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1. Scope

This document describes the Concept of Operations (ConOps) for the New York City Department of
Transportation (NYCDOT) Connected Vehicle Pilot Deployment (CVPD) Project. This ConOps
describes the current state of operations, establishes the reasons for change, and defines the future
system in terms of functions/features and supporting operations that satisfy the needs of the
stakeholders.

It is the first of several planning documents for The Connected Vehicle Pilot Deployment Program,
Phase 1 project funded by the United States Department of Transportation (USDOT). Other planning
documents, developed under this project phase, that influence this ConOps include the Security
Management Operational Concept, Performance Measurement and Evaluation Plan, Safety
Management Plan, and Human Use Approval.

Two other project phases are scheduled following the successful completion of Phase 1. Phase 2
consists of the design, deploy, and test project activities occurring over a 20-month period. A maintain
and operate period comprises Phase 3 of the project over an 18-month period.

The document is organized to meet the requirements of the United States Department of
Transportation (USDOT) System Engineering Process and Institute of Electrical and Electronics

Engineers (IEEE) 1362-1998 as required by the USDOT Broad Agency Announcement (BAA) dated
January 30, 2015 amended.

1.1 ldentification

This document is identified as:

Agency: New York City Department of Transportation

Organization: Bureau of Traffic Operations

Project Name: New York City (NYC) Connected Vehicle Pilot Deployment (CVPD)
Title: Connected Venhicle Pilot Deployment Program Phase 1

Subtitle: Concept of Operations (ConOps) — New York City

Version: 1.1

Date: 4/8/2016

Status: Final

FHWA Publication: FHWA-JPO-16-299

U.S. Department of Transportation
Office of the Assistant Secretary for Research and Technology
Intelligent Transportation Systems Joint Program Office

Connected Vehicle Pilot Deployment Program Phase 1, Concept of Operations (ConOps) - New York City || 1



1 Scope

1.2 Document Overview

The ConOps is a foundational document for communicating the user needs and associated potential
operational capabilities of this program to project stakeholders and system developers. Systems
engineers will then use this ConOps to develop detailed technical specifications that meet the user
needs defined herein.

The document begins with a description of the project boundaries in terms of the geographic areas,
the travel conditions, and safety experience. It discusses the project’s overall objectives and the
rational for building a system to attain them. While the project is an initial deployment of Connected
Vehicle (CV) technology, certain research needs are addressed by the project in order to continue
learning about the impacts of the technologies and provide lessons to future users who adopt and
deploy the technology.

This background information provides a foundation for establishing the system’s needs. The traffic
management needs are listed along with the CV application deployed in the system to address those
needs. Other needs of the project stakeholders such as vehicle fleet owners are then listed. Finally
operational and performance measurement needs are discussed and the core service areas that
address them in Section 4.2.

The concepts for the system’s operation are presented in Section 5 from two perspectives. The first is
a physical view that describes the devices, people, infrastructure facilities, and communication
linkages that comprise the system. In the second view, the organizations that own, operate, and use
the system are described along with the relationships between them. A summary of the envisioned
connected vehicle applications follows the overview descriptions of the system.

A series of operational scenarios (similar to use cases) are documented in Section 6. These
scenarios describe typical interactions of the system’s entities under specific situations. These form a
set of use cases that describe how the system operates in response to a given set of conditions. Note
that the scenarios documented in this ConOps address the additional system management and
performance evaluation concepts for the NYC CVPD project. The operational scenario’s also
document several CV applications tailored to address specific stakeholder needs under the NYC
CVPD project. The un-modified CV applications are documented through the USDOT’s Connected
Veheicle Reference Implementation Architecture (CVRIA). This material is available at the CVRIA web
site”.

In the final two sections of the document the impacts of the system are discussed along with a
discussion of the potential benefits and limitations of the proposed New York City (NYC) CV system.
An overview of the system’s performance assessment is also included.

A series of appendices are included to provide additional reference material. This material includes
travel condition information such as traffic counts and crash history in the project corridors. The
proposed locations of fixed communication devices are included.

U.S. Department of Transportation
Office of the Assistant Secretary for Research and Technology
Intelligent Transportation Systems Joint Program Office

Connected Vehicle Pilot Deployment Program Phase 1, Concept of Operations (ConOps) - New York City || 2



1 Scope

The intended audience for this document includes the following:

New York City Department of Transportation (NYCDOT)
New York City CV Architecture Team

New York City CV Pilot Deployment Project Stakeholders
Individuals interested in the NYC CV program

ITS-JPO Program Leads and Support Staff

ITS-JPO Program Engineering Teams

Wave 1 CV Pilot Deployment Project Teams

Future Connected Vehicle Deployment Project Teams

1.3 System Overview

This project brings New York City another step ahead towards reaching the Vision Zero goal of
eliminating the injuries and fatalities due to traffic crashes. The project's concept is simple — it
introduces CV technology and communications into the New York City travel environment by
equipping several large vehicle fleets with the technology and equips several areas with the
corresponding connected vehicle infrastructure.

It is important to understand the implications of the connected vehicle technology deployment in New
York City. A small portion of the New York City roadway network will have connected vehicle
infrastructure installed (i.e., approximately 250 roadside equipment locations). Vehicle-to-
Infrastructure (V2I) applications such as Red Light Violation Warning, Speed Compliance, and Curve
Speed Compliance will support connected vehicles operating in these areas. However, the
geographic reach of the connected vehicle technology is much broader. Vehicles equipped with
connected vehicle technology (i.e., aftermarket safety devices) will travel in this infrastructure
equipped area and throughout the City’s transportation network. Thus, the connected vehicle
technology that supports Vehicle-to-Vehicle (V2V) applications will function anywhere two equipped
vehicles are within range of one another. Equipped vehicle encounters may occur on the surface
streets, in the tunnels and bridges crossing the rivers, at the airports, and on the City’s higher speed
facilities such as the Franklin D. Roosevelt (FDR) Drive and the Long Island Expressway. The large
fleet size means that there will be many opportunities for the connected vehicle technology to perform
over a large geographic area and diverse roadway environments.

The envisioned NYC CVPD system is depicted in Figure 1. The existing system elements, critical to
the operation of the pilot system, are illustrated with beige backgrounds. These existing elements
include the traffic management system, the traffic controller (ASTC), and supporting NYCWiN
communications infrastructure. New system elements which exist and will be reused, modified, or
integrated into the NYC CVPD system have green backgrounds. Aftermarket safety devices (ASD),
smartphones, roadside equipment (RSE), and data collection/processing systems comprise the new
system elements. The Vulnerable Road User (VRU) detection devices to be added to the system are
shown with a blue background as these devices are relatively new and will be deployed on a very
limited basis.

U.S. Department of Transportation
Office of the Assistant Secretary for Research and Technology
Intelligent Transportation Systems Joint Program Office
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Figure 1. NYC CVPD System Concept’

NYC'’s initial system deployment is anticipated to be the largest CV technology deployment to date. It
is anticipated that approximately 250 intersections will be instrumented with roadside equipment
(RSE) to communicate with up to 10,000 vehicles equipped with aftermarket safety devices (ASD).
These devices will monitor communications with other connected vehicles and the infrastructure and
provide alerts to vehicle drivers/operators. Other RSE will be installed at locations to support system
management functions such as providing security credentials, managing application and parameter
configurations, and uploading logged information. These locations consist of fleet terminal facilities,
airports, and river crossings (bridges and tunnels) where vehicles frequently travel.

The ASD is shown in Figure 2 below along with its interfaces to the driver, the Global Navigation
Satellite System (GNSS), the vehicle data bus (CAN or J1939), and Dedicated Short Range
Communications (DSRC) to other equipped vehicles and the infrastructure. This figure represents
three ASD equipped vehicles in addition to DSRC enabled infrastructure.

' Note that the assumption is that the bicyclist uses the same application as the pedestrian to obtain similar system services and
user notifications.

U.S. Department of Transportation
Office of the Assistant Secretary for Research and Technology
Intelligent Transportation Systems Joint Program Office

Connected Vehicle Pilot Deployment Program Phase 1, Concept of Operations (ConOps) - New York City | 4
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2. Referenced Documents

Table 1 lists the references used to develop the concepts in this document. As some of the base
standards referred to in the list are currently evolving, their identifiers have been temporarily
highlighted to indicate that the version may change.

Table 1. References

Document (Title, source, version, date, location)

Initiatives - Vision Zero, New York City Department of Transportation.
http://www.nyc.gov/html/visionzero/pages/home/home.shtml

Traffic Fatalities Fall in 2014, but Early Estimates Show 2015 Trending Higher, National Highway
Transportation Safety Administration (NHTSA).

https://www.transportation.gov/briefing-room/traffic-fatalities-fall-20 14-early-estimates-show-2015-
trending-higher

Borough Pedestrian Safety Action Plans, New York City Department of Transportation.
http://www.nyc.gov/html/dot/html/pedestrians/ped-safety-action-plan.shtml

Vision Zero Action Plan, New York City Department of Transportation.
http://www.nyc.gov/html/visionzero/assets/downloads/pdf/nyc-vision-zero-action-plan.pdf

Principles for a Connected Vehicle Environment, U.S. Department of Transportation ITS Joint
Program Office-HOIT, April 18, 2012

http://www.its.dot.gov/connected vehicle/pdf/ConnectedVehiclePrinciples final4-18-2012.pdf

Connected Vehicle Reference Implementation Architecture Website, US Department of
Transportation, Office of the Assistant Secretary of Transportation for Research and Technology.

http://www.iteris.com/cvria/

Core System Concept of Operations, US Department of Transportation, Research and Innovative
Technology Administration, October24, 2011

http://www.its.dot.gov/docs/CoreSystemConOpsRevE2.pdf

Core System Architecture Document, US Department of Transportation, Research and Innovative
Technology Administration, October14, 2011

http://www.its.dot.gov/docs/CoreSystemArchitectureDoc _revC.pdf

Core System Requirements Specification, US Department of Transportation, Research and
Innovative Technology Administration, October14, 2011

http://www.its.dot.gov/docs/CoreSystem SE_SyRS RevF.pdf

10

Core System Deployment Critical Risk Assessment Report, US Department of Transportation,
Research and Innovative Technology Administration, October28, 2011

http://www.its.dot.gov/docs/CoreSystem RiskReport RevB.pdf

U.S. Department of Transportation
Office of the Assistant Secretary for Research and Technology
Intelligent Transportation Systems Joint Program Office
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Referenced Documents

# Document (Title, source, version, date, location)
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International, March 30, 2016
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22 USDOT Security Credential Management System, US Department of Transportation, Research
and Innovative Technology Administration, April 13, 2012.

http://www.its.dot.gov/meetings/pdf/Security Design20120413.pdf

23 USDOT's Intelligent Transportation Systems (ITS) ITS Strategic Plan 2015-2019, December, 2014
http://www.its.dot.gov/strategicplan.pdf

24 ITU-R TF.460-4: Standard-frequency and time-signal emissions, International Telecommunication
Union. 1986. Annex |

http://www.cl.cam.ac.uk/~mgk25/volatile/ITU-R-TF.460-4.pdf

25 USDOT Broad Agency Announcement with New York City, New York City Department of
Transportation, September, 2015
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28 Traffic Fatalities Fall in 2014, but Early Estimates Show 2015 Trending Higher, National Highway
Transportation Safety Administration (NHTSA). https://www.transportation.gov/briefing-room/traffic-
fatalities-fall-2014-early-estimates-show-2015-trending-higher

29 Borough Pedestrian Safety Action Plans, New York City Department of Transportation.
http://www.nyc.gov/html/dot/html/pedestrians/ped-safety-action-plan.shtml

30 Vision Zero Action Plan, New York City Department of Transportation.
http://www.nyc.gov/html/visionzero/assets/downloads/pdf/nyc-vision-zero-action-plan.pdf

31 Traffic Data Viewer, New York State Department of Transportation.
http://gis3.dot.ny.gov/htmi5Sviewer/?viewer=tdv

32 NYCDOT - Parkway Truck Restrictions, New York City Department of Transportation.
http://www.nyc.gov/html/dot/html/motorist/parkway-restrictions.shtml

33 Google Maps, Google.
https://www.google.com/maps/@40.7733062,-73.9918439,13.25z?hl=en

34 NYC Subways and Buses, Metropolitan Transportation Authority.
http://www.mta.info/nyct

35 New York @ AA Roads - Interstate 278 Brooklyn-Queens Expressway (BQE) East, AA Roads.
http://www.aaroads.com/guide.php?page=i0278ecny

36 NYCDOT - Trucks and Commercial Vehicles, New York City Department of Transportation.
http://www.nyc.gov/html/dot/html/motorist/trucks.shtml

37 U.S. DOT Issues Advance Notice of Proposed Rulemaking to Begin Implementation of Vehicle-to-
Vehicle Communication Technology (NHTSA 34-14; dated Aug. 18, 2014)

38 Accelerated Vehicle-to-Infrastructure (V21) Safety Applications Concept of Operations Document, Final Report
—May 29, 2012 FHWA-JPO-13-058, www.its.dot.gov/index.htm

39 Collision avoidance timing analysis of DSRC-based vehicles, Accident Analysis and Prevention,2009,
www.elsevier.com

40 Connected Vehicle Pilot Deployment Program Phase 1, Security Management Operational Concept — New York
City, FHWA-JPO-16-300

41 Connected Vehicle Pilot Deployment Program Phase 1, Performance Measurement and Evaluation Support

Plan — New York City, FHWA-JPO-16-302
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3. Current System or Situation

This section describes the current traffic conditions and motivations for the NYC CVPD project. It
begins with the motivation for the Vision Zero program and then provides information about the traffic
environment and safety issues in the corridors where the initial connected vehicle facilities will be
deployed.

3.1 Background, Objectives, and Scope

In 2014, NYC began its Vision Zero program to reduce the number of fatalities and injuries resulting
from traffic crashes. The Mayor's Office developed the Vision Zero action plan which highlighted a set
of initiatives for multiple city agencies to support the goal of improving street safety”. One of the major
ongoing initiatives has been the citywide speed limit reduction from 30 miles per hour to 25 miles per
hour (mph). According to the National Highway Transportation Safety Administration (NHTSA),
speeding was a factor in more than one in four deaths?. Also, human factors were the critical cause in
about 94% of all crashes while vehicle-related factors only apply to about 2% of all crashes.

The Borough Pedestrian Safety Action Plans is another Vision Zero initiative for tackling the different
safety challenges of each borough. The safety action plans have identified a priority list of streets
based on historical crash frequencies, pedestrian fatalities, and severe injuries. Based on these
findings, engineering and design modifications have been recommended for implementation. Despite
these efforts, dangerous driving behavior still remains as the primary cause of pedestrian fatalities in
crashes. In Manhattan, 73% of all crash fatalities involve pedestrians while this figure is only 14%
nationwide®. After pedestrian fatalities in NYC reached an all-time low in 2011 with 249, it surged to
297 in 2013. Senior citizens over age of 65 comprise of 12% of the population in NYC but about 33%
of all pedestrian fatalities. Also, the primary reason for crash-related deaths of children under 14 was
from being struck by a vehicle™.

3.2 Operational Policies and Constraints

In New York City (NYC), the speed limit is 25 mph unless signed otherwise. This speed restriction has
been recently implemented under the objectives of the Vision Zero program. In New York City, turns
on red signals are treated differently than the remainder of the nation. Right-turn-on-red (RTOR) after
stop is prohibited within New York City unless signed to indicate otherwise. This operational restriction
has existed since the traffic laws were modified during the 1970s in response to fuel shortages. NYC
has unique definitions for commercial vehicles and trucks that differ from New York State Department
of Motor Vehicles classifications. It encourages drivers to check their vehicle’s classification
information before making trips and to review the City’s truck route map to avoid problematic issues
such as driving on the area’s parkways.
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3 Current System or Situation

3.3 Description of the Current System or Situation

The NYC CVPD project area encompasses three distinct
areas in the boroughs of Manhattan and Brooklyn.

Figure 3 shows the general location of these areas within
NYC. The following describes these deployment areas in
terms of their roadway characteristics and crash history.

The first area includes a 4-mile segment of Franklin D.
Roosevelt (FDR) Drive from 50th Street to 90th Street in
the Upper East Side and East Harlem neighborhoods of
Manhattan. There are seven entrance/exit points within
this area of the FDR Drive. The second area includes
four one-way corridors of 1st Avenue, 2nd Avenue, and
5th Avenue from 14th Street to 67th Street and 6th
Avenue from 14th Street to 59th Street in Midtown and
Upper East Side neighborhoods of Manhattan. The
segment lengths are 2.6 miles for 1st, 2nd, and 5th
Avenues and 2.2 miles for 6th Avenue, respectively. The
third area covers a 1.6-mile segment of Flatbush Avenue

in Brooklyn from Tillary Street on the north and Grand Army Plaza near Prospect Park to the south.

///

New York

\B rooklyn

Source: NYCDOT

Figure 3. NYC CVPD Overview Map

While FDR Drive is a freeway without signalized intersections, the four avenues in Manhattan include

204 signalized intersections and Flatbush Avenue in Brooklyn includes 28 signalized intersections.

These locations are shown in Figure 4, Figure 5, and Figure 6 below.
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Figure 4. FDR Drive Map Figure 5. Manhattan Grid Map
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Figure 6. Flatbush Avenue Map

3.3.1 Roadway Conditions

This section describes the street configuration and existing traffic information of each CV pilot corridor.
Corridor information including the direction of travel, speed limit, and the 2013 Annual Average Daily
Traffic (AADT) information is provided in Table 12 in the Appendix. The 2013 AADT data was provided
by the Traffic Data Viewer tool from the New York State Department of Transportation (NYSDOT)“.

FDR Drive from 50th Street to 90th Street is a two-way, north-south limited-access highway with six
travel lanes, three in each direction, on the east side of Manhattan. Its challenges include short-radius
curves, weight limit of 8,000 pounds, and minimum bridge clearance of 9'6". It also runs through two
tunnels underneath the New York Presbyterian Hospital from 68th Street to 71st Street and Carl
Schurz Park from 81st Street to 90th Street. Commercial vehicles, trucks, and tractor trailers are
prohibited on all parts of the corridor and buses cannot access FDR Drive north of 23rd Street® .
Northbound exits are at 96th Street and 125th Street, and southbound exits are at 125th, 116th, 106th,
96th, 79th, and 71st Streets. Pedestrian bridges are at 63rd, 71st, 78th, 81st, 102nd, 111th, and 120th
Streets. One vehicular bridge on 91st Street provides access to a dockage and storage facility east of
FDR Drive. The speed limit on FDR Drive is 40 mph, and the AADT in 2013 was 136,060 vehicles.

First Avenue is a one-way, northbound roadway with four total lanes from 14th Street to 49th Street
and five total lanes from 49th Street to 67th Street. It includes one protected bike path south of 40th
Street and north of 42nd Street, one bike lane from 40th Street to 42nd Street, and one parking lane
on each side®. A bus lane effective on weekdays from 7-10AM and 2-7PM serves four routes: M15
local, M15 select bus service (SBS), M23, and M57%*. There is a 4-lane underpass between 40th and
49th Streets near the United Nations headquarters.
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3 Current System or Situation

Second Avenue is a one-way, southbound roadway with five total lanes from 67th Street to 14th
Street. It includes one parking lane on the left side north of 24th Street, one bike lane from 57th Street
to 34th Street, and one protected bike path south of 34th Street. A bus lane effective on weekdays
from 7-10AM and 2-7PM serves five routes: M15 local, M15 SBS, M34A SBS, Q60, and Q101.

Fifth Avenue is a one-way, southbound roadway with four total lanes from 67th Street to 60th Street
and five travel lanes from 60th Street to 14th Street. It includes one parking lane on the left side and
one bike lane from 24th Street to 14th Street. A bus lane effective on weekdays from 7AM-7PM is
north of 34th Street and serves both local and express routes: M1 through M5, M50, Q32, and several
express routes to Brooklyn and Staten Island. The AADT in 2013 was 23,710 vehicles.

Sixth Avenue is a one-way, northbound roadway with six total lanes from 14th Street to 59th Street. It
includes one parking lane on each side south of 30th Street and only on the left side north of 30th
Street. Also, one bike lane exists south of 42nd Street on the left side. A bus lane effective on
weekdays from 4-7PM serves a variety of local and express routes: M5, M7, and several express
routes to the Bronx and Queens.

Flatbush Avenue is a bi-directional, north-south roadway with eight total lanes, four in each direction,
with a median from Tillary Street to Fulton Street and six total lanes, three in each direction, from
Fulton Street to Grand Army Plaza. There is one parking lane on each side and no bike lanes.
Brooklyn Bridge does not allow commercial vehicles and vehicles over 11 feet high35. Therefore, these
vehicles traveling from and to Manhattan are diverted to the Manhattan Bridge and either the
Brooklyn-Queens Expressway (BQE) via Tillary Street or to Flatbush Avenue™®.

Traffic conditions and speed limits for these corridors are provided in the appendices. This information
includes AADT and speed limits.

3.3.2 Safety Information

The NYC CVPD will focus on safety improvements for both motorists and non-motorists. In particular,
the crash risks increase during nighttime hours when vehicle speeds tend to be higher and it becomes
more difficult to see pedestrians crossing. Detailed summaries of crash records, injuries, and fatalities
and severe injuries from 2010 to 2014 in each CV pilot corridor are provided in Table 13 - Table 15 in
the Appendix. Note that the crash reporting information treats pedestrians and bicyclists
independently.

The crash and fatality data were provided by New York City Department of Transportation (NYCDOT),
and the injury data was provided by the New York State Department of Transportation (NYSDOT).
Except for FDR Drive, the most common collision types in all CV pilot corridors were rear-end and
sideswipe (same direction). The most common type of action performed by pedestrians and bicyclists
during crashes was crossing with signal at signalized intersections. Also, crash frequency was higher
during PM than AM hours in all corridors. Among all CV pilot corridors Second Avenue had the highest
total number of crashes, while Sixth Avenue had the highest persons killed or severely injured (KSI)
per mile.
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3 Current System or Situation

3.4 Modes of Operation for the Current System or Situation

The NYC roadway network does not currently support CV applications or operations. Therefore, the

current system does not have CV related modes of operation.

3.5 User Classes and Other Involved Personnel

Alist of current users and one concept for classifying them is shown in Table 2. Note that vehicle
owners and drivers/operators are listed separately because the relationship between owner and
driver/operator varies among the different fleets. The user classification is provided as it groups users
according to their perception of the system and the needs to be satisfied by the system.

Table 2. Users and Stakeholders

User User Class
NYCDOT Roadway Infrastructure Owner \ Traffic Manager
NYCDOT Fleets Fleet Owner
NYCDOT Drivers Roadway Users
UPS Fleet Owner
UPS Drivers Roadway Users

Taxi & Limousine Commission (TLC)

Fleet Owners Regulator

Taxi Companies

Fleet Owner

Taxi Drivers Roadway Users
MTA Fleet Owner
MTA Operators Roadway Users

City of New York Department of Sanitation (DSNY)

Fleet Owner

DSNY Operators

Roadway Users

Pedestrians

Roadway Users

Pedestrians for Accessible and Safe Streets (PASS)

Roadway Users

Bicyclists

Roadway Users

New York State Motor Truck Association (NYSMTA)

Fleet Owners Association

NYC DolTT

Communication Infrastructure Owner \ Operations

To Be Determined

Independent Evaluator
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It should be noted that many of the vehicle fleet's drivers/operators are governed by collective
bargaining agreements with the fleet owners. These agreements establish work rules and cover the
operation of the vehicle fleets. The exception to this relationship involves the taxis. While the TLC
regulates the taxi companies, the relationship between the taxi companies and drivers is not covered
by a collective bargaining agreement.

With the project plan to instrument approximately 10, 000 vehicles, the project will be dealing with a
potentially much larger pool of driver/operators. This is due to the nature of the fleets and that multiple
drivers are used to keeping vehicles such as taxis operating for extended time periods. Many of the
fleet vehicles will be in service more than five days a week and for periods well beyond an eight hour
shift.

3.6 Support Environment

Support consists of the personnel that build, maintain, and operate the roadway system, the
associated traffic control devices, as well as those responsible for the maintenance of the vehicle
fleets. This section discusses the organizations and relationships that support the various roadway
components.

NYCDOT is responsible for the roadway and traffic control devices in the project areas. It uses
internal and external third-party resources to maintain the roadway infrastructure. There are well
established relationships and procedures within the NYCDOT for these maintenance activities. These
processes include reporting facilities (e.g., 511, web sites), work order generation and tracking, and
management oversight.

Vehicle driver/operators are responsible for identifying issues with their vehicles and bringing those
issues to the attention of the vehicle owners for repair. In the case of the vehicle fleets, some fleet
owners have internal organizations for vehicle maintenance. Other fleet owners utilize third-party
maintenance providers for vehicle maintenance on a contract basis.

NYC DOT and Department of Information Technology and Telecommunications (DolTT) share
responsibility for communications infrastructure. Both organizations utilize a combination of internal
staff as well as third-party contractors to maintain this equipment. The lines of demarcation between
the organizations and their responsibilities are well known and managed through existing systems and
processes.
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4. Justification For and Nature of
Changes

This chapter describes the shortcomings of the current system or situation that motivate development
of a new system or maodification of an existing system. These are typically expressed as a set of
System or User Needs that will drive the scoping of the system development or modification.

4.1 Justification of Changes
This section describes the NYCDOT's objectives in deploying (i.e., creating) the system.

The fundamental message of the NYC Vision Zero initiative is that death and injury on city streets is
not acceptable. These tragedies happen in every community within NYC, to families from every walk
of life — from the Upper East Side to the Lower East Side; from Park Slope to Edenwald. They happen
to people who drive and to those who bike; but overwhelmingly, the deadly toll is highest for
pedestrians — especially children and seniors. The goal of Vision Zero is to eliminate traffic deaths by
2024. The NYC CV Pilot Deployment project will focus on safety improvements for both motorists and
non-motorists. In particular, the crash risks increase during nighttime hours when vehicle speeds tend
to be higher and it becomes more difficult for vehicle drivers to see pedestrians crossing the roadway.

As the safety statistics indicate, surface improvements on city streets alone will not mitigate the
number of crashes, fatalities, and severe injuries long-term. While no Silver Bullet will end all crashes,
multiple supplemental tools are needed that can work together to attain Vision Zero’s goal. The CV
technology is one of these tools and it presents a systematic approach in alerting vehicles of unsafe
roadway conditions and prevents collisions with other vehicles, pedestrians, and bicyclists. It will
provide numerous safety benefits that facilitate Vision Zero's goals and initiatives.

4.2 Description of Desired Changes

The NYCDOT is going to deploy connected vehicle technology to its roadway transportation network.
This technology provides communications between the various transportation users using a
technology termed Dedicated Short Range Communications (DSRC). This wireless communications
technology enables applications that address the transportation user’s need for safe travel, mobility as
an individual within a diverse system, and reducing the impacts on the environment from traveling.

Connected vehicle technology will be deployed in vehicles, mobile personal information devices (e.g.,
smartphones), and at infrastructure locations such as intersections, roadway curves, and work zones.
The vehicle mounted devices allow vehicles to communicate with one another and this
communication is referred to as Vehicle-to-Vehicle (V2V) communications. These same in-vehicle
devices will communicate with similar devices installed and connected to the transportation
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infrastructure. Vehicle-to-Infrastructure (V2I) communications describes this communications path.
These communications and those with mobile personal information devices are collectively covered
by the term Vehicle-to-X (V2X) communications.

4.3 System Needs Summary

This section describes the additional changes or enhancements necessary to realize the concepts of
operation described in this document. It describes and organizes the needs of the various project
users and stakeholders. These needs are presented using two perspectives — the NYCDOT ftraffic
management needs and the stakeholders (i.e., fleet owners, driver/operators) needs for deploying,
maintaining, and operating connected vehicle technology to be installed on their vehicles. Other
needs for operating and maintaining the infrastructure (i.e., core services) are also identified.

The System Needs listed below are designed to answer two basic questions:

® What does the System need to do?

® What do users need from the System?

They are organized according to the stakeholder class listed in Table 2 above. Each need is identified
with a unique number for tracing the need through the system development life-cycle.

4.3.1 User Needs: Traffic Manager

As the traffic manager and the roadway infrastructure owner, NYCDOT has identified a set of traffic
management needs to address the crashes described in the previous section. These needs
encompass managing speed, reducing crashes and their severity, and managing mobility in the
operational areas as listed in Table 3 below. These needs address the causes of fatalities described
in the previous section as well as address common incidents that disrupt travel times and increase
travel time variability. One or more CV applications will be deployed within the system concept to
address each of these identified traffic management needs.
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Table 3. Traffic Manager Needs

Need
ID

Traffic Manager
(NYCDOT) Needs

System Concept for
Deployment
(CV Application)

Support for Vision Zero

Need to manage speed on

Notify drivers when their speed exceeds

infrastructure

101.1 | surface streets — 25 mph Speed Compliance .
. the speed limit
regulatory speed limit
Need to manage speeds on Adyl§e drivers to comply thh the speeq
. limit in curves, thus reducing the potential
101.2 | curves —regulatory speed Curve Speed Compliance .
limit of a rollover and subsequent major traffic
incident
Facilitate widespread adherence to the
Need to manage speed in Speed Compliance / Work NYC speed limit. Additional tlme.-of-day'
101.3 o reductions, such as those associated with
work zones —speed limit Zone . .
a school zones or moving construction
(e.g., pothole repair) zones
. Warn drivers in case of an impending rear-
Need to reduce crashes Forward Crash Warning . . .
102.1 ) end crash with another vehicle ahead in
between vehicles (FCW) .
the same lane and direction of travel
102.2 Need to reduce crashes Emergency Electronics Notify drivers when a vehicle ahead
’ between vehicles Brake Light (EEBL) generates an emergency brake event
Warn the driver of the vehicle if the blind-
Need to reduce crashes Blind Spot Warning (BSW) | spot z.one' is occupied py ar:nother Yehlcle
102.3 between vehicles + Lane Change traveling in the same direction during a
Warning/Assist (LCA) lane change attempt and when it is not
attempted
Warn the driver of a vehicle when it is not
. safe to enter an intersection because of
Need to reduce crashes Intersection Movement . S )
102.4 ) . high crash probability with other vehicles
between vehicles Assist (IMA)
at stop-controlled and uncontrolled
intersections
Warn bus drivers of vehicles pulling up
Need to reduce crashes Vehicle Turning Right in behind a stopped bus, making a lane
102.5 ) ; changes to pass around the bus, and
between vehicles Front of Bus Warning oo - .
exhibiting a path to cross directly in front of
the bus
Need to reduce crashes Advise drivers if a vehicle is on an
102.6 ) Red Light Violation Warning | approach that is likely to result in the
between vehicles . C .
vehicle violating the red light
Need to reduce crashes Provides warnings to vehicle drivers to
103 between vehicles and Oversize Vehicle Warning | avoid entering a height restricted facility

and imminent low clearance location
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. System Concept for
poss U T3l TR ¢ Deplo menF; Support for Vision Zero
ID | (NYCDOT)Needs yme!
(CV Application)
Need to reduce crashes s . Provide in-vehicle indication of pedestrian /
) Pedestrian in Signalized L ) . . ,
104.1 between vehicles and f bicyclists at intersections equipped with
. L Crosswalk Warning .
pedestrians / bicyclists CV technologies
Allows for an automated call from the
Need to reduce crashes . . . ) .
) Mobile Accessible smartphone of a visually impaired
between vehicles and . . . . .
104.2 . N . Pedestrian Signal System | pedestrian to the traffic signal and notify
visually / audibly-impaired . . e
. (PED-SIG) approaching drivers of the pedestrian’s
pedestrians
presence
Provides notification that an area is to be
105 Negd tollnf'orm drivers of Evacuation Notification avoided gnd yvhy (subset of Emergency
serious incidents Communications and Evacuation
concepts)
Need to provide mobility . . Integration of CV movements with NYC'’s
. N . Intelligent Traffic Signal o . .
106 information in heavily award winning Mid-town In Motion (MIM)
System (I-SIGCVDATA) . .
congested areas adaptive traffic signal system

NYCDOT proposes to deploy these CV applications on a significant number of vehicles composed of
taxis, buses, commercial fleet delivery trucks, and other City vehicles as part of the system concept for
addressing these needs. To assist the CV applications, NYCDOT will provide infrastructure at
approximately 230 signalized intersections along 1st, 2nd, 5th, and 6th Avenues and Flatbush Avenue
in Brooklyn. The City will install additional infrastructure along the entrance/exits to and the mainline
roadway of the FDR Drive in Manhattan.

4.3.2 User Needs: Fleet Owners

NYCDOT sponsored a series of stakeholder meetings with its participating fleet owners. These
stakeholders agree to have CV devices installed in their fleets to obtain the potential crash reduction
benefits. The purpose of the meetings was to solicit the fleet owners (i.e., stakeholders) needs with
respect to the applications operation, vehicle installations of equipment, maintenance, and daily
operations. This was accomplished by describing the CV applications and their operation. Following
these discussions, NYCDOT described its procurement program for the equipment and its plans for
installing, operating, and maintaining the infrastructure. The NYCDOT also explained the concepts for
managing and measuring system performance.

A major stakeholder (i.e., fleet owners, vehicle operators/drivers) concern is the potential use of the
data for enforcement or driver performance assessment. Although USDOT and NHTSA have policies
stating that V2V DSRC data will not be used for these purposes, the potential that stored data could
be the subject to subpoena or Freedom of Information Act (FOIA) requests exists. Due to the stored
data’s time and location content, it has the potential to be cross-referenced with external system data
(e.g., crash reports, employment timecards, driving records) and isolated so that it loses its inherent
anonymity and becomes Personally Identifiable Information. This concern is treated as a privacy
need later in this section.
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4 Justification For and Nature of Changes

Table 4. Fleet Owner Needs

Need System Concept for
Fleet Owner Needs y P Support
ID Deployment
Re-anchor time/location data to
201 Need to have privacy Data Normalization protect driver/operator while
preserving vehicle trajectory details
Neeq to. manage CV CV Application Parameter Maqagg parameters so that
202 application for the traffic applications can be tuned for the
. Control .
environment traffic environment
Need to manage CV NYCDOT to provide equipment .Establls.h a proce§s for managing the
203 . ; L installation of equipment and
equipment maintenance and maintain it . .
managing the inventory
Need to limit additional vehicle . . . Provide either auditory sounds or
) Provide audio warnings for the . .
204 cab devices that have the . L short voice messages when warnings
. ) . driver-vehicle interface .
potential to distract drivers are triggered

4.3.3 User Needs: Roadway Users

This section describes needs generated by the roadway users. These users include the vehicle
drivers/operators, pedestrians, the visually impaired pedestrians, and bicyclists. It is important to be
aware that the fleet owners and roadway users share the same concerns regarding the need for
privacy and the management of the CV applications for the traffic environment. Therefore, these
common needs are identified using a unique identifier while being listed for each stakeholder class.

Table 5. Roadway User Needs

Need System Concept for
Roadway User Needs y P Support
ID Deployment
Re-anchor time/location data to
201 Need to have privacy Data Normalization protect roadway users while
preserving vehicle trajectory details
Neeq to. manage CV CV Application Parameter Maqagg parameters so that
202 application for the traffic applications can be tuned for the
. Control .
environment traffic environment
Visually impaired pedestrians want
Need to notify vehicles of Pedestrian in Signalized vehicle driver/operator notified due
303 . L
pedestrians Crosswalk to limited deployment of the
technology
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4 Justification For and Nature of Changes

4.3.4 User Needs: System Manager

The NYCDOT will be deploying CV infrastructure to support the operation and management services
for the CV applications. These devices and facilities include roadside equipment (RSE), wired and
wireless communication networks, traffic signal controller (ASTC) upgrades, and back office facilities.

The back office facilities will provide for the following management functions:

Management of security credentials (SCMS) utilization

Managing roadside equipment performance (failure identification, repair,

maintenance)

Managing roadside equipment radio frequency (RF) footprints

Managing CV application configuration
External data distribution (USDOT)
Data collection from RSE/ASD

Data aggregation, data normalization, and system performance assessment

Table 6. System Manager Needs

Need System Concept for
System Manager Needs y P Support
ID Deployment
Dedlcateq Short Range . Utilize existing standards and external
Need to have trusted Communications and Security . . .
401 - . systems to provide secure information|
communications Credential Management
exchanges
System
Need o manage equioment Equipped vehicles and infrastructure
402 ge equip RF Monitoring collect first / last contact with other
health - . .
equipped vehicles and infrastructure
Need to manage CV Provide an infrastructure to verify
403 Co 9 Over-the-Air Firmware Updates | firmware versions and update when
application life-cycle
necessary
A configurable arbitration technique
will be employed to ensure that the
warning with the highest immediate
404 Need to manage CV Configurable threat arbitration | threat is the warning presented to the
application interrelationship level for the CV applications driver. The arbitration algorithm will
be configurable such that additional
applications can be added to the
ASD.
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4 Justification For and Nature of Changes

4.3.5 User Needs: Independent Evaluator

These deployment projects also have several goals built into the program in order to assess the
benefits of the connected vehicle program. These goals require measuring the performance of the
connected vehicle applications deployed in each project’s respective environment. For the NYC
environment, these measurements will aid in evaluating connected vehicle application performance in
the dense urban environment where intersections are tightly clustered together (e.g., approximately
250 feet) and location referencing has proven to be a technical challenge due to the canyon effect
created by tall buildings and limited views of the Global Navigation Satellite System (GNSS) devices.

The USDOT will engage an independent evaluator to analyze the project’s performance with respect
to its goals as listed in Section 5.1.

In order to measure the connected vehicle application’s benefits, the project will incorporate a
before/after evaluation using the connected vehicle equipment installed in fleet vehicles. The ASD
equipment will be used to collect information regarding the performance of the CV applications in the
project’s geographic and traffic environment.

Table 7. Independent Evaluator Needs

Performance Evaluator| System Concept for
ID Support
Needs Deployment
Vehicles record the previous X
Need to collect detailed seconds of Basic Safety Message
501 information when a warning is | Event Recording (BSM) data and the next Y seconds
issued of BSM data for evaluation when a
CV application issues a warning
Vehicles initiate uploads of their event
Need to collect event . ) L
502 . Upload Event Recordings recordings when the service is
recordings .
available
503 Need to assess speed Before/After Speed Compliance| Record speed compliance warnings
compliance Comparison events and analyze them
Need to assess vehicle- Before/After Vehicle-Vehicle Record V2V application warning
504 . .
vehicle crashes Crash Comparison events and analyze them
505 Need to assess vehicle- Before/After Vehicle-Pedestrian| Record pedestrian crossing warning
pedestrian crashes Crash Comparison events and analyze them
Need to assess vehicle- Before/Adter Vehicle- Record oversize vehicle warnings
506 . Infrastructure Crash
infrastructure crashes . and analyze them
Comparison

One new area of connected vehicle applications to be assessed within the project involves
assisting/protecting pedestrians and cyclists. This area is significant in the NYC environment due to
the nature of vehicle-pedestrian crashes as described under the current conditions.

Note that the data flows are added to handle the parameterization of the warnings, triggers, pre and
post event recording times, etc. This is essential so that thresholds can be configured based on traffic
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4 Justification For and Nature of Changes

conditions, time-of-day, day-of-week, etc. and the data collection can be managed to satisfy the
measurement needs.

This approach protects project stakeholders while still providing aggregate data to measure
performance. It means that the statistical evaluation of the CV application benefits must be pushed
down with aggregation as quickly as possible. This data collection concept enables the before/after
evaluation through the comparison of aggregate measures rather than at an individual driver or fleet
performance comparison.

4.4 Priorities Among Changes

The number one user need to be satisfied by the system is the preservation of privacy voiced by the
fleet owners and roadway users. For many of these stakeholders, satisfying this need is a
requirement for their participation.

The need to manage the CV applications for the traffic environment is also a high priority. This need
allows the fleet owners and roadway users to be comfortable that the expected warnings can be
managed so as to not distract drivers and to manage the warnings provided by the technology.

4.5 Changes Considered But Not Included

The NYCDOT's intent for considering the Freight-Specific Dynamic Travel Planning application was to
address issues on over-dimension vehicles entering prohibited roadways. For this need, the Oversize
Vehicle Warning application provides a better fit than the Freight-Specific Dynamic Travel Planning
application as it does not incorporate the extensive routing and regulator framework encompassed in
the Freight-Specific Dynamic Travel Planning application. Also, the Freight-Specific Dynamic Travel
Planning application as defined by the CVRIA contains elements that do not apply to the NYC CVPD.
As a result, this application was deleted from the final list of CV applications for pilot deployment.

To that end, the ASD on board the vehicle must have route restriction information and the vehicle
dimensions such that it can produce warnings to the driver if the driver appears to be entering a route
which conflicts with the onboard information. The route specifics can be loaded from a roadside unit
(RSU) at the warehouse (vehicle barn) or near the entry/exit ramp such that the information is present
within the ASD before the vehicle reaches the restricted route or location.

The V2V application Stationary Vehicle Ahead has been dropped from inclusion in the project. While
preparing use case, operational scenarios, and needs for this application, it became apparent that
Stationary Vehicle Ahead conditions are a special case considered already under the Forward Crash
Warning application as described in SAE J2945/1 and as described in Collision avoidance timing
analysis of DSRC-based vehicles® by Tang and Yip. An analysis of these applications in the CVRIA
indicates that the needs and requirements are identical except for the CVRIA indicating that the
Forward Collision Warning3 applications intent to advise the driver as to the specific action to be taken.

2 See reference 39
® The CVRIA Forward Collision Warning is similar to the SAE J2945/1 Forward Crash Warning.
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The initial proposal referenced several other applications for managing traffic speeds and these have
been refined to meet the user needs. The original proposal listed Modified Eco-Speed Harmonization,
Curve Speed Warning, and Reduced Speed / Work Zone applications. These have been revised to
Speed Compliance, Curve Speed Compliance, and Speed Compliance /Work Zone to conform to the
user’s traffic management needs. These replacement applications are intended to use the CV
technology to manage speed in conformance with the regulatory limits.

U.S. Department of Transportation
Office of the Assistant Secretary for Research and Technology
Intelligent Transportation Systems Joint Program Office

Connected Vehicle Pilot Deployment Program Phase 1, Concept of Operations (ConOps) - New York City | 23



5. Concepts for the Proposed System

This section will describe the key concepts for the NYC CVPD project. Although it will cover the NYC
CVPD as a whole, it primarily focuses on the new concepts and functionality.

The key concept for the NYC CVPD project is to equip a large fleet of vehicles with CV technology in
order to advance towards the Vision Zero goal of eliminating injuries and fatalities from traffic crashes.
This section provides further detail as to the system concepts to be employed for satisfying the needs
established in Section 4. Some of these system concepts (i.e., CV applications) already exist and are
documented externally. The other concepts are new functionality to be developed and deployed for
the first time within the NYC CVPD. System management and performance measurement are the
primary needs area for this functionality. This section describes these areas of the system from a
high-level perspective.

It is important to understand the implications of the connected vehicle technology deployment in New
York City. A small portion of New York City roadway network will have connected vehicle infrastructure
installed (i.e., roadside equipment). Vehicle-to-Infrastructure (V2l) applications such as Red Light
Violation Warning and Curve Speed Compliance will support connected vehicles operating in these
areas. However, the geographic reach of the connected vehicle technology is much broader.
Vehicles equipped with connected vehicle technology (i.e., aftermarket safety devices) will travel in
this infrastructure equipped area and throughout the City’s transportation network. Thus the
connected vehicle technology that supports Vehicle-to-Vehicle (V2V) applications will function
anywhere two equipped vehicles are within range of one another. Equipped vehicle encounters may
occur on the surface streets, in the tunnels and bridges crossing the rivers, at the airports, and on the
City’s higher speed facilities such as the FDR Drive and the Long Island Expressway. The large fleet
size means that there will be many opportunities for the connected vehicle technology to perform over
a large geographic area and diverse roadway environments.

5.1 Background, Objectives, and Scope

NYC is implementing the CV technology as another tool in its quest for Vision Zero. It is anticipated
that the CV technology will reduce the number of and severity of crashes in the deployment area. In
addition to deploying the technology, New York City will assess its impacts and potential for attaining
the Vision Zero goal of zero crashes/fatalities/injuries. Figure 1. NYC CVPD System Concept provides
a conceptual view of the system to be deployed. It also provides insight to whether a component is
existing or to be newly deployed within the project.

The NYC CVPD project is one of three initial CV deployment projects that establish a base for growing
a nationwide connected vehicle system. As such, its focus is on utilizing standards to build basic
infrastructure in a manner that provides a foundation for future deployments of connected vehicle
technology.
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The NYC CVPD is designed to provide a real demonstration and evaluation of the benefits of the CV
technology in a dense urban environment. NYC has deployed a robust infrastructure with advance
traffic controllers (ATCs), an advanced adaptive traffic signal control system which currently uses
travel times as part of its operational algorithms, an aggressive maintenance program, and a
ubiquitous high speed wireless network (NYCWIN). By deploying ASDs, our team can bring the
benefits of the CV paradigm to NYC’s Vision Zero initiative and provide the opportunity to evaluate the
benefits with a significant number of vehicles that are regularly driving in the area.

This project will also provide FHWA the opportunity to showcase the benefits of CV technology without
replacing the vehicle fleet — which is likely to be the situation for many years to come. At the same
time, the NYC CVPD will be used to demonstrate the benefits to vulnerable road users who suffer the
most from roadway fatalities in NYC. The expected deployment of the applications inside of the
vehicles is shown in Table 8.

Table 8. Vehicle Fleet Distribution

Vehicle Fleet
Taxi & NYC DOT / MTA/ Commercial .
Limousine Sanitation NYCTA Vehicle Pedesrian
Buses

7500 500 1500 500 TBD

CV Application 75% 5% 15% 5% TBD
Speed Comply Yes Yes Yes Yes No
Curve Spd Comply Yes Yes Yes Yes No
SpdComply/WrkZn Yes Yes Yes Yes No
Frwd Crash Wrn Yes Yes Yes Yes No
Emer Elec Brake Yes Yes Yes Yes No
Blnd Spot Wrn Yes Yes Yes Yes No
Ln Change Wrn Yes Yes Yes Yes No
Int Mvmt Assist Yes Yes Yes Yes No
VTRFBW No No Yes No No
Red Lt Vio Wrn Yes Yes Yes Yes No
PED in Sig Xwalk Yes Yes Yes Yes Yes
PED-SIG No No No No Yes
Oversize Veh Comply No Conditional Conditional Conditional No
EVAC Info Yes Yes Yes Yes No
I-SIGCVDATA No No No No No
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The USDOT has also established three goals for this deployment program and these are summarized
as follows:

® Spur Early CV Technology Deployment
o Wirelessly Connected Vehicles
e Mobile Devices

e Infrastructure

® Measure Deployment Benefits
o Safety
e  Mobility

e  Environment

® Resolve Deployment Issues
e Technical
e Institutional

¢ Financial

These goals drive the program structure and the contents of the agreement between USDOT and
each deployment site’s team.

5.2 Operational Policies and Constraints

This section will provide a list of policies that may govern the system operation or constraints that will
be factored into the development, operation, or maintenance of the system. The following operational
policies/constraints have been identified so far.

The operational policies and constraints for the current system in Section 3.2 will carry forward to the
proposed system and its operations. Additional policies and constraints are listed below.

From the beginning of the CV program, ensuring individual privacy has been a key to adoption of the
CV technology. In order to produce these safety benefits consistent with the goals of the USDOT's
connected vehicle program, the project will adopt the USDOT objective to “not collect or store any
data on individuals or individual vehicles, or will it enable the government to do 50>’ Throughout all
meetings with the project stakeholders, the stakeholders expressed that this objective must be met to

continue their participation.

The stakeholder’s concern is that time and location information constitutes potentially Personally
Identifiable Information (PIl) because it could be merged with other records (e.g., police crash reports)
and used in legal proceedings, disciplinary proceedings, or insurance negotiations. Keeping data with
this time/location information is a potential infringement of an individual’'s privacy. Concerns have also
been expressed by the labor unions and legal departments that if such records were known to exist,
they would be subpoenaed for criminal and/or civil suits and would be subject to FOIA requests —
which are very frequent in NYC.
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The goal of privacy poses a formidable challenge for the deployment of the NYC CVPD project. While
privacy is a fundamental concept embedded in the CV system design, the need to measure
deployment benefits necessitates knowing details regarding the vehicle and its whereabouts. To
balance these competing objectives, the NYC CVPD will provide detailed vehicle operational
information after it has been aggregated and normalized (i.e., scrubbed) of time and location details.
This approach satisfies the detailed information needs for evaluation while protecting the privacy of
the vehicle drivers/operators.

Another constraint is a result of the project’s focus on safety. The NYC legal staff is concerned about
the deployment of safety focused applications that may not provide warnings to the drivers/operators.
On one hand, the concern is about a warning not being given to the driver/operator that could have
mitigated a crash/injury/fatality situation. The other concern is that for the purposes of data collection
for a before/after evaluation, the system will operate in silent mode for a time period in order to gather
data. While the previous concern exists during this silent period, there is another regarding toggling
the system between silent and active mode. This mode difference has the potential to impact drivers’
decisions should they become secure in knowing the system will generate warnings when in fact it is
in silent mode. To address these concerns, the NYC project team proposes using a single transition
from silent to active mode for the fleets.

5.3 Description of the Proposed System

In this ConOps for the NYC CVPD, the proposed system is described using system architecture views
based on USDOT's CVRIA and subsequently tailored to meet the needs and vision of the pilot
deployment project. More information is described in the CVRIA website®. This section is divided into
subsections that describe the overall physical view of the architecture as well as the enterprise view of
the architecture. Later subsections provide information about the CV applications to be tailored for
this deployment.

The physical view describes the physical objects (systems and devices) and their application objects,
as well as the high-level interfaces between those physical objects. Functional and communications
views can be included as subsets of the physical view components.

The enterprise view describes the relationships between organizations and the roles those
organizations play within the connected vehicle environment. The organizations shown are those
listed in Table 2.

The legend for the following figures is provided in the appendices due to the extensive information it
contains. To summarize the legend, color is used to denote various types of devices, centers, people,
and organizations. Communication paths and connections are shown however the detail regarding
the information content, protocols, security, and timing involved with each path are not disclosed on
these high-level views of the system’s connections.

5.3.1 Physical View

The physical view of the NYC CVPD system is illustrated and defined below. Two layers are used to
represent the system. The first or highest level, Layer 0, is a comprehensive view in which the
physical objects or system elements are shown with high-level connectivity. This comprehensive view
is followed by two Layer 1 drawings that show the applications or collections of functionality and their
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interactions. One Layer 1 shows the safety applications for the vehicles and roadway users and the
second diagram shows the core services for operating and managing the system.

5.3.1.1 Physical - Layer 0

This section presents the top level, Layer 0, drawing for the physical view of the NYC CVPD. The
following diagram provides a high-level conceptual view of the centers, infrastructure device, mobile
devices, and external services/centers to be connected by the system. These entities are ordered left
to right and the wireless communications that physically interconnect them are indicated.

5.3.1.2 Physical - Layer 1

The next two diagram(s) provide a mid-level conceptual architecture for the NYC CVPD. They are
based on the CVRIA described at the CVRIA website®. These drawings contain the same elements
shown in Layer 0 but add the application objects within each of the physical elements. These
diagrams show how functionality is logically distributed throughout the entities within the Layer 0
description of the system.

These application objects are the subsets of functionality of a physical element in the system. Only
the elements whose functionality is central to the transportation service being deployed will contain an
application object.

The lines between the elements on the Layer 1 drawing are called Application Interconnects.
Application Interconnects are used to show the connections between the application objects. Like the
Physical Interconnects on Layer 0 these correspond to one or more Information Flows that support the
application. The application interconnects also have the same characteristics as the physical
interconnects.
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1: NYC CV Physical Layer 1 — Core Services

Figure 9. NYC CVPD System Physical Description (Layer 1 Core Services)
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5.3.2 Enterprise View

The enterprise view describes the enterprises (i.e., stakeholders) and the relationships between them.
The enterprise view is based on the roles those organizations play within the connected vehicle
environment.

Table 9 below lists and defines the roles the stakeholders perform in the enterprise view.

Table 9. Enterprise View Stakeholder Roles

Role Name Description
Operates An Enterprise controls the functionality and state of the target object.
Owns An Enterprise has financial ownership and control over the target object.
Maintains An Enterprise controls the identification of target object failures and their repair.
Regulates An Enterprise governs the ownership and operation of the target object.

5.3.2.1 Enterprise Context Diagrams

A context diagram provides the context for a system stakeholder by showing all of the interfaces for
that stakeholder. This section includes a context diagram for NYCDOT, the primary stakeholder in the
project.

The enterprise view includes the active stakeholders, i.e., those directly related to the deployment of
the CVPD and responsible for some aspect of its operation. We have not included the broader
involvement of the stakeholders who would be involved in the future as the system expands both
geographically and operationally. As stated earlier, the NYC CVPD project goal is driven by Vision
Zero and NYCDOT is the primary stakeholder with its needs as the traffic manager. As the traffic
manager, NYCDOT is bringing CV technology to its urban area in anticipation of the safety benefits for
Vision Zero.
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5.3.3 Proposed Roadside Equipment Locations

In order to capture vehicle data, the NYCDOT will deploy 230 RSEs at signalized intersections on the
corridors in Manhattan and Brooklyn. In addition, RSEs will be installed at other locations including
vehicle fleet terminals, river crossings, airports, and others for communicating with ASDs. These
additional locations are to support the transfer of performance measurement data, managing security
credentials, and other administrative needs. The proposed RSE locations are listed in Table 16 -
Table 21 in the Appendix.

5.3.4 Existing CV Application References

Six of the CV applications are intended to be utilized unchanged from their initial concept of
operations. These applications are listed in the SAE J2794/1 standard for V2V communications and
the USDOT'’s publication FHWA-JPO-13-058. These applications do not need to be re-engineered as
components of this project as this work has already been completed. The applications and references
for them are listed in Table 10 below.

Table 10. CV Application ConOp References

CV Application Concept of Operations Reference
Forward Crash Warning SAE J2945/1-2016
Emergency Electronic Brake Lights SAE J2945/1-2016
Blind Spot Warning SAE J2945/1-2016
Lane Change Warning SAE J2945/1-2016
Intersection Movement Assist SAE J2945/1-2016

Accelerated Vehicle-to-Infrastructure (V2I) Safety Applications
Red Light Violation Warning Concept of Operations Document
Final Report —May 29, 2012 FHWA-JPO-13-058

Transit Safety Retrofit Package Development
Vehicle Turning Right in Front of Bus Warning | TRP Concept of Operations
Final Report — May 28, 2014 FHWA-JPO-14-117

5.3.5 Speed Compliance

This application provides warnings to drivers when they exceed the posted speed limit and
encourages them to reduce their travel speed. Its focus is on encouraging drivers to comply with the
regulatory speed limit, as opposed to harmonizing the traffic flow speed. When providing speed
harmonization, speed recommendations can be provided to drivers via DSRC communications to
connected vehicles and/or roadside signage for non-connected vehicles. Neither of these concepts is
included in the scope of the NYC CVPD project.
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This application will use a regulatory speed limit provided by the connected vehicle infrastructure in
combination with the vehicle’s speed and location to provide warnings to the driver. These warnings
will occur when the vehicle speed exceeds the speed limit by a configurable amount or for a
configurable time period based on whichever occurs first. The warnings (alert) will be provided via an
audio tone(s) and/or spoken warning which will be determined during the detailed design.

5.3.6 Curve Speed Compliance

The Curve Speed Compliance will operate similarly as the Speed Compliance application. The
difference will be the data source used to obtain the regulatory speed limit to be broadcast to vehicles.
This data will be transmitted using the Traveler Information Message (TIM) described in SAE J2735 or
revised per the CAMP Curve Speed Warning development currently underway. The message format
selection will be the subject of an ongoing evaluation based on the progress of the CAMP work and
the project schedule.

5.3.7 Speed Compliance / Work Zone

This application will provide over speed warnings for work or school zones that are either statically or
dynamically located. If there is a static work zone, then it is essentially a speed zone and operates as
described above. However, certain types of construction activities also may be moving work zones
such as pothole repairs, striping, or even snow plowing under certain situations. This application is
similar to the Speed Compliance application described above; however, regulatory speed limit
information may be distributed by the infrastructure’s RSE using the MAP, TIM, or another DSRC
message.

5.3.8 Pedestrian in Signalized Crosswalk Application

This application will use the pedestrian detection information to indicate the presence of pedestrians in
a crosswalk at a signalized intersection. As a pedestrian passes through a crosswalk at a signalized
intersection with additional pedestrian detection equipment installed, the pedestrian’s presence will be
detected by the traffic control system. The traffic control system will notify the vehicle of a pedestrian’s
presence in the crosswalk.

At the same time, the pedestrian will carry a personal information device (PID) in the form of a
smartphone which will communicate with the NYC CV infrastructure. An application on the PID would
enable pedestrians to notify the RSE of their presence. The pedestrian’s presence information will get
sent to and processed by the RSE, which will then broadcast it to the ASDs in the vehicles. The details
will be determined during the design phase.

5.3.9 PED-SIG Application

The NYC CVPD will deploy an application to support visually impaired (blind) crossing the street. Itis
assumed that the application will be implemented using a portable personal information device (e.g.,
smartphone) which supports both normal cellular operation and communications in the DSRC
spectrum such that the pedestrian can monitor the messages associated with the CV applications and
request service where traffic signal controllers support actuated PED operation. Communications
to/from the traffic controller will use DSRC (5.9 GHz. 1609.x, J2735) message sets and will be
available at any intersection which includes an RSU.
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Use of the Security Credentialing Management System (SCMS) is an important aspect of this
application since it will require certificates to authenticate the Signal Phase and Timing (SPaT) and
Map Data Message (MAP) messages from the RSU, and a special permission to use the PED call
feature. Thus there will be security and subscription issues with the use of the application including
enrollment certificates for the application and the licensed user, as well as the normal privacy
concerns to protect the PIl which might be collected. This will also be an opportunity to work with the
disabled community and the traffic signal operation to support safety improvements for this type of
user.

5.3.10 Oversize Vehicle Compliance

This application provides warnings to the driver as the vehicle encounters restricted facilities and
height restricted infrastructure. For NYC, there is no infrastructure data equipment for detecting and
measuring the approaching vehicle's height and width as in the CVRIA concept for this application.
Therefore, vehicle size information will be configured into the ASD for each vehicle. Using the pre-
configured vehicle height information, the ASD determines whether the vehicle is able to pass through
the bridge or tunnel. While the CVRIA refers to vehicles' weight measurement and supporting
unequipped vehicles, these concepts are beyond the scope of the NYC CVPD project.

5.3.11 Emergency Communications and Evacuation Information

This application was added to support NYC's emergency communications and dissemination of
evacuation traveler information. Centers including the Traffic Management Center (TMC), Office of
Emergency Management (OEM), Office of Emergency Response (OER), and weather service will
partake in the emergency operations and management functions. However, rail operations center,
transit management center, special needs registry, population and housing data sets, public health
system, and shelter provider center as defined in the CVRIA are not included in the NYC CVPD.

Note that the distribution of this information will be limited to the RSE locations and will be kept within
the vehicles with a time-out and location (area/street) of relevance and only provided to the operator
when the vehicle is within the designated area during the time of relevance.

5.3.12 Intelligent Signal System CV Data

This functionality utilizes CV data as an input to the existing Adaptive Control Decision Support
System (ACDSS) augmenting or replacing the existing data from the toll tag reader system that
provides travel time and speed information. It is the intent of the project to determine if the CV
technology provides input which is equivalent to the existing data collection mechanism such that
expansion of the ACDSS adaptive control system can rely on only the CV data collected.
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5.3.13 Event Recording

The ASDs will log relevant information surrounding a triggered event. The trigger will be configurable
and will include the CV application warnings, acceleration criteria, brake system status, etc. The time
periods for collecting data before and after the trigger event will be configurable for each event trigger.
These periods will consist of a few seconds (e.g., 10-20) prior to and a few seconds (e.g., 30-40)
following the trigger’s activation. The relevant information (data) will be limited to what the ASD
provides, and it may include vehicle data when the ASD is connected to the vehicle’s data bus (i.e.,
CAN, J1939). For instance, each event log entry will include location (i.e., latitude, longitude, elevation,
3-axis acceleration), indicated warnings, and the action (i.e., lights, wipers, turn signals, steering
angles, brakes) of the vehicle. More importantly, this event log will be stored on the vehicle for later
retrieval when the vehicle returns to its fleet terminal where the data will be offloaded.

Note that the definition of an event will be configurable so it can be used to collect short-term driver
behavioral data (hard break, steering turns, accelerations, etc.) for aggregation and performance
measures. However, such data will be cleansed of any traceable personal data (exact location and
time) to prevent from being correlated to other records such as police reports.

5.4 Modes of Operation

The CV system is expected to always be in operation. Management provisions are made to monitor
the operation of the system’s devices in order to identify failures and resolve them. These fall into two
areas — one for the infrastructure devices and their communications links with the other being the
vehicle resident ASDs.

Driver/operators need to be informed when vehicles start that their vehicle resident ASD is operating
properly. Failed ASD will not prevent the safe operation of the vehicle by the driver/operator — the
driver will not receive alerts/alarms from the device in when it is failed. Support personnel will have to
be notified by the driver/operator in order to begin the repair process.

When RSEs fail, vehicle drivers/operators will not be notified and will operate their vehicles normally
without alerts/alarms from the ASDs for V2| applications. In this state, the V2V applications will
continue to function and provide alerts/alarms when in the presence of other connected vehicles
(assuming that their ASDs are also functioning properly).

5.5 User Classes and Other Involved Personnel

The users and support personnel for the CV system will be the same as those listed in Table 2. Users
and Stakeholders under the discussion of the existing system.

5.6 Support Environment

This section describes the connected vehicle core services utilized by the NYC CVPD project. It also
describes the additional equipment maintenance services necessary to keep the infrastructure and
vehicle resident equipment functioning.

U.S. Department of Transportation
Office of the Assistant Secretary for Research and Technology
Intelligent Transportation Systems Joint Program Office

Connected Vehicle Pilot Deployment Program Phase 1, Concept of Operations (ConOps) - New York City | 39



5 Concepts for the Proposed System

5.6.1 Core Services

The support environment for the CV system includes the following elements:

Cooperative ITS Credentials Management System (CCMS)
Data Distribution System (DDS)

Network Time Source (NTS)

Object Registration and Discovery Service (ORDS)

Service Monitor System (SMS)

Wide Area Information Disseminator (WAID)

5.6.1.1 Cooperative ITS Credentials Management System (CCMS)

CCMS is also known as the Security Credentialing Management System (SCMS). It represents the
interconnected NYC CV system that enable trusted communications between ASDs, RSEs, and
centers (i.e., TMC) to protect the system and its data from unauthorized access. It will support the
secure distribution, use, and revocation of trust credentials in the NYC CVPD.

5.6.1.2 Data Distribution System (DDS)

DDS is responsible for collecting, processing, and distributing near real-time CV data such as BSM,
MAP, SPaT, and TIM messages. It will link the data produced by the roadway users with the situation
data clearinghouse and warehouse facilities.

5.6.1.3 Network Time Source (NTS)

NTS represents the external time source used by the NYC CV Service Monitor System (SMS) for the
basis of time. This time source is different than the GNSS time source used by the connected vehicle
equipment, however, they are synchronized. Currently, NYC's traffic control system manages the time
on the ASTCs which primarily maintain time based on the electric grid’s line frequency. The ASTCs will
be modified to use the GNSS time source in order to be coordinated with the connected vehicle
infrastructure.

5.6.1.4 Object Registration and Discovery Service (ORDS)

ORDS provides registration and look-up services for allowing objects to locate other objects in the CV
environment for communication purposes. It will be used to provide registration and discovery
services for enabling the secure data transfer applications in the NYC CVPD.

5.6.1.5 Service Monitor System (SMS)
SMS monitors, manages, and controls services for applications and equipment that are operating in

the CV system environment. In the NYC CVPD, it will enable CV applications to provide services
including device management, time synchronization, and trust management.
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5.6.1.6 Wide Area Information Disseminator (WAID)

WAID represents the communications equipment in the CV system environment used to send
messages to CV-equipped vehicles. The messages will be transmitted using DSRC at 5.9 GHz
frequency and may be broadcasted to and from ASDs and RSEs.

5.6.2 CV Equipment Maintenance
5.6.2.1 Installation

NYCDOT will be responsible for procurement and installation of the CV equipment. The RSEs will be
installed by City personnel at the designated locations shown in Table 16 - Table 21 in the Appendix.
Installation manuals will be available for guidance. The ASDs will be provided to each fleet owner
group who will install them in each participating vehicle. Installation details and requirements will be
unique to each fleet type, and instructions for installation will also be supplied to each fleet owner

group.
5.6.2.2 Maintenance

NYCDOT will be responsible for maintenance of the CV equipment software and hardware. The
RSEs' operation will be monitored for issues that require site visits and field repairs. Once the issues
are diagnosed, technicians will be dispatched to the RSE locations, address the issues, and report
back to NYCDOT staff at the TMC.

If the ASD experiences a fault, the vehicle operator will be responsible for reporting to the fleet owner
who will then notify NYCDOT. Scenarios describing user actions during normal ASD start-up and
when ASD the fails are in Sections 6.2.1 and 6.2.2. Necessary repair work will be coordinated through
the fleet owner’s maintenance facilities where units will be available to swap out devices and minimize
down time.

For software and firmware updates, the NYCDOT will work with the TMC to install them via the RSE
at each fleet barn. Once the vehicle returns to its garage, the RSE will communicate with the ASD to
check its firmware version. When an upgrade is needed, the ASD will initiate the over-the-air firmware
update as described in Section 6.3.2.

Agreements between NYCDOT and each participating fleet owner will be needed in the NYC CVPD.
Specific terms and conditions will need to be specified for the technicians and the fleet owners to
protect each party and ensure safe maintenance and repair efforts.
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6. Operational Scenarios

This section provides an overview of the major operational uses for the NYC CVPD project. These
scenarios are arranged based on the users involved with the project.

Each scenario begins with a brief description followed by one or more diagrams that define different
sequences of actions that occur in the scenario. Following each diagram, each sequence is described
in terms of the overall flow of the application — what happens first, what information is shared, what
activities are required in order for the application to succeed, and what other factors need to be
considered.

Note that these scenarios do not document all of the individual CV applications for the reasons
described in Section 4.5. Other material is available using the references listed in the section as well
as at the CVRIA web site®. The operational scenarios documented in this ConOps address the project
tailored connected vehicle applications and the additional system management and performance
evaluation concepts for the NYC CVPD project.

Traffic Manager Scenarios

Speed Compliance
Speed Compliance / Work Zone
Curve Speed Compliance

Oversize Vehicle Compliance

Emergency Communications and Evacuation Notification

Roadway User Scenarios

® Vehicle Trip Initiation
® Driver Reporting Suspected ASD Failure
® Pedestrian in Signalized Intersection Warning

® Mobile Accessible Pedestrian Signal System

System Manager Scenarios

® ASD CV Application Configuration Download
® ASD Firmware Update

® RSE RF Monitoring

® ASD RF Monitoring
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Independent Evaluator Scenarios

® ASD Event Data Recording
® ASD Event Data Upload

® ASD Performance Measurement Data Processing

There are a number of applications that operate in a similar manner to each other related to speed
compliance for New York City. The City felt that rather than attempt to provide a variety of different
speeds based on vehicle types, roadway segment, traffic conditions, and weather (roadway surface
and visibility), that all similar applications would provide warnings to the driver when their vehicle
speed exceeded the regulatory speed limit for the roadway segment.

® Speed Compliance (General)
® (Curve Speed Compliance (Specific Locations)

® Speed Compliance / Work Zone (or School Zone)

Therefore, these applications will provide warnings/alerts to the driver when the vehicle speed
exceeds the regulatory speed limit. It is also expected that the operation of the application can be
modified based on time-of-day, day-of-week, roadway segment, and other rules to minimize the false
warnings or to become an annoyance to the driver such that they may seek to damage the
equipment.

Each of these applications will be addressed separately in what follows, although the first application,
NYC-CVDP Speed Compliance describes most of the applications. The differences between the
applications are related to the different sources of the regulatory speed information provided by the
infrastructure systems.

6.1 Traffic Manager Scenarios

6.1.1 Speed Compliance

The NYC Vision Zero is focused on the reduction of crashes and pedestrian injuries within the city
limits. One method recently adopted by NYCDOT was a reduction in the citywide speed limit from 30
mph to 25 mph based on the assumption that slower speeds would provide drivers with more time to
react to traffic conditions and to avoid pedestrians and bicycles. Signals were retimed for the slower
speed, and the City proposed to use CV technology to alert drivers when they are exceeding the
speed limit. This becomes particularly important during late night when there is minimal traffic and
speeds tend to far exceed the speed limit.

This application will use a regulatory speed limit in combination with the measured speed and location
of the vehicle to provide warnings to the driver when they are exceeding the speed limit by a
configurable amount or time. The warnings (alert) will be provided via an audio tone(s) and/or spoken
warning which will be determined during the detailed design. It should be noted that the stakeholders
did not want a visual warning; hence, the ASD will provide audio warnings.

Some of the [static] speed zones vary by time-of-day and day-of-week (e.g., school zones); hence,
this information must include a schedule and the geographic boundaries of the speed zone. Note that
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the regulatory speed is not universal for all roadways; expressways within the City have higher speed
limits and hence, the speed limit will depend on the vehicle location.

After some discussion with the stakeholders, it was suggested that the application should be modified
such that it adapts to the habits of the driver and can be tuned to minimize the annoyance effect while
still producing the desired result, speed limit compliance through notification of over speed conditions.

Finally, the CVPD program requires the performance of the applications be measured. To accomplish
this requirement, the application will be required to provide a trigger to the data collection application
to capture the dynamic vehicle information immediately preceding and following the issuance of an
alert for analysis. The data collection system is described in more detail later in the ConOps in
Section 8.4.3.

Since multiple safety applications will be running on the ASD at the same time, a configurable
arbitration technique will be employed to ensure that the warning with the highest immediate threat is
the warning presented to the driver. The arbitration algorithm will be configurable such that additional
applications can be added to the ASD.

This application is intended to work with generally static roadway conditions or zones that are
triggered due to the time-of-day and day-of-week. The source of the regulatory speed limit will be
messages from the local RSE associated with the roadway map, curve location, or zones (work as
well as school). These speeds will be delivered to the vehicle through DSRC MAP, TIM, Roadside
Alert (RSA) or other messages.

6.1.1.1 Application Needs

The following section describes the needs that were developed for the speed compliance application.

a) The need (Vision zero and NYCDOT) is to improve general speed compliance for all vehicles
within the City limits with the intent to reduce crashes and pedestrian injuries.

b) The MAP message can provide this level of detail when the vehicle is in the vicinity of an
RSE. The regulatory speed limit for each roadway segment may also change by time-of-day
and day-of-week should the segment include a school zones.

c) The in-vehicle application needs to monitor the vehicle’s speed and alert the driver when the
vehicle speed exceeds the regulatory speed limit for the roadway segment by a configurable
amount or time.

d) The alert level (amount above the speed limit or time above the speed limit) needs to be
configurable by time-of-day and day-of-week to manage the alert frequency. The alert will be
provided to the driver as an audible message (tones and/or words).

€) The privacy of the data for the actions recorded for evaluation needs to be protected.

6.1.1.2 Scenario

a) The application is installed on the ASD and commissioned (i.e., it has an enrollment certificate
and it requests operating certificates such that it can receive and validate the data received
and encrypt the data that is recorded on the ASD).

b) The ASD in turn then requests that its internal speed limit map be downloaded when it is in
the barn or at the initial installation location. This provides the baseline speed limit map that
can be further updated on the fly by any RSE without significant bandwidth requirements
since the updates are assumed to be relatively small.
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c)
d)

g)
h)

When the ASD passes an RSE that advertises that it has updates for the speed map, the
ASD can verify whether it has the necessary changes and update its database accordingly.
The ASD monitors the vehicle location and issues a warning to the driver whenever the
vehicle speed exceeds the speed limit for the roadway based on the time-of-day and day-of-
week by a configured over speed parameter.

All warnings trigger an event to be recorded in the ASD performance monitoring application
which in turn creates an event log for this alert which is encrypted such that it can only be
decrypted by the event log processing center. Reference the project’s security management
operating concept and performance measurement plan listed in the references.)

Whenever the ASD passes an RSE which advertises that it can upload the event logs, the
stored encrypted event logs are uploaded and purged from the device when the upload is
confirmed.

The ASD includes an application that can modify the parameters used for the speed
compliance application.

Optional (TBD — future implementation): verbal directions could include lane or roadway
restrictions based on the time-of-day and day-of-week that could be used in conjunction with
speed restrictions or without speed restrictions.

6.1.1.3 Notes

Note that whenever the regulatory speed limit is provided by a local RSE (see other applications)
using the MAP message or the TIM

All messages to and from the ASD and the RSE for these applications will be
authenticated. The data collected (log data) is automatically encrypted when added
to the log and is, therefore, not readable by any authority except the performance
analysis subsystem.

The physical architecture for this application is shown in Figure 13. Note that only
some of the data flows and processes are relevant for the speed compliance
application. The RSE and ASD will include additional safety and data collection
applications for which additional processing and data flows will be required.

Note that the intelligent transportation system (ITS) devices control the signage for the cases
described in the following sections while the speed limit map database is used for the basic speed
compliance application. This same application could be expanded to include additional verbal
information such as lane restrictions that vary by time-of-day and day-of-week.

It is not clear which school or speed zones will be included in the initial CVDP since there is a cost
associated with this aspect of the project. The initial intent is to include all of Manhattan in the subject
area because there are also RSE choke points where the database can be uploaded.
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6.1.2 Speed Compliance / Work Zones

This application will provide over speed warnings for work or school zones that are either statically or
dynamically located. If there is a static work zone, then it is essentially a speed zone and operates as
described above. However, certain types of construction activities also may be moving work zones
such as pothole repairs, striping, or even snow plowing under certain situations. This application is
similar to the Speed Compliance application described above; however, regulatory speed limit
information may be distributed by the infrastructure’s RSE using the MAP, TIM, or another DSRC
message.

In the case of a moving work zone, an RSE would be installed on the barrier truck (or other vehicle
which marks one end of the work zone) and it would provide the speed zone warning and identify the
geographic limit of the work zone. Depending on the size of the work zone, a second RSE may need
to be installed on another vehicle (e.g., lead vehicle) to mark the other end of the work zone. This
would require that the RSE have a license for DSRC that is approved to travel within the geographic
area of the City.

This is a simplified version of the CVRIA work zone application because it only provides information to
the approaching vehicles and does not attempt to track the approaching vehicles or warn the
construction workers of errant vehicles which might pose a threat to the workers.

6.1.2.1 Additional Application Needs

The needs for this application can be either added to the speed compliance application or duplicated
in case only this application is deployed. Since the NYC CVPD intends to implement all of the speed
compliance applications listed, the needs of the preceding speed compliance application will be added
to the following needs:

a) The in-vehicle application needs to listen for RSE messages that identify the presence of a
speed zone such that it can identify the speed limit and geographic limit of the speed zone.

b) An RSE needs to be located at the entry points to the speed zone (depending on the area
covered) such that it can notify approaching vehicles when the speed zone is active and the
geographic limit of the speed zone.

c) The over-riding effect of the speed limit for the speed zone needs to include time-out or end
times such that the vehicles do not use this replacement speed limit when it is not active.

d) The zone’s speed limit change needs to be handled in a robust manner such that the failure
of an RSE or the backhaul or core systems do not lead to prolonged incorrect invocation of
the speed limitation and warnings to drivers.

e) For moving work zones, the RSE needs to monitor its position with respect to the proposed
work zone (end-to-end) and provide updated (real time) geometric areas encompassed by
the active work zone.

f) Optional (TBD - future implementation): verbal directions could include lane or roadway
restrictions (detour) based on the time-of-day and day-of-week that could be used in
conjunction with speed restrictions or without speed restrictions.
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6.1.2.2 Notes

Figure 13 is identical for this aspect of the speed zone operation. However, the infrastructure operator
is required to specify the geometric area and the reduced speed as well as the time-out time. Local
ITS devices are expected to show the changed speed limit.

As noted in the speed compliance zone, this could also be augmented with verbal directions
associated with the RSE broadcast changes such as lane restrictions, turn restrictions, no stopping
restrictions, etc. for special events etc.

6.1.3 Curve Speed Compliance

The Curve Speed Compliance will operate similarly as the Speed Compliance application. The
difference will be the data source used to obtain the regulatory speed limit to be broadcast to vehicles.
This data will be transmitted using the TIM message described in SAE J2735 or revised per the
CAMP Curve Speed Warning development currently underway. The message format selection will be
the subject of an ongoing evaluation based on the progress of the CAMP work and the project
schedule.

6.1.4 Oversize Vehicle Compliance

This application will be used for trucks and other commercial vehicles traveling on FDR Drive in
Manhattan. Currently, warning signs exist to let the drivers know about the 9'6" height restriction.
However, over-height truck crashes still occur from drivers entering the roadway without being aware
of the truck height. Nonlocal drivers unfamiliar with NYC streets are at greater risk of a crash. The
focus of this application is on preventing such over-height crashes and supporting the safety goals of
Vision Zero.

Oversize Vehicle Compliance (OVC) application in the ASD will use the individual commercial
vehicle's height information to compare with FDR Drive's height restriction from the RSEs. Based on
discussions with the stakeholders, commercial vehicle width will not be considered, and the warnings
(alert) will be provided via an audio tone(s) and/or spoken warning. The details will be determined
during the design phase.

6.1.4.1 Scenario

a) The application is installed on the ASD and commissioned.

b) The driver operates a commercial vehicle on FDR Drive.

c) The ASD receives the height restriction information broadcasted from the nearby RSE at a
bridge underpass or tunnel entrance.

d) The ASD compares the height restriction information with the commercial vehicle’s pre-
configured height.

e) If the ASD determines that the vehicle height exceeds the maximum, it alerts the driver of the
impending low height obstacle at a pre-configured decision point before the bridge or tunnel
on FDR Drive. If the ASD determines that the vehicle height is less than the maximum, then
no alert is generated.

f) The driver makes a decision to find an alternate route, pull off the roadway, or ignore the alert.
If the driver ignores the alert and continues along the route, the ASD will alert the driver of an
impending collision at a pre-configured point upstream of the bridge or tunnel entrance.
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g) All warnings trigger an event to be reported in the ASD performance monitoring application
which in turn creates an event log for this alert which is encrypted such that it can only be
decrypted by the event log processing center. (Reference the performance measurement
data processing regarding security and performance log processing.)

h) Whenever the ASD passes an RSE which advertises that it can upload the event logs, the
stored encrypted event logs are uploaded and purged from the device when the upload is

confirmed.
1) The ASD includes an application that can modify the parameters used for the OVC
application.
6.1.4.2 Notes

Note that the above application will be supported by the vehicle’s pre-configured height stored in the
ASD and FDR Drive’s actual height restriction broadcasted from local RSEs. All messages to and
from the ASD and RSE for this application will be authenticated. The physical architecture of the OVC
application is shown in Figure 14 below.
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6.1.5 Emergency Communications and Evacuation Information

This application will use the information from NYC Office of Emergency Management (OEM) and from
NYCDOT Office of Emergency Response (OER) and transmit them to the vehicles. The information
may include location-specific directions for evacuation, location restrictions for entry, global emergency
information, and route-specific information.

Currently, the OEM provides emergency-related information through an incident-based distribution
program. For the EVACINFO application, the TMC will receive this information feed which will then be
provided to the OER for coordinating emergency response management activities and distribution
through traveler information displayed on dynamic message signs. Also, the OER will send the
information on its response plans and actions to the TMC which will communicate the information feed
to the ASD-equipped vehicles. When incidents occur, emergency response information such as
evacuation orders, routing information, and areas to avoid can be transmitted to the vehicles through
the RSEs by evacuation zones.

The messages will be reviewed at the TMC before being sent to the RSEs and broadcasted to the
ASDs. In the event that the vehicle is within the area of influence, the messages may be alerted to the
drivers in the form of spoken warning. The details will be determined during the design phase.

6.1.5.1 Scenario

a) The application is installed on the ASD and commissioned.
b) The driver operates a vehicle in New York City.

¢) Anincident occurs in New York City, and emergency response plan is activated by the OEM
and the OER.

d) The OEM announces emergency-related information.

€) The TMC receives the emergency-related information feed and sends it to the OER.

f) The OER coordinates emergency response management activities and distributes the
information to its traveler information system. This is also communicated back to the TMC.

g) The TMC transmits the specific emergency-related information to the RSEs in the areas of
interest.

h) The RSEs receive the emergency-related information and broadcast the TIM messages to
the ASDs in the vehicles in the areas of interest.

1) The ASD alerts the driver on the emergency-related information via audio message.

J) The driver makes a decision to either avoid the affected geographical area and find an
alternate route or ignore the alert and continue.

k) The ASD collects the BSMs before and after the alert and records the event.

1) Whenever the ASD passes an RSE which advertises that it can upload the event logs, the
stored encrypted event logs are uploaded and purged from the device when the upload is
confirmed.

m) The ASD includes an application that can modify the parameters used for the EVACINFO
application.
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6.1.5.2 Notes

Note that the above application will be supported by BSMs from the ASDs and TIM messages from
the RSEs. All messages to and from the ASD and RSE for this application will be authenticated. The
physical architecture of the EVACINFO application is shown in Figure 15 and Figure 16 below.

The message will be received at the ASD when it approaches any RSE. The message will have a
geographic area of interest and if the vehicle is in or enters that area, the alert will be played to the
driver and that constitutes the event. If the vehicle is not in the area of interest — it will be held in the
ASD until the message times-out unless the vehicle enters the area before that time in which case the
alert will be presented to the driver. Note that the logging information may be adjusted for this
application to track the driver response for a longer distance — but with a lower frequency of log
entries. In that manner, the performance subsystem can determine what the driver did as a result of
the notification.
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6.2 Roadway User Scenarios

6.2.1 Vehicle Trip Initiation

In this scenario, the vehicle operator will begin normal duties by starting the ASD-equipped vehicle.
The ASD will send a notification response to the driver, confirming that it is turned on and that CV
applications are ready for operation. If the confirmation is received, then the vehicle operators will
resume normal operation.

6.2.1.1 Scenario
The following are sequences for the ASD in normal operation and at fault during vehicle trip initiation.

6.2.1.1.1 ASD Good
a) Vehicle operator begins normal duties by turning on the ASD-equipped vehicle.

b) The ASD notifies the driver to confirm that it is turned on and that the connected vehicle
applications are ready for operation.

c) ASD logs the start-up event.
d) Vehicle operator resumes his or her normal operation.

6.2.1.1.2 ASD Failure
a) Vehicle operator begins normal duties by turning on the ASD-equipped vehicle.
b) The ASD detects a fault and notifies the driver that it is not ready for operation.
c) ASD logs the start-up event and the fault.
d) The fleet owner notifies NYCDOT.
€) The operator resumes normal duties with the vehicle.
f) Vehicle operator notifies the fleet owner.

6.2.1.2 Notes

Note that the above scenario will be supported by the vehicle's log of the ASD start-up event. All
messages generated from the ASD’s start-up event will be authenticated. The same physical
architecture as the Driver Reporting Suspected ASD Failure scenario will be used. This is shown in
Figure 17 below.
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6.2.2 Driver Reporting Suspected ASD Failure

In this scenario, the vehicle operator will find that the ASD is no longer sending the audio alerts during
normal operation. The operator will notify the fleet owner; then the fleet owner notifies NYCDOT
maintenance personnel.

6.2.2.1 Scenario

a) Driver is operating the vehicle on normal duty.

b) Driver finds that the ASD is no longer sending the alerts.

c) Driver notifies the fleet owner.

d) Fleet owner notifies the NYCDOT CV equipment maintenance personnel.

6.2.2.2 Notes

Note that the above scenario will be supported by the driver of the vehicle finding the issue and
notifying the fleet owner to arrange ASD repair efforts. Unlike other scenarios and applications, no
messages will be generated. The physical architecture is shown in the System Monitoring diagram in
Figure 17 below.
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6.2.3 Pedestrian in Signalized Intersection Warning

The NYC CVPD will deploy two pedestrian oriented applications: 1) a generalized warning to vehicles
of pedestrians in the roadway and 2) support for visually impaired (blind) pedestrians. This section
describes the application for warning the vehicles when pedestrians are crossing the road at
signalized intersections.

This application will use the pedestrian detection information to indicate the presence of pedestrians in
a crosswalk at a signalized intersection. As a vehicle passes by a signalized intersection, the
pedestrians will be detected by the traffic control system. At the same time, the pedestrian will carry a
personal information device (PID) in the form of a smartphone which will communicate with the NYC
CV infrastructure. The pedestrian detection information will get sent to and processed by the RSE,
which will then broadcast it to the ASDs in the vehicles. The details will be determined during the
design phase.

6.2.3.1 Scenario

a) The pedestrian approaches the crosswalk at a signalized intersection and is detected by the
traffic control system.

b) The pedestrian’s PID sends its BSM to the RSE and receives SPaT and MAP messages from
the RSE.

c) The RSE receives the pedestrian detection information.

d) The pedestrian phase begins at the signal, and the pedestrian crosses the street.

€) The driver approaches a signalized intersection.

f) The ASD in the vehicle sends its BSM to the RSE and receives SPaT and MAP messages
from the RSE.

g) The RSE receives the information from the ASD and alerts the driver that pedestrian is
crossing.

h) The driver waits until the pedestrian phase is served and the signal for the vehicle's approach
turns from red to green.

6.2.3.2 Notes

Note that the above application will be supported by the BSMs from the ASDs and SPaTs and MAPs
from the RSEs. Communication will occur between the RSE and the PID and the RSE and the ASD
but not between the PID and the ASD. The details will be determined during the design phase.
Physical architecture of the PEDINXWALK application is shown in Figure 18.

U.S. Department of Transportation
Office of the Assistant Secretary for Research and Technology
Intelligent Transportation Systems Joint Program Office

Connected Vehicle Pilot Deployment Program Phase 1, Concept of Operations (ConOps) - New York City | 58



6 Operational Scenarios

Management Center
(TMC)

NYCDOT Traffic

(2B) pedestrian safety ITS Roadway

warning control Equipment

(2B) pedestrian safety

TMC Intersection
Safety

warning status

(2B) intersection safety Pedestrians
. . . |-
application info (d) } Roadway Pedestrian crossing permission
<—— —~ | Crossing Safety
|
| | 2
[ 1A) intersection | .
| I (1) I | (1A) pedestrian Personal Information
| | control status + | | location :
| : Ipedestrian : | information + Device (PID)
| | cros?hg statu.s * | : intersection
! | conflict monitor | status monitoring
| | status | |
: [ \4
| : Roadside Equipment © ~ ~ 2’: A_lF_' - _:: Personal Pedestrian
_____ aT — —
| ~——p0 (RSE) Safety
| q4 — —BSM- — — — -
——————— —+{
(2B) intersection safety, MAP— — — — — — —
application status
————————————— SpaT— — — — — — —
RSE Intersection e BSM- — — — — — —

Safety

Figure 18. Pedestrian in Signalized Crosswalk

driver information

pedestrian detection
-

o MTA Operator +
Light-Duty Vehicle

Operator +
1Truck Operator

Bus ASD +
Light-Duty Vehicle
ASD +
Truck ASD

——— Veh\clelnte.rsectlun
Warning
A

I
} host vehicle status
1
Bus Databus +
Light-Duty Vehicle
Databus +
Truck Databus

Source: NYCDOT

U.S. Department of Transportation

Office of the Assistant Secretary for Research and Technology
Intelligent Transportation Systems Joint Program Office

Connected Vehicle Pilot Deployment Program Phase 1, Concept of Operations (ConOps) - New York City | 59



6 Operational Scenarios

6.2.4 Mobile Accessible Pedestrian Signal System

The NYC CVPD will deploy two pedestrian oriented applications: 1) a generalized warning to vehicles
of pedestrians in the roadway and 2) support for visually impaired (blind) pedestrians. This section
describes the street crossing support application for the visually impaired.

For the support for the blind, it is assumed that the application will be implemented using a portable
personal device (e.g., smartphone) which supports both normal cellular operation and
communications in the DSRC spectrum such that the pedestrian can monitor the messages
associated with the CV applications and provide input to the traffic controller to request service where
PED operation is actuated. Communications to/from the traffic controller will use DSRC (5.9 GHz.
1609.x, J2735) message sets and will be available at any intersection which includes an RSU.

The PED application is intended to use the MAP and SPaT messages to provide the intersection
geometrics and the current status of the intersection displays (PED signals and vehicle signals) along
with other confirmation information to assist the blind pedestrian in safely crossing the street.

The general operation is to use the MAP and SPaT information received by the smart device to orient
the pedestrian, assist the pedestrian in confirming their location (street and cross street), and provide
verbal information regarding the signal state and thus improve their ability to safely cross the street.
The MAP message will include the location of the cross walks, and the application will use the
pedestrian’s location and smartphone features to determine orientation and the SPaT message will
instruct the condition of the intended route.

The PED application will also allow the pedestrian to issue PED calls to the intersection using the
DSRC and the J2735 messages that are normally used for the priority signal request management.

Use of the SCMS is an important aspect of this application since it will require certificates to
authenticate the SPaT and MAP messages from the RSU, and a special permission to use the PED
call feature. Thus, there will be security and subscription issues with the use of the application
including enroliment certificates for the application and the licensed user, as well as the normal privacy
concerns to protect the Pll which might be collected. It is expected that the operating certificates will
be renewed on a weekly basis to avoid the Certificate Revocation List (CRL) issues and misbehavior
detection management. This will also be an opportunity to work with the disabled community and the
traffic signal operation to support safety improvements for this type of user.

6.2.4.1 Use Case Description

The following section describes the use case for the visually impaired pedestrian.

Actors
® Blind or Low Vision Pedestrian
® Traffic Controller
® Mobile Application
® Connected Vehicle
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