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Today’s factories are not efficient

If there is one decisive metric in the manufacturing environment, it
is the OEE (Overall Equipment Effectiveness).

It measures how effectively a manufacturing operation is utilized
compared to how effective it could be.

Average OEEs run at 60-70%. Today’s world class OEEs are around
85%.

That means that even the most effective factories today lose 15% of
time on non-value-adding tasks like machine changeovers, stoppages,
maintenance, and production of faulty products.

The monetary equivalent to a one percentage point increase in OEE is
gigantic for every company.



PwC survey (1/2)

The survey highlighted the importance of Data Analytics
in our clhients’ decision-making processes over the next five

years

83% of respondents expect data analytics
will have a significant influence on their
decision-making processes in five vears’ time

*  33% of respondents expect this change to
happen in the next five years

50, 83
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PwC survey (2/2)

Companies all over the world are expecting to dramatically increase digitisation over the

next five yvears

Lt‘,

4

Americas

Europe, Middle East & Africa

(32,

Level of digitisation today

(36..

Level of digitisation today

(30,

Level of digitisation today

749

Level of digitisation in five years

G-

Level of digitisation in five years

Level of digitisation in five years



Internet of Things (1oT)

Smart Home

Smart Building Smart
Factory
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Industry 4.0 and Internet of Things

Internet of Things
The connection of physical
objects to the internet
enables them to publish
and access information in
mission-critical and non
critical applications

Making Sense of the Trends

The big picture of loT and Industry 4.0

Internet of
Things

Industry 4.0

Source: Daniel Sontag

Industry 4.0

Use of cyber-physical
systems to enhance and
automate the value chains in
manufacturing companies

Common Concepts

Data Management
(

Connectivity, Communication
Device security, Secure Cloud
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The future of Industrial loT

Many market researchers such as Gartner, Cisco and
PwC consider the industrial loT as the IoT concept with
the highest overall potential.

However, it has not gathered yet the interest that
smart homes or wearables have gathered, due to the
high investments required and the long periods of
Implementation needed.

The 2/3 of loT benefits will deal with Industry and the
1/3 with consumer benefits.



Industry 4.0: Revolution or Evolution?

"The electric light did not come
from the continuous improvement
of the candle.”

“Technological  innovation  is .
continuous and the concept of a THINGS )
“revolution” is based on a lack of
knowledge of the details.”
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Clash of two worlds

. “Machine Guys*“ meet “Internet Guys®.
5-year-thinking vs. continuous beta.
" loT needs both worlds. [

\

i

" How to build bridges? |

\
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¢

|- §

Source: www.enterprise-iot.org




Revolution or Evolution? —The answer

Evolution or Revolution ?

Revolution on Business Level

Interoperability/Standards
IT-Security/Industrial Data Space®
/ \ Dependability and Latency
/ \ Machine Learning/Data Analytics_,.f’/

/E”:”:”:”:":I \ Human-Machine Collaboration

Automation
Pyramid

Evolution on Technological Level

o |\
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0dagao

Service
Network
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Industry 4.0 pillars

B>, % » _-IE-‘:[Egi cs )
nternet of Cloud
the Things (loT Computing (

<




Cyber Physical System (CPS)

CPS systems require seamless integration between computational
models and physical components.

Each physical component and machine will have a Digital Twin model
in the cyber space composed of data generated from sensor
networks and manual inputs.

A CPS can be constructed by
following the “5C” architecture,
which serves as a guideline for
the development of CPS for -

industrial applications | Tt communcater

Sensor network

« Sman analytics for component machine health and muitl-
dimensional data correlation
+ Degradation and performance prediction
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Digital twin

PHYSICAL ; DIGITAL

vy DIGITAL TWIN Access

A ez~ S52Sp= INE

Contextual Sensors

Integration Data Artificial Notifications
information (pressure, middleware  ingestion intelligence
(social, — temperature,
flow, etc.)
b= GD\ =
MES { OI) BAM Data Cognitive Visualizations
software software lake engines
. ?‘ctuatol{s
( raulic,
@ electrical, @ 8 &
mechanical,
CAD thermal, Service Legacy Hybrid Dashboards
etc.) bus data models
Source: Deloitte University Press.

Deloitte University Press | dupress.deloittecom g rce: Deloitte University Press, Deloitte University Press | dupress.deloitte.com
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Reference Architectural Model

for Industry 4.0 (RAMI 4.0)

Platform Industrie 4.0




Platform Industrie 4.0
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Working groups

Main topics

Chair: Chair: Chair:

Kai Garrels, Johannes Kalhoff, Michael Jochem,

ABB STOTZ-KONTAKT GmbH Phoenix Contact Robert Bosch GmbH

Chair: . -

Dr. Hans-Jurgen Schlinkert, Cha',r' Chair: .

ThyssenKrupp Martin Kamp, Prof. Dr. Svenja Falk,
1G Metall accenture

https://www.plattform-izo.de/ 20



https://www.plattform-i40.de/

Industry partners involved
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RAMI 4.0 is a three-dimensional map showing how to
approach the issue of Industrie 4.0 in a structured manner.

RAMI 4.0 ensures that all participants involved in Industrie
4.0 discussions understand each other.

RAMI 4.0 1s a SERVICE-ORIENTED ARCHITECTURE.

RAMI 4.0 combines all elements and IT components in a
layer and life cycle model.

RAMI 4.0 breaks down complex processes into easy-to-
grasp packages, including data privacy and IT security.

23



Axis 1 — Hierarchy: The Factory

Entreprise The Old World: Industrie 3.0
Work _
Centers . n TEX - Hardware-based structure
h="
« Functions are bound to hardware
Station o - Hierarchy-based communication

* Product is isolated

Control
Device

Field Device

-
g

Product %
O™
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Axis 1 — Hierarchy: The Factory

The New World: Industrie 4.0 Connected
World

« Flexible systems and machines

« Functions are distributed
throughout the network

- Participants interact across

- Smart
hierarchy levels Factory
« Communication among all
participants
* Product is part of the network
Smart y
Products e
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Axis 2 — Product Life Cycle

Layers Lieg

It J:‘B\&.M ’ ' a"];.’fkcbl s
) 'é‘

The Product: From the First Idea to the Scrapyard

Cevopnent Y Usaze g

Type Instance

Construction Plan: Construction Plan: Production: Facility

Development Software Updates Product Management:

Construction Instruction Manual Data Usage

Computer Simulation Maintenance Cycles Serial Number Service

Prototype Maintenance
Recycling
Scrapping ...
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Axis 2 — Examples

Layers

u’(y(l‘\ = . - 512
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Maintenance
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Maintenance
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Instance

: Maintenance

Instance
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Axis 2 — Examples

Maintenance : Maintenance
pecopnen
Type

Instance

Production

Maintenance i i Maintenance
Al b
Type

[0) Instance

@ T
l%hAE Production
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Axis 2 — Examples

Layers

u’(y(l‘\ = . - 512
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Axis 2 — Examples
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Maintenance
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Service
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Axis 2 — Examples

Maintenance : Maintenance
oevopme
Type

Instance

[ = |
—

Construction plan

; Maintenance
E e —2

@'QC‘ Type Instance
|%||.AE Construction plan
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Axis 2 — Examples

Maintenance : Maintenance
oevopmar
Type

@'@t‘ Instance
|%|IAE Model maintenance
Maintenance . Maintenance
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Axis 2 — Examples

Maintenance - Maintenance
oevopmen
Type

Instance

Model maintenance
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Maintenance Maintenance
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Axis 2 — Examples

Maintenance : W ETICHELH
oevopmen
Type Instance

Model maintenance
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Axis 2 — Examples

Maintenance : Maintenance
oevopme
Type

Instance
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—

Production
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Maintenance N
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Axis 2 — Examples

Development Malteraice Production Renpnance

Type Instance
Construction plan: Model maintenance: Production: Service:
Development Software updates Product Maintenance
Construction Instruction manuals Quality data Optimisation
Computer simulation Product changes Serial number Updates

Prototype Troubleshooting

Recycling
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Axis 3 — Architecture

Organisation and Business Processes

‘Q-

Functions of the Asset

Necessary Data

Information

.

Communication Access to Information

Transition from Real to Digital World

® %

Physical Things in the Real World

%
]

Picro)



Axis 3 —Architecture

Basic questions about the business idea

Organisation and business processes
Functions of the asset

W Necessary data

Communication Access to information
A

Integration of assets into the world of it

M “Things” in the physical world

38



Asset Administration Shell

Platform Industrie 4.0




Who provides interpretation?

The Administration Shell...

... isthe interface connecting
l4.0 to the physical Thing

... stores all data and
information about the asset

... serves as the network’s
standardized communication
interface

... is also able to integrate
passive assets

40



The Roles and Responsibilities of

the Administration Shell

Each physical thing has its own administration shell.

Several assets can form a thematic unit with a
common administration shell.

Station Control Device Field Device




The Industrie 4.0 Component

Each object needs its own administration shell
that allows its integration into Industrie 4.0.

RAMI 4.0 14.0

Communication

 The connection takes
place over the 4.0
Administration communication

* The administration shell
forms the digital part

|
Thing
(e.g., machine)

Digital World

Communication

« The Thing forms the real
Ol e part

i

Real

42



Administration Shell implements

the Digital Twin

Digital Twin
]
. Definition 1: Digital representation of a
' physical asset
Definition 2: Simulation model
Ok s

A

43



Administration Shell

The Administration Shell. ..

4

Integrates the asset into Industrie 4.0
communication.

Is addressable in the network and identifies
the asset unambiguously.

provides a controlled access to all
information of the asset.

IS the standardised and secure
communication interface.

can integrate intelligent and also non-
intelligent (,passive”) assets (without a
communication interface), e.g. via bar
codes or QR codes.

4t



asic structure

Asset, e.q.
Electrical axis

Booesson information ‘ and functionalities

Identification Asset

Identification Administration shell

Submodel 1 e.g. energy efficiency

Praperty 1.1
Praperty 111
Property 1.1.1.1
Property 11,1.2
Property 11.1.3

Complex data

Function

Submodel 2 e.g. positioning mode

Property 2.1
Property 1.1
Praperty 21.1.1
Praperty 21.1.2
PFroperty 2.1.2

Submodel 2 e.g. CADmM odal
Proparty 11

Froperty 31.1
Property 31.2

Function

Funciion

Data (CAD)

Complex data

Fumnction

Function

Complox data

Data [CAD)

Strict,coherent format

1 )

Runfime data
(from the Asset)

Different,complementary data
formats

Source; VEISGModelle & Standards
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The generic structure of the meta

iInformation model

Access on information and functionalities

. ID Asset(s)

' ID Administration Shell

Submodel 1 e.g. energy efficiency
Energy saving mode [1,2,3]

@ Cumulated energy [Wh]

@’ r Patential savings [%]
FAY S

Submodel 2 e.g. positioning mode
Positioning mode [0-2]

Average pos. error [mm] m

Administration Shell with its
identifier (“Internet adress”)
and submodel elements

Asset, e.g. electrical axis

.

-

T
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Submodels

Submodel = aggregates
information that belongs together

»

Submodels combine different functional
aspects of an Industrie 4.0 component

Basic submodels (standardised): apply to

many assets in the Industrie 4.0 world (e.g.

catalogue data of products)

Free submodels: agreed between partners
In the value chain for a specific use case

Submodels should always
be linked to a use case
that creates value.

An Administration Shell
may contain many
submodels.

Aim: To develop one sub-

model for each functional
aspect.

47



Submodel elements / Properties

Submodels contain submodel elements ﬁ “‘,1':'~','1";;';1

(Submodel elements include e.g. properties.)

» Product properties in terms of IEC61360-1 or ecl@ss

» Process variables and parameters, telemetry data

» References to external data sources or files

» References to other Administration Shells and their parts ’
(submodels, properties), also from external partners in the value chain

» Capabilities of the asset, description of method calls

» Sets of properties, e.g. lists or arrays >

48



Examples

Hypothetical production planning and control system (MES) | Identification | |1 Drilling |
| Communication | 1| Milling |
=
=3 | Engineerin ||| Deep drawin |
3 g g g p 9
14.0-compliant communication o O I Configuration | | | Clamping |
p—— 43}:_", }, - g g | Safety (SIL) | | Welding |
L | 29
j ( .g ® | Security (SL) | |1 Wet painting |
= ©
< § | Lifecycle status |1 Assembling |
rSGbmode T : T~ : rSGbmede T : |__Energy efficiency I ___Inspecting _}
" " | ' w " ' " " '
' MES connection : ' MES connection | ' MES connection ' [ Condition monitoring | [ DrSEAREIRRAIFE] ]
1 1 L} 1 | L]
A vy oy AN ) | R s ey, gl | | S e oy =7 0 '
| Further .... | || Further ... |
rSubmodel | rSubmodel T " 1Submodel T :
| “Energy efficiency” | i "Energy efficiency” | | "Energy efficiency” | : [re=— _ :
" - : L - A »ls @ manufacturing process| Drilling| possible, having
S S S A QRN Ao iy ot 0 \ A N R ity i (e s o o o e A ' -
e e : SR . S e e . work piece dimension = 500x300mm/|, a
:Submodel ' :Submodel ! :Submodel i =S
1 “Driling™ '  "Drilling" i 1 "Drilling™ | core diameter of = 12mm|, a
L] ' . | ’
| ' ' 1) . | Y
e ! e : e S ' ‘material V2A steel 1 , taking | processing time =< 3sec | ?«
" ! PEISE R AT sy s o f s e VT LT S U S e e o 1 [
 Submodel + Submodel
A . : | "Discrete manu- | "Drilling"
Er Dl Enes Drlin Energ, “Driing
cmslm:nr actn:? cms::?c{ncm acrn\::@? -:xar\s::v’wi\{.-on acrl‘w:? s E'ac“" ing process” ' e

'
'
'
'
§ XAATZ3 - work piece dimen [mm'] § XADT6S - Manariavs [0.°]
'
‘

' '
' )
] '
| |
' )
] ’
: XAB112 - Processing time jsec) : XACI24 - Core diammier fmm) :
' '
| |
' '
. '
J J
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Overview of the Administration Shell

External requirements

Technology-neutral
UML model

RAMI4.0 -
Exchange
formats

Asset Administration Shell
Representation

Data Exchange Format/
Payload

Concept Definition
Enterprise

Work Center
Station

Control Device
Field Device

Product

AutomationML Security by
Design

Communication
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Leading picture for Use Cases: a

three step value chain
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Picture Hoffmeister/ Jochem, according Epple, 2016
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Use Case: Information about

Products ("Types")

Supplier has two products: a drive = E&ﬂ' Operator sommtor
and a motor. nemal
Design information about these Receive [:__‘::]-"'
. = ' A e
product types is held in 5L
- = - - - Verteits
administration shells in his system. Repositories T\
., C3 - C4
>=h- IS
T
master 4.0-
i { Iatform
C
| S
( - ~. 03
= X = A e | [ |
.%I: :4::; consolidate ! Compasite |
O u| O n production
" product .%I: %I ! line
elivery ]
Ei ~E2_ P — | [~E2_~ ~F2_~p| — | [~F3_~ ' F4 (D4".E4") —_ (Y
— DS B e | == | Le) 1 =) — O
= consclidate consolidate| | | (’22“**
sy | B U= g I= = | ' ()
e 0= | — | o=0 H—+— +
” (a0 N _, - J e - .;:—':
- = - o
—a ! | ]

Picture Hoffmeister/ Jochem, acco rding Epple, 2016
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Use Case: Information about

Products ("Types")

— | — ' — .
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= et consolidate makes a package and hands it over i ll @x
L = | — | = i !
o | to the Integrator. - O
i o ~ E i "
______________________________________ i I G4 — -‘_
| J -
=
| |

Picture Hoffmeister/ Jochem, accol rding Epple, 2016
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Use Case: Engineering with Product

== |=oo;, Supplier 2 .l Integrator ReL:s oy ] e ﬁl e commtor
T ema - — e -
P (12 e
Publish Receive Composite | Publish Receive f-—--
Type maching E 6_3';___ —

Al
~ A2 7 > S~ A3 - i ;l ] \
- i i ] Verteite
1 . ’/./ e » -~ ‘\‘x T \ 1 Repcsitories\

" N | composite product.
He can engineer his composite
' product with these “virtual twins”.

T | AT
product L f=
type
S o% .
o . A Composte ¢ Integrator reads information into his
J r\}“ﬂ?{/JI — 333/‘:] { 04 ] Instance machine | : )
el — | LA — | L5 o h | admin shells, and engineers a
ﬂl () consolidate | %I ’
'

product '%

_ F|— | T
delivery |
o= Sed =2 D\ =
< T 1= |
&

consolidate

1= i . | i
product i L I } .. consolidate | : 2) -
delivery IE IE ! - producti . l I 4 | ~ C
! delivery | = = | | /
N / ] !
@ =0 = 5
14.0- - Ll

J
+ O[]

Picture Hoffmeistery Jochem, according Epple, 2016
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From Design to Reality:

become “Instances”

== |&295 Supplier =~ .. Integrator ReL-:nsk:'y ] — ﬁ; Operator operator
-2 L - = — —

ﬂ’ ﬂ ) P Integrator has ordered one of each
product (not shown).

HI?WI — L A< ] A Supplier produces one instance of

each product.

Supplier passes information about
: produced product instances to
FI , ! Integrator, e.g. individual serial

numbers, quality data

Picture Hoffmeisterf Jochem, according Epple, 2016
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Leading picture for Use Cases: a

three step value chain
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Use Case: Remote Monitoring &

Asset Health
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Use Case: Remote Monitoring &

Asset Health

— | 2oy i, - e ond
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Use Case: Service Contracts
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Industrial Internet Reference Architecture (IIRA)
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Mapping of IIRA and RAMI 4.0
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https://www.iiconsortium.org/pdf/JTG2 Whitepaper final 20171205.pdf
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OPC Unified Architecture (OPC UA)

The OPC Unified Architecture (UA), released in 2008, is a platform
independent service-oriented architecture that integrates all the
functionality of the individual OPC Classic specifications into one extensible
framework.

This multi-layered approach accomplishes the original design specification
goals of:

Functional equivalence: all COM OPC [JEEEEEETE
Classic specifications are mapped to UA

Companion Information Models
(e.g. Robots, CNC Machines, Wind Power, P&ID exchange)

Platform independence: from an

Core Information Models

e m bed d ed m ICI’O-CO ntr0| | e r to C | o U d - (e.g. Analog Data, Alarms, State Machines, File Transfer)
based infrastructure ~ jzmemmmmommeooemmooooooo oo oo oo ooo oo ooy

Information Model Building Blocks
(Meta Model)

1 1
| 1
1 1
1 1
1 1
1 1
i Information Model Access :
1 1
1 1
1 1
1 1
1 1
1 1

Secure: encryption, authentication, and
auditing

Browse and Access Data and Semantics Data and Event
Execute Methods, Configure Notifications

Client-Server Pub-Sub

Extensible: ability to add new features
without affecting existing applications

Comprehensive information modelling:

for defining complex information

OPC Foundation https://opcfoundation.org/about/opc-technologies/opc-ua/ 63
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Industrial Data Space (IDS)

it K

Tomorrow

DATA DATA
PROVISIONING USAGE

A — Focus on con-
+ Interoperability * Reference Architecture LN cept and
+ Asset Digitisation + Data Sovereignty T architecture
+ Networks e « Standard forCIM Focus on open
+ Processing WOUSTHED gy roomerce BFIOTA IVIES + Data Models . (&FIWARE sourcebased
+ Data Monetization AN implementation

Building Frameworks Commercial Open Source

Frameworks of building blocks to
assemble smart solutions

Solutions Building Blocks

INDUSTRIE 4.0 ] G
Focus on i
Manufacturing Industries

: Fimance Retail

INDUSTRIAL DATA SPACE INDUSTRIAL DATA
! Focus on Data SPACE ASS0CIA ]

H

INDUSTRIE4.0

INTERNATIONAL DATA
SPACES ASSOCIATION

oa W .
Industrial . Marketplace
Data Internet o

nts f
Cloud °G ________ a ° Things Cloud LA

Industrial Data Space: Data sovereignty for data-driven Al
services

International Data Spaces
s

Business
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= m 5]
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System

International Data Spaces Association (IDSA) https://www.internationaldataspaces.org/ 6,
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(Big) Data is the new oll




Emergence of Big Data

DATA ASTHE NEW ECONOMIC

ASSET GLOBAL EXPLOSION OF DATA

Worldwide data storage in exabytes

Data is rapidly becoming the
lifeblood of the global economy

Gartner estimates there are

currently  about 4.9  billion

connected devices generating ‘

data e —

This is expected to reach 25 billion next
years.

Source: Intemational Data Corporation Digital University Study

The real value is no longer in the product, as such, but in the opportunities it can
offer to users in terms of accessing information and experiences

European Political Strategy Centre (EPSC) (2017) Enter the Data Economy, Issue 2.1, January 2017. 67



The 4 Vs of Big Data

® o 0 0o o O ) » o
e e —e-—e <0< P ‘
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®e o 0 0 0o o * o .« ®% 0

® & & & o —0 =@-—= —9
e o 0 0 o i O e-o ® .
e e 0 o o . ‘ »
® o 0 0 o ==Wr=g ==0=0 o ® o O

® © & o o

. ; Data in Man .
Data at Rest Data in Motion y Data in Doubt
Forms

Terabytes to Streaming data, Structured, Uncertainty due to
exabytes of existing milliseconds to unstructured, text, data inconsistency
data to process seconds to respond multimedia & incompleteness,

ambiguities, latency,
deception, model
approximations
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_(Big)-Data Events is the new oil




“"Sense & Respond” Event-driven

Architectures

Complex/ Smart ©
Event Stream Business Event @ Event
Streams Analytics Events Broker* Handlers
| -
Dashboards
—L—h-
|
|
4, Responder
Alerts
Event Log
* May include anahytics, logging, integration, other mediation and routing of events to subscrbers
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“Data-in-motion” (Big data + Events) is

the new oll




Data and event stream processing

"Must-Have" Capabilities
Mﬂmenfs

Timely reaction to unexpected, unplanned business events

Situation

P —— Decision makers' instant business-state understanding

Real-time, self-service, unconstrained analytics

Absorbing large volumes of data "on the move"
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Plethora of platforms

Event processing Stream Computing
Esper (EsperTech) Apache Storm
Drools (Red Hat) Apache Flink
Apama (Software AG) Apache Spark Streaming
Business Events (Tibco) Apache Samza
IBM Streams ... Twitter Heron ...

Stream Data integration Platforms
Apache Kafka Streams
Apache Beam
Google Cloud Dataflow
Apache Gearpump
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The Technology Landscape is flourishing

More than 35 vendors in this market segment

Trends

Open source

E.g. Confluent (Apache Kafka), data Artisans (Apache Flink), Databricks
(Apache Spark Streaming), DataTorrent (Apache Apex) etc.

Hybrid products

E.g. FICO Data Management Integration Platform (DMIP), Hortonworks
DataFlow, Impetus Technologies StreamAnalytix, Rapidminer Streams, and
Salesforce Thunder leverage Apache Storm

Cloud-enablement

Amazon Kinesis Stream Analytics, Microsoft Azure Stream Analytics and
Salesforce now offer similar services
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Lambda architecture

Lambda architecture Kappa architecture

___________________

'
'
'
D Batch i
} nseconnesnpassaaneny
engine E H SERVING LAYER | “|® [n(oming data
' '
¥ :
T incoming dats S — g i
{ " REAL-TIME LAYER | | bt
i 1y backend i
i i Queries

l Real-time
engine

........................................

i
¥ :
- '
o Real-time [l i
\ u engine i E Serving i %
H i : backend
H | Queries
L )

 Developed by Nathan Marz, creator of Apache Storm * Developed by Jay Kreps, creator of Apache
(2011) Kafka (2014)
Used by Twitter and Spotify *  Used by LinikedIn and Yahoo

Source: Julien Forgeat (2015) Data processing architectures — Lambda and Kappa, Ericsson Research Blog.
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Proactive computing

Event
Producers

Physical System

Now Time

Source: Etzion 0. (2016). Proactive Computing: Changing the Future. RTInsights. ¢
7



The Proactive Enterprise

PROCESS DATA ENTERPRISE DATA BUSINESS CONTEXT DATA
loT loT - g
W : I
4 ﬁ n 5 | Linked T3
—
' - ' ((Aj) facebook. o
internal to processes local to enterprise ecosystem SPACE
|
SEARCHING - ; =
» Were there any problems in Did sometonbe ";at‘;]e a 9‘
@ the delivery of the product X cf”t’me'; ’3 ‘t’“ A \©
o last wadk? feature X last week? PrOaCtlve ?p
\ D
SENSING Ent : Y
— \ U,
T £ Why is the delivery of Y {low\do people nterprise | =
%) Find : react to the new X
— not finished yet? \
o - release of X? ?j‘_
-3
X-J
>
It seems that we will have a \‘a
g delay in delivering Z because I.S HEZIDED m.n." Lifals Z
E of the trafhic acciortl in our competition S
ub regarding feature Y? | -
— , &®
o =
= L ®
g Prepare to send additional ' N
= truck if the problem remains for Can we start new design \ @
< more than two hours* process for Y?

EARLY HINTS 3 BUSINESS-RELATED INTERPRETATION DEecisioN MAKING
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Data analytics




Data-in-Motion is the new oll, but ...

nﬂﬂ”
99%

Manufacturing Data Value is Lost




80% of all available data are uncertain

9000
100 - - -
i O Rising Uncertainty =
E ool ¥ Declining Confidence
W ogo00 |0 £
5 ]
o 80
E s000 3
3 ° 5
E 4000 |0 g
S 3000 | ¥ g"
20 W
g 2000 10 &O
1000 B
2005 2010

* Data instances

* Reports and queries on
data aggregates

* Predictive models
* Answers and confidence
* Feedback and learning

Historical

Simulated

Text Video,Images Audio
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Uncertainty arises from many sources

Processes contain Data input is uncertain All modeling is approximate
“randomness” :
=

7| | i BT
&=

E@ "?
L1

— Contamlnated

_\ {John Smith, Dallas}
» {John Smith, Kansas)
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Potential in manufacturing

Rich data is an enabler in some use cases but the lack of it can be a barrier in others Data richness
Low High

Automotive
Manufacturing
Consumer
Finance
Agriculture
Energy

Health care
Pharma-
ceuticals
Public/

social

Media
Telecom
Transport and
logistics

Problem type

Real-time I ‘
optimization ; |

Strategic
optimization

Predictive
analytics

Predictive
maintenance

Radical
personalization : |

Discover new
trends/anomalies

Forecasting

Process
unstructured data

SOURCE: McKinsey Global Institute analysis
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Data analytics cateqgories

Analytics Human Input

Descriptive

What happened?

Diagnostic
Why did it happen?

Predictive -
What will happen? Decision S0

Decision Support

Prescriptive
What should | do?

Decision Automation
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Classification of methods

Markov Process
Bayesian Network mm—
Markov Chain Monte Carlo —> Probabilistic Models —————> Markov Chain
—3 Probabilistic Hidden Markov Model K = =
Models — —> Reinforcement Learning
Patternrecognition "
—> rivacy preservation
Random Forest > it
Gaussian process kit et/ ——>  Nadaraya-Watson estimator
e e —> Data Mining 3 Artificial Neural Networks
——>  Mixed Integer Program.
Support Vector Machine —> Linear Program.
Ensemble learning —>  Binary Quadratic Program.
Predictive Machine Learning / Artificial Neural Network -
Analytics Data Mining

P inti [——> Binary Linear Integer Program.

Random search rescriptive Mathematical .

= Analytics Programming - Opiiy
Decision tree > Conditional Stochastic Optim.

Clustering-based heuristics
k-nearest neighbors algorithm

> Robust and Adaptive Optim.

Jli1L11ldt13101311318.010¢

Kernel methods I e ey
Multilayer perceptron L Evolutionary P her path
Gradient Boosted Tree Seingcn [ ——
—> | Statistical Analysis — — :: sm
Mikiple finear regression | _,-7—» partideswarm Opi.
. ::“
i > Stochasicimulation
—— etk 'M L > Logic-based Models —:T
Multinomial logistic regression — = e
Density estimation | ———  Criteria-based rules
Support vector regression TR N—
—> Distributed rules
> rules

Lepenioti, K., Bousdekis, A., Apostolou, D., & Mentzas, G. (2020). Prescriptive analytics: Literature review and
research challenges. International Journal of Information Management, 50, 57-70. SN SWiH




Big data challenges in manufacturing

t- il | g
y- ooV os nﬁz DA PROCESSING DARVISUALISATION &
0= = | ARCHITECTURES USERINTERACTION
» = : :
Q}M';'% {3 U""J_' emise / cloud architectur e Context-awarevisualization
= Hy |.||| clouds and edge automation Visual analytics for smart factory
SMART FACTORY I.Ja.ta in nnqn-::-n { data at rest Matur al language inter action
SCEMARIO RESEARCH ey . interfaces
CHALLEMGES V1.0 Cross-domain and data exploration
Simulation and traning environments
— dhor DERAMALYTI
D - 1 DA LYTICS
(1] —= MANAGEMENT &
- Tl Prescriptive analytics in industrial 19 g 01
_ . rescriptive anabytics in indusis a1 10 ROTECTION
CPS data sources integration plants 11 i@
Systems semantic interoperabiliny Machine and deep learning min e
smart factory data annotation Anabytics for data-human inter action Sensitive data privacy
Smart factory unstructured, semi Anakytics-based decsion support Protection against oyber-attacks
structured and missing data Embedded anaktics Access control B data integrity
Industrial 10T data availabiliby Anakytics-onented manufacturing Selective anonymization W POkl

http://www.bdva.eu/node/1002
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(Deep) Machine learning and Al




Opportunities of machine learning

Machine leaming opportunities im manufacturing

Highest-ranked use cases,

based on survey responses Use case type Impact Data richness
Predict failure and recommend proactive Predictive

maintenance for preduction and moving maintenance

equipment

Optimize complex manufacturing process in Operationsfogistics

real time—determine where to dedicate optimization (real

resources to reduce bottlenecks and cycle time time)

Predict future demand trends and potential Forecasting

constraints in supply chain oA
Identify design problems in pre-production to Predictive analytics

reduce ramp-up time to maximum cutput 0.8

(i.e.. yield ramp)

Identify noot causes for low product yield Diiscover new trends/

(e.g., tool-/die-specific issues) in manufacturing anomalies 0.5
Detect defects and guality issues during Process unstructured

production using visual and other data data 0.4

McKinsey Global Institute (2016) The Age of Analytics: Competing in a Data-Driven World, December 2016. 88



Machine Learning types

Supervised learning
Teach the computer how to do something, then let it use its new found knowledge to do it
Learning with teacher
Inferring a function from labelled training data
Training data includes desired outputs (labels)

Unsupervised learning
Teach the computer how to do something, then let it use its new found knowledge to do it
Learning without teacher
Finding hidden structure in unlabelled data
Training data does not include desired outputs (labels)

Semi-supervised learning
Training data includes a few desired outputs (labels)

Reinforcement learning
Rewards from sequence of actions
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Machine learning methodology

@ Machine Learning is a type of Artificial Intelligence that provides

‘ computers with the ability to

Provides that can learn from and make predictions on data
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Some well-known ML algorithms

Regression
Least Squares Regression
Linear regression
Logistic regression

Classification
Naive Bayes
Neural Networks
Support Vector Machines (SVM)
Kernel estimation (k-Nearest Neighbors)
Random forests

Clustering
K-Means

Hierarchical clustering
Spectral clustering
Density-based algorithms (DBSCAN, OPTICS)
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What i1s deep learning?

field of learning representations of
data. Exceptional effective at learning patterns.

Utilizes learning algorithms that derive meaning out of data by using
a of multiple layers that

If you provide the system tons of information, it begins to
understand it and respond in useful ways.
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Deep learning trend and applications

deep learning
Search term

machine learning
Search term

-I AMV—”‘J

93



Deep learning tools

7126
6836

tensorflow
caffe
convnetjs NN 3529
keras IS 3168
torch7 I 5044
Theano IS 2303
pylearn2 N 1837
DeepBeliefSDK I 1749
DeepLearnToolbox I 1563
deeplearning4] I 1541
Lasagne N 1319
neon I 1236
hebel I 1106
mxnet I 939
brainstorm I 918
chainer W 895
fbcunn I 784
decppy HEE 754
neuralnetworks M 680
scikit-neuralnetwork W 617
h2o0-3 W 561
blocks W 540
Mocha.j B 521

1000 2000 3000 4000 5000 6000 7000
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Machine learning vs deep learning

154

Costs lots of time

Performance

N

/

N

Data §

Deep Neural Networks

Medium Neural Networks

Shallow Neural Networks

Traditional Machine Learning
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earning enabled advanced

Ics for smart manufacturing

Process Control
Remote Diagnostics

Product L:fecyc‘e Shorter Downtime
Decision Logistics Configuration & Maintenance
Making and Product Design Data Flexibility Yleli(;mp[rot:le'ment
Applications Traceability Traceabilty aptability
Product Company Manufacturer Supplier
‘ Deep Insights Knowledge
Deep Learning Enabled Advanced Analytics Dgoogg Ié;
V06’0
DESCRIPTIVE DIAGNOSTIC PREDICTIVE PRESCRIPTIVE ) o8 ‘jo
(What happened) (Why it happened) Y (What will happen) "’ (What action to take) :
St pfo_duc(s Examine the causes Pr_edm project Identify measures to
condition, of reduced product quality and pattems irprove ol e
Deep environment, and that signal e
. performance or 5 correct problems Pattern
Learning operation jetect failure impending events S

NP 15k ) 4
‘ Data Cleaning

Aggregated Big Data Data
(Multi-modality, Non-structured, Multi-format)

Smart, connected products Enterprise External S
(Location, condition, use, etc.) (Servics histories, warranty status, elc.) (Prices, weather, supplier inventory, etc.) o _ =

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

Object Equipment Process People Enviroment
-—
ﬁr?[?ng Sensor erformance GPS Q Usage volume
Smart il )) Dam Results Screen " Measurement
Connected = Frogress ' [

Process
Products ? Operations oc Precessing Location U Electricity
Parts Abnormalities ‘ Quality Actwities 0 Temperature
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Deep learning requirements

Ig Large data set with good quality (input-output mappings)

'@ Measurable and describable goals (define the cost)

of Enough computing power (AWS GPU Instance)
2000 Excels in tasks where the basic unit (pixel, word) has very little meaning
REEE in itself, but the
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However, in manufacturing...

... data quality is usually poor.

... data quantity is usually low.

... computational infrastructures are usually weak.

w il

Important to Importantto have Process Experts and
have high quality high quantity data Data Experts must
dataset work side by side
* Valid, consistent, « Stable process has less
easily accessible, negative event to be
described and correlated
documented

e Stable process has less
statistical deviation 98
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Predictive maintenance




Maintenance strategies

The future trend is to move from reactive to
preventive & predictive maintenance

Where we
are now Preventive maintenance

<+Usage-based maintenance
(UBM): Maintenance carried out at

Reactive maintenance nre-determin

(aka Breakdown maintenance)

gelberately operated

Target E>>

“«Equipme
to failure

<+Repair upon failure

<Continuous monitoring of asset
condition to determine if
maintenance is warranted

+New trend = predictive analytics
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Predictive maintenance

Predictive maintenance uses condition monitoring equipment (e.g. sensors) in order to track
the performance of equipment, to detect abnormal behaviour, to predict future failures and to
support decision making about proactive actions.

, The P-F Curve is a common way to represent the
NORMAL STATE DANGEROUS STATE behaviour of an asset before actual functional failure
Degradation
e gs‘tar‘ct Potential has Occurred
—.# failure
J\it o There is a sense in which failure is a process, not an
S : ! event.
2 ! :
S ' ! . . .
© : : Functions| The P-F interval can be seen as an opportunity
| ! AP window during which decision making ahead of time
o v 6t ; can eliminate the anticipated functional failure or
Time Falluretlme/V mltlgate ItS Effect

distribution

# Anomaly detection #Failure prediction # Maintenance action

Anomalies <

i

Degradation indicator
Expected loss

.
-]
2
=
o=
5
5
=
S
=
]
=
e
o
@
=]

maacon
SR N—, | —

2

-
1

Time td to Time td t2 ts Time tp tf
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Impact of predictive maintenance

I * OEE average improvement

\ « Reduction of MTTR
0 . Reduction of MTBF

e Reduction of Total Cost of Maintenance




RAMI4.0-compliant predictive

maintenance (1/2)

Layers Layers
v Organisation and Business Processes —9 y . .
. . . Real-time . o Manufacturing
Business »reoereeere /] Business --esceeere User Interaction L Visualization
= Monitoring Operations
Functional «+++++++- Functions of the Asset ° Functional <« + =+ System Risk Batch Data Stream Data Decision Makin
Definition Assessment Analytics Analytics 8
Necessary Data
Information «--* Information +:+++ee: PdM Platform DB Time-Series DB Batch Processing Stream Processing

Access to Information
Communication Communication *+++* Legacy Data Uplifting Event Broker

Transition from Real to Digital World

Integration -+ ‘ Sensors ‘ Legacy Data Systems ‘ Human Machine Interfaces ‘

Integration -

Physical Things in the Real World
Asset *+ " Ly Production Equipment Users
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RAMI4.0-compliant predictive

maintenance (2/2)

Presentation Tier
t

User Interaction Visualization Real-time Monitoring

_____________________________________________ T_ e

Logic Tier

Human
Machine
Interface

Risk Assessment

Decision Making

System Definition

Batch Processing
Suissanold weans
suopesadQ Suliniaejnueln

Batch Data Analytics Stream Data Analytics

Data Tier

PdM Platform DB Time-Series DB

g
- —1

Legacy Data Uplifting loT Gateway

RAMI 4.0 Layers Index &"” @

Business Layer

Legacy Data Systems Sensors
Functional Layer
— i E Bousdekis, A., Lepenioti, K., Ntalaperas, D., Vergeti, D., Apostolou, D., &
§ Boursinos, V. (2019, June). A RAMI 4.0 View of Predictive Maintenance:
Integration Layer § Software Architecture, Platform and Case Study in Steel Industry. In

International Conference on Advanced Information Systems Engineering
(pp. 95-106). Springer, Cham.




Home appliances industry




The Whirlpool case

ORPORATION

ricool
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Oil and gas industry




The MHWIirth case

ﬂ Facility
Riglogger 1

O “Q“‘
L2 W | Facility
E;% Contal ‘“(‘\‘ Riglogger 2
= Riglogger™ © V
E glogg K
Consumers for data i N .
visualization o ﬂ
s Facility
Riglogger i

Consumers for data
processing
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Steel industry




The M. J. Malllis case



Setup and process

M. J. MAI LLIS Roll Mill Sta”(;aCK e Deforming and Reducing the Grain Size

Work rolls
. -»
Raw material Infrastructure Setup for Sensor Data Collection
lmA(s:e'::?;nclers o F -
l D ‘ uuchomclmlvvm) 7 St —
1x Current sensor (A) 3
v Lech) MJ. MAILLS LAN
(intemet, PLC)

Frontview of rollers Rear view of rollers
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