Transfo{matlon

”

osilhe
'»Bata Collected B)L_Idamed Aeh-Mohamed

5/26/2023 HAMED.AL.MOHAMED2@GMAIL.COM 1



Contents:-

(e

5/26/2023

* loT, lioT, IoE, IoV. & ® o
* Digitization &Digitalization.

* Digital Transformation.

* Machine Learning.

* Industry 4.0.

* E-Government.

_Al — Artificial Intelligence.

°@AR — Augmented Reality.

* VR - Virtual Reality.

* Expert Systems.

»-Smart Factories.

«_Smart Cities.

IMS - Intelligent Manufacturing Systems.
. Di@#@l Transformation Techniques.

* Glossary.

o\

HAMED.AL.MOHAMED2 @GMAIL.COM






lot vs IOE vs lloT vs oV

Internet of Things vs Internet of
Everything vs Industrial
loT vs Internet of Vehicles:
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The Internet of Things (loT

IS the network of things (physical devices, vehi_glegE
appliances, and other items embedded with electron ;
sensors, actuators) connected through inteppgtinnier

§
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these things to exchange data. This createSfopportunties i
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more direct integration of the physical wor 16 cof

systems, resulting in efficienc{improvements 26
and reduced human exertions. ’lﬂ?
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The Internet of Everything (IoE)

IS @ concept that extends the Internet of Things (1oT) .Intern
Things (IoT) emphasis on machine-to-machine (M2MJZ7%

communications where as Internet of everything ;,;{:“
complex system that also encompasses people,anghprogesse

o

intelligent connection of people, process, data ang:-tings.akhe

Everything (I0E) is a concept that ?mgf to
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Industrial Internet of Things (l10T) refers to the use
of Internet of Things (loT) technologies in manufacturing

and related industries like agriculture, gas and_oil;-L ,‘-'-'\?
transportation to create smart, self-regulating Systens
Industrial Internet of Things Is opening up & 'f"ln €
growth and competitiveness, this will tranﬁ@
countries. We are looking at a future whe ‘

people, data and intelligent machines will h e

7
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Internet of Vehicles (loV

As the vehicles are increasingly being connected to the In ernet of
things (loT), they form the Internet of vehicles (Ie% J‘\nr P t of
Vehicles (loV) Is an integration of three network -a% er;
AN r 2
network, an intra-vehicle network, and venhi flar aobile Itern
4\\Lk\\\\ .
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Thus, IoV Is the convergence of the moblle -w..
emerging field for the automotive mdustry ‘i'
the smart cities. ’IA‘
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Digitization

Digitalization

Definition Converting data, documents and processes from Transforming business processes by leveraging digital
analog to digital. technologles, ultimately resulting In opportunities for
efficlencles and Increased revenue.
Examples Scanning a photograph to create a digital flle. + Analyzing data collected by Internet-connected

devices to find new revenue streams. John Deere!
does this, using data It collects to advise farmers,
helping them maximize crop yleld.

Converting a paper report to a digital flle, such as
a PDF.

Inputting an existing paper checkllist Into a digital Using digital technology to transform your

checklist app, such as Apple Reminders.

Recording a presentation or phone call, turning
physical sound Into a digital flle.

reporting processes, collecting and analyzing data
In real time and using Insights to mitigate risk and
promote efficiency on future projects. TruQC pro-
vides this service to its cllents.
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Digital Transformation

Moving from manual
iINpUt in excel to an
ERP sclution

Launching a new
ecommerce offering with
targeted promotions

Transformation

Fundamental change in leadership,
culture, and mindsets, with digital
at the core enabling speed-to-value
delivery of new products and services
that customers love

Cross-functional teams,
running concurrent customer-centric,
experiments, making data-driven
decisions, launching every few weeks

WAL readot.mu
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Packaging 1

Mo Materials 00004

Efficiency

68.0% 30,038

OEE Good Count

Pﬂﬂkﬂging 2
Q& Slow andlor Small Stops 0:01:57

Stamping 1

Running Normally 0:01:51

92.2%

Efficiency

68.5% 28,612

OEE Good Count

91.7%

Efficiency

68.5% 6,785

DEE Good Count

Stamping 2

Material Change 0:00:53

Stamping 3

Runming Normally 0:02:06

Stamping 4

Break 0:05:34

93.3%

Efficiency

65.9% 12,173

OEE GEood Cound

Efficiency

4,218

Good Cound

96.6%

Efficiency

69.0% 3,380

OEE Good Coumnt
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Engineenng

Spocs

D % .

D:ctr:?»:m ta' TW .
8IM models , O
Analyses -

Geotech
QEM specs

Operations

o7 feeds
Sonyors
Drones
Cameras
LDAR

ot clouds

ID/XR
HRmersive
Visualization

Physical Asset

40
Timeline of
Change

A/
Analytics
Visibility

Iinformation

= Assel tags

» Work orders

« Maintenance
records

= Inspection
records

Bentley

Source: Presentation by Anne-Marie Walters of Bentley Systems at
ARC India’s Virtual Forum
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Sf"UCtU re Classification
Dlscgvery Feature & Customer

@ Elicitation Fraud ® Retention

Meaningful Detection @

compression

DIMENSIONALLY . .
. REDUCTION CLASSIFICATION ® Diagnostics
Big data ®

Visualisation
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Marketing Optimization
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Cloud

Global
Analytics < loT Platform
Edge Analytics, @
Device Management < Edge Node
and Controllers
Local Analytics ‘ <
Fog Node

and Controllers Dats

Protection

Fog to Fog
Communication
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Industry 4.0 x Industry 5.0

Focus on Customer Experience

Focus on equipment connectivity Hyper-Customization

Mass personalization et P . O ‘
Sl png Interactive Products (Experience-Activated)
Smart Products :
On-site Workforce /
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Digitalization in the manufacturing
sy industry | Stats & Facts

969 20N - SEP 2002
INDAA

Manufacturers will have to go digital to engage millennial
customers

Personalized touchpoints are becoming a must-have

The digital transformation market is expected to reach a
value of 2744.68 billion by 2026

will be used to quicken processes

36% of manufacturers realize above-average business
value from IT spending

95% of manufacturers agree digital transformation is
essential for their business growth

>
74% of manufacturers feel Smart Factory Technology >
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A- Purpose of MFG System @MAM etlm e Al

® -

The main purpose of manufacturing is to z\&i ya M\ @.Lhm ‘,Muz\ gl
provide desired products (goods) (achieving 4 «s& sl 4ddish 3 (33a%) doalu cilatia
the required quality of function, authentic, e Jaddl) sic dadladlg (Aaall edaallg

@ operation safety to people and environment, s3¥) ¥igag Bagall ddle g dinlly )3
| reliable, maintainable, and acceptable price. Jaxi | (Lawdl Aglag diluall dadiiag
| It should provide social and economical gains dslaial cliSe; aaiaall g3 (=

| including: -1 ALS alatd) g
4 .« Develop economical wealth Loy 3 g 8l Cpawal @
e Develop jobs and technical skills gy aainall A LdBg qulsa o
e Improve civil & social behaviour Aadilia 43085
| * Improve standard of living quality of 4=liad 4y baall CLSeludl uald o
life . Slall 3352 9 Admall g glwa (pund @
- -
=
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- A-Purpose of MFG System @M-J\ alal e (Al
o Xy AT .

The |mportance of the Manufacturing role in society can be as shown in figure

- e R LAS@JAMJMA&Y\QM\@EAJ&JM\)@.EAJ
\ )
Social & Economical Galns

daLaidy) g e Laiay) ciluuisall
- anags n®

II‘II.

EEEER®

Expanding Economical Base
LBy saclil) au g
bk Y

. - \.‘-
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B- Economical Model of Mfg System
@A.«aa.“ em ‘gdb.aaﬁ\ﬂ CJ JAA.“

r D T T R a0 AT d -~ T T

Sl dhaﬁ)l M\ OS2 gaiS Mliandyl ‘_,3 ol ?h" U9 dsaal Zisal pag
u-“-d‘ JSM-“S zasadll yshg Simplified KeyneS|an Macroeconomlc Model

Government Income X (2ssadl Jall ‘\ ‘ ‘

Households :’i g
p

i >
i S! N . ‘.fh\lﬂl‘ d&ﬁ‘ " ;‘ \
H CrSlgtiall ationa nco‘ ‘. i

LSl b e Lie
Consumer prod
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C1- Brief Hlstorv ‘UNJA

o g B_

eliall clEl) b el umuum um 5 yita dagd 3 Ay Aeliall 44l i

Ll 3 — A0 g Jadadsl) - Aalasy) _atﬂ\_usw\gum&\ -M\W_AHUA]
(9 Al fiul g Sliall ) ghaill ‘-.H‘-H‘ Jal e COG el OSay d aag [L s Jandl
-:QAWE

|G A, - e -

aladin) o dla jal) o34 cidic) -3 Craftsmanship Phase (BC-1700) 4dall dla o -1

Ml.aﬂlowh.d\‘\.ﬂs.d\ uisﬁaﬂ\o&geamﬂ\um\w\uﬁJdﬁj
‘,\\- N TR T ‘f / .
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C2- Brief History 4 534

©
. - I =
s "4 B >

ciilal) aladioly Aa el o @i =2 Mechanization Phase (1700-1950) 4iSiall Ada ja -2
) jgns S g alikiad o Alnal) 0i i)y | liSbally clial) Gt¥ ASad) il (slgSl Ja) saanl
b ghad — dalall 3 1aY) — Jaad) Uil g avedl Jhall S Ao leia UM dialias asdlia & ygla g o383y o LI E R

Calarall g caladiiad) g cibileall (Ll g (il o Jaad) A o — ey

- o La A Al pall ol B aiall) i) ) @Sy a8

[ — clilee — cilaiia] 4elial) clagleall (uili o

| Ul hgha 8 A5 dla i oY) g AiSsall CEiSAl) aladiny) o

Lgakii) o ghadl ad) gal) cillabada g Sl ZUE ZUEY) bladl jughai o

¢ L) e ana Al Gal g cllealt LY BoliS Cppwal o

Bagad) Jasda g 48 Jiluag gl culaiial) Baga (s giuna a8 Ao Janl) o

LU 4l cadicl) ldeY) B AAYL il (add o
B Sy s S K
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~ C3-Brief History 45544
i ® i‘.‘ T @ T
Automation & Information Phase (1950-Now) @‘-UMU @‘-&93\9;\1‘ ‘UAJA -3
, e glrall aliig cilalad) g dae yual) AiadY) adlia afadiuls Ads jal) 03 & jual
sliy s (Al el jleall Jaa Jail) Al g daSaill Lgdl a8 ad s ciliSla) aga aladin) e da jall oda chadie] Eua
| () siall el Aa A il o183 Jas Jail) e liall £1S3)
-1 AU Lelial) cilaglaall g Sluall dlial) e DSy ghatl Cil s < jgda a8
cladal) 35¢als Aglially auiaill i galy ey clisle cility ki -:Hardware gcl.'ml\ Alial) -1
| ~1dadl g asall g Jidil) cullud gl g J gl Ledu Jay Sl 9
‘\ Numerical Control (NC, CNC, DNC) (<8 aSaill o
Robotics <g: /) e
(Adaptive Control (AC), Programmable Logic Controllers (PLC) (sile5ig¥! aSaill o
Automated Retrieval and Storage (R/S) Slasis¥l cidillg gla iud) o
Automated Inspection (CM, MV) slagis¥) sasdll o
Automated Production Control (FDC, AIM, BC, OCR, MV) (~lagig¥) zUidyI 48, o
Computer Networks (LANS ,Fiber Optics) qlad) ClSus o

- °
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: CA-Brief History sy 344

aladinly Lgiallea g Ll glidl Cilaglral) aliig daa y cildlly gl -:Software gl -2
1 Jadi g cibpulal

Business Information(CAB; Payroll-Accounting) 34! claglaa o

Design [CAD], Engineering Analysis [CAE] (rwdigd) Juail) 5 araail) claglza o

Manufacturing [CAM; CAPP-NC Programs —CAQ —CAI -MRP -CAFD] &iaill Claglea ®

Computer Communication [MAP, MAPI] wlall ciLal) gal 0 o

Information Data Bases <ilagiaall aci g8 o

Artificial Intelligence and expert Systems 5_sidl 4akiil g clial) ¢lSY) o
-;&u&:&ﬂ\ah@@&d\ﬂgg\p'g\ﬂjgﬁj

[diadi — cililes — cilaiia] Ao liall cila ghaal) 4ia5) o

il de giial) culdlal) 088 45 g pad) Bl 3 Agea yral) Al (ISl ala30LY) o

Baiaal) LBl g 3 ) ghatia Ciluuaall g 4 i) 92D CEESA) aladiY) o

L asail) Cilra g deliall LYAY) cilas b oulidl) aramaill o

Lzl c¥aa Jof glady cilleall zUSY) 3olS Crual o

Bagall alii y ohaly claiiall Baga (s giwa a8 Ao Janl) o
U (Aa areall) (pa LU gSa aany il (add
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1a— Manufacturing system :definition gz Uiy} aUil Cay s

- © X atl Tt &
It is the production system which produces goods and parts assembled to them.
L dadiall o1 oY) g Alma alo LY aUAS

‘ It is a system composed of : ¢ 4S8 0 4 gaa 52

»  Hardware composing the manufacturing facility (groups of equipments
and technologies), (Stall stal) °

q‘ »  Software composing manufacturing support ( group of programming
tools and technologies), Jead) lall 5 cbaad) i) g il

» Peoples composing manning (group of operating and managing
personals) &Y

It is divided to two categories:
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The Connected Factory in Action

INNOVATION

AGILITY

TAP COMMERCIAL INMNOVATON
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%.Iﬁftq_-fé Home embedded software SEEPEL:idiL:F
) veoua >é5EH S J—
- ma2o0Cl f Home xﬂ_—i’i‘ BOSCH
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26 Security a : -
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4 e Smart community Home automation TFrcrr
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ZigBee g G‘:ﬁ;? loT Architecture e rhnt
CZ Alliance ey ng emergency button R
Protocol mart ‘ogistic — Smart supply Smart Parking : SIERRA
center chain Tele medical WIRELESS
P Lngistics : . care Management platform
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IPwE sensor % scheduling
: % Smart Transportation
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City sensor networks control Traffic scheduling
management = 1
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Fleet Aggregate

Operational Data

History

Maintenance

Physical Asset History Digital Twin

Real Time
TETTENe ,ﬂ_,“‘-w Operational Data

e

FMEA™
CAD Model / Physics Based Models
' + Statistical Models
FEA Model + Machine Learning
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1b- Manufacturlng System Categories z i) alas ‘fﬂ.\h
~ ORI el A T T @

1- Manufacturing system support saituall auiuail) adas
0 Product design/ CAD-CAM
Process planning
Production planning and control
Maintenance planning and control,
Quality operation and management, etc.

2- Manufacturing system facilities daibuwall aniall) CBbgus
0 Production machines technologies
Material handling system technologies
Automation and control technologies
Storage retrieval system technologies,
Quality inspection system technologies, etc.

5/26/2023
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1c- Manufacturing System in Production Cycle
CUN\ oJ3J‘,£@4.4J\eLBS@3A

' 3- Production Design
4- Operation

Suitable
Available
apacn

5- Manufacturing system
Receiving & Warehouse
Storage Shlpplng;>
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1b—- Information Cycle in Manufacturing System
| -

BN . uct
4

. SRR

Manufacturing
Facility

Business

. - ~ -
\- > - - -
- . —— :

Information Cycle in manufacturing
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1d- Manufacturing System components giwaill alat i gSa

1- Production Equipment  zlY) &laxa
0 Inspection Equipment gasdll Glass

0 Machine Tools JsSall 5 Jaadil) clisla

0 Treatment Equipment 4allaall Cilass

0 Assembly Equipment axeaill Cilazs

2- Handling Equipment A ghial) ciana

0 Loading/unloading g &l 5 Jreaill

0 Work Positioning sl e auas

o Work Transport Jasll

o Pallet fixture & work carrier Jaeaill 5 cuiill daia

3- Control system aSall dakss) 4- Human Resources Ay JJMA
Work Instruction | o Direct labour to carry work or
CNC programs - operate machines

Handling control | o Direct labour to  manage
Production schedule

Failure diagnostics _ operator, programmers

Safety Monitoring o Indirect labour to maintain and

Quality control repair the system
Operation management

O O O O O o o o
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le- Manufacturlng System Operatlons @Mm alkis ddai)

- s
rnree )Yr “" ‘_‘. ctL "._.;" : f - . b 4
, r ) _‘.‘ e -
/ ) 1- Manufacturm Oera’uos

-

: - Shape changing and Materlal o
treatment processes
« Assembly processes

« Inspection processes

c‘/'/'

. ‘( Raw Material
T4

Receiving & storage

2- Material handling Operations

Warehousing & shipping

- >
"/,

Combmed technologlcal eqmpments are Hﬁd
tem

s\\ n%{

1 |

\..\ ,‘",'

- — -
: s _ﬁ‘.’!‘g
o - -
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1f- Manufacturing System Operations giuaill alii 4

AL ’A.sﬁ' A ) ¢

‘7

E o . =
Add value Processes 4as ddlal i
0 Shape Changing Processes JS&ll s culbul
0 Property Changing Processes uaiadll s qulu
d o Surface Enhancing Processes geaud! Gad qullul
Production 0 Assembly Processes gl cullud

- operations

| No add value Processes 4ad ciwai ¥ cullul =
| | Handling Processes 4 gliall quilal
S L === Storage Processes ¢xiaill qudlu
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2a- Types of Industries <lelial) £ 6l

Primary 4« { basic &wh-ui -

»
(l ¢ ‘ :
International Plastic — Car — Aerospace — Electronics —
| Standard Industrial textile — Publishing — Food processin
Q 1 W . Power — wood processing, - glass &
' Llassification " ceramic - Paper - pharmaceuticals

[ISIC] 3 | Chemical -etc.

| Banking — Education — Government

' Insurance — Real state — Repair and
maintenance — Wholesale & Retail trade —
Tour|sm trans ortation, etc.

5/26/2023



2b- Types of products ciaiiall £1 gl

Code Product Manufactured
31  Food, Beverages, Tobacco Gl s Sl s piall 5 ¢ 12a)
32 Textile, Wearing apparel, Leather goods, Furs
o)y ¢ Agalall allll g ¢ Gl el ) 5 ¢ gl
!" 33 Wood and wood products, Cork products cxlill cilaiia ¢ dpdall cilaiiall  culal

34 Paper, paper products, printing, publishing, bookbinding

.35 Chemical, coal, petroleum, plastic, rubber, product fro these materials,
| pharmaceuticals

36  Ceramics, glass, non-metallic mineral products (i.e. cement),
37 Basic metal (Aluminium, steel, etc.)

38 Fabricated metal products, machineries, equipment's (e.g. cars, aircraft, office
equipment, cameras, computers, etc.)

39 Other manufactured goods (e.g. jewellery, musical instruments, sporting goods,
toys, etc.)
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3a- manufacturing system modelling aiaill aUai 7 3gal
o e
External Factors 4a & Jals
« Economical 4uuad
« Social dslaia)
{ « Political 4

« Material 3 ol
|« Energy 43l
TR Demand <kl
@""4‘3‘ ¢ |+ Information <lasizall
Capital Jual) uul
« Management 3!
-

. « Good Product gled! -
« Service dail — Manufacturing System
« Information <tasizall

{] « Defects and Scrap

L Ll g dumall 3 gal)
.\J B ‘ | :
\\'5 Some Performance Measure
gl Gl Cilaa g oy [

Throughput Time g JMA& ¢ ®
Production Rate g Jaaa '
Work in Process Inventory 4sead ¢y ¢ 345
Defective % cuaal) 4 ial) dpudl) »
On time delivery % 3l ¢ Ay gial) Al
Production volumes gY) aaa

5/26/2023 COSt m‘




3b /0 Models @m-d\ etl:u Cila A g cNAL zilad
= A

3 — l‘-~ e - e '

e = - !
s ’ B

-,

- - >
> o A -

_ Manufa'cturin&ystem'_i |
ations TENN Product
){'/ erlal (Availability & cost) ~ Prod 5} 3
s ess Environment Delive ‘

. Social Pressures Profit % g '

- Resources and Plans Reputatlom

Transformation

|21 FACTORS OF PRODUCTION
dbjects

\\
\b) Basic ;neanﬁgof m:nufacturm (Hitomi, 1923)
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=/ — — ,
3c- 1/0 Models gaialll allad cila )i g cMAa 7 e
3 « - o NS

Manufacturing Facility

ADD VALUE

.‘-'" -
.
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3d /0 Models @4*4-4\ el.ha c_\lAJM —)AAA C.Al..u

P'roces_s
Planning

- [Master
Schedule

Product Quality
Performance

Average TardinessA

& ‘ .' j/.
—— - — ,;‘
SRR d) \/J,JIJ,JLJC!.&IJJ ystern Jnmﬂ?j‘?’%@i}‘“k‘ﬁ“}' rol (Chang,et., 1991)




|

”»

3
Dedlcated I,
u-uSA-EA SpeC|aI 2 ~
7 U“ Flexible ‘
Q38 Standard

Equipment
Aol ® Ciara

Variety gl

Continucus dedicated production of large amounts of bulk product. P

] Examples include continuous chemical plants and oil refineries.

Mass production Dedicated production of large quantities of one product (with perhaps

of discrete products limited model wvariations). Exmnplcs include automobiles, appli-

: ances, and engine blocks. '

Batch production Production of medium lot sizes of the same product or component. The
lots may be produced once or repeated penod:cally Examples
include books, clothing, and certain industrial machinery.

Job shop production Production of low quantities, often one of a kind, of specialized
products. The products are often customized and technologically
complex. Examples include prototypes, aircraft, machine tools, and

5/26/2023 other equipment.




- 4b- Types of Mfg Systems @uﬂ\ el‘u &U—*‘
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4c- Continues & discrete Manufacturing adaiial s saiasall gl
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5a- Types of Mfg Systems Layout aiatl) adas cilahig &1 il
® ‘ =r | D=
Productlon Types ZUSY) Jaal

P (83ia } clady
Flow Mass Batch |

oh 3 " -~ - ¥ |
Group ot i 3
Product Technology iti
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Autonomous
Robots

Advanced
Big Data E'Ela Analytics
High-End = > 6—5 System
) r W A=

Sensing : Industry 4.0 Integration

Interaction
Human-Machine

Internet

NS of Things

L’_J:.:

Cloud Cybersecurity
Computing
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Better with integration

Examples of successful integration in the product
development and production process

Modern and future production facilites take advantage of
industrial integration including horizontal, vertical and
lifecycle integration. This infographic provides Siemens’ view
of efficient production with technologies currently availabile.
Follow the QR Code for 8 more detailed version.

Manufacturing
Execution System

Data-Driven Services

S ane Juctuon

the pi

ating
st and i

ronment, and even



Manufacturing Plant Global Facility Insight :
8] 3
| Monitor production flow in real-time Manage equipmentremotely using
' to eliminate wasted time and reduce sensors and limits to conserve (00N
| in-process inventory energy and reduce costs -

Automated

= (=] IFE}) (=

Inspection toososescssccess il
|

.J........I......I
3 - RFID sensors ‘- Productionline
: identify L VT . ou | triggers autonomous
productand { material handling
: materials ' vehicles
; ® = | |
$ o .
Implement condition- Aggregate product and } &
based maintenance process data, analyze,
‘..., alertsto reduce identify constraintsand |

downtime and improvementareas

increase throughput - o o

~ Source: @MicrosoftloT in Manufacturing infographic, 2015 _‘|1







1ol Industry 4.0

Applied to all sectors where
industrial / professional
equipment 1s used

Focuses primarily on the
manutacturing sector

Connect Assets and Data Digitization of the complete value
Management chain.

A ssocilated with Governmental and

Private Sector Driven . . S
Institutional initiatives

Concentrate on 1CT

. Complete value chain digitalization
Components tusion

Subset ot Industry 4.0 [IoT plus all manufacturing Assets

Source ot Privacy & data IIoT inject Privacy & Data Security
Securit _ 1ssues
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Digitization Vs Digitalization Vs Digital Transformation

Digital
Transformation

Digitization Digitalization

Conversion from analog into Exploiting digital Reorientating multiple

a digital form or format. technologies to change processes, workflows, by
business processes and leveraging several digital

Often confused with workflows to improve technologies, to deliver

digitalization. business models organizational objective(s)

Often confused with Digital transformation (DT or

digitization and digital DTX) helps improve, and even

transformation. change, a core competency
end to end,

Very often confused with
digitalization

BUSINESSTECHWEEKLY COM

/HAMED.ALI.MOHAMED2 @GMAIL.CQM
+- 8 ‘ oy 38 i
e : J':\‘:‘- = | X 7~ |
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-l ! | | AN NV
Today’s Business Requirements

Drive Change & Determine Real-time Enterprise Needs

1 1l o

Globalization

Rapid Product Innovation
Process Innovation
Collaboration
Synchronization

Lean

Continuous Improvement

Compliance
Risk Management
Performance
Flexibility

Pull-based Production
Etc.

. O




m ! I i S -2 d
. What is Digital Manufacturing?

» L4 1] O—1_ 1 S |
~77| “Digital Manufacturing represents an integrated suite of PLM tools ’

‘that supports manufacturing process design, tool design, plant layout,

and visualization through powerful virtual simulation tools that allow

the manufacturing engineer to validate and optimize the

manufacturing processes. "
- . _“.'::",_-—qj"

B Start

[{Ep.p.n.
ﬁ ProcessList
A oa

ProductList
E)j ResourcesList

L
N . — - - - —
FOOLLL BB RESsEERSY 7 o 5

NB@aybaocR  HiBd “EHenqQQLT0.EE  &£<T 8a 2.
» ~ - r




i ! I AN T
_ What Does Digital Manufacturing Do?

Ei OT | BT
Manufacturing Planning
Define High-Level Manufacturing Processes
Process Planning (Assembly & Installation)

Define Work Instructions & Work Flow

”~~

i |

Detailed Process Design & Analysis
Detailed Resource Modeling & Simulation
Process Definition and Validation
3-D Factory Layout
Equipment, Tool & Fixture Simulation
Ergonomic Simulation

Validation & Virtual Commissioning
Control Logic Validation
Kinematic (Robotic) Validation
Quality Assurance/Process Improvement Validation
Sensor/Metrology Placement Validation
B Virtual Commissioning/Validation of Automation Systems

’ - J \ A

W\g —a ;
} MED.ALI.MOHAME L.COM ' ..’;\

\ .\ : -y 5
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f v\,. Knowing that the Production System Works Prior to Launch: Priceless.




G FORCAM

Management Level
Manufacturing Execution System, Manufacturing Operation System

Supervisory Level 3

Human-Machine Interface, SCADA

Control Level

Programmable Logic Controller

Field Level

Input Signals and Output Signals
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Operatlons Management Def|n|t|on
i Y 41 &&= 1

e ,‘ L
Operatlons Management is the management of the people, business processes, technology and

capital assets involved in:

| —

i

/

2023

Procuring and receiving raw materials and components

Especially as it relates to obtaining, storing, and moving necessary materials/components in
a timely manner and of suitable quality to support efficient production

Implementing product designs, specifications, formulations, or recipes by
manufacturing products

Including manufacturing process planning and validation

Distributing these products to customers
Especially as it relates to sequencing and in-house logistics -

And for some products, supporting them through their End-of-Life

2 I - 1= T ——— =

Let Business Reqwrements Drive Technology Solutlons

| O

T

o yal B .
//’. =
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Industry

Semiconductor
Pharmaceutical

Continuous Process

_.—
. A&D (Complex
Discrete)
Automotive Supplier

Automotive OEM

|

Today’s Dynamic, Demanding Environment

g |

Classic MES

Complex Routing, Resource Allocation, Quality,
WIP Tracking, etc.

Compliance, Quality (Direct and Enforce
Production), Electronic Batch Records,
Electronic Signature, etc.

Collection of Apps: Optimization, Historian,
Advanced Process Control, etc.

CAPP, Quality, Resource Allocation (Operators,
Workstations, Tooling, etc.) WIP Tracking,
Traceability, Work Instructions, NCR Resolution,
etc.

Quality, Resource Allocation (Operators,
Workstations, Tooling, etc.) Work Instructions,
Just-in Sequence Manufacturing/ Packing/
Shipping, Error-proof Packout and Labeling, etc.

Visual Alarms, Stack Lights, and Marquees, Line
Control & Broadcasting, Supplier Component
Sequencing, etc.
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New Requirements

Visibility, Analytics/Decision Support, Outsourced Manufacturing,
Business System Synchronization, KPlIs, Performance, Change Mgmt,
Security, Electronic Manufacturing History etc.

Visibility, Analytics/Decision Support, Outsourced Manufacturing,
Business System Synchronization, Performance, Change Mgmt,
Security, Electronic Manufacturing History etc

Visibility, Analytics/Decision Support, Outsourced Manufacturing,
Business System Synchronization, Performance, Change Mgmt,
Security, Electronic Manufacturing History, etc

Visibility, Analytics/Decision Support, Outsourced Manufacturing,
Supplier Quality Mgmt, Change Management, Security, Electronic
Manufacturing History, etc

Visibility, Analytics/Decision Support, Orchestrate Inventory
Replenishment by Operation, Traceability and Recall Management,
Business System Synchronization, Performance, Change Mgmt,
Security, Electronic Manufacturing History, etc

Visibility, Outsourced Manufacturing, Global Manufacturing,

Business System Synchronization, Performance, Change Mgmt,
Security, Electronic Manufacturing History, Traceability and
Genealogy, etc




Effective & Efficient Use of Digital Mfg (DM) Tools:
_ Guidelines for Users

A ||| e S

:/ Integrate Use of DM Tools into the Manufacturing Design Process
Set and Implement guidelines for application of DM technology
Provide DM training for Mfg Engineering Discipline & Resources
Emphasize Re-use
Re-use dependent on a strategy common process design
ot Common components is a key enabler

Establish a library of virtual production devices & equipment
1 A modular approach is key for efficiently building virtual models
p Start with basic virtual devices building blocks
ﬂ Build virtual production systems by combining virtual devices
——— Integrate DM Tools into the Information & Control Architecture
\J' Virtual models can be developed & maintained by multiple engineering
disciplines (Manufacturing, Tooling, Controls)
Use latest Production Process data for Virtual Simulations
E Bl | OV EE]
0 :
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Digital Manufacturing Landscape
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Manufacturers are focusing on Optimization of Production Processes

T

p—

Reducing Time to Product Launch and Cost of Commissioning Production
Systems

Today’s PLM Suppliers now offer robust Digital Manufacturing Solutions
Large Manufacturers Are Adopting End-to-End PLM Strategies, including Digital

—e

-

Manufacturing

)

A&D: Boeing, Lockheed-Martin, Northup-Grumman

J

V

Automotive: GM, Chrysler, Ford, Toyota, Nissan, BMW, Mercedes Benz

Heavy Equipment: Caterpillar, John Deere, Cummins

LS RS Y A RN
Companies are Transforming how they Define thelr Manufacturmg -
Processes B

e s \'\h__

4 0 | 4 | B NCS
: \J ,'-.,," - ’/"._ -
5/26/%023 MED.ALI.MOHAME L.COM .“ ﬁ.:‘\ - 165 _—
2  * . 7 L =




DIGITAL FOR BUSINESS PROCESSES
) >

= High .," . . ‘_ . : Asset Management
- — .

y

Asset Strategy &

ASP Performance

Define Maintenance

8 © @ MST - MS Strategy
(- wd
c @ TKM SCM
<))
T 8 ® -0
~ MP
| o s SCM DES Develop Equipment §
- ME - Strategies =
SCS MWP o
/’f AR PA # Urg
= (rov) (o I cov) £
=) o,
Operations ol © @ @ o 5’
B T T ASP = =
1) Salesand Operations -, - RtP LIP EM ; ES
Planning O R&D 3
—— SP
% v @
0 5189 Supply Chain Optimization
— -— . M Monitor Work and Asset
wc Work Controls Performance
processes are s e o
cM
most relevant 2

as primary
candidates for
digital?

BO Blending Operations

HSSE Strategy and

L Reporting

: . ~_»
\ \ Process Safety ~
~ >
Management . - -
Technical Knowledge

TKM Management -
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EXHIBIT 2 | Quality 4.0 Has Many Applications at Each Stage of the Value Chain

Top use cases selected by survey participants

Pick by light

Glove equipped with | /
barcode reader }

Agile product
development

Usage pattern data
Advanced analytics Supplier

to support decisions performance
dashboards

Integration of

supplier quality Predictive quality
data and analytics e Warranty management [ ®

Machine-vision enhanced with loT

quality control and analytics

Digital SOPs on Remote guality

touchscreen for diagnosis for

manual assembly customer support

B rRaD Procurement B Manufacturing B Logistics and sales B Service and after-sales

5/26/2023 HAMED.ALI.MOHAMED2@GMAIL.COM

Centralization of
quality data

End-to-end quality
management system

Quably cost
transparency

B Cross-functionat
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Start with an Indusfry 4.0 Assessment

+ dentiy Critical Assets andg Components

« Ehemet.capable vs. LegQocy EqQupment

o  Networking ond nrasfruchiee Roociness

¢ Recommend Data Mop based on Business Cose
+ Dato Colecton Strotegy

* What's our mondoctunng sitategy®
*  Whgt gcre he Cracol mIg. pIoCessesy ‘?
+ What are the product volumes/mixd fé'

¢ What grives RO o owr Dusness?

s Wnhot ore he mon systems 1hot suppont L 4
ond dive owr buiness? 4 Digital = *  Roview Shop Floor Metncs Trocked,
* I Systerms Reviow of ERP, CAMMS, MESNOT Inchucing OEE
s Ofther Relevant Fools? * Condrnuous imgorovement Tool

s MHow ore the system useds Ly the peopie? o Operaior lools

Transformaotion
Assessment
(DTA-6) -

« Production
¢ Schegulng. ond Mondionng Updtme, Performance
Scrop. Labor, and use of ERP
* Quokty
v apechoni SPC, ond PFrocess Momvicong

v Process Dato Monitoring 5. Prediclve Anclytics
+ Progclive Mantenonce (Paad)
s PFredctive Qualty (FaQ)
¢« Prowriptive Anaiytcs and
Procoss Oplimaoson
v Idemniiing Uso Coses for s Maintenonce
PP O0 on Criticol Assofts «  Asse? Manogement, Repais, Spore Parts, fTools
 Troceablity

| ¢ Sencl/Lot Genadlogy anc Beth Certificates

5/26/2023 HAMED.ALI.MOHAMED2 @GMAIL.COM




Industry 4.0 + Quality Management = Quality 4.0

Industry 4.0 Quality 4.0 Quality

What is industry 4.02 *  What is Quality 4.02 MCI na gemen‘lI
Industrial revolution * How smart factory reduces
Key technologies of industry 4.0 costs of quality *  What Industrial revolution is Quality?
The impacts of Industry 4.0 *  Case study: Future Factory *  What is Quality Management?
e Juran's Quality Trilogy

Cost of quality
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“Industry 4.0 connects embedded
system production technologies
and smart production processes to
pave the way to a new
technological age which will
radically transform industry and
production value chains and

business models.”’

—Germany Trade and Invest

Industrial 4.0 and Industrial revolution

Late 18th century

Beginning of 20th century

1970s-2000s

2010 onward

First industrial revolution:
Power generation

= Introduction of the power
loom in 1784

« Mechanization of production
facilities with water and
steam power

.
*
.

oooooooooooooooooooooooooooooooooooooo

:.::J JJJJJJ Third industrial revolution:

Second industrial revolution:

Industrialization

» Intreduction of the assembly

line in slaughterhouses in 1870

+ Electrification drives mass

production in a variety of
industries

o
9

L]
C

Electronic automation

= Development of the first

programmable logic controller
(PLC) in 1969

- Growing application of

electronics and IT to automate
production processes

o

Fourth industrial revolution:
Smart automation

= Increasing use of

cyber-physical systems (CPS)

« In January 2011, Industry 4.0

was initiated as a “Future
Project” by the German
federal government

« With the introduction of IPv6

in 2012, virtually unlimited
addressing space becomes
available

+ Governments, private

companies, and industry
associations have been
focusing on Industry 4.0 and
making investments since
the 2010s

Sources: Germany Trade & Invest, “INDUSTRIE 4.0—Smart manufacturing for the future,” July 1, 2014; National Academy of Science and
Engineering, “Securing the future of German manufacturing industry: Recommendations for implementing the strategic initiative Industry 4.0,”

April 2013: Deloitte analysis.




FACTORY OF THE FUTURE

Modular

loT Sensors Equipment

for Supply Chain
Management

Unmanned

Computer
Vision

Industrial
Augmented ¢
Reality

Predictive
Machine
Analytics

% Wearables

Blockchain for
Enterprise Resource Planning -
and Supply Chain Management &S CBINSIGHTS



'\fé_élﬂ Transformation and Integration of digital information

2. Analyze and visualize

Machines talk to each other
to share information, allowing
for advanced analytics and
visualizations of real-time
data from multiple sources

* Shifting to real-time access to data
and intelligence will
fundamentally transform the way
to conduct business.

* This shift is driven by the I |°§ DIGITAL
continuous and cyclical flow of m
information and actions between

1. Establish a digital record

physical and digital worlds called Capture information from
‘ . o o the physical world to create a
The Physical-to-Digital-to- digital record of the physical
. ti d |
Physical (PDP) loop’ 25;;2;? e seRy 3. Generate movement

Apply algorithms and automa-
O&e—0Q  tion to translate decisions and
oelil»o actions from the digital world

into movements in the physical
0«20 world

Deloitte Insights | deloitte.com/insights




"4 _  TheNine Pillars of Technological Advancement of Industry 4.0

*  Aulonomous, cooperaling ndusina robols

-
Advanced Robotics (s

* Numerous integrated sensos ang standardized nter aces

Additive .. "e « 3D pamting, particulanty 10f spare pans and prototypos
Manu'actu"nq L o Decontmaized 30 1aciies 10 roduce transpon distances and inveniory

« Auvgmentod realty for mairtenance. bgistics. and all kinds of SOP
Augmented Reality 66 ; ‘ 2om b

« Dispiay of supporting infomation, 9. tThrough glasses

a " . Sulabhon of Yyaue Nnetworks
Simulation tip _ : HF S _
» OPDUMIZAonNDEes onredrtime Gain 'rom indelligent systems

. , « Cross<company data integrabion based on daa rans!er standards
Horizontal | 2 A Ko TR 2 oAU S
Ver“cal ln‘egfauon .. ddihonior alully atomaled value chen MMfrom swooher 10

. o NOIwork O machings and progucts

Nultidirectional communsCabon between networked objects

cusiomer, | rom management 10 shap foor)

industrial Internet

. » ".“.-"_):’d‘n"' ! y\'..-)’ﬂ s | "l'“‘ volumes in open s < ignc

ViV s ar . ' ' U 4 ~ C 2 - ¥ ST -
Cloud ~
R

* RHeoakme commumetanoniorpogeihnsysioms
- y

Cvb curit o Doeralon n networks and coensysiams
y ° urRy * Migh lgvel o1 networking Detwoen Misligen MachNes, roducts, and systems

« Full evaluation of svallable cdata (e.9.. Irom ERP, SCM. MES. CRM, and machine dala

8|g Dataand Analyﬂcs g  Realtime decisonmaxing support and optimization



Changing Traditional Manufacturing to Smart Factory

1

From isolated, ...to fully integrated data * With indusfry 40, the nine
optimized cells ... and product flows across borders . .
pillars of technological
Greater automation will .
- Uspbire SoE OFthe East advancement will transform
along e entite alia __skilled labor but will require d .
chaig reduces work-in- higher-skilled labor for pro uction
progress inventory monitoring and managing ¢« F isolated timized Il
the factory of the future rom isoiared, oprimized ceils

to a fully integrated,
automated and optimized

production flow, leading to
great efficiencies and
changing traditional
production relationships
among suppliers, producers

and customer — as well as

. . . between human and machine
Machine-to-machine and machine-to-human

interaction enables customization and small batches

Source: BCG.
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Class discussion @&

Why does Industry 4.0 .
matter in this era?
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Why does Industry 4.0 matter?

“It’s not just about the
supply chain or

“Industry 4.0 touches
everything in our daily

lives” 1 manufacturing—it’s about
f business operations
and revenue growth”
“Industry 4.0 '

integrates the
digital and
physical worlds”

Source: Forces of change: Industry 4.0
A Deloitte series on Industry 4.0



What is Quality?

* Conformance to specification (British Defense Industries Quality o
<
Assurance Panel) ,

* Conformance to requirements (Philip Crosby)
1 |

* Fitness for purpose or use (Juran)

* A predictable degree of uniformity and dependability, at low
cost and suited to the market (Edward Deming)

* Meeting the (stated) requirements of the customer- now and in
the future (Mike Robinson)

* The totality of features and characteristics of a product or
service that bears on its ability to satisfy stated or implied

needs (ISO 8402)

* degree to which a set of inherent characteristics fulfils

requirement (ISO 2000)

A A AR A I RAC AL Uy Lo

Erasmus+ Programme
of the European Union
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Quality Planning is the activity of
developing the products and processes
required to meet customer’s needs.

Quality Quality improvement aims
Planning to attain levels of
performance that are
unprecedented—Ilevels that
are significantly better than
any past level.

Quality
Management

Quality
Control

Quality
Improvement

Quality control is the process used by
operational personnel to ensure that their
processes meet the product and service
requirements.

Quality Management: Juran’s Quality Trilogy

Quality Management According to Juran consisted of three basic processes called ‘Juran’s Trilogy’

QUALITY PLANNING QUALITY CONTROL (DURING OPERATIONS)

SPORADIC
SPIKE

=20
<
5
O ................................................................
= QUALITY CONTROL
O ZONE
L L L. L
a
5 10+
- NEW ZONE OF
n QUALITY CONTROL
e | @ E R R e
Q
© QUALITY )
© IMPROVEMENT :
0 TIME
LESSONS LEARNED
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Quality costs are those incurred in excess of those that would have been incurred if the product were built or the
service performed exactly right the first time

Cost of Quality

* The costs of all activities specifically designed to prevent poor quality in

Prevention cost .
products or services.

* The costs associated with measuring, evaluating, or auditing products
Appraisal cost or services to assure conformance to quality standards and
performance requirements.

*  Failure costs occurring prior to delivery or shipment of the product, or
cost the furnishing of a service, to the customer.

Internal failure

External failure * Failure costs occurring after delivery or shipment of the product, and
cost during or after furnishing of a service, to the customer.




The four Industrial revolution m BUSIHESS
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Highlights of Industry 5.0 compared to Industry 4.0

INDUSTRY 5.0

Focus on delivering customer

‘ INDUSTRY 4.0 AN experience
‘ Focus on connecting

machines
| N Hyper customization
|
| Mass customization

_‘ Responsive & Distributed

| . | supply chain
|

IntelligentSu Chain
| g pply _ Experience Activated
| N (Interactive) Products
|

Smartproducts
‘ Return of Manpower

| to factories

| Manpowerdistanced from
\ factories

FROST & SULLIVAN

5/26/2023 HAMED.ALI.MOHAMED2 @GMAIL.COM



Business Intelligence

S.l, MRP, GPAO

Manufacturing, scheduling,
quality assurance

Controls: Batch, Continuous,
Discreet

\=\TLGPro

5/26/2023 HAMED.ALI.MOHAMED2 @GMAIL.COM




Cost of Quality

Total cost —=

Optimum quality level

Cost

™

Prevention cost

r\

Perfect quality —

Failure cost

Quality level

Ficure 8.3 Classical model of optimum quality costs (Juran, 1988, by
permission).




Why Cost of Quality really matters

ﬂ—'_

Inspection Testlng
Costs of quality are the most difficult to Bwork Recalls
measure (December 2016 Intelex Quality Sern \ Returns
Survey)
V.Vheyt.’s underneath the iceberg is Employee % Ineffectlve Processes
significant and often overlooked Engagement R ebcesSr
Investing in Quality will give high return in Overiing Field Support Ineffective

Scheduling

Employee ™ Poor Inventory
Turnover Tumover

Wrong Customer # Wrong Customer
Requirements Information

-
LostCLV Nt Unhappy Customers

revenue and profit

Machine Downtime




What is Quality 4.07?
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Quality 4.0 certainly includes the digitalization of quality management. More importantly it is the impact
of that digitalization on quality technology, processes and people.

With Quality 4.0, firm can earn more profit and
reduce cost, especially internal and external
failure cost

h

~ Prevention
Appraisal

CoQ PSRRI, +  Global manufactures expect digitization will help

them increase annual revenues by 2.9% while
reducing costs by 3.6% (PwC 2016 Global Industry 4.0
Survey)

External Fallures

Total Cost of

Operations

*  Productivity increases of 4%-5% per year

* Quality improvements that result in defects being cut
by 50%

On-time delivery increases from 82%-98%

(Rockwell Automation)

Total Cost of
Operations

Total Cost of
Operations

Total Cost of .
Operations




Future Factory: How Technology Is Transforming
Manufacturing

FANR:JUI C” Case study: FANUC, the Japanese robotics company

* Operating a “lights-out” factory since 2001, where robots build
other robots completely unsupervised for nearly a month at a
time.

* The factory is outfitted with 20 industrial robots that can pick,
pack, and transfer packages with no human presence or oversight.

* Without robots, it would take as many as 500 workers to fully staff
this 40K square foot warehouse — instead, the factory requires
only five technicians to service the machines and keep them
working.




Future Factory: How Technology Is Transforming
Manufacturing

MEEl []
0
8 different steps of the manufacturing process to Future Factory

Modular .

J—-E_\:_ : - '-f::' -
- ICET sensors Equipment cfgff;«}
for Supply Chain — s
MM a nagement o= % - Unmanned
e - Trucks

Computer

Industrial
Yision

Augmented [

Predictive
Machine
Analytics —

Blockchain for
Enterprise Resource Plannin

| L 0 = CBINSICHTS
and Supply Chain Management
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Role-play

= Arrival of Industry 4.0 Era:
‘ What should we do next?

JH_J
. N

\ 4

Erasmus+ Programme
of the European Union
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l\ﬁé_él [] The arrival of Industry 4.0: What should we do next?

Due to the arrival of industry 4.0, a young and new CEO of Company A is
worried if the company will not be able to compete with the competitors in
the market. He then has as a new vision to transform the existing operation
to be smart factory.

Smart factory is the key!
But how can my people
think like me?




[] The arrival of Industry 4.0: What should we do next?

The young CEO then arranges the meeting with managers from all functions in the company. He explains why the
company needs to respond to industry 4.0 to makes sure that everyone is on the same page.

Marketing Production Logistics and Quality

CEO
R&D HR Manager manager manager ~ Warehouse  a5qyrance
manager manager manager
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l\ﬁi_él[] The arrival of Industry 4.0: What should we do next?

Now, it is your turn...

| want to hear your thought
* What your function does
* How important your function is in
industry 4.0 era
* How your function will respond to it

10 minutes for brainstorming and 3
minutes for presentation



Workforce

Predictive

Maintenance

Compliance &

Productivity

Process

Optimization

Production
Monitoring
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Machine &

Asset Monitoring
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INDUSTRIAL CONSUMER

Internet of Things Internet of Things

Heavy Machinery Wearables

Transportation Phones

hs7 2
Smart Cities — : -
raicies (=) -4 R ©)

TVs

Appliances

Automation ﬁ ' %

il -

Factories Home Monitoring

Healthcare Home Automation

5/26/2023 = /HAMED.ALI. MOHAMED2@GMAILCQM
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Industry 4.0 |

What is Industry 4.0?

Successful branding by a German industrial policy effort

What is the Internet of Things (loT)?

A coherent concept of digital appliances that were managed and coordinated
remotely through the internet coupled with a vision of cloud data storage,
/i sophisticated predictive analytics, and value-added services. Originated by a
. . HP-Dell futures group. Then morphed into a competing brand to Industry 4.0

“What is Operations Technology 5.0?

Connected and integrated digital manufacturing operations technology
connected to the fifth operations technology revolution

__ t . | fA %

| = 4
L e | |

PY—
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4

Industry 1.0
FIRST
Industrial Revolution

Key Change:
Introduction of
Mechanical Production
Equipment driven by
Water and Stream Power

4

Industry 2.0
SECOND
Industrial Revolution

Key Change:

Introduction of mass
Manufacturing Production
lines powered by Electric
Energy

4

Industry 3.0
THIRD
Industrial Revolution

Key Change:
Introduction of
Electronics, PLC Devices,
Robots and IT to
automate Production

4

Industry 4.0
FOURTH
Industrial Revolution

Key Change:

Introduction of loT and
Cyber-Physical Systems
driven by Augmented Reality
& Real Time Intelligence

¢\

=
%
9
Q.
£
5
o
(T
(@)
o
2
Vintage Electric Conveyor Belt "’
18th Century Mechanical Loom

End of 18t Century

Y
End of 19t Century Q4 of 20" Century

Start of 21t" Century



Operations Technologies / Five OT Revolutions,

LA
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Sources/of disruption=" | Electric Motor Drive System

Adapted to machine tocls

Power source

Cyber-physical Systems
Integration across the enterprise

LR

P rOd u Ctl O n syﬂ ﬂ em S B . , Ameriean System of Production
7 -2 Assembly line of specialized tools
a.n d m eth Odo'lﬁgy ; and continuous flow preductian
Mechanical Mass Preduction Frogrammable Logic Controllers

w al n te n an Ce Using water and steam power Evolving machine intelligence

QDat "'&.ItS integration
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Administrative: ERP Wlth
manufacturing. :
middleware, 8
Manufacturmémm"
Execution Systé’rfr“
I\/IES

Top Ilr/;\e -
Sales:zand-service
0T '-IOT &lloT

Operatlons e
OT 5.0 P

Industry 4.0 Internet of Things

198

Foundatlon of the digital manufactUrlng enterprlse
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Foundatlon of the digital manufacturlng enterprlse

Nk
B / ® CAE N
SR / A 5 R ¢ &

&N ’ '» S a 2 ' % 4

Two cyber domains
Often two Cultur,@,@1

IT at the enterpmsgj‘vel N
Industry 4.0 (ERP)

.I\/Iﬁv@

IoT C oT IIoT

Industry 4.0 Internet of Things

OT at'the 'pl‘ant level -
MFG 5.0—OT & 4.

199
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.« ' Diffusion takes time

LG - | Operations _ Flve motivators for adoption
“{/.  Technologies By e ot enterprise |
AP el 2"@5@% (customer) demand J Ry E
| S aktaie | | 3.Push: Labor shortages or/cost '
4.Pulf Technology & declining/cost curve
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Disruptions in Operations Technologies (OT)

By Era

B
| -

Power Source Data Flow
Water Craftwork Remembered
Steam and Serpentine Belt Cardstock / Job slip
Electricity: Belt to Motor Steel Toe Stroll of Data
Fixed Cost Electricity PLC & Integrated Cell

Variable Cost Electricity Digital Thread

5/26/2023
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Maintenance

None
Reactive
Reactive
Preventative

Predictive

@

Production Culture
Craft & rules of thumb
Specialization & hierarchy
Time & motion

Lean & Cont. Improvement

NextLean
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Meaningful
Compression

Structure Image

i . Customer Retention
Discovery Classification

Big data Dimensionality Feature Idenity Fraud

i istai . Classification Diagnostics
Visualistaion Reduction Elicitation Detection

Advertising Popularity
Prediction

Learning Learning Weather

Forecasting
-
I I ac h I n e Population

Growth
Prediction

Recommender Unsupervised Supervised

Systems

Clustering Regression
Targetted

Marketing

Market
Forecasting

Customer

Segmentation L e a r n i n g

Estimating
life expectancy

Real-time decisions Game Al

Reinforcement
Learning

Robot Navigation Skill Acquisition

Learning Tasks



Independent Component
Analysis Regression
Analysis

Dimension x
Redaction Bavesian

Model

Factor Analysis
Principal

Component Analysis Regression

Tree

Support Vector
Supervised Machince
Learning

Unsupervised
k-means Learning

A-Nearest

M a c h i n e Chassication Neighbors
Gaussian Lca r ni ng

Mixture
Modecl

Hierarchical Clustering
Clustering

Random
Forest
Bi-Clustering

Extreme Learning
Deep Learning Other Machine

Main

Algorithms

Artificial
Neural Network



m Device connection

loT devices
loT connectivity
Embedded intelligence

m Data sensing

Capture data
Sensors and tags
Storage

Focus on access
Networks, cloud, edge
Data transport

The Internet of Things

From connecting devices to human value

Data sensing
02 and collecting

and access

Analyis at the edge
connectivity

: T Data value
nternet o INgs Analysis to action

FROM CONNECTION APls and processes
Actionable intelligence
TO BENEFIT

Human
value, apps
and

experiences

Data analytics

Human value

Data value
defined by
action

06

Smart applications
Stakeholder benefits

Tangible benefits

Device Data Big data analysis
connection transport
and

Al and cognitive



 What'is Operations
~ Technology 5: O?

digital track
& trace
blockchain % testing
product
modeling &
product
simulation

Dlgltal technology prOJeéts aré\
s driven around-a stratég/c,\d/g.zta@’/.
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¢ Partand produc" lracing & se’;e’s
. ‘S‘nrmk batch 5|ze mass customizati ' Digital
: di Factory
\ %ulu plant integration
.’
o [ ]
cost part of bill of materlals
* Gateway to NextLean & productivity galn 2
i 4T , L
= A
207 & | g o T =1V



‘/ \ Ohio Manufacturing Institute
== ey Enterprise 28 X +
" Threats to |mplementat|on mm——— Y Etp.. Customer i \_‘
e | Culture clash between IT& OT . =
_;/' I Fgctory
¢ /Investment rlsk and Ie’%acy né:chmes = F";""a”
- | Multiple cug@@er SUpply. c'haln SV té.ms} - ity
* Value captum&%vendors g iy 4
: Challenge of implementation L i e
_ /\Movmg from project to strategy
Chal nge for vendors f b
« | Monetizing the analytics & selling tools, ‘
Who has bargam/mg.pbwer? \
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Investment risk from model wn

‘/'\ Laborchallenge Whieht standard?
- 7 Certified maintenance technicians, yeﬁ

Nt Qse supply chain ERP.and standards?
¢ Integrate OT 3.0 and 4.0 tools and equipment
*\ Will leasing becomefan aIternatlve to ownlng?
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Rate'of -

utomatlon

Rate of atomation

Division of labour as share of hours spent (%)

Machine

71 29

Source: Future of Jobs Report 2018, World Economic Forum
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in 2020 in 2015

Complex Problem Solving
Critical Thinking

Creativity

People Management
Coordinating with Others
Emotional Intelligence
Judgment and Decision Making
Service Orientation

Negotiation

Cognitive Flexibility

Complex Problem Solving
Coordinating with Others
People Management

Critical Thinking

Negotiation

Quality Control

Service Orientation

Judgment and Decision Making
Active Listening

Creativity

SN G A WN =

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Source: Future of Jobs Report, World conomic Forum
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Leveraging Industry 4.0-Challenges & Opportunities

= Say , Yongrmone NoNARRE [ - -
/ ‘-;‘-,;-- : ~'.r .l.:
Moblsdsitose 1) An organlzatlon can drlve both -
Cloud computing (0T platforms __revenue & margln by leveraging
= = Industry’ 4 0:
g . 2) Transformation opportunity:
A ted and ho,, Y i etectio
ety wearabes \o,@»t;?&ecié’:ei, e 4 both biz. models and biz,
B rocesses

Multilevel customer . ; . ‘
interaction and p ‘. ¥\ Advanced human-machine

customer profiling ; : _/ interfaces | ﬁl' tranSformanon management _
&y, "ﬂ)’”ﬂ?ﬁéblement on new skills’ | [ i
Big data analytcs ) , fundamental T

and advanced

algoriths i 5) Digital-niche to ‘must have’
fraud detection .‘*SI’(I”S . ' ES

Smart sensors

3D printing




From Industry 1.0 to Industry 4.0

First
Industrial
Revolution

based on the introduction
of mechanical production
equipment driven by
water and steam power

First mechanical loom, 1784

A e\
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Second
Industrial
Revolution

based on mass production
achieved by division of
labor concept and the use
of electrical energy

First conveyor
belt, Cincinnati

Industrial
Revolution

based on the use of
electronics and IT to
further automate
production

Degree of
complexity

Fourth
Industrial
Revolution

based on the use of
cyber-physical systems

First programmable
logic controller (PLC)
Modicon 084, 1969

slaughterhouse, 1870

1900
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|
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Internet of
Things

Mobility

Smart
Logistics

Internet of
Services

5/26/2023

Smart
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Autonomous Simulation &
Robot Augmented
Reality

Big Data Horizontal
Analytics A N\ & Vertical
. R Integration

9 Technolo .
Pillars — 9 Pillars | 3

BT - of I | Internet

W\ Industrial

Cybersecurity

Additive
Manufacturing

Cloud

” - £ = -
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Edge Applications Middleware Platforms Enterprise Applications

Access Network Enterprise Services Network

Potentially In Private Cloud / On Premise Or In Private CIouE\

ya Information Domain . Business Domain

<
€ < |

Edge Network

/Batch Processing, Predictive ™ - —
Analytics, Data Mining, Reporting, E:\ter;.:rlse Resource Customer Relationship
Dashboards Planning Management

Data Ingestion, Cleansing,
Transformations, Augmentations,

Persistence & Distribution I.Hf\(_ﬂ
o Eo-+a (s
._’._> 0{ /Real-Time Stream/Events Processina T

K Cognitive Intelligence Derivation and
®

Prescriptive Actionable Decisions Work Planning and Accounting, Billing and
. Scheduling Payments
/Control Domam\ [ Edge Gateway |
h \ .
Edge Devices Controller i ! K

‘+"‘L ‘ *‘ ¢ / ( Dynamic Provisioning { |[ContinuousAssets
(_|— % and Deployment of Monitoring, Diagnostics,
(Assets Management APIs & Biz Services N

3.
>

'
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o
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g IV

Actuator Comm : .
Performance Evaluation
<

{+}1J_ 1‘“ < A&Tts I ’(—.1—(( Applications Management Portals
* i g\ \ ap

/Dynamic Management

of Assets via Command
and Control

eal Time Prognostics,
Predictive Maintenance,
Optimization of Asset
Usage and Efficiencies

>‘| (—i‘e. ] )

\ Operations Domain

/Rules & Work Flow (Real Time Metrics &
Management Portals Dashboards




NFC

RFID

Thread

Low Power
WAN/LAN/PAN

IPV6

Network
Virtualization

Low Power

Mechatronics
-

Miniaturization —

+ -

Sensors &
Actuators
5

Intelligent
Devices

*

Nano | Low Cost

Technology

Robotics
Embedded
Systems

Augmented
Reality

Additive 3D
Printing

Smart Phones

Smart Tablets

Handheld
Devices &
Wearables

MicroProcessors

*  Physical Cyber
> Mechanics

*

\ 4

Human Interface
Devices

*

Bluetooth Low
Energy

ZigBee
Z-Wave

Low Power Wi-Fi

- +
Low Power
Wireless
Technologies

IP Mobility

Security, Trust &
Privacy

LI

Industrial
Ethernet

SMART Factory

SMART

SMART Machines

Operations

SMART
Employees

SMART
Manufacturing

SMART
Service

e physical syste,-,,

CoAP Constrained
Application
Protocol

RTP - Reliable
Transport
Protocol

TCP/IP 1 UDP

Low La téncy,
Jitter Resilient
Protocols

Reliable
Middleware
Protocols

Cloud
Computing

Computing

SMART
Products

Ay SMART
Logistics

SMART
Marketing

Infrastructure as a
Service (laaS)

Platform as a
> Service (PaaS)
Cloud Services i
Software as a
Service (Saas)

*

Dynamic
Provisioning
Environments (DPE)

Predictive Batch
Analytics

1
Big Data
N r Technologies
Intelligent Data

Services
>

Stream
Processing

*

Real Time Cognitive &
Prescriptive Decisions

Revamped
Company
Infrastructure
+ t New Technology
Redefined Adoption
Business

Processes
Evolved Human

Resources
Retrained
Company
Employees
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= Gains from IIoT ‘@)

T L C—
e Safety and Security
e Reduce Expenses Internal Benefits
e Conserve Resources
e Optimize Assets

Increase Engagement
Generate Revenue
Improve Well-Being
Enhance Services

External Benefits

e Predictive & .
Proactive maintenance Collective Benefits
e Remote Diagnosis
Real-Time Monitoring
e Asset/Resource
Optimization



Commercial or
Consumer Convenience

Smart Devices

Sensitive Sensors,
Advanced Controls
and Analytics

Utility-centric

Functionally 2xo

Independent

Low Scale Networks ala

Critically Pre o
Monitored

Easy Off-site Progra
Programming

Convenience O

Not Required Re

Consumer Preferred

Area of Focus

Monitoring and Managing Systems for
High-stake Industries- Defense,
Manufacturing, Health care & Others

Sophisticated Machines

Simple Application with Low-risk Impacts

Advanced and Robust

Integration with Co-existing

erab Legacy Operations Systems

Large Scale Networks

A 3 Synchronized to Milliseconds

Remote on-site Reprogramming
Required to Support New Processes

Economic Growth

Must be Automated to
Support Fault Tolerance

Scheduled and Organized

Performance
Monitoring

* Real time tracking of OEE for
mediate actions

« Monitor critical parameters like
cycle time, temperature,
pressure efc.

 Monitor energy consumption

 Real time actionable alerts and

alarms

( SFactory

. Deliverables
\ //*"

Manufacturing

Analytics

 Loss analysis

« Statistical Process Control (SPC)
+ Pareto charts

 Improvement trends over a period
« Operator performance analysis
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Shop Floor
Workflow

Integrate workflow from productior
scheduling to inspection

HMI for operators

Real time entries of downtime and
rejection reasons thru HMI

Maintenance
Management

Condition based and running
hours based maintenance
Reduce downtime and increase
machine life

Maximize spare parts and
consumables usage

Tracking of MTBF, MTTR
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Digital transformation
I I

Digitization

2
Organize
information

Digitization
Changing from analog or
physical to digital form.

5/26/2023

Digitalization 5
| Transform the
4 institution
Streamline

3 processes

Automate o
processes Digital _
transformation

A series of deep and
coordinated culture,
workforce, and technology
shifts that enable new
educational and operating
models and transform an
institution’s operations,
strategic directions, and
value proposition.

Digitalization

Using digital technologies
and information to transform
individual institutional
operations.
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Additive Manufacturing (AM):- ‘ - uél-b\l\ Laill
Technology that manufactures objects from WPULEEZ 2™~ . B s, bhia - 3 gl n RS
Aided Design (CAD) sketches b dlayel /_,J R s?;.;,_ ;\'1’“ ; " ufmb ,.&,m N

at a time, falls into the category e-M@apfacturipg.— < 7 K U‘“S‘ fr e clhia AL ey
This includes 3D Printing, layel 3 > ﬁ‘?’,h\ fls grall alaalllp alai) 4,500 4oLkl
additive fabrication as well as Raf .A—-’ il g Al oY) 7 el (ra a ped) aiiaill g
Direct Digital Manufacturing (DD o ilpadl

;“ ) E y
\.'ﬂ)
‘.\f," -
ok,
& ‘
4

—

Advanced Manufacturing:- |
New industrial technologies that'i
manufacturing process. The proces
advanced technology available at thé
to maximize the output and/or hrodu t
manufacturing facility.

| Fadiial) s lical
G.n 2l ) il 65 Baaa dse L 400
dalial) il diaa) (e Ll g e Liall
o sl 8 LagalS of zilal) 3aga ol LY
Aa i)

Artificial intelligence (Al):-
Also called machine intelligence. Computer scien
algorithms cag
humanintelligence'and k

tognition and decision-mal

Loy elSA
) Ll oy
OJAQJ M

gy @ Jie) s A
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Augmented reality (AR):-
This new technology adds digital infe

-1 )l é\}“

\wsmuuuh‘ghaul\MJuLA‘gl’aMm

environmental information, disj I togethé EEE S S Cilka glaally i 48 30 5 0 o s Ly aid Aol
provide a composite picture thatils mUeA moEeanTo pnatidgy ~ - o A gaaliiad) ol Al (h i Y ) Y @Bl ol) AES (use

Unlike Virtual Reality, Augmenté@Reality- does L ; P ; _-~t‘_ 28 83l Cila glaal) g Lad) g Jalslly dse il
totally artificial environment, but ' | 8151 (e BlELsal)
information onto the real one.
o
Big Data Analytics:- ANE
Industry 4.0 operation relies on di
with a large volume of high quality
processed and stored at any poiht int
Analytics has enabled the Smart Facto
huge data sets to make associations and ]
trends. These can be used for purposes such as procee
scheduling, planning predictive maintenance a i;;m

prevention of bottlenecks. W .

y ;w\ Gl Jalad
A ojg.;i A5 Aay) ) e liall 5 6il) aaiad
i gl g Jaw < Bagal) Alle il (e S S
adaal) clibud) Jalad o€a a8 7 B N pa B g
| Cile gana (ra Jilgd) aSH 138 pua G " S

fal) cilga gl g Jalait) waas g (lgiu Jay) g 1)
Lual) Adadii) A5 Jadadl) g (LYY Ad gay B
Glﬁ‘i\&lﬁ\gu
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Bitcoin:- ‘ _ i
unknown person using the aliaSESEIESIENARAMOIO-=="~ - - - _ 5 JLASMIRA M) < 1) "5 a3 (555880 (o i) | laens

Transactions are made with nogl \‘gif"“&. B, s
banks! Bitcoin can be used in 0 3 | nd | _,'-,&%{f = Ty Us'“.m “H $ b; o
booking, etc. ' R W : . {7 FEN

Blended Workforce:- &&= } ? —radalidal) Alalad) (o gl
A labor force involving close colli bora \ eeffiuma ‘ PR % '\;y O B g Uglat Sy Jas gl
and intelligent machines in the fa ation« A AN gt ¢ AY) Lagudany 55 Guay
Examples include humans collabo A 5 jaall ) gl) i g ¢ dbuaal
factory floors or augmented reé\lity- N 5 Eaall Zul.u;S\ e Ll
technicians in complex repair tasks - ] - - E

%

. - £ e - . e g
Blockchain:- . _ e 99 ) JiS)) Adadu) G ‘{JL
A digitized, decentralized, public ledger of all’ @f”ﬁ . “ “ (M...u.d e .\
currency transactions, Constantly growing as ¢ W 84 Lant 4y Js Y dale M ) duala
blocks (the e o I ) 8 1) cDlanl)

| Lalall )
A LBia 0 4o )

added4erit'in chronolot
cipants to keep track o
without central recordkeeping.
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Cloud Computing:- =rdolad) A gal)
Using a network of remote serve t yol ataran the ™= =~ - ge ) clibul) Bial a0 A gulad) ad) gAd) Cra A0 aladiini)
internet rather than on your pe Juterhere’you  addidiiBBee o ) o duaddll (Sa g paddll g gulal
can use various services, such aSsoftw@re dévelopment S~ « Aslio o5 EE, “_:“ a BAlEY) — "Alad” gl — dutanad) dausall

platforms, servers, storage and /are, over:the | &8 P gl gss\ o alal) sk ciliaia Jia e i) e
often referred to as the ""cloud.”™ | e PN | - LO ALY @) gS1a
LN T a n \A.

Cloud Robotics:- oA ‘ — E' . .
««S«'Zi AT —rdaland) &b ga )

Shared intelligence. Nowadays s
computers utilize data and proce
as a matter of course. In the conte
too will be able to access decentraliz
in the cloud, thereby significantly boos
performance and flexibility.

i‘ e (389 Jand) dlaad) il gy g 1) (s
1) 53¢ 9 Asd) i) 5gd) aladind a gl gl
i 519 (Saien g ccnbibal) dallae il il
B 5 g Ll 535 B

% Adad) g cilgud) gﬁ

& g

Cyber Security:- = madd) Yl

The protection of interpet-connected systems, I NU dleadall 4aaiY) 4ilaa

hardware, s@ : A g yisyY
5/26/2023 268



Decentralized intelligence:- -1 5 38 M) el

Decentralized intelligence will playanlimportaiit role ine o " A delial) 56l A 5500 o IS U slSM) allaara
Industry 4.0. All parties can co hopearother - = = “aa ZHARRL Y Lpdn aa Jual sill e dil phaY) aan (pSaia )

workpiece with machine, machi pikd L ACblee aa g (5 AT A e Y g Al dpiial) A1)
higher-level processes. No centra -5 IS aSalhy o "ELaa" (538 padll) £ lSM aa gy Y g
monitor the things, but rather autofiRim yroductionuni - ail) 4003 L) “cilaa g iy a0 Ladf
will carry out this function for both'hi gene =18 " : it TR 438 o) oty cAilatiall 3 A0
homogeneous teams. Decentralit "f’ ¥ le O g 4l \ ;E b el pu’ oalily ) ghiid o 1S1Y) Lol

and quicker decisions. Intelligence evolyv , ‘ e ¥ Alad) pa & diad) Jual gill A
through joint networking with the > X A

Digital Disruption:- % . | () g 4B B g

An effect that changes the fundamental®e . A e 9 i) g (o gl J gl

behaviors in a culture, market, industry or pre ey gl ALU daald ) Sl g ga gl il g0
B

caused by, or expressed through, digital capabil §Y il S glod) g clad gil) (B s

channels or assets. W ; Adee ) delia

5/26/2023



Digital Labor:- -1y Jale
Smart sensors, machines (e.g. kg thgent/systems: - S A s s ki (S0 U ol g g NS ALY g e Slga
that can do parts of the jobs t | ‘i‘fr gsed 10 do.- - < - 3N Q s ) W) Ul 038 (4K Al Jaadl
W HE e s Y
. ﬁ 'f;‘i\-\f x:

A : , N "
Digital Native:- 7% - () bl ga
A person who was born into the, ....ﬁ‘:@.j; %‘ 8 panl) B Alg oAl el
They typically have a high level \| *; B (i), ) i B ol

¥ :‘. 1.-' hd

understanding of using technolg

Virtual Shadow:-

Virtual image of real things. The digite Sh.

image of a real object. These data contain DOtAME pall audagll g s pill Aol auda o) cliLaal) o8

status and the desired status of the object, the possible g 52 al) @ gl) el Giail Alieal) Cililaall g

and processes for achieving the desired status, anc i — - Al daa g J Jay
: : v

history of what the.gbje eady gone th

P ) Jb

252 54 (Al oAl Apad ) gl Ll ) B ) guaa
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Digital Supply Chain:- s daad ) 3)a) Al

Transcending e_tll bour}darles. The digital supply 5 _-«..: \V wiyll Jaad) Clpl ) ad e Jalealdl 08 sl Alada
merges the major business prog JAELISSTVOIVED — = = ol Mg diaall; ) )5 0a5 2 5ally Jedy— 4BMal) (5 53 i) laY)

from the suppliers to the man Baa ga daglila 3 — g )
customer. )

Digitization:-

The process of moving informatief 10N
be understood by a computer in @k
used in computational calculatic

+4iad 1)

S A ) e slral) g gad Agles
Anbeal) dilbles A Lgaladia g

Encryption \ N
Encoding a message or information in sti

: ) : ) .
authorized parties can access it. It is the methoe

D e o bl (a0 gl galall Gail) J gy
plaintext or any other type of data is converted fronya T oahdal) g B RA) Gl - lidey ) S Y B i
readable form to an encoded version that can

'-“"?ﬂ':v— . b O A giiad) L) La guad " cclilad) el
decoded by anotherentibaeif thev have access t@ j ’ = PRI

key. Encrypi ‘
especially for end-to-en

ross networks.

L : opdadl)
) Lgde adkay Y S claglaall gf Jibu ) b
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Factories of the future (FOF): , | : Jaial) ailaa

A revolution in manufacturing PrOgesses Daseti on AewEs= _.: SR L § S0 G o o585 giaill cililes 56
technologies and innovative co s CallEsmiart - - - - ol SRR 1 ) duall 5f SY) apiuailly ut.);\”u.wsj
Manufacturing or the Digital E -‘;g'r“ e. TheFa Uy - < B A RNEL [ PRV 2\4,;33 GRS U g (ifiaal)
Future is the product of fast chalgin g disy R b Blad g
technologies hitting manufacturie &'%; V/C

. S22 | .
Fourth Industrial RevolUtior 7 Anl ) e liall 35

- lv;

The Fourth Industrial Revolutionbuilc : " dua e day) ) dslial) 5 ¢l culhal)
Revolution, representing new wa log g Bladilaa) & g digaa Jilug de gana (A 9
becomes embedded within societie man: -~ - b8 3 9ed 3 9l oda Candily alual) A& Lge )5
body. The Fourth Industrial Revolutiot G - 3 9 Sl 4yl g oLkl cLSA) g il gy g S
technology breakthroughs in a number of SYAY) deludal) g oLl el i) g 4y gaad) ALESY
robotics, artificial intelligence, nanotechnology; JBALAY A5)Al) s jall g
computing, biotechnology, The Internet of Things'(|

printing and autonomous vehicles. 3
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Hologram: (sl i g a) > ol 98
A hologram is a physical struct 1iffus ghtinto "= — s gl 1 3l 98 gua ) ¢ gual) 4d Jsas AL IS
an image. The term “hologra 0 both fhe™™ " = = Ll ABIIS  sual) 45 ) (San g Aailil) 5 guall g 5 jddiall Sakall
encoded material and the res image ' '

Image can be seen by looking i
holographic print or by shining &
and projecting the image onto aS¢

FOSEe 5l B L Jauloly gl Bawuaa A g 5 ) g ) AL
SR Al e g ad dal 2 51 8

......

&,
o

. . . Te »& 4
Ay o) o S ke dgals
I e Jea) il e ey el 9 g

)

Human Machine Interface (H
A device or software that allows ¢
with a machine.

Hybrid Industries:-
The intersection between physical industries andi
technologies (e.g. precision agriculture, digita A,.- anufz
medical robotics, smart transportation). Y o

diaa clelia
o) cliudais (dad ) il dala clelia
LSAl) JadY g dudall il ga g 9 (Bl il g
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Internet of things (l1oT)

TSN v

A network of devices, vehicles, and iome applifinces Sat = == \os: o 11500 i 81 5 il yall g 5 329 oo Jon i A
contain electronics, software, at connectwity T SIRIRIL ) GSLaYL (il jaa g g g g ALY gk
which allows these things to confiect, iftera 4 gh TN }\‘_\a s L gt Jlua) Jalsi g Joo Lt g Ly Lasd
data. : I . ‘;’.: ;

Machine Intelligence (M1)iS
Advanced computing that enabl ,\';?,. ‘
with its environment in an intell “{ /
intelligent machine mimics knowléy

that would otherwise require hu

:‘_”,S‘\J\ e 1S
SRR 0ol (0 1Y) (S5 5 ghaita A g
f Qo o i) lS) 3 TG ¢ 83

By oS3 Balall b llats ) il

Machine Learning (ML)- ¢

The process by which intelligent devices | ‘theil _ 1Y) aladl)
‘knowledge’. Large amounts of data are processed to a8 dallaa ye 48 aall A8 5 jgaY) qilus)
recognize patterns, identify correlations and ..i"“‘ﬂtjga— S T8 el clBMal) aaaig b Sial) Wlail) e G peill
They can then dejgsisamemaakiasand react accol i Azamgmiadl] o U4 i) A Cra g
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Machine to a human (M2H). tobady) (A AN a
A system in which the function diumanfoperai AN a5 pial) (iudial) il g Agh (JalSIE oSS
machine are integrated. A - - - .~ v

--------

-----

Machine to Machine (M2

Also called Interoperability, this I
equipment to communicate with @a i
any manual assistance from humahs.

Ay A A e
@) o) Jaadl A8y L) e
8 (9% pard) Loy g Jual g3l

: : Jalidal) Bl gl)
Mlxefj Reallty(MR)” _ .-‘ el gt sh g " sngd) TSI Gl pas
Sometimes referred to as “hybrid rea R =¥ b Ay A0La g il LY (ual 0N ’;Ldg

r(::-alar)d v.lrtualworlds to .produce.‘r.ie. ' 3 B 3 pally ) il s gl g g7 i
visualizations where physical and digital obji Ll Lae Jo it

interact in real time.
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Nanotechnology:
The manipulation of matter o

; i) Aas

’’’

supramolecular scale, nanoteciiialogysmay JBDIE T0 Create ~ S Gl 9% il ol s stuual) (2 BaLel) ga dalatl
many new materials and devic L vastran 8. BV _ié.b-d‘ Cro Sl LSS (e L) 4SS (Say 108

77 o . ] e oG ol 9 . o " ™
applications in areas such as meWgine; eleetronics & : H A8 Z L) 5 i g A g lalls Cilaladia)

energy production

Outcome Economy:
A marketplace where businesses ¢
deliver quantifiable results that ma
than just selling products or seﬁyice‘
yield or machine uptime. Delivering cus C
requires sellers to take on greater risks. Vial
requires automated quantification capabilities i 2
by the Industrial Internet. =

7 il Mland)
2 28 e Ay ) ciless gal) g (BT (5 us
) (8 Lage (il aghy (el (ullll AL il
i b gil) Jia i g ccaa g ciladd i ciladiia &=
b gAY Jids baa gl cAadiiall Jaalaal) das
Aal) 048 § " pmilll (e aS) B lalda ASMgiuY)
2 L o gal) gy A il el 4] o a8

(S Lal

3
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I 59 Adeda
i laal) (e Rl tad el gy gl Jary 4 0l 48 ) gz

Robofactory:
Craftsmanship meets robotics.

factory, with its high degree of SS prodietioh, o RIREE ¢l 2 jhiaa (u; Aad e i A 4 lin)
craft manufacturing combines #ie Vigttes ofSicilled, - g~ -~ ONSRE R  alidi) g 38 B el gieall) Ll a g g

p Al B 3 32 L Aaiaal) clatial) uaiy L V)
Al g3 90 pdbaall gand 13y cay A
S dadiaal) claiiall s paldddl g
) Cra ST B0 gall Alle cilaiia

craftsmanship with a low level
manufactured products convince
distinctly unique character. Robgfat
advantages of craft manufacturif
mass product, making individualkand:
affordable for large parts of thes(

L U9
il gy A o) g ol AilSaa Al S <
(Ll 4l Ada) Adi olaal) plSl) 43
G e o) g LALAT L8 Baslicall gl W3 Jas
Badaa Cilgua 5 gLl of AV

Robotics: \
Electro-mechanical, biological and hybf}
by artificial intelligence that automate, augme
human activities, autonomously or according, to
instructions. .
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Robotic Governance: | S e 40 g1 g ) 4aS 9o
Creating a responsible future gefleration®™R?. - ~ " e St e

Robotic governance is a conce pther thiggs, = = "’t‘;“d‘tﬁjjjmw ?:f th:
considers the ethical/moral, s@ - '-f_m’; R . ‘;fL‘j; u":i‘ i;i
and socio-economic effects of rok s E““i &'&m‘ QM\JJJJA:
provides a framework for solvi )

these changes.

5% 1A g ) 36l
gial) Cya 3) 6l g g 1 A ppadil 3681 N 3a 3
"'\.SQJSSMJ Aiw 0. g allad) da g Sl ga g )l
L glaal) 4085 g < DY) dfaa) Al ilall Jilas
Aa_patiall dadl)

Robotic Revolution:
The disruptive force of robotics.
world. In the next 50 years, it will F
influence similar to the one exerted by
information technology over the past ““:‘a\

5/26/2023 278
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~ ‘ dradd Sligagy
ASSI LEntss \\&_'*-* W e c;\,'u\,,{ﬂ slaall ¢ \;'-J; QIJJ*J{S\ c.ual.a

SPLLS Sl g i JUal) Jusw o2 o)l L2y 2 s
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Service Robotics:

Robots enter daily life. Even today

are making everyday life easié Cic 'Y 5

robots, for example, have long ’I'é'; tablished" themselyes o AT IS gty cilasd AN AL gh Baa dia Galdl) Lialle

in our private sphere. They are " ASSi inthe = . g dsa N} Al ial) Adaddy) 3 A Laela Al

home —vacuuming, mowing the | 5 LA jab oSt g ccudiall Ja g zla
3 ¥ +4S3 diaa

- a4 Cilin & 4o lay) i) aladiu

As yet, their capabilities are moStiyNg REENY
2l g odaltina 48y Apald) Al g 3 5) gal)

Smart City:
The use of innovative technolog
environments to manage resour
sustainable way and create opporti

14a8) iy
Lal) cilibyd) cils Gl cclibadl SA) Jatal)
g8 o1l A Al cilibul) b Jaitiall duuilly

Smart Data: R

Intelligent data exchange. If Big Data is ’_thé"'()l o
then Smart Data is the fuel that drives the o‘f~'*‘:-~l‘m'

U |
.

: Q"EF" . DA aa Y LA L Ll clibad) g | Jalted) Tzl

future. Currently, data are just data. To turn g " e o "’? T L e

information o] ' = ‘ < 0 ¥
1€ CLEC ] . R

percepLie - : L Sl Gpallgs Jaiii

-‘4 o - . y 4 . .( .S‘)
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Smart Factory: (oS3 Alaa

Also called a “digital factory.” Usegs 0 JesCRIlE Tactories™ “= ~ <o o ghaal) 4y 2y gy e il plaal” Lyl (g
monitored by artificially intelli €S thatoverSee . AR aiall) Al o iy elkal) lSH) il 5
manufacturing. They have beefilealled*paraglisesof - g~ = = AGTRabElitn s (< (I8, 43 "Selisl) (g 4" (and
efficiency” because, by relying oMirtual preguict: Fints = -~ 41 & Bf 8 g ilal o salalie] aSay 4 jdall 3 ) gal

instead of physical prototypes, theyiwi amaticalfyiredu | e Agalad) i gdl)

the manpower required on the f

..A. -
y e o

Smart Platform: W 7 s I 8 ¥ 383 dad

New, intelligent platforms will be
implementation of Industry 4.0.

collaborative industrial processes ar
applications to network people, thing

sl L, Auald B 483 claie paciv
i) g 4 glail) Ao lial) cillant) acd e dayl
ALY g £ LY g ) oy ) Lgalilat 5 Lgilaad
% E =
- 2 asc Laia) &Y
yanl) Lgudan sy Ada g3 a9 4839 4y i) Y

Social Machines: -
Interconnected. Intelligent. Flexible. Machines.in production

which are intelligently interconnected, commun N . Ag— o L) s8 Jolitiy ‘%@M‘QS{‘ (e s
one another and cais eact 10 de | Al a3l Jaius L gamkingl 5.c ) oo

changes iag ,
alledSocial machines.
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| Taaldan Aldtl Aslala) dla
S iy Jal gl 03a aaiat Laniad ¢"ASAN duaiall" Ula) e

- '--\ S

SRR . L) Lallad (S () LgilSalid Basf g daglaia (paa
R0 cilatial) Jal gadl o3 Jay 5 e lial) Glad) g
Slgtinal) Alidady Lag (3 guad) g 55 (0 ASU

Ladd gail) g

Social, Mobile, Analytics, Cloud :
SMAC is an acronym for "'Social, Maobile, Amél
and is sometimes referred to a I
together, these technologies co
potentially very intelligent, succ

0 ALLS |

manufacturing context, these fac ?fj; 0 ), the
] 25 Ket
AL

end users, providing instant feedbae
and preferences which drives in

0
Standardization:
General requirements for reliable i
of any technical evolution, deferent sol
approaches usually compete with 'one afit
and propagated by various fractions, comt
companies.

,_ s omlaal) da g
) Cilida Bale fus B ki o sed Ja B
bia (pa 2 Y A g elgdu Lagh (il maliallg
Y Ll G (351 9a SR 2535 oased
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Three-dimensional (3D) printing: ralagy) ASDEY ds Lkl

Additive manufacturing techniquesused to créate three PR ) A5 cladia Aol 8 ALY aiall) b aladio)

. . . > ’ i Priits - R~ - ‘—"“‘ S I3 o - - T - et - "h' " L
dimensional objects based on “ Ccessivelayersof -~ oaxdigdan (550 plal) salal) (e 4l Gilida "de Ll 43,
materials. ’ i - I

Time to Market: ¥ e e ‘f- | milall Lealiag Al Saal)

Meeting customer requirements !d, \JUiCkdy; : s Sl ‘ 29 < ST Ae yu (il 3N cilalla Aty
market denotes the length of timiefro praent of X “\ % L5 ¢y geital) L ity 1) a3
product to its availability on thejmark € Ary ‘ G o ¢ el Lai i o) 13 : il piliaa (3
the future, this time, which is ofte the:saleS: - - ; A R “

Il ey Aam A zladll gaa Taaay A
tia, aa Joliil)y (5 gl il A LIE e
g el (3 ST A8 ny 5 yiial

success of a product, will be signit
effect: changing requirements and
volatile markets can be met with.corré
much more quickly than previously.

. . i) AL
Traceability: "” ally Cpaiiall g plA) 3 gal) gran @ o 380
Keeping track. TraceaRility here refers to the bwv | Oad Lol L) clatid) gl dneaal) i 48 ial
trace all ray ) AR L) Aol
individual parts or ass:
Jroduct and its consume
chain.
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Factories of the future

oy

E
(e.
b

Human-machine interface

g DLl BS7i gl




HMI

HRC

lloT
loT
M2H
M2M
Mi
ML
MR
RA

RM

Human-machine interface

Human-robot collaboration

Industrial internet of things
Internet of things

Machine to human
Machine to machine
Machine intelligence
Machine learning

Mixed reality

Reference architecture

Reference model

¥y 0Lyl O SR By
Slgglly il o Oyl
sl (LYl il

AV O
SRR

Y J) AN e

AV 6\l

Y el

Lol @H)M

L;:"""J"W.

A A ?"3-&5




Industrial Internet of

Perspective Internet of Things .
P = Things

. critical machines, sensors,

Connected consumer-level devices, . .
- . systems, usually with a high
things usually less expensive :
degree of complexity

Service model human-centric machine-centric

consumer-oriented

Applications . . industry-oriented applications
apphcatons
Communication . . : :
. essentially wireless wireless and wired
infrastructure
. . . a small number of a high number of
Communication . . .
A communilcation connectivity standards and
capabilhities i
standards technologies
Amount of data medium to high high to very high
s . . mission critical (oming,
Crinicality not stringent ( g

reliability, security, privacy)

usually no, dealing with
less time-sensitive most often has a key role
systems

Real-time
requirement




Perspective

Internet of Things and Industrial Internet of Things

Availability of
connected
devices

availability of affordable and intelligent devices;
connectivity brings the true value of loT and lloT,
ensuring monitoring, control, etc.; although they are used
to reach different goals

Architecture

| Collect | Store | Analyze | Share] architecture

cloud computing, communication technologies, (smart)

Technologies : ) :
) = sensors technologies, big data, advanced analytics,
involved : i
machine learning, etc.
the multitude of available standards and technologies,
interoperability, security and privac rotection, skill
Challenges P > Y P Y P y

shift for users, lack of experience and expertise for
developers, acceptance, capital




Digitization

Digitalization

Digital Transformation

Definition

Example

Process

Converting information R
_ Leveraging digitized data to
from a physical or analog = _
improve business processes
format into a digital one.

_ _ Netflix supported its
Netflix changed their _
_ ‘ ‘ customers by letting them
renting business by turning
) o select their CDs of choice on
cassettes into digital CDs _ _
_ ) _ its website before delivering
to improve movie quality _
them to their house

Manual process
(Step 1)

Semi-automated process
(Step 2)

Implementing a series of technological and
human changes to restructure the existing
business models, thereby leading to new

opportunities and values for businesses

Netflix switched from a DVD-by-Mail
business to an online streaming platform
that operates automatically from user
subscription to movie watching. With
machine learning and Big Data technology,
Netflix can recommend movies based on
user's viewing history to further enhance

user experience

Automated process
(Step 3)



Digital Transformation

Usage of Digital Products

N

Digitalization

Automating Business Processes

\

Digitization

Digitize information




rospect

nternet o

1ngs Industrial Internet

of Things

[Linked things

Service model

Communication

capacity

Communication

lransportation
Amount of data

Evaluatuve

User-level devices,
basically not much

expensive.
Human-based

A smaller number of
communication standards

Twvpically, wireless

Medium to high

Quite trivial

Costly machines,
SENsSOrs, systems,
basically with high
degree of difficulty

Machine-based

A large range of
connectivity
technologies and
standards.

Both wired and wireless

High to very high

Becomes serious (iiming,
securily, privacy
reliability)



Cloud Computing

1T
Cybersecurity

I Mobile
N Technologies
Cognitive
Computing

RFDI (
Technologies ' RFID
@ 3D Printing

Machine To
Machine

Internet of D
Things

S24

Big Data Analytics

Advanced
Robotics



Attribute IndustrialloT

Market Opportunity Brownfield (known environment) Greenfield (unchartered domain)
Product Lifecycle Until dead or obsolete Whims of style and/or budget
SolutionIntegration Heterogeneous APIs Vertically integrated

Security Access |dentity & privacy

Interaction Autonomous Reactive

Availability 0.999910 0.99999 (4-59's) 0.99t00.999 (2-3°9s)

Access to Internet Intermittent to independent Persistent to interrupted
Response to Failure Resilient, fail-in-place Retry, replace

Network Topology Federations of peer-to-peer Constellations of peripherals

Physical Connectivity

5/26/2023
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Requirements

Enterprise IT

Industrial loT

What's Protected

Data

Physical Processes

lm pact Area

Disclosure of Information:

Financial Loss

Safety, Availability, Financial,
Environment

Security Objective

Confidentiality & Privacy

Availability & Integrity

Operating Systems

Windows, Linux...

Windows at HMI, RTOS At
Field Devices

Awvailability Requirements

P9%

99.9% to 99.999%

System Lifetime

3 to 10 Years

5 to 25 Years

Logging & Forensics

Standard Practice

Limited

Patching

Standard Schedule; Can Be

Expedited

Mon-5tandard/Possible Long
Time Between Updates
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| \%h.
Cyber \

- : \
.. Security g

Computing

Integration

agf
Augmented °# imulation

INDUSTRY
4.0
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