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Abstract: The latest elevator systems have structural differ-
ences from traditional systems, such as the use of destination
calls, or multiple cars in the same hoistway. This requires the
development of new elevator group control systems, which is
best done by adopting modern soft-computing methods. We
review some of these systems and the results of research so
far, and suggest further directions of research.

1. Introduction

Elevator group control systems have a large effect on the fea-
sibility and usefulness of buildings, especially modern high-
rise buildings, so their continuing development is an impor-
tant area of research. At present in many cases the main tar-
get of development is to improve the traffic handling capacity.
In addition to existing solutions, like double-deck elevators
and destination hall call systems, multi-car elevator systems
are receiving attention these days. These systems require the
development of new control algorithms, and this usually in-
volves the introduction of various intelligent control methods.
In this paper we review these developments, as well as some
analytic approaches to the study of elevator group control sys-
tems.

2. Structure and Operation of Elevator
Systems

The purpose of new developments is to improve the handling
capacity of elevator systems without increasing the required
space in the building. We review the most important systems
already used in practice, or proposed as future generations.

2.1 Destination Control Systems

An elevator group can carry more traffic if the elevators ex-
ecute more trips in a given time. This can be achieved by
reducing the number of stops during a trip, if passengers are
directed to cars according to their destinations. This principle
is shown schematically in Fig. 1.

The destination control system is most effective in up-peak
traffic. A current research topic is how to improve its opera-
tion during other traffic conditions.

2.2 Double-Deck Elevator Systems

As a relatively straightforward way of operating two elevator
cars in the same hoistway, we can stack them on each other
and drive them by a common traction drive. This double-
deck elevator poses many new challenges to control system
designers, by the various constraints and control objectives
specific to this system.

The most effective way of operating double-deck elevators
is by serving odd and even floors exclusively by the lower
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Figure 1. Principle of Destination Grouping

and upper elevator decks. This operation allows simultaneous
service to two floors, and reduces drastically the number of
stops. However, passengers cannot travel between even and
odd floors, so the use of this operational mode is limited.
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Figure 2. The Double-Deck Elevator

A relaxed, less restrictive operation is called the ‘semi-
double operation’, where passengers from the odd and even
terminal floors still ride only the corresponding lower or up-
per deck, but other floors are served freely. Efficient control
of the semi-double operation is a major and not completely
solved problem of elevator group control.



2.3 Multi-Car Elevator Systems

The multi-car elevator system is a revolutionary development,
with the first actual systems already in operation, and further
developments expected in the near future. It promises a dra-
matic improvement in handling capacity, while allowing the
reduction of the space occupied by elevators in the building.
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Figure 3. The Single-Shaft Multi-Car Elevator

Historically there had been many proposals for operating
multiple elevators independently in the same hoistway, in-
cluding circulating systems, or network-like systems with the
ability of elevators to overtake each other. However, at present
the only viable version seems to be the ‘single-shaft multi-car’
system, shown in Fig. 3. Mechanically, this system is almost
identical to traditional elevators, as the elevator cages move
only vertically, at all times staying connected to fixed rails
and always ready to stop safely. However, this mechanical
simplicity comes at the price of complexity in control.

The multi-car system requires a completely new control
methodology. Because of the large potential number of el-
evator cars, the scheduling of service becomes difficult. On
the other hand, since in contrast with other elevator systems,
the individual elevators can no longer operate independently,
there are severe restrictions on the available routes that the
cars can take. Efficient operation is relatively easy in case
of some very simple traffic conditions, but in general it is a
major and mostly open research problem.

3. Control of New Elevator Systems

Elevator systems are designed to handle all traffic conditions
that are expected to occur in a given building. New control
algorithms will be effective if they can deal with not only just
some representative conditions, but with any complex situa-
tion. In the examples below, we have used common, state-of-
art control methods, which are best suited to certain simple
traffic situations, but we shall see that their performance is
limited, indicating the need for more advanced control meth-
ods.

The most basic passenger traffic condition in office build-
ings is the so-called ‘Morning Up-Peak’ traffic, when there is
a large influx of people coming to work. In the most simple
case, we can assume that other traffic components are negli-
gible, and the elevators only need to pick up passengers in the
lobby and deliver them to their offices.

We can compare the performance of the above elevator
systems for the up-peak condition, by plotting the average
waiting time against the traffic density, and observing the
limit, i.e. the handling capacity. A typical result is shown in
Fig. 4. Each of the new systems shows improvement on the
traditional system, which is not surprising, since they were
basically designed for such traffic.

Average Waiting Time
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Figure 4. Comparison of the performance for up-peak traffic

However, the situation changes when we look at other per-
formance measures. An example is shown in Fig. 5, showing
the average waiting time behavior for a traffic that includes
inter-floor movements. In this case, the performance improve-
ment of the destination control system essentially disappears.
This is just one example that illustrates the need for designing
control methods for improved performance, in all buildings
and for all traffic conditions.

Many new control methods are proposed for the new ele-
vator systems, and we can review only a small selection here.

3.1 Group Control of Destination Control Systems

While the destination control system is effective in increasing
the handling capacity and can also reduce the service comple-
tion time, it might cause longer waiting times, by not allowing
all passengers to board the first departing car. Such effects can
be reduced by careful control strategies, such as the dynamic
optimization proposed in [1] and [2].

One powerful optimization method that has been success-
fully applied to the group control of destination control sys-
tems is the ES (Evolution Strategy) method.

The state of the elevator system is evaluated by a neural
network, which outputs the control decision (hall call alloca-
tion) signal. The connection weights of the neural network
are adjusted by ES so as to minimize one or more system per-
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Figure 5. Comparison of the performance for general traffic
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Figure 6. The Evolution Strategy Method

formance measures. In the research of [6], the average service
time has been minimized, obtaining better performance than
with heuristic control rules.

3.2 Group Control of Double-Deck Systems

The control of double-deck elevators must take into account
their special conditions and requirements. For instance, when
there are people boarding or leaving only one of the two el-
evator decks, passengers riding the other deck are inconve-
nienced, so the occurence of such events should be reduced.

One promising approach is based on the automatic gen-
eration of suitable control rules by GNP (Genetic Network
Programming) [4], which allows incorporating such special
items in these rules.

The control system proposed in [4] is composed of net-
work nodes, which propagate a decision event while evaluat-
ing the system state with respect to the required decision.

The nodes and connections in the GNP network can be
adjusted by various optimization methods. Among the suc-
cessful methods tested are genetic algorithms, reinforcement
learning, and ant-colony optimization.
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Figure 7. Control of Double-Deck Elevators
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Figure 8. The GNP Controller for Double-Deck Elevators

3.3 Control of Multi-Car Elevators

In contrast with the above systems, which can be considered
extensions of traditional elevator systems, the MCE poses a
completely new challenge. One approach involves the cre-
ation of a control system capable of expressing a wide range
of policies, and tuning it by an optimization algorithm. An
example is EBP-GA [8], which uses ‘exemplar-based policy’
for the control engine, and tunes its rules by real-valued GA.

Recently a highly successful competition has taken place
under the supervision of the Japanese Institute of Electron-
ics, Information and Communication Engineers (IEICE) [9],
where many university teams have submitted their MCE con-
trol methods to compete for the best performance on a set of
test problems. The ideas of these teams are giving a new im-
petus to elevator control research.

Finding effective and practical control methods for MCE
systems is still an open problem, which is important not only
for the elevator industry, but also seems to have implications
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Figure 9. The EBP Method for Control of Multi-Car Eleva-
tors

in a wider area. There are many transportation systems, e.g.
demand buses, stacker cranes, AGV systems etc., that have
similarities with MCE systems. If a general methodology is
found for these systems, we can expect it to result in efficient
algorithms.

4. Conclusions and Further Research

The research of control methods for new elevator systems is
an ongoing field, with some promising results but no defi-
nite solution yet. It is expected that with the participation of
researchers from different fields, like optimization, schedul-
ing, soft computing, and artificial intelligence, some gener-
ally useful algorithms will be found, that will have significant
economical impact on building systems.

Elevator group control is one of those fields where most
results are obtained by simulation experiments. Thus opti-
mization methods must cope with the stochastic, noisy nature
of simulation. Robust optimization in the presence of noise is
an important ongoing research direction [10], [11], promising
further improvements in elevator group control.

A very important but as yet undeveloped direction is the
search for analytic, preferably closed-form solutions to ele-
vator control problems. Some promising results have been
already published [12], [13], and more can be expected from
the field of “Competitive Analysis” [14].

New results in elevator group control can inspire advances
in related fields, including the control of traffic and material
handling systems.

References

[1] T. Beielstein, C.-P. Ewald and S. Markon. “Optimal Ele-
vator Group Control by Evolution Strategies”. In: Lecture
Notes in Computer Science, GECCO 2003, pages 212—
222, 2003.

700

[2] J. Sorsa, H. Hakonen and M.-L. Siikonen. “Elevator Se-
lection With Destination Control System”. In Elevator
Technology 15, 2005.

[3] J. Zhou, L. Yu, S. Mabu, K. Hirasawa, J. Hu, and
S. Markon, “Double-deck Elevator Systems using Ge-
netic Network Programming with Reinforcement Learn-
ing”, 2007 IEEE Congress on Evolutionary Computation
(CEC2007), pp. 2025-2031, Singapore, 2007/9

[4] L. Yu, J. Zhou, S. Mabu, K. Hirasawa, J. Hu and
S. Markon. “Double-Deck Elevator Group Supervisory
Control System Using Genetic Network Programming
with Ant Colony Optimization with Evaporation” Jour-
nal of Advanced Computational Intelligence and Intelli-
gent Informatics, Vol. 11, No. 9, pages 1149-1158, 2007.

[5] T. Sudo and S. Markon. “The Performance of Multi-Car
Linear Motor Elevator”. Elevator Technology 11, Proc.
Of ELEVCON 2001, pages 141-149, 2001.

[6] T. Beielstein, C. Ewald and S. Markon. “Optimal ele-
vator group control by evolution strategies”, In: Proc.
GECCO’03, Chicago, 2003.

[7] Thomas Bartz-Beielstein and Sandor Markon. “Tuning
search algorithms for real-world applications: A regres-
sion tree based approach.” In G. W. Greenwood, edi-
tor, Proceedings 2004 Congress on Evolutionary Com-
putation (CEC' 04), Portland OR, volume 1, pages 1111-
1118, Piscataway NJ, 2004. IEEE.

[8] K. lkeda, H. Suzuki, S. Markon and H. Kita. “De-
signing Traffic-Sensitive Controllers for Multi-Car El-
evators through Evolutionary Multi-Objective Opti-
mization”. Evolutionary Multi-objective Optimization,
Soringer LNCS pages 673-686, 2007.

[9] CST2007, IEICE Technical Report (in Japanese), Vol.
107, No. 471, pages 1-36, 2007.

[10] S. Markon, D.V. Arnold, T. Béck, T. Beielstein, and H.-
G. Beyer. “Thresholding — a selection operator for noisy
ES.” In Proc. 2001 IEEE Congress of Evolutionary Com-
putation, pages 465-472, 2001.

[11] Y Sano and H. Kita. “Optimization of Noisy Fitness
Functions by means of Genetic Algorithms using History
of Search.” In Proc. PPSN VI, pages 571-580, 2000.

[12] Shunji Tanaka, Yukihiro Uraguchi, and Mituhiko Araki.
“Dynamic optimization of the operation of single-car el-
evator systems with destination hall call registration: Part
I. Formulation and simulations.” European Journal of
Operational Research, Vol. 167, pages 550-573, 2005.

[13] Shunji Tanaka, Yukihiro Uraguchi, and Mituhiko Araki.
“Dynamic optimization of the operation of single-car el-
evator systems with destination hall call registration: Part
I1. The solution algorithm.” European Journal of Opera-
tional Research, Vol. 167, pages 574-587, 2005.

[14] Sven O. Krumke. “Online Optimization - Competitive
Analysis and Beyond” . Hab. Thesis, Technische Univer-
sitaet Berlin, Berlin, 2001.




<<
  /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 /Off
  /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 true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /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 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /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.)
    /JPN <>
  >>
  /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 [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


