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Numerous ongoing upgrading invest-
ments in Poland are performed to increase 
the velocity and - from the passenger po-
int of view - to shorten the time of travel. 
Extended traveling resulting from the state 
of infrastructure might be a reason of de-
creasing interest in railway transport. Polish 
Railway Infrastructure Manager main goals 
should therefore be the maintenance and 
improvement of technical and quality con-
ditions. Thus, the renewal or upgrading of 
the improperly maintained section of line 
should be considered. 
 In this situation, to achieve this aim the 
geometrical layout is changed and struc-
tural elements of the track are replaced. 
 Still, the main goal in the actual feasi-
bility studies is to perform the investment 
with the minimization of the costs (the 
cheapest variants). Nevertheless, concen-
trating only on one criteria without taking 
into account the others may lead to the re-
duction of the line upgrading possibilities 
in future. Factors aff ecting the degree of 
complexity of the upgrading process are 
the signifi cant number of criteria aff ecting 
the quality of the variant and the lack of 

dedicated tools for multi-criteria analysis, 
adapted to the needs of the layout upgra-
ding projects [25]. 
 Computer Aided Design (CAD) pro-
grams provide signifi cant help in graphic 
designing. However, such a software does 
not optimize geometry. The designer de-
termines geometrical parameters basing 
on gained experience, calculations and 
law rules. Data is then implemented into 
advanced graphic programs which draw 
up designed layout. Therefore, there is still 
a need to create a tool that would enable 
effi  cient generation of design variants and 
their optimization and assessment. 
 Single optimization techniques are ma-
inly uses when one criteria is infl uencing 
the fi tness function. This kind of methods 
are adequate only if there are no other fac-
tors aff ecting the problem or when one of 
the criteria is dominant. Therefore, analy-
zed problem requires more than optimi-
zing one parameter.  Due to the features 
of the project and the complexity of the 
process of upgrading railway lines, multi-
-criteria analysis methods are necessary. 
The key issue is to chose an adequate me-

thod of optimization and to build proper 
fi tness function that will take into account 
main criteria of the project. Each parame-
ter should be appropriately considered mi-
nimized or maximized.   

The optimization method 

Metaheuristic search combines two ac-
tions: exploration and exploitation. During 
the process of exploration the search for 
areas where optimum (promising) solution 
might be found is analyzed. On the other 
hand, the exploitation process is used to 
test found limited region with the intesifi -
cation of the search in the neighborhood 
of promising solution. The key aspect is to 
balans this two operations and to fi nd pro-
mising solution and avoid getting stuck 
in the local optima. Therefore, this kind of 
optimization algorithm is developed to 
improve existing solution. This is exactly 
what seems to be needed to solve this en-
gineering problem. 
 The number of heuristic algorithms has 
been increasing over the years and to cho-
ose one of them the analize of the literatu-
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re has been performed. At fi rst, it was deci-
ded to use the metaheuristic search from a 
variety of availiable methods.  Taking into 
account studies in the engineering fi eld 
the algortihms with multiple candidates 
were promising i.e. population based me-
thods: 
-  genetic algorithms [10,19,20],
-  particle swarm optimization [13, 27], 
-  ant colony optimization[6,17], 
-  artifi cial bee colony. 
Evolutionary algorithms became a matter 
of interested in the late 50s of the twen-
tieth century [2,4,9]. However, the deve-
lopment of evolutionary calculations has 
begun in the 70s [10, 20]. The studies were 
describing the basics of genetic algori-
thms. From that moment, a general inte-
rest in these issue has been noticed [15].
Their popularity can be observed in vario-
us fi elds engineering. The implementation 
of GA (genetic algorithms) to the engi-
neering problems has been presented in 
works[5,14]. The universality of these me-
thods causes them to be used also in the 
railway transport [16].
 The examlpe of the implementation of 
the GA into railway geometical problems 
has been described in the doctoral dis-
sertation of K.Palikowska [16]. The author 
developed the method of designig the 
geometical layout based on modeling the 
curvature. The problem required using 
computer support and GA were found to 
be usefull. Adopted optimization method 
has proved to be extremely eff ective - ma-
inly due to the possibility of genetic modi-
fi cations. Presented solutions, mostly from 
the point of view of the effi  ciency and 
possibilities of implementation of algori-
thms in selected programming language, 
has been and inspiration to develop a new 
method presented in this paper.
 Genetic algorithms are built on the 
basis of evolutionary mechanisms known 
from nature. These processes are designed 
to create a population of various individu-
als more or less adapted to survive. Du-
ring the process of optimization there is a 
competition between the members of the 
population. However, the individuals that 
perform better are more likely to get to the 
next population. Also, whats characteristic 
in the GA the stadium of genetic operators 
gives the possibility to fi nd a better area 
of search and avoid stucking into the lo-
cal optima. Nevertheless, before using the 
algoritms to the mentioned problem was 
analyzed in the fi elds of: 

-  rules of operation, 
-  principles of creating new population, 
-  number of population,
-  number of individuals (chromoso-

mes), 
-  chromosomes form (gens), 
- fi tness function form, 
-  fi tness function criteria,
-  technical standards of designig (ac-

ceptable parameters). 

The main criteria selection

The preliminary assumptions were made 
to plan the operation of optimization. 
First, the criteria that would be included in 
the analysis were determined. The role of 
them in the investment process was asses-
sed. The parameters that should be taken 
into account in the upgrading of railway 
geometrical layout are i.e.[25]: 
– the cost of investment,
– the cost of maintenance,
– enviromental aspects, 
– the health and life of people,
– the scope of earthworks
– noise and vibration,
– monuments and archaeological sites,
– the location of the engineering struc-

tures and existing infrastructure,
– the velocity on the lines nearby, 
– ground and water conditions,
– earth conditions,
– the type of line. 
The main three criteria were selected for 
the further analisys.  
– the cost of investment and mainte-

nance of rails - based on the LCC me-
thod (Life Cycle Cost [3]),  

– the scope of earthworks and location 
of existing infrastructure,

– the maximum velocity possible to 
achieve on the designed arc. 

Selected criteria require both minimiza-
tion (cost and earthwork criterion) and 
maximization (speed criterion).

The ' tness function form

The choice of the appropriate fi tness func-
tion form (in genetic algorithms referred to 
as FF) is crucial in the process of optimiza-
tion. Nevertheless, the base form of it has 
been changed during analysis of genera-
ted solutions. Such procedure is imposed 
by the need of fi nding the form of function 
that will enable to fi nd the most promising 
solutions (from the main criteria point of 
view).

 The form of the fi tness function has 
been described by the following equ-
ation(1): 

2
maxmax
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where:
f
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 - weight of LCC, 
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 - the life cycle cost of rails, 
f
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 – weight of the earthworks value, 

E - the scope of earthworks, 
f

Vmax
 - weight of the velocity, 

V
max

 - maximum velocity possible to achie-
ve on the designed arc. 

The fi nal FF form can have many locally 
optimal solutions. The FF and the  weights 
of the selected criteria are dimensionless. 
The fi tness function does not take a nega-
tive value, which is ensured by the constra-
ining conditions. Such solutions are exclu-
ded due to appropriately analyzed factors 
and maximum velocity. In the described 
method the value of the fi tness function is 
maximized. The life cycle cost of the rail as 
well as the scope of earthworks should be 
minimalized, so the corresponding criteria 
are in the denominator of the equation. 
Maximizing velocity criterion was obta-
ined by assigning a negative value (corre-
sponding to the weight).
 First criteria taken to the account is 
the life cycle cost (LCC) of rails. The LCC is 
calculated as the total cost of the object 
performance over time and includes the 
acquisition, operating, maintenance, and 
disposal costs [3]. Thus, in the considered 
problem the costs would include invest-
ment, operating costs and those related 
to the maintenance. The investment cost 
in this case is the acquisition of rail. The 
assembly, pre-grinding and welding of ra-
ils have been calculated as the operating 
costs. The maintenance costs include the 
lateral and vertical wear of the rail head. 
The degradation models were created on 
the base of INNOTRACK project guideli-
nes[11,12]. Thus, the maintenance cost 
has been defi ned as the cost of preventive 
grinding and replacement of rail section 
[26]. The LCC model has been created due 
to the Polish Regulations [7,8,18] which 
determine the use of rail steel grades. The-
refore, the choice of steel grades depends 
on the radius of the arc. Thus, for the arcs 
with the radius under 800 m the R350HT 
steel rails were assumed. For the radius 
over and equal to 800 m the R260 was 
considered [26].  



19

p r z e g l ą d   k o m u n i k a c y j n y6 / 2016

Infrastruktura w transporcie szynowym

 The second criteria is the scope of ear-
thworks and it has been calculated on the 
basis of self developed algorithms. The 
volume value depends on the hight of fi ll 
(depth of the cut), longitudinal and trans-
verse terrain slope. The accuracy of the 
calculations depends on the assumed cal-
culation step. A detailed description of the 
method of determining the scope of ear-
thworks was presented in works [23,24].
 Finally, the last but very important crite-
ria is the maximum velocity that is possible 
to achieve in the design layout. The value 
is being calculated according to the Polish 
law rules [7,8,18]. It takes into account va-
lues of permissible geometric and kinema-
tic parameters. To increase the importance 
of this criteria the velocity value has been 
raised to the square. 

De� nition of the chromosome 

and the algoritm tuning

The chromosome form was determined 
by the geometrical parameters of the arc 
with transition curves. Therefore, the limits 
of the gens were defi ned according to the 
Polish rules[7,8]. None of chromosomes 
was incorrect in the meaning of permis-
sible kinematic and geometrical parame-
ters. After determining the constrains, the 
form of the individuals was defi ned as: 
– the length of transition curve, 
– the radius of the arc. 
Both genes were described by the unit of 
meter.  The analysis of the weight of each 
criteria has been performed during the 
process of tuning the algorithm. The valu-
es were defi ned basing on the generated 
solutions. The process of tuning was conti-
nued till the geometrical layouts were pro-
mising and better than once made with 
basic calculation methods. After this stage, 
the incorrect or not satisfying solutions 
would be “punished” or eliminated from 
the population. 
 At the tuning stage of the algorithm, 
it was necessary to include non-formal 
knowledge of the topic. Tuning the algori-
thm should include the individual charac-
teristics of the generated solutions and the 
possibility of their implementation. 
 The detailed description of the indivi-
duals generating (geometrical layots) and 
the genetic algorithm form used in deve-
loped method has been presented in the 
paper [22].

The method assumptios

It was assumed that before the optimisa-
tion process the following parameters of 
the existing geometrical are known: 
– the length of transition curves,
– the radius of the arc, 
– the angle of the turn, 
– the kinematic parameters of the line, 
– the longitudinal and transverse slope 

of the terrain. 
Generated designed layout would be defi -
ned with the following parameters: 
– the length of transition curves,
– the radius of the arc, 
– the angle of the turn (does not chan-

ge in realation to the existing layout), 
– the kinematic parameters of the line, 
– the scope od earthworks, 
– the value of the cant,
– the maximum velocity possible to 

achieve on the layout. 
 The designed layout is performed in re-
lation to the existing layout. The method 
of designing is based on the Polish rules 
[7,8] and takes into account the permissi-
ble values of both kinematic and geome-
trical parameters. The transition curves are 
designed in the form of cubic parabola. 
The length of both transition curves is the 
same. 

The muticriteria method 

implementation

The genetic algorithm bases on the hudge 
generation of chromosomes i.e. 1000 of 
generated individuals in one population. 
The number of population is also over 
1000. That requires the computer support. 
Therefore, the multicriteria method was 
implemented in C# programming langu-
age to the self developed computer pro-
gram called MUGO.
 The computer program consists of two 
parts. First one was created to give a de-
tailed information of the relation between 
the existing and designed layout (track 
axis). It was performed for diff erent types 
of geometrical layouts such as: 
– the arc without transition curves, 
– the compound arc, 
– the parabolic arc, 
– the arc with transition curves [1].
The second part of the program is an opti-
misation of the geometrical layout. The 
multicriteria method basing on the GA 
was implemented there. 

The example of the calculation

The existing geometrical layout is defi ned 
by the following values: 
– the length of transition curves L=70 m,
– the radius of the arc R=450 m, 
– the angle of the turn ω =30°, 
– the load of freight trains T=17MGT per 

year, 
– the depth of the cut H=2 m,
– the longitudinal slope of the terrain 

i=-8 ‰. 
It was assumed that the value of designed 
velocity cannot be less than 120 kph and 
the average velocity for the freight trains 
should be 60 kph. 
 The basic calculation (without optimi-
sation) defi nes the parameters of newly 
designed layout ARC0 as following: 
– the length of transition curves L

M
=143 

m,
– the radius of the arc R

M
=750 m, 

– the angle of the turn ω =30°, 
– the maximum track axis off set 
 w

max
 = 11,26 m, 

– the volume of earthworks E=3491m3.
The parameters of existing arc has been 
then implemented into the optimisation 
module. The generation of 3000 promis-
sing solutions has been performed.  Three 
selected layouts have been presented in 
the table 1. 
 All presented arcs created with optimi-
zation method are better in the meaning 
of adopted assumtions. Therefore, the 
ARC

3
 is the solution with the radius over 

800 m. So there is no need of using the rail 
R350HT what means less costs of the inve-
stment. However, ARC

1
 and ARC

2
 volume 

of eartworks is less than for the ARC
0
 (wi-

thout optimization). Also, ARC
1
 maximum 

axis off set is less than for the ARC
0
.

Conclusions 

The main reason for using metaheuristic 
search is to fi nd and generate promising 
designing solutions instead of locally opti-
mal solutions. The advantage of this ap-
proach is cost reduction, time saving and 
increased effi  ciency. The length of calcula-
tions and the eff ectiveness of this method 
depends on the population size, number 
of repetitions, algorithm tuning, case para-
meters, hardware capabilities. The develo-
ped method helps to fi nd the correct solu-
tions with the analyze and optimisation of 
the adopted criteria. Generated and ana-
lised solutions may provide an aid at the 
stage of feasibility study or the analysis of 
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the selected design options i.e. by identify-
ing the off sets of track axis. 
 Further work may involve the develop-
ment of earthworks solutions for example 
using the geosyntetic materials for fi lls and 
cuts. There is also possible to expand the 
algorithms to the cases of compound cu-
rves and the implementation of these ca-
ses into optimization algorithms (with new 
values of weights and algorithm tuning). In 
the further phase, it is also possible to ana-
lyze other types of metaheuristics search 
such as particle swarm optimization (PSO). 
Another direction of study development 
may also be the use of diff erent types of 
transition curves, such as clotoids.  
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L
M

[m] R
M

 [m] w
max

 [m] V
max

 [kph] E [m3]

ARC1 120 755 11,10 120 3404

ARC2 118 763 11,35 120 3423

ARC3 103 821 13,17 120 3527

… … … … … …

ARC0 143 750 11,26 120 3491

Tab. 1. Parameters of designed arcs

 

1. Presentation of designed layouts


