U 1 =
5789°UN15L9159UTASINI5EEN 1D

23-CP-27-GE-TRC-A : Training Course on Smart Manufacturing Productivity Specialists

sEeTudl 21-25 Sy 2566

o T Uszne lévdu

| ! L Training Course on
' » Smart Manufacturing Productivity Specialists
E N

-, -
=™

A‘-‘\ - A\\ i v
¥ Sk

Anvinlae Uy lyeqd

Faans aavulniuazdidnnsaiind

91 1 989 56



| & ¢ v v
#g9un 1 L‘uEJ‘VI’]/EJQﬂﬁ‘ﬂugmﬂn’]iw'ﬁ?ﬂﬂiﬂn'li

el |

Training Course on

1.1 fuwseinguszasdvedlasimslneee

Tu¥ 2563 nmsUszifiunes APO Tuidaanisnansaasey (Smart Manufacturing : SM) wWun

lassasgnavnssuvesaudndmlngudgyiuanuimelunsivdsuinuganamnssy 4.0

° o

AMSUTAMNVUINNAN IUIREBULATIUINEBY (Micro, Small and Medium Enterprise : MSME )

' '
d 3 a v o @

NgfnungasuAudmMSUNITUaguLUaINISNENSIT o ANUNEIEINTINAUTENINSTUIALAE

q

=2 a o & aa o =

A o & a a 3 = v
UYWL UUE mLﬂuiuﬂﬁUiiqmiLlJaEJuLLiJawmm a ﬂ'ﬁEJ‘WﬁWUﬂﬂﬁ]ﬂ’ﬁﬁi']\'ﬁl@ﬂ'ﬂ’]llaqlﬂﬁﬂsﬂEN

Aileavngy wazdsmngfiaunsalimiugismdenavauuziunningaaivnssuld APO AT

o U

ANAULATINISLESUAS A NEAINATUNISHARUINUNY LT BI91NANSUR 8ULUAINIAIN ANISS

o o o

nanedusesdfgdmivagnamnssy
Tasamsilfuanudniisuargalunisversunumvesilesvgiunisndalaglifidisaunis

= v o a o a o g % a v o o ° 9 9
'e]‘Uillllﬂ']']ﬂJELﬂEJ']ﬂ‘Uﬂ’ﬁNamE]ﬁ]QﬁEJg Iﬂﬂﬂaﬂqmiu‘ﬂ%LUU‘\]QV‘IL?NWL!ﬁTWiU APO @193 UNITNHIUN

v

ALBevg iUl szavsnmnsaniazAvvialinntu

U

'
v a

Training Course on Smart Manufacturing Productivity Specialists 409 U513 197UN 21-25

a va

Aoy 2566 o et Yseina landu dinguszasdiiaiindnanuanunsavesiujuRnui

[

ASHAAIUNITIAN NS IIAIUS NELALASENBUTUNEITUNISHANSIRS 8L N151I5 NEARVDY

7

91 2 989 56



1.2

welulaflunswdnsanioy msudslundesdlofinyssavsammsndnuazmaiadimiunsudn
g3y warn1sUszenalinisnandaaserlulamiavuinnaiawazuuingas (Small and Medium
Enterprises : SMEs) Tngnadnsiennuinrudnlavesidrmmsevsuiifinduietuimalulad
lun1sudnganses wavnisidaunagnslugravinssy iudsduaiuniwindanier wazaunsoln

o

Auugiun gUseneunsiaviavuianaakarsungedlum simuununsiUas UL UamNRRTa

\Hen/esdAnuinlannfanssumigeg

YN Pgenanssy

Juii 1 Opening Session

» Welcome remarks by APO Secretariat

+ Opening remarks by President, CPC(TBD)
« Introduction of Resources Persons

» Introduction of Participants

» Group photo

Lecturer : APO Secretariat & CPC

Introduction to APO and Program Overview

Lecturer : APO Secretariat & CPC

Session 1: Introduction to Smart Manufacturing (SM) for
Small and Medium-sized Enterprises (SMEs)

Lecturer : Prof. Michael Cheng

Department of Industrial Engineering and Management

National Taipei University of Technology , Republic of China

Session 2: Key Technologies and Enablers in SM
Lecturer : Prof. Dongmin Shin

Department of Industrial and Management Engineering ,
Director , Smart Manufacturing Learning Centre

Hanyang University Erica , Republic of Korea

Session 3: Smart Factory Design for SMEs
Lecturer : Vincent Oh Kok Loon

Solutions Consultant , Malaysia

iuﬁ 2 Session 4: .IloT for SMEs

Lecturer : Prof. Michael Cheng

Session 5: Implementation SM in SMEs

Lecturer : Vincent Oh Kok Loon

Session 6: Group Work Exercise- Formulate

strategies/roadmap of SM in SMEs
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Pgenanssy

Session 7: Presentation of Group Work

Session 8: Big Data and Analytics for SMEs
Lecturer : Prof. Michael Cheng

Session 9: Application of Big Data and Analytics for SMEs

Lecturer : Prof. Dongmin Shin

Session 10: Hands-on Exercise related to Session 8 and 9

Session 11: Effective Communication/ Training and Coaching
Technigues/ Consulting Skills

Lecturer : Vincent Oh Kok Loon

Briefing on the Site Visits
Lecturer : CPC and APO Secretariat

Session 12: Site Visit at Fair Friend Group

Session 13: Site Visit 2 at Technical Verification Site for

Intelligent Manufacturing, ITRI

Session 14: Group Work

Group Presentation

Evaluation and Program Summary

Lecturer : APO Secretariat

Closing and certificate presentation

« Vote of Thanks from Participant

+ Closing Remark by Representative of CPC (TBD)
» Certificate Presentation

Lecturer : APO Secretariat and CPC
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Session 1: Introduction to Smart Manufacturing (SM) for Small and Medium-sized

Enterprises (SMEs)

ATNANDIRIUY
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Connect Integrate Optimize

NSNARSARTYY (Smart Manufacturing : SM) uaz@naMnssul 4.0 (Industry 4.0)
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« Improve : M3UUUTRE LD
auThmevedsinuSaiugiinuos Toun
PRI EL I ERIGHE
* NN
» Anuvastaluwmalulag
« NFYTUINTT
* 5907 AU
- ANNESUTUToU

« AALABY

91 6 989 56



Session 2: Key Technologies and Enablers in SM

NSRRIV NALULAENISNER

Al, Communication,
AM, loT, CPS, Collaborative Robot,

>
g
°
€
£
S
: T g,
w
S BPR, virtual enterprise, Mass customization _
< o
3 CAx, engineering tools
= TQM, MRPII, engineering tools
Just-in-time

QC, Kanban, engineering tools =
Lean manufacturing

CAD/CAM, robotics
5

GT and CNC robotics
Flexible manufacturing
Production line and
automation . Mass production

Time

WA NUNUIZNITVRINISHAND ARS8

Smart Manufacturing

Predictive

X " Sustainability
engineering

Manufacturing Resource
technology and Materials sharing and
processes networking

Computing
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\B9Aa1An1Tal (Predictive Engineering)
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1. Additive Manufacturing (AM)

Design, Materials

Materials
Development B Pprocessing
Simulafion & layering

> [l >

Bl

3D CAD Model ST File Sliced Layers & Tool Path 3D Printer 3D Object

Tviudunsrdawuuidniledan isensenitmalulagnisiiun 3 I7)

* Formative

oo oG- B

Forging, casting, injection moulding, etc.

* Subtractive

Hf 1 ‘
H d

* Additive
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51187 nsadrstuduerlndegnesangs warnisnaniiledou s1uneanuasanlunisin
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Customization Saving material Complex geometries No assembly

. asy

Titanium implants for the skull (left)
Airbus A320 hinge brackets An aircraft duck

Customized wrist splint by Fraunhofer (right)

4of
1. wandulszneulnenssanlima CAD
i eutunans (Wy wiuisiaunsdmsunssuIunsvde NsintuRsuNSHaR)
- dneawlunisiidaesesie
- anszezIAlUNTASAULUY
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0,2mm 0,05 mm
18 minutes 75 minutes

Source: GoPrint3D (left); 3DPrint.com (right) Source: 3DPrint.com Source: b3d-online
Support structures Limited materials Low surface quality
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Jgymlal
3. Jagidlunmsudauuifuiledidoudradita
« YUIREINUTENBURIAR
.« STEBEUN T

WSUALAN : AM-based Mass Customization

A 3D Printing Farm (Voodoo Manufacturing)
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2. Augmented Reality (AR) and Virtual Reality (VR)
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Virtual Reality A® @s1uiganuazmndmsunisduialssaunisaininuasinled
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F0819n151097U Virtual Reality (VR)
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Augmented Reality (AR)

v
Y =%

Augmented Reality i @annwinasuUszavgnasisululanudsanuiuaiadasly
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Y 9

AENNAWIDSHINTUNSIANNES 19 NABLALAES

fo819n151891U Augmented Reality (AR)

CEX, Chairless Exoskeleton * VEX, Vest Exoskeleton

P
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VR/AR on Smart Manufacturing

* Operator 4.0

* Human-Cyber-Physical Production System
a2 s 7 ; )

— Composite intelligent system comprising m ﬂ if; Rgx;
humans, cyber systems, and physical Opwria Spbei® Ovee 30 s
systems with the aim of achieving M & Do Ve ,.;,;':w,... r-m:m -mév.u-
specific goals at an optimized level ‘1;;“:.“"7'?‘0.;;‘: Evwrte o Sy ) | Gtk Tk =

Creation and management e cesrhonnd
T T—— T T 00 00 dme

Hmen " s DR f ‘I‘Iirj * * i
(H) ) 2oy G’
| &% el 6

part of mental wo
Replacing a substantial amount of manual labor SiperSirength  Augiented Virtual Healthy
Operator Operator Operator Operator
hrv o) ; ,,s -1
.
Smarter Collaborative Social Analyur.al
Operator Operator Operator Operator
3. Industrial Internet of Things (lloT)
Industrial Consumer
i Internet of Things Internet of Things é
N 4
e — —

loT (IoT gaamingsu) WeussiouiiinianienIn wWu Wuwes weAyewes wazswuy

ASIVADULALAIUANNTTUIUNTT BIETUNITINUAUNTTRER NMIUIISNYITIAIANITalLaznIg
wlataunnsed UJdunusseninuyudiun3osdnsiatu n1sauANNIEUIuN1TEIRT Y

dnsunisinuysednsaiunsnens wasesdle wagian Wreliaruisauauendniud

nszuIuns waslssnuluguuuuidald
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Applications of loT in Smart Manufacturing

* Material Tracking * Operator Safety

* MIAAATER)

« ANuUaenfivesruuRnuy

fo819n151997U Industrial Internet of Things (IIOT)

oy H:m“ﬂl'l ' |||||||n"
i B g =

e '”“ ;’ ‘
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1.

2
3
a.
5

RFID
Rack Tag

Receipt of
Merchandise

Returned Merchandise  Merchandise
Storage Area Measuring Area

y Merchandise
Shipment

gunsalvudean
UNIRIARFIAU
M33guUnTal
L do @
oAy
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4.

(Digital Twins : DT)

91 15 ¥99 56



Digital Twins fia n1s9aesingfieglulanlisenuiluguuuuiaiou (Virtual) il

N3EUINNIYINNUMEEIEUURNGY vadinglulanasa (Physical World) tavanaifiungstu

st Uiy

*Digital Twin: Manufacturing Excellence through Virtual Factory Replication, 2014
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Digital Transformation w.r.t. Information

o "‘y"‘ Pl
: = ;
i o % PC o O Sotware 2 :w

. il = e~
“ L=

OPC UA Information Model

OPCUA

“Generic” Robot Robot Information
Information Model Information Model Model Instances
“Node Types” “Digital Twins”
=
B = ?
+ oves e o
.
* am
Vadisie Type \ o
sinlict \
» p—

Welding Robot
(Physical Asset)

Cyber-Physical Systems (CPS)

Cyber (digital) layer
Cyberspace System intelligence )
T i’ Data T ‘:' Decisions ‘:' T
[ Interface Standard connectivity

T ’:' D-ata T i Decisions ‘:' T
c—DO é

i XX ® =
=" Bl K2
Manufacturing equipment Local intelligence

Manufacturing equipment layer

WUIAAYDY Cyber-Physical Systems #38 CPS

“lesiuas” runede N1stdmaluladn1snsiadu AsuNIAeS LaLN1SEpa1SLD
ATIVADULATAIUALEILUTZNBUNNNIBAMN
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“Syuy” aviouiinnududounazanuvainvany
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Simulation in CPS

|

Experiment with Experiment with
actual system model of the system

I Physical Model l IMathematicalModell

Analytical
Solution

Ygyilumsvanutilasyuy
o o & v a & A A ) A a v
- nsdane Iudussagszuvasulunanuienazdunalouluameminaulawdiue
AswRgn anaklanunsadunanassuule
« AnwINIsIUABULUAIYRISEUU MuManensel nMsdsuwladiusyuuasaiuliaiunsa
yilRasa

Systems and Models

Physical system
Validation of behavior Validation of structure

of conceptual model

Reality level

Model level

i

Cyber system Verification of Conceptual Model
computational mode|
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6. (Machine Learning : ML) and (Artificial Intelligence : Al)

N1331809AURNVBINYBEMEY Software-Codedheuristics
- Artificial Intelligence (Al) Avialudmiurenduisneuimesmasuiuunissuves
uywdirnundudeulaziSeuianduvaniu

a)

- Machine Learning (ML) flasieiasve Artificial Intelligence #ild8ana3sudilasunis
Soufifvatudeyaiiioadrsuuudiassiivsuua sulddsamnsoviaui dudeul
wanviany

« Deep leaming (DL) 4Aga8uas Machine Learning #ldnansiaisasnielulaseiie
Uszamifisuiil 9311971 Machine Learning 71 4udauii gauradiulnglaidesdinig
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AL/ML/DL

Machine
Learning

Database
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Applications of ML/Al in SM

Process Control
Product Lifecyde Shorter Downtime Remote Diagnostics
Decision Logistics Configuration & Maintenance
Making and Product Design Data Flexibifly Yield Impro ‘e_ment
Applications Traceabillty Traceabilty Adapiability
Product Company Mai Supplier
‘ Peop gl Knowledge
Deep Learning Enabled Advanced Analytics Ge
eep ing lytic: 9.?.‘9?’0
DESCRIPTIVE DIAGNOSTIC PREDICTIVE PRESCRIPTIVE 7 o
(What happened) {Why it happened) {What will happen) (What action to take)
’
Capture products. Examine the causes mmm Identify measures to
Desp condiion, 55 of reduced product that patioms improve outcomes or
H Patt
Learning operation attern
o=
P 8re
wess
Qs
‘ Data Cleaning
; Aggregated Big Data Data
(Multi-modality, Non-structured, Multi-format) /—\
Smart, connected products Enterprise External o _—]
{Location, condition, use, etc.) (Service histories, warranty siatus, elc)  (Prioss, weather, supplier inventary, elc.) E

Networking Technique (Fieldbus, Industrial Ethemet. MTConnect, etc )

Object Enviroment
= product P
- Usage volume
Smart r = Nomber oY Maosiicsinait
Connected = Progress
Process

[
Electriity
Temperature

Process People
rg erformance ’ oPs
S Resuts Screen
-
Processing Location U
Quality Activives 0

1. MBRUANDIDNLLNRMADNISUABULUAIINIENIN U NISHAEUAISINISHER

a o a

mshnulunsuandaasey

NSNEYANTBNITINNUYBIMIELATEIINT
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Big Data and Analytics

o I
DATA

i @) & & ANALYTICS

________

—————

eeeee
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“doya” Uadudrdnylumstuiniiou Ynegieienainguteyaniazdiefindy

~ o Y da a A & . a v PV
WITINNULNNUTUIUNUINUNAUNA8L T U Big Data LN@L?']?']U?')@JT@%aQUVLW Big
P

Data wd1 Aefiazdevimaluifie Tunsnzvideya Big Data Analytics AanszuIuns

Teszvideyavinalvgmatuiionaglidunliusslevils Ingaziidasinsdauen
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Evolution of Data in Manufacturing

Big data age
/ Information systems data

Information age Smart equipment data
Automated Equipment data Product data
Information Systems data/ User data

Mléhlne age Computer System data Public data

Employee-related data
Machine-related data

j;y Production data
£/ Handicraft age ey i Cloud
\ Experience rder data
% \ : I et Database Internet
g —— Information systems
£ Documents
e 4 % e %y,
o 4, %o, 4, %o, ", Y s,
Handicgaft ""o:—, e ey, e, ‘/"’v%’»a,) R “’4,’ G, 412‘{ e f’fé:ﬁr o, ’4 h'oq
T 1800 1950 1970 ~ 1980 1990 ~ 2000 ~ 2010
S xe ® R PR e

Manufacturing Data in Different Ages

* Data lifecycle

. . at;
Data Source Data Collection Data Storage Data Analysis Data Transfer 2L
Management

H M | . |
Handicraft Age un.13n anl{a Hidman Arbitrary Verb_a 3 N/A
experience collection memory communication
Human and Manual Written 5 Written Human
Rachine Sge machines collection documents St documents operators
Human,
Information _machme_s. Pt Conventional Digital files Information
Ae= and computer collection 2D EVReTE
systems
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Data in SM

Benefit

Driver
Data Driven Intelligence 4
Machine o
Leaming |

Artificial
Intelligence

Smart Manufacturing

Conductivity (Isotropic) for Material Number 1

T1

\@@

Expenditure
Equipment
Efficiency

mprovi

Raw
Material

T3 T4 T6
Temperatures 310 5 420 530 845

KKK 058 0.083 P.075 0.089
| | _al
Add Temperature : Delete Temperoture] anhl
& | cwed | e |

material property data
rior) —#{¥irgin powder] Tvoe,

System Producer QCONro| =i ﬂowabﬂl!y

flowability l
fitnoss

Q<control Q<ontrol
{internal} (suppher)

Calibration

] \d.,,,.,m =S

proventive
maintanance

Process

pasSmetar Dimension
dqta Part (geometry)
- orientation Surface
Part Inspection
preperation

Process
fitness?

ng
infiltration
Density
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Cloud computing

Cloud computing

Internet |

Networking Software applications Security Data storage Business intelligence

e~ ]

Cloud computing Ao A151T813AKITLAZTONALITIN OAINOUUTNITHIU

w3ave (Inealufedumeasidln) Arun1sUszaitanakuunaIng la1unsanaalng

U

warlwenndinduaingunsallafliviannsaddidumesidale

Cloud Services

Cloud storage for free

v &a RARO® &

2GB 1568 5GB 5GB  50GB 1068 218

Becamme

1068 10GB 15GB 2GB 5GB  10GB

Examples of laas: /s :"‘"’”" aWS (“9 Soode

C t
zure > metacloud @ E:;'I'r‘\’: 2

Examples of Paa: t,::- % Qtra”tgg App Engine
pampisorsus. [ Office 365 Q GoogleApps

webex
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Data-driven Smart Manufacturing Application

Smait Design
Market and marketing datn
User behavior data

Diagoosis rukes” o Deqyand data -
.

Smart equipment Transaction data

maintenance

Fault prediction

Energy consumption data
Equipment status data
ses e

Quality criterion data
Production process data g

Production
Quality test data Distribution plan
. .

quality control
Material data , * *, Delivery time

Quality judgment
Quality tracing o

AR
(" “Cloud based
{_ datacenter
N/

Equipment. paramcters

o Production schedule
. Resource loading .
Py
Manufacturing
process monitonng

Equipment supervision

Capacity balance

& Smart planning and

Tochnological process data
Historical process data

Bill of matenal

Material quantity data
Material distribution

Order data rOCEsSs optimization
» Production planuing

|

and tracking

Awareness of matenal
shortages
. Proactive distribution

Fei Taoa, Qinglin Qia, Ang Liub, Andrew Kusiak, Data-driven smart manufacturing, 2018

Session 3: Smart Factory Design for SMEs ‘

4 Megatrends 19gnseNUs® SMEs 11290119

High growth

DIGITAL
FUTURE
&

IR4.0

GLOBALISATION @

| SNAPSHOT |

COMMUNITY
LIVING

7

RISING OF N\

ENTREP&FNEURSHIP
Prowe ’5'&.\‘.—

Inclusiveness

Source: SMECorp
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10% of people wearing clothes connected The 1%t robotic pharmacist in the
to the internet 83 US
80% of people having unlimited and free H 5% of consumer products printed in
(jp storage . 3D
((.) 1 trillion sensors connected to the 12820 90% of population with regular
internet “'" access to the internet
10% of reading glasses connected to the 2 Driverless cars equaling 10% of all
; internet ((‘Q’)) cars on US roads
= 80% of people with a digital presence on b The 15t transplant of 3D-printed
\ the internet liver
The 15t 3D-printed car in production # 30% of corporate audits performed
by Al
o2-=. The 15t Government to replace its Tax collected for the 1s!time by a
"éﬁ census with big-data sources Government via blockchain

ANITIIMEYRsRRaIMnTsUNTHER LTt

Not getting
accurate
production data

Production Not getting up to

Process not e — date shop floor
Transparent data
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Product Selling
Price

Market
Competition

N
et
A
Cost Increase
Finance cost
Marketing cost
Management cost
Production cost
Labour cost
~
]
~

Material Cost

Common Scenario

Common Scenario

Rush Order,
On-Time Delivery

Classification,
Warehouse Space

Purchasing

Emergency Preparedness,
! Material Reservation
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Common Scenario

OEE, Scheduling,
» ) Smooth Process

Customer

Satisfaction,
Operational
Efficiency

Cost & Margin

minandaasey: Wudewes “foya”

DIGITAL

TRANSFORMATION

\ o F mﬁ?—» w‘!m

Digital Transformation Data

Smart manufacturing

10010 W+l Digital Transformation = Business Transformation
01101

Digital
Transformation

Digitalization @ R Y

® Leveraging data and technology to

{ ! transform business models and
. corporate structures to create new
Digitization OEmpracmg digital in values
- business and
- = ;
= operations to develop
® Digitizing and new ”'V'“sda”d_ y
retaining information improve productivity
™
Analog: Digital-assisted: Digilalizafion: Digital Transformation:
Existing Human-centrc Enhiance: hirncn-conkic Replace human-centric Reongineer business model
Process fo gather dota procesies with mobile devicer process with dgtal with analyfics

tarhaninnine

aa o

nswasuLUamenaia (DT/DX)

aa o A 12 ada

mswasuulasmaiaviadeidumsanlwmifsesdnsltinalulad fau uay

[V
v A

N3EUINTANNY LielAsuLasUsEAvEnmmsg TR

&3

DT = Technology == Processes s+ People

Business + Operation ~ Talent
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Business Insight:
Organisation is More efficient |

& Effective

Improve

Business

Higher

su
Cross  opti
Predictive system

Value

Extensible  Anajysis analysis
Advanced  Highlevel angiics ly: iy
Unified Statistical Overall  gapicrical  defect
operation Process Equipment 1o pniques  analysis
view Control Effectiveness b
Improve
Manufacturing -
I
—_—

Data Roadmap

Artificial intelligence

Data collection

Data collection is the process of
gathering and measuring information on
targeted variables in an established
system, which then enables one to
answer relevant questions and evaluate
outcomes.

Data architecture

Data architecture is a
framework for how IT
infrastructure supports your
data strategy

Data analysis

Data analysis is defined
as a process of cleaning,

transforming, and modeling

data to discover useful
information for business
decision-making

Data analytics

Data analytics is the
science of analyzing
raw data to make
conclusions about that
information

Artificial intelligence (Al) is a
wide-ranging branch of
computer science concemed
with building smart machines
capable of performing tasks
that typically require human
intelligence

Creating Value from Data- A Journey

Big cnfa
Analytics

Artificial
Intelligence

SITUATIONAL

OPTIMISATION

OPTIMISED

DECISION BEHAVIOUR
MAKING TRACKING ]

REVENUE

<)
o

PROCESS

AWARENESS  OPTI TION

@
o

OPTIMISATION
AUTONOMOUS
SYSTEM!

RESOURCE

(=
®

EFFICIENCY
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Digital Transformation to Nurture Future of Openration

IT and Operations Technology (OT) converge

Resilient
Decision-
Making

Market and

Information

Technology

Operations L) Customer

Reference Architectural Model Industry 4.0

Architecture Hierarchy
Layers
Business.

Functioral

Data Ol
Communication '.":"’

3
=
o

=

S

o

o

Product Life Cycle

Development, Production / Sales, Service

Architecture — IT/OT/CT

=

The Cloud
The Network The Interet CT
The Edge s ge
o= e > % % % %
} «HMI }—«- M
et i SRR €1 e == e

=k -

Sensors, actuators, controllers
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IT/OT Convergence — Bring Two World Together

@

o Lneray &
ity

Management Level

ERP * From on-premise to Cloud
Planning Level
MES./ MOM
=. Non-critical Apps on-the Cloud
= Critical Apps on the Edge

Supervisory Level

SCADA, APC

Control Level
DCS /PLC

Field Level
Sensors, Actuators,
Hardware

@

(orsystems)  (ITSYSTEMS)

ISA-95 (Purdue) Model

NSBUAUYBINISHNANDIRIBE

Traditional factory Legend :

Q Uncovered area ( not monitored)

== Factory envirment  |Legend :
E’ \:/] mumndm(mmmw
aoprie wems | B::G.::IA It . Data : Added link to cover the area
ﬁ & ... . Added Devis/technologie
b 5 li Q:‘o---. LT, -...-.-u -..‘.‘ s
oo Wire or Wireless E’
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ANVIINIBVDINTANTUNTHARDENYIQYRAR

e Uncertain on Business Benefits / ROI . deration Factors to review e Slow and Low Adoption Rate
2 " approve incenti programmes

® Long Approval Process - 3 to 6 mths X e Limited funds to subsidies enough
® Resource hungry proc with several agencies =

® Unsure of Where and How to Start and committees to review and approve SMEs

® Fear of Investment Risk L4 ® Lack of Success Showcase

® Lacks Funds to Invest in SM Projects . e Urgency To Increase Manufacturing
® Due to th ove, unable to have a critical -

@ lacks Local Success Case Studies to mass of Smart manufacturers to push Productivity to Stay Competitive in

increase confidence level economy forward Global Market

4. Establishing the basic plant schedule — production, material use,
delivery and shipping. Determine inventory levels.

Time Frame:

Months, weeks, days

Business Planning & Logistics
Plant Production Scheduling, Operation Management, etc

3. Work Flow / recipe control to produce the desired end products. 1
Manufacturing Operation Management Maintaining records and optimizing the production process. 1

Dispatching Production, Detail Production Scheduling, Reliability Time Frame: ]
1

1

1

LEVEL

Assurance, etc Days, Shifts, Hours, minutes, seconds

B T e P PP

BN comes: e, [wem— e

2. Monitoring, supervisory control and automated control of the 1

production process 1
Time Frame: ]
Hovs, minutesy secondsr subisepondst o o sn o i

1. Sensing the production process, manipulating the production :
process f

* Level are references to ISA-95, Enterprise Control System Integration”

Smart Manufacturing Topology

Advanced

Analytics
- Bl
2 -
[*] 5 g
g T £ -] S Sales Sales & Master Production
5 T8 g ] Forecastin Distribution Planni Control

- o

o 8 g E, g & —mvmmw “Warehcuse Quality Procurement
=>; § E w Mai ont Man. ont Managomont Managoment
>
w Financial Costing BOM &
° 9 Janagomont Janagoment JManagomont Routo
ET
-5 Manufacturing Oporator Material Usago/
=
38 o | | EETN | WP | et
oxw

= Data .
OEE | chleea I Online SPC I WIP Tracking I
Tiachine Data Roal timo Rarm Roal timo
Acquisition Monitor Managomont Control

Machine / Devices / Sensors

oT

Machine
Control
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Overall Smart Factory Blueprint Planning
w0

| Latest BOM o Change BOM Horizontal Vertical loT
\—/l’f‘ — Integration Integration Integration
| salesOrder b ) Planning . WokOder — Dispatéti ‘

R kSR 2]

Purchase Order

L

Goods Receipt — Material Picking —_— Check-In ‘
———— pr—

Machine

! temperature &

humidity
Work Report
—l— weighing scale
[
Stock-In —_— Check-Out ‘
e ————
_.l Delivery Order -—.{ Costing & Margin Analysis
SRR
B3] manage pistibuted =
? Orders (Purchasing) g o
lo) Manage
Monitor Raw Materials Manage maintenance Distributed
Inbound lo] supply chain @ Warchouse ot adiets . Orders (Sales)
Logistics Optimize O O optimize
P transportation 6{— Manage MRO and Outbound transportation
_ O wipinventories Logistics
L T ' L | L
Analyze delive o
- of materils Remote monitoring Finished
and control @ Goods
o t Warehouse O [ Mareoe Distibuted
Manufacturing m Managedshop | Inventory (FG)
Execution floor orders Do)
Monitor inventory @ System @ ) *s Manage capacity,
lifecycle o inventory, loss
B3/ O Manage Distributed
Inventory (Raw)
Digital Hotspots
Inbound/Outbound Logistics Warehousing

Manufacturing Execution System
* Manage MRO and WIP inventories

* Manage Distributed Orders
* Optimize transportation and routing

* Manage Distributed inventory
* Manage capacity and consumption

+ Manage production and maintenance
+ Monitor supply chain performance * Monitor inventory lifecycle

+ Remotely monitor and control

Strategies and Priorities

1. Catch up with Industry 3.0
* OEE, AMHS, FMS, ERP and MES
¢ Advanced Process Control: SPC, FDC & R2R

2. loT sensors, smart data and data analytics
* Computational Process Control and Predictive Maintenance

3. CPS with intelligent decision making
* Smart production control and order/material management
* Rule-based or simulation vs. algorithm-based

Source:

Consutting Group (BCG), Industry 4.0: The future of prodk

y and growth in manufacturing industries.

Notes: OEE — Overall Equipment Effectiveness AMHS — Automatic Material Handling System FMS — Flexible Manufacturing Systems

ERP — Enterprise Resource Planning MES — Manufacturing Execution Systems loT — Internet of Things
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Smart manufacturing stage development

1. Computerized |2. Machine connection || 3 visualize | | 4. Information ||5.Predictable || 6.Self-adaptation
transparency

Data

Session 4: .lloT for SMEs

The trend of Industry 4.0

A How to improve the
decision making quality?
____________________________________ How to react
Most of the manufacturing | automatically? Q
! industry is in the stage of H What is going i —
computerization of production | to happen? Adzptability- The
lines and equipment H E compagy.can
i - Prediction- 3
connection H : Whydid T : automatically
Y i 3 companies can respond to the
Ehese things happen?
2o - L Traspevency- pdemane most favorable
= I oAt can possible future strategy according
= @© ' What happen? i events through
‘f-ﬂ' > ] understand the data and make
=2 ! Visualization- causesofincidents  yocicions based on
b b Chpinks an through data and il
o < Connection- Core : understand what is Scchimyate
<T v Computerization- IT systems are | happening through processing
E. 3 replace pure et 1 date‘and make knowledge
> IS wosk ith and have } decisionsbasedon g Eﬁﬂ Adaptability
= COMPITSY structured data ! the data r
ing dat: 3 1 A—
-8 a processing data g i ‘ ?g Predictability
i rprsssdwes | TEw Transparency
= 4
3 C Y Visibili
mputerizati i
LIS
Resourcestacatech, 2016 |ndustry 3.0 <01l Towards Industry 4.0 BRERE

Industry-Application Requirements of Smart Manufacturing
AUABINTTUBINTISHARS RSB slseuamnsautins19 taidu 2 Ussian
Toun waundadunisinnislsenu (Factory Management Applications) W y3aIn17

4

Joya & UINTIATIEI (Data Integration & Analysis Services)
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1
\“f i

Integration w/ existing
information system

Human-machine
interface

Sensor data
integration

Advanced data
analysis

> a5 8
i

Central
control tower

6 Private cloud and
5aas on-demand
services

-

Resources: Accenture (2016)

Historical data
integration

CPS-enabled smart machine tools

U a A

gunIaldaRseLNviNIUNTEUULEIB ULAZ Y TNINTOENUVIAT

Vi&-—ﬂi’&

Smart machine tools

fﬁ(@

Camern Machine controller  Data scquisition d\.vw\.
LR | .
hnagtl
3o el
Machine wol gear Cutting tools |

Manufacturing machine

" - >
~ T8y oy
A . "
Tags  Vibraton lemperature  Force  Readers
Sensors

‘data collection

Typical end-users '

LB

H Commumcauonscmcc H

i XML data model :

WS A

Smart vmblllly service |

STEP duta schema ] f

M l( onnect dllu

Real-time machine status

Statistics report

ure RS-‘NS “ -

RS 232
: = )
= ’ wAn (‘ﬁ ))) AR-based visibility
" Data transfer Vi management
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Industry-Technical Concept of Smart Manufacturing

LA3999N 389938 (Smart Machinery)

Equipment data capture

@

source: Accenture. 2016

The data generated from the
machine sensor is collected
through the PLC interface and

collected in the historical

database. Additional sensors
can be deployed in the factory
network. These data can be
collected in a historical database
or managed by an 10T gateway.

The device sensor data
is summarized in the
process controller (OPC
Server) of each station,
and then imported into
the historical database,
and then integrated
with other production
lines.

The data of the detector
can be integrated with
doud and other
information system
information in each
station. Through the doud
analysis service, equipment

operators can obtain
information from cloud
analysis in real time and

Sensors collect data from equipment,
inventory and other back-end
systems, and operate on the cloud
platform. They can also be used to
predict product quality or machine
failures in advance. These messages
can be presented to machine
operators and plant supervisors to
take preventive measures after
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Carton

Ear code

= =

Moving beam

Scanner
Stationary moving beam bar code scanner located along a moving conveyor

)

\A38981UU15LAR (Barcode Scanner) LUugUnsalfsininimideyaitngsyuu

Kl Y

a

AR MRS wNwRgiuiuAvese willnuaudfiuaufeauaisalun1seuuiilan

udnhluuszanana wasidudeyadiawmiemsnysiiaunsatlaléshenwyednou

dwlelvifuszuuneuiiunes infeseuuilingnAnduiuiteiiusyavsawluidosmesaru

nFwazuiuglunsvhou wiunisldussnuaulunsfuideyadhdssuuiiasisnus

agsiav Jelemaindeiinnannlsegiane wariinnuarirenann
Uselevtinanvesunilen
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« UDlAUBLULYIULIA

« YSuugeussangnmnisnin

o Winwamls

« Radio Frequency Identification (RFID)
RFID Ai® nsszyienanuwalsieaduing niaisenldindussuuivdeyania
ddnnsedindiiiiumuamisalunsiuauazmssnvmiulasndevesioya uazdndu

wilwdnlilununsduda Jumsieduingunduedunveiieldlunisiearsdeya Taed

a ¢

anvaziuthedidnnseiind (RFID Tag) Naunsasualalaenundwing iiensiaaeu
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RFID Tags

* Wireless Sensor Network (WSN)
Wireless Sensor Network 138nge 9 41 WSN FaiflumeluladinIedisuuul’
aefgniaTuien1sAnredea1sseninegunsal Sensor I1uIUINARUATEYY TABNT

1

Waw WSN diiuunfinunananiunisaluisaaiunisali ldanunsaainanietisnsounay
d’l 4#' v v
Nunnig o 1a

WSN Usznausiggunsal Sensor Inuausnnfiansaeusedeansiiunisdssedeya
Tifugunsal Sensor fadu 9 LU Gateway Aivimihiidugunsalifeusegin3evieves
Alfnunseszuufiudayasing 4 713l Sensor wiazdivzseadinnuansalunsinauazes
nedeya Snvisduiadluunmeiludy vildausaldmuldiduszeznanlaglidee
arlnuselursala iiemnuadesidlunisidaulunuinieiliaunsaduanglnla

ey laenn
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« Advanced approach in data collection

CNC Real-Time Monitoring System

[ v Factory-wide real-time status light J

¥ Factory-wide production

information - machine number /
work order number / work order

wess time / work order production

=i F quantity / production achievement

\

J

¥ Single machine production

on-duty production quantity

information - achievement rate mold
hole number / ST mode/ P.T mode/

R

4

Smart Information noticeboard — Factory Visualization

+ Sortreports to find problems immediately.

©K s59 ' oK o

92.8x @ a1 98.1. @ 5

‘.@8,4513 » R s21
sl 99.8. ®

19,310

|En
MM YUUR

+1.7% +7.2x

292 29’7 912 90729229 ‘

201507223 [TT wEER muEn
9E SCR KKGH

<10.3x] -0.2xf +3.2« | +10.2«

32 363923938 382373392393}

Session 5: Implementation SM in SMEs

Asfiesiineunisisusu
1. Samimeremudly
« aMgAYLYBILAT RS
. fiFAdy0l 599U
- JymdTunauanu

- Jymaunaunn
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- Jgminisaadeudounay

« MIUAAIAINATZUIUATS

. Ms¥ansAdste

« NMIALTUNITUIZNDU

« MsatuayunsiIFEnm

2. WSEULATAUUATOULY

msldnundndlaiszunegilinuduteutazneliinauEEs a1 ALY

ANSIAVIILALANAUAYDULYA

Advanced
Analytics

R

E Sales Master Production
g g Forecasting || Distribution Planning Control
[ 4 &
i A = Inventory | Warehouse | Quality | Procurement I
Al -
Logistics Financial Costing BOM &
Route

Real-time Fully connected Enterprise
Delayed
Management

Panufacturing § | Operator | Material Usage /]
| order | 'PQA 7 0QA § porformance I{ Lot Control
OEE

Data I —
” Collection II Online SPC ]<wlv Tta:luﬂﬂl

Machine [Machine Data | [ Real time Alarm Real time
Control Acquisition Monitoring Management Control

Machine / Devices / Sensors

FBUNVBULANUTEAUE

Latest BOM ‘ Change BOM Horizontal Vertical loT
r = l Integration Integration Integration

Sales Order )_.i Planning j—  Work Order } Dlspatch

i

Purchase Order " Output, Down |
=1 (= time & Reject
l Data
G0OdS RECOIPt ey Material Pickin
et Pt e "9 ‘ Process % Mading ‘
Sensor
Stock-In & ‘_‘ Device ‘
Material ‘_IWOrder

Backflush [ Receipt

ks Delivery Order —7[ Costing & Margin Analysis

3. Buuwunsdeans

Funszurumsdunvalfugld Wamiae 9anns wazguims e
Tarund dofna wazUfiserdenisilasundas Tudufinnszuiunsuasuudasuasyh
audlaniasdunszuaunsiuandedmiunnauiiieades
a.  Guduausn

Freveuuaeslasinsiiinas Ssannsadamsdymitorniatuldieiy
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5. myinnaanswazidenssuraniu

Current Phase

Vv
fal &

- Measure : Janaansvaanatagiu ussgrouunvesiu Tnguszasrnalivsel
« Make : imsusurasumuauddy
Next Phase
« Select : Honiladinly
- laiduudestmuneszuusnady
- FoaduldnuantRuaefaidulmivihiy
WinAndeya (KPI DashBoard)

v '
(YR

maUseudisudeyanisninsenirdssnulagldfminniluinluduinnssuvedlsany

Qe

=

NN

5 [ J
. ) ) 1. Able to obtain
Predicted information information useful for
making objective Management/
Statics information/ Comparison E a n business dacisions factory managers
i ation ’w D=
Level of defectiveness of al G I3 116 1] language
factories 2
Information defined by (e ) between production R et oorrllr:etenoe o
international standard (ISO- e aTa atas sites and communication I the factori
22400) KPI || KPL | KPI management . all the factories
Level of defectiveness 9f L
each line
[Time series information .M. 3. Able to obtain [J o (]
information useful for
Event information vIVIVIVIVIY improving production Manufacturing sites

sites

T
 OS00&

Data obtained from factories

Session 8: Big Data and Analytics for SMEs

Data Mining fia Ns3Asignvayawazmsativayunsindula
1. MTATIEARAIALAYAITINNTT

nsaa1eaadmiing n15ian1sgnAENTUS (Customer Relationship Management
- CRM) n53LAs1zvinzndamann (Market basket analysis) n15u7186 0vii o4 (cross selling)
waENITHUIEIUNAIA (Market Segmentation)

2. AMSBASIEARALNISIANITAINLLES

v
1Y

nsnensal M3fnwgnAt MssulsEAufiATY MsmIuuRAAIM MTAlATIEEng
waedu
3. msnnadunsdelnauazmsnsadugUuuuiiiaun (Aiaund)

weUnddusu q
~ Text mining (NG¥17 Bl 1onans) war Web mining

— @n3u Data Mining
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— Fra15aumeAnans (Bioinformatics) LLasmﬁLﬂiwﬁ‘ﬁ'agamﬂ"ﬁamw (bio-data

analysis)

Freghedl 1 nTlnsIzilasnIsnnisnann
- foyaunanivu — ganssudtnsinsin Unsavaunzuuy guasduan nsieaseuaingndn
swdsnsanwnlaialeg (@ssuy)
- Msnanat v
- Fumndugné “Funuy” ddnsasmileutu: nenile sedusgld noRnssumsldde
“1a
- ﬁmumgﬂLmei%aﬁquﬂﬁ'ﬂuﬁmnmuﬁﬂ
« MIFUATIERVIUAAN — AUMIANUFURUS/ANUFUNUTIINTERINNTVIRANN U9 ey
pansalmunsidenloewangn
» mevlustudgnén — gnéussinvilafiendnsnsila (n1sdnngurionissuuntssinn)

£

« MIAATIVAIUABINTVDIGAAN

oAl ° % v

STUNARAUYINANgad uTugnAILANFNaTU

9 Y

mansaidadenasfsgagnantug

nshvideyaasy

- SENUETURA8IR

[

Toyaasuneadn (wilduaudnaradeyauarainuwlsi)

F0897 2 1 MTIATIZIDIANTLAZAITUSIMNTAUEES

A1FIBHUNINNTRURAENSUSELIUAUNSNE

— MSBASIEVRAENNSYNUNENTELARUER

NMAATIERNTI38NS0e (Contingent Claim Analysis) Ne1aifnduioUsgidugdunsng

N153LAT1ERAIAR AUI19 (Cross-sectional) LagayuNINLIaI (Time Series Analysis)
(BNF1AIUNINITRY NIFIATITITULLL “18°1)

ANSINLEUNSHEINT

- asluazSeudisunineinsuasnisldany

AT

AnenuALlaLaziAn1mana

dangugnAndupanauazdunounIsiMuATIAININAAE

MvuAnagnsnIsivuas I tunaIainIswlatuge
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Data Mining and Business Intelligence

Increasing potential
to support

business decisions End User
Decision
Making
Data Presentation Business
Analyst
Visualization Techniques
Data Mining Data
Information Discovery Analyst
Data Exploration
Statistical Summary, Querying, and Reporting
Data Preprocessing/Integration, Data Warehouses
DBA

Data Sources
Paper, Files, Web documents, Scientific experiments, Database Systems

Data Mining : NITUTTIVAUTDIVAIUEIVIIV

Architecture : Typical Data Mining System

data clyﬁng, ;Ategkqtion, d selection

288
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Session 9: Application of Big Data and Analytics for SMEs

Manufacturing System as a Data Source

* Automation pyramid

7=

WIN .ERP is an organization wide software tool [_
s " - =
Corporate Network that compiles company data ERPserver Application server

NP 5 rlatlevel STl - :\C’

MES
MES server data server  Application server

Plant Net

LANs System Level Control
SCADA

SACADA server Historian

Machine control system software manages
the machine and field level devices

PLC HMI
Field Network: ProfiBus, WorldFlip, LonWorks, i
ControlNet, BACnet, IECFieldbus

Field Level Devices
Hardware, sensors, actuators, etc.

nal BeY o 4 I3

Machine tools sensors actuators Machimng

e

Fieldbus 3
CNC Robot AGV

* Applications of data in manufacturing

Demand forecast &
Better inventory and logistics

Waber Inden. me -

[ Supply chain
management

"

Predictive maintenance
Prevents unplanned downtime by using machine
earning

Quality assurance
Detect defects using automated inspection

Maintenance
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Design Manufacturing

* Manufacturing data lifecycle (s | \ [ oeconigeon I_\w
apBhestion [ Demandanalyss |/ [Eaui pervion] —/ [ Feultpredicton ]

[ Smart maintenance |

[ Smartdesign | [Product quality control |
T Statement Chart Graph Online query File pnnnng Virtual reality
. - Data Data Data Data — E

’ 9’0(955'"8 ! cleaning reductmn analysis mining

‘
i - < Pata /' Storage

Big data center Unstructured data

visualization

P
Struchired dia Semi-structured data

Data
collection Real-time data ETL  Historical data ETL  Web data ETL(Web crawler or API)
User Equipment  Product Management  Public  Internet
data data data data data Interactive data
L | | |
e MW Bl &

L nbin

! iuk’a:n

Comlg i Ppicigp, X

Silicon wafer production
Losdmg mekerals st

I Intemelollhingsl | Communication network |

Hunan cut Product Information
T
—
— Supplicrs ﬁ Mamifacturing i} Asscmbh "3{
Design =
%- \zf‘f\‘\h R :n..xu.... '1 Ne
&

© — [omisics

L L. e

ETL: Extract-Transform-Load  APL: Application Programming Interface  MRO: Maintenance, Repair & Operations

Data Processing Procedures in SM

Identifying & Deleting

Case Correction &
¥ Duplicate Data

Conversion

Fixing Incomplete &

Address Data
Irrelevant Data

Sanitization

Inserting Missing
Details

Suggesting
New Variable

Auditing and

Identifying Key | Aggregation

Variables

i N Matching &
% Correlation

Interlinking &
Consolidation
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Features

Feature
extraction
algorithm
All Features
Feature Selection
Final Features
Sample X_. X_A y X_A ‘ X_! X! Y
count 32048.000000 32048.000000 32048.000000 32048.000000 32048000000 32042.000000
mean 13.184567 163 805667 3.992182 4.455950 163804013 3997159
std 6.674591 18461808 5629767 91.780434 18462444 5634569
min 1.000000 144 000000 -17.300000 =1275 000000 144 000000 =17 000000
25% 9.000000 150.000000 2.330000 -26.200000 150.000000 2300000
50% 13.000000 158.000000 4.025000 4.000000 158.000000 4.000000
75% 18.000000 167.000000 5176000 30.000000 167.000000 5.000000
max 25.000000 203.000000 55.300000 1444 000000 203.000000 55.000000

sns.pairplot(merged[['Age’, 'Height', 'Weight']])

[34. <seaborn.axisgrid.PairGrid at 0x7f14df468558>
<Figure size 11206x1120 with @ Axes>

200
o 150
£
-
2 1o

= I_
0 40 & 150 200 100 200
Age Hesght Weight
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Product Name Product Quantity Product Rework Quantty Production Cost Directlabor Cott

AEC Product A A e WA W ar
Froouct  Targst CumsntMonth  Last Monh QurentNonth  LasiMonm CurreniMonty  Last Mordh
10994272 9472706 $8.089 150626 $12K $3K EXL
Ruclime v/s downfme Monkly Produchion Cost
0 v Tira #8un Tine R
Product Availability Performance Quality Equipment Efficiency
v 70.58% - ’ 90.46% " 9 91.85% e e 60.15% 1
w 15.38%(T9 A 3.48%(102%) A 182%99%) v -26 84%73

( Machine Learning )

Supervised Learning [l @*Eﬁ&g&ﬁf@ﬁ;ﬁgﬁgﬁ"

o

1. Adneauveslgm

Amuadgmimisgsianiedmnssufiazudly uagviaruidiladnlasanis
Tnseideya/maimilestoyavzlasunisunlvegidls

1. a5 mnududulumsuidegm

2. Buasawsndy

3. YSuusunvesdgm

4. Byumduastlgym
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2. mafiususindeys
suruvieTanateyaiigndesanunastoyaiiiedesiie
3. madeudedeyauaznsdsdeya
szydeRananvesteyaudidsuntas Sian vieaudeyaiiioudle
Usuugsunmieyauazaelilidoyafiuiud) aduaue uanidofioldunty
dwfumssindula
4. mMasevideyaliedia (EDA)
AnTzndeyanazAumLuIliin UMY wSensadevauNAgIuluteyalagly
JayaasunvainiaznIshansn NN
5. msananuauUs
anduuninensianduluniseueyateyavunalngluvasidnundeyaly
Tugndayasaiu
6. MIas1LUUIRRINITAATIEN
anudladeya asnsaansal uagdndula
7. NTUARINN
nsuanslayauaztayawuunIIin
8. MsatuayunsUURNULaZNITUINTSAW

Usuldlumariioudladgmiiu

Session 11: Effective Communication/ Training and Coaching Techniques/ Consulting

Skills

Smart Manufacturing Consulting

Lt Q.0
e 9}
0= e

L J
Explore Design Validation Scalable
. a il : /" N\

i \
« Make an o ‘
o1 Infrastru
assessm

cOTR lv

“KPI& ,u

\l n|)|k

L m sh «ROI
* Kick v || ath nm-
cture | Prioritisa roadmap start
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Comprehensive approach to address complex Industry 4.0

Operations

The planning and execution of processes
which lead to the production of goods
and services

Supply Chain

The planning and management of raw|
materials and inventory of a company’s
goods and services, from the point of |
origin to the point of consumption

& ©®

Product Lifecycle

The sequence of stages that a product
goes through, from its initial
conceptualisation to its eventual
removal from the market

Automation

The application of technology to
monitor, control, and execute the
production and delivery of products
and services

Process

Vertical Horizontal
Integration Integration

Integrated @
Product
Lifecycle

Supply Chain

DT assessment matrix

Technology

Automation  Connectivity Inte|l§5,ence

o) v
Shopfloor
@
Enterprise
(12)
Facility

| Connectivity
The state of interconnectedness

between equipment, machines, and
computer-based systems to enable
communication and data exchange
across assets

@ Intelligence
The processing and analysis of data

collected, to diagnose problems and
identify opportunities for improvement

Talent Readiness

The ability of the workforce to drive
and deliver Industry 4.0 initiatives

Structure & Management

Strong leadership, supported by a clear
strategy and governance framework, will
enable firms to be more flexible,
collaborative, and empowered to design and
implement Industry 4.0 strategies effectively

Organization

v v
()
Workforce Learning Inter- and Intra-
& Company
Development Collaboration
Leadership Strategy &
Competency Governance

SM Assessment -3 dimensions under Process —building blocks

e

Operations

o Vertical Integration

Integration of processes and
systems across all hierarchical

levels of the automation pyramid
within a facility

Supply Chain

Horizontal Integration

Integration of enterprise
processes across the
organisation and with other
stakeholders along the value
chain

Product Lifecycle

e Integrated Product Lifecycle

Integration of people, processes and
systems along the entire product
lifecycle. This dimension also examines
how data is collected, managed, and
analysed across the different stages
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SM assessment -9 dimensions under Technology —building blocks

Automation Connectivity Intelligence

o Shop floor

Whe:re the production and management of goods is carried:

Enterprise
Where the administrative work is carried out

i
o) Facility

Physical puilding and/or premises wherethe production area is focated
i
H
i

SM assessment -4 dimensions under Organization —building blocks

S
&8

Structure & Management Talent Readiness

{13} Workforce Learning & Development @ Inter- and Intra-Company Collaboration

Process of working together, both internally and with external partners,
to achieve a shared vision and purpose

Strategy to develop the workforce’s capabilities, skills and competencies
to achieve organisational excellence

Strategy & Governance

@ Leadership Competency

and execution of a plan of action — which includes identifying
priorities, formulating a roadmap, and developing a system of rules,
practices and processes — to achieve a set of long-term goals

Readiness of the management to leverage the latest concepts and
technologies for the company’s continued relevance and
competitiveness
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The Prioritisation Matrix (PM)

E R

ESSENTIAL BUSINESS RELATIVE POSITION TO
THE BEST-IN-CLASS

TODAY’S STATE IMPACT TO YOUR
BOTTOM LINE OBJECTIVES
Develop an in-depth Analyse how distinct Determine the business Compare your company
understanding of your Industry 4.0 areas affect objectives that are most with top performers in
company's current your company's profits and critical to your company to the industry and focus
Industry 4.0 maturity level identify those that can guide the selection of on the areas with the
generate the greatest relevant Industry 4.0 areas biggest maturity gaps

financial return

Relating assessment to finance and strategic KPIs

background calculation will be impacted by the KPIs

THE PRIORITISATION MATRIX FORMULA

Impact Value per
Band Improvement =
Proximity to
Best-in-Class

Key Performance
Indicators

Revenue-Cost

Assessment
Profile

Matrix Scores
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" MsAnwigaiuusazuiie

‘ Session 12: Site Visit at Fair Friend Group Fair Friend Group (FFG)

v
I

Fair Friend Group Fair Friend Group (FFG) nas sTulud A, 1979 drendnnis

resawasarmndeio n1siiuln Anufvthegdeides aunwaTian uasauseiug
auduida FRG Usgnausounungsfandnaiuusun: (1) ununiaissileiniosing (2)
wHUNAUNTAINENMNTTN Wag (3) WNUNWAINUETE?

guAnan laun CNC Lathes, CNC Vertical Machining Center, CNC Horizontal
Machining Center, 5-axis Vertical Machining Center

NanA g lawn CNC machine tools, power tools and equipment, forklifts,
construction machinery, parking garage equipment, pneumatic equipment, printed
circuit boards, LCD monitors and TVs, solar cell conductive adhesives, LED lighting,
magnesium alloy forging, and testing equipment for semiconductors and LED wafers.

TneflgunisuanuasnsufoRnag 95 wisilandwhnuswfuiewdsiunineins
lanveangu n1sidsundunudmnedududn uazaingmamnssuuvusaalug
gnamnssuiifmalulafduge vl FrG Aravehlsidfissusludunisdaniswasmalulad
Wity wigisanianunnvesdadasiuaruinsinsanuunsgumdomdondn

INTFILENABNAE
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Session 13: Site Visit 2 at Technical Verification Site for Intelligent Manufacturing, ITRI

Technical Verification Site for Intelligent Manufacturing, ITRI 4R mgu‘ﬁ'a wn'la
{Jr:g'vmqmmvmiimﬂwmﬁmaﬂéfwi’uﬁﬁﬁuw%mﬁ’ummﬁmw LU NITVINLAAULINIU
Fuyuussnuiiuty msvsuudssuunn Taefiuidneine asndnfeeusiosnislunis
iaUseAnsnImnsEUILNNG MsTANIsMsHan uazmsaNgeNdLas uimsznsdindule
fagasuiirnuenduinvesuisilunisssdiudunuuaskasslomitomn

Tog MR W uaanuiifieanSeaniunisalniswdndanTosiduguuuy uazdeli
gnamnssussdiufumuuasnaysslon vonani Tssnuwisidasdanilegiunsuiss
dsunseenuuuleiesdng meiaLNTEUIUNS wagsEuuBeiag wasvmiiduiiud
nadeudmiulasaimsifoiui leddandniaiaiuieaiodnmelulssmauny
walulagnngluesdns 1w dmuay seuudamnisuangeduissanses Iniswmuinsdl
nslnuaingranmnssudnseiu erusud msdunaveania Usslh wazia3eadns Wusiing
3¥I9UTEINA 19U Dassault Systems , Siemens , Mitsubishi , Rockwell Wag Microsoft
isudglisaysuuiuledifiouanaunaluladargauagiamunlsgfutuuasuisasdmiu

YAFINNIIY

!
P

fufiusnunagsaudatuioliusnisene wWu nmsneadreiudilssny nswauw
\n30edng spuudnlui@ nsadsiuiuy MsUAsuulamneiava ssuuntsudn Tuuses
waznsiana waluladazdenenludafaiiauniesins guan szuu iilewfiudnenimlunis
NANDARTYE ﬁmmimamiﬁ]sL%"ﬁ"auimamﬁﬁaizé’ummmﬁﬁaLLuzﬁ"]Lwﬂiuiaﬁa'ﬂqm
Aeafunssdntugs nisdeansanuniigs mnseiteyauas g Ussivg wassihuihi

Dulassadeiiugiudmiunisidouasiam MInakuLazIngeauszuL
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mainTuRanssungy (Group Discussion)

Session 6: Group Work Exercise- Formulate strategies/roadmap of SM in SMEs

Session 7: Presentation of Group Work

N334 Session 6: Group Work Exercise- Formulate strategies/roadmap of SM in
SMEs iunsyhanssulunguileilefmunnagns/unuanuvesnswandaaiozdmiu
USunii L Suneunaneg wasfianssu Session 7: Presentation of Group Work sdunns
diausuuuninnisviunguididunislufianssu Session 6: Group Work Exercise-

Formulate strategies/roadmap of SM in SMEs laguasainnisuausazdinensnla
UoLEUDIUY
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Session 10: Hands-on Exercise related to Session 8 and 9

19n35% Session 10: Hands-on Exercise related to Session 8 and 9 10unsl4de1u
Google Colab fitfuunanwesuiwmuilag Google uu Cloud Computing tuTUKATH
dwsulsulanuazvanansasulanlalnenssuuivusnwes aunsaldeuldn Python Tuwad
(cell) sineq) 18 Tnausaviwadazaunsasuldnlalnedaseiu WWuasosdlofimunyaudmdu
nsiaILaznsageululaa Machine Learning ED) Deep Learning

Taglufanssu Hands-on Exercise related to Session 8 and 9 §3lafin1sly Chat GPT

Wntslunsieulan Python sulandusazdednaig

Session 14: Group Work

Aanssu Session 14: Group Work tun1syianssunguilieidndeusuly Session 12:
Site Visit at Fair Friend Group e Session 13: Site Visit 2 at Technical Verification Site
for Intelligent Manufacturing, ITRI lngasutayawazaauiylasulunisiindeusy e

dnauensuszgnalinnuinlasuingihluiaugeavnisiluusemavesnuiesedils

doudi 2 Uslevifildsunaznisveneraannnisitnsaulasenis

" Jselgytsonued

Useledsonuiasainnisidisinlassnisvinlidainug anudilafieadyu Smart
Manufacturing Productivity 1108934 aunsatianuiunuseyndldlunisiau n1slv
mUinwkuguianIulsznauns ienawanavnssuvesUsemalnglusuaaliagnad

Uszdvinmuasiniingenavingsy 4.0

" Jselgytsoniignududana

Usglerisoniisnuiudiinainnisisiulasems Wennlasunisiaunvidanug
AudlaiAeafu Smart Manufacturing Productivity 3sldihanusilasuainniseusuan
drevenunyaranstuniisny wanudsunnufamu saumsnisianuiunlssyndldly

M3 mMstumusnenugiinaaIulszneunis samiensinviilasaniseneslaganiiu
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IniluazBidnnsetnds a JagtuuazouaniisanseduinminuannsngnaInnssuved

Usewialnglifinidngenainnssy 4.0

Usglerunoansnunionsm v dnluiiteuu

Uszlevinoalsunianenisividnainnisidisiulasanislay Ausiaeafiu Smart

Manufacturing Productivity innughAglunsimuignamnssuvesusenalnglinnudig
gnanIsy 4.0 Wuegraun nisdsaulasanisiliiineiedneveanguauidn APO
sewiUsenAsingg ianisdeans msuandsudeya waznisdfiufanssusauiu sl
Hudesmsiidlusunansienmaimuiasnuriennsind ieRaugnamnssulagsm

sald

Aanssumsvenenaiilanniunmsaeluszezian 60 Juduanniugavhevedasinis

adunsliliaUinwugdiuaanulsznauns waztinnuinlasuanniseususn
agneawnyanaInslunilgularan uUsEnaun s liaUsny kgl waniudeuainy
Anviu sauvianisihanuiuUszandldlunsiiduinvnusdunaniudsznauns Lie

gnsEAUInANaNsagRAIvMNsLvetUsEwAlnglvimadhggnamnssu 4.0

AanssuNIsvenganazaiunsnglu 6 WeaunawdnsIulAsInIg

Tudruusn Ae mavhlassnisifiesnsedudnanuannsagnaivnssuvessemealngl
mMadganamnssy 4.0

mstharuiildanmseussnidudumildunsuandeunuaiiulunisduiung
Jouteiauslasinside iedavilassnmsdmivgnamnssuvessemalneiioonszdude
ANUEINSRRAIMNISHYRIUsEInAlne A denamnsTu 4.0

Tudhuilaes Ao mslidUSnwuusiunanuUsznouns

suunslilsduinwuusinnanulsznoumsiinfaslasinisvesaandulwiluas

Sidnnsedind uilodaaiugusznounislugnaimnisuvesuszimalneffesnisinadng
geanngIu 4.0

Tudaudiany fio nisWauuwanwesu Center of Robotic Excellence %138 CoRE

wwanweasy Center of Robotic Excellence %38 CoRE f3nssvungvaunannesy il
WWeulesanuuszneums fidsaney uazdliuinmssnuvusuduasssuusalusiRieatuayy
nslivusudnaysyuusalui@luaniulsznounsiaefif e limusnwuasligliuing
suususuazsruusaluRuAaauUsEneuns Wendludgyyafunisviauaauisany
duaSufusznounslunisldnusnuusudagssuusalusi® sudansudtgmlusudug

nselaslunansnlasfiunisudiasaludieiuun wazazvnniswausnanasuluwa
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dnly Ineanuinlasuluseweinsuansanioe iimwwnannesuludiiundaasy

Auszneun1stugnavnssuvesUsemalneidesnsmadingeanainnssu 4.0 dely

daufl 3 PnaEIswuY

" sreFefidhsnlasinsuasysemanidisaslasins

" Amuanisaduaian (Program)

" lenansuszneunsussya/dunun (Training Materials)

" SeuteunBRunEiviusiuns (Country Paper-Thailand)

B enansUEaUaRAN U TINAINTIUNGY (Group Presentation)
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