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e Pursued This Research

egment of the traffic signal control systems in
a are closed-loop systems. Because the wide
eployment of advanced adaptive control systems
many years away due to the associated high
here is a significant need to improve the
ness of current closed-loop systems. To address
d, two research directions among others can be
. One is to enhance the capability of developing
signal timing plans and the other is to enable the
the-practice closed-loop systems to operate in a
affic-adaptive manner. A fully-integrated micro-
on and signal timing optimization tool that can
y predict traffic condition and optimize signal
trategies in a cohesive manner will help traffic
rs develop efficient signal timing plans. Paramics
scalable high-performance microscopic traffic
on package that has been widely used in Caltrans
s. However, like most simulation tools, it is not
d for traffic operation and thus lacks signal timing
tion capability. Integrating Paramics with a timing
tion program will provide a powerful tool for traffic
peration. The timing plans can be evaluated and
2d before being implemented in the field.
er, the tool can be used for further analyses to
ow to develop efficient timing plans. The
2ment and deployment of telecommunication and
nologies make real-time (true) traffic and signal
ata more readily available. These real-time data
opportunities to allow closed-loop control systems
te more adaptively to changes of traffic demands
erns in both strategic and tactic levels. A large
rchived real-time data will allow traffic engineers
ce a timely and efficient signal timing solution,
akes signal controls to be more adaptive in a
level. At the same time, with using real-time
d signal status data, online adjustments of the
ing plan will enable actuated controls to respond
ar real-time manner to traffic changes, in other
0 be more adaptive in a tactic level. The above
hes can be evaluated by using the integrated tool
veloped as shown on Figure 1.

albrans

elopment of an Integrated Microscopic Traffic
ulation and Signal Timing Optimization Tool

LTS: Caltrans Traffic Operations Research has completed an integrated micro-
ation and signal timing optimization tool that assists the Caltrans traffic
tion staffs in optimizing, evaluating and refining signal timing plans for arterial
operation. The tool has three components: monitoring, retiming and on-line plan
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Figure 1 Framework of Integrated Simulation and Optimization Tool
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What We Did
Integration

The integrated simulation and optimization tool consists
of three major components, enhanced Paramics,
Paramics-signal optimization interface and the signal
optimization program. Capability enhancements of
Paramics have been realized by the team through the
development of some modules in Paramics API, including
actuated signal controller API, loop data aggregator API,
that emulates the real-world data collection at a certain
time interval from induction loop detectors, MOE API that
produces a predetermined set of performance indexes
and MySQL database that is used for storing intermediate
results during the simulation process.

Paramics-signal optimization interface will have two main
modules: 1) a graphical user interface (GUI), that enable
the users to run Paramics simulation and signal
optimization, access the data of signal optimization,
and handle other interfacing functions; 2) data



e master that involves a set of procedures
ate the data exchanges between the two
s as shown in Figure 1.

n

peration monitoring system has been created to
affic operation staffs to understand the historic
ent performances of signal control operations
them make the decision whether a retiming
needed or not. The physical architecture of the
shown in Figure 2.
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Figure 2 Physical Architecture of the Monitoring System
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is physically located in the central computer in
District 4, where a QNX database is installed.
base receives inputs through wire connection
r master and local signal controllers in the field.
tem observer module calculates a set of
nce indexes and distributes them via web. The
am will develop a set of performance indexes
des the following key parameters intended to
the performance of actuated signal controls:

Approach flows

Pedestrian calls

V/C ratios

Phase durations

Number and percentage of max-outs and force-
offs with and without pedestrian respectively
Number and percentage of gap-outs
Approach delays/stop delays

Detector failure

Traffic progression efficiency

Others

development process for a retiming effort in the
f Time of Day (TOD) controls, making use of
real-time traffic data. We do not intend to
a new signal optimization model, but rather to
determine TOD intervals in which timing plans
loped to control signals and the corresponding
tative traffic volumes for the intervals. The timing
operates within each interval will be determined
the selected signal optimization program as
on Figure 3.
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Step 2: Determiniag represenative traffic volumes

Step 3: Signal fiming optimization

Figure 3 The Timing Development Process

On-Line Plan refiner

For actuated traffic controls, we have developed an on-
line plan refiner to marginally adjust certain parameters of
the active timing plan, such as added initials and minimal
gap, to allow actuated controls to more adaptively
respond to the changes in traffic demands and patterns
while maintaining the coordination. The capability of the
on-line refiner is dependent on the underlying mechanism
for communicating timing parameters to controllers. In the
closed-loop systems deployed in Caltrans District 4, the
adjustment of control parameters can be achieved by
changing the speed up rate of local controller timer.

For More Information About This Research

Jerry Kwong

TMS Software Supports
(916) 654-8687
jkwong@dot.ca.gov

For More Information On Other Traffic Operations
Research Projects

greg.larson@dot.ca.gov
joe.palen@dot.ca.gov
pete.hansra@dot.ca.gov
jretanan@dot.ca.gov

Greg Larson
Joe Palen

Pete Hansra
Joel Retanan

(916) 657-4369
(916) 654-8420
(916) 654-7252
(916) 654-8174

)

)

)

Mandy Chu (916) 654-7656  mandy.chu@dot.ca.gov
Sean Campbell (916) 654-8868  sean.campbell@dot.ca.gov
Roy Rounds (916) 654-6981  roy.rounds@dot.ca.gov





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


