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Nowadays, manufacturing companies are focusing on the introduction of Smart Factory Technologies. Accor-
dingly, The research related in Cyber Physical System (CPS) and Digital Twin (DT) has progressed from a lot of
institutes, but research on visualizing it is insufficient. Especially in the case of a dyeing and finishing factory
where many operations are decided from know-how of a field worker, it is very necessary to apply visualizing
DT for CPS that enables workers to make decisions quickly and accurately based on big data of the shop floor.
This paper proposes research on the visualization of CPS and DT for introduction of Smart Factories to dyeing
and finishing industry. For this research, we progressed research on suitable visualization methods for decision-
making of workers by conducting an AHP experiment. Also, the AHP method was applied to analyze DT
visualization for CPS about various visualization techniques centered on visibility, usefulness, and convenience.
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Figure 1. The Process of Dyeing Processing



o] 3t FA) & 34 3}t7] 9130 Park et al.(2017)& FA 7}
Ao HolHE 3 2 T85l= ke &89 oH, 4

AEQIEUS 83lo] 33 4 dlo|H & 7|Hte 2 ¥
& F2E5to AAT s 34 v HE =28 th(Park
etal,2017). =3 FAU7HE 34 o2 OAHEY 70k
quA &8 153 A3 ATE FYstH o, A7ty &
Ao 74 84S U YAEEA Y 74 2 2% S A
AN A THPark et al., 2019). oF&2 GA7FE 3742 o]
A G& L2A|2E At AHE s 4 Y= A
HEY 75 SR EE AASFATHPark et al., 2017).

R
[e]
=
?l

Jﬁ l:o{r (o=
R

A

23 A% EAA A2 A

A

)
ol
M
ik

2 oA AA WH(AHP)E Satty7} 2 AFAA 7} 3
AR 4 FA O 7|E24E BEE) AT WHoR
1912 (Dos et al., 2019; Saaty, 1980), JAHEA ] =3
W7t 71E0] throlm Bt Q) A A o] AT
TABL AFSTEY 84 o) A vl o3 A
BriAke] A4, Y, AR 5L 2HA s oAt
o] Th(Saaty, 1980; Lee, 2007). AHPE YHHH 02 7|
TA, $AES B4 3 A8 A A 7] Fa %
TR JAEAAE BRS o V18] 24 &
A 7bed BREOE BRI TFed RE £4E o
o FEo2 gt o F, JAEAAEL 4
P AN S MROR 7 #E YT FEA B
W3] oF FTHHo, 2008).

re
d

p

{o

2
£ i

o M rlr :
o, S ’

[o 1 oXt

z@ off mi mo BN A
fe BN

__);L‘
i
ol

fu lo

QAT 2= TR A A EYA 2D AT NS A3 S AT 7

Saaty(Saaty, 1980)7} 7% ¢ AHP+= ©] % 349
o] A 20 B¢t 71E AR I AEE A
S8 okl A AFEEIRl oM, FHL A8 Foke} T, A
& Hog, 281 Hold AN SR H ¥ B Bl
Z =3 JTHDos et al., 2019). Steuer2} Na(Steuer et al., 2003)
= w57 2% ¥ AHPE 97813 oM, 1 9)9l = AHP= 1
L AU, AR Aby, e, A=E, A8, BA, AR F 2~
=0 24531 9 th(Vaidya et al., 2006).

QL
hy
o2
rn

[

31 AIHE A 2L sl AL ED s Arkele

<Figure 2> & =20l A A ASh= AtolH & T Al 27& 4]
g OAEES 7HN SR g e HojE, A Al AlA
A FREE dolBg ARES 7o s B dF 253}
AEdold BEe 74, AdsiH, 34| A el 3
TN e A3 ghe 7SRRI ALt @Al A 9] 7hA 8}
€ 5ol Ak oA EA & A sk Aol

<Figure 3> & A7ollA 283 Aol g A 212 9%
OARES 7HA 8 Aue] 5 B Eth AR} 7HA 8 B
E& A3, AbolH AlA o A B A ZA M DA HA 2 7]
S A= EA Au 27 HolHE Rlste = A=
&< T&ot7] A3 olE 2 43Rt o] &, = 0l
o F4 dlZ Bgo] 2Fste] Yy = A4 dul o 4

A

o 2 g

Rl
omr il

Al

Visualization-Based Decision Support System

£

=

;1

Virtual Reality Module

Figure 2. The Concept of Digital Twin Visualization of a Dying and Finishing Smart Factory



80

Device Layer Information Layer

Hyeon Chan Kim * Yoo Ho Son - Jihyun Bae *

Physical world Cyber world

Fault Prediction Module

Sang Do Noh

Application Layer

Simulation Module Visualization Module

O

Data Abstraction |_

Gathering data
from Rapid Dyeing Facility For Fault prediction

Request Visualization
operation
T

Load Facility Status
ar 3D Layout(for VR)

i

| Operate fault prediction
I
¥

Perform Oversampling

Synchronize Fault Prediction
Result and 3D Layout

-—0| }——D| Operate Visualization

Study of machine
learning model

Create sample data

Support decision

Legend: == Flow of data

==> Flow or requestactivation

Figure 3. Digital Twin Visualization Scenario of Dyeing Processing Smart Factory
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Figure 4. Digital Twin Visualization Framework of Dyeing Processing Smart Factory
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A& 7|02 35 01, Ho & &g At el g 7 B e &
3l BEE A7)0 v A RA & 7|F o= AT
B Aol A A3 AHP B3 9] Al 272+ <Figure 5> 2T

Al Q12 oEA A o3 7} =0 7§l B3 TheF
& AHEA O] FAIE Bk 83 FrEl2E B S
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AZFH ALEA S HIete Aol RHA 02 AMH I Gl
Fej 28 HrF il E o) AR ol #1074 13 S A
28} TH(Nielsen ef al., 1990).

UM Ao 7|1EEH A W7 R ARG 71 R deEjjl ds
HE}d (exclusiveness), $+717 93 (completeness), 2]/ (opti-
mum size)(Lee et al., 2004)°l] Y2Zrste] ZAzL| A &0 2

Table 1. Jacob Nielsen’s Ten Principles of Usability(Nielsen et

al., 1990)

No. Principle of Usability

1 | Visibility of system status

2 | Match between system and real world

3 | User control and freedom

4 | Consistency and standards

5 | Error prevention

6 | Recognition rather than recall

7 | Flexibility and efficiency of use

8 | Aesthetic and minimalist design

9 | Help users recognize, diagnose, and recover from errors

10 |Help and documentation
Y YRE QDT 5 YIS I 09 L
g 71t 5 O & <Table 2>9F o] 7HAA, 844, Ao o=
AR YHHA 0.2 AHPE o] §3 57} ol 71
ol Atk A AAl = 7S] 2 A Hlal @ thek
Fo)2 2o Ko EEaHs wholw, F WA= ) 7))
S0l At vl 5o the] AE H7HE LA T AAE 7]
SIS Foll Tshe o EHKwak 2019). & Ao A=
TR S ARG o, Al aRIES AT v sk A
5249 FolAeL ton Agsis

Class 1 ‘ Selection of Visualization Equipment
Class 2 Visibility Usefulness Convenience
Class 3 ‘ Hologram ‘ ‘ Ultra Short ‘

Throw Projector

Figure 5. Hierarchical Structure of AHP Model for Evaluation of Visualization Method

Table 2. AHP Evaluation Items and Detailed Factors

Evaluation
items

Detailed factors

Al |Does the visualization equipment provide information on changing circumstances?

Visibility | A2

Is the layout of information on the dashboard consistent?

(A) A3

Can you immediately grasp and easily understand the information displayed on the dashboard?

A4 |Is there no unnecessary expression on the dashboard and the information is concise?

Bl |Does the information on the dashboard show facility operation and process information in real time?

Usefulness | B2

Can you quickly find the specific information you want through the dashboard?

(B) B3

Can you fully perform a given task through the dashboard?

B4 |Is it easy to see the failure prediction results and temperature change trends on the dashboard?

Cl1 |Are the terms used on the dashboard using the terms used in normal work?

Convenience | C2

Is the process of using visualization equipment to check information on the dashboard easy to understand?

©) C3

Did you feel uncomfortable with movement while checking the information using the visualization equipment?

C4 |Did you feel dizzy in the process of using visualization equipment to check information?
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AR} HHAE HHA AF ARG} VA ARE EH A
AAeE st AAg =5 AV HAPTE 3 &
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2] WFH(POP ©27], VR, AR, E213)S Fd3h= A9t
AtolHEE A 2" 3 AL ESY 7HA3 A RE 743} &
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st=do] 377 Az ES o] 3o tigh Al F Y §-2 T3
<Table 3>3} 2T},

Table 3. Hardware and Software for Digital Twin Visualization

Experiment

No Items Name

CPU : i7-4770k
| pC GPU : Geforce GTX 1060

RAM : 24G

OS : Windows 10
2 VR HTC Vive
3 POP Samsung S22B420
4 Hologram Hologram LED FAN
5 AR(Projector) Xiaomi Mijia Projector
6 | Robotics Simulation Engine Unity
7 Development Engine MS Visual Studio C#
8 Virtual Reality Engine Steam VR

Figure 10. Digital Twin Visualization Test Bed and AHP Experiment Environment
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Figure 11. Digital Twin Visualization Test Bed Experiment Environment by Method

Figure 12. Dyeing Process VR Virtual Space(Equipment, Dashboard)
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AHP Experiment Scenario

Read the survey paper of AHP experiment and
Comprehend the element for comparison

A 2

Comprehend the work scenario during experiment
that pariicipant to execute

h 4

Finish the experiment when participant execute all of
work scenario and recognize the fault occurrence

A 2

Repeat the next experiment by using next visualization
device following the same method

A4
{ Write out the survey paper after finishing the AHP }

experiment for all kind of visualization device

Staring the rapid dyeing facility when the
experiment starts

v

Respond about the question that is asked from
experiment conductor

A 4

\
Evaluating about each visualization device based
on survey paper after finish the respond about question
J

A 4

Put hands up when participant recognize the fault

during Evaluating

Figure 13. Digital Twin Visualization AHP Experiment Scenario
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Table 4. Experimental Results, the Consistency Ratio of the
Evaluation Items

Evaluation items Importance
Visibility 0.16
Usefulness 0.04
Convenience 0.03

Table 5. Experimental Results, Importance to Evaluation Items

Evaluation item Importance Priority
Visibility 0.55 1
Usefulness 0.24 2
Convenience 0.21 3

Table 6. Experimental Results, Priority of Importance of Sub-

Factors
Eve}luatlon Con31s.t 1Y | Sub-factor importance | Priority
item ratio
Al 0.33 1
Visibility 0.16 A2 0.06 4
(A) A3 0.31 2
A4 0.30 3
B1 0.18 4
Usefulness 0.04 B2 0.38 1
(B) B3 0.21 3
B4 0.23 2
Cl 0.10 4
Convenience 0.03 C2 0.36 1
© C3 0.31 2
C4 0.23 3




=37 A g4 2

HAs A YL EL 7HA 3

Table 7. Experiment Result, Global Priority of Visualization Equipment by Sub-Factor
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Evaluation Sub- . Top factor Sub-factor Equipment Multiply b L
item factor Equipment imgonance importance in(llporrj‘tance 3 impl()nzange Global priority
POP 0.55 0.33 0.47 0.08531 2
Al Hologram 0.55 0.06 0.06 0.00198 48
VR 0.55 0.31 0.30 0.05115 5
AR(Projector) 0.55 0.30 0.17 0.02805 12
POP 0.55 0.33 0.42 0.07623 4
A2 Hologram 0.55 0.06 0.10 0.0033 45
VR 0.55 0.31 0.27 0.04604 6
Visibility AR(Projector) 0.55 0.30 0.21 0.03465 10
(A) POP 0.55 0.33 0.48 0.08712 1
A3 Hologram 0.55 0.06 0.07 0.00231 47
VR 0.55 0.31 0.26 0.04433 7
AR(Projector) 0.55 0.30 0.19 0.03135 11
POP 0.55 0.33 0.46 0.08349 3
Ad Hologram 0.55 0.06 0.08 0.00264 46
VR 0.55 0.31 0.24 0.04092 8
AR(Projector) 0.55 0.30 0.22 0.0363 9
POP 0.24 0.18 0.44 0.01901 15
Bl Hologram 0.24 0.38 0.09 0.00821 38
VR 0.24 0.21 0.29 0.01462 22
AR(Projector) 0.24 0.23 0.19 0.01049 30
POP 0.24 0.18 0.46 0.01987 14
B Hologram 0.24 0.38 0.07 0.00638 41
VR 0.24 0.21 0.32 0.01613 19
Usefulness AR(Projector) 0.24 0.23 0.15 0.00828 37
(B) POP 0.24 0.18 0.36 0.01555 21
B Hologram 0.24 0.38 0.06 0.00547 42
VR 0.24 0.21 0.32 0.01613 20
AR(Projector) 0.24 0.23 0.26 0.01435 23
POP 0.24 0.18 0.49 0.02117 13
B4 Hologram 0.24 0.38 0.06 0.00547 43
VR 0.24 0.21 0.25 0.0126 26
AR(Projector) 0.24 0.23 0.20 0.01104 29
POP 0.21 0.10 0.40 0.0084 36
cl Hologram 0.21 0.36 0.12 0.00907 33
VR 0.21 0.31 0.21 0.01367 24
AR(Projector) 0.21 0.23 0.27 0.01304 25
POP 0.21 0.10 0.49 0.01029 31
o Hologram 0.21 0.36 0.07 0.00529 44
VR 0.21 0.31 0.26 0.01693 17
Convenience AR(Projector) 0.21 0.23 0.18 0.00869 35
©) POP 0.21 0.10 0.39 0.00819 39
o Hologram 0.21 0.36 0.12 0.00907 36
VR 0.21 0.31 0.25 0.01628 18
AR(Projector) 0.21 0.23 0.25 0.01208 27
POP 0.21 0.10 0.35 0.00735 40
c4 Hologram 0.21 0.36 0.13 0.00983 39
VR 0.21 0.31 0.27 0.01758 16
AR(Projector) 0.21 0.23 0.24 0.01159 28
Bl g W FEAAE SRS U ol G ARE S $809] FRESE 39 8ele] FAE T2l AR 8l
o A HE 891871744 o) Ak olshar) A&l A 2 AR e 2R =S Fahel A4 ol %ﬁm
o] 7Hg w2 FAAEHE EAT ol = &AL 7 8 =& 7HA A HEo 4 VRO] POPETF B2 Global $-41=9] %%
ST AL T AR SR AR olalal) 4 AR £ mol A% hAg 9le) 849} Wel Aol A Pop_w 0%
A) el SR FALBABIEAL LS Ak e A G2 AU £ ek 27k
iy 337} FEof AIE alell tigk 7hAsk s Agmlel B E A 4R Global 419 9] &S A4kl B3-S W <Table
Global A= AR A o= <Table 7>3 2 0H 3 3 8>3} o] VR Wl o] 71 22 4% & 7Hith



88 Hyeon Chan Kim * Yoo Ho Son -

Table 8. Experiment Result, Sum of Global Priorities by Visuali-

Jihyun Bae - Sang Do Noh

Table 10. Experiment Results, Analysis Index for Each Visuali-

zation Equipment zation Equipment
Visualization equipment Sum of global priority Visualization equipment AHP analysis indicator
POP 219 VR 0.511005
Hologram 502 POP 0.441975
VR 188 AR(Projector) 0.219912
AR(Projector) 276 Hologram 0.06903
AHP 43 o} 1% Auele 3 49 et ge e SR 2
SN LS T3 o ths) & ;\7]_}_qz 3l A3 E &3
o]’MHE O]' (ﬁTltHﬁi_l = 5 EJ’]'E—%H B ol ‘:_oﬂn]_ iU}El@Q/\}Olﬂi%F/]/\lﬁEﬂi%ﬂq
VRel BYE7 b4 SOk He 418 S glglon 49 g T O TT P ° A
u = ARESQ 7HA 3o H A W A S skl o & #5to]
47 g%* A A3 54 A= <Table 9>+ 2.
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2 43S 1% 22 AHP Global $X1=912 3 g9l
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Table 9. Experiment Result, Measurement Result of Defect Recognition Time by Visualization Equipment
Equipment 1 2 3 4 5 6 7 8 9 Avg
VR 59 58 57 58 58 56 59 57 58 57.7
POP 58 59 60 58 62 61 63 73 60 61.5
Hologram 63 62 62 59 60 63 60 61 63 61.4
AR 59 61 61 60 62 58 59 60 60 60.0
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