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Industrija4. R]QDpDYD SRpHWDN QRYH ,Qkenceépinduskijg NH UHYF

QLMH MHGQRVWDYDQ 2EXKYDuUuD PQRJH WHKQRORJLMH L
Postoji mnogo tehnologija koje definiraju industriju 4.0, a neke od njih su: 10T, Big data,
3D printeri, pametne tvornice, Cloud Computing, KibernetipNRL]LpNL VIEKVWDYL
RPRIXUXMH XJUDYyLYDQMH LQIRUPDFLMD IL]JLPNLK REMHNDW
VSDMDQMH L]PHYyX VWYDUQLK L YlptétetvljaQetnklkza\izgrddnjd YD 6 W F
.LEHUQHMLpPNRK V Riy DaftaYZapravo je masa raznolikih podataka koja
SULVWLAX YHOLNRP EU]JLQRP L XpHVWDOR&UX L ]JERJ WRJD
(3V = volume, velocity, variety). Pametna tvornica predstavlja korak naprijed od
tradicionalne automatizacije do potpuno povezanog i fleksibilnog sustava - onog koji
PRAH NRULVWLWL NRQVWDQWDQ WRN SRGDWDND L] SRYH]C
NDNR EL QDXpLOL L SULODJRGCIQH cerhbutd® jeLdarafiigiddvV MHY L P L
LQIRUPDWLpPpNH WHKQRORJLMH 7 PR GHOtup RijgljeniR PRJX 0D
EDIDPD NRQILJXUDELOQLK UHVXUVD NDR aWR VX UDpXQDC
aplikacije i usluge. .LEH U Q HIW]LLbpNNR. VXVWDYL VX RVQRYD LQGXVWUL
ILJLbDNH REMHNWH SURVWRUH L VWURMHY¥iHseh2oW Kdf GLJILWL
prikupljaju i analiziraju podatke i na temelju toga donose odluke. Posljednjih nekoliko
JRGLQD YLGOMLY MH UD]JYRM WHKQRORJLMD X SURL]JYRGQML
sustava - poznatih kao industrija 4.0, je otvoriop XW ]D SRYH]JLYDQMH LVNXVWYL
na sve od dizajna proizvoda i planiranja opskrbnog lanca do proizvodnje. Iza procesa
NRQVWUXLUDQMD L SURL]YRGQMH UREH WHKQRORJLMH LQ
XWMHFDWL QD QDpLQ QD NRMHAWHD] DWNGQGLARED LSBGHVWULE

A-8y1( 5,-(y,,QGXVWULMD ,(QWHUQHW VWYDUL YHOLNH N
SDPHWQD WYRUQLFD UDpPXQDIOQpNREOOWVDNY EHG QWHWWULIpEDRF L



SUMMARY

Industry 4.0 signifies the promise of a new Industrial Revolution. Concept of Industry
4.0 is not simple. It covers many technologies and is used in different contexts. There
are many technologies that define industry 4.0, and some of them are: |0T, Big data,
3D Printers, Smart Factory, cloud computing, Cyber-Physical Systems. 10T allows to
embed the information of physical objects into virtual world, and in the end brings with
the merging between real and virtual systems. Therefore, 10T is to somehow foundation
for the construction of Cyber-Physical Systems. Big Data is actually a mass of diverse
data that arrives at a high speed and frequency and is therefore constantly increasing
their volume (3V - volume, velocity, variety). A smart factory is a step forward from
traditional automation to a fully-fledged and flexible system - one that can use a steady
stream of data from related operations and production systems to learn and adapt to
new requirements. Cloud computing is an information technology (IT) paradigm, a
model for enabling ubiquitous access to shared pools of configurable resources such
as computer networks, servers, storage, applications and services. Cyber-physical
systems are the basis of industry 4.0. They connect physical objects, enviroments and
machines through digital devices such as sensors, which collect and analyse data and
make decisions based on it. Recent years have seen the rise of connected
technologies throughout the manufacturing and distribution value chain. This
combination of digital and physical systems, known as Industry 4.0 has paved the
way for increasingly connected experiences that impact everything from product
design and planning to supply chain and production. Beyond the processes of
designing and producing goods, however, the technologies inherent in Industry
4.0 can also impact the manner in which finished goods are moved,
warehoused, and distributed.

KEYWORDS: Industry 4.0, Internet of Things, Big Data, 3D Printers, Smart Factory,

Cloud Computing, Cyber-physical systems, Distribution systems
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1. UVOD

SUHGPHW LVWUDALY kqyMVada R Ynubtriial 4QeRREN utjecaj na
distribucijske sustave. 7THKQRORJLMD L LQGXVWULMD XaKddd hij VX LaO
LIQHQDYHQMH GD QRYH WHKQRORJLMH SRpPLQMX PLMHQMEC
QX4QR ORAMWMWYDNR WYUWNH QD NRMH VH WR RGQRVL C

neprestanim napretkom tehnologije.

&LOM RYRJ UDGD MH S U H GIRgshott&nuivithap@daW/iQuRStMaV D QM H F
VD QDJODVNRP QD GLVWULEXFLMVNH VXVWDYH 7DNRYF
WHKQRORJLMH LQGXVWULMH NRMH VX IDSUDYR JODYQL S

5DG MH SRGLMHOMHQ QD ppoylalle ba8rR 3© maydefMili 'UXJIR
industrije 4.0, razvoju od industrije 1.0 do industrije 4.0, preduvjetima koje je potrebno
LVSXQLWL |]D LPSOHPHQWDFLMX LQGXVWULMH WDNRYFE
(interoperabilnost, transparentnost, decentralizac LMD PRGXODUQRVW NDR
WHKQRORJLMH ,QWHUQHW VWYDUL %LJ GDWD ' SULQWHU
.LEHUQHWI]LpMNR. VXVWDYL

8 W éhHpbglavlju govori se o utjecaju Industrije 4.0 na distribucijske sustave,
primjeni tehnologija LQGXVWULMH SULOLNRP GRVWDYH SR&ALOM
SULMHYR]QLK VUHGVWDYD SULOLNRP GLVWULEXFLMH WHUF
WUHQXWQLK ORNDFLMD SURL]JYRGQMH QD SURL]JYRGQMX X

utjecaj na distribucijske sustave.

YyYHWYUWR SRJODYOMH RULMHQWLUDQR MH QD WUHQ.

industrije 4.0 u distribucijskim sustavima.
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Industrija4. R]QDpDYD SRpHWDN QRYH ,QGXVWULMVNH UHYF
povezati napredne tehnike proizvodnje i operacija s pametnim digitalnim tehnologijama
NDNR EL VH VWYRULOR GLJLWDOQR SRGX]JHUH NRMH QH |
SRYH]IDQR L DXWRQRPQR YHUO NRMH EL PRJOR NRPXQLFLUL
podatke za daljnjL LQWHOLJHQWQL UD]YRM L GIMHORYDQMH X IL]Lp

2SUHQLWR LQGXVWULMD REXKYDuUD UD]JYRM L LQWHJ
komunikacijskih tehnologija u industriji. Glavni cilj je poticanje inteligentnog
XPUHA&DYDQMD SURL]JYRGDA LY BUMHFGYRVQRJ ODQFD pLPH
XpLOQNRYLWLMH NRULAWHQMH RUJDQL]DFLMVNLK SURFHVD
SREROMADOD NRULVQLpPpND NRULVW QXGHUL LP QRYH SURL]Y
u industrijskom sektoru smatraju se sveobuhvatnom paradigmom koja se trenutno
JRYH pHWYUWD LQGXYWULMVND UHYROXFLMD

20D SUHGVWDYOMD Q DAm@tHcopectel Riéhiblogijd postati
XJUDYyHKQRBUJDQL]DFLMH OMXGH L LPRYLQH D RELOMHAHQ
RGQRVQR NOMXpQLP NDHRK @R A RIX MDRERWLND DQDOLWLND
NRIJQLWLYQH WHKQRORJLMH QDQRWHKQRORJLMD NYDQWQI

aditiva i napredni materijali.>

,DNR VX QMHQL NRULMHQL X SURL]JYRGQML vad@& XVWULM
, QWHOLJHQWQH SRYH]DQH WHKQRORJLMH PRJX WUDQVIRU
QMLKRYL GLMHORYL GL]DMQLUDQL L]JUDYHQL NRUL&WHQL

SNUDWNR LQGXVWULMD XYRGL G Ldmiai@@wa VWY DUC
proizvodnije, operacija, radne snage- pDN L GUXaAWYR

1 Cotteleer M., Sniderman B.,: Korces of change Industry 403 '"HORLWWH ,QVLIJKWYV

2 Barretoa L., Amarala A., Pereiraa T.: Industy 4.0.implications in logistics, Manufacturing Engineering
Society International Conference 2017, Science Direct

3 Cotteleer M., Sniderman B.,: Korces of change Industry 403 '"HORLWWH ,QVLIJKWYV
Cotteleer M., Sniderman B.,: Rorces of change Industry 403 '"HORLWWH ,QVLJKWYV



(Kasno 18 stoljece)

Slika 1. Razvojni koraci od industrije 1.0 prema industriji 4.0

Izvor: https://www.hgk.hr/documents/hgk-industrija-4058d8c59722f1e.pdf

Razvojni koraci od industrije 1.0 prema industriji 4.0 prikazani su na slici 1:

3UYD LQGXVWULMVND UHYROXFLMD |]DSRpHOD MH

XYRYyHQM P MKHE@prpilkvodne opreme.

- 'UXJD LQGXVWULMVND UHYROXFLMD RELOMHAHQL
energiie, AWR MH RPRJXULOR NRU lakeWV A R OIW DNM@BIQVSRUYV

- 7UHUD LQGXVWULMVND U H¥éeh@ikacM proizSdghL MHOD |
procesa kroz masivhu uporabu elektronike  te informacijske i
komunikacijske tehnologije.

- .RQDpPpQR HYRDOEKHU @ Bahnblpdija K njihova integracija u

digitalne ekosustave G Xs¥ih vrijednosnih lanaca pridonijela je nastanku
pHWYUWH LQGXVWULMVNH UHYROXFLMH oSRG QD
XSXULYDQMH QD LQGXVWULMX SUHGVWDYOMHQ

tehnologija u Hannoveru 2011. godine®

Od tada su mmoJH WYUWNH SRpHOH UD]YLMDWL UMHAHQMEL
industrije 4.0. Mnoge vlade WDNRYHUuSRIGX8B8MUWDNYLK UMHaAHQMD RV
vlade (s naglaskom na 1MH P pladu), Vlada Sjedinjenih $PHUhp'NaR@Y

SBarretoa L., Amarala A., Pereiraa T.: Industy 4.0.implications in logistics, Manufacturing Engineering
Society International Conference 2017, Science Direct

3



japanskavlada SRWY UyXM X inbvaGridustrijia profriatra kao strategija od strane
glavnih industrijskih grana.®

2SUHQLWR JODYQD VYUKD LQGXVWULMH MH SRMDYD
kao "smart factory AWR ]1QDpL SDPHWQR XPUHAaDYDQMH PREL
industrijskih operacija i njihova interoperabilnost, LQWHJUDFLMD V NXSFLPD L G
te usvajanje inovativnih poslovnih modela. Temeljna z Q D p Dpd\Wiana sa pHWYUWRP
industrijskom revolucijom je inteligentna P U H demeljena na N L EH U Q H\WLLIpNNLRP
sustavima.’

5Barretoa L., Amarala A., Pereiraa T.: Industy 4.0.implications in logistics, Manufacturing Engineering
Society International Conference 2017, Science Direct

’Barretoa L., Amarala A., Pereiraa T.: Industy 4.0.implications in logistics, Manufacturing Engineering
Society International Conference 2017, Science Direct
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21. PreGXYMHWL ]D XYRYHQMH LQGXVWULME

Preduvjeti ][D XYRYHQMH LQ®R¥YVLWHLRHNUHQXWQRP VWDQM.
SURL]JYRGQLK WYUWNL NR Mahutw et vt DS UKNRNIX WSHVER. XYRYV|
industrije 40 ]QDpDMQR RGVWXSDMX RG WNHLWMHY RDW F UMHH MQDEED
mnogo preduvjeta koje je potrebno zadovoljiti. Ako WYUWND LVSXQMDYD XYMHW
LQGXVWULMH YHULP GLMHORP W Baddpunjehjdmu@etakaji U L M X

nedostaju.®

5H]XOWDWL LVWU D ateiateMie xtothR sédambesédosam tvrtki
NRMH SURL]YRGH VWURMHYH L ELOMNH SRND]JXMX QDMY
LQGXVWULMH 7TYUWNH VX QDYHOH VWDQGDUGL]DFLMX
preduvjet za implementaciju industrije 4.0. Standardizirani sustavi, platforme, procesi i
VXpHOMD pLQH NOMXpQX LQIUDVWUXNWXUX®°]D ODN&X LPSOI

STANDARDIZACLA 52,80%
ORGANIZACLIA PROCESA | RADA 46,40%

DOSTUPNOST PROIZVODA 35,30%
NOVI POSLOVNI MODELI 30,60%
[T-SIGURNOST (KOMPETENCLIE) 28,10%
DOSTUPNOST KVALIFICIRANIH STRUGNJAKA 25,20%

ISTRAZIVANJE | RAZVO) 23,00%

OBRAZOVANJE | KONTINUIRANI PROFESIONALNI RAZVOJ 15,10%

REGULATORNI | ZAKONSKI OKVIR 10,80%

Slika2 3UHGXYMHWL ]JD XYRYHQH LQGXVWULMH

Izvor: Smit J., Kreutzer S., Moeller C., Carlberg M.: A, Q G X V WRuikopea# Union,
2016

8&UQMDF 0 9HA&D , %DQGXND 1 A)URP &RQFHSW WR WKH ,QWURGXFWL]I
of Industrial Engineering and Management (IJIEM), Vol. 8 No 1, 2017, pp. 21-30
9CrnjacM. 9H4AD , %DQGXND 1 A)URP &RQFHSW WR WKH ,QWURGXFWLRQ R
of Industrial Engineering and Management (IJIEM), Vol. 8 No 1, 2017, pp. 21-30

5



Na slici 2 su prikazani osnovni preduvjeti za inplemetnaciju industrije 4.0, a to
su:

¥, Standardizacija sustava, platformi, protokola, vezai V X p Hh@ds@avlja NOM X p Q
i referentnu arhitekturu, koja bi trebala SUXAUMKQLPpNL &ahtdardaRiY LK
R O DtNrgiftovu provedbu L RPRJIJXULWL MHGQRVWDYQLMX LPSOF
LQGXVWULMH =D XVSRVWDYOMDQMH VWDQGDUGL]
VXUDGQMD VYLK SRGX]HUD

% Organizacija rada PRUDW prithgddi promjenama u poslovnim modelima.
Real time3?XVPMHUHQD NRQW UR ODDiCH/&BM@@asaR B R ROD & L
AWR UH]XOWLUD SRYHUDQRP R GahRpoRebdamRd@ziiofa ka NR Q W L C
SRMHGLQFH 7R UH ]DKW L Mi#FYHD&intpEesir&hib QriafeNkaka D SR U
EL ELOL XVSMHaQL

¥% 'D OL UH ELWdoitv®IVRYiXES @dgu koristiti u procesu proizvodnje ili
SURGDWL QD UD]JOLpLWLP NXSFLPD"

¥ Novi poslovni modeli moraju se razvijati i provoditi - NRML VX WUR&AGNRYL L
SRGQLMHWL UL]JLN L WKdjR@eNiSlu? ]D LQLFLMDWLYH

¥» 6LIXUQRVW ]DaAWBEWBV XEMRMBE JOREDOQRM NRQNXUH
WYUWNH YODGH ELWL VSUHPQH XORALWL DNR LP LQRY
strane drugih koji nisu morali XORXLMMWUDALYDQMH L OM@e]sdRM XNC
sSsHGL&A&WHP X WUHUOLP |JHPOMDPD " +RUH OL WUR&ANRYL XC
] D aiwddwika biti razmjerne SRWHQFLMDOQLP GRELFdemDratiBs URL]Y R
IDAWRWLWIRXSRWUHEH L QHRYMD W PRIRAInSVEnhiV WX SD
LGHQWLILNDW RebhDBsdblREXpDYDQ

¥ dostupnost kvalificiranih radnika koji mogu dizajnirati i upravljati industrijom 4.0.
7NR UH XORiBdv& LY MHAEAWLQH L REXNX" .RMHmsM LPSOLI
]IDSRAOMDY IRIMIDEH] WDNYLK YMHEAWLQD"

% 7NR OH L]JYUALWL LVWUD &LdpQ VeRvoj SirMétdjel EADD ] D
(javna/privatna)?1°

22. *ODYQH ]QDpDMNH LQGXVWULMH

yetvrta industriska UHYROXFLMD MH RUJDQL]DFLMVND L NRQWU
FLMHOL ODQDF YULMHGQRVWL SURL]JYRGD RG VLURYLQD

W6PLW - .UHXW]HU 6 ORHOOHU & &Hdidg@&Hibidn,@016A, QG XV W U\ 3

6



RGUADYDRRIQDpQH UHFLNODAH 7HPHOML VH QD VQLPDQMX
UHDOQRP YUHPHQX VYLK GRVWXSQLK SRGDWDND WLMHNF
SURL]YRGQLK VXVWDYD &LOM MH SRVWLUL VQDaQX SULODJ

fleksibilne masovne proizvodnje.1!

Kao i kod bilo kakve velike promjene, postoje izazovi inherentni usvajanju
PRGHOD LQGXVWULMH NDR 8WR VX SLWDQMD VLIJXUQRV\
automatiziranih sustava, integritet proizvodnih procesa ili nedostatak iskustva i radne
snage za stvaranje i implementaciju tih sustava. Prednosti Industrije 4.0 su
mnogobrojne. Zdravlje i sigurnost radnika mogla EL VH SREROMAaADWL ,QGXVWI
PRJX ELWL ODN&@H NRQWUROLUDQL NDGD SRVWRMahe&SRGDFL .
SURL]YRGQRJ SURFHVD 5DpXQDOQD NRQWUROD RSWLPL
SREROMADWL SURGXNWLYQRVW L SURL]JYRGLWL NYDOLWHW:«

2.2.1. Interoperabilnost

Interoperabilnost podrazumijeva suradnju, sposobnost da mnogi standardi
PHYXVREQR NRPXQLFLUDMX WDNR GD VH SRGDFL L] UD]¢
Interoperabilnost podrazumLMHYD SRYHJLYDQMH XUHYDMD SRYH]DC
tehnologije, povezivanje ljudi, podataka , osobe povezane i u suradnji sa strojevima,
strojevi koL UDGH VD VWURMHYLPD LQWHURSHUDELOQH MHGLC

tako dalje. 13

2.2.2. Transparentnost i virtualizacija

Transparentnost informacija podrazumijeva sposobnost informacijskih sustava
i Byber-physical®* VXVWDYL ]D LQWHJUPRIHAD WUVDGMODIQMOLPNLK S
sustava GD VLPXOLUDMX L VWYDUDMX YLUWXDOQH NRSLMH HC
digitalnih modela koji se hrane svim tim podacima koji se prikupljaju kroz senzore i

interoperativne i interoperabilne Atvari 314

11 Barbero - , Indlistry 4.0: key features and benefits, COCOP,2017
12 Barbero - , Indistry 4.0: key features and benefits, COCOP,2017
13 https://www.i-scoop.eu/industry-4-0/#Industry_40_design_principles
14 https://www.i-scoop.eu/industry-4-0/#Industry_40_design_principles



Bezinte URSHUDELOQRVWL WUDQVSDUHQWQRVW L YLUWX|
jer se informacije moraju staviti u kontekst, s obzirom da su sustavi kontekstualni,
NRPELQLUDMXiuUL SRGDWNH L] GUXJLK L]JYRUD

2.2.3. Decentralizacija i autonomija

Centralizirane arhitekt XUH VXVWDYD X NRMLPD MH SRVORYQD
VUHGLAQMHP UDpXQDOQRP VXVWDYX NRML SRGUAaDYD LOL
JRGLQDPD VX ELOD QRUPD X XSUDYOMDQMX PDWHULMDOL|
LPDMX RIJUDQLPpHQMD X > RGWXHNDLDP PD NRIMGDX VW U L M Xi &HQ
nisu fleksibilni i imaju RGUHYHQL NDSDFLWHW D MHGQRP NDGD VH
VXVWDY VH YLA4H QH PR&H SURALULWL NDNR EL [DGRYROML
nema veliku tolerancijunakvarRYH &dWR JRRBBIDQ@RHXVSMHK PR&aH ]DXVYV

sustav.16

8 GHFHQWUDOLJLUDQRM DUKLWHNWXUL VXVWDYD OR
SRGUaAaDYDMX LOL NRQWUROLUDMX GDOMLQVNH NRPSRQHQYV
R N R O Li Qadatkelputem peer-to-peer 3 (svaki sa svakim) komunikacije i oblikuje
VYRMX IXQNFLRQDOQRVW L LQWHOLJHQFLMX NRPELQLUDMX!|
GHFHQWUDOL]JLUDQRM DUKLWHNWXUL VYD SRVORYQD OF
komponentu tako da posjeduje svu inteligenciju koja je potrebna za funkcije koje treba
REDYLWL NRRUGLQLUDMXuL VYRMH DNWLYQRVWL V GUXJL
zadataka.!’

'HFHQWUDOL]JLUDQH L DXWRQRPQH RGOXNH QLVX VDP
Byber-physical? VXVWDQIGPO/WULMH QHIJR L X OMXGVNLP DVSHt
odluke ne mogu biti u potpunosti automatizirane, a ljudsko planiranje, interpretacija i
RGOXNH MR& XYLMHN VX NOMXpQL L X PQRJL&autdhomhD MHY L P L
sposobnosti u suradnji s ljudima (npr. kolaborativni roboti).*®

15 https://www.i-scoop.eu/industry-4-0/#Industry_40_design_principles
16 www.swislog.com
17 www.swislog.com
18 https://www.i-scoop.eu/industry-4-0/#Industry_40_design_principles



2.2.4. Real-time

Napredne analitike, inteligencije, informacijski i proizvodni sustavi u pametnom
SURL]JYRGQRP RNUXaHQMX X &LUHP NRQWHNVWX VXUDGQMH

sposobnosti u realnom vremenu.®

Dakle, 0JLpQR MRODGDD]LQL SRGDWDND SUHWYDUDMXUL
inteligenciju  SUL GRQRa&H Qrd XaziRiGpeekkDi funkcioniranja cjelokupne
proizvodnje, operacija logistike i "pametnih tvornica”, SRVWRML SRW-WHBHID AU
PRJXUQRVWWHRDShoEdbNOSt razmjene informacija u stvarnom vremenu bitna

je za orijentiranje i modularnost.2°

2.2.5. 7THKQLpPpND SRPRU kaRIUXLMMHRPNVIESNMD
proizvodnje

2ULMHQWDFLMD ND XVOXA&Qporezaval £Xs Sdligdn YR GQ M H
ekonomskom pogledu, internetom uslugD L RPpLIJOHGQRP pLQMHQLFRP GD
treba prilagoditi zahtjevima kupaca za uslugama i proizvodima s uslugama s dodanom
YULMHGQRAauUX QSU 3HUVRQDOL]DFLMD XPMH¥WR RQRJD &

Orijentacija ND XVOXAaQRP WLSW SNt ERMOsMbtrebom da
SURL]JYRYDpL L GUXJH LQGXVWULMH UD]YLMX QRYH XVOX.
pretvorenim X LQWHOLJHQFLMX L WUDAH QRYH PRGHOH SULKR
AWRYLAH WHKQ lppdeiiho SRCRADYDQMH WHPHOM®Qdrneskh SULQFL
analiza i analiza podataka, MHGQRVWDYQR GRSXawDMX WUDQVIRUPDFI
Mnogo je tvrtki koje su svoje modele usluga mijenjale jednostavnim dodavanjem razine
LOQWHOLJHQFLMH L SRYH]DQRVWL V LQWHUQHMWMVNLP VDGUAI

Naposljetku, aspekt usluge povezan je i s razvojem novih modela As-a-service 3
koji se temelje na podacima, ali i na temelju evolucije prema stroju kao modelu

usluge.?

19 https://www.i-scoop.eu/industry-4-0/#Industry_40_design_principles
20 https:/lwww.i-scoop.eu/industry-4-0/#Industry_40_design_principles
21 https:/lwww.i-scoop.eu/industry-4-0/#Industry_40_design_principles
22 https:/lwww.i-scoop.eu/industry-4-0/#Industry_40_design_principles
23 https:/lwww.i-scoop.eu/industry-4-0/#Industry_40_design_principles



2.2.6. Modularnost

ORGXODUQRVW |]QDpL PQRJR VWYDUL RYSROR RLQD pQGX
PRGXOH XQXWDU 4LURNRJ SDPHWQRJ WYRUQLPNRJ RNUXA
rezultat kada postane agilnost i fleksibilnost.?*

ORJOR EL VH UHUL GD PRGXODUQRVW LPD VYH YH]H V SU
nefleksibilnih modela i linearne prRL]YRGQMH L SODQLUD Qé&/nijedjal@ NUXaHQ
zahtevi NXSDFD SDUWQHUD X RSVNUEQRP ODQFX UHJXODWRU
HOHPHQWL NRML XJURNXMX SRWUHEX ]D taAsE BI@NAJIRW PDFL M R
VUHGLAWH 0R Gok@ntrolrani R hij&aphije.2

24 https:/lwww.i-scoop.eu/industry-4-0/#Industry_40_design_principles
25 https:/lwww.i-scoop.eu/industry-4-0/#Industry_40_design_principles
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2.3.  Koncept industrije 4.0.

.RQFHSW ,QGXVWULMH XNOMXpXMH L SURALUXMH G
ILILPNRJ VYLMHWD GLJLWDOQLK SRGX]HUD 7R SRNUHUH
distribucije i performansi u neprekidnoP FLNO XV X SR]Q D W@&ditalNd R Jikfj Np NR
petlja ( RDP 3 +eng. physical-to-digital-to-physical), kako je prikazano na slici 3.26

2. Analiza i Vizualizacija

DIGITALNO

H?é@{: "a’*\\%,yf/

1. Uspostavljanje \ &%\

digitalnog zapisa '\, g
N> © B o 3. Generiranje pravca
O0e 0 kretanja
o«[]»0
0«0

Slika 3. FL]L pdigRaino-1IL]JLPND SHWOMD

Izvor: https://lwww2.deloitte.com/content/dam/insights/us/articles/4340 __DSN-

Logistics-and-distribution/figures/4340_figl.png

Tehnologije Industrije NRPELQLUDMX GLJLWDOQH LQIRUPDFLI
ILJLPNLK L GLJLWDOQLK L]YRUD nét S/&iNiDaRdlifik) adkih® M X p X M X
proizvodniju, robotiku, visoke UDpXQDOQH SHUIRUPDQVH XPMHWQX LQW
WHKQRORJLMH QDSUHGQH PDWHULMDOH L SRYHUDQX VWYD

Kroz ovaj ciklus, pristup podacima u stvarnom vremenu potaknut je
kontinuranim L FLNOLpQLP SURWRNRP LQIRUPDFLMD L DNFLMD
svjetova. Mnoge proizvodne organizacije i organizacie RSVNUEQRJ ODQFD YHU

%6Taliaferro A., Roziere L., Ahmed U., Dayal A., Lee J.: Delivering digital talent; Preparing the logistics
and distribution workforce for Industry 4.0 and the connected supply network, Deloitte Insights,2018.
2'Taliaferro A., Roziere L., Ahmed U., Dayal A., Lee J.: Delivering digital talent; Preparing the logistics
and distribution workforce for Industry 4.0 and the connected supply network, Deloitte Insights,2018.
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QHNH GLMHORYH 3'3 SHW 6kbktsa @ligije¥vg LnBtragV @ D MiHo] Lo N
povezanih, digitani Kk WHKQRORJLMD GR GMHORY®WRI 5 XHIGYWDRE M
Industrije 4.0.28

Taj se protok pojavljuje kroz iterativni niz od tri koraka:

1. J)L]ILBERILWDOQL X]JLPDMX VH SRGDFL L] ILJLpNRJ
GLJLWDOQL ]DSLV V IL]JLPNLK SRGDWDND

2. Digitalno-GLJLWDOQL LQIRUPDFLMH VH GLMHOH L RWU
SRPRiUX QDSUHGQH DQDOLWLNH DQDOL]H VFHQDUL

3. Digitalno-IL]JLPNL SULPMHQD DOJRULWDPD ]D SUHYRVH
XpLQNRYLWLP SRGDFLPD [3RIW LSFWDRPMH QDM HKO RLY]D

svijetu?®

2.4. .OMXpQH WHKQRORJLMH

,SDN NRQFHSW LQGXVWULMH QLMH MHGQRVWDYDQ
NRULVWL VH X UD]OLDpL W LnihotbReDwIbljb\kdjeldefihira RidustifuM L
40 D X RYRP UDGX UH PIRNRQRSRYVDRH D NDR aWR VX ,|R7
printeri, pametne tvornice, Cloud Computing, .LEH U Q HWI]LL[pNNR. VXV WD YL

2.4.1. Internet stvari (eng.Internet of things - 10T)

Internetstvari ,R7 VSDMD PLOLMXQH SUHGPHWDRDR SWIRNRB Q
SULND]DQR QD VOLFL SRYH]XMH GRPRYH DXWRJgRELOH
stvari i ustanove RSUHPOMHQH VHQ]JRULPD SURFHVRULPD L NRP.
kako bi mogli razmjenjivati vrijedne podatke preko interneta i reagirati ako je
potrebno.3® ODOR SR PDOR PQRJL RG VYDNRGQHYQLK REMHNDW!
LOQOWHUQHWVNX YH]X WHUPRVWDW KODGQMDFL L DXWRPREI
NROLpPpLQX SRGDWDND SUXaDMXuL VYRMLP SURL]JYRYDpLPL
uporabL. SUREOHPLPD SRWURAaDpD LWG 7R UH RPRJXULWL
SRWURabDpD L pDN SUHGYLGMHWL QMLKRYH ]JDKWMHYH (

28Taliaferro A., Roziere L., Ahmed U., Dayal A., Lee J.: Delivering digital talent; Preparing the logistics
and distribution workforce for Industry 4.0 and the connected supply network, Deloitte Insights,2018.

29 Cotteleer M., Sniderman B.,: Rorces of change Industry 403 '"HORLWWH ,QVLJKWYV

30 https://lwww.cadcam-group.eu/blog/internet-of-things-industry-40
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SURL]YRGH L XVOXJH $ WR UH ]QDpLWL SURPMHQX X SURF

tvrtki.31

=DKYDOMXMXuURE®H PDUNH PRJX ]1QDWL NRML VX SUREO
X LVWR YULMHPH NDG L SRWUR&DpL LOL pDN L SULMH yLQM
YLAH SHUVRQDOL]JLUDQLK L SUHGYLGOMLYLK SURL]JYRGD L
poslovhe procHVH L VWUXNWXUX UDGD PQRJL SRVORYL UH QHV)
potrebe za VW U Xim@¥ D

loT tehnologija predstavlja sustav koji VH PRaH SUHSR]QDWL L SRYH]D
okolnim objektima i bazama podataka. U industriji, putem usvajanja informacijskih
komunikacijskih tehnologija (npr., RFID-a, senzora), IoT RPRJXUXMH XJUDVLYD!
LQIRUPDFLMD IL]LPNLK REMHNDWD X YLUWXDOQL VYLMHW L
i virtualnih sustava. Stoga, l0T predstavlja temelj za izgradnju .LEH U Q HMWkip N R
VXVWDYD 'UXJLP ULMHpPpLPD ,R7 MH WHKQLpPpEBUIQMHWDNVNRJ
fLILDNLK VXVWDY INRLD AMF-RRODBg}, . LEHUQHMWLpPNR VXVWDY Q
VDPR GD PRaH griRa2iRfizikalXih sustava virtualnom svijetu, negose WDNRYyHU
primjenjuje na povratnim petljama od virtualnog digitalnog sustava do operacije i
NRQWUROH ILJEPNLK SURFHVD

,R7 MH NOMXpQD WHKQRORJLMD ]D GLIJILWDOQR SRVOR)
koji doprinose transformaciji Interneta. loT tehnologije rD]YLMHQH VX X UD]OL
sektorima, od poljoprivrede, zdravlja i wellnessa do pametnih domova i pametnih-X

aplikacija u gradovima.®*

IHNROLNR VHNWRUD ELWQR iH-4d R®dpahhjeNIBTUmaAliki RG UD] Y
utjecaj na upraviljanje infrastrukturom: S U D wH Qkdhtroli semafora, mostova ili
JUDGVNLK L ORNDOQLK FHVWD KLWDQ RGJRYRU X KLWQLF

upravljanja infrastrukturom, itd.3°

31 HQ QH WIKdgstryA.0 In Internet Of Things And The Benefits Of loT® 'DWDIORT

32 HQ QHWIKdgstryA.0 In Internet Of Things And The Benefits Of oT® 'DWDIORT

33 Mueller E.,Chen X., Riedel 5 Challenges and Requirements for the Application of Industry 4.0: A
Special Insight with the Usage of Cyber-Physical System 3 Chinese Journal of Mechanical Engineering,
2017.

34 Dr.O.Vermesan., Dr.P.Friess; Digitising the Industry Internet of Things Connecting the Physical,
Digital and Virtual Wolds; River Publishers, Gistrup,Denmark, 2016.

35 HQ QH WIKdgstryA.0 In Internet Of Things And The Benefits Of loT3 'DWDIORT
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POVEZUJE
DOMOVE

POVEZUIJE
ZDRAVUE

POVEZUJE
AUTOMOBILE

POVEZUJE
GRADOVE

PODUZECA

‘,/ \\\\ y N
POVEZUJE VLADU et ﬁ b E _— POVEZUIE
/ \ /

Slika 4. ,R7 SRYH]XMH DXWRPRELOH GRPRYKI OMXGH R
gradove

,JYRU .HQQHWK ( A, QGXVWU\ ,Q ,QWHUQHW 21 7KLQJV
Datafloq

Procjenjuje se da postoji L]PHY X L PLOLMDUGL UDJOLpPpLWLK VW
WHOHIRQD VWRORYD UDpXQDOD L VOLPpQLK XUHYDMD SF
PUHADPD 3UHGYLYHQR MH GD UH VH SRpHWNRP JRGLQF
DUWLNDOD aWH m@hs RAMOWPWL VYMHWVNR WUALAWH YULMH
PLOLMDUGL DPHULpNLK GRODUD SD pDN L YLaH 3DPHWQL

GRPRYH XUHGH WYUWNH SROMRSULYUHGQD SRGUXpMD \
svijeta.36

36 https://www.cadcam-group.eu/blog/internet-of-things-industry-40
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Y,

KOMUNIKACU

¢ KOMUNIKACH
KIBERNETICKO KOMUNIKACL KOMUNIKACU KiNélél\Vlmcu KOMUNIKACL s ONUNIK
-FIZICKI A UREDAI- A COVIEK- % A UREDAI-

SUSTAVI UREDAI UREDAI Coviek CoVIEK

INTERNET
STVARI

Slika 5. IoT integracija

Izvor: Dr.O.Vermesan., Dr.P.Friess; Digitising the Industry Internet of Things
Connecting the Physical, Digital and Virtual Wolds; River Publishers,
Gistrup,Denmark, 2016.

Internet stvari omogu wje integraciju ogr RPQH NROLPpLQH XUHYyDMD N
XJUDYHQH RGUHYHQH VHQ]RUH NRML YLaH LOL PDQMH VD
drugimaisaraznim aplikacjama .DR aWR MH SULND]DQR QD VOLFL SR

komunikacije:

- .RPXQLNDFLMRUHYHDND M
Komunikacija pRYMKUNMHYDM

- .RPXQLNDFLMPRORWH/MNH N
- .RPXQLNDFLMPRXYWHHND M
- .RPXQLNDF L MDfrxstiuktiaiEz M
- .RPXQLNDFLMRXROGY® M

loT GUDPDWLpPQR PLMHQMD QDpLQ QD NRML VH WYUWNH
NDNR UH OMXGL NRPXQ INfegav® Wzornd pRroda @ahtjerd procjenu
zahtievaza EXGXUL WRLJORNMP GLILWDOQRJ ODQFD YULMHGQRVWI
QD PQRJILP SRGUXpMLPD SULPMHQH

,R7 MH NRQFHSW L SDUDGLJPD V UD]JOLpLWLP YL]L
aktivnostima. loT uzimauobzir SULVXWQRVW X RNUXAHQMX UD]JQLK VWYI

37 Dr.0.Vermesan., Dr.P.Friess; Digitising the Industry Internet of Things Connecting the Physical,
Digital and Virtual Wolds; River Publishers, Gistrup,Denmark, 2016.
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L AaLpDQLK YH]D L MHGLQVWYHQLK VKHPD DGUHVLUDQMD
VXUDYLYDWL V GUXJLP VWYDULPD ]D V W ydstiddd QIMNHH@RY_LpKN D S
cilieve. U posljednjih nekoliko godina, 10T se razvio od jednostavnog koncepta
LIJUDYHQRJ RNR NRPXQLNDFLMYWNnHtidstiginvdrRUNdR@eDu b X UH Yy D N
NRMRM XUHYyDML LQWHUQHWVND WHKQROR BdnveRirgjuO M X G L
kako bi stvorili kompletan sustav za poslovnu inovativnost, interoperabilnost,

ponovljivost, AW R X N © WM B & DIipgiténfa siddirnosti, privatnosti i povjerljivosti.3®

IR7 MH PUHAD IL]JLPNLK REMHNDWD NRML VDGU&H XJUDYVF
L RVMHUDM LOD VWMUBP KEDMXDUQMLP VWDQMIoPKoristOL YDQM
VLQHUJLMH NRMH QDVWDMX NRQYHUJHQFLMDPD SRWUR:
internetskog korisnika, poslovnog i industrijskog interneta. Konvergencija stvara
RWYRUHQX JORED Oqézuje ude, YoodaRéMiztvari. Ova konvergencija
XWMHpH QD AREODN?3 ]D SRYH]JLYDQMH LQWHOLJHQWQLK VW
SRGDWDND SRPD&XUL VWYDUDQMXPRYXdzDovel Ralvitéd QH EL
SRYH]DQRVWL L DQDOBEWLPpNH LQWHOLJHQFLMH

- &

skladistenje skladistenje

loT PLATFORMA
»

N § & i“av 2 O

Slika 6. 0T platforma

38 Dr.O.Vermesan., Dr.P.Friess; Digitising the Industry Internet of Things Connecting the Physical,
Digital and Virtual Wolds; River Publishers, Gistrup,Denmark, 2016.
39 Dr.0.Vermesan., Dr.P.Friess; Digitising the Industry Internet of Things Connecting the Physical,
Digital and Virtual Wolds; River Publishers, Gistrup,Denmark, 2016.
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Izvor: Dr.O.Vermesan., Dr.P.Friess; Digitising the Industry Internet of Things
Connecting the Physical, Digital and Virtual Wolds; River Publishers,
Gistrup,Denmark, 2016.

. R UL a Wor Qiatfetmi (slika 6) SRNWMWWUDQVIRUPDFLMVNH WHKQRO
VX REODN L PREGOCOREBRYVeHYBWMDUDQMH PUHAD NRMH REXK
SURL]YRGQL SURFHV NRML WYRUQLFH SUHWYDUDMX X SDF
globalnoj infrastrukturi stvaranje novihusluga GRSXawDMXuL VYLPD GD VWYD
aplikacije za globalne korisnike. IoT povezuje VWYDUL JOREDOQR L RGUADYD
on-OLQH ORELOQH PUHAH RPRJXUXMX SRYH]JLYDQMH V RYRP .
NDGD ELOR JGMH 5H]XOWDW MH JOREDOQR GRVWXSQD PU
su dostupni za stvaranje poslovanja, doprinRY VDGUaDMD JHQHULUDQMH L |

usluga.*®

SODWIRUPH VH WDNRYHU RVODQMDMX QD PRU PUHAQLK
YLAH VWYDUL Se&izaumyestvaru kavidnieQudjiMoriste generirane usluge.
Uspjeh strategije oT SODWIRUPMHPR&WHGLWL YH]RP SULYODpPHQM

informacijama / protokom podataka.*!

loL
Internet logistike

Internet rasvjete

loT
platforme

LR R A I"'a' ® O

Slika 7.Internet UD]YRM X UD]OLPLWLP LQGAXQWHURWMWLRIV;A N

40 Dr.0.Vermesan., Dr.P.Friess; Digitising the Industry Internet of Things Connecting the Physical,
Digital and Virtual Wolds; River Publishers, Gistrup,Denmark, 2016.
41 Dr.0.Vermesan., Dr.P.Friess; Digitising the Industry Internet of Things Connecting the Physical,
Digital and Virtual Wolds; River Publishers, Gistrup,Denmark, 2016.
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Izvor: Dr.O.Vermesan., Dr.P.Friess; Digitising the Industry Internet of Things
Connecting the Physical, Digital and Virtual Wolds; River Publishers,
Gistrup,Denmark, 2016.

7UDGLFLRQDOQD UD]OLND L]PHYyX PUHaH L XUHYDMD VH |

]QDpDMNL VH YL&H QH PRJX UD]JOLNRYDWL 3UH KDHYDMHM
VPDQMXMH V Hvodl donhapo&edhih [prinoda.*?

.DR UH]XOWDW RYH NRQYHUJHQFLMH ,R7 DSOLNDFLMH
LOQGXVWULMH NDNR EL WHKQRORJLMD VWYRULOD SULOLNH
RERJDUHQLK UIQRMIPKNNRKR LVNX*YWDYD L XVOXJD

42 Dr.O.Vermesan., Dr.P.Friess; Digitising the Industry Internet of Things Connecting the Physical,
Digital and Virtual Wolds; River Publishers, Gistrup,Denmark, 2016.

43 Dr.O.Vermesan., Dr.P.Friess; Digitising the Industry Internet of Things Connecting the Physical,
Digital and Virtual Wolds; River Publishers, Gistrup,Denmark, 2016.
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2.4.2. Big data

Big Data ]DSUDYR MH PDVD UD]JQROLNLK SRGDWDND NRMD
XpHVWDORAUX L JERJ WRJD VH VWD O QR=*XWhé, DafdityQ MLKR Y
YDULHW\ 1R GLJLWDOQL ]DS ImhoyoD®n SeRmoraHsSEuki@itdti,] Q D p L

analizirati, mora ga se staviti u kontekst kako bi od njega bilo tko imao koristi.**

$QDOL]D PDVRYQLK SRGDWDND SUHGVWDYOMD @HVW & (

biti integrirani unutar Industrije 4.0. Radi se o:

- povezivanju (eng. Connection),

- UMHAHQMLPD UDpXQDUVWYD X REODNX HQJ &cC
- kibernetici (eng. Cyber),

- VDGUADMX NRQWHNVWX HQJ &RQWHQW &RQWFH
- zajednici (eng. Community),

- prilagodljivosti (eng. Customization).

.RULVWHUL DODWH ]D QDS UHIBWH DREOALDPHN D |PRIXE B WMH
QHNH REUDVFH X PDVRYQLP SRGDFLPD NRMLK PRAGD QHPD
Problem koji predstavljaju takve baze podataka mogu biti, prije svega, osobni podaci
LOL ]JDAWLUHQL SRGDFL NRML VX PRafD takbnsdazam@ ZaLOL EL \
SURL]YRYyDpH SULNXSOMDQMH L LQWHJUDFLMD SRGDWDND
RWYDUDMX SRWHQFLMDO GD VH L] ED]JH SRGDWDND GRELMEF
PRJX SREROMaDWL SHUIRUPDQVH YR)]&duje StRveHJdvazBtIQ MHP SR
vozila sa putnom signalizacijom. Stoga rizik nije samo na strani krajnjeg korisnika.

Ulaskom u takve sporazume i prikupljanjem podataka u neke masovne baze,
poGX]J]HUD PRUDMX RVLIJXUDWL L GD QH GRVYHk@&RméegiUHQMD
SUHGVWDYOMDWL L NRQNXUHQWQX SUHGQRVW 7H YUVWH
VWUDWHJLMH SROLWLNX FLMHQD UD]JYRM SURL]JYRGD L L
postojanje pod X]HUD QD YWUAaLaWX

Big Data bitan je dio industrije 4.0. Strojevi i sustavi za proizvodnju izbacivali su
RIJURPQH NROLpLQH SRGDWDND JRGLQDPD DOL QHGRVWDW
vVODQMD L GLMHOMHQMD LQIRUPDFLMD RV3AdaYanketitdH PQRJI

44 http://www.kognosko.hr/xx/
45 P. Krebelj: Trends in Maintenance; Ljubljana, Slovenia;2017
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povezani strojevi industrije 4.0 sa senzorimaza GRVWDYX SRGDWDND LPDMX
promijeniti status quo i koristiti informacije u realnom YUHPHQX ]D SREROMALI
performansi 7R PRaH SRPRuUL X RSWLPL]DFLML NYDOLWHWH
XpLOQNRYLWRVWL X&WHGL HQHUJLMH SR pROKVAGYQ M X XV
R G U aD YD §Nv@laci mogu dijeliti na proizvodnim web lokacijama i opskrbnom

lancu putem oblaka, ali upotrebom aLIULUDQMD L RYOD&AWHQRJ SULVW;
VLIXUQRVWL ,QWHJUDFLMD L]YRUD SRGDWDND UHNR VXV\

2.4.3. 3D Printeri

" 3ULQWHUL VH NRULVWH X A4LURNRP Vd&iBmaWUX SUR

poslovanju, definirani su u tri kategorije

- prototip,
- alat za proizvodnju

- proizvod krajnje upotrebe.

Prototip i testiranje XpLQNRYLWRV WL Sé&RrafivRaGahaQ@a2vojd |IL
industriji 4.0, sa 23% prototipova trenutno razvienih SRPRUX ' P Hi§giBaG D
,QWHJUDFLMD " LVSLVD RPRJXUXMH WYUWNDPD GD UD]Y
IOHNVLELOQRVW SULODJRGOMLYRVW L SREROMAaADQX L]JYHG

'UXJL QDpLQ X NispMimhpleMehtira u proizvodni proces je putem alata
za proizvodnju - GUXJLP UL Ms$pis lFPEDRIXUXMH LJUDGX DODWD SRPRU>
ispis 1D SULPMHU ' DODWL ]D SURL]JYRGQMX NDR aWR VX
smanjit WUR&NRYH VWY DUD QM B0RCanveionh RonveRdibiiadnih sa 3D

ispisom.*8

BUHGQRVWL ' DODWD ]D SUHRIzhgRIen@iM kdiDpdiajl Q M X
SURL]YRGQX OLQLMX WDNR GD PRJX SUHJOHGDWL GL]DMQ
RGUHYKYOMQMIRYH XpLQNRYLWRVWL L SREROMg2WEWR SRP
GUDVWLpPQR VN kialjxX R HLYpQEMhH Rldizajniranje alata. Ta sposobnost
GL]DMQLUDQMD L SURL]YRGQMH QRYRJ DODWD GQHYQR ]QC
]OQDWQ X X &MWUREGDBYORPRIXUDYD SRWSXQX SULODJRGEX DOD

4Shttps://www.business-reporter.co.uk/2018/02/10/industry-4-0-finally-getting-grips-big-data/#gsc.tab=0
47 https:/lwww.sys-uk.com/news/industry-4-0-revolutionising-way-things-made/
48 https://lwww.sys-uk.com/news/industry-4-0-revolutionising-way-things-made/
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OLQLMX &WR RPRJXiUXMH QRYL LQRYDWhsaqQ industripDPLQ UDG
OHA&L X WUHUGRM NDW HisoRd gdieLseXtEhRoldijd Boksti U proizvodnji

proizvoda NUDMQMH XSRWUHEH &WR ]QDpL GD MH VWYDUQL SLU
SRPRiUX ' SULQWHUD L QDPLMHQMH® MH GD VH NRULVWL N

1DGDOMH SUlLdoddnéDMY RMHLQH ]D ' LVSLV 3UR&OR MH Y
ELOR PRIJXUH NRULVWLWQ@DWMOVPR EREJPHUHLPDMX pHOLN DC
razvoj materijala za 3D ispis. 3D tehnologije ispisa mogu se Koristiti tijekom cijelog
proizvodnog ciklusa, od prototipova do same proizvodnje. 3D ispis je proizvodna
metodologija izbora kada seradi opURL]YRGQML QLVNRJ YROXPHQD YLV
SURL]JYRGD QXGHUL YLVRNX IOHNVLELOQRVW X SURL]YRG
LVSRUXNX 1MHJRYD VSRVREQRVW SURL]YRGQMH &LMHOD I
tradicionalnih proizvodnih tehnologija. )OHNVLELOQRVW ' LVSLVD WDNRY
PRIXUQRVWL GLMHOMHQMD SURL]JYRGQLK NDSDFLWHWD L]P
LVNRULVWLOD LPRYLQD DOL L SRGXSLUXUL UDVW SULKYDU
mogle biti S U L K'Y DJiEHRQ HR J UlaGdpjaciteta. 0

"LVSLV UH WDNRYyHU SURPLMHQLWL GLVWULEXFLMX S
svugdje, gdje je dostupan RVQRYQL PDWHULMDO L SLVIDH SQULRIBDMISQOL
QDpGOPQDAQMH SURHRNRGWYWNML SURL]YRYDp SURILWVENKBGD YLAF
SURL]YRGQH SRJRQH MHU SURL]JYRG NRML MH GL]DMQLUD
PMHVWLPD d4LURP VYLMHWD 7R UH WDNRYHU RGUAaDWL QI

49 https://lwww.sys-uk.com/news/industry-4-0-revolutionising-way-things-made/
50 Zimmermann 6 Indlustry 4.0 +3D Printing in Manufacturing Industries3 $W RV
51 Zimmermann 6 Indlustry 4.0 +3D Printing in Manufacturing Industries 3 Atos, 2018.
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VECI TROSAK A
PO JEDINICI 3D PRINTANJE

(TRADICONA{_}A\

PROIZVODNJA

Maniji trosak

3D printanja

Vece kolicine - prednost
tradicionalne proizvodnje

TROSAK PO JEDINICI PROIZVODNIE

Manje kolicine -

MANII TROSAK prednost 3Dprintanja TOOfA
PO JEDINICI POKRICA
MANJE PROIZVEDENIH PROIZVEDENE JEDINICE VISE PROIZVEDENIH
JEDINICA (VOLUMEN) JEDINICA
3D PRINTANJE == TRADICONALNA PROIZVODNJA

Slika8 7RpND SRNULUD ' SULQWDQMD
Izvor: https://lwww.ftpi.or.th/download/seminar-file/5.%203D%20printing.pdf

Slika 8 prikazuje krivujlu WURANRYIWRD]YRGQMX SRPRUGX ' LV!
WUDGLFLRQDOQH PHWRGH SURL]JYRGQMH .ULYXOMH WURA|
WURAND ]D VYDNX MHGLQLFX SURL]JYRGQMH 5D]J]OLND L]P
SURL]YRGQML GRJDYyD VH JGMH NB8 pdkaMMHR YGID NV WX DRIEN |
SURL]YRGQMH PDQMLK NROLPLQD SURR JFIRWGID @UAL XOWMIX s
FLMHQH MH UDYQD &4WR XSXiXMH QD WR GD VH JUDQLpQL
TUDGLFLRQDOQD SURL]JYRGQD PHWRGD PR3H. GGRIQLMHWLP
NROLpLQDPD NDR @&WR WR VXJHULUD NULYXOMD SDGD FLMF

OR&H VH ]DN @mizpdnja/3D Bdlsom NRULVWHGL UD]JOLPLWH PDW
SUXALWL XpLQNRYLWX DOW H UaieWptovodrel V BIRIEBREMED B E® QM
propusnosti i smanjenju W U R a3DPojrEme mogu RPRIX GIRMEDWQR SRMDpDYDQ
XpLQDdh@sno omoguiLWL NRQNXUHQWQRVW " LVSLVD L NRG SUR
SURL]JYRGD X pHPX WUHQXWQR SUHGQRVW LPDMX PHW

proizvodnje.5®

52 Cotteleer M., Joyce -  3DA\opportunity: Additive manufacturing paths to performance, innovation,
and growth® 'HORLWWH ,QVLIJKWYV
53 Cotteleer M., Joyce -  3DA\opportunity: Additive manufacturing paths to performance, innovation,

and growth® 'HORLWWH ,QVLIJKWYV
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2.4.4. Pametna tvornica (eng. Smart Factory)

SDPHWQD WYRUQLFD MH IOHNYV L Edpthiz@at\pEriokvanse NRML PF
preko ALUH PUHAH SU l@Did RaBih WijetaviHredalnom ili gotovo realnom

vremenu te samostalno upravljati cjelokupnim proizvodnim procesima.>

Prava VQDJD SDPHWQH WY Rd&j §pbsobhostitia Ise Xaz@jMiHaste
zajedno s promjenjivim potrebama organizacije, bilo da se mijenja S R W & Rupark)
ALUHQMH QD QRYD WUALAWD UD]YRM QRYLK SURL]JYRGD LOL
posORYDQMX L uR@tadnaYrdghMprocesa ili tehnologija, ili promjene u
SURL]YRGQML =ERJ VQDAQLMH UDpX QD &@QUHLVXY WDIYWLP N PH
i povezanih sredstava, SDPHWQH WYRUQLFH PRJX RPRJXULWL RUJ

prilagode promjenama na jednostavniji Q D 2. Q

Koncept pametne tvornice, prikazan na slici 9, predstavlja korak naprijed od
tradicionalne automatizacije do potpuno povezanog i fleksibilnog sustava - onog koji
PRAH NRULVWLWKk pNdat@kd V¥ poReaanilQoperacija i proizvodnih sustava
NDNR EL QDXpLOEke bovBrJzaBtjpuirRaGRraa SDPHWQD WYRUQLFD F
LQWHJULUDWL SRGDWNH RG IL]L p Nucijeh® sudtbvwkako®itsel OM X GV
XVPMHULOD SURL]J]YRGQMD RGUAaDY D Q MadposhbiaDjd Hi@déH LQYHC
YUVWH DNWLYQRVWL GLOMHP FLMHOH SURL]JYRGQH PUHAaH
VXVWDY PDQML EURM ]DVWRMD X SURL]JYRGQML L YHUD V¢
promjenama u postrojenju LOL daLURM PUHaAL iddvajed poaicior@danjd Hay W
NROQNXUHQW®&RP WUAaLaAWX

Pametni proizvodi se uvijek mogu identificirati i locirati, njihova povijest,
vVDGDaAaQMH VWDQMH L EXGXUH DNWLYQRVWL NRMH VX QH
izgleda, poznate su u bilo koje vrijeme. DobropULSUHPOMHQD ED]D SRGDWDND
MHU MH SRWUHEQR ILOWULUDWL SRWUHEQD L]J]YMH&UD NEC
LQIRUPDFLMH 3UHGQRVWL YLUWXDOQRJ VYLMHWD NRULV
VLPXODFLMX UD]OLpPpLWLK V 0izpdaMpkb¥eBa i Zj@liwel épEKrbrieg MD S U

54 Burke R., Mussomeli A., Laaper S., Hartigan M., Sniderman % Th& smart factory3 'HORLWWH ,QVLJIKYV
2017.
55Burke R., Mussomeli A., Laaper S., Hartigan M., Sniderman % Th& smart factory? 'HORLWWH ,QVLJIKV
2017.
56Burke R., Mussomeli A., Laaper S., Hartigan M., Sniderman % Th& smart factory? 'HORLWWH ,QVLJIKV
2017.
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ODQFD NRQWLQXLUDQR VH SREROM&DYD 'D EL XVSMHA&aQR
S ULV XWQstedwhudbased® PUHAH &ORXG WHKQRORJLMD

Cloud WHKQRORJLMD SUX4D SDPHWQH SRGDWNRYQH FHC
EL NRULVQLFL WYUWNH PRJOL SRVWLUL QLAH WURA&ANRYH
RPRIXUXMH SURL]JYRGQMX SUHPD LQGLYLGXDOQLP NRULVC
mnoge tvitkeodPDNQXOH RG PDVRYQH SURL]JYRGQMH X PDVRYQX S
*ODYQL FLOM MH LPDWL SURL]YRGQL VXVWDY NRML PRaH

SRVORYDQMD 7DNDY VXVWDY PRUD NDUDNWHUL]JLUDWL IOH
SRUH P H ii D Mpediijedid.65 L K

w PAMETNE USLUGE
OPTIMIZACIJA: proizvoda,

procesa, opskrbnog lanca ;] AMETNI PROIZVODI
1
Protok inteligencije Koristenje i pohrana

podataka

Pouzdane ,,Oblak” -
\‘: VIZUALIZACIJA B BIG DATA
mreze
Podrska kod =] Pravovremena analiza
odluéivanja Z_—JPAMETNI PODACI podataka
Novi uvid *
Novo poslovanje

Slika 9. Koncept pametnih tvornica

lzvor: &UQMDF 0 9HAD , %DQGXND 1 A)URP &RQFHSW WR W

8 ,QWHUQDWLRQDO -RXUQDO RI ,QGXVWULDO (QJLQHHUL
No 1, 2017, pp. 21-30

BURL]JYRGL X WDNYRM WYRUQLFL WDNRYHU VX SDPHWQ
NRULVWH SXWHP EHAaLpQH PUHAaH ]D SULNXSOMDQMH SRG
ORNDOL]DFLMX PMHUHQMH SURL]JYRGQLK L RNROL&aGQLK XY
SposREQRVW NRQWUROH L REUDGH 7DNR RQL PRJX NRQWL

58 UQMDF 0 9HAD , %DQGXND 1 A)URP &RQFHSW WR WKH ,QWURGXFWL|
of Industrial Engineering and Management (IJIEM), Vol. 8 No 1, 2017, pp. 21-30

8gUQMDF 0 9HAD , %DQGXND 1 A)URP &RQFHSW WR WKH ,QWURGXFWL|
of Industrial Engineering and Management (IJIEM), Vol. 8 No 1, 2017, pp. 21-30
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SURL]YRGQMX SD pDN L NRQWUROLUDWL RSWLPL]JLUDWL S
SDPHWQL SURL]JYRGL PRJX SUDWLWL YODVWLWR VWDQMH
RPRIXUXMH 8 WIRRONWYVYP@QMH ED]JLUDQR SUHPD VWDQMX awR
SURL]JYRGH XJUDYyHQH® YHUH VXVWDYH

2.4.4.1. ZQDpDMNH SDPHWQH WYRUQLFH

GODYQH ]QMap@nd Ndinice VX VOMHGH i H

- povezanost,

- optimizacija,

- transparentnost,
- proaktivnost i

- agilnost. ©°

6YDND RG WLK ]QDpDMN L GARRR@ERHA H QWIXWR SX\ORIXR@H RGO
RUJDQL]DFLMDPD SREROM&DWL SURL]YR Gda hijetlhkRIFjdY 9DaqQ
SDPHWQH WYRUQLFH YMHURMDWQR QHUH L]JJOHGDWL LVWR
raznh SRGUXpMD L ]1QDpDMNL QDMUHOHYDQW®&LMLK ]D QMLKR®

ORAGDDMYDAQLMD ]QDpDMN [k ®EEPadost Pemeine Rangeke F H
zahtijevaju da se temeljni procesi i materijali povezuju kako bi generirali podatke
SRWUHEQH ]D GRQR&HQMH R G O XAdetXa Wamik®je aprmljend HP H Q X
SDPHWQLP VHQ]JRULPD WDNR GD VXVWDYL PRJIJXtAkRQWLQXLU
oba, QRYRJ L WUDGLFLRQDOQRJ L]JYRUD RVLJXUDYDMXUL G
RGUDaADYDMX WUHQXWQH XYMHWH ,QWHJUDFLMD SRGDWDN
L RG GREDYOMDpPD L NXSDFD RPRJXUDYD KROLVWIlapNL SRJ
X]YRGQR L QL]YRGQR 4d4WR GRYRGL GR YHi#H XpLQNRYLWRV\

2SWLPLJLUDQD SDPHWQD WYRUQLFD RPRJXUDYD L]JYUAD
UXpQX LQWHUYHQFLMX L YLVRNX SRX]GDQRVW $XWRPDW

% 5RMNR $ A, QG XVWU% D F NSIRIRKHDS3W D Q GECPE HEUrype&hZGenter for Power

Electronics e.V., Nuremberg, Germany,2017. )

60 Burke R., Mussomeli A., Laaper S., Hartigan M., Sniderman % Tha smartfactory2? 'HORLWWH ,QVLJKYV
2017.

61Burke R., Mussomeli A., Laaper S., Hartigan M., Sniderman % Th& smart factory? 'HORLWWH ,QVLJIKV
2017.

62Burke R., Mussomeli A., Laaper S., Hartigan M., Sniderman % Th& smart factory? 'HORLWWH ,QVLJIKYV
2017.
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SUDUHQMH L UDVSRBWLPLDIQMH DWHRWURaAQMD HQHUJLMH
WYRUQLFL PRMXftSRYHMBWH UDGD L NYDOLWHWX % H VPDQML

U pametnoj tvornici prikupljeni podaci moraju biti transparentni, vizualizacija
SRGDWDND X VWYDUQRP n¥fariiratH @ikupfeRea pbdatke) 2 procesa
proizvodnije ili bilo kojeg drugog procesa (npr. procesa nabave) i pretvoriti ih u korisne
informaciie, NDNR EL VH RODNADOR GRQRENQYMREY RRPGARXGRQREABT
odlukaili X VOXpDMX GD RGOXNKIGERQRWHPIMPOGBERGDFL X SDPH'
PRUDMX ELWL GRVWXSQL L YLGOMLYL X VWZédwsleQi&irtaYUHPHQ
ili autonomnim sustavima G D G R Q H ¥ topiihiRip&odIluke.®

SBURDNWLYQRVW X SDPHWQLP W Y&pbs@nhidt DdundiriR J X U XM F
VXVWDYL PRJX SUHGYLGMHWL L GMHORYDWL SULMH QHJR &\
GD MHGQRVWDYQR UHDJLUDMX QD QMLK QDNRQ aWR VH SRI
identifikaciju anomalija, popunjavanje i nadopunjavanje inventara, prepoznavanje i
SUHGYLYDQMH UMHADYDQMD SUREOHPD NYDOLWHWH L S
6SRVREQRVW SDPHWQH WYRUQLFH GD SUHGYLYD EXGXuH
SRGDWDND X VWYDUQRP YUHPHQX PRA&H SRER@MADWL YUL
kvalitetu proizvoda WH VSULMHpLWL VLIJXUQRVQH SUREOHPH 8Q
SURL]YRYDpPpL PRJIX LPSOHPHQWLUDWE GIUR Biftiif psBas XW GLJ
osobe ili sustava iz stvarnog svieta) RPRJXUXMXuL LP GD GLJLWDOL]LL
prelazeodauWRPDWL]DFLMH L LQWHJUDFLMH X SUHGLNWLYQH P

$JLOQD IOHNVLELOQRVW RPRJXUXMH SDPHWQRM WYRU
promjeni proizvoda uz minimalnu intervenciju. Napredne pametne tvornice mogu same
konfigurirati opremu i materijalne tokove, ovisno o proizvodu koji se proizvodi i
zakazivanju promjena L RPRJXU0XM X uffetaaOtid LpyoRjen& u stvarnom
YUHPHQX 2VLP WRJD DJLOQRVW PR&H SRYHUDWL LVNRULYV

63Burke R., Mussomeli A., Laaper S., Hartigan M., Sniderman % Th& smart factory 3 Deloitte Insights,

2017.

64Burke R., Mussomeli A., Laaper S., Hartigan M., Sniderman % Th& smart factory? 'HORLWWH ,QVLJIKV
2017.

65Burke R., Mussomeli A., Laaper S., Hartigan M., Sniderman % Th& smart factory? 'HORLWWH ,QVLJIKV
2017.
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awR VPDQMXMH WURANRYH SURPMiH QdbmjdiaRproivddy SRUHYLY
RPRJXUDYD IOHNVLELO®GBR UDVSRUHYLYDQMH

Navedene J]QDpDMNH RPRJIXuUXMX SURL]YRGEBIgInfOONeYIHUX YLG
sustava WH LP RPROXOINKAMHX VXRPpDYDQMH VD QHNLP L]D]JRYLPD
tradicionalne WY R¥E Qrufiide @WR X NRQDpPQLFL GRYRGL GR SREROM:
Y H ipHlagodljivostt QD SURPMHQH X XYMHWLP® GREDYOMDpPD L NXS

2.4.4.2. Prednosti pametne tvornice

2GOXND R WRPH NDNR ]JDSRpHWL LOL SURAGLULWL LQLFL
VH XVNODGLWR SRVGUREDDP@IRUIJDQL]DFLMH 5D]JOR]L JERJ NI
LOL &L BatnetheDtvornice pHVWR VX UD]JQRYUVQH L QH PRJX VG
JHQHUDOL]L U D VplelazdkHrjeX Paimetne tvornice op ienito podrazumijeva
kategorie NDR sSUUMKRLQNRYLWRVWYDRRYW.OYWD WURANRYL VLJIXUC
NDWHJRULMH L]JPHYyX RVWDORJ PRJX GRQLMHWLYBURBQRVYV
NRQNXUHQW Q R hoiin gpofitavilubétl, & W ¥ RvRlitetom proizvoda i stabilnost

radne snage.

Svaki aspekt pametne tvornice generira YHOLNX Né&d@daka LkQjiXkroz
kontinuiranu analizu otkrivaju probleme s performansama koje mogu zahtijevati neku
vrstu korektivne optimizacije. Takva samo-koUHNFLMD MH RQR aWR UD]OLN
tvornicu od tradcLRQDOQH DXWRPDW L ] BeEultivat Y BbW RukuprivénH
XpLQN R,YedwdR ddWMajistaknutijih prednosti pametne tvornice. 9HUD XpLQNRYLWR
trebala bi se ogledati u manjim zastojima u proizvodniji, optimiziranom kapacitetu i

smanjenom vremenu zamjene.%°

2SWLPL]JLUDQL SURFHVL WUDGLFLRQDOQR YRdaiRh GR WUF
V SUHGYLGOMLYLMLP ]JDKWMHYLPD ]D LQYHQWDURP XpLQN
osoblja, kao i smanjenjem varijabilnosti procesa i operacija. Proces bolje kvalitete
mogaR EL WDNRYHU ]QDpLWL LQWHJULUDQL SRUidjMid@ QD RS\

56Burke R., Mussomeli A., Laaper S., Hartigan M., Sniderman % Th& smart factory? 'HORLWWH ,QVLJKYV
g%lu?rke R., Mussomeli A., Laaper S., Hartigan M., Sniderman % Th& smart factory3 'HORLWWH ,QVLJIKYV
gsoBlu7r.ke R., Mussomeli A., Laaper S., Hartigan M., Sniderman % Th& smart factory3 'HORLWWH ,QVLJIKYV
ggoBlu7r.ke R., Mussomeli A., Laaper S., Hartigan M., Sniderman % Th& smart factory3 'HORLWWH ,QVLJIKYV
2017.
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RGIJRYRULPD QD SRWUHEH ]D QDEDYRP pLPH VH VPDQMXM>
EROMH NYDOLWHWD PRA&H ]QDpLWL L NYDOLWHWQLML SURL

WUR adarivcie L RGUADBYDQMD

3DPHWQD WYRUQLFD WDNRYHU PRAH k& USQarmdgtL VW YD L
zaposlenika L RGUALYRVWL RNROLSED 9UVWH RSHWDMmMiceQH XpLQ
PRJX SUXALWL PRJX UH]XOWLUDWL PDQMLP HNRGBENLP RW
SURFHVD X] YHUX XNXSQX HNRORINXWR®RPLWRO/VEURFHYV
RPRJXULWL PDQMH SRWHQFLMDOQLK OMXGVNLK SRJUHADND
XJURNXMX R]JOMHGH 5HODWLYQD VDPRGRVWDWQRVW SDPH\
NHNH XORJH NRMH ]DKWLMHYDMX SRQDYOMDMXiUH L XPRUQH
UDGQLND X SDPHWQRP WYRUQLpPNRP RNUX3AHQMX PR&H SU
GLVNUHFLMX QD OLFX PMHVW Dg zaduRIj$VR fdsloB Rsrdnend GR Y H il

izmjene radnika.’*

0Burke R. ,Mussomeli A., Laaper S., Hartigan M., Sniderman % Th& smart factory 3 Deloitte Insights,

2017.
71Burke R., Mussomeli A., Laaper S., Hartigan M., Sniderman % Th& smart factory? 'HORLWWH ,QVLJIKV

2017.
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2.4.5. SDpXQDOQL REQDEOMpiiing)

Pojam "cloud computing" uveden je 2008. godine kako bi ukazalo na sustav
KDUGYHUD L VRIWYHUD NRML SUXabD XVOXJH NRULVQLFLPD
&ORXG FRPSXWLQJ REXKYD U D (8Q.Blatfoimh XSSNICR - RAAO) X J
informacije kao uslugu (eng. Information as a Service - ,DD6 UDGQX SRYUALQX
uslugu (eng. Desktop as a Service - DaaS) i softver kao uslugu (eng. Software as a
Service - SaaS). Te usluge korisnicima nude fleksibilnost i jednostavnost kada je u
SLWDQMX LVSRUXND L SULVWXS OLQLMVNLP SRVORYQLP L
YLUWXDOQLP UDGGBLP SRYUELQDPD

8 LQGXVWULML YLUWXDOL]DFLMD REXd&YaDUD QHN
X N O M X jglsud Xaimputing® PRELOQH XUHYDMH L ,QWHUQHW VWYDU
fleksibilnost NRMX VWYDUD FORXG FRPSXWLQJ RPRJXuUDYD SUF
JUDQLFD VYRMH LQIUDVWUXNWXUH L GD UDGL YulB&GnOR NRMH
PRJOR EL GRQLMHWL RGOXNH R SODQX SURL]JYRGQMH X .L¢
inteligentnog sustava NDR d4WR MH AFORNMID [FIR /SSWWDLLPIOMH UREXVC
YLVRNH GRVWXSQRVWL NRMD ]DSRVOHQLFLPD VWURMHY
omoJXUXMH SULVWXS SRGDFLPslikaB)LOR NRMHJ XUHYyDMD

&ORXG FRPSXWLQJ MH SDUDGLJPD LQIRUPDWLpPNH W
RPRJXUDYD VYHSULVXWDQ SULVWXS GLMHOMHQLP ED]DPD N
UDpXQDOQH PUHAH SRVOX&hdijeH IO luge. STokid) Bagnputindd S O
RPRJXUDYD NRULVQLFLPD L SRGX]HULPD V UD]JOLpLWLP UDD:
REUDGX SRGDWDND X REODNX X SULYDWQRP YODVQLaAWYX L
nalazi u podatkovhom centru, aWR ]QDpL GD KX za ptiktlpQpodacima
XPLQNRYLWLML L SRX]GD Qlgdle®é pédaki lpBhrahjGi@ & R HRERIDLN Q R
privatnom, a G M H O ®RWPjavin@n oblaku. Glavna prednost Cloud computinga oslanja

se na dijeljenje resursa kako bi se postigla koherencija i ekonomija razmjera.’*

&ORXG FRPSXWLQJ DSOLNDFLMH XWMHFDW 0OH QD JR
SURL]JYRGQLK WYUWNL 1D UD]JLQL SRGX]J]HuD FORXG FRP
SRVORYDQMH RG XSUDYOMDQMD SODQLUDQMD UHVXUVI

206 R Q X F F HI@dDdtry*4.0 aad Application Virtualizaton® 3DUDOOHOV
73 9% R Q X F F HI@dDstry*4.0 @ad Application Virtualization® 3DUDOOHOV
74 http://i4academy.com/cloud-computing/
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upravijanja do aQDOL]D SRGDWDND L REXNH UDGQH VQDJH 2EOD
dio integraciie SURL]YARyBpPLQGXVWULMVNH ODQFH RSVNUEH &aWRY
LIJUDWL NOMXpQX XORJX X RPRJIJXUDYDQMX QRYLISSURL]YRC
loT. 7®

Slika 10.5DpXQDOQL REODN

Izvor:http://www.justscience.in/wp-content/uploads/2018/01/where-are-the-hardware-

and-software-borderline-in-cloud-computing-870x466.jpg

75 Ezell S., Swanso B.; How Cloud Computing Enables Modern Manufacturing, American Enterprise
Institute, 2017.
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2.4.6. LEHUQHWL]JLMWR L \VeXg/ @ybey- L
Physical Systems - CPS)

.LEHUQHWI]JLPpMNR. VXVWDYL VX RVQRYD LQGXVWULMH
REMHNWH SURVWRUH L VWURMHYH SXWHP GLJLWDOQLK XU
i analiziraju podatke i na temelju toga donose odluke.’®

Razvoj i procesi

N

Suradnicka

) ) interakija

|dentifikacija i interakcija
Logistika

Pravovremena informacija

Proizvodnja Radno Strojevi Proizved
okruzenje server rafunalo

2n iR =

Lokzlna komunikacija

l Konunikacija i usluge I Oblzk

Slika 11. .LEHU QHWI]LPNR. VXVWDY

Izvor:https://media.springernature.com/original/springerstatic/image/art%3A10.1007
%2Fs10033-017-0164-7/MediaObjects/10033_2017_164 Fig2 HTML.gif

.DR &4WR MH SULND]@sRaQdgike 2aluspostavlijanje .LEHUQHWLpPNR
JLILPNRJ VXVWDYD MH SRYH]JLYDQMH VWYDUQRJ L YLUW
uspostavljanja virtualnog sustava s realnim vremenom informacija (prikazano kao na
lijievoj strani slike 11 L QDGLOD]L RSVHJ HOHNWURQLpNH SRaWH
KibernetLpNR]JLpNRJ VXVWDYD QH OHAL VDPR QD SULNXSOMD
YUHPHQX RG IL]JLPNRJ RNUXAHQMD GR GLJLWDOQRJ VXVWD
LIYRUD SRGDWDND ]D GMHORPLpPpQR DXWRQRPQH L VDPR
povratne petlie vituanRJ LQIRUPDFLMVNRJ VXVWDYD ]D UDG L NRQ
smatraju se jezgrom .LEHUQHMWLPNRK VXVWDYD .6 XN$Q N W]DENRAE K
VXVWDYD RWYRUH Qzbrabhhj¢ pfarmethit@mmi¢an tvrtkama. 77

"Shttps://ec.europa.eu/digital-single-market/en/news/sensors-cyber-physical-systems-and-internet-
things-revolutionise-footwear-industry-portugal

77 Mueller E., Chen X., Riedel R.; Challenges and Requirements for the Application of Industry 4.0: A
Special Insight with the Usage of Cyber-Physical System, Chinese Journal of Mechanical Engineering,
Volume 30, Issue 5, pp 1050 #1057, 2017.
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.LEHUQHW]ILPNR VXVWDYL &36 RPRIXUXMX WHKQRORJLN
IL]JLPNL VYLMHW ]DMHGQR NDNR EL VH VWYRULR XLVWLQX
REMHNWL NRPXQLFLUDMX L LEHWOHRMUCHANAG WEKOXYNDXY L L QD
VHQ]RUQH PCN&MDBONMDMX VOMHGHUL NRUDN HYROXFLMH L]

LEHUQHWI]LpWR. VXVWDYL SUXabMX RVQRYX VWYDUDQ
RPRIJXUXMH SDPHWQH XVOXBHUIQ BWRpNAR HXVWDYL VX WHEk
NRMH RPRJIJXUXMX pLHDWIGGIHNDGRMDWLYQRFHVD UHDOQLP
stvarnih i virtualnih svjetova nestaju. .LEHUQHWIJLL[PNR VXVWDYL SURPLN
interakciju V IL]JLPNLP VYLMHWRP QD LVWL ppobjebiQ of@opDnuNRML M|
NRPXQLNDFLMX L LQWHUWYBNFLNXHOHKXIURERQOLK VXVWDYD W
VRIWYHUX L QDPMHQVNLK NRULVQLPpNLK VXpHOMD LQWHJUI
QRYL VYLMHW IXQNFLRQDOQRVWL VXVWDYD ORGHUQL PREL
WRJD QXGHuUL FMHORLYMWLL SONOHXWDDNRMMDEFRWSXQR QDGP
IXQNFLMX PRELO®QRJ XUHYDMD

.LEHUQHW]JLpMNR. VXVWDYL WDNRYHU SUHGVWDYOMDMX S|
SRVORYQLK L WUALAQLK PRGHOD EXGXUL GD VX UHYROXF
usluga i lanci YULMHGQRVWL SRVWDOL PRJXuUL o6ptiMeieeUL LQGX
automobilsku industriju, energetika L |GUDYVWYHQX VNUE ELW 0H WUDQV

modelima lanca vrijednosti.&

8 EXGXUQRVWHHUWUEHW]L[pWR. VXVWDYL GRSduingst,tMHWL O
XPLOQNRYLWRVWL XGREQRVWL L ]JGUDYOMX QD QDpPpLQH NRN
LJUDWL VUHGL&AQML GLR X UMHaGDYDQMX WHPHOMQLK L]D]R"®
SULURGQLK UHVXUVD RGUALYH PRELOQRVWL L SURPMHQH |

“8https://www.gtai.de/GTAIl/Navigation/EN/Invest/Industries/Industrie-4-0/Internet-of-things/industrie-4-
0O-internet-of-things-physical-systems,t=cyberphysical-systems,did=1798540.html
“Shttps://lwww.gtai.de/GTAIl/Navigation/EN/Invest/Industries/Industrie-4-0/Internet-of-things/industrie-4-
O-internet-of-things-physical-systems,t=cyberphysical-systems,did=1798540.html
80https://www.gtai.de/GTAIl/Navigation/EN/Invest/Industries/Industrie-4-0/Internet-of-things/industrie-4-
O-internet-of-things-physical-systems,t=cyberphysical-systems,did=1798540.html
81https://www.gtai.de/GTAIl/Navigation/EN/Invest/Industries/Industrie-4-0/Internet-of-things/industrie-4-
O-internet-of-things-physical-systems,t=cyberphysical-systems,did=1798540.html
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2S 0L kwadavigPS-D PRaH VH NDWHJRUL]JLUDWL SUHPD pHWLL
12):

- .RQWUROLUDQMH 3UDUHQMH IL]JLPNLK SURFHVD L
CPS-D 7DNRYHU VH NRULVWL |]D GDYDQMH SRYUDW
SURAOLP UDGQMDPD NRMbnV2a &igueaxjpHIprani& 3 6
RSHUDFLMD X EXGXUQRVWL

- 8PUHADYDQMH 2YDM VH NRUDN EDYL JUXSLUDQMHPF

- 5DpXQDQMH 2YDM NRUDN VOXaL ]D REUD]JORAHQN

SRGDWDND WLMHNRP SUDUHQMD NDNR EL VH SURYNM

RGUHYHQH XQDSULMHG GHILQLUDQH NULWHULMH

Aktivacija: u ovom koraku se izraDYDMX UDGQMH RGUHYHQH W

UDpXQEBQMD

Na slici 12. Y, Z, U, V predstavljaju prikupljanje podataka od senzora.

KONTROLIRANJE

Slika 12. yHWLUL NRUDIMWB-UWWHRULMH R

Izvor: He k., & JinM.; A&\EBK\VLFDO 6\VWHP IRU PDLQWHQDQFH LC
-]QN|SLQJ 8QLYHUVLW\

82 Hek., &JinM.; A&\EBK\VLFDO 6\VWHP IRU PDLQWHQDQFH LQ LQGXVWU\ 3
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2.5. Horizontalna i vertikalna integracija u Industriji 4.0

8QDWRp pLQMHQLFL GD SRVWRML UD]JOLND L]JPHYyX KRUI
cilj je isti: stvoriti sustav informacijskih podatka LI PHYy X UD]JOLpPpLWLK VXVWDYD L
NRULAWHQMHP VWDQGDUGD |]D SULMHQRYV SRGDWDND L VW

opskrbni lanac i lanac vrijednosti.83

Horizontalna integracija odnosi se na integraFLMX ,7 VXVWDYD X UD]

procesima proizvodnje i poslovnog planiranja (slika 13.).

OHyX WLP UD]OLpLWLP SURFHVLPD SRVWRMH WRNRYL P
AWRYL&H RQL VH WLpX LQWHUQLK L YDQMVNLK &i&WQHUD
ekosustava, od logistike do inovacija) tokova i sudionika.8

'UXJLP ULMHpLPD KRUL]JRQWDOQD LQWHJUDFLMD RGQR
ODQFX YULMHGQRVWL L RSVNUEH SUL pHPX VX UD]JPMHQD
VXVWDYL X VUHGLRQY/XKILRNXYDDQL]|DFLMDPD MRa&a XYLMHN SR
IT sustavi. Horizontalna integracija predstavija izazov za sve organizacije, bilo
industrijske ili ne. Ako se razmatra besprijekorna integracija i razmjena podataka s
GREDYOMDpPLPD NXSBPDMD/NLPUGUR®LFLPD VOLRKRD SRVWDMH

83https://www.i-scoop.eu/industry-40/#Industry_40_technologies_security _peopleworkers_and_society
84https://www.i-scoop.eu/industry-40/#Industry_40_technologies_security _peopleworkers_and_society
85https://www.i-scoop.eu/industry-40/#Industry_40_technologies_security _peopleworkers_and_society
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UNUTARMNII RAZVOJ, PROCES PROIZVODNIJE | POSLOVANIJA

A e 8 o
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GIJELOVA PRACENJE
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KORISNICI

LOGISTIKA

DISTRIBUTER/PL

UCINAK
PROIZVODNIE

&
£
<
a
2
%
o
<
S
<
o
o
o

Unutamnil procesi. orotok informaciia + IT sustavi

UPRAVLIANIE KVALITETOM -=PLANIRANIE RADNE SNAGE —-ODRZAVANIE->MARKETING -=RACUNOVODSTVO

Slika 13. Horizontalna integracija u industriji 4.0

Izvor: https://40uu5c99f3a2ja7s7miveqgqu-wpengine.netdna-ssl.com/wp-
content/uploads/2018/04/Horizontal-integration-in-Industry-4.0-from-supplier-to-

consumer.gif

%XGXuL GD VH KRUL]IRQWDOQD LQWHJUDFLMD RGQRVL
opskrbe/vrijednosti i razZlLpLWLP SURFHVLPD NRML VH GRJDYyDMX S

integracija ima hijerarhijsku komponentu razine.8¢

‘UXJLP ULMHpLPD ULMHpPp MH R LQWHJUDFLML ,7 VXVV

proizvodnim i razinama, a ne horizontalnim razinama, u jedno cjelovitR UMH&HQMH

Ta hijerarhijska razina odnosi se na razinu polja (povezivanje s procesom
proizvodnje preko senzora), razinu kontrole (regulacija strojeva i sustava), razinu
procesne linije ili stvarnu razinu proizvodnog procesa (koju treba nadzirati i kontrolirati)

, razinu poslovanja (planiranje proizvodnje, upravljanje kvalitetom itd.) i razinu

86https://www.i-scoop.eu/industry-40/#Industry_40_technologies_security _peopleworkers_and_society
87https://www.i-scoop.eu/industry-40/#Industry_40_technologies_security_peopleworkers_and_society
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SODQLUDQMD SRGX]HUD XSUDYOMDQMH L REUDGD QDUXGa
NDR @aWR MH SULND3DQR QD VOLFL

VERTIKALNA INTEGRACIJA SUSTAVA PREMA HIJERARHUSKIM RAZINAMA

UPRAVUIANJE NALOZIMA, RAZINA
PLANIRANIE PROIZVODNIE PLANIRANJA %

PODUZECA, PLANIRANJE
POSLOVANJA

PLANIRANJEPROIZVODNJE, 4 [  MES OPERATIVNA
UPRAVLIANJE PROIZVODNIOM A RAZINA -

]

NADGLEDANIE, KONTROLA, 3 RAZINA
NADZOR PROIZVODNIE LINLE SUSTAV INDUSTRIUSKE KONTROLE PROIZVODNIE

REGULACIJA SUSTAVA 2 PLC ol RAZINA
STROJEVA KONTROLA PROCESA KONTROLE

PROCES PROIZVODNIE Yy - ‘ ’ =
POMOCU SENZORA I PODRu(:jA

Slika 14. Vertikalna integracija u industriji 4.0

Izvor:https://40uu5c99f3a2ja7s7miveqgqu-wpengine.netdna-ssl.com/wp-

content/uploads/2017/01/Industry-4.0-vertical-integration.jpg

88https://www.i-scoop.eu/industry-40/#Industry_40_technologies_security _peopleworkers_and_society
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3. UTJECAJ INDUSTRIJE 4.0. NA DISTRIBUCIJSKE
SUSTAVE

7HKQRORJLMD L LQGXVWUSBRO MXNMHMWNXR SOHQU NN L]C
QRYH WHKQR O Rujerjati GIROWQMEKXFLMVNX LQGXVWULMX 7R QI
RVLP DNR WYUWNH QD NRMH VH WR RGQRVL QH PRJX GUAD

tehnologije. 8°

3.1. Promjena lokacije proizvodnje

2QR aWzBniljijo X DNWXDOQRM JOREDOQRM SURL]JYRGQML
dodane vrijednosti proizvodnih tvrtki u globalnom BDP-X RSDGD YHU GHVHWOMHI
XVOXJH UDVWX UHODWLYQR E-UXR O WXL M XEREH WM DG Dab Y
udjela proizvodnjeuBDP-X 8 PQRJLP JHPOMDPD V QLVNLP L VUHGQML
udjeli zaposlenosti u proizvodnji dogodilisu VH QD QLALP UD]JLQDPD UD]YRN
proces SRYHUDQMD ]DSRVOHQRVWL QD rmatiéaL'Pretwrdnjdngnb PD UD]

deindustrijalizacijom" %

1RYH WHKQRORJLMH L QMLKRYH VYH YHUH VWRSH XVYD
SURFHVH L RQL VH XYRGH X JOREDOQR RNUXAHQMH N
automatizacija i napredna robotika, digitalizacija i integracija sustava temeljenih na
internetu (industrijski inteligentni internet) i aditivna proizvodnja (3D tiskanje) mogle bi
]OQDpDMQR SURPLMHQLWL ORNDFLMH NRMH VX DWUDNWLYQH
DOL L YLAH WUDGLFLRQDOQtRRREDRUIMHGNMQLNHGBREDYQRL SR
YRYHQH SURL]JYRGQMH GR VDGD DOL VH WR XVSRUDY
SURWHNFLRQLVWLpNMHYEDWXMHUBHLI@PEXWWULDOL]DFLMX |
gospodarskih i proizvodnih sektora. Planovi za razvoj izvozne proizvodnje dodatno su
pod utjecajem tehnologija Industrije 4.0. Na primjer, nanotehnologija, novi materijali i
ELRWHKQRORJLMH PRJX XWMHFDWL QD PDWHULMDOH NRN
SURL]YRGD 1DMYHUL XWMHFDM QD JHP®MHMWYURNMNDWR R WVH
SUHUDQD GHLQGXVWULMDOL]DFLMD SURL]JYRGQLK SURFL}
proizvodnju tradicionalno proizvede QLK GREDUD NDR aWR VX URERWLND
,R7 XNOMXpXMXiuL VHQ]J]RUH NRML NRULVWAHRBRPXWH®@HI WY R

89 https://lwww.inddist.com/blog/2018/03/heres-how-industry-40-disrupting-shipping-distribution
0 'U 6WDQNRYLF 0 *XSWD 5 'U -XDQ ( A, QGXVWU\ 2SSRUWXQLWLH
General Conference 17, 2017.
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i 3D ispis 6PDQMHQMHP UHODWLYQH YD&QRVWL NRQNXUHQWQ
WYRUQLFH PRJX SURPLMHQLWL RQR &WR MH SRWUHEQR ]D
JOREDOQRP WUAL®WX SURL]YRGQMH

1RYH WHKQRORJLMH W DN R §rirobalizd kij\VisiNd[B! iSfils\khbgd@D UDV S
biti izvediv. U SRpHSWNLOH GRVWXSQH VDPRpPS© Bavhin timQ3D VPR OH
LVSLVY ELR RJUDQLpHQ VDPR QD SURL]YRGQMX SURL]JYRGD R
i druge sirovine za tiskanje metalnih proizvoda i proizvoda izrayenih od PMHaRYLWLK
materijala. , WLVNDQMH ELROR&NRJ PDWHULMDOD ELRSULQWLQ.
aLuUL MR& XYLMHN SRVWR ptaiz&dtdn¢ D QOWR L{FRM B NO BRDWIRNMH. P
proizvodnih lokacija X EOL]JLQL SROQWRIRERPBNXMX UD]JYRM ' WLVND X
PYRULAWLPD SRJRWRYR DNR W Wisoli D bko poSdje/ prédbosk VW D
FHQWUDOL]JLUDQMD ORJLVWLpPpNH SRGUANH X WUDQVSRUWQ
tvrtke mogu odabrati locirati proizvodnju u bliziQ L S R W UiRriabgdzijamasa QLALP
WURANRYLPD SWRMMNBGRWMWDYQLP SULVWXSRP WLP WUAaLa
SRX]GDQR ULMHaALWL SUDYD LQWHOHNWXDOQRJ YODVQL&a&WY
,R7 L SDPHWQH WYRUQLFH " WHL satitdima@zBci ® préfvodbe.V Y H
7THKQRORJLMD HOLPLQLUD SRWUHEX SUHPMHaAWDQMD SURL]
SURL]YRGQLK FHQWDUD L XPMHVWR WRJD V\ievisiehd YDAQR\

protok podataka *kao dio proizvodnog procesa. %2

UYHULQL WYUWNL SURL]JYRGL VH LVSRUXPXMX NXSFLPD
ODUNHWLQJ DQDOL]JLUD SRWUD&QMX NXSDFD L SRNX&DYD
UD]JGREOMH 6 WLP LQIRUPDFLMDPD SURL]YRGQMD QDUXpX
]D R p ¢ kapacitete, D NRULVQLFLPD VH ND&H NSIRGID OMUNEKE D5 MR HN
LGH GREUR UD]PDN L]PHyX SRWUDAQMH L SRQXGH QD VY
3UHpHVWR SURL]YRGQMD GMHOXMH QHRYLVQR RG PDUNH\
drugih partnera. 1HGRVWDWDN WUDQVSDUHQWQRVWILpYRWpPL GD

opskrbnom lancu ne razumije d WiRiga veza p Y Radi ili treba raditi. °3

°'U 6WDQNRYLF O *XSWD 5 'U -XDQ ( A, QGXVWU\ 2SSRUWXQLWLH
General Conference 17, 2017.
2Dr.6WDQNRYLF O *XSWD 5 'U -XDQ ( A, QGXVWU\ 2SSRUWXQLWLH\

General Conference 17, 2017.
B B6FKUDX 6 % HUunuaty B® Hbw dAiitization makes the supply chain more efficient, agile,
and customer-focused® 6 W U R,YH/JI\
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7LMHNRP VOMHGHUOLK QHNROLNR JRGLQD WR UH VH VY
digitalnog lanca opskrbe svaki proces U H L BpDnw\idljivost u potrebama i izazovima
drugih. Signali odnosno informacije o ponudi L SRW WBla B IMV L uYdil&Gkojehi Y H
trenutku i putRY D W odirtdh kroz cielu PUHa 1LVND UD]JLQD NULWLpPQH
IDXVWDYOMDQMH YHOLNRJ SRVWURMHQMD -LsM@thky® GQL SR
LQIRUPDFLMH ELW UH YLGOMLYH X FLMHORR HavtDY X X
RP R JXULWuUbjakfihiaR L Q D MY D & Q Ldd planixeXsBdfuku proizvoda u skladu

S tim. 9

Transparentnost informacija 0H WYUWNDPD RPRJXULWL QH VDPR
SRUHPHUDMH QHJR L QMLKRYR SUHGYLYDQMH PR&HZWMRLUDQ
ako L SULODJRYDYDQMH RSVNUEQRJ ODQFD RGPDK QDNRQ ¢
ODQFD RSVNUEH MH DPELFLR]DQ L]JJUDGLWL VDVYLP QRYX
HODVWLpQD L RVMHWOMLYD $OL DNR WYUWNH OMURE®®IX Q
pravilnije, digitalni sustav opskrbnog lanca - stvarnost, one ne mogu samo prikupljati
tehnologije i graditi sposobnosti. Tvitke WDNRYyHU PRUDMX SURQDUOL OM?>
YMHAWLQDPD L XSUDYOMDWL SUHEDFLYDQMHP QD NXOWX
Drugm ULMHpLPD PRUDMX WUDQVIRUPLUDWL FLMHOX RUJDQL]
se SUHGYLyYDD WDWNVRGA RVDP NOMXpQLK HOHPHQDWD LQWHJ
L]IYHGEH ORJLVWLPpNH YLGOMLYRVWL QDEDYH LQWHOC
upravljanja rezervnim dijelovima, autonomne i B2C logistike, propisane analitike
opskrbnog lanca i digitalnih opskrbnih lanaca. Tvrtke koje mogu sastaviti te dijelove u
NRKHUHQWQX L SRWSXQR WUDQVS D Upfe@nt'sf) XflékdbidnodtiQ X GREL
XpPNRYLWRVWL L VPDHMHQMX WURANRY

94 https://lwww.strategyand.pwc.com/reports/digitization-more-efficient
9 https://lwww.strategyand.pwc.com/reports/digitization-more-efficient
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Slika 15. Utjecaj 3D ispisa na opskrbni lanac
Izvor:

https://www.strategyand.pwc.com/media/image/Exhibit10_Industry4-670.jpg

.DR aWR MH SULNB]DQRVELY@HFLPDWL YHOLN XWMHFDM
GRuUL UH GR SURPMHQH ORNDFLMH SURL]YRGQMH SURL]YRG
blizini potr R&DpD &aWR UH XWMHFDWL L QD GLVWULEXFLMX WDN
VDPLP WLPH UH VH VPDQMLWL XGDOMHQRVW L]JPHYyX PMHVW
VKRGQR WRPH YULMHPH GRVWDYH UH ELWL NUDUH NDR L WL
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3.2. Autonomna vozila

Suradnja tvrtke Otto tehnologija d.o.o s tvrtkom Uber, dovela je do opreme koja
RPRIXUXMH YHOLNLP WHUHWQLP NDPLRQLPD GD YR]H VDPEF
HOLPLQLUD SRWUHED ]D OMXG®WNS P RGR¢Lkbje bni Ynddu G D
SURYHVWL QD FHVW lda ddiReBajuadakDidsinianLsain vozi. To bi moglo
SRWHQFLMDOQR XNORQLWL SRWUHEX ]D SURGXAHQLP ]DX\
dospjeti GR RGUMGLaAWD

7THVOLQ SRWSXQR HOHNWULPQL NDPLRQ WDNRVYHU i
tehnologijom samo-YRAQMH XRMNDERQLFL PRJOD SRVWDWL SRWSX!
bi moglo RPRIJXGIDNVH WHUHW LMSRUXPRMMNMREGEAI MH GR RGUHGL
LNDNYRJ |[DXVWDYOMD Q MDTeRI¥ Kamioh/mRodi X EROW.LADDVSRQ YLaH

600 milja na jednom punjenju.®’

PoputautomoELOD VDPRKRGQL NDPLRQL RYLVLW UH R VRIW?
NUDWNRJ GRPHWD NDNR EL SURFLMHQLOL RNROLQX YR]JLO
VDPRM FHVWL SUXA&LW UH GRGDWQH LQIRUPDFLMH NRMH UF
JXAaYH L QHVUXHIIDRRVOOMR WY DPRVWDO QLK Nriodero@wWakd X XMRAH RMD
NDPLRQD X OLQLML VPDQMLW UH SRWUHEX ]D OMXGVNLP Y
VD PDOLP UD]PDNRP 8QXWDUQML VHQ]JRUL uUH SRPRUL RSH
tereta i odrediti zahtevH RGUaDP¥ DQMD

2pLJOHGQH VX SUHGQRVWL RYDNYLK YR]JLOD EUAH L SF
WURANRYL UDGD XNODQMDQMH OMXGVNH SRJUHA&aNH L
XPpLOQNRYLWLMHP SRVORYDQMX XVPMHUDYDQMX L NRQYRMX

Cestovni promet nije jedino mjesto na kojem se mijenja tehnologija, tehnologija samo-
YRAGWHPMHQ M L Ypanwrsidin prémetuX 9LaH RG SRVWR LVSRUXNH
X VYLMHWX REDYOMD VH PRUHP WDNR GD VOMRbEEIGL ORJL
planira imati flotu teretnih brodova spremnih za upotrebu do 2035. godine. Stvarni

% 5D\ 1LFKR @afe8 HoIndustry 4.0 Is Disrupting Shipping & Distribution® ,QGXVWULDO 'LVWULE
2017.

9 5D\ 1LFKR @afe8 HoIndustry 4.0 Is Disrupting Shipping & Distribution® ,QGXVWULDO 'LVWULE
2017.

98 Schrauf S., Berttram P.; Industry 4.0: How digitization makes the supply chain more efficient, agile,

and customer-focused, Strategy&, 2016.
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SURFHVY GRVWDYH EURGRP LOL NDPLRQRP QHUH VH PLMHQI
UD]JOLND UH ELWL X WRPHXBHUDYERWIRHD LOL VWURM L]D

3.3. Dronovi

Mali radio-NRQWUROLUDQL GURQ R Yd popdneynelrabavd, aliJu D p N

kakve veze oni imaju veze sa dostavom i distribucijom?

=D PDOH Q DdooXdwia EFIDM X VY pbtiWi&R MHULQD YHOLNLK GRV'
WYUWNL NDR &aWR VX $PD]JRQ )HG([ L 836 NRULVWH GURC(
YR]DpLPD SRVHEQR X UXUDOQLP SRGUXpMLPD ,GHMD MH
LVSRUXpLWL SDNHWH X UXUDOQLP L XUEDQLPspSBGUXpMLP
GURQRP XNODQMD SUREOHP ]DIJXaHQMD SURPHWD GRN X U)
SRPRuUL X LVSRIX¥FRGD NRULVQLFLPD NRMH VH QDOD]H

lokacijama, izvan prometnica.'%®

$PHULpPpNDAWaYdANWWEBDRAX UHSXWDFLMX ]E®Relirasopel QD QD
zaposlenike, QHGDYQR VX SDWHQWLUDOL UXpQL SRMDV NRML SI
nastojanju da smanje YULMHPH IS|PW WX dlgstdbé -R3 MHGDQ NRUDN |
SRGX]LPDMX NDNR EL VH WR YULMHPH M RBotvhaalHroddRiD QMLOR
mogu odabrati, pakirati i poslati proizvod u manje od 15 minuta - SRVDR NRML RELpC
zaposleniku oduzme 60 do 75 minuta, prema informacijama koje je objavio Amazon.
7TYUWND RpHNXMH GD UH XaWHGMHWL R NRobote Pdvi LMD UGL GF
VNODGL&WD G®R®'OMHP JHPOMH

9 5D\ 1LFKR @afe8 HowIndustry 4.0 Is Disrupting Shipping & Distribution® ,QGXVWULDO 'LVWULE
2017.

100 5D\ 1LFKROMer®s How Industry 4.0 Is Disrupting Shipping & Distributon® ,QGXVWULDO
Distribution, 2017.

101 5D\ 1LFKROMer®s How Industry 4.0 Is Disrupting Shipping & Distributon® ,QGXVWULDO
Distribution, 2017.
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4. TRENUTNO STANJE PRIMIJENE KONCEPATA
INDUSTRIJE 4.0 U DISTRIBUCIISKOM SUSTAVIMA

Posljednjih nekoliko godina vidljiv je razvoj tehnologija u proizvodniji i distribuciji.
2YDM VSRM GLJLWD O Q L Koznatit. kadp iNdustrije X, \¢ Dtvdbio put za
SRYHI]LYDQMH LVNXVWYD NRMD XWMHpX QD VYH RG GL]|DMC
lanca do proizvodnje. lza procesa konstruiranja i proizvodnje robe, tehnologije
LQKHUHQWQH X LQGXVWULML W/ IDINR yHU NPRRM X WXV IYIDH YD ANG
SUHPMHaEWD VNOD®LAaWL L GLVWULEXLUD

$XWRQRPQD YR]JLOD VX MRa4 MHGQD YHOLND LQRYDFLMI
9L4H VH QH YLGH VDPR X |QDQVWRIYRQIL FEHIOWHRYKPWHVWLUD

na cestama diliem Europe i SAD-a. 103

Godine 2015 DPHULpPND GUADYD 1 Hj¥dveDailéerbud Rx&ightimeO D
IQVSLUDWLRQDO NDPLRQD ]D NRUL&GA&WHQMH QD MDYQLP D)
QDSUHGQLP WHPSRPDWRP L VRIWYHURP ]D PDSLUDQMH NI
rada, oPRJI X 0 3wiifh YR]imp GD VH XVUHGRWRpPH QD YL&H ORJLVWL
awR VX XVP MtieDjy M HpLPH SKRRPIRSRVWDMH SULYODpPQLML

manje monoton.

.DPLRQL L RYDNDY QDpLQ SULMHYR]D WHUHWDBeGLR VX
NDNR DXWRQRPQD WHKQRORJLMD LP @ S/RHW ML N DXOp IGARLGAT
sigurnijim, objavili su iz Wayma, kompanije poznate po autonomnim automobila koja
YHUO QHNR YULMHPH WHVWLUD L NDPL'™QH NRMLPD XSUDYOM

'RN UH GLR OMYXGOOBALLRMRNDOR MR& MHGDQ NRUDN SUHPD I
YR]DpL NDPLRQD L GUXJLK YR]JLOD RVWDWL EH] SRVOD HN
GUXJLK NRPSDQLMD NRMH UD]YLMDMX VOLpPpQX WHKQRORJLI

prema revoluciji prijevoza tereta.%

102 Taliaferro A., Guenette C.A,, Agarwal A., Pochon 0 A, QG XV WU\ DQG GLVWULEXWLRQ F
7TUDQVIRUPLQJ GLVWULEXWLRQ RSHUDW LSRR/ 20K URXJIK LQQRYDWLRQ?3

103 https://www.itproportal.com/features/what-does-industry-40-mean-for-the-future-of-logistics/
104https://zimo.dnevnik.hr/clanak/googleovi-autonomni-kamioni-pocinju-s-dostavama-u-sad-u---

509688.html

105https://zimo.dnevnik.hr/clanak/googleovi-autonomni-kamioni-pocinju-s-dostavama-u-sad-u---

509688.html
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*RRJOH RGQRVQR :D\PR WUHEDR EL YUOR EU]JR SRpHWL
X VWYDUQLP VLWXDFLMDPD WH iH X $WODQWL QMLKRYL N
XVNRUR SUHYR]JLWL WHUHW X *RRJOHRYH SRGDWHBMRIYQH FHQ
WH H X NDPLRQX PRUDWL ELWL L YR]DpL VSUHPQL SUHX]H
]JDWR 4WR RYD WHKQRORJLMD ]D NDPLRQH MR& QLMH WROL
NDPLRQLPD NRMLPD iiH XSUDYOMDWL UDpXQDOD k@PR (iH N
VX VWHNOL GXJRJRGLZQMLP UD]J]YRMHP WH WHKQRORJLMH
NRPSDQLMH QDSRPLQMX NDNR QMLKRY VRIWYHU MR&a XpL Y
VOLPQL NDR L SUL YR&QML DXWRPRELOD QHNH ¥ VWYDU
QDXPLWL L WHVWL 4 5RIXGD NNRDPHLGRWOD. PONUHWDQMD RNUHWD
VX NRPSOLFLUDQLMH X SUHWUSDQLP NDPLRQLPD V SUI

automobilu.106

8 IMHPDpNRM YHU QHNR YULMHPH FHVWDPD SORYH DX
Benza za potrebe testiranja, a 4. travnja 2016. VX WUL WDNYD NDPLRQD XVSMt
L OLQLMX L] 6WXWWJIJDUWD |]D 5RWWHUGDP =DKYDOMXMXUuL
DXWRQRPQLP VXVWDYLPD |]D YRaAQMX NRQYRM MmisikVWYDUL
]D GHVHWDN SRVWR X] YHUX UDJPOQOX VLIXUQRVWL X SURPH)

.RPSDQLMD +\XQGDL ORWRU REDYLOD MH SUYX DXWRQR
FLHQW QD DXWRSXWX X -XaQRM .RUHML 7HJOMDp ;FLHQW
prevezao dionicu autoputa na relaciji Uliwang-, QFKHRQ X GXAaLQL RG NLO
VLPXOLUDMXuL SULMHYR] WHUHWD SRND]JXMXuUuL LQRYDWL
+\XQGDL X GRPHQL PRELOMHROWD [E X GIXRQBMWOMHQ VWDQGD
upravljanja razine 3, koji RPRJXelidaMeglap VDPRVWDOQR XSUDYOMD X
XVSRUDYD L PDQHYULUD X SURPHWX VYH EH] OMXGVNH SF
YR]LOX VSUHPDQ GD UXpQR SUHX]PH NRQWUROX NDGD MH
LQRYDWLYQLP WHKQRORANLP UMH aARQ@WAFYODRMDL VXURR NRIFP G
tokom protoka prometa, otkrivanje promjena trake vozila koje su ispred njega,
navigaciju kroz tunele i potpuno zaustavljanje ili ubrzavanje u skladu s prometom koji
JD RNUX&XMH 7HVWQD UXWD MH MiHGIQP HYX ® DM [y MEDI 18 LN

108https://zimo.dnevnik.hr/clanak/googleovi-autonomni-kamioni-pocinju-s-dostavama-u-sad-u---
509688.html
107https://www.tportal.hr/tehno/clanak/europom-voze-mercedesovi-autonomni-kamioni-evo-kako-to-
izgleda-20160406
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JGMH MH VMHGLAWH +\XQGDL *ORYLVD GR OXNH ,QFKHRQ 71
.DPLRQ MH XVSMH3QR REDYLR SXWRYDQMH SUHYH]DY&L ¢
SULGUADYDR RJUDQLpPHQND EUJLQH RG NP K

Volvo Trucks jerazvionoYL DXWRQRPQL VDPRXSUDYOMLYL NDPI
]ODpDMQR SRYHUDWL SURGXNWLYQRVW E.KBarhiof kol &K X]ID ML
NRULVWH ]D WUDQVSRUW WHN XEUDQH aHUHUQH WUVNH
SUHFL]QR&UX NDNR EL VHe m&MW stablilk, kofeWwuHifazy orQiranja
za berbu naredne sezone. Trenutno se oko 4% usjeva izgubi, kao mlade biljke, koje
SUHJD]H YR]LOD NRMD YUadH EHUEX 7DM JWHIVMRB pgH L]UDA

kamionu, po sezoni.t®®

7TUHQXWQR VHrskaHdovbli @D polla NRULAWHQMHP NRPEDMQD
YRAHQLK NDPLRQD NRML YR]JH MHGDQ SRUHG GUXJRJD PD!
QDSXQL L RGYH]H QD LVWRYDU VOMHGHUL NDPLRQ SULC
SRVWXSDN 9HOLNL L]D]RY ]D stawjaigkiaditi BrEruRse BrziSothH G
kombajna, te se istovremeno u potpunosti skoncentrirDWL QD YRaAQMX X VYRMRM
GD QH pJD]LY PODGH ELOMNH NRMH UH ¥YRVWDWL XURG ]D V

Slika 16. Volvo automatizirano upravljanje

Izvor:https://www.kamioni.ba/wpcontent/uploads/2017/06/Volvo_Truck 2 kaminoni_

ba-2.jpg

108nhttp://proauto.ba/hyundai-motor-sa-tegljacem-xcient-na-autoputu-u-juznoj-koreji-obavio-prvu-
autonomnu-voznju/
109https://www.svijet-kamiona.com/2017/12/29/volvo-trucks-autonomni-kamion-za-transport-secerne-
trske/
110nhttps://www.svijet-kamiona.com/2017/12/29/volvo-trucks-autonomni-kamion-za-transport-secerne-
trske/
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9ROYR 7UXFNV MH ULMHALR #&i3tdavdm SIRRROHPY RTD QKR YN R N
WH RVLIXUDYD GD NDPLRQ XYLMHN R

*36 SULMHPQLND NDP|
'YD aLu

automatizira upravljanje (slika 16)

R&#HMXMH PODGH ELOMNH
SULOLNRP YRAQMH SUHNR SROMD daHUHUQH WUVNH

ne samo prednji NRWDYHi L NRPSOHWQR YR]JLOR XSUDYOMD VD Y
PP ERPQR L] |DGDQH

SRPRU WHPSRPDWD

8] SRPRI

VSULNWRIR® GD pVNOL]JQHYT YL&H RG
SXQMHQMD NDPLRQDegulyad]BpP]P@%HX]
XEU]DYDWL RENRURWLGIB MH YR]Dp RVORERYHQ JDKWMHYQRJ

WDNR MH XstPda d3tan® skoncentrirDQ LVWRYUHPHQR L RSXaWHQ L °

cijele radne smjene.1!

Slika 17. 6DPRYR]JHUL NDPLRQL X&awHGD |]D SULMHYR]QL|

Izvor: https://www.ictbusiness.info/media/infografika/statista/Autonomous-Trucks-

Will-Mean-Big-Savings-For-Freight-Companies.jpg

.DR a4WR MH SULND]DQRI]IQIDD VEHI|FLYR]DND EXGXUQRVW
SURPHWQLFDPD GLOMHP VYLMHWD D UHDOQRVW EL PRJOD
GRQLMHWL XLVWLQX YHOLNH X&aWHGH SULMHYR]QLFLPD .R

https://www.svijet-kamiona.com/2017/12/29/volvo-trucks-autonomni-kamion-za-transport-secerne-

trske/
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trebala iznositi 15 posto u odnosu na 2016. i 28 posto u odnosu na 2015., kad govorimo

o0 kamionima.112

J)LNVQL WURANRYL NDR aWR MH JRULYR QDMPDQMH U
UD]XPOMLYR DOL LSDN UH L]JQRVLWL SRVWR PDQMH QHJ
SRUH]L pLAUHQMH NRPXQLNDRUMD HLWMVIHP JRERYPW X RG
VLWXDFLMX ODQL , QD NUDMX WURADN ¥R]DpD VPDQMLW Ut

3RVOMHGQMD VWDYND SRWSXQR MH UD]XPOMLYD MHU L
YR]DpD WURANRYL GH VH ELWQR VPDQM LaNrateSrRtiky itP SLW D Q
]JDNOMXpDN RNR NRMHJ VH WelddEoD i R \SjRdPXipfoMiaci@ E L
ALUX VOLNX

3RVHEQR NDG VH ]QD GD MH SULMHORPQD JRGLQD ]
WUHEDR ELWL QDSUDYOMHQ QD M]Q DXPTRW € RNLH NORRIYDHN VEHUKHP B
'DNOH PRWLY ]D LPSOHPHQWDHREMX VYDNDNR MH L X4WHGD

3RVWRMH L SULPMHUL WYUWNL NRMH NRULVWH PDOH
Starship Technologies, tvrtka koju je pokrenula izumiteljica Skype-a XNOMXpLOD MH W
kojara]YLMD L NRULVWL PDOL URERW VOLpPpDQ SVX NRML PRa
XOD]QD YUDWD 9HUO VX WHVVELWD QLU H QGXIMWDQVRH X \DYWLAMLHW D>

Londonu.116

1RUYH@N Qodine SODQLUD SUHGVWDYLWL SUYL DXWRQRP:
teretni b URG ]D NRMHJ SURMHNWDQWL SURJQR]JLUDMX GD UH
NDPLRQLPD JBGRERNREDp XPMHWQLK JQRMLYD <DUD ,QWHL
LQGXVWULMVNRP JUXSRP .RQJVEHUJ X JUDGQML <DUD %LU
LIPHYyX WWXLMX&NHRM 1RUYHEANRM 1D UXWL GXOMRM RG QI
SUHYR]JLWL RWSULOLNH NRQWHMQHUD EU]JLQRP RG GR

8 SRpPHWNX UH EURGRP XSUDYOMDWL OMXGL DOL RG
djelomice autonoman, da bi do 2020. godine bio u potpunosti automatski upravljan.

M2https://www.ictbusiness.info/poslovanje/samovozeci-kamioni-donijet-ce-velike-ustede-prijevoznicima
13nhttps://www.ictbusiness.info/poslovanje/samovozeci-kamioni-donijet-ce-velike-ustede-prijevoznicima
4https://www.ictbusiness.info/poslovanje/samovozeci-kamioni-donijet-ce-velike-ustede-prijevoznicima
5https://www.ictbusiness.info/poslovanje/samovozeci-kamioni-donijet-ce-velike-ustede-prijevoznicima
116 https://www.itproportal.com/features/what-does-industry-40-mean-for-the-future-of-logistics/
Whttp://www.novilist.hr/index.php/layout/set/print/Znanost-i-tehnologija/Tehnologija/Ljudi-nepotrebni-
Norveska-gradi-prvi-elektricni-samoplovni-teretni-brod
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6YDNRGQHYQR MH SRWUHEQR YL&H RG SXWRYDQMD NDF
tvornice Porsgrunn do luka u Breviku i Larviku, odakle se LV S R U ¥noX/a/i proizvodi
NXSFLPD aL U.FSPovind autbriovdidm kontejnersk LP EURGRP QD HOHNWULp(
SUHVHL ISWLUMHYR] VD FHVWD QD PRUH L WLPH VPDQMLWL HP
VLIXUQRVW ORNDOQLK FHVWD WH XPDQMLWZ2pHRXWHIMHG X :
NDNR tUH VH WDNYLP SULMHYRRWLYXYRNQK ISOL GIRYV L]WDH WR
GRN UH |D QDSDMDQMH EURGVNLK EDWHULMD NRULVWLWL

hidroelektrana.118

/IRIJILVWLND MH SURAOD NUR]ijsé&u SUHRYGRRRYMOWRGD UQH SU
(Logistika 1.0) uzrokovana je "mehanizacijom transporta R G NUDMD VWROM
SRpPHWNRP VWROMHUD 'UKJD0)je)'BuoDtizadia suskRda 2AW L
rukovanje" od 1960-ih. 7UHUD LQRY D Kéa BLO) "SURtaV_upmMianja logistikom
"od 1980. YHWYUWD XMHGQR L LQRYDFLMD NRMD MH WUHQXW
JODYQL SRNUHWDp ,27

EvolucijaloT-D L %LJ GDWD J]QDWQR UH VPDQMLWL UDG NRML
u svakom koraku opskrbnog lanca. Nove tehnologije poput automatski VRYHQR J
YR]JLOD $*9 L VNODGLEAQRJ URER VEWD U]X N RMNARYNONL XL SRUGRT XPAHY
strane ljud. 7THKQRORJLMH |]D RYX YL]LMX ORJLVWLNH VXY
WYRUQLFDPD NRPXQLNDFLMD L]JPHYyX NRQWHMQHUDIL UREH
SRVORYL ]D IDSRVOHQLNH VNO D GimdanrDlogijgiiaL 2 plim@msM X VH Q
pametnim policama SDPHWQLP QDRpDODPD k&kobRa&hid brRoQherd D Q M H
SRJUHADND RGDEUDGthvkREBIJRYDUDMX UH

3SDPHWQH QDRpPDOH SXUSPEM®MXA INODYH VA% 3D IHQRV W L3
$XIJPHQWHG 5HDOLW\ XUHYyDMD 6WYDUQL VYLMHW NRML NF
SRYH]DQ MH V YLUWXDOQLP LQDpPLFDPD SULND]DQLP X YL
]JDKYDOMXMXiUL ]JDVORQLPD NDPHUDP bprdmljierieNRAREREQLPD NR
QDRPDOH NRULVWH VH X VHULMV N&NOBYRINEYRGQML X 9RON

18nhttp://www.novilist.hr/index.php/layout/set/print/Znanost-i-tehnologija/Tehnologija/Ljudi-nepotrebni-
Norveska-gradi-prvi-elektricni-samoplovni-teretni-brod

119 http://www.hannovermesse.de/en/news/key-topics/logistics-4.0/

120 http://www.hannovermesse.de/en/news/key-topics/logistics-4.0/

121 http://www.fpz.unizg.hr/prom/?p=1056
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[3LFN MH LQRY-DWYINOL@R GSDPWLQ NRPLVLRQLUDQMD UD
NRPSDQLML 8ELPD[] 3REROM&a&DYD PDQXDOQR NRPLVLRQLL
sortir DQMH UREH WH XSUDYOMDQMH ]D O t&Dije Roje3& MR MH UD]
NXVWRPL]JLUDWL SRSXW SURYMHUH WHAaLQH VNHQLUDQOQ
NRQILUPDFLMH L VO 3R]QDWH NRPSDQLMH NRULVQLFL 8EL
BMW, DHL, Samsung, MAN, Toyota, dm, Volkswagen?'??

BRVWRML QHNROLNR LQWHUHVEAGHQUKYSRE UXpOIRJI LSV
SULOLNRP SRGL]DQMD UREH VD VNODGLaAWD XNROLNR VX
]JIDSRVOHQLFL PRIJX NRULVWLWL GLJLVBDOYMX QRWIHI B RLRAXUSHY
SDNHWD pLPH VH XMHGQR VPDQMXMH YULMHPH WUDAaHQN
WDNRyHU PDQMD 8NROLNR MH SRWUHEQR UHGL]DMQLUD\
PRJXUH MH YL]XDOL]JLUDWL aAaHOMHQH SURPMH@dhon VLPXOL
vremenu. Lako se registriraju dostave paketa, paletni i paketni brojevi, volumen robe
WH VH ODNR LGHQWLILFI!ODMX RAWHUHQH SRALOMNH

8 PHYXQDURGQRM WUJRYLQL GRNXPHQWL RGQRVQR \
SRALOMDND PRJOL EL VH DXMDRMNIRW VWNRLA Q@ MHYRGR.EML NRMD VN
SUHNR SDPHWQLK QDRpDOD LOL SURMHNFLMH QD YMHWURE
okolini, vozilu i teretu (npr. temperatura u frigo kontejnerima). Kod utovara/istovara
UREH ]JDSRVOHQLN QD ]Ddglivk dréktsesinatrukdije@deDe koju paletu
SRWUHEQR VPMHVWLWL 7LPH ILJLPNL GRNXPHQWL SR
XWRYDUD LVWRYDUD SXQR EUAL .UR] FLMHOL RSVNUEQL OC
RSWLPL]DFLMH R¥LP XUHYDMLPD

U FedEx-ovom velikom distribucijskom centru u Piedmont regiji Sjeverne
.DUROLQH -HIH VH SULGUXALR WLPX -HIH QLMH RVRED VYHI
robota u FedEx objektu koji prevozi pakete kroz masivni kompleks - RG WRpNH GRODV!
do drugog mjesta za daljnje razvrstavanje. Dok S RY ODLbQ k& tabisport paketa,
svaki od FedEx robota ima senzore i navigaciju kako bi kontrolirao svoje kretanje,
LIEMHIJDYDMXiUL UDGQLNH L REMHNWH QD SXWX 1HNL URE
RSWLPL]DFLMX EXGXULK 3XSVURIYWKRGH BRD IWNRN@WMD 2QR aw

FedEx objektu u Sjevernoj Karolini - i distribucijskim postrojenjima poput njega na

122 http://www.fpz.unizg.hr/prom/?p=1056
123 http://www.fpz.unizg.hr/prom/?p=1056
124 http://www.fpz.unizg.hr/prom/?p=1056
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globalnoj razini- UDVWXiL MH WUHQG SUHPD DXWRPDWL]DFLML S
distribucije (L & D), strojevima koji preuzimaju zadatke koje su ljudi prethodno

obavljali.*?®

125Taliaferro A., Roziere L., Ahmed U., Dayal A.,Lee - A'HOLYHUL Q J- Bréphting Bedoysic® H Q W
DQG GLVWULEXWLRQ ZRUNIRUFH IRU ,QGXVWU\ DQG WKH FRQQHFWHC
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5. =%$./-8y8$.

,] VYHIJD QDYHGHQRJ PRaH VH ]DNOMXpLWL GD LQGX
tehnologije predstavljaju veliki korak u napretku cijelog opskrbnog lanca. Industrija 4.0
uvodi digitalnu stvarnost NRMD PRaH SURPLMHQLWL SUDeYta@mP SURL]Y
snage- pDN L GUXaWYR

,SDN NRQFHSW LQGXVWULMH QLMH MHGQRVWDYDQ
NRULVWL VH X UD]JOLpLWLP NRQWHNVWLPD 3RVWRML PQRJ
40,au RYRP UDGX VX RSLVDQH VDPR RQH RVQRYQH NDR &WR \
SDPHWQH WYRUQLFH &ORXG &RIFASEKML XVWEMU Q B SVLHQIRW
VYUKD LQGXVWULMH MH SRMDYD GLJLWDOQH SURL]JYRGQ
]ODISBDPHWQR XPUHADYDQMH PRELOQRVW IOHNVLELOQRVW
LQWHURSHUDELOQRVW LQWHJUDFLMD V NXSFLPD L GREL

poslovnih modela.

.DR a4WR MdOEDXYHMOGGX ' LVSLV UH LPDWL YHOLN XWMH
GRUL UH GR SURPMHQH ORNDFLMH SURL]J]YRGQMH SURL]YRG
EOL]LQL SRWUR&DpD 4WR UH XWMHFDWL L QD GLVWULEXFL
VDPLP WLPH UH VH VPDQMLWL XGDOMHQRVW L]REXMPIMHVW
VKRGQR WRPH YULMHPH GRVWDYH UH ELWL NUDUH D WURAL

1DMpHAUD XSRUDED DXWRQRPQLK YR]JLOD X ORJLVWLF
2pLJOHGQH VX SUHGQRVWL RYDNYLK YR]JLOD EU&H L SRX]GI
rada, uklanjanje liudske SRJUHANH L VPDQMHQMH HPLVLMD ]DKYDC

poslovanju, usmjeravanju i konvoju kamiona.

EvolucijaloT-D L %LJ GDWD ]Q D WiQ I[Ridakdg YaBd&Du@\WKOW koraku
RSVNUEQRJ ODQFD 1RYH WHKQRORJLMH SRSXW DXWRPD
SNODGLAQRJ URERWD ]DkBjivhéd Q& X Bl X OSVUORNF B MPIREI.0 ¥ HXIMQAD Y HC
distribucijskih centara, poput distribucijskog centra Amazona ili Fedex-D RNUHUX VH
DXWRPDWL]DFLML L SULPMHQL URERWLNH X FLOMX SRYHUI
OMXGVNH SRJUH&NH
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Popis Kratica

PDP HQJ 3K\WLFDO WR 'LJLW D-@ighdlRa-3 K)VLN¥D G HWPDMBR

IoT  (eng. Internet of Things) Interner stvari

PaaS (eng. Platform as a Service) Platforma kao usluga

laaS (eng. Interner as a Service) Internet kao usluga

DaaS (eng. ' HVNWRS DV DV 6HUYLFH 5DGQD SRYU&GLQD NDR XV
SaaS (eng. Software as a Service) Softver kao usluga

CPS (eng. Cyber-3K\VLFDO 6\VWHPV - LLJEHN D WWY JWNDRY L

AR (eng. Augmented Reality) SURALUHQd3t VWYDUQ
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