Studying robustness by simulation in DSB S-tog.
Two case studies

Julie Jespersen Groth

Danish State Railways (DSB), S-tog a/s, Production Planning, Kalvebod Brygge 32,
5., 1560 Copenhagen V, Denmark, jjespersen@s-tog.dsb.dk

1 Abstract

Two independent studies of robustness in plans of DSB S-tog are presented. They
are of a very different level of detail and they differentiate in their main goals.
First a simulation model of low detail is presented. This model concentrate only
on train circuits and is ideal for quick inclusion of e.g. various recovery methods.
The second model presented is a work in progress. This model is very large
and it is not suited for making quick adjustments. It qualifies in beeing suited
for making overall robustness evaluations of both crew and timetable plans on
future scenarios.

1.1 Robustness of timetables

The first case study is the study of the effect on robustness when covering the
S-tog network with various timetables with different characteristics. The main
characteristic of the model is that rolling stock is simulated as it circulates ac-
cording to the timetable. Drivers are assumed available for all departures. Delay
distributions are constructed from historical data and applied to the simulation
on station level. Buffer times in the model are present only on terminals, i.e. lost
time can be gained only when trains arrive at their terminals. The test setups are
worst case scenario of driving peak hour demand all day. It is therefore possible
to assume that no changes of train composition occur and as a consequence this
is not included in the simulation model.

The first case study also investigates the effect of a variety of recovery method
when employed individually on a disrupted operation. Specifically the recovery
methods implemented in the simulation model are Insertion of On-time Trains
from the Central Depot, Early Turn-around and Cancelling Train Lines. These
methods were chosen because of their different characteristics w.r.t the direct
decreasing of delays or the increase of headways.

The timetables tested are mainly timetables used in operation on the S-tog
network. However, also timetables that might be interesting for operation in
the future were tested. Finally, two timetables were included in the tests that
represent entirely new suggestions for covering the S-tog network.

Results show that the necessary size of buffer times on terminals seen with
respect to the benefit on robustness is limited. Tests with different sizes of de-
lays show that small delays have a significant negative effect on robustness when



occurring together with large delays as opposed to the small delays contributing
with almost no effect on robustness when they occur alone. Results on com-
paring the different timetables with and without the recovery methods are also
presented. The expected results in this case were that a high number of train
lines in the network would result in a decreased regularity. This is confirmed in
most cases. For a few timetables, inserted time buffers makes the number of lines
less important to the value of regularity. The recovery methods are compared
on their stand-alone efficiency seen with respect to regularity and reliability.

1.2 Robustness of Crew plan vs. timetable

The second case study is work in progress on the simulation tool SiMS - Simu-
lation of Crew at S-tog. The simulation tool simulates the trains in circuit ac-
cording to the timetable where trains are covered by the drivers. The combined
effect of simulating over both timetable and crew plan enables a more detailed
evaluation of the effect of planning on the robustness of operation. In the simu-
lation model delays occur on both trains and drivers. All delay distributions are
based historical data.

SiMS simulates the circuits of trains without marshalling and the process of
covering each departure with drivers. Drivers are available at crew depots only.
SiMS is basically run on the tasks given by the crew plan. The trains are running
in circuits according to the train sequence file as transporters picking up drivers.
In that way the departures given by the timetable is covered.

As a train can only run in operation when a driver is present, simulation of
the covering train-tasks is included. For this purpose, reserve drivers are available
in a predefined schedule over the day. Tasks are covered by employing a set of
dispatching rules that prioritize the use of vacant scheduled drivers or reserve
drivers. One dispatching rule could be the swapping of tasks among drivers to
cover more tasks in total. If no possible solution is found, an imaginary driver is
used for covering the task. An imaginary driver is equivalent to an extra reserve.
In reality, when no vacant scheduled driver or reserve driver can be found, the
train is cancelled.

All of the S-tog network is included in SiMS. Hence the amount of data
necessary is excessive. First of all, the crew plan with tasks of each single driver
must be available. Also, the timetable at the detailed level of all departures
during the day is necessary. In the timetable data the minimum driving times
must also be included. For connecting the train numbers and the tasks of drivers
the train sequences are included. For each station, information is given on the
dwell time, minimum dwell time, number of available platforms, the probability
of delay and a delay distribution variating across the day. A list of the working
hours of reserve drivers is also included.

SiMS will make it possible to quantify robustness of the crew plan when
analysing the results on e.g. regularity, employed reserve and imaginary drivers
and violations of work rules. Furthermore, it will make evaluation possible on
future timetable or crew scenarios.




<<
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


