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Abstract

In this paper, a design of optimal facility layout, for already existing factory, using a Schmigalla
method combined with software tool visTABLE for layout modelling and optimization is presented. It
is called static facility layout planning. Schmigalla method belongs to heuristic type of methods. These
method types should be combined with some other methods or tools. Combination of this method in
conceptual phase and software visTABLE for layout modelling and optimization in optimization phase
is presented. For real-world industrial application, this particular combination is obtaining significant
improvement results. Layout designing was realized on a real production process example with 15
different products. In the first part of the paper, a production process with all the data is presented.
After that, in the second part, a theoretical and mathematical model of Schmigalla method as a base
for layout modelling was used. Then, in the third part, Schmigalla method layout transformation was
practically (virtually) realized with software visTABLE. In the fourth part, after layout realization of a
virtual layout model, software visTABLE was additionally used (manually and automatically) for
finding an optimal layout solution.
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1. INTRODUCTION

Study by Sule [1] points out that 30-75 % of total costs of a product are material handling
costs. Furthermore, 20-50 % of total operating costs in manufacturing companies are material
handling costs [2]. However, with good material handling management and adequate facility
layout positioning, total product and operation costs can be reduced. These types of problems
are called Facility layout problems (FLP). FLP are usually presented in facility planning
phase. This phase consists of facility location, facility system design, facility layout design
and handling system design [3].

FLP is term for determining combinatorial optimisation problems which influence
physical optimisation of real production systems. Facilities are in the middle of FLP.
According to Heragu [4] facility represents entity, which facilitates the performance of any
job. In this paper, focus is on industrial plants, so facility can be: machine tool, workplace,
manufacturing cell, whole manufacturing plant, warehouse, production system, etc. Facility
can be widely defined as environment in which people are in interaction with machines,
materials, tools and other equipment with a common goal — manufacturing a product or
providing a service. There are two different FLP types, static FLP and dynamic FLP [4, 5].
This paper is focused on static FLP for already existing infrastructure.

There are few authors who have provided review papers with different approaches to
solving of FLP. Some of those often used approaches are [6, 7]: exact, approximated,
heuristic, and meta-heuristic. In this paper a heuristic method, named Schmigalla method, is
used. This type of heuristic method is a construction type, and usually it should be combined
with some other improvement methods or tools. Some authors recommend genetic algorithm
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which can be very useful [8, 9]. Schmigalla method is given as a result of mathematical and
theoretical model. But this model does not find optimal layout, in most of the cases. That is
the main reason why it is necessary to combine it with some other methods or tools. In this
paper, software tool visTABLE is used. VisTABLE can give high degree of objectivity and,
at the same time, practical (virtual) model. This software has integrated combination of virtual
reality (VR) and layout optimization functions. The usage of software for layout optimization
becomes usual practice due to efficiency increase [7, 10].

Layout designing was realized in a real production process example for producing 15
different products. First, a production process with all the data is presented. After that, a
theoretical and mathematical of Schmigalla method as a base for layout modelling was used.
Then, Schmigalla method layout transformation was practically (virtually) realized with
software ViSTABLE. At the end, after layout realization of a virtual layout model, software
ViSTABLE was additionally used (manually and automatically) for finding an optimal layout
solution.

2. SCHMIGALLA METHOD DESCRIPTION

As it has already been mentioned, Schmigalla method belongs to heuristic type of layout
planning methods. Heuristic algorithms are usually classified as construction and
improvement type of algorithms. Generally, construction based algorithms usually do not find
optimal solution, because they are simplified, so it is recommended to combine them with
other algorithms or methods. Opposite to this, there are improvement based algorithms which
are feasible and they can be easily combined with construction methods if it is needed [7].

There are lots of software packages for heuristic algorithms identified by Singh and Sharma

[7] and their difference is in objectivity and adjacency.

Schmigalla method is the precursor of triangle method improved by Schmigalla in 1970
[11]. That is why it has another name, Schmigalla method. Shortcomings of triangle method
are in defining of two first starting work places, and in assignment of other work places. But
the biggest problem with this method was absence of algorithm function. Those were the
main improvements by Schmigalla [12].

Schmigalla method consists of network of equilateral triangles where vertices represent
potential locations for workstations. Authors Ficko and Palcic [9] highlight that this method is
extremely useful for designing new facility layouts and for analysing of already existing ones.
Krolczyk et al. [13] presented case study where Schmigalla method was used in automotive
industry. So this method is applicable in practise, also.

Schmigalla [14] proposed modified triangle method (a.k.a. Schmigalla method) procedure
for placing workstations in four steps:

e Step I: First, two starting workstations should be selected. These two workstations make a
base line in triangular network. Selection should be made by taking two workstations with
the highest amount of material flow (If there is more than one pair with the highest
amount, then selection should be made arbitrarily between these two [12]).

e Step Il: After the base line forming, third workstation should be selected among
workstations which are not yet selected. Next workstation selection is based on amount of
material flow with earlier selected workstations. Workstation with highest amount is
selected and it creates a triangle in triangular network.

o Step II: Next workstation is selected based on cumulative sum of material flow between
earlier selected workstations and non-selected workstations. Workstation with the highest
sum should be selected and placed into triangular network next to the pair with whom it
has highest material flow.

e Step IV: Third step is repeated until all workstations are placed in triangular network.
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However, there are some shortcomings related to this method identified by various
authors:
e Absence of objectivity [7].
e Workplace area is not taken into account. So, spacious structure needs to be adapted to the
space of every individual workplace after calculation [9, 12].
¢ The distances between neighbouring workstations are equal [9].
e The costs per distance travelled between workstations are constant [9].
e Calculation of more than 10 workstations is becoming complex and time-consuming [9].

3. SOFTWARE VISTABLE —FOR LAYOUT MODELING AND
OPTIMIZATION

Software VviSTABLE [15] is suitable for factory planning, optimization, evaluation, and
visualization. This software has integrated planning functions for instant validation of layouts.
So, its main purpose is factory layout planning. The second function is very user friendly
virtual reality (VR) 3D modelling system. A VR can provide a practical (virtual) objectivity
in combination with theoretical (mathematical) model. The use of VR for factory layout
modelling is very important. Often happens that theoretical models do not fit into existing
factory layout after practical realization. Therefore, by the use of virtual factory models,
wastes and additional costs can be avoided, and it is less time-consuming. Furthermore, it can
also be used for other purposes, for example, education. Also, visTABLE’s architecture
provides distribution of business via internet, which is useful for group planning and
modelling [16]. The areas of application proposed by visTABLE®“touch company are [15]:
factory and layout planning, material flow analysis, implementation of results of a value
stream mapping, optimization of logistics processes, assembly planning, scenario planning,
running route organization, workshops, etc. Software VvisTABLE is also recognized in
industry, especially in Germany.

There are various authors who have used visTABLE in their research. Horejsi and Polcar
[17] used visTABLE’s automatic converter during layout projecting, and compared it with
another developed automatic converter. Cerny and Bures [18] used it as one of three tools for
virtual layout projection and analysis with ergonomic aspect. Research was realized in a
group of workplaces and whole company layout, but they avoid using it for individual
workplace modelling and analysis. Horbach et al. [19] used visSTABLE in planning and
visualization of concept of building blocks for adoptable factory systems in the experimental
and digital factories. Spath et al. [20] did layout planning for assembling workstations with
workers. ViSTABLE was also used in study with integration of ERP systems, for virtual
modelling of ERP systems by Szendrei et al. [21]. This software was concretely used for
making of one virtual structure of OEM and its internal transport systems. Authors mentioned
that visSTABLE saved a lot of time and money by avoiding necessity to make a physical
environment. Beside this industrial purpose, ViSTABLE has been also widely used for
education [17]. In general software viSTABLE has already been widely used in literature and
especially for layout modelling and optimization.

4. EXAMPLE

4.1 Production process data

For a serious layout planning it is necessary to have production process data. In this case, an
arbitrary model of a company which produces 15 different products on 17 workstations is
taken as production process. According to this production process input data for realization of
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Schmigalla method are defined, as well as for defining building area, workstation areas, input
and output warehouse, transport units, cantilever shelving, etc. All data is calculated
according to input data (customer demand) and models from literature [12]. Some of the main
things to define are areas, especially for workstations, warehouses, and buildings, since
Schmigalla method defines layout for production process only. All this data is voluminous, so

only the most important for the example are highlighted (see Table I and Table II).

Table I: Areas predicted for workstations, for different processes.

No. Process Machine Area of workstation in m?
1 | Sawing SELECT-O-MAT 320 15.84
2 | Grinding 3451B 7.50
3 | Drilling SB-3 291
4 | Milling GU-2 27.22
5 | Vertical machining processing MCV32 9.36
6 | Pillar drilling BRB-4 13.20
7 | Universal lathing D-420/1500 42.84
8 | Grinding 3A130 18.36
9 | Grinding VR2-1500 25.74
10 | Milling RAPID 1R 51.71
11 | Grinding BGO1 7.50
12 | Lathing OFA 16 13.05
13 | Machining process SOK-110 28.80
14 | Planing H-85-A 17.92
15 | Handmade Manual work 9
16 | Painting Manual work 9
17 | Heat treatment Manual work 9

Table Il: Required area in total.

Required area m?
Input warehouse 80.75
Output warehouse 87.38
Production 763.43
Sanitary 25
Office 9
Tool room 9
Control department 9
In total 983.56

With the definition of these areas, half of the operational jobs are finished. The only
operational thing left is definition of mathematical and theoretical Schmigalla method layout
model. And then factory layout can be simulated with software visTABLE.

4.2 Schmigalla method realization

According to one of identified problems from literature, calculation of more than 10
workstations is complex and time-consuming [9]. So, chosen example is with 17 workstations
for calculation. Chosen matrix of material flow between workstations with input data is
shown in Table Ill. This matrix was transferred to non-oriented matrix of material flow,
shown in Table IV. The highest amount of material flow between workstations was 61 (see
Table 1V), so workstations selected for starting line are no. 9 and 3.
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Table I11; Matrix of material flow between workstations.

FT|1|12|(3|4|5|6|7|8]9)|10|11|12|13|14|15|16 |17
1 20 11 17 55

2 24

3 44 3 24

4 20 8 10 20 | 47

5 8

6 21 8
7 7|57 4 2 3

8 48

9 17 2 44

10 2

11 24

12 3|10
13 58

14 20 | 24
15 21| 20 15

16 8 4

17 21 24

Table IVV: Non-oriented matrix of material flow between workstations.

FT |12 |3|4|5|6|7]|8|9]10|11|12|13|14|15]16|17
1

2

3 24

4 120 20

5 8

6 8

7 |11 757421

8 48

9 |17 61 2|2

10 2

11 24

12 10 3

13 | 55 3 58

14 20 3

15 24 1471211 20 15 | 44 10 20

16 8 8 | 4 241 20
17 21 24 24

After defining workstations for the base line of a triangle in triangular network, next
workstations are defined (see Table V) according to earlier presented Schmigalla method
steps. Calculation of positions of workstations starts with workstations no. 9 and 3, because
these workstations were with the highest flow. Next workstation selected is workstation no.
15, as it can be noticed from Table V. Workstation no. 15 has a maximal cumulative intensity
flow with already selected workstations. After that, Schmigalla method continues according
to already described steps.

After calculations of material flow between workstations is finished, the achieved
triangular network looks like that in Fig. 1. The highest intensity of flow is presented
respectively from higher to lower with next colours: red, green, and blue.
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Table V: Calculation for selection of next positions in the triangular network.

No. 1 |2|3|4]|5|6|7|8]9|10]11]12]13|14]|15]16]17
9 |17 ]|o0|61|o|ofof2|2|*|olojo|o|o0o|4a]0]O
3 | 0 |24|*|20[0]0|7]0O olo[o|3]o0f24]0]0
> | 17 |24 20 0/0[9]2 ojo|o0o|3|0|68]0]|0O
15 | 0 |0 47|21]20] 0 | 15 0o|0[10|0 20| *[20]24
> | 17 [24 672120 9 |17 o010 3|20 20 | 24
4 | 20| 0 * |1 8] 0|57]0 2 0[10] 0|20 8|0
> | 37 [24 29 (20|63 |17 21 0/]20] 3|40 28 | 24
7 |11 ]0 4 [21]* 10 o|o[3|s8]0 410
> | 48 |24 33|41 17 2 1 0[23]61]40 32 | 24
183 | 55 | 0 0|0 0 ojofjo|*]|o 0|0
> 113 |24 33| 41 17 20123 40 32 | 24
1 | *|o 00 0 ojlo]o 0 0/]o0
y 24 33|41 17 210123 40 32 | 24
6 0 8 | * 0 ojo]o 0 8|0
y 24 41 17 210123 40 40 | 24
5 0 * 0 ojo]o 0 0o
Y 24 17 210123 40 40 | 24
14 0 0 0ojo0]o * 2410
Y 24 17 210123 64 | 24
16 0 0 0|0]3 * [0
3 24 17 210126 24
12 0 0 00| = 0
Y 24 17 20 24
17 0 21 0 |24 *
Y 24 38 2 |24

8 48 * 0 | 24

y 72 2 |48

2 * 0/]o0

Y 2 |48

11 0| *

y 2

10 *

Material flow intensity

(transportation units / year)

/ <25
/ 25-49
’ >49

Figure 1: Achieved triangular network.
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4.3 Transformation from Schmigalla to visTABLE

One of the biggest shortcomings of Schmigalla method is transformation to the real physical
environment. In Fig. 2 transformation of Schmigalla method’s layout to 2D layout in
VISTABLE is presented. This is an ideal case, where same areas of workstations and same
distances between workstations are taken into account. These are two shortcomings of
Schmigalla method, also. With using of software visSTABLE realistic workstation areas are
taken into account. Therefore, more realistic scenario of Schmigalla method’s layout
transformation is presented in Fig. 3. However, transportation route between workstations is
still missing and workstations no. 11 and 17 are closest to input warehouse, which is not ideal
case, because most of the products have first operation on workstation no. 1. These aspects
are taken into account in the following step.

y E e Sabniitiaryr
> ==L .
1 Control  Office B ==
. room ninoil
Production , AT
room | [

2

—
~
==A

0 0 1 OI =, =
1] == n =
=
Input warehouse Output warehouse
Figure 2: Transformation from Schmigalla method’s layout to 2D layout in viSTABLE.
M. [=] _Sénitary
Ll ==L
Control  Office Bl =
Production -+ e T
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1 7
] [ s =
1] == n =
=
Input warehouse utput warehouse

Figure 3: More realistic transformation from Schmigalla method’s layout to 2D layout in ViSTABLE.
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4.4 Layout modelling and optimization with visTABLE

As mentioned, first important issue was to place workstation no. 1 near the input warehouse.
Therefore, this rearrangement was made by rotating Schmigalla method’s layout for 180
degrees. The second step was to connect workstations using real transportation route by
keeping Schmigalla method’s layout as much as possible. Result is a layout presented in Fig.
4, along with its distance-intensity graph.

From Fig. 4 b, it is clear that high transport intensities (red dots) have small distances
among them. However, medium transport intensities (green dots) have some improvement
potentials. Using visualization abilities of visTABLE software (material flow visualisation
and distance-intensity graph), a manual rearrangement was made. Two variants with different
layout, but similar improvement of the transport efficiency were made (Figs. 5 and 6). In
Variant Il (Fig. 6 b) distances of medium transport intensities (green dots) are better than in
Variant | (Fig. 5 b). However, some distances of low transport intensities (blue dots) are
worse, so overall improvement of Variant Il is not so high. In both variants, transportation
route was kept as constant, because there are limited possible modifications of it for this

factory layout.
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Figure 4: Factory layout and distance-intensity graph of the Schmigalla method’s variant.
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Figure 5: Factory layout and distance-intensity graph of the Variant | (manual rearrangement).
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Figure 6: Factory layout and distance-intensity graph of the Variant Il (manual rearrangement).

5. RESULTS AND DISSCUSION

Presented research addressed problems related to FLP based on Schmigalla method.
Combination of Schmigalla method and software tool viSTABLE was very helpful in many
aspects. Main purpose of this research was minimization of travelling distances on real
physical factory layout. Schmigalla method was taken for input as mathematical and
theoretical model. Key problem with Schmigalla method is a transformation phase, because
all areas of workstations have same value, and distances between them are the same, also.
Here software ViSTABLE had a very good role. During the transformation phase, in the
ViISTABLE were imported realistic areas of workstations. Furthermore, visSTABLE has 3D
options, so objectivity degree was very high (Fig. 7). Objectivity is one of shortcomings of
Schmigalla method, also.

Figure 7: Factory layout in 3D.

As already mentioned, Schmigalla method results with a very good layout, but it is usually
not the optimal one. In this research, the focus was not to find optimal layout for workstations
on triangular network, but to find their optimal layout in a real factory with all real-world
constraints. Therefore Schmigalla method was used just to suggest an initial layout. After that,
using visualization abilities of visTABLE software (material flow visualisation and distance-
intensity graph), a manual rearrangement was made. Two variants were presented.
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In Table VI, a comparison of proposed layout variants is given. Two variants, made by
manual rearrangement of the initial layout, are almost 15 % better than the Schmigalla
method’s layout. This improvement means 15 % less fuel (or battery) consumption of a
forklift. If diesel forklifts are used, then it’s not just an economic improvement, but also
ecological, since it means less CO, emission by diesel forklifts.

Table VI: Comparison of proposed layout variants.

Layout variant Transport (_afficiency Improvement
(meter - units / year) (%)
Schmigalla method’s variant 13862.81 -
Variant | (manual rearrangement) 11829.02 14.67 %
Variant Il (manual rearrangement) 11820.91 14.72 %

6. CONCLUSION

This research was realized on a real example of factory layout planning adjusted according to
the problems related to Schmigalla method. Software visTABLE has possibility of making
virtual 3D environments and layout optimization, but without mathematical input and
theoretical model. On the other hand, Schmigalla method has many constraints which can be
solved with visTABLE. Therefore, this method and software tool made a perfect combination
in this research.

Main problem was transformation of Schmigalla method’s layout to real 2D layout. This
problem was addressed with software visSTABLE. Software visTABLE showed to be more
than just VR software. Because of the possibility to manipulate with workstations
individually, better solutions for workstations' layout were found. That means that Schmigalla
method is not so accurate and reliable by itself, and recommendation is to combine it with
some other methods or tools. Another constraint of Schmigalla method is a problem with
finding of optimal solution for making triangular network. Some authors combined it with
genetic algorithms and better results were achieved.

However, in this research, the focus was not to find an optimal layout for workstations on
triangular network, but to find their optimal layout with all real-world constraints. Therefore,
Schmigalla method was used just to suggest an initial layout, and then manual rearrangement
with visTABLE was made. Two variants of layout, 15 % better than the Schmigalla method’s
layout, were presented.

Main advantages of this combination are in decrease of travelling distances, which saves
lot of time and money to companies. Software visTABLE showed as a very good solution for
addressing of shortcomings related to Schmigalla method, especially in transformation phase
from triangular network to 2D layout.

Future research should be mainly oriented on a model for easier and more accurate
transformation from triangular network to real 2D layout. Since, Schmigalla method isn’t
much accurate for finding an optimal solution for triangular network, in some future work it
should be combined with some optimization methods or tools, like genetic algorithms, ant
colony optimization, etc.
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