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THE APPLICATION OF FUZZY LOGIC TO A SIMULATION OF
RAILWAY STATION

Véra Zahorova!

This article is a contribution to investigation ceming development of a simulation model
of a passenger railway-station. Concretely to & phathis research, which is related to a probléwmy
to simulate a choice of a platform line to a dethyteain. Potentiality of different methods of a
computational intelligence to this task handlingswaviewed. Although another method — an evaluation
of options — was used for construction of simulatraodel [3], an applicable result was obtained also
using fuzzy controller. An idea of fuzzy inferenmed of fuzzy system structure is described in plager
at some length. Following part is especially foclisa a way how to create a fuzzy rules base. Ladt p
of paper shows some results obtained in the procksseation of a Mamdani fuzzy logic controller
and in the course of verification of its ability¢boose a line to a delayed train correctly.
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1 Introduction

A development of a simulation models of transpamcpss has certain tradition in our condition.
Together with systems, serving to planning of tpamsand to analyse these plans, appears alsdearsy/s
whose ambition is to be used to dispatch contratasfsport in real operation conditions preser@yech
Railways are employing an information system GTNgraphical-technological tool of electronic
protecting device few years ago. This system esablmonitoring of train movement, an acquisition of
data about real traffic situation and automatic arect registration of documentation about transpor
process. More detailed advice about these appitsis reporting for example in [1].

In context of this fact we can ask to what dege@aossible to automatize solving of transport
situations and which methods we need to achievaltsesA human brain knows how to work with a
vague terms intuitively and also it can to takeeofthighly qualified decision on base of uncertain
information, which aren’t quantified exactly. Clasd mathematical methods in principle don’'t enalde
to do anything appropriate presently. There alweyssts dilemma flowing from a fact, that when a
complexity of any system and a quantum of inforgratabout it increase, our ability to process this
information and to describe, eventually to predigt means of this information system behaviour
decrease.

However, a solutions resembling an intuitive desismaking offers methods based on fuzzy set
theory. Already well-proven is their use in the tofs and regulation in systems that use feedb&tdp
by step, the theory of fuzzy set is increasinglglieggl also in the optimization of decisions basedlte
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evaluation of vague data sets. It offers therefoguestion whether this approach could be usetnh ex
simulation of traffic situations. In this articlag possibility of using fuzzy approach is demoristtaon
the example of solving a task to allocate a lineaf@elayed train, which was formulated in the seusf
developing of the simulation model of passengdweai station.

2 Fuzzy system

Tool that enable to emulate an expert decision-ngals fuzzy system. This system we construct on the
assumption that the variables with which we wokRetthe values that we can define in words through a
linguistic variables.

a-b a atb X

Fig. 1: Possible shapes of membership functionmgtistic variables

Linguistic variable is a variable whose valueswaoeds or phrases of natural or artificial languasye,
no numerical values. It's for example "travellinge" if its value are words such as "short", "meafiy
"long", etc. Denomination of values of linguistianable may depend on the physical value. But often
use a universal denomination, e.g. "very smalfhal", "medium®”, "large", "very large".
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Fig. 2: Some possible definitions of intersection anion of fuzzy sets, gradually standard, product
tukasiewicz, weak
The values of linguistic variables are fuzzy séts.each numerical value we can attribute a
degreei(x) expressing the persuasion that the vallelongs to a certain value of linguistic variables
through the so-called membership function - see Eig
Algorithm enabling to model an expert decision-makihrough linguistic variables is based on the
application of if- then rules, which describe tlystem outputs corresponding to certain values it
Fuzzy rule represents a fuzzy implication of a fuproposition. In applications, fuzzy propositioaeftre
particle then - antecedent - represents the inpuéble of system or set of inputs variables ileaptient
is a complex proposition. Fuzzy proposition aftee particle then - consequent - represents an butpu
variable of system. Fuzzy proposition is composklihguistic variable and of value of this variapfer
example: "delay is small". Individual fuzzy prop@n may be atomic or complex. Atomic proposition
corresponds to a certain fuzzy set. Complex projoosi are created by combining of atomic propositio
by means of connectives and, or, not. If the atgonépositions defined on a one universe are conose
their conjunction (and) is determined by intersactiof fuzzy sets, which correspond to considered
proposition. Similarly, an alternative (or) correspls to the union of fuzzy sets. Negation (nogiien
by a complement of fuzzy set. Examples of someiplesdefinitions of union and intersection of fuzzy
sets are shown in Fig. 2. More detailed information can obtain for example in [5], [6].

If the linguistic variables included in the complpsoposition are defined on the different universes
it is impossible to work with fuzzy sets directly. is necessary to create at first theirs cylindlric
extension. Conjunction is then represented by aersaction of cylindrical extensions of fuzzy sets
accordant with considered propositions; an altéraas represented by union of cylindrical extensad
the fuzzy sets. Fig. 3 and 4 illustrate the shagfesiembership functions of conjunctions, which we
obtain, considering the triangular-shaped membgréimctions of fuzzy sets representing the atomic
proposition.

There is no an established axiomatic definitionfémzy implication. Constructions used in practical

applications are most commonly based on the relageb=aLb  One of the most frequently used
implications of this kind is Mamdani implicatiort.is based on the assumption that consequent can ha
up to the same degree of membership of a fuzzgssahtecedent, so

p (% y) = min(p, (%145 (¥))
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Fig. 3: Standard conjunction of fuzzy sets
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Fig. 4: Other possible shapes of membership funsta conjunctions

A result of fuzzy inference by means of Mamdani licgtion is shown in Fig. 5. A degree of

membership of the measured values of antecedetgtermines the way in which we cut output fuzay se
B. We can use this way even if the antecedent ofligaipon is the complex proposition. If we are
working with a larger number of decision rules,itloaitputs should be aggregated. Some of the dparat

of the union of fuzzy sets is typically used tottha
If we need an output in the form of a concrete gathe last step is defuzzification - selectioroné

value from all possible values belonging to theultasy fuzzy set. Here again, we can choose from a
variety of approaches. For example a coordinateetentre of gravity of shape illustrating thepuitof
membership function of fuzzy set is often used. ddetailed information can be drawn from [4].
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Fig. 5: — Implication Mamdani
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3 Contruction of a fuzzy system to solving a task t@llocate a platform line to a
delayed train

The first step in creating a fuzzy system is thenigation of a problem and a ensuing determinatibn
input and output variables. In determining of matf line for an arriving delayed train it is impant to
derive above all from a knowledge about a curresdupation of the track in the station, a planned
occupation of the track in the next period and abmeation of a connecting trains. We can choose an
the following strategies:

- determination of line with the priority of comahce with the original "track occupation diagram",

- determination of line with the priority of minisation of the changing time between delayed and

connecting train,

- determination of line with the priority of minisation of a delay of other trains that may arisa dsect

result of a tracks occupation change [2].

In practice, the choice of strategy may vary fraasecto case. Cogitation presented thereinafteensref

strategy of minimization of the changing time betwelelayed and connecting trains.

On the basis of operational data it was found titatmost common are situations when the arrivéhef

train is directly followed by departures at mosbteonnections. Input variables therefore were

established as follows:

X1 - the time at which the track will be free fronetmoment of announcement of the delayed train from
the neighbouring station,

X2 - the time during which the track will be freeritdhe moment of announcement of the delayed train
from the neighbouring station,

X3, X4- distance from the track, on which stands the eoting train,

Xs, Xg- time since the announcement of a delayed traim fhe neighbouring station to the regular
departure of connection,

X7 - distance of the substitutive track from the kraa which train usually arrive (as usual is coesédl
track intended to train by the "track occupatioagdam"), this variable reflects the demands on
orientation of a passenger in the course of a ahahgrains.

The output variable is a number representing theati@n of the track. Platform line which receivibe

highest valuation we regard as optimal for thevarg delayed train.

It is also necessary to determine what kind ofswél be used for fuzzy inference. Together whk t
above-described method, which is known as systemmdidai is often used system Suggeno. He works
with the rules whose antecedent is, as well akensystem Mamdani, fuzzy proposition, but consejuen
has a shape of a function of input variables (igibydinear or constant).

In general we can say that the Sugeno-type systeonis well with inputs that have their basis in
mathematical analysis (differential equations deswy the system). They are well applied mainly in
adaptive control, because it is possible to ensorginuity of theirs output. Mamdani system prowde
output in the shape of an area, which can be seancartain disadvantage. However, it is intuiwel it
work well with information which have their basia empiricism. To solving the problem under
consideration was chosen Mamdani system.

A tool, which is probably the most frequently usied building fuzzy systems, is fuzzy toolbox
Matlab. The central part of the fuzzy system isriiies base. Set of rules that constitute it, rhase the
following characteristics:

- completeness - output fuzzy set must have aipedieight for any input values, e.g. for each injpere
must exist an output,
- consistency - there are no rules that would hlagesame antecedent but different consequent,
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- continuity - if two rules, relating to the sanmput variable, have theirs antecedents created by
neighbouring fuzzy sets, then theirs output fuzag snustn’t have an empty intersection.

Basic literature on fuzzy logic usually mentionsttlthe rules base allow to model an expert
experience expressed by linguistic terms. But tfeaithat you can sit at the table and on the lmdsis
empiricism create an effective rules base is inomigj of practical cases very naive. However, arcewf
rules base could be in many cases datasets comgairsp values of input and the corresponding wutp
variables. Generating of rules base on the bagdisesk data proceeds in the following steps:

- fuzzification of input and output variables,

- generating off — thenrules on the basis of data,

- reduction of the number of rules by discard of e¢pe rules,

- reduction of the number of rules by discard of lesiversal rules.

Data about real occupation of tracks and aboutept@nt of connecting trains in a concrete station
was in our case gained from GTN. Information inelddhere it was necessary to complete with
knowledge in placement of track and platforms et and in "track occupation diagram" and with
information on regular departures and waiting toheonnecting train in station. Everything it isgstle
to find in respective documents and publics notafeSzech Railways.

4 Conclusion

The aim of this research was above all to assgsdemtial of fuzzy methods for solving the above-
described task. But obtained findings may be atswas a frame for reflection on the usabilityudzly
approach for the simulation of the railway statosrautomatization of solving of real traffic sitigats.

Gradually it was created several variants of rbieses with different numbers of considered vargble
and with different number of rules. The largesesubase considers all seven variallet x; listed in
Chapter 3 and was consisted of 117 rules. The owstise rules base on the contrary took into adcoun
only four of these variablesx,, X3, X4, X6 - and it was comprised of 15 rules. The influeat@umber of
variables, of number of rules forming the ruleséhampact of number of membership functions assigne
to individual variables and their shape and infeeenf a defuzzification method on quality of deons
was studied withal. Marginal attention was paiddtsthe possibility of using Sugeno type fuzzyteys
However, it was found that this system does notlpece significantly better results in the considesase.

In particular, it is not clear, which concrete shapould have a functions constituting a conseqoént
fuzzy rules.

On the basis of gained experience we can advisgette the rules base on the basis of artificial,
generated data. Completeness of obtained rules lmsleen more easily guaranteed. The operatirg dat
needn't offer all possible combinations of consetkewariables. But it can’'t be excluded that some of
these combinations doesn’t occur in operation m fiture. Conversely, the functioning of the fuzzy
system is better to check on the basis of operaltidata. It isn't possible to simulate operatiodata
corresponding to the real situation without difftgu without preceding statistical analysis. Actual
operational data can be obtained easily. Unforelpata vision of easy acquisition of electronic
operational data has not been fulfilled yet, beeaGI N protocol contains irregularities, which make
impossible easy filtering of data. However, it @spible to expect that this problem can be solved.

As already mentioned, the function of fuzzy coréwols to evaluate the matrix of input values. Each
line of input matrix contains information about thnitored parameters of individual platform lime i
the station at the moment of announcement of theyde train from the neighbouring station. The otitp
is a column vector, in which each value correspdadie evaluation of one platform line. The linghaa
maximum evaluation is considered the most apprtgria
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As quality criteria of fuzzy controller was chosedvisability and uniqueness of determining a
convenient line. As regards the first of the craeradvisability - it can be said that all lineglwa high
evaluation are really suitable for the allocationthe delayed train. The controller doesn’t offeiite
inappropriate solutions.

In the meaning of the second criterion, the resoitthe comparison of fuzzy controllers are more
complicated. We can say that the fuzzy controlksda on more complicated rules base is able taeleci
uniquely in a larger number of cases. But whesnttiable to decide uniquely, the result is vaginan
when the simpler rules base is used. In generalcave accept thesis that more satisfactory results
provides simpler rules base, see Fig. 6.

Contrary to initial expectations, we can also $&t the number of membership functions assigned to
individual variables and their shape doesn’'t fundatal affect the quality of the output. The shape o
membership functions influences the output minignareater number of membership functions has
resulted in the origination of more complex and enaxtensive rules base, but it doesn’t bear sianfly
higher decision quality.

Comparison of results of two rules base
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Fig. 6: Ability of different rules base to choideetplatform line to delayed train

Furthermore, we can state that it isn’t possiblednstruct a regulator, which would be able to deci
unambiguously in 100% of cases. This fact alreadlpws from the nature of the problem because they
aren’t rare situations where a more number of saoljectively have in the same moment the same
parameters. This implies that if this system shdddused in the simulation, it is necessary atfitise
step to determine a set of suitable tracks by meérise fuzzy controller and after, at the nexpst®
choose one of the offered tracks by means of sahex,qoreferably crisp, discrimination condition.

A compliance with the dispatcher decision also rsffiéself as an evaluation criterion. It was in all
examined cases approximately 33%. On closer exaimmaf the results it was found, that it causesrr
fact that the input variables used for the consibacof fuzzy systems aren’t quite conform with ayof
thinking of dispatchers. Dispatcher deciding isnirbig parts based on information which track i fed
the time of arrival of the delayed train. It taketo account, of course, also an aspects arismy focal
and possibly personal habits. It can be assumedibse aspects may vary from station to statiothé
case of system design for the practice would beessry to supplement the knowledge of them and
determine which ones are essential.

From the comparison of results of the choice ofkray fuzzy controller and by dispatcher is quite
clear that the dispatcher decision-making doesKe tinto account the distribution of connections an
departure time of connecting trains. The humannbraay not be able to obtain fast enough all the
information that it would be necessary and to ea@ut. This fact may explain why the agreemenhef
fuzzy controller and dispatcher decision increadethe fuzzy controller is based on simpler rubese,
which isn’t considering a departure time of conmagtrain.
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We can imagine an existence of an application waild offer a solution in the form of choosing
one or more tracks and thus facilitate decisiodispatcher. Such applications might be able to watk
more information than a man and to contribute, eensfor example to increase comfort of passengers
during movement in the station, especially durimg ¢hange of trains.
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