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An Introduction to Industry 4.0
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I What is Industry 4.0¢

« Industry 4.0 is a new level of organisation and confrol over the entire
value chain of the life cycle of products. It is geared towards
increasingly individualised customer requirements.

« This cycle begins at the product ideq, covers the order placement
and extends through to development and manufacturing, all the
way to the product delivery for the end customer.

« [tis based on the digitisation of the entire production environment:

— availability of all relevant information in real time by connecting all
instances involved in the value chain.

— ability to derive the optimal value-added flow at any time from the data.

— connection of people, things, services and systems to create dynamic,
optimised value-added connections within and across companies.

. These can be optimised according to
different criteria, e.g., costs, availability
& consumption of resources.
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. The Road to the 4 Industrial Revolution

Digitized manufacturing takes adaptability to the next level

Conventional manufacturing
= Mass production

= Large quantities
= Small margins %_)%_)_)_)%
= Sequential value chain

P, P, p

= Long turnaround time
= Low flexibility

n

Digitized manufacturing
= Custom production P P
= Small quantities, short run ‘ :
= High margins
= Changing collaborative
partnerships
= Short turnaround time
= Highly flexible and adaptive

Source: GPS Consulting
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I The 4™ Industrial Revolution: The Big Picture

Smart Products are equipped with
sensor technology giving access to
condltlon Informatlon regarding

the product and Its environment

Smart Products are equipped
with computing power that enables
autonomous declslon-making
and self-learning processes
based on defined algorithms
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Smart Products are equipped
with a M2M communication
device that enables Interactlon
and data exchange with other
cyber-physlcal systems

Responsive

Smart Products are equipped
with control technology that
enables autonomous product
adaptlon based on Internal or
external commands

Source: Capgemini Consulting
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I Industry 4.0 Smart Factory
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Source: Capgemini. Consulting
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lThe Future of Manufacturing with Industry 4.0

Services

Production
Execution

Production
Engineering -

Production
Planning

Improve operational
excellence to
increase productivity

Faster time-to-market
to master short product
lifecycles

Source: Siemens AG, 2016
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I Properties of Indusiry 4.0

1. Digitisation of all physical assets and processes
2. Integration of vertical and horizontal value chains

3. Contirol and visibility:

— As products move from ideation and development to end of life, the
wealth of data produced at every stage of the manufacturing
ifecycle can create a product’s “digital thread,” which denotes the
aggregated, product-specific data stream that combines information
from a variety of systems and sources.

4. Actionable insights:

— The convergence of the |oT, processes and analytics is generating a
new world of big data, which is enabling new capabilities such as
tailored customer offerings, predictive solutions, streamlining
production processes and adapt fo changes.

5. Human-cenired automation:

— Improve user experience so that information is presented in the context
of manufacturing tasks performed, leading to better decision-making
and new possibilities for improvement.
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. Industry 4.0 Enabling Technologies

Industry 4.0 is Big Science!!

Mobile devices
Cloud computing . E o, loT platforms

f “ : 4 _? ':‘
| = | lodal )
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Augmented '1

reality/wearables . Location detection

technologies

\
|
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pUe 19n,00 ¥
2\}\@0 c /

/¢ Advanced human-machine

customer profiling — 8% /interfaces
‘ Q
Big data analytics
and advanced

algorithms " Authentication &

(&) (&) fraud detection
Smart sensors :;.D printing

Source: PWC, 2016 Global Industry 4.0 Survey
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I The Cloud Connection to the Industrial Internet

« Cloud-centred manufacturing, extends the concept of
virtualisation to a shared diversified collection of
manufacturing resources e.g., machine tools & factories, offers
those resources — in the form of SaaS model - and deploys
them at scale to form production lines in response to customer
demand.

— manufacturing service providers can engage in new, flexible

arrangements leading to better utilisation of manufacturing
capabilities & provide heightened levels of quality and value

« “Edge analytics” greatly reduces the amount of raw data that
must be stored on servers, either on premises or in the cloud,
and reduces the amount of network traffic being generated.

— Collecting and analysing data close to the endpoints means that
action can take place locally in real or near-real time.

uuuuuuuuuuuuuu
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Smart Connected Factories




I En route to Smart Manufacturing Networks

Horizontal integration through &0{;::_;;,V:th.{{ff?f.-:-'_*_fi?f-:-'-?f?':'*:'j'?;/' T Vertical integration and
value networks s ) | networked manufacturing
: L _ | e S T ‘ systems
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T pr—

Goods flow ™1
’ ! - '/ Manage the people, culture
Financial flow ‘) and leadership transfor-
1 ' mation (‘People 2.0’)

Information flow

_ Service
Production {:?} —
: ~ 30 E— 0 |
Machine \ ’
& ‘\
Product ﬁ

End-to-end digital integration
of engineering across the
entire value chain

Source: Capgemini Consulting 2015
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The Digital Twin:
Connecting The Physical & Digital Worlds

Digital Twin:
PHYSICAL DIGITAL A digital representation of a physical
product or process to enable testing
before physical implementation.

Enables manufacturers to overlay the
virtual, digital product on top of any
physical product at any stage of
production on the factory floor and
analyse its behaviour.

* Manufacturers can have a
complete digital footprint of the
entire manufacturing process
spanning product, production,
and performance.

Product designers and engineers can
make informed choices about
materials and processes using
visualisation tools, e.g., 3D CAD/CAM
tools, during the design stages of a
digital product and immediately see
the impact on a physical version of
the product.

. Source: Deloitte series on Industry 4.0, 2017.
e e
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l Manufacturing Operations Management

MANUFACTURING OPERATIONS MANAGEMENT
Business and Manufacturing Process View

LEVEL 4 Enterprise / Business Operations

PRODUCTION PRODUCT & BUSINESS &
DEMAND & PRODUCTION PRODUCTION
SUPPLY CAPABILITY PERFORMANCE

LEVEL 3 Manufacturing Operations Management

Receiving Production & Process Production Performance
& Shipping Engineering & Optimization Reporting & Analysis

Detailed Production Production PIanUEqulpment
Planning & Scheduling Assets Mamtenance

MOM Processes Materials & Energy Production Execution, Human
Purchasing & Tracking & Resource
Inventory Visualization & Labor

Quality
Assurance

LEVELS 2,1,0 Industrial Automation
G
Source LNS Research, May 2013.
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Factory Model:

Connecting the Enterprise to the Shop-Floor

Enterprise Business Systems
(ERP, PLM, Supply Chain Management)

Manufacturing Ops Work Work

Work Requirements Responses Product
Definition 1 Analysis (QA
Work
Work
Tracking

Process

anagemen
Scheduli
choting Analysis

Resource
anagemen J

Automate
Business
Processes

Historical

Automate Mfg
Events &
Ops

Work 1 Data
Dispatching anagemen
Work
Execution

Production

i : Analysis
I, E t, Material
ISA-95 Model for MES Personnel, Equipment, Materials

Plant Processes

& Equipment Process Control Systems

(Continuous, Batch, Discrete)
Sensing and instrumentation
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Automate
Equipment
Ops

KEY CHALLENGES

Disconnect between
Enterprise & Shop-floor
Applications

Disconnect between PLM &
Manufacturing

Limited point-to-point
connections between
Business IT & Factory
Automation

Lack of visibility into
plant/enterprise ops to help
eliminate bottlenecks

Unable to identify work
order performance related
to on-time completions &
quality

21 March 2018, Funchal Madeira, Portugal 18



I From Smart Factory to Agile Value Chains

= Service-oriented Business Architecture
= Business functions as self-contained/
|y Development
Services Product
(Product/ :

independent services (internal and
definition ~ externa l )
Production \ = Cross-company, flexible process flow
System) “, = Process instances (products/orders) as
self-organized ‘agents’
/ = Standardized or common interfaces/
Production / protocols
Services - = A common 'data lake’ as platform for
Purchasing
Services

analytics functions (Big Data)

= Supply-Chain-Control tower providing
extended supply chain transparency
Assembly Delivery

Services

Services

Quality
Mgmt.
Services

Erection & \
Installation

‘i
Services
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From Smart Data to Smart Manutfacturing
Networks

Smart sensors help A smart factory can self- Integrating a permanent or
merge disparate data  Smart machines are  optimize performance temporal coalition of

into streams of able to monitor key across a broader network  production systems of
actionable info. & allow components & of assets, self-adapt to & geographically dispersed
assets to be monitored environmental learn from new conditions, smart factories, suppliers &
and optimized from conditions with min. & autonomously run entire  customers to better achieve
anywhere in real-fime. human intervention. production processes. joint production objectives.

Connected Factories

M Smart Machines J| Smart Factory

Customer
Advantage

- Better Customised
Products

- "Smart data to Smart Manufacturing Networks" | ) Egﬁi{mme

+ Lower Costs
MIG Value + Saving
Intelligence Generation Energy

+ Reduce Risks

+ New Business
Models

Data from
Products,
Systems,
Sensors,
Processes

Domain Device + Analytics

|
know-how know-how (loT) know-how —
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. Vertical Integration within a Factory

Vertical integration of production activities within smart factories from product
design and development and the various shop floor applications, devices, 0T,
robot and equipment is necessary to enable production.

Planning Cloud/data Enterprise Resource Planning
;
|

Level 4 )
Business

control

Level 3 )
Manufacturing

operations Mgmt.

Process
Control

Product

¥ Michael P. Papazoglou ©
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Source: PWC 2016
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. Horizontal Integration between Factories

Horizontal integration is combined with verfical integration to offer the prospect of
coordination of orders, materials flow and production data, with all geographically
dispersed entfities, e.g., customers, distributors and channel partners, materials and sub-
product suppliers, contract manufacturers, and technology solution providers, to
achieve end-to-end, holistic intfegration through the entire value chain.

T R

Differentiated inventory strategy

Vendor-managed inventories and Frontline stock for strategic Real-time tracking of shipments

automated replenishment signals :ma::ﬁ"; : ch elo: data customers with mix-to-order/ | ' and dynamic re-routing/route
for commodity products optimization configure-to-order capability optimization of milk runs

"I—' e — L] Ll

Raw material inventory | Local warehouse
| Plants Regional v;arelm_i -0 r ‘ﬁ shops
o mmenab e -
o Iogistjcs Automated flexible production -S Industry
visibity integration through Manufacturing “*ﬁ B2C and

Execution Systems (MES) I ] online shops

Automatic balancing of production and logistics network Differentiated delivery service classes =  Customer order interface with
based on available capacities and inventory levels for stock deliveries: next day for orders = | real-time availability
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Big Data & Analytics in Smart
Connected Factories




IResources, Processes & Data are Behind it All |

Understanding the Hourglass --

<---- Suppliers, Partners,
Machines, Components,
Materials, Devices,
Humans, ...

b \ <--- Production processes

<--- Production, Distribution,
Sales, x*, data

"Science

e .
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Production Plant Data

13 BILLION
samples per
day

4 BILLION
samples per
shift

545 MILLION
samples per hour
9 MILLION
samples per minut

11
If'roduction Plant 4 TRILLION

o't G T samples per
Final Assembly i Atomation . —] e ear
M Conveyor N - \ y
B LW Systems ] < N - ) \
= 5 % 0 4 . “ -
L £ — Daom _iunt . " - —
Final Assembly, 5l ! Co D
- 2 P - s s T~
/ = Y | :7} Benches information gl

. P - Management
End-Of-Line \:* g .

Test-Systems

152,000
samples per s¢

- First-tier s plier_ =~

Building
Management
Solutions

T

Logistic

Real Time Location

Storage Yard o e L e

A
R Digital Factory Design

Data sources include: :

« External data sources: e.g., user groups, social media, focus groups, or surveys to build
customer data.

« Infernal data sources: for data capture and analysis (e.g., an integrated ERP system provides
data on products, processes, & people at all levels & departments in organization).

«  M2M interaction: Smart sensors can collect data directly from machines and equipment. Built-
in, low-cost sensors can detect a wide range of attributes, including location, weight,
temperature, vibration, flow rate, humidity, and balance.

The above figures reflect the data generated from just one of many production lines that produce a particular
consumer packaged products.

Source: GE Intelligent Platforms.
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Industry 4.0 Data Loop

INSTRUMENTED
Intelligence flows INDUSTRIAL MACHINE

back into machines

Extraction and storage
of proprietary machine
data stream

PHYSICALAND
HUMAN NETWORKS

W es——

- INDUSTRIAL

" DATA SYSTEMS
SECURE, CLOUD-
BASED NETWORK

Data sharing with
the right people
and machines
Machine-based
algorithms and
data analysis

A |
0110110010100 1
00011010000100

REMOTE AND DEmE,
CENTRALIZED DATA

VISUALIZATION BIG DATA ANALYTICS

Source: General Electric
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Smarter Analytics: Improved Resource & Process

Performance

How can | perform in depth root
cause failure analysis on my
process and equipment?

How can | optimize my How can | detect warranty
maintenance plan? issues sooner?

What is the life

expectancy of an asset’s

component or part? How can do | create

” highest quality products?

Process
Integration | How can | reduce

process variability?

How can | predict an Asset
impending equipment = Performance
failure and the cause?

1 How can | ensure
supply is aligned with
demand?

How do | achieve optimal
equipment efficiency and
availability?

27
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l Smarter Analytics Lead to Systems of Insight

" Insights team

Possible

All
data Insights-to-execution .
— actions
= ' — ‘\ —
e process —
Customer insights
Dlgltal InSIghts ichor strategy with compilete
architecture -
find new products [ Product Marketing mnn:; an::o-mom
\ teams insights | —
‘ um _/-"’,
r— : I~ Common processes
Wnsights u-gms . msa« >\‘| opt sakes renewals
optrmize service delvery | mize b
and improve offerings. | A} J- and Metime value
sk
® ms-ohts
Source Forrester Research, July 2015. Ivvroveraal trme
nek response
1
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Concluding Remarks:
What is so Different about Smart Manufacturinge

« Transitions from “owning & operating”
dedicated assets (including people,
Mining expertise & equipment) to sourcing &
orchestrating shared resources &
services on a global scale.

« Customers pushing demands.

« Flexible production of smaller
customized production volumes.

More knowledge/information driven,

Rapid Customized Value Manufacturing Plan

Creation

L  DEMAND-DRIVEN
Spontaneous
Collaboration ¢ SUSTAINABLE

Leading Compliance
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I R&D Challenges - Open Research Problems

Science & Engineering
Foundations

STRATEGIC R&D OPPORTUNITIES FOR IoE

Robust Effective Construction of Systems & Infrastructure

« Devise cost effective system, design, analysis & development

Create domain-specific architectures & frameworks

Enable more na:

Offer assumptior

Synthesize & evc
(diagnostics, prc

Anticipate emer

Systems Engineering

Improved Performc

Create methods

Develop loE-bas
flexibility, reusab

Consider roles ¢

Incorporate unc

Applied
Development
and
Deployment
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Effective and Relia

Create universal,_

AHEAD

NG

- WARNING

CHALLENGES

ractions

‘ed decision-making.

1 predictable behaviour

ctions.

utational & Physical Systems

Jtion, & validation of IoE

afety, resilience, adaptability,

y of human knowledge & behaviour

asoning & decision-making

srability Mechanisms

d ‘ge heterogeneous systems

Build an inter-connected and interoperable shared development infrastructure

Provide advanced abstraction mechanisms to manage complexity of IoE
programming, evolution, monitoring & mgt that span the digital & physical divide

Develop flexible IoE design methods based on Agile & DevOps
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I Shift from Traditional to Smart Factories

> New business models through the convergence of IT & production

e 0 O 8 L
rﬁ'i Development & Process i“lﬁ'

Customer
Integrated
Engineering
Flexible : -
Assignment Detection & Interaction Adaptive
Physical Environment O Logistics
Logistics
Resilient
Factory " \
Production Environment
Person EVorking Machine Server Computer
Energy/ nvir. k)
N Ked Envlr . : .-\Product .’.
etworke \\ B ! :
. ~ o™ :Sensorf :
Production : O &'. - Actor O_ Up-Cycling
S — — @ . e
* 0008 P S0 S SRR | W ® e B EEE
Local C mumcatuon :
Mddeware o | o o e o o
Predictive Technology Cloud/Services
Maintenance Marketplace

Source: Forschungsunion Wirtschaft & Wissenschaft

Science
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