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Cellular automata model based on local maximum entropy

lane-changing rules for electric bicycle flow

WEI Li-ying,CUI Yu-feng, WEI Jia-rong
(School of Traf [ic and Transportation, Beijing Jiaotong University, Beijing 100044, China)

Abstract: The principle of local maximum entropy is used to improve the lane-changing rule.
Meanwhile, lane-changing with entropy-increasing probability is introduced, and the serial update
method is used during the lane-changing. It reflects the electric bicycle flow characteristics very well.
Then, the concept of lane-changing wave is introduced, and the formation mechanism and propagation
of the lane-changing wave are analyzed, which is used to explain the relationships of lane-changing
rate with the number of lanes and between the lane-changing with entropy-increasing probability.
Furthermore, the influence on the fundamental diagram is analyzed under different parameter set in
deterministic and stochastic cases. If the flow is appropriate, four lanes for electric bicycle lanes can
more easily make the flow of metastable state appear in the high branches, and improve the using-
efficiency of the road. Finally, field observations were carried out to calibrate the slowdown
probabilities. The model is compared with multi-value model, dynamic floor model and field
observation data. The results suggest that the proposed model not only overcomes the defect of the

existing models, but also has higher accuracy.
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Fig. 1 Formation mechanism and propagation of lane-changing wave
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Table 1 Lane changing rule based on local maximum entropy principle
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If randOO<<P., then change=true;
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Table 2 Numbers and percentage of high flow points

corresponding to different lane numbers
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Fig.7 Observe and simulation results comparison of

lane change rate indifferent density
A A ADRE BE 29 O 1506 A HE 3 25 5
AU (B 423 39. 27 %6, =R TE 24. 06 %0) Xof UL 4L
P B 3 B KT BE s D3 a7 (D L (b
AT LU H AR SR AR — BB B E R R T
TR RUG I i 2 = A R R AR RE AR 4l S e 52
P 14 0 1 3R 5 5 B AR AL SE &R T S iR T 2 {H
BERUAR 5 BT AN T BE— B 58 A 3 O AT
N B B g R AR T 2 (A

x4 TREETARREHFES L

Table 4 Accuracy comparison of different models

in different lanes %
B BORMAEAD  Z(EER ShAS A
2 % 24, 48 24. 63 39. 27
3 43l 15.11 15.57 24. 06
:l_: Al
3 gn T

Ao AT T I AF R SC T L B A AT i oo M 0
FLHWEFE kB BAT W A A — 26 (R, 4 g 42
T T R S A R T B A A 0 I B
B o HE T8 E M LA S BERILPE 2% 1F T 0 RS
Al SR O R L FE i TR RS SRR
B 4 ARHBN A AT 4008 B T T G BB
BRI R HILBE L DR di AR AR R v ) e 18 08 5
D7 A5 AR E s i i 15 HG A ASE 280 DL B 0 00 50 4l )
U R BASCRI R A 2 . BeAh i 7 E
B AR SCBETH A0 45 LU 2 R T i R BEE
i A LRI I o BI04 0 1 % 4l Y 0 A R R
TS BL o (B e A3 2] 7 A . SR T X 5 5
PR] BEASAFAE — € M 2205 . T — B R WF5E 7 18]

SE Lk

[ 1] Weinert J, Ma C, Cherry C. The transition to elec-
tric bikes in China: history and key reasons for rapid
growth[]]. Transportation, 2007,34(3):301-318.

[2]JinS, Qu X B, XuC.,etal. An improved multi-val-
ue cellular automata model for heterogeneous bicycle
traffic flow[ J]. Phys Lett A, 2015, 379(39) :2409-
2416.

[ 3] Nagel K, Schreckenberg M. A cellular automaton
model for freeway traffic. [J]. J Phys I, 1992, 2
(12):2221-2229.

[4]Li XB, WuQ S,Jiang R. Cellular automaton model
considering the velocity effect of a car on the succes-
sive car[J]. Physical Review E, 2001,64:066128.

(51 Bmga, N7 K. BT ool B hliy B 47 4 38 5@ W1

FURBET]. & MRS T4 2011, 41(1) :51-
55

Wei Li-ying, Ying Li-tian. Modeling and simulation
on bicycle traffic flow based on cellular automaton
[J]. Journal of Jilin University ( Engineering and
Technology Edition) ,2011,41(1) :51-55.

[ 6 ] Nishinari K, Takahashi D. Analytical properties of
ultradiscrete Burgers equation and rule-184 cellular
automaton[ J]. ] Phys A Math Gen, 1998,31:5439-
5450.

L7 #edy. 2R, fR. T 3A g ATi A sl
BA AT E AR LT ] AR, 2013, 62(24):
240511.

Yang Xiao-fang, Mao Wei, Fu Qiang. Modeling of
bicycle flow based on dynamic floor field and cellular
[J]. Acta Phys Sim, 2013,62(24):240511.

[ 8 ] Jaynes E T. Information theory&.statistical mechan-
ics[J]. Phys Rev,1957,106:620.

[ 9] Wilson A G. A statistical theory of spatial distribu-
tion models[J]. Transp Res,1967,1(3):253-269.

[10] Qu X B, Wang S A, Zhang J. On the fundamental
diagram for freeway traffic: a novelcalibration ap-
proach for single-regime models [J]. Transp Res
Part B,2015, 73: 91-102.

[11] Kuang Y. Qu X, Wang S. A tree-structured crash
surrogate measure for freeways [ J]. Accid Anal

Prev, 2015,21,77:137-148.




<<
  /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


