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ABSTRACT
The article presents a multiple model using the multiple correspondence analysis MCA in the task of intelligent transport 
management. It is an exploratory technique of quality data analysis which facilitates graphic presentation of variables in 
low dimensional space. The model using multiple correspondence analysis looms relatively easily interpretable results. 
The article will present a data reduction technique. MCA is the method of co-occurrence of categories of variables 
which are measurable on a nominal scale. Graphic development of variables and determination of the relations among 
them will also be presented. Thus making it possible to obtain a map of points using the multiple correspondence 
analysis and identification of occurring concentrations of categories of variables which support use of telematic tools in 
intelligent transport management.
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1. Introduction 

Organizing internal transportation is one of the key logistics 
elements of an enterprise. Appropriately designed and shaped 
system of transportation and storage of goods affects significantly 
many technical-economic parameters in an enterprise. The 
main tasks of internal transportation include movement of 
goods, materials or loads within the premises of a given plant/
enterprise [5]. Internal transportation is characterised by, among 
others, the fact that a variety of transport means may be used in 
it, including also the ones that are intended mainly for external 
transport i.e.: railway wagons, trucks etc. 

Each production plant, completing its tasks, generates 
transportation demands which may be satisfied with participation 
of internal transportation means or through an order placed at 
a given transport company. However, correct functioning of 
transport in a plant may be facilitated only through its correct 
organization and appropriately qualified employees [1]. 

Organization of transport in a plant should be adjusted to specific 

conditions of a given enterprise, it should ensure safe and at the 
same time reliable movement of products at minimal costs. Internal 
transportation generates high costs of operation of each enterprise 
due to high energy consumption and labour consumption of the 
processes i.e. loading, unloading, reloading. Efficient organization 
of internal transportation in an enterprise should ensure efficient 
movement of a specific quantity of load along possibly shortest 
routes and at its maximal usage. At the same time the lowest usage 
of transport means should be possible [5]. 

Each type of transport is a basic link in a logistics flow of 
goods. Technology of internal transportation and storage, 
which is based on use of technical transport means, plays an 
important role in operation of warehouses and logistics centres 
in an enterprise [16]. In internal transportation near transport 
means which is divided into means of interrupted or continuous 
operation, are mainly used [9]. So called interrupted transport is 
connected first of all with stops of load  during transport for the 
purpose of its reloading or manipulation. Whereas continuous 



M. TOPOLSKI

53Volume 11 • Issue 4 • November 2018

transport means during transport of loads remains in continuous 
motion and the transported load moves in a stream manner [16]. 

Classification of transport means may be divided also into 
individual types of fork-lift trucks, mobile robots, hoisting equipment 
or conveyors. Authors of books on internal transportation apply a 
very similar categorisation of internal transport means. S. Halusiak 
in „Transport wewnętrzny: zagadnienia wybrane” presents in detail 
which near transport means belongs to interrupted motion means 
and which to the continuous one. Division of internal transport 
means according to S. Halusiak, is shown on the Fig. 1. 

Fig. 1. Division of internal transportation means [9]

2. Internal transportation

Internal transportation also called near transport is one of 
the areas of operation of an enterprise which is directly related 
to logistics of production [5]. Internal transport is related 
mainly to the processes of movement, storage and packing of 
materials occurring in each form and within a given enterprise. 
Organization of such transport should result from functions 
and tasks which warehouses and whole enterprises perform 
[16]. Logistics transport system which constitutes a part of an 
enterprise is defined as a specially designed and integrated flow 
of all materials, including raw materials, finished products and 
wastes and remaining loads, and also flow of information [9]. 
Near transport of an enterprise has to take into consideration 
not only internal relations, but also relations with external 
transport that is with suppliers [16]. A diagram of a logistics 
transport system of an enterprise is presented in the diagram 2.

Fig. 2. Diagram of a logistics transport system of an enterprise [9]

In many production enterprises, first of all there occurs 
transport related to manufacturing process and transport handling 
warehouses and storages of intermediates, parts and raw materials. 
Internal transportation in a plant should include all transport 
activities from the moment of goods receipt into a warehouse to 
issue of finished products to a recipient or external transport 
companies. 

The essential tasks of internal transportation include 
movement of goods within the whole enterprise, determination 
of technology of movement, reloading, packing, storing and 
also identification of demand for materials in the place of their 
occurrence, adjusting stocks to production needs, shortening 
of transport routes, automation of manipulation of materials, 
integration of flows of materials with flow of information etc [9].  

Fig. 3. Structure of transport in an enterprise [9]

System of internal transport is created by teams of technical 
means and also of the system of organizational-legal solutions, 
which are used for efficient flow of loads within the whole 
plant. A general structure of transport occurring within an 
enterprise is presented on the Fig. 1. 

Near transport is characterised by many various organizational 
models differentiated by a plant size and type of activity run in it. 
It may be separated departments of internal transport performing 
all transport tasks and means of internal transportation which 
belongs to specific sites of an enterprise and performs only strictly 
determined transport tasks. The internal transportation  may be 
divided as in the diagram presented above. 

Internal transportation has been divided mainly into 
storage-warehouse transport which relates to goods receipt and 
their shipment and also storage in storages and warehouses of 
an enterprise. Whereas production transport relates first of all 
to a production process regarding the process of manufacturing 
and movement [1]. It has been further on divided into inter-
department transport and cross-department transport. Then 
the inter-department transport is divided into inter-station and 
station transport.  

Inter-department transport is related to flow of goods in 
separated departments of an enterprise i.e.: production, assembly, 
production preparation or mould room, foundry etc. Transport 
methods used in these areas are strictly related not only to the 
production process, but also to technological process and a type 
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of transported materials that is their shape, size, dimensions and 
weight and distance of transport. 

Inter-station transport is a type of pass-through or side transport 
which means that in this transport it is necessary to apply additional 
manipulation equipment. This transport covers also movement 
of goods or intermediates between stations and manufacturing 
cells, however without warehouse operations. Station transport 
includes mainly manipulation activities performed before and after 
completion of material processing in production stations. The task of 
the transport is in this case to relieve employees of performing time-
consuming works. This transport is used for delivery, movement 
and performance of manipulation activities within a station [9].  

Inter-department transport is a main element of production 
and auxiliary transport which is performed between production 
departments [1]. Its organization includes such factors as: time 
and quantity of materials flowing through the organization, time 
of delivery of products, length of routes between departments 
and warehouses and organization of a system of reloading in 
departments. Inter-department transport is carried out with use of 
internal transportation means e.g. industrial trucks. If industrial 
trucks are used in transport an enterprise may apply various types 
of transports of materials i.e.: shuttle, circumferential, radius and 
complex transports [9]. Organization of transports in internal 
transportation is presented in the Fig. 1.

Fig. 4. Organizational chart of transports in internal transportation [7]

Shuttle transports consist mainly in transport of goods 
between two identical work stations, however a return trip 
in this case is empty. Radius transports differ in this manner 
that employees transport materials from a central point (SX) 
to subsequent several work stations, whereas circumferential 
transports consist in transport of products from one station to 
other stations, along a possibly shortest route and attempting to 
eliminate empty trips. Complex transports are used in various 
ways and are mainly adjusted to a technology of production and 
operation of an enterprise. They may cover selected elements of all 
previously mentioned types of transports [7]. 

As mentioned above, internal transportation is integrated with 
each type of economic activity and may be completed with use of 
various technologies, systems and transport means. Organisation 
of internal transportation, similarly as technological processes 
and reloading-transport activities, must be fully compliant with 
the safety and hygiene of work regulations. Effectiveness and 
efficiency of transport inside an enterprise depend on a size and 
intensity of technological processes and their proper organization 

as well as on rhythmicality of production. The highest results are 
ensured by automated systems, applied both in production lines 
and in a warehouse of an enterprise where processes are computer 
controlled [7]. 

To sum up, internal transportation system in an enterprise is 
first of all an intentionally organized process which aims not only 
at completion of material flow but also information flow. Each 
enterprise, organizing internal transportation must adjust it to 
external conditions present in a given plant and to technological 
processes which play a significant role and contribute to 
manufacturing of a final product.   

Summing up the considerations in this part of this diploma 
project, one may state that effective and efficient operation of a 
whole enterprise storing stocks depends on many factors, but first 
of all on a well-organized warehouse management. 

Proper storage of materials and their skilful allocation and 
transport ensure delivery of appropriate quantity of materials, goods 
or stocks exactly in time and to a place where they are needed. It is 
possible when a company completes processes of receipt, storage, pre-
dispatch and issuing of goods from a warehouse and manipulation 
activities. It is also important to introduce an efficient system of 
information exchange among organizational entities of an enterprise. 

3. Multiple correspondence 
model MCA supporting 
intelligent transport 
management 

Organization of internal transportation and warehouse 
processes in an enterprise is a very difficult task, therefore present 
warehouses of many companies are equipped with the state of art 
technologies which support employees in completion of tasks. It is 
important to deliver goods to customers at the right time therefore 
enterprises generate not only pre-dispatch orders but they also 
create routes of transport means reducing time of looking for goods. 
Organization of transport has to be first of all adjusted to a given 
enterprise and ensure it safe, reliable and at the same time cheap 
movement of loads. 

Multiple correspondence analysis MCA is an exploratory 
technique for categorized variables. It facilitates creation of models 
of relations among various categories of responses. In the event of 
the models presented in the project, this analysis makes it possible 
to determine strongest related variables (categories of responses) 
with the sample group. As a classifier of a force impact a model of 
maximizing a distance from a reference point (the sample group) 
has been assumed. As we are interested in correspondence with 
the sample group then the points in space for three sample groups 
will be reference points of other points (responses) and quality of 
solution. Quality solution data is the equation:

 (1)

Where: 00
2 , yxD  is a quotient of the square of the length 

of a given point to the centre of a system of co-ordinates,
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2

max , yxD  is the square of the length in a system of co-
ordinates with the maximal number of dimensions.

Point quality is analogical to the notion of a set of shared 
variability in factor analysis.

Therefore a measurement of the strength of discrimination 
force of responses to questions will be a classifier:

 (2)

Where: ),( pp yxD  is the distance of the point (of the 
considered response) from the sample group and quality of this 
point. This classifier determines force with which each point p is 
related to a given group.

For each pair of two various variables in the model we obtain 
a matrix (3) of coefficients (2):

 (3)

Discrimination strength of the variable X onto Y is expressed 
by the equation (4):

 (4)

In intelligent transport management the algorithm MCA may 
be applicable to determine priority of taking intermediates and raw 
materials from a warehouse based on MRP order to production. 
For this purpose a computer system indicates a fork-lift truck’s 
operator a sequence of taking goods to minimise time and number 
of mistakes.

If we assume for simplification that we have at our disposal 
three categories of products A, B and C we define a significance 
level of these products in production as L (Low), M (Medium) and 
H (High). Whereas a decision mechanism (yes (take), no (not take) 
will move on a multidimensional space of these properties (in our 
case it is a three-dimensional space). The task consists in selecting 
three most important products and their queuing in determination 
of transport priorities to production. Factors deciding about 
significance may be various and depend on a size of a batch needed 
for production and a stock level.

Table 1. Multidimensional model MCA for an example transport 

task [own study] 

 
Verse Co-ordinate Co-ordinate Weight Quality L

Number Dimension1 Dimension2      

Decision: no 1 -0,465 0,024 0,195 0,776  

Decision: yes 2 1,665 -0,085 0,055 0,776  

Intermediate 
A:H 3 -0,577 -1,334 0,064 0,732 0,330

Intermediate 
A:L 4 1,089 0,115 0,092 0,693 0,234

Intermediate 
A:M 5 -0,666 0,800 0,094 0,654 0,605 (3*)

Intermediate 
B:H 6 -0,660 -0,252 0,087 0,264 0,834 (1*)

Intermediate 
B:L 7 0,541 -0,191 0,123 0,319 0,494

Intermediate 
B:M 8 -0,236 1,123 0,040 0,253 0,448

Raw material 
C:H 9 -0,654 -0,601 0,107 0,587 0,679 (2*)

Raw material 
C:L 10 1,561 -0,137 0,060 0,778 0,000

Raw material 
C:M 11 -0,290 0,870 0,083 0,419 0,575

Fig. 5. Projection of a multi-dimensional model MCA for an example 

transport task [own study]

Based on the MCA algorithm we may conclude that as the first 
one the intermediate B should be selected for transport, then the 
raw material C, which are most important in production process, 
and as the last to be taken the intermediate A which is important 
at an average level.  

4. Conclusion

Methods of transport management are crucial in modern 
enterprises. A task of queuing of intermediates and raw materials 
to be transported to production is a very important element of 
management. It’s efficient and quick determination on which it 
depends which product is to be delivered as first to a production line 
and which as a subsequent one may be a factor reducing excessive 
accumulation of them in an intermediate storage area. Continuous 
analysis of a production line and availability of intermediates and 
raw materials on it results in efficient and optimal management. 
Intelligent computer systems support, but in the sense of forecasting 
they also make it possible to sort out products in a warehouse 
starting from the ones that move most quickly. Telematics systems 
are presence and future. Telematics is not only efficient transport 
management based on real data delivered to the system, but it is 
also intelligent analysis of the data and forecasting. One should 
remember, however, that the most important link is a man. No 
system is able to replace human work, and transport procedures 
generated e.g. based on MCA must be finally accepted by an 
employee managing transport to production.



MULTIDIMENSIONAL MCA CORRESPONDENCE MODEL SUPPORTING INTELLIGENT TRANSPORT MANAGEMENT

© Copyright by PSTT , All rights reserved. 201856

Bibliography

[1] BINIASZ D.: Rola i funkcje transportu wewnętrznego małych 
przedsiębiorstw produkcyjnych - studium przypadku, 
„Logistyka” nr 3/2015

[2] DUDZIŃSKI Z.: Poradnik organizatora gospodarki 
magazynowej w przedsiębiorstwie, Polskie Wydawnictwo 
Ekonomiczne, Warszawa, 2012 

[3] DUDZIŃSKI Z., KIZYN M.: Vademecum gospodarki 
magazynowej, Ośrodek Doradztwa i Doskonalenia Kadr, 
Gdańsk, 2002

[4] DUDZIŃSKI Z.: Poradnik magazyniera, Polskie 
Wydawnictwo Ekonomiczne, Warszawa, 2006

[5] DOHN K.: Organizacja procesów transportu wewnętrznego, 
Wydział Organizacji i Zarządzania, Politechniki Śląskiej, 
Zabrze, 2009 

[6] FERTSCH M., CYPLIK P.: Logistyka produkcji. Teoria i 
praktyka, Biblioteka Logistyka, Poznań, 2010

[7] FICOŃ K.: Logistyka techniczna: infrastruktura logistyczna, 
Bel Studio, Warszawa, 2009

[8] GRZYBOWSKA K.: Gospodarka zapasami i magazynem Cz. 
2. Zapasy, Difin, Warszawa 2010 r 

[9] HALUSIAK S., UCIŃSKI J.: Transport wewnętrzny: 
zagadnienia wybrane, Wyd. Politechniki Łódzkiej, Łódź, 2013.

[10] JANUŁA E., TRUŚ T.: ABC magazyniera, Wydawnictwo i 
Handel Książkami „KaBe”, Krosno, 2010

[11] KEMPA E.: Znaczenie magazynowania dla funkcjonowania 
procesów dystrybucji w przedsiębiorstwie, „Logistyka”, nr 
3/2012, s. 1006

[12] KORZENIOWSKI A., CIERPISZEWSKI R.: Możliwości 
ograniczenia uszkodzeń ładunków w transporcie i przeładunkach 
w wybranych firmach spedycyjnych, „ Logistyka”, nr 1/2013

[13] MAJEWSKI J.: Informatyka w magazynie, Instytut Logistyki 
i Magazynowania, Poznań, 2006

[14] MICHALIK J.: Procesy magazynowe w przedsiębiorstwie 
produkcyjnym, Logistyka, nr 2/2011 

[15] NIEMCZYK A.: Zapasy i magazynowanie II, Biblioteka 
Logistyka, Poznań, 2008

[16] RACZYK R.: Środki transportu bliskiego i magazynowania, 
Wydawnictwo Politechniki Poznańskiej, Poznań, 2009 

[17] SKOWRONEK Cz.: Logistyka w przedsiębiorstwie, Polskie 
Wydawnictwo Ekonomiczne S.A., Warszawa, 2012

[18] WITKOWSKI J.: Zarządzanie łańcuchem dostaw. Koncepcje, 
procedury, doświadczenia, wyd. II, PWE, Warszawa, 2010 


