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METHODS FOR DETERMINING MATURITY
EVALUATION SYSTEM IN INDUSTRY 4.0

Abstract. Nowadays, developments are being started to implement in the companies’ production and
logistics systems based on the so-called Industry 4.0 concept as an increasing role. On the one hand,
market competition generates this need, but in many cases the use of Industry 4.0 solutions is the main
driving force, in order of the truly higher level of automation with significant cost savings. On the other
hand, the different levels of development individual companies are an achievement, which is further
complicated by different industry characteristics. Therefore, a great benefit can be from developing a
methodology that can help across the industry to determine the level of development required to make a
particular Industry 4.0 development feasible. Partially laying down the theoretical foundations is the
goal of this publication for the creation of such a maturity evaluation system in the field of Industry 4.0.
Keywords: Industry 4.0; lean; digitalization;, autonomy; maturity.

1. INTRODUCTION

Today, the application of the Industry 4.0 concept can be observed in almost
all areas of the economy. One of the primary reasons for this is that, from an
economic point of view, the application of Industry 4.0 makes it possible to meet
individual customer needs at the production costs typical of mass production. [1]
The fact that this is possible is, of course, due to the combined use of the new
technologies behind the concept, including the creation of so-called cyber-physical
systems and the exploitation of the potential of big data. [2] Automation and the
use of state-of-the-art artificial intelligence applications play a huge role, especially
in the creation of the former systems, while large-scale data analysis allows for the
innovative use of data collected from the resulting systems to shed light on
previously unknown relationships. Exploring the latter can play a particularly
important role in increasing efficiency, for example by predicting equipment
failures and product failures with unprecedented accuracy [3], but also by
predicting changes in customer demand with previously unattainable accuracy. The
role of Industry 4.0 can be increased also in the academic scetor, such as in a
laboratory [4].

It is no coincidence, then, that the application of the Industry 4.0 concept has
already had a huge impact on both logistics and production. [5] As a result, there
has been a need for some time to develop models that can help define the so-called
'Industry 4.0 maturity' for a given organization. Here, it is important to specify that
the maturity models measure the maturity of the organization or process actually
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achieved during development in relation to a certain target state.

We are also talking about so-called preparedness models, the purpose of
which is to record the initial state, which makes it possible to start the development
process. Some typical maturity and readiness models from [6] are summarized in
the following Table 1. Further maturity models can be found in the literature, for
instance a fuzzy rule-based [7], for machine tool companies [8], for SMEs (Small
and medium-sized enterprises) [9] or for the defence sector [10]. There is solution
for metananalysis of Industry 4.0 maturity models [11].

Table 1 — Overview of Existing Industry 4.0 Readiness and Maturity Models (Evaluation
Models) [6]

Model name

Institution / source

Evaluation approach

IMPULS - Industry 4.0
Preparedness (2015)

VDMA, RWTH Aachen,
IW consult

Assessment in 6
dimensions, which
includes 18 units, showing
readiness at 5 levels.

Empowerment and
Implementation Strategy for

Lanza

Assessing the maturity of
industry 4.0 as a quick
check and as part of the

Industry 4.0 (2016) implementation process
model
Industry 4.0 / Digital Online self-assessment in
Operations Self-Assessment | Pricewaterhouse Coopers 6 dimensions; focus on
(2016) digital maturity at 4 levels

Graduation model of the
affiliated company (2014)

Rockwell Automaton

The graduation model is
part of a five-step
approach to implementing
Industry 4.0; technology-
centric evaluation in 4
dimensions

Schumacher (2016)

TU Wien, Fraunhofer
Austria

Evaluation in 9
dimensions. Further
details in 62 graduation
units

ACATECH Schuh (2017)

acatech — National
Academy of Science and

Assessment in 6
dimensions which is
further detailed in 18 areas

Engineering and shows the level of
maturity at 6 levels
Evaluation in 4
SIMMI 4.0 (2016) TU Dresden dimensions. Shows the

graduation level in 5
levels
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DEFINING THE BASIC ASPECTS OF THE METHOD TO BE
DEVELOPED

It was clear from the above that the existence of prerequisites is important for

the assessment of Industry 4.0 maturity. In this chapter, therefore, our goal is to
define the basic characteristics of a method that can be used well to determine both
Industry 4.0 readiness and maturity for a process or organization. This also means
that the method must be applicable both to the so-called readiness assessment
before the start of the preparation process and to capture the state during the
preparation process (the latter is the maturity assessment). The following general
objectives and findings should also be taken into account when designing the
method:

In terms of evaluation, the emphasis should be on production processes.
Although digital data collection and processing from non-production areas is
not strictly an Industry 4.0 application, the solutions and experiences used there
can be a good starting point for its implementation.

The first step is to create the preconditions for a functioning corporate
governance system. This requires the existence of a functioning corporate
governance or management system. This ensures basic integrity and controlled
operation. Processes must be controlled and repeatable.

Processes need to be simplified and made transparent. To do this, we need to
know and use the principles of lean, which are necessary to be able to identify
the losses that occur and to work systematically to reduce them.

Defined and repeatable processes need to be stabilized and continuously
improved. This requires the use of various statistical methods that can be used
to perform capability tests and process control. We can evaluate results and
identify trends.

The digital form of data collection facilitates subsequent data processing. It
creates the possibility of fast and efficient data processing.

The computer network within the company speeds up and helps the collection,
flow, storage and processing of data. The storage and processing of data and
access to them must be managed at the system administrator level. This
requires adequate storage capacity and IT infrastructure. In addition, proper
user rights management must be provided.

The use of enterprise management software is both important for the
management of the company and can greatly increase the efficiency of
processes. The more processes it covers, the higher the level of integration it
implements.

A higher level of capabilities means having software development capabilities,
expertise within the company. This can ensure that the data that can be
collected and to be collected is stored in an organized form and processed
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efficiently. It creates the possibility of customized software data processing
from the use of user software.

e Industrial data collection is required for automatic data collection and efficient
management of production assets. This creates the opportunity for a wide
extension of networked production facilities within the company, which paves
the way for the efficient use of various production management software.

The system moves to industry level 4.0 as a result of which a digitally
mapped twin pair of the production process is created. It is a system that collects
and processes specified data in real time. The processing is done by different
algorithms automatically and the decisions made as a result of the physical system
are actually actually executed automatically. By this time we were already talking
about an autonomous system and we had reached the level of industry 4.0.

horizontal and Important to establish the level of vertical integration, which
gives an idea of the scope and depth of the industry 4.0 application within the
company.

Industry 4.0 readiness can be assessed according to the following criteria. The
more conditions of the system of conditions are met, the higher the level of
maturity of the company's Industry 4.0. In addition to each aspect, metrics and
weightings can be defined to aid evaluation. The structure of the proposed criteria,
taking into account the objectives and findings described above, is therefore as
follows:

o Corporate Governance System - Management System

Introduced and functioning system e.g. According to 1SO 9000

Applying lean principles

Continuous improvement

Application of statistical methods (eg statistical process control)

Systematic digital data collection and processing

In-house computer network

o System administrator

o User authorization management
o Storage capacity (server)

o Other IT infrastructure

o Use of enterprise management software (eg SAP)

o Process coverage
o High level of IT expertise

o Software development capability
e High level of mechatronic proficiency

o PLC programming and industrial control technology

o Industrial automation
e Networked production equipment
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o Automatic collection of production data
e Use of production management software (eg MES)
e Digital twin

o Real-time data collection

o Algorithms for automatic processing of collected data

o Decisions made as a result of data processing are automatically

implemented in reality

o Level of horizontal and vertical integration
Thus, the system of criteria laid down above, with an appropriate weighting
procedure associated with it, may already be suitable to provide a starting point for
the development of the general methodology to be implemented.

3. SUMMARY

The publication presents the significance of the Industry 4.0 concept in the
fields of production and logistics. It has also become clear that the definition of
Industry 4.0 readiness and maturity is crucial for an organization or process today.
In line with this, some typical models for determining the former are also listed,
along with their defining characteristics.

In the second part of the publication, we have summarized the objectives and
findings that need to be taken into account in order to define an independent set of
criteria that can be the starting point for the development of an evaluation method
that does not yet exist. By creating the new method, our goal would be to provide a
general-purpose tool for organizations that can be used to determine both Industry
4.0 readiness and maturity in any environment, including logistics applications.

On the one hand, possible future research directions should therefore focus on
defining the basic steps of the method, which will allow for the development of
more detailed procedures. On the other hand, it may be an important research goal
to precisely define the possible user groups, which may be of further help in the
precise specification of the processes to be developed. We plan to present these
research directions in the framework of further publications.
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Jlacmo ®roxo, bema Irer, [Tetep Tamam, Pobept Ckaminenp,
Axomr YepBeHsk, MimkoIsll, YTopiinaa

METO/JAM BUBHAYEHHA CTYIIEHA 3PIJIOCTI CUCTEM
Y IIPOI'PAMI "IHAYCTPISA 4.0"

AHoTauiss. B OaHuii uac 6 BUPOOHUYUX | JNOSICMUYHUX CUCEMAX KOMNAHIN HOYUHAIOMb
81POBAVACYBAMUCS PO3POOKU HA OCHOGI maK 36aHoi konyenyii « [mdycmpii 4.0y, poas axoi spocmae. 3
00H020 OOKY, PUHKOBA KOHKYPEHYIs NOPOOIICYE Yio nompedy, ane 8 6azamvox GUnaoKax UKOPUCHAHHS
piwens «Inoycmpii 4.0» € ocHO6HOI0 pywiiliHOO cunor, wob 3abesneuumu OiliCHO Oilbul 8UCOKUL
pisenv asmomamusayii 3i 3HAUHOI0 eKoHOoMie Kowmis. Omoice, 6eIUKY KOPUCHb MOJiCe NPUHECmu
PO3pobKa Memo0oozii, AKA MOJice OONOMOSMU Y 6Cill 2ay3i UBHAUUMYU PIGEHb PO3GUMKY, HEOOXIOHUIL
onsa peanizayii kKonkpemuoi po3pooku «Inoycmpii 4.0». Yacmkose cmeopenuss meopemuyHux 0CHO8 €
Memoto danoi nybnikayii no cmeopennio maxoi cucmemu oyinku 3pinocmi 6 oonacmi «Indycmpii 4.0.
V' ny6nixayii npedcmasnena eadxcnusicmv xonyenyii «Indycmpii 4.0» 6 obracmi eupobnuymea i
nocicmuxu. Takosxc cmano AcHo, wo 6usHaueHHs comogHocmi i 3pinocmi «Indycmpii 4.0y mae
supiwanbie 3HaveHHs Osl Opanizayii npoyecy cb0200Hi. Bionogiono 00 yvoco maxodic nepepaxosami
Oesaki munosi Mooeni 015l 6UHAYEHHA 20MOGHOCMI, d MAKOJIC IX SUBHAUATbHI Xapakmepucmuku. Y
Opyeiil wacmuHi nyonikayii niocymosgami memu i 6UCHO8KU, 5Ki HEOOXIOHO NputiHaAmu 0o ysazu, ujoo
BUSHAYUMU HE3ANEeXHCHUL HAOID Kpumepiis, AKI MOJNCYMb cmamu 8iONPasHoi0 mMoyKkow Ons po3pooKu
Memoody oyinku, sAKkozo we ne icuye. Cmeopioouu Hosull Memoo, Memol asmopie Oyno nadamu
Op2aHizayism YHI6epCanbHull IHCMPYMeHm, KU MOXCHA OY10 6 8UKOPUCMOBYBAMU Ol 6U3HAYEHHS
2omosHocmi i 3pinocmi «Inoycmpii 4.0» 6 6y0b-aKomy cepedosuyi, BKIOYAIOYU 102icMUYHi dooamku. 3
00H020 6OKY, MOJUCTUG] HANPSMKU MAUOYMHIX 0OCTIONCEHb NOGUHHI 6YMU 30CePedlCeH HA GUIHAYEHHI
OCHOBHUX emanié Memoody, wo 00360aums po3podoumu Oirbut demanvhi npoyedypu. 3 iHu020 OOKY,
BAIHCIUBOIO OOCTIOHUYBKOIO MEMOI0 MOXHCE GYMU MOYHE BUSHAYEHHS MOJNCIUBUX 2PYN KOPUCHTY8AYi8, SKI
MOACYMb 8 NOOATLUIOMY OONOMOU 8 YIMOYHIOBAHHI cneyugikayii po3po6niosanux npoyecis.
Kurouosi ciioBa: «/noyempis 4.0»; owaoiusicms, yughposizayis; agmonomis,; 3pinicme.
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