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CONTINUOUS IMPROVEMENT MATURITY MODEL (CIMM) 1.0 Sl.meOI
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denwerk beheersing Six Sigma

Lean

Kaizen

Abnormaliteiten zichtbaar
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CONTINUOUS IMPROVEMENT MATURITY MODEL (CIMM) 2.0

Sumbol

LSSA

. Creéer robuuste producten

* Product Lifecycle Management
® Design for Six Sigma
* Reliability engineering

. Creéer Capable processen

¢ Six Sigma (DMAIC)
* Reduceren van variatie
e Statistische benadering

. Creéer stabiele en voorspelbare processen

® Lean Management
¢ Elimineren van verspillingen & Flow
* Preventief onderhoud

. Creéer een Continu verbetercultuur

* Kaizen events & 'Go to Gemba'
® Short Interval Management
® Onderhandenwerk beheersing

. Creéer een stevig fundament

* Georganiseerde werkomgeving (55)
* Werken vanuit standaarden
* Kwaliteitsmanagement systeem

World class

Capable

Predictable

Managed

Structured



CONTINUOUS IMPROVEMENT MATURITY MODEL (CIMM) 3.0

Sumbol

© LSSA

PROCESS (HOW)

Creéer toekomstbestendige processen
* Industry 4.0

* Design for Excellence (DfX)

* Product Lifecycle Management (PLM)

Creéer capable processen

» Advanced analytics (Data Science)
* Reduceren van variatie (Six Sigma)
* Lean Six Sigma organisatiestructuur

Creéer stabiele en voorspelbare processen
* Risico management & First Time Right

* Lean Management (Flow & Pull)

« Elimineren van verspillingen

Creéer een continue verbetercultuur
* Kaizen events & Problem solving

+ Performance management

* Visuele Werkomgeving

Creéer een solide fundament

» Kwaliteitsmanagement seeasses
* Gestandaardiseerd werk

* Professionele werkomgeving

Sustained

Capable

Predictable

Managed

Structured

U2.E1

PEOPLE (WHO)

N R &

Directie Management Medewerkers

®

Houding en gedrag



CIMM EN DIGITALISERING

Sumbol

ANALYTICS DECISIONS

(@) = =

A Prototyping (e.g. Innovation
“* 3D printing) patterns

Sensing Signal Signal | NeWOrk | py iy o
Element CGoditioning Processing| Quasi-Digital
Qutput

Smart Sensor

Big Data

Creéer toekomstbestendige procgessen
Analytics

e Industry 4.0
Design for Excellence (DfX)
Product Lifecycle Management (PLM)

Product
Digital Twins Creéer capable processen
« Advanced analytics (Data Science)
* Reduceren van variatie (Six Sigma)

* Lean Six Sigma organisatiestructuur

Creéer stabiele en voorspelbare processen
* Risico management & First Time Right
* Lean Management (Flow & Pull)
* Elimineren van verspillingen

\ Robotic process
automation

Creéer een continue verbetercultuur, _Kwal'te't S_VmbOI

W‘ First time right zagen First o
\e S — r s , 7 %
53% 35% | 5

PowerBI

* Kaizen events & Problem solving
*» Performance management
* Visuele Werkomgeving

Creéer een solide fundament

» Kwaliteitsmanagement
Gestandaardiseerd werk
* Professionele werkomgeving

Digital work instructions
(Augmented Reality & Production

Virtual Reality) Digital Twins
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INDUSTRY 4.0 Sl.jmbOI

De 1¢ Industriéle Revolutie: De 2¢ Industriéle Revolutie
van Manueel naar Machines van Machines naar Massa productie

De 3¢ Industriéle Revolutie :
van Analoog naar Digitaal

De 4¢ Industriéle Revolutie :
Synergie tussen systemen (SMART)

i
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TRENDS INDUSTRY 4.0

Sumbol
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Hype Cycle for Emerging Tech, 2022

Foundation Models

!

WS
Computational Storage

Superapps -
Industry Cloud Platforms —

~Decentralized Identity
—~NFT
—Cloud Data Ecosystems

Internal Talent Marketplaces —,

Digital Humans
Dynamic Risk
Governance ™\
Observability-Driven
Development ~
Data Observability
Platform Engineering -
Causal Al - |
Open Te\emetry_\
Minimum Viable
Architecture
Digital Twin of
a Customer

Expectations

Cloud Sustainability

Metaverse

Augmented FinOps
Machine Learning

Generative Design Al

AUtonomic Systems

Cybersegurity Peak of
Mesh Innovation Inflated Trough of Slope of

g Plateau of
Architecture  priager Expectations  Disillusionment Enlightenment

Productivity

Time

Plateau will be reached:

() less than 2 years ® 2to5 years @ 51010 years A More than 10 years ) Obsolete before plateau As of August 2022

gartner.com

Source: Gartner

& 2022 Gartner, Inc. andj/or its affiliates. All rights reserved. Gartner and Hype Cycle are registered trademarks of Gartner, Inc. and its affiliates in the U.S. 1893703 G a rtn e r®



TRENDS INDUSTRY 4.0
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Hype Cycle for Emerging Technologies, 2023

Expectations

API-Centric SaaS
Open-Source Program Office
Cloud-Out to Edge

Al TRISM

WebAssembly (Wasm)

Generative Al

Cloud-Native

Federatad Machine Learning

Industry Cloud Platforms

Internal Developer Portal

Cloud Sustainability

Homomorphics Encryption

Value Stream Management Platforms
Reinforcement Learning

Engineering

Cloud Development Environments
Graph Data Science

Al Simulation
Casual Al
Postquantum Cryptograchy

Neuro-Symbolic Al
Augmented FinOps

Generative Cybersecurity Al

Cybersecurity
Mesh Architecture Peak of
Innovation Inflated Trough of Slope of Plateau of
Trigger Expectations Disillusionment Enlightenment Productivity
.
Time

Plateau will be reached:
() less than 2 years @ 2to5years @ 5tol0years A more than 10 years ) obsolete before plateau As of August 2023

gartner.com

Source: Gartner
@ 2023 Gartner, Inc. and/or its affiliates. All rights reserved. 2079700

Gartner
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LEAN & SIX SIGMA Sl.meOI

1950 > 1950 - 1970 1950 =
Deming Nakajima Ohno & Shingo
Q & PDCA TPM Toyota TPS Kaizen

-
ikl

“%,

T m ""-,';7%

L \l f

<N
{INKING

1979 — 1986 - 1991 - 1996 1996 =

Taylor Ford B. Galvin, Smith & Harry Womack & Jones Jack Welch
Scientific mngt Belt (Flow) Six Sigma Motorola Lean Six Sigma GE

© LSSA 9



LEAN SIX SIGMA Sl.meOI

Ontwikkelingen Lean Six Sigma T0M The evolution and future
of lean Six Sigma 4.0

Jiju Antony
Industrial and Systems Engineermg, Khalifa University,
Abu Dhabi, United Arvab Emirates
Olivia McDermott
College of Science and Engineening, National University of Irdand, Galway, Irdland
Daryl Powell
SINTEF Manufacturing AS, Horten, Norway, and
Michael Sony
WITS Business School, University of Witwatersrand, Johanneshurg, South Africa

1030

® LSS 1.0 - Integratie tussen Lean & Six Sigma

Recelved 16 A ||_‘(I i

* Focus op efficiency en winstmaximalisatie

Abstract
I‘urpum.— nm 1>Ln'|=<:-¢ c;fl]||‘=lu<]\ & Ic;]m
S p

* LSS 2.0 - Groene benadering

* Focus op groene initiatieven met behulp van Lean e J.HM.'.]..; oyl st

'w’uppmun_l systematic literature review methodology was established to identify,
~e:|e~<1 and evahate published re

S I X S I g m a Findings — There iz a synergistic nature between L3S and Industry 4.0, Companies having a strong LSS
ltireca transition o Industry 40 while ndustry 4.0 technologies can provide superior performance

@ are using LSS methodoloy
Research limitations/implications — One tation of this research was thatas thisa 5 3 nascent area,
the researchers were limited in their literature review and resenrch. A more comprehensive langitudinal study
mul{] viek] more data. The an apportunity for further study and analy
lmpllu.mum This study reviews the evolution of L3S and its integration with Industry 4.0,

+fits and motivating facors for integrating LSS and
* LSS 3.0 — Holistische benadering Ot

ch integration.
practitioners, arganisa

ermatic Eterature review on LSS 40 and can provide insight for
earch directions.

Keywords Lean six si;, a, Industry 4.0, Continuous improvement, Lean and green

* Focus op de integratie in een systeem van Paper type Concptalpper
verbeteren (ongeacht cultuur, omgeving en tak) 1. Introduction

With the arrival of the first Industrial Revolution, mamifacturing evolved mto mass
production from bemng a craft or cottage mdustry and mto Lean manufacturmg with Leaner
supply chains. Lean as an operational excellence methodology and philosophy that aspires
towards the systematic elimmation of waste through the continuous development of people
(Womack and Jones, 1996; McDermott of al, 2022), In recent vears Lean Six Sigma (LSS) has
) LSS 4 0 — Di ita Ie inte ratie lH‘l‘!II] putfm'l\‘:i.rd asan iuu-!;.,rr.'itimm'.’l,mul .'1Iud Six S'l}.!'lll.'i.lﬁn' putfur\‘:i.}'d by (‘n-!trr}.wliu 2002,
. g g the integration hasthe advantage of combining the reduction of waste via Lean practices and
the reduction of variation via Six Sigma (George, 2002). This ntegration of Lean and Six
Sigma as LSS can be seen as the first evolution of LSS and we refer to this as LSS 10,
Organisations have traditionally deployed LSS Ln.ildunn{wtitiwuﬁw and profitability as
well as increased efficencies. However, with the recent focus on the envirommental impact of
organisations and environmental awareness, organisations try to deploy and achieve green
objectives by utiising LSS methods (Chermfi of al, 2016, 2017, GarzaReyes, 2015).

* Focus op de integratie van digitale technieken en
de mogelijkheden met Al en grote datasets.

e

Antony, J., McDermott, O., Powell, D., & Sony, M. (2023). The evolution and future of lean Six Sigma 4.0. The TQM Journal, 35(4), 1030-1047.

© LSSA 10



ACADEMY OF SCIENCE AND ENGINEERING STUDY - INDUSTRY 4.0 SlljmbOI

HENZNDOORFINSTITUT = o o Dk @ i Bacatech

2] mapw

© LSSA

Digitalisation > dustrie 4.0

How can an autonomous response be achieved?
“Selfoptimising”

What will happen?
“Being prepared”

Value

Why is it happening?
“Understanding”

What is happening?
"Seeing”

Computerisation ’ Connectivity

Figure 5: Stages in the Industrie 4.0 development path (source: FIR e. V. at RWTH Aachen University)

German National Academy of Science and Engineering
https://en.acatech.de/publication/industrie-4-0-maturity-index-update-2020/
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CONTINUOUS IMPROVEMENT MATURITY MODEL (CIMM) 4.0 SlljmbOI

B . o
[ orss ). .
\ / Al \-
1

Design for Adaptive Industry 4.0
Excellence processes

i)

Breaktrough Variation Predictive
projects reduction analytics

T :1' AE@’

Process Waste Process
mapping elimination automation

&

Visual Performance Problem
workplace management solving

® &
U= S

Organized Standardized  Quality & Data
workplace work management

© LSSA 12



CONTINUOUS IMPROVEMENT MATURITY MODEL (CIMM) 4.0 SlljmbOI

5. Sustained
Creating future-proof
processes

4. Capable
Creating Capabele
processes

3. Predictable
Creating Stable and
Predictable processes

2. Managed
Creating a Continuous
Improvement culture

1. Structured
Creating a solid foundation

© LSSA 13



CONTINUOUS IMPROVEMENT MATURITY MODEL (CIMM) 4.0 Sl.meOI

9, Customer

P Strategy
0 Performance
Leadership
q5® Behavior
Competences

&= Jo
Q@ QR
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CONTINUOUS IMPROVEMENT MATURITY MODEL (CIMM) 4.0

Sumbol

. 4 Y )
y < S
_f orss . 8
r ' &/ Al -
1
\[i 3
~ Paa Design for Adaptive Industry 4.0
— 1 1 Excellence processes
(] \_ A Y,
Breaktrough Variation Predictive
projects reduction analytics

)
£o) —

5| &

(—\ ASTaeTie

7
RPA N
v e
W f Proce_ss stte ProceS_S
E lﬁ! hQr c & dj 5 mapping elimination automation

Visual
workplace

Performance
management

—

Problem
solving

=
= A A

@ &

Organized Standardized | Quality & Data

workplace work management
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QUALITY & DATA MANAGEMENT SvmbOI

)

N A

=

Quality & Data
management

—

SE

DATATBASES

DATA
ARCHITECTURE

GOVERNANCE

MASTER DATA,
REFERENCE DATA, AND
METADATA MANAGEMENT

DATA
MANAGEMENT

DATA
TRANSFORMATIONS

A

DATA PREPARATION
AND QUALITY

DATA
WAREHOUSING

7

DATA
INTEGRATION

© LSSA 16



PERFORMANCE MANAGEMENT

s ﬁf i
Performance
management

© LSSA

A7
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PROCESS MINING SlljmbOI

Process Mining maakt de werkelijkheid in één oogopslag inzichtelijk

© LSSA 18



PROCESS AUTOMATION Sl.]mbOI

st Sl _
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& Approvals
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(B Al Builder v
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MACHINE VISION AND MACHINE LEARNING
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reduction

—

© LSSA
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MACHINE VISION AND MACHINE LEARNING
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Supervised learning
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MACHINE VISION AND MACHINE LEARNING

)

Sumbol

Variation
reduction

—

Machine

Learning

Supervised Unsupervised

Learning

Learning

Model training with labelled data Madel training with unlabelled data

N N

© LSSA

Classification Regression Clustering
g -
- -
# ~ - e
o . ™ o * %
§ooh A \ Py oo _ ®
i " 1 ™ s @ #
] PO - 8 s
| £ - 9" S o
1 & o A ,‘ ’ S s e
1 J e s o ~—
""-.-l-“‘\ & F 'J
oo RN o ~ = N ®
r ® N et 2 ¥ e P
F ® 9 9 I"*----'" e - bt \
L @ I - LY
1 e g ! L . @ N
‘\ [ ] .r‘ I’ L L %
ﬁ“'-— - - \$
—— °

Reinforcement

Learning

Meadel take actions in the environment then
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PREDICTIVE ANALYTICS

Minitab

il Gold Partner

Sumbol

)

&

Predictive
analytics

—
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Predictive analytics

* Algoritmes (Machine Learning en Deep Learning modellen) om patronen in data te ontdekken en toekomstige

uitkomsten te voorspellen

Minitab Predictive Analytics

CART®
Classificatie boom:
labelt, registreert en wijst
variabelen toe in klassen

Random Forests®
Classificatie boom voor
grote datasets (veel
variabelen)

TreeNet®
Flexibele classificatie
boom met continu
aanpassingen in het model

MARS®
Meervoudig Regressie
model voor ‘lastige’
datasets

24



ADAPTIVE PROCESSES

Adaptive
processes




INDUSTRY 4.0

Sumbol

Industry 4.0

——

© LSSA

Flexible
Manufacturing Products

—)
Y

Advanced

Manufacturing Servitization
Smart Digital Factory
Working

Sustainable Connected
Factory Factories

https://www.tno.nl/en/digital/smart-industry/smart-industry-digitisation/
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Design for Adaptive Industry 4.0
Excellence processes

i)

Breaktrough Variation Predictive
projects reduction analytics

T :1' AE@’

Process Waste Process
mapping elimination automation

&

Visual Performance Problem
workplace management solving

® &
U= S

Organized Standardized  Quality & Data
workplace work management
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ONLINE SURVEY

Stand van Nederland t.a.v. Continu Verbeteren

Hartelijk dank voor deelname aan ons onderzoek.

Doel
We brengen de volwassenheid van continu verbeteren onder Nederlandse organisaties in kaart.

Aanleiding

Lean en Six Sigma worden al vele jaren toegepast in Nederland. Deze methoden hebben hun kracht

bewezen. Met dit onderzoek brengen we in kaart in hoeverre continu verbeteren is geintegreerd in
Nederlandse organisaties.

Tijdsduur
Het invullen van de enquéte duurt circa 9 minuten.
Je ontvangt de resultaten van dit onderzoek.

Maak kans op een teambuilding

Onder alle deelnemers aan dit onderzoek verloten wij twee keer een dag met je hele team in ons Lean
Experience Center, de grootste Lean-game van Nederland.

Privacy
We gebruiken jouw persoonsgegevens en antwoorden alleen voor dit onderzoek. We vragen niet naar

identificeerbare bedrijfsgegevens. Als je geen informatie meer wilt, bewaren we de gegevens nog
maximaal 2 maanden. Daarna verwijderen we ze uit onze systemen.

https://nl.surveymonkey.com/r/FLBFJIP8

© LSSA
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