

Collect ESS Data — this use case is responsible for collecting ESS data on a local and regional basis
typically those ESS that are connected to a TOC or equivalent.

Collect Fleet Specialized Vehicle Probe Data — this use case is responsible for communicating with the
specialized fleet vehicles with additional environmental sensors than is typical on general vehicles. It will
collect the specialized vehicle probe data as well as probe event data in order for it to be processed by VIl
Network End Users in a weather research environment.

Collect General Vehicle Probe Data — this use case is responsible for subscribing to the data from the
vehicle including general vehicle probe data as well as asynchronous probe event data.

Collect Surface Condition Data — this use case is responsible for collecting surface condition data (e.g.,
camera images) on a local and regional basis typically those SCE that are connected to a TOC or equivalent.
Coordinate Weather Enterprise/Clarus Data Transfer — this use case coordinates the bidirectional transfer
of weather information between the Weather Enterprise and Clarus.

Disseminate TOC Weather Advisories — this use case disseminates TOC weather advisories to other
driver notification equipment (e.g., HAR, DMS) besides vehicles themselves.

Disseminate Weather Advisories - this use case disseminates public (e.g., NOAA, TOC) weather
advisories from the PDD to the Vehicle.

Disseminate Weather-related Surface Conditions — this use case disseminates public weather-related
surface conditions from the PDD to the Vehicle.

Disseminate Weather-related Surface Conditions (Public) — this use case disseminates public weather-
related surface conditions from the public-agency ISP to the PDD.

Provide ESS and Surface Condition Data— this use case is responsible for aggregating the collected ESS
and surface condition data by the TOC to other systems.

Provide TOC Weather Data to ISP — this use case exchanges public weather data between public agency
sponsored ISPs and TOCs.

Provide Translated VII Data to Weather Observations — this use case provides the translated VIl data
from the WDT to end users. The translated data is in the form of weather observations and probe events
and is not required to be transferred over the VII network.

Provide Vehicle Probe Data — this use case is responsible for publishing the probe data to subscribing VII
Network End Users.

Provide Weather Enterprise Data to WDT — this use case provides weather data to the Weather Data
Translator that supports the WDT quality control checking and aggregation processes.

Query Clarus Weather Data — this use case allows end users to query the Clarus system in order to retrieve
the various data collected and quality controlled by Clarus.
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