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[bookmark: _Toc499879121][bookmark: _Toc505880631][bookmark: _Toc58860657][bookmark: _Toc73413538]Introduction
This document describes the testing strategy that will be used for multiple projects within District Five (D5) of the Florida Department of Transportation (FDOT). D5 seeks to advance its Integrated Corridor Management System Program and its Smart City vision for the Central Florida region by upgrading equipment and instrumentation currently deployed on local roads and limited-access facilities throughout the District.

The projects specifically addressed by this plan are:
· FPID 440413-1-32-01, Connected Vehicle Pilot SR434,
· FPID 440821-1-32-01, PedSafe GreenWay Deployment, and
· FPID 440900-1-32-01/440900-2-32-01, I-75 Florida’s Regional Advanced Mobility Elements (FRAME).

The purpose of the Connected Vehicle Pilot on SR 434 is to implement connected vehicle (CV) technology in Seminole County. The project will deploy roadside units (RSU) to provide signal phasing and timing (SPAT) broadcasts as well as emergency vehicle preemption (EVP) and transit signal priority (TSP) functionality using CV technology and applications at six intersections along SR 434 in Seminole County.

The PedSafe Greenway Deployment will use CV devices to create a collision avoidance/warning system at 37 intersections around the University of Central Florida (UCF) campus. The goal of PedSafe is to warn motorists, cyclists, and pedestrians of conflict danger. In addition, the CV system will broadcast SPAT data and provide EVP and TSP functionality. PedSafe also includes design of a parking availability system for UCF to provide real-time information about parking spaces available on the campus and transit kiosks to provide route and schedule information at UCF shuttle stops. GreenWay will upgrade 247 intersections throughout D5 with equipment capable of automated traffic signal performance measures (ATSPM), intersection movement counts (IMC), SPAT broadcasts, EVP functionality, and TSP functionality. The project is anticipated to use a variety of technologies, including CV, to address project requirements.

I-75 FRAME will implement CV technology and ATSPM in Sumter and Marion Counties. The project will deploy RSUs and successful use of SPAT, TSP, and pre-emption applications along I-75 portions of US 441 and US 301 and connecting arterials between I-75 and US 301.

[bookmark: _GoBack]These projects are being performed using a “Systems Manager” approach, whereby FDOT-selected consultant firms perform device evaluation as part of their design process, produce procurement and construction documents, and provide various technical and professional services acting as FDOT’s representative during subsequent construction and associated system integration activities. All projects seek to utilize RSUs that comply with the latest adopted United States Department of Transportation (USDOT) RSU specification (v4.1 at time of this writing).
[bookmark: _Toc73413675][bookmark: _Toc499879122][bookmark: _Toc505880632]Purpose
[bookmark: _Toc73413676]The purpose of this document is to describe the collaborative testing that will be performed as part of this regional deployment. Individual projects that comprise the regional deployment all involve common activities related to market study, product evaluation, product selection, system design, construction, and implementation. Therefore, FDOT has instructed the project teams to work together to minimize duplication and maximize the use of resources (e.g., demonstration equipment from prospective vendors, equipment provided by local maintaining agencies, shop facilities, laboratory facilities, and field test sites). Collaborative market study and product evaluation activities required during the early phases of each project are expected to streamline device selection and foster interoperability between projects. Verifying interoperability between roadside units (RSUs), onboard units (OBUs), and the various cabinet environments currently in use throughout District 5 are key objectives. This test plan will be used to guide collaborative market study and product evaluation/selection activities, and help define the general approaches, methods, facilities, and objectives of product demonstration, evaluation, and testing.
[bookmark: _Toc499879123][bookmark: _Toc505880633]Overview
The first phase of planned testing involves equipment demonstrations by multiple vendors at facilities being provided by the Seminole County Public Works Department Traffic Engineering Division. The Seminole County signal shop provides a safe, centrally-located, and secure environment for the initial installation and evaluation of equipment in controller cabinets that are representative of those that will be encountered during field deployment. Seminole County is also supporting the goals of collaborative testing by providing access to highly qualified technical staff with significant deployment and operation experience to participate in and support product demonstrations and evaluation activities as needed. The Seminole County signal shop can support installation and evaluation of project equipment in an indoor, “bench test” environment.

Product evaluation activities will also be performed at the FDOT Traffic Engineering Research Laboratory (TERL) in Tallahassee, Florida. TERL evaluations will be performed in conjunction with evaluations conducted at the Seminole County signal shop. The TERL supports FDOT District offices with the technical evaluation of transportation devices, standards, specifications, and research. All contractors, manufacturers, or suppliers who intend to sell or install a transportation device (as described in Florida Statute 316.0745) within the state of Florida must follow FDOT’s approval process prior to its sale or installation. Many of the devices that are expected to be used to create the regional CV deployment will likely require a Traffic Control Device Permit. The TERL facilities include a private, closed course with two signalized intersections and loop roads that can be used to evaluate project equipment and applications. The TERL facilities will allow many aspects of the system to be evaluated in a safe environment. However, the TERL facilities cannot provide significant traffic volume for fully characterizing the performance of certain detection and data collection systems that are expected to be components of the D5 regional deployment (particularly those associated with IMC functionality). 

Following successful results at the Seminole County and TERL facilities, a limited number of field sites will be selected and used for testing system functionality on public roadways with significant traffic volume. Specific field test locations within the project limits will be selected and identified later based upon project needs. Test methods will be developed and used to verify that system functionality meets project requirements and will be refined as requirements are captured, updated, and refined throughout the project design phases.
[bookmark: _Toc73413682][bookmark: _Toc499879124][bookmark: _Toc505880634]Milestone Demonstrations
The following sections describe milestone demonstrations associated with the system test plan.
[bookmark: _Toc73413683][bookmark: _Toc499879125][bookmark: _Toc505880635]Seminole County Signal Shop Demonstrations
The Seminole County signal shop will be used to demonstrate that the proposed equipment necessary to provide system functionality can be physically installed within traffic controller cabinets that are representative of those deployed throughout the region. Activities using the signal shop bench test environment are also expected to demonstrate successful installation, connection, and integration of CV, ATSPM, and IMC devices with various controller types and basic over-the-air interoperability of OBUs and RSUs from multiple manufacturers. Activities and demonstrations will also serve to identify and document cabinet equipment placement options, wiring, and interconnect requirements (including inputs, outputs, and communication connections). The demonstrations are also expected to identify equipment configuration requirements, demonstrate fundamental functions, and allow teams to document equipment installation and configuration characteristics (including I/O connections, firmware, and other attributes of systems that are demonstrated and evaluated). Fundamental functions include broadcasting MAP and SPAT messages as a demonstration of successful integration of proposed RSUs and signal controllers. The signal shop environment is also expected to host basic demonstrations that show concurrent use of legacy preemption devices with CV-based EVP and TSP functionality. 
[bookmark: _Toc499879126][bookmark: _Toc505880636]TERL Demonstrations
The TERL demonstrations will be used to satisfy FDOT’s permitting requirements and to show that equipment is able to perform required functions in a controlled outdoor intersection environment using test vehicles, pedestrians, and cyclists as needed. The TERL facilities will support evaluation of dedicated short-range communications (DSRC) and other over-the-air vehicle-to-infrastructure communications in a simulated real-world environment. It will also allow full-scale demonstration scenarios using moving vehicles, pedestrians, and cyclists to verify that system equipment and applications intended for use in the D5 regional system perform as required and as expected.
[bookmark: _Toc499879127][bookmark: _Toc505880637]Field Site Demonstrations
Field demonstrations will be used to show that the system is able to perform required functions at a limited number of sites that are representative of typical project locations. Field sites will be necessary to fully evaluate equipment against future project requirements for vehicle and pedestrian detection and data collection such as IMC since significant traffic volume over long periods of time will be necessary to quantify performance. 
[bookmark: _Toc73413685][bookmark: _Toc499879128][bookmark: _Toc505880638]System Configurations
There are multiple maintaining agencies, controller types, and cabinet configurations within these
projects. The following parameters were developed to select demonstration configurations, which reasonably represent existing conditions likely to be encountered during system design and deployment.

SIGNAL CONTROLLERS
The current signal controller types were identified based on their respective maintaining agency. In addition, signal controllers and firmware updates that would allow for CV and ATSPM capabilities were identified. Due to hardware limitations, some controllers are not able to be upgraded with firmware that allows for CV and ATSPM capabilities. In this case, these controllers would be replaced. In addition, legacy controllers where firmware upgrades would allow for CV and ATSPM capabilities, but would be limited in future applications were identified and would also be replaced.

Table 1-1 summarizes the existing controller equipment by maintaining agency, CV and ATSPM
capabilities, and replacement controller types as needed.

[bookmark: _Toc504901631]Table 1-1: Existing Controller Equipment
	Maintaining Agency
	Existing Equipment
	CV/ATSPM Compatibility
	Notes

	Brevard County
	Naztec 980
	Yes
	

	
	Naztec 980 with Synchro Green
	Yes
	

	Marion County
	Siemens M50
	No
	To be replaced with Siemens M60

	
	Siemens ATC nX
	No
	To be replaced with Siemens M60

	City of Orlando
	Naztec 980
	Yes
	

	City of Ocala
	Naztec 980
	Yes
	

	
	Naztec ATC
	Yes
	

	Orange County
	Siemens M50 (4meg)
	No
	To be replaced with Siemens M60

	
	Siemens M50 (8meg)
	No
	To be replaced with Siemens M60

	
	Siemens M50 with InSync
	No
	To be replaced with Siemens M60

	
	Eagle EPAC 300
	No
	To be replaced with Siemens M60

	Osceola County
	Econolite ASC/3
	Yes
	

	Seminole County
	Naztec 980
	Yes
	

	
	Naztec 980 with Synchro Green
	Yes
	

	
	Naztec 980 with InSync
	Yes
	

	Volusia County
	Econolite ASC/3
	Yes
	

	
	Econolite Cobalt
	Yes
	

	
	Peek 3000
	No
	To be replaced with Econolite Cobalt



Based on these criteria, a list of signal controllers has been identified for testing, and current signal
controllers that do not have the functionality or allow future improvements to the signal controller are to be removed from testing and replaced with signal controllers and firmware with CV and ATSPM capabilities. Table 1-2 identifies controllers expected to be used for demonstrations and evaluation. The latest available firmware that allows for CV and ATSPM functionality will be used for demonstrations and evaluation.

[bookmark: _Toc504901632]Table 1-2: Controllers to be Used for Demonstrations and Evaluation
	Manufacturer
	Model/Series

	Trafficware
	Naztec 980

	
	Naztec 980/InSync combination

	
	Naztec ATC

	Siemens
	M60

	
	M60/InSync combination

	Econolite
	ASC/3

	
	Cobalt



There are two adaptive signal control systems in place at select locations with these projects: SynchroGreen and InSync. SynchroGreen is a Trafficware adaptive signal control product, tightly integrated with Trafficware controllers and central software (ATMS.now) that can produce SPAT data for CV applications based on coordination. InSync does not currently produce SPAT data, but will be part of the evaluation to determine capability and behavior when coupled with a SPAT-capable controller.

CONTROLLER CABINETS
Existing signal controller cabinets were also identified for testing or replacement. Table 1-3 identifies the compatibility of CV and ATSPM capabilities with the current controller cabinet types. Based on these criteria, controller cabinets have been identified for testing, and current controller cabinets that do not have the functionality or allow future improvements to the signal controller are to be removed and replaced as part of the projects. Table 1-3 summarizes cabinet types and recommendations.

[bookmark: _Toc504901633]Table 1-3: Cabinet Types
	Type
	Configuration
	Agency
	Deficiency
	Notes

	TS1
	A/B/C connectors
	Brevard, Marion, Orlando, Ocala, Orange, Osceola, Seminole, Volusia
	No BIU/SDLC
	To be replaced with TS2 cabinet.

	TS1/TS2 Hybrid
	A/B/C connectors SDLC
	Orange County
	None
	Cabinets will have Siemens M60

	TS2 Type 2
	A/B/C connectors
BIU/SDLC
	Brevard, Marion, Orlando, Ocala, Orange, Osceola, Seminole, Volusia
	None

	All agencies and manufacturers

	TS2 Type 1
	A connector, BIU/SDLC
	Brevard, Marion, Orlando, Ocala, Osceola, Seminole, Volusia
	None
	All agencies and manufacturers except Orange Co.



The following sections further describe the equipment and facilities necessary for the milestone demonstrations described previously.
[bookmark: _Toc73413686][bookmark: _Toc499879129][bookmark: _Toc505880639][bookmark: _Toc73413687]Seminole County Signal Shop System Configuration
The goal of the Seminole County signal shop configuration is to provide multiple “host cabinets” for system installation and evaluation that mimic the cabinets used by various maintaining agencies throughout D5. The intersections that will be upgraded as part of the regional CV system deployment use National Electrical Manufacturers Association (NEMA) controller cabinet assemblies and controllers from one of three manufacturers (Trafficware, Siemens, or Econolite). The project teams will work with prospective vendors to install equipment in the host cabinets as part of system evaluation and demonstrations. The cabinets must be representative of common 8-phase controller cabinet assemblies in use at most field sites and must include typical monitors, load switches, flashers, flash transfer relays, power supplies, preemption system devices, and other equipment required to make a complete and operational assembly. All channels of detector card racks within host cabinets must be populated with Model 242 DC isolators or similar devices that are able to manually assert calls to the controller via the detector rack. The equipment generally described in Table 1-4 is required and intended to simulate what will likely be encountered in the field.

[bookmark: _Toc504901634]Table 1-4: Seminole County Signal Shop System Configuration Requirements
	Environment
	Cabinet Types
(Manuf.)
	Associated Controller Variants

	Trafficware Host Cabinet
	TS2, Type 2
(Trafficware)
	Trafficware Model 980

	
	TS2, Type 1
(Trafficware)
	Trafficware Model 980 (with Rhythm In-Sync)

	
	
	Trafficware Model 980 ATC

	
	
	

	Siemens Host Cabinet
	TS2, Type 2
(Temple)
	Siemens M60

	
	TS1/2 Hybrid
(Temple)
	Siemens M60

	
	
	Siemens M60 (with Rhythm In-Sync)

	
	
	

	Econolite Host Cabinet
	TS2, Type 2
(Econolite)
	Econolite ASC/3

	
	TS2, Type 1
(Trafficware)
	Econolite Cobalt


[bookmark: _Toc499879130]
Prospective vendors will be allowed to provide and install whatever equipment is necessary (including controller hardware and firmware upgrades) to demonstrate the CV capabilities of their current systems.
[bookmark: _Toc505880640]TERL System Configuration
The TERL system configuration has been established by FDOT to provide a safe outdoor testing environment for a variety of traffic control devices and transportation-related products. The TERL campus consists of roadways and two fully actuated signalized intersections. The TERL environment provides a full-scale private course with paved roads and signalized intersections on the north and south ends of the campus. The southern intersection is a span-wire intersection using a NEMA cabinet, and the northern intersection is a mast arm intersection equipped with both NEMA and Type-170 cabinets that can selectively control the intersection.

The TERL demonstrations and evaluations will require acquisition and installation of additional equipment to create a system at the TERL using system components that match what is installed in the Seminole County signal shop. Equipment under evaluation will be installed in the existing NEMA cabinets at the TERL mast arm and span wire intersections since they are similar to those used throughout D5. In addition, the TERL facilities will be used to evaluate detection systems that will be used for IMC and pedestrian detection in the design and implementation of the D5 regional deployment.

The project team will work with TERL staff to identify if TERL inventory already includes the same make/model equipment used in the Seminole County signal shop configuration. If so, the TERL devices will be used to create a system that mimics the signal shop configuration. Otherwise, additional controllers, preemption equipment, and other devices may be required. An aerial photograph of the TERL campus is shown in Figure 1-1.

[image: C:\Users\meye2771\AppData\Local\Microsoft\Windows\INetCache\Content.Word\vlcsnap-2015-05-08-14h42m51s121 - Copy.png]
[bookmark: _Toc504901636]Figure 1-1: TERL Campus in Tallahassee, FL
[bookmark: _Toc73413690][bookmark: _Toc499879131][bookmark: _Toc505880641]References
	Reference
	Publisher

	NEMA TS 2 - Traffic Controller Assemblies with National Transportation Communications for Intelligent Transportation System Protocol (NTCIP) Requirements - Version 03.07
	National Electrical Manufacturers Association
1300 North 17th Street, Suite 900
Rosslyn, Virginia 22209


	DSRC Roadside Unit (RSU) Specifications Document v4.1
	U.S. Department of Transportation
Office of the Assistant Secretary for Research and Technology
Federal Highway Administration


[bookmark: _Toc73413691][bookmark: _Toc499879132][bookmark: _Toc505880642]Integration and Testing
Integration and testing of the final systems will be performed by the Systems Manager of each independent project as part of project construction and implementation phases. There will also be minor integration activities associated with preliminary evaluation of products as part of each projects’ market study phase.
[bookmark: _Toc73413692][bookmark: _Toc499879133][bookmark: _Toc505880643]Integration and Demonstration/Test Cases
The following sections describe integration cases that will likely be part of the product evaluation and implementation of the final systems on the various projects involved. 
[bookmark: _Toc505880644]Integration and Demonstrations at Seminole County Signal Shop 
Integration of hardware required for CV and IMC functionality required throughout all regional projects will involve installation and connection of equipment in the typical host cabinet configurations described previously.

The first step is to establish proof-of-concept installations using host cabinets provided in the Seminole County signal shop environment. The objective of the proof-of-concept installations is to allow the design teams and equipment vendors to identify and overcome any challenges associated with limitations in cabinet space. This includes identifying the best locations for system components and the interconnections required to achieve the various functionalities required by each project as they relate to controller cabinet interfaces and interaction with various cabinet components. This experience will be used to develop details for equipment installation, wiring diagrams, and other aspects of design documents that will be required for construction, such as availability of power and equipment power requirements. 
 
The following will be necessary to demonstrate and document successful proof-of-concept installations and integration with typical cabinets:
· Traffic signal/integration personnel.
· A safe and secure bench testing environment with ample power for systems under test.
· Common tools required for traffic control cabinet troubleshooting and maintenance.
· A variety of representative host cabinets in good working order and equipped with preemption hardware currently in use throughout the region (ideally including cabinets from Econolite, Temple, and Trafficware).
· Preemption emitters and receivers (global positioning system [GPS] and optical) able to demonstrate legacy preemption system operation within the Seminole County signal shop environment.
· Space and mounting hardware that will allow RSUs to be placed near their respective cabinets for the purposes of demonstrating over-the-air DSRC and associated application functionality (SPAT, MAP, EVP, TSP).
· Network connections that allow each cabinet to communicate with the appropriate advanced traffic management system (ATMS) central software currently in use throughout the region via secure wide area network connections and user accounts on the respective ATMS central systems for evaluation team staff.
· Digital cameras and other methods of documenting installation activities and final installation characteristics (device placement in cabinet, wiring, etc.) using pictures and video.
· Computers for system configuration, operation, and monitoring.
· On-board unit (OBU) equipment (or possibly other DSRC test interface) able to receive and display MAP and SPAT information transmitted by RSUs and demonstrate basic safety messages (BSM), TSP, and EVP functionality.

RSUs and OBUs are expected to be provided as part of an engineered system supplied by vendors participating in proof-of-concept installations. Requirements that will be initially verified through this integration case include broadcasting MAP and SPAT messages as a demonstration of successful integration of proposed RSUs and signal controllers. The Seminole County signal shop environment is also expected to host basic demonstrations that show concurrent use of legacy preemption devices with CV-based EVP and TSP functionality is possible.

Equipment used for the proof-of-concept installations will remain at the Seminole County signal shop until phase 3 of testing, at which time the equipment will be transferred to UCF for research purposes.

Test methods will be developed later as separate documents further describe proof-of-concept installation evaluations based on project needs and requirements.
[bookmark: _Toc499879135][bookmark: _Toc505880645]Integration, Demonstration, and Testing at TERL 
The second phase of testing involves mimicking the Seminole County signal shop proof-of-concept installations at the TERL. TERL demonstrations are not for Approved Product List evaluation and certification. TERL demonstrations are to satisfy FDOT requirements for issuance of a traffic control device permit. Existing TERL cabinets will be temporarily reconfigured to use controllers, RSUs, OBUs, preemption devices, and other equipment identical to the equipment used in the Seminole County host cabinets. Since the TERL includes two intersections, it is anticipated that both can be modified to include CV and IMC equipment as needed. The objective of the TERL installations is to allow the design teams and equipment vendors to identify and overcome any challenges associated with operations in the outdoor simulated intersection environment that the TERL provides. This experience will be used to develop details for outdoor equipment installation, such as antenna mounting details and other aspects of design that will be required for construction. In addition, the test environment of TERL will allow demonstration scenarios using moving vehicles, pedestrians, and cyclists to verify that system equipment and applications intended for use in the D5 regional system perform are as required and as expected. Equipment will be removed from TERL following completion of this testing phase.
 
The following will be necessary to demonstrate and document successful operation of equipment and applications at the TERL:
· Traffic signal/integration personnel.
· Controller, RSU, IMC, and other equipment matching proof-of-concept Seminole County signal shop configuration installed in accordance with manufacturer recommendations at the TERL testbed intersections.
· Common tools required for traffic control cabinet troubleshooting and maintenance.
· Preemption emitters and receivers (GPS and optical) able to demonstrate legacy preemption system operation.
· Digital cameras and other methods of documenting installation activities and final installation characteristics (device placement in cabinet, wiring, etc.) using pictures and video.
· Computers for system configuration, operation, and monitoring.
· OBU equipment (or possibly other DSRC test interface) able to receive and display MAP and SPAT information transmitted by RSUs and demonstrate BSMs, TSP, and EVP functionality.

Requirements that will be initially verified through this integration case include broadcasting MAP and SPAT messages in an open-air, closed-course environment as well as demonstration of required project functions involving traffic control, such as TSP, EVP, and other applications using moving vehicles and pedestrians.

Test methods will be developed as separate documents to further describe TERL evaluations based on project needs and requirements.
[bookmark: _Toc499879136][bookmark: _Toc505880646]Integration, Demonstration, and Testing at Field Sites 
The third phase of testing involves a small number of installations at field sites within the regional project limits. Site surveys will be conducted and locations selected for deployment of equipment that has been successfully demonstrated in the previous phases. Certain aspects of expected system functionality, such as DSRC range testing, pedestrian detection, and IMC functions, can only be fully evaluated through installation on an active public roadway. For example, the evaluation of IMC device data collection accuracy will require data collection over long periods with high traffic volumes.

Test methods will be developed as separate documents to further describe field evaluations based on project needs and requirements.
[bookmark: _Toc505880647][bookmark: _Toc499879137]Parking Availability Demonstration and Testing at UCF 
Evaluation of products related to the PedSafe parking availability system will involve preliminary staging at the Seminole County signal shop and subsequent installation at a typical parking lot on the UCF campus. Site surveys will be conducted to select a typical location for deployment of equipment for evaluation. Certain aspects of expected system functionality, such as percent occupation calculations and messaging to users, can only be fully evaluated through installation on an active parking lot. For example, the evaluation of data collection accuracy will require data collection over extended periods with vehicles entering and exiting the facility.
[bookmark: _Toc505880648] Transit Kiosk Demonstration and Testing at UCF 
Transit kiosks will be evaluated through preliminary staging at the Seminole County signal shop followed by installation at a single location on the UCF campus. Site surveys will be conducted and locations selected for the demonstration deployment. Functionality of the demonstration deployment will likely be limited to applications currently available, such as execution of the UCF Mobile application or similar web-based information systems (using the kiosk primarily as an interactive browser terminal with existing applications). 
[bookmark: _Toc505880649]Test Methods
The project team will develop test methods that verify compliance with project requirements through documentation review, physical inspection, and functional inspection.
[bookmark: _Toc499879138][bookmark: _Toc505880650]Documentation Review
As part of the market study and product evaluation processes, various information from device manufacturers will be reviewed to determine compliance with applicable standards, such as existing USDOT standards for CV equipment. Equipment vendors and manufacturers will be required to provide manufacturer’s product specifications, drawings, and data sheets; assembly and installation instructions; existing test data; and operation manuals for review. Final project specifications derived from project user needs, existing applicable specifications and standards, product information provided by manufacturers, and successful proof-of-concept demonstrations will be developed during the project.
[bookmark: _Toc499879139][bookmark: _Toc505880651]Physical Inspection
Physical inspections of equipment provided during product demonstrations and evaluation will be used to determine compliance with applicable standards, such as existing USDOT standards for CV and general requirements for traffic control devices used throughout Florida.
[bookmark: _Toc499879140][bookmark: _Toc505880652]Functional Inspection
Functional inspections will require operating the equipment in the various demonstration and evaluation environments described previously. While final project requirements and specifications are under development, equipment functionality will be validated against applicable national and statewide specifications. FDOT project requirements will be used as a basis for identifying standard applications in the Connected Vehicle Reference Implementation Architecture (CVRIA) for CV product evaluation. In addition, the CVRIA requirements for CV applications (e.g., EVP, TSP, Pedestrian in Signalized Crosswalk Warning, etc.) will be used to validate system functionality.
[bookmark: _Toc499879141][bookmark: _Toc505880653][bookmark: _Toc73413704]Functional Requirements
As stated previously, while final project requirements and specifications are under development, equipment functionality will be validated against applicable national specifications. Table 4-1 lists specifications and standards identified to date that will be considered during product evaluation activities and the development of additional project-specific functional requirements.

[bookmark: _Toc504901635]Table 4-1: Applicable Requirements
	Standard/Specification/Requirements
	Publisher

	NEMA TS 2 − Traffic Controller Assemblies with NTCIP Requirements - Version 03.07
	National Electrical Manufacturers Association
1300 North 17th Street, Suite 900
Rosslyn, Virginia 22209


	FDOT Standard Specifications for Road and Bridge Construction
	Florida Department of Transportation
605 Suwannee Street
Tallahassee, Florida 32399

	DSRC Roadside Unit (RSU) Specifications Document v4.1
	U.S. Department of Transportation
Office of the Assistant Secretary for Research and Technology
Federal Highway Administration

	SAE J2735 − Dedicated Short-Range Communications (DSRC) Message Set Dictionary
	SAE International
400 Commonwealth Drive
Warrendale, PA 15096

	SAE J2945/1 − On-Board System Requirements for V2V Safety Communications
	SAE International
400 Commonwealth Drive
Warrendale, PA 15096

	SAE J2945/2 − DSRC Requirements for V2V Safety Awareness
	SAE International
400 Commonwealth Drive
Warrendale, PA 15096

	IEEE 1609.2-2016 − IEEE Standard for Wireless Access in Vehicular Environments--Security Services for Applications and Management Messages
	IEEE
501 Hoes Lane, 3rd Floor.
Piscataway, NJ 08855.

	IEEE 1609.3-2016 − IEEE Standard for Wireless Access in Vehicular Environments (WAVE) -- Networking Services
	IEEE
501 Hoes Lane, 3rd Floor.
Piscataway, NJ 08855.

	IEEE 802.11p − IEEE Standard for Information Technology
	IEEE
501 Hoes Lane, 3rd Floor.
Piscataway, NJ 08855.

	IEEE 802.3at Power-over-Ethernet+
	IEEE
501 Hoes Lane, 3rd Floor.
Piscataway, NJ 08855.

	NTCIP 1202:2005 − Object Definitions for Actuated Traffic Signal Controller (ASC) Units - Version 02
	National Electrical Manufacturers Association
1300 North 17th Street
Suite 900
Arlington, Virginia  22209

	USDOT V2i Hub ICD
	U.S. Department of Transportation
Office of the Assistant Secretary for Research and Technology
Federal Highway Administration

	ISO TS 19091 for signalized intersection applications
	International Organization for Standardization BIBC II
Chemin de Blandonnet 8
CP 401
1214 Vernier, Geneva
Switzerland

	Connected Vehicle Reference Implementation Architecture (CVRIA)
	U.S. Department of Transportation
Office of the Assistant Secretary for Research and Technology
Federal Highway Administration


[bookmark: _Toc499879142][bookmark: _Toc505880654]Requirements Traceability Verification Matrix
Requirements traceability verification matrices will be developed as separate documents for evaluation of devices as the project progresses.
[bookmark: _Toc499879143][bookmark: _Toc505880655]Notes
No notes. However, this section is included to accommodate future notes that may be required as for special explanations or additional amplifying information in future versions of the test plan.
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