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TRANSIT COOPERATIVE RESEARCH PROGRAM

The nation's growth and the need to meet mobility, environmental,
and energy objectives place demands on public transit systems.
Current systems, some of which are old and in need of upgrading,
must expand service area, increase service frequency, and improve
efficiency to serve these demands. Research is necessary to solve
operating problems, to adapt appropriate new technologies from
other industries, and to introduce innovations into the transit
industry. The Transit Cooperative Research Program (TCRP) serves
as one of the principa means by which the transit industry can
develop innovative near-term solutions to meet demands placed on
it.

The need for TCRP was originaly identified in TRB Special
Report 213—Research for Public Transit: New Directions,
published in 1987 and based on a study sponsored by the Urban
Mass Transportation Administration—now the Federal Transit
Administration (FTA). A report by the American Public Transit
Association (APTA), Transportation 2000, also recognized the need
for local, problem-solving research. TCRP, modeled after the
longstanding and successful National Cooperative Highway
Research Program, undertakes research and other technical activities
in response to the needs of transit service providers. The scope of
TCRP includes a variety of transit research fields including
planning, service configuration, equipment, facilities, operations,
human resources, maintenance, policy, and administrative practices.

TCRP was established under FTA sponsorship in July 1992.
Proposed by the U.S. Department of Transportation, TCRP was
authorized as part of the Intermodal Surface Transportation
Efficiency Act of 1991 (ISTEA). On May 13, 1992, a memorandum
agreement outlining TCRP operating procedures was executed by
the three cooperating organizations: FTA, the National Academy of
Sciences, acting through the Transportation Research Board (TRB),
and the Transit Development Corporation, Inc. (TDC), a nonprofit
educational and research organization established by APTA. TDC is
responsible for forming the independent governing board, designated
asthe TCRP Oversight and Project Selection (TOPS) Committee.

Research problem statements for TCRP are solicited periodically
but may be submitted to TRB by anyone at any time. It is the
responsibility of the TOPS Committee to formulate the research
program by identifying the highest priority projects. As part of the
evaluation, the TOPS Committee defines funding levels and
expected products.

Once selected, each project is assigned to an expert pane,
appointed by the Transportation Research Board. The panels prepare
project statements (requests for proposals), select contractors, and
provide technical guidance and counsel throughout the life of the
project. The process for developing research problem statements and
selecting research agencies has been used by TRB in managing
cooperative research programs since 1962. As in other TRB
activities, TCRP project panels serve voluntarily without
compensation.

Because research cannot have the desired impact if products fail to
reach the intended audience, special emphasis is placed on
disseminating TCRP results to the intended endusers of the research:
transit agencies, service providers, and suppliers. TRB provides a
series of research reports, syntheses of transit practice, and other
supporting material developed by TCRP research. APTA will
arrange for workshops, training aids, field visits, and other activities
to ensure that results are implemented by urban and rural transit
industry practitioners.

The TCRP provides a forum where transit agencies can
cooperatively address common operational problems. The TCRP
results support and complement other ongoing transit research and
training programs.
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FOREWORD

By Staff
Transportation Research
Board

This report will be of interest to transit specialists concerned with the safe
operation of rail car doors in stations and to rail-station-facility designers seeking to
incorporate car side-door observation aids in station facilities. The report provides
documentation and analysis of a variety of approaches to rail car side-door
observation. All aids currently used in transit practice are included, along with
enhanced and new aids incorporating advanced technology. The intent of this
research is to provide guidance for transit agencies seeking to implement observation
aids. In addition, the research is targeted to transitfacility designers in that it suggests
facility design practices to ensure optimal visibility of rail car side doors. The report
includes recommendations for ways to enhance the effectiveness of observation aids
and criteria for the selection of appropriate aids. In addition, the report provides a
vision of the application of new and emerging technology to car side-door
observation aids.

A previously published National Cooperative Transit Research and Development
Program studyNCTRP Report 13,Conversion to One-Person Operation of Rapid-
Transit Trains") addressed the issues related to one-person operation of multiple-unit
rapid-transit trains and identified car side-door safety as an important issue associated
with this type of operation. The study suggested that certain work tasks can be
performed by the vehicle operator more effectively with the aid of hardware or
technology to observe the car side doors at both curved and straight platforms.
Accordingly, there was a need to more fully explore the hardware and technologies
available and provide guidance on their appropriate use.

Under TCRP Project A-3, research was undertaken by Telephonics Corporation to
identify and evaluate various aids for car side-door observation and to develop
guidelines to assist in the selection and deployment of devices best suited for specific
applications.

To achieve the project objectives, the researchers conducted a review of rail car
side-door observation practices, procedures, and devices in use in North American
transit systems and in selected foreign systems. Visits were made to 17 transit
systems to observe operations and collect data. In addition, data were collected from
a number of foreign and domestic transit systems through a survey process. Based on
this review, devices and techniques currently in use as well as experimental devices
were identified and described. The overall merits of the identified devices and their
suitability for specific applications were determined and guidelines for their use were
prepared. To assist in the development of the guidelines, field tests of closed-circuit
television, mirrors, and sensor-based door observation aids were performed. Thus, the
report is a valuable resource for transit specialists considering the use of or
improvement in aids for car side-door observation.



CONTENTS L sy

Report Scope, 1

Research, 1

Systems Visited, 3

Industry View of Door Observation, 5
State of the Art, 5

Future Developments, 6
Observation Approach Selections, 7

PART |I—EXECUTIVE OVERVIEW

9 CHAPTER 1 Introduction and Research Approach
Problem Statement and Research Objectives, 9
Background, 9
Research Project Approach, 9

12 CHAPTER 2 Findings and Interpretation
Threat to Passenger Safety, 12
Incident Analysis, 12
Calgary Transit, 12
BC Transit, 12
Metropolitan Transportation Authority—New York City Transit, 12
Toronto Transit Commission, 12
Summary of Threat to Passenger Safety, 13
Observation Requirements, 13
Observation Procedures, 13
Clear Door Panels, 13
Facility Considerations, 19
Existing Observation Aids, 21
Mirrors, 21
Closed-Circuit Television, 21
Platform Gates and Doors, 22
Conceptual Observation Aids, 23
Conceptual Mirror-Based Observation Aids, 24
Conceptual CCTV-Based Observation Aids, 24
Conceptual Sensor-Based Observation Aids, 30

41 CHAPTER 3 Interpretation, Appraisal, and Application
Merit Assessment of Observation Aids, 41
Merit Assessment Approach, 41
Assessment Criteria, 41
Observation Requirements, 41
Facility Characteristics, 44
Environmental Factors, 45
Vehicle Characteristics, 46
Operational Factors, 46
Life-Cycle Costs, 47
Assessment Results, 47
Observation Requirements, 48
Station and Environmental Characteristics, 48
Train and Operational Characteristics, 48
Physical Characteristics, 48
Merit Assessment Summary, 48

49 CHAPTER 4 Conclusions

Observation Aid Usage Guidelines, 49

CCTV Observation Aid Usage Guidelines, 49
CCTV System Architecture Guidelines, 49
Component Selection Guidelines, 55

Mirrors, 61
System Application, 61
Mirror Design and Construction, 62
Platform-Mounted Mirrors—Usage Guidelines, 63
Vehicle-Mounted Mirrors—Guidelines, 64
General Recommendations for Mirror Applications, 65

Sensor-Based Observation Aid Usage Guidelines, 65
Application, 65


http://www.nationalacademies.org/trb/publications/tcrp/tcrp_rpt_04-b.pdf

Sensor-Based Observation Aid Architecture, 65
Sensor Technology, 66

Recommendations for Future Research, 66
Incident Information Collection, 66
Sensor-Based Observation Aids, 67
Platform Safety, 67

68 PART II—SUPPORTING TECHNICAL INFORMATION

68 CHAPTER 1  Existing Observation Approach Case Studies (Properties Visited Only)
Mirror Observation Aids, 68
Los Angeles County Metropolitan Transportation Authority (LACMTA), 68
Chicago Transit Authority (CTA), 68
Greater Cleveland Regional Transit Authority (GCRTA), 69
Massachusetts Bay Transportation Authority (MBTA), 69
Toronto Transit Commission (TTC), 70
Metropolitan Transportation Authority—New York City Transit (MTA-NYCT), 71
Port Authority Trans-Hudson (PATH), 71
Washington Metropolitan Area Transit Authority (WMATA), 72
Maryland Mass Transit Administration (MTA), 73
Port Authority Transit Corporation of Pennsylvania and New Jersey (PATCO), 75
Tri-County Metropolitan Transportation District of Oregon (TRI-MET), 76
CCTV-Based Observation Aids, 77
Chicago Transit Authority (CTA), 77
Metropolitan Transportation Authority—New York City Transit (MTA-NYCT), 78
Port Authority Transit Corporation of Pennsylvania and New Jersey (PATCO), 80
Toronto Transit Commission (TTC), 82
Southeastern Pennsylvania Transportation Authority (SEPTA), 84
Other Observation Aids, 84
Jacksonville Transportation Authority's Skyway, 84

86 CHAPTER 2  Operational Factors

Factors Influencing Observation Approaches, 86
Observation Distance, 86
Observation Aids, 86
Operational Factors, 86
Alignment Verification, 87
Door Operation, 87
Platform Observation, 88
Station Dwell Time, 89
Door Closing—Warnings and Announcement, 90
Closed Door and Platform Observation, 90
Additional Safety Systems, 90

Operational Control Systems and Procedures, 91
Door Control Location, 91
Door Operations, 93

Door Safety Operations, 93
Door Interlock Control Systems, 93
Door Pushback, 93
Sensitive Door Edges, 93

95 CHAPTER 3  Facility Design and Environmental Characteristics
Facility Design Considerations, 95
Platform Configuration, 95
Station Obstructions, 96
Platform Construction, 98
Platform Edge Identification, 98
Platform Edge and Door Gap, 99
Platform Lighting, 101
Environmental Considerations, 103
Temperature, 103
Humidity and Precipitation, 103
Wind, 103
Natural Light and Darkness, 104


http://www.nationalacademies.org/trb/publications/tcrp/tcrp_rpt_04-b.pdf
http://www.nationalacademies.org/trb/publications/tcrp/tcrp_rpt_04-c.pdf

105

110
115

117
119
121

Environmental Considerations Specific to Underground Stations, 104
Temperature and Humidity, 104
Underground Air Flow, 104

CHAPTER 4

Passenger Behavioral Considerations

Factors Influencing Passenger Boarding, 105
Station Facility Considerations, 105
Platform Announcements, 108
Factors Influencing Passenger Motion, 108
Load Level, 108
Attitude and Awareness, 108
Car Selection, 109
Train Schedules and Frequency of Operations, 109
Door Closure Signal, 109

APPENDIX A

APPENDIX B

APPENDIX C

APPENDIX D

APPENDIX E

Transit Authority Questionnaire

Viewpoint Offset Calculations for Varying Platform Curvature
Radii

Minimum Structural Obstruction Offset Calculations
Camera Positioning and Field-of-Vision Calculations

CCTV/Mirror Demonstration Notes


http://www.nationalacademies.org/trb/publications/tcrp/tcrp_rpt_04-c.pdf

COOPERATIVE RESEARCH PROGRAMS STAFF

ROBERT J. REILLY Director, Cooperative Research Programs
STEPHEN J. ANDRLEManager, Transit Cooperative Research Program
CHRISTOPHER W. JENKSsenior Program Officer

EILEEN P. DELANEY,Editor

KAMI CABRAL, Senior Editorial Assistant

PROJECT PANEL A-3

JOSEPH P. BARDZILOWSKIPort Authority Trans-Hudson (PATH), Jersey City, (&hair)
JAMES R. BROWNWashington (DC) Metropolitan Area Transit Authority (WMATA)
LAWRENCE M. ENGLEMAN, Parsons De Leuw, Inc., Washington, DC

HAROLD R. HIRSCH,Chicago Transit Authority

KEVIN O'CONNELL, New York City Transit Authority

TOM PARKINSON, Transport Consulting, Ltd., Vancouver, British Columbia
HENRY T. RAUDENBUSH LTK Engineering Services, Blue Bell, PA

VICTOR A. SANTORA, Metro-Dade Transit Agency, Miami, FL

J. WILLIAM VIGRASS, Hill International, Inc., Willingboro, NJ

ROY FIELD, FTA Liaison Representative

RICHARD F. PAIN,TRB Liaison Representative

ACKNOWLEDGMENTS

This work was sponsored by the Federal Tranditardware equipment analyses and requirement
Administration and APTA's Transit Developmentdefinitions and the system integration aspects.
Corporation and was conducted through the Transit Credit must be given to the many transit property
Cooperative Research Program, which is administered management, operations, and engineering personnel who
the Transportation Research Board of the National Reseafatind time to meet with the project team, accommodate
Council. The research reported herein was performed undequests for data, and provide tours of their facilities. In
TCRP Project A-3 by the Telephonics Corporation oéddition, credit must be extended to the numerous transit
Huntington, New York. authorities personnel who took the time to respond to the

Clark Porterfield, Manager of Industrial Engineeringguestionnaire mailed to them. Also, particular note must
and Paul J. Smith, Systems Engineering Manager, were theetaken of the significant contribution made by the Port
investigators performing the research. Authority Trans-Hudson System and the Maryland Mass

Mr. Porterfield was responsible for the operationsTransit Administration, by allowing the use of their
institutional, facilities, and statistical aspects of the worKacilities and by providing personnel to support the
Mr. Smith was responsible for the observation aidgroject field demonstrations.



SUMMARY

AIDS FOR RAIL CAR SIDE-DOOR
OBSERVATION

Ensuring that rail car doors are clear before closing and train station departure has always
been a significant safety issue in daily mass transit operations. Various approaches exist for
performing side-door observation. These approaches range from the use of strictly manual
procedures implemented by one or more persons to the use of automated observation aid
devices specifically designed for the purpose. In general, the approaches taken by older
transit properties were developed in the early days of their operations and, while they have
evolved to some extent, they do not exploit available technology.

Because of increasing pressure to provide more cost-effective operations, transit systems
are continually addressing worker productivity issues. Paramount among these issues is
train crew size. Most of the older transit systems in North America operate with two-person
crews and have achieved success with this technique. In a 1986 NPORIDP Report 13
"Conversion to One-Person Operation of Rapid-Transit Trains," the Transportation
Research Board reported on increased interest in the conversion of trains to single-person
operation. In this report, car side-door observation was ranked as the most significant issue
associated with conversion. Since then, aids for car side-door observation have become
increasingly important.

REPORT SCOPE

This report presents the findings of a research program designed to a) evaluate current
door observation practices and procedures and assess how they relate to transit property
characteristics, such as facilities, vehicle configurations, and operating procedures; b)
identify the range and scope of existing observation aids and assess their merits relative to
their specific applications; c) identify promising observation technologies and define
conceptual observation aids based on them; and d) develop guidelines for transit system use
in the selection and implementation of observation aids for their specific application.

RESEARCH

Much of the research effort concerned the collection of data on current observation
practices and existing observation aids. The principal means for collecting these data were
visits to 17 transit systems. This information was supplemented with informal visits to other
locations where mass transit systems are in use, including major airports such as Pittsburgh,
Atlanta, and Orlando. The researchers also used existing data for private locations with
significant transit systems, such as the Disney World resort in Florida. The information
collected by the researchers is broad in scope and covers various operational circumstances.



Although these visits focused on heavy rail operations because of their larger passenger
volumes and more complex door observation scenarios, several sites included light rail
and people-mover systems. While systems falling into the latter two categories are not
generally subject to conversion to single-person operation, they are important because of
the significant growth in the number of systems and passengers carried during the last 10
years. In addition, most people-mover systems are not staffed—making safety measures
of great importance. At each site, many people, including operations, safety, and
engineering personnel, were interviewed to obtain their views on door observation. Each
of these functional disciplines has a unique perspective on door observation and
observation aids, and any solution must address their requirements equitably.

In addition, these visits included first-hand observation of operations, characterization
of the physical aspects of transit property facilities, and surveys of vehicle design and the
general operating environment. Where observation aids were implemented by systems,
their design, effectiveness, and the way in which they are incorporated in operating
procedures and practices were studied in detail. Although there are differences from
property to property, common characteristics link the transit systems. This commonality is
the basis for the development of the recommendations and guidelines in this report.

The research team also reviewed transit-operations-related literature to collect
information on research about observation aids. Although the researchers could not
identify any literature relating specifically to the observation aid application, significant
information was obtained on closed-circuit television (CCTV) and sensors, which are the
basis of the conceptual observation aid system architectures detailed in this report. In
addition, this literature contributed to the development of the usage guidelines for the
observation aid systems, also included in this report.

Another significant part of the research was the demonstration of conceptual
observation aid systems. Two such demonstrations were performed. The first of these
addressed the use of sensor technology for a conceptual, sensor-based, autonomous
observation aid. Although few sensor-based systems are used for door observation, this
demonstration focused on the use of microwave motion sensors, which are new to the
door observation application. This demonstration was performed on the Baltimore MTA's
light rail system. For the demonstration, the researchers mounted the motion sensor in the
door area of a vehicle. The researchers then rode the vehicle during normal operations to
assess the ability of the sensor to detect passengers under various loading and operational
conditions. Because sensor-based systems are intended to be autonomous and make their
own decisions regarding door status, the researchers correlated the sensor observations
visually with the actual door status. Although the researchers solicited information from
transit authority operations personnel, the most significant information was provided by
engineering and maintenance personnel. Operations personnel provided limited
information because sensor-based systems are transparent to operations personnel and
either send signals to the door control system or indicate to the train crews that the doors
are clear to close; therefore, this report does not highlight the observations of the train
crews relative to the sensor-based observation aid. This report does reflect the feedback of
engineering and maintenance personnel, particularly regarding the issues associated with
integrating the sensor-based aid with other vehicle systems, such as the door controls.

A second demonstration, addressing the use of visual-based observation aids (including
mirrors and CCTV) was performed at PATH's Journal Square station in Jersey City, New
Jersey. Although both of these technologies are used as observation aids, the demonstration
addressed extensions to the existing technology base and structured usage guidelines. For
CCTV-based observation aids, various system configurations were tested. These included
systems with platform-mounted and vehicle-borne video monitors. As a result, this report
provides information on various approaches to CCTV-based observation aids, thereby
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allowing transit properties to make cost-effective decisions that reflect their specific
requirements. For the mirror demonstration, the demonstration efforts centered on
making side-by-side comparisons of flat and convex mirrors and verifying
guidelines for mirror positioning. These positioning guidelines must consider factors
such as platform structural obstructions and the extent of the platform curvature.
Because the demonstration location has a complex platform configuration with an S-
curve platform edge and various structures, useful information was obtained.

Both demonstrations provided significant results. Generally, they were used to test
the researchers' hypotheses regarding the application of observation aids. During this
process, researchers obtained feedback from the users of the observation aids, i.e.,
the train conductors. As a result, the usage guidelines presented in this report are
well tested and can be readily applied; however, these guidelines are not intended to,
and in fact cannot, provide absolute guidance, because each transit system has its
own operational and physical nuances that cannot be addressed by general
guidelines. In synthesizing observation aid applications for their own use, transit
properties should use these guidelines as a basis and tailor the system approach to
their specific requirements. Where appropriate, this report provides guidance on this
tailoring process.

SYSTEMS VISITED

Because the systems visited included all of the heavy rail mass transit systems in
North America, a broad sampling of data was obtained.

To support analysis, the systems visited (see the list in the Research Project
Approach section of Part I, Chapter 1) were classified by age and by the physical
and operational characteristics that influence door observation. These classifications
are as follows:

» First-generation systems (pre-1950 vintage) such as NYCTA (New York),
CTA (Chicago), MBTA (Boston), PATH (New York and New Jersey) and
SEPTA (Philadelphia);

¢ Second-generation systems (1950s vintage) such as TTC in Toronto and
Cleveland's GCRTA,;

e Third-generation systems (post-1960 vintage) such as BART (San Francisco),
PATCO (New Jersey and Pennsylvania), WMATA (Washington, DC),
MARTA (Atlanta), MTA (Baltimore), Metrorail (Miami) and LACMTA (Los
Angeles); and

* Fourth-generation unstaffed systems (1980s vintage) such as SkyTrain
(Vancouver, BC) and Skyway (Jacksonville).

Each generation of systems has unique characteristics that significantly influence
car side-door observation practices. As described below, some of these systems have
multiple operations that exhibit multigenerational characteristics. For example,
Miami has both heavy rail (i.e., Metrorail) and unstaffed people-mover (i.e.,
Metromover) systems. The classifications describe the bulk of the system's
operations.

The first-generation systems are the most extensive in terms of track miles and
number of stations. These systems illustrate characteristics that reflect the
application of learning curves during their development. Older portions of these
lines were designed to fit in the urban landscape and, as a result, have instances
where station platforms exhibit curvature or have obstructions (e.g., structural
columns). As these systems were extended into outlying areas, lessons learned were
applied and station facilities were designed without curvature and obstructions.
Trains operated by these first-generation systems typically feature manual train
controls.

Toronto's TTC opened its first heavy rail operations in 1954 and, as a result, could
take advantage, from its inception, of the lessons learned by its predecessors. The TTC
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station platforms are straight and virtually unobstructed, and the train controls are
manual. Toronto operates its trains with two-person crews with the guard (conductor)
performing door observation tasks. Toronto is a hybrid system—the Scarborough RT
line has single-person crews and automatic train controls characteristic of third-
generation systems. GCRTA also initiated operations in the 1950s and has straight,
unobstructed platforms.

The third-generation systems were opened beginning in 1969, with the newest system
in Los Angeles opening its first leg in 1993. These systems are characterized by
generally straight, unobstructed station platforms; single-person crews; and automatic
train controls. As a result, the basic characteristics of these systems facilitate door
observation. Among these systems, PATCO has the most notable door observation aids
and practices. PATCO extends from downtown Philadelphia to areas in southern New
Jersey. The PATCO right of way includes the subway in Philadelphia, which was
operated and abandoned by SEPTA's predecessor, and newly constructed right of way in
suburban areas. Despite this reuse of subway right of way, PATCO stations exhibit
characteristics that qualify it as a third-generation system. Some of PATCO's stations
have curved platforms; however, the curvature is convex relative to the car side and, as a
result, actually aids in door observation. At PATCO's Haddonfield station, platform
structures, such as stairways, block the train operator's view of the rear of the train
because of the curvature of the platform. PATCO has installed a CCTV-based
observation aid to provide the operator with a complete view of the car sides. PATCO's
operational procedures for this location dictate the use of the CCTV as the sole means of
door observation, indicating PATCO's considerable confidence in the images that the
CCTV provides.

The fourth-generation systems were opened starting in the 1980s and feature fully
automated operation without crews on board the train. In addition to the systems listed
above, the people-mover systems in airports, such as Atlanta and Orlando, qualify as
fourth-generation mass transit systems. In these cases, door safety is provided by
features designed into the rail vehicles and station facilities and by remote CCTV
monitoring of operations.

These fourth-generation designs increase the passengers' responsibility for their own
safety and security. This is not done blatantly—passengers are not told to use the system
at their own risk—but subtly through passenger instructional materials such as signs and
brochures and on-vehicle voice announcements. Generally, it appears that this approach
can be implemented effectively on these newer systems. All of the fourth-generation
systems visited have clean records relative to operational incidents. The researchers
think that this approach is most suitable for newer systems and must be instilled as the
operational culture of such a system. The passengers must learn how to use it and, if
they are made responsible for their own safety at the outset, this responsibility will
become ingrained. Elements of these approaches could be implemented on older,
existing systems, but great caution would have to be exercised and passengers would
have to be suitably educated. On these older systems, traditionally, passengers expect to
have their safety attended to, consciously or not, and, as a result, often take unacceptable
risks. For example, the researchers observed a passenger in an MTA-NYCT station
attempt to pry open the closed doors of a train.

In addition to the heavy rail systems discussed above, the researchers visited several
light rail systems. Usually, these visits were performed in conjunction with the heavy
rail visits for those properties operating both types of systems.

The researchers visited six systems operating light rail vehicles. In general, light rail
systems are characterized by single-person crews and manual vehicle controls. Because
of the small size of light rail vehicles relative to heavy rail vehicles, factors such as
platform curvature and obstructions do not have a significant impact. Most of these light
rail systems use mirrors as the exclusive means of observing the vehicle doors.



INDUSTRY VIEW OF DOOR OBSERVATION

For all systems visited, door observation is a significant operational safety issue. Each
system visited has documented rules and procedures for the operation and observation of
car side doors. In addition, several systems have implemented observation aids. Most
systems view door safety as critical to maintaining ridership because of the high visibility
that the mass media give to door-related incidents. Transit systems are also conscious of
the costs of safety, and they budget considerable amounts to cover public liability claims.
Because these costs can be addressed and constrained by safety measures, observation
aids have become increasingly important in helping to reduce costs.

STATE OF THE ART

Various observation aids are in use on mass transit systems worldwide. These aids
include mirrors and various CCTV-based systems. Mirrors are used in virtually all major
North American transit systems and are generally effective. Primarily, they enable the
operator to see around obstructions on curved platforms and enable the train crew to
observe the platform as the train leaves the station. Most of these mirrors are permanently
mounted to station structures. The exceptions to this are mirrors mounted on the exterior
of light rail vehicles. Although the research team found that station-mounted mirrors are
generally effective, they are subject to vandalism, require accurate train positioning
within a station, and present an image to the user that can distort the scene being viewed.
This distortion occurs because a mirror provides a reverse image of the scene being
viewed and, for convex mirrors, the image exhibits curvature conforming to the shape of
the mirror. Convex mirrors also tend to shrink the image relative to what would be seen
by the naked eye, which makes it difficult for the operator to discern details in the image.

Distortion is further compounded because the scene being viewed consists of
converging lines (e.g., rail car sides and platform edges). As result, the person using the
mirror needs to interpret the image being presented. This process requires experience in
the use of the mirrors if the interpretation is to be made within extremely short dwell
times. Despite their drawbacks, mirrors are suitable for various applications; however,
care must be taken in their selection and installation.

The application of CCTV-based systems to rail car side-door observation is essentially
in its infancy. Few of the systems visited employ CCTV and those that do make limited
use of it. Of those systems using CCTV in North America, MTA-NYCTA has the most
installations. In most cases, the CCTV installations do not provide complete coverage of
the train and are intended only to supplement the train crew's direct field-of-vision.
Conversely, a CCTV installation at PATCO's Haddonfield station provides complete
coverage for the platform and is used to replace direct visual observation (i.e., opening the
cab window and looking back at the train) by the train operator.

All of the significant North American CCTV installations use platform-mounted
cameras linked to platform-mounted monitors. This is a limitation because trains of
differing lengths will stop at different locations along the platform. As a result, only trains
of a selected length can use the CCTV system. The sole exception to platform-mounted
monitors is Toronto's TTC, which has mounted CCTV monitors in the cabs of a few rail
cars as an experiment. For this system, radio frequency (RF) transmitters in the station
send images to rail cars equipped with receivers and monitors. Similar CCTV systems are
used by a few rail systems in Europe. In addition, SEPTA plans to use a similar system in
the new rail cars it is purchasing for its Market-Frankford line.

As part of Toronto's CCTV experiment, two stations were equipped with video cameras
and transmitters. Images are received and displayed in the cab, regardless of the train's
stopping location in the station. While such a system has significant application to car
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side-door observation, Toronto's major purpose is to provide advance warning to the train
operator of persons or objects in the right of way. This warning allows the train operator
to stop the train before striking the person or object and thereby avoid major accidents and
operational delays.

Depending on the number of cameras used, the monitor may display a split- or full-
screen image. In some MTA-NYCT locations, two monitors are used to provide adequate
coverage for trains up to 10 cars long. Where multiple cameras are used, the displays must
be set up to ensure that the crew member viewing the images can maintain perspective.
The research team found in viewing such CCTV-based systems that it was not always
possible to determine exactly what portion of the train was being displayed.

As with mirrors, the effectiveness of CCTV-based aids depends heavily on the system
application design and maintenance procedures. For example, one CCTV system observed
had a camera that was out of focus, making the image displayed completely unusable. In
another case, a camera was pointed so that half of the usable image it provided was of an
electrical conduit. In both cases, minor changes and adjustments could significantly
enhance the effectiveness of the system. CCTV-based systems offer numerous benefits,
including advance warning of right-of-way incursions, enhanced viewing of doors at
extreme distances from the operator's cab, and enhanced ease of observation during train
departures.

During the site visits, it was clear that overall door-operating safety requires a
systematic approach. This approach is the result of the interaction among such factors as
operational procedures, equipment features, facility characteristics, and passenger
behavior. Ensuring a high degree of door safety requires that transit systems address each
of these aspects in detail. Although this report focuses on observation aid devices, it
provides examples of how these other factors influence door observation.

For example, BART has installed platform edge tactiles as part of its Americans with
Disabilities Act (ADA) compliance program. The tactiles warn visually impaired transit
customers when they are approaching the edge of the platform. These tactiles are mostly
bright yellow, approximately 18 in. wide, and extend the length of the platform. The
tactiles also provide a high-contrast stripe (against BART's light-grey rail car sides and
grey concrete station platforms) that can assist the train operator with door observation.
Because BART trains can be up to 700 ft long, this contrasting stripe can provide
significant assistance. Although primarily intended for ADA compliance, the tactiles
enhance door observation.

FUTURE DEVELOPMENTS

The sophistication of current technology embodied in door observation aids in North
America is low. Mirrors as door observation aids, by their simple nature, will not realize
any significant advance in the future. One possibility for mirror improvement is to make
them out of materials that are resistant to vandalism. Also, because mirror location is
critical, enhanced mounting methods that prevent shifting are desirable.

CCTV-based observation aids, on the other hand, have considerable potential for
technological improvement. Several mature, off-the-shelf technologies could be applied to
enhance the performance of these systems. One example is to employ enhanced RF short-
haul video transmission links to send images directly to the cab of the rail car. Moreover,
advances in RF technology have made data link hardware and installation requirements
less costly while providing interference immunity and greater image clarity.

Another potential advance for CCTV systems is to employ flat-panel display monitors
similar to those used in laptop computers. Space for equipment is at a premium in the cabs
of rail cars. This applies to older cars with half-width cabs and even newer cars with
transverse cabs. Conventional video monitors that use cathode ray tubes (CRTS)
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have considerable depth (approximately 14 in. for a 9-in.-diagonal screen), which makes
installing them a challenge. Flat-panel displays, on the other hand, can be produced in a
package with a depth of less than 4 in. for CCTV monitor applications.

CCTV systems can also be improved in terms of image processing. Rarely can a single
CCTV camera provide sufficient visibility of the sides of a rail car to ensure that the doors
are clear. Such cases require that the images be combined to provide the train crew with a
complete picture. Advances in video image processing provide considerable potential to do
this. Most notable is the availability of hardware that allows up to four images to be merged
into a single picture with real-time, live video. This enables the train operator to view the
entire side of the train at one time on a single monitor.

In addition to the mirrors and CCTV in use, a completely new class of observation aids
can be developed. The mirrors and CCTV provide an image to a member of the train crew
who then uses this information to determine if the car doors are clear. An alternative form
of door observation aid could be designed to eliminate the person in the loop. Such a
system can use proximity-detecting technology, such as ultrasound or microwaves, to
determine if the area of the car doors is clear.

The required sensor technology is mature and in widespread use in such critical
applications as security, industrial process control, and vehicle collision avoidance. Sensor-
based observation aids are highly appropriate for application to unstaffed systems, such as
Vancouver's SkyTrain or the various people-mover systems, but could also be applied to
staffed operations, such as light rail systems. The outputs of the sensors would be
connected to a microprocessor-based controller, which would have the necessary logic to
interpret the sensor outputs and make decisions regarding door status. Outputs from the
controllers would be trainlined and routed to the active cab where an indicator could be
provided for train operator use. For automatic applications, the controller outputs could be
integrated into the overall train movement control logic. Although this study program
demonstrated and validated the application of sensor technology, considerable additional
work could be done in this area. Essentially, this work should focus on the system and
system integration aspects of an autonomous observation aid. For example, where multiple
sensors are used, they will need to be interrogated in synchronization with the door control
system. This will require a timing sequence for sensor interrogation. In addition, integration
of the observation aids with other rail vehicle systems needs to be considered. Depending
on the system configuration, the autonomous aid can be integrated with the door control,
communications, and other systems.

OBSERVATION APPROACH SELECTIONS

Through the site visits, distribution of questionnaires, and research of various
technologies, the researchers have identified four different observation approaches.
Variations on some of these types raise the number of potential approaches to seven. The
seven types are as follows:

« Direct visual observation (unaided),

¢ Vehicle-mounted mirrors,

¢ Platform- and station-mounted mirrors,

¢ CCTV with platform-mounted video cameras and monitors,

¢ CCTV with vehicle-mounted monitors and platform-mounted cameras,
¢ CCTV with vehicle-mounted monitors and cameras, and

« Automatic sensor-based observation aids.

Selecting an appropriate observation approach is a fairly complex matter, which must
address various factors, including vehicle characteristics, crew sizes, and station facility
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TABLE 1 Observation and selection decision matrix

;- DIREGT:" " MIRROR' . MIRROR 2 cerv: . geTY . cewv
b wsua b veweles [iipeatrormst [1ipLT  MON:: || VEM - MON::|: vEM ‘NON | SENSORiBASED::
ASSESSMENT CRITERIAT . |: OBSERVATION: |1 MOUNTED':}". MOUNTED * [1/etT cam:: || pLT! icam: |1 VER  cAM: sysTEms:
TYPE OF OPERATIONS
LIGHT RALL x x x x x
HEAVY RALL x x x x x
PEOPLE MOVER x
CREW COMPLEMENT
SINGLE PERSON x x x x Cx x x
MULTIPLE PERSON x x x x x x x
UNMANNED x
FACILITY CHARACTERISTICS
CURVED PLATFORMS x x x x x
OBSTRUCTED PLATFORMS x
MULTLBERTH PLATFORM x . x x x x
VEMICLE CHARACTERISTICS
SINGLE UNIT x x x x
MULTIPLE UNIT x x x x x x x

characteristics. The rest of this report provides information that will assist transit
operations personnel in assessing their operations in detail and in making appropriate
decisions.

Table 1 provides initial guidance for readers on approaches that are most appropriate to
their situations. This table is a decision matrix that indicates which observation
approaches are generally appropriate for various system operations. The table is not
intended to provide absolute guidance, only to suggest approaches for further
consideration. For example, the table indicates that platform-mounted mirrors are suitable
for use on curved platforms; however, the severity of curvature must be considered.
Mirrors will work with slightly currved platforms, but CCTV is probably required for
stations with severely curved platforms.

When reviewing the information in the table, readers should seriously consider only
approaches that meet all criteria. For example, for a heavy rail system with single-person
crews and curved and obstructed platforms, the three CCTV-based approaches are most
suitable. Although platform-mounted mirrors are suitable for use with heavy rail
operations, they generally will not work on obstructed platforms. Similarly, sensor-based
systems are suitable for obstructed platforms but not for heavy rail operations.




PART |—Executive Overview

CHAPTER1

INTRODUCTION AND RESEARCH APPROACH

PROBLEM STATEMENT AND RESEARCH more persons to automated observation aids specifically
OBJECTIVES designed for the purpose.
As a cost-management measure, several transit systems

Because of increasing pressure to operate more costave converted train crews from two people to one person.
effectively, transit systems are continually addressing workéiWhere conversion to single-person operation is performed, the
productivity issues. Paramount among these issues is traworkload of the sole crew member must be reduced.
crew size. Although most of the older transit systems continuroviding car side-door observation aids significantly reduces
to operate with two-person crews, newer systems hauéis workload while the train is in a station.
initiated service with single-person crews and operate Observation aids are used on most systems operating
successfully. In a 1986 reportNCTRP Report 13 multiple-unit rapid transit trains; however, use of observation
"Conversion to One-Person Operation of Rapid-Transiaids is not widespread and does not take complete advantage
Trains"), the Transportation Research Board reported oof the available technology. Although transit systems confirm
increased interest in the use of single-person crews. Since tthat these aids contribute to overall safety, questions—about
publication of the report, cost-cutting pressure has increasedliability, cost-effectiveness, and the true extent to which
and more transit systems have developed plans to convert.tlrese devices contribute to passenger safety—remain.
the 1986 report, car side-door observation was ranked as tRarthermore, no two transit systems are exactly alike. They
most significant issue associated with conversion. As a resulljffer in their operations, equipment, and facilities, so it is
aids for car side-door observation have received greatémpossible to generalize about the effectiveness of an
interest. observation aid.

The principal objectives of this study are the following: The goal of this research project is to investigate
observation aids and to provide the transit industry with a
mprehensive reference source. This reference is designed to
ow transit personnel to fully understand the requirements of

1. Evaluate door observation practices and procedur
currently employed by transit systems (Although researc I
focusgd on site Visits to North Amerlcan. SYStemS o specific application and select an appropriate observation
guestionnaires were forwarded to several foreign systeng
for additional data.); '

2. Identify promising observation technologies and define
conceptual observation aids that use them as a basis; anRESEARCH PROJECT APPROACH

3. Develop guidelines for transit system use in the selection

and implementation of observation aids for their specific  Much of the project effort concerned the collection of data
application and validate these guidelines through thgn existing observation practices and aids. Researchers
performance of two demonstrations at transit propertiegollected data primarily by visitng 17 transit properties.
using conceptual observation aids. While these visits emphasized heavy rail operations, because
of their larger passenger volumes and more complex door

The ultimate goal of this study was to develop a guide fO§bservation scenarios, several properties included light rail

transit authorities to use in evaluating observation aid,, people-mover systems. During each visit, the researchers
requirements,  selecting  suitable  technology, an

. . ; . . nterviewed numerous people (including operations, safet
implementing the aids so as to provide maximum people ( 9 op ! Y,

. s . and engineering personnel) to obtain their views on door
effectiveness. No specific recommendations are made f

individual transit systems relative to observation aids Thes%rbservation. In addition, these visits included first-hand
y : Sﬁservation of operations, surveys of the operating

decisions are left to transit authorities to make on the basis 8hvironment surveys of vehicles, and characterization of
their own specific requirements. facility attribljtes ’

Where observation aids were implemented by systems,

BACKGROUND their effectiveness and the way in which they were used by

operating personnel were reviewed. The research team also

Ensuring that rail car doors are clear before closing anceviewed transit operations and related literature to collect
train station departure has always been a significant safeityformation on prior research about observation aids.

issue in daily mass transit operations. Various approaches The systems visited were selected to include a suitable cross

exist for performing side-door observation. These approachegction of multiple-unit rapid transit systems. This cross section

range from strictly manual procedures implemented by one avas designed to include a mixture of single- and two-person
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crews, automatic and manual train controls, and old and new+  Facility characteristics (e.g., platform length, degree of

system designs. The specific systems visited were the curvature, and lighting),
following: + Observation aid types and applications (e.g., mirrors
) ) and CCTV),
1. Bay Area Rapid Transit (BART) «  Additional safety features,
2. Los Angeles County Metropolitan Transportation Safety procedures, and
Authority .(LACMTA) . . * Training/operator certification.
3. Jacksonville Transportation Authority (Skyway)
4. Metro-Dade Transit Agency (Metrorail and Metromover) . . . .
5. Metropolitan Atlanta Rapid Transit Authority (MARTA) At the meetings, the_quest|onna|re (Appendix A) was used
; . . as the basis of discussion to ensure that the required data were
6. Chicago Transit Authority (CTA) . . . . .
. L . obtained. The questions usually led to detailed discussions of
7. Maryland Mass Transit Administration (MTA) - - - ;
. . operations, equipment, and other project-related topics.
8. Massachusetts Bay Transportation Authority (MBTA) ollowing the meetings, various systems facilities were toured
9. Port Authority Transit Corporation of Pennsylvania anaF 9 gs, Y

to highlight elements of the discussion and to observe
operations first hand.

In all cases, the researchers rode the trains of the systems to
view facilities and observe the actions performed by train
crew members. Where the systems were using observation
aids, installation locations for each type were visited. At these
sites, detailed evaluations were made of each device's
characteristics, installation, and effectiveness. As part of the
gffectiveness evaluations, several train operators were
observed using the device during normal operations. The
observations made during this activity provided significant
information for use in assessing the merits of the aids. In
addition, viewing how observation aids are used helped the
researchers develop guidelines for their application.

In additi _ h . . A multifaceted approach was used to review conceptual
n addition to visiting these systems, a questionnaire Wag,ys Thjs included assessing the possibility of advances in
developed (see Appendix A), which was distributed to

o ) existing aids and of development of completely new classes of
ao!dmonal systems. Although the research emp.ha3|zed heaé%s. Consideration was given to the current state of rail
rail mass transit operations, the circulation of the

. ire included sel d | and liah ?perations as well as the direction of future developments.
questionnaire included selected commuter rail and light rail First, a review was made of the mirrors and CCTV systems
operators because these properties have the same observ

. att:'l(,?r[?ently in use. Because mirrors are simple in nature, their
ISSUes. S . . . otential for development was found to be very limited.
Generally, the visits included discussions with personn

. . ; > . Relative to the mirror itself, beneficial changes would make
representing the appropriate functional disciplines. Visitge, 1ess prone to damage from vandalism. Through the use
were coordinated with members of the project panel, perso

. L i 'Y advanced materials, such as high-impact plastics, mirrors
recommended by the panel, or personnel identified via transit | be made resistant to breakage

industry directories. In each case, the information required for The CCTV systems in use are relatively simple in nature

the project was discussed with these points of contact Yd have considerable potential for development. This
ensure that the goals of the visit were met.

) . . development potential includes both system components and

These c.ilscu.ss[on.s included personnel from one or more e general system architecture. During the research effort,
the following disciplines: discussions were held with manufacturers of CCTV

components and organizations integrating CCTV systems for

New Jersey (PATCO)

10. Metropolitan Transportation Authority—New York City
Transit (MTA-NYCT)

11. Port Authority Trans-Hudson System (PATH)

12. Greater Cleveland Regional Transit Authority (GCRTA)

13. Tri-County  Metropolitan  Transportation  District
(TRIMET), Portland, Oregon

14. Southeastern Pennsylvania Transportation Authorit
(SEPTA), Philadelphia, Pennsylvania

15. Washington Metropolitan Area Transit Authority
(WMATA)

16. British Columbia Rapid Transit Company (BC Transit)

17. Toronto Transit Commission (TTC)

* Sygtem opgrations, specific customer applications. The research was discussed,
* Rail operations, and views were solicited relative to the use of CCTV in the
* Equipment engineering and maintenance, door surveillance application. As a result of these discussions,
e Safety, recommendations were made, which contributed to the
e Training, and development of the conceptual CCTV observation aids
e Operations. detailed in this report.

To verify these recommendations and to develop
The purpose of these visits was to collect the followingspecific guidelines for the use of CCTV in the door
minimum information: observation application, a demonstration was performed at
PATH's Journal Square station in Jersey City, New Jersey.
* Rail property characteristics (e.g., types of operationdpuring the demonstration, a conceptual system was
right-of-way locations, and operational statistics), temporarily installed and response was solicited from
» Door incident statistics and characteristics, observation aid users. For PATH, these users were the
» Operational procedures (e.g., crew sizes and dodrain conductors. The basic system demonstrated used color
observation procedures), images and had platform-mounted monitors making
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it different from any CCTV-based observation aid seen duringroximity, ultrasonic proximity, and microwave motion
the site visits. For a short time during the demonstration, theensors warranted further consideration. Samples of the
system was reconfigured to provide transmission of platforrmicrowave and ultrasonic sensors were obtained and were
images to the rail car via an RF transmission link. In this waylaboratory tested under simulated conditions corresponding to
the researchers were able to verify the feasibility of the bulthose that would be experienced during transit operations.
of the technology base addressed in this report. Where Testing of photoelectric sensors was conducted at the
applicable, commentary on the demonstration findings hafgcility of a local manufacturer of the devices. The laboratory
been incorporated in this report. In addition, Appendix E is @esting results indicated that photoelectric proximity and
description of the events surrounding the demonstration. microwave motion sensors were best suited to the observation
In addition to reviewing the development potential foraid application. Because of their greater complexity,
existing aids, the research team addressed the developmentroérowave motion sensors were selected for use during the
new aids. All existing observation aids rely on visualsensor demonstration. This demonstration was conducted on
techniques and require that the train crew view and interpréte Baltimore MTA's light rail system and consisted of
images of the rail car sides. On the basis of a broad review wfstalling the sensor in the door area of a vehicle and
technology and transit industry developments, the researchesbserving its response to actual operational conditions.
elected to evaluate alternate systems that are fully autonomousThe researchers rode the vehicle during this test and
and make their own determinations of door status. correlated the sensor output to the state of the door area
Such systems are applicable to staffed operations withisually. Sensor-based observation aids are designed to be
single-person crews and unstaffed operations. In simple termejtonomous—they will make decisions regarding the status of
the architecture of these autonomous systems will consist tie doors without human input. For this reason, the
sensors and a processor to interpret the sensor outputs.résearchers did not solicit the opinions of train crews but
evaluating the requirements, it was determined that theelied on the views of operations, engineering, and
sensors are the critical elements of these systems, becawmsaintenance personnel. Details of the results of this
their nature will dictate the required processing methodologgemonstration and the lessons learned are included in Part | of
and technology. this report in the section dedicated to conceptual observation
A broad-based review of sensor technology indicated thatids.
both proximity and motion sensors were appropriate for the Although the researchers believe that sensor-based
door observation application. Proximity sensing has ambservation aids are realistic and feasible, further research
extensive history of use in industrial process control systenshould be done before they can be implemented. As detailed
for various applications. Investigation of proximity sensorsn Part I, actual sensor-based observation aids should employ
revealed that various types are designed to sense materiatsth motion- and proximity-sensing technology. Processing is
with varying properties. required for the sensor outputs. This processing must consider
Because the requirement is to sense people and thdire door closure process and, as a result, the observation aid
personal effects (e.g., clothing, parcels, bags, and strollershust be integrated with the door control system. While not
several sensor types, such as those used to sermeerly complex, this integration will require further research,
ferromagnetic properties, were immediately eliminated fronparticularly to develop the timing scheme for the interrogation
consideration. As was the case during the study of CCTVef the dual sensors. Information provided in Part | of this
based systems, sensor manufacturers were contacted to revieport provides a good basis for this research, including
the door observation application and the manufacturers madiening diagram and installation requirements for a combined
specific recommendations. motion/proximity sensor-based observation aid.
On concluding the sensor investigation, the researchersPart Il of this report contains the supporting technical
determined that photoelectric proximity, microwaveinformation of the properties visited.
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CHAPTERZ2

FINDINGS AND INTERPRETATION

THREAT TO PASSENGER SAFETY Two incidents were directly related to mechanical problems
with the doors. One event was related to a passenger catching

Prevention of passenger injuries is a significant issue ia foot in the gap between the platform and the train door. Four

daily mass transit operations. Door-related injuries cagases involved the doors striking a passenger or breaking an

seriously affect the overall timeliness of transit operationgbject. Three situations concerned a passenger or object

because of delays associated with emergency servicBgcoming caught in the doors. The final incident involved a

activities and accident investigations. Such injuries influenceassenger catching a hand in the door hinge. Further

overall passenger perception of mass transit and can leadifwestigation of the detailed causes of each case would be

negative opinions about transit ridership. Such injuries receiveelpful in recommending corrective measures.

high-profile treatment from the news media, which

contributes to the development and spread of these opinionsc Transit

Therefore, promoting and maintaining safe door operation is

of paramount importance. For the BC Transit SkyTrain unstaffed operation, no
Interaction between passengers and any form oiragging incidents related to door operation or observation

transportation system is, by nature, an accident waiting tBave occurred to date in its service history. Unfortunately

happen. These accidents can occur because of failures there have been 13 fatalities, all classified as suicide. The final

operating equipment or from the failure of passengers or trapeven were verified because they occurred after recording

crews to exercise due caution. Often, these incidents occ@fluipment was added to capture video images from the
because of a combination of factors. platform-mounted CCTV cameras. While BC Transit has

At the inception of the project, the researchers ha§€ensors to detect people in the trackbed, these sensors cannot

developed hypotheses about the threat to passenger safety #gvent or protect someone from jumping into the path of a
the door observation aids need to address. One goal in tR¥VINg train.
distribution of the transit authority questionnaire and the
transit property visits was to test these hypotheses and, ffetropolitan Transportation Authority—New York
appropriate, expand and refine the definition of the threat.  City Transit

In general, the transit systems could characterize the types
of door-related injuries, but few could provide statistical MTA-NYCT collects basic statistical data on reported
information. Nearly all questionnaire respondents andhcidents for subsequent analysis to identify areas of concern.
properties visited collect data on the number and type ofnhe data supplied during investigations define 516 door-
reported incidents, but they do not distinguish door-relategelated incidents from 1988 through September 1993. On
accidents from other accidents that occur in the stations. Thusverage, 92 incidents occur yearly.
only limited information from a few transit systems was The data provided include such information as the date and
available for review. Although the results are not applicable t@me, location, passenger load level, platform configuration,
all transit properties, the results permit some generalumber of mirrors and CCTV monitors at the station, and an
discussion and the identification of areas of concern imbbreviated description of the incident. This description
passenger safety. The following paragraphs providgummarizes the door-related incident by distance dragged (if
information made available to the researchers during thgny), whether or not there was a claimed injury, and a
effort. The data were classified and qualified by incidentomment identifying the type of incident (e.g., child, object,
characteristics, and specific potential threats to passenge#by stroller, coat, intoxicated, blind person, and fatal). The

safety were identified. total incidents represent slightly more than 0.0001 percent of
the entire 500 million passengers transported during the 5

INCIDENT ANALYSIS years.

Calgary Transit Toronto Transit Commission

Calgary Transit furnished descriptive data about 11 door- TTC's Safety and Security Department collects data
related incidents that occurred between January 1991 afier incidents that occur on their three heavy rail transit
September 1993. In reviewing the one-line summary of thénes. The information furnished includes descriptive
computer-logged and -compiled data, several classificatiorgnalyses of incidents and identification of equipment failures
can be made. that contributed to the
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accident. From January 1992 to Ju|y 1993’ there were § FUNCTIONAL REQUIREMENT OBSERVATION REQUIREMENT
incidents. Of these, two resulted from faulty door control
systems. Thirteen incidents involved passengers exiting tf | TRAIN APPROACHES
train and being struck or caught by the doors. Thirty-oni
incidents were related to passengers boarding the train a
being struck or caught by the closing doors. (Four of thes

MOTOR OPERATOR
OBSERVES APPROACHING
PLATFORM

. . . . TRAIN STOPPED/
boarding incidents involved passengers running to board tf BRAKES SET

. . . S AUTO/MANUAL.
train as the doors were closing.) An additional 31 injuries { ) CREW OBSERVES
were caused by passengers becoming caught between TRAIN ALIGNMENT

T
doors and the door jamb as they were opening. TTC h SIDE DOORS / T P ATPorY
OPENED
m
%

initiated awareness programs and has installed warning sig
admonishing passengers to stand away from the doors,
minimize the incidence of injuries where hands becom
caught as the doors open. SIDE DOORS
CLOSED

PASSENGER LOADING
OBSERVED - DOORS
AND APPROACH CLEAR

OBSERVE DOORS &
PLATFORM CLEAR

SUMMARY OF THREAT TO PASSENGER SAFETY

In summary, the interaction between passengers and tl TRAIN DEPARTS
operation of transit systems poses inherent risks to passen ~mmoa oo - CLATFORM
safety. Four major areas of concern are evident fror OBSERVED FOR

EMERGENCY CONDITION

analyzing the data furnished by the transit systems and fro
the observations made during the site investigations. The

are as follows: ?:e|gure 1. Generic car side-door observation requirements.

¢ Passengers caught or struck by closing doors during
normal boarding,

* Passengers attempting (running) to board the trains
when the doors are closing,

e Observation and detection of passengers caught
between closed car side doors, and

* Observation of emergency conditions on stationyjigned with the platform. Proper berthing may be
platforms during station approach and station departurgyetermined through observation of wayside stopping-location

Train crews must be able to identify and respond to each &#arkers or by similar identification systems. _
these situations if passenger safety is to be assured. The trudVith the train doors open, the person responsible for door
effectiveness of rail car side-door observation aids must HPeration will observe passenger loading and unloading.

measured by how they help train crews address these aread\§ten this is completed or at the end of the standard dwell
concern. time, the doors are closed. The passenger unloading and

loading process can actually be broken into three phases.

First, passengers disembark from the train; second, passenger
OBSERVATION REQUIREMENTS boarding begins—these two events often occur

simultaneously, particularly during peak periods. Finally,

The observation of transit car side doors must addredate-arriving passengers rush to board the train before or
several primary and secondary factors to ensure reliable, safaring door closure. The latter two of these phases are of
passenger boarding. Attentive, thorough observation on th@imary concern in car side-door observation. The first phase
part of the train crew and the application of fail-safedoes not normally warrant a high level of concern—it is rare
operations in automatic unstaffed systems are critical tfor passengers to wait to disembark from the train until the
addressing these factors. doors are closing.

Two steps are required for the safe closure of car doors.
The first is to ensure that no object (e.g., a person, an article
of clothing, or a stroller) is between the doors before the
activation of the door closure controls. The second step is to

Five basic steps occur every time a train enters the statiognsyre that no person or article will become lodged between
Each step consists of a function and a related observatiof,e panels while the doors are closing.

Figure 1 illustrates the five functions and the related
observation requirements.

As the train approaches the station, the operator observes Blear Door Panels
platform and track for situations requiring emergency action.
With the train stopped, the train operator and the person Ensuring that the area within the sweep of the door panels
responsible for door operation (if different) observe that thés clear before closure is essential in providing safe operation
train is properly berthed in the station and that the doors amn rapid transit systems. The intersecting point of the door

OBSERVATION PROCEDURES
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in terms of the length of the train and the radius of the

VIEWPOINT —

i platform curvature. For purposes of the calculations, the

1 viewpoint projection is defined as being perpendicular to the
A \ NO) door control location. This distance represents the extent that
CON:%%%»E\ an_operator would need_ to Ie_an out the cab window or t_he
LOCATION point where an observation aid should be located to provide
the necessary viewing area. This program can be run for

R trains of any length and with various door control and

observation locations. In addition, Appendix B contains the
mathematical derivation and basis for the calculations
performed within the program. When using the output of the
program in designing an observation aid application, the user
is cautioned to carefully consider any obstructions between
the viewpoint location and the side of the rail vehicle.

Figure 3 is a graph of the output produced when this
) ] ] ) ] o program is run for various train configurations. In this figure,
Figure 2. Dimensional representation of viewpoint distancee greater the viewpoint projection away from the side of the
on platform curvature. rail car, the greater the allowable radius of platform edge
curvature. Where the required projection exceeds 2 ft, some
form of observation aid will be required because it will be
impossible for the average train crew member to lean out the

panels is the critical area where persons can become caudf{fdow further than 2 ft. Mirrors are generally used where

and possibly injured. The approach most commonly used iinor platform curvature or _facility structures exist that
strict the operator's field-of-view along the edge of the car.

. ; I
tod_ays _systems IS o observe_ along the plane of the car S_”fﬁese devices are installed in a position to allow the operator
to identify any ObJ?Ct pfo”“d'”,g from the dogr areas. Th'%o view the obscured doors through a perpendicular approach
may be accomplished by direct observation from thgg the direction of travel by passengers through the car doors.
operator's position or indirect observation using observatiomhe mirrors are generally located within 6 to 8 ft of the
aids. The field-of-vision (also referred to as field-of-view) for position of the person responsible for door operation,
these observations runs parallel to the side of the rail car amithough distances of 12 to 14 ft were observed during the

is essentially perpendicular to the direction of travel tha$ite Visits. At the greater distance, the effectiveness of the
passengers use in entering or exiting the car. mirrors decreases, because it becomes difficult to observe the

The operator can readily make observations in the requiré.H1ages projected by the mirror, and detail is lost pecause the
] . . . . __Image appears smaller. However, the greater distance does
field-of-view when the edge of the platform is a straight line. d f ) . ;
This is also true when the platform edge has a conv provide an increased field-of-view that includes those doors

e ] : o €4nd vehicle features closest to the location of the person
curvature and no significant obstructions exist within thgesponsible for door operation.

field-of-vision. In this case, the ends of the rail car are closer CCTV-based observation aids are used where platform
to the train crew's position than in the case of a straigidurvature is more pronounced or where there are significant
platform, thereby facilitating observation. In the oppositeplatform structures or features that obstruct visibility. Where

case, where the platform edge is concave, the severity 8f CCTV-based observation aid is used, the camera can be

curvature can impair the operator's ability to see the doors. located anywhere, as long as the monitor is close to the

For a single car or vehicle train, the outside edge where tﬁ/'ewer. Monitqr Iocqtion recommen.dat.ions are provided in
9 g the Observation Aid Usage Guidelines in Chapter 4.

dgors areh Iocatgd IIS alvk\]/ags la st_ra|ght “nﬁ ) Ori)era_to;s CaCE'eneraIIy, the location of the monitor relative to the viewer's
observe the entire length by leaning out the cab window ﬁosition is a function of the diagonal size of the monitor.

minimal distance. For two or more cars per train, the distance Generally, the rail vehicle is berthed with the location

that operators can observe is a function of the curvature ef the person responsible for door operation perpendicular
the outside edge of the train and the linear distance they le@mthe viewpoint. This is illustrated as Scenario A in Figure 4.

out the window. By leaning out the window of the rail car,Because the berthing locations can vary, especially
operators project their viewpoint from the side of the rail cahen operating under manual control, any change in angle
allowing them to see around the curvature. Similarly, affom perpendicular alignment can affect the observable
observation device, such as a mirror or CCTV camera, can stance. If the train stops short of the intended berthing

laced to obtain the required viewpoint projection. (Figure ocation, the change in angle will reduce the overal
P q P pro) - (119 bservable distance. In addition, observation aids placed at

represents the relationship between the viewpoint projectiofe normal berthing location will have their usability

and the viewing distance.) _ _ ~ diminished or will be unusable. Scenario B in Figure 4
Appendix B of this report contains a Microsoft Q-Basicdepicts this situation. In this case, the operator's ability to
Program which calculates the required viewpoint projectiombserve the doors on the rear car will be impaired, because

DEG
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Figure 3.  Graphical representation of minimum allowable radius for curved platforms.

the tangent line of the outer surface of the rear car no longerirror. In addition, degradation resulting from the increased
intersects the viewpoint location. distance between the person responsible for door operation
If a train berths beyond the viewpoint alignment locationand the device located at the viewpoint must be considered.
(as shown in Scenario C of Figure 4), the observable length
along a given train would appear to increase for a fixed
platform curvature radius. This actually depends on thé&tructural Obstruction Offset
characteristics of the device located at the viewpoint.
Assuming a mirror is used, the person responsible for door The preceding calculations are predicated on platforms that
operation may still be able to see a sufficient amount of thbave limited or no obstructions in the field-of-view. Although
train. this is true of many stations, many concave platforms contain
Assuming the distance from the viewpoint to the controcolumns, facility structures, or both that restrict a clear field-
position is maintained and the distance from the edge of th#-view of the car side doors. Figure 5 illustrates this situation
platform is ignored, then the potential observable distance wifls seen during one of the site visits.
increase. This situation is illustrated in Scenario D of Figure The columns in this location were in a line approximately 3
4. Assuming a convex mirror is employed, this situation caft from the platform edge. For a curved platform, the
be desirable. For a given radius, the increase in observalpeoximity of the columns or structures to the edge of the
train distance can be calculated on the basis of the lingatform can severely affect the operator's ability to observe
depicting the distance from the viewpoint to the rear car whetiie side doors on the cars furthest from the viewpoint. In
tangent to the corresponding tangent points of the two radii. addition, it can severely restrict the distance that the viewpoint
The variations illustrated in Scenarios C and D of Figure 4an be set back from the edge of the platform as calculated
do not consider any degradation in the effectiveness of thésing the Q-Basic Program of Appendix B. Where the
device from the compression or distortion of images from theiewpoint setback conditions cannot be met, it is most often
increased angle of incidence when using convex mirrors arecessary to employ a CCTV-based observation aid with
the reduction in observable area when using a flat-faceahultiple cameras.



16

VIEWPOINT

VIEWPOINT

DOOR CONTROL
LOCATION

DOOR CONTROL
LOCATION

VIEWPOINT PERPENDICULAR

-BE R TION
WITH DOOR CONTROL LOCATION A) RTHED SHORT OF NOMINAL LOCATIO

-REDUCED OBSERVATION
-INCREASED DISTANCE OF VIEWPOINT IGNORED

VIEWPOINT

VIEWPOINT

DOOR CONTROL
LOCATION

DOOR CONTROL
LOCATION

C) -VIEWPOINT DISTANCE MAINTAINED FROM DOOR CONTROL
-VIEWPOINT DISTANCE FROM EDGE IGNORED
-OBSERVATION INCREASED

B) -BERTHED BEYOND NOMINAL LOCATION
-DISTANCE OF VIEWPOINT IGNORED
-TRAIN OBSERVATION INCREASED

Figure 4.  Impact of train berthing on fixed viewpoint observational area.

From a facility design standpoint, obstructions near the area along the platform edge extending from the doors is
edge of a platform will restrict the extent to which the defined in order to ensure that the doors are clear before and
platform may be curved. The minimum distance that a during closure. The size of the area depends on the
structure can be offset from the edge of the platform operational and vehicle characteristics of the specific transit
without affecting the field-of-view can be calculated, system. Figure 6 illustrates this zone in terms of the
using, as the basis, a derivative of the mathematicalviewpoint setback and platform curvature in the area
process described in Appendix B. This process will bounded by lineOSL and the arcyT, in the figure. It is
calculate the distance between the side of the rail car angossible to calculate the distance between the car side and
the tangent to the curvature of the rail car side thatthe setback line in terms of the vehicle configuration,
intersects the viewpoint. platform curvature radius, minimum offset point, and

As discussed in the following section, a minimum clear vehicle setback. Appendix C is a Microsoft Q-Basic pro-
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Figure 6. Dimensional representation of platform structure
impacting offset zonal coverage.

should be as large as possible to allow early detection and
observation of passengers running to enter closing doors.
Figure 7 represents the minimum allowable structural offset
for a train 100 ft long for two minimum offset distances: one
of 2 ft, and one of 4 ft.

Figure 5.  Columns near platform-edge obscuring
conductor's vision on MTA-NYCT train.

Offset Observation Zone

The area outside the vehicle, in front of the doors, is of
gram, which performs these calculations. In addition, thenajor significance in the safe operation of car side doors. This
appendix contains the mathematical derivation and basis farea is referred to as the offset observation zone. To account
the calculations performed within the program. for the varying angles of passenger entry into the vehicle, this

Generally, this program is designed to be most useful tarea will be fan-shaped, extending from the door area.
transit facility designers as they plan the location of platfornAlthough the area between the door panels may be clear,
structures, which can obstruct door observation. Where gpassengers approaching the rail vehicle can enter the space
existing facility is being evaluated, the program of Appendixbetween the door panels as they are closing. In this way,
B will be of more use. In this case, any significantensuring that the doors are clear requires continual
obstructions in the field-of-vision will dictate the need for aobservation as the doors close. To minimize the potential for
CCTV-based observation aid with multiple video cameras. closing the doors on a passenger, observation techniques

The distances calculated by the program of Appendix C aighould address the platform area in front of the doors with the
based on the minimum radius of curvature of the platform foarea extending out as far as possible from the side of the
the variable train lengths. Where the platform edge has \&hicle.
complex curvature, the portion with the smallest radius will When the car side doors are under direct visual observation, a
have the most significant impact on observation requirementwide field-of-vision in front of the car doors can be observed in
The minimum offset point is also a variable within thecases where no facility obstructions exist. The clear field-of-
program and can be adjusted according to the operationdgbion in front of the doors allows the operator to observe any
requirements of the specific transit system. Generally, thipassengers running in an attempt to board the train at the last
offset distance should not be less than 2 ft and, in realityninute. The time from an activation of the door-close
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Figure 7.  Graphical representation of minimum allowable structural offset distances for 100-ft train for multiple viewpoint
distances.

button to the point where the door panels touch each other c@n mph. This reduction accounts for three factors: 1)

range from 1 to 2 sec, depending on the operationacceleration from nearby platform entrances, 2) obstructions

characteristics of the door control and actuation systemsr passengers on the platform requiring avoidance, and 3)

Where a chime is used to indicate the closing of the doorgeceleration either in anticipation of boarding the train or of

this time can increase. The chimes generally last 1 sec and dne doors closing before entering. Assuming a period of 1 sec

followed directly by movement of the doors. During thefrom the point of physical activation of door control to actual

generation of the chime and door closing process, the tratoor closure, the passenger has traveled:

crew member responsible for door control can override the

closure process by activating the door-open control. Between .

the reaction time of the operator and the door control system, 3 mi hr 5,280 ft _

L ) _ X X —x 1 sec =441t

it will take approximately 1/2 sec for the doors to reverse their hr 3,600 sec mi

direction of travel. The doors can close approximately half the

distance between the panels. Combining the reaction time and

the door closure time, 1 sec will elapse before doors will comé&his is a relatively large area of clear platform that is

out of contact with a passenger. For this reason, the distan@gt always available in either underground or above-ground

that the person operating the doors must see (offs&tations. Facility columns and platform entrances

observation zone) represents the distance a passenger Wwimmonly restrict the viewing area of the operator.

travel in 1 sec. Additionally, entrances require special consideration in
The optimal distance can be readily calculated as followdelation to car door observation, because passengers will

The normal, full-stride running speed for the average huma@nter the offset observation zone at a slightly higher

is approximately 6 mph. The average passenger will bépeed because they are already in motion from the point

traveling at a rate of approximately 50 percent of this speed 6f entrance onto the platform. The distance from such
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access points as stairs, escalators, and common waiting aréasated in metropolitan areas, often have support columns
to the platform edge is generally less than 6 ft. Severalear the platform edge. Close spacing of these columns can
stations were observed where this distance was less than 4 ftreate the effect of a wall at just a short distance from the

To account for the limitation in the operator's observatioroperator's location.
area where facility obstructions exist, devices should be For a straight platform, the operator's view of the platform
installed to assist the operator in determining if the offsebeyond the "wall" is completely obscured. When the columns
observation zone in front of all the doors is clear. Thesare near the platform edge (e.g., MTA-NYCT at 10 in.), the
devices should be selected and installed to help enhanability to observe passengers boarding the train is severely
observation of platform access points as well as to fill in anjimited. For convex-curved platforms, the wall effect can also
blind spots because of obstructions relative to the observefimit the operator's ability to directly observe the side doors at
location. the far ends of the train, and columns along the platform edge
may restrict the capability of aids to assist the operator in
observing the side doors.

Other structures commonly found at many stations,

. . .especially those located above ground and exposed to
The ability to ensure that car side doors can be read'b(/e%ther,yinclude passenger waitigg areas. Somg of the

observed is primarily goyernegl by the line Of. sight that th%bserved waiting areas, especially older designs, have solid
operator can obsc_arve,_ glther directly or by using observati alls. These structures and their relative location on the
aids. During the site visits, the researchers observed hundr tform can obscure the viewing area of much of the

of transit stations to develop an understanding of th
. ; e latform.
operational and functional characteristics that affec For the development of new stations, or in major

OET‘T’?V?UOD prt(;]cedgclresa Factors |nf|uei\nC|r:jg tlhe ?.pzrator;Econstruction programs, the use of columns should be
abriity fo view ne side doors Were analyzed, classied, angqimized as much as possible; however, a cost/benefits

docun(;entedAtas to thlelrf rtehlatlgle wqpactton thg .?bdserva:'c?f?ade-off may necessitate some form of column requirement
procedure. several of the transit systems visited, certaif), o syation platform.

stations had facility structures or platform configurations tha Table 2 categorizes the degree of structure obstruction

(rjgstntc_ted lcl_ear observalltlon d b3|’ ant operator. For tﬁxtampl Xperienced at some of the most severely obstructed stations
:‘retrtzjlona. S|gps were placed close to ‘; m|rro(rj, SIO at MuCH the particular transit system. The ranking is subjective and
0 € mirrors viewing area was obscured. In genera nerally represents only a few of the stations of the transit

observational requirements and fﬁc"'ty c.onS|derat|ons can allistem. Because of obstructions at these stations, operators
do vary from site to site. For unigque circumstances, critic

issues in the observational design of the stations can %USt pay additional attention to ensure that no passenger
addressed throuah careful analvsis and evaluation of %I/ ters the.t.raln as the doqrs are closing. Four transit systems
. 9 y ere classified with a medium level of obstruction.
applicable factors. The highest level of observation is clearly obtained when
there are no obstructions on the platform that hinder operator
Platform Configuration ability to observe along the side of the cars or the area in front
of the doors at a distance generally of 10 to 15 ft. These are
The configuration of the platform edge in relation to theCl€arly optimum requirements and are commonly not
side of the train is one of two key elements that affect th@btainable during new construction or in station refurbishment
operator's ability to observe the side doors of the train. The" "eplacement.
level of curvature often determines whether or not the EXxternal factors, such as the need for columns or other
operator needs observation aids to observe specific portions $fPPOrt or elevator or escalator installation next to the
the train. These portions are commonly toward the rear of tHatform edge, can limit visibility.
train, because the operator usually is located in the middle or FOr light rail systems, which can operate at street level, the
toward the front of the train. Table 2 identifies thelocation and design of installed structures and obstructions
approximate number of stations where the platform edge ust be parefully re_viewed. Additi.on of trees, signs, and street
curved, for those transit systems that either were visited d#i9hting fixtures, while often pleasing to the public, can affect
that responded to the questionnaire. Of the 30 Systenqg)servatlon, especially as the trees grow larger; such additions
presented in the chart, 20 operate with platforms configured fust be carefully evaluated during design.
a straight line. For the remaining 10 systems, the platforms are
a combination of straight and curved.

Facility Considerations

Passenger Elevatorsin the design of new stations
and the retrofit of older units with elevators, the location
Facility Obstructions and the material design of elevators must be carefully

reviewed to limit the potential obstruction of an

The second key element that restricts overall observation mperator's view of the platform. As part of improved
an operator arises from structures permanently located in tlaecessibility of stations for the physically impaired,
viewing area of the operator. The most common structures aseveral systems are installing new elevators. Although these
building support columns, which are readily found inunits should be as far from the platform edge as possible, the
underground stations. These older stations, especially tholmitations on design and the physical characteris-
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TABLE 2 Summary of station and platform configurations

Subway/  Platform

Grade/ Straight/ Concave/ Stations Degree of

TFansit aty Elevated Curve/ Convex/ Concave Platform Platform Edge
system Stations (percent) Mix Both (Percent) Obstruction Identification
BART 34 33/33/33 STR - - Minimal Yel low-Detect
LA-HR 19 5/95/0 STR - - Minimal Yel low-Detect
LA-LR 5 1007070 STR - - Minimal Yel low-Detect
CTA 142  25/60715 MIX Concave 2 Minimal Yellow Stripe
GCRTA-LR 29 5795/0 MIX Both 5 Minimal Stripe/Det
GCRTA-HR 18 17/8370 STR - - Minimal stripe/Det
MARTA 33 48/48/4 STR - - Minimal Yellow Stripe
MBTA 50 33/63/4 T OMIX Both Minimal Minimel Stripe
Toronto-Scar 6 0707100 STR - - Minimal Stripe
Toronto-HR 60 70/30/0 STR - - Minimal Stripe
MTA-NYCT 469  59/8/33 MIX Both 20 Med - 10" min  Yel Str/Det
PATH 13 65/20/15 MIX Both 5 Medium Yel str/bet
BC Transit 17 20/20/60 STR - - Minimal Yel Str/Det
Jacksonville 3 0/0/100 STR - - None Yel Low-Detect
Miami-HR 21 0/0/100 STR - - None Yellow-Detect
Miami-PM 9 0/0/100 STR - - None Yellow Stripe
WMATA 70 50/30/20 MIX Both 4 Minimal Flashing Lights
Baltimore-LR 24 0/100/0 STR - - None Stripe
Baltimore-HR 12 50/25/25 sTR - - None Stripe
SEPTA-Orange 26 95/5/0 STR - - Medium Yel str/Det
SEPTA-Blue 36 40/0/60 sfrR - - Medium Yel Str/Det
PATCO 13 40/40/20 MIX Concave 10 Minimal Stripe
Edmonton 10  38/62/0 STR - - None stripe
Calgary 30 10/80/10 MIX Both 10 Minimal Yellow Stripe
Metro-North 118 2/98/0 STR - - Minimal Yellow Stripe
Sacramento 28 0/100/0 MIX Convex 5 None Yellow Dots
PAT 15 10/85/5 STR - - None stripe

SF MUNI 9+ 29/71/0 MIX Concave 10 None Yel low-Detect
LIRR 134 3/75/722 MIX Both 4 Minimal Yellow Stripe
Montreal 65 100/0/0 STR - - None Yellow Stripe

tics of the station often prevent this. To limit the potentialescalators and stairs should deposit passengers on the platform
reduction in viewing area, the installation of an elevator withso that they will face the train crew's observation location. In
clear panels in the fixed structure and the elevator car itsdlfiis way, passengers running to catch trains will be seen when
can assist the operator to observe through the structure fitrey reach the platform, thereby allowing the train crews to
passenger egress and ingress. react accordingly.

Escalators and Stairdvlany subway and elevated stations Lightin
use stairs or escalators for passenger access; these structurds 9
are, in some cases, near the platform edge. For elevated
platforms, the obstructive effect of stairs and escalators on lllumination of the platform edge is important in the clear
observation can be limited by designing surrounding wallebservation of car side doors, although to a lesser extent than
that are no more than 3 ft high. For platforms where passengelatform configuration and facility obstructions. Adequate,
access is provided from upper levels, the structure plays consistent levels of illumination are required to provide a
greater role in restricting observation by an operator. Fotlear image and definition to the operator of the passenger
designs of new stations and for major reconstruction ofoarding process. Inadequate light levels make it difficult for
existing platforms, the access location should be carefullgn operator to determine the status of passengers boarding,
considered to minimize the obstruction potential. especially when the observation is conducted over a long
Where physical limitations prevent adequate distance of th@istance.
access point from the platform, consideration should be madeSeveral transit systems have established minimum light
to accommodate direct observation of the stairs by the traievels for their operations. Among those providing specifics,
crew member responsible for door operations. For exampl@ort Authority Transit (PAT) in Pennsylvania had the lowest re-
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quired minimum level—5 fc. Alternately, Montreal requires aMirrors

minimum level of 27 fc in its stations. Some systems require oOf all t ob i id . h found th
different levels of illumination for different station scenarios. =@ &' CUITeNnt observation aids, mirrors have foun e
widest usage in the transit industry. This is because of their

Calgary requires higher illumination levels at its downtownI fi lati d low Iif |
stations versus its outlying stations. MTA-NYCT requires @ Procurement cost, ease of installation, and low lite-cycle

slightly higher illumination levels for its covered stations agnaintenance costs. During the site visits, mirrors were seen in
compared to its exposed platforms. use on 11 of the 17 properties visited. Casg studies rel_atlve _to

Major variances of light levels along the platform edge andnirror usage for each of these 11 properties are provided in
at the ends of a platform also affect an operator's observatigift't Il of this report. In the responses to the transit property
capability. This is especially true for stations affected byiuestionnaire, an additional five North American light rail
variances in sunlight. systems (including Edmonton, Calgary, Sacramento, PA

For platforms directly exposed to sunlight, the changes idransit, and San Francisco Municipal) were identified as users
light level caused by shadows of the facility structure ca®f mirrors as observation aids. Also, the Moscow
make it difficult for an operator to distinguish among imagedVietropolitena in Russia and the Metro de Madrid in Spain
on the platform. This is especially true when an overheateported mirror use in their questionnaire responses. The
protective structure only covers part of the platform, requirindpalance of this section will provide details on mirror use for
the operator to view the side of the car under varying levels dhose properties visited as part of the research program.
illumination. In general, the properties using mirrors were consistent in

Several stations were also observed where the entire statibow mirrors were used for door observation. There was little
is covered, but the ends of the station are open to theariance in use from system to system and little that could be
elements. Under these conditions, bright sunshine caclassified as unique. Mirror use was observed in both heavy
increase an operator's ability to view the end of the trairand light rail operations with all light rail vehicles observed
however, this can also be a detriment, because the brightndssing equipped with some type of mirrors. For light rail
relative to the darkness of the platform may limit the ability toyehicles, the mirrors are generally the sole method employed
distinguish closer images. to view the doors.

Another factor associated with illumination that must be |n very few cases did an operator of a light rail vehicle
considered in observation practices is the effect that reflecteflake direct visual observation of the doors. For heavy rail
light or glare from the sun may have on an operator's viewingehicles, the mirrors are employed where a conductor or train
area. Glare from highly reflective surfaces, such as glasgperator needs to see around a platform curve or an
faced buildings or even the side of the train, can prevent thghstruction. Generally, the train operator uses the images
operator from looking in a particular direction because of theyrovided by the mirrors to supplement what he or she can see
severity of the light. This blinding may restrict the operator'syy direct visual observation.

VieW fOI’ the entire Side Of the train or Only for a Sma” portion. Most Of the mirrors in use have a convex face that enables
In either case, the potential for this must be evaluated anfle yser to see around curves. These mirrors tend to distort the
addressed so as to minimize any effect. . iimage, with the center of the image appearing the largest.
~ In summary, providing adequate, consistent light levels i§1oving from the center of the mirror toward the edges, the
important for the clear observat|(_)n of car side doors, Whethe'ia,rnage on convex mirrors gets progressively smaller. Even at
for underground, enclosed stations or at exposed, elevatgd |argest point, the image seen in the convex mirror will be
stations. This is true not only for direct observation by thgpout one-half the size of what would be seen with the naked
operator but when using various visual observation aids. Asye Where straight line observations are to be made, as is the
discussed in the section on usage guidelines for CCT¥55e with most light rail vehicles, flat mirrors are used.
systems, adequate, consistent light levels are also _requwed t91at mirrors do not distort the image, do exhibit images of
allow the camera to detect and the monitor to display thggnsistent size across the face of the mirror, and do not shrink
images on the platform. the image relative to what is seen by the naked eye. These
characteristics were observed during the demonstration of the
EXISTING OBSERVATION AIDS mirrors at PATH where a flat mirror was installed next to a
convex mirror for comparison purposes.

During the transit property site visits and through the The researchers foun_d that mirror use has achieved a high
questionnaire responses, the researchers identified mirrors afigdree of acceptance with nearly all train crews; however, use
CCTV as existing rail car side-door observation aids. is affectegl by mirror characteristics and mamtenancg. In a few
addition, the researchers identified two transit properties th&2S€S, MIors were observed to have been vandalized—faces
use platform gates and barriers to enhance passenger safé{§re cracked or mirror mounts were bent so that the mirrors
Although these are not observation aids in the strictest sendéreé unusable. In other cases, the mirrors appeared to be
they address the general issue of platform safety and, aSdlcrlty, which reduced their usefulr_less. These conditions were
result, are germane to the research. The following sectioi@und at surface and subway stations equally.
discuss the use of these types of aids. Part Il of this rep
includes full details on the use of mirror and CCTV-base

observation aids for the individual transit properties visited Although CCTV-based observation aids are used in North
during the project. American transit properties, their use is limited. European and

osed-Circuit Television
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Far East transit properties make much broader use of CCT o
During the site visits, CCTV-based observation aids wer
seen in use on 4 of the 17 properties visited. These includi* A o e
CTA in Chicago, MTA-NYCT in New York, PATCO in New 4 .
Jersey, and TTC in Toronto. Other properties (e.g., WMATA 1 ; F |
in Washington, DC, and MARTA in Atlanta) have platform | :
CCTV cameras; however, these systems do not present t
video to the train crews locally in the station. On these
systems, the video is routed to a station office or to
command center. With the exception of MTA-NYCT, the use i,
of CCTV was very limited. For example, TTC is only using ¥ " | i :
CCTV on a trial basis and has only two stations and six ra i'= :: j '.flf § f
cars equipped with CCTV provisions. e ' f
In addition to the four identified users, SEPTA in = & i - |5
Philadelphia has indicated that CCTV will be employed or ¥
the new rail cars being built for the Market-Frankford line. J g |
These new vehicles will be designed for single-persol { ik ]
operation from the onset (rather than the current two-persc | i P f: 4 %
crews), and cabmounted video monitors will be used to allo\ I;- ; g £ |
the train operator to verify that the train doors are clear. Thi & =8 & Ll s
is ground breaking—it represents the first use of CCTV as th e i - e i
primary means of door observation in North America. - : : p 17
In addition to these five North American users, Teito Rapic Tk f =,‘"
Transit (Tokyo), the Transportation Bureau of Tokyo :
Metropolitan Government, Moscow Metropolitena, Metro de |
Madrid, and Hong Kong's Mass Transit Railway Corporatior ey
were identified as users of CCTV from the questionnaire
responses. Figure 8. Platform gates and barriers on Disney World
Where CCTV is being employed in North America, it ismonorail system.
used as the sole means of observation in the stations where it
is installed, i.e., the train operator is not required to look at
anything but the monitors to see the train doors. The
exception to this is CTA in Chicago, where CCTV is used in & latform Gates and Doors
single location to provide an image of part of the train, which
is out of the conductor's field-of-vision.

In several locations visited, gates and doors are used to
For the CTA application of CCTV, a single camera isSeparate the passengers and the trackbed area. Although these
’ ates and doors are not observation aids in the strictest sense,

generally used and a platform-mounted monitor provides ;
fullscreen image of the camera video. In the other three casé ey help separate the passengers and trackbed when the train

a sufficient number of cameras is used to provide a view df glr‘;ffg?r% anaq[eliawggethszﬁt\'gg at the Skvwav Svstem in
the entire side of the rail car and the adjacent platform edgg\./ 9 yway Sy

These three systems employ platform-mounted monitor; acksonyille, qurida, and on the Monorail at Walt Disney
positioned so that they will be visible to the person orld. Figure 8 illustrates the gate arrangement in one of the

responsible for door control stations at Disney World. Platform doors were seen in use on
Ipth f MTA NYC'i’ ltiol it id dthe people-mover systems at the airports in Orlando, Atlanta,
n the case o ) » MUTtIp'e Monttors are provided 5, Pittsburgh. In addition, Teito Rapid Transit in Japan
along selected platforms to support multiple stoppin

- . . . Yndicated (via a response to the questionnaire) that they use
locations for trains of varying length. In this case, the SaMBjatform doors in one of their stations.
cameras are employed for each set of monitors. All CCTV | the case of the Disney World Monorail, the gates keep

installations observed employed monochrome (black anfassengers away from the platform edge during train arrival
white) images and, excluding CTA, used split-screen imageésg departure. These gates provide an additional benefit by
to provide the views of two cameras on a single monitorgefining an observation zone along the side of the vehicle.
Generally, the CCTV observation aids enjoyed a high degregowever, the monorail has station dwell times of 2 to 3 min,
of acceptance, with nearly all train crews observed employingind the door controls are on the outside of the vehicle, aft of
them. All of the CCTV systems observed were in goodhe cab. Because the train crew member must leave the cab to
working order and appeared to be properly maintained. operate the doors, observation of the doors becomes
In all cases, the CCTV systems were protected againgbnsiderably easier.
vandalism through the use of protective enclosures for all Like the Metromover system in Miami and the SkyTrain
system components, including the monitors and camerasystem in Vancouver, Jacksonville's Skyway system is fully
None of the CCTV systems seen exhibited the effects afutomatic. The vehicles are unstaffed and there is no cab or
vandalism. other provision for manual operation.
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Figure 9. Jacksonville Skyway platform gates.

A unique aspect of Jacksonville's Skyway is its system of The SkyTrain system in Vancouver also employs sensors
platform gates and edge warnings. Each station platform ha® the platform and in the trackbed. This system is geared to
several gates and openings that match the door layouts of thetect right-of-way incursions and is not equipped to detect
vehicles. This approach prevents incursions by all bupassengers too close to the edge of the platform or passengers
determined individuals while ensuring ease of passengérapped between the rail car doors.
movement.

Because the trains stop at the same location in the statigfbNCEPTUAL OBSERVATION AIDS
(14 in.), the opening in the gates generally matches the
vehicle door openings. Figure 9 illustrates one such set of As stated, the research team envisions observation aids
gates. These gates cover the entire length of the platform falling into two general classes—aids that support and
prevent passenger incursions into the trackbed. Openings émhance the range of human vision and aids that employ
the gates are guarded by a pair of photoeyes, with visuglachine vision techniques. Aids used to enhance human
references provided by warning signs, stripes, and coloredsion include mirrors and CCTV-based systems. In these
tactiles. The first set of photoeyes is approximately 12 incases, a train operator or conductor views an image of the
from the platform edge and causes a warning beacon gides of the rail car as presented by the aid. The train operator
illuminate and a loud alarm to sound. must then interpret these images and evaluate the results

When the photoeyes are cleared, the beacon and alarm t@gainst the transit property's operating rules to decide if the
off after a few sec. The second set of photoeyes ar@oors are clear.
approximately 3 in. from the platform edge and cause an Conversely, a machine-vision-based system will
alarm to be sent to the control center and vehicle power to fgovide an assessment of the door situation independent
removed in the blocks in and around the station. These alara§ human interaction. These systems will use some form
must be cleared by the control center operator. Although sugif sensing technology to view the doors. The
a system could be used for a staffed transit system, it is maggnsor outputs will be used by a microprocessor-
suitable for automated systems. based system controller to determine the status of
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the doors on the basis of an observation algorithm and safe§CTV-based observation aid demonstration performed at
rules. The safety rules become the metric used to assess dBé¥TH, a color system was used and this contrast difference

safety and are generally constant, with small variations t¥as illustrated. In addition, several of the PATH train crews
reflect transit property operating  rules, equipmenlthat viewed the images provided by the demonstration system

configurations, and facility characteristics. The algorithm usegommented on the benefits of the color images.

{ data is dictated by th technol Comments made by transit property personnel during the
O process Sensor data IS dictated by the sensor lechnology. e isits indicated that color video was not used because of
The following paragraphs address the potential fo

Lost considerations; however, the cost of color equipment is

a;jvancen:ents In ]?X"Et'ng o?serva}gonbaldsdand dey(i_lopmegﬁly slightly higher than monochrome equipment. Generally,
Of néw Classes of observation aids based on existing a'?lqis cost is about 25 percent greater for a color camera or

emerging technologies. monitor than for an equivalent monochrome unit. The
following paragraphs provide information on other advanced

Conceptual Mirror-Based Observation Aids CCTV-based observation aid strategies.

error_s are passive d_ewces that operate acco_rdmg to one OfVehicIe-Mounted CCTV. Al of the CCTV-based
the basic rules of physics. Because they are simple tools, th% ; . .
S . - . . ' observation aids used to date have station- or platform-
most significant potential for advancements in mirrors lies in - . .
: . ) o . mounted cameras. It is possible to employ train-mounted
enhancing and structuring their application and enhancin ) . :
. . . . . ameras that could essentially make the observation aids self-
their resistance to vandalism. Discussion of these two aspects .. : . ; O
. - . . contained on the rail vehicle. This alternative is supported by
of mirror use are provided in Chapter 4 of this report, undef - X
. . . o the current range of miniature CCTV cameras designed for
the heading of Observation Aid Usage Guidelines. - A T
security applications. Some of these cameras are cylindrical in
shape and have a diameter of approximately 2 in. and a length
Conceptual CCTV-Based Observation Aids less than 6 in. Such a camera could be placed in a
weatherproof enclosure and mounted on the side of a rail car.
CCTV-based observation aids are defined in terms of thelfocated at the head of the rail car, this camera would provide
general system architecture (which defines the functiond@n image of the plane of the side of the rail car. Figure 10
methodology) and the individual components and subsysten$§ows the location of the camera with references to aid in
(which implement this architecture). The potential fordefining the vertical field-of-vision requirements.
conceptual CCTV-based observation aids depends on theThe horizontal field-of-vision is not an overly significant
development of advanced architectures for the systems afBNCern because this type of system will sight along the side

the use of system components incorporating state-of-the-##f the car and only a small horizontal field-of-vision is
technology. required. In this illustration, the distance between the camera

The current systems studied by the researchers are faifd the set of doors closest to the camera determines the field-
basic; therefore, there is considerable potential foPt-vision. The closer this set of doors is to the camera, the

improvement. The following paragraphs discuss thavider the field-of-vision that is required. The field-of-vision is
architecture and components of CCTV-based observation aid§fined mathematically as:
and provide details on how they can be enhanced.

Field-of-vision (Degrees) = Arctan (H/D)

Conceptual CCTV-Based Observation Aid
Architecture In such a system, the video from individual cameras could
be routed to the cab through trainlines and displayed on a
The basic concept in the design of CCTV-based observationonitor. Figure 11 is a block diagram illustrating a potential
aids is that a clear image of the side of the rail car must rchitecture for such a system.
presented to the train crew. Because the time for observationThrough the use of video signal switching, the system could
is brief and there is considerable platform activity during thide configured so that any rail car equipped with the
period, this image must be presented to the train crew in reappropriate hardware could serve as the lead car of the train.
time. Having established these underlying operationan addition, the video could be displayed on the monitor in
principles, it is possible to assess how the architecture @y cab on the train. The cab monitors could be used to
CCTV-based observation aids can be enhanced to increadisplay a quad image that would show as many as four cars
their usability and suitability to their assigned task. (as shown in the block diagram of Figure 11) or could use
The most basic advancement that could be made in tisplit-screen images for shorter trains or switched quad images
architecture of CCTV-based observation aids is to use colder longer trains.
images. Color images provide greater contrast between peopleA simplified version of this system could also be applied to
and objects, such as the rail car and platform features. Ftght rail vehicles, which are generally shorter than heavy rail
example, the warning stripe at the edge of most statiogars. A system for a light rail vehicle could use either a single
platforms is yellow. This color contrasts with the concreteor dual cameras and would not require trainlining of video
gray of the platform and the silver of most rail cars. Persongages.
or objects crossing the stripe can be easily seen. During theBecause the electromagnetic environment for trainlines is
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Figure 10.  Vehicle-mounted CCTV camera field-of-vision.
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Figure 11.  Vehicle-mounted CCTV system block diagram.

fairly noisy, these signals would need buffering using line With the vehicle in motion, the cameras adjacent to the
amplifiers as shown in Figure 11. As an alternative, a fiberactive cab would be displayed on the monitor in split-screen
optic system could be employed to route all train video signaformat to emulate the rear view mirrors. When the vehicle
to the active cab via a single fiber. Because of the broastops and the doors are opened, the monitor would display the
bandwidth of fiber-optic cable, a fiber backbone could alswideo from those cameras on the side of the vehicle with the
incorporate vehicle interior communications and vehicledoors open. This switching could be accomplished
health monitoring. automatically using signals from the door control system.
An offshoot of this approach could be a CCTV-basedVith the doors closed, the display would revert to the rear-
replacement for the mirrors used on light rail vehicles. Withview-mirror mode.
such a system, the cameras could be positioned to provide an
optimal view of the doors and would not require adjustment
by individual train operators because their view would be Enhanced Platform and Vehicle CCTVAlthough
provided by the cab-mounted video monitor. In developingeveral CCTV systems are in operation as reported above,
such a system, it must be considered that some light ratiese fairly basic systems do not exploit the full range of
systems operate on city streets, sharing them with vehicul@CTV technology available. In these systems, image
traffic. In this case, the train operator would also use theepresentation, image delivery, and display technology could
CCTV to avoid collisions. For this reason, some form ofbe improved. While in some cases these improvements could
switching should be employed to provide the train operatdoe realized through the use of state-of-the-art components,
with an optimal view. Such a system could have four camerasjost would require changes to the system architecture. In
with one at each corner of the vehicle. The fields-of-vision ofddition, some of the changes would be interrelated
these cameras would be oriented toward the center of tled would have to be implemented in combination to
vehicle. be effective. The following paragraphs discuss the po-
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tential for enhancements in these areas and describe thleserved during the CCTV demonstration at PATH. While
relationships between them and how each relates to thlkis is not as much of a problem for trains with automatic
overall system architecture. controls—because of their stopping accuracy (generally less
than +2 ft)—trains under manual control could experience
problems because of their average stopping accuracy of 4 ft.
The research team observed that, in some cases, trains

In the systems seen to date, the image presented to the trali$Sing their stopping mark by as little as 3 ft can obscure the
operator is either full-screen or split-screen. For MTA-NYCT,train crew's view of the monltor._ When thegt_a trains miss their
multiple monitors are sometimes necessary to provide all ti®arks, the angle between the viewer's position and the face of
required images to the train crew; this necessitates addition} monitor becomes increasingly obtuse, which limits the
hardware and installation and requires the train crew to scdfRin crew’s ability to use the monitor image reliably. ,
the images provided on multiple monitors. This last fact is of 1he obvious solution to this problem is to move the monitor
particular concern because the situation presented by of@ative to the train crew. The best way to do this is to use
monitor may change while the train crew member is viewingrain-mounted monitors like those employed at TTC. These
the other. With this in mind, it is desirable to provide trainmonitors are mounted in the cab so they can be viewed
crews with all required images on a single monitor. regarqlle_ss of the tra|r_1's stopp_lng pos_ltlon. An additional

One way to do this is to use a quad-image combiner. TH@ene.flt is that the train crew is physically closer to the
combiner allows the images from up to four cameras to b@onitor, which allows them to better assess the scene
merged into a single image by taking the four images an@resented. S
placing each in a quadrant of the monitor defined by vertical The technical challenge presented by this situation lies in
and horizontal dividing lines (see Figure 12). Quad-imagéhe means qf image delivery to the train. Because hardwired
combiners operate by digitizing the individual images. interconnection, such as that is used in platform-based

Split-screen devices simply switch between the camerdystems, is |mpos§|ble, adlf_ferent means of transmission must
inputs at the middle of a horizontal interval (video line). If theP® employed. Multiple solutions can be employed to transmit
two video sources are not synchronized, the combined imad&l€0 images from the platform to a train. These solutions
will be unstable; therefore, the two cameras must hav@clude various forms of RF and infrared transmission. The
common synchronization routed through a distributionfollowing paragraphs provide details on each of these two
amplifier to ensure signal integrity. This costs more becaus@Proaches.
of hardware and installation cabling. Quad-image combiners
cost roughly three times that of a screen splitter; however, the
guad-image combiner will allow the elimination of a monitor, RF-Based Transmissions.Various RF transmission
both screen splitters, and two distribution amplifiers. As &chemes can be used to transmit real-time CCTV images.
result, the quadimage combiner approach will probably b&hese include near-and far-field transmission systems. Near-
cheaper than the dual split-screen approach. field transmission systems are defined as those systems that

Although some quad-image combiners do not operate in gperate with very low radiated power and, as a result, require
real-time mode and provide images that look like freezehe transmit and receive antennas to be close together. An
frames with a 1- to 2-sec update rate, newer units can proviéggample of a system based on near-field transmission is that
realtime images in color or black and white. used in Hamburg, Germany.

One potential drawback of such a system is that images areThis system employs receive antennas mounted under the
compressed, i.e., a full-screen monitor image is presented incar body and a leaky coaxial cable located in the trackbed.
space equal to one-fourth of the total screen area. ThMost train stations have two tracks with a platform or a single
problem can be solved by using larger monitors or by movingide of an island platform serving each track. As a result, the
the monitor closer to the person who will view it. video images that must be provided to the train depend on the

track and platform being used.
A benefit of near-field transmission systems is that they
Image Delivery isolate video signals for two trains operating on different
tracks within the same station without using dual frequencies.

Excluding TTC, existing CCTV systems employ Generally, these systems operate at around 50.5 MHz with
platformmounted monitors. This is the cheapest alternative faxtremely low levels of radiated power. Such a system could
CCTV-based door observation aids, but it has severalot be used in North America because 50.5 MHz is in a band
operational limitations. In these systems, the monitors arellocated for use by 6-m amateur radio operators.
mounted on the platform at a point corresponding to fixed The leaky coaxial cable used in these near-field
train stopping points. As a result, monitors can be used ontyansmission systems is extremely inefficient; therefore, the
for a single, fixedlength train. In selected cases, such as ténsmitter must produce a much higher level of power than
MTA-NYCT, multiple monitors have been installed to allow that required for a conventional transmission system. In
operators of trains of different lengths to use the CCT\addition, because the system components are located in the
installation. trackbed areas and on the underbody of the rail car, they are

Another drawback of platform monitors is that variation inhighly susceptible to electromagnetic and radio frequency
train stopping points can cause the CCTV monitors to be oiterference (EMI/RFI) generated by the propulsion systems
of the usable viewing range of the train crew. This wa®f these vehicles.

Image Representation



Figure 12.

Quad image video presentation.
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The antennas in near-field systems must be spaced no matarted. It is possible that, if the transmitter were operating at
than 8 in. apart. For this reason, the antennas must be mountegher power—as is allowed by FCC regulations — this
in the trackbed close to the height of the top of the rail. In thisiterference would have been eliminated.
position, the antennas are very susceptible to damage byAs stated above, licensed systems guarantee the user that
foreign objects. Simple objects discarded in the trackbed cadnterference from outside sources in the same frequency band
significantly damage the receive antenna and render theill not be experienced. This class of system includes those
system unusable. In addition, the zone in which the vehicleperating in the 2.3 to 2.5 GHz and 21.8 to 23.2 GHz bands.
will receive video is determined by the location of the leakylin reviewing the higher frequency systems (i.e., 21.8 to 23.2
coaxial cable. If the cable is not run for the entire length of th&Hz), it was determined that the antennas in these systems
platform, this will restrict operations. For example, temporanhave a 3 dB beam width of 3.8°. This beam width is too
relocation of the train stop location will make the systermarrow to develop a practical application for a door
inoperable. surveillance system because minor curvatures in the track can

The procurement cost of a near-field transmission system gt the antennas out of alignment. The prospective user must
also higher. The leaky coaxial cable costs approximately threessess the electromagnetic environment in which the system
times that of standard RG-59 coaxial cable per foot. Trackbedill be used in order to select the appropriate frequency range.
installation is expensive because of the trenching required to
route the cable from the platform to the trackbed and because
of the cost of fastening the cable to the rail ties securely. Such

cables are also subject to lateral and vertical displacement|nfrared-Based Transmissionnfrared-based transmission
caused by the weight loadings induced by passing raj§ another approach to unlicensed transmission of video
vehicles. images. These systems consist of a transmitter and receiver
Far-field RF transmission systems are designed to operajith the transmitter using a laser diode to produce frequency-
with nominal levels of output power, thereby allowing greateimodulated infrared energy. They transmit with a power level
antenna separation distances. These systems can be classifiediomw in the 800 to 850 nm wavelength range. The
into licensed and unlicensed systems. Licensed systems ajgstems reviewed had operating ranges up to 2 mi. Although
those that require a Federal Communications CommissiQfese systems are not in use in North America, in the United
(FCC) site license to operate; this license covers a geograptiingdom, they are used as part of CCTV-based observation
location and ensures that the user will be the sole licensee ofgys.
specific frequency in a geographic area. This guarantees thea potential problem with an infrared transmission system is
user that there will be no outside interference withthat the beam of infrared energy it uses is very narrow. The
transmissions. Generally, the licensing process is not difficulransmitter has a maximum beamwidth of 20° at a point
and equipment manufacturers will assist their customers igpproximately 120 ft from the transmitter optics. This
this process. beamwidth decreases as the distance from the optics
Most licenses can be obtained in 6 months or less. Licens@gtreases. At a distance of 350 ft, the beamwidth is about 5°.
systems suitable for the application to CCTV observation aidg addition, the receiver also has a beamwidth specification,
include those operating at frequencies in the 2.3 to 2.5 GHghich is generally on the order of 5°.
bands. Unlicensed systems do not require FCC operatingTaken together, the beamwidth specifications make
approval and are suitable for the door observation applicatiogjignment of the transmitter and receiver optics very critical.
The research team worked with a 902 to 928 MHz unlicensegecause of these alignment constraints, the researchers think
system to assess its susceptibility to outside interferencgyat such a system is most suited to underground applications
Although this frequency band is shared with other consumegghere the transmitter can be mounted on the ceiling in a
electronics, no perceptible interference was observed. tunnel and the receiver can be mounted on the top of the rail
The researchers conducted trials of an unlicensed systemyghicle to maintain alignment. Although problematic, this
both urban and general suburban environments. To stress i§uld help make the system immune to interference from
equipment, these tests positioned the receiver and transmther sources of infrared energy—interference would have to
antennas at the extremes of their coverage ranges. In all casgs directed at the receiver for the interference to be a problem.
the image provided was usable and exhibited no distortion @4 addition, the beamwidth will be beneficial where multiple
interference from outside sources. The equipment testgghcks and platforms are in use in the same station and specific
employed circular polarized microstrip antennas with @mages must be routed to the train. The researchers also
transmit beam width of 160°. This broad beam width could bﬂ]mk that an infrared-based System would be Susceptib|e to
used to provide images to the train before entering the statiogroblems caused by fog or other precipitation. Atmospheric
while in the station, and after leaving the station (via antenngater vapor will tend to disperse the light beam, thereby

backlobes)._ _ ) reducing the amount of energy reaching the receiver.
A transmission system operating at 905 MHz was tested at

PATH as part of the CCTV demonstration. This system
operated at low power levels and experienced very little
interference from train equipment. The only interferenceD
experienced was when the train started moving. This
interference manifested itself as minor snow, which could be
seen on the video monitor. This interference probably resulted In designing rail cars, the goal is to provide the optimum

from transient noise generated when the traction motorgpace for carrying passengers; therefore, areas such as equip-

isplay Technology
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Figure 13. TTC cab monitor presentation.

ment space and the operator's/conductor's cab on rail vehicksallower and mounting a conventional CCTV monitor is
are reduced to the smallest practical size. As a result, it roblematic. In general, a 9-in.-diagonal, CRT-based color
difficult to mount additional equipment in the cab. Videomonitor requires a mounting depth of 12.5 in., including room
monitors pose a particular problem because of the depfar rear connectors. Black and white monitors are only
associated with the cathode ray tubes (CRTs) around whighightly smaller (i.e., nominal 12.1 in. depth for a 9-in.-
they are built. This is particularly true for existing systemsdiagonal monitor). Such depths are characteristic of CRTSs,
where the monitor installation is a retrofit. Designers of nevand little can be done with current technology to reduce the
rail cars can design other elements of the cab around thgpth. Smaller monitors, such as 5-or 6-in.-diagonal screens,
monitor installation. could be employed to reduce the depth, but the image begins
As described previously and illustrated in Figure 13, TTGg compress and detail will be lost.
in Toronto has installed monitors with 9-in.-diagonal screens A potential solution to this problem is the use of color, flat-

in the cabs of a few of its rail cars. These monitors wer o : : )

. . . . anel liquid crystal displays (LCDs). These displays were first

m_stalled in the upper right corner of the C?b W'th _the S CreeEeveloped for the laptop personal computer market and are

slightly angled toward the train operator's position in th inning to see use in consumer video products. Although the

center of the cab. The researchers observed that the scresiy 9 ) . \deo pre ' 9 Y
e not yet available in large quantities, it is expected that they

was located so as to be viewed under normal operatirfg, i .
conditions. TTC has some concern that the train operators wifill 56 widespread use by 1997. In addition, LCDs have been

hit their heads on the mounting brackets, as evidenced by tHg€d in avionic displays on commercial and military aircraft. It is
warning stripes placed at the front edge of thePossible to produce a complete 10-in.-diagonal, flat-panel
brackets. display with a total package depth of less than 5 in. These flat-

Toronto's monitor installation was facilitated because TT@anel displays are active-matrix LCDs that incorporate
vehicles have a total cab depth in excess of 52 in. (i.eamorphous, silicon, thin-film transistors at each addressable
window to rear wall), which makes them among the largesdot. Advanced versions of these devices are constructed
seen during the site visits. Most cabs are considerablysing glass sandwich encapsulization, which provides
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resistance to high humidity and to mechanical shock anenvironmentally induced conditions.
vibration such as may be encountered in the mass transitDual-image pixel-point operations are used to combine two
operational environment. lllumination of LCDs is provided byimages for comparison purposes. These operations include
high-intensity backlights. Features allowing dimming of up toaddition and subtraction. Addition results in superimposed
2,000:1 allow use of these displays under ambient lighitnmages while subtraction yields the differences between the
conditions varying from night to full sunlight. LCDs may fail captured image and the metric. The subtraction technique is
to operate properly at low temperatures; however, a heattre most applicable to door observation. Subtracting an image
may be used to extend the operating range of the unit. of a clear platform or car door area from a captured image
would reveal obstructions or passengers blocking the doors.
Providing such an image to the train operator would reduce
Machine Vision the requirement for this person to interpret the image, because
all the individual would see are the differences from the

CCTV has been used to perform automated produdf‘etr'c- Alternatively, thls_ image could be u;ed by an
inspection in manufacturing. In such systems, the image of @!tonomous door observation system to automatically make a
product on a manufacturing line is automatically compared tg€cision regarding the doors and implement remedial action
that of a metric (i.e., an image of a product known to bée.g_., door cycling and_automatlc warning annou_ncements).
acceptable) to determine if there are differences. Units Pixel-group processing operates on sets of pixels, normally
differing from the metric are rejected. _determ|r}ed by_ a target pixel and those adjacent. Trend

Machine vision requires that the image of a scene or obje#iformation gained from these analyses can be used to
be captured and processed to allow comparison to the metr@MPhasize detail and in morphological operations to identify
This process requires computing resources, including devicé§apes and object locations through edge definition
known as frame grabbers, which capture video images H§chniques. The basic operation in pixel-group processing is
sampling them at a given time and storing them. Althougﬁpa“a! convolution, W_hlch qalculates a welghted average of
machine vision could be applied to door observation aiddntensity around and including each target pixel. The range
aspects of its use make it unacceptable. The most significaffer Which the average is taken is referred to as the
aspect is that machine vision cannot be performed in re§Pnvolution kemel and may consist of a rectangular region.
time. Images of the door area would have to be captured adfl® average intensity is arrived at by summing the intensity
processed to account for scene changes arising fropflues of each pixel and dividing by the quantity included in
passengers running to enter closing doors and othdhpe kernel. As w_lth the plxe_l-pomt operanons dgscrlbgd
operational factors. Although high-speed computers couldPove, the spatial convolution may include intensity
perform this operation in near-real time, the cost of Sucﬁdjustm_ents through multiplicative operat|0ns_ to compensate
systems would be prohibitive. for environmental f_actors. As a (esult, spat!al convolutpns

With the rise in multi-media computing that incorporatest@? be computationally intensive and  time-consuming;
video image manipulation and processing, it is anticipated th&owever, the spatial convolution technique could be very
the cost associated with the hardware and software wififfective for door observation. Applying this technique to
decline in the future, making machine vision a more costd00r observation, a passenger blocking the door of a rail car
effective option. On the basis of current technological trenddvould significantly alter the weighted average pixel intensity
it is anticipated that this will occur in 5 to 7 years (i.e., circedf @n image of the door area.

2000). The following paragraphs briefly describe the basics of
machine vision image processing in the context of door . .
observation. Conceptual Sensor-Based Observation Aids

Machine vision systems can perform various forms of
image enhancement and comparison. Most of these operationsThe commercial availability of a wide variety of sensors
are pixel based. Pixels are the small units of video thatuggests that the potential for sensor-based observation aids
constitute a total image. A standard video graphics adaptexists. These sensors are employed in various applications
(VGA) computer video image consists of a matrix of pixelsranging from industrial process control to physical security. In
1024 wide by 768 high (i.e., 786,432 total). Pixelseveral of these cases, the sensors are used to detect the
manipulation techniques can be classified as pixel-poimpresence of persons or objects in a way very similar to that
processing and pixel-group processing. Pixel-point processingquired for rail car side-door observation. One such example
presents a wide range of possibilities, including images the use of sensors for automatic opening of doors in retail
enhancement and comparison. It is possible to alter thestablishments and other public places. The researchers
contrast of an image by multiplying each pixel by a constanexplored sensing technology to identify suitable candidates
value. This increases the contrast of an image uniformly arehd have identified the required functionality and target
results in the brightening of a dark image. Conversely, pixedystem architecture for this new class of observation aid. A
values can be divided by a constant to darken an overly brighenefit of this type of aid is that it could provide fully
or washed out image. An offset operation allows the image tautomated assessments of the status of the rail car side doors.
be altered uniformly by adding or subtracting a constant valuBecause these decisions would be based on rules embedded in
from each pixel. Such processing techniques could bleardware or software algorithms, they would help to remove
used in a machine-vision-based door observation system mouch of the subjectivity associated with existing devices that
adjust images for the time of day, glare, and othemclude persons in the decision-making loop.
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Such aids would be integrated with the door controls. Thugpassengers in these systems stand close to the platform edge
the observation aid or door control system could make its onand do not hesitate to lean over the edge to look for
decisions on a localized, door-by-door basis and implememtpproaching trains. Selection of a sensor-based observation
the required actions without train operator intervention. Thigid must consider the general behavior of the transit system's
would avoid the situation where the doors in the entire traipassengers.
need to be cycled. (Such a situation can allow additional With these factors in mind, the minimum presence and
passengers to enter the train, which causes further delaymption sensing zones can be established. Figure 14 shows this
These systems could be used in conjunction with an advancedne for a generic heavy rail car with three sets of doors. This
vehicle communication system to notify the train operator ofone is defined as the minimum area that must be verified as
the exact location of a problem. In addition, integration withbeing clear before initiating train movement. In reality, this
the communication system would allow localized messages one must be considered as being three-dimensional because a
be broadcast directly to the car or even the area of a particulsassenger could have a limb or object stuck in the doors
car where a problem exists. above floor level. Figure 15 is a side view at a single door

Another significant consideration with these automatedhowing the elevation of the minimum observation zone.
systems is timing. The period when the outputs of the sensorsThis zone can be broader at the bottom because this is the
are interrogated must be carefully established to avoid falsaeost likely region where an obstruction would be located. It
alarms. For example, interrogation of the sensors when ttghould also be noted that the sensing zone varies during the
train is moving would produce many false alarms. This wasloor closing process. As the doors start to close, it is desirable
seen during the demonstration at Baltimore's MTA. Duringo detect approaching passengers while allowing those
this demonstration, a microwave motion sensor was used araetween the doors to clear. Once the doors are closed, it is
in addition to persons, it detected the motion of the doordesirable to detect objects stuck in the pushback range of the
closing. This timing relationship is a function of many factorsdoors. This pushback zone is very important because, at this
including operating procedures and vehicle characteristicpoint, the door control system will generate a door-locked
such as door opening and closing speed and the extent of daagnal but small objects can still be stuck between the doors.
pushback. At a minimum, these sensors should be interrogatéd this time, the sensing zone becomes more of a flat plane
when the decision is made to close the doors and before thng the side of the rail car. Persons and objects breaking this
door actuators initiate door movement. Depending on the tygdane must be detected. This change in sensing zone
of sensor used, the interrogation may continue while the doorequirements suggests the need for multiple sensors operating
are in motion and for a time after the doors have closed. This a programmed sequence.
can be accomplished by using multiple sensors (including
different types) or arrays of sensors of a single type. The . .
following paragraphs provide details on the operationaP€nSor Characteristics and Technologies
scenario for sensor-based systems and discuss potential sensor

technologies for use in automated door observation aids. Having established the operational scenario for the sensor-
based observation aid, it was possible to evaluate potential

technologies. This evaluation was very broad and considered
Sensor Operational Scenario nearly 30 types of sensors. In several cases, the depth of the
evaluation required in the assessment was shallow. For

An evaluation of the operational scenario for the sensdXample, inductive sensors were immediately determined to

must begin with a characterization of the physical propertied€ Unsuitable because they operate by inducing and measuring
and dynamics of the objects to be sensed. The basic rule §4dy currents in the object to be sensed. Implicit in this
these considerations is that the sensor cannot require contgPgrational scenario is that the object to be sensed is
with persons or their belongings for reliable operation. For thgonductive or metal. Although this may be suitable for
task of door observation, the properties of persons and obje@QI€CtS, such sensors will not sense persons. In other cases,
that can be sensed are presence and motion. For the dS§PSOr types were eliminated because their sensing ranges
observation application, this is interpreted as "the presence WEre below the requirements presented in Figures 14 and 15.
persons or objects within the sweep of the rail car doors or On the basis of this initial analysis, the researchers
persons moving toward the doors.” The primary objects to b entlfle(_j th_ree sensor types that are suitable candidates for
sensed include persons and their personal effects. To enst§ @pplication. These types are as follows:
that the system will work under all circumstances, the sensor ) )
must operate regardless of the person's physical * Microwave motion and presence sensors,
characteristics, including clothing. * Ultrasonic presence sensors, and

The researchers observed that behavioral characteristics of* Photoelectric presence sensors.
transit passengers vary significantly from property to
property. Generally, in newer systems, passengers appeai’All devices were found to be theoretically capable
more safety conscious and do not stand close to the edgeadf sensing persons and their personal effects on a
the platform. In most cases, these passengers stand well clegpeatable and reliable basis. All of these sensors were
of the warning stripes. In older systems, passenger behavimsted in the laboratory to assess their performance
suggests familiarity almost to the point of contempt. Someelative to door observation aid application.
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Figure 14. Nominal sensing zone for car side-door observation (plane view).

VEHICLE stores, these devices could be used to measure reflected laser
3FT —»l — DOORS energy off passengers and other obstructions. As of the
/ writing of this report, this new technology had yet to be
— ~ incorporated in commercial products. It was not possible to
i obtain a device to perform laboratory testing, so it was not
OBSES‘{""\ET'ON possible to address this type of device in this report. On initial
evaluation, however, this technology appears promising and,
as it matures, it should be considered further.

The following paragraphs describe the characteristics of
microwave, ultrasonic, and photoelectric sensors and address
critical parameters associated with the application. In
addition, an assessment of the suitability of the sensor for the

STATION particular application is provided and potential system
PLATFORM architectures are described.

It |
Microwave SensorsMicrowave technology has proven to
Figure 15. Nominal sensing zone for car side-door be a highly reliable methodology for non-contact presence
observation (side view). sensing and motion detection of people and objects. This is
performed through the detection of reflected microwave
energy reaching a receiver. For proximity sensors, only the

Generally, these tests were performed by simulating rajpfresence or absence of reflected microwave energy is
vehicle structures and passenger movement patterns. On tfetected. For motion sensors, shifts in the frequency of the
basis of these tests, the microwave sensors were found to tmécrowave energy are detected according to the Doppler
the most suitable for use in performing tests at a transRrinciple. The researchers' analyses, laboratory testing, and
property. This determination was based on the performance ekperiences during the sensor demonstration on Baltimore's
the sensor type relative to the application, as well as the ea8HA indicate that microwave sensors have significant
with which a demonstration system could be assembled ambtential for use in the door observation application.
temporarily installed on a rail vehicle. Industrial and commercial microwave sensors operate at

On the basis of the assessment of sensor characteristics, fleguencies around 10.525 GHz (i.e., X-band), 24.125 GHz
microwave motion sensor was chosen for the demonstratio(i.e., K-band), and 34 GHz (i.e., Ka-Band) according to
This sensor was found to have performance characteristi€&&CC frequency spectrum allocations. These sensors have
that made it best suited to the general requirements of the ddound widespread commercial use in applications such as
surveillance application. In addition, a self-contained, batteryintrusion alarms and automatic door openers where
powered demonstration system using the microwave sensthrey are used to detect the presence of persons or objects.
could be easily assembled and temporarily installed in a railhe microwave transmissions are immune to effects
vehicle without modifications to the vehicle. induced by environmental factors (such as humidity

In addition to the three types of sensors mentioned abovand temperature) and precipitation and airborne
laser-based proximity sensors were identified as potentiallyarticulate matter (such as dust, rain, and snow). The research
suitable for the door observation application. Employingeam's preliminary analyses indicate that the presence sensors
technology like the moving beam scanners used in retaflold considerable promise for automatically determining if a

RAIL CAR
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rail car's side doors are clear. In addition, microwave motion
detectors hold promise for detecting passengers running tc
enter a rail car as the doors are closing.

Object detection by microwaves depends on factors suct
as object shape and contour and alignment of the objec
relative to the transmitter. Detection probability is a factor of
distance; however, because the range for the door observatio
application is small, sufficient amounts of energy will be
reflected to the receiver to ensure detection. A rule for
defining what is a usable target for microwave sensors is thal
the circumference of the object is at least as large as the
transmitted frequency wavelength. For example, X-band
sensors will not detect objects with a circumference less thar
lin.

Another factor influencing detection is the target material.
Materials have various dielectric, conductive, and magnetic
characteristics. During laboratory testing of sensors, it was
determined that the microwave sensors could sense persor
and most common objects as would be seen in the mas
transit environment.

Proximity sensors measure reflected microwave energy
within a specific detection field by using isolated transmit
and receive antennas. Most commercial devices place thes?igure 16. Microwave sensor characteristic curve.
two antennas in the same enclosure. Although this does not
provide perfect isolation, these devices use a detection
threshold to account for the energy bleed from the transmit
antenna to the receive antenna. Only when the returns fromlesign warrant. The pattern for the motion detection sensor is
the target exceed this threshold is the presence of a targadimilar; however, the pattern narrows more with distance—
indicated. In addition, the sensors employ coded making it cigar shaped.
transmissions to allow rejection of spurious transmissions. In  Figure 17 shows this pattern overlaid against an example
this way, only energy produced by the transmitter is of a pair of rail car doors. In this example, the wide beam
considered when analyzing received energy. As severahattern is employed and the sensor is mounted approximately
point-to-point communications links and devices, such asg in. above the door opening. Actual mounting locations will
police radar, occupy the same portions of the frequencype g function of the design and structure of the rail vehicle,
spectra, thIS scheme enhances the ability of the sensor tg,eo right-of-way clearances, and maintenance equipment,
reject spurious signals. such as car washes. As was determined during the sensor

Motion sensors consist of transceivers that analyze theyemonstration on Baltimore's MTA. the sensor can also be
relationship. between the transmitted and rfaturneq RF €ner9%¥mounted on the inside of the rail car. Regardless of the
Where motion is dete_cted, _the _returne_d signal will exhibit a location, it should allow the sensor radiation pattern to grow
Dopple.r frequency shift, which is the difference betwee_n thefrom the vehicle. As this illustration indicates, this type of
transmitted and returned frequency. The larger the shift, theSensor can provide fairly complete coverage of the door
greater the velocity of the motion detected. These sensors Cagpening
detect motion toward and away from them. Because there is n rec.ent years, a great deal of consideration has been

some potential for false alarms with motion detection, most . . . : L
of these devices require a minimum travel distance before given to the hazards associated with microwave radiation. All

motion detection signal is generated. Effectively, this of the sensors reviewed by the researchers have emissions

: elow the levels specified in Occupational Safety and Health
averages some number of Doppler cycles before producing . ; . -
motion detection output. For sensors evaluated in the”‘dministration — (OSHA)  requirement 1910.97. ~ This

laboratory, the minimum motion was approximately 3 in., requirement speuﬂes a maximum emission level of 10
which is sufficient for the door observation application. mW/cm2 for microwave radiation. On average, the sensors

Figure 16 provides the characteristic curve of the sensing’@Viewed have radiated power levels less than 5 mw/cm2.

zone for a common microwave presence sensor. This figure AS indicated previously, a microwave-sensor-based
actually shows a narrow and a wide beam pattern. Becaus@Pservation aid was tested on a light rail vehicle of
this figure provides a planar view, it does not illustrate that Baltimore’s MTA. For this test, a microwave motion sensor
the pattern is actually three-dimensional with an elliptical was mounted above the door well area, oriented so the
cross section. When viewed from the side (i.e., projectingPattern would radiate from the vehicle. The operating range
from the plane of the rail car side), this pattern is 12° wide. Of the sensor was adjusted to detect persons moving toward
The shape of the pattern is determined by the geometry of théhe doors starting at a distance of 4 ft from the side of the rail
antenna and can be varied. In this way, a custom pattern cagar. The sensor detected passengers walking up the door well
be developed for the door observation application to providestairs until they reached the floor level of the vehicle. Figures
broader or narrower coverage should the rail car or facilities18 and 19 illustrate the mounting location for the sensor.

48° TOTAL COVERAGE

-50°
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VEHICLE FLOOR
Operational tests were conducted with the sensor in plac METAL
during periods of peak (e.g., rush hour) and normal operatio
During these tests, the sensor reliably detected perso
moving in and out of the vehicle. In addition, the sensor di

not detect persons walking by the open doors withou
entering. Although there was some concern going into the teBtgure 19.  Microwave sensor installation location—side
regarding the reflection of microwave energy off concreteview.
platform surfaces generating false detections, this problem did
not occur.
The only situation that posed a problem was the case of the
University Center/Baltimore Street Station where a railing
with a metal mesh center caused reflections that resulted in
erroneous detection of passengers walking by the vehicle. The
railing was approximately 42 in. high and was approximatelghe doors are closing. In this case, the sensor immediatel
6 ft from the side of the rail car. This railing and its proximitydetected the police officer.
to the door opening are illustrated in Figure 20. Another notable condition encountered was the case
During these tests various conditions were encountered aref, a passenger who entered the door well and
in each case, the sensor responded appropriately. Most notatgenained stationary. Although the motion sensor detected
among these circumstances was the case where a polite passenger moving into the door well, it could not
officer jumped off the train with the doors in motion. This isdetect him when he was standing still. This passenger
analogous to a passenger running to enter the train when tw@s not in danger in this location; however,
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two, the distance from the object to the sensor can be
calculated using the following formula:

d=rxt

Where:

d = distance traveled
r = rate (speed of sound)
t = travel time

In general, as air becomes warmer, stationary targets appear
slightly closer because increased air density causes the sound
waves to move faster. Although these effects are small and
probably insignificant, they can be compensated for, if
necessary, through hardware or software.

The environmental characteristics of ultrasonic sensors
make them well suited to transit requirements. Rain or
snowfall in moderate amounts will not affect the operation of
the sensor. When designing the sensor installation, however, it
should be mounted so that media, such as snow or rain, are
not allowed to rest on the transducer, because this will
degrade the ability of the diaphragm to generate and detect
sound waves.

= Because the transducer determines the direction of

propagation for the ultrasound waves, it will always be
e mounted with the transducer oriented toward the platform.
Figure 20.  University Center/Baltimore St. station railing. Although sound is produced by compressional air waves,
ultrasonic sensors are not significantly affected by wind. For
example, a 30-mph wind current will deflect a sound wave
from its propagation path no more than 3 percent, which is
within acceptable limits for the door observation application.
he would not have been detected if he had been between thexns was indicated, ultrasonic sensor performance varies
doors and not moving. because of differences in the speed of sound caused by

This situation confirmed the researchers' view that multipl@ifferences in ambient air temperature. This variation is
sensors are required to implement a fully effective sensogenerally characterized as 0.17 percent per degree Kelvin. For
based observation aid. This supports the case for usingegample, over the temperature range 20° F to 90° F, the speed
motion sensor in conjunction with a proximity sensor togf sound will vary approximately 6.6 percent. For purposes of
provide complete coverage of the door area. The motiogar side-door observation, ensuring detection of the person is
sensor would detect passengers moving into the door arqgore important than the exact distance the person is from the
while the proximity sensor would detect stationary passengekgnsor, which makes this variation because of temperature
within the door sweep. insignificant. As indicated previously, this can be

Details of the architecture and functionality of a systemsompensated for in the system if the need arises. This could
incorporating both types of sensors are provided later in thise done by using a processor to interpret the sensor data

chapter. relative to variable limits. These limits could be software
controlled and adjusted to compensate for factors such as
temperature.

Ultrasonic SensorsUltrasonic sensors are used in several Generally, ultrasonic sensors work the best in detecting
noncontact proximity sensing applications. Proximity sensortargets with a relatively high density. Solids, liquids, or
can ascertain presence and distance from the sensor. As thggianular materials work the best because of their high
name implies, they operate through the use of high-frequencgflectivity. In general, porous targets, such as cloth, have
sound waves. The sound waves are produced using high sound absorption properties and are not well suited to
diaphragm that emits sound and detects returns of soumdtrasonic detection. Humans fall into this category.
bouncing off persons and objects. Reflections measured aboU#rasonic sensor response is defined by characteristic curves
a certain threshold indicate presence of an object. that are a function of the distance from the sensor to the object

By determining the time between the sensor's emission @ind the angle of the object relative to the propagation path of
sound and the time the return is received and then dividing kifie sound waves.
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Figure 21. Ultrasonic sensor detection characteristic curve.

Figure 21 provides an example of such a characteristi
curve. This curve was developed using a felt-covered tube |
the target to simulate a clothed person. Although this curv
defines a much lower performance envelope than that for
target such as a flat plate, it does produce acceptak «—USABLE AREA »
performance over the short ranges associated with do
observation systems. v

In Figure 22, the performance envelope from Figure 21 i
overlaid against an example of a subway car door. In thi
figure, the coverage of a commercial ultrasonic sensor i
compared to the structure and geometry of an average pair
rail car doors. In this figure, the sensor is mountec
approximately 1 ft above the top edge of the doors. This we
done for several reasons. First, ultrasonic sensors have a d¢
zone close to the diaphragm where they will not provide [ 4 FEET ————>
usable information. This dead zone is a result of oscillations. ) L
induced in the diaphragm when the sound wave is generateddUre 22. Ultrasonic sensor door application.

Time must be allowed for these oscillations in the diaphragm

to die before accurate readings can be made. This time defines

a distance that the sound can travel before accurate readings

can be obtained and this distance is the dead zone. The sensor

used in the example has a dead zone of 1 ft. The second

reason for mounting the sensor 1 ft above the door is t@PpPlication. The standard operating pattern for ultrasonic
exploit the beam angle or the usable area where the sensor 88RSOrs is a three-dimensional cone—not the flat plane shown
detect targets. The usable area increases in cross section adfifgese illustrations—which will expand the observation zone

distance from the sensor increases according to the formula:from the car side into the platform area as with the microwave
sensors discussed above. The shape of this zone can be varied

Usable Area  * (CosA) by changing the characteristics of the transducer diaphragm.
Laboratory tests were performed with two types of ultrasonic
sensors. During these tests, the sensors were tested as to their

Where: " . . .
ability to reliably detect persons and objects. Testing was
D is the distance from the sensor performed by mounting the sensor in the area above a door and
Ais the sensor beam angle observing its output as people and objects passed through its

detection zone. Various sensor types, including piezoelectric
Although ultrasonic sensors have a practical limitation ond electrostatic sensors, were tested and selected methods
their operating range, this is not a factor in the door observatiomere used to try to alter the shape of the sensors' detection
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patterns. These methods included placing an aperture over 1
sensor's diaphragm and using a horn to shape the detect
pattern. Limited success was achieved with the apertu X
because all but the largest openings caused reflections witt
the sensor rendering it ineffective. Better success we
achieved by using horns of various configuration to shape tt
detection pattern of the sensor. Discussions with sens
manufacturers revealed that most will make custom sensa
with user-specified sensing ranges.

In general, the ultrasonic sensors detected the presence
stationary persons and objects and provided reasonak l.
accurate measurements of the distance from the sensor to
object. With the objects in motion, such as persons walking i
normal speed, the sensor did not reliably detect their present
In several instances, the sensor produced false readings a
in a few instances, missed moving targets at the edges of t
sensor's detection zone. This finding has significant impact c
the viability of ultrasonic sensors for the door observation air
application and, as a result, the researchers do not recomme

their use. Figure 23. Infrared array straight beam patterns.
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Photoelectric SensorsThere are several approaches to
providing proximity warning using infrared and visible beams

of light. In selected instances, this approach has bee

employed on rail vehicles. An example of this is a light rail

system that uses a single set of photoeyes on their light r X [7] —_— 214 RX
vehicles to check if the door openings are clear before closir . :

the doors. A problem the researchers see with this particul g :
application is that the person or object must break this sing : .

beam to be detected. This leaves a considerable area wh ——:

the door could be blocked but the blocking object woulc _L : % :
remain undetected. A potential solution to this problem is t : R
employ multiple photoeyes in a crossing or some othe T. g : 72"
geometric pattern to provide more complete coverage. 1.8" 1: — e ————— .

Such an approach is employed in the elevator industry t
ensure that the doors are clear before closing. This approa ﬁ :
employs a series of infrared beams that look across the dc . % .
opening as the doors are closing. If any beam is blocked, tl :
doors will open. Figures 23 and 24 illustrate two possibl —
arrangements for the system. Infrared transmitters genere : .
beams that are scanned by receivers on the opposite side. *] % \i"

the parallel beam configuration, the beams are separat.
vertically by 1.8 in.: this will provide detection of all but the Figure 24.
smallest objects. In the crossing configuration, the separation
distance is cut even further, which allows detection of even

smaller objects.
While in San Francisco for the BART site visit, the also is concern that the failure of a single element will cause

researchers observed these sensor arrays in use on a hthel device to view the doors as always being blocked. The
elevator. Following this trip, the manufacturer of thedevice demonstrated could time out after a variable time. The
equipment was identified and a meeting was held for produdime could be varied between 10 and 70 sec and 1 to 7 min. In
discussions and a demonstration. It is always a concern withis way, the device could provide some self-diagnosis of
optical devices that the collection of dirt and dust will blockfaults and implement remedial action. In addition, this feature
the transmitter or receiver. During the demonstration, opticavould allow the doors to still cycle if they are intentionally

filters of various density were placed over the transmitter anteld. The observation aid system would need to inform the
receiver to block portions of the light thereby simulating therain crew of this condition so they could choose the

accumulation of dust or dirt. appropriate action to _take. _ _ _ _
Except for the densest filters, the infrared transmission Another concern with optical devices is the alignment of the

penetrated and allowed the device to operate normallyrtansmitter and receiver. If they are out of alignment, the beams
Because there are up to 40 transmitter/receiver pairs, thegeuld appear broken and the doors would appear blocked.

Infrared array crossing beam patterns.
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Alignment becomes more critical when the transmitter andequirement. The microwave motion sensor would be in the
receiver elements come into contact as they would whevehicle, with its scanning zone covering an area beginning
placed on door edges. In this case, the transmitted begust inside the door threshold and extending outside the
cannot disperse widely and alignment becomes more criticalehicle for approximately 4 ft. This will allow detection of
The devices demonstrated to the researchers have pAssengers approaching the doors but will not falsely detect
alignment requirement of +0.5 in. where the transmitter angassengers walking by the train on the station platform.
receiver come into contact and *2 in. where contact is not The photoeye array will be in the door frame and will cover
required. Neither of these specifications poses a problegy area starting 18 in. up from the floor level to a total height
relative to installation in a mass transit vehicle. of 54 in. This zone definition allows sensing of persons
These devices are manufactured for use on elevator doofgnging from small children to tall adults. Figure 25 illustrates
which have straight edges as do most rail car doors. For cffe coverage zones for both types of sensors for the system.
doors that are curved, it is possible to bend the transmitter apgbpending on the type of door system and the sweep of the
receiver array to conform to the shape of the doors. If this igoors, the photoeyes will be in either the inside or outside
done, some of the transmitters and receivers near the smallggbr frame. For example, a vehicle with bifold doors that fold
radius of the bend may need to be relocated to ensure propglt can have the photoeyes in the inside door frame. Vehicles
alignment. with doors that fold in will have the photoeyes in the outside
Following the demonstration, potential applicationdoor frame. For sliding doors, the photoeyes will be in the
scenarios were developed for these devices. On the basis fftside door frame.
the discussions, three potential scenarios were developed Figure 26 is a block diagram of the observation aid system
These were placing the transmitter and receiver in the do@r a single door showing the major components and signals
edges, placing the device in the door frame on the exterior @fovided by and to external systems. A single system
the vehicle, and placing the device on the inside of the doontroller could be used to monitor all doors in a rail vehicle
frame. These devices have a nominal width of 5/8 in. and mrough the addition of input and Output ports for mu|t|p|e
depth of 1 7/8 in. making them easy to integrate into the edg@gnsors. While the sensing zones for the motion and presence
of a standard rail car door. These dimensions are the same fhsors intersect and overlap, the system controller will be
both the transmitter array and the receiver array. Because igferrogating them at different points in time during the door
its relatively compact design, this device can easily be|osing sequence. The major purpose of the system controller
incorporated into most existing door edges. Modificationsyjl| be to implement this scheme. The algorithm used for this
would need to be made to the Style or location of the Weathg&heme will depend heavily on the door C|Osing sequence.
stripping, but this should not pose a significant technical Figure 27 illustrates the sensor-based observation aid
challenge. In addition, the device could be easily incorporategming sequence implemented by the system controller. In this
into the inside or outside of the door frame. sequence, interrogation of the motion sensor starts
approximately 0.25 sec after the doors start moving. This will
. . allow passengers entering the rail car when the doors start
Conceptual Sensor-Based Observation Aid System moving to clear the door area. Also by this time, the door
Design closing chime, door closing message, or both will have
informed passengers that the doors are closing. Interrogating
Having defined the operational requirements and evaluatdie motion sensor at this time will allow detection of
sensor technologies, it is possible to develop a target desigassengers moving toward the doors while the doors are
for a sensor-based observation system. This design camoving.
incorporate a high degree of integration and exploit the Passengers trying to enter rail cars once the doors start
capabilities of other vehicle systems, such as automatic voicroving are the most likely to be struck by or to get caught in
announcement and public address systems as well as the dgw doors. If a passenger is detected, the doors can be recycled
control system. The design discussed in this section igutomatically to allow the passenger to clear or the train crew
applicable to a heavy rail vehicle with sliding doors. The dootan be notified so that they can take appropriate action.
system used with the target design has a 2-sec delay after lygproximately 0.75 sec after the doors go in motion, the
operator activates the door-close control. During this 2-SeGy,yimity sensor will be interrogated. By this time, the doors
period, a chime or automatic door closing announcement {Rill have completed approximately one half of their sweep. If

played. . .
The requirements definitions developed in the preceding passenger has stopped in the path of the closing doors, the

- roximity sensors will detect the condition.
paragraphs indicate that two zones must be sensed by an ™ .
observation aid. These are the area between the sweep of théga'n’ the plelay betweeq the start of the door motion and
doors and the area outside the doors. The types of propertité"@ !n.terrogatlon of the proximity sensor will allow passengers
being sensed are different in each area. For the area outsiidficient time to clear the door area. Interrogation of this
the doors, motion is being sensed; for the area between tR8Nsor will continue until 0.5 sec after the door lock signal is
doors, presence is being sensed. This dictates the use of ti@geived from the door control system.
different sensor types. The technology assessments confirmedThe lock signal indicates that all vehicle doors are
during the demonstration indicate that a microwave sensor dosed. The 0.5-sec time is designed to ensure detection
best suited to the motion-sensing application while an array aff a passenger attempting to pry the doors open from the
photoeyes can be used to meet the presence-sensimgiside or a passenger
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Figure 25. Sensor coverage zones.
MICROWAVE PHOTOEYE
MOTION PROXIMITY
SENSOR
____________ DISCRETE SENSOR
INPUTS
DOOR LOCK
conmiTONBO0R  ———— CONTROLLER
DOOR RECYCLE DOORS CLEAR
(TO DOOR CONTROL {TO OPERATOR
SYSTEM) CAB)

Figure 26. Dual-sensor observation aid block diagram.

stuck within the pushback range of the doors. After
interrogation of the proximity sensor is halted, a doors clear
signal will be sent to the cab to inform the train operator that
it is safe to put the train in motion.
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DOORS CLOSE

BUTTON DEPRESSED | l

DOOR MOTION START

MOTION SENSOR |

ACTIVE

PROXIMITY

SENSOR ACTIVE

DOOCR LOCK

DOOR{S) CLEAR

S

TRAIN MOTION
START
Figure 27. Dual-sensor observation aid controller timing diagram.
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