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Industry 4.0 Readiness Factor
Calculation: Criteria Evaluation
Framework

Industry 4.0 concept today is an imperative for every manufacturing, but
also the service company. In the most demanding situation are SMEs
because of the high level of the financial investment during the
digitalization period required. To make the investment and strategic plan
as accurate and with less waste as possible the readiness factor should be
calculated. It demonstrates the current situation in the company and gives
the overview needed for the comparison with ideal Industry 4.0 model.
There are several methods for readiness factor calculation already
presented in the literature, but none of them has been shown as detailed
enough for this situation. Since there are many influential criteria during
the digitalization period, the multicriteria decision support has been
chosen for the readiness factor calculation as a novel approach. In this
paper the model for criteria structuring and evaluation will be presented
with framework for the final calculation.

Keywords: Industry 4.0, Readiness Factor, Decision support, Multicriteria
optimization

1. INTRODUCTION

Concept of Industry 4.0 is the result of the digitalization
period within the company [1]. New technologies,
flexible manufacturing, smart products, horizontal and
vertical integration, new methods of human resources
management and many more have to be achieved in the
near future in order to remain certain competitiveness
level on the market [2].

Changes in the hardware and software level require
high financial investments which may seem as a hard
challenge to the small and medium enterprises (SMEs)
[3]. The big players on the market have already started
the digitalization period, some are pretty much at the
end of it and soon they will be able to offer high quality
specialized products in the short period with less cost
which results in lower prices [4]. This will strengthen
their position as the market leaders and the gap between
them and SMEs will get bigger with time. That is why is
important as well for SMEs to accept the concept of the
Industry 4.0 and start to invest in the future.

The benefits of accepting Industry 4.0 concept are
following [5]:

*Mass-customisation of products to suit customer
demands

*Real-time data on processes and equipment.

*More efficient maintenance

* Accelerated development of better products.

*Greater resource efficiency

*Reduced overheads

*Opportunities to access new markets and supply
chains
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That is why the readiness factor should be calculated
as an accurate indicator of the current state within the
company and the distance to the ideal state, the ideal
model by the requirements of Industry 4.0. It will enable
to create accurate strategic and investment plan for the
transitional digitalization period.

2. LITERATURE REVIEW

Readiness factor has been a trending research topic
in the last few years and most of them refer to the
readiness by the terms of 4th industrial (r)evolution.

Readiness factor is being calculated by the online-
forms in the study held RWTH Aachen where in which
289 Germany companies took part. The criteria were
structured by six main influential factors: strategy and
organization, smart factory, smart operations, smart
products, data-driven services and human. The evaluation
was provided on scale from 1 to 5 for every criterion, and
the average result of each has been calculated and put a
company into one of the five categories: outsider, begin-
ner, intermediate, experienced, expert and excellence [6].

The similar self-assessment method has been deve-
loped by the pwc which enables identification of the
need for action and does the benchmark against the
other companies on the market. The evaluation is made
on the two scales from 1 to 5, from which one is the
scale that describes the actual state, while the second
one is the target value which is wanted to be achieved
within the next five years [7].

The Rockwell automation has conducted a study
based on the six criteria: customer-focused innovation,
process improvement, supply-chain management and
collaboration, human-resource management, sustaina-
bility and global engagement. The possible result levels
were: none, inadequate for current requirements,
adequate but limited for current requirements and state-
of-the-art and able to provide long term support [8].
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One of the most scientifically recognized readiness
factor calculation method is the Industry 4.0 Maturity
model which includes nine dimensions and maturity items:
Strategy, Leadership, Customers, Products, Operations,
Culture, People, Governance and Technology. Maturity
items have been rated on a Likert-scale reaching from "not
important” to "very important”. The maturity level was in
the end calculated with as weighted average [9].

Another maturity level calculation method is three-
stage maturity model. The new concept is being
achieved in the fields of energy, electronics, digital
businesses and advanced metal mechanic in three stages
- Vision, Roadmap and Projects. Vision involves
capacity and resources analysis and understanding of
Industry 4.0; roadmap involves requirements and tech-
nology identification; projects involve training capa-
citation, risk management and projects definition [10].

In Croatia, the University of Split has conducted an
analysis of current state of Croatian manufacturing
enterprise based on the principles of the four industrial
revolutions. The position within the four levels has been
defined by the poll results by the criteria of product
development, technology, production management, pro-
duction monitoring, materials inventory management,
management of stocks of finished products, quality
assurance, PLM and TPS/GALP [11].

There are also several studies conducted by the large
consulting companies like McKinsey and Co. [12] and
Boston Consulting Group [13] which involves polls
based on Industry 4.0 awareness and knowledge within
the German and Austrian companies.

One additional readiness factor calculation approach
is based on the level of standardization within the com-
pany where the conclusion is made that with increase of
standardized processes the company is closer to
achieving the Industry 4.0 concept [14].

2.1 The gap detection

By the projects and studies conducted in the literature, the
problem structuring has been done within the entire
company, based on the general criteria. Ideal model of
Industry 4.0 hasn't been defined as the main goal of the
transformation process and a referring point for com-
parison. The digitalization must be provided for both
manufacturing and service companies in which the
different criteria tend to be influential with different
weights, which hasn't so far been taken into calculations.
Also, each company can be divided into departments,
and, in example, the accounting doesn't need to be on the
same level of digitalization as the manufacturing depar-
tment. The average number within the entire organization
gives the basic overview but doesn't enable to create
precise and accurate strategy to create optimal digita-
lization project. The changes to be made are a decision by
several influential criteria. That is why the multi criteria
decision support systems are to be tested as an adequate
tool to be used for readiness factor calculation.

3. CRITERIA DEFINITION AND EVALUATION

First step in every multi criteria decision support met-
hods is the problem structuring. The influential criteria
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and alternatives have to be defined by the group of
experts, as well as the method for minimizing the
human subjectivity influence.

Based on results of previous research, the criteria tree
is best to be structured by departments and in this paper
the accent will be put on the process planning [15].

3.1 Ideal model — Industry 4.0 reference

As a reference for the evaluation, the ideal model (ideal
final state) of the problem observed has to be defined.
Within process planning department, the new approach
and function within the organization has been presented
in the previous research, shown in Figure 1. The basic
idea is that theoretical achievements in the field of
Industry 4.0 merges process planning with operation
sequencing and scheduling to create a “product plan-
ning” software. The software handles actions within all
three mentioned parts automatically. It includes data
mining and DSS as optimization and control system
while collecting data from every part of the orga-
nization, storing in the databases and is use for the
required actions and continuous optimization [16].

3.2 Criteria tree definition and evaluation framework

Based on the requirements of the ideal model the
following criteria has been structured by the brain-
storming process of group of experts. The criteria are
entitled into three major groups: hardware, software and
human and organization. In the ideal Industry 4.0
concept every criterion is present and fully digitalized.
With the readiness factor calculation, the goal is to
determine the presence of certain criteria and the current
stage of development. After the criteria definition, their
evaluation must be conducted.

Since the evaluation is different for each company, it
can be conducted with several methods:

*Semi-structured interview [17]

*Poll [18]

The advantage of semi-structured interview is the
fact that is opened to new ideas that could come along
with conversation and have an influence on the criteria
tree with increase or decrease of criteria number.

The poll can be structured as the Saaty scale for
Analytic Hierarchy process [19], but the potential pitfall
is that there could be a high risk of inconsistency.
Therefore, it can be an option for further phase of
readiness factor calculation where the criteria and alter-
native evaluation can be proceeded with both group of
experts and people from the company. Based on the poll,
the semi-structured interview is best to be conducted.

The questionnaire is structured in two parts:

1. General information. Info about the company
and the person participating in the poll. It gives a
descriptive overview of a problem.

2. Technical questions. Based on ideal process
planning state (“product planning”) and presents of its
features.

The semi-structured interview is to be held in several
manufacturing companies in Croatia. The respondents
preferably be process planners or managers who are
aware of current situation within the department.

FME Transactions



Hardware level

Software level

Product design and

development

PFlanning and
scheduling

[ R ) I

|:> Use and exploatation

\AI CAD - 3D modelling

-

Product planning SW | |:>

Logistics sub-

Machine contral, PLC software

L)

=)

Main system b
software (ERP) ===

— S
J
Customer service
A

)

L S

Control and

—# optimization
¥
alogrithms (&
DSS
) »

[

Scheduling
and avilability
data

Technology
data

=i

5

| Scheduiing
criteria

Process
planning
criteria

ciiteria

Operation
sequencing

Tools data (

( MW;(( —

Figure 1. “Product Planning” model [16]
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They will be evaluated individually, and the results
will be calculated by use of a single or a combination of
multi criteria decision support methods. Also, it is very
important to conduct the semi-structured interview with

FME Transactions

Feedback
database

several employees from a single company. The most
important one is obviously process planner, but also the
upper and lower management should be contacted and
examine their visions and impressions of the current
state and future goals. Results should be comparable
and by means of statistical methodology the average
score from a single company should be calculated.

Table 1. Readiness factor survey questions

Question

Criteria Type

Company name

general

Position

general

Level of education

general

Product type

general

From which countries most
of your suppliers and
customers come from?

general

Have you heard for Industry
4.0 before?

general/
technical

How often do you exchange
information with other
departments?

Software/hardware
connection/commu
nication

technical

What type of communication
is available (oral, e-mail,
social network...)?

Software/hardware
connection/social
networks

What kind of Internet
infrastructure is available?

Connection/servers

What kind of hardware do
you use for process planning?

Computers/sensors

What kind of maintenance is
provided for the hardware
and software that you are

using?

maintenance

Are you using CAD
software?

CAD technical

If yes, how often?

technical

If yes, which software are
you using?

technical

Are you using CAM
software?

CAM technical

If yes, how often?

general
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If yes, which software are . If yes, how fluent is your
. technical . general
you using? communication?
Have you heard for CAPP? CAPP technical Has the machine availability
Do you have an archive influence on the process flexibility general
database of product's database technical planning?
i ?
technological processes? How much of waste on | Bducation/databas
Do you use data from the average is being generated in os general
archive for generating Predictive . the process?
. technical -
process plans of new analytics/ Do you archive the waste . .
. education technical
products? generated in the process?
Is process planning done by Automation level |  general Do you use lean tools and education general
single or more persons? methods?
Do you have a database of If yes, which? general
technologies, machines and | Databases/ERP | technical How useful do you think are
tools for process planning? the lean tools in your general
Ifyes, is 1t. digital or Databases/ERP | technical departmént? -
physical? Do you accept innovative
If is digital, is which software Predictive . ideas and methods regarding ..
_ . technical . Productivity,
is it developed? analytics process planning department . general
o motivation
How do you define optimization and
technological times and flexibility general improvement?
product prices? Do you have a specific
Can you define every element Databases, algorithm by which you .
of cost for a single product? productivity general define technology and its CAPP/CAM technical
Can you define every element features?
of time for production of a flexibility general If yes, which? general
single product? Do you have a specific
Maintenance, self- algorithm by which you CAPP/CAM technical
Do you have product and optimization, . define operation sequencing?
. e technical -
process control mechanisms artificial If yes, which? general
and stra.tegy? intelligence Do you use software in CAPP/CAM/CPS |\ W -l
If yes, which one? general process planning? systems
Are the failures within the If yes which? general
processes achieved and Self-optimization | technical If no, why not? general
_analysed? How would digitalization
Ifyes, is the archiving and ) influence on process planning education general
analysis process digital or technical department improvement?
manual?
_How would automation o 3.3 Data analysis framework
influence on your process reliability general
lanning department? . _ .
panning Ceparien Only one person from the interview in a single company
When process planning, what o . h d That is wh 1
is more important - Flexibility/CAPP | general might not gl\./e t e. accu.rate ata. at 1s why Sever?.
manufacturing time or price? employees 'w1ll be 1nterv1ewed and the accuracy of thelr
Do you choose machines answers will be tested with the help of the following
based on availability or the CAPP general statistical methods.
quality? Since the sample size is rather small and the most
Do you use wogk study CAPP/CAM technical varlgbles are qualitative and non—nomal the non-para-
methods? metric tests are to be used. The main method will be
Do you have product | ~ 1 bp ERP/databa . Kruskal-Wallis test [20] to prove the similarity between
manufacturing times ses technical two or more samples which could come from either the
achieved? . . .
- same or different population. The resulting average
How do you calculate single . . . . .
L CAM technical ranks will be used as a suitable metric for defining the
product manufacturing time? decisi f
Do you, as a process planner, ecision support software parameters.
receive a feedback about communication | technical
product from your 4. CONCLUSION
customers?
How much human L Industry 4.0 concept as the result of the digitalization
L . Decentralization/c N . .
subjectivity is involved in S general period is a goal which every both manufacturing and
. ommunication . .
process planning? service company should aim at. Changes to be done are
Are y(()iu COCTlme_Cted V;lth Communication/s ol significant and may require high financial investments.
product eds1gn an , ocial network technica Any mistakes in the digitalization process might cause
construction department: of big waste in the future. To avoid possible threats, to
If yes, how fluent is your Lo . .. T
o general minimize the risk and optimize the digitalization
communication? . . . ;
. — strategy, readiness factor calculation is advised to be
Are you connected with Communication/s technical

manufacturing department?

ocial network
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calculated. There have been several research projects in
the literature which give a general overview about the
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knowledge of Industry 4.0 and rough readiness calcu-
lation based on general criteria. Novel method of
readiness factor calculation presented in this work uses
multi criteria decision support methods. The criteria are
to be structured by departments and generated by the
theoretical structure and characteristics of “product
planning software” from the previous research within
the project and brainstorming process of group of
experts. Based on criteria, the questions for semi-
structured interview are defined and grouped. Future
work includes interview realization and results
evaluation by multi criteria decision support methods
whose final result will be readiness factor.
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PAYYHAIBE ®AKTOPA CITPEMHOCTH 3A
HNHAYCTPUJY 4.0: TEOPHJCKA IIOCTABKA
EBAJIYAIIMJE KPUTEPUJYMA

M. Tpcremax, H. Ilajuep, T. Oneryk

Konuenrt Munycrpuje 4.0 naHac je UMIiepaTuB y CBaKOM
NIPOU3BOJAHOM CacTaBy, ald Takohe M y YCIy)KHOM
cekrtopy. HajBehn m3a3oB ce mocTtaBijba mpea Maja H
cpenma npeayseha 300r morpede BUCOKMX WHBECTHUIH]a
TOKOM Tepuona aururanusaunuje. Kako Ou uHBec-
THULMJCKH U CTPATELIKU IJIaH OMJIM ONTHMAIIHO IT0CTaB-
JbCHH Y3 IITO Mamke ryOuTaka, MoTpeGHO je u3pauyyHaTH
(haxkTOp CIIpEeMHOCTH.

Pamu ce o mokaszaTelby TPEHYTKE CHTyalHje |
mopehemy ¢ maeamanm mogmenom Wupyctpuje 4.0. YV
HAy4YHO] JUTEPATypd j€ IOCTYITHO HEKOJHKO MEeTOoJa
mpopadyHa, HO HUTH jeIHa O]l HHUX HHje Ce IMoKa3aia
JOBOJBHO netasbHOM. Byayhm nma ce pamu o mpobiemy c
MHOTO YTHULAJHUX KpUTepHjyma, MeToza
BUILEKPUTEPHjYMCKOT ONTUMHU3Upama ojnabpaHa je 3a
npopadyH (akTopa CIPEeMHOCTH Ka0 MHOBATHUBAH TPHC-
Tyl pewiaBamby ImpoOinema. Y oBoM paay Owuhe
MPENCTaB/bEH MOJEN CTPYKTypHpama CcTadia KpuTe-
pHjyMa, BHUXOBa eBallyallja y3 TEOPHjCKY IOCTAaBKY
KOHAYHOT NpopayyHa (pakTopa CIPEeMHOCTH.
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