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n evaluation of Part 10 of the Manual on Uniform Traffic Control Devices, following nearly

2 years of experience with its practical application subsequent to its addition to the manual,
is presented. Elements are identified that have been useful as well as those which should be
considered for revision or deletion.

Each section of the new Part 10 was reviewed and evaluated against the background of
current design and operating practices in the United States. These evaluations identified (1) those
that are particularly useful in that they formalize, confirm and, in some cases, clarify successful
practices, and (2) those that are inconsistent with current design or operating practices.

It is concluded that Part 10 is a valuable new tool for transportation engineers and
planners. It will promote useful standardization, while allowing some leeway to address local
conditions. Nevertheless, some of the strictures appear to be arbitrary or inconsistent with past or
current practices that have been largely successful and should be reconsidered. The review also
revealed a number of editorial deficiencies and discrepancies, which are not uncommon when a
new document is published for the first time.

INTRODUCTION

Until the current edition of the Manual on Uniform Traffic Control Devices (MUTCD) was
issued in late 2000, traffic engineers participating in the development of new and upgraded light
rail transit (LRT) lines had no national standards that were specific to the purpose of guiding the
design of traffic control at street and trackway interfaces.

Part 8 of the MUTCD addresses crossings of highways and railroads, but LRT lines can
be quite different from railroads. Not all interfaces of LRT trackage with streets and highways
are simple, railroad-type crossings. There are numerous configurations. The requirements and
recommendations in Part 8 were often insufficient or inappropriate for LRT crossings.

Part 10, the newest addition to the MUTCD, establishes standards and provides guidance
and options for traffic control measures that are more appropriate for the greater variety of
interface configurations.

Designers and planners of LRT systems have now had some opportunity to apply the
standards, guidances, and options contained in Part 10 to both operating systems and those in
development. Those applications are explored here. Elements that have been helpful and those
that have not are identified. Some changes that might be considered when the MUTCD is next
updated are also suggested.
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COMMENTS AND SUGGESTIONS
Section 10A.01—Introduction

The purpose of Part 10 is to guide the design of traffic control at interfaces of two transportation
modes, highway and LRT. The highway mode is the focus of the entire MUTCD and its nature is
well understood. The matter of interfacing streets and highways with the LRT mode is new to the
MUTCD, and this section addresses that advent by providing, at the outset, an explanation of the
nature of LRT.

The second “Support” paragraph in this section describes LRT as the mode of
metropolitan transportation employing “light rail transit cars that operate on rails in streets in
mixed traffic, in semi-exclusive rights-of-way, or in exclusive rights-of-way.” This description
clearly distinguishes these LRT cars from the railroad trains addressed in Part 8. The nature of
the LRT car is further clarified by formally linking the name with the most common alternative
names—Ilight rail vehicles, streetcars, or trolleys.

That clarification is especially helpful because, prior to the publication of Part 10, there
was considerable divergent professional opinion as to the status of streetcars or trolleys within
the general rail transit mode. A segment of the professional community argued that any electric
railway car capable of feasible operation in both a street and an off-street environment (above-
grade, at-grade, or underground) was an LRT car. This obviously included streetcars and
trolleys. Others dismissed that notion categorically and sought various ways to define a line that
would differentiate them from contemporary electric railway cars.

That endeavor proved to be difficult, largely because designers of light rail systems take
full advantage of the ability of the LRT car to function in the same environments long served by
streetcars and trolleys. Although many light rail transit systems comprise only trackage that is
separate from vehicle lanes, save for some street crossings at grade, other systems are served by
electric rail cars that operate partly on trackage from which motor vehicles are excluded, but
elsewhere they travel in mixed traffic on public streets.

Examples of the latter can be found in Boston, Massachusetts; Philadelphia and Pittsburgh,
Pennsylvania; and San Francisco, California, where the cars run in tunnels beneath the downtown
streets, but in mixed traffic in some outlying areas. Another example is in Sacramento, where the
cars operate in general traffic lanes on several downtown streets, but on segregated trackage farther
out. If the rail cars of these systems, when operating in the mixed traffic sections, were to be
classified as streetcars, but not as LRT cars, it would suggest they undergo some sort of
metamorphosis from LRT car to streetcar or vice versa in a single one-way trip.

The publication of Part 10 has essentially resolved this issue. Section 10A.01 clearly
establishes that streetcars and trolleys are LRT cars. Hence, the services provided by streetcars
or trolleys are LRT. There is no need to continue the aforementioned quest for a defining line.

However, it is unfortunate that, after establishing the term “light rail transit car” as the
basic name of the conveyance, it is not used consistently throughout Part 10. Substitute terms
appear elsewhere in this section as well as in Sections 10C.02, 10C.10, 10C.12, 10D.02, 10D.05,
10D.06, 10D.07, 10D.08 and in Figures 10C-1 and 10C-4. These inconsistencies need editorial
attention and they can be easily rectified in the next edition of the manual.

The nomenclature adopted by Section 10A.01 also addresses a potential difficulty with
the term /ight rail vehicle. While this appellation is perhaps more popular than some others, its
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use could be problematic in certain circumstances, particularly where legal matters relating to at-
grade crossings are involved.

Section 1A.13 of the MUTCD contains the following definition: “Vehicle—every device
in, upon, or by which and person or property can be transported or drawn upon a highway,
except trains and light rail transit operating in exclusive or semi-exclusive alignments. Light rail
transit operating in a mixed-use alignment, to which other traffic is not required to yield the
right-of-way by law, is a vehicle.” Aside from its somewhat garbled wording of the last sentence,
this definition suggests an en route status change of LRT cars akin to the streetcar
“metamorphosis” discussed above.

An interesting test of the logic of this definition can be found on Essex Street in
downtown Jersey City, New Jersey. When traveling westbound on this one-way street the LRT
cars run in the general traffic lane, but when traveling eastbound they operate against the current
of traffic in an exclusive lane. Hence, according to the Section 1A.13 definition they are vehicles
when traveling westbound, but are not when traveling eastbound. At the same time, the
definition of “vehicle” in New Jersey statutes excludes all devices that operate on stationary rails
and makes no exception when the rails are in a traffic lane. Thus, according to state law, they are
not vehicles when traveling in either direction.

The Section 1A.13 definition of “vehicle” is also inconsistent with other parts of the
MUTCD. The thread pursued by this review in that regard begins with the following excerpt
from Section 1A.11:

23 CFR, Part 655.603 adopts the MUTCD as the national standard for any street,
highway, or bicycle trail open to the public in accordance with 23 U.S.C. 109(d)
and 402 (a). The “Uniform Vehicle Code (UVC)” is one of the documents
referenced in the MUTCD. The UVC contains a model set of motor vehicle codes
and traffic laws for use throughout the United States.

The thread then continues with the UVC definition of “vehicle”:

Every device in, upon or by which any person or property is or may be
transported or drawn upon a highway, excepting devices used exclusively upon
Stationary rails or tracks.

Incidentally, this UVC definition is not unique. Most state codes include the same or a
similar definition.

The inclusion of a definition of “vehicle” in Part 1 that is different from the UVC
definition does not appear to serve any positive purpose. Serious consideration should be given
to deleting this definition from Section 1A.13, thereby allowing the UVC definition to prevail.

This could open the door to various clarifications and simplifications. For instance, in
situations where it is necessary to establish that a particular law or regulation applies to
conveyances other than rail cars, the term “motor vehicle” is sometimes used to exclude the rail
mode. However, that also excludes bicycles, tricycles, and other human-powered vehicles,
because they are not motor vehicles. If it were the intention to include them in such a law, they
would have to be specifically named. Yet, since those devices are all vehicles, they would be
included automatically if the “motor” prefix were dropped.
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Another term sometimes used in lieu of “vehicle” is “road user”. However, it is
ambiguous as to whether this includes or excludes pedestrians. Furthermore, a rail car operating
in a general traffic lane (e.g. in downtown Sacramento, California) could be considered to be a
“road user”.

By faithfully restricting the use of the word “vehicle” in the MUTCD to those devices
specified in the UVC, these problems could be largely avoided. That having been said, this
restriction of the use of the term “vehicle” in regard to LRT cars need not extend to all printed
literature. Light rail vehicle has become a popular name that can be useful in media such as
commercial and public information literature to identify rail cars that are different from those
comprising traditional subway, elevated, and commuter railroad trains. Deletion of the “vehicle”
definition from the MUTCD would not preclude popular application of the term to LRT cars.

Section 10A.05—Temporary Traffic Control Zones

The second Standard refers twice to a “highway-rail grade crossing,” which is the term used in
Part 8 for railroad crossings. The crossings addressed by Part 10 are referred to as “highway-light
rail grade crossings.” This and the reference to “railroad” tracks appear to be editorial errors and
not an intentional use of the Part 8 terminology. They can be easily rectified in the next edition
of the manual.

Section 10B.01—Introduction

In the Standard paragraph, the reference to “traffic gates” should be changed to “automatic
gates” for consistency with Part 8 and the various documents related to the MUTCD.

Section 10C.03—Stop or Yield Signs (R1-1, R1-2, W3-1a, W3-2a)

The final paragraph of the “Guidance” portion of this section is unrelated to all other portions.
The content of this paragraph has a very worthy purpose, but its inclusion in this particular
section seems inappropriate. The Stop or Yield signs referenced are not an actual part of the
crossing control, but rather a peripheral condition that could influence the design of that control.
A reworded version might be included in Section 10C.04, and consideration should be given to
re-classifying it as a Standard in that section.

Section 10C.04—Do Not Stop On Tracks Sign (R8-8)

This section recommends the placement of this sign on only one side of the crossing.
Consideration should be given to adding an “Option,” comparable to the one in Section 8B.06,
which would allow the installation of this sign on both sides of the crossing. The purpose of
imposing this limitation of design flexibility in the case of highway-light rail grade crossings is
not readily apparent, nor does it seem justified.
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Section 10C.10—Do Not Pass Light Rail Transit Signs (R15-5, R15-5a)

The intention of the “Support” paragraph is worthy, but the wording is awkward and possibly
confusing. The following re-wording should be considered: A Do Not Pass Light Rail Transit
Sign (R15-5) is used to indicate that vehicles are not allowed to pass light rail transit cars that are
loading or unloading passengers where there is no raised platform or area that is physically
separated from the adjacent vehicle lane.

Section 10C.11—Highway-Rail Advance Warning Signs (W10 Series)

Where the alignment of the LRT trackage is comparable to that of a railroad and a crossing is
controlled by railroad-type devices (i.e., flashing light signals, with or without automatic gates)
the posting of a W10-1 sign may be appropriate. However, where the trackage is situated along
the right-of-way of a public roadway, whether in exclusive lanes or in general traffic lanes, the
crossings are in fact intersections of public streets that are controlled by either traffic signals or
Stop signs. The value of supplementing these control devices with a W10-1 sign is not readily
apparent. Nor is it made clear why this posting would be needed in a residential district, but not
in a business district. Consideration should be given to limiting the use of these signs to non-
intersection crossings and to re-classifying it from a Standard to “Guidance.”

Section 10C.12—Light Rail Transit Approaching-Activated
Blank-Out Warning Sign (W10-7)

The potential usefulness of this device goes beyond warning motorists who are approaching on a
parallel roadway. There are situations other than a parallel roadway approach in which this
device could be beneficial. In practice, signing of this type was already in use on non-parallel
approaches to roadway interfaces (e.g. a mid-block driveway) prior to the publication of Part 10.
The current uses of this warning measure on non-parallel approaches might now be considered
non-compliant with the MUTCD because of the restriction imposed by this section.

Consideration should be given to restoring the flexibility of application that this device
had prior to the publication of Part 10. This could be accomplished by replacing “turning across
the tracks of an approaching parallel light rail transit vehicle.” with “preparing to cross the tracks
when an LRT car or train is approaching.”

Section 10C.15—Dynamic Envelope Delineation Markings

To the great credit of the authors of Part 10, this section establishes that the use of dynamic
envelope markings is not mandated, or even recommended. They are not needed as a matter of
course. When LRT cars are operating in general traffic lanes or through intersections, they are
not materially different from large buses and tractor-trailers—vehicles that travel the roadways
without dynamic envelope markings.

Very occasionally there might be particular circumstances in which marking the path of a
rail car would be useful. Thus, the option of installing these markings, as provided in this section,
is appropriate. However, the associated figures in this section could be improved.
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In the MUTCD, Figure 10C-1 (Figure 1) offers an opportunity to illustrate graphically the
effect of the lateral motion or suspension failure mentioned in the Support paragraph, but that
opportunity was missed.

Consideration should be given to adding supplementary outlines of the car body, showing
it leaning, both clockwise and counter clockwise, to touch the dotted lines that represent the
edges of the dynamic envelope.

A major deficiency of this figure is its failure to show the stop lines that are necessarily
associated with whichever devices (traffic control signals or flashing-light signals and automatic
gates) are used to control traffic at the crossing. Those lines would be the primary markings and
the placement of additional markings at the actual edge of the envelope would have little

Ik \ll:
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FIGURE 1 LRT car dynamic envelope.
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purpose. In fact, to the extent that they might draw motorists beyond the stop line, they could be
detrimental.

This figure should be revised to address these issues. An illustration comparable to the
upper portion of Figure 8B-2 (Figure 2), which shows both the stop lines and the dynamic
envelope markings would be more accurate and useful. It is noteworthy that the Part 8 figure
indicates that the dynamic envelope markings are optional, which is consistent with Section
10C.15.

This figure attempts to illustrate the impact on the dynamic envelope of the overhang of
the corners of an LRT car on the outside of a curve and of the middle of the car on the inside of a
curve. The purpose is well intentioned, but the figure is not well executed.

Although characterized as typical, it shows the improbable configuration of a single LRT
track embedded in the paving in the middle of a 3-lane street with operational directions of both
the railway and the street undefined. The figure does not indicate whether the track lane is
exclusive or open to general traffic. This imprecision makes it difficult for the reader to correlate
it with actual field conditions.

It might better serve its intended purpose if it were revised to show a 4-lane, 2-way street
with tracks occupying the two center lanes. This is a configuration that actually exists in several
U.S. cities. Also, it should clearly indicate whether the lanes hosting the tracks are exclusive, or
open to general traffic. Perhaps a figure could be presented for each situation. The markings
illustrated in the figures (lane lines and, if two-way operation is depicted, centerlines) should be
consistent with Chapter 3B.

Figure 10C-3 and Figure 10C-4, shown here as Figure 3, depict the same improbable
configuration. All of the above comments apply to these figures as well.

Section 10D.01—Introduction

The first sentence of the first Support paragraph seems unnecessarily wordy. It would be
clarified (and would be more consistent with the chapter title and its counterpart in Part 8) if the
first “light rail transit” phrase were simply deleted.

The second sentence of that paragraph is inconsistent with its Part 8 counterpart.
Flashing-light signals are, by far, the most common active traffic control device at railway grade
crossings that are not controlled by traffic signals. Automatic gates, conventional and four-
quadrant, are not control devices in their own right, but rather a supplementation of the flashing-
light signals. Of these two types of gates, the four-quadrant version is much less common. This
logical hierarchy is followed in Part 8. The reversal in Part 10 is not helpful to the reader.

Thus, the paragraph might be re-worded to read: Active traffic control systems inform drivers,
bicyclists, and pedestrians of the approach and presence of light rail transit cars at grade
crossings. These systems include flashing-light signals, which may be supplemented with
automatic gates or four-quadrant gate systems; traffic control signals; actuated blank-out and
variable message signs; and other active traffic control devices.

The next three sections should then be rearranged to reflect the logical hierarchy. This
would make Chapter 10D consistent with Chapter 8D, which arranges the sections to present the
basic device (flashing-light signals) first, followed by the common supplementary device
(automatic gates), and then finally the uncommon the supplementary device (four-quadrant gate
systems).
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FIGURE 2 Impact of LRT car overhang on dynamic envelope.
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(b)
FIGURE 3 Figures 10C-3 and 10C-4 from Part 10 of MUTCD: (a) 10C-3: Typical LRT car
dynamic envelope delineation pavement markings; and (b) 10C-4: Typical LRT car
dynamic envelope delineation contrasting pavement texture.



160 Transportation Research Circular E-C058: 9th National Light Rail Transit Conference

Section 10D.02—Four-Quadrant Gate Systems

According to the reordering suggested above, this would become Section 10D.04. This
positioning, with respect to the other sections covering traffic control methods, would also be
consistent with the (correct) classification of this device as an option, but not a recommendation.

Section 10D.03—Automatic Gates

The conditions under which automatic gates should be installed are essentially the same as those
described in Section 10D.04 for the installation of flashing-light signals. With the suggested
reordering of the three sections it would be unnecessary to reiterate the conditions in this section,
because they would already be documented in the previous section. There are no circumstances
in which automatic gates would be installed in the absence of flashing-light signals. As noted in
the first Support paragraph, they are an adjunct to flashing-light signals.

The last paragraph of the Option portion of this section includes the term traffic gates.
For consistency, not only within Part 10, but also within Part 8 and various other official
documents, this and other uses of that term in the MUTCD should be replaced by automatic
gates.

Section 10D.04—Flashing-Light Signals

According to the reordering suggested above, this would become Section 10D.02. It would then
precede the sections that address the supplementary devices, such as conventional and four-
quadrant automatic gates.

There is some logic in the concept of precluding traffic signals at a crossing control
method when the LRT speed limit is above some maximum. However, the particular speeds
chosen seem unreasonably low. The following examples would seem to support a higher limit.

Highway vehicles, including a significant volume of 36.3-tonne [80,000-1b] tractor-
trailers, routinely and legally pass through intersections controlled by traffic signals at speeds up
to 88.5 km [55 mi] per hour. This often occurs on divided highways. Under the strictures of this
section LRT cars operating in the median of such a highway at the same speed would have to
slow to 60 km [35 mi] per hour during their passage through a traffic signal-controlled
intersection and then re-accelerate. Meanwhile, the trucks and buses on the abutting parallel
roadway could continue to travel through the same intersection at speeds almost 50% greater
than the rail cars.

Streetcars, which are a version of LRT cars (as clearly established by Section 10A.01),
routinely travel at speeds of 55 to 65 km [35 to 40 mi] per hour through non-intersection
crossings, primarily mid-block driveway interfaces, and have been doing so for nearly a century.
This section could be interpreted as requiring them to slow to 40 km [25 mi] per hour when
passing through these interfaces.

Consideration should be given to the following: (1) a review of current practices at non-
gated crossings, particularly those on seasoned systems that may have a long history of operating
at speeds higher than those set forth in this section; and (2) a revision that would limit the speed
of LRT cars through intersections controlled by traffic signals to the design speed of the parallel
roadway, rather than specific numerical speeds.



Boorse 161

Section 10D.05—Traffic Control Signals

In the first sentence of the first Support paragraph the phrase “vehicular and” should be deleted
and “of the two modes” should be replaced by “with roadways.” LRT signals do not control
vehicular traffic.

The content of the Standard paragraph is subject to two different interpretations. It could
be argued that in a situation where none of the warrants in Chapter 4C (which are among the
referenced provisions of Part 4) are satisfied, that type of control cannot be installed. Conversely,
it could be contended that the current warrants are not “appropriate” for light rail interfaces and
therefore, they are not applicable. Based on actual design experience the latter position seems
justified.

The traffic signal warrants were originally developed long before the resurgence of light
rail transit. Although they have been revised and expanded in the recent past, they are still based
entirely upon matters related to controlling conflicting vehicle and pedestrian movements. They
do not take into account the conflicts that can result when LRT movements that do not coincide
with any vehicle movement are introduced at a particular interface.

Rather than further expanding the current warrants to address light rail factors,
consideration should be given to revising the subject standard by definitively stating that the
warrants are not included in the referenced provisions of Part 4. The revision might also be used
to correct a discrepancy in the standard. The phrase “traffic gates or” should be deleted. There
are no circumstances in which gates would be installed other than as an adjunct to flashing-light
signals.

The following rewording is suggested:

The provisions of Parts 4 and 8 relating to traffic control signal design,
installation, and operation, including interconnection with nearby flashing-light signals,
shall be applicable as appropriate where these signals are used at highway-light rail
grade crossings, with the specific exception of the warrants contained in Chapter 4C.

Traffic control signals may be installed in lieu of flashing-light signals at
crossings and/or intersections within 60 m (200 ft) of a crossing where no warrant is
satisfied if an engineering study identifies one or more potential hazards involving the
light rail transit operation that would exist in the absence of such control.

In the first Option paragraph, the reference to bicycles is redundant and could be deleted.
Bicycles are vehicles. Also, the 40-km/hr LRT speed limit is questionable, as discussed
previously.

In the second Option paragraph, the restriction of the use of traffic control signals at
crossings controlled by flashing-light signals only if automatic gates supplement them is not
rational. If the requirement for the satisfaction of a traffic signal warrant is rescinded, as
discussed above, this paragraph could be deleted.

Section 10D.06—Traffic Signal Preemption Turning Restrictions
In the first Standard paragraph the conjunction “and/or” should be replaced with “and.” There is

no circumstance in which the subject signals should not display a red indication when an LRT
car is passing through a crossing.
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The second Standard paragraph contains a restriction that appears to be unnecessary. There
could be conditions in which it would be useful to display a message between activations, such as
advising motorists that trains may approach from behind. Consideration should be given to a revised
wording that would allow the display of messages when no approaching LRT car has been detected,
provided that those messages do not actually prohibit movements.

Section 10D.07—Use of Traffic Control Signals for
Control of LRT Vehicles at Grade Crossings

For consistency, and to provide a clearer description of the subject of this section, the title “Use of
Signals for Controlling Light Rail Transit Movements at Crossings” should be considered.

The first Support paragraph refers to the signals depicted in MUTCD Figure 10D-1 (Figure
4) as “typical.” In actuality some of the displays shown are not used anywhere in the country and
others are far from typical. At the same time some displays that are in current use are not shown. This
paragraph should be changed to read, “Some examples of light rail transit signals are shown in
Figure 10D-1.”

The second Standard paragraph imposes a restriction on signal timing and phasing programs.
It requires the signal controller(s) to be programmed to suspend the cycling and remain in the phase
serving the rail movement until the LRT car has cleared the crossing. There are three issues related to
this requirement that should be considered.

First, the need for this restriction is questionable. In metropolitan areas throughout the
country there are hundreds, if not thousands, of instances every day in which vehicles, and in some
cases LRT cars, remain in an intersection after their signal phase has been terminated. These
conditions impede movement and are certainly undesirable, but they are not categorically hazardous.
When motorists on the intersecting street receive a green signal they do not proceed into the
intersection and collide with stationary objects already occupying it.

Second, this requirement could cause negative impact wherever the crossing control is part of
a coordinated signal system. In order to maintain a progression in such a system, all of the signal
controllers have to operate with a common cycle length. Phases within that cycle can be skipped,
shortened, or extended modestly to expedite particular movements, provided that the total cycle
length remains the same. (The cycle length can be changed from one time of day to another, but it
must be done in common with the other controllers in the system.) If; in order to comply with this
Standard, a particular phase were to be extended indefinitely at one crossing or intersection in a
coordinated system, the integrity of that common cycle would be ruptured, resulting in a loss of
coordination. Travel time and delay for all traffic in the vicinity would likely increase dramatically.

Third, no detection system is infallible. Situations in which an LRT car or train has physically
cleared the crossing, but the detection system has failed to transmit that information to the controller
are inevitable. To address such situations there should be a provision whereby, in the absence of any
detection of its departure from the crossing, the cycle would be resumed after some predetermined
maximum time has elapsed. The requirement in this standard for an indefinite suspension of the
cycling precludes such a provision.

It might be argued that, since the standard applies only when the vehicle and LRT
movements are regulated by signals operated by separate, interconnected controllers, the requirement
might be circumvented by using a single controller to operate the traffic signals and the LRT signals.
That argument would be tenuous because it is probable that this obscure differentiation was not
intentional. A better solution would be simply to delete the last sentence of this standard.
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Section 10D.08—Pedestrian and Bicycle Signals and Crossings

Whatever the degree of hazard to pedestrians may be at light rail grade crossings (where the
approaching trains, with multiple braking systems, often have a reasonable chance of stopping to
avoid a collision with a pedestrian), that hazard is certainly less than it is at railroad grade
crossings (where approaching trains have virtually no capability of stopping quickly enough to
avoid striking a pedestrian in their path). Inasmuch as Part 8 has been, and continues to be, silent
on the matter of pedestrian gates, it is curious that Part 10, which addresses potentially less
hazardous situations, dwells extensively on the design of pedestrian gates without any support of
their implied necessity.

A general review of accident information seems to indicate that nearly all direct
collisions of trains and pedestrians occur at locations that are not legal crossings as a result of
trespassing. At the legal crossings those persons who are injured or killed at are generally not
pedestrians, but occupants of vehicles struck as a consequence of motorist violations. There is
little documented evidence of direct collisions between trains (railroad or light rail) and
pedestrians at legal crossings. A widespread need for pedestrian gates seems to have been
assumed with no basis in fact.

The first Guidance paragraph wisely recommends against a design that would cause
pedestrians to wait between sets of tracks or between tracks and the road. Unfortunately, it fails
to provide a comparable recommendation against designs that could cause pedestrians to wait
between a track and a lowered gate arm. The good intention of this section in recommending
methods of deterring pedestrians from entering a crossing when a train is approaching could
encourage a design that would result in preventing people from vacating the crossing as the train
approaches.

This concern for pedestrians who could be entrapped in the path of an oncoming train is
illustrated in Figure 10D-5. A person proceeding on the sidewalk who has already entered the
crossing when an approaching train activates the control equipment would have three seconds to
vacate the trackway before the gates begin to descend. This time allowance is marginally
sufficient for those who have no physical impairments. Those who are mobility or vision-
impaired would likely be trapped, either between the two tracks, or between one of the tracks and
a gate arm. If the gates were designed to block only vehicle passage, then pedestrians would have
at least 20 seconds to vacate the trackway following activation of the control devices.

Considering that the installation of pedestrian gates could create hazards that would not
otherwise exist and that the need for these devices is questionable, it might be wise to insert,
following the Guidance paragraphs, another Option paragraph such as “Pedestrian gates may be
installed in circumstances where an engineering study has determined that less restrictive
measures, such as flashing signal lights and traditional automatic gates, are determined not to be
effective.”

CONCLUSION

The development of new LRT systems and the expansion and improvement of existing networks
is continuing at a healthy pace, and there is every indication that it will continue to do so. Prior to
the publication of Part 10, designers of new lines had no national standards to guide them. On the
“seasoned” systems there was a tendency to design traffic control according to prevailing local
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practices. This resulted in some inconsistencies that, while they were not problematic, neither
were they desirable.

Part 10 is an initial effort to establish standards, recommendations, and options to guide
designers. The more than two years that have elapsed since its publication have provided the
opportunity to apply and test its content. This has revealed some possible weaknesses, which
should not be unexpected with any pioneer undertaking. The comments and suggestions in this
paper are presented to stimulate discussion in the professional community with the goal of
providing quality input for the next version of the MUTCD.



LIGHT RAIL TRANSIT TRAFFIC ENGINEERING

Naztec,Inc.

aztec, Inc. developed light rail preemption software for the $1.26 billion Hudson—Bergen

Light Rail Project for New Jersey Transit in 1998 as a sub-contractor to Raytheon
Engineers & Contractors, Inc. This system preempts approximately 100 traffic signals located on
the rail between Newark, New Jersey, and Manhattan and provides status information to the NJ
Transit control center. This system has been in operation for over 4 years; when the Hudson—
Bergen Project is completed in 2005, the rail system is expected to carry in excess of 66,000
passengers per day.

The Hudson—Bergen light rail software supports a dual-track system with separate
advance call, check-in, and check-out detectors installed in the track. These detectors insure that
the light rail vehicle is serviced without stopping and that the track is clear before returning to
normal operation. The controller software allows overlapping light rail operation on the dual
track system and provides several features that improve the stability of the system.

Naztec, Inc. is currently developing transit priority software based on NTCIP 1211 that
can be applied to light rail as well as transit operations. The issue of preemption versus priority
service involves competing demands between roadway users and transit. The object definitions
from NTCIP 1211 can be applied to “compromise” both approaches.

An overview of Naztec’s experience developing traffic signal controller software for light
rail preemption and priority service is provided. It is also explained how NTCIP 1211 can
provide a common framework for preemption and priority based service to strike a balance
between transit and system needs.

Light rail preemption developed for the Hudson—Bergen Project in light of the emerging
national standard, NTCIP 1211—“Object Definitions for Signal Control and Prioritization”—is
discussed (7). Currently, there is a lack of uniformity in how preemption and priority service is
applied to light rail operations around the country. Hopefully, the features and operation
described here for the Hudson—Bergen Project will provide insight for those charged with
developing standards for light rail operation.

HUDSON-BERGEN LIGHT RAIL PREEMPTION

The local intersection software for the Hudson—Bergen Light Rail Project (Figure 1) was
designed to provide advance detection of a light rail vehicle (LRV), terminate normal stop-and-
go operation of the signal after a user specified arrival time, and transfer the right-of-way to the
rail phase prior to the arrival of the LRV. Once the LRV clears the crossing, the signal returns to
normal operation. The advance detection is provided by a detector located in the track or by a
Psuedo output call when the LRV clears the last upstream intersection.

166
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FIGURE 1 Hudson—Bergen LRT system.

Figure 2 shows the TS2 D-connector inputs specified by Raytheon for this project. Two
Advance Call detector inputs and two separate Check-In and Check-Out detector inputs are
required for each track. The software also supports four Pseudo outputs used to send an advance
call to the next signal downstream when the LRV clears the crossing. Pseudo outputs are used in
place of actual light rail detection when the spacing between signals precludes the use of advance
detectors. Five external alarm inputs are also provided to relay status information to the central
system (status for cabinet door open, etc).

Two advance detectors for each rail are required to place a preempt call in each approach
direction. An approaching train activates the Advance Call detector and preempts the controller
to turn the rail signal green after a specified Arrival Time period. The rules for transferring the
right-of-way to the specified rail phase are similar to those used for high priority rail and
emergency vehicle preemption. This design insures that a vertical Go-bar is displayed for the
LRV prior to arrival. Phases may be skipped in the controller sequence to return to the rail phase.

Optional track Clearance Phases may be specified to clear vehicles on the tracks prior to
the arrival of the LRV. The time specified to clear the track phases must be included in the
Arrival Time after the Advance Call is received. A Freeze on Advance option is provided to
prevent exiting to a non-rail phase when the Advance Call is received. If Freeze on Advance is
not set, the controller will continue to cycle normally until the Arrival Time expires and it must
return to the rail phase(s).

Right-of-way is transferred to the light rail phase(s) as a vertical Go-bar signal on the rail
approach. Then, a user specified Minimum Green period begins timing until the train is detected
at the Check-In detector. If the Minimum Green period expires before the LRV arrives at the
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NEMA TS2 D-Connector

10 High/Low Priority Inputs
4 Advance Detectors (2 per rail)
4 Check-in / Check-out inputs
4 Psuedo Outputs
5 Alarm Inputs

FIGURE 2 TS2 Controller inputs and outputs used for light rail preemption.

Check-In detector, the rail phase will clear and return to the horizontal Go-bar position. A late
arrival will be serviced once the rail vehicle arrives at the Check-In detector; however, a Check-
In Alarm will be reported by the controller to the central system.

The Clearance Green insures that the LRV has not stopped on the crossing without
clearing the Check-Out detector. Clearance Green begins counting down after the vehicle is
detected at the Check-In detector before the Minimum Green period expires. If the Clearance
Green timer expires before the train is detected at the Check-Out detector, a Failed to Clear
Intersection Alarm is sent to notify the central office that the train is stalled on the crossing.
However, normal operation holds the track signal green until the end of the train clears the
intersection and is released by the Check-Out detector. Once the vehicle clears the Check-Out
detector, a Pseudo output is generated for a user specified Pseudo Time. This output is used to
generate an Advance Call to the downstream signal using hardwire interconnect if the spacing
between the signals does not allow sufficient advance detection.

The controller software also provides a Maximum Green timer to limit the extension of
the light rail phase beyond a desirable period. The Maximum Green timer prevents the situation
when two rail vehicles overlap and hold the preempt call while a third Advance Call attempts to
extend the preempt (a situation called “pinging”). Unless this Maximum Green timer expires, the
controller software logic is designed to maintain the Go-bar indication for the rail phase until the
last train crosses the Check-Out detector.

The normal sequence of calls issued by the LRV is Advance Call followed by Check-In
then Check-Out. The controller reports a Detector Sequence Failure Alarm if a different
sequence of calls is received. The controller also logs the last ten light rail events and records the
preempt direction, advance time, and clearance time for each preempt event. This status
information is useful to adjust the timing parameters and insure that transit vehicles are being
serviced within the Arrival Time and Minimum Green window specified. The software also
applies maximum Advance Call, Check-In, and Check-Out on-times to report Stuck Detector
Alarms to the central system.

The light rail controller software is designed to accommodate advance calls from
overlapping LRVs on adjacent rails. In this situation, the Go-bar called in one direction may be
extended by an advance call on the adjacent track system. The last vehicle to exit the Check-Out
detector releases the preempt. A user specified Separation Time prevents re-servicing the rail
phase in the same direction of travel. Also, a Lock Out option is provided to lock out any
additional preempt calls until all conflicting vehicular phases have been serviced.
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Return Phases may also be specified to return to normal stop-and-go operation. However,
if no Return Phases are specified, the controller will always return to the phases in the sequence
following the rail phase. If the Return to Interrupted Phase option is set, the controller will exit
the rail phase and return to the signal phases that were interrupted when the preempt was
received.

The real-time status screen (Figure 3) reports second-by-second status information from
the local controller at each intersection. Note in this example that the rail phase (phase 10) is
provided in ring 3 and is concurrent with the arterial phases in rings 1 and 2 (phases 2 and 6).
This allows the rail Go-bar to service independently from the vehicular phases in rings 1 and 2.
The light rail software supports up to four Concurrent Phases operating in separate rings while
the light rail phase is being serviced.

The following controller menu (Figure 4) is provided to input the timing parameters
discussed above for the New Jersey light rail preemption.

PREEMPTION VERSUS PRIORITY AND SYSTEM DESIGN GOALS
Light rail operation attempts to find a balance between the following conflicting goals:

1. Provide a vertical Go-bar indication for the light rail without deceleration, and
2. Maintain non-interrupted arterial progression.

Light rail preemption, such as the system developed for the Hudson—Bergen project,
achieves the first goal without consideration of the impact on arterial progression. Preemption
works exceptionally well for the Hudson—Bergen project because most of the light rail system is
located on collector streets parallel to the major arterials going into Manhattan. Preemption can be
the best alternative if good planning and route design insures the impact on the arterial is minimal.

Mew Jersey Light Rail Demonstration - New Jersey Light Rail Demo - |EI|1|

File Communication

Coord Status Tec Check-in Alarms ;
Current Pattern 1 Failed to Clear Intersection l i
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|
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3
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Cycle Counter ;5 Detector Sequence Failure
Stuck Light Rail Detector ll

&

mi1J"
6 => @

1 Rev-Adv 1Ck-Out W
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Polling - Connect 9600 ,_\|

FIGURE 3 Real-time status screen of light rail operation at central office preemption.
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Dir..1 .2 ...Times..
Norm Arriv 030 015 Min Grn 025
Revr Arriv 025 045 Max Grn 040
Clearance 050
Rail 2 4 0 O Pseudo 005
Clrnc 3 0 0 O Separat'n 090
Concur 915 0 O Adv Alarm 040
Return 119 20 0 Ck In Alarm 050
Ck Out Alarm 040
Ret to Prmptd Ph Yes
Freeze on Advnc No
Lock Out No

FIGURE 4 TS2 controller screen used to manage light rail parameters.

Transit priority focuses on the second goal and as defined in NTCIP 1211 and a recent
report published by ITS America (2). Naztec is currently developing controller software to
implement transit priority based on the emerging NTCIP 1211 standard. In this design, the
Priority Request Server is tightly coupled with the controller software to process all preempt and
transit priority requests (see Figure 5).

A Priority Strategy Table (PST) defines the level of preemption or priority for each
request and may be varied by time-of-day through the controller pattern. The controller also
provides the ability to relay advance calls to the next downstream intersection as NTCIP-
encoded messages or as a contact closure if required by the hardware configuration (similar to
the Pseudo calls used for the Hudson—Bergen system).

PRIORITY STRATEGIES USED FOR TRANSIT PRIORITY
NTCIP 1211 allows a priority-based system to

1. Skip programmed vehicle phase(s);

2. Skip programmed pedestrian phase(s);

3. Shorten phase(s) during coordination to provide early return to the priority phase
(Figure 6);

4. Extend phase(s) during coordination to adjust the start of the priority phase in the next
signal cycle; and

5. Extend the priority phase(s) beyond the programmed force-off point during
coordination (Figure 7).

A priority request for service (PRS) is used to project the time service is desired (TSD).
TSD may be immediate or projected in time into the next signal cycle. NTCIP 1211 allows
programmed phases and pedestrian intervals to be skipped to provide a priority phase early
return. A priority strategy that allows all phases to skip to return to the priority phase is
equivalent to the light rail preemption used in the Hudson—Bergen project.
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Priority-based systems also allow the priority phase to be extended beyond the force-off
point during coordination. NTCIP allows the local controller to provide a short-way transition to
quickly resynchronize the controller’s offset and return to coordination in this case. Naztec
controller features can re-synchronize the controller offset within one cycle by applying short-
way transition.

Naztec implements low-priority preemption using a Type option to define operational
requirements that vary from agency to agency for low-priority and transit priority. High-Priority
(HP) and Low-Priority (LP) inputs follow the industry standard defined by 3M Corporation. HP
inputs are “ground true” inputs applied at zero volts while LP inputs apply a 6.25Hz, oscillating
signal. This allows low-priority service (transit) to be interrupted by a high-priority preempt
(heavy rail and emergency vehicles).

Naztec currently implements HP and LP inputs in addition to the four light rail inputs
described for the Hudson—Bergen light rail system. A Transit-Priority (TP1) type was developed
for Santa Clara County, California, 10 years ago. The TP1 type allows phase skipping to return
to the TP1 transit phase early; however, the phase being serviced at the time the TP1 call is
received will continue to service until it is terminated normally in free or coordinated operation.

Naztec is currently developing another Transit Priority type, TP2, that implements the
Priority Strategy Table (PST) defined in NTCIP 1211. Separate PST tables may be assigned to
transit priority service by associating the PST table with the NTCIP pattern currently in effect.
This scheme allows the PST table to vary by time-of-day.

Caution must be exercised when specifying Phase Reduction in the PST table because
split times must insure that minimum vehicle and pedestrian time requirements are met for each
phase. Figure 8 illustrates the method currently being developed to implement Phase Reduction
for priority service. Users are allowed to specify Reduce times in the PST table that violate
minimum phase times; however, the controller software insures that phases cannot be reduced
beyond minimums established in the controller internal coordination diagnostics.

CONCLUSIONS

Naztec, Inc. developed light rail preemption software for the Hudson—Bergen Project in New
Jersey in 1998 to detect a LRV far enough upstream and provide a vertical Go-bar indication
prior to the vehicle arrival. This system provides additional features and detection not provided
with heavy rail preemption such as overlapping service on a dual track system and the ability to
re-service the LRV if it arrives late at the Check-In detector. Additional status information is
relayed to the New Jersey Transit control center to help fine-tune and manage the system. This
system works exceptionally well because the track system is located primarily on the collector
street system parallel to the main arterials going into Manhattan from Newark.

Naztec, Inc. is also currently developing transit priority software based on the emerging
NTCIP 1211 standard, “Object Definitions for Signal Control and Prioritization.” The PST in
NTCIP 1211 provides a framework for defining the level of preemption or priority needed for
any application. Under NTCIP 1211, preemption may be accomplished by specifying the Priority
Service Phase and omitting all vehicle and pedestrian phases in the PST. Varying levels of
priority service may be accomplished by specifying phase skipping and how much each phase
may be shortened or extended to service the Priority Service Phase when the transit vehicle is
expected to arrive.
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FIGURE 8 Split times cannot be reduced below minimum phase time requirements.

Preemption and priority based systems become more effective as more advance notice is
provided by PRS. In the New Jersey light rail system, an Advance Call can be relayed to the next
signal downstream using the Pseudo out call when the LRV clears the Check-Out detector. A
similar strategy following NTCIP 1211 can be used to relay a PRS to the downstream controller
as either a peer-to-peer message or as a hardwire interconnect contact closure. The approach
taken depends on the hardware requirements of each system and often requires the controller
manufacturer to interface protocols for existing devices that do not comply with NTCIP
protocols and messaging schemes.

Light rail preemption with adequate advance detection can insure that the LRV clears the
downstream signal. The tradeoff decision between preemption and priority service accepts the
risk of stopping the transit vehicle when more consideration is given to arterial progression and
priority service.

REFERENCES

1. A Working Group Proposed User Comment Draft Standard of the Joint Committee. NTCIP
1211 v01.29—National Transportation Communications for ITS Protocol, Objects
Definitions for Signal Control and Prioritization, Nov. 25, 2002.

2. Advanced Traffic Management Systems Committee and Advanced Public Transportation
System Committee of ITS America. An Overview of Transit Signal Priority, July 11, 2002.



178 Transportation Research Circular E-C058: 9th National Light Rail Transit Conference

FIGURE 2 LRT corridor study area.
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TABLE 1 Definitions for Signal Priority (/)

The transfer of the normal control (operation) of traffic signals to a
Preemption special signal control mode for the purpose of servicing railroad
crossings, emergency vehicle passage, mass transit vehicle passage, and
other special tasks, the control of which requires terminating normal
traffic control to provide the service needs of the special task.

The preferential treatment of one vehicle class (such as a transit vehicle,
emergency service vehicle or a commercial fleet vehicle) over another
vehicle class at a signalized intersection without causing the traffic signal
Priority controllers to drop from coordinated operations. Priority may be
accomplished by a number of methods including the beginning and end
times of greens on identified phases, the phase sequence, inclusion of
special phases, without interrupting the general timing relationship
between specific green indications at adjacent intersections.

A standard in development that defines the requirements that are
NTCIP 1211 applicable in an NTCIP environment that is consistent with other traffic
signal controller standards.

necessarily new pieces of equipment that need to be implemented in the field, but rather descriptions
of processes necessary to accomplish priority.

Priority Request Generator

The PRG is the process that generates the request for service, whether the message generator
originates from an emitter on a vehicle or the vehicle passing a designated detection point. The
primary functions of the PRG are as follows:

e Determine whether a vehicle is in need of preferential treatment (priority) at a
signalized intersection according to the transit agency’s needs.

e Produce an estimate of the vehicles estimated time for service desired at the
signalized intersection. This estimate, measured in seconds, is intended to represent the vehicles
arrival time at the intersection and can range from zero (representing a request for immediate
service) to some time in the future.

e Communicate the vehicle’s request for priority and its time of service desired to the
PRS.

e Produce a log of all priority requests for processing by a fleet management agency.

The NTCIP 1211 standard allows that the elements of the PRG be physically located in
different locations depending on the system architecture.
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Priority Request Server

The PRS is a process that would review messages from the PRG, considering the information
within the message and resolving competing requests before sending a service request to the
traffic controller. It is also possible for the process to be incorporated into the traffic signal
controller and for the controller to accept multiple requests. The primary functions of the PRS
are as follows:

e Receive Priority Requests from one or more PRGs.

e Prioritize all the different Priority Requests for priority based on the vehicle class,
vehicle level, and time of service desired.

e Generate a Service Request that defines the strategy to be used by the Traffic Signal
Controller to provide priority to vehicle.

e Communicate the Service Request to the Traffic Signal Controller to be processed by
the PRS.

The PRS has the primary responsibility for sorting through messages that are generated by the
various vehicles on the system.

Supporting Elements

The scope of the standard also considers supporting elements such as the traffic signal system
which may offer maintenance functions to support the signal priority system. Similarly, transit
monitoring or fleet management systems may provide communications to the transit vehicles that
permit supervisory functions.

There are a variety of physical implementation scenarios identified with the emerging
NTCIP 1211 standard. This paper outlines the proposed concept of operations that would provide
MTA and the city of Baltimore with a signal system that allows varying levels of priority (and
preemption where appropriate) to be implemented in a manner that improves the performance of
LRT vehicles along the corridor.

CONCEPT OF OPERATIONS

The concept of operations is partly constrained by a desire to minimize modifications to the
existing system while retaining the current distributed approach. A distributed approach is
characterized by the presence of local controller intelligence (on the street) that would provide
efficient operations and reduce the need to rely on the communications infrastructure as a
centralized system would. The system consists of three basic components: the detection
equipment, the signal control software, and an online monitoring system.

These three basic components combine to form the PRG and the PRS and provide the
necessary links to the Fleet Management and Signal System components identified as supporting
elements of the signal priority system as outlined in the emerging NTCIP 1211 standard. Figure
3 shows each of those components in both the physical (within the rectangular boxes) and the
logical (items circled).
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FIGURE 3 Signal priority communication paths (concept of operations).

At the most basic level, the LRV must be detected by the control system and the traffic
signal must accept the request for priority. The proposed monitoring system will be established
to allow the MTA to receive automated reports related to the operations of the signal system and
its LRVs along the Howard Street corridor.

Existing System

The existing system uses a Wayside Detector Unit at each intersection that can receive
preemption requests from the LRV and the calls can be placed on an intersection-by-intersection
basis. Once a LRT vehicle departs a station, the LRV can send a request that triggers a message
at the first intersection as a request for service at a particular “time service desired” (TSD). This
call is serviced by a cascading call in an attempt to reach the 2 to 5 intersections downstream of
the initial intersection. The preemption occurs throughout the intersections between the departing
station and the next station in a routine that reduces the chance that the vehicle may stop between
stations.

Proposed System

The proposed concept of operations is to provide separate TSD requests at each intersection.
This provides more flexibility in the ability of individual intersections to respond to the priority





