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Abstract: Within the design of production layout, the planners are often confronted with complex, sometimes conflicting
demands and a number of restrictive conditions, which encourages their efforts to develop new, progressive approaches
to the development of production layouts. The purpose of the innovative approaches in this field is to provide users with
better, elaborated designs in less time, while they are able to implement various restrictive conditions and company
priorities to the design. One of the ways is a use of metaheuristic algorithms by space solution optimisations of
manufacturing and logistics systems. These methods have higher quality results compared to classical heuristic methods.
Genetic algorithms belong to this group. Main goal of this article is to describe the Genetic Algorithm Layout Planner
(GALP) that was developed by authors, and its experimental verification and comparison with results of the classical
heuristic.
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•

Introduction to layout design

Process of layout design requires data from
construction and technological preparation of production.
Data for the manufacturing and logistics systems design
can be divided into two basic groups [1]:
•
Numerical data - information about products,
production processes and resources [2].
•
Graphical data – represent visual display of individual
elements of the manufacturing and logistics system
which are used mainly in layout design, modelling
and simulation of the resultant system.
When we know the need of individual resources of the
designed system, material flows and other connections
among individual elements, we can begin to design an ideal
spatial arrangement of the manufacturing or logistics
system.
Proposing an ideal arrangement is advantageous to use
optimisation methods and algorithms, which can be
classified as follows [3]:
• Graphical methods (Sankey chart, spaghetti diagram,
relationship diagram, etc.);
• Analytical methods (linear and non-linear
programming, transport problem, methods of
dynamic programming, etc.);

•

2

Heuristic methods that includes construction
procedures (CORELAP, ALDEP, PLANET, MAT,
MIP, INLAYT, FLAT, etc.), change procedures
(CRAFT, MCRAFT, MULTIPLE, H63, FRAD,
COFAD,
etc.)
and
combined
procedures
(BLOCPLAN, LOGIC, etc.);
Metaheuristic
methods
(genetic
algorithms,
simulated annealing, Tabu search, Ant Colony
optimisation, etc.).

Genetic algorithms

Genetic algorithm (GA) belongs to one of the basic
stochastic optimisation algorithms with distinctive
evolutionary features. Nowadays, it is the most used
evolutionary optimisation algorithm with a wide range of
theoretical and practical applications [4,5].
General procedure of genetic algorithm:
1. Initialisation – creation of initial (zero) population, that
usually consist of randomly generated individuals.
2. Start of a cycle - thanks to a certain selection method, a
few individuals with a high fitness function are selected
from a zero population.
3. New individuals are generated from selected
individuals via the use of basic methods (crossover,
mutation and reproduction), new generation is created.
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4. Competence calculation of new individuals (fitness
function calculation).
5. End of a cycle - decision-making unit:
• as long as the finishing criterion is not completed,
move on to the point no. 2,
• if the finishing criterion is finished, algorithm is
completed.
6. End of algorithm - individual with the highest
competence represents the main algorithm output and
the best possible solution found.
Selecting the appropriate presentation of a problem is
the most important application part of genetic algorithm. In
a case of genetic algorithm, space of real problem is
transformed to space of strings. These could be for example
bit-strings, which were one of the first used
representations. Real-valued vector representation is most
commonly used for practical issues. In case of direct
spaces, integer vector could be selected.
Constant population size is regulated in two ways. It is
a so-called generation model that replaces the whole
population by offspring (via mutation or recombination).
Second option is to keep one part of the previous
generation. This is done by elite selection or in other words
by individuals with the highest fitness function. By
selecting this way, it is guaranteed that the competence of
the best individual will continue to improve [6].

3

Integration of genetic algorithm into
design process of manufacturing systems

Design approach of manufacturing disposition with use
of genetic algorithms, proposed by authors from this
article, requires realisation of the following basic phases
[7,8]:
1. Preparation phase for the disposition arrangement
proposal - preparation of numerical data for analysis
and layout optimisation, graphical data for 2D and 3D
model creation of manufacturing system.
2. Application phase of genetic algorithm - algorithm core
- optimised block layout is its output. The core works
in the following steps:
• requirement specification and input value assigning
for GA,
• optimisation of space arrangement with GA use,
• GA procedure conclusion.
3. Processing phase of designed disposition arrangement
in CAD system - transformation of proposed block
layout into detailed 3D model of manufacturing system.
4. Phase of proposed solution's static verification verification of a proposed solution based on calculation
and analysis of material flows.
5. Phase of proposed solution's dynamic verification verification of a proposed solution with use of software
simulation.

The next chapter of this article contains detailed
description of phase 2, based on basic structure of used
genetic algorithm and verification of algorithm
functionality and comparison of achieved results with
classical heuristics application.

4

Layout optimisation using genetic
algorithm

Proposed genetic algorithm for layout optimisation
consists of the following steps
(Figure 1):
• requirement specification and input value assigning
for GA,
• core of GA - optimisation of space arrangement,
• GA procedure completion (finishing requirements).

4.1

Solution requirement specification and input
value assigning

In first part of the solution it is necessary to define basic
requirements for proposed manufacturing disposition.
These requirements come from a previous phase of process
and analysis of input data. For optimisation purposes and
GA use it is necessary to set following parameters [9]:
• number of placed workplaces, machines and
devices,
• mutual relations and intensity among workplaces,
• A,E,I,O,U,X coefficients for relation evaluation,
• ration of fitness function intensity and mutual
relations,
• specification of entry-exit places of manufacturing
system,
• specification of machines and devices,
• specification of hall dimensions and potential
construction
restrictions
(walls,
columns,
corridors).
It is also necessary to set parameters of genetic
algorithm as [10]:
• maximum number of generations (iterations),
• number of individuals (solutions) in generation,
• selection types, crossover and mutation of their
probability,
• required value of fitness function (optional
information),
• maximum solution time (optional information),
• maximum number of generations without solution
improvement.
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Figure 1 Own genetic algorithm for layout optimisation

4.2

Optimisation of space arrangement using
genetic algorithm

After specification of all input data, own optimisation
of space arrangement follows with the help of genetic
algorithm. Basic parts of GA core will be explained in the
following text.
1. Generation of initial population:
First step is to create a population that represents a
group of solutions which will be further developed. In this
solution, an individual is created by genes in the quantity
that is equivalent to value of placed machines. These can
have a value of 1 up to n, where n is equal to number of
deployed machines. Sequence of individual genes
corresponds with sequence where machines will be placed
in the proposal. Next, there is one gene in each individual
reserved for a pattern definition by which workplaces will
be included in the proposal. Total matrix dimension

corresponding to population in one generation, therefore
[9]:
NUMBER OF INDIVIDUALS IN GENERATION ×
(NUMBER OF PLACED MACHINES + 1).
2. Individual evaluation of fitness function:
After having created a population, it is necessary to
evaluate a fitness function. Resulting fitness function was
designed as a sum of 2 components with verified weight.
Verification was done according to the intensity of material
flow and distance (fID) and according to relations and
distance (fV).
Evaluation according to the intensity and distance (1)
[10]:

fID =

i,j=n
i,j=1

Dij × Iij

~ 45 ~
Copyright © Acta Logistica, www.actalogistica.eu

(1)

Acta logistica
l ogistica

- International Scientific Journal about Logistics
Volume: 6 2019 Issue: 2 Pages: 43-48 ISSN 1339-5629

USE OF GENETIC ALGORITHM IN LAYOUT DESIGN
Martin Krajčovič; Viktor Hančinský; Ľuboslav Dulina; Patrik Grznár

Evaluation according to relations and distance (2) [10]:

fV =

i,j=n

i,j=1

fV =

Vij × Dij

i,j=n
i,j=1

Vij2

Dij

for Vij ≥ 0
(2)

for Vij < 0

where:
n – number of placed machines,
D – right angle distance between workplaces i-j
(D_ij=|x_i-x_j |+|y_i-y_j |),
I – intensity between workplaces i and j,
V – evaluation coefficient of a relation between workplaces
i and j.
Final fitness function value (3) is set as:

min: f = α × fID + 1 − α × fV

(3)

where:
α - ratio coefficient of partial fitness functions (α ∈0;1).

Various restrictions are checked in layout construction
and algorithm itself (overlapping objects, length, width and
height of a production hall, transport street arrangement,
position of fixed objects in a production hall, etc.).
After evaluating all individuals by a fitness function,
the best solution is identified and saved in given generation
- elite individual with his or her reached value and average
value of fitness population. This data could be displayed
during algorithm operation after each generation, in order
to track solution progress. After completion, it is also
possible to display a progress graph of average and elite
fitness value.
3. Decision-making blocks:
In this step, it is necessary to compare specific
conditions for algorithm termination in 4 decision-making
blocks. Current solution state:
•
To reach maximum number of generation
(iteration) Gmax,
•
To reach or exceed the highest permissible fitness
value fp,
•
To reach maximum solution time tmax,
•
To exceed set iteration number (Imax) without
improving of reached solution.
When meeting any out of four stated conditions,
genetic algorithm is completed.
4. Selection:
In case none of the finishing criterion was fulfilled, the
algorithm continues by selection, in other words by
selecting individuals who will crossbreed and eventually
mutate between each other. For such solution, roulette rule

has been selected. Probability selection was proportional to
an individual's achieved suitability. This form was chosen
based on better possibility to search complex set of
solutions when later combining parents and their
evaluation as well as their calculation speed [11]. To
prevent early convergence, suitability of individuals was
integrated into algorithm via the help of sigma scaling.
After selecting, pairing follows, where Parent 1 and
Parent 2 will be randomly selected from chosen
individuals. These should make Offspring 1 and 2.
5. Crossover:
In order to prevent duplicate of identical machines in
crossover or omission of same machines from genetic
chain, mechanism of partially matched crossover was
designed. This type of crossover has within its procedure
implemented measures. These guarantee that each coded
solution will have its machine only once [12].
6. Mutation:
After the crossover, mutation follows. However, in this
type of solution encoding, traditional mutation or in other
words value change of a random gene is out of the question.
This would automatically require remedial measures to
eliminate duplication or not classified machines. That is
why mutation via the help of inversion or exchange was
selected. Due to inversion rather big intervention into
solution, probability was divided for exchange or inversion
in 80:20 ratio [13].
7. Making of a new generation:
Following the genetic operator activity, parents are
replaced by offspring. In case elitism is used in suitability
evaluation and the best possible solution has been saved,
this individual replaces one of the offspring with the worst
suitability.
After this step, algorithm goes back to evaluating new
individuals through the help of fitness function.
Furthermore, algorithm keeps repeating in cycles until one
of the finishing conditions is fulfilled [14].

8. Genetic algorithm finishing:
In decision-making blocks, each genetic algorithm
cycle checks whether one of the finishing conditions has
not been fulfilled:
•
achieving the maximum number of generations
(iterations),
•
achieving or exceeding the highest permissible
fitness value,
•
achieving the maximum solution time,
•
exceeding the set number of iterations without
improvement.
If some of the finishing conditions were fulfilled,
activity of genetic algorithm will finish. After completion
of its activities there are generated outputs in user interface:

~ 46 ~
Copyright © Acta Logistica, www.actalogistica.eu

Acta logistica
l ogistica

- International Scientific Journal about Logistics
Volume: 6 2019 Issue: 2 Pages: 43-48 ISSN 1339-5629

USE OF GENETIC ALGORITHM IN LAYOUT DESIGN
Martin Krajčovič; Viktor Hančinský; Ľuboslav Dulina; Patrik Grznár

•
•
•

block layout,
achieved fitness value and information in which
iteration was achieved,
graph showing progress of average and elite
fitness population values.

In the final phase, user will decide whether the solution
proposed by genetic algorithm fulfilled all its
requirements. If not, it is necessary to closely specify
requirements and repeat generation of optimal layout. If
requirements were fulfilled, methodology continues by
result processing in CAD system.

5

algorithm proposals were subsequently compared in
FactoryFLOW software. A common characteristic for both
algorithms is the block layout output. Both algorithms
require finishing requirement and total time of algorithm
functioning. For more complex result comparison,
experiments were carried out for 1, 5, 10 and 20 minutes.
Own experiments were carried out for 2 types of inputs:
•
Case 1 - simple manufacturing system:
3 manufacturing families, 24 workplaces,
•
Case 2 – complex manufacturing system:
9 manufacturing families, 60 workplaces.
Case 1 results are shown in the table 1. These
experiment results indicate that GALP achieved better
results in all cases than PLAN/OPT algorithm, which due
to unknown reasons did not even keep workplace
dimensions in some cases. GALP has also proposed
solutions preferring singular direction of material flow
with minimum crossing or backward material flow. Due to
comparing both algorithms, no restrictions have been
imposed on workplace arrangement. However, GALP
algorithm enables basic restriction definition in the layout
(production hall dimensions, height of spaces, material
component arrangement, fixed installations or transport
corridors in the layout).

Experimental verification of genetic
algorithm and result comparison with
use of classical heuristic

In order to check the functionality of the proposed
GALP algorithm (Genetic Algorithm Layout Planner)
series of experiments were carried out. These results were
then compared with optimisation results with the help of
heuristic according to Murat (sequence-pair approach).
Heuristic according to Murat has been selected because it
is believed the heuristic approach is implemented in
Factory PLAN/OPT module, which is a part of software
Siemens Tecnomatix. Final PLAN/OPT and GALP

Table 1 Experiment Result Comparison for Case 1

Comparison GA –
PLAN/OPT

Achieved
results

Time
calculation
1 min

Distance
(m)
571 360.33

GALP
Costs
(EUR)
25 434.76

Time
(min)
69 708.00

Distance
(m)
669 925.47

PLAN/OPT
Costs
(EUR)
25 746.26

Time
(min)
70 146.72

5 min

510 552.24

25 023.22

67 682.66

633 664.26

25 668.70

70 281.26

10 min

441 472.39

24 825.88

67 536.68

548 718.83

25 284.36

68 976.65

20 min

430 341.00

24 755.86

67 214.88

529 770.15

25 214.38

68 811.54

Time
calculation
1 min

Distance
(m)
-98 565.44

Costs
(EUR)
-31.50

Time
(min)
-438.72

Distance
(%)
-14.71

Costs
(%)
-1.21

Time
(%)
-0.63

5 min

-123 112.02

-645.48

-2 598.60

-19.43

-2.51

-3.70

10 min

-107 246.44

-458.48

-1 439.97

-19.54

-1.81

-2.09

20 min

-99 429.15

-458.52

-1 596.66

-18.77

-1.82

-2.32

Table 2 Experiment Result Comparison for Case 2

Parameter
Distance covered (m)

GALP
2 877 483.27

PLAN/OPT
4 654 622.41

Difference
-1 777 139.14

Difference (%)
-38.18

Costs (EUR)

83 939.38

91 344.13

-7 404.75

-8.11

Time (min)

230 818.14

253 032.38

-22 214.24

-8.78

Experiment results were consequently verified also
taking into account complex solution of manufacturing
system (Case 2) and solution time was set to 5.5 hour

(solution time 1000 task generations in GALP).
Advantages of genetic algorithm became evident in a more
extensive problem. Final material flow is directed with
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minimum crossing. However, in case of PLAN/OPT
algorithm, there is a crossing, where material flow keeps
coming back and there is not any technology island
creation in manufacturing system. Genetic algorithm
proposed layout with greatly lower value of transportation
performance (38.18%) than heuristic algorithm in a
PLAN/OPT module. Experiment result comparison is
stated in table 2.

6

Conclusions

The main aim of this article is to describe the use of
genetic algorithm in manufacturing layout optimisation.
The article describes the basic algorithm structure and its
experimental verification. It also compares algorithm
outputs of traditional heuristic application. Experiment
results show the proposed GA provide saving of transport
performance in case of less complex problems, which is
15-20% compared to classical heuristic results. When
problem complexity increases, saving from the GA use
continues to increase (Case 2 - saving more than 38%).
Also, disposal arrangement generated by GA leads to a
solution with easier and directed material flow. Proposed
genetic algorithm is a part of complex project methodology
of manufacturing dispositions and its basic steps are
described in chapter 3. Furthermore, this proposed GA
enables the user to consider practical restrictions when
arranging space in layout optimisation, that is a shape and
production hall dimensions (length, width and height)
building block placement (e.g. columns), fixed
installations, transport corridors, input and output spaces of
manufacturing system, etc. Therefore, this means that
layout that has been designed by a genetic algorithm
requiring the minimum number of corrections that do not
represent significant deviations from optimal parameters of
material flows.
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