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Abstract: This article is devoted to the main element ofltiastry 4.0 concept, which is vertical integratenftware

that connects the necessary parts of manufacteangpanies. Software that meets these criteriagigined to ensure
error-free bi-directional communication and datansfer between IT and OT networks. Better competitss

technological progress is pushing the possibilitiEMES. As a result, MES is becoming an integlairent that takes
businesses to the next level. If we imagine alividigs as operations connected by computer netsvarid analytical
tools, the resultis even greater efficiency initttistry and business. Analytical tools providefuksupport for customer
service.

1 Introduction Figure 1 shows the principle of Industry 4.0. Wtthe

New organizational systems have a positive effect ¢mart factory, all the physical manufacturing comgus
the development of technological and industriaRnd elements that are in physical form have thyiectwin
Components of Companies_ The overall process mhes (ie, model) in the virtual world. The virtual WO[ldS well
at the level of entire companies. Digitization ands the physical elements and their virtual formes simply
automation of production processes are nowadays Hyerconnected to ensure global production optitioraie
integra| part_ |ndustry 4.0, on the other handum the that SMART FACTORY Can.eX|St. In a(;ldlthn, withiimet
adaptation of new ways of managing companies Malue chain, the_ target factories are hquzonnaliggra.ted,
companies. MES is software whose task is to maaade i-€.. the physical assets and their cyber twins are
optimize production and distribute the informatimeded interconnected, which allows for optimized decision
to perform Operations and document Operationalm maklﬂg within the value chain. The |ntegrat|0n litse
to transform inputs into production into final prmts and through the value network leads to the creation GfPS

services. platform, the principle of which will be that thiag
services, data, and people are connected via theét.
2 Characteristic of Industry 4.0 and Smart Another important characteristic is the shortenirfig

production times without affecting the quality dfet

Manufacturing according to the main product. Business operations, especially operations

features ~involved in the production of products. Many of the
We can transform the concept of Industry 4.0 intgechnologies used in manufacturing are non-innegati
vertical and horizontal integration. Vertical intaton The vertical integration of intelligent systemsnisito

represents a growing need for the exchange ofiirdtion  the fact that factories are not designed separdtalythat
and the use of cooperation between different seeithin  there is a need for networking of intelligent fa@s and
the company. The value chain is classified USiﬂgamd production Systems_ As part of the information @ng'e’
continuous engineering, where the main subjecthés tyertical integration includes services exposed for
product, ie monitoring the entire product life @cfrom  jndividual parts, service modules that are recaapiiz to

the initial idea thrOUgh prOdUCtion and use tonitsar and CPS, integration management' and planning for rdiffe
loss and value for the customer to recycling. systems.
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Figure 1 Principe of Industry 4.0

3 Vertical integration

The escalating requirements of modern production
require an upgrade, especially the main goal ohecting
all logical layers within the company, startinglnihe field
layer, also called the production floor. Integratimas the
advantage of making it easier to make challendirgegic
and tactical decisions at any level, due to thedoen of
information that is not fixed but flows freely tigparently,
and freely. However, the primary advantage of tiyjie of
integration is a significant reduction in resporsae,
which increases the company's competitiveness én th
market.

Figure 3 represents vertical and horizontal intégma
from a different perspective. The figure showsttheends
of the vertical axis, which represent the trade ¢idp) and

Thanks to the use of a gIObaI network of the Valuﬂ]e production side (bottom) Customers (nght bm

chain, horizontal integration facilitates the creatand
management of networks that create value or valuthé
company. Among the basic relationships that weusaras
an example of horizontal integration is the relasiap
between customers and sales representatives (Fig 2)

MM leads t0 | ntenet of Things
CPS platform e §
communication and Services
lwlreless communication ] arises on
Horizontal supports End-te-end
Smart machine , ) )
integration % integration
“b
] communlcation with ]is the basis of N\ supports[
takes place™ Vertical
Smart product Smart factory '——5":' R
i) UlVdV\.t‘d i” within mt.grauon

L]
Figure 2 Horizontal and vertical integration

In intelligent manufacturing, MES is understoodaas
functional and certified monolith between ERP an
automation in manufacturing. The problem was the
mismatch between distribution intelligence and ll&nh
the other hand, this era of systems is slowly cgminan
end. Their replacement is MES connected to lloTe Tt
result of this interconnection is a shift from iligent
manufacturing to a higher level. lloT provides dati
aggregation, visualization, and analysis. The m@wbis
that it does not present a broader perspectives the
addition of the MES solution, which works in cocgi@sn
with 10T, that brings the necessary complex solutand
a stable process connection. The result is betl
standardization, monitoring, and refinement of dyal

processes and clarity of events in the supply chain

suppliers (left side) represent the two ends ohtivezontal
axis. To clarify, ERP is more closely linked to thesiness
side, on the other hand, PLC and manufacturingniolgy

are more closely linked to the production side. fiap
relationship management, in short SRM, as the name
implies represents support for suppliers. Customer
relationship management (CRM) maintains customer
relations. Last but not least, the figure shows Plylstems
that help manage product lifecycle processes. Moder
manufacturing is so demanding for companies thateet

all production requirements, information in digifarm
must flow as easily as possible between all integra
systems, even in the event of degraded conditiéfis.
important user groups in the company, from marketin
purchasing and from production staff to top manag@m
should have access to relevant data. such access to
information is provided by collaborative production
management (CPM). MES is at the core of CPM, which

guggests that it can help interconnect other system

Business %
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Product
Lifecycle

Suppliers
s12woIsn)
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~
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The ERP system works on the interconnection wigh th -t ,re 3 Shows Vertical/Horizontal integration assthe
MES system. ERP controls the level of production by organization
monitoring orders generated by retail and superetark

chains and sends instructions to MES to start mtiatuin

Growth in industry and technology is supported by

the quantity needed to meet order requirements. MEfodern organizational systems, as modern manufagtur

receives the incentive for production and fulfilimeof

requires the adaptation of new solutions and wdys o

orders and provides feedback on the state of ptio#it®o  managing destruction in  companies. From an

the ERP system.

organizational and business point of view, alhatiis can
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be designed as a set of operations that are linked
computer systems and information networks, tht

achieving greater flow efficiency and a new perimepof
the business sector includes a variety of analytomals
that are useful to support service efficiency. ridied for
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The gap between IT and OT systems is startingotecl
Companies require enterprise-wide visibility —anc
intelligence from production to make informed, antible
decisions. This means MES must be connected to &
integrated into the overall information system ahé
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supply chain enterprise-wide. MES functionality and Figure 4 IT/OT coverage
capabilities are increasing. There are fewer siloed
applications and point and line solutions. Whilenso Initially, cultural, organizational, operational,né

suppliers embed their database into their solutiwst can technological constraints slowed the convergenc®bf

integrate and operate among many different typedat#f and IT for plant- and field-level automation. Bweotime,

sources. In the future, everything will work togath many of these constraints have either faded awkygely

seamlessly: people, technology, and things. been overcome and IT/OT convergence is proceediag a
The rising interest in the Internet of Things (I&@Nd rapid pace. Examples in place today include:

digital business transformation means that new .« \ireless field devices and plant networks

opportunities will emerge and associated risks makd to «  Ethernet-at-all-levels

be mitigated. Doing so will involve high levels of «  Virtualized hardware and applications
cooperation between IT and th_e groups managing the . Cloud computing, software-as-a-service (SaaS),
operational technology (OT) monitoring or contnogjithe and product-as-a-service (PaaS)

physical devices and processes in the enterprise. Advanced simulation and digital twins

Therefore, IT leaders (ClOs) need to prepare fa th 3D scannina and additive manufacturin
transition of their organizations to the converging g an 9
Advanced robotics

aligning, and integrating of IT and OT environmefitsis bled o
is the corerstone of using Industry 4.0, the itrials * lloT-enabled remote asset monitoring
Internet, (I) loT, and cyber-physical systems with * Predictive/prescriptive maintenance, and

maximized benefit (Fig.4). » Advanced operational analytics
This IT/OT convergence is often a challenge. has ) i
just a challenge because of new and exciting tdobies The above are just some of today's advanced

but also because of new ways of thinking. This seocbe technologies and solutions being deployed in imtlst
an even higger challenge when two different worltlaf €nvironments. None would be possible without the
have worked separately and with completely differerfonvergence of operational and information techyietn
systems, technologies and vendors, must integratatie In addition, IT/OT convergence is a key enabler for
context of 11oT and the Industrial Internet. important industry initiatives such as Industry.4.0
Competition in the next millennium increased emphas
upon time as expressed by speed, quality, seraicd, 5 MES or MOM
global focus. Agility is the watchword. Manufactisere The MES software is designed to meet the requirésnen
measured by their ability to react quickly to sualdeften of even the largest companies by connecting thréragt
unpredictable changes in customer demand for thaiffice accounting with systems and products takirtg
products and services. To compete successfully thecount the factory. In addition to connecting paiftthe
manufacturing applications have to be time andvigti company, MES connects the outputs of three layérs o
based and above all should be focused on custofmtay information systems, which form part of the plamnin
companies must be able to deliver customer-specifignctions, such as MRP, performing supervisoryuality
products with the lead-time of standard, off-thetsh control functions and software, and control systenad
products. Make-to-stock and make-to-order typesades provide the data used so that the enterprise hastuicted
at times have to be selected by the company. access to separate data databases that exist whhin
organization. MES functions such as process antitgjua
management, planning, and operational analysispfall
which need real-time access to information. Maiddya
that affect process control. It is further linkem dather
complementary processes, such as labor, warehousing
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production monitoring and product tracking, andmrp elimination of manual interventions and providingl f

systems. traceability of product history.
MES systems help create faultless production peeces ~ Business challenges:
and help create a consistent view of productioa.dather e Demand for more complex and personalized
benefits of a successfully implemented MES system a products in the condensed period.
» traceability of production, * Adapt new product introduction to shop floor
* ensuring accurate production data, processes.
e reduction of downtime, nonconforming e Adjust manufacturing lines and processes to
production, shortening of setting times, efficiently handle the influx of new products.
» increase overall equipment efficiency (OEE),  Meet market demand to quickly bring more
» reduction of inventory, complex products to market.
« introduction of paperless production, The MES grid fulfills several key functions, from
e possibility of accurate economic evaluation of
production and others. ERP through automation integration to error logging

NPI product configuration, reporting, order listarity,

Manufacturing Operations Management is the prieciplinformation collection, employee order managemant
of setting the necessary rules that are esseatiahtntain automation and fault stopping. MES has a positivgaict
high standards of production value and to enswuaettie On increasing production flexibility and management
entire process begins’ runs, and ends exacﬂydjcq)m efficiency in production solutions in the form (]fOFiUCt
the established rules. This management includes tf@mbinations. Since the introduction of MES, thenpany
constant need for improvement, such as improving@s experienced an increase in the number of needed
inventory, production, quality and quality control,resources to complete the project. Thanks to tiisien,
maintenance, all according to strategic objectivesong the company has significantly improved and is epepto
the most well-known strategic goals are cost rédnct handle more product variations than in the pasts It
product innovation, sustainability, —quality, —andnecessary to note the result of the implementatidmch
compliance. results in increased accuracy of the productiorcess,

speed of obtaining information, identification betmain
Other

causes of any problems, and many other benefits.

PLM

=

Results:
» Enhanced flexibility of manufacturing processes.
* Increased speed of innovation of new products.
» Leveraged Siemens technology to accelerate the
digitalization process.
» Elevated product quality and transparency.
* Reduced administrative efforts and costs.

MOM
Manufacturing
Operations
Management

7  Conclusions

We can define a modern execution system as the main
part of the production workshops, not only in terofs
business operations but also in general facilifappliers,
and divisions. The main advantage is the consigtefic
data, which serves people or the whole team taloothte

6 Real production implementing system, and share data. MES provides the appropriate aalyarf

ired knowl nd experience with traceabilit_y of components ata_spegified Ievehwitt.fear
;Cgﬂsgd owledge and experience of data misuse, without data distortion. MES presitiue

. ) ) ) o . data in the right place at the right time. The infation
The portfolio of industrial solutions, which is @i 5t is received from the workshop is further uasdan

extensive, and the portfolio of components of COMER i gicator to increase the competitiveness of thepany.

includes components such as motors, hydraulic eggip o large number of companies have already addrethéed

compressors, control units and controllers, me®ifsof o, 5 jementation, or have already implemented it, tdutée
these components.are_d_eggned to po_5|_t|vely inglabal many benefits for the company, many of which are
advances in sustainability, energy efficiency, vesigles, jascribed in this article.

the food distribution system, and more. Such a emp
can be defined as a company with a large production
volume, a high degree of configuration to produgtieith
minimized interventions in production (basicallyhqalete

Production
Inventory
Maintenance

Figure 5 Manufacturing operations management
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