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Abstract: The future of intelligent manufacturing systemii e the era of Smart technologies coupled witmplex
automation, robotics and artificial intelligencelrdady today, virtualization and the digital trasrshation of
manufacturing systems, the pursuit of applying sidu4.0 elements, and the industrial Internetfptats are becoming
a presence. The advent of virtual and digital tetdgy and breakthrough projection technologies &ivedr a
comprehensive, tailor-made manufacturing envirortrdefivers a number of generally proclaimed begéfitterms of
productivity, flexibility, production quality, inclding absolute responsiveness to meeting divesaareasing customer
demands for product performance . The benefitsesigting production system structures as virtuadet®and then
digitizing them are well known and, together witbaxfbility, meet the growing demands of customekay such
qualitative change in the production environmertaiés a 'knowledge burden' on the designers of garolduction
structures. They must be created on the basissbpb&ctices, knowledge and knowledge that appbhaus, procedures,
tools, techniques and models of construction im@noent and contraction, respectively. transformatiestructuring)
of the production environment.

1 Introduction designing the production environment (design theory

Designing the structures of the manufacturingesign philosophy) is characterized as a set ofdbg
environment is a complex multi-level system, influed 9rouped knowledge and information about engineering
by a large number of factors, both external andrirgl ~design. Designing is therefore a complex areaedriles,
contradictions. Their overcoming is the basis afjget Methods, procedures and techniques involving adbroa
activity methodologies, which are technically andield of engineering activities.
technologically highly intellectually demanding and
focused on realization of innovations, modemizatay 2 Innovative methodologies for designing
restructuring of production. The technological pojof future production

the prOdUCtion environment is the basic model @& th Designing today's Compiex and diverse manufacturing
structure of future production. In accordance witie Systems requires a Comprehensive ana]ysis of their
competitiveness and technology of the productiéétes gperations in three spatial dimensions and ovee.ti@nly
ideas of possible models of its future productionhis approach isa guarantee of identificationinjation,
The development of design methodologies goes handresp. elimination of project shortcomings beforeirth
hand with competition, market needs and produgiiture physical implementation. Production group
innovation. To build an investment and Operati(}na”designers must be professionai and Speciaiist_ m
profitable  production system capable of quicklyhave creativity and profound professional theoattand
materializing changing, often unpredictable demamds practical knowledge of the issues they are dealiitig in

the utility properties of products, responding t@he project. In technical project solutions, it mbave a
fluctuations in sales, etc. means to design modeggnse of precision and addressing details as inigmi
technologies enabling spatial visualization of fh&ure  requirement for the success and implementatiorfutiae
production environment, technological simulation Oproject. It must manage to follow the developmeands
processes, their quality, performance charactesisti the  of designing new production structures and thectliva of
system, including economic impacts on the competty, their development. Do not stay at the level of ctéde of
This path is only viable by improving the desigroutdated, time-consuming technical solutions, aopli
methodology, integrating it into productive inforie@ technologies and technical means. For designing

and knowledge systems ensuring the desired quaity production systems, adequate methodological praesdu
durability of the implemented projects. The sciere
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algorithms and tools have been developed in thg term,

which will ensure higher efficiency of solutions in Customer needs
individual stages of the project process. The sreaiature Competitive market
of project activities creates pressure for intevact

generation of solution variants, their evaluatioptimal L

selection and detailed elaboration. If the aim ikigh-
q_uality Ieye! of proje_:ct solution, it is necesséwyconsider Real production Project of a new
hlgh_ variation. Thls_ results from the real naturé o G production system
engineering production processes, typology, strattu

layout, localization of production systems in spdoae, 4 ‘ v A
their economic efficiency and so on. The methodoklg
design procedures used in each stage of the swolonicst

3D models of production

be closely linked. v '
Stages of the solution are most often presented by i ; )

models in which the project activity is decomposetc Reconfiguration project

hierarchical levels. The philosophy of innovative, Production syste

interactive design is based on the assumptionsiiiging
project problems takes place in three basic pHages

« A set of variants of project task solutions isnige Virtual model of the production structure of the
created in accordance with the set objectives. Odari * -
methods  (analytical,  morphological, hierarchical
generation, etc.) can be used to determine variahts
reference solutions. It is necessary to create roptiens
and to define permissible solutions in the nexgestd-or v

Simulation of spatial characteristics of the syster*

less complex tasks, it is possible to use intuitiays of - )

generating variants based on reference type pattern DIEAEL et @i [pretlisien SIUELE alilie

« Allowable solutions are defined. In this phasejsi L system .
necessary to exclude inappropriate variants ofhetion (digital twin production system proje

either on the basis of intuitive approaches, reaped on v

the use of logical and mathematical methods. It ig

advantageous to evaluate variants using methodsaine Simulation of production characteristics of the
based on functional and parametric admissibility tHe ¥

first case, it is possible to evaluate in particuthe

functional links of the overall solution structufgraphs, Analysis and evaluation of model simulation res
bond models, mathematical-logical models, etc.)the v

latter case, it is necessary to specify a set itital; i.

solution parameters. Implementation of the

» The optimal solution of project tasks is selectadthe production system proje

final stage. The optimal variant can be obtainedthmn

basis of comparative methods (reference projests}ihe Figure 1 lllustration of the design methodologyta# new
basis of simulation activies and the like. production structure

The design methodologies are based on the creaftid®D

models of production technology and their transtaion The most important benefit of virtual desigs i

into virtual scenes enabling digitization and sgosmt shortening the innovation cycle of the productigstem
simulation of their arbitrary production characséids (e.g. during its reconfiguration, resp. overall developineycle
feasibility of operations on production technologyin designing a new production structure. The fuorelity
verification of calculated production times of pootion, ~ Of the design as a whole and its components iskeltec
etc.). The primary base for 3D creeping, respeligtive after each operation performed throughout the model
virtual workplaces can be used simple variant desigTests and simulations thus help to detect errom an
processed in 2D modifications of the spatial stecof the — deficiencies that would come to light only when fimal
production environment. The general methodologicdiroduction project was implemented and would resgjuir
sequence of the production structure project asgtits Packward, time-consuming and economically demanding

realization and operational success is illustratefiy. 1.~ changes. This is a significant contribution of high
technology compared to classical technical prejoaratf

production. As the product innovation cycle is dsea
shortened, products can be upgraded more ofteasterf
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to respond to changing market demands and thusaser ¢ software technologies for visualizing workflowsiirtual
competitiveness. The condition is the integratibmitual ~ reality (Twinmotion, Taracos, Plavis, Factory Desig
technologies with other CAx technologies, whichased Suite, Vuforio studio). Twinmotion is a program tha
in the operation of the production structure arellemown works on the principle of real-time visualization.
as PDM systems. In particular, the advances inveme] ¢ technical means for training, sensory percepthowl
software and information technology and imagingducation in virtual reality (eg Oculus Touch Coliér),
technology have made possible innovative changesHW tools for virtual object handling (Oculus Rifirtual

Advanced reprographics and presentation technologiglmets, Samsung Gear VR, nReal Light glasses, @igm

integrated with interactive software systems eratiday EyeTrek Insight EI-10 ...).

a new way of working for production system designer

Virtual models of production projects are designiad "Headset" is a set of technical means for training,

sequence: perception and working in the virtual world. It cists of

an Oculus Rift virtual helmet with an OLED 1080x020

1) processing of 3D models of production technologgixel resolution display with a 90Hz refresh rateda
incorporated into the project, integrated headphones, right and left position @snand

2) processing of the models of the productioninalthich  two Oculus Touch hand-held motion control unitseyrh
the project will be situated, including its opeoatil are used in the Oculus Home SW application and have
infrastructure (heating, air-conditioning, exhaustwide spectrum of applications from games to researc
distribution of technical media, etc.), activities. An illustration of the design work iBa@avn in

3) creation of 3D production structure of futureghuction, fig. 2.

4) transforming the model into a virtual reality.ge
converting a 3D model to  VRML).
3D modelling techniques only allow the creationaof
visual illusion of the "artificial" production spadrom
the perspective of the observer. The virtual modeds
used to simulate the spatial characteristics ofuhee
system (expediency, optimal layout of productio
technology, spatial characteristics of the size
warehouses and auxiliary areas, aisle size, transpc
handling characteristics, ergonomics of productio
equipment operators and manipulation with productic
objects, measurements, etc.) . Virtual models ¢
existing real productions that were not previousl
treated as 3D projects, e.g. in case of need & :
technological reconfiguration of production systemFigure.2 Verifying the deployment of productiortigalogy in

(change of production technique, change of spatial the virtual scene
configuration of production premises etc.) they are . )
modelled in sequence: The designer 3D model of the production stmect

1) spatial digitization (scanning) of the produntio Project) can be realized from the basis of 2D layou
structure (production space, production technologgolutions, which can be partially spatially optiesiz or
e.g. 3D scanners SCAN in and BOX Structurefanipulated with the models of production technglog

Light), directly in the 3D environment, respectively. cestieir
2) Concept of Spatia| structure of the System, virtual modifications direCtIy in the virtual rea}i An
3) transforming data into a virtual environment. illustration of designing a virtual project of mdacturing

structure by means of gloves (DataGlovell) is shown

Model visualization techniques and imaging methoddd. 3. When interactively designing productiontsyss in
currently provide multiple options for transformingVirtual reality, it is recommended to follow theimmiples
physical models of manufacturing System projemﬁD SpeCIfled in the stated deSIgn meth0d0|0.g|es. Tthﬂr
rendered scenes. Today's market has a wide rang@/of Of arrangement of the means of production can bieda
and HW resources. The development of these devicé@ngitudinal, transverse, oblique, irregular).
follows advances in virtual technology developmand
has a very dynamic character:

» technical equipment for high-volume scanning
(production halls, production technology),
« 3D camera systems (stationary, mobile, drones),
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development is focused mainly on the developmeneof
products and services with high added value, new
production technologies, new production systems,
organization and management systems, etc., suppoyte
the infrastructure of education, research and dgveént.
A high-quality technological project is the firsidis for the
implementation stages and depends on it the flauet of
production in the new, respectively. reconfigurgstem.
It represents a future picture of the nature amdlitions of
production. Therefore, it is necessary to carry th#
features of the model. Only then will it be at ledistant
Figure 3 Manipulating 3D models in the virtual seemith the  from the optimal solution in functions, structure,
Data Glove Il parameters, etc. Working out good new productiofepts
means finding an optimal, team-based compromise of
An example of an innovative approach to solving thgiews on a range of strategic issues that needeto b
deployment tasks of production technology duringnswered before a technical solution is reacheds It
construction, resp. The drone is equipped with ai Minecessary to have sufficient complex and reliable
projector, which gradually reflects a speciallyateel QR documents both in conceptual and detailed phasétseof
code (VuMark) created in the Vuforia studio SWsolution of the respective project. In particulanovators
environment on the real floor of the production l.hal Working on Changes in production need to focusrthei
Designer through a virtual helmet Oculus Riftprocesses on the use of the latest and most advance
respectively. monitors the positioning of the maehi technical knowledge. Information and knowledge #thou
model using a smartphone or tablet camera. theqmj pe used in both experimental and practical acisitin
Only shows a plan view of the device visible to taked doing S0, a Comp|ex set of technicaL economidmmd
eye. After marking the machine position, resp. iplg¢he  environmental factors must be considered. These
drone on the marked position moves the drone toéx€ productions must be constructed as systems in which

position in terms of the project. The preconditionthe  production is friendly to the “comfort of life onagh”
precision of the deployment of the production tegheis  fig. 5.

the processing of the model of the production stnecat a
scale of 1:1. This ensures that the model showniked —|
reality is dimensionally matched to the physicaldarction Atmospher Watel

equipment to be located in the production spacetfig

Noise V g d %
- B = e A Waste

Figure 5 Con_1fort of life on earth

The ecological dimension of their operation tingspart
of pre-implementation analyses and project simareti In
critical cases, it must be superior to the openatfio
(technical, technological and economic) feasibititiferia
of the production system. Simulation analyses must
guarantee that the production of such productidh be
“clean” and economical. Environmentally friendly dan

Figure 4 Creation of real production structure byde man-made production, maximally recyclable, energy-
efficient, silent, operating on "considerate tedhgies"
3 Production systems of the future (odor, noise, dust, vibration ...). They will be difeed as

The production systems of the future are desigas complex philanthropic complexes with a specificozoate
new generation systems in which production is based culture. They will be managed on a communicatiod an
knowledge. The most advanced software, informadinsh  information platform with a responsible and conside
communication technologies are applied in the pteje approach to employees to generate knowledge for the
They are organized in new decentralized and adptal®wn development. The design activity will have éztme
production structures. The vision of future prodhrt €ven more flexible so that it can adapt to markesgure
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within the time and economic limits of interest te
customer. That is why it is necessary to have emoug
comprehensive and reliable documents, both in qunek
and detailed phases of the solution of the resgeptioject.
Looking at the future, it is clear that projection
organizations are facing substantial changes irrative
management, resources used and project resourhes.
research and development of means of production
increasingly international. The design activityrobdern

production structures will be an increasingly dediag

Priorit v

Progressive manufacturing processes.
Reconfigurable production systems.
Application benefits of a digital factory.
Cooperation and mobility of companies.
Supplier flexibility.

Production respecting the employee.

problem. It will have to become more flexible irder to | Production cooperating with the Options
adapt to trade pressure, diverse production culfurd CuStomel

together with partner integration and the like. High technology.

Standardization and standardization problems withe to Intelligent information and

the forefront, for which adequate resources in esgst communication technologies.
theories will have to be sought. The amount ofriméation Robotics, mechatronics,

that needs to be gathered, collected, transmgteded and automation.

searched will increase dramatically. Decentraloratnd Forecasting and production
specialization will continue to increase. While fudtware strategies.

of solo PC technology is sufficient for project atien State modeling and simulation Limits
now, projects in project systems will be realizedtte i
future only on the basis of computer networks. dased Ecology.

emphasis on customer satisfaction and the neetbédec
the lowest cost possible will be the driving fordes a
result of the licensing and diversification of mcis, a
greater number of projects will need to be addeksse
simultaneously. Efforts will be made to bring patgeas Figure. 6 Limits of the future production concept.

far as possible into the phase of deciding wheatheot to

continue them. This will require a lot of informati from Acknowledgement
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