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Integrated Design of a Transportation System in a Seaport Container Terminal
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Satoshi HOSHINO, Tokyo Institute of Technology, 4259 Nagatsuta, Midori-ku, Yokohama, Kanagawa, JAPAN
Jun OTA, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo, JAPAN

Abstract— In addition to designs of input number of machines, system layout, and management model,
we take into consideration machines’ specifications for imposed demands. This is the proposed integrated
design methodology for a transportation system in an automated seaport container terminal, in this paper.
The objective of this research is to maximize the system efficiency while minimizing the changes of the
specifications. For this objective, we evaluate the specifications; then, make clear the effects on the system.
Based on the results, we downgrade and upgrade the specifications and then, we finally design the number
of machines and the specifications appropriately for imposed demands.
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Fig.1 Horizontal AGV Transportation System in an
Automated Seaport Container Terminal
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Table 1 Machines’ specifications divided 4 levels: slow, normal, fast, and faster

Specification slow normal [5] fast faster
Loading/Unloading speed by QCC [s] 75 60 45 30
Transportation speed by AGV (loaded/empty) [m/s] || 4.17/5.20 | 5.56/6.94 | 8.34/10.41 | 12.88/13.88
Moving speed by RTGC [m/s] 1.93 2.25 3.87 4.5
Transferring/Storing speed by RTGC [s] 45/45 30/30 22.5/22.5 15/15
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Table 2 Design solutions: machine specification and
number of machines

Demand Designed AGV | RTGC | Cost
machine spec.

10 RTGC: slow 1 2 16.2
20 RTGC: slow 2 2 17.2
30 RTGC: slow 3 2 18.2
40 AGYV: slow 5 2 20.0
50 AGYV: slow 6 2 20.8
60 AGYV: slow 7 2 21.6
70 AGV: slow 8 2 22.4
80 RTGC: slow 9 4 274
90 RTGC: slow 10 4 28.4
100 AGYV: slow 13 4 30.4
RTGC: slow 12 4 30.4

110 AGV: slow 14 4 31.2
120 RTGC: slow 16 4 344
130 normal 20 6 44.0
140 QCC: fast 20 6 50.0
150 QCC: fast 20 8 54.0
160 QCC: faster 19 8 59.0
170 QCC: faster 20 8 60.0

O0O0oooooooDboO0O0OO00000dTable2O
gboboobooooobooboooooboboobooon
O0000o00oe00 [TEU)OOOO

Figs000 Table2O0O00O0OOOOOODDDDOO
OO00OOoO0DOoO0DO Qccooooooonoooon
gOoOoCOOOoOoOoOoOoOoOoOoOoAGvO RTGCOOO
oobooooOoooboooooooooboooooon
Oo0000OoooooOoooo AGvOOOODoo
obooo0oooobOobooooooboboooon
00000000 140 [TEU/hour|00O0O0O0OOOO
goboobooboooobooobooboobobooo
gooooQccoioooooooooonoononon

gooooboooooobooobooooobobooooo

gboooooboobooobooobooocooobooonog
ooboo0o0ooboooooboooooobooooooo
gboooooooboooboooooooboboobooon

6. OO0

ooooooooo AGvOOOoOOoOooooooo
goboooooobobooooobobbooooooon
gbooooooboobooooboobooooog
gbobooobobooooboobobooooogn
gboooooobooboboboooooboboo
oboooooobobooooobooooooon
oboooooobooboooooboooooon
oboooooobobooobobooooooan
obobooooooobooboobooboobooooon
oboboooooboobooooboooboooon
gboooooobobooobobooooooan
oboooooobooboooboobooooboboooon
gbooobooobooobooooboooooooooo
oboooooobobooooobobooooooo
oboooooobobooooooo

gog

gboboooooboooobooboobooboobaon
gboooooobobooooooooboboo

goog

1) D000 00000000000 ooO0oooo
AGvOOOOOoOoOoooooDooooooooo
OO0OCOCOOOoD 4000 100pp. 19020050

[2] S. Hoshino et al.0 Hybrid Design Methodology
and Cost-effectiveness Evaluation of AGV Trans-
portation SystemsO IEEE Transactions on Au-
tomation Science and Engineering[d in press[]

(3] OO0 ODOOO0OOOoOooOooOooooooo
OO0000 AGVOOOOODOOOODOOOOOo
0000000000 4000 140 0pp. 98-1080
20050

[4] S. Hoshino et al.0Improved Design Methodology
for an Existing Automated Transportation Sys-
tem with AGVs in a Seaport Container Terminal[l
Advanced RoboticsO in press[

[5] MITSUBISHI HEAVY INDUSTRIES, LTDOAd-
vanced Technology Cargo Handling SystemsO
Products Guide 20040

[6] E.L. Fisher et al.0 Mathes: An expert system for
material handling equipment selectiondEngineer-
ing Costs and Production EconomicsOVo. 1401s-
sue 400 pp. 297-3100 19880

[7] D. Steenken et aldContainer Terminal Operation
and Operations research - A Classification and
literature review OR Spectrum Vol. 260 No. 10
pp. 3-490 20040

[8] H.-O. Giinther et al.0 Container Terminals and
Automated Transport Systems[ Springer-Verlag[
20050




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /CMYK
  /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 true
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




