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* Digital Quality Innovation
* Introduction of Innovation & Quality
* Digitalization
* Industry 4.0
* Quality 4.0 (Professional Model)
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Definition of Innovation

ISO 9000-2015 (QMS — Fundaments and Vocabulary)

— new or changed object realizing or redistributing value (cl.3.6.15)

BS 7000-1:1999 (Design Mgt System — Guide to managing innovation)

— 3.1 (product) transformation of an idea into a novel product, operational process or new
service in industry or commerce [BS 7000-10:1995, definition 23011a)]

— 3.2 (techniques, materials) employment of design or construction techniques, or materials,
that do not have a proven history of performance or are not covered by the organization's
current practice [BS 7000-10:1995, definition 23011b)]

— 3.3 (ideas) successful exploitation of new ideas

CEN/TS 16555-1:2013 (Innovation Management — Part 1: IMS)

— Implementation of a new or significantly improved product (good or sevice), or process,
new marketing method, or new organizational method in business practices, workplace
organization or external relations

ISO 56000:2020 (Innovation management — Fundamentals and vocabulary)
— new or changed entity, realizing or redistributing value
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Invention vs Innovation

* The distinction between “Invention” and “Innovation” is that
invention is the creation of a new idea or concept, and innovation is
turning the new concept into commercial success or widespread use.

cash — ideas

ideas — cash
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Quality & Innovation

* Quality and Innovation
* Green color region

e Quality Innovation
* I[nnovation is subset

* Innovation Quality
* Quality is subset

Innovations Improvements

Innovation (1), improvement (3), or both (2)?
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Major Trends in Industrial Evolution

The 4" Industrial Revolution Is Upon Us. ™™

FROM INDUSTRY 1.0 TO INDUSTRY 4.0

FIRST SECOND THIRD

INDUSTRIAL INDUSTRIAL INDUSTRIAL

REVOLUTION REVOLUTION REVOLUTION

Introduction of mechanical Introduction of a division of labor Use of electronic and IT systems
production facilities with the and mass production with the that further automate production
help of water and steam power help of electrical energy

1784 1870 1969
First mechanical loom First assembly line First programmable

(PC)

FOURTH

INDUSTRIAL
REVOLUTION

The Digital Connected World

=
o}
H =

1800 1900 2000

Principles of Tam * Lean

Scientific Management * Six Sigma
McKinsey
& Company “Industry 4.0 is more than just a flashy catchphrase. A confluence of
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trends and technologies promises to reshape the way things are made. ”
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History of Quality & Innovation in Industrial Revolution

A 3 Industrial Revolution 4" Industrial Revolution
1SO

2" Industrial Revolution / Six
Sigma
TQM
15t Industrial Revolution /
” uran

/ Deming
» Crosby
f SPC

Brainstorming (USA)

Creatology (Japan)

Quality & Innovation

Trial and Erﬂor

% v 4 R

1800s 1900s 1950 1970 2000s 2100s
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Quality Evolution Innovation Evolution *Human Capability Extension

1800 - Industrial
Revolution

1800 - 1900 Inspection

1900 - 1950 QC, SPC, QA

1950 - 1970 Juran/Deming/ Crosby,

TQC, TQM

1970 - 2000 ISO 9000 series (1987)

Six Sigma, Lean

Quality 4.0

-Digitization, self-induced
correction, self-regulate

2000 & after

Trial & Error

Creative problem-solving
(1939) (Former name of
Brainstorming)
Brainstorming (1953)
TRIZ (1956)

Creatology (Japan)

NM Method (1970)
Extenics (1983)

Six Thinking Hats (1985)
Design Thinking (1987)
Thinkertoys (1991)

USIT (1995)

Power extension through Machine

(F-HY L) (Industry 1.0)

Power extension through Car, Train,
(R e )

Telephone

(B Z=HY 2E(H)

& TV (HRHY L)

(Industry 2.0)

Power of computer and network
(RHEER 5T TR Y L)
(Information Society— [ 2.t &)
(Industry 3.0)

Power of Al

(ANFEE TTHY )

(Intelligent Society — ZgEt+ =)
(Industry 4.0)

p

* From Prof. Cai Wan
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Digital Dlsruptlon iS Underway

e Global

e Global /o Networke
internet d devices mobile IP traffic universe
users by By 2020 traffic by from by 2020

h
/

e Network i e Digital
.

2020 2020 :::-.-1 sensors by

2020

, o s
”\v' ’AVL', ' \

Prof. Mohamed Zairi (UK) topic entitled “Defining the Role of Quallty in an Uncertain Future: The Disruptive
Thinking of Quality 4.0” in ANQ 2018 on 19 Sep 2018. P10
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Digital Disruption has already happened!

@airbnb & | e
WeCnzne

‘Socletyone NETF“X Google
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nat does Digitél Disruption feally‘mean?

hat are technologies driving Digital Transformatlon?

. How company |mplement Digital Transformatlon? ,

RBKMR, SHRTEL

- | destroy you, it has nothing to do with you

The one who defeats you at this stage is not necessarily an opponent, but a passerby.



Digital Transformation

* Going paperless

* Connected devices

* Driverless cars

e Artificial intelligence
* Data warehouses

* Cloud computing
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Making Big Data Useful

Big Data needs to be properly
collected, cleansed, stored,
formatted and accessible for
analysis to make better and more
consistent decisions, not simply

hoarded.

Jim Duarte

Academician
International Academy for Quality (IAQ)
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i4.0 In-house Training

~ Fraunhofer

IPT
Fraunhofer Institute for Production
Technology
In-house 5 days Training
MEDE T ZEX A 2P HERFTT T
I 4.0 FREE
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What does Industry 4.0 really mean?

|

—

~ Fraunhofer
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Definition of Industry 4.0

.The Term Industry 4.0 stands for the fourth industrial revolution.
Best understood as a new level of organization and control over
the entire value chain of the life cycle of products, it is geared
towards increasingly individualized custemer requirements. (...)
The basis for the fourth industrial revoiution is the availability of
all relevant information in real time by connecting all instances
involved in the value chain. The ability to derive the optimal value-
added flow at any time from the data is also vital. The connection
of people, things and systems creates dynamic, self-organizing, HHN
real-time optimized value-added connections within and across

companies. (...)" SCRHEA LR S (E 5

= Fraunhofer
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Intelligence bring Whole Value Chain
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Digital Horizontal and Vertical Integration

Supply Chain Management

< scMm >
Supplier Hub Customer

Advance Planning and Scheduling

i i

. o Manufacturer N
Supplier Relationship Management Customer Relationship Management
Supplier Supplier SRM CRM Customer Customer
i i M 1 ﬁ W .
v, G i v, P> s v, G
Q ;—-———-—-——_..?g;%\ = GL‘:\ (& ———— 3 9"— - ‘}. .
k ‘A(\ i \
Product Data Management 4  Document Management System
PDM | DMS
 ERP |
CAD V4 N\
| - N
puter Aided Design >
/ 4 MES | Manufacturing Execution System
4 s ",Q
Computer Aided Quality Assurance | CAQ E (A Information flow horizontal/vertical
Q-'_'izt | h\ 15 R4S ,_;??‘._ % _}‘f:
BDE MDE | _ Material flow horizontal/vertical

= -

- SR : oo
Source: 2FIR Production Data Acquisi chine Data Acquisition

Information is collected by different IT-System-Modules

\

~ Fraunhofer
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i4.0 Improved Decision Making

How can an autonomous Industry 4.0

reaction succeed?

“Self-optimization”
What will P

happen?
“Be prepared”

Why does it
happen?

“Understand”

What
happens?

‘{See”

Industry 4.0 degree of maturity
Value for the organization

Industry 3.0

Path of development

Improvement of

Impact on Enhancing S .

Enhancement of . . Predictability through Decisions based
development data availability mterg;ei;:::ry of established patterns and on Smart Data
process g realistic models

_—

~ Fraunhofer
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Smart i4.0 Navigator

Technology Trends

Connectivity Data Analytics

=

~
“

Output
& Actuators

Sensors
& Input

Ihds
el Cuy,
(y U,-e

Growth & Revenue Productivity & Efficiency

\ -/

Socio-economical Trends

= Fraunhofer
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Value: Productivity and Efficiency

Inventory Manufacturing Logistics Flexibility
costs costs costs costs
30-50% 10-20% 10-30% 20-30% 10-20% 20-30% 20-30 %
Inventory cost Manufacturing cost Labor cost Logistics cost Quality cost Improvement of Faster value
reduction due to reduction due to real improvement by reduction over the reduction due to real flexibility due to generation due to
minimization of time optimization of leveraging flexibility whole supply chain time data availability higher planning agile organization
minimum inventory production KPland  of labor in production due to better to optimize quality quality, forecasting and collaboration as
level through real improvement of and higher degree of automation and issues. capability and agile well as steering the
time information over  planning quality as automation. material flow company processes.  value chain based on
the whole supply well as machine harmonization. data transparency.

chain and production. utilization.

Companies will gain in average up to 20% total productivity and address more individual
products with lower complexity costs through smart production and smart networks.
Especially early movers will be able to create market barriers.

~ Fraunhofer
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Smart Device Characteristics

BRI TERERY 2
Sense Connect
Condition Network

Visualize

: Analyze
& Adopt & Predict

AT ALK A pag iy Nt

-_—
~ Fraunhofer
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Smart i4.0 Navigator

Growth & Revenue Productivity & Efficiency

= Fraunhofer
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mart Certification!!!

Sense
Condition

Visualize
& Adopt

@2020 Lotto Lai

Corporate Certificate
Certificate No: HC 023

This is to certify that the Quality Management System of

HONG KONG SCIENCE AND TECHNOLOGY PARKS
CORPORATION

&F Bio-Informatics Centre 2 Science Park West Avenue Hong Kong Science Park
Shatin New Territories Hong Kong

complies with the requirements of 1SO 9001 : 2008 quality management system standard,
applicable to:

Provision of facilities, services and management to companies operating
in the Science Park, InnoCentre and Industrial Estates

This certificate remains valid subject to satis of the
CC2713, CC5432, CC5159 CC3460, CC5461
which will be monitored by Hong Kong Quality Assurance Agency.

Signed for and on behalf of
HONG KONG QUALITY ASSURANCE AGENCY

w2

“Chief Executive Officer Director

Reglatered address 19F K. Weh Ceamre 191 Java Rosd North Poist Huag Kory A rn(m)mzvm
vteIn secortnce v e Agency Regaios e Hong Koy Quey Aseuce Agey ecnubeswo Saslity or rpousoly fo ce servce
epplind by he egananion in woordency wHh U Tequment of s Coliondon Shcsc. Th serieste i o ooty Pt reeie
renutmed when sequired by the Agescy.

Origial Certificstion 26 Mare 2012

QA FIAAX Revd

Connect
Network

Analyze
& Predict
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Al, Big Data, Blockchain, loT, Next Generation Networks (5G),

Robotics

Computing Power

9@@
./@@

\

0
/
Qo/é\oe
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3 Factors

Data at Rest

Terabytes to
exabytes of existing
data to process

mbin
wel ways to

=0 =0 =0=0
=0 =0=0 ==
—=e=0 —e =0

Data in Motion

Streaming data,
milliseconds to
seconds to respond

Cyber Security,

Data in Many
Forms
Structured,

unstructured, text,
multimedia

Data in Doubt

Uncertainty due to
data inconsistency
& incompleteness,

ambiguities, latency,

deception, model
approximations
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Industry 4.0 to Quality 4.0

4.0)

B Digitalization of
| Quality
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Value Creation: Production through the elimination of waste

@2020 Lotto Lai

Lean Six Sigma: 8 Wastes

00O

Talent Inventory Motion Wiaiting
Underutilizing Excess products Unnecessary Wasted time waiting
people’s talents, and materials not movements by for the next step
skills, & knowledge. being processed. people (e.g.. walking). in a process,
Transportation Defects Overproduction  Overprocessing
Unnecessary Efforts caused by Production that is More work or higher
movements of rework, scrap.and  more than needed or  quality than is required
products & materials. incorrect information,  before it is needed. by the customer.

(Digital Lean Production)

= Fraunhofer
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14.0 Maturity Level
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0

- Explanation Characteristics

-2

1i

3i

4i

12.X

13.X

Frame
conditions

Real-time
Information
generation

Real-time
Information-
processing and -
integration

Integration of

cyber-physical
systems

Intelligent,
autonomous &
Self-organized
processes

Predomenientaly Industry 2.0 processes in the
company

Predomenientaly Industry 3.0 processes in the
company

Organizational and infrastructural enablers for the
implementation of Industry 4.0

Generation and availability of data and information
of all activities in real time.

Development of knowledge and insights through
the analysis and aggregation of all available
information and data sources.

Mobile assistance systems and human-
machine/machine-machine collaboration for
decentralized decision-making

Self-optimizing processes and autonomous control
of products in the value chain

Devision of labor
No information technology/system

Automation
IT System Application

Industry 4.0 awareness
IT-infrastructure and data security
Lean processes

Advanced tools adopted & mastered

Digital horizontal and vertical integration
into the value chain

Single Source of Truth by sensor data
Sensor, feedback, machine control

Aggregation of data
Big data analysis
Improving forecast ability

Decentralizes decision-making
HMI/MMI, Industrial apps
Mobile assistance systems

High degree of automation
Self-learning and -optimization
of processes and products

\

~ Fraunhofer

P.28



From i4.0 to Q4.0

Industry 4.0 (i4.0)
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Quality 4.0 in the context of Industry 4.0

Process Chain of Industrial Manufacturing

L

PEREN!

QM

& quality

assurance

Maintenance of
components and machines

Flow of materials
and materials handling

% ' Component production
a and assembly
Planning and simulation
7T pus /i of factory and production
- } Product development
and optimization

Enterprise
management

® Fotos: Fraunhofer IPK (verschiedene Fotografen), BAM

\

~ Fraunhofer

Prof. Dr.-Ing. Roland Jochem, Division Director Quality Management, Fraunhofer IPK3(0
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i4.0 covers the Essential Challenges of Industrial Production

® Due to shorter lead time and less deficit

* Due to consistent data and new possibilities of simulations from the first
concept to the completed product

¢ Due to transparent processes and reproducibility

* Due to sensors and controller, which can monitor the actual production in
real-time and which are able to step in occurring faults.

¢ Due to a higher level of automation and shorter downtimes

* Due to a flexible production and an integration of the value added chain
on a higher level

* Due to the decline of physical straining activities

E rgonOm iCS “ * Due to work-sharing robot systems, which diminish hard physical work for

the benefit of the operators

¢ Due to the batch sizes and batch versions: adjusted mass production

FIEXl b | I |ty * Due to machines and robots, which execute the single production steps for
a big amount of products

Prof. Dr.-Ing. Roland Jochem, Division Director Quality Management, Fraunhofer IPK

31
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Data Analysis is a Key Factor in Quality 4.0

Quality of supply chain

Quality of

o -
UiZatuon

Concept quali - > Utilization
pt quality Quality of assembly Quality of operations /_\
production ‘ P / : o

2= X
- Condition monitoring <
ated: Automated Jo 03)

RS o ] Ana'ys (U 1
) s s & nelysie Q-knowledge in real-time] © N g
r 1 o = ]«
, B 22 |] S
. all2]]O
: - 2|2
b o m

: : Product o) ©
: e JB _oepe /7% é slle]]8
—~ Product Machine + © 5
Al E
Data L o
s [ e MEL w " ©
i <7 ERP ) <
s . I NS o

PLM | G Ses %
20 0 — : _ caa | IS

(
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Digitalization as Enabler of Quality 4.0

Fields of action

Prevention

Cooperation

l Transparency

Speed

Customer Orientation

@2020 Lotto Lai

How can Quality Management benefit from
digitalization?

Accelarated Development through systematic Requirements
Engineering
Early Validation through Simulations

Less breakdowns and lower warranty cost through supporting
systems for Supply Chain Quality

More transparency through continuous monitoring with
cockpits

Transparent decisions through context-based, intelligent
analysis and prognosis models

Higher reactivity through early-warning sytems

Higher Product-Quality through better understanding of
customer processes
Better service quality through employe qualification

P.33



Defining Quality 4.0

@2020 Lotto Lai

Quality 4.0: A Big Picture View

Manufacturers looking to improve quality should assess where
they stand on each of the 11 axes of Quality 4.0, and pri-
oritize investments. Given the state of the market, it

is likely that many companies will need to make
investments first in traditional quality, before
they can fully leverage Quality 4.0. There
are clearly interrelationships among the
axes, and adding new capabilities to
certain axes enables new applica-

tions on other axes.

QUALITY 4.0

TRADITIONAL
QUALITY

37403d

https://blog.Insresearch.

com/topic/enterprise-

guality-management-

system-eqms/page/?2
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ASQ Quality 4.0

Summary Description Summary Description

Anticipated * Integrated cyber-physical Quality 4.0 < Digitization is used to optimize signal
changes that interfaces automate working feedback and process adjustment,
will occur environments. and adaptive learning supports self-
during induced system corrections.
Industry 4.0— * Automated process deal with end-
1995 to to-end systems. * Quality shifts its control-oriented
present focus from the process operators to
* Humans serve only in positions the process designers.

where human judgment cannot

be automated and human * Machines learn how to self-regulate

interactions cannot be simulated. and manage their own productivity

and quality.

* Machines learn to learn (artificial
intelligence).  Human performance is essential; the
emphasis shifts from production to
system design and integration with
the business system.
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ASQ Quality 4.0 Tools

* Artificial intelligence 4
* Big data (g Artificial intelligence
Machine learning

e Blockchain

* Deep learning
* Enabling technologies

* Machine learning

 Data science Blockchain

Big data

Statistics and data science J
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Seven Newer Tools for Quality 4.0

Predictive Modeling (supervised)
Network Diagrams (unsupervised disrupting Pareto)
Cluster Analysis (unsupervised)

Text Analysis (unsupervised) — 85% of today’s data
Discrete Event Simulation (queueing theory)

Event Stream Processing (unsupervised)

N o U s W RE

Sankey Diagrams (unsupervised)

Introduced at ASQ European Quality Conference —Berlin
2017, modified 2020 Jim Duarte

Academician at International

Academy for Quality (IA
@2020 Lotto Lai y Q y (1IAQ) P37



Lotto’s Opinion on Quality 4.0

* Quality 4.0 is a holistic view of the evolution of quality
management from industry 1.0 to industry 4.0.

* Quality 4.0 covers new role, technologies, management, new
service and product in the changing world.

Quality 4.0 need new QC tools.

 Making things “Smart” indicating that
intelligence, automation, flexibility, agile,
effectiveness and efficiency, so as to
maximize the customer value.

* Digitalization and Data Analytics are
enabled technology for Q4.0

* Quality and Innovation Integration as a
result

Smart

QCTOOLS

38
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Certified Quality 4.0 Professional Model G5 &4.0% Mk &)

Quality 4.0 is to integrate
Industry 4.0 Data Science into Quality
(i4.0) and Industry 4.0 Culture

[i=4.0

Quality4.0
Tola.0 Industry4.0
XS N Adv. Tech
XABIKIE Culture Level
EHE T EI5] Mgt Tools Level
BRI Mgt System Level

https://qualityalchemist.blogspot.com/2018/11/hksqg-seminar-on-quality-innovation-from.html
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