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CHAPTER 1 PURPOSE OF DOCUMENT
The purpose of this document is to describe the rationale for the expected operations of the I-66 corridor,
outside the Beltway, during and after the construction of improvements that will include Express Lanes in
both directions. The extent of construction along this corridor will require all existing technology-related
infrastructure to be updated. These technology updates will support incident management, traveler
information, integrated corridor management (ICM), and connected vehicles research. This operations
concept report document is the result of the Virginia Department of Transportation (VDOT) and
stakeholder input regarding how the corridor will operate to ensure that the right technology
improvements can be included in the project.

CHAPTER 2 OVERVIEW OF TOLLING AND TRAFFIC OPERATIONS
2.1 Tolling
The two Express Lanes in each direction of I-66 within the study area would operate as managed lanes
24 hours a day. Section 1121 (codified at 23 USC 166) of the Safe, Accountable, Flexible, Efficient
Transportation Equity Act: A Legacy For Users (SAFETEA-LU) allows for tolling of HOV facilities. In
accordance with the legislation, buses, carpools (HOV-3), motorcycles, and emergency vehicles would
have free access to the new Express Lanes. Drivers of vehicles, including small and medium trucks, with
fewer than three occupants could choose to pay a toll to access the Express Lanes. Tractor-trailer trucks
would be prohibited.
Tolls for the Express Lanes would vary according to traffic conditions to regulate demand and keep the
lanes operating at an acceptable level of service at all times of the day. As managed lane traffic volumes
increase, tolls would increase to temper demand for the lanes. Likewise, as traffic volumes decrease, tolls
would decrease to make the lanes more attractive.
Full electronic tolling would require customers to pay tolls with E-ZPass. There would be no toll booths.
Electronic signs would display toll rates to help drivers decide whether to access the Express Lanes.
Drivers would lock in their toll rate for the specific toll segment when they enter the Express Lanes. Under
provisions of 23 USC 166(d), annual certification must be made that operational performance monitoring
programs and enforcement programs are in place to ensure that the performance of the facility is not
degraded and that the facility is operated in accordance with the restrictions and requirements of 23 USC
166.

2.2 Traffic Operations/Intelligent Transportation Systems (ITS)
Currently, VDOT uses technology to manage traffic on the I-66 corridor. From the McConnell Public
Safety Transportation Operation Center (MPSTOC) in Fairfax, VDOT monitors traffic conditions through
surveillance cameras, dispatches Safety Service Patrol (SSP) vehicles, and provides incident,
construction and congestion information to the public through dynamic message signs (DMS), the 511
phone service and co-branded website and mobile app.
This project necessitates reconstruction of all the roadside technology components. The following
components are currently in place and will be affected by the project.


Active Traffic Management (ATM) System. VDOT currently operates an Active Traffic Management
(ATM) system from the Washington, DC, line to US 29 in Centreville. This system includes:
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−

Full-span gantries with lane-by-lane overhead DMS to alert drivers of closed lanes ahead,
including the status of the shoulder lane which opens to traffic during peak periods, and variable
speed limits to warn drivers to slow down when approaching congestion.

−

Cameras with video analytics to monitor for stopped traffic on the shoulder lane.

−

Adaptive ramp metering (inside the Beltway only), where on-ramp metering rates adjust in
response to current traffic flow rates and ramp queues.

The ATM system will be used for traveler information during construction, in addition to the required
maintenance of traffic (MOT) elements.


Other ITS Devices. The corridor is instrumented with devices common to the rest of the freeway
network, which includes 54 surveillance cameras, 42 dynamic message signs and 193 vehicle
detectors.
These devices will be replaced, though specific locations and spacing will be determined based on
project requirements and design considerations.



Connected Vehicle Roadside Units. As cars become better equipped with communications
technologies for mobility and safety applications, DOTs are researching ways to leverage that
information to better manage traffic and improve safety. VDOT has an active research project in the I66 corridor with 48 roadside units (RSUs) installed on camera poles with radios that can
communicate with equipped vehicles.
These devices will remain operational during construction and relocated to new structures as
necessary.



Fiber Optic Communications Backbone. VDOT has a fiber optic communications backbone in a
redundant ring over I-66, I-395, I-95 and Route 234 that transmits data to and from all field devices
back to the MPSTOC. If any part of that is cut, data traffic is re-routed in the opposite direction. The I66 portion of that backbone has a 96-strand fiber-optic cable and three network shelters with
aggregation points. In line with industry trends, the demand for communications bandwidth is
expected to increase substantially in the future.
The backbone will be kept intact during construction and replaced with new conduits and
communications cabling per project requirements.

CHAPTER 3 OPERATIONAL NEEDS AND GOALS
During the project development phase, the following overall system deployment goals were identified that
have been incorporated in the project scope:






The users of the system should get real-time information to make informed decisions.
Operations of the I-66 corridor, regardless of the managed lanes or general purpose lanes, should be
seamless to users.
Effective response to crashes and incident management will help reduce congestion; therefore,
CCTV cameras and detectors should be provided throughout the corridor.
Information should be freely shared across agencies for successful ICM.
VDOT must be able to maintain operations at all times during construction.
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VDOT will need to take full advantage of the ATM system to augment MOT during construction.
ICM should include parking and multimodal travel information at park-and-ride lots, transit
information, and enhanced arterial operations during major freeway events.
Virginia Transportation Research Center (VTRC) is using a portion of I-66 for a connected vehicle
(CV) test bed and will need those devices to remain operational for research purposes.
CV technologies are being researched on I-66, but traditional ITS devices will be needed for the
foreseeable future.
Though technology evolves rapidly, it is widely agreed that the need for communications bandwidth
will only increase. Therefore a solid communications backbone with room for growth will be provided
in this project to support future ITS, CV, and automated vehicle (AV) deployments.
This project needs to have the ability to provide performance measures required by MAP-21.

CHAPTER 4 CONCEPT FOR THE PROPOSED SYSTEM AND
ALTERNATIVES
4.1 Overarching Considerations
With respect to technology life cycle, connected and autonomous vehicles, the role of the private sector,
and managing system performance, the following overarching statements will guide VDOT’s operations
concept for the corridor:

4.1.1 Technology Life Cycle
As the rate of changing technology continues to increase, it is anticipated that many current technologies
such as DMS and vehicle detection systems (VDS) may be obsolete in about 10 years. To mitigate this
risk, VDOT must consider technology solutions that allow for this probability of obsolescence.
The level of detail should consider the rate of technology change and adoption of new legislation related
to connected vehicles during the time between the request for proposals (RFP) and construction.
Therefore, the corridor operations vision should be functional and outcomes-based, using performance
metrics (or matrices).
Fiber optic communications is as close to a future-proof technology as exists at this time. Demand for
communication bandwidth will only increase with the adoption of in-vehicle technologies. Therefore,
VDOT will invest in a high-capacity, redundant fiber optic backbone.

4.1.2 Connected and Autonomous Vehicles
Connected and autonomous vehicles are the future. Roadside infrastructure and applications are still in
research and development and therefore rapidly evolving. VDOT should plan to invest and re-invest in
roadside infrastructure to stay at the forefront of this rapidly emerging technology.
VDOT will still need “traditional” ITS technologies and operations paradigms while connected vehicle
technologies mature to the point where they can start to replace those technologies, including enough
vehicle penetration with on-board equipment to take full advantage of the technology.
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4.1.3 Role of the Private Sector
The private sector is leading the way in terms of the end-user experience. VDOT should therefore focus
less on heavy ITS infrastructure and more on the acquisition of data and making that data available to
third parties to incorporate into third-party applications and services.
Recognizing that the private sector is inclined to be creative with respect to the revenue-generating
portion of the project (i.e., managed lanes), the operations concept is more descriptive of its intentions for
the general purpose lanes than the Express Lanes.

4.1.4 Managing Performance
Through MAP-21, The United States Department of Transportation (USDOT) is providing national
leadership in system performance management. Given USDOT requirements, VDOT will measure
volumes and travel times to support the calculation of congestion performance measures such as vehiclehours of delay and travel time reliability.
VDOT Northern Virginia District’s Public Safety and Traffic Operations Center (PSTOC) will continue to
manage operations for the I-66 general purpose lanes.

4.2 Incident Management Systems
Crashes account for a significant share of overall vehicle hours of delay; therefore, effective surveillance,
rapid response, and efficient scene management will be needed to reduce the impact of incidents. The
PSTOC, as the entity responsible for incident management on the I-66 corridor, must have accurate realtime data to efficiently respond to highway incidents on general purpose lanes. The Developer would be
responsible for incident management on managed lanes. However, the corridor should be managed
cooperatively so that the experience is seamless to the road user.

4.2.1 General Purpose Lanes
4.2.1.1 Full Visual Coverage at PSTOC
Closed-circuit television (CCTV) cameras are the best means of surveillance of the corridor and provide
visual confirmation of incidents. When the PSTOC can remotely see exactly the severity and type of
incident, the dispatcher can effectively put together a team of required personnel to clear the incident and
quickly improve traffic flow. This visual information can only currently be provided by a full fleet of CCTV
cameras along the entire length of the corridor. Thus, the suggested minimal infrastructure need is PanTilt-Zoom (PTZ) cameras at a maximum spacing of one mile.
In times of low visibility, such as night-time or foggy or stormy conditions, video images become unusable.
To eradicate the problem of low lighting, lighting should be installed along the entire length of the corridor.
I-66 currently has sufficient lighting which needs to be maintained for the duration of construction, but
lighting fixtures should be replaced after tear-down during the construction process. The Developer must
replace lighting in-kind at a minimum or may install upgraded lighting.
Automatic incident detection is possible with video analytics technology; however, this technology
underperforms in outdoor environments and where traffic routinely slows due to recurring congestion. As
a result, it produces many false alarms. For this reason, video analytics will not be used on the general
purpose lanes and will only be used on managed lanes if desired by the Developer.
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4.2.1.2 Traveler Information
En-route and pre-trip traveler information allow motorists to make informed travel choices when incidents
occur. DMS and lane control signs (LCS) are VDOT’s primary means of disseminating en-route traveler
information. Pre-trip traveler information empowers road users to make informed choices about their
paths of travel. VDOT has developed a robust 511 traveler information app and website to allow users to
make informed choices.
Through the I-95 Corridor Coalition, VDOT has access to probe vehicle data, which provides speeds
across the state without any infrastructure deployment. This data is accurate enough for most
applications; however, this type of service relies heavily on smartphone positional data, which is currently
not accurate enough to differentiate between drivers travelling in general purpose lanes and managed
lanes. Often, travel in managed lanes is faster than general purpose lanes, and mixing the two data sets
misrepresents both conditions. But, this may be a temporary shortcoming. Smartphone GPS technology
is limited by the form factor and battery life of the phone. Other types of portable GPS units (e.g., running
or biking watches) are more accurate. Therefore, as GPS, smartphone, and battery technology improves
over time, probe vehicle data may become accurate enough to differentiate a driver's position by lane.
Cars also are adding more advanced technologies each year, and these types of connected vehicle
technologies could introduce greater levels of positional accuracy as well.
Another potential source of traveler information is Waze. Waze is a smartphone app that uses
crowdsourcing to gather incident and travel delay information. More than 10 public agencies in the United
States and Europe have entered formal partnerships with Waze to exchange information. Florida DOT, in
particular, is both receiving and sharing real-time incident information with Waze so that users of FDOT’s
511 and Waze receive the same information. VDOT could consider this type of partnership to supplement
its own surveillance.

4.2.1.3 Weather Information
Currently, VDOT has no environmental sensor stations (ESS) in the project area. A minimum of three ESS
should be installed within the corridor at logical locations to collect pavement temperature, wind speed,
and accumulation, at a minimum—one at each end and one near the midpoint of the corridor.

4.2.1.4 Support for CAD Dispatch of Safety Service Patrol
VDOT will continue to use computer-aided dispatch (CAD) of SSP on the general purpose lanes as it is
currently operated.

4.2.2 Managed Lanes
It is envisioned that the Developer will manage incidents on the I-66 Express Lanes. Though details would
be determined after contract award, VDOT will require the Developer to maintain systems and
infrastructure required to support incident management.

4.2.2.1 Incident Response
On managed lanes, the Developer can choose their incident detection and response method in order to
meet the contract requirements. The Developer will be required to respond to incidents within the time
duration specified in the contract.
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4.2.2.2 Full Visual Coverage at Traffic Operations Center (TOC)
To maintain daily operations and respond to incidents in managed lanes, the Developer should staff a
TOC to monitor conditions on the Express Lanes via CCTV cameras. This TOC should be of minimal size
and expense—only what is necessary to meet contract requirements.

4.2.2.3 Traveler Information
The Developer will collect traffic speed, traffic volume, and real-time toll rate data on the managed lanes.
The Developer will need to provide a real-time feed with this data to VDOT. VDOT must have free and
open access to all real-time and archived data the Developer collects on the managed lanes, and VDOT
shall not be restricted from freely sharing this data with the public or any third party.

4.2.2.4 Weather Information
Pavement temperature information is required at logical locations on the managed lanes. A real-time feed
with this data must be provided to VDOT, with no restrictions on use or redistribution.

4.2.2.5 Support for CAD Dispatch of Safety Service Patrol
The Developer's incident management will need a radio system that is compatible with the State Police's
Statewide Agencies Radio System (STARS). Towing of disabled vehicles on managed lanes should be
provided by a list of providers with a fixed contract price. Emergency situations on the managed lanes
should have emergency response vehicles at the scene in the shortest possible timeframe.

4.3 Connected Vehicles
A portion of I-66 is being used as a test bed for connected vehicle systems, and there are plans to expand
the limits of the testing area. The Virginia Transportation Research Council (VTRC) is currently
conducting research on CVs on I-66. Existing roadside units with dedicated short-range communications
(DSRC) radios for Vehicle to Infrastructure technologies must be kept operational during and after
construction. These units are installed along I-66 and parallel arterials between Gainesville and I-495,
with plans to extend to US 15 in Haymarket. This equipment is currently co-located on existing CCTV
poles, drawing power from roadside ITS cabinets and connected to the PSTOC via dedicated fiber.
Subject to prior approval, VDOT will accept a short-term downtime for a limited number of existing CV
equipment for short duration (i.e., less than 48 hours).
With CV infrastructure on this corridor, the research focus will be on work zone management, incident
management, dynamic merge assist, and signal operations enhancements. Although the National
Highway Traffic Safety Administration’s (NHTSA) may issue a rule requiring vehicles to include CV
technology, in the meantime, equipped vehicles will generally have aftermarket units on board and
participation will be on an opt-in basis. It is estimated that a minimum suite of CV technologies will be on
all vehicles between 2025 and 2040.

4.4 ICM Systems
The goal of an integrated corridor management (ICM) system is to make effective use of all travel modes
and parallel routes in the corridor to effectively move people and goods. This is done through
infrastructure investment but also through ensuring the free sharing of information between operating
agencies and private sector applications and services. This allows VDOT to leverage the innovation
capabilities of the private sector to develop traveler information applications. VDOT does not anticipate
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any ICM field equipment being deployed as part of this project. Rather, the focus will be on making any
information collected on the corridor freely available to third parties. For this reason, the Developer must
make collected data available to VDOT to share without restrictions.
Any data collected on park-and-ride lots, transit, bike share, parallel arterials, and managed lanes should
be disseminated to private application providers, existing active traffic management system (ATMS), and
existing advance traveler information system (ATIS) applications.
A concept of what ICM could include in the corridor is shown in Figure 4-1. This is shown for illustrative
purposes only and is included to give some context to the discussion. By providing information—in this
example travel times—on multiple modes, travelers can make informed choices and the corridor capacity
can be better utilized.

Vienna Metro
INTERSTATE

VIA
VIA
VIA
VIA

66
Express Lanes
Transit
Next Bus

45
35
40
50

MIN
MIN
MIN
MIN

Figure 4-1. ICM Concept (for illustrative purposes only)

4.4.1 Park-and-Ride Lots
VDOT will be performing a pilot project that collects parking availability data from park-and-ride lots on I95 in Dale City and pushes the information to 511 and interstate signage. After implementation and
review, VDOT will release a Draft Report of Findings and will include this in the enhanced 511 system.
The goal of this project will be to provide information regarding available spaces on 511 and DMS on the
interstate, which will allow lot users to make informed decisions on which park-and-ride lot to use along I95. VDOT also will be relying on parking information apps from the private sector.
Park-and-ride lots are to be included in the I-66 Corridor Improvements Project and will have information
systems for bus arrivals and parking availability. Each park-and-ride located along the corridor should
have a shelter installed with an equipment cabinet and access to power and fiber communications to
enable dissemination of real-time information to the users.

4.4.2 Transit
Arrival and departure information in real-time for bus transit and Metrorail transit also will be integrated. If
collected, seat availability on each of these transit vehicles will also be shared with the public. Accurate
and real-time information about transit vehicle service along the I-66 corridor will be beneficial to road
users, giving them a choice about which park-and-ride location to use to efficiently catch the next bus or
train.
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4.4.3 Bike Share
Similar to transit, if the Developer and/or VDOT agree to provide bike share availability at locations near
the corridor (e.g., at park-and-ride lots), as well as bike rack space availability on buses, this information
should be shared freely.

4.4.4 Parallel Arterials
Parallel arterial travel time information may be collected by existing and future count stations on parallel
arterials. This information also may be available through smartphone applications using GPS location
services. By making count station information available to mobile applications and in-vehicle computers, a
traveler along the I-66 corridor may be better informed of the options between the freeway, a parallel
arterial, or the Express Lanes.

4.4.5 Managed Lanes
The managed lanes are part of an integrated corridor. In addition to the information on parking, transit,
bike sharing, arterials, and the general purpose lanes, the provision of travel times and toll rates on the
managed lanes will be an important part of enabling travelers to make their best travel choices.

4.5 Data Collection and Monitoring Systems/Performance
Management
As part of upcoming MAP-21 performance measure requirements related to congestion reduction and
system reliability, VDOT has developed a process for calculating and reporting system performance
statewide. Currently, VDOT is reporting on:




Vehicle-hours of delay
Incident duration
HOV lane performance

The contractor will be required to report on these measures for the managed lanes. Under provisions of
23 USC 166(d), annual certification must be made that operational performance monitoring programs and
enforcement programs are in place to ensure that the performance of the facility is not degraded and that
the facility is operated in accordance with the restrictions and requirements of 23 USC 166. In addition,
the corridor will be required to operate with the performance criterion established by the contract.
VDOT needs speed and volume to calculate vehicle-hours of delay. This data currently comes from a
combination of INRIX and vehicle counts stations. As part of this project, speed data could come from
INRIX or another third party probe vehicle data provider, but it will be incumbent on the Developer to
determine the best source of data to meet VDOT’s needs. Volume data must come from count stations
along the corridor, but as long as the data is provided, the Developer may use any available technology or
service.
On managed lanes, speed monitoring should be a priority for the Developer. The definition of minimum
operating speed based on the Federal Degradation Standard on managed lanes should be 45 mph on an
HOV facility with a speed limit of 50 mph or greater and not more than 10 mph below the speed limit if the
HOV facility has a speed limit less than 50 mph. To avoid degrading the facility, the vehicles must
maintain a minimum average operating speed 90 percent of the time during a consecutive 180-day period
during morning or evening weekday peak hour periods. However, VDOT recommends a minimum
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average operating speed of 55 mph on the managed lanes and will consider 55 mph as the performance
target for maintained free flow speed.
To enable private companies to develop reliable traveler information, the data collected and shared with
VDOT will be made available to the public, with no restrictions on use. The travel time data collected on
the general purpose lanes will be displayed in real time on DMS along the corridor; while the travel time
on managed lanes might not be required to be displayed, comparison travel time will aid travelers’ route
choice.

4.6 Communications
I-66 requires a highly reliable, secure, and available communications network serving both general
purpose and managed lanes. The Developer will be expected to build the fiber optic backbone to support
communication needs for up to 30 years in the future. A new duct bank will be constructed for this project
with sufficient capacity for future growth.

4.7 ATM
The ATM system currently operating on I-66 will need to be removed based on the new roadway cross
section. The ATM system currently allows VDOT to dynamically open HOV and shoulder lanes in
response to traffic, incidents, and special events, and mainline lane controls provide back-of-queue
warnings and speed harmonization. Actively managing the roadway will be important during construction.
A photo of the existing lane indications and speed harmonization is shown in Figure 4-2.

Figure 4-2. Existing ATM Gantry

4.8 Infrastructure Maintenance During Construction
A Transportation Management Plan (TMP) is needed for the construction and post-construction periods. A
formal TMP will be fully developed by the Developer and VDOT after the RFP is awarded. The TMP will
include:
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Maintenance of traffic (MOT) that is examined early in the project development process.
Options for TDM during construction that include implementing HOV-3 during construction, possibly
for 24 hours a day.
A plan for using the shoulder lane as a general purpose lane.
Emphasis on work zones for increased safety and capacity for both managed lanes and general
purpose lanes.

Technical requirements will be developed for the maintaining of assets during each construction phase
with the goal of keeping the assets functional for the longest duration of time possible. Technical
requirements will include:










A possible advance project depending on the details of the I-66 project, including the elements that
will be constructed and during which construction phases.
Installation of temporary fiber lines during construction at the edge of the right-of-way, which may
require temporary overhead installation.
Power distribution relocations.
Other ITS/communications relocations.
Developer to coordinate with the Iteris team who are involved with the TOC and the Q-Free team who
are involved with the ATMS.
Maintenance of tolling signs for advance warning during construction prior to I-495.
Operational requirements for the Developer during construction and post-construction.
Requirements for maintenance of existing infrastructure during the construction of new infrastructure.
Requirements for replacing lighting with LEDs.

Operational strategies for infrastructure maintenance during construction include:


Data Management
−
−
−



Operational
−
−



Collection and integration of construction information and data.
Dissemination of construction information and data.
Integration of construction information with ATMS and CV data dissemination components.

Shoulder operating all the time during construction.
Consider shoulder as travel lane.

VDOT will require all ITS components be up during peak periods. Therefore, devices may be taken
down in the off-peak and overnight during construction hours, but unless given express approval by
VDOT, they must be back up for the peak period.

4.9 Tolling Systems
The I-66 toll system must use a transponder that is supported by tolling systems operated by other
agencies/Developers and that provides a seamless experience to the user. These other toll systems
include I-95, I-495, I-66 inside the Beltway, the Dulles Toll Road, and the Dulles Greenway.
The portion of I-66 inside the Beltway will be Express Lanes only during peak hours and will be HOV-2
until 2020, when all toll lanes will convert to HOV-3, per the region's Constrained Long Range Plan
(CLRP). VDOT will operate the tolling inside the Beltway, Transurban will operate the tolling on I-495, and

Transform 66 Outside the Beltway

12

I-66 Corridor Improvements Project – Operations Concept Technical Report

July 2016

a third Developer may operate I-66 outside the Beltway. So that no interface between systems is needed,
vehicles must be identified at the entry and exit points to the adjacent tolling systems so each system can
maintain its own tolling back office systems.
The Developer will be responsible for operating and maintaining the Electronic Toll Collection (ETC)
system on managed lanes.

CHAPTER 5 SYSTEM RECOMMENDATION
This chapter presents an overview of the proposed ITS system to be developed. It describes the goals
and objectives of the system and the scope of the project for each project element, including the general
requirements, the users of the system, the planned capabilities, the system architecture, and interfaces to
the system. It provides a structure for describing the operations in terms of where they will be carried out
and the lines of communication.

5.1 Scope of the Project and Subsystems
The I-66 project would include six major ITS subsystems as described in detail in the following sections:
1.
2.
3.
4.
5.
6.

Data Collection and Monitoring (DCM) subsystem
Incident Management subsystem
ICM subsystem
Tolling subsystem
CV subsystem
Communications subsystem

5.1.1 Data Collection and Monitoring Systems
The data collection and monitoring subsystem will include system elements that are required to collect
real-time information about the corridor, the status of the corridor including the general purpose lanes and
managed lanes, and monitoring capabilities for incident and system management. The following are the
requirements for the general purpose and managed lanes. Data collection requirements for other
agencies are included in the ICM subsystem.

5.1.1.1 General Purpose Lanes
Information about the status of the general purpose lanes should be collected throughout the corridor to
measure speed, occupancy, and volume as described below:
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Infrastructure

Full speed detection coverage of
the corridor (multiple sources for
redundancy)

Utilize third-party probe data

Real-time speed, occupancy,
volume between interchanges

Install detection between each
interchange

Developer will get and store data
on general purpose lanes and
share with VDOT and the public
Develop models/algorithms to
support performance measurement

5.1.1.2 Managed Lanes
The Developer should collect information about the conditions of the managed lanes as required for their
business case as described below:
Element
Free flow speeds must be
maintained on the managed lanes

Requirement(s)
Maintain 55 mph at all times
through the corridor

Infrastructure
Report semiannually

Contractor will have to report on the
performance of the managed lanes
per the requirements in MAP-21

5.1.2 Incident Management
Incident Management is one of the primary goals of VDOT. Incidents account for a high percentage of
delays along the project corridor. Both VDOT and the Developer have responsibilities toward incident
management for the general purpose lanes and the managed lanes, respectively. To provide a viable
incident management system, the following are required:






Full visual coverage at PSTOC.
En-route traveler information.
Pre-trip traveler information.
Weather information.
Support for computer-aided dispatch (CAD) of SSP.

.The following are the elements that would create the required incident management components for
general purpose and managed lanes.
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5.1.2.1 General Purpose Lanes
Element
Full visual coverage at PSTOC

Requirement(s)

Infrastructure

Full visual coverage of the corridor
via CCTV

Cameras at a maximum spacing of
one mile

Replace lighting in-kind on entire
length of corridor

Lighting replaced in-kind

VDOT must have full control of
camera
En-route traveler information

Provision of en-route traveler
information on advisory DMS

Traffic advisory DMS between every
interchange

Provision of pricing information

2 toll and driver information DMS
prior to access points, the second
dedicated to pricing information and
one that can be used for travel
advisories
3 toll and driver information DMS
prior to access points, two
dedicated to pricing information and
one that can be used for travel
advisories

Pre-trip traveler information

Provision of pre-trip traveler
information via the Internet, mobile
applications, and in-vehicle displays

511 + commercial systems

Store 7-days’ worth of data; will not
lose data in event of loss of
communications.
Provide weather information

Install ESS

Install a minimum of 3 ESS within
the corridor—one at each end and
one near the midpoint of the
corridor. All ESS should capture
pavement temperature, wind speed,
visibility, and accumulation

Support for CAD dispatch of SSP

No project requirements – central
systems integration only

No field infrastructure for CAD
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5.1.2.2 Managed Lanes
The Developer is required to coordinate with VDOT and the State Police for incident management (IM).
The Developer will be required to provide a 10-minute response time and collect and disseminate
information to VDOT and the State Police for IM coordination. The following are the general requirements
for the managed lanes.
Element
Developer is responsible for
incident management on Express
Lanes

Requirement(s)
Make pavement temperature
information available to VDOT
Provide weather data to VDOT for
snow operations

Infrastructure
Install a minimum of three ESS
within the corridor. All ESS should
capture pavement temperature,
wind speed, visibility, and
accumulation

Use State Police-compatible
systems (STARS radio)
Operate service patrols

5.1.3 Integrated Corridor Management
VDOT will be responsible for collection and dissemination of all multimodal system elements in the
corridor. Information from the I-66 corridor will be shared with the partner agencies and relevant transit
and parking information will be displayed on DMS signs on the freeway and connected arterials. In
addition, transit and parking information will be available at the parking facilities. The ICM subsystem
requirements include the following elements:
Element
Data collection and integration with
parallel systems

Requirement(s)

Infrastructure

Share available parking availability
at park-and-ride lots.

Equipment shelter at each parkand-ride lot.

Share available real-time rapid bus
service, bus transit, and Metrorail
arrival/departure information as well
as seat availability.

Connection to VDOT’s fiber optic
communications network.

Share bike share availability at
locations near the corridor as well
as bike rack space availability on
buses.
Bike locker availability in real-time
may be considered.

Power connection.
In-and-out counter system at
access and egress points to parking
areas.
CCTV cameras in sufficient number
and locations to enable remote
viewing of all parking spaces.

Share available parallel arterial
travel time information.
Share available managed lane
travel time and toll rate information.
Disseminate data via CV
application, private application
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Infrastructure

providers, and existing ATMS/ATIS
applications.
Elements will not have to be all
available on Day 1 of the managed
lanes operating.

5.1.4 Tolling Subsystem
The tolling subsystem will be the responsibility of the Developer. The tolling equipment must be
compatible with other managed lane facilities in Virginia, including I-495 and I-95. The tolling system must
allow the system to be switched off for the HOV-3 users of the system. It must also include enforcement
provisions to allow the State Police to enforce violations. There is flexibility in the tolling technology to
allow the Developers to apply innovative concepts for the managed lanes in support of their business
case.

5.1.4.1 Tolling Subsystem Requirements
The following are the minimum tolling requirements:
Element

Requirement(s)

Seamless integration with other toll
roads in the region

Users shall not need a new type of
transponder that is not compatible
with other toll roads in the region to
use the Express Lanes.

Infrastructure

5.1.5 Connected Vehicles Subsystem
VDOT is currently operating CV technologies in the corridor. In addition, the VTRC is planning an
expansion of existing infrastructure along the I-66 corridor through a future grant application. In any event,
the CV technology is expected to grow in the future. VTRC is conducting research in the corridor, and
their devices should be kept operational during construction and relocated in consultation with the
Department.

5.1.5.1 Connected Vehicle Subsystem Requirements
Since a number of initiatives and standards are in the process of being adopted, all requirements for CV
are not yet available. Given this, the following are the minimum requirements for the CV subsystem that
should be incorporated in the system:
Element
V2I Communications Infrastructure
for managed and general purpose
lanes
Integration with ATMS for en-route
traveler information
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Infrastructure
Relocate existing devices to similar
locations in coordination with the
Department.

Coordination with TMP/MOT
scheme
Development of near-term cellular
solution

5.1.6 Communications Subsystem
The communication system is the backbone for data and video transmission for the corridor. There is
currently a fiber optic communication system available for the entire corridor; however, there is a need for
redundant communication to provide additional reliability for the system operations. The need for data and
video communication will increase in the future, so adequate capacity should be accommodated for the
future growth requirements.

5.1.6.1 Communications Subsystem Requirements
The following are the minimum communication subsystem requirements:
Element

Highly reliable and available
communications network
Highly secure communications
network
Overbuild the fiber optic
backbone to support
communications needs for up to
30 years into the future.

Requirement(s)

Maintain full redundancy in the
communications network during
all phases of construction.
Provide advanced redundancy
for full build-out.
Provide 100% spare fiber
throughout the fiber optic
backbone.
Provide 100% spare bandwidth
availability within utilized
communications channels.
Utilize Gigabit communications
to the edge, and 10 Gigabit
communications at the
distribution level.

Infrastructure

Install a duct bank outside the
travel way.
Install separate fiber optic
cables for the managed lanes
system and the general purpose
lanes system in separate
conduits.
Install 100% spare fiber.
Develop advanced network
architecture, using secure
communications hubs
throughout the system.
Use fiber infrastructure only to
support security, bandwidth, and
redundancy requirements.

Deploy layer 3 network routing
at the distribution level.
All toll signs must be connected
to fiber (no wireless last mile).
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5.2 Infrastructure Maintenance During Construction
The Developer is required to maintain the existing ITS equipment along the I-66 corridor during
construction. In addition, the current ATM system that is being constructed must support MOT-related
activities. The gantries must be moved, if required, to accommodate the widening, but the infrastructure
must be maintained throughout the construction duration. In addition, the current CV infrastructure must
remain in place and remain functional.
The following requirements must be met by the Developer for the existing equipment along the I-66
corridor:
Element

Requirement(s)

Uptime requirements for each
infrastructure component

Outages are permitted during
allowable hours of construction per
VDOT approval.

Collection, integration, and
dissemination of construction
information and data

Integration of construction
information with ATMS.

Infrastructure
Data collection and integration with
existing and future dissemination
components.

5.3 Integration and Testing
Element

Requirement(s)

Infrastructure

Managed Lanes

Managed lanes system shall be
integrated with the Developer TOC
and VDOT MPSTOC

Through the fiber optic backbone
with required network
interconnectivity

General Purpose Lanes

GP lanes infrastructure shall be
integrated with the VDOT MPSTOC
ATMS system

Through the fiber optic backbone
with required network
interconnectivity

ICM Sub-System

Traffic and incident data should be
non-proprietary and open for
sharing to enable integration of
systems for ICM

Through wireless connectivity as
required

Connected Vehicles

Testing to ensure proper functioning
and communication of existing
devices with coordination with
VDOT

Through wireless network as
required

Software Integration

Developer shall prove all system
functionality using vendor software
at PSTOC

Test workstations, test software

Acceptance testing will be a multistep process and will include a
factory acceptance test, system
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Infrastructure

acceptance test and a trial
operations test period

CHAPTER 6 OPERATIONAL SCENARIOS
This section provides a detailed description of the operational concepts anticipated after the completion of
the I-66 Corridor Improvements Project construction. It describes the roles and responsibilities of VDOT,
stakeholders, and the Developer. Each scenario describes a sequence of events that consists of activities
carried out by the user, the system, and the environment. It specifies which triggers the sequence, who or
what performs each step, when communications occur and to whom or what, and what information is
being communicated. The scenarios will cover some examples of normal conditions, stress conditions,
failure events, maintenance, and anomalies and exceptions. It also shows what expected stakeholder
roles will be during project construction.

6.1 Normal Operations
Normal operation is when there are no planned events, incidents, software or system failures, disasters,
special events, or other unusual conditions. It can be described as normal recurring conditions, with or
without congestion.
The I-66 corridor will be a joint operation between the Developer, who will be responsible for the managed
lanes, and VDOT, which will be responsible for the general purpose lanes. Information collected by the
Developer will be transmitted to VDOT, which, in turn, will display the information to the public and/or
transmit the information to other stakeholders (e.g., cities, counties, WMATA, etc.) and third-party
Information Service Providers (ISPs) for their use.
During normal conditions, the Developer will set the pricing for the managed lanes operation, use
message signs to direct the traffic to the appropriate use of the lanes, and monitor traffic conditions along
the managed lanes—all based on pre-defined and set protocols. In a similar manner, VDOT will monitor
the general purpose lanes, set the appropriate message signs on the DMS, post traveler information on
the 511 system and coordinate with public safety agencies.
Information transmitted to VDOT by the Developer may be shared with third-parties. VDOT also
disseminates traveler information via its 511 system and website. Table 6-1 shows the roles and
responsibilities for normal operations among the major system operators: VDOT, the Developer, State
Police, WMATA, emergency responders, other stakeholders (cities and counties), and ISPs.
Table 6-1 – Normal Operations System Control/Application
Agency

Lanes

Device/System Control
CCTV

VDOT

General
purpose
lanes
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Application/Usage

Vehicle Detection System
(VDS)

Collect and share speed, volume, and travel
times

511 System

Post speeds and road conditions on the
website
Provide telephone roadway conditions

Developer

Managed
lanes

SSP

Dispatch SSPs for roadside assistance when
needed

CCTV

Monitor conditions

DMS

Provide information regarding managed lanes
use (open/close)

Toll Rates

Set pricing based on requirements

VDS

Transmit speed, volume, and travel times to
VDOT

SSP

Dispatch SSPs for roadside assistance when
needed

State Police

Both

Standard Patrol

Normal conditions

Emergency
responders

Both

None

None
Post information on website

Other stakeholders
(cities/counties)

N/A

Information dissemination

Post freeway travel times at park-and-ride
facilities
Transmit park-and-ride space availability to
VDOT (if available)
Post information on website

WMATA

N/A

Information dissemination

Post freeway travel times at transit stations
Transmit parking availability to VDOT (if
available)

ISPs

N/A

Information dissemination

Disseminate information via third-party apps
and web services

6.2 Incident Conditions
Incident conditions are defined as periods when traffic abnormalities occur. Incidents include nonrecurring events that cause a reduction of roadway capacity or an abnormal increase in demand. Events
such as traffic crashes, disabled vehicles, and spilled cargo are classified as incidents. By this definition,
incidents are non-planned events. Planned events (e.g., highway maintenance and reconstruction
projects) and special non-emergency events (e.g., ball games, concerts, or any other event that
significantly affects roadway operations) are describe later in the Planned Events Conditions section.
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During incident conditions, either in the managed lanes or general purpose lanes, incident management
is the responsibility of both VDOT for the general purpose lanes and the Developer for the managed
lanes. Incident information, collected by the Developer, will be transmitted to VDOT, which in turn will
transmit it to the public via the roadside DMS signs, 511 system, and website. Furthermore, VDOT will
transmit the information to other stakeholders (e.g., cities, counties, WMATA) and third-party ISPs for their
use and dissemination.
Prior to the onset of incidents, both VDOT and the Developer will be monitoring the roadway conditions
via CCTV. Information received by the State Police or 911 system will be transmitted by VDOT to the
Developer electronically as well as manually, if appropriate, to allow operators to verify incident type and
location.
Once an incident is detected, either VDOT or the Developer will execute an appropriate incident response
plan, depending on the nature of incident. Either the SSP will be dispatched for assistance with minor
incidents, or emergency response teams will be notified and dispatched depending on the nature of the
incident. State Police will respond to incidents as appropriate for both the managed lanes and general
purpose lanes. Incident clearance will be the responsibility of the Developer along the managed lanes,
and VDOT for the general purpose lanes. Both VDOT and the Developer must have a responsible
Incident Manager Supervisor at their respective operations center to coordinate activities at all times. An
Incident Response supervisor is required on a 24x7 basis for VDOT and during managed lanes
operational periods for the Developer. The incident response team leaders will in in contact during the
incident response period.
During the incident response period for the managed lanes, the Developer will need to change the
advanced DMS signs will display incident information and, if appropriate, alternate route or guidance
information will be provided.
In conjunction with the managed lanes closure, VDOT would post appropriate information on advance
DMS to notify the highway users of the incident conditions and, if appropriate, provide alternate routes or
other traveler information. Moreover, incident information received by the Developer will be transmitted by
VDOT to the other stakeholders and to ISPs automatically.
During the incident response period for the general purpose lanes, VDOT would post appropriate
information on advance DMS to notify the highway users of the incident conditions and, if available,
provide alternate routes or other traveler information. Furthermore, incident information will be transmitted
by VDOT to the other stakeholders and to the ISPs automatically.
Table 6-2 shows the roles and responsibilities during incident operations for the major system operators:
VDOT, the Developer, State Police, WMATA, emergency responders, other stakeholders (cities and
counties), and ISPs.
Table 6-2 – Incident Conditions Control/Application
Agency

VDOT

Lanes

General
purpose
lanes

Device/System Control

Application/Usage

CCTV

Verify incidents/monitor conditions

DMS

Display incident information in advance of
incident
Provide alternate routes, if applicable
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Application/Usage
Collect and share speed, volume, and travel
times
Post speeds and road conditions on the
website

511 System

Provide telephone roadway conditions
Post incident notification

SSP

Dispatch SSPs for roadside assistance

CCTV

Verify incidents/monitor conditions

DMS

Provide information regarding managed lanes
use
Display incident information when required

Developer

Managed
lanes

Toll rates

Set pricing based on requirements

VDS

Transmit speed, volume, and travel times to
VDOT

SSP

Dispatch SSPs for roadside assistance

State Police

Both

Respond to incidents

Incident management

Emergency
responders

Both

Respond to incidents

Incident management
Post incident information on website

Other stakeholders
(cities/counties)

N/A

Information dissemination

Post freeway travel times and incident
information at park-and-ride facilities
Transmit park-and-ride space availability to
VDOT, if available
Post information on website

WMATA

N/A

Information dissemination

Post freeway travel times at transit stations
Transmit parking availability to VDOT, if
available

ISPs

N/A

Information dissemination

Disseminate incident information via third-party
apps and web services

6.3 Planned Events, Work Zone, or Maintenance Activities
Planned events, work zone, or maintenance activities are planned events that include non-recurring
events that cause a reduction of roadway capacity or an abnormal increase in demand. Planned events
include highway maintenance and reconstruction projects, special non-emergency events (e.g., ball
games, concerts, or any other event that significantly affects roadway operations), or similar activities.
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Planned-event notification should be transmitted by either party in advance of the event for planning
purposes. Longer advance notice should be issued for major events to allow a coordinated planning and
execution of the event management strategies. Event management strategies should be developed in
advance in accordance with the required traffic management strategies, in coordination with the State
Police. VDOT will be responsible for notifying the public and transmitting the information to other
stakeholders (e.g., cities, counties, WMATA, etc.), third-party ISPs, and the 511 system in advance of the
event. During a planned event, traffic management is the responsibility of VDOT for the general purpose
lanes and the Developer for the managed lanes.
The planned event scenario has many similarities to an incident management; however, the necessary
actions and steps are pre-planned and coordinated in advance. In many situations, the State Police is
heavily involved in the planning, including the work zone management and maintenance activities. Event
managers should be on-duty during these periods for both VDOT and the Developer.
During the event management for the managed lanes, the Developer will execute the pre-planned
strategies. Advance DMS signs will display event information and, if available, alternate route or guidance
information will be provided.
During the event management period, the general purpose lanes will be managed in conjunction with the
managed lanes closure. VDOT would post appropriate information on advance DMS to notify the highway
users of the event conditions and, if available, provide alternate routes or other traveler information.
If a non-planned incident occurs during an event, the normal incident management procedures will be
followed in addition to the ongoing event management.
Table 6-3 shows the role and responsibilities during event management operations for the major system
operators: VDOT, the Developer, State Police, WMATA, emergency responders, other stakeholders (cities
and counties), and ISPs.
Table 6-3 – Event Management Conditions Control/Application
Agency

Lanes

Device/System Control

Application/Usage

CCTV

Monitors conditions

DMS

Display event information in advance of
segment/location
Provide alternate routes, if applicable

VDOT

General
purpose
lanes

VDS

Collect and share speed, volume, and travel
times
Post speeds and road conditions on the
website

511 system

Provide telephone roadway conditions
Post event notification

SSP
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Application/Usage

CCTV

Monitor conditions

DMS

Provide information regarding managed lanes
use
Display event information

Developer

Managed
Lanes

Toll rates

Set pricing based on requirements

VDS

Transmit speed, volume, and travel times to
VDOT

SSP

Dispatch SSPs for roadside assistance when
needed

Planned incident
information

Transmit information to 511 directly and to
VDOT

State Police

Both

Event management

Event management

Emergency
responders

Both

Upon notification

Incident management, if needed
Post event information on website

Other stakeholders
(cities/counties)

N/A

Information dissemination

Post event information at park-and-ride
facilities
Transmit park-and-ride space availability to
VDOT, if available
Post event information on website

WMATA

N/A

Information dissemination

Post event information at transit stations
Transmit parking availability to VDOT, if
available

ISPs

N/A

Information dissemination

Post event information via third party apps and
web services

6.4 Failure Conditions
Failure conditions are non-planned events when partial or complete system failures occur. A partial
system failure may include software failure or system shut-down, and a complete system failure may
occur due to major catastrophes or disruption of service that would affect multiple systems, software, or
physical roadway systems. In the event of a major disaster, VDOT will follow its standard emergency
management procedures, where system operation may be delegated to its backup TOC in Gainesville, if
operational. In the case of partial system failures, there needs to be an assessment by VDOT and
Developer operations managers to evaluate if there are any impacts to the I-66 corridor operations. If
there are no impacts to the I-66 operations, then normal operations will follow as appropriate.
Both VDOT and the Developer will be responsible for notifying the public and transmitting the information
to other stakeholders (e.g., cities, counties, WMATA, etc.), third-party ISPs, and the 511 system in the
event of managed lanes closure or other incident conditions.
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Table 6-4 shows the roles and responsibilities during an event management operation among system
failure for the major system operators: VDOT, the Developer, State Police, WMATA, emergency
responders, other stakeholders (cities and counties), and ISPs.
Table 6-4 – Failure Conditions Control/Application
Agency

Lanes

Device/System Control

Application/Usage

CCTV

Monitors conditions, if operational

DMS

If operational, display event information in
advance of segment/location. Provide alternate
routes if applicable
If non-operational, will leave blank

VDOT

Developer

General
Purpose
Lanes

Managed
Lanes

VDS

Collect and share speed, volume, and travel
times, if operational

511 system

If operational, post speeds and road conditions
on the website. Provide telephone roadway
conditions. Post event notification

SSP

Dispatch SSPs for roadside assistance when
needed

CCTV

Monitor conditions, if operational

DMS

If operational, provide information regarding
managed lanes use. Display event information

Toll rates

Set pricing based on requirements (May be
non-operational)

VDS

Transmit speed, volume, and travel times to
VDOT, if operational

SSP

Dispatch SSPs for roadside assistance when
needed

State Police

Both

Event management

On high alert

Emergency
Responders

Both

On notification

Incident management on high alert
If available, post event information on website

Other stakeholders
(cities/counties)

N/A

Information dissemination

Post event information at park-and-ride
facilities
Transmit park-and-ride space availability to
VDOT, if available
If available, post event information on website

WMATA

N/A

Information dissemination

Post event information at transit stations
Transmit parking availability to VDOT, if
available
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Application/Usage
If available, post event information via thirdparty apps and web services

6.5 During Project Construction Phase
During project construction, the operation of the corridor will be a coordinated effort between VDOT and
the Developer, and standard work zone management will be in effect based on MOT plans pre-approved
by VDOT. It is expected that the MOT plans developed by the Developer will integrate the existing ATM
system already in place along portions of the corridor to manage the construction activities. The
Developer will be required to keep the ATM system and CV equipment operational. The Developer shall
not disrupt the operations and shall maintain system operations, as prescribed elsewhere in the
document.
Work zone management strategies would be developed in advance in coordination with the State Police
and VDOT and in accordance with the required MOT plans. VDOT will be responsible for notifying the
public and transmitting the information to other stakeholders (e.g., cities, counties, WMATA, etc.), thirdparty ISPs, and the 511 system in advance of the construction activities. Work zone management will
have many similarities to incident management; however, the necessary actions and steps will be defined
in the MOT plans and coordinated in advance. The State Police will be heavily involved in the planning,
including the work zone management and maintenance activities. Event managers should be on-duty
during these periods for both VDOT and the Developer.
During the construction period, VDOT would implement the ATM components of the MOT plans from the
PSTOC as prescribed and in response to the Developer arriving on site. VDOT would post appropriate
information on advance DMS to notify the highway users of the event conditions and, if appropriate,
provide alternate routes or other traveler information. If a non-planned incident occurs during an event,
the normal incident management procedures will be followed in addition to the ongoing event
management.
Table 6-5 shows the roles and responsibilities during the construction phase work zone operations among
the major system operators: VDOT, the Developer, State Police, WMATA, emergency responders, other
stakeholders (cities and counties), and ISPs.
Table 6-5 – Project Construction Work Zone Management Conditions
Agency

VDOT

Lanes

All
lanes

Device/System
Control
CCTV

Monitors conditions

DMS

Display construction information in
advance of segment/location
Provide alternate routes, if applicable

VDS
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Application/Usage
Post speeds and road conditions on the
website

511 system

Provide telephone roadway conditions
Post event notification

SSP

Dispatch SSPs for roadside assistance
when needed

Contractor/Developer

All
lanes

Work zone management

Monitor conditions. Maintain traffic and
public safety. Furnish MOT plans to VDOT

State Police

All
lanes

Event management

Event management

Emergency responders

All
lanes

On notification

Incident management if needed

Other stakeholders
(cities/counties)

N/A

Information dissemination

Post construction information on website
Post construction information on website

WMATA

N/A

Information dissemination

ISPs

N/A

Information dissemination

Post construction information at transit
stations
Post construction information via third
party apps and web services

CHAPTER 7 REFERENCED DOCUMENTS
The following documents were used as references in the development of this report.









Tier 1 Environmental Impact Statement and Tier 1 Record of Decision for Interstate 66 from US 15 in
Prince William County to Interstate 495 in Fairfax County, VDOT, Virginia DRPT, FHWA, November
2013
Scoping Framework Document for Tier 2 NEPA Traffic and Transportation Technical Report and
Interchange Justification Report, VDOT, 2015
VDOT Business Plan for Fiscal Year 2015
COG/TPB Draft National Capital Region Congestion Report, 2nd Quarter 2014
I-95 HOV/HOT Lanes Project DRAFT Technical Requirements REV-7, March 2012
VDOT NRO ITS Architecture
I-66 ATDM High Level Concept Plan, July 2011

The following studies and documents will support the overall I-66 Corridor Improvements Project:


Tier 2 Environmental Assessment, VDOT. This study will develop the scope/specifics of the
improvements to meet the needs of the study corridor and document impacts of proposed
modifications to I-66 as a part of the I-66 Corridor Improvements Project.
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Corridor Study and Systemwide IJR, VDOT. The IJR will request approval for new and modified
interstate access associated with corridor improvements related to general purpose lanes, Express
Lanes, and transit facilities.
Transit/Transportation Demand Management (TDM) Implementation Plan, DRPT and VDOT.
This study will document transit demand and facility and service needs as inputs to the I-66 Corridor
Improvements Project.
Preliminary Engineering of I-66 Corridor Improvements, VDOT. This study will prepare
preliminary engineering plans of infrastructure and facility modifications to support defined corridor
needs.
Traffic and Revenue Study, VAP3. This study will document traffic and revenue forecasts associated
with Express Lane operations along I-66 in coordination with the I-66 Corridor Improvements Project.
I-66 HOT Lanes Study, This study is currently under preparation by VDOT and will determine the
feasibility of implementing variably priced, high occupancy toll (HOT) lanes inside the Capital Beltway.
For the purposes of the I-66 Corridor Improvements Project, the following assumptions are being
used regarding the I-66 HOT Lanes Study:
− Assume opening year of 2025 for the third-lane phase of the I-66 HOT lanes project.
− The I-66 HOT lanes project will be documented under an Environmental Assessment.
− Project termini will extend eastward from the Capital Beltway. The study will evaluate the current
HOV terminus at US 29 and consider an eastern terminus at the DC line, if the study shows that a
DC terminus captures additional HOT traffic.
− Toll operations will be contracted out by VDOT to a private party, which is to be determined by
others outside of the I-66 HOT Lanes study.
I-66/Route 28 Project, VDOT was developing a project to improve access for Route 28 at I-66 and
within the corridor north of I-66; this project is now incorporated into the I-66 Corridor Improvements
Project and includes a new Poplar Tree Road/Stonecroft Boulevard Overpass and EC Lawrence Park
Entrance, removal of the ECL Park entrance traffic signal along Route 28, the extension of Poplar
Tree Road from its existing terminus east of Route 28 to Stonecroft Boulevard, and associated
improvements at the Westfields Boulevard interchange.

Other data including current and forecasted traffic volumes, transit service options, and crash analyses
can be found in these and other referenced documents.
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ATM Strategies in Existing Condition
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ITS ARCHITECTURE REQUIREMENTS

ITS Architecture Requirements
The USDOT also requires that any ITS project funded through the Highway Trust Fund must conform to
the National ITS Architecture and applicable standards. These requirements are codified in the Code of
Federal Regulation (CFR) Title 23-Highways, Part 940-Intelligent Transportation Systems Architecture
and Standards. ITS projects are defined as any project that in whole or in part funds the acquisition of
technologies or systems of technologies that provide or significantly contribute to the provision of one or
more ITS user services as defined in the National ITS Architecture. Conformance to the National ITS
Architecture includes the use of the National ITS Architecture to develop a statewide or regional ITS
architecture and the subsequent adherence of the project to that statewide or regional ITS architecture.
Compliance with the National ITS Architecture and VDOT ITS Architecture will ensure compliance with the
statewide requirements and information integration with other systems in operation today.

ITS Architecture Process
To ensure that ITS deployments are coordinated and integration opportunities are maximized, the USDOT
requires the development of an ITS architecture. The ITS architecture helps to identify opportunities for
interagency communication to better coordinate deployment efforts and to support integration activities of
multimodal transportation services. ITS architecture typically includes the following components:






Subsystems
Equipment Packages
Service Packages
Interconnects
Information flows

Subsystems represent the various ITS management centers (at TOCs), field infrastructure (DMS, CCTV,
LCS, and other equipment), and communication system. Equipment Packages represent discrete
functional capabilities of each subsystem. Equipment Packages produce, receive, or process information
that supports transportation services, which are known as Service Packages. Service Packages are
comprised of multiple Equipment Packages and subsystems that interact to provide traffic management
and other ITS services.

Interfaces to the Systems
Project Interfaces will include connections identified for information sharing between all the project
stakeholders, which would include:










VDOT
Future Developer
I-95 and I-495 concessionaire (Transurban)
Fairfax County
Prince William County
WMATA
DPRT
NVTA
VRT
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PRTC
VRE
MWAA
Dulles Area Transportation Association (DATA)
LINK (Reston Area)
Transportation Association of Greater Springfield (TAGS)
VTRC
Private Information Service Providers (ISPs)

VDOT ITS Architecture
In January 2014, VDOT completed an update of the Northern Region ITS Architecture. The geographic
boundaries of VDOT’s Northern Region include all of the transit agencies and local agencies along the I66 corridor as stakeholders. Stakeholders developed the Regional ITS Architecture based on a 20-year
vision of how they wanted to implement and operate ITS in Northern Virginia. The Regional ITS
Architecture was based on Version 7.0 of the National ITS Architecture, and an accompanying Turbo
Architecture database also was developed using Version 7.0 of the Turbo Architecture. This version adds
several features to support transportation planning through project development. Also, Version 7 was
updated to align with new focuses and direction to include additional service packages for ATM strategies
and CV technologies. The Regional ITS Architecture and Turbo Architecture database files can be found
on the Commonwealth of Virginia Statewide and Regional ITS Architecture project website, currently
maintained by VDOT’s consultant at the following website:
http://local.iteris.com/virginiaitsarchitecture/architectures/northern/index.html
As part of the systems engineering process and federal regulations regarding federally-funded ITS
projects, the I-66 Corridor Improvements Project should align with the associated regional ITS
architectures. The I-66 corridor is included within the Northern Virginia Regional ITS Architecture.
Table B-1 summarizes the project-specific Service Packages and their conformance or applicability.
Based on the February 2011 version, the identified I-66 Service Packages are in conformance and as well
as those that require additional updates.
Table B-1 –Service Packages Included in VDOT Northern Region ITS Architecture
Service Package

Service Package

Included in
Architecture?

Network Surveillance

ATMS01



Traffic Probe Surveillance

ATMS02

X

HOV Lane Management

ATMS05



Traffic Information Dissemination

ATMS06



Regional Traffic Management

ATMS07



Traffic Incident Management System

ATMS08



Traffic Decision Support and Demand Management

ATMS09



Electronic Toll Collection

ATMS10



VMT Road User Payment

ATMS25

X
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Emergency Call –Taking and Dispatch

EM01



Emergency Routing

EM02



Roadway Service Patrols

EM04



Road Weather Data Collection

MC03



Weather Information Processing and Distribution

MC04



Winter Maintenance

MC06



Roadway Maintenance and Construction

MC07



Work Zone Management

MC08



Transit Fixed-Route Operations

APTS2



Multimodal Coordination

APTS7



Broadcast Traveler Information

ATIS01



Interactive Traveler Information

ATIS02



ITS Data Mart

AD01



ITS Virtual Data Warehouse

AD03



Vehicle Safety Monitoring

AVSS01

X

Driver Safety Monitoring

AVSS02

X

Longitudinal Safety Monitoring

AVSS03

X

Lateral Safety Warning

AVSS04

X

Intersection Safety Warning

AVSS05

X

Pre-Crash Restraint Deployment

AVSS06

X

Driver Visibility Improvement

AVSS07

X

Advanced Vehicle Longitudinal Control

AVSS08

X

Advanced Vehicle Lateral Control

AVSS09

X

Intersection Collision Avoidance

AVSS10

X

AV Operations

AVSS11

X

Cooperative Vehicle Safety Systems

AVSS12

X

*Note -  denotes the SP aligns with the architecture; “X” denotes the SP requires updating/adding to the current
architecture.

Compliance with VDOT Northern Region ITS Architecture
Within the regional architecture, the Developer will communicate directly with VDOT, and VDOT in turn
will communicate with the transit and local agencies. It is important to note that the Regional ITS
Architecture is considered a living document. As the I-66 Corridor Improvements Project is finalized, it will
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be necessary to modify the ITS Service Package to reflect how the system will be deployed and operated.
The VDOT Northern Region ITS Architecture describes the process that should be used for documenting
changes to the regional architecture to account for ITS deployments that differ from the Regional ITS
Architecture. The most important component of these changes is that all impacted stakeholders are in
agreement on the changes and have an understanding and, if necessary, an agreement in place for future
maintenance and operations of the system.

Relevant ITS Architecture Service Packages
Table B-2 – All Relevant ITS Architecture Service Packages
Service
Package

Service Package
Name

Description
Traffic Management Service Area

ATMS01

Network Surveillance

Collects and transmits data to a traffic management center from
devices such as traffic detectors, closed-circuit television (CCTV)
cameras, and other surveillance equipment.

ATMS02

Traffic Probe
Surveillance

Provides road network conditions such as average speed and
congestion conditions using position and speed information from probe
vehicles.

ATMS03

Traffic Signal Control

Provides the control and monitoring, communications, and signal
control equipment to support local street and/or arterial traffic
management. Consistent with urban traffic signal control systems.

ATMS04

Traffic Metering

Provides the control and monitoring, communications, and field
equipment to support metering of traffic. Such strategies include ramp,
interchange, and mainline metering. It also incorporates
instrumentation from ATMS01 to support traffic monitoring so
responsive and adaptive strategies can be implemented.

ATMS05

HOV Lane
Management

Manages high-occupancy vehicle (HOV) lanes by coordinating freeway
ramp meters and connector signals with HOV lane usage signals.

ATMS06

Traffic Information
Dissemination

Provides drivers with traffic information using roadway equipment; most
frequently dynamic message signs (DMS) or highway advisory radio.
Information can include road conditions, closures, detour information,
incident information, emergency alerts, and advisories.

ATMS07

Regional Traffic
Management

Shares traffic information and control among traffic management
centers. Examples include: coordinated signal operations across
jurisdictional boundaries; coordination between freeway operations and
arterial signal control; and sharing of congestion or incident information.

ATMS08

Traffic Incident
Management System

Manages both unexpected incidents and planned events by
coordinating with other agencies to support traffic operations personnel
in developing an appropriate response to minimize the impact to the
transportation network and traveler safety. Includes coordination with
emergency management and roadway maintenance agencies to
support a coordinated response.
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Service
Package

Service Package
Name

ATMS09

Traffic Decision
Support and Demand
Management

Recommends courses of action based on an assessment of the current
and forecasted road network performance as well as information on
special events, parking, or transit operations if applicable. Example
responses include predefined incident response plans, transit
strategies, and congestion management strategies.

ATMS10

Electronic Toll
Collection

Provides the ability to collect tolls electronically and detect and process
violations. Toll tags and roadside readers also can be used to collect
road use statistics for highway authorities.

ATMS11

Emissions Monitoring
and Management

Collects and monitors air quality data collected by wide area or point
emissions monitoring sensors.

ATMS12

Roadside Lighting
System Control

Monitors operational conditions along the roadway to vary the amount
of light that is provided along the roadside.

ATMS13

Standard Railroad
Grade Crossing

Manages highway traffic at highway-rail intersections (HRIs) where
operational requirements do not dictate more advanced features
(typically where rail operational speeds are less than 80 mph).

ATMS14

Advanced Railroad
Grade Crossing

Manages highway traffic at HRIs where operational requirements
demand advanced features (typically where rail operational speeds are
greater than 80 mph).

ATMS15

Railroad Operations
Coordination

Provides an additional level of strategic coordination between freight
rail operations and traffic management centers. Could include train
schedules, maintenance schedules or any other anticipated HRI
closures.

ATMS16

Parking Facility
Management

Provides enhanced monitoring and management of parking facilities.
Service package assists in the management of parking operations,
coordinates with transportation authorities, and supports electronic
collection of parking fees.

ATMS17

Regional Parking
Management

Supports communication and coordination between parking facilities as
well as coordination between parking facilities and traffic and transit
management systems.

ATMS18

Reversible Lane
Management

Provides the management of reversible lane facilities. Includes the field
equipment, lane access controls, and associated electronics.

ATMS19

Speed Warning and
Enforcement

Monitors the speeds of vehicles traveling through a roadway system
and warns the driver when their speed is excessive. This service can
also support notifications to an enforcement agency to enforce the
speed limit and roadside safe speed advisories based on current
roadway conditions.

ATMS20

Drawbridge
Management

Supports systems that manage drawbridges at rivers and canals and
other multimodal crossings. Includes control devices as well as traveler
information systems.
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Service
Package

Service Package
Name

ATMS21

Roadway Closure
Management

Closes roadways to vehicular traffic automatically or using remote
activation when driving conditions are unsafe, maintenance must be
performed, or in other situations where access must be prohibited.
Includes gates or barriers to control access, control and monitoring
systems, and field devices.

ATMS22

Variable Speed Limits

Sets variable speed limits (VSL) along a roadway to create more
uniformed speeds, promote safer driving during adverse conditions,
and reduce air pollution. This service monitors traffic and environmental
conditions along the roadway to then calculate and set suitable speed
limits. Can be monitored and controlled by a management center or
autonomous.

ATMS23

Dynamic Lane
Management and
Shoulder Use

Provides lane configuration changes on the roadway according to traffic
demands and lane destination along a section. Can be used to allow
temporary or interim use of shoulders as travel lanes. Lanes can be
designated for use by special vehicles (buses), HOV, or special event,
etc.

ATMS24

Dynamic Roadway
Warning

Provides warning to drivers of approaching hazards on the roadway
dynamically. Warnings can be warning signs, flashing lights, in-vehicle
messages, etc. This service does not include speed warnings
considered by roadway geometry limitations – see ATMS19.

ATMS25

VMT Road User
Payment

Supports charging fees to vehicle owners traveling on a specific
roadway with potentially different rates based on a number of
considerations – time of day, roadway used, class of vehicles, etc.
Owners register with a single payment entity and pay according to the
policy set in place.

ATMS26

Mixed Use Warning
Systems

Supports the sensing and warning systems used to interact with
pedestrians, bicyclists, and other vehicles that operate on the main
vehicle roadway, or those that intersect with the main roadway. These
systems are either automated warnings or active protection for the
user.

Description

Emergency Management Service Area
EM01

Emergency Call –
Taking and Dispatch

Provides basic emergency call-taking and dispatch services. Includes
emergency vehicle equipment, dispatch centers, communications, and
coordination between emergency management agencies.

EM02

Emergency Routing

Provides special priority and other specific emergency traffic control
strategies to help improve the response of a vehicles en-route as well
as coordination between emergency management agencies. Includes
traffic information, road conditions, and signal preemption.

EM03

Mayday and Alarms
Support

Supports user request for emergency assistance. The assistance
includes gathering information about the location and incident, and then
determining the appropriate response.
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Service
Package

Service Package
Name

EM04

Roadway Service
Patrols

Provides roadway services to vehicles for minor incidents, such as flat
tires, cars that run out of gas, etc. Incident information is collected and
shared with traveler information systems, traffic management, and
maintenance and construction.

EM05

Transportation
Infrastructure
Protection

Supports monitoring of transportation infrastructure such as bridges,
tunnels, and transportation management centers (TMCs) for potential
threats and provides safeguards against them or strategies to minimize
the impact if one should occur.

EM06

Wide-Area Alert

Provides information about alerts to the public in emergency situations
such as child abductions, severe weather, or other life-threatening
situations.

EM07

Early Warning System

Monitors and detects potential or actual natural or man-made disaster
and notifies appropriate responding agencies.

EM08

Disaster Response
and Recovery

Supports the coordination of emergency response plans to address
natural or man-made disasters. It identifies key points of integration
between agencies and their basic responses to address the
transportation system and maintain awareness.

EM09

Evacuation and
Reentry Management

Supports coordination of evacuation plans of the general public for all
types of disasters. Information is shared amongst all agencies involved
to implement specific strategies to effectively implement resources at
the right time and right place.

EM10

Disaster Traveler
Information

Provides disaster-related information to the public during a disaster. It is
used to assist the public by providing evacuation route information,
emergency instructions, roadway conditions, and other traveler
information.

Description

Maintenance and Construction Management Service Area
MC01

Maintenance and
Construction Vehicle
and Equipment
Tracking

Tracks the location of maintenance and construction vehicles and other
equipment to ascertain the progress of their activities.

MC02

Maintenance and
Construction Vehicle
Maintenance

Performs routine and corrective vehicle maintenance scheduling using
on-board sensors that automatically perform diagnostics on the
vehicles.

MC03

Road Weather Data
Collection

Collects current road and weather conditions from sensors placed
alongside the roadway. Data may also be requested or received from
other meteorological systems (i.e., National Weather Service)

MC04

Weather Information
Processing and
Distribution

Uses the environmental data collected to help detect hazards, such as
icy roads, high winds, or dense fog. The data can be used to help make
decisions and keep operators updated on current condition information.
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Service
Package

Service Package
Name

MC05

Roadway Automated
Treatment

Automatically treats a section of road based on conditions detected by
environmental sensors. Treatment options could include anti-icing
chemicals or fog-dispersion techniques, among others.

MC06

Winter Maintenance

Supports winter road maintenance. Monitors environmental conditions
and weather forecasts and uses the information to schedule winter
maintenance activities.

MC07

Roadway Maintenance
and Construction

Supports management of scheduled and unscheduled maintenance
and construction services on the roadway.

MC08

Work Zone
Management

Manages work zones by monitoring traffic conditions, coordinating with
other agencies, and providing speed and delay information to the public
prior to the work zone.

MC09

Work Zone Safety
Monitoring

Detects intrusions in the work zone and warns workers of the potential
hazards. Crews are monitored to warn those who leave the designated
safety zone. Supports both mobile and stationary work zones.

MC10

Maintenance and
Construction Activity
Coordination

Supports the dissemination of maintenance and construction activity to
centers that can utilize it as part of their operations. (e.g., traffic
management, transit, emergency management, etc.)

MC11

Environmental Probe
Surveillance

Collects real-time data from on-board vehicle systems about
environmental conditions on the roadway.

MC12

Infrastructure
Monitoring

Monitors the condition of pavement, bridges, tunnels, associated
hardware, and other transportation-related infrastructure using fixed
and vehicle-based monitoring sensors.

Description

Public Transportation Service Area
APTS1

Transit Vehicle
Tracking

Monitors current transit vehicle locations using an automated vehicle
location (AVL) system. Location data may be used to determine real
time schedule adherence.

APTS2

Transit Fixed-Route
Operations

Performs automated dispatch and system monitoring for fixed-route
and flexible-route transit services. This service performs scheduling
activities including the creation of schedules, as well as operator
assignment.

APTS3

Demand Response
Transit Operations

Performs vehicle routing and scheduling, as well as operator
assignment and system monitoring for demand response transit
services.

APTS4

Transit Fare Collection
Management

Manages transit fare collection on-board transit vehicles and at transit
stops using electronic means.

APTS5

Transit Security

Provides for the physical security of transit passengers and transit
vehicle operators. Includes on-board security cameras and panic
buttons.
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Service
Package

Service Package
Name

APTS6

Transit Fleet
Management

Provides on-board monitoring of vehicle status. Information is
processed and transmitted to schedule preventative and corrective
maintenance.

APTS7

Multimodal
Coordination

Establishes two-way communications between multiple transit and
traffic agencies to improve service coordination and operating
efficiency.

APTS8

Transit Traveler
Information

Provides transit information for those at transit stops and on-board
transit vehicles. Also provides transit trip itineraries and other tailored
information services that may occur pre-trip.

APTS9

Transit Signal Priority
(TSP)

Determines the need for transit priority on routes and at certain
intersections and requests transit vehicle priority at these locations
through coordination between traffic and transit management centers.

APTS10

Transit Passenger
Counting

Counts the number of passengers entering and exiting a transit vehicle
using sensors mounted on the vehicle and communicates the collected
passenger data back to the management center.

APTS11

Multimodal Connection
Protection

Supports the coordination of multimodal services to optimize the travel
time of travelers as they move from one mode to another mode (or
different routes within a single mode). Agencies coordinate routes so
passengers have the opportunity to transfer with minimum wait time to
either another route or mode of transportation.

Description

Commercial Vehicle Operations Service Area
CVO01

Carrier Operations and
Fleet Management

Provides the capabilities to manage a fleet of commercial vehicles.
Vehicle routing and tracking as well as notification of emergency
management of any troublesome route deviations (such as a HAZMAT
vehicle) are part of this service package.

CVO02

Freight Administration

Tracks the movement of cargo and monitors the cargo condition.

CVO03

Electronic Clearance

Provides for automatic clearance at roadside check facilities. Allows a
good driver/vehicle/carrier to pass roadside facilities at highway speeds
using transponders and dedicated short range communications to the
roadside.

CVO04

CV Administrative
Processes

Provides for electronic application, processing, fee collection, issuance
and distribution of CVO credentials, and tax filing.

CVO05

International Border
Electronic Clearance

Provides for automated clearance at international border crossings.
Works in coordination with the electronic clearance (CVO 03) services
to gather data about the vehicle, cargo, and driver.

CVO06

Weigh-In-Motion

Provides for high speed weigh-in-motion with or without automated
vehicle identification (AVI) capabilities. Works in conjunction with
CVO03.
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Service
Package

Service Package
Name

CVO07

Roadside CVO Safety

Provides for automated roadside safety monitoring and reporting by
automating commercial vehicle safety inspections at the roadside
check locations.

CVO08

On-board CVO Safety

Provides for on-board commercial vehicle safety monitoring and
reporting as well as roadside support for reading on-board safety data
via tags.

CVO09

CVO Fleet
Maintenance

Supports maintenance of CVO fleet vehicles with on-board monitoring
equipment and automated vehicle location capabilities by recording
vehicle mileage, repairs, and safety violations.

CVO10

HAZMAT Management

Supports coordination between incident management response and
commercial vehicle tracking to ensure HAZMAT materials are
effectively treated during an incident.

CVO11

Roadside HAZMAT
Security Detection and
Mitigation

Provides the capability to detect and classify security sensitive
HAZMAT on commercial vehicles using roadside sensing and imaging
technology. Credentials information can be accessed to verify if the
commercial driver, vehicle, and carrier are permitted to transport the
identified HAZMAT.

CVO12

CV Driver Security
Authentication

Provides the ability to detect when an unauthorized driver attempts to
drive a vehicle using stored identity information. If an unauthorized
driver has been detected, the commercial vehicle can be disabled.

CVO13

Freight Assignment
Tracking

Provides tracking, and monitoring of the commercial vehicle, freight
equipment, and commercial vehicle driver during a shipment.

Description

Traveler Information Service Area
ATIS01

Broadcast Traveler
Information

Collects traffic conditions, advisories, general public transportation
information, toll and parking information, incident information, roadway
maintenance and construction information, and air quality and weather
information for dissemination through wide area digital broadcast
services such as using radio or Internet websites.

ATIS02

Interactive Traveler
Information

Provides the traveler with current information regarding traffic
conditions, roadway maintenance and construction, transit services,
parking management, detours and pricing information based on the
request made by the traveler. 511 services are included in this service
package.

ATIS03

Autonomous Route
Guidance

Enables route planning and detailed route guidance based on static,
stored information.

ATIS04

Dynamic Route
Guidance

Offers advanced route planning and guidance that is responsive to
current conditions.

ATIS05

ISP-Based Trip
Planning and Route
Guidance

Provides pre-trip route planning and route guidance based on traveler
preference and constraints. May or may not utilize real-time network
conditions.
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Service
Package

Service Package
Name

ATIS06

Transportation
Operations Data
Sharing

Provides current traffic and travel conditions to transportation system
operators to facilitate information exchange between agencies.

ATIS07

Travel Services
Information and
Reservation

Provides travel information and reservation services to users through
multiple ways of accessing information.

ATIS08

Dynamic Ridesharing

Provides near real-time ridesharing/ride-matching services to travelers.

ATIS09

In-Vehicle Signing

Provides sign and signal information directly to drivers through invehicle devices. Information includes static sign information and
dynamic information.

ATIS10

Vehicle Infrastructure
Integration (VII)
Traveler Info

Provides location-specific information including travel times, incident
information, road conditions, and emergency traveler information to
travelers in vehicles using VII.

Description

Archived Data Management Service Area
AD01

ITS Data Mart

Houses archived data from a single agency/organization. Data is
typically focused on a single transportation mode or one jurisdiction.

AD02

ITS Data Warehouse

Includes all data collection and management of ITS Data Mart, but
includes data from multiple agencies/organizations across modal and
jurisdictional boundaries.

AD03

ITS Virtual Data
Warehouse

Includes all data collection and management of ITS Data Warehouse,
but supports access between several archives in different physical
locations.
Advanced Vehicle Safety

AVSS01

Vehicle Safety
Monitoring

Monitors the vehicle’s condition, performance, on-board safety data,
and display information using on-board sensors.

AVSS02

Driver Safety
Monitoring

Monitors the driver’s condition, performance, on-board safety data, and
display information using on-board sensors.

AVSS03

Longitudinal Safety
Monitoring

Utilizes safety and collision sensors to monitor in front of and behind
the vehicle to warn the driver of potential hazards.

AVSS04

Lateral Safety Warning

Utilizes safety and collision sensors to monitor the sides of the vehicle
to warn the driver of potential hazards.

AVSS05

Intersection Safety
Warning

Monitors potential conflicts between approaching vehicles to an
intersection and provides a warning to those vehicles involved using
short range communications and/or signs/signals in the intersection.

AVSS06

Pre-Crash Restraint
Deployment

Monitors the vehicle’s local environment using in-vehicle sensors and
on-board communications to determine collision probability. If needed it
will deploy a pre-crash safety system.
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Service
Package

Service Package
Name

AVSS07

Driver Visibility
Improvement

Enhances the driver’s visibility using an enhanced vision system. Onboard display hardware is needed.

AVSS08

Advanced Vehicle
Longitudinal Control

Utilizes safety and collision sensors to measure longitudinal gaps and a
processor for controlling the vehicle speed and throttle.

AVSS09

Advanced Vehicle
Lateral Control

Utilizes safety and collision sensors to measure the vehicle’s lane
position and lateral deviations and a processor for controlling the
vehicle steering.

AVSS10

Intersection Collision
Avoidance

Utilizes roadway sensors and communications equipment to assess
vehicle locations and speeds near an intersection to determine the
probability of a collision. Timely warnings are provided and avoidance
actions are taken.

AVSS11

Automated Vehicle
Operations

Enables communications between vehicles and between vehicles and
supporting infrastructure for check-in and check-out from the
automated highway system.

AVSS12

Cooperative Vehicle
Safety Systems

Enhances stand-alone warning systems by exchanging messages with
surrounding vehicles and roadside equipment. Special messages from
approaching emergency vehicles also may be received and processed.
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