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16 Artificial Intelligence (Al)
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Abstract: Digital transformation, large amount of data, and high speed of production
processes are among the most important characteristics of the ecosystem of the fourth
industrial revolution. These characteristics have influenced the decision-making
processes of business managers. In the fourth industrial revolution, all elements of
business and production systems, including decision support systems, will be affected
by digitization and the high speed and accuracy of new technologies. One of these
important pillars is quality management. Digitized quality management is called the
Quality 4. Design of experiments as an active approach in quality management plays
an important role in improving the quality of products and even processes. This
powerful tool has been influenced by the changes that occurred in the fourth industrial
revolution and has tended towards the design of intelligent experiments. This
research aims to show with a comprehensive review in the literature how the design
of experiments can provide a special role in meeting the requirements of customers
in the fourth industrial revolution and the fourth quality. In this research, firstly, the
changes made in the methods and design plans of the experiments, then the possible
changes in the activities of the basic process of the implementation of the design of
the experiments have been redefined according to the effects of new technologies. At
the end, suggestions for future research have been proposed.

Keyword: Fourth industrial revolution, quality 4, business processes, design of
experiments

1- Aim and Introduction

Considering the current reality and the fact that we are now in the era of the fourth
industrial revolution and we are witnessing the rapid growth of digitalization and the
speed of doing things in the era of the fourth industrial revolution. Therefore,
knowing this space and understanding the impact of the technologies used in this era
on all aspects and parts of business is necessary and inevitable. Business leaders and
managers and manufacturing and production units must be able to identify the work
environment, tools and skills needed in this space and plan and take action to acquire
them, otherwise they will be out of competition in the market where the revolution
The fourth industry is ruling it, they will go out. In order to implement the fourth
industrial revolution in your business, you must meet the requirements that can be
met with the help of management approaches such as quality management, which is
called the fourth quality in the digitalization space [3,7].

In this research, first, the concepts and definitions in the literature on the subject of
the fourth industrial revolution and the fourth quality were explained in order to
understand the topology of these spaces (picture 1) and two methods for business
architecture in the space of the fourth industrial revolution were presented from
previous researchers (picture 2) [9].
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First industrial revolution

Third industrial revolution
Fourth industrial

Computerization and | revolution
automation of

industries, emergence

The era of cyber-
physical production
and smart factories and
horizontal and vertical
integrations

of information systems
to manage supporting
processes

picture 1: Historical summary of industrial revolutions [9]

. . Second industrial revolution

The era of industrial

mechanization using

water and steam The extensive launch

power of the railway and
telegraph network,
faster transportation
and the start of mass
production with the
implementation of the
production line and
electricity

current situation

The future state of the industry 4 area

Picture 2: Approach to achieving the future level of quality management [5]

Business managers can use these two models for their business architecture in order
to enter the era of the fourth industrial revolution. For doing this revolution, they
must be used to new technologies from picture 3 [7].
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Picture3: Technologies required for the fourth industrial revolution [7]
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2- Methodology

But the main goal of this research, which was to understand the place of business
management techniques and tools, especially the role of experiment design in the
fourth industrial revolution and the fourth quality, was also examined in this research.
As in the traditional mode, the powerful and widely used tool of experiment design
is used to improve the output quality of current products and processes, as well as to
determine the factors affecting the quality of new products and processes and the
design and development of new businesses and products, in the era of digitalization.
Also, since everything is changing and improving at a very fast pace, there is a greater
need for strong tools such as designing experiments to optimize these changes.
Design of experiments helps to optimize the changes in the processes by identifying
the factors affecting the output quality of the current processes as well as the factors
affecting the design of quality business processes in the environment of the fourth
industrial revolution and providing the optimal amount of each of these factors.
However, the test design tool will undergo changes in terms of changes in the method
and process used in the fourth industrial revolution and fourth quality due to the
increasing speed of the implementation of changes in business processes and
manufacturing and production processes in this space [1,6,8].

3- Findings

became. In this research, the changes in the design of experiments in the transition
from the third industrial revolution to the fourth industrial revolution were
explained to some extent (picture 4).

O

Modern Design of methods , smart
and digitized experiments

(@)

Upgrading and completing
traditional test design methods

o

Emergence of traditional
experiment design of
method

»
»

Third industrial revolution Third industrial revolution (up to 21th  Fourth industrial revolution (from 21th
(1920) century) century)

Picture 4: Diagram of changes in the design of experiments

The process of changes in the design of experiments in terms of changes in the
method is briefly described in Table. 1

Table 1: Describing the characteristics of the process of changes in the design of experiments from a methodological
point of view [2,4,8]

The period Event Features and characteristics

The emergence of the
The third industrial revolution since  [method of designing |Inventing and presenting tests and tests of the averages

1920 traditional of two societies, etc. by Fisher [2]

experiments

Upgrading and Upgrading the methods invented by Fisher and
The third industrial revolution until completing traditional |providing various designs of experiments such as
the beginning of the 21st century methods of design of |single-factor, multi-factor, complete and fractional

experiment and...

. Providing methods for smart design of
experiment with the help of artificial neural
networks and other simulation and computing
tools in order to reduce or even eliminate
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Table 1: Describing the characteristics of the process of changes in the design of experiments from a methodological
point of view [2,4,8]

The period

Event

Features and characteristics

sampling from the real environment, as well

(8]

design of business management [4]

. Increasing the speed of execution of

of cloud servers and cloud computing and
information transmission technologies in the
fourth industrial revolution).

as

reduce the cost and increase the sampling speed

. Using the smart design of experiments in
production control algorithms and changes in the

design of experiments process using digitalized
information management systems (with the help

4- Discussion and Conclusion

Also, the basic process of implementing the experiment design tool in the fourth
industrial revolution was redesigned and presented in table 2.

Table 2: Changes in the stages of the basic process of implementing the design of experiments
Sta%f rgz;?: In a traditional area The ecosystem of the fourth industrial revolution
» Definition of objectives » Definition/redefinition of objectives
« Defining goals subjectively by » Redefining goals with the help of information stored from
decision makers and decision the current process in cloud servers and with the help of

\ makers based on subjective metadata and cloud computing and data mining techniques.
information for existing processes |+ Simulation of the new designed process or product with the

« Visualize goals for new products help of simulation and augmented reality technologies and
and design processes depicting the goals of the decision makers.

» Gather knowledge about the » Retrieving information and extracting knowledge latent
process in the process

v « With the help of process experts « Data recovery in cloud servers

« Field and library studies + Extracting the knowledge hidden in the process with the help
of tools for working with metadata such as data mining
and...

i 3::,?23?62 of input and output » Redef_injtion of_ input arjd output variables

. . . » Redefining the input variables using the knowledge

« Selection of variables with expert b .

v help « The possibility of choosing eRXtéa?eq n 1h§ p;ewquzlstep ith the help of knowled
variables with no impact on the ezr:c;:én?niﬁep:re\\llaigﬁs siz;\)N ;nd siemuelzgign tzémglo%eies
process / low impact

» Level assignment to input > Level assignment to input variables

variables * Allocation of level to input variables with the help of process

« Allocation of level to input simulation technology and instant decision making

variables with expert help and by |+ Level selection using machine learning algorithms

Al experts * The possibility of defining different measures by considering

« Due to the difficulty of the mutual effects of factors with the help of virtual reality
calculations, the possibility of technology, simulation and cloud computing, etc.
considering measures with mutual
effects is very limited.

» Conducting experiments and » To do experiments and collecting data
collecting data « Performing tests in a real environment that is completely

 Conducting tests in a human- controlled by machines and devices.
controlled or human-machine * The possibility of conducting tests in a simulated environment

N environment with the help of augmented reality and simulation

« Possibility of non-randomization of technologies
experiments due to manual/semi- |+ Collecting information on cloud servers using metadata
manual process control technology and digital tools for collecting information

« Collecting data from experiments in | The possibility of conducting experiments with mutual effects
data collection sheets with the help of communication and integration technologies

» Data analysis and conclusion » Data analysis and conclusion

« Data analysis with the help of « Data analysis with the help of statistical techniques under
statistical techniques and statistical cloud computing technology with high capabilities in high
software in small computing volume of calculations in a very short period of time.
volume * Providing analysis based on the output of augmented and

B « Changing the process in this case is simulated reality technology
time-consuming and costly due to |« The possibility of online change of the factors affecting the
the manual setting of the process process and decision-making in the moment in order to
and there is no possibility of instant improve the process quickly and instantly with the help of
changes. horizontal and vertical integration technologies between the

decision-making elements and the implementation of the
process

WWW.pgprc.ir

CandaS Sy 0 g (oo 49 il




yay Sayyed Mehran Hosseini and Karim Atashgar

In the following, it is suggested that as future studies, the researchers will address 1- the details
of the redesign of the process of implementing the design of experiments in the ecosystem of
the fourth industrial revolution and the fourth quality and 2- the algorithm of implementing the
design of intelligent experiments, which is one of the requirements for entering the fourth
quality. will be localized, designed and implemented in appropriate software so that it is
implemented in case studies in the country and the results are compared with other researches.
3- Investigating the degree of entry of the country's economy and businesses into the ecosystem
of the fourth industrial revolution and also calculating the percentage of the realization of the
fourth quality in the industries or at least a part of the country's industries that have been
slightly automated and moved towards digitalization. And, such as SNAP, the automatic
production system of porcelain dishes, etc., can be important and good subjects for future
research.
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