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Introduction

Compared to other means of transport, rail remains the less ”energivorous” one. However, the cost
of energy used for traction remains high. Indeed, the cost of energy, for the traction of passenger
trains, is estimated at ∼100 million euros during 2006 in Belgium, and at ∼850 million euros during
2008 in France.

In our research, we are interested in developing a state-of-the-art about the optimization meth-
ods used to reduce the energy consumption of trains. Two categories of methods are used to
minimize the consumed energy: Mono-train and multi-train methods. In multi-train methods, a
train cooperates with the other trains to reduce energy consumption. This cooperation allows to
avoid conflicts and synchronize traction and braking operations.

This paper focuses on mono-train methods, and gives a brief overview on genetic algorithms
(GAs) part of our state-of-the-art. After this introduction, Section 1 describes the energy-conscious
train control problem. Section 2 presents the GA part of our state-of-the-art. The paper ends with
some conclusions.

1 Energy-conscious train control problem

Energy-conscious train control problem (ECTCP) consists in driving a train from one station to
another in an efficient way. The objective is to minimize the energy consumption. The journey
duration, the train and the railway are the three main elements that describe the problem. The
journey duration is fixed and known. A train is defined mainly by its weight, length, traction and
braking efficiency curves, and its maximum speed, acceleration, deceleration and jerk. The railway
is characterized by its geometric structure and resistance environment. More details can be found
in [5].

2 Resolution with genetic algorithms

Fig. 1. Différents AGs used to solve ECTCP

As shown in Fig. 1, mono-train methods may be either exact methods, heuristics or meta-
heuristics. The exact methods are (1) inapplicable when the train model is realistic, (2) inadequate
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when the data of the problem exceeds a certain size, and (3) unsuitable for real-time optimization
on board a train. Therefore, GAs are good alternatives to exact methods. GA is the main method
used in the literature to solve ECTCP. In this paper, only the GA part of our state-of-the-art
is presented. We have identified three categories of GAs in the literature. These categories differ
according to the semantic of chromosomes.

– Position-control GAs: [8], for example, belongs to this category. A gene, in the GAs of this
class, is composed of a position and a control. A gene POS-CNTRL means the driver applies
the control CNTRL starting from the position POS. A control can be, for instance, a full
traction, a coasting or a full braking. The coasting is when a driver stops the traction and
lets the train run using its kinetic energy. In a train model, a control can be a continuous (i.e.
values in an interval) or a discrete (i.e. values in a finite set) variable. The position can be
expressed by a location on the rail or by time.

– Position-speed GAs: [3, 4, 9], for instance, belong to this category. In this class of GAs, a
gene is composed of a position and a speed. A gene POS-SPD means the train runs with the
speed SPD at the position POS. All position-speed genes (i.e. chromosome) constitute a speed
curve. It is not necessary to have the speed at every moment. Indeed, all we need is to have the
points where the speed curve changes its direction, in other words, points where the derivative
of the speed curve varies. The driver drives the train trying to follow this curve and applying
the less ”energivorous” controls.

– Condition-action GAs: [1, 6, 7], for example, are part of this category. A gene COND-ACT
means if the condition COND is true then the driver executes the action ACT. In this category,
each gene is a an if-then driving rule. All of these genes constitute a rule base.

Conclusions

The paper presents the GA part of our state-of-the-art. We identifie three classes of GAs used
to solve the energy-conscious train control problem. These classes are position-control, position-
speed and condition-action GAs. Besides the GAs, we note that certain avenues of research are
not sufficiently exploited, like the other meta-heuristics, hybrid methods and parallel methods.
Therefore, we intend to exploit these methods in our future work.
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