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Abstract The real-time traffic control has an important impact on tffieiency of
energy utilization in the modern railway network. In orderdevelop an energy-
efficient railway traffic control system, we firstly condudta review so as to find
out interesting ideas and approaches. Details of the rewiask are given with two
topics: the railway disruption management and the traircisganization. The for-
mer aims to retrieve the disrupted train timetable in an gnefficient way while
the latter is mainly concerned with the interaction betwddferent trains in or-
der to minimize the global energy-consumption of the tardetetwork. In general,
an optimal synchronization between trains in the railwasteyn should not only
introduce the fewest stops for trains during their journeydlso maximize the re-
utilization rate of the energy produced by the dynamic brgki
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1 Introduction

In modern railway system, most of the energy required bynsrés supplied by
the electric network. Since the efficiency of the electribamek depends on real-
time states of trains during their journeys, it is importémtconstruct an energy-
efficient traffic control system to manage the trains’ ré@letoperations. As startup
of this work, an overview of the existing work on energy-eéfitt traffic control
is firstly made in this study. The aim is to find out interestidgas that will lead
to the achievement of our final objective: developing a degisnaking tool for the
dispatching center to manage the real-time railway traifen energy-efficient way.
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Before going further, a brief introduction of the railwaxffic control system is
given in section 2. In the rest of this review, details areegiin two topics: stated in
section 3 is the work about railway disruption managemert aesented in section
4 are results about train synchronization management.

At the end of the paper, some discussions will be made on lgesisieas and
methods for future researches.

2 Railway Traffic Control System

Supported by the railway traffic control system, the railMsffic control is a dy-

namic process. Its main objective is not only to avoid cot#llmetween trains but
also to restore the disrupted railway network as soon askpesshenever neces-
sary. In recent years, the third objective has arisen: tatagmize trains’ real-time
operations so as to reduce the railway energy consumptsdymamic perspective.

Although it seems that the traffic control center is not a majeergy-consuming
part of the railway system, it plays an important role inway energy consump-
tion management because the decisions made by dispajcimepgct directly on
real-time operations of running trains considered as thgdst energy-consuming
units. What's more, it is only the traffic control centre thautd make the deci-
sion on both global and dynamic perspectives so that trauermdr would be able
to "synchronize” their actions for not only avoiding unnssary energy consuming
but also reutilizing the energy produced by the dynamic ingkearby.

The work presented below are based on all papers on endigigftraffic con-
trol, which have been published in recent years besides thteresting papers cited
in some related review work (Huisman et al (2005)yfiquist (2005); Acuna-Agost
(2009)).

3 Railway Disruption Management

Railway disruption management is "the joint approach ofitivelved organization
to deal with the impact of disruption in order to ensure thst pessible service for
the passengers”(Jespersen-Groth et al (2009)).

3.1 Railway Disruption

In general, daily trips of trains are organized accordingh® schedules defined
at the tactical level. These schedules are periodicallgjusted in order to take
account of important changes in demands and political abexds
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Unfortunately, the pre-defined schedules cannot alwaysoblened because
there are often real-time disturbances in the railway ngtwalthough those pe-
riodical schedules are able to absorb some tiny disturlzame¢hey are designed to
be, most of the real-time disturbances cannot be neglec:d@me of them, espe-
cially the busy ones, may spread throughout the railway oktvBecause of those
significant disturbances, some trains can no more follow fire-defined schedules
and therefore real-time traffic control decisions must beerta both guarantee the
railway security and reduce the network operating cost.

3.2 Review of Methods

According to the literature, various approaches have bpphea for modeling the
railway disruption management problems. These are analytiodels(e.g. Walker
et al (2005); Drnquist and Persson (2007)), graphical models(e.g. Rifxiet al
(2008); Corman et al (2009)), constraint programming m&@ed. Mladenovic
and Cangalovic (2007); Rodriguez (2007)) and logical esgimns(e.g. Lova et al
(2007); Tazoniero et al (2007)).

With regard to the applied methods, most of the studies wetegdsted in using
meta-heuristics and their hybridizationsdffiquist and Persson (2007); Rodriguez
(2007); D’Ariano et al (2008) et al.). Some exact methodsewesed to seek op-
timal solutions for some simplified problems (Walker et @@2); D’Ariano et al
(2008); Corman et al (2009) etc.). Some heuristics, eslhethase based on expert
knowledge, are used for quickly solving problems (Lova €R28I07); Mladenovic
and Cangalovic (2007); Tazoniero et al (2007), etc.).

It is important that solutions should be found as soon asilplestor solving
real-time traffic disturbances. Therefore, heavy compartatequirements tackle
the exact methods over the problems with serious distudsartteuristics can nor-
mally give the quickest response, but the decisions ara détefrom optimal. In
consequence, as a reasonable compromise between thersgjudlity and the re-
quired calculation time, meta-heuristics and their hyizetons could be regarded
as proper methods for railway disruption management. Irestase, hybridizations
between different kinds of methods may give the most progaiic control solu-
tions.

4 Train Synchronization Management

Train synchronization management is mainly concerned thighinteractions be-
tween different trains in order to minimize the total enecgynsumption of the tar-
geted railway network.
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4.1 Train Syncronization

An ideal train synchronization solution should respectrat fiecessary constraints,
such as the network security and train punctuality, and mvbde it should also
minimize the network energy cost from a global perspective.

In the modern railway network, most of the trains are equippéth electric
braking equipment, which is used to slow down the train mathan stop it. Dur-
ing one dynamic braking period, the electric braking equptrproduces electric
energy that can be either fed back into the electricity ndtwoamed as regener-
ative braking) or dissipate by a resistor equipped on tha {rmmed as rheostatic
braking). When the regenerative braking is realized, theeotirgenerated by the
regenerated electric energy can be utilized by the traingsing in the same sub-
station. In consequence, it is important to dynamicallycéyanize operations of
trains running in the same substation so as to benefit fromuas ms possible the
regenerated energy.

4.2 Review of Methods

The modeling approaches mentioned in the previous seatitineaoretically appli-

cable to the train synchronization management because&dniserned with com-
binatory optimization problem as well. However, considgrthe dynamic charac-
teristic of the real-time train synchronization problenptimal solutions in static
perspectives are no more practical in this domain and aledigstoblems should be
dynamically modeled. That's why it is regarded as one of thstrdifficult manage-

ment problems.

As one of the most lately raised topics in the railway manag@mmo clear defi-
nition can be found in the literature and few publicatiors @ealing with the exact
problem. Nevertheless, some published results are foutid sirnilar objectives:
minimization of the energy consumption for several intiatesd trains or for a tar-
geted network (Albrecht (2004); Dorfman and Medanic (20@4dprecht (2009);
Caimi et al (2009); Ding et al (2009) etc.).

In the literature, most of the studies just dealt with subkpems, such as distribu-
tions of trains’ running periods along their lines (e.g. fdman and Medanic (2004)),
the construction of conflict-free schedules for junctioeg( Albrecht (2009)) etc.
The global problem, i.e. conflict-free schedules for the m@twork with detailed
velocity profile for each train under control within an oljee of minimizing the
network energy consumption, were solved by either decortiposnethods(e.g.
Albrecht (2004); Caimi et al (2009)) or heuristics (e.g. @&t al (2009)).

Sub-problems were mainly solved by meta-heuristics ant thyridizations
(e.g. Albrecht (2004); Caimi et al (2009); Dorfman and Madg@004) etc) while
heuristics were also used in some studies (e.g. Albrecl®2Ming et al (2009)
etc.). It should be emphasized the method proposed in (éibr@004)is the only
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one found in the literature that tries to take into accouaiitipact of the regenerated
energy.

5 Conclusions and Perspectives

A review work of energy-efficient railway traffic control hbeen performed in this
study. It is observed that most of the related publicatiaescancerned with the
train timetable restoration under disturbances thoughdiethem focus on energy-
efficient train synchronization.

In fact, the railway energy-efficient traffic control is alsoe of the most difficult
optimization problems because not only the velocity prdfileeach running train
should be dynamically defined but also all mandatory comgr&eep changing.
That's why there is no room for time-consuming method in td@se and most of
the researchers are interested in meta-heuristics ordtieari

Till now we have observed that most of the traffic control peots are solved
without taking into account the on-board train operati@esthe train performances
are regarded as parameters rather than decision variablegtt the drivers’ actions
can never be neglected in real traffic control system.

In one word, although some good papers are published fomgpkimplified
problems, no well-developed work has been published fairsglthe whole prob-
lem. Some primary analyses have been launched in real-tierg-efficient traffic
control problem. The decomposition idea looks efficientthet problem raised is
how to reduce the error-amplification during the resolupoocedure. What's more,
it is important to find an efficient decomposition perspextiv
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