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o 29 B AZE 4 7HT 9048 BYN] Ao £ 9 (RODS HHSFoR= FA 54
A3} DAY AGSoF Tt FF H B2 7I9E0] o8 By 98 HXE FBHDXS B
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T EofR V&l AEoHARt Aol BET AR Ao 2k
ZF=(tech—savvy yet less—experienced workers) @] o]&st1 2l5Y
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*1 Q7 B d|o] AFA 34 (Omega Simulation Co., Ltd.) 9] T}7] 2] 24

BENEFITS OF DX

AGILE RESPONSE TO MARKET CHANGES
| Aclear view to financial, asset, and production data
| across the value chain speeds up decision making

/" and time to benefit.
REMOTE AND AUTONOMOUS OPERATIONS
Empower your facility to run, lear, adapt and
thrive in tomorrow’s environment.

INCREASED CUSTOMER LOYALTY
\ A 360-degree, seamless customer experience

| and journey contributes to increased customer
/" conversions and loyalty.

A CULTURE OF INNOVATION

Digital transformation generates enthusiasm
and inspires product and service development.
Employees feel empowered through education.

\  INCREASED INTERNAL COLLABORATION
| Collaboration improves between business functions

SUSTAINABLE ECONOMIC EXCELLENCE /) to unlock greater business value and efficiency.

Ina survival of the fittest, businesses that adapt
and lead in digital transformation enjoy alasting

// .
|\
N

9] Ae4S AFste DX

TR AxAA = W27 = oy ARt g2 A= AA
7} DXE A=A vz olojx]s o or Azt A8 =
H(autonomous robots), 4Z A =X (additive manufacturing), 15 %]
5 (artificial intelligence), 57 &4 (augmented reality) & 5G2} &

!
2 A716e A4 W B A4S EFstel Ao g ] A5t
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Reduce Cost/Risk Smart Manufacturing

Increase Revenue & Margin

Integrated / Centralized Operations

Infrastructure Management
ON SITE CLouD

Integrated IT / OT Data Analytics & Simulation

Production/Manufacturing

28 g@ W [P

Safety & Human Asset & Production Quality Materials & Planning &
Effectiveness Maintenance Optimization & Yield Logistics Accounting

Asset Lifecycle

Energy &
Sustainability

Process design Fu::ftei?;al Reli;{bslsfce?;trol Revenue maximization  Skilled workforce Feedstock sourcing Planning Egl x;i;gs
gnectigt  Phclnd  leumens  Gploloene  Raooussdheen pooigis  Schedng gy anston
Upgrade / revamp Regulatory compliance ~ Asset management Oce)irtaatii:r%:g:t Outbound logistics Accounting Socizlplieii?ese ©
Decommission Data;gg;(_t;;tion ﬁgfk;isf:ar:gee? Delivery
Culture of profitability
J&2I2 AOLE HM|X 7tX| X| =
€ 7FssH guoh Aule] 24, A1 ] B AL B et w71 A S AR A/ AR ZoFdunt A B
5317} 7Hs sk, ofeh §A QIThe oA HlojuA Huh 2t nZE 2ol TAIGlo] Ak d E= A doll 23 Alg, A
=29 vlfoll= WA 2ol 2A dlolg, x| A o] AntE ], A, A, 29 R A S ARYH
Zagt gao fA4/ASH/HEEE Agste L= TH & it g 7] bl 24 AU g A, AlEEold, i&
22 Yetbulletproof) SFEFOl/AZE S Fsh= AlA7] S Aol A AL O, kg8t e, dlol el o]27]714]
HF oA ueprt Bagduch B3 s 9GS T 37849 o7 ool FR71EIDH I71=0D ] 58 9 A4S
AZAASL “AF F4 product push)” B HIZUACIA 5o F 71317k 4] Bel Y&Uth LEZAOntologies) F dlolH
(demand pull"@ BlZ2UAZ AT S Tk olefd Mol 28 ARgste] 3D PaID Hlole’ B A A} Age ol Hlsteady
PsolQlelw 22 et P, Qe A theet eljAle] gt o state simulations)'& 54 AJ&#]0]4 (dynamic simulations), A} 2
84o] ZFE 7HsAo] Byt 9P A1 74 (configurations) % 4= (logio), 1eln 33402
ZPAF 2] 4] 18] (asset knowledge graph)’ A4S $IgH ‘AlWEl md
RE 9o Hopol] x4 3s} (semantic model)’ 2 HZ3t 4= Q15U
FANY) AZYAES M ZUAE B o] n 22
= A .
B U 9 w22 B0 Wl EAfoks A EES 7 A& (Value Chain)
_ g = ], A ol AR (AT 9 2T 225t nE A
© % shiz B RS H8a SIHE HasteiA ot o LA 5 7P ATSCR S S s B 8
o] o] GllAlo] 9] a1 A dl A
9o ajslslwl T2t s A AF A Also} matke] A1) AU AR FEelA AlE HH 9 ZA-H]of| o]27]7}

A 74 AxAAE A Hefel -8 Wil A&slal geHos

PRt o W] 2887 A& H 02 thgsjor Fhuict, *
o]/g—ﬁq_] %og _LLE}\-”/\ o) El:ﬂ /\]-Eﬂ k]]E‘— 7]_11/ E(,) x] 1] ‘:H’o‘sﬁo]: %’JHE}
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=

i
E0|x
_O‘L
=)
Do

iy
o
X
_vﬁ

r
el
> O
-0
é
T
do U
:%
_V‘_-‘.
é
rg
o
B

2,

AL % 6H sAte] A4HE Pelshe AYUTHLH2). £ DX
oleig £ =Y AlE Fot ABHIL F14S Eol oaR
A 1ste] WE}.

m]o r1r =]
O
o}m
s
I
=

o] AFQ ‘E(orgamzanona s1los) o —‘:/“l'ﬂ o] 3171 Eﬂ—v-oﬂ
A (integrated supply chain approach)ofl = dutd oz HY
3 AR FRE FX5P7] ' A Zeto]= o]y A €| Henterprise
initiative: A 1A )7F D atdch. o549 71 Ak A3}
= e pEoln fAHr RAT 4 gle Tttt A nY
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(linear models)= AHg-dl= B FAo tigh <2
subject matter experts) |4 o]EHHth HAHA Sgto] @At
w2t 7] g2 glole 7|t 258 Bl 9 A¢ 2AAE ol A
3t 742 AR HASEE 2 4 olor, St E wAle Y
Foll et Hi2Y A AT AnE AET 4 U
o243t 9 IT/0T 85 Bl £24F A4, B4t A, 337
2AER, B4 A 9 ZEAA Ao} Q17 AT S E T
ok 4= Qo] B & SN JFE S e 4 AU 7] A
JJXJQ-J Hﬂﬂ(hoy grai)= 74]; 71]%%, Eanie e D

AR Az
A&A Q] 43Tt /fAS 219 DX ool F5 A4k 9 Al
G A “ABFE A Z(smart manufacturing’ ©] Zfefo] AEFHE YT}

SRARTE HZUA DA A S5
= A" oUMEIEE $AIAISks 2o 7 JFER|u Anf
E Alzol= dAgE A9 71eS B4t 2 Al xol H-85to] 247] g
% (self-learning), AH7] Z-5(s lf—adapting), 2+ 2% (autonomous
operations)= ZX15h= Zlo] 23T},
AntE Ao WA @4 GAEA 2 24 siES sl Al
Z 2 A 2ofA YA 7H8A (availability) 2 A5 (work—in—
progress inventory)Z 22 AAIZE HlolElE L&z AYYT. o
710l (AHEE) MM, Alo] B 2HE3}, AFE3eh YEQ A9t 22 3]
A2 ARgste] 7 Alx GAA AL 9 24 Eo]E

r UOI‘

A ) |z Hopo) DX 2] ZaAlA A4 ow olojA)m A
o} al0e A4A0E A1) Sl Aol A 2T

o
Qzbe] HRAe 717, QP Bet 9 B (HSSE), T4 2 7Hg
ol G AL G Aol BE A9 00~95% <)
2 .lef oJs) WA of ] @] T 2L A
7] e 71»%ﬂ(downnme>m+ el 0 g A9 oF

a}% S

(b) Z=r| Sl 214
ITe} OTE He] wet g2 =l A4S A= gt
Yyt A= JEHUIT) &3 IT/OT 3= =Hel A
2lg A A & A sEUTh TRt g4 R wo
e gAgeRe sy 7|92 54 7ol 21545‘011 ot
HAA AR of e & A 4e 2A e
AFHH. A& S0, Z=AA 7P A YEYA

B A% 7eo] A& A58 4 syt

mE%rzﬁm&ﬂ
O > oft N i

i

3o
n=

¥y L

—_‘-‘4

(©) 37, oFd, Bt dl

SRS bR E g

(cornerstone) AU T, 22 ], SHE, A4}, mpolefel Em]
g 4 2k Aglols A2 A a7ARE AikER 9 29
HAE FE] Slol A& o2 HAH Y o]g WA A
o] obASt Tl 99 Hoh 49l WA T 2 EASE o
27 st= o2 A YUYt HSSE(health, safety, security, and
environment: 717}, P4, Het 9 $)7t BAYE]7] Qo= B
2 H35 #o]of(layer)(layers of protection)7} E @3}, AwH2
o= o7lo= AA
integrity) @ % FZ2 4 (operational integrity)©] Z3HE YT},

DX AMEL Het 18-S i 7hsAdo] gleng e
TA H2 55 Het ¥ R o g qlejnefo|2 AFAS B
o}7] 915l A= (Edge)(edge), HlolE] tho] 2 E(data diode) 2 At
olH] Kt ¥l (cybersecurity practices)= A eslloF gyt Y&
<= ¢akota Abal(incidents) o] H]ZU 2o tigt Foke 2| 4-o)of
2 QF 9l Kot Aoj7} A AFoliof hyTh

224 (design integrity), AHAT T2 (asset

A28 IT/OT o718 A

AsHoz FANA Alx YL 5HHRI 7|& 28 (tech
stack) © 2 ZFE51= thoFst HAl(mission—critical) AH], Aol A]A
9 FA-mAl JIEHAE ZIEIE S F5E L AR Yol
ou ofZT]A o)A b kS BA sty Q9] qlefZato]=
A2l A A= 5T

tiA 9t 9 DXo] 84 ad(key pillane Aol £ 2 -9
750D BEIEIT)S FYSHe ST H2U2 9 AL 8

o] B3] gUrH183).

oT

Supervision systems

IT

Storage systems ‘

Computing technology w‘

Control systems

Process equipment Business applications

Data analysis

J2I3(7/0T 88

IT dlofol =2 (enablers)7t 1= 2% “Feh¢E7F ofd A

Y OT Al2"l(on-premise OT systems)= 49| tk3 dlo]&f(dark
data)E e 4= 9lom, o]t thA dlo]E(dark data)= XA &
4 o ‘A g 9 AFEARES0E (demand and return on capital
Cmployed) T 22 S QI8 o 2 o] uxys B
2E 50l ol AFSE 4 glsuth B3 53AQ OT Al2H2
AFg2F 2] (user management), E__Tl(reportmg) g A EE A4
(dashboard creation)¥} 22 om}ﬁ‘ﬂ a5 gt o g2 4 &
6217 (maintenance) S 2 AY

ol OT % IT o8& et F&olh= 2

S EYTO RN FHNGLS SURE AFH (S

2 A~ (manual processes)
Ut} oA (edge)E
ZE 7Nt EHES

ol
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Asset & Safety & Production Energy & Value Chain Quality & Yield
Maintenance Human Optimization Sustainability Optimization Apps
Apps Effectiveness Apps Apps Apps
N APPS R /
Yokogawa Apps oo v?

@) [~ .
c‘g‘D (&) Service
®=dl Providers

Other Data
Sources

1
1
A Pa'ta . (‘}}) Visualizations & Configuration =l 2
nalytics !« ) e ; g1 2
. Analytics & Artificial Intelligence ? uE) L‘% ) R a6,
i 2 g = weather, market data
Data | %l:ljé:% Enterprise Data Management & Orchestration g 2 :,C;
Curati ! 1
uration | gﬁ Enterprise Data Lake (OT+IT) = 2 = Service
. = = Providers
1 [} 2
! S o -
Enablen[:::li ! B Datalngress C%) Data Preparation < Eg. Data science &
\ visualization services
% (R >
Sitera Site ‘B’ ! (Secure) ﬁ
\‘ Operator R Other IT —
. Liation, SCADA Historian: - ERP MR Sy s
g & 12 8 . - = 12 02 0 m
S | [Control l“ DlCS/PLC/RTLI @ or Datg fr Data : | il : g
S | [Vetwor k& 5220 |(secure) : (secure) 15 12 0L )
Field — o o7 E‘i‘D - CRM SCM  PLM >
Networ) {vetwork Systems o
=2 & v IT l§ys|:.t§(|i'ns
OT Systems (Hybrid)
Figure 4 Yokogawa DX platform
E7, A78 2, 9249, °E 2L oSl B &7 (Edge) & 22-E HlolHE 2¢sto] gyt

ATto] B3, Al & ARSAF F419] oAk Tl Abe] (user—centric agile
design) & 83 119 BA1E ZAGHIT ool &2 & -8 4 3l
FYrh

A0HE A Z(smart manufacturing) & A @3H7] 915 1248 A
Aol oJgt ole] Leto] = S (enterprise integration by design) & &
off =& oflEeAlol A A Yol R4 Y 9 FETer
W BUE dolel] BRA5 AW 7 AS ARG 45 24
2(manual processes)E E-% AHgstol= A Su2 Yt 1A
o] AntE A% mtEUE B 7Y #x]ut7) (peer benchmarking)’,
H%&E 7, AL A % CREW $4 91 217 (roadmap
prioritization)’ & Eol 172-& 2] Yafok Utk ZRES} 7]¢o]
HoT(:H4-& A= Qe B Seh9-E il de 84S 249
WU A9 B dolEl S et B 4 et

OTE IT Alagat Fgsta g o EejAlol S 7Hdate ™
J)£9] OT A28 % HESIZE Yol S8 o |el47} 2
Fyct. o] of7|El A 2] dlAle YokogawaZl DX ZHE(TH4)ol=}
£ 2L EHE0 R TloT HA % 718 E2h¢-E 7I5F A2/}
AZ5t= vlole AR & QlE YT

A (Edge) AlAER2 OTS}H TS 85 A Fas U
2 gy o)A bAE &84 udu|A T e
= gsh= A

7 Aol B &4 cfET Al T4

EHEE g dole A Zlsole B4t Aol AAH”
(distributed control systems), $F4 A% A28l (safety instrumented
systems), W3 &4 A A" (tank gauging systems), T2 13 2]
ZAEE2 (programmable logic controllers) @ 7]} 253t 74 &
A7F 2EYL o]He 4 84+ 7]7](instruments), +47]
(analyzers) 9 7]e} BE =] (field devices)Z2HH & (inputs)= 1t
Utk AT E o] 22 (software logic)2 WH, e U 7]g} ]
ofl thgt &2 (outputs)= 55171 flofl o]2|gk i o] 2-8-gyrh

o] A2 DX EHE-2 A % elltlofl A o =2 2ol A
3 84 (interoperability)& &3t HAFA 2H9] IT A|2Hl9]
Az dlole & Alsgurh mebd Az 229G 74 d27tet 9
gloto] ZHE S04 diE|mato] = of7|E)x] Ao e

.

— _?—
Y& v olsfstA| Fote A

o

DX+ WHofel sjAre] AARbAQl vl 2y A kg 2| Aok Al
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TARGETED
OUTCOMES

Business Strategy
& Processes

People & Culture

IT / OT Collaboration

State of Data

State of Technology

STABLE &
REPEATABLE
OPERATIONS

RISK
MINIMIZATION

OPERABLE

e G s Siloed initiatives

SUSTAINABLE
& AUTONOMOUS

Active ecosystem

and visions integration
Dlslengage_d 2l Active knowledge Culture of learning Leaders are digital

osing vital )

transfer & development innovators
knowledge
Siloed Tolerant Collaborating Epgaged &
integrated
Islands of Integrated Enterprise Value chain
information plant data data lake integration
Legacy Current Advanced Innovative
I — |

Figure 5 DX maturity model for process industries

3} 25} A2 waol PUHIA). AL OTS Zo olalst () 719 B2 @ Aol 97
£ ZAE A9} TS Zo] olasks A4 Afolo] HAY AR} 4CEE ESESE 3 B ERWE ER AEES REEE]
9Le-g M ARo] A2 e a7k DXl thet w3t TR AR D8} B e 21 2719) 714 oo} 1A
Q) 1Al A7 (skill sets) 7} B A (collaboration) o] R4S 2 Ao olold 4 gt C A oA net Q7E )=
= QAshed] 71zalor Stk DX ol2idt A258 59 ¢ & U Akl 8 RO glow, 24 ulgo] o Hd) e 5
S PR-C L EEEE EC N Fah ulg AlEelA A4 D Az tiat AY A4S 45}
of Heke Zsten M A WAL S0 el tht 717} olgigsUeh. 3 WA 28 S -2 DX ol AEH
i} 2188 §137] o) AL el 29 A @ Aglo] 2 JRE T FAEE HZU2A ARl E Seshe AQY,
AEE B4 248 A9lo] Yyt
(b) 4] e} 7}
ot o)A A =Hsok S DX ZH] Aej lzUA A2 A meAA 9 7140 55

HeRe o]34 wiefeA] Aajofof shAle DXo] 44 e
AL A0 AT AiE 8 44 5 Qe ol Azt

=yt (2d6)

Agrom 25 Helol gk, Qi Ihze] s B Ao
dek BA gl oM G W7 Al et 712 Aot

=
THE FOLLOWING PRAC-  fid Om2) N ) - _
v [ g B OBQ RE 42 Q4§ 72, 8 Y BRAES FHor 5
EMBARK ON YOURDX  pddAlign with tepd  As: “ _
JouRe: golsand stegy [ reaciness o] mollet ARyl o] AAAHA FAH7] dhEe] A2
=
4 = A 3 Maturity Z 2 A AL & (organizational silos)7F YEPEU T X 24
ol a
= [@F= = =] s o = olH = I SF A O o 7]
00500 iz Organize processes Break £§‘§izational “ %OH O]E-] (‘)l— T'—_Zﬂ o oaT= OH@ ?:—1- L /J\Z]Eﬂ- ’1 jq—xé—‘: Zj—’]__’ %
=(8)= around customers silos to collaborate — =] = =
Iden_tify qt:jick —ﬂ} :“—Likﬂioa] '/F'E 9\)\%]’] E]' Z——]IXE—]?} %H] _cr)‘ /KE]OEE]Z] %‘gtﬂ
wins an
b N g2 W ® T2 242 dwotd e ARG N2 ALRE WE S A%
= == = 556
44 Build a technol bl Organize technoll
e | | e ytt, Hop 829 HTgAe AlEe] ARl Yl o AEE
AT gk 4 G A AAL AEsks AU 24 A
2l 0™ AlSHO| CF - =
246 DX 01 M) £ Ale) F8 AFolH JF Q= AFEol 3/4sE DX Blaa
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(O o714 & dlo|e]7]et A5
A& 719e 7] 7+ 53 cross—functional integration) & 714
St AR o] 6]—7] Ao YAl 7% 7|ukEE stR o) AF
] A7o] 2w g|est 27 GAl|A st k2] 2
80%7} A4 9 tﬂ 18] Ae] 8o A8 2 g&L ) oj=g]
AolAS Eot gapHol BA oAAA 1l sl 2| UstHd
T Adel7e shAt AZska g el dole Zghe |

pi

(@ dlolHE SHo2 7% 74
Y219 sl (digital nirvana)ol] thet &= 7] 25l 755
glo]e] 9] 22 (aggregation) @ AA8Hnormalization)ol| T3t 4]
AAQ] HAS 7]REe 2 i), 34kl oA o] BE OT
tlolEE 9 vlojglgo] 2o Fitotal tlole SAHES} 2ES
BAs7] 9ol BE meAIA B 2L HloElof tigt 2jARe] A
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2 AZLE AAHauditing) she A onigUTh 2E Hlo]H 9
AR E Yot=(current and desired) 5241 A2 (ingress sources) &
Roloh 7142 Hest 5 9l 25} 4, 25 o] W E7)
0}7‘] o= g ol BAIFYL. 7ol tigt Hole 4 4\:_”%%1
2 24, clEgAleld 22 B AT 28445 A8
AR 7Nk B
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E= R
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APl Tt 2l
ek leie 8k ol 19 /19
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7192 DX 98& QJF @_
of S5& Az7tet FEsto] 419 M Hof dojof gk
ol2fgt MEUE 34t 7IE Y 4%, 71 9 HolHE °ld]
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Al ALY LIT/0T 716 £9
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(1) Yokogawa Electric Corporation, Digital Transformation in Process
Industries eBook, https://www.yokogawa.com/solutions/solutions/
digital-transformation/#Resources (accessed 2021-03-01)

*ol EAM] e HE A olF, 24 olF ¥ 21 Yokogawa Electric
Corporation E= o &-8710] 43 B 52 Axeiych,





