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Chapter 1. Introduction

The NYC CVPD project area encompasses three distinct areas in the boroughs of Manhattan and
Brooklyn. Figure 1-1 shows the general location of these areas within NYC. The first area includes a
4-mile segment of Franklin D. Roosevelt (FDR) Drive from 50t Street to 90t Street in the Upper East
Side and East Harlem neighborhoods of Manhattan. 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
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. 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 1-2, Figure 1-3, and Figure 1-4 below.

/f

New York

Brooklyn

Source: NYCDOT, 2016
Figure 1-1. NYC CVPD Overview Map
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CENTRAL PARK

MANHATTAN

Source: NYCDOT, 2016 Source: NYCDOT, 2016
Figure 1-2. FDR Drive Map Figure 1-3. Manhattan Grid Map

(2 Manhattan
& Bridge

QOQ. Brooklyn
BROOKLYN

Bridge

Tillary Street

Flatbush Avenue

Grand Army Plaza

Source: NYCDOT, 2016

Figure 1-4. Flatbush Avenue Map
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Chapter 1. Introduction

1.1 Purpose of the Report

This document describes the Performance Measurement and Evaluation Support Plan for the New
York City Department of Transportation New York City (NYC) Connected Vehicle Pilot Deployment
(CVPD) Project. The report documents the performance metrics that will be used to assess the
success of the NYC CVPD project, the targets for improvement in those performance metrics, the
data collection process, and the analytical processes that will be undertaken to show the impacts of
the NYC CVPD project. It also documents the data elements that will be provided to support the
United States Department of Transportation (USDOT) independent evaluator and the data elements
that will be provided to the research community via the Research Data Exchange (RDE).

It is one of several planning documents for the New York City site of the Connected Vehicle Pilot
Deployment Program, Phase 1 project funded by the United States Department of Transportation
(USDQT). Other planning documents developed at the same time of this report include the Concept
of Operations, the Security Management Operational Concept Plan, Safety Management Plan, and
the Human Use Approval Plan. Further details on some these issues discussed in this report can be
found in these reports. Subsequent to this report, other project reports will be created which provide
additional details, including the Systems Requirements, the Training Plan, and the Deployment Plan.

1.2 Organization of the Report

The report is organized according to the following sections:
Chapter 1 presents an overview of the NYC CVPD and the role of this report in the project.

Chapter 2 presents an overview of the Needs justifying the NYC CVPD project. It also addresses
stakeholder identified needs specifically related to the performance measurement.

Chapter 3 highlights the NYC CVPD goals and objectives. If also presents an overview of the NYC
CVPD deployment plan and presents some estimates as to the potential average market penetration
of CV vehicles that can be expected from the pilot deployment.

Chapter 4 introduces the use cases for the CV applications and the various performance metrics that
will be produced to assess the impacts of the deployed CV pilot on improving conditions in those use
cases. It also discusses the potential targets for improvement in either reducing the number and/or
the severity of crashes of the NYC CVPD.

Chapter 5 presents a list of the identified potential confounding factors that may need to be considered
in the evaluation plan of the CVPD. It also lists the planned methods for tracking and quantifying
these confounding factors and the methods to include these confounding factors in the CV
performance evaluation.

Chapter 6 outlines the needs and use cases specifically related to performance evaluation and
presents the considered experimental design options, including the advantages and disadvantages of
each. The recommended experimental design is presented and the factors that will be considered in
selecting the size of the planned control group is discussed. Finally, the usage of simulation for
performance evaluation is introduced.
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Chapter 1. Introduction

Chapter 7 presents the data collection plan and documents the methods and sources of data that will
be collected, including both detailed trajectory and breadcrumb data collected from the deployed
ASDs, crash records, weather conditions data, and non-CV related mobility data. The section also
presents the methods that will be used to merge the confounding factor data sets to the ASD data
while still scrubbing the ASD sourced data of potential Pll-revealing data in the form of precise time
and location details prior to storage on the NYC CVPD data servers.

Chapter 8 presents the system impact evaluation plan and discusses the planned analysis
methodologies that are planned to evaluate the collected data and to compute the performance
measurements for with and without the CVPD deployment, thus providing an evaluation of the
impacts of the NYC CVPD on the identified use cases. The section discussed in some detail the
methods that will be used for the before and after analysis of crash records and the use of simulation
modeling that will be undertaken as part of the evaluation plan for both safety impact assessment and
for non-safety system performance evaluation.

Chapter 9 presents an overview of the performance reporting mechanisms that will be utilized during
Phase 3 of the CVPD to inform various stakeholders, including potential online dashboard reporting
mechanisms and more traditional analysis reports.

Chapter 10 provides a discussion of the NYC CVPD team’s commitment to work with and support the
USDOT'’s Independent Evaluation contractor through Phases 2 and 3 of the NYC CVPD.

Chapter 11 describes the data sharing framework that the NYC CVPD team will operate under. This
describes the data elements and possible transmission protocols that can be shared with both the
USDOT and their independent evaluator. The section also discusses the options and privacy
concerns for sharing data with the larger research community via data distribution on the USDOT’s
Research Data Exchange (RDE).

Chapter 12 summarizes the contents of and concludes the report.

Following these sections, appendices present a glossary of abbreviations included in the report as
well as supporting documentation referenced in the report.
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Chapter 2. CV Pilot Needs

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 mph to 25 mph. According to
the National Highway Transportation Safety Administration (NHTSA), speeding was a factor in more
than one in four deaths. Also, human factors was 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 accident 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. The New York City Connected Vehicle Pilot Deployment (NYC CVPD)
is another tool that can be used to further the city’s Vision Zero goals.

While the NYC CVPD ConOps presents a complete list of needs for the system design and function
for traffic managers, fleet owners, roadway users, and independent evaluators, the needs as they
related to the performance measurement of the pilot generally directly related to the primary goals of
the CVPD,; to improve the operating conditions for safer roadways and to reduce the number of and
severity of accidents on the roadways.

While not the primary goal of the pilot, the performance evaluation plan must also be capable of
measuring the impacts on the mobility and reliability of travel in the city and on improving the
environmental impacts of the transportation system as targeted secondary goals of the deployment.

2.1 Additional Stakeholder Identified Needs

A specific identified stakeholder need that was identified which has significant impacts on the design
of the performance evaluation plan is the need for retaining privacy as it relates to the CV operations
and data. The NYC DOT held an initial introductory meeting on 10/27/2015 with key stakeholders
regarding the overall NYC Connected Vehicle Pilot Deployment (CVPD) project. The purpose of the
meeting was to brief stakeholders on the Connected Vehicle (CV) applications, project goals, and
timelines. A second round of stakeholder meetings were held with small groups of representatives of
the NYC DOT fleet operations, MTA fleet operations (for Manhattan), UPS fleet operations (for
Manhattan), the Taxi and Limousine Commission (for Manhattan), and Sanitation Operations (for
Manhattan) in November and December 2015; these meetings included technical, operations, and
legal personnel to address a wide range of issues including device installation, maintenance
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Chapter 2. CV Pilot Needs

requirements, operating hours, operator selection, geographic coverage areas, stakeholder
responsibilities, system operation, driver interface, and data collection activities.

The major concern expressed by all of the stakeholders was the potential that any data collected
could be used for driver evaluation and/or enforcement or that such data could be subpoenaed or the
subject of a freedom of information act (FOIA) request for any and all records available that could then
be merged with other records (e.g. police accident reports) and used in legal proceedings, disciplinary
proceedings, or insurance negotiations. Concerns were also 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.

What is important to note is that although collected CVPD data will not identify the specific vehicle or
the driver, it could be merged with other data sources such as accident records to provide extensive
information regarding what happened in the case of an “incident” because it includes a specific time
and place. As such, the need to preserve the anonymity of the data records, including the
identification of a precise time and location, is a primary stakeholder need.

U.S. Department of Transportation
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Chapter 3. CV Pilot Goals and
Objectives

The NYC CVPD project is primarily focused on improving safety through the reduction of vehicle and
pedestrian crashes, injuries, and fatalities. This is consistent with the City’s focus and dedication of
resources to achieve its Vision Zero goals.

The fundamental message of the NYC Vision Zero initiative is that death and injury on City’s 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.

In addition to the safety benefits which are anticipated from the deployment of connected vehicles,
more minor benefits and improvements can be expected in system mobility and travel time reliability,
along with associated improvements in the environmental impacts related to congestions. The non-
safety improvement objectives are, however, directly related to improved safety conditions and a
reduction in the number and severity of accidents.

3.1 Pilot Deployment Details

While many more details are available in the other NYC CVPD planning documents, to frame the
context of the pilot deployment as it relates to the performance measurements, the expected
deployment of the applications inside of the vehicles is shown in Table 3-1. The table breaks down
the plan for which vehicle types the ASD units will be installed, the number of planned installations for
each vehicle type, and which CV applications will be running on each vehicle type.
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Table 3-1. Planned ASD Deployment by Vehicle Fleet Distribution

Vehicle Fleet Type
Taxi & NYC DOT / MTA/ Commercial .
Limousine Sanitation NYCTA Vehicles Pedestrian
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
[-SIGCVDATA No No No No No

(Source Connected Vehicle Pilot Deployment Program Phase 1, Concept of Operations (ConOps) -
New York City — Final Report 04/08/2016)

While the number of ASD installations is not vast compared to the number of vehicles that are seen in
the NYC area, the selection of the vehicles for installations were carefully selected to maximize the
number of ASD units that can be expected to be on the streets at any time.

This is especially true for the largest fleet of vehicles that will be deployed, the iconic yellow taxis of
New York City. With a cap of 13,587 medallions available to operate a yellow cab in the NYC, the
planned deployment of ASDs represents more than half of the yellow taxis in the city. The limited
number of medallions is a clear incentive to keep each taxi is kept in service for as many hours as
possible a day. Based on 2014 taxi trip records reported by the Taxi and Limousine Commission
(TLC), each yellow taxis travelled on average 192 miles per day, including both revenue and non-
revenue trips. Multiplied through by the number of medallions, this equates to over 2.5 million vehicle
miles (VMT) traveled by yellow taxis per day.
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With plans to equip 7,500 yellow taxis with ASDs, an approximate daily average of 1.4 million VMT of
ASD equipped taxis can be expected during the CVPD evaluation period. While not all of this activity
will be traveled within the study corridors, the yellow taxi activity is highly concentrated in Manhattan,
including the majority of the study corridors are located and were V2I applications will be deployed.
Further V2V interactions can be expected throughout the city in areas with high concentrations of
yellow taxis.

Given the predominance of yellow taxi trips activity occurring in Manhattan (90%) (per New York City
Taxi and Limousine Commission, 2074 Taxicab Factbook) and estimated daily VMT on Manhattan
roadways (9.5 million VMT) (per New York Metropolitan Transportation Council, Congestion
Management Process Report; 2013 Status Report), an estimated average daily market penetration of
CV-equipped yellow taxis of approximately 13.7% can be expected in the Manhattan study area.

Similar estimates of the market penetration of CV were also prepared for the remaining other 2500
vehicles that are planned to be equipped as part of the NYC CVPD project. However, given the lower
miles per day usage of other vehicles and the wider spread use of the vehicles across the city, only an
approximately additional 0.65% market penetration on Manhattan roadways can be expected, and the
final market penetration is still expected to be less than 15% on average across Manhattan.
Predominately due to the lower density of yellow taxis in Brooklyn, a much lower share of CV
equipped vehicles can be expected in the Flatbush Avenue study corridor. A summary of the
estimates of the CV market penetration is included in an appendix to this report.

Within the preceding estimates, assumptions were made as to how the CV equipped vehicles will
operate in the study area environment. However, the final selection of vehicles to equip within each
fleet has yet to be finalized, so the market penetration estimates should be taken as just estimates.
As part of that selection process, the CVPD team will work with the fleet operators to target vehicles
that are most likely to travel predominately in the study area roadways, allowing the opportunity to
somewhat increase these CV penetration rate of the overall vehicle population in the study corridors.

It is also important to note that these estimates were completed considering average conditions
through the entire island of Manhattan. There will be localized concentrations of these vehicles in
terms of time of day, day of week, and location that will create shifts in this penetration rate either
higher or lower depending on the conditions.
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Chapter 4. Performance Measures and
Targets

The goal of the performance evaluation of the NYC CVPD project is to demonstrate the impacts of the
deployed CV applications that will help advance the City’s existing Vision Zero program, which aims to
reduce the number of fatalities and injuries on NYC’s roadways.

To assess the safety impacts of the NYC CVPD program, NYCDOT has identified needs which
encompass managing speed and reducing the number of crashes and their severity to improve safety.
As a secondary goal, by reducing crashes and incidents that disrupt travel, improvements can be
made in travel mobility and reliability in the heavily congested area.

While the NYC CVPD program is directly focused on safety, secondary mobility improvements are
intertwined with safety improvements because fewer crashes will reduce crash related delays.
Meanwhile, improvements to mobility can improve safety as well. For example, fewer stops may
mean fewer occasions for rear end crashes.

Other improvements such as environmental improvements will not be measured directly, but will be
estimated indirectly from mobility improvements that are directly measurable such as travel time
savings, queue reduction, and braking as impacts on emissions.

Through the work in developing the NYC CVPD’s Concept of Operations, seven use cases for user
needs have identified for improvement in the system performance. The following sections present
these seven use cases, the CV applications being deployed in an attempt to improve conditions, and
the performance metrics which have been identified to measure the impacts of the NYC CVPD on
each use case.
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Chapter 4. Performance Measures and Targets

Table 4-1. Identified Performance Metrics by CV Application

User Need Category NYCDOT Needs CV Application No. Performance Measure Metrics Question for Evaluation
Manage Safety, Discourage Spot Speed Compliance 1a Number of stops (average and distribution Does speed limit adherence and speed variability within the
Speeds Mobility Speeding measures) vehicle fleet on a given study roadway segment for a given
1b Speeds (average and distribution measures) time period (cycle length basis) decrease from the Before
] - period to the Pilot period, and from control group to the
c Emissions
oo T treatment group?
1d Reduction in speed limit violations Is this accompanied by an overall increase, decrease or no
1e Speed variation change in average segment speed?
1f Vehicle throughput (average and distribution
measures)
1g Driver actions and/or impact on actions in response
to issued wamings
Safety Improve Truck safety | Curve Speed 2a Speed related crash counts, by severity Do the number of curve speed violations on each applicable
Compliance % Vehicle speeds at curve entry studied roadway segment decrease from the Before period to
i i ?
% Lateral acceleration in the curve the Pilot period, and from control group to the treatment group?
2d Driver actions and/or impact on actions in response
to issued wamings
2e Number of curve speed violations at each
instrumented location
Safety Improve Work Zone | Speed Compliance/ | 3a Speed in work zone (average and distribution Do the number of workzone speed violations on each
Safety Work Zone measures) applicable studied roadway segment decrease from the Before
3b Speed variation (distribution) at work zone period to the Pilc’))t period, and from control group to the
3c Number of vehicle speed limit violations in variable treatment group?
speed zone areas
3d Work Zone-related crash counts in reduced speed
zones, by severity
3e Driver actions and/or impact on actions in response

to issued wamings
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User Need Category NYCDOT Needs CV Application No. Performance Measure Metrics Question for Evaluation
Reduce Safety V2V Safety FCW 4a Fatality crash counts Do the number of reportable crashes decrease from the Before
Vehicle to Applications EEBL 4b Injury crash counts period to the Pilot period, and from control group to the
Vehide BSW 4c Property damage only crash counts freatment group?
Crashes LCW : - : :
IMA 4d Time to Collision (vehicle to vehicle)
Safety Reduce Accidents at | Red Light Violation 5a Red light violation counts Do the number and severity of red light violations at each
High Incident Waming 5b Red light violation related crash counts, by severity studied intersection decrease from the Before period to the
i i i ?
Intersections 5o Time To Coliision (vehidle to cross vehidle path) at Pilot period, and from control group to the treatment group?
the intersection
5d Driver actions and/or impact on actions in response
to issued wamings
Safety Reduce Incidents, Vehicle Tuming 6a Bus and right turn related crash counts, by severity | Do the number of bus / right turn vehicle crashes decrease
Improve Safety Rightin Frontof Bus | g Right-tuming related conflicts from the Before period to the Pilot period, and from control
i ?
Warning 6c Time to collision (vehicle to bus) group to the treatment group’
6d Number of wamings generated
6e Driver actions and/or impact on actions in response
to issued warnings
Reduce Safety Improve Pedestrian Pedestrian in Ta Pedestrian related crash counts, by severity Do the number of pedestrian related crashes decrease from
Vehicle to Safety on Heavily Signalized 7o Number of wamings generated the Before period to the Pilot period, and from control group to
i i ?
(F;z::seﬁér;an Traveled Bus Routes | Crosswalk Waming 7o Pedestrian-related conficts/ard braking events the treatment group?
7d Time to collision (vehicle to pedestrian)
7e Driver actions and/or impact on actions in response
to issued warnings
Safety Improve Safety of Mobile Accessible 8a Number of pedestrian crossing violation reductions | Do the number of pedestrian related crashes decrease from
Visually and Audibly- | Pedestrian Signal 8b Visually-impaired pedestrian-related crash counts, | the Before period to the Pilot period, and from control group to
impaired pedestrians | System (PED-SIG) by severity the treatment group?
8c Conflicts with visually impaired pedestrians
8d Time to collision (vehicle to pedestrian)
8e Waiting time at intersection for crossing
Reduce Mobility Address Bridge Low | Oversized Vehicle 9a Number of Warnings generated Do the number of low clearance violations decrease from the
Vehicle to Clearance Compliance 9 Number of truck route violations Before period to the Pilot period, and from control group to the
Infrastructure Issues/Enforce Truck treatment group?
Crashes Route Restriction
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User Need Category NYCDOT Needs CV Application No. Performance Measure Metrics Question for Evaluation
Inform Drivers | Mobility Inform Drivers Emergency 10a | Number of vehicles receiving information when Do CV vehicles receive the information warnings when
of Serious Communications generated generated?
Incidents and Evacuation
Information
Provide Mobility Replace Legacy Intelligent Traffic 11a | Segment speed (average and distribution Do the CV based mobility metrics compare favorably to legacy
Mobility Measurements Signal System measures) from CV compared to legacy detection detection systems or provide better information?
Information Connected Vehicle systems
Data 11b | Travel time (average and distribution measures)
(-SIGCVDATA) from CV compared to legacy detection systems
Manage System Ensure Operations of | NA 12a | System performance statistics (system activity, Does the system operate reliably?
System Operations | the CV Deployment down time, radio frequency monitoring range on
Operations ASD's and RSU's, number of event warnings by

app)
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Chapter 4. Performance Measures and Targets

4.1 Use Case 1: Manage Speeds

There are several CV technologies aiming to manage speeds on surface streets.

These CV apps send alert to driver when their speed exceeds the posted speed limit within a special
zone, such as a curve or a work zone, or when their speed exceed the 25 mph speed limit
implemented in the early stages of NYC's Vision Zero program. By reducing spot speeding, it is
aimed to improve both safety and mobility. It could also reduce emissions by reducing hard brakes.
The CV technologies that will be used to improve speed compliance for this use case are:

® Speed Compliance
® Curve Speed Compliance

® Speed Compliance/Work Zone

4.1.1 Speed Compliance

Speed Compliance is to notify the drivers when their speed exceeds the posted limits by a threshold
amount to discourage spot speeding. To measure the effectiveness of Speed Compliance application,
the following metrics are measured:

Number of stops (including both average and measures of the range and distribution)
Speeds (including both average and measures of the range and distribution)
Emissions

Reduction in speed limit violations

Speed variation

Vehicle throughput (including both average and measures of the range and distribution)

Driver actions and/or impact on actions in response to issued warnings

4.1.2 Curve Speed Compliance

The curve speed warning application allows connected vehicles to receive information that is
approaching a curve along with the recommended speed for the curve. This capability allows the
vehicle to provide a warning to the driver regarding the curve and its recommended speed. In addition,
the vehicle can perform additional warning actions if the actual speed through the curve exceeds the
recommended speed. To measure the effectiveness of Curve Speed Warning application, the
following metrics will be collected at the instrumented locations:

Speed related crash counts, by severity of crash
Vehicle speeds at curve entry
Lateral acceleration in the curve

Driver actions and/or impact on actions in response to issued warnings

Number of curve speed violations at each instrumented location
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4.1.3 Speed Compliance Work Zone

The Reduced Speed Zone Warning (RSZW) application provides connected vehicles that are
approaching a reduced speed zone with information on the zone's posted speed limit and/or if the
configuration of the roadway is altered (e.g., lane closures, lane shifts). The RSZW application inside
the connected vehicle uses the revised speed limit along with any applicable changed roadside
configuration information to determine whether to provide an alert or warning to the driver. The
application will provide an alert to drivers in advance when aggressive braking is required to reduce to
the posted speed limit. To measure the effectiveness of Reduced Speed/Work Zone Warning
application, the following metrics will be measured at the instrumented locations:

Speed in work zone (including both average and measures of the range and distribution)
Speed variation at work zone
Number of vehicle speed limit violations in variable speed zone areas

Work Zone-related crash counts reduced speed zones, by severity of crash

Driver actions and/or impact on actions in response to issued warnings

4.2 Use Case 2: Reduce Vehicle to Vehicle Crashes

The ultimate goal of Vision Zero program is to reduce the number of fatalities and injuries on
roadways including vehicle-to-vehicle crashes. To reduce vehicle-to-vehicle crashes, the following CV
technologies will be applied for this use case:

® V2V safety applications
® Red light violation warning

® Vehicle turning right in front of bus warning

4.2.1 V2V Applications

Vehicles equipped with connected vehicle technology (i.e. aftermarket safety devices) will travel
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. 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.

V2V safety application aim to improve overall vehicle-to-vehicle safety by deploying the following V2V
applications in the NYC CVPD:

1. Forward Collision Warning/Assist (FCW): Warns the driver of the host vehicle in case of an
impending rear-end collision with a remote vehicle ahead in traffic in the same lane and
direction of travel.

2. Emergency Electronic Brake Light Warning (EEBL): Enables a host (subject) vehicle to
broadcast a self-generated emergency brake event to surrounding remote (other) vehicles.
Upon receiving such event information, the remote vehicle determines the relevance of the
event and provides a warning to the driver if appropriate.

3. Blind Spot Warning + Lane Change Warning (BSW+LCW): Warns the driver of the host
vehicle during a lane change attempt if the blind spot zone into which the host vehicle intends
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to switch is, or will soon be, occupied by another vehicle traveling in the same direction. The
application also provides the driver of the host vehicle with advisory information that a vehicle
in an adjacent lane is positioned in the blind spot zone when a lane change is not being
attempted.

4. Intersection Movement Assist (IMA): Warns the driver of a host vehicle when it is not safe to
enter an intersection due to high collision probability with other remote vehicles at stop sign
controlled and uncontrolled intersections.

The following performance metrics will be measured for the effectiveness of V2V applications:

Fatality crash counts
Injury crash counts

Property damage only crash counts

Time to collision (vehicle to vehicle)

It is important to note the number of crash to be measured depends on the targeted type of crash
each V2V application aims to prevent. For example, rear end crash counts will be measured to
estimate the effectiveness of forward collision warning application, while left turn across path from
opposite direction or straight crossing paths at non-signalized junction will be measured to estimate
the effectiveness of the intersection movement assist application. USDOT’s research “Depiction of
Priority Light-Vehicle Pre-Crash Scenarios for Safety Applications Based on Vehicle-to-Vehicle
Communications” published by National Highway Traffic Safety Administrations (NHTSA) lists pre-
crash scenarios for potential vehicle-to-vehicle (V2V) safety applications, as indicated in Table 4-2.

4.2.2 Red Light Violation Warning

The Red Light Violation Warning (RLVW) application enables a connected vehicle approaching an
instrumented signalized intersection to receive information from the infrastructure regarding the signal
timing and the geometry of the intersection. The application in the vehicle uses its speed and
acceleration profile, along with the signal timing and geometry information to determine if it appears
likely that the vehicle will enter the intersection in violation of a traffic signal. If the violation seems
likely to occur, a warning can be provided to the driver. To measure the effectiveness of Red Light
Violation Warning application, the following metrics will be measured at the instrumented intersections:

Red light violation counts
Red light violation related crash counts, by severity

Time To Collision (vehicle to cross vehicle path) at the intersection

Driver actions and/or impact on actions in response to issued warnings
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Table 4-2. Mapping of Target Light-Vehicle Pre-Crash Scenarios to VSC-A Applications

VSC-A Safety Applications

Target Pre-Crash Scenarios EEBL FCW VA BSWLCW

Rear-end crash/LVS'

Rear-end crash/LVM?

Rear-end crash/LVD3 N

Rear-end crash/LVA*

B R RN LSS

Rear-end crash/following vehicle making a maneuver

Opposite direction/no vehicle maneuver

Opposite direction/vehicle making a maneuver

LTAP/OD at signalized junctions®

LTAP/OD at non-signalized junctions®

SCP at non-signalized junctions

<[

Tuming at non-signalized junctions

Tuming right at signalized junctions

Running red light

Running stop sign N

Changing lanes/both vehicles traveling in same direction

Drifting/both vehicles traveling in same direction

|~

Tuming/ both vehicles traveling in same direction

g

Source: USDOT “Depiction of Priority Light-Vehicle Pre-Crash Scenarios for Safety Applications Based on Vehicle-to-Vehicle Communication:
published by National Highway Traffic Safety Administrations (NHTSA) Table 2
Notes: 1. Rear-end crash/lead vehicle stopped (LVS)

2. Rear-end crash/lead vehicle moving at slower constant speed (LVM)

3. Rear-end crash/lead vehicle decelerating (LVD)

4. Rear-end crash/lead vehicle accelerating (LVA)

5. LTAP/OD at non-signalized junctions

(72}

4.2.3 Vehicle Turning Right in Front of Bus Warning

The Vehicle Turning Right in Front of a Transit Vehicle (VTRFTV) application determines the
movement of vehicles near to a transit vehicle stopped at a transit stop and provides an indication to
the transit vehicle operator that a nearby vehicle is pulling in front of the transit vehicle to make a right
turn. This application will help the transit vehicle determine if the area in front of it will not be occupied
as it begins to pull away from a transit stop. To measure the effectiveness of Vehicle Turning in Front
of Bus Warning application, the following metrics will be measured:

Bus and right turn related crash counts, by severity
Right-turning related conflicts
Time to collision (vehicle to bus)

Number of warnings generated

Driver actions and/or impact on actions in response to issued warnings

4.3 Use Case 3: Reduce Vehicle to Pedestrian Crashes

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 heavy pedestrian and bike presence and the nature of vehicle-pedestrian crashes under
the current conditions.
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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.

4.3.1 Pedestrian in Signalized Crosswalk Warning

This application will use the pedestrian detection information to indicate the presence of pedestrians in
a crosswalk at a signalized intersection. It will provide to the connected vehicle information from the
infrastructure that indicates the possible presence of pedestrians at a signalized intersection. The
application could also provide warning information to the pedestrian regarding crossing status or
potential vehicle infringement into the crosswalk. To measure the effectiveness of Pedestrian in
Signalized Cross Walk Warning application, the following metrics will be measured at the
instrumented locations:

Pedestrian related crash counts, by severity
Number of warnings generated
Pedestrian-related conflicts/hard braking events

Time to collision (vehicle to pedestrian)

Driver actions and/or impact on actions in response to issued warnings

4.3.2 Mobile Accessible Pedestrian Sighal System (PED-SIG)

To support visually impaired pedestrians, PED-SIG will be implemented using a portable personal
device (e.g., smartphone) so that the pedestrian can monitor the messages associated with the CV
applications and provide input to the traffic controller to request service. To measure the effectiveness
of PED-SIG application, the following metrics will be measured at the instrumented locations:

Number of pedestrian crossing violation reductions
Visually-impaired pedestrian-related crash counts, by severity
Conflicts with visually impaired pedestrians

Time to collision (vehicle to pedestrian)

Waiting time at intersection for crossing

4.4 Use Case 4: Reduce Vehicle to Infrastructure Crashes

To reduce vehicle to infrastructure crashes, the application of Oversized Vehicle Compliance will be
deployed to address low clearance issues for oversized vehicles and enforce truck route restriction.

4.4.1 Oversized 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.
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To measure the effectiveness of Oversized Vehicle Warning application, the following metrics will be
measured:

® Number of warnings generated

® Number of truck route violations

4.5 Use Case 5: Inform Drivers of Serious Incidents

As the traffic manager and roadway infrastructure owner, NYCDOT needs to provide notification to
drivers that an area is to be avoided and why. To inform drivers of serious incidents, the CV application
of Emergency Communications and Evacuation Information will be deployed.

45.1 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. When incidents
occur, emergency response information such as location-specific directions for evacuation, location
restrictions for entry, global emergency information, and route-specific information can be transmitted
to the vehicles through the roadside equipment (RSE) by evacuation zones.

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.

To measure the effectiveness of the Emergency Communications and Evacuation Information
application, the following metric will be measured:

® Number of vehicles receiving information when generated

4.6 Use Case 6: Provide Mobility Information

To balance the mobility and provide information in heavily congested areas, NYC CVPD project
deploys the application of Intelligent Traffic Signal System Connected Vehicle Data (I-SIGCVDATA).

4.6.1 Intelligent Traffic Signal System Connected Vehicle Data
(I-SIGCVDATA)

This application integrates CV movements with NYC’s award winning Mid-town in Motion (MIM)
adaptive traffic signal system. It 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 that 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.

To measure the effectiveness and accuracy of I-SIGCVDATA, the following metrics will be measured:

® Segment speed (including both average and measures of the range and distribution)
collected from CV vehicles compared to legacy detection systems
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® Travel time (including both average and measures of the range and distribution) collected
from CV vehicles compared to legacy detection systems

4.7 Use Case 7: Manage System Operations

The NYCDOT will need to manage and track the CV system operations. While not directly related to
CV applications on the ASDs, the following system performance statistics will be monitored and
assessed to ensure the operation of CV deployment:

System activity
Downtime (number of events and duration)

Radio frequency monitoring range on ASD’s and RSU’s

Number of event warnings by application

4.8 Performance Measure Targets

As the performance evaluation of the NYC CVPD project aims to demonstrate the benefits that will
help advance the City’s existing Vision Zero program, the primary performance measures for the
safety improvements will focus on reductions in the number of crashes and the crash rate (crashes
per million vehicle miles travelled) due to the CV applications that will likely occur within the study
limits. It is acknowledged that with the complexity of the traffic system in New York City, there are
many factors that can potentially affect the crash and incident rates in addition to the CV applications.

The ultimate target of NYC’s Vision Zero program is to eliminate traffic fatalities and serious injuries on
the city’s roadways. While this lofty target is admirable for an ultimate goal, establishing significant yet
achievable targets for the NYC CVPD is challenging. It is difficult to set meaningful or useful targets
for the parameters that are still under investigation, since the CV deployment on congested urban city
streets of this scale is without precedent.

USDOT conducted a preliminary analysis in 2009 of the annual number of crashes that could be
addressed by V2V technology. Based on this existing research on V2V benefit, “Vehicle to Vehicle
Communications: Readiness of V2V Technology for Applications” published by National Highway
Traffic Safety Administrations (NHTSA) indicates that as a primary countermeasure, a fully mature
V2V system could potentially address 79 percent of all vehicle target crashes. It is estimated the
application of Intersection Movement Assist (IMA) would help drivers avoid 41 to 55 percent of target
intersection crashes. The application of Left Turn Assist (LTA) would prevent 36 to 62 percent of left
turn crashes.

Despite that the estimated market penetration rate of CV technology on the study corridors is still
expected to be significant as compared to other CV pilot deployment projects, CV vehicles will still be
a minority of the overall traffic streams. The expected reduction accidents should therefore be lower
than these values for V2| improvements, and even lower for V2V applications for the planned NYC
CVPD study. The ultimate target value for improvement will be determined based on existing
research of V2| and V2V benefits for the CV applications being deployed, the final market penetration
rate achieved for the NYC CV program deployment and preliminary data on the achieved frequency of
the CV application warnings.
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The target values for improved performance are initially identified in the 5% to 10% range for accident
reduction as the current plan for NYC CVPD deployment. However, it is noted that some types of
crashes which are more influenced by the V2V applications can only be expected to approach these
levels of improvement under locations and conditions that see a relatively higher percentage of
equipped vehicles interacting with each other. Error tolerance and confidence intervals will be
determined based on the achieved sample sizes to arrive at statistically significant results. More
detailed targets for improvement for performance metrics will be developed during Phase 2 where
initial performance of the CV devices and the number of warnings generated can be observed and the
actual market penetration of equipped vehicles is known.

The performance measure targets for non-safety improvements will depend on the efficiency of the
baseline state of the traffic network and the number of prevented or severity-reduced accidents.
Travel time savings of 10 to 15 percent would be considered quite effective in a carefully managed
traffic signal systems, as was indicated in the improvements in operating speeds generated from
NYCDOT’s signature adaptive signal control program Midtown in Motion (MIM). Mobility
improvements, as the secondary goal in the NYC CV program, will focus to reduce travel time and
delay as performance measure target, but will also be proportional to the number of reduced
accidents.
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In a city the size of New York City, the variety of factors which can affect the operational performance
of the transportation and roadway network can be large. This chapter attempts to document the
potential confounding factors that will need to be considered during the performance measurement
and evaluation process for the NYC CVPD. For information and plans on how to track and account
for these confounding factors during the CVPD performance measurement and evaluation plan,
please refer to the later chapters in this report.

5.1 Identified Confounding Factors

The following confounding factors have been identified which impact the performance of the
transportation network in New York City and could influence the results of comparisons of with and
without CV deployment for performance reporting of the CVPD project.

5.1.1 Traffic Demand Variations

Traffic demands and the resulting observed vehicle volumes vary across the study area corridors by
time of day and day of week. Because the study corridors are within a dense urban area, seasonal
variation of demands is less pronounced. Along each corridor, volumes also vary, particularly for the
four Manhattan Avenues. Vehicular traffic volumes within the Manhattan study area are especially
variable in the vicinity of the East River crossings, such as the Queens-Midtown Tunnel and the Ed
Koch Queensboro Bridge, which deliver and attract significant volumes between Midtown and
Queens. Observed traffic volumes can be intermittently affected by closures, incidents, or disabled
vehicles on the approaches to or within those facilities. Similarly, Flatbush Avenue volumes can be
influenced by operations on the Brooklyn and Manhattan Bridges, connecting Manhattan and
Brooklyn. As a limited-access highway, the FDR Drive serves significant through traffic along the east
side of Manhattan, connecting the East River Bridges, Queens-Midtown Tunnel, and highways further
north.

Similar to vehicular volumes, pedestrian volumes vary by time of day and day of week. Unlike
vehicular demands, pedestrian volumes do see seasonal surges marked by increased tourism and
holiday time periods. Pedestrian volumes also vary spatially with increased volumes near transit
hubs, especially during typical commute periods.

5.1.2 Weather

The humid continental climate of New York City is characterized by significant variation across
seasons. Winter months can experience below freezing temperatures with frozen precipitation and
snow accumulation; heavy rain totals can occur in other months; and severe storms such as
nor’easters, blizzards, and hurricanes are possible. Over the 18-month plus duration of the data
collection period of the project, such weather events may occur, and such conditions can affect travel
demand, vehicle operating characteristics, and roadway conditions.
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5.1.3 Accidents and Incidents

Based on 2010-2014 data, the city’s crash ranking (KSlI, “killed or severely injured” metric) of the CV
study corridors vary: 1st Avenue ranks in the top third of Manhattan corridors, while 2nd, 5th and 6th
Avenues rank in the top 10 percent, and similarly, Flatbush Avenue ranks in the 10 percent for
Brooklyn. Just as important, however, is the impact crashes have on adjacent streets and facilities
can affect flows on the study corridors, due to the dense, congested nature of the city’s network.
Incidents can affect throughput, routing and driving patterns across large areas of the network. In
addition, the interrelationship of accidents and observed traffic volumes on an hourly and daily basis
(see item #1) is important.

In addition to accidents and crashes, regular very short term lane blockage disruptions incidents, such
as truck double-parking for loading and unloading or taxi pick-up/drop-off activity, regularly happen on
the city’s arterial roadways. These incidents are generally very short in duration, typically the range of
less than a minute to a few minutes. Additionally, they occur frequently enough that they are almost
common occurrence and part of the typical operations of the city’s roadways, particularly on
Manhattan avenues.

Transit service disruptions can also have impacts on both vehicular and pedestrian volumes.
Disruptions may cause travelers to change their travel patterns. In a transit-rich environment like New
York City, minor disruptions may cause changes travelers to shift from one transit route to another,
transit riders may also shift between transit modes (e.g. subway to bus), to non-motorized modes
(bike and walk), or to taxi or for-hire vehicles. In the case of major disruptions, the potential to shift to
auto modes is also possible.

5.1.4 Traffic Signal Timing Updates

To maintain efficient and safe movement of vehicles and people through the network, the city
periodically conducts reviews and, if needed, adjusts the time of day traffic signal timing plans,
including phasing, splits and/or offsets. While the SPaT data will report the actual operations of the
signals and capture these changes, large changes such as turn phase adjustments can creates
changes in travel patterns.

In addition to periodic signal timing plan updates, adaptive signal control within the Midtown in Motion
(MIM) area of Manhattan, plays an important role in managing congestion through real-time
adjustment of corridor offsets (Level-1 control) and green time phase splits at select intersections
(Level-2). MIM Level-1 control can affect the four study avenues in Manhattan, and may indirectly
affect travel conditions on adjacent avenues. Level-2 control can have more localized effects. While
Level-1 and Level-2 control are limited to certain segments (1st, 3rd, Lexington, Madison, 5th, 6th, 8th
and 9th Avenues) and intersections (15 in all), respectively, the overall coverage of MIM'’s real-time
travel time monitoring system extends from 1st Avenue to the east, 11th Avenue to the west, 23rd
Street to the south and 57th Street to the north, which includes monitoring of segment travel times in
real-time. Segment travel times are observed through deployment of RFID tag readers at fixed
locations.

5.1.5 Work Zones — Short Term or Unplanned

Short-term work zones — including lane closures for emergency utility work — can be omnipresent in
the city and have a cumulative effect on travel conditions on the study corridors. Moreover, the nature
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of these work zones, particularly for emergency utility work, are difficult to track and account for in the
observed traffic conditions.

5.1.6 Work Zones — Long Term or Planned

Long-term work zones on the study corridors are not anticipated, though building construction projects
can affect availability of curb lanes and sidewalk space, instigating increased double-parking
blockages, pedestrian spillover and intermittent street closures. In addition, a number of longer-term
street construction projects and MPT-related changes to facilities/crossings may affect travel patterns
and instigate volume increases or decreases on the study corridors. In general, the number of
construction-related permits affecting street and/or sidewalk operations issued by the city has
increased year over year since the end of the recession. The locations and details of these work
zones can be tracked and documented throughout the study.

5.1.7 Planned Special Events

Special events occur with regularity, especially for the Manhattan study area, but are given advanced
notice and can be documented. Events include the meeting of the United Nations General Assembly
every September, which greatly affects travel on the east side of Manhattan, the New York City
Marathon, and the Five Boro Bike Tour occur annually. Additional, a number of street closures occur
as aresult of parades, seasonal, and community events (e.g. Summer Streets roadway closures,
street fairs and plazas) and presidential or other dignitary visits.

5.1.8 Economic Conditions

As was apparent during and following the last recession, travel patterns, including volumes and
modes, pedestrian and tourist demand, freight and construction activity, are closely tied with local,
regional, and even national economic conditions. While these conditions can play a role on
transportation activity, the effects of economic swings can be slow to materialize and dissipate.

5.1.9 Fuel Prices

Lowering fuel prices can instigate additional automobile trips and potential a shift from more
fuel-efficient modes. Given that fuel prices have already decreased below $2 per gallon, the effects of
the recent reduction may be observed prior to the start of the CV pilot performance reporting period.
While fuel prices may adjust more quickly than general economic conditions, the effects of changing
gas prices are may be more noticeable over a longer timeframe than the 18-month Phase 3
performance reporting period.

5.1.10 E-Hail and For-Hire Vehicle (FHV) Services

The increase in E-Hail FHV services (e.g., Uber, Lyft, etc.) in New York City in recent years has
corresponded with a drop in traditional street hail (yellow taxi) pick-ups, particularly in the Manhattan
Central Business District south of 60t Street. In addition, the city’s green “Boro” taxis, which provide
street hail pick-ups in the four outer boroughs (excluding the airports) and northern Manhattan (north
of East 96™ Street or north of West 110t Street) and are allowed to drop off anywhere, have assumed
some of the offset yellow taxi demand since their introduction in 2013. The changes in yellow and
green taxi demand are apparent in the trip records which are provided by the TLC. However, the
corresponding trip logs from the private FHV services are not available.
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FHYV drivers may also exhibit different driving patterns based on time-of-day, prevailing traffic
conditions, and overall experience, compared to private vehicles.

5.1.11 Citi Bike

Citi Bike, New York City’s bikeshare program, has an expansive network of stations in Manhattan and
Brooklyn. For short trips (less than 2 miles), Citi Bike can compete with for-hire modes in terms of
relative trip time and cost especially in those areas. In addition, the increased bikeshare demand and
expanded network can add to more bike traffic along study corridors and through intersections.

5.1.12 Changes in Transit

While the addition of new Select Bus Service (NYC's branding of Bus Rapid Transit) routes along the
study corridors is not anticipated during the CV pilot, service changes on some Manhattan cross
streets (e.g. 23 Street) and associated construction and roadway restriping for reserved bus lanes
may occur. Other SBS service changes outside of the CV corridors may affect travel demand
characteristics with in the study area.

The first phase of Second Avenue subway between E 125t Street and Lexington Avenue/E 63 Street
in expected to open December 30, 2016. There is the potential for significant modal demand shift and
trip making patterns once the first phase is open. Subsequent phases will not open until after the
CVPD project has concluded.

To rehabilitate damage incurred during Hurricane Sandy to the East River Canarsie Tunnel which
carries the L train between Williamsburg, Brooklyn and 14 Street in Manhattan, subway service may
be disrupted and corresponding changes to surface transit service along 14™ Street may be initiated.

5.1.13 6" Avenue Reconstruction

The upcoming 6t Avenue reconstruction will modified lane configurations, including the addition of a
protected bike lane, floating parking spaces and associated signal timing changes. These capital
improvements may highly influence the operations along 6" Avenue, and may create wider spread
changes in travel patterns on other Manhattan avenues.

5.1.14 Vision Zero Projects

Initiated in January 2014 by Mayor Bill de Blasio and supported by a package of legislation in June
2014, Vision Zero's goal is to halve the number of traffic fatalities by 2025. Vision Zero includes a host
of citywide and localized projects and initiatives such as enforcement, education, and outreach
programs; speed limit reduction; neighborhood and arterial slow zones; use of speed cameras; and
targeted safety and design treatments along corridors and at intersections.

As part of the program, the citywide speed limit was reduced from 30 mph to 25 mph — unless
otherwise posted — on November 7, 2014. While Vision Zero (VZ) includes citywide enforcement
programs, such as the potential for criminal charges for failure to yield to a pedestrian resulting in
death or injury, and education programs that have been in effect for nearly two years, VZ-related
projects anticipated to be implemented during the CVPD evaluation period would predominantly be
localized to intersection or corridor level design and safety improvements. Those projects are tracked
by NYC DQOT, as are related changes, such as overnight corridor signal retimings for the 25-mph
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speed limit. In addition, the deployment of enforcement measures, such as red light cameras and
speed cameras, are included.

5.2 Impact Assessment of Confounding Factors

In order to help determine the impacts of the identified confounding factors listed in Chapter 5 on the
performance evaluation of the CV pilot, the NYC team has evaluated the relative impact of each factor
on the overall system performance of the city and the study are roadways. Table 5-1 lists both the
assessed overall impact of the confounding factor on the system performance, and the relative
difficulty to quantify those factors and their impacts given the current state of system monitoring in
NYC. The relative difficulty to track assessment is a hybrid valuation that includes the overall difficulty
in quantifying both (a) our ability to be aware that changes are occurring and (b) our ability to quantify
the effects of those changes.

Table 5-1. Impact of Confounding Factors on Performance Evaluation

Confounding Factor Impact on System ReIatiYe Difficulty to
Performance Quantify

Traffic Demand Variations High High
Weather Medium Low
Accidents and Incidents Medium Medium
Traffic Signal Timing Updates Medium Low

Work Zones (Short Term or Unplanned) Medium High

Work Zones (Long Term or Planned) Medium Low
Planned Special Events High Low
Economic Conditions Low Medium
Fuel Prices Low Low

E-Hail and For Hire Vehicles Medium Medium
Citi Bike Low Low
Changes in Transit — New SBS / BRT Routes Medium Medium
Changes in Transit — 2" Avenue Subway High Medium
Changes in Transit — Canarsie Tube High Medium

6™ Avenue Reconstruction High Medium
Vision Zero Projects Medium Low

Those confounding factors rated ‘low’ in “Impact on System Performance” (Economic Conditions, Fuel
prices, and Citi Bike) will neither be tracked nor accounted for in the performance assessment, as the
overall impacts of these factors can be determined as minimal. Two of these factors (economic
conditions and fuel prices) will be indirectly captured, since their influence is predominantly seed
through changing the overall traffic demand, which will be independently tracked. Potential changes
or increase usage in the Citi Bike program could be monitored through open data tracking the system
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usage, but the bikeshare program is already well established and active throughout the vast majority

of the CVPD study area.

For the remaining identified factors, care will need to be taken to monitor the activity of these
confounding factors during the CV pilot performance reporting period. Table 5-2 provides an overview
of available and proposed data sources to be gathered specifically for the CV Pilot study, to monitor
the confounding factors and their influence on the CVPD performance evaluation. Proposed data is
recommended for factors where currently limitations in data availability resulted in a “High” rating for
“Relative Difficulty to Quantify” in Table 5-2.

Table 5-2. Datasets to Track Confounding Factors

Confounding
Factor

Current Data Available to NYC DOT

Supplemental Data
Proposed for CV Pilot

Traffic Demand

Semi-annual, two-week counts at NYC DOT
screenlines, bridges and county crossings
(coverage of continuous traffic monitoring
devices is very limited in the study area)

Deployment of continuous count
locations (likely video based)
along CV pilot corridors and

Department of Sanitation

Variation ] N ] . -
Traffic flow conditions along study corridors select crossings within the study
from segment travel time information (Midtown area
in Motion, MTA Bus Time, taxi GPS data)
Central Park Weather station (KNYC) current (Ra?scg\;gil\/:l;:i:ﬂ?gwhlIi)/;?gﬁeu:)sus
Weather conditions; snow plow clearing status from

connections) in ASD Action Log
Data

Accidents and
Incidents

NYPD Crash Database; including type, vehicle
type(s), severity, location and time

None

Signal Retiming

NYC DOT official timing sheets with retiming
dates

None

Incident reporting in TRANSCOM OpenReach;

NYCDOT monitoring vehicle(s) to
travel pilot corridors at regular

dates; ridership data (NYC DOT & MTA)

Work Zones (short) work under emergency permits (ConEd, o ;
. periodic intervals to monitor and
Verizon) not captured o
document conditions
NYCDOT monitoring vehicle(s) to
Work Zones (long) Incident reporting in TRANSCOM OpenReach; | travel pilot corridors at regular
9 permit database (NYC DOT OCMC) periodic intervals to monitor and
document conditions
. City Hall Street Activity Permit Office (SAPO)
Planned Special .
Events calendar and event details; calendar of street None
closures (NYPD)
E-Hail and Eor-Hire TLC.trlps and GPS b.readcrumb_sZ including
Vehicles spatial/temporal routing and activity patterns for | None
all yellow and green taxis
Changes in Transit Project details, extents and implementation None
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Confounding Supplemental Data

Current Data Available to NYC DOT

Factor Proposed for CV Pilot
NYCDOT monitoring vehicle(s) to

6™ Avenue Project details, extents and implementation travel 6™ Avenue corridor at

Reconstruction dates (NYC DOT & DDC) regular periodic intervals during

construction phases

Project details, extents and implementation
dates for design/safety improvements (NYC
Vision Zero Projects DOT); locations and implementation dates of None
new enforcement measures (NYPD); findings of
Years 1 and 2 “after” analyses (City Hall)

5.3 Relation of Confounding Factor Data to CV Data

Real-time data feeds such as weather, segment travel times, and the proposed traffic counts (where
available) will be monitored and processed in parallel as the data uploads from the CV equipment are
being undertaken. To create as comprehensive as possible recording of the CV-related data and the
influence of the confounding factors while still preserving spatial and temporal Pll concerns, these
real-time feeds will be fused to the CV data prior to the spatial and temporal obfuscation of the CV
data items. This allows the status of these confounding factors to be considered while examining the
obfuscated data feeds from the CV devices.

However, data that is not available in real-time, such as street closures, special events, ancillary
project-related changes, taxi activity patterns and speeds, etc., would be historical in nature and would
need to be processed and summarized outside of the CV data environment. These measures of
confounding factors would then be used to develop a network operational profile for a given day of
week, month, etc., to provide additional insight into observations in the CV data. The data would also
provide insight into network conditions throughout the evaluation periods and potentially identify
network-level trends that may have influenced conditions on the study corridors, such as Vision Zero
measures.

Further details of this process are presented in Chapter 7 of this report.
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Evaluation Design

First and foremost, the CVPD performance evaluation plan needs to be capable of measuring or
otherwise estimating the degree to which the CV equipment and devices can encourage safer
operations on the city’s roadways and reduce crashes. This requires the measurement and
comparison of the performance of the system both with the connected vehicle technology and without.

6.1 Needs for Performance Evaluation

The following needs for performance evaluation were determined to be needed as part of the design
of the experimental design and evaluation of the NYC CVPD.

6.1.1 Need to Assess Impacts of CV Deployment on Reducing
Number of Accidents or Accident Severity

The primary goal of the NYC CVPD is to further the city’s Vision Zero initiative by reducing the number
of accidents on the city’s roadways, and specifically to reduce the number of fatalities and injuries
occurring in those crashes. The performance measurement and evaluation plan must be able to
monitor and report the number and nature of the accidents occurring with and without the CV
deployment. In addition to the number of accidents occurring, the relative severity of the accidents
must be measureable.

While the number of accidents are significant, they are still relatively rare and unpredictable events on
a day-to-day basis. Determining the impacts of the CV deployment on the number of accidents
observed during the pilot deployment is anticipated to be difficult to prove with sufficient statistical
significance. The degree to which confounding factors change the probability of an accident occurring
will vary not only day to day during the evaluation period, but minute to minute on the dynamic NYC
streets.

Given this concern, additional evaluation methods need to be included in the performance
measurement plan that allow for the analysis of the change in the likelihood of accidents created from
the CVPD. The plan must also provide methods to isolate the impacts of the confounding factors that
cannot be fully accounted from in a pure observation of accident occurrences. Finally, the plan must
provide a mechanism that observable changes in both system performance and driver behavior
between with and without the CV deployment drive the analysis, as opposed to more theoretical
assessments of CV technology.

6.1.2 Need to Assess Impacts of CV Deployment on Mobility

A secondary goal of the NYC CVPD is to utilize CV technology to improve the overall mobility of the
traveling public and to better monitor operating conditions on the city roadways. Most of the changes
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in the mobility of the system are secondary benefits to mobility created by fewer or less severe
accidents across the roadway network.

6.1.3 Need to Assess Impacts of CV Deployment on Travel
Reliability

Similar to mobility improvements, the improvement of the reliability of the roadway network is
secondary goal as compared to the safety improvements from the NYC CVPD. Unlike mobility
however, travel time reliability will be more directly impacted by prevention in the number of accidents
on the city’s roadways. The evaluation plan must be able to assess the changes in the overall travel
time reliability from the CVPD and to address the impacts of confounding factors which would also
have impacts on the system reliability.

6.1.4 Need to Assess Impacts of CV Deployment on
Environment Pollutants

While none of the CV applications being deployed in the CVPD are directly aimed at improving the
environmental impacts of the transportation system in NYC, it is understood that the impacts of the
deployment may see environmental benefits or impacts on tailpipe emissions. While direct
measurement of tailpipe emissions is not planned, the measurement of system performance metrics
of vehicle motion (delays, speeds, travel times, idle time, etc.) can be used to compute estimates of
the environmental impacts of the CVPD.

6.1.5 Need to Assess Level of False Alarms or Missed Alarms

The CV technology that will be deployed as part of the NYC CVPD is generally proven based on
existing research, proof of concept, and small scale pilot studies that have been previously completed.
While all of the applications being deployed are based on previous studies, the maturity of some of the
CV applications that will be deployed in this pilot are less than others, and the overall efficacy of the
CV applications may be less than ideal. The question of efficacy of the CV applications is
compounded by the operating environment of the study corridors, where GPS accuracy in urban
canyons of buildings and can be problematic. The performance evaluation plan must consider the
efficacy of the applications while considering the overall impacts of the deployment on the
performance metrics.

6.1.6 Assess Impacts of ASD warnings on Behavior and
Actions

The underlying aim of the installation of the ASD devices is modify driver behaviors to drive in a safer
manner and to alert drivers of potential conditions that can lead to an accident. At this most basic
level, this changing of driver behaviors and reactions to unforeseen or dangerous conditions is the first
level impact that the CV deployment can be measured at. Some of these can be measured in
aggregate or from outside the vehicles using non-CV technologies, such as the compliance to speed
limits. However, the majority of the behavior changes must be measured from within the vehicle to
assess the responses of the driver to the ASD warnings and what actions they take upon hearing the
warning. The performance evaluation plan must be capable of assessing these microscopic changes
in driver behaviors that are created by the addition of the in-vehicle ASD warnings.
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6.2 Experimental Design Options

While there are different types of experimental designs that could be used to assess the performance
of the NYC CVPD, the key to any experimental design requires the assessment of vehicles with
addition of the installed CV technology and those without the CV technology.

Given the detailed nature of the CV technology being deployed for the NYC CVPD, no sufficient
method for collecting comparable data sets for the with and without CV vehicles exists without
involving the data collection methods that the installation of an ASD permits. Therefore, two different
functioning states of the ASDs in a fully tested and deployed CV system must be considered as part of
the experimental design; a silent mode, and an active mode. These modes are defined as follows:

® Silent Mode (or Without CV): System fully deployed and operational but without user
notification of ASD perceived warnings. In silent mode, the ASDs will record normal driver
behaviors and reactions during conditions that the ASDs would have issued a warning if
active.

® Active Mode (or With CV): System fully deployed and operational but with user notification of
ASD perceived warnings. In active mode, the ASDs will record the normal driver behaviors
before the issue of the ASD warning and the modified or revised behavior and actions
following that warning.

These two modes were considered for inclusion of the CVPD study vehicles in two primary ways; a
pure Before and After design, and a post-test Control and Treatment design. The following sections
describes both methods and the advantages and disadvantages of each within the NYC environment.

6.2.1 Before and After Collection Methods

For a pure before (without) and after (with) CV data collection design, all ASDs would first be put into
silent mode for the pre-test or before period, during which the ASDs would collect and document the
driver reactions surrounding event that would have triggered an app warning if the ASDs were not
silenced. Following this, the post-test or after period would see a systemwide conversion of all ASDs
equipment to an active mode, where warnings generated by the ASDs are now actually issued to the
drivers, and the new driver behavior and reactions to the warnings can be seen in the ASD data.
There are advantages and disadvantages of this method:

® Advantages

e Aclear distinction between with and without periods to allow better correlation of non-CV
related data measures (e.g. Crash records) to CV deployment.

e The city’s legal advisors have expressed liability concerns that once the CV system is
activated, it should not be turned off for selective evaluation periods. A pure before and
after collection of CV data avoids that concern.

e Alarger sample size and market penetration of active ASD units can be seen on NYC
roadways in the after period versus a control and treatment plan. With all vehicles set to
an active mode, the likelihood of the apps warning and preventing accidents is increased
given the rare and unpredictable nature of crashes.

e Under the presumption that the CV pilot deployment will prevent crashes or reduce crash
severity, the full deployment of active ASDs in the after period may save lives.
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® Disadvantages

e Shorter duration of collection of each collection period given limited time frames for the
study.

¢ Increase in difficulty in assessing the impacts of confounding effects since operational
conditions will not be identical for before and after periods. This is especially true for
unusual non-recurring conditions such as inclement weather which may not occur
similarly in both before and after periods.

6.2.2 Control and Treatment Collection Methods

Even under the proposed control and treatment methods, a before period would be provided with all
CV-equipped vehicles set to silent (without) mode to allow for a pre-test collection of detailed data that
is not possible without the installed CV equipment. For the deployment of a post-test control (without)
and treatment (with) CV data collection, ASDs would be assigned (ideally randomly) into either the
control or treatment group at the beginning of the evaluation period, and they would remain in that
group for the entire evaluation period. Advantages and disadvantages of this method include:

® Advantages

e Longer duration of collection of each collection period.
e Decrease in difficulty in assessing impacts of confounding effects since vehicles with and
without CV deployment will be recorded in the same operational conditions.

® Disadvantages

¢ No clear distinction between with and without periods to allow correlation of non-CV
related data measures (e.g. Crash records) to CV deployment.

e Smaller sample size and market penetration of active ASD units on NYC roadways,
meaning fewer vehicles would receive alerts that may prevent accidents or reduce
accident severity.

e Possible security concerns related to tracing vehicle identity to determine if the vehicle is
in the control group of the treatment group when ASD event data is recorded. This may
complicate ensuring proper maintenance and operation of the ASD devices as well if the
driver cannot provide feedback to fleet managers regarding if the device is properly
working or not.

e Possible IRB and evaluation concerns related to drivers moving from an active vehicle to
a silent vehicle depending on the day, since drivers do not consistently drive the same
vehicle every day in the majority of the stakeholder groups. IRB and evaluation concerns
related any survey feedback or assessment of driver satisfaction with the CV deployment
if the driver does not know if the vehicle is in the active or control group.

o Costs associated with re-tooling the CVPD deployed ASDs in the control group to the
treatment group upon completion of Phase 3 when the CV system is expected to
continue post-pilot.

o Potential lost ability to prevent an accident due to the ASD device being part of the control

group
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6.3 Recommended Experimental Design

After reviewing the advantages and disadvantages for the collection of driver actions under both with
and without CV deployment, the initial recommendation of a before and after design was made under
the ideal that safety trumps everything.

The before and after experimental design is planned to maximize the likelihood of preventing or
reducing the severity of accidents after the ASDs are switch into active mode since it has all ASDs
warning drivers of potential hazards. The possibility of a severe or fatal accident occurring involving a
CV equipped vehicle that was placed into a control group that could have possibly been prevented by
the ASD being active and issuing a warning to the driver is the primary reasoning for this initial
selection of a before / after experimental design rather than a control / treatment experimental design.

However, while the initial recommendation for a pure before and after experimental design was made,
there is also the recognition of the need to isolate the impacts of confounding factors which may
change throughout the study outside of the control of the NYC CVPD team. Considering this, an
inclusion of control and treatment design was also recommended for inclusion in the experimental
design.

6.3.1 Experiment Design Details

The nature of the fleets being deployed as part of the NYC CVPD do limit the degree to which a
random assignment of vehicles in the control and treatment groups can be made. Since the CVPD
team has no control or influence over which particular drivers operate any particular fleet vehicle on
any given day, the inclusion of control and treatment groups for many of the fleet vehicle types is not
recommended. Having drivers moving between control and treatment vehicles on any given day
would be in itself an additional confounding factor which could influence the study evaluation.

A solution was determined, however, to allow for the NYC CVPD team to minimize the likelihood of
drivers moving between control and treatment group vehicles. The CVPD fleet vehicles are generally
stored and operated out of a centralized location or ‘barn’ (e.g. home base, depots, garages, etc.) that
the driver will return to at the end of their shift. The daily assignment of drivers to vehicles will also
generally occur within each ‘barn’ for the fleet. To minimize the movement of drivers between control
and treatment vehicles, each ‘barn’ can be designated as either a control ‘barn’ or a treatment ‘barn’.
Therefore as the daily assignments of drivers to vehicles occurs within each barn, the driver can be
assured of driving either a control vehicle or treatment vehicle. This solution only allows for
implementation of control and treatment groups for the taxi vehicles, however. All other planned CV-
equipped vehicle fleets generally operate from a single ‘barns’, making the designation of both control
and treatment ‘barns’ impossible.

Yellow taxis, however, operate out of many different garages, with a specific vehicle associated with a
particular garage, generally organized by under a single medallion owner or fleet manager with
multiple yellow cab vehicle fleets. Within these garages, drivers may be randomly assigned to any
vehicle in the garage. However, they will generally stay within the one garage or fleet organization.
The number of taxis operating from each of these ‘barns’ varies significantly (range from an
independent vehicle owner to as many as approximately 1000 taxis. But the majority (approximately
60% of yellow taxis operate out of a garage with 100 or more medallion taxis in their fleet. Depending
on the determination of what the minimum size of the control group needs to be to reach statistically
valid findings for the study, a controlled assignment of select taxi garages can be made to create the
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taxi control group vehicles while minimizing the flow of the same driver between a control vehicle and
a treatment vehicle. As part of the assignment of particular barns to the control group, attention will be
paid to ensure that the selected taxi barns are a representative mix of the general yellow taxi fleet,
including the specific vehicle make and model and accident history for those that taxi fleet is not
abnormal as compared to other taxi fleets.

The following schematic illustrates the overall experimental design and setting of the ASD mode of
operation (silent for without CV, active for with CV) for the CVPD vehicle fleets during the before (pre-
test) and after (post-test) period. The figure illustrates the same set of vehicles will equipped with
ASDs and included in the treatment groups for both the pre-deployment and the post-deployment
periods. The only difference being that in the pre-deployment warnings generated by the ASDs will be
suppressed and not audibly issued to the drivers (silent warnings/alerts), while in the post-deployment
period the ASDs will be set to active mode, and all ASD generated warnings will be issued to the
drivers to respond to. For the taxi control group, the vehicles will remain in the silent mode throughout
both the pre- and post-deployment periods, and these vehicles will never receive audibly issued ASD
warnings during the entire evaluation period.

Not shown in the figure but important to mention is the testing period, which will precede the pre-
deployment period. During this time, installations of the CV equipment will be ongoing and the system
and CV application testing and tuning will be undertaken. Data will be collected from this period to
support the build-out and testing of the equipment and to test the data collection and scrubbing
methods. However, since the testing and changing of parameters would be an additional confounding
factor in the evaluation data sets of assessing driver actions, data from the testing period will not be
used as part of the evaluation process.
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Figure 6-1. Proposed Experimental Design by Fleet Vehicle Type
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It is important to note that the before period will be preceded by an initial deployment and testing
phase. During this time, as devices are being installed throughout the fleet vehicles, the NYC CVPD
team will be conducting a series of tests and trial deployments of the CV applications. Throughout this
period, the application parameters and warning thresholds will be adjusted and fine-tuned to approach
a point where warnings are issued to alert drivers of legitimate concerns, but that the frequency of the
alarms is not so high that it will contribute to distracted driving conditions. Since these adjustment
parameters will influence the performance of the CVPD, the before period will not being until the
testing phase is completed and these parameters are ‘locked in’ for the duration of the evaluation
period.

6.3.2 Sizing and Selecting the Taxi Control Group

Determining the size of the control group needs to be done carefully. Having too many vehicles in the
control group will minimize the overall impacts on the system of the treatment group. Similarly, having
too few vehicles in the control group will lower the statistical confidence in the findings of the
performance evaluation. The following presents a summary of the methodology that will be used to
determine the appropriate sample size for detecting the difference between the measurement means
of control and treatment groups.

In its simplest form, to determine the difference (d) between the control and treatment groups to be
detected, the null hypothesis Ho and alternative hypothesis H1 are given as follows:

Ho: p2-p1<d
H1: p2-piz d

The significance level a and statistical power 1-p are closely related with the required sample size.
Significance a indicates the probability of incorrectly detecting a significant difference when one does
not exist (i.e., false positives or type | errors); whereas B is the probability of failing to detect a
significant difference when one does exist (i.e., false negatives or type Il errors). Given a and B, the
sample size for each group can be calculated as follows (Dupont and Plummer 1990):

n= Z(Za/z + Zﬁ)ZO'Z/dZ
where  Zy» and Zg are the z-scores of the normal distribution at a/2 and f3,
and o is the population standard deviation.

Using the common values for a and 3 are 0.05 (i.e., a confidence level of 95%) and 0.2 (i.e., a power
of 80%), respectively, the sample size for each group n can then be determined by the ratio d/o. For
different d/o ratios, the required control sizes are computed as shown in the following table.

Table 6-1. Sample Sizes for Different d/o Ratios

dio Sample Size n
0.05 6280
0.10 1570
0.15 698
0.20 393
0.25 252
0.30 175
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For the NYC CVPD, the total number of taxis to be equipped with ASDs is planned at approximately
7,500 taxis. Despite this known value, the actual size of the number of data observations from the
ASD Action Logs is yet to be determined, since the frequency of the conditions which would produce
an ASD warning from the various CV applications warning are still unknown. Some CV apps can be
expected to occur quite frequently (e.g. Speed Compliance), while others can be expected to occur
only rarely (e.g. RLVW).

However, using the observed average travel of a yellow taxi in New York City (reported as an average
of 192 miles per day for 2014) and a wide range of possible warning frequencies, we can estimate the
number of conditions where ASD warnings could be expected to be generated for the most common
type to the rarest type. Table 6-2 estimates the number of CV application warning conditions under a
wide variety of frequencies that could be expected to be seen during a 1 year period under the normal
behavior of 7,500 taxis in New York City.

Table 6-2. Possible Number of CV Warnings

Estimated
Probability of a Number of Number of
Warning per VMT / Warnings in 12
VMT Warning Months
100% 1 525,600,000
10% 10 52,560,000
1% 100 5,256,000
0.10% 1,000 525,600
0.01% 10,000 52,560
0.001% 100,000 5,256
0.0001% 1,000,000 526

While the number of warnings that would occur in the proposed V2I study area corridors would only
be a portion of these warnings, the point should be taken that even under relatively rare warning
conditions, a significant number of warnings can be expected to be generated and to produce data
observations collected through the ASD action logs. These numbers of warnings are significantly
larger than the required control group sizes listed in Table 6-1, indicating that a relatively small
proportion of the CV-equipped taxi fleet can assigned to the control group to both yield statistically
significant findings and still maximize the expected benefits of improving safe operating conditions of
the CVPD.

Once the testing of the ASDs has begun during the initial stages of Phase 2 of the CVPD, and a better
sense of the frequency of the ASD warnings by application is better known, the size of the control
group required will be revisited and the required size of the control group will be finalized.

6.4 Simulation Modeling to Support Performance
Evaluation

It is understood by the NYC CVPD Project team that the level of data that can be observed or field
measured planned before and after CV deployment periods may be insufficient to estimate detailed
conclusions about the efficacy and benefits of each CV app independently. The influences of
confounding factors will be difficult to isolate from the impacts of the CV app deployment under such
before and after measurement periods, and while a significant number of vehicles in the study areas
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will be equipped with ASDs, it will still be only a subset of the entire vehicle population and the full
effect of the CV apps may be difficult to assess (especially for V2V apps). Finally, it is also expected
that the observed numbers of accidents during each of the before and after periods may not be
enough to prove the impacts of the CV apps in reducing the number of accidents, at least to a
reasonable level of statistical significance.

Given these issues, part of the performance evaluation plan will include analysis using simulation
modeling techniques instead of direct field observation. While further details will be established during
the creation of the performance evaluation plan, two levels of simulation modeling are currently
planned to be included; simulations related to safety and crash likelihood, and system performance
assessments.

6.4.1 Crash Prediction Modeling Using Surrogate Safety
Measures

Through an examination of the recorded detailed trajectory data recorded during events under both
the without (silent) and with (active) ASD action logs of the CV deployment, impacts of the CV apps on
changing driver performance and behaviors can be assessed and quantified for each of CV app
warnings. Using those observed changes in driver reaction times or otherwise modified driver
behaviors, changes to the microscopic driver behavior parameters (car following parameters, driver
awareness, driver reaction time, speed limit adherence, etc.) will be estimated, calibrated, and
incorporated into simulation modeling exercises for a series of scenarios for both with and without CV
apps. Using existing research on surrogate safety measures and simulation modeling, the simulation
results will be used to predict impacts on crash rates of the CV deployment. These simulations can
also isolate the benefits from individual CV apps and eliminate the impacts of confounding factors,
both items that cannot be reasonable be achieved in the direct field observations planned. These
tests can also be scaled up to predict the safety impacts if all vehicles (or a higher proportion) of
vehicles were equipped with similar ASDs. It is preferred to use the MTM model for such purposes;
however, we will also consider other simulation modeling options (e.g. smaller scale models) to
reduce stochastic noise in a model the size of the MTM model and to better isolate just the impacts
the before and after effects on driver behaviors and actions from the CV deployment.

Further details on the application of SSM simulation for the performance measurement and evaluation
of the NYC CVPD are presented in Chapter 8 of this report.

6.4.2 System Performance Simulation Modeling

In order to quantify benefits associated with changing driver behaviors on non-safety related issues
(e.g. mobility), systemwide simulation modeling will be conducted. The existing Manhattan Traffic
Model (MTM) (an Aimsun based microscopic model covering Midtown Manhattan) will be utilized to
simulate operational conditions in the study area network both with and without CV app deployments
(or more precisely with and without changes in driver behaviors and signal operation changes
observed before and after the CV app deployments). Expansions or updates to the MTM will be
required to recalibrate to conditions as seen during the before period and/or to expand or create an
additional model to include the Brooklyn roadways included in the study area. By simulating network
performance under a variety of recurring and non-recurring congestion scenarios, the mobility,
reliability, and environmental impacts of the NYC CVPD impacts on system performance and
reduction in crashes can be estimated. Monetization of all of these user and system benefits can
allow for a robust assessment of the impacts and cost effectiveness of the NYC CVPD deployment.
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Further details on the application of traffic simulation modeling to assess impacts on system
performance resulting from the NYC CVPD are presented in Chapter 8 of this report.

6.5 False Alarms and Missed Alarms Assessment

The technology of connected vehicles has been tested previously in research and smaller scale
demonstration projects. However, the NYC CVPD is expanding on both the scope of the CV
applications being implemented and the operational conditions they are being deployed in. This
includes not only the penetration rate of CV technologies that is anticipated to be achieved on the
study roadways, but the dense urban building environments of Manhattan and the level of congestion
that can occur on the study roadways.

The various applications running concurrently and deciding of priority for alert within the ASDs and
GPS accuracy required to run the applications effectively in Manhattan’s urban canyons are both
concerns for the NYC deployment and are relatively untested. Additionally, some of the applications
being deployed in NYC are less mature and do not have the proven track record of efficacy that some
other CV applications have.

GPS and location determination will be assessed during the testing phase of Phase 2 of the CVPD.
Tests could be undertaken to drive an ASD-equipped vehicle along a precise and pre-determined
route (e.g. a particular lane of a particular street).

Primarily due to privacy concerns, no in-vehicle cameras or other data acquisition devices will be
installed along with the ASD unit. As such, there will be no inherent way to truly evaluate if the CV
applications are functioning as there were truly designed to during the deployment on a case by case
basis.

To ensure that the warnings from the ASD are announced in the vehicle when they are supposed to, a
microphone will added as part of the ASD installation. The microphone will not store sound
recordings, but instead will listen for the audible signature of the warning sound expected to confirm
that the warning was audibly issued. This procedure allows for the adherence to the in-vehicle data
collection and privacy concerns, but also provides a fail-safe method to ensure that the ASD warnings
are being announced in the vehicle as the ASD intends and provides a method to identify component
failure or user tampering with the speakers on the ASD unit.

During phase 2 of the NYC CVPD, as the CV technology is being added to the existing environment,
extensive testing and refinement of the CV equipment will be undertaken. This is required not only to
assess the functionality of the GPS in an urban environment, but to prove the efficacy of the
applications themselves. As part of this process, the application parameters will be tested and
adjusted to ensure that the applications are working as designed, such that ASDs are not missing
valid warnings that should have been triggered, are not sounding false alarms when no risks exist,
and are not triggering warnings for very minor events that risk the increase of driver distraction or
annoyance concerns. In addition to the Phase 2 testing by NYCDOT, additional testing, verification,
and proof of efficacy of the operation of the devices and the applications is anticipated from the CV
equipment purveyor(s) and included in the device procurement contracts being developed.

Finally, vehicle operator feedback will be solicited regarding the operations and efficacy of the CV
applications. This will be accomplished both informally through providing feedback from the vehicle
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operators to the fleet managers and then back to NYCDOT, but through more formalized anonymous
driver surveys conducted through a web-based survey tool.

Further details will be documented in the Deployment Plan for the NYC CVPD project.
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This chapter describes the data collection sources and data cleaning methods that will be employed to
collect the required data to evaluate the performance of the NYC CVPD. Included in the discussion
are details of the data that will be collected from the CV devices — the aftermarket safety devices
(ASDs) and road-side units (RSUs) — along with non-CV related data sources. Finally, the overall data
processing and data fusion methods are described.

7.1 In-vehicle Aftermarket Safety Device Data

The ASDs will connect to the vehicle CAN bus (or other bus) so additional vehicle dynamics can be
monitored such as directional signals, hard braking, steering wheel angle, trajectory, and speed. The
ASDs will use UTC (Coordinated Universal Time) time, and will include accelerometers (X, Y, Z) that
can be used to detect vehicle actions and movements. Further details of the ASD functionality and
precise data elements to be recorded are being developed and will be documented in the NYC CVPD
System Requirements and Deployment Plan documents.

Two distinct types of data will be collected via the ASD devices; detailed action logs and breadcrumb
data. The ASD actions logs will record details of vehicle movements and the surrounding conditions
surrounding a CV app warning event. The less detailed CV breadcrumb data will be logged
continuously and will be used for mobility data collection. The collection of the two types of ASD data
will occur simultaneously and are therefore treated separately in the following discussions.

7.1.1 ASD Action Log Data

An ASD ‘Action Log’ of data will be collected in association with specific “events”. An event will most
commonly be when one of the installed CV apps determines to issue a warning to the driver (in either
an active or silent operations mode), but may also be another pre-defined condition (e.g. hard braking)
that occurs without an issued warning from one of the CV applications on the ASD.

To construction the Action Log, the ASDs will record (on the ASD’s internal memory) the information
(see below) from all sources available during a time window surrounding the event, including both
before and after the moment of the event. The definition of the time window has not yet been
determined, but is expected to be on the order of 10-20 seconds leading up to and 20-50 seconds
after the event. The duration of the before and after event collection window will be specific to the
type of event (i.e. depending on which CV app triggered the warning). Ongoing planning work has
suggested that the time duration may be on the order of one or more cycle length (typically 90, 120,
150 seconds depending on intersection locations) for some applications so that the analysis can
perform correlations with longer term signal activity.

Thus, the detailed action log data will not be continuously collected, but instead will only be collected
whenever an “event” occurs. The details of the data stored will be limited to the data that the ASD can
log and provide, but will include:
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® Details regarding the CV app which generated the warning issued
® BSM transmitted message content of the subject vehicle (every 1/10 of a second),

® BSM content received from other CV-equipped vehicles within a configurable range of the
subject vehicle (every 1/10 of a second),

® SPaT & MAP messages received from RSUs within a configurable range of the subject
vehicle, and

® Vehicle data available from the vehicle CAN bus (e.g., directional signals, hard braking,
steering wheel angle, trajectory, speed, etc.).

From these recorded ASD action log datasets, a detailed vehicle trajectory and driver action log can
be seen, including the latitude, longitude, elevation, 3-axis acceleration, time, speed, heading, and
other details from the OBD/CAN bus. Since the action log data will surround the triggering event, the
vehicle movements and driver responses both before and after the event will be captured.

However, it is important to action logs will be held only temporarily on the ASD device until they can be
uploaded via the RSUs to the CVPD servers. After uploading to the CVPD servers (details follow), all
locally stored action logs on the ASDs will be deleted.

ASD data will be stored locally on the ASD during normal operations, and will periodically uploaded to
the NYC TMC data servers via DSRC communications to RSUs set to receive the ASD data. These
receiving RSUs will be strategically located throughout the study area in locations where participating
vehicles will frequently visit. Since many of the vehicles are fleet based, the home garage or ‘barn’is
an ideal location, as vehicles will either return for driver shift changes or be parked if the vehicle is
going out of service. RSUs will also be placed at key locations through the study area where
participating vehicles would frequent and be stationary or within range long enough to permit the data
upload protocols.

More details regarding the location of these devices and the communication and security protocols are
available in the NYC CVPD ConOps and other Phase 1 planning documents.

7.1.2 ASD Breadcrumb Data

In addition to the action log data collected surrounding CV application warning events, the BSM data
from each CV vehicle will be logged in a less detailed manner and will be used to calculate travel
times over the study roadways. This BSM ‘breadcrumb’ data will be logged in a pre-determined time
interval (likely between 1 and 5 seconds) or possible using a distance based measure (e.g. every 100
feet) and continuously for each CV equipped vehicle. This data would not include the detailed BSMs
from surrounding vehicles (since they themselves would have their own ASD breadcrumb recording).

The USDOT has expressed a need to collect ongoing vehicle situation data and infrastructure
situational data that can be used by other applications through the CV data distribution system and
stored into the USDOT data warehouse for analysis of network performance. For this type of data, it
should be possible to log and upload a subset of the BSM data that does not provide Pl or data that
could be merged with other PIl datasets. Since there are a significant number of vehicles within the
NYC CVPD project area, collection of this type of data without vehicle identifiers can then be used to
monitor network performance because the logged BSMs act as breadcrumbs for the vehicle’s history
noting location and speed (and such speed could be averaged over several samples). For the NYC
CVPD project, this data will be obtained via the I-SIG CV application to provide input to the midtown-
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in-motion (MIM) adaptive control system and the speed detection system. Both systems are currently
using RFID readers and monitoring the travel times of vehicles with toll tags. The MIM also used the
field measured volume and occupancy from midblock microwave detectors (RTMS) providing volume
and occupancy.

7.1.3 Pedestrian Aftermarket Safety Devices / Smartphone
Applications

The deployment of CV capabilities into the hands of pedestrians is one area where there is still much
uncertainty. The deployed devices are likely to be mobile phone based and not dedicated ASDs as
installed in the vehicles, and the NYC CVPD team is working with device vendors to determine the
capabilities of what can be deployed under the CVPD project scope. Ideally details similar to the
action log data trajectories will be collected from the pedestrian ASD units, but details are still being
developed and will be documented when more certain exists. The same data privacy, data
obfuscation, and IRB issues that exist with the in-vehicle ASDs also exist with pedestrian units, and
similar solutions to ensure the safety and privacy of the pedestrians is maintained.

7.1.4 Roadside Safety Units

Selected Roadside Units (RSU) will issue a Wave Service Announcement (WSA) indicating that they
can upload log data stored in the vehicle. When a nearby ASD receives this message, it will respond
by transmitting the logged data on the specified channel and then purging its onboard log after
confirmation of receipt. A listing of anticipated RSU locations to be installed to provide for an upload of
ASD data via DSRC communication is included in the NYC CVPD ConOps document.

No other performance evaluation data is proposed to be collected directly from the RSUs. Data from
the RSUs will, however, be included in the ASD action logs as SPaT and MAP data heard by the
ASDs.

7.2 Accident Data

Traditional accident record geodatabases already collected will be available and included in the
performance evaluation process. These databases are created from existing police accident records,
which do contain Pl data for those involved. Details include:

® The NYPD database includes all crashes to which they respond and complete a report,
regardless of roadway or facility type. The NYS DMV regularly reconciles their records with
the NYPD database, retaining crashes with either injuries/fatalities or more than $1000
amount of damage.

® The existing police accident reporting system is not likely to be modified to identify if any of
the involved vehicles are CV equipped vehicles or pedestrians.

® Due to privacy/liability concerns, police accident records will not be able be tied to ASD/RSU
data. Similar Pl concerns exist for any accident related data from the vehicle that may be
recorded (via OBD and accelerometers).

® The NYPD crash database is updated approximately every two weeks, while the reconciled
NYS databased lags by months. The accessibility of the complete crash reports (MV-104
forms) has typically taken longer, but NYPD is currently implementing an electronic system
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which should be active by Phase 2 of the CV Pilot and should make the reports available
sooner.

The duration for which of the accident records has yet to be determined, but will likely to be analyzed
several years prior to the CV deployment to increase the sample size of accidents to calculate
accident rates from. Accidents will be stratified by intersection, but will also likely be analyzed by
corridor as well to increase sample sizes further. The same analysis will be completed for the active
CV deployment evaluation period.

7.3 Weather Data

Data feeds of weather data need to be included in the performance evaluation plan. Real-time
weather data is readily available from the National Weather Service (NWS) via an RSS feed of XML
formatted data. There are three NWS stations within New York City: Central Park (KNYC), Kennedy
International Airport (KJFK), and La Guardia Airport (KLGA). Data elements included in these hourly
weather reports include:

Wind

Visibility

Weather Conditions (e.g. Fair, Overcast, Partly Cloudy, etc.)
Sky Condition

Air Temperature

Dew Point Temperature

Relative Humidity

Wind Chill and Heat Index Temperatures (if applicable)

Air Pressure

Precipitation (in prior 1 hour, 3 hour, and 6 hour increments)

Given the proximity to each station, the Central Park (KNYC) station would be best to represent the
weather conditions for V2| events along the identified study corridors. However, some potential V2V
interactions will occur closer to the airport locations. Therefore, the nearest NWS station’s weather
data for the specific time and date will be merged and stored with the ASD action log data sets prior to
the time and location obfuscation process. Thus, the weather details will be available for analysis with
the event trajectory data even though the precise time and date have been scrubbed from the
archived event data.

In addition to the obfuscation of time and location of the ASD data, some unusual weather data may
allow for the identification of a particular date and time. This is likely to only include the extreme
weather events, such as very high hourly precipitation amounts or extreme temperatures. Instead of
listing precise precipitation amounts or temperatures, the weather data will also be slightly obfuscated
to prevent matching of data to a particular time and date. A cluster analysis of past weather data will
be undertaken prior to the data collection to determine which appropriate grouping or obfuscation of
weather data may be required to prevent the identification of a particular time and date to an unusual
weather data.
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During snow precipitation events, the status of roadway plowing activity will be leveraged from the
Department of Sanitation (DSNY') plow tracking system, which includes when streets were cleared
and the location of sanitation plows. The DSNY tracking system is a web-based GIS system and is
available publically at maps.nyc.gov/snow. The intent is to have a particular roadway link’s snow
clearing status from the DSNY system assigned to each event log with the following:

® The roadway link’s snow removal designation (Primary, Secondary, Tertiary, Non-DSNY)

® Time since last serviced (0-1 hours, 1-3 hours, 3-6 hours, 6-12 hours or 12-24 hours)

While not a direct measurement of the weather, details from onboard the vehicle as to the windshield
wiper status could be stored in the action log as a surrogate of rain or precipitation intensity with the
lack of precise minute by minute precipitation measurement across the study area. This
measurement will be included where it can be extracted through connections to the vehicle’s bus, and
may be vehicle type dependent.

7.4 Other Mobility Data Collection Sources

Other non-CV Pilot data collection methods will be continued and recorded as part of the CV Pilot
evaluation. The following data can provide a benchmark of system-wide and localized traffic
conditions during the pilot period in which the CV-related data are observed. The intent is to quantify
fluctuations in the network — in terms of volumes and travel time — to better manage the effects of
those confounding factors. The data includes:

® \/olume monitoring from permanent count stations through the study area, toll collection
counts, etc.: traffic counts are performed at varying frequencies, types, and durations within
the CV Pilot area. Volume counts are regularly performed at fixed toll facilities (bridges,
tunnels) and New York State DOT continuous count station, which can be used to assess
system-wide — or zonal — changes in vehicular demand. Localized counts are typically one-
off, performed for various planning projects. Both can be used for volume measures during
the pilot but may not have the spatial and temporal completeness needed for the entire CV
Pilot study area. In addition, the exact location, type and duration of localized counts on the
study corridors for other projects are yet unknown.

As part of the CV Pilot, new continuous count locations (anticipated to use video counting
methods) will be deployed on the study corridors at key locations yet to be determined. The
intent is to have continuous count data summarized in 15-minute intervals at each location
and stored on a TMC database. During the CV event log obfuscation process, the count data
would also be binned and then fused to become part of the CV action log data. This way,
even if the precise time and location is not able to be determined in the CV action logs, the
relative demand conditions will still be know and able to be used in the subsequent
performance evaluation process.

® Travel time monitoring from Midtown in Motion and other regional tag readers: the overall
coverage of MIM’s real-time travel time monitoring system extends from 15t Avenue to the
east, 11 Avenue to the west, 23 Street to the south and 57t Street to the north, which
includes monitoring of segment travel times in real-time. Segment travel times are observed
through deployment of RFID tag readers at fixed locations at major cross streets: 57t, 49,
42nd, 34 and 23 Streets. Other regional agencies have also deployed tag readers on fixed
highway segments and facilities for travel time monitoring. These data are compiled regionally
by TRANSCOM (xcm.org) for query by its coalition agencies, including NYCDOT.
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® Travel Time monitoring via taxi GPS datasets: through the Taxi Passenger Enhancements

Project (TPEP) vendors supply to TLC the yellow cab revenue trip records citywide,
approximately 10-13 million per month. Data fields include — among others — medallion,
operator number, vendor, pick-up and drop-off location (lat/long), date/time, trip distance and
time, payment type, fare, tolls and tip. Similarly, the Livery Passenger Enhancements Project
(LPEP) provides green “Boro” cab revenue trip records, approximately 1 million per month,
and includes the same fields as TPEP trip records.

TPEP and LPEP breadcrumbs are at typically 2-minute intervals (sometimes 1-minute), and
include medallion, operator number, vendor, instantaneous lat/long, instantaneous date/time,
and an “event” check ID, which records beginnings and ends of shifts, trips and intermittent
health checks (every 1-2 minutes in the absence of any other event ID). LPEP (green cab)
breadcrumbs have the same frequency and fields as TPEP.

Taxi GPS trip records and breadcrumb data are supplied to NYCDOT from TLC on a monthly
basis. TLC receives weekly files from the vendors. NYCDOT has an archive of TPEP trip
records from January 2009-present, and LPEP trip records and TPEP/LPEP breadcrumbs
from January 2015-present.

From either the taxi trip data or the taxi breadcrumb data, instantaneous speed, acceleration,
deceleration, and other finite vehicle-operating parameters are not available. Average speed
is only available from the trip data for the overall trip (trip distance / trip time). Successive
breadcrumb data points can be used for point-to-point travel time but that is only for a 2-
minute period. A methodology to estimate travel speeds from taxi breadcrumb routing is
being developed and may be available by the CV evaluation period.

Travel Time monitoring via bus GPS datasets: through the MTA Bus Time system, the route,
position, and status of all MTA buses in service are available at 30-second intervals. While
these data are made available in real-time via an online feed for app developers, NYCDOT
also receives a daily flat file of all records each night. As with the taxi breadcrumbs,
successive breadcrumb data points can be used for point-to-point travel time for a 30-second
interval.

7.5 Operational Condition Data Fusion with CV Action

Logs

The concept to fuse both CV Action Log and real-time non-CV data would be accomplished by
assigning stored operational data for a given time interval and location with the corresponding ASD
action log. Other non-CV data that are not available in real-time would be stored separately. The
following data will be collected and stored in real-time, and assigned based on 15-minute intervals to
corresponding event logs at as data is uploaded from the ASDs to the TMC servers (anticipated to be
at least daily, depending on the ASD usage and location relative to RSUs providing such uploading

capabilities).
o Traffic count data (if available) at 15-minute intervals
® Midtown in Motion segment travel time data (if available) at 15-minute intervals
® NWS weather data at 1-hour intervals
® DSNY plow data (when applicable) at 15-minute intervals
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® TRANSCOM ftraffic incident data on study corridors at 15-minute intervals

The following data cannot be gathered in real-time, and instead will be stored external to the ASD
Action Log data:

Taxi activity and MTA Bus Time data
Crash data
Summary log/calendar of special events and related street closures

Summary log/calendar of short- and long-term work zone presence

External project related changes (Vision Zero, transit, reconstruction and signal retimings)

7.6 ASD Action Log Data Obfuscation Procedure

Detailed trajectory data or action log data will be scrubbed of potential Pl relatable data prior to
storage on NYC DOT servers. The is required to lessen the likelihood of using precision time and
place specifics to marry CV Pilot performance evaluation data to other existing data sources and
databases which do contain Pl data. Detailed data that could be construed as PIl will then be deleted
and not archived anywhere. Liability issues/concerns are significant when any archived data from
NYC CV Pilot may be tied through location and time details to other databases/accident records.

7.6.1 VehicleID

Vehicle IDs will be anonymized based on the ASD device. Due to privacy and security concerns, this
anonymization will be updated regularly to prohibit tracking a single vehicle throughout the study, even
with an anonymized ID number. As a result, it will not be possible to measure or assess longer term
individual driver learning and behavior changes resulting from the CV deployment. No driver ID will be
ever be recorded in the ASD unit or recorded data.

Despite the lack of any vehicle ID in the stored data, a parameter on the ASD that identifies the
vehicle size and type will be included. The vehicle type parameter will be recorded with the action log
data, but will be general enough so as to not identify the particular participant fleet which the vehicles
belong.

7.6.2 Time and Date Data

Time and date information will be obfuscated and recorded to have exact date and time scrubbed
from records and instead will be registered in different categories or bins of date and time. For
example, an action log data set recorded on Tuesday January 5, 2016 starting at 8:35 a.m. may be
recorded only as ‘January Tuesday 8-9 a.m.’, or ‘January Weekday 8-9 a.m.". Special event days
(parades with road closures, holidays, etc.) would be exist in separate bins from normal operation
days.

7.6.3 Location Data

Detailed latitude and longitude data recorded by the ASD will be scrubbed and converted to an
undefined Cartesian coordinate system for storage and later evaluation. Each event data set will still
be recorded with full precision for all trajectory points relative to each other in the same event data set,
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but will not be tied to an exact real-world coordinate. This removes the detailed location data that
could be tied to accident records but still preserves all relative details about vehicle movements and
driver actions taken in response to the CV app warning.

This obfuscation of location will be done independently for each event action log data set recorded.
For example, if the first recorded point in an event dataset from an ASD was recorded at (Lato, Longo)
degrees, it would be scrubbed of location details and stored as point (0,0) (Xo,Yo in feet) and serve as
the ‘anchor point’ and for all remaining points in the same ASD event dataset and. All successive
points (X1,Y1...Xn,Yn) are recorded from that first point as deltaX and deltaY in the X,Y plane, as
calculated from the precise GPS data and preserving as many significant digits as needed. All actual
Latitude and Longitude and delta values will be discarded, and only the (Xn,Yn) values will be archived.

To preserve some information regarding where the event occurred, the location will be recorded as
belonging to an aggregated location or bin. Possible examples of such bins could include ‘Freeway’
vs. ‘Manhattan Arterial’ vs. ‘Brooklyn Arterial’ (at the most aggregated level) or ‘First Avenue between
23834t St' vs ‘First Avenue between 341&42nd St’ (at the least aggregated level).

An additional categorization will also be recorded that provides some details about the general
configuration of the intersection or roadway which the event was registered (e.g. ‘Intersection of One-
way Avenue & One-way Street’, or ‘Intersection of One-way Avenue & Two-way Street’, or ‘Midblock
on 4-lane one-way Avenue’).

For illustrative purposes, a schematic of the obfuscation process is presented in Figure 7-1. In the
figure, the top half is illustrative of the details that will be recorded on the ASD in the time before and
after an ASD warning was issued. This includes include precise knowledge of where in time and
space the vehicle was when the ASD warning was generated (e.g. traveling eastbound on 34t Street
approaching 2 Avenue at 7:32 in the morning), and the precise time and location of all nearby CV
equipped vehicles through received BSMs, and the MAP and SPaT data heard from the RSE. The
bottom half of the figure represents that same event as stored in the TMC servers and to be used for
evaluation after the obfuscation process scrubs the precise time and location details. Here, instead of
know the exact location, we know the warning event happened approaching a one-way avenue on a
two-way street at some point in time between 7 a.m. and 8 a.m. It should be noted that while the
precise time and location details are scrubbed from the ASD Action Log data, the relative detail and
precision of the all vehicle BSMs, MAP, and SPaT are retained and available for subsequent analysis.
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Warning at: 7:32:45 AM
Coordinates (40.744891,-73.976176) |

MAP data
SPaT data

Eeentvanie Location and Time

Nearby vehicle 1 e
Nearbyvehide Obfuscation
Nearby vehicle 3

Nearby vehicle 4

Warning at: t=0
Coordinates (0, 0)

(Map Source: Google Maps, 2016)

Figure 7-1. Schematic Example of ASD Time and Location Obfuscation Process
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The exact level of scrubbing or obfuscation to both the time and date and the location data has not yet
been finalized and cannot be fully be finalized until the deployment is underway. This is due to the fact
that the obfuscation of the time/date and location data must be aggregated enough to ensure that
there are enough event action log samples in each combination of time/date and location bin to
maintain anonymity of the event data to any particular time and location to prevent a later correlation
of a single trajectory action log record to other accident, taxi logs, or other existing databases
containing PII.

Full details of the degree of obfuscation categories will be developed during the Phase 2 testing period
as the CV applications are fine-tuned for the operation parameters and the number of warnings
generated per application are better known. The design of the obfuscation though time and location
binning will attempt to preserve as much detailed information as possible while still maintaining the
anonymity of matching any one obfuscated ASD action log data to a record from another data
collection method (i.e. a crash report) which does include Pl data.

As different warning types will occur at different rates, the degree of aggregation may differ depending
on the type of warning issued. All aggregations will be completed between upload of the stored data
from ASDs and storage in NYC DOT databases. For example, the Speed Compliance application is
expected to trigger many more warnings that the Vehicle Turning Right in Front of Transit Warning
(VTRW) application. Therefore, a much lower degree of obfuscation of action logs for the speed
compliance app will be needed as compared to the VTRW app.

Additionally, there is recognition is that the analysis of some action log data for some CV applications
will require specifics to be know about the location where the action log data was recorded. As such,
the following details for action log data is expected to be retained under certain application warnings.

The degree of obfuscation for each of the CV applications are shown in Table 7-1. For each of the
applications, options exist as to whether or not the detailed action log data traces are retained, and if
exact location, date/time, vehicle type, and weather and/or special events are preserved or obfuscated
to ensure participant anonymity while still providing as much data as possible for the CVPD
performance evaluation purposes.
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Table 7-1. Degree of Obfuscation by CV Application Warning

Retain Action Log (Trajectory) Details?

Database storage LOCATION TIME
User Need Category NYCDOT Needs | CV Application | of detailed Action | Collected onlyat | Keep Time of KVEH\IICII‘II.E I InclugeSWea.tI;er
Logs? the instrumented Day, Day of et.arp e,,'c € anEv r':te (,:,'a
locations? Week? yper enis
Safety, Mobilty | D588 SPot | oo Compliance :«e:rmh?: No No (KeeYslsehicIe (Obf’::cate
’ Speeding P it 9 (Obfuscate Details) | (Obfuscate Details) P ’
generated) Type) Details)
Yes (When Yes
Improve Truck Curve Speed - Yes No . No
Manage Speeds Satety safety Compliance warning 1s (Keep Details) | (Obfuscate Details) (Keep Vehicle (Obfuscate Details)
generated) Type)
Safet Improve Work | Speed Compliance \\f:ng\i,r\{h?: Yes No Yes No
Y Zone Safety | Work Zone generatg od) (Keep Details) | (Obfuscate Details) | (Keep Details) | (Obfuscate Details)
FCW
EEBL Yes (When No Yes No
Safety m;zf;tlys BSW warmingis (Obfusc;\‘t‘e’ Detalg)|  (Obluscate (Keep Vehicle (Obfuscate
PP Lcw generated) Details) Type) Details)
IMA
Reduce Vehicle to -
Vehicle Crashes Redupe Acc_|dents Red Light Violation Yes (Whgn No No ves . No
Safety at High Incident Warmin waming is (Obfuscate Details) (Obfuscate (Keep Vehicle (Obfuscate
Intersections 9 generated) Details) Type) Details)
Reduce Incidents. Vehicle Turning Yes (When No No Yes No
Safety Improve Safety " | Rightin Front of warning is (Obfuscate Details) (Obfuscate (Keep Vehicle (Obfuscate
it Bus Warning generated) Details) Type) Details)
Improve Pedestrian .
Safety on Heavily Peqestn_an n ves (Whgn No (Obfuscate No (Obfuscate | Yes (Keep Vehicle | No (Obfuscate
Safety Signalized warning is ; " "
) Traveled Bus . Details) Details) Type) Details)
Reduce Vehicle to Routes Crosswalk Warning generated)
Pedestrian I Safely of
Crashes m‘\’/riz‘;‘;"yaaﬁg’ | Mobile Accessible | Yes (When No No Yes No
Satety Audibly-impaired Pedestrian Signal warning 1s (Obfuscate Details) | (Obfuscate Details) (Keep Vehicle (Obfuscate Details)
) System (PED-SIG) generated) Type)
pedestrians
Address Bridge
Reduce Vehicle to Low Clearance Oversized Vehicle Yes (When Yes No Yes No
Infiastructure Mobiity Issues/Enforce Compliance warningis (Keep Details) | (Obfuscate Details) (Keep Vehicle (Obfuscate Details)
Crashes Truck Route P generated) P Type)
Restriction
Emergency . .
) L No (Discard action Yes
Inform Drivers of " ) Communications ) Yes Yes ) Yes
Serious Incidents Mobiity Inform Drivers and Evacuation log d'a t.a‘ fetam (Keep Details) (Keep Details) (Keep Vehicle (Keep Details)
) ASD 'ping' only) Type)
Information
Intelligent Traffic No (ASD
Provide Mobility Replace Legacy Signal System p?;eciizgc;n abnsd Yes Yes ves Yes
Information Mobilty Measurements Connec[t)eacLiaVehmIe stored, detailed (Keep Details) (Keep Details) (Kee_r;;,\p/:)hmle (Keep Details)
action log
(-SIGCVDATA) discarded)
Ensure Operations No (Discard action Yes
Manage System . ) Yes Yes . Yes
. System Operations ofthe CV NA log data, retain ' ' (Keep Vehicle '
Operations Deployment ASD ‘ping only) (Keep Details) (Keep Details) Type) (Keep Details)

7.7 Qualitative Operator Feedback

Due to the fleet nature of the majority of the NYC CVPD participants, the anonymity and privacy
concerns of the vehicle operators, and the sheer number of operators expected to drive a CV
equipped vehicle, the active solicitation of driver feedback via interviews is not feasible. However, the
feedback from the operators as to how the ASD devices and applications are operating is an important
assessment of the pilot deployment.
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In order to obtain qualitative feedback from the operators, an anonymous driver survey instrument will
be developed. The exact modalities of the survey instrument have not been finalized but it is
anticipated that it would be a combination of web forms (over the internet) and Mobile apps on tablet
devices positioned at select locations where the CV vehicles are serviced/stored and where the
vehicle operators will start or stop shifts (Taxi Barn, MTA Depot, etc.). This will ensure that the
operators are sampled frequently and the privacy of the participant is maintained.

In addition as part of the initial training that will be provided to the operators, a discussion of the survey
instrument will be included. This will provide an opportunity for the operators to be familiar with the
survey instrument and also to get involved. It will be communicated that the feedback from the
operators will be used as part of the system evaluation.

Depending on the level of engagement and the feedback being elicited, if the sampling rates need to
be increased, floating surveyors may be recruited to get the feedback on a periodic basis to
supplement the responses. Additionally if response rates are lower than needed, modest incentives
(e.g. monthly prize raffle) may be introduced to help solicit more responses on the feedback survey.

7.8 Data Flow and Storage

Following the procedures outlined in the previous sections, the collected, processed, scrubbed, and
fused data will be stored on the CVPD team servers at the TMC. Source: NYCDOT, 2016

Figure 7-2 illustrate the process that will be undertake for all CVPD performance measurement and
evaluation data sets. Within the figure, the detailed data collected from the CV equipment is shown on
the left while data collected via methods from anything other than CV equipment is shown on the right.
The detailed ASD action log data (upper left) is fused with the real time confounding factor data sets
(upper right) prior to the obfuscation process.

This fusion and obfuscation process is expected to be undertaken on a daily basis based on the
expected time to transmit the data from the ASDs via the RSEs via DSRC and then to the TMC
servers via existing wireless or fiber backhaul. However, if more frequent transmission of the ASD
data is seen during deployment, the obfuscation process could be done more frequently as long as
the real-time confounding factor data sets are also available. The non-obfuscated action log data will
only be stored on TMC servers until the fusion and obfuscation process has been completed, after
which it will be destroyed.

The bottom half of the figure shows the process for collecting and storing both data collected from CV
equipment and from traditional methods which does not reveal potential Pll issues. This data will be
processed and stripped of any PII (including vehicle IDs from the ASD Breadcrumb data and names
from the crash records) and stored in the TMC servers without further obfuscation to be used for
subsequent performance measurement and evaluation analysis.
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Source: NYCDOT, 2016

Figure 7-2. Overall Data Flow and Processing Methods for Performance Evaluation Data
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The following sections discusses the procedures and methods that will comprise the System Impact
Evaluation Plan of the CVPD deployment. This includes both statistically viable methods for
comparing with and without CV data, before and after comparisons of crash data, and simulation
based assessments of changes in safety and non-safety performance metrics.

8.1 Evaluation Plans

The classification of the data sources which will be used for the determination and evaluation of the
performance metrics can be generally categorized into four categories. The following sections
describe these terms as they are used in the definition of the NYC CVPD performance evaluation
plan.

8.1.1 ASD Action Logs

The ASD action logs, or simply action logs, contain both the detailed data recorded from the ASDs
units surrounding an event as determined by the ASD (including the type of warning generated and
the vehicle’s BSMs nearby vehicle BSMs, and SPaT and MAP messages from nearby RSUs), but
also includes the fused confounding data which was married to the action log data prior to the
obfuscation of precise time and location details from the action logs. The event triggering the action
log data collection can include both triggered warnings from the ASD in either active (with CV) or silent
(without CV) operations modes and non-warning generated events (e.g. hard braking above a
selected threshold). These action logs can reveal the detailed driver actions taken through the
observed changes in vehicle movement, projected movement, and CAN bus parameters both before
and after the warning event as triggered by the ASD.

The primary method of evaluating the action log data for the impacts of the CV technology will be to
assess the changes in the vehicle trajectory and CAN bus metrics in response to the CV issued
warning. By comparing such data for the CV-equipped vehicles both with (either after or treatment
group) and without (either before or control group) CV warnings audibly issued, disaggregate changes
in driver reactions to the deployment of the CV technology can be estimated.

Additional, the aggregate change in driver behavior will not only be assessed, but the different ranges
of response (including no response or no change) will be tracked to arrive at a distribution of the driver
responses in reaction to the deployed CV technology.

Finally, since the action logs contain details on the confounding data available in real time (weather,
traffic conditions, etc.), this evaluation process will be repeated for action log records corresponding to
combination of the confounding factor data sets. For example, driver behaviors can be expected to be
different under varying traffic operational and weather conditions, therefore the changes in driver
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behaviors resulting from the deployed CV technology should be evaluated separately under those
different conditions.

8.1.2 Field Data

The term Field Data is used generically to refer to any field observed or measured data which is not
contained as part of the ASD action log. This includes any field measured data collected from non-CV
data sources, including legacy data collection methods such speed and travel time data from either
the taxi GPS trip data or the Midtown in Motion installed sensors, traffic volume counts, or other data
sources not contained within the action log data sets. It also includes details of any police crash or
accident reports, as compiled through police accident reporting databases.

Since the field data referenced here is independent of the CV technology deployed, the collection of
this field data cannot differentiate between the control and treatment groups, and is representative of
the entire vehicle population operating on the roadways. Given this distinction, the evaluation of this
data, and in particular reported crashes, is limited to a traditional before and after evaluation method.

More details on the methods for before and after analysis methods to be used specifically related to
examining to observed crashes are included in Section 8.3.

8.1.3 Simulation Modeling

For the purposes of the CVPD, simulation modeling refers to the use of traffic simulation models to
either collect performance metrics which are impractical to collect in the field for the entire vehicle
population. This includes not only the CV-equipped vehicles, but the remaining non-CV equipped
vehicles traveling the city’s roadways during the evaluation period. Simulation also provides an
excellent methodology to remove the influence of confounding factors from the evaluation. While the
data produced is still modeled and not field observed, the use of simulation allows for a pure with and
without comparison under identical circumstances that is not directly testable in the field.

Microscopic traffic simulation models will be used to assist in the performance evaluation of the NYC
CVPD in these regards. As discussed in Chapter 7, two different uses of traffic simulation modeling
are planned to assist in the evaluation of the NYC CVPD project; microsimulation assessment with
Safety Surrogate Measures (SSM) for accident prevention prediction modeling, and System
Performance network operational modeling for the mobility and reliability impacts of reduced numbers
and/or severity of crashes.

A basic tenant of simulation modeling is that the model must be calibrated to the existing conditions
prior to the simulation of the changes. The NYC CVPD team acknowledges this and as such will
ensure that the simulation models are calibrated to represent the existing (here without CV
technology) conditions prior to the simulation of the field observed changes.

Similarly, simulating changes in behavior arising from the CV technology must also be sufficiently
controlled and behavior models calibrated so the modified simulated behavior accurately represents
the observed ‘with CV’ behavior. This calibration of driver behaviors will go beyond the typical
calibration efforts of a microscopic traffic model for a ‘standard’ study, especially for the SSM
simulation analyses.

Along these lines, it is acknowledged that the detailed simulation of changes in driver behaviors as
observed through analysis of the action log data pushes the limits of the capabilities of default driver
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behavior models contained within commercial-off-the-shelf microscopic traffic simulation software
platforms. As such, specific care will need to be taken to calibrate the traffic simulation models for CV
analysis and will likely dictate the development of specific driver behavior models for the simulation of
the changes created by CV technology for the evaluation of the safety benefits. It is also noted that
the changes in driver behavior to CV technology are not expected to be uniform, so different
parameterizations must be considered to represent the ranges of driver responses observed in the
analysis of the with and without CV action logs.

Further details on the planned use of microscopic traffic simulation models for the NYC CVPD
performance evaluation are included in Sections 8.4 (Safety Surrogate Measure Simulations for
Safety Benefits) and 8.5 (System Performance Simulation for Non-Safety Benefits).

8.1.4 System Data

System Data is used to refer to any data that is produced and extracted from the CV technology but is
not directly related to the detailed ASD Action Log (1/10 sec) data. Examples include general CVPD
deployment statistics and health monitoring data of the ASDs and RSUs in the field.

While this data is generated by the ASD units, the continuous but less frequent (one second or longer)
data capture is a key differentiation from the ASD action log data, which is collected every 1/10 of a
second only during a time window surrounding CV application issued warnings.

8.2 Evaluation Methods by Use Case

Alist of the performance metrics by use case and the data collection and performance evaluation
methods are presented in Table 8-1. This table lists the already presented use cases and
performance metrics, but also includes the planned evaluation methods to assess the changes in
these performance metrics resulting from the NYC CVPD project.

It is noted that some performance metrics list in this table include more than one method. In these
cases, the preferred method is to use the observed data - either action log (AL) data, field data (FD),
or system data (SD) - to assess the changes in the performance metrics. However, it is also
recognized that simulation modeling is likely to be needed to account for impacts of confounding
factors which cannot be separated from the observed data.
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Table 8-1. Performance Measurements and Evaluation Methods per Use Case

Performance | External (non-CV)
User Need | Category | NYCDOT Needs CV Application No. Performance Measure Metrics Question for Evaluation Evaluation |Roadway / Operations
Method Data Leveraged
Manage Safety, Discourage Spot  |Speed Compliance 1a  |Number of stops (average and distribution Does speed limit adherence and AL: MS Studied roadway
Speeds Mobility Speeding measures) speed variability within the vehicle ’ section speeds from
1b  |Speeds (average and distribution measures) | fleet on a given study roadway FD; SD; Ms _ |other available travel
- segment for a given time period time datasets (analysis
1c  |Emissions . MS -

e e (cycle length basis) decrease from should focus existing
1d__|Reduction in speed limit violations the Before period to the Pilot period, ALMS liravel time segments,
1e |Speed variation and from control group to the FD, SD e.g. corresponding to
1f | Vehicle throughput (average and distribution | treatment group? ED: MS MIM segments)

measures) Is this accompanied by an overall d
1g  |Driver actions and/or impact on actions in Incréase, decrea?e or n((j)r)change in L
response to issued wamings average segment speed:
Safety Improve Truck Curve Speed 2a |Speed related crash counts, by severity Do the number of curve speed FD Roadway curve
safety Compliance 2b  |Vehicle speeds at curve entry violations on each applicable studied AL alignment data, posted
2 |Lateral acceleration in the curve roadway segment decrease from the AL speed; Weather data;
- - - —— Before period to the Pilot period, and Curve segment speeds
2d | Driver actions and/or impact on actions in from control group to the treatment AL from other available
response o issued warnings group? travel time datasets
2e  |Number of curve speed violations at each
. . AL
instrumented location
Safety Improve Work Speed Compliance/  |3a | Speed in work zone (average and distribution Do the number of workzone speed . Workzone roadway
L ) X FD; AL X
Zone Safety Work Zone measures) violations on each applicable studied section speeds from
3b | Speed variation (distribution) at work zone roadway segment decrease from the FD; AL |otheravailable travel
o bt s tosn Pere Pt e et e
variable speed zone areas group ’ . g Ty
. group? available (closures,
3d  |Work Zone-related crqsh counts in reduced FD tapers, lane shifts, efc.)
speed zones, by severity
3e |Driver actions and/or impact on actions in AL

response to issued wamings
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Performance | External (non-CV)
User Need | Category | NYCDOT Needs CV Application No. Performance Measure Metrics Question for Evaluation Evaluation |Roadway / Operations
Method Data Leveraged
Reduce Safety V2V Safety FCW 4a |Fatality crash counts Do the number of reportable crashes FD N/A
Vehicle to Applications EEBL 4b  [Injury crash counts decrease from the Before period to FD
Vehicle BSW the Pilot period, and from control
Crashes LCW de Property dar.nlage °“'Y orash cognts group to the treatment group? FD
IMA 4d | Time to Collision (vehicle to vehicle) AL; MS
Safety Reduce Accidents Red Light Violation 5a |Red light violation counts Do the number and severity of red FD; AL Intersection geometry
atHigh Incident  {Warning 5b  |Red light violation related crash counts, by light violations at each studied
Intersections severity intersection decrease from the FD
. - . . Before period to the Pilot period, and
5c T|m9 To Co|I||S|on (vehicle to cross vehicle path) at from control group to the treatment AL; MS
the intersection group?
5d |Driver actions and/or impact on actions in ' AL
response to issued wamings
Safety Reduce Incidents, [Vehicle Tuming Rightin|{6a |Bus and right turn related crash counts, by Do the number of bus / right turn Bus route and
> . . FD ; .
Improve Safety  |Front of Bus Wamning severity vehicle crashes decrease from the frequency information
6b |Right-tuming related conflicts Before period to the Pilot period, and FD for study roadways;
6c|Time to collision (vehidle {o bus) from control group to the treatment AL; MS presence of excluswe
- group? bus lanes (from which
6d  |Number of warnings generated SD right tums are allowed);
6e |Driver actions and/or impact on actions in AL presence of nearside
response to issued wamings and farside stops
Reduce Safety Improve Pedestrian in 7a |Pedestrian related crash counts, by severity Do the number of pedestrian related FD Intersection geometry
Vehicle to Pedestrian Safety |Signalized Crosswalk  |7b  |Number of wamings generated crashes decrease from the Before SD
Pedestrian on Heavily Waming 7c |Pedestian-related confiictshard braking events period to the Pilot period, and from AL
Crashes Traveled Bus : - : : control group to the treatment group?
Routes 7d | Time to collision (vehicle to pedestrian) AL; MS
7e |Driver actions and/or impact on actions in AL
response to issued wamings
Safety Improve Safety of |Mobile Accessible 8a |Number of pedestrian crossing violation Do the number of pedestrian related AL Intersection geometry
Visually and Pedestrian Signal reductions crashes decrease from the Before
Audibly-impaired | System (PED-SIG)  [gh  |Visually-impaired pedestrian-related crash counts, |Period to the Pilot period, and from
pedestrians by severity control group to the treatment group? FD
8c |Conflicts with visually impaired pedestrians AL
8d |Time to collision (vehicle to pedestrian) AL; MS
8e |Waiting time at intersection for crossing AL
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Performance | External (non-CV)
User Need | Category | NYCDOT Needs CV Application No. Performance Measure Metrics Question for Evaluation Evaluation |Roadway / Operations
Method Data Leveraged
Reduce Mobility Address Bridge  |Oversized Vehicle 9a |Number of Warnings generated Do the number of low clearance SD Truck route and
Vehicle to Low Clearance  |Compliance 9b  |Number of truck route violations violations decrease from the Before clearance map files
Infrastructure Issues/Enforce period to the Pilot period, and from FD
Crashes Truck Route control group to the treatment group?
Restriction
Inform Drivers|Mobility Inform Drivers Emergency 10a |Number of vehicles receiving information when  [Do CV vehicles receive the N/A
of Serious Communications and generated information warnings when AL
Incidents Evacuation Information generated?
Provide Mobility Replace Legacy |Intelligent Traffic Signal {11a |Segment speed (average and distribution Do the CV based mobility metrics N/A
Mobility Measurements System Connected measures) from CV compared to legacy detection |compare favorably to legacy AL; MS
Information Vehicle Data systems detection systems or provide better
(-SIGCVDATA) 11b | Travel time (average and distribution measures) ~|information? )
. AL; MS
from CV compared to legacy detection systems
Manage System Ensure Operations [NA 12a |System performance statistics (system activity,  |Does the system operate reliably? N/A
System Operations |of the CV down time, radio frequency monitoring range on SD
Operations Deployment ASD's and RSU's, number of event warnings by

app)
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8.3 Before and After Analysis of Crash Data Records

A before and after system safety analysis will be conducted using the both before and after field data
collected accident record data on a corridor and intersection level. The exact duration of the before
period would be determined through a review of previous accident records and power analysis to
determine an appropriate sample size of crashes to meet statistically significant results. Ideally, the
before period from which historical crash data will be sampled will not extend prior to the
implementation of the 25 mph speed limit change (November 7, 2014). However, sampling
requirements may dictate that the before period extend prior to the citywide speed limit change; this
will not be determined until the evaluation phase. The after period will be the duration of the after
period where CV vehicles are in active mode during Phase 3 of the NYC CVPD project.

8.3.1 Empirical Bayes Method

The analysis method will employ Empirical Bayes (EB), which will infer before (prior) crash
distributions based on observed data. EB method combines the historical crash data at a given facility
or at similar facilities and combines it with the estimation of safety performance function (SPF) given in
Observational Before—After Studies in Road Safety: Estimating the Effect of Highway and Traffic
Engineering Measures on Road Safety by Ezra Hauer. Using the before after safety analysis briefly
described below, if the crash history of the subject location is available, the Empirical Bayes (EB)
method can be used to estimate the expected number of crashes at the subject location.

The underlying theory of the EB method is that the crash rate at a specific site follows a probability
distribution which can be estimated by collecting crash data from a number of similar entities. Using
the Bayes’ theorem, EB method combines information about this distribution (prior) with data collected
from a treatment site (likelihood) to offset the impact of a temporary, random increase in crashes.

The main idea behind EB method is to predict the number of crashes that would have been expected
to occur during the after period had the treatment not been implemented. In all methods developed to
predict expected number of crashes, the following steps are considered (Hauer):

1. Establish the foundation for the prediction by estimating what the expected frequency of
target crashes in the ‘before’ period was.

Based on this foundation, predict how the expected number of crashes would have changed from the
‘before’ to the ‘after’ period as a result of changes in traffic, weather, and other factors.

In addition, the EB method has been developed to adjust for the regression-to-the-mean problem.
This is expected to be less of a concern for the CV-related before and after analysis because the
specific study corridors were not necessarily selected because their accident history warranted some
investigation, treatment, and analysis. However, as noted in Section 5.3, based on 2010-2014 data,
the city’s crash ranking (KSI, “killed or severely injured” metric) of the CV study corridors vary: 1st
Avenue ranks in the top third of Manhattan corridors, while 2nd, 5th and 6th Avenues rank in the top
10 percent, and similarly, Flatbush Avenue ranks in the 10 percent for Brooklyn.

8.3.2 Comparison Groups

The use of a comparison group in a before and after safety study can help to overcome the external
causal factors and maturation problems. In this method, first a comparison group is defined as the
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group of control sites selected as being similar enough to the treatment sites in terms of traffic volume,
operations, and geographic characteristics but without CV treatments. Then, crash data at the
comparison group are used to estimate the crashes that would have occurred at the treated sites if the
treatments had not been made (e.g., deployment of CV applications). Similarly a comparison group by
vehicle type (e.g., taxi, bus, city vehicle, etc.) matching those participating in the CV Pilot can be
developed using historical crash records. This would improve the analysis by considering crashes
within the vehicle fleets, not by just by location.

A noted challenge in developing comparison groups with regard to a CV application is that the
“treatments” are the devices/apps deployed on vehicles, not fixed safety improvement measures.
Therefore, the CV treatments can influence conditions at numerous points along the study corridors —
both as V2I and V2V — and outside of the study area as V2V, presumably anywhere where two or
more instrumented vehicles are in range of each other. This may lead to the challenge of identifying
and collecting sufficient data to develop a truly comparable group, and will be considered in the
analysis.

Additional formulations will be included to inform the EB analysis procedures. The Safety
Performance Function (SPF) considers average crash frequency of comparison entities, and variation
of the average. The Crash Modification Factor (CMF) is applied to the SPF and is the ratio between
the expected number of crashes for a given entity after one or more safety measures are
implemented, and the expected number of crashes for the same entity without any treatments.

8.4 Safety Surrogate Measure Simulations for Safety
Benefits

Although it is relatively straightforward to obtain data for most traffic related performance measures,
there is a problem for safety related performance measures since accidents are rare events and thus
the use of observed accident data further limits the “timely” evaluation of improvements since for
before and after traffic safety studies, at least 2 years of observed accident data is needed after the
implementation of a safety treatment. In summary, traffic safety studies heavily depend on observed
accident data which requires very long time to collect.

One of the approaches that can be used to tackle this problem is the use of so called “surrogate safety
measures” such as “time-to-collision” and “deceleration rate” among others that are relatively more
complicated and suitable different types of crashes. The first step in using SSMs is the extraction of
individual vehicle trajectories from simulated or real-world data. These trajectories are then used to
calculate the conflict between two vehicles following each other. Simulating conflict information
removes the need to wait for accidents to occur because there are many more conflicts than accidents
and it is possible to collect statistically significant number of conflicts in a relatively shorter amount of
time. By using a simulation based SSM approach, the team will be able to test various scenarios
under different assumptions to isolate the impacts of the CV technology from the confounding factors
occurring during observed accident collection and to obtain large amounts of conflict data that will
enable the conduct of statistically robust analysis of the safety benefits of the deployed CV
applications.

The NYC CVPD team has experience in using SSM simulation to assess safety impacts (with
published findings), and includes some work within New York City itself (pending completion and
publication). The SSM simulations will be conducted using a microscopic traffic simulation package
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such as Paramics (Quadstone), VISSIM (PTV), or Aimsun (TSS), but may be modified away from the
standard simulation protocols to meet the needs of this study.

8.4.1 Background on SSM

Surrogate safety measures (SSMs) can be obtained from vehicle trajectories as indicators of safety

performance. At its simplest, Time-To-Collision (TTC) is one of the most widely used SSMs, and it is
defined as the time that remains before two road users collide unless one of them takes an avoiding
manipulation such as braking or changing lanes.

To differentiate risky encounters from situations in which the driver remains safely in control, an
appropriate threshold TTC* must be defined. TTC* is related with the perception, reaction time, and
driving conditions. Typical choices for TTC* may vary between 2 and 4 seconds (Hirst and Graham
1997, Minderhoud and Bovy 2001). Vehicles pairs with TTC lower than TTC* are considered as
involving to conflict risk. The number of conflicts are usually used as a measure of safety
performance.

There are a large number of other SSMs proposed in the literature. The NYC CVPD team will choose
the most appropriate SSM(s) for the type of safety application that will be simulated. The selection of
the most appropriate SSM is important in this study because of the more complicated nature of this
study in terms of “driver behavior” rather than just geometric considerations that are typically studied in
traditional safety evaluations.

8.4.2 Converting Action Log Data into Driver Behavior

The CV pilot data will collect the individual vehicle traces from the ASDs (action logs) for both with and
without active warnings which will capture changes in driver behavior resulting from the active warning
from the ASD. This driver action data will be analyzed to modify default diver models used in the
microscopic simulation. This can be as simple as modifying maximum and minimum acceleration /
deceleration rates or minimum safe headway values in the car following model. However, there might
also be a need for making more substantial changes to the default car following, lane change and /or
gap acceptance logic. An important aspect of this task will be the possible need to incorporate these
models into the microscopic simulation.

This data will also be used to help calibrate the SSM models to better reflect the driving behaviors not
only to the aggregate validation metrics (which is commonly done with a traditional simulation models)
but to the microscopic data available from the 1/10 second resolution action log data.

8.4.3 Scales of the SSM Simulation Models

For the safety evaluation, simple models that range from a single intersection to relatively small
corridors of a few intersections will be developed. To be able to capture the impact of intersection
geometry and traffic characteristics, several representative intersections will be identified and
modeled. However, the number of these small simulation models has to be determined by taking into
account the ultimate goals of the overall evaluation plan. For example, extremely complicated
intersections that are not likely to yield significant safety benefits from the introduction of the CV
applications might not be selected. Thus, a preliminary analysis of the candidate intersections will be
done before starting the simulation modeling efforts. Moreover, multiple simulation models of the
same intersection with a specific driver behavior model for each of the apps being evaluated might be
needed. As a result, there will be a large number of combinations of scenarios and apps that will be

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

CV Pilot Deployment Program Phase 1, Performance Measurement and Evaluation Support Plan — Final |62



Chapter 8. System Impact Evaluation Plan

simulated. Thus, test networks and their variations will be carefully identified as a first step in
simulation model development.

It is noted that the proper simulation model of the modified CV behavior is likely to require the creation
of maodified driver behavior models instead of relying on one of the default behavior models from the
commercial-off-the-shelf traffic simulators. While this is a significant undertaking, the NYC CVPD has
prior experience and expertise required to complete this task.

8.4.4 SSM Experimental Design

Each scenario has to be tested under a range of realistic demand and environmental conditions that
account for the varying confounding factors present in the field. One way to do that is to just run the
simulation for peak and off peak conditions, although it is preferable to also test under various different
weather and incident conditions that are commonly seen in the field. In this study, it is important to
consider different operational conditions and/or weather conditions such as snow, heavy rain, and ice
since these can influence driver behaviors, which in turn will influence the crash risk. The impacts of
these confounding factors can be incorporated into the simulation in terms of changes in driver
reaction times, deceleration rates, headway following distances, and varying traffic demands.

It is important to note that calibration and simulation models for different environmental scenarios will
require additional data and effort since driver behavior will be highly affected by these environmental
conditions. Selection of which confounding factor scenarios to simulate will be determined given the
data on hand to adequately perform that calibration.

The exact groupings of variable traffic conditions, demands, weather, and other confounding factors
will be based on the observed frequency of the different combination of these confounding factors
from the action log data. This data will be extracted during the initial testing and before analysis
periods, and a simulation analysis plan will be completed at that time. However, it is already
anticipated that several dozens of combinations of geometric, operational, and weather conditions will
need to be tested.

For each simulated scenario, there will be a need to conduct multiple runs with different random seeds
to ensure the statistical significance (e.g. 95% confidence interval) of the simulation results given the
stochastic nature of microscopic simulation and the variance of the data used to calibrate the
simulation models. The number of random seed runs to be completed for each scenario will be
developed to ensure statistical validity to the simulation models considering the variations in the
observed traffic conditions to which the model was calibrated.

Prior to the initiation of this effort, a simulation run plan for the SSM simulation will be prepared. This
plan will be prepared following the pre-deployment data collection period and will be utilize the
collected data from the ASDs using a cluster analysis approach to determine which series of
scenarios should be simulated. The goal is to simulate a variety of conditions that see frequent
warnings issued from each of the CV applications on the ASDs under the most frequently seen
combinations of confounding factor conditions.
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8.5 System Performance Simulation for Non-Safety
Benefits

It is understood by the NYC CVPD project team that the level of data that can be observed or field
measured for evaluating mobility benefits may be insufficient. The influence of the confounding
factors will be difficult to isolate from the impacts of the CV application deployment under the before
and after CV deployment periods. The deployment of a control group will help to assess these
impacts, but it is still envisioned that a more robust way of isolating the CVPD benefits from those
created by confounding factors. Therefore, to evaluate the performance evaluation plan for mobility
improvement will include analysis using simulation modeling techniques instead of direct field
observation.

In order to quantify benefits associated with changing driver behaviors on mobility related issues,
system wide simulation modeling will be conducted. The existing Manhattan Traffic Model (MTM), an
Aimsun based microscopic model covering Midtown Manhattan, will be utilized to simulate the
operational conditions in the study area network both with and without CV app deployments, or more
precisely, with and without changes in driver behaviors and signal operation changes observed before
and after the CV mobility app deployments.

The current MTM microscopic model covers the complete street network in Manhattan between 14th
and 66th Streets from the Hudson River to the East River, and was developed to represent 2011
conditions. It is built upon a sub-regional mesoscopic simulation model that also simulates the
influence of changes in regional traffic patterns on traffic flows in the midtown Manhattan area. The
largest and most comprehensive micro-simulation model at NYCDOT, the MTM includes all signal
timings, geometry, MTA bus lines, enforced truck routes, and comprehensive curbside activity, such as
bus stops, double parking, and 24 hour on-street parking regulations verified by field observations.
The model traffic is classified into cars, trucks, MTA buses, and non-MTA buses. The model covers
the weekday AM and PM periods from 6-9 a.m. and 4-7 p.m. Validation data comes from multiple
sources, including the City’s Midtown-In-Motion (MIM) adaptive signal system detector data, taxi GPS
origin/destination (O/D) data, and MTANYCT Bus Time and taxi GPS speed data.

Given the age of the current MTM, the microscopic traffic model will need to be updated to better
reflect the current (the before period) operation conditions prior to being used for analysis for the
evaluation of the NYC CVPD. The MTM will be updated for the new operational conditions using
similar data sets which were used previously, but which have been improved over time. Any new data
sources which were introduced for the CVPD study (e.g. traffic counts, CV breadcrumb data from the
before period) will also be leveraged. Expansions or similar models may also need to be developed to
include the Brooklyn roadways in the simulation study area, although on-going studies in that area
may produce such a model outside of the CVPD project.

The MTM can be used to simulate network performance under a variety of recurring and non-
recurring congestion scenarios. The NYC CVPD impacts on system performance as they relate to
speed compliance can be estimated from ASD action log data and changes in speeding
characteristics build into the MTM to model the CV impacts on mobility. The monetization of all of
these user and system benefits can allow for a robust assessment of the impacts and cost
effectiveness of the NYC CVPD deployment. Simulation outputs for performance measures such as
delays, vehicle stops, travel times, roadway throughput, can be used to assess a wide variety of
projects and conditions to evaluate mobility benefit attributed to CV deployment.
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8.5.1 Simulation of Accident Scenarios

In addition to simulation of purely recurring congestion conditions, the MTM model can simulate pre-
determined accident and incident events to assess the impacts of accidents on system and user
mobility, reliability, and environmental metrics under non-recurrent congestion conditions.

When compared to the recurring congestion scenarios, the accident impacts on systemwide
performance metrics can then be scaled up to estimate the annual non-safety benefits from the
forecasted reduction in accidents from the safety benefits of the CV pilot.

By combining these estimates of the non-recurring congestion conditions with the predicted reduction
in accident rates, the cumulative operations impacts and benefits of reduced congestion and improved
travel reliability on an annual basis can be estimated. When combined with the analysis of the actual
crash data and/or the findings of the SSM simulations, the annual system impacts on mobility and
reliability of the deployed CVPD can be estimated.

A simulation run plan for the non-safety traffic impacts will be prepared prior to the initiation of the
simulation work. This plan will be prepared following the pre-deployment data collection period and
will be utilize the collected data from the ASDs, of crash records, and confounding factor data using a
cluster analysis approach to determine which series of scenarios should be simulated to assess the
non-safety benefits of the CVPD project. The goal is to simulate a variety of types and severities of
crash under varying traffic conditions, with the target of simulating those traffic conditions both with
and without the accident or with a reduced severity crash.

8.5.2 Environmental Impacts

In addition to mobility and reliability impacts, the simulation results under a variety of simulated
conditions for both with and without CV deployment can be estimated using mobile emission
estimations engines (e.g. MOVES) with the simulated conditions and output of the MTM. This is to be
the primary source for estimating the emission impacts of the CVPD, as field measurements of
emissions will not be undertaken.
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The system performance will be observed through the use of reports that reflect data aggregated at
different time horizons — both for short term (for e.g. daily) and longer term (for e.g. monthly or longer).
These reports will be integrated into different dashboards designed to serve various hierarchical user
groups such as the TMC operators, TMC managers, NYCDOT engineers, NYCDOT decision makers
and upper management, and the stakeholders and pilot participants. These dashboards will be
viewable by the respective parties (pending credential checks as needed) as desired. Depending on
the nature of the data, the dashboards will be updated as frequently as possible, but some updates
are expected to only occur daily. This limitation is expected due to the time required to upload the
ASD data via the RSUs and to undergo the required data checking and obfuscation processing.

NYCDOT will build upon its existing work related to system performance metrics for various systems
deployed City wide such as NYC Traffic Control System (TransSuite), Drive Smart, Midtown In Motion,
Citywide TSP, and Adaptive Signal control systems. Some of the metrics in reports will include: (a)
summaries on the number of devices in the field (both ASDs and RSEs) that are active (healthy units),
inactive (known problematic units), and offline (not on the roadways) by time of day, (b) summaries on
the CV Applications functioning (number functional, number of warnings generated, etc.) by time of
day, (c) summaries on the network wide system safety and mobility measurements such as the
number of accidents and average speeds by peak period as observable in the field.

In addition to the system monitoring and diagnostic reporting, the final results of the simulation based
assess of impacts of the CV pilot deployment will be summarized and shared at the end of the
evaluation period. These results will be presented in a multitude of ways for consumption by different
interested parties, including a high-level summary of the deployment impacts for consumption by non-
technical persons, while a more in-depth analysis report will be generated for traffic professionals.
Given the nature of the simulation efforts, this is envisioned to take the form of a project report which
would be completed at the end of Phase 3.
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The NYC CVPD team will work with the USDOT and its selected Independent Evaluation contractor to
provide the data from the NYC CVPD site and evaluation. All obfuscated data sets prepared for
evaluation by the NYC CVPD team will be offered to the IE team. All developed simulation models,
analysis algorithms and scripts, and field measured data sources that are used in the performance
evaluation of the NYC CVPD will also be provided.

The NYC CVPD team is also committed to working with the IE to determine what addition data
elements that are not currently outlined to be collected could be collected, providing that the
underlying need to exclude any PIl data is satisfied. This could include access to detailed accident
record reports, or sampled BSM data from selected ASDs. Appendix C lists the identified data needs
by the USDOT CV team for both safety and non-safety focus area and includes the anticipated level
of support for the IE team that the NYC CVPD team can provide.

The team will also work with the IE to allow access to the study corridor and the installed systems to
review the deployed system.

While the frequency of the data transmissions and methods will be determined in consultation with
USDOT and the IE contractor, it is anticipated that weekly or bi-monthly updates of data will be
provided during the evaluation period. More frequent transmissions will be considered if needed, but
the data collection from the ASDs via the RSUs followed by the fusion to real-time confounding data
sets and obfuscation of potential Pll may take one to two days, which limits the potential for less than
daily data transmissions. Secure electronic data transmissions would be preferred, however, the
potential size of the data sets may force a physical transfer of storage media instead.

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

CV Pilot Deployment Program Phase 1, Performance Measurement and Evaluation Support Plan — Final || 67



Chapter 11. Data Sharing Framework

A data sharing framework will be developed and delivered as part of the Performance Measurement
of the NYC CVPD. The recipients of the data shared via this framework includes the USDOT and its
independent evaluators working on the connected vehicle initiative, and the larger connected vehicle
research community via the USDOT’s Research Data Exchange (RDE). This section describes the

plans for sharing performance and evaluation data from the NYC CVPD. The detailed requirements
related to data sharing are included in the System Requirements Specification (SyRS).

11.1 The Data

As part of the NYC CV Pilot, the data being collected can be grouped into two categories based on
the data source — intrinsic and extrinsic. The former is data collected by the CV components (the
ASDs and the RSUs) and the latter is data from external sources (such as traffic control system data,
incidents, crash statistics, weather data, traffic counts, travel times and speeds, etc.). Each of these
data sets are itemized and described in Chapter 7 of this report.

The raw data collected from the ASDs and RSUs will be processed at the NYCDOT TMC and
scrubbed to remove any PII (personally identifiable information) using the data obfuscation techniques
outlined in Section 7.6. Following the obfuscation process, the raw data will be destroyed, leaving
only the obfuscated data. The obfuscated data will then be post processed to develop performance
metrics as described earlier in this document.

Both the disaggregated obfuscated data and aggregated processed performance metrics data will be
shared with the USDOT and the independent evaluator for their evaluation of the CVPD. The
disaggregated data will be uploaded at a shorter frequency such as weekly or bi-weekly, and the
aggregated data with the various measures will be uploaded on a bi-monthly or quarterly basis.

The same data will also be shared with the larger research community via the RDE, but due to the
sheer size of the anticipated data, a representative selected sub-set of the data may instead be
selected to be uploaded and shared.

Additionally, while the ASD action log data will be obfuscated to prevent the matching of details to a
specific time and location, a final review of the obfuscated data logs to ensure that privacy is
maintained before posting the data to the RDE. If some groupings of the obfuscated data and the
confounding data have very limited numbers of samples, that data may be withheld from being shared
on the RDE.

11.2 Data and Privacy

The data being collected by the NYC CV Pilot is owned by the individual stakeholders. The use and
sharing of the data will be governed by the agreements (MOUs) between NYCDOT and the
stakeholders, which are currently being drafted and reviewed by all stakeholders. The guiding
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principles of these agreements are that the data will be obfuscated to remove any PII, and that the
data is being collected to evaluate the system performance related to safety, consistent with
NYCDOT’s Vision Zero initiatives. The use of the data by the USDOT and the research community
via the RDE should also respect the principles of privacy contained within those signed agreements.

11.3 Data Transmission

The obfuscated data will be hosted on servers in the NYCDOT TMC. While details are yet to be
finalized, the data exchange to USDOT is expected to be completed using individual flat files (e.g.
CSV) or rotated tables in databases so that the data package transmitted is manageable. It is
anticipated that there will be two levels of upload frequencies for the data — more frequent (daily to
weekly, as possible), and less frequent (bi-monthly).

The disaggregated cleansed data from both the CV and non-CV based sources, will be uploaded in
24 to 48 hour time windows, as the data processing, cleaning, fusion to confounding factor data, and
obfuscation processing (as needed) is completed. The processed aggregated data will uploaded on a
bi-monthly or quarterly basis.
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Chapter 12. Conclusions

This document describes the Performance Measurement and Evaluation Support Plan for the New
York City Department of Transportation New York City (NYC) Connected Vehicle Pilot Deployment
(CVPD) Project. The report documents the performance metrics that will be used to assess the
success of the NYC CVPD project, the targets for improvement in those performance metrics, the
data collection process, and the experimental design and analytical processes that will be undertaken
to evaluate the impacts of the NYC CVPD project in meeting its objectives of preventing and reducing
the severity of crashes on NYC'’s roadways. It also documents the data elements that will be provided
to support the United States Department of Transportation (USDOT) independent evaluator and the
data elements that will be provided to the research community via the Research Data Exchange
(RDE).

While the report documents the Performance Measurement and Evaluation Support Plan, it should be
taken in context as one of several planning documents being prepared for the NYC CVPD project.
Other planning documents developed at the same time as this report include the Concept of
Operations, the Security Management Operational Concept Plan, Safety Management Plan, and the
Human Use Approval Plan. Further details on issues discussed in this report can be found in these
reports. Subsequent to this report, other project reports will be created which provide additional
details including the Systems Requirements, the Training Plan, and the Deployment Plan.

Finally, while the contents of this report present the planned approach to measuring the performance
and evaluating the benefits of the NYC CVPD, it is important to note that a deployment of connected
vehicle technology at this scale in such a complex and dense urban environment is unprecedented.
As such, the details of this plan will need to be further developed and refined as the connected vehicle
technology is implemented and deployed in Phases 2 and 3.
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APPENDIX A. List of Acronyms

Acronym / Definition

Abbreviation

3G Third Generation

3P Third Party

4G Fourth Generation

A Adjacent

ACL Access Control List

APDU Application Protocol Data Unit

API Application Programming Interface
ASD Aftermarket Safety Device

ASN.1 Abstract Syntax Notation.1

ASTC Advanced Solid-state Traffic Controller

(NYC standard traffic signal controller device)

ATC Advance Traffic Controller (see ASTC)
ATIS Advanced Traveler Information System
BAA Basic Agency Agreement

BSM Basic Safety Message

C Continental

c2Cc Center to Center

C2F Center to Field

CA Certificate Authority

CAMP Crash Avoidance Metrics Partnership
ConOps Concept of Operations

CRL Certificate Revocation List

Ccv Connected Vehicle

CVPD Connected Vehicle Pilot Deployment
CVRIA Connected Vehicle Reference Implementation Architecture
DD Data Distribution

DNS Domain Name System

DSNY New York City Department of Sanitation
DOT Department of Transportation

DSRC Dedicated Short Range Communications
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APPENDIX A. List of Acronyms

Acronym / Definition

Abbreviation

EB Empirical Bayes

EVSD Enhance Vehicle Situation Data

Gbps Gigabits per second

GHz Gigahertz

GID Geographic Intersection Description

GNSS Global Navigation Satellite System

GPS Global Positioning System

H Historic

HMI Human Machine Interface

HTTPS Hypertext Transfer Protocol (Secured)

12v Infrastructure to Vehicle

IEEE Institute of Electrical and Electronics Engineers
P Internet Protocol

ISD Intersection Situation Data

ITS Intelligent Transportation System

JPO Joint Program office

KSlI Killed or Severally Injured

L Local

MAP Map Data Message (a DSRC message)

MIM Midtown-in-Motion

MOA Memorandum of Agreement

MOU Memorandum of Understanding

MTA Metropolitan Transportation Authority

MTM Manhattan Traffic Model

N Now (context: temporal data distribution)

N National (context: geographical data distribution)
NHTSA National Highway Traffic Safety Administration
NYC New York City

NYCDOT New York City Department of Transportation
NYCWIN New York City Wireless Network

NYMTC New York Metropolitan Transportation Council
O&M Operations & Maintenance
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APPENDIX A. List of Acronyms

Acronym / Definition

Abbreviation

OBE On-Board Equipment

OoCMC Office of Construction Mitigation and Coordination
ODE Operational Data Environment

OEM Office of Emergency Management

OER Office of Emergency Response

ORDS Object Registration & Recovery Service

OST-R Office of the Assistant Secretary of Transportation for Research and Technology
P2P Peer-to-Peer

PDU Protocol Data Unit

PDU Protocol Data Unit

PID Personal Information Device (e.g. SmartPhone)
PIl Personally Identifiable Information

PKI Public Key Infrastructure

POC Proof of Concept

R Recent (context: time domain)

R Regional (context: geographic domain)

RA Registration Authority

RDE Research Data Exchange

RF Radio Frequency

RSE Roadside Equipment

RSU Roadside Unit

S Static

SAE Society of Automotive Engineers International
SCM Security & Credential Management

SCMS Security Credential Management System/Service
SDC Situation Data Clearinghouse

SDW Situation Data Warehouse

SET-IT System Engineering Tool — Intelligent Transportation
SM Service Monitor

SMS Service Monitor System

SPaT Signal Phase and Timing (a DSRC message)
SPMD Safety Pilot Model Deployment

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

CV Pilot Deployment Program Phase 1, Performance Measurement and Evaluation Support Plan — Final |73



APPENDIX A. List of Acronyms

Acronym / Definition

Abbreviation

SSL Secure Sockets Layer

TBD To Be Determined

TCP Transmission Control Protocol

TIC <Region> Transportation Information Center
TLC New York City Taxi & Limousine Commission
T™MC Traffic Management Center

TPAC Third Party Application Center

TSD Traveler Situation Data

UDP User Datagram Protocol

UPS United Parcel Service

UsDOT United States Department of Transportation

V2l (12V) Vehicle-to-Infrastructure (Infrastructure-to-Vehicle)
vav Vehicle-to-Vehicle

VRU Vulnerable Road User

WAID Wide Area Information Distributor

WAVE Wireless Access in Vehicular Environments
Wi-Fi Wireless Fidelity (short to mid-range wireless network)
WIMAX Worldwide Interoperability for Microwave Access
WSA WAVE Service Advertisement

WSM WAVE Short Messages

WSMP WAVE Short Message Protocol

XML eXtensible Markup Language
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APPENDIX B. CV Penetration Estimates

Overall Estimated Average CV Vehicle Penetration Under
CVPD Deployment Plan

. . Total CV
Borouah 2014 Daily Yellow Buses Commercial | Fleet P:?et?ation
9 VMT (2) Taxis Vehicles Vehicles .
Estimate
Bronx 10,636,250 0.122% 0.038% 0.000% 0.015% 0.175%
Brooklyn 14,960,260 0.298% 0.081% 0.000% 0.015% 0.395%
Manhattan 9,470,560 13.730% 0.598% 0.042% 0.015% 14.385%
Queens 26,356,540 0.268% 0.015% 0.000% 0.015% 0.298%
Staten Island | 5,581,650 0.206% 0.072% 0.000% 0.015% 0.294%
NYC Total 67,005,260 2.149% 0.121% N/A 0.015% 2.285%
Backup Calculations and Source Data
Yellow Taxis:
All Yellow Taxis CV Equipped Taxis
Taxis 13,587 7,500
Miles/day/taxi (1) 192 192
Taxi VMT/day 2,608,704 1,440,000
CV Equipped Yellow
Yellow Cab Pickup Yellow Cab Cab share of
Borough Freq (3) VMT by Boro Systemwide VMT Notes:
Bronx 0.9% 12,960 0.1%
Brooklyn 3.1% 44,640 0.3%
Manhattan 90.3% 1,300,320 13.7%
Queens 4.9% 70,560 0.3%  <Includes both Queens + Airports
Staten Island 0.8% 11,520 0.2%
NYC Total 100.0% 1,440,000 21%
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APPENDIX B. CV Penetration Estimates

Buses:
Fleet
NYCT MTA Bus All MTA
One day of Buses (4) 4,038 1,146 5,184
Total Fleet (5) 4477 1,271 5,748
Annual VMT (6) 88,066,572 26,644,485 114,711,057
VMT/Day 241,278.28 72,998.59 314,276.87
VMT/Day/Bus 53.893 57.434 54,676
Equipped 100% 0% 100%
#CV Buses 1500 0 1500
CV VMT/Dat 80,839.27 - 80,839.27
Targeted CV Equipped
Share of Est. Share of Bus Share of
County Share of NYC Bus Miles / equipped Equipped Bus Bus VMT Systemwide
Borough System Bus Miles (7) Day vehicles (8) VMT/Day Equipped VMT
Bronx 17% 41,039.59 5% 4,041.96 10% 0.038%
Brooklyn 20% 48,791.41 15% 12,125.89 25% 0.081%
Manhattan 26% 62,021.39 70% 56,587.49 91% 0.598%
Queens 30% 71,202.98 5% 4,041.96 6% 0.015%
Staten Island 8% 18,222.92 5% 4,041.96 22% 0.072%
NYC Total 100% 241278.2801 100% 80,839.27 34% 0.121%
Commercial Vehicles:
Miles/Truck/Day (9) 8 (Estimated as 6-10 miles)
Equipped Trucks: 500
Equipped VMT/Day 4,000
Est. Targeted CV Equipped
County Share of System  Share of equipped  Est. Equipped = Commercial Share
Borough Commercial Traffic (7) vehicles (8) UPS Miles/Day  of Systemside VMT
Bronx 1% 0% 0 0.000%
Brooklyn 21% 0% 0 0.000%
Manhattan 35% 100% 4,000 0.042%
Queens 27% 0% 0 0.000%
Staten Island 6% 0% 0 0.000%
NYC Total 100% 100% 4,000 N/A
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APPENDIX B. CV Penetration Estimates

Fleets:
NYC Fleet Vehicles (10)
LDV (DOT) MDV (DOT) Combined
Vehicles Veh 3,561 1,641 5,202
Annual Miles (10) 29,331,700 13,172,131 42,503,831
Miles/Vehicle 8,236.9 8,026.9 8,170.7
Miles/Veh/Day 226 220 224
Equipped Vehicles 250
Equipped Miles/Day 5,596.4
DSNY Vehicles (11)
Vehicles Ann. Miles/Veh Miles/Day/Veh
Collection Trucks 2,230 6,900 18.9
Street Sweepers 450 3,400 9.3
Spec. Collection Trucks 275 9,000 24.7
Fleet Average 2,955 6,562 18.0
Equipped Vehicles 250
Equipped Miles/Day 4,494.8
County Share of CV Equipped Share
Borough General Traffic (2) Equipped Miles/Day  of Systemwide VMT
Bronx 16% 1601.85 0.015%
Brooklyn 22% 2253.05 0.015%
Manhattan 14% 1426.29 0.015%
Queens 39% 3969.36 0.015%
Staten Island 8% 840.61 0.015%
NYC Total 100% 10091.17 0.015%

APPENDIX B Data Sources:
(1) NYC Taxi and Limousine Commission

(2) NYMTC Congestion Management Process Report, 2013 Status Report (Table 5.2),
http://www.nymtc.org/portals/0/pdf/CMP%20Status%20Report/2013%20CMP_Final%20Report.pdf

(3) 2014 Taxicab Factbook (pg5 - % of cab pickup locations),
http://www.nyc.gov/html/tlc/downloads/pdf/2014 taxicab fact book.pdf

(4) NYCDOT Analysis of Typical weekday Bus Time Data

(5) MTA Website, Fast Facts, total bus fleet size, http://web.mta.info/nyct/facts/ffbus.htm

(6) 2014 FTA Reports, and analysis of reports, http://web.mta.info/nyct/facts/ffbus.htm

(7) Analysis of NYMTC BPM 2012 H-series output, VMT by vehicle class by county
(8) NYC CVPD Team Estimates based on targeted vehicles to equip
(9) Estimate from UPS Stakeholders

(10) NYC Newsletter, 2013 Local Law 75 Report,
http://www.nyc.gov/html/dcas/downloads/pdf/fleet/nyc_fleet newsletter 02 18 2016.pdf

(11) 2012 Annual Report on Alternative Fuel Vehicle Programs
Pursuant to Local Law 38 of 2005,
http://www.nyc.gov/html/dcas/downloads/pdf/fleet/fleet local law 38 DSNY 2012 final report 3 25 2013.pdf
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APPENDIX C. NYCDOT Response to IE Evaluation
Needs

The following outlines the responses of the NYC CVPD team to the list of data needs presented by
the USDOT CV team in support of the Independent Evaluator.

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

CV Pilot Deployment Program Phase 1, Performance Measurement and Evaluation Support Plan — Final || 78



APPENDIX C. NYCDOT Response to |IE Evaluation Needs

CV Pilots Preliminary Non-Safety Evaluation Needs: New York City

Table C-1. Mobility, Environment, and Public Agency Efficiency (MEP) Evaluation Needs for New York City

Without®: Prior to system becoming operational With®@: After system is active and operational
Evaluation Need When Priority  NYC To Provide
Applicable
NMEP.1 Mobility, System Data  Need non-real time access to raw BSMs heard by RSEs, within the With@ High Partially. As
Environmental Site boundaries at specific pre-defined locations and times to support outlined in ASD
|E efforts action logs and in
breadcrumb data
collection
discussions
NMEP.2 Mobility, SystemData | Need non-real time access to wamings and alerts generated by With@ High Yes, with PII
Environmental Aftermarket Safety Devices (ASDs) by type (e.g., signal violation, obfuscation
pedestrian warning, over-speed warning, over-height warnings, V2V provisions

warnings, in-vehicle evacuation warnings, etc.), date, time, and
location (i.e., where generated), within the Site boundaries, and
supporting meta data

NMEP.3 Mobility, SystemData  Need non-real time access to wamings and information sent to With@ High Yes, as final
Environmental pedestrians’ smartphones by ID of device/equipment sending design of Ped
warning/information, type, date, time, and location (area where devices permit
warnings/information received), within the Site boundaries, and and as privacy
supporting meta data concerns allow
NMEP4 Mobility, System Data | Need non-real time access to a sample of wamings and information With@ Low Yes, as final
Environmental received by pedestrians’ smartphones by type, date, time, location design of Ped
(where received) and ID of device/equipment sending devices permit
warning/information, within the Site boundaries at specific pre- and as privacy
defined locations and times to support IE efforts, and supporting concerns allow
meta data
NMEP.5 Mobility, System Data  Need non-real time access to pedestrian/bicyclist warnings and With® High Yes, as final
Environmental messages (sent by smartphones or Vulnerable Road User (VRU) design of Ped
detectors) heard by RSEs and traffic signal controllers, within the Site devices permit
boundaries, and supporting meta data and as privacy

concerns allow
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APPENDIX C. NYCDOT Response to |IE Evaluation Needs

Evaluation Need

When
Applicable

Priority

NYC To Provide

NMEP.6 Mobility, System Data  Need non-real time access to sample of messages sent by visually- With® Low Yes, as final
Environmental impaired pedestrians’ smartphones to traffic signal controllers by design of Ped
date, time, location (where sent), and receiving signal controller ID, devices permit
within the Site boundaries at specific pre-defined locations and times and as privacy
to support IE, and supporting meta data concerns allow
NMEP.7 Mobility, System Data  Need non-real time access to sample of pedestrian warnings With® Low Yes, as final
Environmental transmitted by Vulnerable Road User (VRU) detectors by date, time, design of Ped
VRU ID transmitting the warning, and IDs of RSE and traffic signal devices permit
controllers receiving the warning, within the Site boundaries, and and as privacy
supporting meta data concemns allow
NMEP.8 Mobility, System Data | Need non-real time access to wamings generated by buses by type With@ High Yes, privacy
Environmental (e.g., pedestrian, bicyclist, right-tumning vehicle), date, time, and concerns allow
location (where generated), within the Site boundaries, and
supporting meta data
NMEP.9 Mobility, System Data  Need non-real time access to warnings and alerts generated by With@ High Yes, privacy
Environmental commercial vehicle applications by type (e.g., speed reduction, over- concerns allow
height warning, curve speed warning, efc.), date, time, and location
(where generated), within the Site boundaries, and supporting meta
data
NMEP.10 Mobility, Performance = Need generated/calculated mobility and environmental performance Without® High Yes, as predicted
Environmental Measure measures for trips, facilities and frequencies, as identified in the With@ through
Performance Measurement Plan, and supporting meta data simulation
NMEP.11 Mobility, Performance  Need access to crashes and injuries by date, time, and location, Without® High Yes
Environmental Measure within the Site boundaries, and supporting meta data With@
NMEP.12 Mobility, Performance = Need cost of operations data to assist the IE in identifying costs in Without® High Yes
Environmental, Measure the “with” and “without” cases, and supporting meta data With@
Public Agency
Efficiency
NMEP.13 Public Agency Performance  Need site-relevant public agency efficiency measures as identified in Without® High Yes
Efficiency Measure the Performance Measurement Plan, and supporting meta data With®
NMEP.14 Mobility, Performance | Need algorithm or technical approach used for calculating key Without® Medium = Yes
Environmental Measure performance measures identified in the Performance Measurement With®

Plan
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APPENDIX C. NYCDOT Response to |IE Evaluation Needs

Evaluation Need

When
Applicable

Priority

NYC To Provide

NMEP.15 Mobility, Performance  Need code, and supporting software documentation, if developed for Without® Medium  Yes
Environmental Measure the Pilot Deployment effort, for calculating key performance With@
measures identified in the Performance Measurement Plan
NMEP.16 Mobility, Performance = Need procedures for data QA/QC, including site’s acceptable levels Without® Low Yes
Environmental Measure of accuracy by data element With@
NMEP.17 Mobility, Network Data  Need IDs and locations of RSEs, within the Site boundaries. With® High Yes
Environmental
NMEP.18 Mobility, Network Data = Need IDs and locations of upgraded traffic signal controllers, within With@ High Yes
Environmental the Site boundaries.
NMEP.19 Mobility, Network Data ~ Need IDs and location of Vulnerable Road User (VRU) pedestrian With@ High Yes
Environmental detectors, within the Site boundaries
NMEP.20 All Staff Access | Need to facilitate IE access to all Site staff and subcontractors, Without® High Yes, as MOUs
across all functions, as requested by the IE for interview, survey, or With@ permit
technical clarification
NMEP.21 Mobility, Staff Access  Need to facilitate IE access to relevant stakeholders as requested by Without® High Yes, as MOUs
Environmental the |E for data (e.g., City-provided traveler information content by With® permit
date, time, and location, within the Site boundaries), interviews,
surveys, or technical clarification
NMEP.22 Public Agency Staff Access | Need to facilitate IE access to Site efficiency management staff and Without® High Yes, as MOUs
Efficiency support their participation in interviews, surveys, or other follow-up With@ permit
information gathering sessions
NMEP.23 Mobility, Management  Need logs of actions taken by system managers by date, time, and Without® Medium  Yes, via TMC
Environmental Data location, within the Site boundaries With® logs
NMEP.24 Mobility, Management  Need action plans available for system managers by type of event, Without® Low Yes, via TMC
Environmental Data within the Site boundaries With@ logs
NMEP.25 Mobility, Management  Need to facilitate |IE access to logs of system and power outages by With® Low Yes, via TMC
Environmental Data date, time, and affected devices/equipment, within the Site logs
boundaries
NMEP.26 Mobility, Contextual Need to facilitate |IE access to non-crash related incidents and lane Without® Low Yes, via TMC
Environmental Data closure data by date, time, and location, within the Site boundaries With@ logs
NMEP.27 Mobility, Contextual Need to facilitate |IE access to road work information (e.g., lane Without® Low Yes, via TMC
Environmental Data closures, active work zones) by date, time, and location, within the With@ logs

Site boundaries

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

CV Pilot Deployment Program Phase 1, Performance Measurement and Evaluation Support Plan — Final |81
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NMEP.28 Mobility, Contextual Need to facilitate IE access to special events information (e.g., lane Without® Low Yes, via TMC
Environmental Data closures, change in lane restrictions, facility use, etc.) by date, time, With@ logs
and location, within the Site boundaries
NMEP.29 Mobility, SignalData  Need default traffic signal phasing and timing plans for all Without® Low Yes
Environmental intersections within the Site boundaries (239 signals) With@
NMEP.30 Mobility, Models Need simulation and analytical models, if developed or enhanced for Without® Medium = Yes
Environmental the Pilot Deployment effort, for Site performance measurement and With@
monitoring
NMEP.31 Mobility, Models Need to facilitate IE access to simulation models developed for the Without® Low Yes (models only
Environmental Site, even if developed using resources outside of the Pilot With@ —no licenses)
Deployment effort

(Source USDOT from unpublished Needs Memos for Connected Vehicle Project, 2016)
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APPENDIX C. NYCDOT Response to |IE Evaluation Needs

Table C-2. Security and Privacy Evaluation Needs for New York City

Without®: Prior to system becoming operational With®@: After system is active and operational
ID Area Type Evaluation Need When Priority NYC to
Applicable Provide
NSP1  Security Management Need security incident logs that include description (i.e., to the extent possible, the Without®, With®) Medium Yes, as
Data nature of the incident, and a description of the individuals and technologies relevant to logged
orimpacted by the incident), resulting impacts, actions taken, and lessons learned.
(NOTE: Procedures need to be included as part of the Security Management Operating

Concept and ConOps.)

NSP2  Security Staff Access Need to facilitate IE access to staff associated with the Site Security Planning and Without®, With@ Medium Yes, as IRB
Management staff and support their participation in interviews, surveys, or other follow- permits
up information gathering sessions. (NOTE: Support should be documented in the
Evaluation Support Plan.)

NSP.3  Privacy Management Need privacy violation logs that include description (i.e., to the extent possible, the Without™, With@ Medium Yes, as

Data nature of the incident, and a description of the individuals and data relevant to or logged

impacted by the incident), resulting impacts, actions taken, and lessons learned.
(NOTE: Procedures need to be included as part of the Privacy Management Operating
Concept.)

NSP4  Privacy Staff Access Need to facilitate IE access to staff associated with the Site Privacy Planning and Without™, With@ Medium Yes, as IRB
Management staff and support their participation in interviews, surveys, or other follow- permits
up information gathering sessions. (NOTE: Support should be documented in the
Evaluation Support Plan.)

NSP5  Privacy System Data Need types of Pll that had to be collected for operational use. (NOTE: Should be With®) Medium Yes
included in the Data Sharing Framework and the Privacy Management Operating
Concept.)

(Source USDOT from unpublished Needs Memos for Connected Vehicle Project, 2016)
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Table C-3. Financial and Institutional Evaluation Needs for New York City

ID Area

NFI.1 Financial,
Institutional

NF1.2 Financial,
Institutional

Without®: Prior to system becoming operational

Type

Management
Data

Management
Data

With@: After system is active and operational
Evaluation Need When Applicable Priority NYC to

Provide
Need to define and describe the “without” system management (business) Without®, With® Medium Yes
processes, including diagrams and maps. (NOTE: Should be documented in
the ConOps.)
Need to define and describe the “with” system management (business) Without®, With@® Medium Yes
processes, including diagrams and maps. (NOTE: Should be documented in
the ConOps and the CDP)

(Source USDOT from unpublished Needs Memos for Connected Vehicle Project, 2016)
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CV Pilots Preliminary Safety Evaluation Needs: New York City

Table C-4. Red Light Violation Warning (RLVW) Application Data Needs

Metric/Data Need

Red Light Violation
Rate

Red Light Violation-
Related Crash Rates

Secondary intersection-
related crash rates

Application
performance statistics

Red light violation
statistics/relationship to
crashes

SPAT data

Driver response to valid
warnings

Notes:

Description

Frequency with which vehicles violate the red light
at designated intersections, with and without the
RLVW application

Red light violation-related crash rates at designated
intersections, with and without RLVW application

Intersection crashes not directly related to red light
violations (e.g., rear-end crashes)

A measure of how accurately the application works
in the pilot deployment (.., true, false, and miss
alert rates, and alert timeliness)

Data that describe how signal violation rates,
including time-after-red statistics, are related to
intersection crashes

Signal Phase and Timing data

Away to determine if, and how drivers respond to
valid warnings

Comments

Could be in terms of percentage of vehicles or
intersection crossings, or temporal frequency (e.g.,
number per day/week/month). Should include time-
after-red data (i.e., violation elapsed time since the
onset of the red light).

Broken down by crossing-path crash type (i.e., straight-

crossing versus left-tum crash types)

Broken down by crash type

E.g., In-vehicle data collection with cameras in a
sample of vehicles, or infrastructure-based data
collection

To be able to interpret how changes in signal violation

rates would impact crash rates.

For validation of application alerts and health

monitoring of the system. Especially critical if in-vehicle

data/video is not provided.

Most likely via in-vehicle data

Priority

High

High

Medium

High

Medium

Medium

Tentative

NYC to Provide

Yes, via ASD Action Logs
and via existing Red Light
Running Camera
Violation System

Yes, as captured in crash
database

Yes, as captured in crash
database

Partial -Yes via
application testing/turning
and ASD action logs; but
no in-vehicle cameras will
be deployed.

Yes, via ASD action logs

Yes, via ASD action logs

Yes, via ASD action logs

Unless crash rates in the designated intersections are relatively significant and consistent from year to year, signal violation rates along with other data
elements in Table 1 will be integrated to create surrogate measure for crashes to assess the impact of the application.
(Source USDOT from unpublished Needs Memos for Connected Vehicle Project, 2016)
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Table C-5. Curve Speed Warning (CSW) Application Data Needs

Unintended lane departure and control loss crash : Yes, as recorded in crash
Lane-departure/control loss . . , Broken down by crash type (i.e., lane-change, .
rates at designated curves, with and without the CSW Y High database
related crash rates . opposite-direction, run-off-road crashes)
application
Vehicle speeds at curve Traffic speed at the entry to the designated curve, Either in-vehicle or infrastructure-based . Yes, via ASD action logs
. . o : High
entry with and without the CSW application sensing
Partial -Yes via
Application performance A meg sure of how acgurately the appllcatlop works in E.g. In-vehicle data collection with cameras in . applcation tejstlng/tu.rnlng
- the pilot deployment (i.e., true, false, and miss alert . o High and ASD action logs; but
statistics o a sample of vehicles, for external validation . :
rates and alert timeliness) no in-vehicle cameras
will be deployed.

i i inei i Yes, via ASD action logs
Dnver response to valid Avyay to dletermlne if, and how drivers respond to Most ikely via in-vehicle data Low g
warnings valid wamings

iled i i Yes
GIS roadway data Detguled e S ke E.g., road curvature radius, speed limits, etc. Medium
designated curves
Weather data Information to infer whether or not the designated Medium Yes, via NWS and NYC
curve was slippery at a given datartime snow plow databases
Exposure and response to conflicts provide a U URIAEIVELS )
Lane-departure and control- ~ Away to determine "close call" scenarios for surrogate n.1easgre LA L e only .
i . - necessary if the impact on actual crash ratesis ~ Tentative
loss driving conflicts hazardous driving events .
not measureable, or of enough magnitude to
be statistically significant.
Notes:

Unless crash rates in the designated curves are relatively significant and consistent from year to year, exposure and response to lane-departure and

control-loss driving conflicts will be integrated to create a surrogate measure for crashes to assess the impact of the application.
(Source USDOT from unpublished Needs Memos for Connected Vehicle Project, 2016)
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Table C-6. Reduced Speed/Work Zone Warning Application Data Needs

Vehicle speed in Yes, viaASD
. P Amethod to determine the speed of vehicles inreduced  Needs to be normalized by time of day, day of . action logs and
variable speed zone . . L . . High
areas speed zone areas, with and without application warnings ~ week, and time of year ASD Breadcrumb
data
Work zone related Work zone-related crash rates in reduced speed zones, Broken down by crash type vt _YeS, as recorded
crash rates with and without application y P g in crash database
Partial -Yes via
application
Application A measure of how accurately the application works in the Eg. In-vehicle Qata coIIectlop With cameras in . testmg/tgrmng afld
- ) a sample of vehicles, and/or infrastructure- High ASD action logs;
performance statistics  pilot deployment : . .
based sensing but no in-vehicle
cameras will be
deployed.
Vers i Yes
. Recommended speeds The §peeds recommended to drivers in work zone High
warning areas
Yes, via ASD
Dnyer res;?onse to Away to determine if, and how drivers respond to valid Most ikely via in-vehicle data Tentative action logs
valid warnings warnings

Notes:
Unless work-zone related crash rates are relatively significant and consistent from year to year, driver response to warnings, speed adaptation, lane

keeping, or other surrogate measures for safety will be used as a surrogate measure for crashes to assess the impact of the application.
(Source USDOT from unpublished Needs Memos for Connected Vehicle Project, 2016)
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Table C-7. Pedestrian in Signalized Crosswalk Warning Application Data Needs

Transit bus/pedestrian crash rates at Yes, as recorded in crash
designated intersections, with and without Low database
application warnings

Pedestrian related crash
rates

Partial -Yes via application

E.g., In-vehicle data collection with cameras in testingftuming and ASD

Application performance A measure of how accurately the a sample of vehicles andlor infrastructure- High

statistics application works in the pilot deployment . action logs; but no in-vehicle
based sensing .
cameras will be deployed.
Away to determine if, and how drivers Yes, via ASD action logs

Driver response to valid Most likely via in-vehicle data High

respond to valid warnings

For validation of application alerts and health Yes, viaASD action logs

monitoring of the system, especially critical ifin- ~ Medium
vehicle data/video is not provided.

Signal Phase and Timing/pedestrian

SPAT data
sensor data

Conflicts are a surrogate measure for crashes, Yes, via ASD action logs

Away to determine "close call" scenarios  so this metric is only necessary if the impact on
for transit bus/pedestrian crashes actual crash rates is not measureable, or of
enough magnitude to be statistically significant

Pedestrian-related
conflicts/hard braking
events

Tentative

Notes:
Crash rates of this type are likely to be very low, making them an unsuitable measure of performance. Therefore, driver response to warnings or
pedestrian related conflicts will likely be used as a surrogate measure of performance.

(Source USDOT from unpublished Needs Memos for Connected Vehicle Project, 2016)
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Table C-8. Speed Violation Warning Application Data Needs

. . Amethod to determine the speed of vehicles traveling . . Yes, via ASD action logs
Vehicle speed in SYW 1 A ] e, o Needs to be nprmahzed by time of day, day High and ASD Breadcrumb
areas o : of week, and time of year data

application warnings
Posted speed limits in Posted speed limits for each road segment in SVW : ' Yes
\ To determine speed overages High
SVW areas equipped areas
; ; ; Yes, via ASD action logs

Closing speed between  Amethod to determine closing speeds, or speed Th.ls metrics would adaress potentia _ and ASD Breadcrumb
vehicles in SVW areas variation between vehicles in the SVW areas Unintended consequences of the application, - Low ot

i.e. disruption in traffic flow. (speed variation only)

Partial —Yes via

Application performance A meg SR D apphcaFlon works in E.g. In-vehicle data collection with camerasin . appiication tgstmg/tu.rmng

L the pilot deployment, or measures that will allow the , o High and ASD action logs; but
statistics . a sample of vehicles, for external validation . : )

accuracy to be determined no in-vehicle cameras will
be deployed.

(Source USDOT from unpublished Needs Memos for Connected Vehicle Project, 2016)
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Table C-9. Mobile Accessible Pedestrian Signal System (Ped-Sig) Application Data Needs

Visually-Impaired - . Yes, as recorded in
pedestrian-related crash- Crash statistics of relevant crash rates at designated Low crash database

intersections, with and without the application
rates

Yes, via action logs as
Application performance A measure of how the application is working in the pilot

i ; i PED-SIG final design
statistics deployment E.g., wait times for crossing High and IRB permits
Yes, via action logs as
Conflicts with visually Away to determine “close call” scenarios with visually Includes straight-crossing and . PED-SIG final design
N . L . . i , . . . Tentative
impaired pedestrians impaired pedestrians during the “don’t cross” signal phase. left/right turning vehicles. and IRB permits
Notes:

- Crash rates of this type are likely to be very low, making them an unsuitable measure of performance. Therefore rated as low priority.
(Source USDOT from unpublished Needs Memos for Connected Vehicle Project, 2016)
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Table C-10. Vehicle Turning Right in Front of Bus Warning Application Data Needs

. Crash statistics of relevant crash rates at Yes, as recorded in crash
Bus/right tum related ) . . .
. equipped bus stops, with and without the High database
crash statistics L
application
L Ameasure of how accurately the application E.g. In-vehicle data collection with Parpal Ye§ via application !
Application . . . : . testing/turning and ASD action
- works in the pilot deployment, or measures that cameras in a sample of vehicles, for High ) : .
performance statistics ) ; e logs; but no in-vehicle cameras
will allow the accuracy to be determined external validation ;
will be deployed.
Driver response to Away to determine if, and how drivers responded T, . Yes, via ASD action logs
. P y . ' 1S 1esp Most likely via in-vehicle data Tentative
valid warnings to valid wamings
Right-tuming vehicle ~ Away to determine “close call” scenarios for Can be used as a surrogate measure . Yes, via ASD action logs
. o . . Tentative
related conflicts crashes with right-turning vehicles at bus stops. for crashes.

(Source USDOT from unpublished Needs Memos for Connected Vehicle Project, 2016)
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