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Abstract: Regarding the global productive systems such as manufacturing industry (automotive, electronics,
etc), they always have problems of contradictory / inconsistent data information on their control systems.
Even in service sector such as health care (eg. devices for health control), always there exist contradictory /
inconsistent data information to be considered for decision making. Therefore, in the context of the Industry
4.0, the contradictory / inconsistent data information problem, certainly, happen into the Cyber-Physical
Systems (CPSs). Inserted into the group of Non-Classical Logics, the Paraconsistent Annotated Logic with
annotation of two values (PAL2v) presents conditions to compute contradictory signals without the conflict
of information that invalidates the conclusions. Thus, this paper proposes a PAL2v to solve the contradictory
/inconsistent data information problem in the context of the Industry 4.0 as a decision learning approach for
the CPSs. The findings of the two examples demonstrated that the experiments are really promising and the
developed control systems based on PAL2v are suitable for the Industry 4.0 environment.

Key words: Paraconsistent Logic Controller, Paraconsistent Logic with annotation of two values (PAL2v),
Industry 4.0, Cyber-Physical Systems (CPS).

A Logica Paraconsistente com anotacdo de dois valores
(LPA2v) no contexto da Industria 4.0 — Uma aplicacdo aos
Sistemas Ciber-Fisicos (SCFs)

Resumo: Em relacdo ao sistema global de producéo, tal qual as industrias de manufatura (automotiva, ele-
tronica, etc), sempre existiram problemas de contradi¢des / inconsisténcias nas informagdes de dados nos
sistemas de controle. Até mesmo nos setor de servicos, tal qual sistemas de salde (eg. equipamentos de con-
trole de salde), sempre existiram contradi¢cdes / inconsisténcias nas informagdes de dados a serem conside-
rados na hora de tomadas de decisdo. Portanto, no contexto da Industria 4.0, essa contradi¢do/inconsisténcia
de informacdo de dados, certamente acontece nos Sistemas Ciber-fisicos (SCFs). Inserida no grupo de ldgica
ndo-classica, a légica paraconsistente com anotacao de dois valores (LPA2v) apresenta condi¢des para com-
putar sinais de contradigdes sem ter conflitos de informacdo que invalidem a conclusdo. Desta forma, este
artigo propde usar a LPA2v na resolucdo de problemas de contradigdes / inconsisténcias de informagdo de
dados no contexto da Industria 4.0 como uma aplicacdo para os SCFs. Com base na aplicacdo de dois
exemplos, foi demonstrado que os experimentos com essa aplicagdo é realmente promissora, o qual os siste-
mas de controle com base na LPA2v é favordvel ao ambiente da IndUstria 4.0.

Palavras chave: Controlador Paraconsistente, Logica Paraconsistente com anotacdo de dois valores
(LPA2v), Industria 4.0, Sistemas Ciber-Fisicos (SCF).

69
Copyright © 2017 ISESC. Unisanta Science and Technology (69-79) p.p. ISSN 2317-1316




Blos, Cortes & Da Silva Filho

1. Introduction

The contradictory / inconsistent data information also
called “noise”, produced by the electronic devices (eg.
error on transmited signals) represent a great problem for
the industries. As we know, a noise can be generated in
many ways and it can affect electronic and radio fre-
quency, RF circuits and systems. A noise by its very
definition is random. It extends in various forms across
the frequency spectrum, although not always in the same
amplitude.

In this scenario, is born the fourth industrial revolution,
which is marking its presence. The also called Industry
4.0 is in its initial steps and just in some countries (Ger-
many, USA, Japan, etc), it is in a great pace. There are
many research papers being published abouth
Cyber-Physical Systems (CPS) on the context of Industry
4.0. Most of the research papers are related to manufac-
turing process, control in process and architecture [1-13].
However, there isn’t any research paper about a control-
ler to deal with noises on the context of Industry 4.0.
Therefore, this paper proposes a Paraconsistent Anno-
tated Logic with annotation of two values (PAL2v) to
deal with the noise (contradictory / inconsistent data in-
formation) problem for the CPSs in the context of the
Industry 4.0. On section 2, it is showed the literature re-
view on the PAL2v and the Industry 4.0 and the Cyber-
Physical Systems (CPS). Section 3 demonstrates the
problem statement. Section 4 shows possible problem
solutions through some examples of controllers using
PAL2v to the CPSs. Finally, section 5 concludes this
work.

2. Literature Review

In this section, a literature review, by considering
the PAL2v and the Industry 4.0 with the Cyber-Physical
Systems (CPS) is done.

2.1 The PAL2v.

Inserted into the Group of non-classical Logics, the
LPA2v is a special type of Paraconsistent Annotated
Logic which presents conditions of compute contradictory
signals without the conflict of information invalidates the
conclusions. According to [14][15] it is possible to obtain
a representation on how accurate the annotations (or the
evidences) are on a proposition P using a lattice formed
by ordained pairs, such as: T = {(u, A)|u, A€ [0, 1] = R}.
In this case, an operator ~ is introduced: |t| — |1].

The operator ~ constitutes the “meaning” of the log-
ical symbol of negation — of the system to be considered
[15]. This way, a four-vertex lattice associated with the
Annotated Paraconsistent Logic with annotation of two
values (PAL2v).The first element (u) in the ordained pair

(u, 4) is the degree in which the favorable evidences
support the proposition P, and the second element (1)
represents the degree in which the unfavorable evidenc-
es, or contrary, deny or reject the proposition P. Thus,
the intuitive Idea of the association of an annotation
(1, A) to a P proposition means that the degree of favora-
ble evidence in P is p, and the degree of unfavorable (or
contrary) evidence is A. In an intuitive manner [15], in
such Lattice we have the annotations:

(1, 0) — indicating existence of total favorable evi-

dence and unfavorable zero evidence, attaching a

true logical connotation to proposition P.

(0, 1) — indicating existence of zero favorable evi-

dence and total unfavorable evidence, attaching a

connotation of falsity logical to proposition P.

(1, 1) — indicating existence of total favorable ev-
idence and total unfavorable evidence, attaching an
inconsistency connotation logical to proposition P.
(0, 0) — indicating existence of zero favorable evi-
dence and unfavorable zero evidence, attaching an
indeterminate logical connotation to proposition P.

The formula (—A) is read “the negation or weak ne-
gation of A”; (A A B), “the conjunction of A and B”;
(A v B), “disjunction of A and B”; (A — B), “the impli-
cation of B by A”.

Based on Figure 1, the annotations above are repre-
sented as follow:

P(u, L): T = Inconsistent = P(1, 1),

F=False 2 P(0,1),

t=True = P(, 0),

1 = Indeterminate =» P(0, 0).

According to [16-18], the PAL language, the seman-
tics of a complete set of connectives and axioms are de-
scribed with details.

With the values considered in an unitary quadrant of
the Cartesian plane (UQCP) it is possible to find linear
transformations to a Lattice k of analog values to the
Lattice associated to the PAL2v [19-21]. Therefore, the
linear transformation is represented by the equation:

TXY)=(x-y,x+y-1) ()

In UQCP the values of Favorable Evidence De-
gree u are exposed in the axis x, and the values of Unfa-
vorable Evidence Degree 4 in the axis y. From the first
term (X) from the equation of the final transformation,
we have: X = x-y = u—4, which is denominated of Cer-
tainty Degree (Dc). Therefore, the
Certainty Degree of the PAL2v analysis is obtained:

D¢ = p—4 2

Its values, which belong to the set R, vary in the
closed interval +1 and —1, and are in the horizontal axis
of the Lattice, called “degrees of certainty axis”.
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From the second term (Y) of the final transfor-
mation, there is: Y = x+y-1 = u+1-1, which is denomi-
nated Contradiction Degree (Dct). Therefore, the Con-
tradiction Degree of the PAL2v analysis is obtained by:

Dct = (u+ 4)-1 (3)

Its values, which belong to the set R, vary in the
closed interval +1 and —1, and are in the vertical axis of
the diagram, called “degrees of contradiction axis” [22].

The results of the linear transformation in Eqg. (1) in-
dicate that, in the notation of PAL2v [14], Egs. (2) and
(3) are functions of u and A that may represent a para-
consistent logical state et. Therefore:

En=(M—Apt A-1) (4) or
Erua) = (DC, DCt) (5)

Where et is a paraconsistent logical state.

D¢ = degree of certainty, computed as a function of
two degrees of evidence; | and A.

Dct = degree of contradiction, computed as a func-
tion of two degrees of evidence; pand A [15, 18].

From previous detailed study [15, 16, 23], we can
define a real certainty degree (Dcg) as a D¢ value with-
out the effects of contradiction.

As seen in figure 1, the Dcg value is on the axis of
the degree of certainty on the PAL lattice and is calcu-
lated as follows:

If D¢ > 0.
Der-1- /(1= | D | + D2 (6)

IfDc<0
Dcr= +/(1-| Dc|f + D2 -1 @)
Where D¢ = f(u, 1) and Dct = f(u, A) from Egs. (2) and
(3). From Dcp it can be find its normalized value, called

the resulting evidence degree (LER) [15, 18, 24]. There-
fore:

leR = DCR+1 ®)

2.2 A glimpse on the Industry 4.0 and the Cyber-
Physical Systems (CPS)

According to the Final Report of the Industrie 4.0
Working Group in Germany, developed by [26], the cur-
rent moment of the technological evolution can be de-
scribed as the fourth stage of industrialization. The first
industrialization began with the introduction of mechan-
ical manufacturing equipment at the end of the 18th cen-
tury. The second industrialization began around the turn
of the 20th century and involved electrically-powered
mass production of goods based on the division of la-
bour. The third industrial revolution started during the
early 1970s and has continued right up to the present day
around the world (Fig.2). Based on some industrial initi-
atives, we can find the face of the Industry 4.0 well rep-
resented and slowly it is being developed around the
world. According to [27], the Industry 4.0 is the term that
originated in the area of manufacturing engineering and
represents the fourth industrial revolution: the ability of
industrial components to communicate with each other.

i

D, Contradiction Degree

Certainty Degree

—

A=(1-p)

(u)

time

Information source 2 Information Source 1

Fig. 1. Determination of the real certainty degree (DCR),
Resulting value in the lattice of PAL2v.
(Adapted from [24])

(1)

71

Copyright © 2017 ISESC Unisanta Science and Technology (69-79) p.p. ISSN 2317-1316



Blos, Cortes

& Da Silva Filho

The industry 4.0 is a term introduced by Siemens and
refers to the integration of interconnected systems into
the industry and is known as the fourth industrial revolu-
tion. Furthermore, the industrial sector has undertaken
the new paradigm shift from the traditional manufactur-
ing information system to the contemporary cyber phys-
ical system (CPS). From the financial point of view, it is
estimated that German gross value can be boosted by a
cumulative 267 billion euros by 2025 after introducing
Industry 4.0 [28]. A brief comparison between current
and Industry 4.0 factories is presented in Table 1.

Industry 4.0 is the triad of physical objects, their vir-
tual interpretation and services, and applications on top
of those. In implementing Industry 4.0, the aim is to cre-
ate an optimal overall package by leveraging existing
technological and economic potential through a

systematic innovation process drawing on the skills,
performance and know-how of the applied workforce.
Industry 4.0 focus on the following overarching aspects:
Horizontal integration through value networks,
End-to-end digital integration of engineering across the
entire value chain, Vertical integration and networked
manufacturing systems. By considering the Industry 4.0,
the manufacturing location decision will be decided in
partnership, where there is a coordinator (responsible for
general manufacturing decisions) and many local par-
nerners (responsible for local manufacturing decisions).
Furthermore, the design principles, conceived to develop
production processes aligned with the Industry 4.0 vision
[29] are: interoperability, virtualization, decentralization,
real-time capability, service orientation and modularity.

First
Industrial
Revolution

Industrial
Revolution

through the intreduc-

Degree of
complexity

¢

i Fourth
Industrial Industrial
Revolution Revolution

through the use of elec-

through the use of

through the introduc-
tion of mechanical pro-
duction facilities with
the help of water and

tion of a division of la-
bor and mass produc-
tion with the help of

tronic and IT systems
that further automate
production

cyber-physical systems

steam power

First mechanical
loom, 1784

electrical energy

First assembly line,
Cincinnati slaugh-
terhouses, 1870

First programmable
logic controller (PLC),
Meodicon 084, 1969

1800

1900

2000 Today

Time

Fig. 2. The Four Stages of the Industrial Revolution.

Table 1 — Comparison of today’s factory and an Industry 4.0 factory

Source: [29].

(Source: [13])
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According to [30~34] a CPS is a system featuring a
tight combination of, and coordination between cyber
(computing and networking) and physical (mechanical,
electrical, and chemical processes) elements by commu-
nication networks, which provide us the following tech-
nologies and environment:

1) Enabling Technologies:

CPS provides the enabling technologies such as
sensing technologies, RFID technologies, communica-
tion technologies and embedded intelligent control sys-
tems, which are deployed in manufacturing resources
(e.g., manufacturing devices, WIP, manufacturing mate-
rials) and compose the layer of CPS infrastructure. Fur-
thermore, CPS systems are the foundation of a wide vi-
sion of the future: Self driving cars communicating with
their surroundings, ambient assisted living for senior
citizens who get automated assistance in case of medical
emergencies and electricity generation and storage ori-
ented at real time demand are just a few examples of
application. By sensing technologies (e.g., pressure sen-
sors, velocity sensors), the real-time physical states of
manufacturing sources can be sensed in running time. By
RFID tags and RFID readers, real-time, accurate and
automatic information acquisition in manufacturing pro-
cess can be realized.

The communication technologies (e.g., networks, In-
ternet of things) enable the access of the physical entities
and the embedded intelligent control systems pave the
way for feedback-based, closed-loop control of manu-
facturing resources.

2) CPS environment:
The sensing model refers to the overall image of the

running time physical states of a manufacturing resource,
which can be formally defined as follows:

R(m) ={(attribute, state)[attibute A} 9)

R(m) denotes the overall image of a manufacturing
resource m; Vector Am denotes the universal attribute set
of m; state denotes the description or real-time measura-
ble value of an attribute.

The cognitive model reflects the instantaneous ser-
vice performance of a component MRS, which can be
defined as follows:

Q"(9)=f"(Ar) (10)

QP(s) denotes a quantitative expression of a perfor-
mance index p of the component MRS s that is provided
by a manufacturing resource m; Vector Apm denotes the
p related subset of the universal attribute set of m. f P
denotes the relationship between attribute set Apm and
performance index p, which can be determined in the
context of practical applications. By means of the CPS
infrastructure, the sensing model and cognitive model are
enabled to bridge the control and physical processes.

According to [8], the physical platforms which sup-
port CPS offer five capabilities: computation, communi-
cation, precise control, remote collaborative and auton-
omous capabilities. Fig. 3 shows the three essential con-
cepts in CPS, that is, computation, communication and
control.

Examples of CPS include medical devices and systems,
aerospace systems, transportation vehicles and intelligent
highways, defense systems, robotic systems, process
control, factory automation, building and environmental
control and smart spaces.

Information Systems

Fig.3. Concepts in CPS (Source: [8])

Physical
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3. A Problem Description

According to [35], it will be needed some capabilities
for the CPSs to achieve the concepts of Industry 4.0.
Those capabilities are: self-awareness, self-prediction,
self-comparison, self-reconfiguration and
self-maintenance. Furthermore, a CPS asks for accurate
and reliable control, which requires applying software
methodologies to be extremely precise. In contrast to
traditional embedded systems, CPS interface directly
with physical world. The precision of computing must
interface with the uncertainty and the noise (contradicto-
ry / inconsistent data information) in the physical envi-
ronment. In this scenario, this paper proposes a PAL2v
as a possible solution for the noise in the physical envi-
ronment as a decision learning approach. For more de-
tails, see the PAL2v application examples on the next
section.

4. Possible Problem Solution

The problem solutions suggested in this chapter uses
PAL2v as a base to the controllers to improve the CPS in
the context of Industry 4.0. Thus, it was developed the
ConTempyapzy and the Digital Para-Fuzzy PID. Further-
more, the findings from these two controllers demon-
strate that the experiments are really promising.

4.1 The ConTempapov

[36] created a Paraconsistent Logical Controller, or
the ConTempyapzy (Fig.4.), to control the contradictory /
inconsistent data information on a temperature controller.
In order to simulate the PAL2v application to an elec-
tronic device, it was used an Arduino board based on an
Ante microcontroller ATMS.

L PI0 e mizizems

L

|
gt
i
'_ "
f -

Fig.4. The ConTemp,apyy Diagram (Source: [36]).
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The ConTemp_apyy controls the environment temper-
ature as a thermometer. The set point of the temperature
control is represented by A (unfavorable degree of evi-
dence). The process variable has its temperature measure
value represented by p (favorable degree of evidence).
The Paraconsistent Logic States are identified according
to each control actions. The intersection of the values A
and W in the UQCP results in a Paraconsistent logic state,
respectively. Each Paraconsistent Logic State corre-
sponds to an Output Control Action through a Potency
Percentage. And this value is applicable in form of signal
PWM (Pulse Width Modularity) to a module RSS (Relay
State Solid), which delivers the potency necessary to the
process. The ConTempappy Was used to control a small
furnace, where it established a temperature set point of
70°C and it was measured the sample values during a
certain time. The same process was repeated to a com-
mercial controller (GEFRAN model 1000) programmed
to operate on ON / OFF and PID. By analyzing the
curves demonstrated on the graphics of the Fig.5, the
ConTempyapoy Presented a better result.

4.2 Digital Para-Fuzzy PID

As part of the contribution to the Laboratory of Applied

Paraconsistent Logic (LabAPL) at Santa Cecilia Univer-
sity, it was created by the Master’s degree student Mr.
Hyghor M. Cértes the Para-Fuzzy PID [37], which is
based on the treatment of inconsistencies both in the
Paraconsistent Logic and in the Fuzzy Logic. Initially the
Para-Fuzzy PID controller was built and tested in an iso-
lated Matlab environment and then compared to the
equivalent Fuzzy PID function of this software for
standard excitations such as step.

After this step, a level control plant was modeled to
execute the controller function on a physical model,
making the tests closer to the actual ones. For this, the
control parameters (proportional, integral and derivative)
were calculated for the configuration of the fuzzy con-
troller conventional and of the PID Digital Paracon-
sistent-Fuzzy, and the control meshes in Matlab were
assembled with the respective transfer function of the
plant.

Finally, the results of the comparison of the level
process control between the Digital Paraconsistent-Fuzzy
PID controller and the conventional Fuzzy PID controller
were presented. Furthermore, a block with "Para-Fuzzy"
algorithm is used in order to act on the error in the input
of the proportional, derivative and integral arguments as
shown in figure 6.

°C °C

°C

80 80

50 50
40 40
30 30
20 20
10 10

(V] [1]

70 70 70

GEFRAN 1000 ONOFF
Setpoint of 70°C

GEFRAN 1000 PID
Setpoint of 70°C

Fig. 5. Behavior of the Controllers: GEFRAN 1000 and the ConTempap,y. (Source: [36]).

ConTemprpadv
Setpoint of 70°C

75

Para-Fuzzy
MiandLa  calculation of G
+ Conversion pg and Dot o . Ctrysp Lo
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5 - = e D
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' Ls Identifier : Ts
R B z-1
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Fig. 6 Digital-to-Fuzzy PID block diagram with 220 state lattice.
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In the Para-Fuzzy subsystem we have the “p and A
converter block” that uses a 1st degree function to
transform the set point values and process variable in the
range of 0 to 1. The “calculation block I';; and D..”
that through p and A extracts the degrees of Certainty [,
and Contradiction I.., the “block logical state identifi-
er" that through &. and & computes the paracon-
sistent logical state in the range 1 and 220. The “fuzzy
block ” that generates the crisp value from -1 to + 1 ac-
cording to the logic state of the lattice and the “crisp
value normalization block ” that uses a 1st degree func-
tion to return the value to the real environment.

The next figure (Fig.7) shows the comparisons of the
conventional digital PID controller with the Digital Pa-
ra-fuzzy PID in response to the unit step for P=12, 1=4 ¢
D=15.

In figure 7, for (1) we have the unitary step; For (2)
we have the response oftheconventional Digital PID and
for (3) we have the response ofthe Digital PID to Fuzzy.

It was observed that for the simulation of 2 seconds in

response to the unitary step with proportional gains of
12, integral of 4 and derivative of 1.56, there was a dif-
ference of 6 between the pulses of the derivative being
controller 1 (Digital PID) in pd,.= 162 and the control-
ler 2 (PID Digital Paraconsistent-Fuzzy) at pd.s =
156. In theend of integration showed a difference of 0.06
being controller 1 in id,.= 17.4 andthe controller 2 at
idg,r = 17.35.

4.2.1 Example Application

Consider the process composed of 2 tanks according
to figure 8. The volumetric flow rate in the tankl isg;,
(cm? fmin). The volumetric flow rate of the tank1 for the
tank 2 is g, (cm®/min), and the volumetric flow rate of
the tank 2 is gg(em?® /min). The height of the liquid lev-
elis hy(cm) inthe tank 1 is kg in the tank 2 (em). Both
tanks have the same cross-sectional area, tank area 1 is
A; (cm?) and the area of the tank 2 is A, (cm?).

gin

N

h1 R1

Fig. 7 Digital PID comparison with Digital to-Fuzzy PID in response to the unit step.

>l

A1

h2 R2

kg

Fig.8 The block diagram of the two connected liquid tanks.

o
A2 &
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For tank 1:
g
-'qid_ri= Oin — 41 ®
Assuming a linear variation of the flow we have:
hy—hg
9= g O]
So,
g hy— Ry
Hid_ri = Qin — 13—1 (3)
dh
Rl"qld_ri = Rifin— by + by 4)

Applying Laplace on both sides of eq. (4) there is pro-
vided:
RyA;5hy(s) + hy(s) — hyls) = Rygu(s) )

hy (s} (R, A, S + 1) — hy(s) = Rygsn(s) (6)
For tank 2:

dhy
A T i@ (7
Assuming a linear variation of the flow, we have:
g0 = (8)
So,

dhy _ hy=hy By
A dt ~ Ry Rz ®)
RoA, 224 py 4+ B, = B2, (10)

S de = "y - Ay

Applying Laplace on both sides of eq. (10) we have:
RyA; Shy(s) + hyls) - ;—:h:{s:] = ;_zhl{s] (11)

ha(s) (Ry4,5 +24 1) = Zhy(s) (12)

To obtain h;(s)/gq(s), we have to cancel hy(s) in

equations (5) e (12)
therefore:

=]

Raf(s) _
Gir (5] ARy AsRos? + 2(AyAy+ BoAg+ Az B l+ L

(13)
Using the values shown in Table I, We find the fol-
lowing transfer function from eq. (14) [38]).

Rel8) _ 0.0L
Gim (2 .25 22 + T.55+1

(14)

We used a PID controller calculated by the tunning
method according to [38]. With this guideline the fol-
lowing parameters are reached: proportional in 12, inte-
gral in 4 and derivative in 12. The Figure 9 shows the
diagram of blocks made in Matlab for control of the lev-
el plant, with the performance of the conventional Digital
PID controller and the Digital PID Para-Fuzzy for com-
parison of the answers. For controller 1 (Digital PID) we
had: ts.. (rise time) at 40,36s, ta,. (accommodation
time) at 62,1s e erro_of,. (off-seterror) at 0,05. For
controller 2 (PID Digital Para-Fuzzy) we had: ts (rise
time) at 40,8s, tm.,¢ (accommodation time) at 61,5s

and erro_of ¢ (off-seterror) at 0,00.

0.01

g Digital
|y T PID

6.25s%+7.5s+1

=l

Step l

Graphic

Para-Fuzzy 0.01
| » Digital »
, PID 6.255?+7.5s+1

Step

Fig. 10. Block Diagrams Conventional and Para-Fuzzy Digital PIDs with propotional value of 12,
integral of 4 and derivative of 12.

77

Copyright © 2017 ISESC

Unisanta Science and Technology (69-79) p.p.

ISSN 2317-1316



Blos, Cortes & Da Silva Filho

5. Conclusion

According to [15], the basis of our current technology
supported by classical science, with its reductionist prin-
ciples, works with little effectiveness in environments
considered complex, which are represented by incom-
plete information and often contradictory. In this context,
PAL2v as a non-classical logic, presents conditions to
compute contradictory signals without the conflict of
information that invalidates the conclusions for the In-
dustry 4.0 environment. Considering the Industry 4.0
environment, a CPS asks for accurate and reliable control
of contradictory / inconsistent data information. There-
fore, the applicability of the proposed PAL2v, as the
heart of a controller, seems to be the solution to the
“noise problem”. In the first example, the controller
ConTempapoy Was used to to control the contradictory /
inconsistent data information of a temperature controller
and showed a better result than commercial controllers.
In the second example, the Digital Para-Fuzzy PID, pre-
sented a better result than the conventional Digital PID
(although the results were based on computerized simu-
lations, the results are promissing). For future studies,
such experiments will be replicated to manufacturing
processes.
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