Vol.19, No.75, Winter, 2026 Journal of Productivity Management

o Research Article

10.71737/jpm.2026.4013670

Systematic Approach for Extracting Product Design Parameters Using Desig of
Experiments in the Fourth (4th) Industrial Revolution

Y

Babak Ejlaly ', Karim Atashgar ~

Abstract

The emergence of the fourth industrial revolution (industry 4.) and its tremendous effects on industries,
and production methods, provids new challenges in the field of quality management, and ledas quality
specialists to revise the traditional methods of quality management. Quality 4. Really, is an updated version
of the traditional quality management that seeks to improve traditional quality control methods using
digital tools of the fourth industrial revolution. Design of experiment is also an important tool in the
statistical analysis of data in the quality management area. This research attempts to provide customer
satisfaction focusing on developming the quality 4 in the fourth industrial revolution. Develioping tools
capability to positively respond to the diverse demands and needs of customers, This paper, firstly, focuses
on the design of experiment field and describes the existing opportunities and challenges. This paper after
introduceing the pillars of the fourth industrial revolution, describses the quality 4 and its structure and
requirements. This paper based on the quality 4 describes the method of designing experiments in the
quality4 environment. and explains its algorithm step by step. This research introduces a systematic method
leading to extract the main parameters of the design of experiment. This research introduces a model for
design of experiment in the quality 4 environment. The method of this research is based on the review of
published references, so that the applied methodologies of the references have been validated using case
studies. This research is defined in three main branches: 1) Identification of industry 4 requirements, 2)
Extraction of the main parameters for design of experiments for products considering customer
satisfaction. 3) Implementing the design of experiments for the fourth industrial revolution.
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1. Introduction

The Design of experiments is a quantitative tool and a subset of quality, which is used for the statistical
optimization of system performance. The purpose of the above method is to manage the value of the input
variables to reach the optimal values of the test sample and the goals of the tests. The fourth industrial
revolution has led to fundamental changes in production methods and the emergence of new tools and
concepts such as the Internet of Things, smart products, smart factories and cyber security. The industrial
revolution has two basic pillars of flexibility against extensive changes in economic and social fields With
the approach of decentralization and flexibility, and the other flexibility against the pressures of technology
in the field of industry, such as smart phone, 3D printer. Quality 4. is a developed approach that is a
combination of traditional quality methods with new technologies. Quality 4. Relying on artificial
intelligence, it seeks to respond to the diverse needs of industries that have faced fundamental changes
with the emergence of the fourth industrial revolution. This research aims to introduce an effective model
based on the literature based on the design of wind experiments with the aim of: 1) keeping pace with the
developments of the fourth industrial revolution. 2) product design based on customer experiences to
increase customer satisfaction.

2. Literature Review

Fractional factorial designs, Taguchi design of experiments, composite central design, Box-Benken design,
robust parameter designs, computer-aided designs, design of experiments using response surface
methodology (Winer, 1962; Paulo Davim, 2012; Antony et al., 2006). They are considered one of the most
important methods of designing experiments. . The fourth industrial revolution's modular manufacturing
smart factory, a cyber-physical system that monitors physical processes, has created a virtual copy of the
physical world that enables decentralized decision-making. The requirements of the fourth industrial
revolution, which is obtained from the research (Ustundag & Cevikcan, 2018) on the Internet of Things
and cyber-physical system, robotics developments, the role of augmented reality, and the roadmap of
technology and intelligent development, are introduced as the characteristics of the fourth industrial
revolution. Quality 4 It can be seen as the improved approach of the previous quality models, which was
improved at the same time as the developments of the fourth industrial revolution, and it is seeking the
satisfaction of customers and continuous improvement, and it has a direct relationship with lean production
and 6 sigma and comprehensive quality management. (Chiarini & Kumar, 2021). The reasons for
improving quality 4. are introduced by the fourth industrial revolution and the emergence of new concepts
and the ineffectiveness of the traditional management approach in responding to these needs. Past
researches by authors such as (Hong et al., 2022), (Al-Zahrani et al., 2021) and (Nikolajan et al., 2019)
consider the basic components of quality 4. as a requirement for the successful establishment of quality 4.
in the fourth industrial revolution.

3. Methodology

The main goal of this research is to obtain an accurate algorithm to determine the design of products
according to The experiences and desires of customers. Quality management 4. It is very important as a
powerful tool that can keep up with the developments of the fourth industrial revolution, on the one hand,
by monitoring the production process, and on the other hand, by connecting to the marketing process and
feedback to customers' needs, to ensure customer satisfaction and achieve production goals (satisfaction
of stakeholders). The most important requirements of quality management 4. Business direction in brief
are: the most important stakeholders, business strategy goals, available assets, competitors, drivers
(customer satisfaction). The architecture of the fourth industrial revolution and its implementation
components in the business plan including attention to things such as: big data, physical cyber system,



S g RiT e, e Y pasw (b b el )b gl el Coa Soilodwam 3,509,

Internet of Things service, digitalization, artificial intelligence. The intensity of the data flow and the size
of the analyzed data set required a review of the traditional methods of designing experiments in the fourth
industrial revolution, so in this research, a new method for designing experiments based on the fourth
industrial revolution, which consists of seventy steps in total, are: Familiarize yourself with the
requirements of the fourth industrial revolution, make a list of iterative optimization method and artificial
intelligence methods, combine one optimization method with an artificial intelligence method (according
to the process), match the industry platform 4. with the case research (industry) Study, determine the
purpose of the research (design of experiments), determine the most important tools for recording data in
quality management 4. Knowing the process, specifying the factors, specifying the levels of the
factors/response variable, the relationship between quality management tools 4. through intelligence
Determine artificial (or predictive model) (finding machine parameters), ranking and training data by
artificial intelligence, using different machine learning models to predict part quality, inspection methods
for components of complex 3D designs, selecting and specifying high-tech equipment For the above
purpose, to convert the classification result of the levels of factors into a continuous model, to specify the
design method of the experiments, to compare the results with the design goals. It was used to satisfy these
demands. In this method, which is based on the design of experiments, it consists of 5 stages: defining the
problem, defining factors and response variables, defining experimental tests, conducting experiments, and
obtaining results.

4. Result

In this research, by going through the traditional methods of production and synchronizing with
digitalization and integrating technology with globalization and striving to get a major share of the market,
we inevitably defined the fourth industrial revolution and its requirements in various industries. In the
following, we showed that just as traditional quality management has been a suitable tool to strengthen
traditional production, quality 4. also plays this role in the fourth industrial revolution. In order to establish
it, we need to implement quality components and dimensions. The methods of designing of experiments
with the approach of customer satisfaction in the fourth industrial revolution compared to the design of
customer satisfaction tests show that the above method is based on parameters such as: flexibility, distance
between the designer and customers, percentage Customer satisfaction, the possibility of involvement in
the field of design, the speed of design, the quality level of risk management and reliability, the finished
price of the product is superior to the traditional method of design and tests, and it increases the ability and
competitiveness of industries in today's challenging world.

5. Discussion

In fact, it can be said that this research is based on four principles: 1. Presenting a model for designing of
experiments in the fourth industrial revolution as a very strong statistical tool and quantitative analysis of
quality. 4. It can properly play its role to reduce costs and increase the efficiency of intelligent industry.
This research provides optimal indicators to the experimenter in order to use the most suitable method
among the various methods of designing experiments. 3. This research provides a suitable algorithm to
find the optimal criterion of customer satisfaction. 4. Using the method of designing experiments as a
guantitative tool to determine factors which increases customer satisfaction in the fourth industrial
revolution (as a vital element for the sustainability of industries in the challenging competitive market of
the new era).
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business plan

°-UJCJ1=~‘pLé’;W9M|Jo4%w@b@%ﬁ‘edﬂﬁwéwﬁwﬁﬁwﬂa@bﬁ%jb
5 il G550 O s e bt a5 L aS Wl bee |y Jue (2019 )01 5 sl el
e L S 2023 ) 0es 5 oSKde bl o el 4 CidS Ol GisS Sy 1) e W
i3 503 b yaa (ISO9001) 3,1kl 5 S g ke Jood Cin 3o b 5 S ol g ol oS Sy byt
s 5 5ealS i1 o sre i (L3l sl sl casly S35 iy cin 5las 4 CoaS o e sla il o age
(osls oSl sle 0 S5 ools Quosbzmy Lo S e | Sl / ased Ohlaws / gk o /0L5 25/
02ls as gazs Lo 5y pe sl Sulnl / mle 4 5 esle o zes / NOSQL ,MapReduce, Hadoop, Hive)
sl obay By culis (sl e S BUSp b 55l 5 gelS ol 5lesliad sl S5 sl
Glaih 1 5res (S5 (Bl oo Gi S SBlal 05,5l oy 3 e L2154 sl Ll adasd 51 L
S Erean G dlml s o sl (e W5 Gles Gl i ol ) il s
(Sl Sl b0 4 O350 S e 5 b S (601 sledigy wlol p pslal olats o 3ls s

L;..L\ g:,.:j‘.ai“(r)}lw\j &915 J..JLA) o3ls OL_{}"‘ 6)L>uo Cﬂ:x.gb “_5";5); g:,.:xéb ‘ob‘}}é‘ C,.:.x.;U c)bc.w)bﬁ‘rj;

' . Bousdekis, et al.



S g RiT e, e Y pasw (b b el )b gl el Coa Soilodwam 3,509,

@S Db Ul St esls Ky sl e w1 gl S s sk 56 ol IS 5
odi b 5ol gS S pm Ol a5 et il eVl sl aSid b b iy Oluabl L
Gy i (B GasiS el bl Gl ald s 5 gls pren 2o Wl 5w ndle (680 (B
olnil ¢ ar b Sl (Kl o3l (slade saza (55515 5 Joe 153l e3l)esls (e (7. o i ola 63,8 4 5L
Mo iiS o o e 0 Slalie S5 laas sazme 2818 (S5 slaesls as gazms 3 LS00 (5L (stuail
g b s pshe AUSS 0 I Gl (Goleand 5 plinal (s 16b) Wl (LSS Sl eslinal
Lol sl A 53 g 5 ool 0k Sy el el Sl 40 45 ol 05 03l L 03y i 5 525 £ 54
b e as Kol ge OBl 2l Dlnd 55 S Sl 0l o LA Ol 4y 3ls Lol g 55 50 sl
aalsl 53 a8 ol Szl ool 53 0 B ChS o pde LndS Cu e e Shasy sl bl e anl e 0l
o5ed 5 Sl Sl a4y am 5 L S 035 55 Sl ool Ol (s Slediny oo 0 dl Jeol sl el O &
03 SJ s ccwd Sl ot s Slles (555k8 5 Dledbl (g sl LS 5wl &S O s 5 Jlasl
S Sl @ tess Lol (2019 M1 5 asl) s Bgb LS 5w 5L 5 05 g ssdoee 0303 Oljee e L)
O 4 AP et (5l 4 lSG Sl 4 a5 L el g Al s opls oLl adipa S 5
Sl Jlaamt ails s bl Lol 5 s i S05 Gb 51 a50a 5 e VL O - 4S 03ls IS5

o 511 o
. . . - J >
et 5 L. )
. I G313 ol b IS 4
oslsl Sl db= 55 s e :
daly= Gl
g TOEITE L Gl s
. ¢l
= Sl ealidl duj‘ e e dw C,\AM
Sl bl dal ot GLEl |
TGN P
J.La ck..u 95 Clg,_.

-

(2019 (o) o 031 Julos g 41555 Eols 4 dagi b igh Zohans 18 JSUS

Fig.4: Levels of intelligence according to the maturity of data analysis(Lim, 2019)

' . Padhi,et al.



e v 202 1804 (a3 — 75 oo ¢ 8 5,lens 19 5,93

(559 05 Sy

5> DLl 5 (2019 o pels Mmoo 5 W ozl b on a8 Ll glallast) ol gzl Dol bl
sl e L2022 7 5 5e) 5 S

-

(2 e

Ll 4

o ) 55k ly ile S

® lp Gl (o L) il LS
U8 b (g3l l8s 5

® Ll b s 53 Lyl (g3l lS3

® & Ol gla A& 05 S 5 i
35 0Ll slad OF 53 oS placund g
Sl g 035 83 55 Ll 5 el C}U
3 St D55 g 1y Sl

N -
o ben sirina )

N

-

Sl e Al b b Jsems Gl 81 1 kS Jas sl b

SIS Ly g o kS 5 S0 °J’G‘.‘>)’;ﬁy‘£l’.’4‘.)i>; LS 3l Lgndle

sl a5 I 35555k (3l g lp Sl o Sl eslizl
oSS ek Wl e DSl Gty 4 (Al S0k &S -

LS

® 4y 5l asSt ps e A (sHs e Sl s See s b s &S - s

S i S 5 S s by el 5 e b

¥ s

-

~

J

(2022 ¢ gomi) B CodsS Cu e S o ©l5l90 4 ol driuo OB 15 is padlio jord 4 da gl U (gdliwiny Juo 15 JSW
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parallel to it for quality management 4.(Timoty,2022)

MJL;aQLu\JQ\J;LQ&)Uy)%&KSﬂSJjJ?

(2019 (o) ot (s y1591 g 0315 Julxi 1 4 Jgun
Table4 : Data analysis and its tools(Lim, 2019)

K 03l C\Ja \’.«-—-_J

Laosls 2308t s SSS

Sl g LSS

03l 4 .b_,g,a 6\.&‘}3‘{

$lp Ly, b

Sk Lesls B T PR eSS

ey

s sl i ol sl oo s 52 Gl Saen | o3y e bt = €1 [ e3ls 5 e s | &L

b la ) i b (Sl sl Ose S5 Jo | o o s 5800 anen s | Mo (slag ;SN ane 5

(s> Cs 5 oS ey S 3 Gt

b 6o | (G Smesnl @b ik | 056 5 e 6500 0313 ate (pliz S S 03ls mie (ki S S
Jypame

2355 5 sl b 05 S5 s S I3 5 baesls oS SRl g esls S S

' . Watson, et al.
*. Timothy.




S g RiT e, e Y pasw (b b el )b gl el Coa Soilodwam 3,509,
5 Sl Glagian (glaby) (\f‘u.rlf Dl g eile Ol Sls  pedle sl LB &l e slac LB &l
Sk okl Ly 58 Jolo g4 S ol Ly 58
Slasie 5 b W INCR WP PP G S50
Ll SFa
Az Shuad
-1 ks Sl sladute
So S e we hAS
Al G $ S sl B
5 e L
u&w U’ilj‘g"sf U'L”‘-‘ﬁﬁ
Table 5 : The evolution of quality and its scope and performance (Timoty,2022)
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Fig.6 : Quality architecture 4. and its components in pink color and the opportunities of the fourth industrial
revolution for improvement and implementation in the business plan (smart factory).
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Table 6 : Designof Experiment methods along with their strengths and weaknesses(Pitraszek et al., 2020)
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Table 9 : The most important differences between the methods of Desig of Experiments with the customer
satisfaction approach in the 4th industrial revolution compared to the Desig of Experiments with the
traditional approach with the aim of customer satisfaction
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