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TEMPERATURE (exact degrees)

5 (F-32)/9

F Fahrenheit or (F-32)/1.8
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(or “metric ton”) L Ci )
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ABSTRACT

The National Transportation Safety Board (NTSB) has investigated numerous
railroad and rail transit accidents for which inward- and outward-facing camera
and audio recorders provided or could have provided an unequivocal record of a
train operator’s actions. Recognizing the importance of this technology, the Fixing
America’s Surface Transportation (FAST) Act of 2015 mandated that the Federal
Railroad Administration (FRA) issue regulations requiring video recorders. The
mandate also gave the Secretary of Transportation the discretion to require
audio recordings on all FRA-regulated passenger (intercity and commuter) trains
operating on the general railroad system. As a result of additional events and
ongoing investigations, including the collision of two Southeastern Pennsylvania
Transportation Authority (SEPTA) trains in Upper Darby, Pennsylvania, on
February 21, 2017, the NTSB issued one safety recommendation to FTA and
two to SEPTA associated with inward- and outward-facing cameras. NTSB’s
recommendation to FTA (R-17-13) is as follows: “Require the installation, in all
controlling locomotive cabs and cab car operating compartments, of crash- and
fire-protected inward- and outward-facing audio and image recorders capable of
providing recordings to verify train crew actions and train operating conditions.
The devices should have a minimum 12-hour continuous recording capability
with recordings that are easily accessible for review, with appropriate limitations
on public release, for the investigation of accidents and as a tool to improve
operational safety.” FTA directed CUTR to conduct the research necessary to
assist APTA in the development of a recommended practice for the industry

for the installation of inward- and outward-facing camera and audio recorders,
consistent with R-17-13.

This report is based on investigations and tests conducted by Transportation
Technology Center, Inc. (TTCI), a subsidiary of the Association of American
Railroads, with the direct participation of the Federal Transit Administration
(FTA) and the Center for Urban Transportation Research (CUTR) at the
University of South Florida. The contents of this report imply no endorsements
whatsoever by TTCI of products, services, or procedures, nor are they intended
to suggest the applicability of the test results under circumstances other than
those described in this report. TTCI makes no representations or warranties,
either express or implied, with respect to this report or its contents. TTCI
assumes no liability to anyone for special, collateral, exemplary, indirect,
incidental, consequential, or any other kind of damages resulting from the use or
application of this report or its contents.
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EXECUTIVE
SUMMARY

Background

The Federal Transit Administration (FTA) entered into a Cooperative Agreement
with the University of South Florida (USF) and its Center for Transit Research
(CUTR) to develop a Safety Standards Research Plan to identify areas of transit
safety risk in the industry and inventory existing transit safety standards or those
in other transportation industries that could be modified to address transit
safety-related risks and establish focus areas for further research. This was done
to support FTA’s Safety Policy Program and efforts of the public transportation
industry’s Standard Development Organization (SDO), the American Public
Transportation Association (APTA).

To effectively meet the research needs for this project, the CUTR research team,
including subject matter experts from CUTR and the Transportation Technology
Center, Inc. (TTCI), a subsidiary of the Association of American Railroads (AAR),
conducted background research on safety critical emphasis areas that may be
used to support the identification and modification or development of voluntary
standards or recommended practices through APTA’s Standards Program.

Context

The National Transportation Safety Board (NTSB) has investigated numerous
railroad and rail transit accidents for which inward- and outward-facing camera
and audio recorders provided, or could have provided, an unequivocal record of a
train operator’s actions. These recorders can greatly improve operational safety,
accident investigations, and management oversight, particularly in accidents

in which the train operator is killed or suffers memory loss. Recognizing the
importance of this technology, the Fixing America’s Surface Transportation
(FAST) Act of 2015 mandated that the Federal Railroad Administration (FRA)
issue regulations requiring video recorders. The mandate also gave the Secretary
of Transportation the discretion to require audio recordings on all FRA-regulated
passenger (intercity and commuter) trains operating on the general railroad
system. FRA has not promulgated regulations associated with this Congressional
action, although it is proposing rulemaking for cameras in passenger locomotives
and cab cars.'

As a result of additional events and ongoing investigations, including the collision
of two Southeastern Pennsylvania Transportation Authority (SEPTA) trains

in Upper Darby, Pennsylvania, on February 21, 2017, the NTSB issued one

safety recommendation to FTA and two to SEPTA associated with inward- and
outward-facing cameras. NTSB’s recommendation to FTA (R-17-13) is as follows:

'https://www.federalregister.gov/documents/2019/07/24/2019-14407/locomotive-image-and-audio-recording-
devices-for-passenger-trains.
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EXECUTIVE SUMMARY

Require the installation, in all controlling locomotive cabs and cab

car operating compartments, of crash- and fire-protected inward-
and outward-facing audio and image recorders capable of providing
recordings to verify train crew actions and train operating conditions.
The devices should have a minimum [2-hour continuous recording
capability with recordings that are easily accessible for review, with
appropriate limitations on public release, for the investigation of
accidents and as a tool to improve operational safety.

FTA directed CUTR to conduct the research necessary to assist APTA in the
development of a recommended practice for the industry for the installation of
inward- and outward-facing camera and audio recorders, consistent with R-17-13.

An independent CUTR Transit Standards Working Group was formed
comprising industry stakeholders from small and large U.S. transit agencies

and representatives of APTA, the Community Transportation Association of
America (CTAA), the National Rural Transit Assistance Program (RTAP), and
the Amalgamated Transit Union (ATU). The role of the Working Group is to
inform the project team, validate and verify the need for given standards, make
recommendations related to transit safety-related standards, and provide overall
advice and direction to the project team.

Methods

The research team conducted a literature review of available standards related
to inward- and outward-facing camera and audio recording devices and their use
on all rail modes. An evaluation of the standards was completed by comparing
the criteria to the NTSB recommendation. In addition, the research team
developed a survey instrument disseminated by APTA to U.S. rail transit agencies
to determine the degree to which inward- and outward-facing cameras and
recording devices are being used. Findings from the literature review and survey
results were discussed with CUTR’s Transit Standards Working Group for their
input and feedback.

Key Findings
* Literature Review — Results of the gap analysis of available standards

meeting the NTSB recommendation indicated that:

— All standards for cameras are missing a component of the major categories
identified in NTSB R-17-13, specifically crash and fire protection and
minimum recording time.

— No rail-specific standards are provided for audio recordings.

* Survey Results — Survey data collected indicated that implementation of
inward- and outward-facing cameras is significant in transit rail, with light rail

FEDERAL TRANSIT ADMINISTRATION 2



EXECUTIVE SUMMARY

installations of almost 100%. However, very few agencies with inward- and
outward-facing cameras have data modules that are crash- or fire-protected.

The Transit Standards Working Group identified the following three key findings:
* Finding |: Industry standardization of inward- and outward-facing

camera and audio devices can aid future agency procurements.
Standards may include the following details:

— Location of video cameras (inside and outside controlling cabs)
— Audio/microphone recording to verify train crew actions

— Minimum recording data retention time (onboard and agency requirements)
necessary for the transit environment

— Data output format standardization
— Crash- and fire-protected memory module requirements

— Data upload guidelines for real-time viewing and data downloads

In addition, voluntary standards organizations may consider developing
guidelines on data upload for real-time viewing (wireless) instead of having to
rely solely on manual downloads.

* Finding 2: Implementation of these devices and incorporation of
expanded and corresponding technology applications can provide
additional data and benefits to transit agencies. These applications and
their benefits may include but are not limited to:

— Inward-facing cameras with machine learning agents and image algorithms
that can monitor operator performance, detecting fatigue and awareness

— Outward-facing cameras that can be used to monitor wayside assets to
detect obstructions and defects

— Outward-facing cameras with image algorithms currently used in the freight
rail industry that examine ties and track-related infrastructure

* Finding 3: Research indicates that several existing industry
standards already incorporate both technical and performance
standards and/or specifications related to inward- and outward-
facing cameras, including:

— Operation of inward- and outward-facing cameras
— Required maintenance
— Practices to effectively use recordings for accident/incident investigations

— Overall safety improvement initiatives

FEDERAL TRANSIT ADMINISTRATION 3



SECTION

1

Project Background,
Context, and Scope

Background

The Federal Transit Administration (FTA) entered into a Cooperative
Agreement with the University of South Florida and its Center for Transit
Research (CUTR) to develop a Safety Standards Research Plan to identify
areas of transit safety risk within the industry, inventory existing transit safety
standards or those in other transportation industries that could be modified
to address transit safety-related risks, and establish focus areas for further
research to support FTA’s Safety Policy Program and the efforts of the public
transportation industry’s Standard Development Organization (SDO), the
American Public Transportation Association (APTA).

To effectively meet the research needs for this project, the CUTR research
team included subject matter experts from CUTR and Transportation
Technology Center, Inc. (TTCI), a subsidiary of the Association of American
Railroads (AAR), which are conducting background research on safety-critical
emphasis areas that may be used to support the identification and modification
or development of voluntary standards or recommended practices through
APTA’s Standards Program.

Context

The National Transportation Safety Board (NTSB) has investigated numerous
railroad and rail transit accidents where inward- and outward-facing camera
and audio recorders provided, or could have provided, an unequivocal record
of a train operator’s actions. These types of recorders can greatly improve
operational safety, accident investigations, and management oversight,
particularly in accidents in which the train operator is killed or suffers
memory loss. The Fixing America’s Surface Transportation (FAST) Act of 2015
mandated that the Federal Railroad Administration (FRA) issue regulations
requiring video recorders and gave the Secretary of Transportation the
discretion to require audio recordings on all FRA-regulated passenger trains
operating on the general U.S. railroad system. FRA has not yet promulgated
regulations associated with this Congressional action.

As a result of additional events and ongoing investigations, including the
collision of two Southeastern Pennsylvania Transportation Authority (SEPTA)
trains in Upper Darby, Pennsylvania, on February 21, 2017, the NTSB issued
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SECTION 1: PROJECT BACKGROUND, CONTEXT, AND SCOPE

one safety recommendation to FTA and two to SEPTA associated with inward-
and outward-facing cameras. NTSB’s recommendation to FTA (R-17-13) is as
follows:

Require the installation, in all controlling locomotive cabs and cab

car operating compartments, of crash- and fire-protected inward-
and outward-facing audio and image recorders capable of providing
recordings to verify train crew actions and train operating conditions.
The devices should have a minimum 12-hour continuous recording
capability with recordings that are easily accessible for review, with
appropriate limitations on public release, for the investigation of
accidents and as a tool to improve operational safety.

FTA directed the CUTR research team to conduct the research necessary to
assist APTA in the development of a recommended practice for the industry
for the installation of inward- and outward-facing camera and audio recorders,
consistent with R-17-13.

An independent CUTR Transit Standards Working Group was formed
comprising industry stakeholders from small and large U.S. transit agencies,
APTA, the Community Transportation Association of America (CTAA), the
National Rural Transit Assistance Program (RTAP), and the Amalgamated
Transit Union (ATU). The role of the Working Group is to inform the project
team, validate and verify the need for given standards, make recommendations
related to transit safety-related standards, and provide overall advice and
direction to the project team.

Scope

The methodology for this project included background research that
incorporated a literature review and analysis of the current standards or
specifications being used in the industry and in other countries for the
procurement, installation, operation, interoperability, and maintenance of
hardware/software and associated data of inward- and outward-facing camera
and audio recording devices. Specific activities included the following:

* Literature search on current standards used in industry (transit rail and non-
rail modes, commuter rail, and freight rail) and in other countries.

* Review of standards or guidelines issued for crash and fire protection
of audio and video recording devices and cameras from national and
international SDOs.

* Survey of U.S. rail transit and commuter rail agencies.

» Review of industry-issued Requests for Proposals (RFPs) or other competitive
procurement documents specifically designed for the procurement of
inward- and outward-facing cameras and recording devices. This review was

FEDERAL TRANSIT ADMINISTRATION 5



SECTION 1: PROJECT BACKGROUND, CONTEXT, AND SCOPE

conducted to determine the use of existing standards and to identify any
locally-defined standards or system specifications included in procurement
documents that could be used to inform the research team.

The findings and results of this research were provided to the Transit
Standards Working Group for their input and feedback. During a two-day
meeting in July 2018, the use of inward- and outward-facing cameras and audio
recording devices was discussed. Following are several main points of the
discussion:

» Some transit agencies that have installed both video and audio recording
devices have not activated the audio portion as a result of discussions with
labor unions related to privacy protections for employees.

* An industry standard would be helpful to develop procurement technical
specifications.

* Real-time data viewing via cellular service or Wi-Fi would improve data
access across operating system platforms and devices and allow transit
personnel in the field to access information quickly and easily.

FEDERAL TRANSIT ADMINISTRATION 6



SECTION

2

Literature Review

A literature search was conducted to identify available specifications for inward-
and outward-facing video and audio devices currently being used in the rail
industry. The data sources used to identify the varying specifications included
FRA, APTA, AAR, the Institute of Electrical and Electronic Engineers (IEEE), the
Rail Safety and Standards Board (RSSB), and the International Electrotechnical
Commission (IEC). From these sources, specifications were identified that
address camera selection and location, digital recording systems, digital high-
speed networks, closed caption television (CCTV) systems, fitment guidance,
rail transit vehicle passenger emergency systems, camera operating criteria
such as resolution and frames per second, and crashworthiness of modules. The
identified standards were reviewed and categorized as follows:

* Regulation or industry standards defined by FRA or by the AAR Manual of
Standards and Recommended Practices.

* Voluntary standards published by other entities, including but not limited to
AAR, APTA, RSSB, IEC, and IEEE.

Each specification was categorized as either a regulation or a voluntary standard
by type of specification, defined as follows:

* Video — specifications that outline capturing video data inside or outside the
cab.

* Audio — Specifications that outline capturing audio data inside or outside the
cab.

* Memory Module — Specifications that outline capabilities of memory modules
in terms of being crash- and fire-protected; the memory module is the data
storage device for all video and audio recorders or devices.

Video/Audio-Related Specifications

Specifications that outline details related to inward- and outward-facing cameras
and/ or audio were identified and are shown in Table 2-1, summarized as follows:

* APTA-IT-CCTV-RP-001-11 — A broad standard for selection of cameras
for transit applications, including inward- and outward-facing cameras in the
cab of rolling stock and outside the rail car as well as station platforms and
other secure areas at which video may want to be taken; other secure areas
could include stations and transit office buildings. Includes details on how to
select cameras for optimal image quality and provides guidance on resolution,
frame rate, lighting, and more that are applicable to inward- and outward-
facing cameras and allow for some flexibility of selection of cameras based on
needs of the agency. Does not include details on audio recordings.

FEDERAL TRANSIT ADMINISTRATION 7



SECTION 2: LITERATURE REVIEW

* RSSB GM/GN 2606 — Specific to inward- and outward-facing camera
installation on rolling stock, provides details on camera specifications,
including resolution, frame count, and position, and specifically calls out other
industry standards for the memory module crash and fire requirements
(specifically IEEE 1482.1%). Does not include details on audio recordings.

* FRA Safety Advisory 2016-03 — Safety advisory with a recommendation
for installation of inward- and outward-facing camera and audio recording
devices for controlling locomotive cabs of trains traveling over 30 mph
that are regulated by FRA. Does not contain specifics of camera and audio
technical specifications but details that video and audio recordings should be
able to verify train crew actions.

* APTA RT-VIM-S-026-12 — Covers several elements of passenger
emergency systems for new rail transit vehicles and outlines requirements
and guidelines for each system. Includes section on system performance
standards for outward forward- and side-facing cameras and microphones.
Limited on video and audio system technical requirements.

Table 2-1
Video/Audio-Related Specifications for Rail Modes of Transportation

Selection of Cameras, Digital Recording
Systems, Digital High-Speed Networks,

us Transit Rail APTA IT-CCTV-RP-001-11 and Train Lines for Use in Transit-Related
CCTYV Systems
Great Britain Al Rail RSSB GM/GN 2606 Guidance on the Fitment of Forward- and
Rear-Facing Cameras to Rolling Stock
. . . Guidance on the Fitment of Forward- and
us Freight/Commuter Rail FRA Safety Advisory 2016-03 R =i G o Rell g Sied
us Transit Rail APTA RT-VIM-S-026-12 Rail Transit Vehicle Passenger Emergency

Systems

Two specifications were found that include minimum technical specifications
for cameras, as shown in Table 2-2, with differences between the specifications
identified for each operating criterion. As technologies change rapidly and
Great Britain’s RSSB GM/GN 2606 specification was published after APTA
IT-CCTV-RP-001-11, some criteria may require high resolution and higher
frame rates. This suggests that it might be better to list performance standards
instead of technical specifications for camera selection due to rapidly-changing
technology.

2Institute of Electrical and Electronics Engineers, 2013, IEEE Std 1482.1, IEEE Standard for Rail Transit Vehicle
Event Recorders, New York, NY.
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SECTION 2: LITERATURE REVIEW

Table 2-2

Comparison of Technical Camera Specifications

Operating Criteria APTA IT-CCTV-RP-001-11 RSSB GM/GN 2606

Resolution 704V x 480H resolution (4CIF) HD resolution (1920 x 1080)
F-stop Electronic iris control or automatic gain  Electronic iris control or automatic gain

2 fps —low motion area; S fps - Minimum 12 fps, with 20-25 fps for speeds of

Frames per sec (fps) frequent motion; 30 fps — moving [
vehicles
Color/black & white Recommends color when possible Color—day, B&W-night
Additional functional Ability to distinguish colors of railway signals (in
. None .
requirements daylight)

Crash and Fire Protection of
Memory Module Specifications

Standards related to crash and fire protection of memory modules also were
identified. These standards define the environmental conditions in which the data
storage device must be able to survive. Specifications that detail the criteria are
summarized in Table 2-3; note that all are directly aimed at Event Data Recorder
(EDR) data storage systems but are applicable to data storage for video and audio
recordings.

Table 2-3
EDR Crash Worthiness and Fire Standards

FRA 49 CFR Appendix  Criteria for specific crashworthiness Criteria for Certification of Crashworthy Event
D Part 229 tests that need to be completed Recorder Memory Module

AAR Manual of

Standards (MSRP) Event Recorders for Locomotives Refers to IEEE 1482.1 requirements

Standard S-5512

Criteria for periodic inspection/test and
. . . crashworthiness but does not define how to
Standard for Rail Transit Vehicle Event . o
IEEE Standard 1482.1 Recorder test; crashworthiness criteria define types of
tests; supplier responsible for showing it meets
criteria.

Electronic Railway Equipment —
IEC 62625-I| On-Board Driving Data Recording
System

Criteria for specific crashworthiness tests that
need to be completed.

These standards specify the testing requirements for the data storage device

or EDR to survive a crash and/or fire. Requirements in all documents focus on
survivability of the EDR data storage device during a crash that would cause it to
receive a major impact, be penetrated or crushed, catch fire, or be submerged
in various liquids such as fuel, oil, or salt water. The IEC 62625-1 specification
details the same testing outlined in the other two documents with two different
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SECTION 2: LITERATURE REVIEW

options. Although directed at EDR data storage, the requirements could be
applied to data storage devices for video and audio recordings. Tables 2-4 and 2-5
show the testing requirements.

Table 2-4
FRA 49 CFR Part 229, Appendix D — Crashworthiness Criteria Option A (same as IEEE 1482.] Criteria)

Fire, High

750 °C (1400 °F) 60 min Heat source — oven
Temperature
Fire, Low 260 °C (500 °F) 10 hrs N/A
Temperature
Impact Shock 55¢g 100 ms 1/2 sine crash pulse
Static Crush I10kN (25,000 Ibf) 5 min N/A
#1 diesel, #2 diesel, water, it e 48 e N/A

saltwater, lube oil

Fluid Immersion Immersion followed by 48
hours in dry location without

further disturbance

Firefighting fluid ‘IO mln,‘followmg

immersion above

48 hrs at nominal

temperature of 25 °C N/A
(77 °F)

Hydrostatic Depth equivalent = I5 m
Pressure (50 fr)

Table 2-5
FRA 49 CFR Part 229, Appendix D — Crashworthiness Criteria Option B

“Paramerer | Vawe | Duration | Remarks |

Fire, High 1000 °C (1832 °F) 60 min Heat source — open
Temperature flame
Fire, Low 260 °C (500 °F) 10 hrs Heat source — oven
Temperature
Impact Shock—
Option | 2e 20 ms A
Impact Shock— 55 g 100 ms 1/2 sine crash pulse

Option 2
Applied to 25% of
surface of largest face

111.2kN (25,000 Ibf); 44.5kN
(10,000 Ibf)

#1 diesel, #2 diesel, water,
saltwater, lube oil, firefighting fluid

Static Crush 5 min (single “squeeze”)

Fluid Immersion 48 hrs each N/A

48 hrs at nominal
temperature of 25 °C (77 °F)

Hydrostatic
Pressure

46.62 psig (= 30.5 m or 100 ft) N/A

Standards

A review of available standards identified key differences. The research team
compared these standards to NTSB R-17-13, establishing the degree to which
each addresses specific criteria for inward- and outward-facing camera and
recording devices. Areas of comparison were the following:

FEDERAL TRANSIT ADMINISTRATION 10



Table 2-6

Comparison of Specification and Criteria Outlined in NTSB Recommendation

SECTION 2: LITERATURE REVIEW

* Location criteria for all controlling locomotive cabs and cab-car operating
compartments

* Video and audio capability to verify train crew actions and train operating
conditions

* Crash and fire protection of memory module
* Continuous recording time capability

* Ease of accessibility for review, with appropriate limitations for public release,
investigation of accidents, and use of data to improve operational safety

Table 2-6 lists the standards identified and whether a given standard details the
criteria needed to address the NTSB recommendations. Overall, no specification
or standard is available to the transit industry that meets all criteria outlined in
the NTSB recommendation; specifically, no specifications incorporate audio and
video recordings and requirements for crash and fire protection.

. Audio/Video Crash- Minimum Criteria on
e e Location . . . 12-hr .
Specification o . Recording Devices | and Fire- ; Review of
Criteria . q Continuous
to Verify Actions Protected o Data
Recording
APTA 2 3 (audio) 3 2 |
IT-CCTV-RP-001-11 | (video)
APTA | (outward)
RT-VIM-S-026-12 3 (inward) | (outward) 2 2 3
RSSB GM/GN 2606 | 3 (audio) | | |
| (video)
49CFR Part 229 3 3 I | 3
IEEE 1482.1 3 3 | | 3
IEC 62625-1 3 3 I | 3

“I” = if specification includes details to meet criteria outlined by NTSB; “2” = specification provides guidance but requires
interpretation to meet NTSB recommendation; “3” = specification does not include details to meet NTSB recommendation.

Request for Proposals (RFPs)

A review was conducted of RFPs or other competitive procurement documents
specifically designed for the procurement of inward- and outward-facing cameras
and recording devices released by the rail industry. This assisted in determining
the use of existing standards and identifying locally-defined standards or system
specifications that could be used to inform the research team. RFPs for the
following were reviewed:

¢ Connecticut DOT

¢ Metra

FEDERAL TRANSIT ADMINISTRATION 11



SECTION 2: LITERATURE REVIEW

SEPTA — Silverliner V, Silverliner IV, Bombardier coaches, locomotives, work
fleets

* Metrolink
* Amtrak
* Metro North and Long Island Railroad (MTA)

The review is summarized in Table 2-7. Specifically requested in the RFPs were
both inward- and outward-facing crew compartment cameras and a microphone
for audio recording, and several specified the actual manufacturer or model to
be used. All but one required crash- and fire-protected data devices; only four
specified FRA 49 CFR Part 229 criteria.

Table 2-7

Summary of RFPs for Inward- and Outward-Facing Recording Devices

Connecticut

Wabtec LDRS-V

Memory module, FRA

DOT Standard
. Memory module, FRA
Metra Not specified 49 CFR Part 229
_SETPA MobileView PENTA L Fire-, impact.,

Silverliner V water-resistant

SEPTA DTI MDR5L or Fire-, impact-,
Silverliner IV MobileView PENTA L water-resistant

SEPTA

Bombardier
cars,

DTI MDR5L

Fire-, impact-,
water-resistant

locomotives,
work fleets
Metrolink Railhead LDVRH4 Not specified
. Compliant with FRA
Amtrak Not specified 49 CFR Part 229
MTA st cmaied Compliant with FRA

49 CFR Part 229

Details on the specific technical requirements in the RFPs for cameras and
microphones were also reviewed and are summarized as follows:

* Number of cameras installed is dependent on operation and number of cab

locations (cabs at both ends of married pair, for example).

* Resolution and frame rates were not always specified, but several RFPs used

APTA IT-CCTV-RP-001-11 guidance at a minimum.

* Other details have varied requirements, such as standard- to wide-angle lens,

color and infrared camera.

FEDERAL TRANSIT ADMINISTRATION
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SECTION

Survey of Rail Transit
Equipment

In June and July 2018, APTA surveyed transit agencies on their use of inward-
and outward-facing camera devices in their vehicles. The purpose of the data
collection effort was to:

* Measure the use of inward- and outward-facing recording devices in the
industry.

* ldentify specifications transit agencies have used or will be using in rail vehicle
procurements that include installation of inward- and outward-facing cameras
and audio recording devices.?

* ldentify specifications transit agencies have used or will be using for
installation of inward- and outward-facing recording devices for mid-life
vehicle rehabilitations.

A copy of the data collection form is provided in Appendix A. In total, 25
agencies provided partial or complete survey data.

Survey Results

The data collected found that of 5,450 transit vehicles in service, approximately
68% have inward- and outward-facing cameras installed (Figures 3-1 and 3-2). For
light rail vehicles, 100% were equipped with outward-facing cameras and 83%
with inward-facing cameras. For heavy rail vehicles, 55% were equipped with
outward-facing cameras and 61% with inward-facing cameras. For street cars,
98% were equipped with outward-facing cameras and 93% with inward-facing
cameras. Figures 3-3 through 3-8 display the breakdown of equipment installed
with inward- and outward-facing cameras by transit rail mode.

*Distinction between inward-facing cameras monitoring crew actions and inward-facing cameras in general
was not done for this study. Discrimination between outward and outward forward-facing cameras was also
not done for this study. Future research could include an effort to further quantify the rail transit camera data
based on location and camera sight lines.
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SECTION 3: SURVEY OF RAIL TRANSIT EQUIPMENT

Figure 3-1
Vehicles With and

Without Inward-
Facing Cameras

= With Inward Cameras = W/O Inward Cameras

Figure 3-2
Vehicles With and

Without Outward-
Facing Cameras

m With Outward Cameras m W/O Outward Cameras

Figure 3-3

Heavy Rail Vehicles
With and Without
Inward-Facing

Cameras 1,508, 39%

2,376, 61%

m Vehicles With Inward Facing Cameras = Vehicles W/O Inward FacingCameras
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SECTION 3: SURVEY OF RAIL TRANSIT EQUIPMENT

Figure 3-4
Light Rail Vehicles
With and Without 238 ,17%
Inward-Facing
Cameras

1,177 ,83%

= Vehicles With Inward Facing Cameras = Vehicles W/O Inward FacingCameras

Figure 3-5

Streetcars With and
Without Inward-
Facing Cameras

= Vehicles With Inward Facing Cameras = Vehicles W/O Inward FacingCameras

Figure 3-6
Heavy Rail Vehicles
With and Without
Outward-Facing
Cameras 1,760, 45%

= Vehicles With Outward Facing Cameras = Vehicles W/O Outward Facing Cameras
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Figure 3-7

Light Rail Vehicles
With and Without
Outward-Facing
Cameras

Figure 3-8

Streetcars With and
Without Outward-
Facing Cameras

SECTION 3: SURVEY OF RAIL TRANSIT EQUIPMENT

= Vehicles With Outward Facing Cameras = Vehicles W/O Outward Facing Cameras

3,2%

= Vehicles With Outward Facing Cameras = Vehicles W/O Outward Facing Cameras

The survey also requested information on inward- and outward-facing camera
specifications from agencies—in particular, if cameras operated in the infrared
spectrum, information on the maximum recording times and if the data module
was crash- and fire-protected. Only 14 agencies responded to the question, with
5 responding that their cameras operate in the infrared spectrum (Figure 3-9).
Of the agencies that responded that inward- and outward-facing cameras were
installed on rail vehicles, only two indicated that data storage was crash- and fire-
protected (Figure 3-10).
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SECTION 3: SURVEY OF RAIL TRANSIT EQUIPMENT

Figure 3-9
Agencies With and
Without Cameras
Operating in
Infrared

= Agencies that Oeprate cameras in Infrared

= Agencies that Do Not Operate Cameras in Infrared

Figure 3-10
Agencies With and
Without Crash-
and Fire-Protected
Memory Modules

= Agencies with Crash and Fire Protection = Agencies W/O Crash and Fire Protection

The survey asked agencies how long the memory module maintained recorded
data (Figure 3-11). Data hold times are dependent on density of the video,
which varies due to lighting and passenger loads. NTSB recommendation R-17-
I3 specifies a 12-hour minimum retention time, but 12 hours may not meet
agency requirements for near-miss event reconstructions because of the nature
of responding to near-miss events after being reported. Minimum hold times
should be calculated per APTA IT-CCTV-RP-001-11, Selection of Cameras,
Digital Recording Systems, Digital High-Speed Networks and Trainlines for Use in
Transit-Related CCTV Systems. (Note: Researchers verified that Cleveland hold
times in the figure below are correct for newer railcars; its legacy cars hold an
average of 180 hours of data.)

FEDERAL TRANSIT ADMINISTRATION 17



SECTION 3: SURVEY OF RAIL TRANSIT EQUIPMENT
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Figure 3-11

Agency Data Module Retention in Hours

The survey asked agencies questions related to how recordings are used

by their agency if inward- and outward-facing cameras are used. The NTSB
recommendation suggests use for both incident investigation and operational
safety improvements. Agencies that provided a response indicated they use
recordings primarily for incident or accident investigation, but some indicated
that recordings are used for backup for litigation purposes by customers,
operational rule compliance, and troubleshooting maintenance issues. Recordings
from inward- and outward-facing cameras could benefit transit agencies in many
ways via the ability to conduct research related to human factor risks, hours of
service, and biometrics for future standards development initiatives.
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sectoNn | Key Findings

A review of available standards related to inward- and outward-facing camera and
audio devices and their use on all rail modes was completed. Evaluation of the
standards compared standards criteria to NTSB recommendation R-17-13, and
the identified standards and subsequent evaluation were compared with specific
aspects of NTSB R-17-13 as a gap analysis to determine if any current standards
or specifications appropriately address the recommendation. Results of the gap
analysis of standards available that meet NTSB R-17-13 indicate the following:

¢ All standards for cameras are missing a component of the major categories
identified in NTSB R-17-13, specifically, crash and fire protection and
minimum recording time.

* No technical or performance standards are provided for audio recordings.

* Minimal defined performance is provided for technical and reliability
specifications for interior-mounted crew compartment-mounted cameras.
Development of technical and performance specifications is recommended
for transit vehicles.

* Once standardization of transit vehicle video and audio systems is achieved,
development of recommended practices and standards for operation,
maintenance, and use for incident/accident investigations and operational
safety improvement initiatives will be necessary.

A survey of inward- and outward-facing camera implementation by U.S. transit
agencies was completed through a data collection form disseminated by APTA

to measure the use of inward- and outward-facing cameras in the industry and

to identify specifications that are or will be used in rail vehicle procurements.
Collected data were analyzed by TTCI and indicated that implementation of
inward- and outward-facing cameras is significant in transit rail, with 100% of light
rail installations. However, very few agencies with inward- and outward-facing
cameras have data modules that are crash- or fire-protected.

Based on the review of research results and discussions with the CUTR Transit
Standards Working Group, the following three key findings were identified:

* Finding |: Industry standardization of inward- and outward-facing
camera and audio devices can aid future agency procurements.
Standards may include the following details:

— Location of video cameras (inside and outside controlling cabs)

— Audio/microphone recording to verify train crew actions
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SECTION 4: KEY FINDINGS

— Minimum recording data retention time (onboard and agency requirements)
necessary for transit environment

— Data output format standardization
— Crash- and fire-protected memory module requirements

— Data upload guidelines for real-time viewing and data downloads

Finding 2: Implementation of these devices and incorporation of
expanded and corresponding technology applications can provide
additional data and benefits to transit agencies. These applications and
their benefits may include but are not limited to:

— Inward-facing cameras with machine learning agents and image algorithms
that can monitor operator performance, detecting fatigue and awareness

— Outward-facing cameras that can be used to monitor wayside assets to
detect obstructions and defects

— Outward-facing cameras with image algorithms currently used in the freight
rail industry that examine ties and track-related infrastructure

Finding 3: Research indicates that several existing industry
standards already incorporate both technical and performance
standards and/or specifications related to inward- and outward-
facing cameras, including:

— Operation of inward- and outward-facing cameras
— Required maintenance
— Practices to effectively use recordings for accident/incident investigations

— Overall safety improvement initiatives
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APPENDIX

A

Transit Agency Data
Collection Form

Purpose: Transportation Technology Center, Inc. (TTCI) and the Center for
Urban Transportation Research (CUTR) at the University of South Florida

were tasked by the Federal Transit Administration (FTA) with researching and
developing and/or modifying voluntary standards for inward- and outward-facing
video camera and recording systems. These cameras record actions of operators
as well as events that occur outside and in front of the rail vehicle.

As part of this effort, CUTR and TTCI are collecting data from the industry on
the use of inward- and outward-facing cameras in the transit industry today.
Please reply to the following questions by July I1, 2018. Your timely response is
appreciated.

I. Agency Name:

Name/Position of Employee:

Employee Email: Employee Phone Number:

2. Does your agency operate the following rail mode (s)?

Light Rail Streetcar

Heavy Rail

3. What is your fleet size by mode? Heavy Rail
Streetcar

5. How many rail vehicles are equipped with outward-facing cameras by mode:

Light Rail Streetcar

Heavy Rail

6. Do you have rail vehicles equipped with inward-facing cameras? Yes

7. How many rail vehicles are equipped with inward-facing cameras that have
a view of the train operator by mode? Heavy Rail Light Rail
Streetcar

8. Who and what are the manufacturers and models of the inward- and/or
outward-facing cameras and recording systems?

9. What is the frame rate and resolution of your inward and/or outward facing
cameras!

10. During the day, do your inward- and/or outward-facing cameras operate in
color or in black & white?
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SECTION 4: KEY FINDINGS

I1. During night, do your inward- and outward-facing cameras operate in color
or in black & white?

12. What is the maximum continuous recording time that can be stored by your
camera’s memory system?

I13. How often do you upload camera recording data in the back office?

14.Do your camera systems record audio? Yes No

15.Do your camera systems operate in infrared? Yes No

a. If you answered “Yes” to #15, under what conditions do your cameras
operate in infrared?

16.Is your data storage system for camera system crash- and fire-protected?
Yes No

a. If you answered “Yes” to #16, what crash and fire proof specification(s)
does your data storage system meet, or please list the crash and fireproof
specifications of your systems (or provide the details in an email).

17.1s your data storage system remote (wireless upload)? Yes No

18. If you answered “No” to questions #4 and/or #6, have you considered
implementing inward/outward-facing cameras on your rail vehicles?
Yes No

19. If you answered “Yes” to question #17, what specifications/ requirements
were considered for the cameras in terms of resolution, frame rate, etc., and
transferring data wirelessly?

20. If your rail transit agency has inward/outward-facing cameras or if you
answered “Yes” to questions #4 and/or #6, how do you currently use the
data or plan to use the data, and how do you avoid misuse?

2]. If you answered “No” to question #18, please cite your top two reasons for
not considering implementation of inward/outward-facing cameras on your
rail vehicles.

22. If you answered “Yes” to question #4 and/or #6, on average, how many
times do you use the data for investigation or other uses in a year?
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