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SUMMARY

A Study of the Use and Operation of
Advance Warning Flashers at Signalized Intersections

FINDINGS & CONCLUSIONS

1.

Advanced Warning Flashers (AWF) should be considered as supplementary traffic control devices. The
study concluded that AWFs can be useful at reducing right angle and rear end accidents at high speed
intersections. However, before AWFs are installed, other remedial action should be considered. In general,
AWTF devices should only be installed in response to a specifically correctable problem not in anticipation of
a future problem. A requirement should be added to the Minnesota Department of Transportation
(Mn/DOT) signal justification report process to document the basic AWF need and the design objectives for
this type of device.

Providing essential information to the driver and minimizing the number of critical decisions required by
drivers are fundamental to safe and efficient operation.

A critical decision zone exists on the approach to each intersection. The location of the decision zone is
determined by the vehicle approach speed and the probability of stopping. The AWF location and the traffic
signal detector and controller operation interact to influence on-street operation and the number of vehicles
in the decision zone. Minimizing the number of vehicles which are in the decision zone at the beginning of
yellow helps to minimize the number of driver critical decisions.

Based upon the objective to minimize the number of vehicles in the decision zone, neither the Oakdale nor
the Golden Valley AWF location/operations scheme produces optimum performance.

The agency survey information indicated that a wide range of different location/operations schemes have
provided safe and reasonable operation of AWF devices. However, no clearly superior location/operations
scheme resulted from the review of the agency survey material.

The study concluded that AWFs can be effective at reducing right angle and rear end accidents at high speed
intersections but that neither the accident information nor the study collected speed or decision zone
information conclusively supported one design over the other.

This study concluded that both Mn/DOT AWF schemes operate in a safe and reasonably efficient but sub
optimal manner. Because the study could not identify any significant additional benefit due to the longer
AWTF setback, it is recommended that future installations be based on the less expensive Oakdale AWF
location/operations scheme at a minimum setback distance of 550 feet.

Engineering judgment adjustments should be considered for final AWF location providing that the 550 foot
minimum setback distance is maintained. The 550 foot setback considers a 55-60 MPH speed range
(slightly higher than the posted speed limits but reflective of conditions in the area) and also meets the
minimum distance requirements for a Type B warning sign definition as listed in Section 2 of the
MMUTCD. Longer setback distances may be appropriate but should be supported with engineering data.



10.

11.

12.

13.

14.

Mn/DOT currently uses two methods for setting AWF timing. Golden Valley divides the distance from the
AWEF to the stopbar by the approach speed whereas Oakdale divides the distance from the AWF to a point
in front of the decision zone (200 foot point) by the approach speed. Although both procedures produce
safe settings, it is recommended that Mn/DOT adopt one procedure for determining AWF timing.

It is recommended that Mn/DOT base AWF timing on a travel distance from a sign recognition point to a
point immediately downstream of the decision zone. The sign recognition point is 1.3 seconds upstream of
the AWF. The decision zone is defined as the 90% probability of stopping point ( 5.0 seconds upstream
from the stopbar) and the 90% probability of not stopping ( 2.5 seconds from the stopbar).

A proposed AWF location/operations scheme was developed to specifically minimize the number of vehicles
in the decision zone. The proposed method uses the 550 foot AWF location and places the main street
detector approximately 840 feet upstream of the stopbar. Theoretically, the proposed AWF
location/operations scheme produces an empty decision zone at the beginning of yellow. Consideration
should be given to a detector switching procedure which uses the standard location close-in detectors for red
arrival timing and setback detectors for gap-out operation during green vehicle arrivals. This is a theoretical
design which requires further research and testing to validate.

It is recommended that Mn/DOT undertake a test of the proposed AWF location/operations scheme as soon
as possible. The test should examine detector location schemes with respect to possible changes in traffic
signal time settings giving consideration to a single detector scheme and a switched detector scheme.

A red violation study was performed as part of this project. The study counted the number of vehicles
which entered the intersection during the red indication (a violation) and the number of cycles. The red
violation ratio was calculated and was used as an indication of intersection decision zone performance. In
essence, regardless of the specific reasons for the driver action, the fact that vehicles entered against the red
indicated a basic problem at the intersection. The simplicity of this measure and it's possible application to
indicate intersection operating problems should be further investigated.

This study did not:

¢ Consider the impact of AWF installation at closely spaced adjacent intersections.
¢ Examine criteria which may be appropriate for AWF removal.

e Examine conventional signal ahead signing with or without flashers.

¢ Consider non-tangent sections of roadway with sight or visibility restrictions.



NARRATIVE SUMMARY

Mn/DOT has concluded that at certain high speed locations, providing additional information to the motorist
describing the operation of the traffic signal can assist the driver in making safer and more efficient driving
decisions. The additional information includes a visual indication to get the driver's attention and a specific notice
that the driver must prepare to stop. The Advance Warning Flasher (AWF) is a device which Mn/DOT uses to
convey this information to the driver.

The Mn/DOT AWF system consists of a flasher and a sign located on main street approaches to a high speed
signalized intersection. The AWF is connected to the traffic signal in such a way that when the main street green
is about to change to vellow, the flasher is tumed on to warn the approaching drivers of the impending change.
Basically, the purpose of an optimally designed combination of traffic signal and AWF system is twofold 1) to
inform the driver in advance of a required driver decision (prepare to stop) and 2) to minimize the number of
drivers that will be required to make that decision.

AWFs are used at traffic actuated signalized intersections. Efficient operation is based on proper equipment
placement, traffic flow characteristics, system design and detector placement. Proper detector placement attempts
to avoid placing the driver in the decision zone at critical times in the signal cycle. The decision zone is the area
upstream of the intersection where the driver must decide to stop or to proceed through the intersection when the
yellow indication is displayed. For both AWF equipped intersections and non-AWF equipped intersections,
minimizing the number of vehicles in the decision zone at the instant of yellow is a basic design objective.

Mn/DOT uses one complement of equipment to provide AWF system operation, with two procedures to
physically locate the AWF at the intersection. One procedure locates the AWF at a point 550 feet upstream of the
stopbar, the other procedure places the AWF approximately 1000 feet upstream of the stopbar. The alternate
schemes present the "prepare to stop" information to the driver at different times in the signal cycle preceding the
change from main street green to main street yellow. The existing Mn/DOT method of AWF operation allows the
controller to detect a gap in traffic and to begin to leave the main street green. But before leaving main street
green, the AWF flashing period is timed, adding 7 - 12.5 seconds to the main street green after the controller has
detected a gap in traffic.

Over time, questions have arisen regarding the use and application of AWF devices. The purpose of this study
was to examine the effectiveness of the current AWF operation and, where possible, to make recommendations to
improve it.

Study Description

A literature search was conducted to examine the AWF state-of-the-art. It provided a variety of descriptive
information regarding the use and application of AWFs. A complete bibliography and summaries of selected
references are provided in the appendix.

In general, AWFs can be effective at reducing right angle and rear end accidents at high speed locations. But,
based on literature comments, AWFs should be used sparingly to retain the high visibility of the device. In
addition, AWFs were found to affect speed but were not recommended to control speeds.

Of specific interest, AWFs were found suitable from an accident reduction point of view on high speed

approaches but conversely, use of AWFs was not recommended on low speed approaches due to the tendency to
cause an increase in accidents on low speed approaches.



The FHWA driver simulation study report was of particular interest in that it indicated that the Prepare To Stop
When Flashing sign was near the worst of the tested signs where recognition distance was of major consideration.
The best recognition distance was provided by the Flashing Symbolic Signal Ahead sign at a mean distance of
449 feet as compared to the Mn/DOT legend sign configuration of a mean distance of 228 feet.

An agency survey was conducted to help develop an understanding of other agency AWF usage. Letters were
mailed to 90 agencies including every state, principal cities in the 5 state area and Cities over 40,000 population
in the State to determine level of interest in AWF usage. Seventy nine agencies responded with an indication of
interest. Follow up requests produced 35 detailed responses. Of the 35 agencies 28 agencies indicated that they
have used or currently use some form of AWF equipment. Although virtually all of the respondents indicated that
they operate the AWF equipment connected to local traffic signals, it was apparent that some of the local
population of AWFs in fact were linked to traffic controllers but a number of the flashers were continuous
flashers. Additional comments are included in the appendix material.

The survey of other agency usage indicated that a wide variation exists in the use and application of AWF
devices. No standard policy, criteria for installation or operation was evident from the survey.

A field study was designed to examine the effectiveness of Mn/DOT AWF operation. Three test sites were
selected. TH 10 at Silver Lake Road (site 1, the non-AWTF location), TH 65 at 129th Street (site 2, the Golden
Valley arrangement, AWF at 1000 feet) and TH 61 at 12th Street (site 3, the Oakdale arrangement, AWF at 550
feet) were selected as the test sites. The study included speed studies, red signal violations studies and an
assessment of accident experience.

An extensive amount of speed data was collected at the three study sites. For the study sites, the studies showed
that speeds remain essentially unchanged for the main street green and main street red periods and that speeds
increased for the main street clearance period (yellow and all red) for AWF equipped locations.

In addition, speed data was also examined to determine the number of vehicles in the decision zone at the
beginning of yellow. The data indicated two things 1) that the non-AWF equipped intersection had the lowest
number of vehicles in the decision zone at the beginning of yellow and 2) that the Oakdale AWF configured
intersection was similarly sensitive to gaps in traffic as was indicated for the non-AWF equipped intersection.
The Oakdale decision zone profile showed that a minimum condition did exist for the number of vehicles in the
decision zone but the controller operation delayed termination of the green to a point beyond the vehicle minimum
point.

The profiles as shown on Figures 8, 9 and 10, plot the study period total accumulation of vehicles at the beginning
(Location D, 400 feet) and at the end (Location C, 200 feet) of the decision zone on a second by second basis
related to the beginning of yellow. A plot of the average number of vehicles in the decision zone over the study
period is also shown for comparison purposes. The purpose of these plots is to show the shape of the plot near
the beginning of yellow and to show the difference between the average plot value and the value at the beginning
of yellow. In the former case, an optimized condition is shown when the minimized point on the profile occurs at
the beginning of yellow. In the latter case, the difference between the average value and the profile value at the
beginning of yellow indicates the AWF location/operations effect.

Figure 8 illustrates a non-AWF installation; Figures 9 and 10 illustrate the operation of the Golden Valley and the
Oakdale AWF equipped locations. In summary, Figure 9, illustrates a condition with very little impact due to the
operation of the AWF. Figure 10, the Oakdale location, shows a condition with a definite but sub optimal
operation impact on the number and operation of vehicles in the decision zone. It appears that the Oakdale could
be substantially improved by relocation of the traffic signal detectors.



A red violations study was conducted as part of the study. The red violations study indicated that the highest
percentage of violations occurred at the non-AWF equipped intersection with lower percentages at the AWF
locations. In addition, the red signal violation study provided some interesting information regarding the possible
use of a red violation study as a general measure of decision zone performance.

The accident study included a before/after study and a comparison of current rates against a baseline Metro area
average rate. Accidents were examined on the basis of intersection accident rates and are stated as accidents per
million entering vehicles. Because AWFs are installed on the main line approach to the intersection upstream of
the intersection, AWF equipment was assumed to primarily influence right angle and rear end accidents. Rear end
accidents were only considered on the mainline approaches to the intersection. The before/after evaluation
considered 14 locations, 7 with the Golden Valley AWF configuration and 7 with the Oakdale AWF configuration

The before/after right angle and rear end accident rates were reduced for the Golden Valley intersections, from
0.74 to 0.58 as compared to a slight rate increase for the Oakdale intersections, from 0.64 to 0. 66. In addition to
the right angle and rear end accidents, rates for all accidents were examined. The all accident rates were reduced
for the Golden Valley intersections, from 1.50 to 0.99 as compared to a slight rate increase for the Oakdale
intersections, from 1.04 to 1.13. Although rates for all accidents changed, the rate changes beyond the changes
due to right turns and rear ends could not be attributed to the installation of AWFs.

Literature search information and the accident analysis results tend to indicate that AWFs can be effective at
reducing the number of right angle and rear end accidents. Once the rates were reduced, they tended to stay
essentially constant over a long period. In addition, based on the data which was examined, it appears that when
the rate for right angle and rear end accidents only exceeds the rate for all accidents for this type of intersection,
consideration should be given to the installation of AWFs.

Traf-Netsim was initially proposed as a means to simulate the operation of non-AWF and alternate AWF
configurations for study evaluation purposes. Use of Traf-Netsim required the development of external factors
based on study collected speed data to apply to the base Traf-Netsim results. The external factors would relate
speed and performance changes during the main street green phase. Although the Traf-Netsim model was set up
and test operated in preparation for use, analysis of the speed data indicated that development of external factors
for application to Traf Netsim was not possible due to the lack of speed changes during the green period. For this
reason, further application of Traf-Netsim was not pursued.

Analysis Results

The study concluded that the use of AWF devices can be effective at reducing right angle and rear end accidents
under certain situations but that the device does not automatically increase the safety of all intersections.
Accordingly the device should be considered as a traffic engineering tool to be used to correct situations of special
need.

The goal of AWF operation is to provide additional information to the driver to further enhance safe and efficient
vehicle operation. Study work indicated that both of the existing AWF operations attempt to meet this goal by
retaining non-AWF modified detector locations and vehicle extension settings. This methodology acknowledges
the importance of the intersection decision zone but does not attempt to minimize the number of vehicles in the
decision zone at the beginning of yellow. If minimizing the number of vehicles in the decision zone is assumed to

be ideal, then neither of the existing AWTF location schemes provide optimal performance.



Discussions with Mn/DOT staff indicates that two different approaches are used to develop AWF timing. Golden
Valley divides the distance from the AWF to the stopbar by the approach speed whereas Oakdale divides the
distance from a point upstream of the AWF to a point in front of the decision zone (200 feet upstream of the
stopbar) by the approach speed. Although both procedures produce safe settings, it is recommended that
Mn/DOT adopt one procedure for determining AWF timing. After considering the AWF timing alternatives, a
recommendation was developed which appears to best suit the needs of Mn/DOT. It is recommended that
Mn/DOT base AWF timing on a travel distance from a sign recognition point to a point immediately downstream
of the intersection approach decision zone. The sign recognition point is 1.3 seconds upstream of the AWF. The
decision zone is defined as the 90% probability of stopping point ( 5.0 seconds upstream from the stopbar) and
the 90% probability of not stopping ( 2.5 seconds from the stopbar). The AWF timing should be set to the 90%
probability of not stopping point.

When the use of AWFs is determined to be appropriate, a modified AWF and detector placement appears to be
appropriate. This study developed a scheme to optimize AWF operation. It is based on a relocation of detectors
in relation to the decision zone for the 550 foot AWF location. The 550 AWF location considers a 55-60 MPH
speed range (slightly higher than the posted speed limits but reflective of conditions in the area) and also meets the
minimum distance requirements for a Type B warning sign definition as listed in Section 2 of the MMUTCD.

The optimized location scheme is based on an "empty area” produced immediately in front of the approach
detectors at the beginning of AWF flash operation produced by traffic signal controller phase gap-out. The
position of the detector and the time settings allow the "empty area" to move toward the stopbar as the AWF
flasher times. The optimized condition is produced when the "empty area" overlaps the "decision zone" at the
instant that the AWF times out and the main street yellow time begins. This operation produces a condition with
no vehicles in the decision zone at the beginning of main street yellow. Vehicles behind the decision zone will
have a 90% or greater probability of stopping; vehicles in front of the decision zone will have a 90% or greater
probability of passing through the intersection within the legal main street yellow pertod. '

The proposed approach will theoretically produce an optimized AWF location/operations scheme but must be
field validated as part of a suitable test study.

vi
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A Study of the Use and Operation of
Advance Warning Flashers at Signalized Intersections

INTRODUCTION

This report reflects work performed by Westwood Professional Services, Inc. for the Minnesota Department of
Transportation to study the use and application of Advance Warning Flasher (AWF) devices in Minnesota.

The Work Included:

1. A review of practice for the design and operation of AWFs
2. Anassessment of the two basic AWF system designs presently used by Mn/DOT and
3. Areview of the standards for use, design and operation of AWFs in Minnesota.

High speed approaches to traffic signals have always been an item of special concern. The combination of high
speed vehicles and mixed vehicle types with different operating characteristics has drawn attention to the design,
operational and safety aspects of these types of intersection. This concern has encouraged the use and application
of special purpose devices which supplement standard traffic signal operation. The Mn/DOT Advance Warning
Flashers (AWFs) were designed to operate with traffic signals to provide the desired special purpose
supplementary information to motorists.

Essentially, it was determined that providing an indication to the motorist that the traffic signal was about to end
the main street green indication could assist the driver in making a more effective vehicle operating decision.

AWF devices were first installed in Minnesota in 1980. Since that time, AWF equipment has been installed at
approximately 25 intersections. Most recently, Mn/DOT staff raised questions regarding the use and application
of the AWF type devices and criteria for their future use in Minnesota. The objective of this study is to assess the
effectiveness of AWFs for use in Minnesota and to make recommendations regarding their future use and
application.

Project Approach
The study included the following main work tasks:

A Review of Current Practice

A Description of the Mn/DOT Advance Warning Flasher System
Data collection

Analysis

Findings and Recommendations

b bl

This report and the appendices describe the study including recommendations for future activities relating to
AWF use and application.
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CURRENT PRACTICE REVIEW

The determination of current practice involves a review of pertinent written material concerning the use, operation
and experiences of agencies using and involved with the application of AWFs . The literature search was a
cooperative effort between Westwood staff and the Mn/DOT Information Services Section to collect and report on
published work concerning AWFs. The agency survey involved contact with all states and many national and in-
state agencies regarding current methods and practices regarding the applications, policies and practices relating
to the use of AWFs. This material was reviewed to determine its potential impact on the methods and procedures
used in Minnesota.

Literature Search

The literature search included review of approximately 100 documents with a determination that approximately
48 of the referenced documents provided related or meaningful information concerning associated or related
factors. The Literature search was conducted through direct contact with several agencies and as a library search
for pertinent information using the services of the Mn/DOT Library and Information Services Department in St.
Paul. Copies of the majority of the referenced material were secured through direct purchase, the Mn/DOT
library and from other libraries through Mn/DOTs inter-library arrangement. See the Appendix for additional
information. ’

The literature search provided a number of study reports dealing with a range of factors involving advance
warning signs and flashers as they relate to effectiveness of intersection performance. Many of the references
provided information describing methods to maximize the effectiveness of traffic signal operations as related to
the dilemma zone and detector placement. However none of the studies dealt specifically with the interaction of or
placement of detectors in relation to the combined operation of AWFs and traffic controller operation.

None of the studies attempted to consider AWF or traffic signal operation on a system basis using the MnDOT
actuated coordinated method of signal system operation.

One study, the FHWA simulation of driver awareness, tested symbolic and message type AWF signs with both
flashers and as totally passive devices. It was interesting to note that recognition distances were significantly
different for the symbolic signs than for the legend type signs. The Flashing Symbolic Signal Ahead Sign was
recognized at a mean distance of 449 feet as compared to a mean distance of 238 feet for the Mn/DOT AWF sign
configuration. In fact, the Passive Symbolic Signal Ahead sign was recognized at a mean recognition distance of
351 feet, over 100 feet sooner that the legend sign. This study was conducted as a night time simulation only with
no data provided for daytime consideration but the results would be expected to be equal or better under daytime
conditions. One possible reason for this substantial difference in sign recognition distances may be the nature of
legend readability during night time conditions and the readability of the size of letters used in the legend message
sign. No comments were provided in the study regarding these aspects of sign recognition.

The FHWA study also considered speed reductions based on sign type. The study found that speed reductions
were statistically significant and that the Passive Symbolic Signal Ahead sign was most effective followed by the
Flashing Symbolic Signal Ahead sign with the Prepare to Stop When Flashing sign as the least effective sign at
reducing approach speed. However:

"...the magnitude of such differences would not be practically significant in real-life conditions. In
general, speed differences between means never exceeded 3 mph. Therefor, practically speaking, the
AAWS (all types of active advance warning signs) are useful devices to maintain vehicle approach speed
at high-speed signalized intersections but (the signs ) should not be installed because of speed problems.”
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One comment which recurred in the material, concerned the general use of AWF type devices. In general dynamic
devices (regardless of the type) should be used sparingly since overuse might tend to reduce their effectiveness. In
addition, dynamic devices should be considered for installation in response to a problem for which they are
considered an effective countermeasure device.

It was also found that AWF devices tended to reduce right angle and rear end accidents at high speed intersections
but the reverse was true for low speed intersections. For this reason, use of AWF devices is not recommended at
locations with approach speeds under 35 mph.

The Ohio study analyzed the reaction to symbolic type active and passive devices and Prepare to Stop When
Flashing signs. With the AWF devices, the Ohio study found large speed changes for speeds approaching AWF
type devices (from 58 mph to 41 mph followed by a speed increase to 46 mph near the intersection). Because the
speeds increased in the zone immediately preceding the stopbar, the Ohio study recommended that AWFs not be
used on tangent approaches at high speed intersections. No information was provided regarding the detector
locations or the sign placement locations for the Ohio studies so detailed comment is not appropriate. These
findings differ from the study results indicated in the Mn/DOT study.

Agency Survey

An agency survey was conducted to help develop an understanding of other agency AWF usage. Letters were
mailed to 90 agencies including every state, principal cities in the 5 state area and Cities over 40,000 population
in the State to determine level of interest in AWF usage. Seventy nine agencies responded with an indication of
mnterest. Follow up requests produced 35 detailed responses. Of the 35 agencies 28 agencies indicated that they
have used or currently use some form of AWF equipment. Although virtually all of the respondents indicated that
they operate the AWF equipment connected to local traffic signals, it was apparent that some of the local
population of AWFs in fact were linked to traffic controllers but a number of the flashers were continuous
flashers. Additional comments are included in the appendix material.

In general, the survey of other agency usage indicated that a wide variation exists in the use and application of
AWF devices. No standard policy, criteria for installation or operation was evident from the survey.

It was found that virtually all agencies use some form of special supplementary warning in advance at important
signalized locations. In general, the operation involves a variety of sign types and messages with no flashers or
with a stand alone flasher operation (the flasher operation was not linked to the traffic signal controller). Where
used, traffic signal linked AWFs were used to alleviate special problems on a remedial measure basis. With few
exceptions the application of AWFs involved a high level of engineering judgment. Agencies which did use the
AWF equipment responded with information describing local design including a variety of alternate
detectorization schemes.

Based on the reported information, it appears that agencies have unpublished (informal) guidelines for the use and
application of this type of device. But as a general rule, it is very common for agencies to refer to various ITE
documents and to the MUTCD manual for general signing and application reference. The State of Maryland
provided published guidelines, other agencies provided examples of the special designs which have been used to
meet special conditions.
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The generalized sign population of the responding agencies included approximately 350 signs of all types. The
three largest users of AWF equipment were the States of Maryland (100), Ohio (64) and Connecticut (35) for a
total of 199 units. The remaining 25 respondents operate a sign population of 151 signs for an average of 6 signs

per agency.

Of the 10 variations on the sign message, the most popular three signs were Be Prepared to Stop When Flashing,
Symbolic Signal Ahead sign and the Prepare To Stop When Flashing sign. Although legend letter sizes ranged
from 5 to 12 inches, the vast majority of sign legend sizes were 6, 8 and 10 inch sizes with an approximately

* equal number of 8 and 10 inch sizes.

Nineteen different locations were indicated as representative of typical sign locations. The locations ranged from
180 to 1400 feet with the most frequent locations ranging from 600 to 800 feet. It is significant to note that, with
few exceptions, engineering judgment is the principal guideline for locating AWFs. Traffic signal detector
locations were set at 450 +/- feet upstream, 5-7 seconds upstream of the stopbar at the approach speed, at the
stopbar, at the upstream end of the dilemma zone and varies. -

AWF operation was about equally split between beginning flasher operation near the end of green continuing
through the yellow and red and reset at the next beginning of green and; beginning flasher operation at the
beginning of yellow continuing through the yellow and red and reset at the next occurrence of green.

Four procedures were reported to describing the methods used to prepare AWF flasher settings. Basically, times
were set as travel time to the intersection, speed limit timing, varies and one reference to travel time to the
dilemma zone.

Practically, fail safe units are not normally used with AWF equipment unless the fail safe unit is part of the device
used to provide the basic system operation. For example, when the timed overlap procedure is used to provide
operating control of the flasher, the controller is actually providing traffic signal and AWF control and the
controller conflict monitor is used as the fail safe unit for both traffic control and AWF operation. The fail safe
unit also applies to the pedestrian circuit and 170 type operation. Fail safe operation did not apply to the special
electronics method of sign control.

No Tort liability problems were reported.

Very few studies have been performed to evaluate, plan or design AWF installations. Three studies have been
specifically directed at AWF evaluations as provided by North Carolina, Chio and West Virginia. Only the State
of Maryland provided a sample published policy for the arrangement and installation of AWFs. Three criteria
were quoted as the basis of AWTF justification, accident problems, isolated locations and sight distance
restrictions. '

As a general rule, engineering judgment and experience were quoted as the unofficial but most common methods
of establishing signal timing policy. Several references were also made to the MUTCD manual, the highway

capacity manual and the ITE signal manuals as references for signal timing purposes.

Procedurally, strong reliance was placed on unofficial policy and professional engineering judgment both to
determine need and to establish the details of AWF installation.
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Mn/DOT ADVANCE WARNING FLASHER SYSTEM

The Mn/DOT AWF is a device installed at selected signalized intersections which provides supplementary
information to the motorist regarding operation of the traffic signal. The device includes a sign and traffic signal
flashers. The AWF device is connected to the traffic signal controller. Equipment in the controller cabinet notes
the state of the controller and, at the appropriate time, operates the AWF flashers to indicate that main street
green is about to end and that the driver should prepare to stop.

AWFs are used at isolated non-interconnected intersections and with interconnected coordinated traffic signal
systems. The AWF operation recognizes that in addition to all of the regularly provided traffic signal
information, additional information may be useful to the motoring public at this location. This special
informational is provided to address one or more of the following conditions:

Speed related accidents

Unexpected intersections

Unusual conditions

Conditions which require additional stopping notification

PO

The Mn/DOT AWF system operates as an extension of the traffic signal system providing a supplementary
message to the motorist upstream of the traffic signal. It is designed to help the driver operate in the vicinity of
the intersection in a manner more aware of impending traffic signal operation. The yellow flashers are placed
above a sign providing a combination of flashing signal display and a specific message describing the desired
motorist reaction.

Each AWF consists of two 8" traffic signal heads attached to the opposite ends of a horizontally mounted pipe
assembly. The flashers are mounted above a reflectorized but unlit yellow "Prepare To Stop When Flashing"
sign. The sign and flasher assembly is attached to a low-mount pedestal type traffic signal pole. The signal heads
are wired through a pole cabinet to the intersection traffic signal controller cabinet. Flasher control and timing is
provided from the controller cabinet either as a timed overlap or by a special external timing and control unit.
With the exception of TH 36, all AWF assemblies are single units located on the right side of approach lanes
immediately off of the shoulder area. The 3 intersections along TH. 36 include 2 low mount AWFs on each main
line approach, located left of and right of the approach lanes off of the shoulder area to the right and in the median
area to the left.

Operation

As it appears to the driver, the AWF begins flashing "x" seconds before the end of the main street green phase. At
the intersection a standard main street green indication is displayed. Concurrently with the main strect green
display, the AWF flasher, located upstream of the intersection, begins to flash and continues for the "x" period
preceding the end of main street green. Flasher operation continues through the yellow and red main street phase
displays until the next beginning of main street green. At the beginning of main street green, the flasher is
extinguished.

AWF operation is provided by equipment located in the controller cabinet . The controller operates normally until
it gaps-out or is forced to leave the main street green phase and prepares to display the arterial phase yellow. For
the special AWF timer unit operation, prior to terminating the green, the controller is stop-timed and an "x"
seconds set auxiliary timer is switched on. The signal display remains green but the AWF flashers are switched
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on and begin to flash. The AWF timer device holds the controller in the stop-timed condition for the "x" seconds
period until it expires.

Upon expiration of the "x" seconds set AWF timer, the flasher control unit releases the controller stop-timing .
circuit allowing the controller to resume timing and step to the vehicle yellow display. All timing after the
beginning of the main street yellow is controlled by the traffic signal controller unit. The AWF signal heads
continue flashing until the next display of main street green. The occurrence of the arterial phase green resets the
AWTF control unit electronics extinguishing the flasher yellow display.

With a timed overlap, the order of displays is identical to the above described operation but all control and timing
functions are provided by the controller with an overlap time setting as an input function of the controller.

The AWF assemblies are located at distances upstream of the intersection ranging from 550 to 1200 feet.
Oakdale typically locates their AWFs at 550 feet upstream of the stopbar whereas the Golden Valley typically
locates AWFs approximately 1000 feet upstream of the stopbar. The distances selected for review as part of this
study are consistent with typical setback distances.

The AWF timer is set to reflect the travel time from the sign to the intersection based on the setback distance of
the sign and the vehicle approach speed. Mn/DOT currently uses two methods for setting AWF timing. Golden
Valley divides the distance from the AWF to the stopbar by the approach speed whereas Oakdale divides the
distance from the AWF to a point in front of the decision zone (200 foot point) by the approach speed. Although
both procedures produce safe settings, it appears to be bad practice to use two methods to time the same function.
For this reason it is recommended that Mn/DOT adopt one procedure for determining AWF timing. Time
measurements were 12.5 seconds for the Golden Valley location and 6.0 seconds for the Oakdale location.

Traffic System Considerations -

Mn/DOT traffic signal systems for Trunk Highway installation are based on the application of multi-phase, fully-
actuated, NEMA-type, traffic signal controllers. The signal system design will be determined by the
characteristics of the roadway, traffic flow demands and any special local needs. Typical designs include a 5 or 8
phase basic system layout with detectors in all lanes of each approach. Main line through movement detectors are
located and set to take advantage of various controller and system timing features including, added initial, time
before reduction, time to reduce, reduction low limit, etc. Main line and cross street left turn detection is set close
to the intersection and operates in presence mode. These detectors consist of multiple loops set in the immediate
vicinity of the back of the cross walk (or the stopbar). The location of the cross street through movement
detectors will be determined by the configuration, alignment, approach speed and operational objectives of the
cross street operation. In general, the cross street detection will be located from 60 feet to 200 feet upstream of
the back edge of the cross walk (or the stopbar).

Mn/DOT practice uses protected phase movements on all phases at high speed approach intersections.

Common practice in Minnesota includes a combination of mast arm and low mount traffic signal heads directing
the movement of vehicles. Most current practice on high speed approaches includes the use of dual 12 inch signal -
heads over the lanes approaching the intersection (TH 10 at Silver Lake and TH 61 at 12th). However many
installations exist with only one 12 inch signal head over the lanes approaching the intersection (TH 65 at 129th).
One low mount, far right, 12 inch signal head is used in virtually all recent Mn/DOT designs (including all study
sites). Although AWF operation was reviewed only on tangent sections of roadway for this study, AWFs can be
installed on curved alignment sections of roadway. In the case of curved alignments, a near-side signal head
should be considered to maximize signal head visibility.
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Several controller types are used at the AWF equipped intersections including, TCX 390, ASC, HMP 190 and
KMC units. By far the most commonly used controllers include the KMC and ASC series devices. The ASC and
KMC controllers include a special timed overlap feature for the internal control and timing of the AWF operation.
Mn/DOT currently uses the timed overlap operation where available and the externally located timer and control
logic box where the timed overlap controller features are not available.

Both isolated-actuated and coordinated-actuated traffic signal control systems are commonly used on high speed
approach intersections in Minnesota. The use of coordination features depend on the proximity of nearby
intersections but Mn/DOT regularly installs equipment with coordination features for future use and full
interconnection where three or more traffic signals can benefit from the installation. Although Mn/DOT uses
AWFs with Isolated-actuated and coordinated-actuated traffic signal control systems, all of the study sites were
part of a multiple intersection, coordinated actuated system.

Isolated Actuated

Isolated operation means that the controller is operated as a completely independent controller dependent only on
the settings in the controller, traffic flow and the location of the in-street detectors. Approach detectors and all of
the features of the controller are operational with added initial, time to reduce and gap time used to manage the
termination of each controller phase. In other words, termination of the phase green is not dependent on any
cyclic or semi-cyclic input.

When AWFs are used with controllers which are operating in an isolated-actuated mode of operation, all of the
local timing and logical features of the controller are operational. Regardless of the mechanism used to actually
operate the AWF, in Minnesota, all flashers are operated in an identical manner. During the initial portion of the
approach phase green, flashers are extinguished. After the controller gaps out and prepares to display the arterial
phase yellow, the flasher control electronics stop-times the controller, energizes the AWF flasher and starts the
AWEF flasher timer unit. Arterial phase green and the AWF yellow flasher operates as a concurrent display
during the time set on the AWF timer unit. When the AWF green flashing interval time expires, the arterial phase
green signal display changes to yellow. The AWF flasher continues to display a flashing condition until reset
when the controller next displays the main street green.

During the AWF timer "x" time period, the controller has actually gapped out and is attempting to leave the
arterial phase green but is held in the green until the AWF timer times out. During this period traffic flow has no
impact on timing changes in the controller.

A second method of providing AWF timing control involves the use of the controller timed overlap feature. A
timed overlap is a controller set fixed time period which occurs after the controller has gapped-out in the normal
fashion. Where the timed overlap feature is available, it is used to provide AWF timing.

Actuated-Coordinated Operation

When coordinated operation is called for, Mn/DOT regularly uses a special actuated-coordinated form of
interconnected system operation. This operation provides a fixed background cycle framework for interconnected
operation. But, in addition, an arterial phase permissive period is provided. The arterial phase permissive period
allows the coordinated phase green to revert to gap-timing operation to hold or to release the arterial phase green.
The arterial phase remains green in a main line detector call extending condition until the phase gaps out due to
lack of detector calls or until the phase is forced-off as a coordinated system maximum split control function.
Timed overlaps are also used when the feature is available.
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Actuated-coordinated system operation recognizes several factors common in Mo/DOT Trunk Highway type
operation including:

1. High volumes

2.  Mixed truck and automobile traffic with different stopping characteristics
3.  Multi-phase operation

4.  Speeds over 45 MPH

5. Long cycle lengths, regularly in the 120 to 180 second range.

Actuated-coordinated system operation was developed to minimize the problems associated with holding the
arterial green for an unnecessarily long period while remaining sensitive to the critical high speed traffic
movements. This type of operation is in common use throughout the major interconnected Mn/DOT systems in
the Metro area. :

This operation enables the controller to leave the arterial if traffic demands are light but favors the more critical
high speed arterial traffic if that traffic actually exists.

Advance Warning Flasher-Signal System Interaction

The AWF units interact with normal traffic signal system operation by attaching a fixed period of time to the end
of the main street green phase after gap out or force off of the phase prior to the display of main street yellow.
The fixed period is equal to the time set on the AWF timer unit and corresponds to the AWF flasher period.

From an isolated intersection traffic timing perspective all normal local timing functions are operational. When
the controller detects a suitable gap in traffic, the controller gaps out this phase attempting to terminate the phase.
However, prior to phase termination, the AWF timer period will be added to the arterial phase green.

From an actuated-coordinated perspective, special consideration must be given to the use of AWF settings. With
the actuated coordination features set, the arterial phase is set to serve as the coordinated phase with arterial phase
detectors ignored. But the arterial phase also includes a permissive period during which the arterial phase
detector actuation features are made operational. In other words, the coordinated phase times a fixed minimum
period as determined by the timing plan split setting. Afier the fixed minimum period the controller enables the
permissive period which begins timing the controller actuated operation features, attempting to find a suitable gap
in traffic for phase termination. When a suitable gap is found or when the max phase time is achieved, the arterial
phase is gapped out with the controller attempting to leave the arterial green phase. However, as was the case
with the isolated actuated controller operation, prior to phase termination, the AWTF timer period will be added to
the arterial phase green.

Regardless of the type of operation. or the reason for phase termination, gap-out, max or split force, the AWF
timer period will be added to the end of arterial phase green.

STUDY DESIGN AND DATA COLLECTION

AWFs are installed to advise drivers to prepare to stop due to the existing traffic signal display or due to an
impending change to the existing traffic signal display. The measurable aspects of AWF operation are directly
related to the vehicle approach speeds during the AWF and non-AWF operating conditions. If the AWF device
produces a change in operating performance, it may have a measurable impact on the operating efficiency of the
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mtersection. Changes in intersection performance may also be reflected by a change in accident experience due to
the installation and operation of the AWF devices.

Historical records would be used to evaluate the accident experience on a before/after and a current accident rate
basis. .

Study Design

Based on our review, the principal desired effect of AWF operation is to cause approaching traffic to reduce
vehicle speed when the AWF is flashing. Accordingly, it was necessary to collect speed data during the non-
flashing period and during the AWF flashing period. Because all periods of interest are relative to the beginning
of the arterial phase yellow, the data collection procedure was designed around the beginning of the arterial phase
yellow as the common cycle reference point. The portions of the traffic signal cycle which interacts with AWF
operation include:

Arterial Green (the last portion of no-AWF operation)

Arterial Green and AWF Flash (the fixed AWF time as set on the AWF timer)

Arterial Yellow and AWF Flash (the controller set arterial yellow and all red clearance time)
Arterial Red and AWF Flash (the first portion of the arterial phase non clearance red display)

el S

Under all scenarios, some form of data collection, equipment and work was required at the controller cabinet
location. For this reason, Location A at all sites was designated as the controller cabinet. . Since the effect of
flasher operation would be upstream of the intersection and upstream of the AWF sign location, a number of spot
speed study sites were identified to isolate the effect of location on the AWF operation. This was particularly
important when considering an evaluation of the two Mn/DOT methods of locating and timing the operation of
AWFs. The following locations were selected for speed study data collection:

Location A Traffic signal controller cabinet, traffic signal data collection
Location B 100 feet, 100 feet begin, 110 feet end

Location C 200 feet, 200 feet begin, 210 feet end

Location D 400 feet, 400 feet begin, 410 feet end

Location E 750 feet, 750 feet begin, 760 feet end

Location F 1200 feet, 1200 feet begin, 1210 feet end

S A

Location B was selected as a representative close-in location for testing of speeds very near the intersection.
Location C and D were selected at the defined limits of the decision zone for an approach speed of 50-55 miles
per hour. The limits were set based on the probability of stopping curves for 90 % probability of stopping at 400
feet and 10 % probability of stopping at the 200 foot location. Location E was selected at 750 feet to represent
speeds at a point 200 feet upstream of the closest AWF location. Location F was selected at 1200 feet to
represent speeds at both a free flow speed location and as the roadway location 200 feet upstream of the furthest
AWTF location. ‘

Data collection layouts are shown for site 2, the TH 65 at 129th Street intersection and site 3, the TH 61 at 12th
Street intersection on the following page. Since site 1 is not AWF equipped, it is not shown.
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In addition to the locations along the approach to the intersection, other factors were also considered in the study
design, including:

1. Ideally, all speed data on an approach should be collected, by lane, by vehicle type, on the same day for a
minimum period of 4 hours ,

2. Data should be recorded on a 1 mile per hour, 1 second resolution real-time basis with a specific reference
both to other location studies and the controller cabinet recorder.

These requirements necessitated the design of a data collection procedure which relied heavily on sophisticated
automatic data collection equipment. After a review of equipment available in the Twin City area which could
collect volume, speed and classification information for at least 2 lanes, it was decided that the Diamond T2001
counter/classifier type unit, as provided by Traffic Engineering Services, Inc. (TES) would best fit the needs of
the project.

The study design required accurate records of the occurrence of arterial phase green and arterial phase yellow. To
meet this need, a special phase display recorder was designed. The phase recorder consisted of a two channel
traffic counter installed in each traffic signal controller cabinet with a special switch package. The switch
package was connected to the load switches which operated the arterial phase green and the arterial phase yellow
and to the input channels of the two channel traffic counter. Each time that the phase of interest was turned on, a
one-shot output was produced. Each one-shot output was counted by the controller cabinet counter producing a
time-stamped record of the beginning of the phases of interest.

In addition to the speed studies it was determined that a red violations study should be collected to indicate the
_number of vehicles entering the intersection afier the display of the arterial phase red display.

With regard to the accident data, it was decided to prepare a before/after accident evaluation for appropriate
AWF equipped locations and to prepare a comparison assessment of several years of current data for selected
AWF equipped locations and an equal number of similar characteristic non-AWF equipped locations for direct
comparison purposes.

Site Selection

The Request for Proposal required that a base condition and at least one intersection each representing the two
Mn/DOT design philosophies be evaluated as part of this study. Westwood's proposal further described the field
conditions to be evaluated as one approach at each of three intersections. Discussions with Mn/DOT indicated
that a number of other conditions existed regarding potential sites for investigation including:

All intersections should have a common geometric layout

All intersections should provide multi-phase operation (at least 5 phase operation)

Each intersection should be the first intersection in an interconnected system (Coordinated-actuated)

The posted speed limit should be 50 MPH or higher.

The roadway alignment should be representative of existing locations

The vehicle mix should be representative of typical State highway intersections and should be similar
between all sites.

7.  The AWF location and configuration should be representative of the total population and should be similar
between the sign equipped intersections

SNk W
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AWFs have been installed and operated on a selective basis since 1980. M/DOT AWFs are installed and are
operated at the following intersections:

1. TH 13 @ TH 101, Savage 13.TH 65 @ CR 116 (Bunker Lake Road), Ham Lake
2. TH 14 @ Garden Street, New Ulm 14.TH 65 @ CR 60 (Constance Blvd.), Ham Lake
3. TH 36 @ Washington Street, Stillwater 15.TH 65 @ CR 18 (Crosstown Blvd.), Ham Lake
4. TH 36 @ CR 66 (Greely Street), Stillwater 16.TH 65 @ CR 22 (Viking Boulevard), East Bethel
5. TH36 @ CR 67 (Osgood Ave North), Stillwater 17.TH 110 @ TH 149 (Dodd Rd), Mendota Heights
6. TH 51 @ Marshall, St. Paul 18.TH 110 @ CR 63 (Delaware Ave), West St. Paul
7. TH 61 @ 12th Street, Newport 19.TH 110 @ Mendota Road, West St. Paul

8 TH 61 @ Glenn Road, Newport 20.TH 169 @ TH 212 South Junction, Chanhassen
9. TH 61 @ 20th Street, Newport 21.TH 169 @ TH 41, Scott County

10.TH 61 @ Lower Afion Road, St. Paul 22.TH 169 @ TH 282, Jordon

11.TH 61 @ Carver Avenue, St. Paul 23.TH 169 @ Webster Avenue, North Mankato

12.TH 65 @ 129th Avenue North East, Blaine

Figure 1 is a location map showing the Metro area AWF locations. The numbers on the location map relate to the
above listing of AWF locations.

In addition to the existing installations, AWFs are under construction or have been installed at several
intersections in Newport and Rochester Minnesota.

Although each intersection was technically a candidate for investigation, practical considerations narrowed the
candidates to intersections within the general Metro area. Each of the possible intersections was field reviewed
with a variety of information collected to assess the existing features and operation including:

1. Area/Location 11. AWF Sign Configuration

2. Approach Type 12. AWF Timing Method

3. Intersection Geometrics 13. AWF Sign Position

4.  Approach Horizontal Alignment 14. Traffic Controller Operation

5. Approach Vertical Alignment 15. Traffic Signal Phasing

6. Posted Speed 16. Traffic Signal Controller Timing
7. Visibility 17. Detector Spacing

8. Traffic Volume 18. Controller Manufacturer

9. Percent Trucks 19. Signal Head Arrangement

10. Accident History ’ 20. Intersection Lighting

Subsequent to a review of the field survey data, Westwood and Mn/DOT, selected the following 3 intersections as
project test sites:

1. Siel TH. 10 at Silver Lake Road, SB approach on TH. 10, No AWF

2. Site2 TH. 65 at 129th Avenue, SB approach on TH. 65, AWF @ 1000’ feet
3. Site3 TH. 61 at 12th Street, NB approach on TH. 61, AWF @ 550 feet

Page 11



ANOKA

16
I 15

WASHINGTON
345
224
! ™
| @6 10 N\
' 14
HENNEPIN
. _i TH 62 17 18
9
19
i o 8 Site 3
20 v 7
TH 212 -
21 ; i
CARVER X
H
1
i
N TH 282 TH13 ;
S 169 ""i
1
]
SCOTT i DAKOTA
Figure 1 - Metro Area AWF Location Map a

[@] Project Study Sites

® Advance Warning Flasher Locations Not To Scale

Page 12



Median Shoulder

10 Feet
Lane 1 ~— | Trap Distance ,
Channel 1 /~ Lane Line
Lane 2
e
Channel 2
x Counter Road Tubes
Right Lane
Shoulder B

Multi-channel traffic volume
and classification counter set '

up to collect data at
intersection Location B

Figure 2 -
Typical Road Tube and Data Collection Trap
Arrangement

TH 65 @ 129th
Loop Detector at 525 feet

TH 61 @ 12th ' TH 10 @ Silver Lake R4
Loop Detector at 600 feet ” Loop Detector at 475 feet

N

[ | I I

t
F E @ D clle )
b T T R i
| THes@weh | THEI@12th | .
| AWF Location | AWF Location | | | The traffic counter at
| 1000 feet | 850 feet | | I Location A is con-
: l | | | nected to the traffic
Data collection Data collection Data collection Data collection signal controller and
location F, location E, location D, location records the beginning
1200 feet 750 feet 400 feet C. 200 feet of main street green
B. 100 feet and main street yellow
phase times.

Figure 5 - Study Site Arrangements
Advance Warning Flasher - Traffic Signal Detector & Counter Locations

Page 13



Speed Data Collection

Traffic Engineering Services, Inc. (TES), the counter equipment vendor and representative for Diamond traffic
counting products was retained as a data collection subcontractor. TES provided Diamond T2001 counters,
placed tubes and counters and managed the field data collection effort. Installation of the counter equipment
required that road tubes be placed at 5 positions on one approach at each of the three test sites. A typical road
tube layout is shown in Figure 2; typical data collection locations detectors and sign locations are shown on
Figure 3.

A data collection plan was prepared by Westwood to finalize the data collection activity. The plan was reviewed
with Mn/DOT and TES to coordinate Mn/DOT provided services. Subsequent to the Mn/DOT and TES reviews,
adjustments were made to the plan to incorporate all pertinent requested changes. The plan included the following
specific operations:

Equipment installation

1.  Travel to each site

2. Connect and test controller traffic signal equipment
3. Block lanes and install road tubes

4.  Connect and test speed data collection units

Data Collection

1. . Start data collection

2.  Observe that all counters are operating properly

3. At completion time stop data collection

4.  Prior to moving equipment, review data

Equipment Relocation

1.  During the data review, block lane for equipment removal
2.  Afier review of data, remove road tubes and counters
3. Move to new location

4.  Connect and test controller traffic signal equipment
5.  Block lanes and install road tubes

6.  Connect and test speed data collection units

7.  Repeat data collection steps for this location

TES provided all traffic counter equipment, equipment transportation, field installation services, tube setup and
placement, data review and testing and transfer of the data into a form suitable for data processing. TES also test
operated each counter and certified that it was working properly and met the requirements of the project.

Mn/DOT participated in the installation and removal of the field equipment by supplying contract service traffic
control during the installation and removal of in-road located equipment. Although road tubes were installed
across each of the 2 lanes approaching the intersection, only the right lane and shoulder area were actually
blocked off from moving traffic.

Data collection was scheduled to start during late April but was delayed due to delays in the arrival of required
system components. TES indicated that the primary delivery problem was due to problems that the counter
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equipment manufacturer experienced in the final stage of software revision for the T2001 traffic counter. The
manufacturer also experienced design and manufacturing problems on the special purpose remote air switches
proposed for this project. The field data collection effort was actually performed during the first week in June.

Counter equipment was installed during the morning and early afternoon period between 10 AM. and 3 PM. With
the heavy traffic volumes at the study site locations, concern existed that the road tubes would be damaged or
pulled-up during the course of the study. Based on this concern, it was decided to begin data collection at 4 PM
and let the data collection continue until memory in the counter was filled or until 9 AM the following moming.

Review of the first set of data indicated that the counter equipment ran out of memory for data storage after
approximately 4 hours of data collection. Consideration was given to changing the data collection configuration
in the counter equipment but was rejected because the alternate configuration had not been tested and because the
data sample size appeared to meet the study requirements.

A special remote air switch was used to collect inside lane data at two locations at test site 1. However, traffic
over the cables ( between the counter and the remote air switch )severely damaged the cable. Sufficient cable
existed to replace the cable after each study. But the alternate dual road-tube hose arrangement appeared to
provide equivalent operation with significantly less trouble and, therefor, was used on the remaining speed data
collection studies.

After each counter and tube combination was installed it's operation was observed. As indicated by TES tube
length and placement were critical to gathering of useful data. Corrections and adjustments were made to tube
installations at approximately 50% of the locations to produce good system operation.

Speed Data Processing

The raw speed data was transferred from the counters to a field data collection computer as individual site data
files. Each individual data file was processed and saved as an ASCH print file. Initially, TES planned to deliver
the data files in a directly readable spreadsheet format. However, other problems with the T2001 software
delayed delivery of the processing software to TES. To avoid further delays with the availability of the data in a
usable form, Westwood wrote a special preprocessing program to prepare the data for analysis. The program
performed the following operations:

Load the phase counter data and identify phase change times

Load the speed data from a site location

Review and filter the data; error data was placed in an error file, speeds over 65 mph were placed in a

>65 mph file

Insert the green and yellow phase times into the data file

Split the file by lane and vehicle type .

Process all files and produce comma delimited data files for spreadsheet data manipulation

Data was organized into sets with the beginning of yellow as time zero. Data was tabulated for a 50 second
range, 25 seconds before and 25 seconds after the beginning of yellow time zero. The total tabulation
included all vehicles. The 50 second range was tabulated for vehicles on a 1 second basis by type of vehicle.

W

N e

This process was repeated for each site for each location for each vehicle type producing a total of 30 individual
data sets. Several spreadsheet models were then generated to assess the meaning of the data. Models were
generated to perform the following operations:
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1. A Speed Distribution Model -- This model, as illustrated on Figure 4, analyzed and plotted all data with
the number of speeds in the interval plotted along the x axis and speeds on a 1 mph basis for each location
for each site plotted along the y axis.

2. A Speed vs. Time Model — This model, as illustrated on Figures 5 and 6, plotted the 50 second range of
speed data with speeds plotted along the x axis and time plotted along the y axis.

3. A Location vs. Speed Model -- This model, as illustrated on Figure 7, plotted the average speed for each of
the 5 data locations on an approach for each of the 4 time periods of interest (as listed under Study Design).

4. A Decision Zone Occupancy Model -- This model, as illustrated on Figure 8, 9 and 10, considered the
locations C and D as the limiting distances for the decision zone at each site. A calculation was made for
each vehicle which determined if the vehicle would be in the decision zone at the instant of yellow. This
model included an assumption that the vehicle speed as measured was constant.

The overall objective of minimizing the number of vehicles in the decision zone at the beginning of yellow had

been discussed at the project meetings. The general consensus was that minimizing the number of vehicles in this

zone would be an important element in determining the most effective method of AWF operation.

ANALYSIS
Speed Data Collection Findings
The following comments describe the findings of the Speed data collection:

The phase intervals of interest for this study include the following 4 periods: 1) Solid Green-No AWF Yellow, 2)
Solid Green-AWF Yellow flashing , 3) Yellow/All-Red-AWF Yellow flashing, and 4) Solid Red-AWF Yellow
flashing. ‘

The overall method of speed data collection using multiple channel counters, multiple road tube detectors and
timing synchronization using the digital clocks in the counters is workable and should be considered for any future
speed data collection studies. Placing a counter in the controller cabinet and connecting the counter to the traffic
signal controller through the output of the main street approach yellow and green load switch outputs is practical
and workable. Synchronization of the counter data using the digital clocks is practical, however, the clock times
set on the counters should be set and verified in the field before and after the study. Clock synchronization drift
occurred on this project. However, clock drift was in the same direction (gaining time) and was less than 2
seconds over the study period time. The minimum drift was corrected during the data processing effort and did
not effect the study data. '

A pilot test is required to verify all steps of the data collection process in advance of the data collection effort.
The pilot study should include all steps in the process including generation of the expected analysis reports.
Setting the counters to acquire the maximum amount of data possible including bin separation of the collected
data consumes a significant amount of memory and therefore should not be used. Instead, the counters should be
set to record raw time, speed and vehicle classification. Collecting speed and vehicle classification data for each
lane of a two lane approach is practical. The version of software used in this counter ( Version 3.03) produced a
large number of truck classification and speed errors and should not be used in any future studies. Problems were
discovered during the analysis of the data related to the number of errors. Discussions with the counter
manufacturer verified the error problem and were used to identify and verify that the current version of the
software ( Version 3.05 corrected this problem).
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A data processing program is required to process the counter collected data. Counter manufacturer supplied
software produced binary and print formatted data files but the data was not suitable for direct usage in a
spreadsheet. The necessary data processing program should merge the controller data with each set of the
location data, filter the data for errors and arrange the data into data collection hours separately for autos and for
trucks. The final form of the data should be suitable for direct entry into a spreadsheet for data processing and
plotting purposes. The counter manufacturer made available a data management program which simplified
several of the more complex data management and processing efforts. However, the program arrived too late for
use on this project.

The data collection period of approximately 4 hours was sufficient to acquire representative auto data but the 4
hour period, combined with truck errors, produced a less useful set of data for trucks. All conclusions relating to
this study will be based on the auto data with conclusions tested against the collected truck data. A sample of at
least 1000 truck samples should be collected for any future study

Analyzing the data using multiple graphic plots is an effective way to examine the data.

The analysis procedure used in this study considered the beginning of yellow as the most significant point in the
cycle. All speed analysis procedures were based on the occurrence of yellow with time periods calculated in both
directions to identify the appropriate intervals of interest. Plotting data on a 1 second interval basis effectively
describes the operations which take place during the phase intervals of interest. This procedure is not influenced
by differences in cycle length.

The first report produced from the analysis effort should be a distribution of vehicle speeds in one second intervals
over the entire range of speeds, for the entire data set. This report will illustrate the grouping of speeds and will
indicate the possible occurrence of bad data or other anomalies which may occur in the data. It was found that 1
second data plotted on a 4 second period moving average basis produced curves representative of the indicating
activity but with a much smoother appearance. Plotting the average of speeds by location (B, C, D, E and F), by
study site, by type of vehicle provides a simple but strongly indicative description of the differences (or lack
thereof ) of vehicle operations at the alternate study sites.

Plots of the average of speeds for the 4 intervals of interest by site location produced graphs illustrating the
following:

*  When all sites (15) are considered, the difference between interval 1 (Green -No AWF) and interval 2
(Green - AWF Flashing yellow) speeds is less than 2 % in all cases and less than 1 % in 12 of 15
locations. This situation tends to indicate that display of the AWF indication during the Phase Green
display has virtually no effect on approach vehicle operating speeds.

*  For speed changes during interval 3), the Yellow/All Red- AWF Flashing Yellow interval, the difference
between the initial location speed (location F) and the final location speed (location B) is:

-38 % at site 1, TH. 10, (-19.8 mph)
-14 % at site 2, TH. 65, (-7.8 mph)
-21 % at site 3, TH. 61, (-11.2 mph)

This situation tends to indicate a significant difference in speeds during the Yellow/All-Red-AWF

Yellow flashing period between the non-AWF equipped site ( site 1) and the two AWF equipped sites (
sites 1 and 2 ).

Page 21



*  For speed changes during interval 4), the Solid Red-AWF Flashing Yellow interval, the difference
between the initial location speed (location F) and the final approach location speed (location B) is:

-61 % at site 1, TH. 10 (-30.8 mph )
-62 % at site 2, TH. 65 ( -33.1 mph )
-67 % at site 3, TH. 61 ( -34.0 mph )

Basically, data indicated that driver reaction is very similar for vehicles approaching the intersection when faced
by a red traffic signal display :

At all sites, the vehicle speed distributions indicate a consistent arrangement of speeds by site, 1, 2 and 3. From
location F approaching the intersection toward location B nearest the intersection, the shape of the distributions
are very similar.

At location F, a single sharply pronounced curve

At location E, a single broader based symmetric curve

At location D, a single curve skewed toward lower speeds

At location C, a flattened shape approaching two curves, skewed toward lower speeds
At location B, two curves depicting speeds during the green and speeds during the red

This condition tends to show a relationship between the distribution of speeds as a function of distance upstream
of the intersection and appears to demonstrate drivers reaction as the traffic signal tends to take on a more
pronounced influence as to required safety operation near the intersection.

The decision zone profiles, as shown on Figures 8, 9 and 10, plot the study period total accumulation of vehicles
at the beginning (Location D, 400 feet) and at the end (Location C, 200 feet) of the decision zone on a second by
second basis related to the beginning of traffic signal yellow. A plot of the average number of vehicles in the
decision zone over the study period is also shown for comparison purposes. The purpose of these plots is to show
the shape of the plot near the beginning of yellow and to show the difference between the average plot value and
the value plot at the beginning of yellow. In the former case, an optimized condition is shown when the minimized
point on the profile occurs at the beginning of yellow. In the latter case, the difference between the average value
and the profile value at the beginning of yellow indicates the AWF location/operations effect.

Figure 8, the no-AWTF location, shows that the controller has gapped at a minimum point on the decision zone plot
and that the difference between the average value and the plot value at the beginning of yellow is significant.
These conditions indicate that the detectors have identified gaps in traffic and have terminated the phase when a
minimum of traffic is in the decision zone.

Figure 9, the Golden Valley location, tends to show that the controller has not found a noticeable gap in traffic
and that there is virtually no difference between the average number of vehicles in the decision zone and the
number of vehicles in the decision zone at the beginning of yellow. These conditions indicate that the combined
AWF/controller/detector arrangement has had little effect on the number of vehicles in the decision zone.
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Figure 10, the Oakdale location, tends to show that the controller has found a noticeable gap in traffic and that
there is a difference between the average number of vehicles in the decision zone and the number of vehicles in the
decision zone at the beginning of yellow. These conditions indicate that the combined AWF/controller/detector
arrangement has had an effect on the operation of the system. More importantly, the plots tend to indicate that
adjustments can be made to the detector location which will help to better locate the optimum phase termination
point. It would appear that relocation of the detectors at this intersection could significantly improve the overall
operation of the intersection. These observations were further developed as part of the study and are reflected in
the proposed AWF location/operations plan detailed in a later section of this study.

Accident Analysis
An analysis of accidents was performed as a part of the Advance Warning Flasher evaluation study.

The analysis was used to determine the impact of AWF installation on the occurrence of various types of traffic
accidents. Based on the review material, discussions with Mn/DOT staff and previous experience, the type of
accidents most strongly impacted would include right angle and rear end accidents. Accidents were limited to
accidents coded to the intersection (within approximately 500 feet of the intersection). All accidents were
included in the all accidents category. In the right angle and rear end category, cross street right angle accidents
were included but cross street rear end accidents were not included in the evaluation.

The Mn/DOT accident records system includes several types of accident under the categories of right angle and
rear end accidents. For example, lefi-turn-through-movement, right-turn-through-movement and through-
movement-through-movement accidents (at right angles) are all included in the right angle accident category.
Whenever possible, unusual right angle accidents were eliminated from consideration, but in general, all accidents
which were imitially produced by the Mn/DOT record system were retained in the all accident category and the
majority of right angle and rear end accidents were retained in the right angle rear end category for this
evaluation.

Based on comments from Mn/DOT, intersection coded accident data was used for the accident evaluation. The
intersection location procedure and the corresponding rate measurement procedure based on million entering
vehicles and system produced ADTs was selected because it more closely represented the common method of
evaluation used by Mn/DOT staff for this type of evaluation.

Typical characteristics which were considered in the intersection selection included:

1. Five-eight phase actuated operation

2. Common geometry, 1-2-1 lane configuration

3. Tangent approach alignment and basically flat vertical alignment
4.  Speed 50-55 mph

5.  Lighted main leg approaches

6. Low side friction

Working with field information, plan data and comments from Mn/DOT, 14 intersections, 7 from the Golden
Valley District and 7 from the Oakdale District, were selected for use in the accident analysis. Data was
requested for the 3 year period preceding and following the installation of the AWF units and for the most recent 6
year period for all intersections.
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Accident Analysis Data

Instali Before Befor Before After After After
Location Date Type ADT e RA/RE ADT All RA/RE
All
TH 13 @ TH 101 5/81 GV 47700 0.88 0.33 52730 0.66 0.35
TH 65 @ 129th Avenue N.E. 8/82 GV 22295 1.27 0.74 23320 0.90 0.67
TH 65 @ CR 116 (Bunker 10/80 GV 19700 2.09 1.21 22860 0.80 0.52

Lake Road)

TH 65 @ CR 60 (Constance 8/82 GV 19125 1.29 0.62 19830 0.88 0.51
Blvd))

TH 65 @ CR 18 (Crosstown 10/80 GV 15425 243 0.30 18050 1.21 0.56
Bivd)

TH 65 @ CR 22 (Viking 10/80 GV 13550 2.49 1.82 15610 1.64 0.88
Boulevard)

TH 169 @ TH 41, Scott 1/81 GV 26870 1.46 0.92 28800 143 0.89
County

TH 36 @ Washington Street* 12/90 OQAK 25770 0.99 0.57 29050 0.81 047
TH 36 @ CR 66 (Greely St.)*  12/90 OAK 29920 0.82 0.58 34000 0.8 0.58
TH 36 @ CR 67 (Osgood Ave  12/90 OQAK 30050 1.61 0.82 33050 143 0.65
North)* .

TH 61 @ 12th Street 7/86 QAK 39700 1.36 0.85 41470 0.99 0.62
TH 61 @ 20th Street 7/86 OAK 44325 0.54 043 45775 1.22 0.84
TH110 @ TH 149 (Dodd Rd) 11/83 OAK 37110 1.38 0.74 32830 1.92 1.11
TH 110 @ CR 63 (Delaware 11/83 QAK 41225 0.73 0.53 27475 0.40 0.20
Ave)

* Three years of data was available for all intersections except the intersections on TH 36. The 1.5 years of
available after data was factored to maintain a common 3 year accident review period.

The rates indicate accidents per million entering vehicles.

Accidents were reviewed by comparing right angle and rear end accidents for each flasher equipped location and
by comparing flasher equipped locations with Mn/DOT produced base line conditions. The accident record
system baseline procedure was selected because the data was based on a large sample of intersections, 120
intersections and because it was consistent with established Mn/DOT evaluation procedures. Accident rates were
calculated using Mn/DOT intersection calculation procedures. Rates were calculated using Mo/DOT provided
data including accident listings and ADTs. The accident rates do not reflect accident severity.

Accident Findings

1. On an average basis for all 14 intersections, the tabulation shows that accident rates for AWF equipped
intersections decreased from 1.22 to 1.09 for all accidents and from 0.68 to 0.63 for right angle and rear end
accidents respectively.

2. The tabulation shows that accident rates for Golden Valley dropped from 1.50 to 0.99 for all accidents and
from 0.74 to 0.58 for right angle and rear end accidents respectively.
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3.  For Oakdale, the tabulation shows that accident rates increased from 1.04 to 1.13 for all accidents and from
0.64 to 0.66 for right angle and rear end accidents respectively.

Before/After Ac_cident Evaluation

All Accidents Right Angle & Rear End Accidents

Before After Change Before After Change
Golden Valley 1.50 0.99 -0.51 0.74 0.58 -0.16
Oakdale 1.04 1.13 +0.09 0.64 0.66 +0.02

Combined . 1.22 1.07 -0.15 0.68 0.63 -0.05

4.  The numbers indicate that at locations where accident rates are higher than average, and where high speed
right angle and rear end accidents are involved, the application of AWF devices tend to reduce the number
of accidents. However, differences in initial accident rates and a combination of other remedial action
traffic engineering work at the intersections may have contributed to the reduction in the number of
accidents. This situation plus the limited sample size tends to make a comparison between the Golden
Valley and Oakdale sites inconclusive.

5. A field review of the Golden Valley and Oakdale intersections indicates that the intersections share many
similar characteristics but also are different in several ways which may effect the accident information. For
example, ADTs are higher in Qakdale, more rural type conditions exist in Golden Valley, mast arm signal
displays are different by site, and side friction is different between the Oakdale and Golden Valley sites.
These differences may contribute to the different accident experience at the two sets of intersections.

The following information discusses the accident rate for the last six year period.

CURRENT ACCIDENT RATE COMPARISON

1986 - 1991
All Accidents Right Angle & Rear End
Golden Valley and Oakdale (14 1.04 0.60
Intersections)
Metro Area Average } 1.00 Not Available

1. All AWF sites with 6 years of data were combined to examine the current accident rate of the AWF sites as
compared to the baseline rate of similar sites in the Metro area. The combined rates for all accidents for the

AWEF locations compared closely to the all accident rate of the baseline rates, 1.04 as compared to 1.0,
respectively.

2. No comparable rate was available for the right angle and read end rates for the base line condition.
However the current rate compared closely with the before/after average rate, 0.60 to 0.63 respectively.
This comparison was specifically intended to determine if current AWF rates changed from the after rates
achieved by the installation of the AWF equipment as illustrated by the before/after study. It appears that
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once established, the after accident rate remains consistent with after rates for similar types of intersection
within the Metro area.

Red Violations Data

A special study was performed at each site to examine driver reaction to the main street red phase display. An
observer was placed at a point near the intersection to observe the condition of the traffic signal and to note driver
observance. The observer noted the beginning of the red intersection display and recorded all vehicles which
entered the intersection after the beginning of the red indication. .

Each study was performed during the AM peak period on the day that speed field data was collected for the
approach direction for which speed data was collected.

Red Violations Study

Site 1 Site 2 Site 3

Time Period TH 10 @ Silver TH65 @ 129th  TH 61 @ 12th

Lake Road

7:00 - 7:15 7/2 6/2 5/3
7:15 - 7:30 5/2 6/7 5/4
7:30 - 7:45 5117 7/1 5/4
7:45 - 8.00 5/2 ' 8/2 5/2
8.00 - 8:15 6/2 g/1 7/1
8:15 - 8:30 6/0 8/1 7174
8:30 - 8:45 4/5 6/0 - - 8/1
8:45 - 9:00 7/0 9/1 8/0
Cycles / Violations 48 /20 58/15 50/19
Violation Rate (Violations / Cycles) 0.416 0.258 0.380
(No AWF) (AWF) (AWF)

The study was performed to determine the number of red violations for intersections with AWF equipment versus
a non-AWF equipped intersection. The Red Violations Table on the preceding page, lists the results of the field
study. Cycles indicate the number of complete traffic signal cycles during the study period. Violations indicate
the number of vehicles on the study approach which entered the intersection during the main street red phase
display.

The data indicates that the non-AWF equipped intersection, site 1, had a higher number of red violations than
either of the AWF equipped intersections with site 2, the Golden Valley intersection, having the lowest number of
red violations.

Review of the red violation study appears to reveal an interesting characteristic relating to the operation of traffic
signal control systems. Consider that vehicles traveling at a rate of 70 feet per second with an effective yellow of
4.0 seconds (5.5 seconds of yellow with a 1.5 second perception reaction time) will travel approximately 280 feet
during the effective yellow display time. This distance places the vehicle near the upstream end of the decision
zone at the instant of yellow display and well into the decision zone at the end of the perception reaction time.
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It appears that the count of red violations produces a measure of effectiveness of the dilemma zone operation.
Thus, it would appear that a red violation count at different times and at different locations would allow
comparison of system operations as a measure of the effectiveness of the operation as reflected by decision zone
operation.

Traf-Netsim Simulation Censiderations

Traf-Netsim was proposed as a way to assess the operation of AWF equipped intersections as part of this
research effort. The proposed use of the simulator required that external factors be developed to adjust results of
the model output based on special operation and efficiency changes at AWF equipped intersections. It was
theorized that efficiency changes would occur to the throughput late in the phase (during the phase green and
AWF flashing period) which could be measured and used to modify results at differently equipped intersections.

Essentially the proposed use of Traf-Netsim followed this plan. The last car passage feature of the controller
provides a basic operation approximating the operation of the AWF. Essentially, last car passage guarantees that
a passage time (or vehicle extension period) will be timed after the controller phase has gapped-out but prior to
the yellow interval display. Last car passage is a feature of the TRAF-NETSIM actuated controller simulation
model and was planned to be used by Westwood to produce a controller operation very similar to the AWF-
equipped installations. However, a difference between on-street operation and TRAF-NETSIM operation
involves how TRAF-NETSIM considers normal vehicle approach characteristics. TRAF-NETSIM does not
allow internal adjustments to the vehicle approach characteristics to consider the AWF operation as an on-line
feature, thus requiring an external correction to consider the impact of the AWF. Westwood recognized this
situation and planned to collect spot speed and other data to reflect the actual changes in approach speed and
associated travel time (to the intersection) for the AWF flashing period as an external correction to the model
results.

However, analysis indicated that no speed changes were observed during the arterial phase green-AWF period,
therefore simulation model adjustment factors could not be developed to indicate any performance change which
could be accurately simulated. Although simulation models were prepared and test operated, the lack of
improvement factors eliminated the possible use of the TRAF-NETSIM program for this study.
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FINDINGS AND RECOMMENDATIONS
The following sections describe the findings and recommendations of this study.
Literature Search and Agency Survey

A literature search was conducted to examine the AWF state-of-the-art. It provided a variety of descriptive
information regarding the use and application of AWFs including the following:

1. AWFs can reduce right angle and rear end accidents at high speed intersections. The limit for high speed
ranged from 35 MPH to 45 MPH and higher. As a matter of practical consideration, application of AWFs
should not be considered for any speeds under 45 MPH.

2. AWFs can be effective at high speed locations but tend to increase accidents at low speed intersections.

3.  The mean recognition distance for the standard Prepare to Stop When Flashing legend sign is 238 feet; the
mean recognition distance for a Flashing Symbolic Signal Ahead sign was 449 feet, a difference of over 211
feet. A test of the symbolic sign in place of the legend sign is recommended.

An agency survey was conducted to help develop an understanding of other agency AWF usage. Letters were
mailed to 90 agencies including every state, principal cities in the 5 state area and Cities over 40,000 population
in the State to determine level of interest in AWF usage. Seventy nine agencies responded with an indication of
interest. Follow up requests produced 35 detailed responses. Of the 35 agencies 28 agencies indicated that they
have used or currently use some form of AWF equipment. Although virtually all of the respondents indicated that
they operate the AWF equipment connected to local traffic signals, it was apparent that some of the local
population of AWFs in fact were linked to traffic controllers but a number of the flashers were continuous
flashers. Additional comments are included in the appendix material.

In general, the survey of other agency usage indicated that a wide variation exists in the use and application of
AWEF devices. No standard policy, criteria for installation or operation was evident from the survey.

Field Study Results
Speeds

The three tests sites included TH 10 at Silver Lake Road (site 1, the non-AWF location), TH 65 at 129th Street
(site 2, AWF at 1000 feet) and TH 61 at 12th street (site 3, AWF at 550 feet). An extensive speed data collection
study was performed at these three sites. It showed that speeds remain essentially unchanged for the main street
green and main street red periods and speeds increase for the main street clearance period (yellow and all red) for
AWF equipped locations. Speeds were lowest at the non-AWF location and were higher at the AWF locations.
The red violation study indicated that the highest percentage of violations occurred at the non-AWF equipped
intersection with substantially lower percentages at the AWF locations. In addition, the red signal violation study
provided some interesting information regarding the possible use of a red violation study as a general measure of
overall intersection performance.
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Accidents

The accident study included a before/after study and a comparison of current rates against a baseline Metro area
average rate. For locations with a higher than average number of accidents, AWFs tend to reduce the accident
rate. ' Rate reductions apply to right angle and rear end accidents. The comparison of AWF locations to current
baseline Metro wide average indicates that once reduced, AWF rates stabilize near the Metro-wide average.

The accident rate reduction was largest for the Golden Valley intersections primarily because the before accident
rates were higher in the Golden Valley sample. This result tended to show that rate reductions could be achieved
using AWFs when the rates were higher than average for the study site. Although the Golden Valley rate
reductions were largest, the study was not reliably conclusive at determining which of the Mn/DOT AWF
locations procedure was most effective.

Literature search information and the accident analysis results tend to indicate that AWFs can be effective at
reducing the number of right angle and rear end accidents. Once the rates were reduced, they tended to stay
essentially constant over a long period. In addition, based on the data which was examined, it appears that when
the rate for right angle and rear end accidents only exceeds the rate for all accidents for this type of intersection,
consideration should be given to the installation of AWFs.

AWF Operation - A Proposed Approach

Mn/DOT uses one compliment of equipment to provide AWF system operation. But Mn/DOT uses two
procedures to physically locate the AWF at the intersection. One method positions the AWF at a point 550 feet
upstream of the stopbar, the other method places the AWF approximately 1000 feet upstream of the stopbar. The
550 foot setback considers a 55-60 MPH speed range (slightly higher than the posted speed limits but reflective of
conditions in the area) and also meets the minimum distance requirements for a Type B warning sign definition as
listed in Section 2 of the MMUTCD. The 1000 foot setback is based on a theoretically more comfortable travel
strategy. The alternate location schemes present the information to the driver at different times in the signal cycle
and from different positions along the roadway.

This study concluded that both Mn/DOT AWF location/operation schemes operate in a safe and reasonably but
sub optimal manner. However, because the study could not identify any significant additional benefit due to the
longer AWF setback, it is recommended that future installations be based on a2 minimum AWF setback distance of
550 feet.

The objective of AWF operation is to provide information to the driver to enhance safe and efficient vehicle
operation. One way to improve safe operation at the intersection is to minimize the drivers opportunity to make
the wrong decision as the driver approaches the intersection. The wrong decision in this case could be to decide
late in the cycle to stop causing an abrupt vehicle maneuver upstream of the stopbar. Or altemnately, another
wrong decision would be to decide late in the cycle to pass through the intersection such that the vehicle enters the
mtersection during the main street red display.

A variety of factors are involved in the driver decision making process including speed changes, vehicle mix,
special local conditions, etc. In virtually every case, however, a section of roadway exists where decisions are
made to either stop or to proceed through the intersection, appropriately called the approach decision zone.
Essentially, the decision zone consists of a section of roadway defined by the probability of stopping. In this case
the upstream decision zone boundary is set at the point on the roadway where 90% or more vehicles, on seeing a
yellow, will safely stop (5.0 seconds upstream of the stopbar, 400 feet)and at a point close to the intersection

Page 32



where 90% or more of the vehicles, on seeing a yellow, will not stop (2.5 seconds upstream of the stopbar, 200
feet).

One way to minimize the opportunity to make an improper driver decision to stop or to proceed through the
intersection is to minimize the number of vehicles in the decision zone at the instant that the traffic signal changes
from green to yellow. Restated, investigation of AWF operation indicated that optimal performance of an AWF
system requires that the system minimize the number of vehicles in the decision zone at the beginning of main
street yellow. If this objective is assumed to be correct, then both of the existing AWF location schemes provide
sub optimal performance. ‘

A scheme to optimize AWF operation was developed as part of this study. It is based on the AWF location and
relocation of detectors in relation to the decision zone. This operation minimizes the number of vehicles in the
decision zone at the beginning of main street yellow. The optimized location scheme uses a controller gap-time
produced "empty area", a section of roadway with no vehicles which occurs concurrently with controller gap-out
(an area with no vehicles equal to the approach velocity in feet per second times the gap time) immediately in front
of the detector. Occurrence of controller gap-out causes the AWF flasher to begin flashing and the AWF timer to
begin timing. The location of the detector and the time settings allow the "empty area" to move toward the
stopbar as the AWF times. The optimized condition is produced when the gap produced "empty area" overlaps
the "decision zone" at the instant that the AWF times out and the main street yellow time begins.

The "empty area” decision zone overlap scheme was examined using the existing Oakdale and Golden Valley
detector locations, sign locations and time settings When examined using the study site locations, the gap
produced "empty area" was located upstream of the stopbar by approximately 47 feet and downstream of the
stopbar by approximately 468 feet respectively for the TH 61 and TH 65 sites.

Layouts for the proposed arrangement and both of the éxisting sites are shown on Figures 11, 12 and 13.

It is important to note that the proposed scheme creates and environment where, under certain circumstances, the
decision zone is "empty" rather than calculating the number of vehicles that remain in the decision zone. The
proposed scheme is based on a minimum setback distance of 550 feet. Although the AWF remains at 550 feet
upstream of the stopbar the detector is relocated to a point approximately 840 feet upstream of the stopbar.
Relocating the detector to the 840 foot point is based on a gap-out strategy during the green arrival portion of the
traffic signal phase. Consideration should be given to detector switching during the red arrival period. With
detector switching, the signal time and control settings may be used without significant change.

It appears that the potential for maximized safety enhancement is created by forcing the "empty area” to overlap
approach decision zone using a modified AWF and detector location scheme. However, this proposal is
theoretical and must be tested further and field verified. It is recommended that Mn/DOT perform field testing to
verify system operation as soon as possible.
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1. The proposed detector setback is the distance from the stopbar to the lead edge of the 6 x 6 loop
upstream of the stopbar. The setback to the proposed detector is 650 + 200 - (6 + 1) = 843 feet.

2. The area between VYehicle 1 and Vehicle 2 at gap-out of the controller contains ro vehicles.

3. The minimum number of vehicles are exposed to driving decisions when the gap-out produced empty
area overlaps the decision zone.

4. Detector and AWF placement as shown above minimizes the number of vehicles in the decision zone at
the beginning of yellow.

Figure 11 - Proposed Advance Warning Location
AWF at 550 feet with Detector Located at 845 feet
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1. The existing detector position is 600 feet, from the stopbar to the lead edge of the 6 x 6 loop.

2. The area between Vehicle 1 and Vehicle 2 at gap-out of the controller produces an empty area. The
number and location of vehicles behind Vehicle 2 at controller gap-out is unknown.

3. The minimum number of vehicles are exposed to driving decisions when the gap-out produced empty area
overlaps the decision zone.

Figure 12 - Oakdale Advance Warning Flasher Location
TH-61 at 12th Street, AWF at 550 feet
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overlaps the decision zone.

Figure 13 - Golden Yalley Advance Warning Flasher Location
TH-65 at 129th Street, AWF at 1000 feet
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Other Recommendations

Recommendations were also made regarding the use and application of the AWF devices.

1.

The AWF can be effective at reducing accidents at high speed traffic signalized intersections but is most
effective when installed to correct a problem for which it is specifically suited. In general AWF devices
should be installed in response to a specifically correctable problem not in anticipation of a future problem.

Use of AWFs should be considered at high speed intersections (over 45 MPH) when the accident rate for the
intersection for right angle and rear end accidents only is equal to or above the average accident rate for all
types of accident for this type of intersection.

A red violation study was performed as part of this project. The study counted the number of vehicles
which entered the intersection during the red indication ( a violation ) and the number of cycles. A red
violation ratio was calculated and was used as an indication of intersection general performance as relates to
decision zone activity. In essence, regardless of the specific reasons for the driver action, the fact that
vehicles entered against the red indicated a basic problem at the intersection. The simplicity of this measure
and it's possible application to indicate intersection operating problems should be further investigated.

Thas study did not consider the impact of AWTF installation at closely spaced adjacent intersections.
Although AWFs have been placed at multiple adjacent intersections, along TH 65, TH 61 and TH 36, the
effectiveness of this AWF spacing has not been verified. In addition, as new signals are added along a
section of AWF equipped roadway, consideration may be necessary to remove existing AWF devices.
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LITERATURE SEARCH MATERIAL
Summary Comments

The literature search provided a number of study reports dealing with a range of factors involving advance
waming signs and flashers. Many of the references provided information describing methods to maximize the
effectiveness of traffic signal operations as related to the dilemma zone and detector placement. However none of
the studies dealt specifically with the interaction of or placement of detectors in relation to the combined operation
of AWFs and traffic controller operation.

None of the studies attempted to consider AWF or traffic signal operation on a system basis using the Mn/DOT
actuated coordinated method of signal system operation.

One study, the FHWA simulation of driver awareness, tested symbolic and message type AWF signs with both
flashers and as totally passive devices. It was interesting to note that recognition distances were significantly
different for the symbolic signs than for the legend type signs. The Flashing Symbolic Signal Ahead Sign was
recognized at a mean distance of 449 feet as compared to a mean distance of 238 feet for the Mn/DOT AWF sign
configuration. In fact, the Passive Symbolic Signal Ahead sign was recognized at a mean recognition distance of
351 feet, over 100 feet sooner that the legend sign. This study was conducted as a night time simulation only with
no data provided for daytime consideration but the results would be expected to be equal or better under daytime
conditions. Possible reasons for differences in sign recognition distances may be legend visibility during night
time conditions and the readability of the size of letters used in the legend message sign. No comments were
provided in the study regarding these aspects of sign recognition.

The FHWA study also considered speed reductions based on sign type. The study found that speed reductions
were statistically significant and that the Passive Symbolic Signal Ahead sign was most effective followed by the
Flashing Symbolic Signal Ahead sign with the Prepare to Stop When Flashing sign as the least effective sign at
reducing approach speed. However:

"...the magnitude of such differences would not be practically significant in real-life conditions. In general,
speed differences between means never exceeded 3 mph. Therefor, practically speaking, the AAWS (all types
of active advance warning signs) are useful devices to maintain vehicle approach speed at high-speed
signalized intersections but (the signs ) should not be installed because of speed problems."

One comment which recurred in the material, concerned the general use of AWF type devices. In general dynamic
devices (regardless of the type) should be used sparingly since overuse might tend to reduce their effectiveness. In
addition, dynamic devices should be considered for installation in response to a problem for which they are
considered an effective countermeasure device.

It was also found that AWF devices tended to reduce right angle and rear end accidents at high speed intersections
but the reverse was true for low speed intersections. For this reason, use of AWF devices is not recommended at
locations with approach speeds under 35 mph.

The Ohio study analyzed the reaction to symbolic type active and passive devices and Prepare to Stop When
Flashing signs. With the AWF devices, the Ohio study found large speed changes for speeds approaching AWF
type devices (from 58 mph to 41 mph followed by a speed increase to 46 mph near the intersection). Because the
speeds increased in the zone immediately preceding the stopbar, the Ohio study recommended that AWFs not be
used on tangent approaches at high speed intersections. No information was provided regarding the detector

A-1



locations or the sign placement locations for the Ohio studies so detailed comment is not appropriate. These
findings differ from the study results indicated in the Mn/DOT study.

Summaries Of Selected References.

Inexpensive Accident Countermeasures at Narrow Bridges
PB87-212858

This study used a series of tape switches as the means to collect speed data for a study which required both speed

data and vehicle lateral position data. Tape switches were reviewed and compared with other data collection

means for possible speed data collection on this project. After review, it was concluded that tape switches offered
. no major advantage over tubes and accordingly were not used.

Engineering Factors Affecting Traffic Signal Yellow Time
TTI PB86-126257

This study examined the basic yellow time calculations for different speeds and conditions and produced a variety
of stopping and yellow response curves including sets of yellow response time curves as a function of approach
speed. The study produced curves analytically describing the decision zone as a zone on the roadway defined by
the probability of stopping as a function of time and distance. The report concludes that a new perception
reaction time of 1.2 seconds be considered and recommends that a deceleration rate of 10.5 '/s/s be adopted. This
report also provides 4 alternate procedures for designing the yellow and all red time.

Engineering Factors Affecting Traffic Signal Yellow Time Data Collection Manual
TTI PB86-126265

This study examined the basic yellow time calculations for different speeds and conditions and produced a variety
of stopping and yellow response curves including sets of yellow response time curves as a function of approach
speed. However, the primary purpose of the reference is to provide a general framework for the collection and
processing of data using timelapse data collection techniques. These procedures would be directly applicable for
data collection using either timelapse photographic or video techniques. These techniques offer the opportunity
for repeated processing of the data to gather many driver vehicle items of interest. But, due specifically to the
financial limitations of The Mn/DOT AWF project, timelapse or video data collection techniques were not used.

Detector Configuration and Location at Signalized Intersection
CTR UOT CTR 3-18-80-259 -1F

This study reviewed the operation of single and multi-point detection systems on intersection performance. Study
results are based on computer simulation using the TEXAS model as the principal evaluation tool. This study
was reviewed to provide insight regarding the use of an other method of simulating the operation of an intersection
using modeling techniques which may have been applicable to the AWF study. The TEXAS model can be useful
as a performance modeling simulator however, after review, it was concluded that the use of this program on the
AWF project was financially impractical.



Evaluation of the Flashing Red Signal Ahead Sign
Maryland PB84-154533

This study evaluated advance warning devices which consisted of a sign with a red neon "red" legend and a static
"signal ahead" legend. The Red sign is displayed during the green near the end of the green and continues through
the red signal display. Literature search indicated that this sign is not in common use in other states and is being
replaced in the state of Maryland.

The sign is typically used at visibility restricted locations involving a horizontal or vertical curve or a sight
obstruction. The principal purpose of the sign installation was to reduce speeds and to reduce rear end accidents.
Accident experience was varied with large swings in before and after results, some increases and some decreases.
As a general result, accident analyses indicated that the right angle accidents were reduced after the installation of
the signs but rear end and all accidents tended to show increases. In general this type of device can be given
consideration when sight distance is a major contributor to accident problems.

Driver Response to Advance Warning Signs at High Speed Signalized Intersections
FHWA PB86-209103

This study used the FHWA driving simulator to test various aspects of driver awareness under simulated high
speed situations. The signs included Red Signal Ahead and Prepare To Stop When Flashing signs and Passive
Symbolic Signal Ahead signs. The testing showed that the symbolic signal ahead sign with flashers had the
greatest identification to drivers among all signs tested. No difference was noted between ground mount and
overhead signs. All of the active AWF devices were better that the passive devices. It appears that the AWF
message was continuously displayed to the drivers raising the question as to the effectiveness of the evaluation in
terms of this AWF effort. The recognition distances for the Flashing Symbolic Signal Ahead sign, the Red Signal
Ahead sign, the Symbolic Signal Ahead sign, the Prepare To Stop When Flashing signs (avg. of 4 ) and the Signal
Ahead sign were 449 feet, 353 feet, 351 feet, 268 feet and 222 feet respectively.

Perception and reaction time studies were also included in the study. For all participants, the mean reaction time
was 0.94 seconds with the 85th percentile value at approximately 1.3 seconds. It should be noted that these
reaction times did not include any lag time.

Since the simulation covered only a night time period, study results should be used with caution,

Evaluation of High Speed Isolated Signalized Intersections in California
CSU Chico, FHWA-PB91-229344 .

This project assessed accident countermeasures at isolated high speed signalized intersections in California. The
countermeasures included the use of both AWF devices, an advance warning sign with a flasher and an advance
warning sign with no flashers. AWFs included Red Signal Ahead, Symbolic Signal Ahead signs with flashers and
Prepare To Stop When Flashing signs. Only the Prepare to Stop When Flashing sign was connected to the traffic
signal for traffic signal related turn-on at the beginning of the flashing display(similar to the MovDOT AWF
operation). All AWFs were considered as AWFs without regard to the specific differences for this study. When
considered as a group, it was found that high speed approaches with AWFs had a significantly lower accident rate
than approaches which were not equipped with AWFs including those approaches equipped with AWSs. Tests
also indicated that the number of flashing lights per sign, the distance from the centerline and the sign position
(one side, both sides or above) do not have a significant effect on accident rates. No test was made for the AWF
location (distance from the stopbar) upstream of the intersection.



Special Advance Warning Flashers, A solution to the Traffic Signal Dilemma Zone.
Mn/DOT D-5 March 18, 1980

This paper summarized the basis of installation of the initial Mn/DOT AWF devices in 1981. The report included
comments on dilemma zone, truck stopping considerations as well as trucker reaction and comments to the
occurrence of a green and yellow and use of intersection Dont Walk displays as a prompt to the beginning of
yellow. These factors, plus information gathered from CALTRANS experience, led to the development of the
Mn/DOT AWF system. It should be noted that the philosophy of operation was based on moving vehicles from
the position of the AWF, approximately 1000 feet upstream of the intersection, to the stop bar.

This paper relates to an earlier paper establishing certain design features of a proposed AWF operation designated
S.P. 0208-51, 54, 55 and 56 dated August 14 1979.

Effectiveness of Green-Extension Systems at High Speed Intersections
KYP 75-69, HPR PL (12) Part III B
Kentucky

This study theorized that a Green-Extension-System approach to vehicle detector placement is effective at
providing efficient and safe traffic signal controller operation. The system places detectors at both ends of the
dilemma zone and, based on green extensions for each detector, controls the phase green time. Green time
extensions are set for the up stream detector to pass the detected vehicle through the dilemma zone to the close-in
detector. The close-in detector provides a shorter extension time to pass the vehicle reasonably close to the
intersection. The dilemma zone was established as the section of roadway reflecting the 90/10 probability of
stopping at the approach speed. This study provided information in support of the dilemma zone development as
well as statistics on various aspects on the safe and improved efficiency of intersection operation using the two-
point GES detection scheme.

The operation provided a significant reduction in accidents after installation of the device. The study made fairly
extensive use of a yellow conflicts study during the evaluation. This method considers a variety of vehicle moves
that occur during the yellow period and the initial portion of the red period. The study showed that the reduction
in all of the tested conflict types was statistically significant. One of the conflict types was the red violation as
was used in the MnvDOT AWF study. It was interesting to note that red violations were significantly reduced in
the before and after statistics.

Accident Countermeasures At High Speed Signalized Intersections
WVDOH Research Project 71
West Virginia

This study reviewed accident countermeasures including detector placement and the use of active advance
warning flashers (AAWF). This is Phase I of a two phase project. This Phase reviews literature and reviews
agency experience. No field studies were performed as part of this initial effort. This study mentioned that:

"...For vehicle-actuated traffic signal controllers, the detector/controller configuration can be designed to
minimize the decision zone problem. The goal here is to ensure, as much as possible, that no vehicle is in the
decision zone when the yellow indication is displayed. Main elements of the solution are vehicle detector
placement and coordination of the placement with the timing functions of the controller so that vehicles are
detected before they enter the decision zone and either safe passage through the zone or adequate stopping
distance is provided."
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It appeared that many of the surveyed agencies agreed that active advance warning flashers should be used
sparingly in response to specifically correctable problems since overuse might reduce their effectiveness. In
addition, with regard to use of these devices at under 35 mph approach speed locations, use of AAWFs was not
considered productive. In addition, Ohio reported:

"...problems where devices were located too far behind the decision zone. Motorists had less respect for
the signing in these instances; familiar drivers would speed up rather than slow down. At least 2
locations, the devices were removed."

In the conclusions section of the report it was stated that:

" ...In trying to reduce accidents at high-speed intersections, agencies strongly favor traditional
approaches such as detectorization or continuously flashing Signal Ahead signs. Only when these
conventional countermeasures fail to solve the problem will agencies turn to dynamic devices. When
active devices are used, they are installed very selectively so that their effectiveness is not diminished by
over use."

Active Advance Warning Signs at High Speed Signalized Intersections: Results of a Study in Ohio.
TRB Paper 920639

This study included several sites in Ohio equipped with Flashing Symbolic Signal Ahead signs (FSSA), Prepare
to Stop When Flashing signs (PTSWF), Continuously Flashing Symbolic Signal Ahead signs (CFSSA) and
Passive Symbolic Signal Ahead signs (PSSA). The study considered tangent and curved approaches at 2 a 4 lane
approaches to signalized intersections. The study used 3 control sites and 4 study sites. The control sites used
PSSA and CFSSA signs; the study sites used PSSA and CFSSA signs as the before condition with sign changes
to PTSWF and FSSA signs as the after condition.

The study used speed changes, interview results and conflict data to indicate changes in application performance.
Individual vehicles were tracked through 3 or 4 approach zones by manual observers to gather performance
information. Data was collected at the upstream decision zone location and at the intersection stopbar, as well as
other upstream points. Accident analysis was not included in the study.

One of the study conclusions was:

"...An increase of speed at an intersection approach, particularly in the decision zone or its vicinity at high
speed signalized intersections, is not desirable for safe movements of vehicles through the intersection. Hence,
in general, the use of active advance wamning signs such as the PTSWF or FSSA signs should be discouraged.
The signs were found to encourage high speed under some flasher and signal conditions, particularly when the
flasher was inactive and the signal condition was either green or yellow. The signs should be discouraged at
high speed signalized intersections with a tangent approach.”

No description details were provided regarding the linked operation of the Ohio sign to the traffic signal but in
Minnesota the flasher cannot be inactive during the last part of the green or during the yellow. It also appears
that, with the flasher inactive, the original approach speeds were dropped from 58 mph (zone 1) to 41 mph (zone
2) to 46 mph in (zone 3). This would increase the speed in zone 3 over zone 2 as indicated in the data but would
have significantly lowered the speed from the original 58 mph speed. Again it is unclear how the flasher can be
inactive during the last part of the green or during the yellow (page 12 of the reference). It was also unfortunate
that changes in the control site conflict study data precluded assignment of changes in the conflict rate at the
PTSWF sign location to the PTSWF sign.



This study found that the SSA sign was significantly more recognizable that the PTSWF sign. These results are
consistent with the significant recognition distance differences as stated in the FHWA simulation study.

An Interactive Simulation program For Intersection Design and Operational Analysis
Mn/DOT UOM 91-07

Documentation describing the interactive intersection design simulator was reviewed as part of this project.
Because the data inputs do not support certain features of actuated controllers, in particular detector location
limited to 600 feet, controller timing gap related and density features and the last car passage actuated controller
feature, the simulator was not tested as part of this project. It would appear that if the program supported these
features that it would be a useful tool at reviewing and testing the application of AWF equipped intersections.
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Agency Survey Information



AGENCY SURVEY INFORMATION

An agency survey was conducted to help develop an understanding of other agency AWF usage. Letters were
mailed to 90 agencies including every state, principal cities in the 5 state area and Cities over 40,000 population
in the State to determine level of interest in AWF usage. Seventy nine agencies responded with an indication of
interest. Follow up requests produced 35 detailed responses. Of the 35 agencies 28 agencies indicated that they
have used or currently use some form of AWF equipment. Although virtually all of the respondents indicated that
they operate the AWF equipment connected to local traffic signals, it was apparent that some of the local
population of AWFs in fact were linked to traffic controllers but a number of the flashers were continuous
flashers. :

The generalized sign population of the responding agencies included approximately 350 signs of all types. The
three largest users of AWF equipment were the States of Maryland (100), Ohio (64) and Connecticut (35) for a
total of 199 units. The remaining 25 respondents operate a sign population of 151 signs for an average of 6 signs

Per agency.

Of'the 10 variations on the sign message, the most popular three signs were Be Prepared to Stop When Flashing,
Symbolic Signal Ahead sign and the Prepare To Stop When Flashing sign. Although legend letter sizes ranged
from 5 to 12 inches, the vast majority of sign legend sizes were 6, § and 10 inch sizes with an approximately
equal number of 8 and 10 inch sizes.

Nineteen different locations were indicated as representative of typical sign locations. The locations ranged from
180 to 1400 feet with the most frequent locations ranging from 600 to 800 feet. It is significant to note that, with
few exceptions, engineering judgment is the principal guideline for locating AWFs. Traffic signal detector
locations were set at 450 +/- feet upstream, 5-7 seconds upstream of the stopbar at the approach speed, at the
stopbar, at the upstream end of the dilemma zone and varies.

AWF operation was about equally split between beginning flasher operation near the end of green continuing
through the yellow and red and reset at the next beginning of green and; beginning flasher operation at the
beginning of yellow continuing through the yellow and red and reset at the next occurrence of green.

Four procedures were reported to describing the methods used to prepare AWF flasher settings. Basically, times
were set as travel time to the intersection, speed limit timing, varies and one reference to travel time to the
dilemma zone.

Practically, fail safe units are not normally used with AWF equipment unless the fail safe unit is part of the device
used to provide the basic system operation. For example, when the timed overlap procedure is used to provide
operating control of the flasher, the controller is actually providing traffic signal and AWF control and the
controller conflict monitor is used as the fail safe unit for both traffic control and AWF operation. The fail safe
unit also applies to the pedestrian circuit and 170 type operation. Fail safe operation did not apply to the special
electronics method of sign control.

No Tort liability problems were reported.



Very few studies have been performed to evaluate, plan or design AWF installations. Three studies have been
specifically directed at AWF evaluations as provided by North Carolina, Ohio and West Virginia. Only the State
of Maryland provided a sample published policy for the arrangement and installation of AWFs. Three criteria
were quoted as the basis of AWF justification, accident problems, isolated locations and sight distance
restrictions. _ : ‘

As a general rule, engineering judgment and experience were quoted as the unofficial but most common methods
of establishing signal timing policy. Several references were also made to the MUTCD manual, the highway
capacity manual and the ITE signal manuals as references for signal timing purposes.

Procedurally, strong reliance was placed on unofficial policy and professional engineering judgment both to
determine need and to establish the details of AWF installation.

Note:

The following summary material is a table 6 pages wide by 5 pages tall. The material is presented as 30
sequentially numbered pages with each page section assigned as "Part 1 through Part 6"'.



AWF QUESTIONNAIRE DATA - PART 1

USE| NUM | NUM LET
AGENCY AWF| DEV YRS |MESSAGE SIZE LITE POSITION
Broward Y 1 2 |Be Prepared to Stop When Flashing 5"D? Refl Side of
County road
City of Y 2 1-1/2 [Prepare to Stop 10" Hlum Overhead
Dubuque ’
City of Y 3 - 30+ |Signal Ahead symbol sign Refl Overhead,
Indianapolis side of
road

City of Y 1 I Econolite's sign (illum. LED) - 9-5/8" Hum/ Overhead
Minneapolis "Signal Ahead" (Lit yellow LED's) Refl

preceded by "RED" (flashing when

signal will be red by the time

approaching vehicles arrive) -

SEE ATTACHED COPY
City of N 5 S Signal Ahead symbol with message 8" Series D & |Refl Overhead
Nashville "Prepare to Stop When Flashing" 6" Series C
Metropolitan (see attached)
Government
City of N

Sioux Falls




AWF QUESTIONNAIRE DATA - PART 1

USE| NUM | NUM LET
AGENCY AWF| DEV YRS [MESSAGE SIZE LITE POSITION
City of Y 1 10 |BE PREPARED TO STOP WHEN 8" Refl w/ Overhead
St. Paul FLASHING flashers
County of Y 6 11  |See attached drawings: 1) #1 - Std. Signal #2 - See #1 - Refl;  |#1 - side of road
Henrico Ahead w/altern. amber flashing beacons; attached #2 - IMlum. {#2 - overhead
2) #2 - Mod.sign indicating "Signal Red Ahead"|info.
Gwinnet N
County
Lexington- Y 1 7 Signal Ahead signs with flashing N/A Mlum Side of
Fayette yellow beacon road
County
Scott Y 1 3 Be Prepared to Stop (W20-X5, 36x36); See Refl Side of
County When Flashing (S4-4, 24 x 10) previous (high road
density)
State of N
Arizona
State of Y >20 10  |Signal Ahead symbol - uses a Ilum/Refl  |Side of
Colorado flashing beacon Road




AWF QUESTIONNAIRE DATA - PART 1

USE| NUM | NUM LET

AGENCY AWF{ DEV YRS |MESSAGE SIZE LITE POSITION

State of Y 35 32 |STOP AHEAD 12" Illum Overhead

Connecticut

State of Y 6 15 |See videotape See tape See tape See tape

Delaware

State of Y 3 "Prepare to Stop When Flashing' [lum/Refl  [Side of

Florida Road

State of Y 5 STOP AHEAD WHEN FLASHING 6" Series C Refl Side of road,

Hawaii median on hwy.
ltg. std.

State of Y 7 10 |36" Signal Ahead sign with 12" bouncing N/A Refl Side

Idaho bouncing ball flasher above

State of Y 2 8 "Prepare to Stop" 10" Mum Overhead

Iowa (fiber optic)




AWF QUESTIONNAIRE DATA - PART 1

USE{ NUM | NUM LET
AGENCY AWF| DEV YRS |MESSAGE SIZE LITE POSITION
State of N
Kansas
State of Y 3 20  |Prepare to Stop When Flashing 6" Refl Side
Louisiana
State of Y 100+ 10+ |1) Symbolic sign; 2) SIGNAL AHEAD 8" Tium/ Overhead/
Maryland w/symbolic sign; 3) SIGNAL AHEAD,; Refl. Side of
4) RED SIGNAL AHEAD,; 5) SIGNAL Road
AHEAD PREPARE TO STOP WHEN
FLASHING (see attachment)
State of Y 2 6 PREPARE TO STOP WHEN 12" Refl Overhead
Mississippi FLASHING
State of Y 20 10 |Prepare to Stop - accompanied by 2 10" Internally Overhead
Nevada yellow flashing lights illum.
State of Y 25 20  |See detail sheet See detail See detail. Generally
New Jersey (approx.) sheet sheet overhead




AWF QUESTIONNAIRE DATA - PART 1

USE| NUM | NUM LET
AGENCY AWF| DEV YRS |MESSAGE SIZE LITE POSITION
State of N
New York
State of Y very |unknown|See questionnaire and attached plans See plans Mlum/Refl  |Overhead,
North Carolina few ' " |side of road
State of Y 7 10 {Signal ahead symbol Refl Side of road
North Dakota
State of Y 64 26 |1) Prepare to Stop When Flashing 8" for 72" sign; |Illum/ Side
Ohio (approx.) 2) Symbolic sign W-47 6" for 60" sign |Refl.
State of Y 9 25+ |PREPARE TO STOP WHEN LIGHTS 5"/6" Illum/Refl  |Overhead or
Oregon FLASHING Side of Road




AWF QUESTIONNAIRE DATA - PART 1

USE| NUM NUM LET
AGENCY AWF| DEV YRS |MESSAGE SIZE LITE POSITION
State of Y 2 7 PREPARE TO STOP AHEAD 6"/8" and 7"/9" |Refl Overhead/
Rhode Island Side of Road
State of Y | Approx. | Approx. |SIGNAL AHEAD/PREPARE TO STOP/ 10", 8", 8" Refl Overhead
South Carolina 20 10 |WHEN FLASHING (see attached)
State of N
Texas
State of Y 3 1.5 |I) Symbolic sign; 2) WHEN FLASHING Refl Ground Mount
Virginia PREPARE TO STOP Median &

Shoulder

State of Y 6 7 Prepare to Stop When Flashing 8" D Hlum/Refl  |Side

West Virginia




AWF QUESTIONNAIRE DATA - PART 2

AGENCY DIST LOC CRIT DET LOC
Broward 550' Done by another agency -- None
County Florida Dept. of Transportation
City of 800" Location of both signs was determined Neither flasher is on a detector; turned
Dubuque by consulting engineers for lowa DOT; on by intersection controller at
based on speed of approaching veh. specified time prior to yellow interval

City of Dependent See Handbook on Traffic Control N/A
Indianapolis  |on posted - | Devices

speed limit
City of 395 Engineering judgment None
Minneapolis
City of 450'-500' Accident experience, calculations, Signals are semi-actuated with no
Nashville and engineering judgment based on detectors on the main street
Metropolitan location of existing poles that are within
Government limits of where sign needs to be
City of

Sioux Falls




AWF QUESTIONNAIRE DATA - PART 2

AGENCY DIST LOC CRIT DET LOC

City of 350" Visibility of signal indications, traffic This device is not detected; the

St. Paul volume, speed intersection is pretimed. It was
installed due to an overhead bridge.

County of 600' - 1200'+ Engineering judgment, available visibility None - inductive loop detectors are used

Henrico depending on to the signal heads, anticipated queue for detection at the intersection.

location lengths

Gwinnet

County

Lexington- 1000’ Engineering judgment and/or Loop detectors on side street and both

Fayette USDOT MUTCD main street left turn lanes. No special

County detectors for warning devices.

Scott 1400' Engineering judgment; topography of No special loops used, loops along road-

County surrounding area and of roadway way containing flashers are at standard
Mn/DOT distances 450' back of stop
bar 55 mph

State of

Arizona

State of Approx. Engineering judgment & sight distance; No detectors

Colorado 1/4 Mile considerations based on MUTCD




AWF QUESTIONNAIRE DATA - PART 2

AGENCY DIST LOC CRIT DET LOC

State of Determined by Visibility to the sign. Operational speeds. None

Connecticut  |speed & geometry |[Horizontal & vertical alignment.

500-900 ft.

State of See tape? Engineering judgment based on accident In some cases detectors are placed as

Delaware data and sight distance restrictions. if the stop-line is at the advance warning
device.

State of , Approach speed, dilemma zone limits, N/A

Florida extent of visual obstruction of signal

indications

State of 180' - 250 Engineering judgment, visibility Standard loop detector location

Hawaii on approach

State of 1000’ Engineering judgment isolated intersec- N/A

Idaho tions w/speeds above 35 mph

State of 800'- 1000 Engineering judgment and visibility No detectors used with the adv. warning

lowa devices. Operation of adv. warning
devices associated only w/the signal timing.




AWF QUESTIONNAIRE DATA - PART 2

AGENCY DIST LOC CRIT DET LOC
State of
Kansas
State of >750" Sight distance - base of bridge - signal Actuated from side street amber
Louisiana operations 4 hours/day (peak)
State of MUTCD 1I-1 MUTCD II-1 N/A
Maryland
State of 7 seconds Signs placed 7 seconds upstream Advance detectors were existing seconds
Mississippi _ of signal upstream of signal.
State of 500'-800' Engineering judgment but generally in Standard advance detectors
Nevada remote locations, sight distance problem
¥
State of Depends Engineering judgment N/A
New Jersey  |on location




AWF QUESTIONNAIRE DATA - PART 2

AGENCY DIST LOC CRIT DET LOC
State of

New York

State of Various Combinations of sight distance, speed See plans
North Carolina -|limit, safe stopping distance (AASHTO,

et al.) are used for calculation procedures
engineering judgment

State of Varies - dependent |Engineering judgment None
North Dakota jon roadway speeds

State of 500'-800' Stopping sight distance formula and Normal detector treatment based
Ohio subtract 100" as sign recognition distance upon speeds.
State of Varies Sight and/or stopping distance Based on speed of the highway.

Oregon




AWF QUESTIONNAIRE DATA - PART 2

AGENCY DIST LOC CRIT DET LOC

State of 200'-300' Geometric condition of intersection, 6x40 loops at stop bar

Rhode Island engineering judgment

State of 1000’ (average) Engineering judgment - approved speeds In-road wire loops (see attached

South Carolinal

State of
Texas

State of
Virginia

State of
West Virginia

515'-525'

700'-900'

(45 mph or greater), approach grades,
visibility to signal as related to geometry
of I/S

New traffic signal locations on high-
speed roadways

Stopping sight distance plus grade
modifier

signal plan)

440" upstream from I/S; operate in lock
call mode, last car passage is active.

None




AWF QUESTIONNAIRE DATA - PART 3

AGENCY DET CRIT ' ~ |CONT OPS AWF ACT
Broward None Approx. 10 seconds prior to main street green until approx. During green
County 10 seconds after sign flashes prior to yellow
City of : Controllers are semi-actuated NEMA controllers utilizing 6 During green
Dubuque phases with railroad preempt. Flashers are controlled prior to yellow

through pedestrian outputs.

City of N/A - When vellow phase begins, flasher begins until At yellow
Indianapolis ‘ conclusion of red phase

City of N/A Illumination of "Red" part of signal Legend precedes During green
Minneapolis change to red at intersection by a settable period of prior to yellow

time thru use of overlaps on controller.

City of N/A Signals are semi-actuated with detection only for left 3: during green
Nashville turns are for minor street. Signal is controlled by main prior to yellow.
Metropolitan street ped. clearance. 2: at yellow
Government

City of

Sioux Falls




AWF QUESTIONNAIRE DATA - PART 3

AGENCY DET CRIT CONT OPS AWF ACT
City of 170 Controller -- At end of flashing Don't Walk, a hold During green
St. Paul is placed on the coordinated phase until flasher time is prior to
timed. yellow
County of N/A #1 - Amber beacons flash continuously;#2 - "Red" flashes #1 - on continuously
Henrico of sign during amber and red intervals for the approach. #2 - at yellow
Gwinnet
County
Lexington- N/A Installed relay that senses when main street goes to At yellow
Fayette yellow and red. Relay then truns on flasher to the
County advance warning sign.
Scott Loops located per Controller capable of 8 phase fully actuated operation. During green
County Mn/DOT standards Signal operates as 4 phase with trailing overlap for prior to yellow
advance warning.
State of
Arizona
State of N/A N/A Varies - depending

Colorado

on placement




AWF QUESTIONNAIRE DATA - PART 3

AGENCY DET CRIT CONT OPS AWF ACT
State of Sign on artery phase: Semi-actuated - CNA is used; sign During green
Connecticut comes on during ped. clearnace. Full-actuated - "dummy" prior to yellow
phase follows artery phase; sign operates during this time.
Artery clearance intervals are timed by "dummy phase."
State of Use fully actuated controllers in most cases and put in During green
Delaware a "fake" phase to time the start of the flashers. prior to yellow
State of N/A Std. 8 phase operation; std. 8 phase operation with During green
Florida railroad pre-emption. prior to yellow
State of None Starts flashing when main line goes yellow At yellow
Hawaii
State of N/A Controller runs independent On
Idaho continuously
State of N/A Controllers are traffic actuated and in a coordinated system During green
Towa ‘ prior to yellow




AWF QUESTIONNAIRE DATA - PART 3

AGENCY DET CRIT CONT OPS AWF ACT
State of

Kansas

State of

Louisiana

State of N/A "Red Signal Ahead" flashers use a timed overlap During green
Maryland programmed in the controller. prior to yellow
State of None During green
Mississippi prior to yellow
State of Speed and Sign is tied into yellow with an overlap of 4 seconds During green
Nevada sight distance ' prior to yellow and 2 seconds after green. prior to yellow
State of N/A Sign goes into flash mode prior to yellow signal -- During green
New Jersey interval determined by sign location and prevailing speed. prior to yellow




AWF QUESTIONNAIRE DATA - PART 3

AGENCY DET CRIT CONT OPS - |AWF ACT

State of

New York

State of Sight distance, speed limit Detectors with external relays controlling the signal load At yellow and red

North Carolinaj(&/or 85th percentile speed,
if known), safe stopping
distance, engineering judgment

State of None The flasher flashes 24 hours a day and there is no

North Dakota interconnect between the controller and the flasher.

State of Nomograph dealing At beginning of yellow, switch back to green thru relay & also At yellow
Ohio with dilemma zone appply a stop-timing signal. At expiration of set delay,

controller is allowed to resume normal timing.

State of See previous Controller holds green for pre-set time after gap During green
Oregon out or force off. prior to yellow




AWF QUESTIONNAIRE DATA - PART 3

AGENCY DET CRIT CONT OPS | AWF ACT
State of None Fully actuated controllers are used At yellow
Rhode Island

State of None Beacons begin flashing operation 12-13 seconds prior to During green
South Carolina clearance interval on mainline, continuing to flash through prior to yellow

yellow, red and side street phase.

State of

Texas

State of Speed calculation, When through mainline phase green terminates, a relay At yellow
Virginia travel time activates the flashing lights; controller then times its

State of Fast, medium, slow Initiates flashers at beginning of phase designated ' During green

West Virginia |speed locations, as clearance phase. prior to yellow




AWF QUESTIONNAIRE DATA - PART 4

™G FAIL |FAIL
AGENCY TMG DET DEV SAFE |DESC
Broward Roadway approach speed Timed overlaps N
County
City of Based on speed limit of approaching vehicles Since no ped signals at these I/S's, N
Dubuque Don't Walk interval turns flasher

on. Timing is set in controller.
City of N/A N/A N/A
Indianapolis
City of Preset interval Timed overlap N
Minneapolis
City of Average observed/calculated time for vehicle to Flasher is turned on by ped N N/A
Nashville pass under sign until it reaches the intersection. clearance. Interval before signal
Metropolitan goes to yellow while sign is flash
Government is timed by the red clearance.

Sign continues to flash until main

street green comes back on.
City of

Sioux Falls




AWF QUESTIONNAIRE DATA - PART 4

T™MG FAIL |FAIL

AGENCY TMG DET DEV SAFE |DESC
City of The time for traffic to make it to the intersection Part of the software package used
St. Paul from the flasher location to beginning of yellow. with our 170 control equipment,
County of N/A #2 - tied to controller Actuation tied
Henrico ' to controller
Gwinnet
County
Lexington- N/A N/A N/A
Fayette
County
Scott When signal reaches yellow, a timer begins Timed overlap, advance warming Y Conflict monitor
County extending green time and delaying yellow phase flasher Logic equipment

until timer expries, then continues normally.
State of
Arizona
State of See previous response (varies) Timed overlap N
Colorado




AWF QUESTIONNAIRE DATA - PART 4

™G FAIL |FAIL
AGENCY TMG DET DEV SAFE |DESC
State of See #C-1 (Sign on artery phase, etc.) Phase overlap N
Connecticut '
State of Average vehicle not shown and flashing yellow Time overlap (fake phase) N
Delaware will clear on green.
State of Based on time required to travel at measured Timing is controlled by one of the N
Florida approach speed to end of dilemma zone. traffic signal controller's ped.
clearance intervals.
State of N/A N/A N/A
Hawaii
State of N/A N/A N N/A
Idaho
State of Calculated using the speed of the traffic and The signal controller is used and Y Conflict monitor would
Iowa distance to the intersection. timing is fixed (8 or 9 seconds function as faii-safe
prior to yellow or during walk phase.) feature since adv. warn.
device is operated by
controller & is only on
during certain phases.




AWF QUESTIONNAIRE DATA - PART 4

T™MG FAIL |FAIL
AGENCY TMG DET DEV SAFE |DESC
State of
Kansas
State of
Louisiana
State of Allow sufficient time to clear all vehicles between Timed overlap programmed in Y "Red Signal Ahead" - if
Maryland warning flasher and traffic signal at 50% speed controller. traffic signal goes on
("Red Signal Ahead") flash or out completely,
flasher fails to "Signal
Ahead"
State of 7 seconds in advance of yellow One timed overlap; one special N
Mississippi black box
State of Standard 4 seconds prior to yellow & 2 seconds Timed overlap N
Nevada after green. '
State of Sign goes into flash mode prior to yellow signal -- Wired to signal controller Y Alternate flash mode
New Jersey |interval determined by sign location and continuously
prevailing speed.




AWF QUESTIONNAIRE DATA - PART 4

T™G FAIL |FAIL

AGENCY TMG DET DEV SAFE |DESC

State of

New York

State of N/A N/A - However, if we did, we would  |Y The detectors are wired

North Carolina ' use a timed overlap. to put in a permanent
call and/or operate in a
continuous flash mode.

State of

North Dakota

State of -en ' Special black box Y If delay relay fails, use

Ohio "AND" gate to stop-
timing,.

State of Based on travel speed and distance from stop Part of program for 170 controller N

Oregon bar to sign.




AWF QUESTIONNAIRE DATA - PART 4

™G FAIL [FAIL

AGENCY TMG DET DEV SAFE |DESC

State of N/A N/A N/A  |N/A

Rhode Island

State of Depending on flasher placement (usually 12-13 Timer and relay with NEMA N

South Carolinajseconds) controller or timed overlap

State of

Texas

State of Interval times in controller Y Will flash continuously

Virginia if intersection goes into
flashing operation.

State of Designated clearance phase Designated clearance phase Y All calls to secondary

West Virginia phases are routed
through designated
clearance phase.




AWF QUESTIONNAIRE DATA - PART §

_ TORT EVAL
AGENCY SAFETY DETARRNG LIAB STUD
Broward None N N- not yet. None
County Too soon
to tell.

City of None. Working with N N None
Dubuque controller manufacturer

on method of monitoring

sign from controller

cabinet.
City of ' N N None available
Indianapolis
City of Unnecessary, due to N N N
Minneapolis  |legend message.
City of None Advanced detection N (NASHVILL.MMO) Before/
Nashville in conjunction with after study conducted at one
Metropolitan stop bar detection has location where signs were
Government been tried, but was installed 10/85. In 15-month

not very effective. period before installation, 29
rear-end accidents on major
roadway & 9

City of
Sioux Falls




AWF QUESTIONNAIRE DATA - PART 5

TORT EVAL
AGENCY SAFETY DETARRNG LIAB STUD
City of N N - None No real study; they were
St. Paul that I am based on signal indication
aware of. visibilities.
County of N N
Henrico
Gwinnet
County
Lexington- N/A N N
Fayette
County
Scott Mid-point detection, N
County use of density
operation.
State of
Arizona
State of None needed N N - not that N/A
Colorado I'm aware of




AWF QUESTIONNAIRE DATA - PART 5

TORT EVAL
AGENCY SAFETY DETARRNG LIAB STUD
State of Static Signal Ahead signs |Y - detectors placed N Internal studies - before &
Connecticut at varied distances after have prodcued positive
from the stop bar. results.
State of Standard Signal Ahead Y N - will still
Delaware signs have sovereign
immunity
State of Warning signage includes [N N No formal studies conducted
Florida "Signal Ahead" signage at this time; however, visual
observation indicates trucks
and heavy vehicles are most
benefitted.
State of N/A N N No follow-up studies of
Hawaii flashing beacon installation
but have not received
complaints regarding devices.
State of N/A N N N/A
Idaho
State of N N N
Iowa




AWF QUESTIONNAIRE DATA - PART §

TORT EVAL

AGENCY SAFETY DETARRNG LIAB STUD
State of
Kansas
State of N N N
Louisiana
State of N N
Maryland
State of Volume density timing |N
Mississippi using detectors set at

5 sec. w/gaps varying

from 6 sec. to 2 sec.
State of None at advanced sign N N
Nevada locations - MUTCD

signs prior to intersection

State of N N N/A
New Jersey




AWF QUESTIONNAIRE DATA - PART 5

TORT EVAL
AGENCY SAFETY DETARRNG LIAB STUD
State of
New York
State of N/A Y - see attached N We are in the process of evaluating
North Carolina ’ supplemental page actuated advance warning flashers
used in conjunction with "vehicles
entering when flashing” sign (both
span-wire mounted and side of
road mounted.
State of N N None
North Dakota
State of Multiple detectors to N U. of Cincinnati now completing
Ohio accommodate a range research project for ODOT,
of speeds, usually 400’ "Evaluation of Detection and Signing
and 250' (55 mph - Systems for High Speed Signalized
40 mph) Intersections." Contact name listed.
State of None Loop spacing is based |N
Oregon on safe stopping
distance for speeds on




AWF QUESTIONNAIRE DATA - PART 5

TORT EVAL
AGENCY SAFETY DETARRNG LIAB STUD
the approach.
State of N/A N N None
Rhode Island
State of As prescribed Y - see attached N None
South Carolinajby MUTCD '
State of Y - see attached
Texas sketch for detector
placement using
multiple loops
State of _ N; however, place N N
Virginia detectors beyond the
90th percentile dilemma
zone boundaries.
State of 3 Loop detector N Study about 5 years ago;
West Virginia locations for high, inconclusive.
medium & low speeds




AWF QUESTIONNAIRE DATA - PART 6

AWF AWF
AGENCY REMOVED INSTALL POL CRIT
Broward N N N
County
City of N N N
Dubuque
City of N Y N
Indianapolis
City of N N N
Minneapolis
City of N Y N At new signals and at existing
Nashville signals where accident
Metropolitan problems are found.
Government
City of N N N

Sioux Falls




AWF QUESTIONNAIRE DATA - PART 6

AWF AWF

AGENCY REMOVED INSTALL POL CRIT

City of N N N

St. Paul

County of N N - no current [N To date, installations have all

Henrico plans been part of new installations.

Gwinnet Converted from actuation by N

County yellow/red to constant

flash with W3-3

Lexington- N N N

Fayette

County

Scott N Y - if situation [N New signals at isolated (rural)

County is appropriate. locations. New signals along
roadway that has other signals
with advance warning flasher -
for consistency.

State of N N N (ARIZ.MMO) Yellow flashers

Arizona used on W3-3 signal ahcad
sign in both ground mount &
overhead installations; used
for isolated signals, for 1st
signal encountered on the
approach. '

State of N Y N

Colorado




AWF QUESTIONNAIRE DATA - PART 6

AWF AWF
AGENCY REMOVED INSTALL POL CRIT
State of N Y N
Connecticut
State of When problem is resolved or N
Delaware when additional signals are
located upstream as an area
develops.
State of N N N
Florida
State of N Y N
Hawaii
State of Intersections that were once Y N Isolated intersections and/or
Idaho isolated had development accident problem
in surrounding area.
4
State of N N N
Towa




AWF QUESTIONNAIRE DATA - PART 6

AWF AWF
AGENCY REMOVED INSTALL POL CRIT
State of N N N Signal ahead signs & sometimes
Kansas "BE PREPARED TO STOP"
signs with continually flashing
beacons are installed on high-
speed approaches to signals.
State of N N N
Louisiana
State of "Signal Ahead" flasher may Y MD SHA - Devices installed on basis of
Maryland be removed when new traffic Engineering  |an engineering study.
signals are introduced Design
upstream of existing location, Manual
in close proximity.
State of N Y N
Mississippi
State of No longer needed due to Y N New remote intersections -
Nevada development of surrounding ' sight distance problem areas &
area. the first in a series of signals
into mctropolitan arcas; also at
existing signals experiencing
accident problems.
State of N Y N

New Jersey




AWF QUESTIONNAIRE DATA - PART 6

AWF AWF
AGENCY REMOVED INSTALL POL CRIT
State of N N N
New York
State of "Prepare to Stop When Flashing" Y N Poor sight distance, accident
North Carolinalactuated advance warning sign. problems and potential, new
Major maintenance problems such signal location, existing signal
as: lamps burning out, permanent location and high speed
calls, etc., were presenting a problems.
liability concern.
State of An additional sign has been placed |Y N
North Dakota |in advance of the existing signal
and the sign and beacon have been
moved in advance of the new one.
State of A couple where roadway charac- |Y N
Ohio teristics changed dramatically.
State of _|Road alignment changed Y N Sight distance or accident

Oregon

problems.




AWF QUESTIONNAIRE DATA - PART 6

AWF AWF

AGENCY REMOVED INSTALL POL CRIT
State of N N N
Rhode Island
State of N Y N
South Carolina
State of Removed due to need to reduce N N
Texas maintenance activities & due to

possible liabilities incurred if not

maintained properly.
State of ~IN Y N New traffic signals on high-
Virginia speed roadways.
State of N Y N
West Virginia




AWF QUESTIONNAIRE DATA - PART 7

™G DSGN
AGENCY POL POL COMMENTS
Broward N MUTCD
County
City of N N
Dubuque
City of N ‘ ITE's Manual on
Indianapolis Traffic Signal Design
City of N N
Minneapolis
City of N MUTCD Apear to have decreased accidents at 3
Nashville locations. At other 2, not enough accident
Metropolitan data to show significant trends, since have
Government been installed for less than a year.
City of N N
Sioux Falls




AWF QUESTIONNAIRE DATA - PART 7

™G DSGN

AGENCY POL POL COMMENTS
City of MUTCD, ITE's Traffic MUTCD, ITE's Manual
St. Paul Engineering Handbook of Traffic Signal

Design
County of N Manual of Traffic Signal
Henrico Design, MUTCD, Local

standards.
Gwinnet N N See TRB paper #92-0639, "Active Advance
County Warning Signs at High Speed Signalized

Intersections."
Lexington- Y - presently writing our Y - presently writing our
Fayette own policy manual. own policy manual.
County
Scott Follow consultant's procedure - N
County Mn/DOT Technical Memorandum
No. 88-34-T-6

State of N A manual on traffic
Arizona signal design practice

is presently being

developed.
State of N Variety of FHWA &
Colorado AASHTO publications




AWF QUESTIONNAIRE DATA - PART 7

T™MG DSGN
AGENCY POL POL COMMENTS
State of Y Y
Connecticut
State of N N
Delaware
State of N MUTCD, FDOT Design
Florida Standards Index,

Standard Specifications

State of Highway Capacity Manual N
Hawaii
State of Idaho Traffic Manual Idaho Traffic Manual
Idaho
State of N N 2 AWFs installed by State now operated &
Iowa maintained by cities where located.




AWF QUESTIONNAIRE DATA - PART 7

T™MG DSGN

AGENCY POL POL COMMENTS

State of N N

Kansas

State of N N The AWFs used by Louisiana address sight

Louisiana distance restrictions and signal locations
which do not operate continuously. We did
not attempt to eliminate the 'dilemma zone.'

State of ITE - Traffic Signal Design, MD SHA - Engineering

Maryland Traffic Engineering Handbook ~ [Design Manual

State of N N
Mississippi
State of Highway Capacity Manual, Manual of Traffic Signal NDOT has also installed a 60" x 60" LED
Nevada Manual of Traffic Signal Design (ITE) plus sign with Legend "RED SIGNAL AHEAD"
Design (ITE) NDOT Standards manufactured by Econolite. Operation is
: same as our standard sign.
State of N N

New Jersey




AWF QUESTIONNAIRE DATA - PART 7

T™MG DSGN

AGENCY POL POL ' COMMENTS
State of Regional offices set timing Region's use own judg-
New York using State MUTCD, NYSDOT's |ment, refer to same std.

"Signal Timing Parameters", texts. The __ specifies

NYSDOT's "Guide for Timing certain design criteria

of Actuated Signals," ITE's for signals but there is

Traffic Engineering Handbook, no single manual or

Pignetaro's (?) "Theory & Practice" |policy to be followed.

State of "Highway Capacity Manual" (TRB){MUTCD (FHWA), N.C. {NC.MMO} The plans we have included are
North Carolina|software and "Transyt/7f " software | Supplement to the examples of special design applications to
for intial timings. Field adjustments jMUTCD, ITE Manual specific problems associated with each
based on observation for fine tuning |of Traffic Signal Design, respective intersection. The various types
Traffic Control Devices of advance/supplemental warning devices
Handbook (FHWA) used in these designs are not

and various others.

State of N N

North Dakota

State of N N How much safety benefit difficult to establish,

Ohio but positive response from drivers. Once
used, pressure from public to use them on
future signals on that arterial. '

State of N ODOT/Highway Division/

Oregon Traffic Engineering Section

Traffic Signal Policy &

Guidelines.




AWF QUESTIONNAIRE DATA - PART 7

T™G DSGN
AGENCY POL POL COMMENTS
State of N N Our use has been limited and for low-speed
Rhode Island approaches wehre sight distance to the
signal is obstructed due to an overpass
and a bridge before a curve.
State of N N
South Carolina
State of N - however, some engineers use [N
Texas Passer II or the Texas Model
during design.
State of VDOT Road and Bridge
Virginia Standards - Installation
Details
State of N N {WESTVA.MMO} DOH comparison of
West Virginia AWEF locations to locations with similar

characteristics but having just high speed

detection shows not significant difference
in accident rate for 3-yecar period.
Considering changing ADVANCE signs to
SIGNAL AHEAD.




APPENDIX D

Mn/DOT AWF Installation and Policy Guidelines



Mn/DOT AWF INSTALLATION & POLICY GUIDELINES

The following guidelines and recommendations should be reviewed for possible addition to the
MnDOT advance waring flasher guidelines, MnDOT Technical Memorandum No. 86-22-T-7. This
study supports the established criteria and guidelines and adds several further qualifications and -
recommendations to the list. Specific recommendations are also provided for the basic location and
timing of advance wamning flashers. These latter items are subject to field testing and verification of

1.

theoretical estimates of performance.

The Accident criteria should be modified. The study concluded that if right angle and rear
end accident problems develop at high speed intersections, for example when the rate for
right angle and rear end accidents approaches a rate of 1.0, consideration should be given fo
the possible installation of an advance waming flasher. The accident rate should be based
on correctable right angle accidents and on rear end accidents on the main line approaches.

A supplementary criteria should be considered based on situations which can change the
driving condition of the roadway without changing the physical appearance of the roadway.
For example, on down slope approaches to signalized intersections where the effect of the
down slope may be deceptive, consideration should be given to the possible installation of
an advance warning flasher. Consideration should be based the Dilemma Zone formula with
down slope calculations which increase the calculated yellow time by .5 seconds or more.

Under high traffic volume and high speed approach situations, if the controller cannot
terminate the arterial phase by gapping-out, traffic signal settings, controller operation, local
operating factors and detector placement should be reviewed. If the review determines that,
the detector location, controller operation and controlier settings are appropriate and that
prevailing local conditions are appropriate but the accident history at the intersection is a
problem, consideration should be given to the possible installation of an advance waming
flasher. It is suggested that, if the controller does not gap-out for 60-80% or more of the
cycles during the peak hour, the local situation should be reviewed for problems. However,
if, as a remedial action, the approach speed limit is reduced below 45 MPH, installation of an
advance warning flasher should NOT be considered.

it is recommended that a distance of 550 feet be used as the initial advance warmning flasher
location. The 550 foot setback considers a 55-60 MPH speed range (slightly higher than the
posted speed limits but reflective of conditions in the area) and also meets the minimum
distance requirements for a Type B waming sign definition as listed in Section 2 of the
MMUTCD. Longer setback distances may be appropriate but shouid be supported with
engineering data.

It is recommended that MnDOT base AWF timing on a travel distance from a sign
recognition point to a point immediately downstream of the decision zone. The sign
recognition point is 1.3 seconds upstream of the AWF. The decision zone is defined as the
90% probability of stopping point ( 5.0 seconds upstream from the stopbar) and the 80%
probability of not stopping ( 2.5 seconds from the stopbar).
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Guidelines for the Installation
of Advance Warning Flashers

to Alert Motorists to Traffic
Signal Change Intervals

The following guidelines indicate when the installation of advance warning
flashers for signal change intervals (AWF) should be considered. In no
case do they require the use of AWF, but due to the complex nature of traf-
fic flow characteristics, these guidelines should be applied together with
engineering judgement. Advance Warning Flashers should be installed in ac-
cordance with priorities established by the District. Guidelines should be
reviewed for each prospective approach. '

Category _ Criteria Comment
Speed 85th percenfi]e speed Meeting this guideline
L > 50 mph alone is not normally

sufficient justification
for the installation of

AWF.
[solated Where there is a long This guideline may be
Or unexpec- distance from the last applicable where the dis-
ted signal- = intersection where the tance from last intersec-
ized inter- main line is control- tion is > 10+ mi, at an
section led, or the intersec- intersection at a freeway
: tion is otherwise un- terminus, or at other
expected. locations where the inter-

section is unexpected.



Category | Criteria Comment

Limited KWhere the distance Example results for
sight to the stop bar (D) level grade:
distance with two signal heads 85th Percentile Required
visible is Speed Distance, D
VZ 50 mph D < 475'
DtV + ————— ' 55 mph D < 550
- 2at+64.4g 60 mph D < 625"
65 mph D <700
Where: Sight distance for trucks

need not be considered if
% trucks < 15%.
t = 2.5sec. -

V = 85th percentile speed
in ft/s of
a. truck traffic or
b. all traffic
a=28 ft/s? (truck)
= 10 ft/s% (all traffic)
g = decimal gradient (+)

D = distance {round
up to nearest

25 feet)
Dilemma kKhere a dilemma See attached graphs for
zone zone exists for appropriate minimum
all traffic or for yellow intervals based on
heavy vehicles. A 85th percentile speed and
dilemma zone exists if grade. Dilemma zones for
[ v trucks need not be con-
Y$t + ——r sidered if % trucks < 15%,
2a+64.4g or if the signal does not
normally "max out" and,
Where: during “"gap out" guide-
line 3 distance (D) is
Y = yellow inter- achieved. '
val in sec.
YV = 85th percentile speed
in ft/s of
a. truck traffic or
b. all traffic
a=38 ft/s2 (truck)
= 10 ft/s% (all traffic)
g = decimal gradient (+)
t = lsec..



Category Criteria Comment

Accidents If an approach has If no sight distance or
an accident problem, dilemma zone problems
the intersection exist, AWF may not be
should be examined an appropriate counter-
for existence of dilemma measure to accident
zone or sight distance problems.
restrictions.

Engineer- Combinations of above Engineering judgement

ing judge- guidelines or other should be reflected in

ment considerations may use of all guidelines.

justify the installation
of AWF

Engineering judgement

should be based on ad-
ditional data, such as
complaints, violations,
conformity of practice,
and traffic conflicts.

Prior to installing AWFs under these guidelines, consideration should be
given to other countermeasures including but not Timited to: increasing
yellow and/or all red intervals, improving detectorization, adjusting speed
limits, and installing continuously operating flashers with standard "SIG-
NAL AHEAD" signs.
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