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1. GENERAL PROFILE OF SPLIT-DALMATIA COUNTY

OUR ROLE IN CROATIA
« Largest Croatian county with surface area

of 14,045 km2 (mainland 4,572 kmz2)
Highest number of inhabitants among
Croatian counties (464 thousand)
Total 55 local self-government units, out
of that 16 cities and 39 municipalities
Natural diversity (hinterland, coastland,
islands) and attractions (Natural Park
Biokovo, Cetina River, Zlatni Rat beach,
Blue Cave...)
Rich cultural heritage: UNESCO (Old Town
Split with Diocletian’s Palace, Old Town
Trogir), archaeological findings (Salona,
Pharos, Issa), events (Split Summer
Festival, Harmony-Singing Festival
Sinjska Alka chivalrous tournament)...
« BDP in 2006 approximately EUR 6.000 per

capita (approx. 80% Croatian average)

+« Approx. 142 thousand of employees total

ED20H
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ECONOMY DEVELOPMENT - ACTIVITIES OF COUNTY ECONOMIC
DEVELOPMENT DEPARTMENT

*The successfully society does not miss development chances; it undertakes steps in
order to they would create it.

ECONOMIC
RESTRUCTURING
PROGRAM

CLUSTER DEVELOPMENT

SMALL AND MEDIUM SIZE
ENTERPRISE
INCENTIVE PROGRAM

DEVELOPMENT FUNDS

ENTREPRENEURSHIP ZONE

ESTABLISHING PROGRAM MASTER PLAN OF TOURISM

AGRICULTURE AND
AGROTOL:JRISM TECHigIEggs-PARK
DEVELOPMENT PROGRAM

ENERGY DEVELOPMENT
PROGRAM

Splitis the cultural and economic hub
of Central Dalmatia.

It grew out of

the Palace of the Roman Emperor
Diocletian, built around AD 300 and now
a place where ancient times live on
split along side the urban rhythm of the
twentieth century. Its 1700 years of living

Diocletian’s palace 305-2005 history is protected by the UNESCO and
will always fire the interest of visitors
and travellers.
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CITY PROFILE
SPLIT - GENERAL PROFILE

DEVELOPMENT PROJECTS

The second largest town in Croatia and
the largest town on the Croatian coast
of Adriatic (200 thousand inhabitants)

Center of the most dynamic
administrative, economic, and
transportation activities in the region of
Dalmatia, with growing
entrepreneurship and traffic
connections

The cultural and historical center of
Croatia with rich, diverse, and globally
attractive cultural and historical
heritage

The sports center of Croatia with global
reputation in the world of sports

The city with the largest potentials for
tourism development in Croatia

SPLIT - VISION OF DEVELOPMENT

ECONOMICALLY ACTIVE CITY

ATTRACTIVE TRAVEL DESTINATION WITH STRONG IDENTITY

CITY THAT INSPIRES CREATIVITY AND INNOVATION

SOCIALLY RESPONSIBLE CITY

DEVELOPMENT OF DEVELOPMENT OF DEVELOPMENT VIA
CITY TOURISM AND PUBLIC-PRIVATE
INFRASTRUCTURE HIGH TECHNOLOGIES PARTNERSHIP

9.10.2017.
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CITY PROFILE

SPLIT - CITY OF KNOWLEDGE

UNIVERSITY OF SPLIT
= The largest university in Dalmatia
= 11 faculties
= 3 university centers for studies
= University library

= Approximately one thousand professors
and assistants

= Approximately 25 thousand students

OTHER INSTITUTIONS OF EDUCATION
AND KNOWLEDGE

= 28 elementary schools
= 26 high schools
= Mediterranean Institute for Life Sciences

DEVELOPMENT PROJECTS

UNIVERSITY CAMPUS

ces

Ly

SURFACE = 20,16 hectares

CONCEPT Development of university campus with the following facilities:
= New buildings of several faculties
= Scientific center, technology center, and multimedia center
= University library
= Sports hall and sports courts
= Student center, student housing, and hostel
= Administrative and supporting facilities

INVEST. = Approximately 200 million euros
TERMS = From 2006 to 2014

UNIVERSITY OF SPLIT
CAMPUS PLAN - 3D SIMULATION
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FESB 1960 — 2009

* Founded 1960

= 1980 — New building

FESB - PRESENT




* Department of

Power engineering

Electronics

Mechanical engineering and naval

architecture

Mechanical technology

Mathematics and physics

Centre for common courses

®  Computing centre

®  Llibrary

= Office of the Dean

= 250 employees
® 160 lecturers and researchers

Some statistics

Students: Teaching stuff:
Bachelor/Master | Vocational studies Full professors 26
Current number of students Associated professors 17
1700 | 650 Assistant professors 16
Enrolled in 2009./2010. Assistants and lecturers 54
450 | 200 Technical support 18
Graduated
3400 1350
Master of science PhD
75 27

9.10.2017.
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Bologna process @ FESB

PhD
3 years
180 ECTS
P
Master
2 years
120 ECTS
& Additional 30 ECTS
Bachelor Bachelor
3 years of vocational studies
180 ECTS 2,5 years
150 ECTS
[ STUY LEVEL [ VOCATIONAL STUDIES ]

" apons
FESB 2D20i

Electrical Engineering and Information Technology

- Freshmen per year: 200 (40 paying fees)
= Bachelor of

= ELECTRICAL ENGINEERING AND INFORMATION TECHNOLOGY

= Master of
= AUTOMATICS AND SYSTEMS
= ELECTRONICS AND COMPUTING ENGINEERING
= ELECTRICAL ENGINEERING
= COMMUNICATION AND INFORMATION TECHNOLOGY

ICT EDUCATION @ FESB
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. Bachelor of -Freshmen per year: 80 (50 paying fees)

= COMPUTING

First year: general knowledge and basic programming

Second year: databases, algorithms, OOP, discrete systems ...

Third year: networks, software engineering, distributed systems, business systems

=  Master of

= COMPUTING

FESB

Advanced programming
Advanced distributed systems

= e.g.researchin GRID
Advanced architectures
Multimedia systems ...
Diploma thesis — whole semester

EDRUH

Mechanical Engineering

= Bachelor of

= MECHANICAL ENGINEERING
- Freshmen per year: 90

= Master of

= MECHANICAL ENGINEERING
=  Specialisationsin:
= ENGINEERING DESIGN
= PRODUCTION ENGINEERING
= COMPUTER AIDED DESIGN AND ENGINEERING
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Naval Architecture

Bachelor of

= NAVAL ARHITECTURE
- Freshmen per year 40

= Master studies

= NAVAL ARHITECTURE

Industrial Engineering

= Bachelor of

= INDUSTRIAL ENGINEERING
- Freshmen per year 80 (30 paying fees)

L] Master of

= INDUSTRIAL ENGINEERING

= Joint study with Faculty of Economics in Split ef?&t\

10



Doctoral studies

= ELECTRICAL ENGINEERING AND INFORMATION TECHNOLOGY

9.10.2017.

Vocational studies

= ELECTRICAL ENGINEERING

- Students per year:
= COMPUTING
- Students per year:

= MECHANICAL ENGINEERING

- Students per year:
= NAVAL ARHITECTURE
- Students per year

80

60

40

40

(50 paying fees)

(50 paying fees)

(20 paying fees)

(20 paying fees)

11
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Computing equipment

= One medium size computer classroom (30 PCs)
= Two small size computer classroom (20 PCs)

= Few more small computer labs (~ 10 PCs)

= Public terminals

= WiFi

= GRID cluster

= Teleconferencing room

= 100 MB/s internal network with a 1 GB/s backbone

= Missing space for computer classroom
= FESB E-campus

Number of students graduating per year

University studies (diploma engineers = master)

Electrical engineering 110
Mechanical engineering 30
Computing 30
Industrial engineering 30

Vocational studies (engineers)

Electrical engineering 40
Mechanical engineering 10
Naval architecture 15
Computing 20

12
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Research

Our researchers are
L] Leaders of more than 40 scientific/technological/information technology projects sponsored
by Ministry of science, education and sports
. Participating in international projects:
=  Croatian-Slovenian cooperation program
= COST (Electromagnetic Compatibility in Distributed and Complex Systems)
= ALIS CROATIA - The British Council
= CEEPUS
=  ERASMUS
= CERN (ALICE - A Large lon Collider Experiment, CMS - Compact Muon Solenoid)
= CROATEA (CRoatian Observatory At The Eastern Adriatic)
= FP 7 and HORIZON 2020 projects
L] Guest professors and guest scientists at many universities and labs
] University of Berkeley, Universitat Stuttgart, Technische Universitat Berlin, Fraunhofer
Institut fiir Betriebsfestigkeit, Columbia University, Imperial College of Science,
University of Texas, Stanford University, Max Planck Institute, Universite Libre de
Bruxelles, King's College London, University of Viena, University of Wales, Emory
University Atlanta, Paul Scherrer Institute, Ecole Polytechnique, UNIDU ...

FESB SEDR0H

Ilvica Veza: Curriculum vitae

Professor in fields of Production Management, Production Systems, Plant
Layout and Logistic,

Specialization at Fraunhofer Institutes - IPA Stuttgart, IPK Berlin, RTWH Aachen
— three years

Published 8 books, 30 papers in journal and over 150 articles on domestic and
foreign symposiums,

Worked 3 years in Shipyard Split and development director in Jugoplastika
Footwear Split

Secretary of Mechanical Engineering and Naval Architecture department of
Croatian Academy of Engineering

Counselor of the president of Split-Dalmatian County for economy
Management member of the Technology center Split

Head of the Technology Platform of Croatia www.manufuture.org

Head of the Shipbuilding cluster of the Split-Dalmatian County...

13
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Fraunhofer-Gesellschaft
The leading organlsatlon for applied research in Europe

ROI" ‘KJ \

Jakarta -

o de Chile Stellenbosch

66 institutes, 80 research facilities Subsidiary
22 000 employees Cer!ter
€ 1.9 bn EUR research budget Project Center

ICON / Strategic Cooperation
Representative / Marketing Office
Senior Advisor

2/3 of Project Turnover from Industry-Projects
1/3 of Project Turnover from Public Research-Projects

Kyoto

Tokyo

e

- - '-,.————
Vi Okt - e

Nagoya

9.10.2017.
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Megatrends - overview

New materials Information-

and technologies technology

Ressources

Globalising

Source: Abele & Reinhart, 2011; Credit Suisse, 2009; Credit Suisse, 2010;
Geisberger & Broy, 2012; Z_punkt & BDI, 2011
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Lifestyle
Value change
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Technology trends

Merging Real and Virtual

- #3
3-D Printing

World

Intelligence everywhere

Software-Defined
Applications and

New IT Reality -y 4 Infrastructure

; : . 10
Cloud/Client Risk-Based Security
Computing and Self-Protection

Source: Gartner | information-management.com

From Industry 1.0 to Industry 4.0: Towards
the 4th Industrial Revolution
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From Industry 1.0 to Industry 4.0: Towards
the 4th Industrial Revolution

_________________________________ ,
2
<
)
=y
IS
S
O
2. Industrial Revolution ©
Loom \L"-"’,,,.j mass production s
1784 TAVAYAS based on the division =
of labor powered by Industry 2.0 g
__________ electrical energy I S =
Industry 1.0
End of Start of ¢
18th 20th
Century Century -
EDR0H
From Industry 1.0 to Industry 4.0: Towards
the 4th Industrial Revolution
= >
3. Industrial Revolution 2
electronics and IT and heavy- dul o
industrial robots for a further g
automization
of production |ndUSt|'y 30 8
2. Industrial Revolution S
Loom mass production )
1784 based on the division =
of labour powered by |ndu5try 2.0 2
__________________ electrical energy [ o
Industry 1.0
Y g
End of Start of Start of t

18th 20th 70s

Centur
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From Industry 1.0 to Industry 4.0: Towards
the 4th Industrial Revolution

4. Industrial Revolution based on
Cyber-Physical Production Systems

>
3. Industrial Revolution E
electronics and IT and heavy- du o
industrial robots for a further g-
automization
of production |I']C|UStI'y 3.0 8
2. Industrial Revolution ©
Loom k/w\./\.) mass production o
1784 AYAYAN based on the division 5
of labor powered by Industry 2.0 @
________________ electrical energy a
powered Industry 1.0

End of Start of Start of today
Century Century

Industry 4.0 — What is it about?
Definition Industry 4.0

B “Industry 4.0“ encompasses the integration of state-of-the-art information- and communication technology (ICT) with conventional physical
production and processes, which enables the development of new markets and business models.

B “Industry 4.0” thereby targets the question of how this integration can generate a customer-individual benefit, for which the client is willing
to pay.

Smart Mobility Smart Logistics

19
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What is the Basic Idea of Industrie 4.0?

The Internet of Services — The Internet of the Things — Smart Everything

Smart Mobility

Smart Logistics

Characteristics:

Challenges:

= Several autonomous = Controlling and

Systems R Monitoring
M-2-M Communication = Actuality, Integrity and
y Propriety of Data

Complexity

Heterogeneous
Networks

Source: Acatech, BMWT, TUWIn4.0

= Integration of the
physical Environment
and IKT

How does Industrie 4.0 work?
As a Cyber-Physical Production System, connecting the material and virtual

world Cyber Space

Technologies: = / ‘ Functions:

% Sensors & Actuators roakdonn. Si—StEMY \ ALY - = Communicating &

%= Cloud Services P - Enerdy i Quﬁﬂ“y‘ Negotlat!ng -

= Wireless & Mobile © 7/me Limit - s — = = _ @ |Interpreting & Deciding
Com. ) - s Configuration & Adjustin

= Self X s ~ Real Space S = Analyg_ing & Optim:zing ?

= (Standards)

PP g ing Pr

Lifecycle (Production und Production system)

B ) i, Wescton ) e et

Logistics (Intra- und Inter- stics)

virtual/abstract
Source: TU Wien, Gerhard, 2014, TUWIn 4.0
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Smart Factory

Industry 4.0
Smart Mobility
»Smart solutions -

customized, flexible, fast”

Adaptability
+  Continuous ergonomy
*  Interoperabilitat

*  Resource efficiency
Customer orientation

Augmented Reality
Traffic management
Car2X communication

Principles

Internet of things and services

*  Service orientation
* Standardization

Smart Logistics *  Decentralization Smart Health
*  Real-time capability

* Intelligent networking

*  Blended reality (continuous connection

between virtual and real world)

« Telemonitoring
Medical network

« Tracking
+ Multi-agent systems

Technologies
*  Cyber-physical systems on the basis of
embedded systems

Smart Home

Smart Products *  Machine-to-machine communication Smart meter
Smart devi ¢ BigData *  Ambient Assisted
mart devices Living (AAL)

+  Gentelligent
components

+  Micro-grid
«  Virtual power plant
Energy management

[:] Public-social level
[:] Resource level
[:] Industry level

Initiatives around the world are accelerating the 4th industrial
revolution

ﬂ‘

Germany

Industry 4.0 Korea

Innovation in
Manufacturing 3.0

1BM Watson loT

Source: World Manufacturing Forum, Barcelona 2016

9.10.2017.
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Industry 4.0

Overview of digital manufacturing initiatives in Europe

Finland
= »FIMECC PPP Programmes
EU -level Initiatives (MANU, S-STEP, SIMP, S4FLeet)
»Application PPPs: FoF, SPIRE Sweden »Industrial Intemet Business
>14MS Production 2030 Revolution
"‘ . »1oT pilot Factory (loT PFF)
»Smart Anything Everywhere
»ICT PPPs
4 Poland
| o Danemark ¥ »INNOMOTO
Multi-region Initiatives National Initiative >INNOLOT
»Vanguard »Digital manufacturing for the
< SME (Mazovia)
Smart Industry o
2 Latvia
United Kingdom (4 >Riga IT Demo Centre
>High Value Manufacturing / (
»Innovate UK f Germany
>Action Plan for Manufacturing (Scotiand) 2 - Sindustie 40
>Smart Service World
>Autonomik fur Industrie 4.0
: »It's OWL (Ostwestfalen-Lippe)
>Allianz Industrie 4.0 (Baden
Belgium Wirttemberg)
»Made Different
»Flanders Make/iMinds (Flanders) Austiia
Produktion der Zukunft
N France
>Industrie du Futur
N »FoF lie-de-France
Italy
Portugal , »>Fabbrica Intelligente
PRODUTECH % >Ass. Fabbr. Intell. Lombardia
o0 ' -
European nitiatives are inred % gt
National initatives are inblue Spain Greeca
= )sauonal \n;{\atwe . Operational Programme in
. >Estrategia Fabricacion Avanzada Region Westem Greece
European Commission (Basque region) 2
DG CONNECT, Unit A3, ML
S :
RB Industry 4.0
Readiness Index"?!
5
Germany
Belgium Finland
y Sweden Ireland
AR FRONTRUNNERS
Netherlandg
: POTENTIALISTS
) Austria
UK
France
3 @
Czech
TRADITIONALISTS Repubiic
‘ltaly .Slovakls
Slovenia
Spain .H"“&N'V
Estonia o
2 Lithuania
Portugal ®
Poland
atia
. Bulgaria
1
1 2 3 a4 5

1)1=low, 5= high

Manufacturing share (% of GDP; index)

2) Adjusted for outliers Cyprus, Latvia, Luxemburg, Romania, Greece

9.10.2017.

22



9.10.2017.

#I N S E N T Project information

Innovative Smart Enterprise

* Name: Innovative Smart Enterprise

* Acronym: INSENT

* Budget: ~100.000 €

* Funding: Croatian Science Foundation

* Leader: prof. dr.sc. lvica Veza

* Partners: FESB Split, EFST Split, FSR Mostar
* Start-date: 15t September 2014

* Finish-date: 31t October 2018

Project INSENT

The main aim of this project is to develop the Croatian Model of Innovative Smart
Enterprise (HR-ISE model).

* The aim is to make a regional adaptation of the model with a specific regional:
* way of thinking,

* production,

* organizational tradition,

* education.

The HR-ISE model can help Croatian enterprises to bridge the gap between their
competences and the competences and opportunities of EU enterprises.

NN
'y mmm) http://insent.fesb.hr

23



Vision

Vision of Innovative Smart Enterprise for next generation
manufacturing can be summarized into following features:

* Lean * Responsive

* Flexible * Information Enabled
* Agile * Predictive

* Efficient * Safe

Project INSENT - Main aim

Where

Where do we

are we? want to
be?

How to get there?

Analysis of the Industry 4.0
current state of
maE:;:::Itaur:in Project
. e Innovative Smart Enterprise
industry
(INSENT)

9.10.2017.
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Objective 1

* Objective is to answer the question: “Where are we?”

* It is important to perform profound research to describe current
state of Croatian manufacturing enterprise

* It will be done by questionnaires and interviews with CEOs and/or
technical directors of manufacturing enterprises in Croatia

Objective 2

* Objective is to answer the question: “Where do we want to be?”

* A synthesis of analysis of Croatian manufacturing enterprises will be
done through development of Croatian model of Innovative Smart
Enterprise (HR-ISE model)

* A special efforts will be made to bridge the cultural and mentality
gaps between State-of-the-art models and current Croatian model

25



Objective 3

* Objective is to answer the question: “How can we get there?”

* A special learning environment will be established in one Laboratory
as a Learning Factory

* Laboratory will be organized to simulate factory based on HR-ISE
model

* It will be a place where transfer of developed HR-ISE model to the
economy subjects will be achieved

9.10.2017.

Work Packages

4 Work Packages in the period of 4 years:

* WP 1: Analysis of current state of Croatian manufacturing
enterprise

* WP 2: Development of Croatian model of Innovative Smart
Enterprise — HR-ISE model

* WP 3: Experimental testing of HR-ISE model through
Learning Factory

* WP 4: Project dissemination

26



Methodology for obtaining maturity level of
Croatian industrial enterprises

| Research methodology |
1

Literature review

* State-of-the-art conference
and journal papers and

* Books

+ Web presentations

* Case studies

9.10.2017.

1
Enterprises contact data
1
{ 1
Web questionaire Visits and interviews
* Design of questionaire * Design of questionaire
* E-mailing questionnaire * Visitto enterprises
* Encouraging responses (by * Intwerviews with CEOs
e-mail, phone, fax) * Gemba way
- 161 enterprises responded => Interviews in 28 enterprises
Analysis }-—,
I
| Results |

Where are we?

Villach Klagenfurt — . TN
SAMPLE SIZE . . o= Maribor "
S Dravogfad i v,
raimm/
" narodni Keanj Cele
m Other companies L\ﬁw'k 5 4
 Udine/ Lubljana
® Sample &a K"l}"’
Goriid! 51}

nfaleone S
e Xl

v\,J‘\-QJ
Rijeka
.. ‘. o Ogulin
* \ o
ANONYMITY OF RESPONSES Cres , @ f Rrifedor Derventa’ _— S
9,‘,.. 4 Senj .l¥ , Gradagac 2.
R ks JBanjaluka  popg - tina
n: Sabac
s Kn @ l .Pomwac  Maglaj Tuzla
: vornik
®  Anonimous companies o Gr % X
® x _Zenica Viaséfica
efovac Kni Bugojno, X
g , Gomji Vakuf Q")
N, twno Sarajevo )
5 ,Sibenik Sij " = Y
e Ancons -' N g Dinaric Afs 31, Konfic ' Rogatica w%wd
-, @ N
Ve - S
COMPANY SIZE [ Adriatic Sea o s Mostar i N iRedia
" " . i \.. gt 5 \‘\‘
w Micro companies (5-9 « Fermo Vis Stolac f\
empia! 0 Ascoll H &m‘ 2 o %
» SM 2 wnines , Piceno L] ~ f :
employes) o 1 ﬁ (NG
» Mediu 50-249 Terand Giulianova R 2 P
Pescara Y\ Pod: £33
4 .VAquia N Naclorielgf

park v
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Set of nine questions for factories

Product development,

Technology,

Work orders management in your production system,
Monitoring of production traceability,

Materials inventory management,

Finished products stocks management,

Quality Assurance,

Product Lifecycle Management,

Application of Toyota Production System TPS and
Green and Lean Production GALP concept.

O e NOUEWDNPR

The example of scoring model for one question

Select the best descriptions of work order

h : Industrial
managementin your production system: generation
o 2 1st
[ oral communication man to man
(manager explains work order to
employee)
B’ Written communication man to man s 2nd
(manager gives written work order to
employee) 2c0re:
- -
2.5
B Communication man to machine i 5
(programming of CNC machines) s r
[[] communication machine to machine
[] Intranet communication (cloud-based) @ sth

9.10.2017.
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Results: Average level of Industrial maturity

LEVEL OF INDUSTRIAL MATURITY FOR SPECIFIC SEGEMENTS OF
PRODUCTION AND AVERAGE OF ENTIRE CROATIAN INDUSTRY

= 215

3,00
2,50
2,00
1,50
1,00
0,50
0,00

Product Technology Production Production Materials Management Quality TPS/GALP Averageoi

development management  monitoring inventory  of stocks of assurance Croatian

management  finished industry

products

ID?
Enterprises positioned according to their industrial maturity
'g 25
% 20
-§ 15
= 10
' -In:‘lustrvrl.u- ’ o ' 'ln;uslryjz.o- ' o o ' -In:!ustryja.ﬂ- ) o ’ -In;ustryja.o- i
Industrial maturity level
£D?
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Range of Industrial Maturity Index in Croatia

From Industrial maturity
index 1,7

To Industrial maturity
index 3,4

Evaluation results of techniques, organization and personnel

The ratings are from

Enterprise 0 - irrelevant to 5 - necessary

Technik Personnel

Organisation

= S|| % * E ]
o = * i~
E385l=llx|ls KR IRERE e
0T © c = = S |l o © o *
'S S| € ] = 3 = S @ = 2 * a0
=353 e|lell 8|l @ sl Bl ®|l< ) @ |l €
acOls|l all E|l 2 sl 3l €|l8 2 & oll el =]l €l ¢
c - ol o352 ~ Sl 21l < ||5<| x S L e & || -8
scll el |l 2|2 =215 9> <||Bll 32| B
'g = O ) Q o Q © © o g ol L2 > ' - >
SeBllE|olll]3 sl || 3@ g < cll2| 6| wl| 3
by o 8l = a £ N c ] 3w | Ke] S) ) < c
Qw_|l 3 3 s} [ 3|l = WVilg cff Y =1l = = | ] c
20|l all 8|l 2fl & oll e[l €lle ¢of = 3 2l el —
b=l © < ) o v N =) i= ) = = =
o =2 eIl £ [% c 3 a c FElE= o S > paar}
Scsel 2l 5| el € sl S 2 = ® ©
< 9T o (= o &L =
ggl| g3 @ 5| 8 3
’ 3,96 ‘ 4,46 | 2,98‘ 31 |4,32‘ 344 394|332 | 364 I 3,74 ‘ ’ 41 I 43 |4,28 4,06‘ 4,4 ‘
* The modularity, flexibility, ** Functional vs. process, project, *** A holistic, interdisciplinary .
intelligent components, automation  fractals, profit centers approach, teamwork
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Evaluation results of techniques, organization and personnel

. The scores are from 0 (%) -
Enterprise . o .
irrelevant to 100 (%) - essential
Techniques Organisation Personnel
31,2 32,7 (36,1
= S|| - * E @
2802w, |l P8 e 3
oS O [ c ) o o =] 3 © c
il = S || © [} *
WS 5| € 2 o 2 c = ) IS = * a0
=53l e|lE|l ell @ oll S|l ®|l¢c oD @ X =
23|l efl 8]l =2 sl 3llells ¥ & el || 2| €]l ¢
c'C ol T 5 = N © IS < |5 = x X o o = o
=5 = 5 o) 2 o < = B X (i) = E3 © o=l
=) = o 9] — o |l g \ ~ © <@ ©
= O oo (] O © © £ o . > Y S
S a5l £ ) = s c 2|3 S c S = 9) 1) )
2 Al 5§ ) € c ) N > oo|| © i) ) ) < =
O ‘oo = = =} o [ [} = o v = [} =] = o c
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intelligent components, automation  fractals, profit centers approach, teamwork

Analysis of personnel

1. The age structure

- Domination of older workers with experience and knowledge
(from 50 to 60 years)

2. Level of the qualification

- From 5-10% of workers employed in the company has university
degree, master's degree or a doctorate degree (in companies with
more than 100 employees). A large percentage of companies do
not have research and development department.

- Enterprises also complain about the lack of specific knowledge
and competencies at all levels: industrial practice finished
students, knowledge of a foreign language, computer application
in product development and manufacturing, numerical control
machine tools, basic knowledge in the field of mechanical
engineering, naval architecture and mechatronics etc.

- Only rare enterprises give scholarships to students during high
school and university.
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3. Motivation - Enterprises often do not offer any type of

Analysis of personnel

9.10.2017.

motivation to its employees. In practice, the most common
form of employee motivation is financial incentives to reward.

4. Innovation - Enterprises generally do not have system for
evaluation of employee innovation. Exceptions are those
companies that have a service that tracks innovation and
suggestions for improvements from employees.

5. Life-Long Learning - Other important factors include the

following areas: foreign language skills, knowledge of

legislation, management skills, knowledge of ISO norms and
standards of quality assurance products, computer aided
design and manufacturing, design, knowledge of specific

computer programs and tools, knowledge of new

technologies, handling equipment and machinery, etc. There
are rare enterprises whose employees spend more than 5 days
per year on training.

, EDBOR

Generic HR-ISE model with basic lean tools

Define

objectives @

Define K_J‘>

priorities
The role of -
employees Q

Exploring lean

methods for \*J>
the HR-ISE
model

Objectives:
Value >
— o m
Flow g
orientation
v - \J
Pull system | priorities: : — /
 —
g
Just-in-
Time

Continuous improvement - Kaizen

Standardized work, 5S

Detailed

@ definition of the

HR-ISE model
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How to move toward Industry 4.0?
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Overview of models of foreign enterprises
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Administration
perspective

Service production
perspective
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3 ()
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Product development

perspective
Volvo model Porsche model

Manufacturing
perspective

-0 } e

33



Overview of models of foreign enterprises

Work structures Standard-
and group work ization
§
g, [E <
o |8 8
g2 §§a§ %
2|8 [2]z8
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R
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stomer Satisfaction and Business Success

Continuous Quality
improve-

ment Cost Deliveries

P.roces.s Pull e S
Orientation

E‘ Transparent

=S Perfect i Flexibili

_E_ erfect Quality exibility Processes

3 Waste Elimination Continuous

§ Improvement

g

o

| Takt production

Mercedes model

The first

UPITNIK

1.
proposed model -

Objective:

o »

~

Value
stream

People:

Flow
orientation

Pull system

Priorities:

Just-in-
Time

Continuous improvement - Kaizen

Standardized work

Associate Involvement and Empowerment

Employee Satisfacti

Questionnaire

Kake Vi vidite predloZeni HR-ISE model (melimo Vas opisite osobnim rijegima).

Sto ne pokriva HR-ISE?

Jeste li ranije imali nesto sliéno HR-ISE na razini tvornice?

Koje bi po vasem misljenju alate i metode lean-a trebalo postaviti u HR-ISE model (npr.
osiguranje kvalitete, osoblje idr.)?

Koji su osnovni ciljevi Vaseg poduzeca?

Koji su zahtjevi na osoblje poduzeca (kvalifikacija, motivacija, inovativnost, cjeloZivotno
obrazovanjeidr.)?

Koja bi podrucja bila vaina u programu obrazovanja?

Koji su osnovni prioriteti VaSeg poduzeca? '..‘
Kakva je po Vasem miljenju organizacijska struktura HR-ISE? i

. Koja je uloga obrazovanja osoblja za uvodenje HR-ISE? e

. §to je znadajno za uginkovitu implementaciju HR-ISE?

. Na koji bi se nacin izvriila prilagodba HR-ISE unutar pojedinog poduzeca? =

. Koji su osnovni procesi u Vasem poduzecu?

Jeste li mapirali procese?

. Mjerite li KPI (Klju€ni indikator uspjesnosti)?

Kake bi se mogla povecati konkurentnost vaseg poduzeca?
Podriava li vage poduzece inovacije i na koji naéin?

. U kojem opsegu ostvarujete svoje ciljeve?

. Kako bi se HR-ISE mogao povezati s razvojem proizvodne strategije na razini tvornice?

. Na koji nacin su HR-ISE i Lean proizvodnja sliéni, a u kejem pogledu razliiti?

. Mislite |i da bi HR-ISE trebale primarno promatrati kae pricu ili kao djelovanije, ili pronaci

strategijski balans?

. Kako bi prema Vadem misljenju trebala biti popunjena HR-ISE kuca sa vec navedenim lean

alatima? (Nadopunite u kucu prioritete i s desne strane ono 5to prema Vama nedostaje od
lean alata)

Bosch model

The survey included

37 Croatian
enterprises

5 .'.g..;.. .

34



9.10.2017.

The surveyed enterprises belong to different industries

WHITE
TooLs coops AR CONDITIONING
FRODUCTION EQUIPMENT 3%

o
4% 3% ALUMINIUN 3% ALUMINIUM

PROCESSING 5%

BUILDING
MATERIAL
PROCESSING
4%

COAL AND
GRAPHITE
PROCESSING
SHIPBUILDING .
15% CONCRETE
PRODUCTION
3%
PRINTING 3% ELECTRICAL
POLYMERS EQUIBP:: ENT
PRO(;E;SING MACHINES ENGINES 3%
EQUIPMENT  MACHINES 8%
3%
What are the
basic objectives
of your Define

OBJECTIVES

enterprise?

CUSTOMER SATISFACTION
CONTINOUS IMPROVEMENT
QUALITY IMPOROVEMENT
COST REDUCTION
ORIENTAI'\IA'IA%\J KE? GLOBAL

INCREASING MARKET SHARE

DEVELOPMENT OF NEW gy
PRODUCTS

ED20H
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lifelong learning,
etc.)?

What are the -
main priorities
of your Set
ise? PRIORITIES
enterprise EDUCATION
NEW TECHNOLOGIES
NEW PRODUCTS
IMPROVEMENT OF EXISTING =
TECHNOLOGIES
IMPROVEMENT OF EXISTING .
2
NEW MARKETS
e
What are the MOTIVATION
requirements of
an enterprise for EMPLOYEE QUALIFICATION Ll
employees EMPLOYEES
(qualification, NEW COMPETENCIES
motivation,
innovation, EDUCATION

INOVATION
RESPONSIBILITY
TEAM WORK

INDIMDUAL WORK i}

COMMUNICATION

LEADERSHIP TRAINING ||
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Which tools and
lean methods
should be set in
the HR-ISE
model?

PULL SYSTEM
TOTAL QUALITY [IFREEA
TEAMWORK SRS

STANDARDISED WORK

COMMUNICATION 6
TOTAL PRODUCTIVE g
MAINTENANCE R
55 (SORT, STABILIZE, SHINE, g
STANDARDIZE, SUSTAIN) Bl

EMPLOYEE INVOLVEMENT
VISUALISATION

FLEXIBIUTY

SMED (QUICK CHANGE OVER)
JUST IN TIME

VALUE STREAM MAPPING
PLAN, DO, CHECK AND ACT
POKA-YOKE

FLOW ORIENTATION

JIDOKA (AUTOMATION)

The example of model in Croatian enterprise

™ I
Y- S .
= S

S

24.3%

1
=
&
k&

-
I 3
M

,_.
2
®

18.9%

16.2%

.
=
B

KUPAC
*Proizvednja u takiu za kupca
«Maksimaina varijabilnost proizvodea
JIT om
— LJUDI
«Tok
“Protok *Q alati
Pl Kaizen i Kaikaku — 7 W
~Montaine proizvodne celije Utele or; ganizacije P
“Vitha logistika wsistemski nacin razmisljanja ~Poka Yoka
~osobne usavriavanje
“mentalni modeli
“zajednicka viziia
*SMED “timsko ucenje o5 Wiy
STABILNOST
58 TPM VIDLJIVA PROIZVODNJA

One of 37 surveyed

enterprises has model
similar as HR-ISE model
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-

Implement
THE LEAN
METHODS

S

Continuously
ANAYZE THE
STATE
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Definition of the HR-ISE model

Objectives: Objective:
Customer
satisfaction )
>
Value g Value People: . Total
stream stream - motllvatlop - competer:\mes quality
- qualification - communica- i
tion
Flow g Flow
. . . . I Team work
orientation orientation (Frlorltles:
K{> - education - improvement
: - g - new of existing Total
Pull system | Priorities: | 3 — / Pull system technologies  products productive
v - - new products- new markets [[{0aintenance
Tusti g Tustii - improvement
1}s_t-1u- / 1F1rs.t—m- of existing SMED
me e technologies J
Continuous improvement - Kaizen Continuous improvement - Kaizen
Standardized work, 5S Standardized work, 55
Objective:
Customer
satisfaction
Value People: ) Total
stream. - motivation - competencies quality
- qualification - communica-
- tion
ow I Team work
orientation | Priorities:
- education - improvement + -—
- new of existing Total —_—
Pull system technologies  products Pl_“d“‘:'l‘fE
- new products- new markets | Dainfenance
. improvement
Jus.t-m- of existing SMED
Time technologies

Continuous improvement - Kaizen

Standardized work, 58

9.10.2017.
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Applications to support the introduction of the HR-ISE model
"o

Customer satisfaction

AADO
motivation

Smart Factory -
qualification  communication # a

Montazna linija Coordinator: Smart Factor
‘Mijenjacka kutija’
education O Improvement
SHOW FILTERS ENABLE FILTERS:
new
Prodlem  Step CreatorName Term  Prionty  Realisation
technologies

new products © Improvement : Smart Factory E

new markets of existing

2 [
products KontaKlirat Servisera SmaFactory 1506 Priortetno  Na cekanju .
8

Nedostaie
viaka M8

EDR0H

Shematski prikaz razvijenog Inovativhog pametnog poduzeca modela

KONFIGURATOR — ERP

proizvod prema narudzbi sustav za
upravijanje
resursima

CRM

upravijanje odnosima
s kupcima

MES

sustav za upravijanje
proizvodnjom

CPPS

kibernetsko-fizikalni upravijanje
proizvodni sustav kvalitetom

Skracenice:

CPPS — Cyber-physical Production System (Kibernetsko-fizikalni proizvodni sustav)
CRM — Customer Relationship Management

ERP — Enterprise Production System

HR-ISE — Hrvatski model — Innovative Smart Enterprise

MES - Manufacturing Execution System

TQM - Total Quality Management =
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Links with industry in Croatia

KONCAR - Power Transformers Ltd

KONCAR - Distribution and Special
Transformers Inc.

e
4 SIEMENS
| i

RNIMAC

AUTOMOBILI

(klimaoprema  { klimaoprema q klimaoirema

Future — movement toward Industry 4.0

Horizontal and
vertical
integration

Trusted CLOUD-

based networks

New business
models

Flexibile
production

Internet of things
(loT), Internet of
services (l0S), Interet
of Date (loD)
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? Agenda

1. Introduction
2. Project Innovative Smart Enterprise — INSENT

3. Learning Factory FESB Split

“How can we get there?”

A special learning environment will be established in one Laboratory. It will
be a Learning Factory, i.e. simulation of a real factory through specialized
equipment (virtual reality gadgets, specialized assembly tables, real
products, automatic assembly station, etc.).

Laboratory will be organized to simulate factory based on HR-ISE model.
Hence, Laboratory will be learning environment not just for students but for
engineers from manufacturing enterprises. It will be a place in which transfer
of developed HR-ISE model to the economy subjects will be achieved.

All supporting material and equipment for education will be provided.
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Worldwide Learning factory

Windsor, CA —

Ann Arbor, US

Atlanta, US

(Piracicaba, BR)

Kaiserslautern, DE
Darmstadt, DE
Mannheim, DE
Bruchsal, DE
Industrial Learning Factory Reutlingen, DE

Learning Factory within a University

Consulting Company Learning Factory

Cooperation

-
b=

Planned / in construction

Vision and Mission of Lean Learning Factory at FESB

9.10.2017.

Wolfsburg, DE
Chemnitz, DE
Stockholm, SE

* Vision of Lean Learning Factory at FESB is to be a place where University,
Industry and Government meet each other share needs and expectations,

and work on collaborative projects.

* Mission of Lean Learning Factory at FESB is to help bring the real-world into
the classroom by providing practical experience for engineering students,
to help transfer latest scientific research to industry through collaborative

projects and LLL, and to help government identify needs of industrial

enterprises.

* “Living lab” will be based on Learning Factory concept, and aims will be
achieved through projects: NIL (DAAD project) and INSENT (CSF project).
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Learning Factory as a missing link in Tr

~

-

Collaboration with

industry

Real life projects

Life-Long Learning C

Transfer of latest
scientific research to
industry

.

Factory

J

Learning

iple helix model

S

» Balance between engineering scie
practice

nce and engineering

e New curriculums and study programs

9.10.2017.

a )

Identification of industrial
needs

Defining of industrial
strategy

Spin-off and Start-up
enterprises

o

J

Characteristic

Definition of Lean Learning
Factory at FESB profile
from a typology

Operating
organization

Type of use
Industrial target
groups.

Academic target
groups

Other target groups

Selected industries

Product

Production process

Module content

machining

industry consulting

education / training
operational staff
students

lean experts [ lean specialist

automotive
industry

real products

assembly

process
improvement

quality

material flow

Integrated
departments

Integrated teaching
methods

Learning factory
size

Number of course
participants

Duration of module

production

< 300 sgm
<5 5-10

<2h 2-5h

Features

university
research

engineer

technical
college

professional
school

further industrial use

manager

research stuff / post graduated

hemical ctrical
industry industry

distribution
presentation demonstration
discussion role play

other consultants

insurance,
banks, etc.

imaginary (didactic) product

quality control

technology

optimization lean transfer

design /
develop

prod. plan.
and control

simulation
game

experimental
game

2000 - 10000 sgm = 10000 sgm
20-30 =30
10-20h =20h
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The content of Laboratory for Learning factory at FESB

Digital Factory

CAD NX

Siemens

3D equipment:
* 3D Scanner
* 3D Printer

- 3DTV

Simulation tools:

Siemens
Technomatix
ProModel
VisTABLE

Eg

-

9.10.2017.

Industry 4.0

Manufacturing and

assembly of ‘Karet’

1C

Lean Management

e Lean tools:

o Games

o  Simulation

¢ Assembly of gearboxes

Education

* Undergraduate lectures: study of work and time, organization of
production systems

* Bachelor thesis
* Graduate lectures: manufacturing technologies planning and optimization,

plant layout
Master thesis

Postgraduate study lectures: Modeling and simulation, CIM, Logistics
optimization

Doctoral thesis
Professional study lectures: production planning and control
Professional study thesis
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Implementing and improving didactic games for learning purpose

9.10.2017.

Reconfigurable assembly line in Learning Factory

K
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BeeWaTec AG assembly workplaces

* Complete used car gearboxes, from
models Zastava 101 and Yugo 45
* 2 versions of gearbox cases and
different parts

* Hands-on education in the LLF

* Assembly process of toy trucks
and toy formula cars

* Modified “Lego flowcar®”
simulation game

» gearbox consists of 118 parts

* more than 20 different final
products

Assembly line with sensors

ARDUINO

SUPERMARKET 3

140 clement Element installed in LF@FESB Cost mups (i general) SUPERMARKET 4

REID anlemmic TURCK BL R/W Antenna 13.56 MHz (2 - 4 anfcnnas) 1000 — 5000 KUK RFID SENSORS

SUPERMARKET 2
RFID IO module  Lusas-Nuelle Evi mit (TURCK BL IO modular 1.000 - 5,000 EUR
syt 0 4 antennas

CPIT €314 5.000 - 10,000 EUR
ULTRASOUND

User intertace i 0 MIEX 300 100- 500 FUR SENSORS.
M os=om o
Total 7100 = 20500 KUR - 4
=¥ % SUPERMARKET 1
‘- L&+ ArouNO
e veca:
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3D model of laboratories in VisTable
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The development of new products, specific to the City of Split

Karet - vehicle without drive, braking and safety elements; generations favorite street toy on downhill
of Split.

Version of the original karet

Improved karet by
the FESB

Integrated elements Smart Factory within Learning Factory

Windows tablets will be installed at four assembly stations.

For now is developed a web application for Kaizen.

MontaZna linija '"Mijenjacka Coordinator: Smart Factory
kutija’

9.10.2017.
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RFID oprema (Lucas-Nuelle)

PLC (PROFINET 1/0) RFID Interface

RFID Antenna RFID Antenna

Demonstration 14.0 assembly lines

49
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Demonstration 14.0 assembly lines

Demonstration 14.0 assembly lines

ED20H
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Demonstration 14.0 assembly lines

Manufacturing Executi

S

Enterprise Resource Planning (ERP)

Assembly line ‘Karet’ with Industry 4.0 elements

Manufacturing Exe
N ————————= =

cution System (MES)
= e .

~

B

New Work Order
defined in ERP

Work Order (ERP) to
Work Place (Tablet)

Work Order details
written on RFID tag

Assembly process on
four assembly stations

s
..
e,

Signal from MES to close
Work Order in ERP

Enterprise Resource Planning (ERP)
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Integrated elements Smart Factory within Learning Factory

Will be installed Lucas-Nuel RFID system with two antennas.

In addition, it will develop customized solutions for assembly lines and manipulator (based on PLC and
Arduino micro-controller).

NIL Network innovative Learning Factories

http://www.esb-business-school.de/en/forschung/forschungsprojekte/nil-network-innovative-learning-factories.htmil

9.10.2017.
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Logistics Personal Excellence by continuous Self-Assessment (LOPEC)

* Programme: Leonardo da Vinci

* Name: Logistics Personal Excellence by continuous Self-Assessment

* Acronym: LOPEC

* Budget: ~ 400.000 €

* Funding: 75% EU

* Leader: Prof. Dr.-Ing. Vera Hummel

* Partners: ESB Business School Reutlingen, University of Dortmund, Fraunhofer
Austria Research GmbH, University of Split, Eurofortis SA, IBK - Management

Solutions GmbH
¢ Start-date: 1%t October 2012
* Finish-date: 30th September 2014

Logistics Personal Excellence by continuous Self-Assessment (LOPEC)

ILIAS

B Internet-based learning plattform with rich learning content
B 5 maturity levels

B Multiple choices tests for users

LOPEX

B |ogistics Personal Excellence Assessment as part of llias
platform

B Maturity grade based questionnaire

PEX

B Personal Excellence Assessment based on EFQM Excellence
Model

B Self-assessment tool — scoring, evidences, urgency for
improvement

B Reporting (Strenghts & Area for Improvement)

LOPEC methodologic toolbox

EDROY
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Implementation of Lean and Green concept in economy

Scheme of team for implementation of Lean and Green concept

Internal Corporate
Support

VSM Sponzor

@

VSM Champion

VS

M
nager
]

A

VSM / PM TEAM Members
(15 - 30 workers)

PM Champion

External Support

Three steps of education of employees
for successful implementation of Lean concept

Step 1:
Basics of Lean

Step 2:
Elements of Lean

Step 3:
Lean thinking

Toyota Production
System

Lean principles
Standardization of
work

7+1 types of waste
Quiality techniques
Didactic games (car
production, beer game
etc.)

Just-in-Time
Heijunka (line
balancing)

Push-Pull production
One piece flow
Quick change-over
(SMED)

Tact time
Supermarket
Kanban

Kaizen

Value Stream Mapping

Leadership for lean
Lean in other areas
(administration,
hospital, education,
government etc.)
Kata for improvement
Visual management
(Obeya)

9.10.2017.

Team from Laboratory IE

EDRUH

EDROY
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“It is madness to repeat again
and again the same thing and
except different results.”

Albert Einstein, Physicist
(1879 - 1955)

Thank you for your attention!

Contact:

Prof. dr.sc. Ivica Veza
Sveuciliste u Splitu
Fakultet elektrotehnike,

strojarstva i brodogradnje

ivica.veza@fesb.hr

» http://insent.fesb.hr

This work has been fully supported by the Croatian Science Foundation
under the project Innovative Smart Enterprise — INSENT (1353).
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