ACTA LOGISTICA

ISSN 1339-5629
electronic journal

ca

ct

a Logist
i

International Scientific Journal about Logistics

AL

Volume 5
Issue 1
2018

A

Acta Logistica

-International Scientific Journal
Volume: 5 2018 Issue: 1 ISSN 1339-5629

CONTENTS

CONTENTS
(MARCH 2018)
(pages 1-6)
A LOGISTIC APPROACH TO ESTABLISHING BALANCED SCORECARD OF RUSSIAN
OIL-PRODUCING SERVICE ORGANIZATIONS
Olga Mihailovna Perminova, Galina Anatolievna Lobanova
(pages 7-14)
TRENDS IN AUTOMATIC LOGISTIC SYSTEMS AND LOGISTIC MARKET IN
SLOVAKIA
Augustín Stareček, Milan Bachár, Natália Horňáková, Dagmar Cagáňová, Helena Makyšová
(pages 15-18)
FORMATION OF SUPPORT FOR SMALL ENTERPRISES IN THE PROCESS OF
BUSINESS INCUBATION WITH THE APPLICATION OF LOGISTIC CHAINS
Inna Matveeva, Ekaterina Khomenko
(pages 19-23)
AUTOMATIC WAREHOUSES WITH TRANSPORT ROBOTS OF INCREASED
RELIABILITY
Sergey Trefilov, Yury Nikitin
(pages 25-29)
PLANNING AND ECONOMIC PERSPECTIVE OF MATERIAL FLOW
Michal Buša, Ivana Kazimírová, Martin Paška, Eduard Puškáš, Csaba Farkas

Copyright © Acta Logistica, www.actalogistica.eu

Acta logistica

- International Scientific Journal about Logistics
Volume: 5 2018 Issue: 1 Pages: 1-6 ISSN 1339-5629

A LOGISTIC APPROACH TO ESTABLISHING BALANCED SCORECARD OF RUSSIAN OIL-PRODUCING
SERVICE ORGANIZATIONS
Olga Mihailovna Perminova; Galina Anatolievna Lobanova

doi:10.22306/al.v5i1.83

Received: 16 Mar. 2018
Accepted: 26 Mar. 2018

A LOGISTIC APPROACH TO ESTABLISHING BALANCED SCORECARD
OF RUSSIAN OIL-PRODUCING SERVICE ORGANIZATIONS
Olga Mihailovna Perminova
Kalashnikov Izhevsk State Technical University, 7 Studencheskaya St., Izhevsk, 426069,
Udmurt republic, Russian Federation, olgaa@istu.ru (corresponding author)

Galina Anatolievna Lobanova
Kalashnikov Izhevsk State Technical University, 7 Studencheskaya St., Izhevsk, 426069,
Udmurt republic, Russian Federation, gallobanova@mail.ru

Keywords: balanced scorecard, key performance indicators, logistical principles, oil-producing service organizations,
strategy
Abstract: The aim of the study is to develop methodological recommendations for balanced scorecard practical
implementation into activities of Russian oil-producing service organizations in present-day conditions on the basis of
logistical principles. The perspectives for balanced scorecard development based on logistics principles and strategic
management peculiarities of the oil-producing service organizations are proposed in the article. The indicators and their
characteristic values, allowing to coordinate operational and strategic management and to obtain synergistic effect are
suggested. As a result of the study, the authorial methodology of balanced scorecard using for oil-producing service
organizations was developed in order to improve effective cooperation between service organizations of vertically
integrated oil companies.

1

Introduction

Currently in a fast-changing business environment
there is a growing need for logistic management approach
implementation and revision of existing methods for the
estimation of activities. The application of modern streamoriented processes management methods is a key source of
competitive advantage. For a long time, the development
and performance of a company had been measured only on
the basis of economic and financial indicators. Besides
that, many companies cannot analyse the ways of
achieving company’s strategy. These and many other
factors, to our opinion, require changes. The balanced

scorecard (BSC), developed on the basis of logistic
principles, can provide the manager with the most
complete view of the enterprise activity on the market.

2

The experience of BSC implementation

The experience of BSC implementation by Russian
companies shows, that in most companies this
implementation takes place on the top-management level.
That is the implementation in order to motivate employees,
or implementation on certain areas. The restricted BSC
implementation by domestic enterprises is presented in
Table 1 [1].

Table 1 Features of BSC implementation by Russian companies

1.

Implementation restrictions
Activity features in Russian companies

Factor
4 perspectives of BSC

Marketing policy

Motivation system

Implementation stage of
BSC

Meaning
In BSC all indicators are divided into four perspectives (segmentation of market,
intellectual capital, return on capital etc.). In Russian practice indicators of business
income are mainly used, excluding other perspectives.
Many managers do not monitor the market, do not create customer database, do not
conduct monthly surveys for the increase of the short-term profit. Therefore, marketing
policy is restricted by the “introduction” products to the market.
There is no particular motivation system in the Russian experience. The system is usually
based not on workforce productivity, but on gross income. There are problems – the lack
of responsibility zone, incomplete regulations and job descriptions.
The BSC implementation involves step-by-step designing “from the bottom to top”,
which gives the opportunity to train people and progressively align implementation at all
management levels. In Russian practice, there is “from top to the bottom” variant, which
leads to internal processes in coordination. The BSC implementation must begin with
evaluation of company’s resources and its market position. In Russian practice, the first
stage is holding of the seminars with foreign experience analysis for companies’ top-
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managers, without considering strengths and weaknesses and market position. Besides,
often there is a lack of clear strategy, management and all resources are directed to
addressing short-term objectives.
2. Features of BSC implementation by domestic enterprises
Implementation of the system should be in price-quality relationship because it is not
always profitably to use the standard BSC variant in the fast-changing domestic market.
It should be noted that initially BSC was designed for western companies, operating in
Market and company
saturated segments of the market, where it is possible to evaluate competitive advantages
of all companies.
In Russian practice, BSC implementation is possible by companies facing crisis situation.
BSC as a means of BSC implementation will reveal all problem areas. At the same time, it is necessary to
preventing the bankruptcy remember that BSC implementation – is a resource-consuming process. There is an
increase of all costs if this tool is inappropriately used.
Russian companies can face insufficient levels of company culture and intellectual capital
Mind-set
when implementing western technologies. (For example, lack of experience in dealing
with problems of mid-level and top-level managers when implementing BSC).
In Russian practice, it is a quite common phenomenon to execute a job at any cost, which
Risks
completely denies working upon risks (external and internal).As a result, resource
intensity and costs for elimination of errors after implementation of projects are increased.
Such tendency also emerges when BSC is
implementing by oil-producing service organization, since
certain mechanisms and directions of formation BSC are
not identified, that leads to ineffective managerial
decision-making.
Balanced scorecard includes the key performance
indicator system (KPI). That is a group of financial and

non-financial indicators affecting on quantity or quality
change of the results in relation to the strategic aim.
Currently the majority of vertically-integrated oilcompanies (VIOC) in Russia use the following
performance indicators (Table 2) [2].
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PAO «Gazpromneft»

PAO «TNK-VR»

Oil extraction, million tons
Estimated reserves, million barrels
Prospective reserves, million barrels
Possible reserves, million barrels
Headway in production drilling, thousand meters
Headway in exploration drilling, thousand meters
New development well
Number of wells in use
Number of running well
Number of inactive well
Average daily production rate, tons per day
Average watercut, %
Gas output, billion cubic meters
Share of green-fields in total carbon production, %
Number of oil fields, pcs
Average well depth, thousand meters

PAO «Lukojl»

Main indicators of performance

PAO «Tatneft»

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

PAO ANK
«Bashneft»

№

PAO NK «Rosneft»

Table 2Themainindicatorsofvertically-integratedoil-companies performance
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Table 2 presents a range of indicators across the entire
structure of existing Russian VIOC, which allows to
control work effectively. The main indicators are: oil
extraction, headway in production drilling, number of
wells in use, average daily production rate etc.
The usage of logistic principles (rationality,
consistency, hierarchy, integration) allows to improve the
methodology of indicators selection.
The main indicators of vertically-integrated oilcompanies performance by projections are offered in the
result of studied material [2-6].
The “Finance” projection includes different indicators:
1) financial sustainability (absolute and current liquidity
ratio, financial leverage); 2) growth in profits (return on
capital employed, return on sales and return on assets).
The “Industry specialization” projection includes
indicators: downtimes of service organization gang for
different reasons, a number of high rate well, a number of
performed plan targets, production loss during emergency
work, well-timed equipment provision.
The “Business processes” projection includes: quality
control system, development of applied researches, a
constant process improvement and an existence of the best
supplier.
The “Training and growth” projection includes:
reduction of labour turnover, personnel development,
better employee motivation.
It is necessary to consider the aim of managing streamoriented processes – providing the output of adjustable
indicators, corresponding to logistics regulations [4]. The
“Business processes” projection transforms into the
“Stakeholders” projection and involves following
directions: customer, service organizations and suppliers.

Besides, the “Business processes” projection changes to
the “Success factors” projection, which reflects both the
results of the work with the environment and usage of
company’s internal resources.
The algorithm of producing BSC indicators with
considering logistical principles consists of the following
stages: 1) overview of company’s strategic objectives on
the basis of logistic approach; 2) monitoring an
interconnection of company’s strategy and its structural
divisions’ aims; 3) key figure block development for
assessment of strategy implementation with considering
logistical principles; 4) calculating KPI in all directions of
the company 5) BSC calculation for the selected KPI
indicators from projections; 6) creating strategic chart of
the company with considering indicator’s influence on
strategic objectives; 7) BSC implementation and
monitoring of existing indicators’ deviations, elaboration
of negative trend reduction measures.
OOO “Mekhanik” organization was chosen for the
BSC test. This organization is involved in uninterrupted oil
production for PAO “Udmurtneft”. Company’s
performance analysis showed that the following factors
have a negative effect on the profit: a) downtimes (51% downtimes of major work over gangs), b) equipment (31%
- non-provision of standard set of equipment), с) debts (9%
- debts which are not settled for various reasons), с)
delayed delivery (9% - long deliveries from the factories).
With consideration of influence factors and logistical
principles there has been developed the BSC system,
regulation values (under the terms of the legislation),
recommended values (by market trends) and indicative
values (by industry specification) for OOO “Mekhanik”
service organization (Table 3) [1-3].

Table 3 The balanced scorecard for OOO “Mekhanik” service organization

Indicators

2014г.
2015г.
2016г.
Projection:Finance
0,002
0,002
0,67
Recommended values
0,2 - 0,7
1,23
1,34
1,28
Recommended value - 2
(minimum value 1,5)
1,15
0,94
0,98
Recommended values
0,4 - 0,8

1.Absolute liquidity ratio
2.Current liquidity ratio

3. Financial leverage

4. Return on
(ROCE), %

Capital

Employed

82,80

115,50

Note
Monitoring dynamic patterns during
the reporting period
Monitoring dynamic patterns during
the reporting period
Monitoring dynamic patterns during
the reporting period

14,11

Recommended value, %
in foreign practice - 10- 12,
in Russian practice - 20.
48
57
49

5.Return on sales (ROS), %
Regulation value, %
23,8

Monitoring dynamic patterns during
the reporting period
Regulation values are found in
appendix №4 to Russian Federal Tax
Service order on 30.05.2007 № MM3-06/333@.
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38,50

45,50

7,13

6. Return on assets (ROA), %
Regulation value, %
8,1
Projection: Stakeholders

Regulation values are found in
appendix №4 to Russian Federal Tax
Service order on 30.05.2007 № MM3-06/333@.

Customers - oil and gas production unit
7.
Production
loss
during
emergency
work, tons per
year

Oil production loss
during emergency
work for the annual
report

278

289

262,8

Indicative values, tons per year
120-300

300-420

420-540

765

1886

1620

Monitoring dynamic patterns during
the reporting period by indicative
method. Losses are shown in 3 zones

Service organizations
Major workover (WO)

8. Downtimes of
major workover
gang waiting for
dismantlement
or assembling

Actual number of
major
workover
gangs’ downtimes
for the annual
report
Indicative values, hours per year*

Technological transport
Number
of
9.Standard set of equipment/number
of
equipment
equipment
according to the
provision
business plan
Suppliers
10. Delay
delivery

in

11.
The
effectiveness of
supplier’s
performance

The amount of
delayed deliveries /
the amount of all
deliveries

600-1500

15002000

20002500

0,96

0,97

0,95

Recommended values 0,9-1
0,2

0,1

Recommended value is not above
0,3
0,40

Expert survey

0,23

0-0,3

0,42
0,48
Indicative values*
0,3-0,75

0,75-1

It is necessary to control downtimes
and monitor its reasons. The protocol
for downtimes longer than 2 hours
must be implemented.
The indicator shows increasing or
decreasing of gang downtimes
through the fault of service
organization. The main aim is to
prevent the transition of indicators in
the red zone

In this line the most important dailyneeded equipment is recorded. There
is a high chance of work disruption if
this equipment is not present
The indicator is needed to control a
work with customers. The results of
this work are directly reflected in the
debts receivable
The advantage of expert survey is in
engaging respondents from all levels
of organization

Projection: Success factors
620
12.Agility
in
responding to
orders, tons per
year

13.Orders
completion rate

Oil production loss
for annual report

754

895

Indicative values, tons per year*
8001300

13001700

17002500

0,25

0,16

0,2

The indicator is used for monitoring
of reasons for the transition to the
critical zone. For the correct report it
is necessary to keep a daily and
monthly record of emergency works
that is to make summary table on all
types of work, deadlines and the
reasons for deviations
The report with debt indication is to
be implemented, there should be
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The amount of debt
orders/ the total
amount of orders

14.Quality
control system

15.Development
of
applied
scientific
researches

The amount of
performed
works/the
total
amount of works
(mechanical
assembly
and
disassembly)
The amount of
carried
out
researches/the total
amount
of
researches

Indicative values*

noted the reasons of inability to fulfill
an order

0-0,4

0,4-0,6

0,6-1,0

1,06

1,02

1,08

Recommended values
0,8-1

0,5

1

The indicator allows to estimate
effectiveness of using resources
(according to the business plan)

0,25

Recommended values –
0,7- 1

Coefficient demonstrates the amount
of practically applied researches

Projection: Training and growth

17.Personnel
development

18.
Better
motivation
of
employees

The amount of
people completed
advanced training
courses/the
total
amount
of
employees

0,78

0,78

0,84
The
coefficient
reflects
the
effectiveness of human resources
department

Indicative values*
0-0,4
0,71

0,4-0,8

0,8-1

0,73
0,70
Indicative values*

Expert survey
0-0,3

0,3-0,75

0,75-1

Respondents from all levels of
organization should be engaged

*Green zone – recommended values;
Yellow zone – acceptable values;
Red zone – critical values.
In general, the proposed BSC system has specific
features, which are not inherent in individual projections.
The synergetic effect is possible to be achieved by BSC
implementation. This system also allows assessing
company’s potential in all directions, reducing time
between the development and implementation of the
strategy, coordinating operative and strategic management,
monitoring implementation of the strategy in different
ways, motivating employees to follow strategic aims,
creating a feedback for making the decisions in the shortest
time and applying tools taking into account industry
specificity.

3

Conclusion

The result of this study is the developed balanced
scorecard system, which reflects the specificity of oil
industry and represents a flexible mechanism of
management. In the addition to finding relationship
between financial and non-financial parameters, this study
identified possible ways of achieving interaction with the
stakeholders, building partnership with the customers,
decreasing transport costs and optimizing data base for
making immediate and balanced decisions.
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Abstract: The paper focuses on innovation in the field of automated logistics systems oriented on increasing the
efficiency, safety and performance of industrial enterprises in Slovakia. Majority of new trends in logistics are based on
the Industry 4.0 concept, which is focused on increasing the competitiveness of industrial enterprises. The development
of the industry in Slovak republic resulted to the increased demand for warehouse space. Dynamic development of the
industrial sphere in Slovakia also leads to the increased demand for qualified labour. The authors of the paper analysed
new trends in automated logistics systems such as autonomous vehicles, AGV systems and hybrid modules for AHV
vehicle. Mentioned facts are also evident by the analysis of logistics warehousing development and the need for the
logistics workforce in Slovak republic.

1

Introduction

Logistics belongs to the basic every day and most
important activities of each industrial enterprise. The main
role of logistics is to move material or different products
from point A to point B with the aim to make relocation the
most efficient [1]. If enterprises want the individual
relocation activities to be as effective as possible, the
enterprises must ensure that selected activities will have the
shortest possible time, right quality and, last but not least,
the lowest cost [2]. The effort to implement advanced,
stockless production systems, such as Just in Time, place
increased demands on logistics. Based on the mentioned
reasons, the importance of shortening the time of shipment,
keeping the schedule of loading and unloading is
increasing. It means higher demands on the volume of
goods transport between Slovakia and abroad [3].
The warehouse logistics is characterized by the fact that
its implementation is connected to considerable financial
resources of the enterprise. At present, it is necessary to
innovate the production process and one of the possibilities
of the innovation is the concept Industry 4.0. This concept
Industry 4.0 can be considered as an instrument of
competitiveness. The biggest issue in the maintaining of

the production process is the skilled labour. According the
mentioned reasons, it is necessary to address the
implementation of innovative methods into the business's
practice with the regard to the personnel assurance of the
production process [4].

2

Analysis of the current state of labour
force and logistic market in Slovakia

Due to major demographic changes, longer average life
and lower birth rates, the European labour force will be
with higher age average in the next years. Older labour
force presents up to 35 % of the working-age population in
many European countries. In the next decade, the European
Union will increase the share of older labour force in
industry by up to 15 % [5]. Industry in Slovakia constantly
develops with constant demand for a qualified labour force.
In the next three years, the Slovak industry will need more
than 45,000 employees [6].
The Slovak secondary schools and universities provide
a number of graduates, as much as labour market needs,
but the structure of graduates does not correspond to the
requirements of the enterprises. In the automotive industry,
there is currently lack of 14,000 employees with the
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required qualification. That is the reason why the
automation and the support for intelligent/smart

technologies in enterprises in Slovakia is more than
necessary to keep enterprises competitive [6].

Figure 1 Labour force in Slovakia classified by age [7]

Figure 1 shows an increase in the number of men and
women employed in Slovakia. To compare the year 2010
and 2015, in 2015 more than 79,000 women and men aged
55 to 64 were employed. The group of employees (aged 55
to 64) will be in retirement age over the next ten years.
Within the European Union, as a result of the aging of the
population, 15 % of the labour force will be in the age of
55 to 64. It will be up to 21 % in Slovakia. According the
above mentioned, the employers should already think
about the creating the right conditions for the work of an
aging population [7]. The implementation of concept
Industry 4.0 into industrial practice will not reduce the need
for skilled labour force. Enterprises also have to start to
analyse the age structure of their employees. The
awareness of the Slovak industrial enterprises about active
aging of the population is low and is often misinterpreted
[8].

2.1

The analysis of the logistics market in
Slovakia

According to CBRE (advisory group), the development
of warehouse space in 2016 helped to provide another
147,685 m2 of logistics and warehouse space in the total
Slovak stock at 1.67 million m2. In the last quarter of 2016,
four warehouses with space of over 52,000 m2 were built
in the market, the largest one was built for Volkswagen
Slovakia, a.s.. The Figure 2 shows the offer versus demand
in the logistics market in Slovakia over the reference period
[1].
From the Figure 2 results it is evident that there is an
increased demand for warehouse spaces in Slovakia in
recent years. The mentioned fact was caused primarily by

the development of industry in the industrial areas of
Western Slovakia. In addition to a compacted network of
industrial enterprises, it can be stated that demand is also
affected by a good road network connected to Austria,
Hungary and the Czech republic. The drop in demand and
offer of warehouse space was recorded mainly during the
economic crisis (year 2009). Nowadays the demand for
warehouse spaces is almost two times higher than the offer
[10].
Automotive manufacturing company Volkswagen
Slovakia, a.s. with developers Prologis and CTP are the
largest warehouse companies in the Slovak market. The
mentioned trio owns almost half of all Slovak warehouses,
especially in the surrounding areas as Lozorno, Senica,
Nitra, Trnava and Devínska Nová Ves, where it is currently
the largest potential in development not only in the
industrial area, but also in the field of warehouse logistics.
Almost 400,000 m2 of land contracted by the tenants, up to
2/3 of the area was formed by the new enterprises. The
largest transaction according to CBRE was the rent of the
land to Faurecia in Lozorno. The entry of Jaguar Land
Rover to Nitra, with a planned start of production in 2018,
caused that it is necessarily needed to build a large number
of logistics warehouses for subcontractors of Jaguar Land
Rover. In addition to the development of industrial areas
around the Volkswagen Slovakia, a.s. in Bratislava and
Jaguar in Nitra, the new industrial properties will be added
to Dubnica nad Váhom, where the developer wants to build
70,000 m2 of warehouse space. Across the Slovak
Republic, the number of projects with a total volume of
130,000 m2 is expected, of which most of them are already
contracted. The estimates of warehouse occupancy from
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the years 2016 and 2017 are that the newly built warehouse
areas will be fully occupied and the demand for new
warehouse areas will be still high. The implementation of

new trends in logistics made the warehouse management
more efficient (examples: reduction of the extensive travel
time or increased picking productivity) [9].

Figure 2 Offer versus demand in logistics market [9]

3

Trends of automatic logistic systems

3.1

Great competition on the global market, including
Slovak republic, pushes the enterprises to constantly
increase the performance and achieve the best competitive
position against the rivals. International cooperation in
industrial sectors is conditioned by the quality of logistics
and the ability to import components and distribute the
products from the production and warehouses. Currently,
the trend of rapid reduction of input costs, i.e. increase of
the profit plays a key role in the Slovak and Czech
enterprises [11]. Supply logistics management is
unsystematic, inefficient, ordering of material is intuitive
in many Slovak and Czech enterprises.
The mentioned current characteristics of the supply
logistics is linked with other issues in production. The main
issue of supply logistics is to set the level of the inventory
in order to meet the two opposing requirements - prompt
fulfilment of customer requirements and associated
increase in inventories and costs and the minimizing the
value of input warehouses. The implementation of right
management system will allow to achieve cost reductions,
increase utilization of machines and employees, improve
production planning and management system, increase
productivity, and thus to have better economic indicators
of the enterprise [12].

Automatic logistics system in the context of
Industry 4.0

In the literature, there are several definitions that
describe the term Industry 4.0. The concept can be also
described as a revolution, whose main task is the
informatisation of production and logistics technologies
within the machine-machine data exchange. The result of
the 4th industrial revolution are smart factories that will be
flexible, reconfigurable, efficient, ergonomic and directly
linked to the customer, including subcontractors. In
general, the 4th industrial revolution is characterized by the
following six creative principles [11]:
• Interoperability: the ability of cyber-physical
systems to interact with each other and the possibilities for
mutual communication of people and intelligent factories
through the Internet of Things and the Internet of Services,
• Virtualization: the building of a virtual form of
intelligent factory by collecting and connecting data from
sensors,
• Decentralization: the ability of cyberneticphysical systems to decide about the own proceeding
within the intelligent factory,
• Real-Time: ability to aggregate and evaluate
information in real time and provide immediate outputs /
solutions,
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• Service orientation: the providing services via
Internet of Services,
• Modularity: the flexibility of intelligent factories
to changing requirements by replacing or expanding the
individual parts/modules.
All above mentioned six principles of concept Industry
4.0 were considered in designing Automated Guided
Vehicles (AGVs).The role of an automated logistics
system is to deliver the required material in the correct
quantity and quality to a predetermined location at a given
time. The logistics process puts the emphasis on

management of logistics processes and limitation of human
factor faultiness [11].
There are complex solutions consisting of multiple
modules for automatic supply of workplaces and
production lines. The AGV automatic logistics system
consists of a vehicle and various types of peripherals, such
as automatic roller conveyors, e-frames, gravity wagons
and a control system. Thanks to the wide modularity of
AGV vehicles and their peripherals, the AGV system
offers several levels of automation [11].

(1) The first level of automation means simple replacement of manually driven vehicles for the AGV vehicles with
accessory (Figure 3).

Figure 3: The first level of automation [11]

(2) The second level of automation means replacement of the manually driven vehicles for the AGV vehicles +
peripherals (Figure 4).

Figure 4: The second level of automation [11]

(3) The third level of automation represents replacement of manually driven vehicles for AGV vehicles + peripherals
+ control system (Figure 5).

Figure 5: The third level of automation [11]

The market offers a wide range of complex modular
solutions for automated supply of production lines. As a
basis for automated supply of production lines with
material, enterprises can apply the AGV logistics system,
which consists as mentioned above of an autonomous
logistic vehicles and various additional peripherals such as
a hydraulic module, automatic roller conveyors, gravity
wagons and etc.. By using the technical devices automation
in logistics does not end. For greater complexity, the
industrial enterprises can also use other automated devices
such as a lifting - rotation device or a handling device
(example: devices for handling the pallets) [12].

The combination of the above mentioned technical
solutions and devices allows to create an efficient and
efficient automated logistics system that reflects the trends
of an already existing the 4th industrial revolution. These
types of innovations in logistics, as well as in the
manufacturing area, bring time and cost savings but also
the ergonomic solutions for handling the loads [13]. The
advantage of autonomous technical and technological
solutions is the modularity which increases the flexibility
in the implementation of logistics systems to the conditions
of industrial enterprises.
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3.2

Innovation of AGV system for automation of
industry logistics

In order to consider technical system as competitive, it
must meet several basic parameters such as [15]: meet
customer requirements, be affordable and reliable. The
AGV Automatic Logistics System offers a comprehensive
solution for the automation of logistics processes in
industrial enterprises by using the automated drawing of
the wagon with material on pre-defined route by
autonomous logistic vehicles in industrial halls. The
mentioned system results in increased automation and
productivity while lowering the logistics costs and

ensuring increased security provided by sensors and
cameras. In order to supply robotic and automated
workplaces by automated supply system, it is necessary to
create a modular system with easier adaptation to
manufacturing, robotic workplaces or assembly line [14].
A comprehensive modular solution is capable to
provide various levels of automation, according to
customer needs [13]. CEIT Company offers a wide range
of different modules that are able to adapt to demanding
customer requirements at a high level of robotization of
workplaces. The individual solutions and modularity
options of offered technical solutions are shown in
Figure 6.

Figure 6 Addition modules for AGV vehicles [13]

One of the main advantages of the AGV system is its
modularity, which constantly develops and transcends its
entire structure. Elements of a modular system such as a
vehicle, a peripheral and a control system are just basics.
In developing each of the three basic building blocks, it is
important to keep the idea of modularity as much as
possible. To keep the main idea of modularity, AGV can
be used in any industry sector. The AGV are limited only
by meeting the company's operational parameters. The
vehicle as a basic part of the modular system has several
additional modules and modifications serving for various

ways of connecting the cargo within the logistics flow
during the production process [13].

3.3

Importance of AGV vehicles in logistics

An autonomous logistic vehicle is a device that meets
the function of transport motor vehicle without operating
personnel to transport the material by wagons or various
transport modules. Vehicles are driven by electrical energy
and most often driven by a magnetic tape located on the
floor. Based on RFID (Radio Frequency Identification)
tags, the vehicle can determine the route, speed, stop, or

~ 11 ~
Copyright © Acta Logistica, www.actalogistica.eu

Acta logistica

- International Scientific Journal about Logistics
Volume: 5 2018 Issue: 1 Pages: 7-14 ISSN 1339-5629

TRENDS IN AUTOMATIC LOGISTIC SYSTEMS AND LOGISTIC MARKET IN SLOVAKIA
Augustín Stareček; Milan Bachár; Natália Horňáková; Dagmar Cagáňová; Helena Makyšová

communicate with the control system to manage the
autonomous system. The role of the system is to manage
complex situations, junctions, preference in driving and
etc. [14].
The automatic plug-in and disconnect module with the
reverse module (Figure 8) extends the operational
capabilities of each compatible logistics trailer. The
combination of these two features allows the trailer to
change the direction of move by retrieving data from the
RFID tag and automatically connect load located outside
the direct route and consequent automatic disconnecting.
Reversing in the designated areas can be used not only to
connect the load, clear the route, but also to automatically
connect the logistics trailer to the docking station. The
automatic connection and disconnection module has the
following features [15]:
•
Automatic connection and disconnection of
wagons based on RFID tag information,
•
Module providing reverse mode at the designed
areas to maintain the highest possible level of the health
protection of the employees and material,
•
Connections which are proceed outside the direct
route. It is needed to reverse to the place which is allowed
by the additional reverse module,
•
Safety during the reverse process is provided by
crash strips,
•
Maximum reverse speed is limited to 0.25 m / s.

Figure 7 Automatic plug-in and disconnecting module with
reverse module [13]

Another option to extend the automation of logistics
trailers is a hydraulic module that enables the trailer to
control various types of peripherals with a hydraulic
system. The logistics trailer equipped with the hydraulic
module (Figure 8) fulfils the function of an autonomous
trailer capable to pull the wagons and mobile conveyors
equipped with a hydraulic system. To ensure the mentioned
operations, the trailer must be equipped with a hydraulic
unit, the relevant software and connections for
interconnecting the hydraulic system with peripherals.
Peripheral control is performed automatically by data
retrieved from the RFID tag on the trailer track. It is also
possible to manually operate the peripheral directly from
the display on the trailer [13].

Figure 8 Hydraulic module of logistics trailer [13]

The hydraulic module has the following features [13]:
•
The possibility of connecting the peripherals that
require connection of hydraulic circuits,
•
Control of connection or disconnection
commands using the RFID tags or manually one,
•
Possibility to connect single-acting or doubleacting hydraulic systems,
•
Hydraulic system connection using a quick joints,
•
Possibility to connect up to 4 peripherals.
The modular system of autonomous logistics trailers
allows customers to use the logistics system exactly with
regard to their needs and to the degree of required

automation. Autonomous logistic trailers and their
modules, such as automatic connection and disconnection
with the reverse module or hydraulic module are
successfully implemented in several enterprises where the
automation and efficiency of logistics processes is
successfully increased [15].

4

Conclusion

The interest of warehouses and logistics halls increases
in Central Europe. Ten years ago, investors could choose
only from 4.6 m2 of warehouses and logistics halls in
Central Europe, today it is almost 18 million. In 2014, more
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than 1.4 million m2 of logistics areas were built in the
region, which is slightly above the average of the decade
and slightly more than the total amount of industrial area
in Slovakia at the present. The Figure 9 shows vacancy rate
of warehouse spaces in middle Europe. It is clear that
demand grows and the vacancy of warehouse spaces
decline significantly [16].

Universities and Industrial Enterprises in the Area of
Education" and VEGA project No. 1/0235/17 „System
identification of complex preconditions for supporting
innovation and employment in the less developed regions
of Slovakia“.
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Figure 9 Vacancy rate of warehouse spaces (average of middle
Europe) [7]

It can be stated that in Slovakia the vacancy rate is up
to 4 %, the average of Central Europe is twice as high. The
level of vacancies has decreased compared to previous
periods [17].
Intelligent/smart technology in industry and logistics in
context of the concept Industry 4.0 is a relatively new
concept that entered the market in the last few years. The
options, as well as the possibilities of using the
technologies, are still partially limited. The lack of skilled
labour force and the financial difficulty of implementation
into corporate practice are the main limitations [7]. The
impact of new trends on the logistics market in Slovakia is
evident. In the last two decades many industrial enterprises
and warehouse spaces were developed. Despite the fact
that industrial enterprises try to eliminate stocks of
materials and finished products, production without stock
is still not possible. The implementation of new
technologies into the warehouse management along with
the development of the economy allows the construction
and efficient use of warehouse areas. Automated logistics
technologies in the field of storage result in the elimination
of human element in storage processes.
One of the negatives in implementing the concept
Industry 4.0 is the fact that there is lack of qualified labour
force. Another negative factor is the aging population and
the issue of resolving the aging labour force when it is
necessary to involve the personnel assurance of the
production systems to solve the situation [18]. The analysis
shows that the demand for warehouse areas still increases.
The mentioned fact is caused by efficient use of
warehouses not only for their primary storage function but
also for the consolidation activities. Production and
crossdocking warehouses create the main space for
implementation of automated logistics systems.
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Abstract: In this article the content of information and analytic support for small businesses is disclosed, the specifics of
using information and analytic instruments such as consulting, training, expert support, event-monitoring are described,
and improvement of the provision of information and analytic services through remote and complex rendering of these
instruments in the form of online support. The purpose of this article is to develop practical recommendations for
improving the support for small business in the business incubation process taking into account the trends in the formation
of the information economy. One of the most effective institutions for supporting small business is the formation of a
network of business incubators. The problem of absence or the complexity of obtaining information and analytic services
due to weak interaction between a small enterprises and a business incubators was investigated. We propose to develop
an IT complex, which includes a database of existing business incubators and relevant information and analytic
instruments for support small enterprises. This complex is based on the remote interaction of small enterprises and
business incubators. Getting a remote information analytic service can be considered as a logistical process of delivering
a service to the small enterprise. Remote application of a complex of information and analytic instruments will contribute
to the following results: improving the quality of providing infrastructure support; expanding the cooperation of the
business incubator with scientific organizations; development of a positive image of the business incubator; improving
the interaction of small enterprises and business incubators.

1

Introduction

In the economy of a new type informatization of
entrepreneurial activity is the dominant trend. The process
of formation of the information economy proposes the
organization
of
an
appropriate
support
for
entrepreneurship. The development of support for
entrepreneurial activity in turn demands improvement of
the structure, functions, methods and instruments of
support for small business [1-3]. Implementation of the
process for improvement of infrastructure support can be
performed through the use of information logistic chains.
The purpose of this article is to develop practical
recommendations for improvement the support for small
business in the process of business incubation taking into
account the trends in the formation of the information
economy.
One of the most effective institutions for support of
small business is the formation of a network of business
incubators. In particular the business incubator makes the

opportunities, first, to lay the basis for a new generation of
small business entities, secondly, to support already
working entrepreneurs and, thirdly, to solve many social
and economic problems at the regional level.
The relevance of the development of the system of
business incubators is provided for the use of effective
instruments to support of small business. Having become
wide spread in the West, business incubators today become
one of the most effective institutions in the support system
for small business in Russia [4]. In the framework of
implementation of the organization, information and
analytical functions of the business incubator, it is possible
to define the structure of information and analytic
instruments with which the business incubator is able to
give a certain type of support to small businesses
(Figure 1). An information and analytic instrument is
understood as a set of implemented information and
analytic services provided by business incubators in the
framework of support for small businesses and grouped
according to their functional purpose.
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Figure 1 Information and analytic instruments of support for small enterprises given by business incubators

Mutual problems in the use of information and analytic
instruments are:
•
lack of qualified personnel in the business
incubator; there are specialists in different branches of
knowledge, and by implication, a narrow range of topics in
the framework of consulting and training of small
enterprises named residents of business incubator [7];
•
a low level of information and technical support
for business incubators, that leads to the inability to use
qualitative these information and analytic instruments;
•
lack of work on forming the image of a business
incubator as a key institution of small business support.
First, it is the lack of one's own website and publicity of
business incubators; secondly, the lack of a quality
monitoring system of support to small enterprises;
•
the lack of remote cooperation between small
enterprises and business incubators, that put the onus on a
small enterprise to be a physical resident of a business
incubator (that is to rent an office / room / equipment
within the walls of a business incubator).
In the framework of development of information and
analytic support for small enterprises it should formulate
the next basic tasks aimed at the integrated use of the aforenamed instruments:
•
expanding the cooperation of the business
incubators with research institutes, universities, industrial
enterprises and other support institutions (technology
parks, investment centres, etc.) to receive methodological
and scientific support, access to research results and
specialized equipment, as well as attract expert (employees
of research institutes, teachers of universities, employees
of state institutions and organizations, experts of financial
and credit organizations);
•
development of a positive image of business
incubators by promoting their services (publicity, inviting
potential exhibitors, organization thematic conferences,
seminars and webinars, master classes and creating a firm
style);
•
development of new thematic ways of consulting,
training and expert support for small enterprises;
•
creation of remote collaboration, incl.
establishment of feedback between residents and business
incubators by applying information and analytic
instruments in a complex, for example, as a single IT
complex.

That way, the central and perspective task of
improvement information and analytic support of small
business is the use of information and analytic instruments
remotely and in its entirety. By means of it the business
incubator will be able to increase the number of incubated
small enterprises, thereby to contribute to their successful
development in the early stages of their entrepreneurial
activities.

2

Methodology

The research of the interaction of business incubators
and their residents made it possible to identify a set of
problems of providing information and analytic support to
small enterprises. One of the key problems is the lack (for
most business incubators) or the difficulty of obtaining
information and analytic services due to the weak
interaction between the small enterprises and the business
incubators.
We propose to develop an IT-complex that includes a
database on working business incubators and their
corresponding information and analytic instruments for
supporting small enterprises. This complex is based on the
information-remote interaction of small enterprises and
business incubators, by means of it the efficiency and
complexity of the provision of services is achieved [5,6].
Getting a remote information analytic service can be
considered as a logistical process of delivering a service to
the end user - a small enterprise. It is important to build a
logistics chain of the process of obtaining information and
analytic services by a small enterprise in the process of
business incubation. Figure 2 shows the logistics chain for
obtaining information and analytic support for a small
enterprise.
At the first stage, a small enterprise formulates an
actual problem and searches for an information and
analytic service that contributes to its solution. At the
second stage, a small enterprise analyses the existing list of
working business incubators and, based on the rating of the
support institute, chooses the best business incubator for it.
In the third stage, the selected business incubator assesses
its existing potential for information and analytic
infrastructure support instruments and identifies a specific
specialist who will be responsible for providing
information and analytic services at the fourth stage. In the
absence of the necessary expert, an outside specialist (the
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fifth stage) can be recruited in the state of the business
incubator, ready to provide the information analytic service
of proper quality (the sixth stage).

Figure 2 A logistic chain of provision of information and analytic services in the process of business incubation

The logistics chain of the information and analytic
service presented in Figure 2 is of a simplified nature. In
addition to assessing the needs of a small enterprise in a
certain service and the available information and analytic
potential of a business incubator, it is necessary to
determine the quality of the service provided for the further
improvement of information and analytic support.

3

Result and discussion

The introduction of information-distance interaction in
the business incubation process will yield the following
basic results:
a) for a small enterprise:
•
simplification and acceleration of the procedure
for obtaining information and analytic services through
informatiszation of the business incubation process;
•
the possibility of obtaining services online
without a territorial link to the business incubator;
•
improvement of current indicators of the
development of the enterprise;
•
transaction costs cut;
b) for a business incubator:
•
improving the quality and speed of providing
information and analytic support through the development
of competition between business incubators and rating the
provision of support to small businesses;
•
popularization of the business incubator as one of
the key institutions of support for small business;
•
increased incubation of small enterprises;
c) for the region and country:
•
growth of entrepreneurial activity among the
population;
•
increasing the number of small enterprises as a
result of improving their support quality.

The proposed recommendations for improving the
support of small business in the process of business
incubation will allow complex and remote use of
information and analytic instruments in the form of a
supply chain presented in Figure 2.

4

Conclusions

The formation of the information economy and the
processes of informatization of entrepreneurial activity
directly affect the organization of support for small
businesses. Increasing the role of the information and
analytic component determines the need for remote and
complex use of information and analytic instruments
through online support of small enterprises. Such support
is possible if there is an IT complex of information and
analytic instruments functioning in the country's territory.
This complex is a list of information and analytic services
provided by working business incubators.
The remote application of a complex of information
and analytic instruments (consulting, training, expert
support and event-monitoring) will be able to reveal
following results:
•
improving the quality and speed of providing
support for small enterprises;
•
expanding the cooperation of the business
incubator with scientific organizations in order to attract
outside experts;
•
development of a positive image of the business
incubator as one of the key support institutions;
•
improving the interaction of small enterprises and
business incubators, incl. establishment of feedback.
That way, the formation and development of the
information economy in Russia requires the improvement
of institutions regulating economic relations in the
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information sphere, in the support of business processes
[1,2], which determine the transformation processes in all
subsystems of the business infrastructure.
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Abstract: The algorithm of optimal control of transport robots for automatic warehouses is considered in the paper. The
minimum criterion for a quadratic form was chosen as the criterion of optimality. A quadratic functional of quality that
determines the energy of control and displacement is considered. A solution is proposed for a quality criterion that
minimizes the energy of control and displacement. The robots control based on a mathematical model is proposed with
the calculation of the state matrices and the control matrix at each step. The properties of transport robots system are
considered: controllability and identifiability. For a linear stationary system, the criteria for controllability, identifiability
and observability as the rank of the extended matrix are chosen. It is proposed to perform diagnostics of drives, electronic
control devices and software in a complex manner based on the parametric model and calculation of the identifiability
criterion. A large inaccuracy in the measurement results in a larger control error and a loss of controllability. Moreover,
with the loss of identifiability, the measurement problem becomes poorly conditioned. This approach will allow to
perform complex diagnostics of transport robots system and in time to identify potentially faulty components and exclude
them from the system.

1

Introduction

There are many papers on automatic warehouses and
transportation equipment [1-7]. The development of
wheeled vehicles of general and special purpose is
considered in papers [8-11]. In papers [12-18] problems of
diagnostics of transport robots and their drives are
considered.
At present, much attention is paid to the reliability and
safety of the use of complex systems, which include multiagent automatic warehouse systems. As a rule, the model
of technical systems reliability is represented in the form
of a connection between the failure rate parameter and the
probability of failure. All models of system diagnostics are
defined either as diagnostics of individual elements of the
system in order to confirm their probabilistic model, or as
a complex analysis of probabilistic models for the entire
system, taking into account the connection between the
elements.
The main attention is paid to the accuracy of
measurements for verification of the probabilistic
reliability model. The solution of diagnostic problems in
practical tasks is confronted with measuring poorlydefined tasks. Moreover, the probabilistic model based on
the failure rate is oriented to sudden failures, although for
complex systems it is characteristic to remain operational
even if some or all of the elements of this system fail. This
approach implies an increase in the number of information
measuring diagnostic subsystems at the element level with

very complex algorithms for processing primary data and
decision algorithms for reliability system.
In this paper, we propose a systematic approach to the
solution of the problem of diagnostics of complex
systems, based on the construction of a matrix
mathematical model that assumes the possibility of
computing the properties of complex systems such as
controllability, observability, and identifiability. These
properties are used to diagnose a complex system in the
sense of its ability to perform an a priori specified
objective function. The model of a complex system is
represented as:
(1)
where:
A(t) is a functional matrix of size n x n, called the state
matrix of the system (object);
B(t) is a functional matrix of size n x r, called the control
matrix (input);
C(t) is a functional matrix of size m x n, called the exit
state matrix.
Controllability, observability and identifiability are
determined by the rank of the matrix sequence

~ 19 ~
Copyright © Acta Logistica, www.actalogistica.eu

Acta logistica

- International Scientific Journal about Logistics
Volume: 5 2018 Issue: 1 Pages: 19-23 ISSN 1339-5629

AUTOMATIC WAREHOUSES WITH TRANSPORT ROBOTS OF INCREASED RELIABILITY
Sergey Trefilov; Yury Nikitin

rank B ⋮ A B ⋮ A B ⋮ ⋯ ⋮ A
rank C ⋮ A C ⋮ A ! C ⋮ ⋯ ⋮ A !

2

n,
n.

B
C "

This approach involves the calculation of the state
matrices A(t), the control B(t), and the measurement of
C(t) in the solution of the measurement task.
Multiplying the left and right sides of the first equation
by Δt, we obtain

Methodology

Let the automatic warehouse be serviced by n highly
manoeuvrable robots, each of which has three degrees of
freedom, that is, the state of the robot is determined by the
speed of linear displacement with respect to the
coordinates x, y and rotation around the z coordinate. Then
the state vector can be written as
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In (4) for convenience of writing, the "wavy line" icon
above the matrix elements is omitted. Further, the matrices
A, B, C and their elements will be denoted without a wavy

=
=

, $'

$%

?

A
A

?

A @?
A @?

?
?

C
C
?

?

@?

@?

= @?
= @?

?

?

A @?
A @?

…C ?
…C ?
…
… C @?
… C @?

.,

(3)

,(

#

and driven by two drives, we can to record for the whole
ensemble of n robots is similar to (3).
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This equation relates the transition of the system from
the state . to the state ./ . In the interval Δt we take the
values of the matrices to be constant. Then for a group of
highly manoeuvrable transport robots [11] having a state
vector

In general, when all vectors and matrices are timedependent, the problem is non-linear and has only
particular solutions. To find the equation of state, we
represent (1) in a discrete form, with the sampling time Δt
tending to zero, and the trajectory on each discrete part is
linear. We write (1) in the form
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line. Let us find the solution (1) without the second
equation, which is the measuring part of the system.
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The solution (1) for the quality criterion (5),
minimizing the control and displacement energy, is
determined by the following expression [19], [20].

The quadratic functional of quality, which determines
the energy of control and displacement, is expressed as
follows
-

D

#

E- G
H

F

#

I

NI

J , F K 0, I M 0, (5)

#

O

(6)

where K is the Cauchy matrix, K = KT, which can be found
by solving the Riccati equation [19]

where Q and G are positive arbitrarily defined matrices.
The matrices Q and G are chosen arbitrarily.
It is not always possible to obtain a solution of the
equation for finding u. It is proposed to select these
matrices by selection or simulation modelling [19], [20].
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must be positive definite, since positive definite matrices
Q and G are used in the quadratic functional of quality (5),
which is also positive.
Thus, the robot group is controlled by the solution (6)
according to the model (4) with calculation of the matrices
of state Ak and the control matrix Bk at each step k. The
matrix C = Ck at each step k remains unchanged,
determined by the information-measuring system, can be
represented as
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a real object from experimental data. For a linear
stationary system at each step of linearization, the criterion
of identifiability and observability is the rank of the
expanded matrix:
#
.

If condition (9) and (10) are satisfied, then the system
is observable, manageable and identifiable.
The model of a complex system consisting of a group
of robots includes models of mechatronic devices. In the
mechatronic device model, parameters such as inductance,
coercive force of magnetic components, leakage currents,

(7)

Important properties of a complex system are its
manageability and identifiability. Manageability allows in
principle to implement the target function of the system.
Identifiability in its parametric form will be used to
diagnose the state of the system in terms of its potential
functionality.
Controllability. For a linear stationary system, at each
step of linearization, the criterion of controllability is the
rank of the extended matrix:

If condition (9) is satisfied, then the system is
controllable.
Identifiability. In abstract-theoretical analysis,
identifiability is a particular case of observability. Identity
is understood as the receipt or refinement of the model of

Z=9Q

U , U , … , U?

QTS

is a random vector that maps the random character of
measurements to an information measuring system.

<
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(10)

etc., which are changed during operation due to aging and
interaction with other components of the system, are
directly or indirectly connected. It is proposed to carry out
diagnostics of drives, electronic control devices and
software in a complex way based on the parametric model
(4) and calculating the criterion of identifiability (10),
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We write down the solution of the informationmeasuring problem of the model (4).

taking into account the degree of proximity to zero of the
main determinants in calculating the rank of the expanded
matrices (9) and (10).
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Conclusions

In this paper we present:
Mathematical model of diagnostics of a complex
system, based on the matrix model of control in the time
domain.
Optimal discrete algorithm for computing the control
vector for a group of mobile robots.
Algorithm for monitoring the system based on the
potential for performing the objective function by
determining the properties of the system-controllability,
observability and identifiability, by calculating the rank of
the matrix sequences composed of the matrices of state,
control, and measurement.
Thus, for a complex system, from the measurements of
the current state, the correspondence of its behaviour to the
a priori model of this complex system is determined,
which allows us to speak of the fulfilment of the objective
function.
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Abstract: The production is usually divided into quite a number of handling, control and technological operations in the
production enterprise, and these are realized at different workplaces. Parts, semi-finished goods, raw materials and
products need to be relocated. For this reason, material flow is created. The material flow is an organized movement of
material in the production process or circulation of products. It is characterized by the intensity, frequency, direction,
performance, structure, character of the transported material and used technique (transport and handling).

1

Introduction

The term “material flow” represents an organised
movement of material in the manufacturing process or
product circulation. It is characterised by the direction,
intensity, frequency, length and performance, structure,
character of transported material and transporting and
handling equipment used [1].
As arises from the definition, the material flow
includes:
• Material unloading in the plant premises;
• Material movement through production stock
warehouses, production shops, production operations,
intermediate warehouses and finished product
warehouses;
• Dispatch of finished products or waste from plants;
It includes the entire material movement starting with
its supply to the plant through all the phases of storage,
production and transportation process and ending with
their dispatch or with warehouses of business organisations
[8].

1.1

The intensity of material flows

The intensity of material flows in the circulation is
influenced by factors, of which we can mainly state [4]:
Diversification process as a process extending
diversity of elements of the manufacturing process and
with it corresponding tendencies, which, apart from the
intensity, have also an impact on material consumption;

Raw material base of the national economy and its
regional distribution;
Irregularity of the rhythm of production;
Long-term fluctuation of material flow demands;
Level of information flow management;
Level of supplier-customer relations, especially
selection of suppliers and their determination for selected
materials, and integrity and promptness of deliveries;
Level of organisation management and provision
of materials and technologies;
The material flow consists of two basic groups of
elements:
Passive elements of the material flow i.e.
materials, raw materials, semi-finished products and
finished products;
Active elements of the material flow, i.e.
transport, handling and storage operations [4].
In enterprises, the material flow is formed by the flow
of all kinds of working objects (passive elements) such as:
- Raw materials and basic materials;
- Work in progress;
- Finished products;
- Waste;
- Purchased products and semi-finished products;
- Auxiliary material (lubricants, cleaning agents);
- Spare parts;
- Packages;
- Small items and non-durable goods [2].
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The most significant group, which, at the same time,
forms the most relevant part of the material flow are raw
and other materials and corporate work in progress and
finished products. All the types of working objects are used
throughout enterprises in certain amounts, internal
structure, and direction with certain frequency [3].

2

A standard material flow planning
process

A) Activity: Planning of raw materials - verification of
disposition of raw materials, creation of appeals (call-off)
and orders (activities 010,020,030,040) (Figure 1).
Description of the activity:
1. After actualization of the production plan in the
system SAP and data transferring to MAP xr, the raw
material scheduler checks the requirements of all needed
raw materials (for suppliers outside the EDA). The
production plan is updated weekly on Tuesday.
Requirements for materials are checked on a daily basis.
2. In parallel to the point 1, the raw material scheduler
checks the state of raw materials supply in the raw material
store (including the consignment store) for the next 4
weeks. This time period may be extended depending on the
agreed delivery times.
3. In the case of need (negative stock supply, level of
supplies under the safe limit, supplies exceeded maximal
available level), the scheduler of raw materials realizes
modifications in the MAP xr system.
a. Modify the amount of the current call-off,
b. Create a new call-off,
c. Cancel the actual call-off,
d. Modify the date of the actual call-off,
e. Create a new order (only in the case of suppliers who
deliver fixed quantities),
f. Generate a list of call-off and send to suppliers.
Output: Updated schedule of raw material delivery in
the MAP xr, list of call-off, orders (created in SAP).
B) Activity: Assurance of raw materials supply
(activities 050,060,070,080) (Figure 1).
Description of the activity:
1. After receipt of positive feedback from suppliers, the
raw material scheduler assures the material transport
according to the confirmed date of loading. Transport is
realized by the forwarding company, contractors of the
enterprise. This applies to EXW supplies.
2. The scheduler of raw materials monitors the
deliveries (quantity and time) and determines the priorities
for unloading if it is necessary. Two automatically
generated daily reports sending by e-mail present a tool:
critical deliveries and warning list.
Output: Delivery, call-off, confirmation of the order
by suppliers, plan of transport.

C) Activity: Actualization of the planning system
(MAP xr) in the case of suppliers who have EDA (activities
100,110,120,130) (Figure 1).
Description of the activity:
1. After the production plan actualization in the SAP
and data transferring to MAP xr, the responsible person by
supplier checks the requirements for each material. By
agreement, this is done once a week, after receipt of a
suggestion from the raw materials planner.
2. In parallel with the point 1, the responsible person by
supplier checks the availability of raw materials in the local
store (including the consignment store) for the determined
period which may vary according to the agreed delivery
times.
3. In the case of need (deficiency of supplies, supplier
under the level of safe limit, supplies exceeded maximal
available level), the supplier realizes modifications in the
system MAP xr:
a. Modify the amount of the current call-off (reference),
b. Create a new call-off,
c. Cancel the actual call-off,
d. Modify the date of the actual call-off.
Output: Updated delivery plan of the material in the
MAP xr (date of reference = ETA).
D) Activity: Control of raw material delivery by the
supplier (activity 150) (Figure 1).
Description of the activity:
1. The supplier organizes the transport in accordance
with agreed rules (minimal and maximal supplies) by the
state of supplies.
2. The supplier sends to customer and delivery
enterprise (if the material is stored in external store)
notification of details of transport at least one day before
the delivery.
E) Activity: Control of risks of material supply
(activity 160,170,180,200) (Figure 1).
Description of the activity:
1. The scheduler of raw materials is in contact with the
supplier about the actual state of the critical delivery
(quantity, time).
2. The scheduler of raw materials is also in contact with
scheduler of production about possible modifications in the
production plan, alternative solutions are prepared. If it is
necessary, the scheduler of raw materials will contact other
suppliers to provide a replacement solution.
3. The scheduler of raw materials negotiates with the
supplier, transporter about data and information about the
quantity and time, who takes responsibility for losses,
demands remedial actions as to the future.
4. The scheduler of production modifies the production
plan according to the latest information.
Output: Updated production plan. Invoice for the
production failure. Recording with corrective actions.
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Figure 1 Process flowchart: A standard material flow planning process
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3

Economic perspective of material flow

From the economic perspective costs connected with
material flow execution cover [6]:
1. Payroll expenses related to wages and salaries of
handling performing employees working in the field of inhouse transportation, warehouse management or
management of packaging and a part of salaries of
individual and other workers, who deal with material
handling in their working time;
2. Fuel and power expenses;
3. Package costs and costs of long-time consumer
goods used up for handling;
4. Maintenance costs and repairs of machinery
designed for material handling;
5. Depreciations of sites, buildings and equipment
designed for material handling;
6. Other costs such as administrative costs, lighting
and heating costs etc. [5].
The amount of the above costs directly relates to the
level of material flow, its length and the volume of material
under transport.
The level of material flow and with that connected costs
are both influenced by a large group of space, production,
organisation and personnel-related factors, of which the
most important are:
1. Enterprise territorial location in relation to its
suppliers, customers, governing bodies, transport networks
(railway, roads, water courses), power and water supply
etc.;
2. Layout of buildings in enterprises’ premises;
3. Network of horizontal and vertical character
between and inside buildings;
4. Power and utilities, including water, steam and
power supply etc.;
5. Buildings and their properties such as shape, area
they take up, layout of doors, beams etc.
6. Produced amount and product mix – amount and
mix of produced parts, purchased parts and batch sizes;
7. Type of production – piece, batch or mass
production;
8. Character of machinery – number, character and
use of machines, degree of mechanising and automation;
9. Arrangement of workplaces – object,
technological, site production etc.
10. Handling equipment – number, character, use and
degree of mechanising and automation;
11. Technological procedure specifying the progress
of certain product manufacturing;
12. Ergonomic, hygienic, safety and other
requirements [7].

4

Results and discussion

All these factors influence the spatial structure of
manufacturing process and level of material flow, whether
in a positive or negative way [9]. An element, which is

important or even inevitable for the execution of material
analysis module is the need to have available or to prepare
operational production records [10].
1. Recording the actual progress of manufacturing
process;
2. Provided data:
Actual issued product amounts;
Periods of individual operations and products
implementation;
Labour and material consumption;
Deviations, failures and their causes;
3.
Activities connected with the provision of
production records:
List of production documents;
Corporate own recording and processing of data
on the actual progress of manufacturing process;
4. System of production documents:
Technical documents (drawing, bill of materials,
technological procedures...);
Documents for work progress management (work
sheets, identification sheets, deadline sheets..),
Issue documents (issue slips);
Handover documents (handover sheet);
5. System of initial documents:
Identification sheet;
Work sheet;
Handover sheet;
Material issue slip;
The production program must take into consideration
the size of production capacity and the chain of
consecutive, branching and parallel processes from the
perspective of IPO (input-process-output) schemes that
make it possible to specify inputs required (basic raw and
other materials, semi-finished products and components,
auxiliary materials, power and utilities etc.) stated both in
material volumes and monetary values [11].
Examples of fundamental factors that have to be
considered for the purposes of material analysis of the
manufacturing process [5]:
Availability of given basic materials;
Possibility to substitute given materials should
those be not available;
Quality of raw and other materials is examined
using a set of physical and chemical properties;
Distance of material (raw material) sources that
influences the amount of transportation costs;
Level of the risk connected with the provision of
given raw and other materials;
Price level of raw and other materials that is
directly shown in production costs;
The price cannot be considered separately but in its
relation to quality – the higher the quality of raw materials
the lower the specific consumption. This might lead to
reduced production costs compared to the use of raw
materials of lower quality [8].
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5

Conclusions

Great attention needs to be paid to power and utilities
demands. Demands related to material and power and
utilities inputs make it possible to determine some cost
parameters (or parameters, on which these costs depend)
that form part of input data for the purpose of economic
efficiency assessment. A well-arranged summary of cost
quantities related to material inputs and power and utilities
should contain:
Names of material inputs or power and utilities
and their units of measure;
Standard of consumption per unit of
manufactured products;
Expected purchase prices per unit of material
inputs or powers or utilities;
Expected costs per unit of production;
Expected costs per assumed (scheduled)
production volume;
Calculations of material input and power and utilities
demands make it possible to specify the level of material
inventory with its impact on the economic side of the
model (not only do material inventories hold funds in a
long run but they also require storage, for which storage
capacities need to be established) [11].
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