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Abstract: The article deals with the issue of creating darmation system through an object-oriented apgrpatich
is suitable for ensuring an efficient and propéuhyctioning logistics network. An object-orientggpaoach to the creation
of a business information system pays attentica $et of cooperating objects and reacts more fiexibevents in the
environment. The main effort within the object-aitied approach is the reuse of created objectsriemnasystem, which
significantly contributes to shortening the devehemt of new systems. For this fact and based artipshexperience,
the mentioned approach was chosen by the authtie afrticle. The overall design and functionatifthe information
system were influenced by the strategic directibth@ company, which was also necessary to congilen preparing
the article. In the end, a comparison of specifid abject-oriented approaches to the creationfofrimation systems for
the company is processed.

1 Introduction Logistics generally has a clearly set objectiveicilis
Managing business processes using informatidﬁ reduce the costs associated with |OgiStiCS and t
Support means Connecting and Cooperating with peopi streamline the _use_ of itS. activities_. The resullhaf/irig
a virtual environment to achieve the desired reisuthe  Such an objective is an increase in company por
highest possible quality. The connection of PLM#et  logistics costs. Therefore, long-term strateginipiag also
Lifecycle Management and ERP/Enterprice Resouf@cludes improvements in operational areas sucthes
Planning enables selected work processes (regetitiv SUPPly chain. Just as it is difficult to characterlogistics
based on a common algorithm of solutions) to b general terms, it is equally difficult to detenm the
automated and thus speed up their course, to irefitevy division of logistics. In terms of the extent ofs it
quality by reducing the error rate and to make thgomplexity, applicability and arrangement in preefiit
processing of large volumes of data more efficisoch a Will be used a division into three main groupspysy
change in the way business processes are manadies mépgistics (also called procurement logistics), prettbn
it possible to simplify the implementation of ewre most logistics and distribution logistics.
complex processes, to ensure the correct distoibubf
tasks, the correct distribution of data to thetrjggrson and 1.1  Object-oriented approach to  the

at the right time [1-3]. establishment of business information
While increasing competitiveness and customer systems
orientation of services in the form of added pradidue, The first step of the object-oriented approachhe t

logistics has undergone major modernization peridtie  establishment of business information systems & th
role of logistics is to integrate, regulate and egafly identification of all objects of interest, as wels the
control the material flow, including semi-finisheahd knowledge of relations between these objects. Evijgct
finished parts. By monitoring and reacting to imfation represents a structure that has a defined idebétaviour,

in the course of simple logistics operations (tpams and state. Objects can be material matters, irnters;
packaging handling, etc.), it optimizes their cortdin  various events, etc. Object identity ensures the
order to reduce costs and satisfy customer reqgeimésn differentiation of an object from other objectss. iits
Logistics does not stand out as a separate prdmétss identification. Object behaviour is the ability ah object
interferes with every area of the company's fumstion  to react to environmental events at state charfggsre 1).
accordance with the established company strateg9bject state is defined by persistent properties their
Logistics represents a complex system of managemewlues throughout the life of the object [4-7].

monitoring, and regulation of company flows.
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business information systems include [1-3,8,9]:

Figure 1 Structure of an object-oriented approach

Basic principles of the object-oriented approach to

In object-oriented programming, objects are grouipéal

« Encapsulation — a state when objects keep theirsstaclasses that generalize objects according to sinuifa
inside classes, while other objects do not havesacto identical properties and behaviour models. An dhbjss
this status. Objects manage their status throug# characterized by certain attributes which ararmon to
methods. As long as there is a requirement fall objects in the class and by methods that repiesbject
communication with an object, this communication idehaviour. A class generally represents a patwrihe
possible only through available methods, while thereation of a specific object.
object's status cannot be changed or affected.

+ Abstraction — within the object-oriented approaich, 1.2 Comparison of object-oriented approach to
many cases, extremely large programs are generated. the creation of information systems of the

Implementation of the abstraction feature ensurast t
internal implementation details are hidden, whihtyo
operations relevant to other objects are displayed.

company
Based on the foregoing analysis of theoreticalsiasi

object-oriented approaches, it is possible to stage

Heredity — ensures the principle of repeated usieiwi following [1-3,8,9]:

the object-oriented principle of business informati
system establishment. In the case of hereditybelass

is generated by derivation from another class, i.e.
mother class. In this way, hierarchy arises. Tleated
subclass takes over all methods and objects fram th
mother class and can implement its unique elements.
Polymorphism — enables the use of the subcladsin t
same way as the mother class is worked with, whée
subclass keeps its unique characteristic. It enpégs »
the most frequently used methods which can be
consequently implemented by sub-classes in a seitab
way. In case of polymorphism, while applying one
method, different behaviour or reaction of multiple
objects might occur. .
Within the object-oriented approach to the creatibn
information systems, a great number of techniques a
methodologies is developed nowadays. These
techniques and methodologies are dedicated to
modelling of future software solutions. Their
development is, however, based on object-oriented
design and object modelling technique.

A typical feature of a structured approach is the
segregation of data structures into a single moalute
processes into another module. In the case otfjeetd
oriented approach, a combination of data and pseses
applies. It can therefore be concluded that bygigia
object-oriented approach a greater consensus betwee
reality and business information system can be
achieved.

The model within the object-oriented approach ezsbl
an analysis of internal relations between objeeltsch
leads to the design and establishment of the irdtom
system precisely according to the requirementhef t
future user.

Ready software applications within the object-ceen
approach can be used repeatedly ability, whichtsher
the development time of the future information eyst

In comparison to the structured approach, the tbjec
oriented approach provides possibilities for more
flexible adaptation of the ready system to charges
enables quicker reactions to user requirements.
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The structured approach, considering its concemoduct innovation and development, monitoring and
glossary, and expressions, belongs exclusiveljnéo tmanagement of information and product configuration
field of information technologies. The object-otiesh throughout their life cycle, management of produtcti
approach is a more comprehensible tool that ialslait processes, and cooperation between engineering
for the establishment of business information syste departments, then we can say that PLM is data{urive
even by the general public. Through the involvenoént [10-14].
the general public in information systems it isgible In contrast to business information systems that
to avoid mistakes that result from a misunderstagndi manage finances, contracts, production order pseses
between the author or requirements and thgroduction planning, logistics, and warehouse
programmer. management, here we can say that information sgsteen
In comparison to the structured approach, the objedransactionally managed. PLM and ERP play different
oriented approach requires greater computing tinge acomplementary roles in product innovation and etieoy
memory space. and therefore their mutual integration helps congmto

be more efficient in their activities related toeth
The implementation stage or the stage of busineggvelopment and management of the manufacturing

information system integration, in our case the tam portfolio of products. An example of this coopevatiis
system, follows the design stage. The above-statétfached in Figure 2, where we can see the mutaaing
comparison shows that for these purposes and undérinformation about the structure of products,mite

existing conditions it is more appropriate to usedbject- changes,
oriented approach with its methods and tools.

production  information,  technological
procedures, etc. The construction of such infuastire
will be provided by the company:

1.3 Architecture of Integrated Information ° digitize, optimize, and standardize your processes,

Systems » reduce costs by executing processes with less rhanua
The architecture of integrated information systems effort,

represents a hardware and software infrastructuae t* minimize cycle times with process automation,
offers tools for process analysis, creates a olgtw of * improve productivity for all stakeholders with tright

the creation and management of processes andthefl

information at the right time,

values. It is a general methodological framewortt @mols ¢ ensure consistency and completeness by standaydizin

for modelling business processes in the PLM intexfa

best practices.

with ERP support. If the main task of a PLM solatig

Mechanical engineering

Production

This integration must of course be parametric tatile

e e e, e o o

PLM
supported entity types:

item/revision of product
structure of product
database with works
change infostatus classification
status information
efficiency
_process plan

Information
processed instructions
work environment
resources context of cooperation
attributes for all of the above
version/revision information

® o o o] o o o o

~relationships between entities

PLM gate

Documents
Data
EBOM& EMBOM

Change Master

Process direction
plan

Work instructions
Production
Work centre

Change of status

Atributes displaying
on the fly

ERP
supported entity types:

material

bill of materials

information record with original
files

Classification

status information

efficiency

Routing

Order

Operation

work instructions

workplace functional

location resources

attributes for all of the above
version/revision information
object bindings between entities

Figure 2Interface between PLM and ERP data models

system is the controlling system for which attrébaind
to connect different data models of PLM and ERMhich only shares information. Among the key sugygli
databases and thus enable the sharing of monitor@dPLM solutions that set the long-term directiom @rend

attributes, including the possibility of defininghigh in PLM software development include:
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« Siemens Industry Software - software PLM producbcheduling processes have a short duration and bpeust

Teamcenter. rerun for each change. The average accuracy tintkeeof
« Dassault Systemes: software PLM product Enovigchedule is very short, and therefore most autieqrsrt a
software cPDM product SmarTeam. continuous scheduling process in the literaturbe8aling
« PTC- software PLM product Windchill. is usually thought of as an iterative schedulinarpss that

varies. Scheduling methods:

All the solutions mentioned above are fully modulat  Capacity planning (forward, backward, combined).
and cover the entire application portfolio of mod@LM. ° Accobr_dlng) to the running time (to front, back,
combined).

2 Casestudy * Weighted planning (for example, for resources saagh

Below are the outputs from the implemented case technologist, designer). _
studies, which are related to the object-orientggr@ach * Planning according to production bottlenecks.
in solving logistics. case studies were handleduth the * Operational planning common.
workplace of the authors of the article.

The APS/Advanced Planning and Scheduling solution

2.1 Dynamic production scheduling itself comml_micates bilaterally between the ERPtSys

Production Scheduling can be considered as a ysugind production. For each new schedule, he neegkdt the
demanding discipline at the production level dughe Status of new orders from the ERP system and éassf
possibility of different combinations even in thase of Production equipment and work-in-progress diretrtyn
only a few products that the production produceéhe factory. In most cases, this horl_zontal comiTativn
Scheduling can also be considered one of the md§tenabled by the MES/Manufacturing Execution Syste
important processes for every manufacturing compan§elution, as described in Figure 3 [15-18].
Schedules are usually presented in Gannt Charts.

Process Part Program
Definition (BoP) & Instructions
Requirements -
‘_‘_.—-l 2 >
‘ . F= MES Shop Floor
’ - - { - o (Prosuction svnEhranization) - E | TPrordinoe)
= 1
g .
Compenent I T Engineering Production
List (BoM) Feedback Feedback
2 ,'_:
O E
Component Production
Availability Order List Scheduled
‘ Customer Operations
Tidbing E’l—.‘ e APS
Ay g (What and when to Bz (Best sequence to
produce) "’ | = e o produce)
Pirchope Production "L J—— @ Production
Performance Snapshot
(As Built)
Figure 3InterfaceMES + PLM + ERP + APS position [15-18]
Grouping work orders by material and also improves the results of failures. Figudegcribes

Combining production orders according to the materia Gantt chart in which production orders are cotatedf
that enters the production process can also betlzochéo  we compare it with the first optimization methddrward
optimize production and overall results. Consolmfabf  scheduling, the difference is in the improvemendaayed
production orders improves the overall downtimesealu orders and also the improvement of downtime when
by changing tools when changing from one type tla@r switching from one product to another.
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Figure 4 Optimization by combining work orders thse material - Opcenter APS Gantt Chart [15-18]

Forward scheduling is production in the forwarc increase of data rate,
direction from a defined starting point. The gofilsach « greater system transparency,
scheduling is to complete the process of each pt@du « support for the existing Kanban system,
order as soon as possible when the resource addigite . continuous improvement in the Kanban system.
is available with little or no waiting between ixidiual
processes. Planning logic: If the resource is abll(the  Tne electronic Kanban system must follow the same
device itself, a specific role) the process isshieid, but if principles as the traditional manual Kanban sysEnese
the resource is not available at a given timeptioeess is principles include mainly the creation of a smofokv of
Waltlng until the pOint when the resource is a\mﬂaga”l materia|5, synchronisation of production Operations
Forward scheduling does not allow us to generai§imination of bottlenecks and the establishmera tfm-
unfinished work orders but assigns them a delaigds  pased production system. The electronic Kanbaresyst

similarly to the manual system, must continuousigport

2.2 Online Kanban implementation improvement which is generally considered the most

With manual Kanban system the demand informatioimportant sign of the Kanban system. The objedsvi®
is transferred through physical Kanban cards. Riiolu  minimise stocks and production batches, which uacov
launch signals are also sent manually from theooust to  shortcomings in the production process and remthers
the supplier. However, this traditional Kanban eysthas after corrective measures are taken. The electiamban
its limits. Production continuity is endangeredotimh system provides data collection, reporting on potidn
incorrect manipulation with cards, either by theiperations and the flow of material and reservesiarthis
movement in incorrect time, or by their loss orlégiion.  way, contributes to the improvement as possibledfda
As production times are constantly shortening anarchiving. Working environment of the online Kanban
production volumes are constantly increasing, theunt system should be intuitive and easy to use prop&tg
of Kanban cards and, as a result, the amount afe@l electronic Kanban system should be user friendiyiash
problems with Kanban system maintenance areks possible to meet possibilities of all users he t
transparency is rising. Technical progress enajpiedual organization.
replacement of the physical Kanban system through a In comparison to the traditional approach, eledtron
electronic system, where signals are generated aftéanban system brings solutions in many areas, mainl
demand and are automatically sent based on cureeats. [3,6,10]:
These signals are transmitted electronically. Exgigpal « elimination of card manipulations,
is recorded and kept which enables the comparidon © elimination of problems related to a frequent logs
historical data. The implementation of an electoni cards,

Kanban system may bring [3,6,10]: + better visibility of signals for the launch of praztion,
» Kanban data management,
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« improved communication with suppliers within theplant. Users and management staff can track arldagea

manufacturing process, current data on the manufacturing process in il t

« analysis of supplier effectiveness within the The online Kanban system enables mediation of
manufacturing process, information on the status of every production statiThe

« delivery of required material, ongoing production oe€lectronic Kanban system enables the_lmplementanion
ready-made products at the right time, the turn-based production system even in placesenthe

« minimisation of downtimes caused by the lack of ~ traditional Kanban system often fails. Such plaees
material, production facilities with frequently changing cursier

demand. In such acase the electronic Kanban system
within a computer application reacts to changesemor

The electronic Kanban system solves many problerf|§XiPly and adapts the production accordingly.difienic
which occur when using physical Kanban cards. TH&@nban is currently also able to evaluate the imphc
process is more transparent, quicker and morebtelig  €170rs and failures on machines and equipment én th
helps with solving problems associated with anrerage  Production process, thus minimizing the negativeant
of production devices, manufactured productioniguat  ©" the production plan. o
the flow of materials and values within the mantifeing The following Table 1 records main differences

process. An indisputable advantage of the eleatrorff€iween the traditional Kanban system, which uses
Kanban system is the access to the system evedethe Kanban cards and Kanban boards for the transmisdion

manufacturing process or even outside the manufagtu 'nformation, and the electronic Kanban system, tvhims
as a programme in a personal computer.

» improvement of supply chain transparency.

Table 1 Comparison of the the traditional and thecgical Kanban syste8,6,10]

Traditional Kanban Electronic Kanban

Useally chaotic data management — Acces, Excelhar ¢ A specific system developed for Kanban
generasysten

Difficult handing or large quantilies of Kanban ds A large number of items are nc problem

Limited ability to send Kanban cards over londalse | Automatic sending of data worldwi

Low order and stock transparer—not in real tim An ug-to-date view fo orders and inventory in real t
Problematic definition of prioritie Priorities generated automatica

No record of historical da Data is archived and evaluated using various
Manual transmission of data to the master sy Automatic data and report trans

Contrary to the traditional manual Kanban systdm, t applies in the area of production planning and
online Kanban system in many cases works usingd®®s management. In view of the fundamental principlehef
or RFID chips which mark materials, ongoing prodrtt Kanban system, which is a continuous improvemdm, t
and ready products. The RFID technology appliesityai establishment of the electronic Kanban systenmiataral
internally within an organisation. Bar codes ari¢éadle for  step.
the introduction of the Kanban system in the entire
production chain, i.e. from material and componer®.3 RTLStechnology usein TestBed
suppliers up to the final customer. These techrietoglso The practical example shown below was implemented
help record material movement in the productiothezi in the specialized TestBed 4.0 laboratory, whichag of
through bar-code scanning or through data colladtip the KPaDI laboratories in cooperation with the SOVA
means of RFID readers. Data are displayed on atretéc  Digital company, see Figure 5. To simulate the psses
Kanban dashboard. This board can be visualised @t can be implemented in the laboratory, a mod
personal computers and various mobile devices ssch developed in the TX Plant Simulation software, wahic
tablets, mobile phones, etc. The tendency durasy | made it possible to test variant options duringhéag.
decades is to continuously increase flexibility and
effectiveness of manufacturing processes. Thigtedso
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Figure 5 Project activity with RTLS technology iesiBed and 2D model in TX Plant Simulation

2D model was processed for tracking movement usirggsential for success. The digitization of produrctilata
RTLS/Real Time Location System software, Figur8%. using industrial localization elements such as RTLS
tracking the movement of the students through #us t systems is increasingly recognized. This is dudht®
they were wearing, it was possible to process thesults of these systems in the area of workermltthe
movements in the form of the above-mentioned graphprotection, but mainly for saving production time,
outputs. The collection of data on the movement gdrotecting property and products, and last butewsstt, for
students around the floor plan of the laboratorg earried saving business finances. Managing business pexess
out, with the identification of activities withinhé¢ using information support means connecting and
laboratory and the identification of the most pepul cooperating with people in a virtual environmenthithe
equipment of the workstations located in the latmwya aim of achieving the desired result in the higlpestsible
from the student's point of view. With the helpwis quality [19]. The connection of PLM and ERP enables
possible to control and view the activity of stutdesiuring  selected work processes (repetitive or based amenon
their presence in the laboratory in real time. dogputs algorithm of solutions) to be automated and thesdpip
are shown in Figure 6. their course, to improve its quality by reducing #rror

The implementation of RTLS technology together withrate and to make the processing of large volumedatzf
the simulation model and its 3D display will make imore efficient. Such a change in the way business
possible to create a more realistic and accuragehuf processes are managed makes it possible to sintpbfy
the TestBed 4.0 training laboratory in order taHar find implementation of even the most complex procedges,
new potential for increasing the efficiency of theensure the correct distribution of tasks, the abrre
educational process. Today's manufacturing companigistribution of data to the right person and atrtpbt time.
and plants are subject to constant modernizatibichnis

~ 543 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica

- International Scientific Journal about Logistics
Volume:

11 2024 Issue: 4 Pages: 537-547 ISSN 1339-5629

Logistic-information system based on object-oriented approach
Peter Trebuna, Miriam Pekarcikova, Matus Matiscsak

Spaghetti map

Heatmap

| A

‘ ' I . ‘ s 8 O
. : s & O
o, w = s a HB—
§ A & 8
-, - \ = =
L ] a E—
 Zax1 4 71
a 3 1 s E
ﬂl\h:; =
5 5
e | L. o
La Activity : X
7 Legend
200 @ milan in Entire
N ® milan in Z3
® milan inZ2
@
®

Figure 6 Previews the analysis from the RTLS soéwa

The spaghetti diagram determines the continuityhef
material flow for the possibilities of further optization of «
processes and identification of inefficiencies inet .
organization of work, as well as wasteful transpnd
unjustified reduction of activity. .

effectively coordinate company resources,
clearly understand impacts across projects,
implement changes quickly, accurately,
comprehensively,

maximize the visibility of work progress, resources

and

Heatmaps in general can provide a relatively higlell
of process clarity in that they can reveal theritigtion
and density of in-house operations as well as vabilties

costs, and project status,
simplify all types of processes in the company,
digitize, optimize, and standardize production aod-

that ultimately cause delays.

The activity can optimize the overall efficiency e,
e.g. fleet, employee, etc. Elements such as artiveac
renewal and repair period are used. The data can
compared with each other.

production processes.

It is a sequence of steps, the aim of which is to
ectively implement the customer's requirememtts ihe
desired output through the interactive cooperatibthe
. concerned entities. In addition to a high-qualioynfi of
3 Conclusions data analysis, it includes digitalization of models
Result of a logical sequence of steps that leatth@o simulation, evaluation of results, and standariimabf
optimization of logistics processes through ERPBrocesses. It enables interactive cooperation ia th
collaboration with the business information systare development of the proposal and the implementatidhe
processed in the algorithm presented in Figuren@.goal  selected proposal with entities that have accghssrto the
of the created algorithm is: system anytime and anywhere, which is an indispeitab
+ optimize the portfolio with a holistic view of advantage of this system, thereby increasing traitgu
information,
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and flexibility of work and reducing the costs adated
with project implementation.

o

Figure 7 Algorithm for optimizing logistics processthrough a business information system [used fZRI$
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The goal of the logistics information system is td5] TEPLICKA, K., KHOURI, S., MUDARRI, T.,

achieve the interaction of physical processes with FRENAKOVA, M.:
simulations in the digital model. This provides mor

detailed information into the functionality of pnaztion
and logistics processes. The synergy between prioduc

Improving the Quality of
Automotive Components through the Effective
Management of Complaints in Industry 4&pplied
SciencesVol. 13, No. 14, pp. 1-16, 2023.

practice and simulation technologies based on the https://doi.org/10.3390/app13148402

principles of the digital twin enable complex arzy of

[6] EDL, M., LERHER, T., ROSI, B.: Energy efficiency

the cyber physical system, i.e. the physical device model for the mini-load automated storage andeeti

connected to its digital twin. The scope of thasayres is
not only the proposal of possible production siturat and
conditions, but also the backward applicability tbe

systems, International Journal of Advanced
Manufacturing Technologyol. 70, No. 1-4, pp. 1-19,
2014. https://doi.org/10.1007/s00170-013-5253-x

design output to the physical model. It is the aofa [7] KNAPCIKOVA, L., BEHUNOVA, A., BEHUN, M.:

analysis or the causality of change that bringutlite
development of areas of use of digital twins indea of
sophisticated algorithms for solving specific sito@as in
production processes. The great benefit of thealigvin

Using a discrete event simulation as an effective
method applied in the production of recycled materi
Advances in production engineering & management
Vol. 15, No. 4, pp. 431-440, 2020.

lies in solving complex logistical tasks and in the https://doi.org/10.14743/apem2020.4.376

construction of e.g. electronic kanban, impleméotaof
RTLS for real-time motion tracking, and other exdasp
given in the article.
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