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Industry 4.0
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First Programmable
Logic Controller (PLC)

> ‘Q N Modicon 084

) 1969

.
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4. Industrial Revolution
based on Cyber-Physical

Systems )
4th Industrial

Revolution

3. Industrial Revolution
by electronics and IT for
enhanced automization in

3rd Industrial
Revolution

First assembly line production ‘E‘
Union Stock Yards 1870 o
o
2. Industrial Revolution E
by introduction of shared . (&)
First mass-prodution with help 2nd Ind us_trlal B
mechanical loom of electric energy Revolution E
1784 3
1. Industrial Revolution
by introduction of 1st Industrial
manufacturing plants -
with help of hydro power Revolution
v and steam power WV W W s
End of Beginning of Beginning of the Today time

18th Century

20th Century

1970s



findustry 4 1,»

oS Canl (2ol 4 olitwd jelale 4 > (65)S09) Al Cuns HI 5 S Ao 0 Cg )l SH L g L (GeleiSS S pylar Canto
D09 s yuwd BB i Jlw oo
Lo 03dluzud Crows 4 Cuwl (S pylhs simo O]

WDy P 0y .3..:9.w ool ulf.&.«f&.ly 4\1#»9

ol A8 (gla oald j eolaiwl b wilg o o i 3i0dj 08 sla o g S gla 00ld dino) jo 48\ g (sld i SaS
S lis a8y calisee Lol a4 ey ay b )] SKeST L gy a5 05l cawnd 4 olo i

25 3Ll 555 aolio s 4 Wlgi oo g 0351 )55 B el 31 (59955 ol (ol (gliye;



. Y
df/fd m/f:_“f.ég/ b

7 A J-"«M @;’lg’ g

S Sl W”‘ &‘}g‘wé\%ﬁ‘ﬁ)%w

sinlgs J15)05 0 Y5 oa 5 ¥ w0 Wb 55 5l polen camtio j3 (93)8 (sla ($5909iST 3L YoV Jlo UKPMG g 485 )90 slogawyp wlol
g

Ngr yaakee FFO o5l 4o imio Sladgr jisu (g)glogw el aid iy (¢590eiS ol 5l ooliiw] adly e LSSl g ols b.o-l &S iyliS bl 4
5,5 Aalgd sbul Jad Jlie WO 4 K05 picren ¢ A Jalgs



. Y
df/fd /!o/f:_“f.ég/ b

7 A ;L‘M @;’lv’ g

AJJ\A&L\SJDZAMQ&JJAS@LA ijgﬁjﬁimgm’eJ%Mdéﬂ&g&J%

Mobile devices

. ™
Cloud computing ( e loT platforms
() (:

Augmented i
reality/wearables . ™

h

lf Q-\' Location detection
\_¥_/ technologies

Multilevel customer /E\
interaction and \ '

customer profiling

7 é!‘\ Advanced human-machine
\_/ interfaces

Big data analytics |
and advanced

algorithms Authentication &

fraud detection

Smart sensors

3D printing



UL’/‘U’ /M/'/}_// G}: ///
‘j»b;..ab"ﬂo’uf L

e ga AJLA S

Digital Supply Chain
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A Vocabulary of Contusion (Work in
Progress)

Sensor
Management
Resource Management
Processing Control
Management
Estimation
Planning
&— Complex Event
Processing
Correlation

Event Stream
Processing

Adapted from: Steinberg, A., & Bowman, C., CRC Press, 2001



Internet of things



‘ 4o A
Uf//f U /Jo/:/:-“/“:.ég/ b

‘;,,d,.-,eﬂu;w;{c

T Cam Ll €O )

o )l58] p 5 o Sg Sl slaalial ay Ll opl 51 plaS™ yo cail o glosd b gl sl daolSiws (ygmmad (SO 548 sloil 5l (ol aSiuds Ll i )
23S bl g (6yglaen 1y b 03l 35l o B 1) Ll 48" 33l o jaome 4K 4y Jlasl culsls g s jguins

13



. Y
df/fd m/f:_“f.ég/ b

7 A J-"«M @;’lg’ g

§ oS o3liiun! Ll O il 51 1y

Sy Cwods e Blg o izl p o 03l Jold @ )L e 00 b &S oo & uaite Ll (gl 4S5l oolal
LS bl (gt ()] (ioren o W)l

23903 0yl i 3)lge 4 lei o Ll iyl eolatwl sUlse

o 2l i 42pn Copie
u.QLw’] L;l.mlh&- Q:b.i}b).g L‘)L.a )‘l

2

0 Gl yeel Jagensd Cpimon 9 YL (2050 sl

14



~ T R4
Uf//fd m/./)_“f.‘.(‘;(ﬁ/ b

g3 A Jém au I5” /J'I.( l

Lo &6 ! 150

A3 o s YoV Jle po Ll co il aine j0 (Y yaako YY) 0 ploul (sla aja a) cuns 1y (6000 VO il 58] &S sy dlgs Y4 VA

15



cj‘(.//f dﬂo/:';_"/“?.éé}: ,//
‘;,,c;,.-;g";m;{g

o (5 a9 Ll &3 i

Predictive Analytics Enhances the Value of loT

] e A

puli—— e | & OSSR
| fon 1= B 4 - N\

= Smart Supply Chains: = Smart Manufacturing = Smart Demand Chains

* Risk Analysis * Predictive Maintenance * Demand Planning
* Delivery Optimization * Quality Improvement = Customer Experience
= Supplier Assessment = Anomaly Detection = Social Sentiment

= Asset Optimization * Warranty Analytics

* Root Cause Analysis
* Machine Learning

16
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Size in 20251
$ billion, adjusted to 2015 dollars

Settings Total = $3.9 trillion—11.1 trillion

@' -))) Human

170-
1,590

B owestimate [ | High estimate

Major applications

Monitonng and managing iliness, improving
wellness

200—

Home 350

E-

Energy management, safety and security,
chore automation, usage-based design of
appliances

environments

410-
1,160

Automated checkout, layout optimization,
smart CRM, in-store personalized
promotions, inventory shrinkage prevention

Offices

Factories

N S

P .

1,210
3,700

Organizational redesign and worker
monitoring, augmented reality for training,
energy monitoring, building security
Operations optimization, predictive
maintenances, inventory optimization, health
and safety

Worksites

160—

Operations optimization, equipment
maintenance, health and safety, loT-
enabled R&D

Vehicles

Condition-based maintenance, reduced
insurance

Q30—
1,660

Public safety and health, traffic control,
resource management

Logistics routing, autonomous cars and
trucks, navigation

21
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The Internet of Things & Manufacturing

« |oT applications in mfg. and factory settings expected to
generate $1.2 to $3.7 trillion of economic value annually by
2025.

* |oT will revolutionize manufacturing processes.

* |oT will revolutionize manufactured products and product
systems.

22
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loT and Manufacturing Processes

loT will generate 4 primary forms of value in terms of
manufacturing processes:

1.Supply Chain Management;
2.0perating Efficiency;
3.Predictive Maintenance;

4.Inventory Optimization.

23
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loT and Supply Chain Management

="|0T can help manufacturers better manage their supply chains.

*BMW: Knows the real-time status of all machines producing all
parts/components from all suppliers going into vehicles.

=Toyota: Reduces recalls by knowing exactly what machine
produced which components of which vehicles.

*HP: Integrates network analysis and data visualization into its
supply chain management and monitoring; has reduced the time for
supply chain management projects by up to 50%.

24
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loT and Manufacturing Operating Efficiency

"|0T provides manufacturers a comprehensive view of what'’s
occurring at every point in the production process and helps
make real-time adjustments.

=Will increase manufacturing productivity by 10-25%.

*Producing up to $1.8 trillion in global economic value by 2025.

25
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loT and Manufacturing Operating Efficiency

Explosion of low-cost sensor technologies has made every manufacturing process
and component a potential data source.

»Ford: Placed sensors on virtually every piece of production equipment at its River
Rouge facility.

=GM: Uses sensors to monitor humidity conditions during vehicle painting; if
unfavorable, the work piece is moved elsewhere in plant or ventilation systems
adjusted.

=Raytheon: Keeps track of how many times a screw has been turned in its factories.

=Merck: Improves vaccines by conducting up to 15 billion calculations to determine
what environmental and process factors influence quality of final product.

26
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loT and Predictive Maintenance

Monitor the status of production equipment in real-time.

"|ntel: Uses predictive modeling to anticipate failures, prioritize
inspections, and cut monitoring costs, save $3M.

»Ford: Downstream machines can detect if work pieces they receive are
off in a particular minute dimension, indicating possible problems in
upstream machines.

=GE “Brilliant Factories” initiative doubled production of defect-free
dishwashers and washing machines.

ANALYTICS
DESCRIPTIVE DIAGNOSTIC PREDICTIVE PRESCRIPTIVE
CAPTURE EXAMINE DETECT PATTERNS IDENTIFY
PRODUCTS’ THE CAUSES THAT SIGNAL MEASURES
CONDITION, OF REDUCED IMPENDING TO IMPROVE
ENVIRONMENT, PRODUCT EVENTS OUTCOMES
AND OPERATION PERFORMANCE OR CORRECT

OR FAILURE PROBLEMS

27
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loT and Predictive Maintenance

loT expected to reduce factory equipment maintenance costs by up
to 40%.

=Expected to reduce equipment downtime by up to 50% and is
expected to reduce capital equipment investment costs 5%.

»Generating economic value of $630B annually by 2025.

28
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loT and Inventory Optimization

loT helps manufacturers better manage inventory.

*Wurth USA: Developed an “iBins” system that uses intelligent camera
technology to monitor the fill level of a supply box and wirelessly
transmit the data to an inventory management system that automatically
reorders supplies.

=|0T can drive inventory optimization measures that can save 20 to 50%
of factory inventory carrying costs.

29
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Other 10T Apps. In Mfg. Processes

Safety: 10T applied to devices and workers (e.g., badges) can alert
or even halt equipment if in too close of proximity.

=|_everaging data on factory equipment for usage-based design
(improve equipment performance or reduce parts needed.)

30
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Maturity Scale for Smart Manufactured Products

Capabilities of Smart, Connected Products

The capabilities of smart, connected products can be grouped into four areas: monitoring, control, optimization, and autonomy. Each builds on the praceding one; to have control capability, for example, a product must have monitoring capabilty.

Autonomy

Optimization

Sensors and external 0 Software embedded in the 9 Monitoring and control Combining monitoring, control,
data sources enable the product or in the product capabilities enable algorithms and optimization allows:
comprehensive monitoring of: cloud enables: that optimize product + Autonomous product
« the product’s condition « Control of product functions operation and use in order to: operation
« the external environment « Personalization of the user + Enhance product + Self-coordination of
+ the product’s operation experience performance operation with other
and usage + Allow predictive diagnostics, products and systems
Monitoring also enables alerts service, and repair + Autonomous product
and notifications of changes enhancement and
personalization
« Self-diagnosis and
service

32



Asset management
(diagnostic and prognostic)
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Introduction
Prognostics and health management (PHM) is a new engineering approach that Enables :
« real-time health assessment of a system under its actual operating conditions
« prediction of system future state based on up-to-date information by incorporating various

disciplines including sensing technologies, failure physics,machine learning, modern statistics, and

reliability engineering

It enables engineers to turn data and health state into information that will improve our knowledge on the

system and provides a strategy to maintain the system in its originally intended function.
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Main steps of the PHM

The main steps of PHM include :

Health
management

Data
acquisition

Diagnostics N Prognostics

« data acquisition

» diagnostics

. Collect condition What is the fault What is the Optimal
* Prognostics S L
monitoring data & and how severe remaining useful management on
« health management extract features is it? life? maintenance and
logistics

37
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» data acquisition

The first step is data acquisition, which is to collect measurement data from
the sensors and process them to extract useful features for diagnosis.

» diagnostics

The second step is the diagnostics, in which the fault is detected for any
anomaly, isolated to determine which component is failing and to identify
how severe it is with respect to the failure threshold.

» Prognostics

Third step is the prognostics that predicts how long it will take until failure
under the current operating condition.

» health management

The last step is the health management to manage in optimal manner the
maintenance scheduling and logistics support

38
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OSA/CBM

Among the standards proposed for the PHM process the Open System Architecture for Condition Based Maintenance
(OSA/CBM) is the most popular, which consists of six phases or layers:

« data acquisition : which is concerned with the activity of measuring data using a variety of sensors

« data manipulation : which performs processing of raw data which then feeds into the condition
monitoring layer.

« condition monitoring : this layer calculates condition indicators and provides alarm capabilities for
anomaly.

* health assessment : uses the condition indicators to determine health status describing
how bad it is in quantitative manner

« Prognostics : In this layer, an estimate of future progress is made including the remaining
useful life .

« Data acquisition : Decision-making layer is to produce suitable measures for replacement,
and maintenance activities based on the data from the previous layers.
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PrognostiCS ais; ;5 oalitwl )50 by w0 43 (6950

In general, based on the usage of information, prognostics methods can be categorized

into two approaches :

* physics-based P 6 e e,
rognosies . degradation & RUL Prediction |

_______ 4

para.
|
) degradation Data Physics with
Physics-based ( + Usage conditions ||  Physical model
( (%EEM h % degradation Data Extrapolation with
: roache eqgradanon wi
Data-driven aggtéﬁat'i:ﬂ? (training data) Mathematical function

C D
C physics-based efficient
Hybrid approach|( = +

data-driven C

« data-driven approaches Approaches '
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physics-based Approaches :

Physics-based approaches assume that a physical model describing the behavior of degradation is
available and combine the physical model with measured data and usage conditions to identify

model parameters and to predict the future behavior.

Since this approach needs to capture physical basis of failure in model that relates the forces

that cause damage to their effect, it requires a detailed understanding of the problem.

41
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physics-based Approaches :

« The most important advantage of physics-based method is that the results tend to be intuitive because they are

based on modeled phenomenon. Also, once a model is developed, it can be reused for different systems or
different designs by tuning model parameters. If incorporated early enough in design process, it can drive
sensor requirements; that is adding or removing sensors. The method is generally considered as

computationally efficient than the data-driven method.

» However, the advantages of physics-based approaches can also work against them. For example, model

development requires a thorough understanding of the system. If any important physical phenomenon is
missed, then it can lead to failure of predicting degradation behavior. Also, high-fidelity models, especially

for numerical models, can be computationally intensive.
42
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Much
data

Few
data

Availability of data

Low High
reliability reliability

Reliability of physics model
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Industrial Applications and case studies

« Manufacturing applications
* Heavy vehicle and mining application

* Power generation application
» Aerospace and defense applications

» Automotive and electric vehicle application
» Railway applications

44
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