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Abstract: Current industrial engineering methods and tealesaiue to the complexity of new knowledge-baseithooks
need to be extended to technologies and tools fatetting and simulation of production processegjsiics flows,
production facilities as well as product designs limportant to focus on the whole life cycle lbétcompany as well as
the product. The article deals with the effectdigftization on lean-manufacturing tools that after used in industrial
practice.

1 Introduction 2 Leantools and Industry 4.0

The acceleration of ICT development has contributed To eliminate waste and losses across the valua @hai
to the creation of a new phenomenon - digital facto a non-investment way is the philosophy of a sultistan
Classical industrial engineering makes it possitibe part of industrial engineering methods and toolse @im
maintain competitiveness only in the short termitas is to get lean and high economic efficiency’s psees.
geared to address cost-optimization tasks. In thieest Waste means costs and cause the 8 basic typessahld
turbulent world, it is necessary to react quickiylao see areas, such as [11-16]:
the competitiveness of the business in its custediz
products and services. The application of digital - Preparation of production:
engineering techniqgues and technology to industrial 1. Excessive documentation - drawings, product
practice creates the prerequisites for gaining starkprocesses, preparations, tools.

leadership and ensuring long-term sustainability tfe 2. Search - information, documents, undelivered
future [1-5]. Westkdmper highlights the professionadata files, email.

diversity of industrial engineering in Germany ata 3.  Waiting - for information, material.

Anglo-Saxon countries, but it reveals the potental 4. Unnecessary Relocation -  Information,
expanding industrial engineering in German-speakingocumentation for Signatures,

countries. While in Germany industrial engineeriaga 5. Lengthy process of approval, control.

discipline focused mainly on engineering - plannargl 6. Unnecessary operations and additional work -

management of production and assembly, streamlioing poor processed directives, procedures, redundant

production technology, introduction of robotics andnformation in the documentation, drawings, excess

automation, but emphasis is placed on planning amrdcounts, reports, duplication of the informatitmwt

management in Anglo-Saxon countries [6-9]. As foe t 7. Unnecessary movements - related to obtaining

Asian countries and the Pacific, industrial engimgghas and clarifying information in other departments.

established itself as a discipline quite late. 898, the 8. Correction and removal of errors, changes in

APIEMS/Asia Pacific Industrial Engineering anddocumentation - inadequate control of production

Management Society were established as an umbreeedback.

organization for industrial engineering from Chidapan,

Korea, the Philippines, and Australia. The main leags . Production:

is on operational research with a strong focus on 1. Incorrect working procedure - surplus movements

informatics through simulation, modelling, artiiti and activities of the operator, resp. machine, oper

intelligence and algorithm development, with ergoio operation.

aspects in the background [10]. 2. Unnecessary movements -  unnecessary
manipulation and transfer of material and thingsaulaling
value, searching for material, tools, documentatimd
other information.
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3. Overproduction - production in advance, resp. The beginnings of introducing lean manufacturirtg in
with a delay, production of a larger quantity thiha need serial production in the automotive industry maydiaged

of the customer or the downstream process. to the post-World War Il era, when Japanese maturiars

4. Losses on machines - dwell time (failureshave been in a difficult position as compared te th
planned and unplanned downtimes, alignment). Western ones due to lack of production resourcatenial,

5. Waiting - material is waiting for processing,financial and working resources. One of the piogesr
operator waiting for material - unused wait time. lean manufacturing in Japan was Toyota's Taiichind@h

6.  Surplus stocks - inter-operational stocks, st@fk factory manager, who "updated" Ford's waste reducti
raw materials, auxiliary materials, finished praoduc system and created the Just in Time productioesysthe

7. Correction of errors and deficiencies in quality Toyota production system differs from Ford's lean
8. Low motivation and support of workers in theproduction in two fundamental principles [11-15]:

production of proposals for improvement, low ingtriz 1. focus on small quantities with parameters
decision making. customized to customer requirements - customization
compared to the mass production of one product,

. Logistics: 2. cast machine set-up when changing the

1. Surplus stocks - raw materials, materials, spapeoduction program according to customer requirdmen
parts, repairs and maintenance. custom production compared to production accordang

2. Overproduction - finished products of finishedmarket forecasts.
production

3.  Waiting - for material, spare parts, information Lean production has become widely accepted in
transportation. industrial practice in the 1980s and 1990s. ltlheome a

4. Surplus manipulation - overlaying, translatingyery widespread approach to gaining high efficieity
shifting, incorrect organization of warehouses, eriat enterprise production and logistics processes. ha t
flows in production. manufacturing sector, a new paradigm of "Indust@' 4

5. Searching - material, documentation, informatioremerged in 2011, which enable the implementation of

6. Unnecessary actions and movements - in humarformation and communication technologies to ereat

work, manipulation, movement and storage. intelligent network throughout the value chain, gma
7. Unnecessary activities - duplicate informationfactory/intelligent factory. The question arises, these
selection from IT systems, rewriting reports. two approaches are related, how they can be inteemted
8. Damage to stored items - errors in ordering$tem[17-21]. The comparison of Lean and Industry 4.0nis
material in terms of quantity, time, location. Figure 1.
e Administration: Based on the research of 260 applications of Imgust

1. Excess - information, transactions, documents. 4.0 tools in the German industry [20,21], an analg§the

2. Waiting - for documents, transactions, creatingnterdependence of the lean manufacturing elemeitits
queues in front of workstations, workstations, pssing. Industry 4.0 was performed. This study has shoWwat t

3. Excessive document shifts in connection witfean manufacturing is a great potential for sudokssd
signatures, multilevel control, approval. sustainable deployment of Industry 4.0 to industry.

4. Incorrect process design - Incorrect organipationdustry 4.0 essentially improves the lean manufaay
of workplaces and material flows, shifts betweemate system and moves it to a much higher level. From an

workplaces, buildings. analysis of literary sources dealing with Industr9 vs.

5. Ineffective communication - complex procedured.ean production, cited in Source [20,21], showedr fo
unclear details, ignorance of procedures and lfesys. interdependencies of these principles: Lean praolucts

6. Searching - information, documents, incorredt anthe basis for Industry 4.0 (2/3 authors), Indugtr as
missing data. Lean production, Industry 4.0 as Lean production

7. Errors and duplicites - repeated evidencesfficiency, Industry 4.0 as a change to the Leaxlpction
rewriting of data. principles (in connection with the integration qiesific

8. Untapped skills and talents of staff - insuffii  tools and industry methods 4.0). Influences Inguéto
motivation and support for improvement suggestions. and Lean tools considering the 7 types of losses ar
processed in Table 1.
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Deploy Complex Technical Ia_:i?arr?:gilgsenttool
Philoshophy Value Realty Evolutionary deployment
oftechnology
Basis | Stabilty and Ad hoc optimalization Adaptive standardization
standardization
Management _ ]
principle Pulla flow, FIFO DEPEFC"”Q on object Dynamic dimensioning
and situation
Reactive Seff-optimization Proactive and predictive
Pmcess in daily basis in real time problem solving
improvement
Information Actual Igcation, material  situational data Problem solving
mediation (Genchi Genbutsu) processing in realtime with real data
Figure 1 Comparison of Lean a Industry 4.0
[modified by 20,21]
Table 1 Matrix of length
Tools 7 types of losses in productic
Lean Industry overproduction | transport moves waiting inventory | umecessary| mistake
4.0 processes
Cell Sensors and + + + + + + + + + +
production regulators
Reduction loT + + + - & + + T T
of set up
Quality Cloud + + + + ¥
control computing
TPM Data + + + + + a o
analysis
Production | 3D printing + + + + + + -
balancing
Kanban Simulation + + + + + o
and
virtualizatio
n
Reduction Robotics + + + + + n +
of WIP
Supply Augmented + + + + + + o
relationship reality
Jidoka + + I
CIM + + + o

The impact of Industry 4.0 on companies using leaindustry-leading sophisticated production systeimshe
manufacturing principles is not adequately explorAd first phase, the main principles and methods were
concept that combines the established principleshods identified on the basis of lean manufacturing regearhe
and tools of lean manufacturing with informationdan second phase was focused on structure analysigshand
communication technologies from Industry 4.0 ikiag. identification of specific Industry 4.0 technologieThe
According to source [6], the first research wasitdned on outputs of these phases were processed into thesthyd
successfully implemented projects in the automotivé.0 impact matrix on Lean production systems, Table
industry (24 workshops were a survey of workshopee  The impact / synergy of Industry 4.0 with lean $oid +
goal was to identify the Industry 4.0 framework for(+ / weak, ++ / higher, +++ / highest possible imipa
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Since research in this area is at the beginning,ntatrix
is to be understood as a dynamic framework thatbean
further supplemented by new knowledge.

Table 2 Matrix of impact Industry 4.0 on Lean Manufacturing [modified by 6,13,20,21]

Data collection and processing Communication Interaction
Machine-Machine man - machine
Lean tools Sensors Cloud Big Data Integration Virtual | Augmented
and computing | data | analysis | vertical | horizontal | reality reality
regulators
58 + + + + + + ++ +++
Kaizen + ++ +++ +++ +++ +++ +++ +++
JT ++ ++ +++ +++ +++ ++ + ++
Jidoka + +++ +++ +++ ++ ++ + +
Hejunka ++ ++ +++ +++ +++ ++ ++ +
Standardization ++ +++ +++ +++ ++ ++ +++ +++
Tact + + +++ +++ +++ +++ + +
Pull ++ + + + +++ +++ + +
man - machine + + + + + + +++ +++
People and + + + + + + +++ +++
teamwork
Reducing of + + ++ +++ +++ +++ + +
waste

Initially, the introduction of lean manufacturingah one of the conditions in connection with enterprise
eliminated waste from non-products, excess prosgssautomation process and systems, which is partdafsiny
time losses, inefficient movement of materials and.0. Tact is the basic indicator of Lean Manufaogithat
workers, surplus stocks and overproduction. Atgmest shows how fast products are to be produced. fps@ally
covers the entire value chain of the business, fthen important in terms of supply chain synchronizatehijch
initial stage of the life cycle through developmesupply, is important in terms of increasing the efficienoy
and production to distribution. It is a philosopljth  processes in the dynamic of the supply chain. It is
implemented a multi-dimensional approach. Leanbimol appropriate to build on the established Lean Martufang
synergistically with digitalization creates an eiffint and principles in company, to intensify its and to grally link
flexible high quality system by minimal cost. to Industry 4.0 tools.

3 Conclusions
The philosophy of a substantial part of industriaf\cknowledgement _ .

engineering methods is to eliminate waste andsmsess This article was created by implementation of thang
the value chain. Industrial engineering appliestfailable Project APVV-17-0258 Digital engineering elements
tools, methods and techniques that have the gteatdBplication in innovation and optimization of pration
contribution to achievement the objectives at theest flows.

possible investment. The potential obvious of satiah
and digital technologies largely helps in preserttly
manage the product lifecycle, from the processroflpct
development through design of new resp. optiminatib
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