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Abstrakt

Tato bakalafska prace se zabyva problematikou Primyslu 4.0 a zhodnocenim
ptipravenosti podnikli na primysl 4.0 pomoci modelii zralosti. Prace obsahuje dvé casti,
teoretickou Cast a praktickou cast. V teoretické ¢asti je popsan koncept primyslu 4.0 a jeho
prvky. Dale zdivodnéni pro¢ je dilezZité se zabyvat na hodnoceni piipravenosti. Zavérem
teoretické ¢asti je zpracovana resSerse na modely zralosti vEetné popisu a porovnani modelt
zralosti. Praktickou ¢ast ptedstavuje uvedeni spole¢nosti IT bohemia s.r.o, vychozi stav
spolecnosti a zhodnoceni spolecnosti na zaklad¢ vybranych dvou modeli zralosti. Zavérem
prace je zhodnoceni pouzitych modelt zralosti, kde jsou popsany jejich vyhody a

nevyhody.
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Abstract

This bachelor thesis deals with Industry 4.0 and assessing the readiness of companies
for Industry 4.0 using maturity models. The thesis contains two parts, a theoretical part and
a practical part. The theoretical part describes the concept of Industry 4.0 and its elements.
Furthermore, a justification of why it is important deal with readiness assessment. The
conclusion of the theoretical part is maturity models research, including a description and
comparison of models of maturity. The practical part contains an introduction of the
company IT bohemia s.r.o, the default state of the company, and the evaluation of the
company based on the selected two maturity models. The thesis concludes with an

evaluation of the maturity models used, describing their advantages and disadvantages.
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Uvod

Predlozena bakalarskd prace se zaobird problematikou konceptu Primysl 4.0,
prostfedky a nastroji k hodnoceni pfipravenosti podniku v ramci Primyslu 4.0. Prace je
rozvrzena do dvou ¢asti, prvni obsahujici teoretickou ¢ast a druhou popisujici praktickou
Cast.

V prvnim tuseku teoretické casti je obecné popsand kazdd pramyslova revoluce, ve
shodé s ekonomickym modelem hospodaiskych cykld, tzv. Kondratévovy cykly. Dale je
zde predstaven koncept Primyslu 4.0, popsany principy a prvky tohoto konceptu. Jako
jsou napiiklad kyberfyzikalni systémy, internet véci a sluZzeb, cloud computing, analyza
velkych dat, chytrd tovarna nebo chytré mésto. Tyto prvky jsou zde podrobné popsany.
Nasledné je v teoretické ¢asti popsano, pro¢ je dilezité zjiStovat uroven piipravenosti
podniku. V této Casti je také zpracovana reSerSe na modely zralosti Primyslu 4.0, tyto
modely popisuji metodiky, postupy a zpiisoby, jakymi lze podnik a jeho prostiedi
transformovat smérem ke konceptu Primysl 4.0, ¢i pomohou klasifikovat soucastnou
uroven zralosti podniku. Modely jsou shrnuty do ptfehledné tabulky, ktera popisuje i jejich
zékladni atributy, na jejichz zaklad¢ je bylo provedeno porovnani vybranych modeli.

Praktickou ¢ést predstavuje ptipadova studie, ktera byla provedena ve firmé I'T bohemia
s.r.o.. Tato Cast zahrnuje predstaveni spolecnosti, popisuje vychozi stav spole¢nosti, jsou
zde predstaveny a detailn¢ popsany dva zralostni modely, které byly na zaklad¢ reSerSe
vybrany k provedeni zhodnoceni piipravenosti spolecnosti. Zavérem praktické Casti je
vyhodnoceni na zikladé¢ dvou zminénych modelli, toto vyhodnoceni obsahuje grafické
zobrazeni soucastné urovné podniku v ramci zralosti vici Primyslu 4.0, grafické
porovnani podniku s ostatnimi podniky v ramci své srovnavaci skupiny. Vysledek popisuje
urovné jednotlivych dimenzi a doporuceni, jakym smérem by se spolecnost méla dale
ubirat.

V posledni casti bakalarské prace je popsano zhodnoceni vybranych dvou modeld,
zminény jsou zde vyhody a nevyhody jednotlivych modelt, stejné tak jako poznatky, které

byly béhem zhodnocovani podnikii zpozorovany.



Seznam zkratek

CPS - Kyberneticko fyzikalni systém

IoT - Internet véci

IoS - Internet sluzeb

M2M - Komunikace mezi stroji

RFID - Frekvencné identifikovatelné zafizeni

ITC - Informacni a komunikaéni technologie
NFC Komunikace v blizkém poli
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1. Historicky vyvoj prumyslovych revoluci
Pod pojmem pramyslova revoluce si predstavime historicky zlom, ktery vyvojem

n¢jaké nové vyrobni technologie a nésledné jeji implementace zasadné promeénil oblasti

primyslu, ekonomiky, dopravy, zdravotnictvi, pracovnich podminek a zivotniho stylu lidi.

[1]

1. prumyslova 2. pramyslova 3. primyslova 4. pramyslova
revoluce revoluce revoluce revoluce

Mechanizace, Masova produkce,
vodni energie, montazni linky,
parni energie elektrina

Pocitace, Kyberneticko-
automatizace fyzikalni systemy

Obr. 1.: Vyvoj priumyslovych revoluci [57]

1.1 Prvni pramyslova revoluce

Ptestoze se o pocatku a konci prvni primyslové revoluce stale vedou mezi historiky
diskuze. Podle vétSiny ndzorh zacala prvni primyslova revoluce v Anglii v 18. stoleti
vyuzitim parni sily a naslednou mechanizaci vyroby [1]. Proto jako symbol prvni
priamyslové revoluce vnimame parni stroj [2]. Mezi nejvétsi pokroky patii vyroba novych
mechanickych stroji, zména v doprave, zavislost na novych zdrojich energie, jako je uhli,
rozdéleni pracovnich pozic a specializace pracovnikl, pouziti a vyroba novych materild,
jako je ocel [3]. V roce 1720 se v Anglii vyrobilo 20 500 tun zeleza, pirevazné pouzitim
dfevéného uhli. V roce 1806 se diky pouziti koksu a parnich dmychadel vySplhala
produkce na 250 000 tun [4].

1.2 Druha primyslova revoluce

Zacala v 19. stoleni po hospodafské recesi, kdyZ se zpomalilo zavadéni pivodnich
inovaci z prvni primyslové revoluce. Je zndma jako technologicka revoluce. Diky objevu
elektiiny a vyrobé na montaznich linkéch doslo k zasadni zméné v produkei s rychlejSim
vyrobnim procesem a niz$imi naklady. Kde rychly néstup standardizace a industrializace
umoznily pokrok ve vyvoji vyrobnich a produkcnich technologii, jako jsou napiiklad

rozvoj telefont, telegrafii, elektrické osvétleni, radio, letectvi a dal$i vyznamné vynalezy



Zhodnoceni Piipravenosti podniku na Priimysl 4.0

[1]. Mezi dva charakteristické znaky druhé primyslové revoluce patii elektrifikace a

masova vyroba [3].

1.3 T¥eti primyslova revoluce

Zacala nékolik let po skoneni druhé svétové valky kolem 50. let 20. stoleti. Diky
rozvoji polovodicové techniky a elektroniky doSlo ke vzniku zcela novych elektrickych
zafizeni, komunikacnich zafizeni a digitalnich technologiich. DoSlo k automatizaci
vyrobnich procesti bez zasahu c¢loveéka. Zndmym piikladem je aplikace robotd, které
provadeji naprogramované sekvence bez lidské pomoci. Vynalezeni osobnich pocitaci,

mainframe pocitacl a internetu dalo vzniku zcela novému technologickému oboru, IT. [1]

1.4 Ctvrta primyslova revoluce

Tato revoluce probihd v soucasné dobé, odhaduje se, ze bude probihat dalSich
minimalné 10-30 let [2]. Nazyva se také digitalizacni revoluce [5]. Je charakterizovana
predevsim aplikaci informac¢nich a komunikac¢nich technologii pfedevsim do priimyslu, ale

1 do ostatnich Cinnosti spolecnost [1].

1.5 Kondratévovy cykly

Kondratévovy cykly ¢i Kondratévovy viny, jednd se o ekonomicky model
hospodaiskych cykli popisujici vinové kolisani kazdych zhruba 40-60 let, ve kterém
vrchol ¢i pocatek dalsi viny je zptsobeny piichodem prikopnickych vynalezi a umozni
pokrok pro dalsi technologickou evoluci. Podle obr.2., je zfejmé, ze Kondratévovy cykly a
primyslové revoluce jsou totozné, dale mizeme snadno vyvodit, Zze nase spolecnost se
nachdzi v dalsim technologickém zlomu, ve kterém je ptichod ¢tvrté priimyslové revoluce

z pohledu Kondratévovych cykli nevyhnutelny. [6]

@ @
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Obr.2.:Kondratévovy cykly [6]
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2. Priamysl 4.0

Koncept Primysl 4.0 byl poprvé piedstaven na veletrhu v némeckém Hannoveru v roce
2011 [6]. Jednalo se o predstaveni narodni platformy a vize "Industrie 4.0", kterou zadala
némecka spolkova vlada k vytvoteni a koordinaci ministerstvu hospodaistvi a ministerstvu
pro vyzkum, pozdéji pfijatou jako ¢ast akéniho planu High-Tech strategie 2020 [7]. Ta
definuje pét oblasti: klima/energie, zdravi/vyziva, mobilita, bezpecnost a komunikace.
Zamg¢tuje politiku federalni vlady v oblasti vyzkumu na vybrané perspektivni projekty,
jejimz cilem je sledovani konkrétnich cilli souvisejici s védeckym a technologickym
rozvojem v horizontu deseti az patndcti let [8].

Zakladni pilife Primyslu 4.0 jsou jednotlivé nové technologie, jako jsou: Kyberneticko
fyzikélni systémy (CPS), Internet véci a sluzeb (IoTS) a chytra tovarna (Smart factory) [7].
Implementace a vyuziti téchto technologii, jako jsou senzory, stroje, ICT systémy, které
spolu vzajemné autonomné komunikuji, vyhodnocuji situace a vyvolavaji potfebné akce v
reakci, v redlném case, aby dokazaly predvidat chyby, poruchy a pfizpisobovat se zméndm
podminek, jsou podstatou Primyslu 4.0. [10]. Technologie jako jsou komunikace M2M,
chytry produkt, cloud computing, big data, jsou souc¢asti konceptu Priimyslu 4.0, ale dle [7]
nejsou povazovany za zavislé komponenty tohoto konceptu. Jedna se o podsystémy, jejimz
aktivatorem jsou zminované zékladni pilife. Je nutné ale podotknout, ze vSechny tyto
systémy a pojmy spolu navzajem tizce souvisi.

Pro Primysl 4.0 neexistuje zadna vSeobecné pevna definice pojmt [11]. Ale obecné je

vnimano, ze charakteristickymi rysy a vlastnosti jsou:

¢ Interoperabilita: schopnost CPS, lidi a vSech komponent Smart Factories spolu
komunikovat prostfednictvim IoT a loS;

e Virtualizace: schopnost propojovani fyzickych systémti s virtudlnimi modely
a simula¢nimi nastroji,

e Decentralizace: rozhodovani a fizeni probiha autonomné a  paralelné
v jednotlivych subsystémech;

e Schopnost pracovat v readlném Case: dodrzeni pozadavku realného ¢asu je klicovou
podminkou pro libovolnou komunikaci, rozhodovani a fizeni v systémech realného

svéta;
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e Orientace nasluzby: preference vypocetni filozofie nabizeni a vyuzivani
standardnich sluzeb, to vede na architektury typu SOA (Service Oriented
Architectures);

e Modularita a rekonfigurabilita: systémy Pramyslu 4.0 by mély byt maximalné
modularni a schopny autonomni rekonfigurace nazakladé automatického

rozpoznani situace. [2]

Cilem konceptu Primyslu 4.0 je dosazeni chytré tovarny, kterd umozni hromadnou
vyrobu chytrého produktu podle individualniho ptani zakaznika, s nizkymi néklady, ale ve
vysoké kvalit¢ [6]. A bude schopna vyrabét vice a CistéjSim zplisobem s ohledem na
ekologii, to diky vyuZzivanim zdrojt energie s mens$im dopadem na zivotni prostiedi [9].

Ctvrta pramyslova revoluce se viak netyka pouze chytrych propojenych stroji a
systémd. Jeji zabér je mnohem S§irsi. Soub€zné probihaji viny dalsich prilomovych objevi
v oblastech od sekvenovani genti, po nanotechnologie, od obnovitelnych zdroju energie, az
po kvantovou vypocetni techniku. Pravé spojeni téchto technologii a jejich interakce napftic
fyzikélni, digitdlni a biologickou oblasti ¢ini ¢tvrtou primyslovou revoluci zasadné

odlisnou od ptedchozich revoluci [5].

2.1 Kyberneticko fyzikalni systémy - CPS

Kyberneticko fyzikalni systémy piedstavuji propojeni multifyzikdlnich systému
(mechanickych, elektrickych, hydraulickych, biochemickych a dalSich) s vypocetnimi
systémy (fidici systémy, zpracovani signalu, logické odvozovani, planovani a dalSich) [12].
Podstatou je vzajemna spoluprace samostatnych fidicich (vypocetnich) jednotek, které
dokazou tidit svéfeny technologicky celek, jsou schopny se autonomné rozhodovat a stat
se samostatnou a plnohodnotnou soucasti komplexnich vyrobnich celka. Jako piiklady
takovych systémt si miizeme uvést napiiklad autonomni fizeni automobild, fizeni dopravy,
vojenskou techniku, smart grid, aplikaci v letectvi nebo automatické vyrobni lince [2].
Kyberneticko fyzikdlni systémy dosahuji dosud nevidané Grovné sloZitosti. Protopro tyto
systétmy dosud neexistuji zadné sjednocujici teorie, metody, nastroje a techniky

systematického navrhu [12].
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Némecky vybor expertli definuje CPS v kontextu Priimyslu 4.0 takto:
"Systémy, které primo spojuji skutecné (fyzické) objekty a procesy s objekty
(virtualnimi) zpracovavajici informace a procesy prostirednictvim otevienych, cdstecné

globalnich a vzidy propojenych informacnich siti." [13]

Kyberneticko fyzikalni systémy se dale déli na:

Multiagentni systémy (MAS) - jsou to systémy samostatné se chovajicich agentt [2].
Agent pfedstavuje samostatnou entitu v ur¢eném prostiedi, ve kterém miZe vykonavat
néjakou ¢innost [57]. Nemusi se jednat o fyzické agenty, muze jit i o vyhradné softwarovy
systém. Jedna-li se o agenty fyzické, jde jiz o CPS systém. Mezi vyhody multiagentnich
systému patii velikd proti poruchova odolnost a flexibilita. Nevyhody jsou ale casova a
vypocetni naro¢nost a potieba urcité standardizace. [2]

Holonické syst¢émy (HMS) - jednd se o multiagentni systémy, ve kterych casti
vyrobniho zafizeni je tvofeno agenty s reaktivnim fidicim prvkem a softwarovym agentem.
Holonicky agent mé tak vlastnosti, aby dokazal ¢innosti planovat, koordinovat a tspésné
provadét. Agentem v holonickych systémech miize byt aktor, snimac, stroj, vyrobni linka
nebo i firma. [2]

Samostatné fyzické entity zapojené v IoT dokdzou vzijemné¢ komunikovat, neni nutné
mit vlastni fidici algoritmus. Svou podstatou IoT umoziuje realizovat CPS systémy.

Jednotlivy CPS systém ale miiZze pouzit i jakoukoliv jinou komunikaéni sit’. [2]

1.1.1 Uréitym podsystémem CPS jsou vestavéné systémy. Jsou to takové systémy, u
nichz je vypocetni jednotka vcéetné¢ fidiciho algoritmu vestavéna do fyzické
entity. Které ale nemusi byt propojena s komunikac¢ni siti, jako bézny piiklad
mohou byt uvedeny soucasné domaci spotiebice. Pokud jsou tyto spotiebice

soucasti inteligentni domacnosti, jedna se uz o CPS systém [2].

Vzhledem k neustalému vyvoji tohoto konceptu, nelze CPS popisovat pievazné jako
vestavéné systémy. Dalsi charakteristika, ktera mtize byt pouzita k popisu CPS a soucasné
ukazuje rizné dimenze téchto systémdi, je mira decentralizace jejich struktury a jejich
prostorovy objem. Pomoci vyspélych mikrosystémovych technologii 1ze CPS umistit na
jeden mikrocCip véetné rtiznych senzort a mikroprocesoru pro zpracovani dat. Vétsi CPS
muze byt zkonstruovan ve formé celych obrabécich stroju, ktery zase mohou byt soucasti

jesté veétsiho CPS - celé tovarny. [7]
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Kyberneticko fyzikalni systémy maji rizné moznosti. Jednoduse feceno, jsou schopny
plnit obecné funkce, jako je vyhledavani pfisluSnych sluzeb na internetu, stejné jako
aplikacné specifické funkce. Naptiklad optimalizace trasy v ramci logistické sité [7].
Rozvoj téchto CPS systému se bude ubirat stkz nékolik vyvojovych etap. Geisberger a
Broy popsali pét zakladnich dimenzi CPS, které na sebe vzdjemné navazuji smérem ke

zvyseni otevienosti, komplexnosti a chytrosti:

1) slouceni fyzického a virtualniho svéta;

2) soustava systému s dynamicky adaptivni hranicemi systémi;

3) kontextové adaptivni systémy s autonomnimi systémy; Aktivni ovladani v realném
Case;

4) kooperativni systémy s distribuovanym a menicim se fizenim;

5) rozsahla spoluprace ¢lovéka a systémtl. [14]

V kazdé z téchto etap umozituje ndvrh CPS vyvijet rizné aplikac¢né specifické funkce,

které umoznuji vyslednym technologiim generovat nové vyhody [15].

2.2 Internet véci a sluzeb

Internet véci a sluzeb pfi dikladnéjSim zkoumani nemiZeme povaZovat za technologii,
ale spiSe za koncept [7]. Tento koncept poprvé piedstavil Kevin Ashton ze spole¢nosti
Auto-ID labs v roce 1999. Jeho piivodni mySlenka spocivala ve vyvoji sitového systému,
vyuzivajici RFID zatizeni. Od té doby se tento koncept vyvijel a zahrnoval spoustu novych
mysSlenek, architektur a moznosti pouziti [16].

IoTS predstavuje informacni a komunikacni systém (ICT), ktery interaguje vypocetni
zafizeni, senzory, algoritmy a fyzické objekty, tzv. véci, které jsou jednoznaéné
identifikovatelné. Tyto objekty maji schopnost shromazd’ovat a pienaset data
prostfednictvim propojenych systémi bez jakéhokoliv lidského zasahu [16]. Abychom vice
tomuto konceptu porozuméli, je uzitetné si oddelit pojmy IoT a IoS, a dale blize

specifikovat ob¢ definice [7].

Podle [17] st mizeme definovat [oT nasledovné. Jedna se o propojeni fyzickych objektt
(véci) s virtudlni reprezentaci na internetu nebo struktuie podobné internetu. Kde
automatickd identifikace pomoci RFID technologie je moznym vyjadfenim Internetu véci,

prostiednictvim senzoru a aktudtorti Ize funkénost rozsitit o provadéni tkoni.
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Diky rozsifovani propojenych senzori, které vytvareji digitalni svét, ktery je postupné
kvantifikovatelnéjsi a dostupnéj$i, umoziuji data ziskand z autonomné propojenych
fyzickych zafizeni ptevod fyzického svéta do digitalniho. Prostiednictvim analyzy velkych
dat (Big DATA) ziskanych z digitalizovaného svéta bylo mozné porozumét soucasnym
trendim na riznych trzich a strukturach. Existuji ¢tyfi hlavni faktory, které umocnily

integraci [oT v rdmci soucastnych ekonomickych systému:

e Rostouci rozvoj internetu;
e Rostouci osvojeni mobilnich zafizeni;
e Nizké cenové néklady senzort;

e Pokracovani Moorova zakona. [18]

Podle spolecnosti Ericsson bude do roku 2022 v provozu 29 miliard zatfizeni [19].
Celkova trzni hodnota generovana internetem véci je rovnéz zna¢na. McKinsey Institute
odhaduje, ze velikost trhu internetu véci poroste a nabidne celkovy potencial ve vysi 3,9 az
11,1 bilionu dolart rocné do roku 2025 [20].

Zpusob fungovani systému IoT implementovaného do podnikového procesu si miizeme
popsat pomoci Ctyii fazi. V prvni fazi jsou generovana data snimana prostfednictvim
senzortt a aktuatord, poté se nasnimand data shromazduji a pienaseji do nejblizsi
zakladnové stanice pro dalSi analyzu a zpracovani. Ve druhé fazi jsou data shroméazdéna
prostfednictvim senzort, kde se agreguji a zpracovavaji, data se prevadé¢ji napiiklad z
analogového na digitalni a naopak. Treti faze zahrnuje okrajové IT systémy zpracovavajici
data, které mohou byt umistény ve vzdalenych kancelafich nebo na jinych vzdalenych
mistech pro predbézné zpracovani dat pred jejich pfenosem do datového centra nebo
cloudové platformy. V posledni fazi se vygenerovana data ukladaji, udrzuji a hloubkové
zpracovavaji pro budouci analyzu. [12]

Technologie RFID je stavebnim kamenem konceptu IoT. Ten se ale dal rozsitil diky
zaclenéni dalSich technologii, jako jsou NFC, 2D carkové kody, bezdratové senzory,
lokaliza¢ni technologie, komunikace 3G nebo 4G. [22]

RFID (Radio Frequency Identification) je technologie, ktera vyuziva elektromagnetické
pole k automatické identifikace pfedméth a to tak, Ze je oznaci Cipem, nebo dvéma
anténami, tzv. "tagem". Tag vysild jedinecny elektronicky kod, ktery je precten cteckou,
jenz muze byt umisténa kdekoliv. Tagy jsou rizné a RFID lze pouzit k automatickému

sledovani objektl, véetné téch, které jsou pripevnény na lidech ¢i zvitatech. [22]
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IoT vyuziva také lokaliza¢ni technologie. Existuje mnoho zafizeni, ktera dokazou
lokalizovat ur€ity objekt v ur¢itém okamziku, nejoblibenéjsi je systém GPS (Global
Positioning Systems). Jedna se o systém fizeny a financovany americkym ministerstvem
obrany. GPS vyuziva satelity ke sledovani polohy (vertikdln€ i horizontalng), kterou
uzivatel zaujimd, jeho rychlost a aktudlniho Casu v zavislosti na misté, kde se nachazi. Z
kazdého mista na Zemi je viditelnych 5 az 8 druZic, proto jeho pfesnost urceni polohy je
pomeérné vysoka. [22]

NFC (Near Field Communication) je radiové zafizeni pracujici na frekvenci 13,56
MHz, které¢ dokaze navéazat komunikace mezi dvéma objekty, které jsou v oblasti do 20cm.
Rychlost vymény dat mize dosahnout maximalné 424 kbit/s a doba navazani spojeni je
krat$i, nez 1/10 sekundy. Jako mozny zptsob vyuziti jsou napiiklad bezkontaktni platby.
[22]

3G je oznaceni pro tfeti generaci komunikacni technologie mobilnich zafizeni. Tato
technologie slouzi k pfenosu zvuku a dat (véetné videa), umoziuje stahovani softwaru,
elektronickou postu a sluzbu pro okamzité zasilani zprav. [22]

4G je kombinaci technologii 3G a WiMax (Worldwide Interoperability for Microwave
Access), ma vétsi oblast pokryti a Sir$i padsmo nez Wi-Fi. 4G kombinuje oblast velkého
pokryti 3G s rychlosti WiMaxu. Vysledkem je mobilni pfistup k rychlostem Ethernetu
(ptiblizn¢€ 10 Mb/s) a to v lokalnich 1 velkych siti. [22]

IoS je podle [17] popsdna jako ¢ast internetu, kterd poskytuje sluzby a funkce jako
komponenty ve formé granudlni softwarové webové aplikace. Poskytovatel je zptistupniuje
na internetu a nabizi je na zéklad¢ aktudlni poptavky. Spole¢nosti mohou jednotlivé
softwarové slozky komponovat do komplexnich, ale ptesto flexibilnich feSeni (zaloZenych
na architekturach orientovanych na sluzby).

Nabizené sluzby v IoS plni dvoji tcel. Jako technické systémy nebo koncovy zékaznik,
ob¢ tyto sluzby mohou pozadovat obchodni funkce, které zajistuji partnerské spolecnosti.
Vedle obchodovatelnosti hraje dilezitou roli i nahodnd kombinovatelnost, ¢i spise
znovupouzitelnost v ramci oS [23].

Jako piiklad a aplikaci IoS si miiZeme uvést inteligentni dopravni systém, ktery
integruje informaéni a komunikacni technologie s dopravnim inzenyrstvim, aby se zajistily
pro stavajici infrastrukturu systémy fizeni dopravnich a pfepravnich procesi,
optimalizovaly se pfepravni vykony a energetickd naro¢nost, stoupl komfort cestujicich a

zvysila se bezpecnost [2].
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2.3 Senzory

Jedna se o méfici zafizeni, kterd jsou schopna monitorovat fyzikalni podminky prostiedi
[16]. Senzory a meéfici systémy poskytuji mechatronickym systémim zakladni pfimo
méfitelné informace. Jsou tedy dilezitymi spojovacimi prvky mezi procesy a castmi
mikroelektroniky zpracovavajici informace [7]. A tvoti dilezitou roli pfi vytvareni vztahu
mezi virtudlnim svétem a parametry fyzického svéta a umoznuji objektim reagovat na
zmény z prostiedi, ve kterém jsou umistény [22].

Co se tyce technologie snimani, klasické senzory slouzi jako prvni prvek celého
meéfticiho fetézce. Tento fetézec zahrnuje zakladni méfici procesy, jako jsou napf. sbér
méfenych velicin, pfedzpracovani signalli, zpracovani signalu a analogové-digitalni prevod
[24]. JednoduSe feceno klasické senzory sbiraji hodnoty métenych veliin a prevadéji je
na elektricky signal [7].

Novéjsi generace senzorll na bazi polovodicl, kterd se nazyva chytré senzory, je
schopna transformovat shromazdéné signaly do formy digitalnich dat a zpracovat je jako
hodnotové informace. Jinymi slovy je schopna pokryt cely méfici fetézec [25].
veli¢inami jsou mechanické - napf. rychlost, rychlost otacek, zrychleni, vibrace, pritok;
tepelné - napt. povrchova teplota, vyzatrovaci teplota; elektrické - elektricky proud,
elektrické napéti, elektrické vykony; chemické a fyzikdlni - délka viny svétla, intenzita

osvétleni, obsahy chemickych prvka [7; 24].

2.4 M2M komunikace

Machine-to-machine (M2M), neboli komunikace mezi stroji, je Siroké oznaceni, které
1ze pouzit k popisu jakékoliv technologie, kterd umoziuje sitovym zafizenim vyménovat si
informace a provadét akce bez manualni asistence ¢lovéka [27]. Bavime li se v kontextu
kompletni digitalni integrace v ramci chytré tovarny, potom M2M neznamena pouze
komunikaci mezi stroji, ale také mezi riznymi IT systémy na rGznych urovnich v rdmci
podniku [26].

Hlavnim ucelem technologie M2M je ziskat data ze senzorti a pienést je do sité.
Systémy M2M c¢asto vyuzivaji veiejné sité a pristupové metody - naptiklad celularni sité
nebo ethernet, aby byly nakladové efektivné;si.

Mezi hlavni soucasti systému M2M patii senzory, RFID, Wi-Fi nebo mobilni celularni

sit’ a autonomni vypocetni software naprogramovany tak, aby pomohl sitovému zatizeni
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interpretovat data a rozhodovat se. Aplikace M2M mohou ptevadét data, kterd mohou
spoustét pred programované automatizované akce [27].

Vzhledem k tomu, zZe senzory M2M maji omezenou kapacitu paméti a energie, jejich
sité¢ vyzaduji ptfenos velkého mnozstvi dat v redlném cCase. Tento pienos dat musi feSit
otazky efektivity, bezpecnosti a zabezpeceni [28]. Proto mezi kli¢ové vlastnosti M2M

patfi:

e Nizka spotifeba energie ve snaze zlepsit schopnost systému efektivné obsluhovat
aplikace M2M;

e Sitovy operator, ktery poskytuje sluzbu s pfepojovanim pakett;

e Monitorovaci schopnosti, které poskytuji funkce pro detekci udalosti;

e Casova tolerance, coz znamena, Ze pienosy dat mohou byt zpozdény;

e Casova kontrola, coz znamen4, Ze data lze odesilat nebo pfijimat pouze v uréitych
piedem stanovenych obdobich;

e Spoustéce specifické pro dané misto, které upozorni nebo probudi zafizeni, kdyz
vstoupi do urcitych oblasti;

e Schopnost nepfetrzité odesilat a pfijimat mald mnoZstvi dat. [27]

2.5 Big Data

V dne$nim digitdlnim svété témeét neexistuje zZadny aspekt podnikatelského prostredsi,
kterého by se digitalizace nedotkla. Zavedeni novych digitalnich technologii do tradi¢niho
obchodniho svéta vedlo k pouzivani online kanald a rychlych algoritmi velkym poctem
organizaci. Tato digitalizace v prumyslovych odvétvich vede k obrovskému toku dat v
systémech. Béhem této ménici se doby se uchovavani, zpracovani a udrzba dat stala
hlavnim  problémem kvili velkému mnozstvi generovani strukturovanych a
nestrukturovanych dat z riznych zdroji [12]. Podle analytikli z International Data
Corporation se ocekava, ze objem generovanych dat v letech 2010 az 2020 vzroste Ctyficet
az padesatkrat, na Ctyficet zettabytt [7].

Zdrojem velkych dat jsou data z provozu na internetu, chytré senzory a méfici sité, data
ze senzoru sledujici logistiku a vyrobni procesy, CRM (Customer Relationship
Management) systémy, zdravotni obrazové systémy, genové analyzatory, bezpecnostni
kamery. [10]

Koncept velkych dat je definovan pfedevS§im péti dimenzemi. Prvni je objem: oznacuje

obrovské mnozstvi generovanych dat. Druhym je Varieta: odkazuje na rizné druhy
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strukturovanych a nestrukturovanych dat generovanych z riznych zdroji dat. Tieti je
rychlost: rychlost, kterou jsou data generovana a analyzovéana pro dal§i zpracovéani. Ctvrta
je vérohodnost: odkazuje na autenticitu dat a patd je Hodnotnost: odkazuje na stari
generovanych dat, aby se zlepSila pfesnost generovanych informaci se spravnou analyzou.
[29]

K ziskavani hodnot z Velkych dat pouZzivdme metodiku data miningu s vyuZitim cloud

compuntingu, kterd obvykle vyzaduje tyto funkce:

e Detekci a ziskavani odlehlych hodnot a skrytych vzori z velkych dat s vysokou
rychlosti a objemem dat;

e Ziskavani geoprostorovych a topologickych siti a jejich interakei z dat internetu
veéci;

e Rozvijet holisticky vyzkum zaméteny na distribuci tradi¢nich algoritmii ziskavani
dat, nastrojii cloud computingovych uzl a center pro data mining velkych dat;

e Vyvoj nové tiidy Skalovatelnych metod data miningu, které vyuzivaji tloznou a
zpracovatelskou kapacitu cloudovych platforem,;

e Reseni prostorové-Easovych vyzev data miningu velkych dat, zkoumanim toho, jak
jsou stavajici techniky prostorového ziskavani dat uspésné, nebo nelspésné v
oblasti velkych dat;

e Poskytovani novych algoritmili ziskavani dat, nastroji a softwaru, jako jsou sluzby
v systémech hybridnich cloudovych sluZeb.

[30 - 33]

2.6 Cloud Computing

Cloud computing je model umoziujici vSudyptitomny sitovy piistup na vyzadani ke
sdilenému fondu konfigurovatelnych vypocetnich zdroji (napf. siti, serverti, ulozist,
aplikaci a sluzeb), ktery lze rychle poskytovat s minimalni interakci s poskytovatelem
sluzeb. [34]

Cloud computing se vyznacuje Skalovatelnosti, velkou dostupnosti, rychlym sitovym
piipojenim a s tim poskytovana funk¢nost pomoci definovaného rozhrani fundamentalnich
technologii pro implementaci primyslu 4.0 [35]. Jako jsou zafizeni internetu véci,
pfipojeni takovychto zafizeni umozni rychlé zpracovani dat, sdileni ziskanych dat a

poskytnuti okamzité zpétné vazby na zaklad¢ provedenych vypoctt [10].
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Cloudové sluzby lze vyuzivat na riznych hardwarovych a softwarovych trovnich, jako
je software jako sluzba (SaaS), platforma jako sluzba (PaaS) a infrastruktura jako sluzba
(TaaS) [35]. V cloudovych systémech pracuji data z vyrobniho procesu spolecné na
serveru, kde jsou analyzovana a vraceny zp¢t na misto urceni [7].

Jako ptiklad si mizeme uvést sluzbu Apple Siri. Hlasovy piikaz je nahran pftes
mikrofon, zvukovy soubor je odeslan na server, kde je analyzovan a vyhodnocen, vysledek

je potom predan jako fidici ptikaz k odesilaci jednotce. [35]

2.7 Standardizace

Zavedenim principi konceptu Primysl 4.0 je zaroven 1 implementaci
multitechnologickych systémti zalozenych na komunikaci, sitovych technikach,
senzorovych technologiich a technologiemi pro zpracovani dat. Takové systémy se fidi
fadou primyslovych standardii a které jsou vyvijeny riznymi regulacnimi organizacemi a
primyslovymi organy, jako jsou IEEE, ETSI, IETF, OneM2M, NIST (National Institute of
Standards and Technology), ISO (Mezinarodni organizace pro normalizaci). [16]

Standardizaci tedy chapeme jako soustavu pracovnich a technicko-hospodatskych
norem, vybranych postupll, pfedpisti, limitd, vzorl, seznami a dalSich podkladi, které
vytvaii organizacni jednotka pro zvysSeni konkurence schopnosti vzhledem k potiebam
zakaznika a pro zvySeni ekonomiky hodnotového procesu. Takto chapana soustava

standardizace musi plnit nasledujici pozadavky:

e zavaznost;

e cxaktnost;

e komplexnost;

e optimalnost;

e zuZeni mozného;
e jednoduchost;

e prizplsobivost;

® pruznost;

e sjednocenti;

e 7zajiSténi kvality;

e stabilizaci.  [6]

2.8 Chytra tovarna
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V centru konceptu primyslu 4.0 predstavuje koncept chytré tovarny klicovy prvek.
Podle odborniki ma chytra tovarna nékolik novych vlastnosti, které spole¢nostem
umoziuji vypotadat se s slozitosti a neocekavanymi poruchami stejné¢ dobfte, jako vyrabét
produkty mnohem efektivnéji. V chytré tovarné spolu lidé, stroje a zdroje komunikuji
stejné prirozené jako v socidlni siti. [17]

Chytra tovarna tedy ptedstavuje koncept, ve kterém se ptistupuje formou "inteligentniho
mySleni" ve vyrobnim prostiedi [7]. Dochdzi k zvySenému vyuzivani automatizace s
podporou umé¢lé inteligence, analytiky, technik zpracovani velkych dat, cloud computingu,
chytrého produktu, chytré logistiky a internetu véci, jenz umoznuje tovarnam byt mnohem
flexibilngjsi, nez bézné vyrobni tovarny. Aby chytrd tovarna mohla plné vyuzivat data ze
chytrych zafizeni, musi byt schopna byt Skalovatelna a propojena. Tento systém by pak

dokézal bezproblémové propojit fyzicky a digitalni svét [38].

\NTERNET OF THINGs

{ )
SMART MDBILITY .......... SMART LOGISTICS

S MART FACI'DRY

SMART GRIDS ] SMART BUILDINGS
Q)
. |
SMART PRODUCTS

INTERNET OF SERVICES

Obr.3.: Chytra tovarna zobrazena jako stred konceptu Primyslii 4.0 [13]

Pro implementaci a zpracovani tohoto feSeni primyslu 4.0, je tedy dilezité klast diraz

na tfi nasledujici zastfeSujici vlastnosti a soucasné stanovit prioritni oblasti:

2.8.1 Horizontalni integrace prostiednictvim hodnotovych siti

Integrace riiznych IT systéml pouZzivanych v rGznych fazich vyroby a procesy
obchodniho planovéni, které zahrnuji vyménu materialdi, energie a informace v rdmci
spolecnosti (napft. prichozi logistika, vyroba, odchozi logistika, marketing) a mezi nékolika

riznymi spolecnostmi (hodnotové sit¢). [17]

15



Zhodnoceni Piipravenosti podniku na Priimysl 4.0

2.8.3 End-to-end digitalni integrace inZenyrstvi napric¢ celym hodnotovym retézcem
Vhodné IT systémy, které¢ mohou poskytnout end-to-end podporu celému hodnotovému
fetézci, od vyvoje produktu po inzenyrstvi vyrobniho systému, vyrobu a sluzby. Vyzaduje

se holisticky pfistup systémového inZenyrstvi, ktery zahrnuje rizné technické obory. [17]

2.8.3 Vertikalni integrace a sit’ové vyrobni systémy

Integrace riznych IT systému na rGznych hierarchickych urovnich v rdmci spole¢nosti
(napt. aktuatory a senzory, fizeni, fizeni vyroby, vyroba a trovné realizace a podnikového
planovani), aby bylo mozné dodat komplexni feseni. Objekt ktery toto reflektuje je prave)
chytra tovarna, ve které tyto systémy a technologie ptichdzeji do praxe a jsou aplikovany

[17].

2.9 Chytré mésto

Chytré mésto predstavuje oblast ve které jsou komplexné aplikované principy Primyslu
4.0 a internetu véci [39]. Chytra mésta by mécly byt navrzeny tak, aby podporovaly
rozsitené obCanské zafizeni na podporu kvality zZivota, bezpecnosti a ochrany [16]. Mezi
klicové faktory chytrého mésta utvafejici hodnotu patii: inteligentni ekonomika,
inteligentni mobilita, inteligentni prostiedi, inteligentni lidé, inteligentni Zivot a inteligentni
sprava [11]. Vytvafeni hodnoty v chytrych méstech Ize analyzovat prakticky ze dvou
ruznych pohledi. Prvni z vefejného sektoru a druhy z pohledu obcani [18], v chytrém
mésté se obané méni z uzivateld na pfimo zucastnéné strany [11].

Formovanim chytrych mést mtze vefejny sektor slouzit svym obcCanim s niz$imi
naklady diky zvySeni efektivity sluZzeb prostfednictvim digitalizace. Neni to vSak jen
uspora nakladi a ¢asu, na ¢em zalezi, ale také vyssi kvalita sluzeb a neptetrzity servis 24
hodin denng, 7 dni v tydnu [18]. Neékteré z klicovych sluZeb jsou: inteligentni a udrZitelné
energetika,  energetickd  uCinnost, fizeni obnovitelnych  zdroji, inteligentni
doprava,inteligentni fizeni parkovani, inteligentniho sbéru odpadkt, inteligentniho
osvétleni, monitorovani a kontrola zivotniho prostfedi, vétSi pfistup obyvatelstva ke
zdrojlim, bezpecnost a niz§i kriminalita, Skolni zony a dal$i obCanska zatizeni [5, 16, 18].

Podle odhadt organizace spojenych narodii (OSN) bude do roku 2030 vice nez 60 %
obyvatelstva svétové populace zit v méstskych oblastech, ptfedev§im ve méstech [16].
Studie McKinsey Global Institute zarovén naznacuje, ze 600 nejrychleji rostoucich meést
svéta bude v letech 2010 az 2025 tvofit 60 % celosvétového hospodatského ristu [40].
Pravé z té€chto divodh je utvéfeni a aplikovani konceptu chytrého mésta a vyuzivanim

nejmodernéjsich technologii spiSe nutnosti nez luxusem [18].
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3. Pripravenost podniku na primysl 4.0

Ptichod primyslu 4.0 a digitdlni transformace sebou piinasi i otazky z pohledu
implementace a urceni zralosti v podnikovém prostfedi v kontextu této problematiky.
ZvySuje se potieba pomoci podnikim s implementaci a technologickym piechodem,
definovanim struktury a vytvofenim metodik postupl pro zavedeni, ¢i pro dalsi postup a
vyvoj. Pfi spravné implementace novych technologii a postupli na zaklad¢ empirickych
znalosti vime, Ze dochdzi k vyssi kvalité, zlepSeni stability procest, lepsi sprave, vyssi
flexibilité a celkovému piinosu v ramci konkurenceschopnosti na trhu.

Urcovani soucastné pozice a stav podniku v kontextu primyslu 4.0 provadime pomoci
modeld. MiiZe se jednat o modely zralosti, modely pfipravenosti, ramce digitalizace, mapy
dil¢ich krokd, index zralosti. V §irSim spektru je terminologie vedlejsi, protoZe ucel téchto
modeli a metodik ziistava stejny. Slouzi k identifikaci Grovné podniku ¢i jako urceni faze
ve které se podnik nachazi. Zaroveit mohou modely slouzit k vytvotreni vychoziho bodu a
urcitého zakladu pro implementaci. Modely a metodiky maji za ukol pomoci poskytnout
uréity komplexni navod, popisnou analyzu vyspélosti, definovat problematické oblasti,
zjisténi slabych mist, urcit strategicky cil pro dal§i smér implementace a vyvoje
spole¢nosti. Modely byly vyvinuty akademickymi obcemi, firmami a technologickymi
sdruzenimi s cilem poskytnout analytické ramce, které by si firmy osvojili pro vlastni
hodnoceni stavu podniku.

Ve vétSin€ modell je faze a celkova uroven firmy ¢i index zralosti klasifikovana na
zékladé charakteristickych vlastnosti a irovni ve specifickych oblastech. Tyto specifické
oblasti klasifikuje jako dimenze. Pro Kazdou dimenzi hodnotime urcitou Uroven zralosti v
dané oblasti. Naptiklad model Impuls [41] obsahuje Sest dimenzi: Strategie a organizace,
chytrd tovarna, chytré operace, chytry produkt, sluzby zalozené na datech a zaméstnanci.
Tyto dimenze lze nasledné jeste specifikovat do tzv. poddimenzi.

Podle Schumachera et al. [42], jsou modely zralosti pouzivany jako nastroj pro
konceptualizaci a méteni zralosti organizace nebo procesu s ohledem na urcity cilovy stav.
Synonymné jsou oznacovany modely pfipravenosti, jejichz cilem je zachytit vychozi body

a umoznit inicializaci procesu vyvoje. Rozdil mezi pfipravenosti a zralosti chapeme tak, ze
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hodnoceni piipravenosti probihd pfed zahijenim procesu rozvoje (zralosti), zatimco

hodnoceni zralosti méa za cil zachytit stav, takovy jaky je, béhem procesu rozvoje.

Metodika vyhodnocovani pfipravenosti je napfi¢ vSemi modely je velmi podobna.
Vétsinou se hodnoti na zdklad€ dotaznikii. Pocinaje oborovou klasifikaci spolecnosti,
zjisténi znalosti ohledné konceptu Primysl 4.0, analyzy soucastného stavu, ktera probiha
souborem otazek vztazenymi k jednotlivym dimenzim. Dimenze jsou specifickeé,
hodnoceni v kazdé dimenzi se zaobira jednotlivymi poddimenzemi a posuzovanim jejich
arovni.

(2.1)

V rovnici (2.1) miZeme vidét piiklad vzorce pro ur€eni urovné zralosti. Takové to
vzorce jsou pouzivany pro klasifikaci urovné zralosti dané dimenze na zékladé urovné
specifickych otazek. Kde M je uroven zralosti, D uvazovand dimenze, Q souvisejici
otazka, W vahovy faktor a N pocet otazek [43].

Zjisténi urovné dimenze ¢i poddimenze mize ale byt i na zaklad¢ srovnavaci tabulky. v
té je pro kazdou troven na zaklad¢é definice a charakteristick¢ého popisu vlastnosti kazda
uroven popsana.

Vysledkem zralosti podniku byva grafické zobrazeni nebo hodnotovéa tabulka. Vysledek
poskytuje individudlni hodnoceni spolecnosti v kazdé z uvazovanych dimenzi ¢i
poddimenzi. Jako grafické zobrazeni se nej€astéji pouziva radarovy graf, ve kterém jsou
odstupiiované a propojené jednotlivé urovné v ramci dimenzi, ve které propojenéd plocha
reflektuje troven zralosti. Celkova troven ¢i index zralosti 1ze vypocitat aritmetickym
pramérem urovni dimenzi.

De carolis [44] shrnula hlavni ucely nastrojii pro hodnoceni do tii kategorii:

1. popisny ucel: modely zralosti s timto ucelem chtéji posoudit soucCastnou situaci
spolecnosti;

2. preskriptivni ucel: model zaméfeny na vztahy mezi domnény a vykonnosti,
naznacuje jak pfistupovat ke zlepSovani vyspélosti, aby bylo mozné pozitivné
ovlivnit hodnotu podniku;

3. srovnavaci ucel: srovndvaci model umoziuje porovndvani mezi spole¢nostmi,
zejména by model tohoto druhu mohl porovnavat podobné postupy v riznych

spole¢nostech, aby bylo mozné porovnavat vyspélost v ramei riznych odvétvi.
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3.1 Modely zralosti

tabl. Vybrané modely zralosti

—~

z=<

Model Nazev Autor Dimenze Urovné Ukel
Industry . Popisny
MM- 4.0 Readiness Lichtblau 6 dimenzi 6 urovni Predpisovy
1 et al. (2015) L
[41] Srovnavaci
MM- SIMMI 4.0 Leyh et al. ) , , .,
5 [45] (2016) 3 dimenze 5 Urovni Popisny
MM. Industry K.'Y. Popisny
3 4.0 Maturity | Akdil tal. 3 dimenze 4 Grovné Predpisovy
Model [46] (2018) Srovnavaci
Industry
4.0 readiness
MM- and maturity Schumachet . , , . Popisny
of 9 dimenzi 5 urovni ,
4 . et al. (2016) Srovnavag
manufacturing
enterprises
[42]
The
MM- Connect'ed Rockwell . , , Popisny
5 Enterprise Automation 4 dimenze 5 urovni Piednisov
Maturity (2016) P
Model [47]
1) osa
Industry hierarchie 7
4.0 Readiness dimenzi, 2)
MM- | Assessment Bastos et | osa zZivotniho s Grovni Pobisny
6 | Method Based | al. (2021) cyklu 4 pisny
on RAMI 4.0 dimenze, 3)
Standards [9] vrstevni osa 6
dimenzi
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Company

MM- Compass 2.0 Nick etal. 7 dimenzi 5 Grovni Popisny
7 (2021)
[48]
Industry
4.0 maturity
MM- model for Schumache % dimenzi 4 Grovnd Popisny
8 manufacturing | et al. (2019) Predpisovy
enterprises
[49]
Industry
4.0 maturity
MM- | model for Rafacl et 6 dimenzi 6 urovni Popisny
9 machine tool al. (2020)
companies
[50]
The smart
MM- Indrustry . EDB . , , , Popisny
. Singapore 16 dimenzi 6 urovni Y e
10 readiness (2020) Predpisovy
index [51]
Industry o
11\/{M_ 4.0 - Maturity alG(()lealll;)et 5 dimenzi 6 trovni Popisny
Model [52] '
A Maturity
Model for
Assessing the
MM- Dl.gltal De Carolis et 4 dimenze 5 Girovni Popisny
12 Readiness of al. (2017)
Manufacturing '
Companies
[44]
Acatech
MM- | Industrie 4.0 Schuh et 4 dimenze 6 tirovni Popisny
13 Maturity al. (2017)
Index [53]
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Maturity
Model for
Digitalization
MM- | within the Kldtzer 9 dimenzi 5 aurovni Popisny
14 Manufacturing | et. al ( 2017)
Industry’s
Supply Chain
[54]
An Industry WMG
MM- | 4 readiness | University of 6 dimenz 4 Grovns Popisny
15 assessment Warwick
tool [55] (2019)

MM-1 - Tento model je podrobnéji popsan v dalsi ¢asti této prace.

MM-2 - Model zralosti pro klasifikaci celopodnikového IT prostfedi a softwaru se
zaméfenim na Primysl 4.0, definuje 5 Grovni od 1 (zadkladni uroven digitalizace) po 5 (
kompletni optimalizovana digitalizace) se zamétenim na tfi dimenze: vertikalni integraci,
horizontalni integraci a digitalni produkt.

MM-3 - Model pouziva k identifikaci zralosti 4 Grovné, se zaméfenim na 13 oblasti,
které jsou seskupeny do tii dimenzi. Nejvyssi uroven "vyspélost" definuje spole¢nost, ve
které jsou produkty inteligentni a na datech fizené sluzby poskytované na vysoké tirovni.

MM-4 - Tento empiricky podlozeny model je zaméfen na vyrobni podniky, vyuziva k
zjiSténi trovné zralosti dotaznikové hodnoceni 62 predméti hodnoceni. S Giroviiovy systém
definujici uroven v 9 dimenzich.

MM-5 - Model vyvinuty spole¢nosti Rockwell Automation ve spolupraci s firmami
Microsoft, Cisco a Panduit. Model definuje 5 urovni a popisuje vlastnosti v kazdé
konkrétni tirovni. V ramci Grovni jsou posuzovany 4 dimenze. Cilem modelu je zvySeni
produktivity.

MM-6 - Hodnoceni tohoto modelu je zaloZené na standardech RAMI 4.0, model RAMI
4.0 popisuje v trojrozmérném prostoru zakladni aspekty Priumyslu 4.0. Dimenze jsou tedy
hodnoceny ve tfech osach. V hierarchické ose hodnotime 7 dimenzi, v ose Zivotniho cyklu
a hodnotového fetézce 4 dimenze a ve vrstevni ose 6 dimenzi.

MM-7 - Model pfistupuje k hodnoceni podniku holistickym pfistupem. Pfinosem

modelu je kromé zhodnoceni i schopnost upozornit na nedostatky a mezery urovné
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pripravenost podniku na Primysl 4.0. Je zde definovano 7 dimenzi, ve kterych hodnoceni
probihd v 5 Groviiové stupnici.

MM-8 - Model zaméfujici se na priimyslovou digitalizaci zaloZzeny na ptfedchozim
modelu svého autora. Vysledek zralosti vychazi z hodnoceni 65 kritickych faktord Gspéchu
v Priimyslu 4.0 a jejich posloupnosti. Definovano 8 dimenzi ve 4 Groviiové stupnici.

MM-9 - Model navrhnuty pro hodnoceni podnikli zabyvajici se vyrobou obrabécich
stroji. Hodnoti ve 6 dimenzich 6 Grovni od 0 urovné (outsider), ve které spoleCnost
nespliiuje Zadnou z podminek pozadavkd na Primysl 4.0, po 5 urovenn (Top performer),
kde strategie podniku Primysl 4.0 jiz implementovala a pravidelné monitoruje stav
implementace dalSich projektt.

MM-10 - Model je podrobnéji popsan v dalsi Casti prace.

MM-11 - Model je zaméfen na hodnoceni ve vyrobnich podnicich. Hodnoti se 5
dimenzich v 6 trovnich, od 0 trovné (neuplnd), kde zékladni postupy nejsou zavedeny
nebo jsou casteéné dosazeny, po 5 uroven (optimalizujici), kde je dosazeno integrace
smérem k vyrobnimu cyklu vyrobku, sdileni znalosti a synchronizace mezi prostredimi.

MM-12 - Model zralosti se zaméfuje na urceni trovné digitalnich procesii v podnicich.
Je definovano 5 urovni, od 1 utrovné (pocCatecni) po 5 uroven (digitdlné¢ orientovanou)
hodnoticich ve 4 dimenzich.

MM-13 - Model vyvinuty spolecnosti Acatech, ktery zjistuje index zralosti podniku.
Hodnoti se 4 dimenze ve 6 Groviiové stupnici a jejich vzdjemné propojenost.

MM-14 - Model zralosti digitalizace v ramci dodavatelského fetézce ve vyrobnim
pramyslu. Hodnoti 9 dimenzi ve 5 uroviiové stupnici pro realizaci chytrého produktu a
aplikaci chytrého produktu.

MM-15 - Model ptedstavuje nastroj pro hodnoceni pfipravenosti podniku, byl vyvinuty
univerzitou ve Warvicku ve spolupréaci s Pinsent Masons a Crimcon & Co. M4 troviiovy
hodnotici systém, ktery hodnoti 6 dimenzi. Lze provést detailni zhodonoceni pro kazdou

dimenzi v ramci zhodnoceni poddimenzi.

3.2 Porovnani modela
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M Technologie
M Lidské zdroje
M Procesy
Organizace a strategie
M Chytry produkt
M Z4kaznici
M Pravni avahy

vvMmMmmMMMMMMMMMMMMMMMMMMMMMMMMMM
-1 -2 3 4 -5 -6 -7 -8 -9 -10-11 -12 -13 -14 -15

Graf 1.: Porovnani modelii z pohledu oblasti zaméreni

Z grafu 1. mizeme vidét porovnani vSech vybranych modeli zralosti v komparaci se
specifickymi oblastmi. Jak mizeme vidét, nékteré modely predstavuji komplexni pohled
na koncept Primysl 4.0, kdezto jiné se vice specializuji na konkrétni oblasti a nepokryvaji

pohled na celkovou problematiku .
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Graf 2.: Pocet modelii vztazeny k oblastem zaméreni

Z grafu 2. mizeme vycist, ze uplné veskeré vybrané modely zralosti jsou zaméfeny na

implementaci a aplikaci modernich technologii. Témét vSechny modely zralosti fesi
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problematiku procesniho inZenyrstvi, organizace a strategie podniku. Pouze nékolik

modeld zohlediiuje oblasti zakaznikl a pravni tivahy.

Pocet vybranych modell v zavislosti na roce publikovani

4 -

Pocet publikaci

20m1 2012 2013 2014 2015 2016 2017 2018 2018 2020 2021
Graf 3.: zobrazeni poctu vybranych publikaci v casové ose

1.2
Graf 3. zobrazuje pocet vybranych publikaci v Casovém horizontu. Presto stale
vznikaji nové modely, které vychazeji ze zakladi ptedeslych. Nejvice modelti bylo

publikovano v Némecku.

V ramci vytvofeni piehledu vybranych modeli v tabulce 1., zplisobu metodiky
porovnavani modeli mezi sebou a pouziti seznamu modeltt pro jejich vyhledani na

internetu, byly pouZity publikace od Angerani et al. [36] a Zoubek, Simon [21].

4. Pripadova studie
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V této casti je zpracovand piipadova studie, kterd byla provedena ve spolecnost IT
Bohemia, s.r.o.. Nejdiive je predstavena spoleCnost, poté je ve stru¢nosti popsan vychozi
stav spolecnosti. Nasledné piedstaveni a podrobné popsani dvou vybranych modela
zralosti, které byly pouzity pro zhodnoceni stavu zralosti spole¢nosti. Zavérem je

zhodnoceni vysledkl na zéklad¢ vybranych modeld a nésledné doporuceni.

4.1 Predstaveni spole¢nosti

Spolecnost IT Bohemia, s.r.o. byla zalozena v roce 1996 se specializaci na velkoobchod
s ocelovymi plechy. V soucasné dobé¢ je hlavnim piedmétem podnikani obchod s hutnimi
materidly vSeho druhu a navazujici vyroba piesnych vypalkl. Spolecnost disponuje dvéma
skladovymi aredly v Plzni a M¢lniku, diky kterym muize svym zakaznikim nabidnout
Siroky sortiment hutniho materidlu a poskytnout komplexni délici sluzby. V ramci
kompletniho dodavatelského servisu zajiStuje spolecnost piepravy materidlu a vyrobkl na
misto ur€eni a poskytuje certifikaty k destruktivnim ¢i nedestruktivnim zkouSkam piimo

od vyrobct ¢i nezavislych certifika¢nich autorit [56].

4.2 Vychozi stav

Vychozi stav spolecnosti byl definovan na zdkladé¢ konzultace s vedoucim vyroby
panem FrantiSkem Kolodejem. Spole¢nost je obezndmena s pojmem Primysl 4.0. Ve
spolecnosti probéhla v minulych letech velka investice v podobé nakupu novych stroji a
implementace nového informaéniho systému. V soucasnosti je vyrobni proces provadén
prevazné¢ pomoci zafizeni, strojii a pocitaovych systéml. Ve spolecnosti je
implementovan komunikacni systém pro komunikaci mezi stroji, zatfizenimi a sbérem dat.
Podnik se hodl4d ubirat smérem k postupné digitalizaci. V ramci digitalizace jiz byla

provedena digitalizace skladu materialu a planovani vyroby.

Obr. 4.: Sidlo spolecnosti v Plzni

4.3 Vybrané modely pro hodnoceni podniku
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4.3.1 Impuls - Industry 4.0 Readiness [41]

Impuls - Industry 4.0 Readiness Online Self-Check for Businesses, pfedstavuje model
piipravenosti podniku na Primysl 4.0. Model byl vytvofen na zdkladé¢ podnétu nadace
IMPULS, patiici pod némecké strojirenské sdruzeni VDMA. Studie byla vytvofena
Kolinskym institutem pro ekonomicky vyzkum IW Consult a institutem pro primyslovy
management na RWTH Aachen University. Model je zpracovéan ve formé sebe hodnoceni
a je volné dostupny v rdmci webové aplikace na internetu. Klasifikovani tirovné probiha na
principu dotaznikového hodnoceni, aplikace je dynamickd s ohledem na klasifikaci
podniku. V rdmci hodnoceni spolec¢nosti jsme zodpovidali 30 otazek, které jsou pfiloZzeny v
ptiloze A. Otazky hodnoceni jsou vztazeny ke Sesti dimenzim, tyto dimenze lze jeste
specifikovat do Sestnacti poddimenzi. Vystupem je Celkové hodnoceni popisujici celkovou
uroven prfipravenosti, podrobngj$i hodnoceni v jednotlivych dimenzich. Srovnéani s
ostatnimi podniky a doporuceni dal§iho postupu v ramci pfipravenosti Primyslu 4.0.

Tento model obsahuje Sest tirovni piipravenosti:

e Urovei 0 - Outsider;

e Uroveti 1 - Beginner;

e Uroven 2 - Intermediate;

e Urovei 3 - Experienced;

e Uroven 4 - Expert;

e Uroveii 5 - Top Performer.

Employee Strategy / Top performer

| Investments

skill acquisition
Expert Leaders

-

Level 4

Level 3

- pment
Srart
factory

Level 2

—

Smart
operations

T V' Cloud
3 e

add-on
functionalities /

Level 1

ata analytics \p
inusage phase Informatiof
sharing |

Level 0

Obr. 5.: Model Impuls [41]

4.3.2 The Smart Industry Readiness Index [51]
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Tento index pfipravenosti byl vyvinut vladni agenturou Singapore Economic
Development Board, spadajici pod ministerstvo obchodu a primyslu. Index pfipravenosti
se snazi poskytnout spoleény rdmec pro vSechny spolecnosti, které se zapojily do
transformace Priimyslu 4.0 a pomohl jim ur€it, jak zahdjit, Skalovat a udrzet transformaci
Primyslu 4.0. Rdmec SIRI se skladd ze tifi vrstev. Nejvyssi vrstvu tvofi tii zékladni
stavebni kameny Primyslu 4.0: Proces, Technologie a Organizace. Zakladnimi stavebnimi
kameny je osm pilif, které predstavuji kritické aspekty, na které se spolecnosti musi
zaméfit, aby se staly spolecnostmi pfipravenymi na budoucnost. Tieti a posledni vrstva
obsahuje 16 dimenzi, na které by se spole¢nosti mély vztahovat pti hodnoceni aktudlni
tirovng vyspélosti svych zafizeni. Uroveii je klasifikovana na zakladé hodnotici matice.
Hodnotici matice je samodiagnostikovatelny nastroj pro urceni pfipravenosti na Primysl
4.0, ktery lze aplikovat na spolecnosti bez ohledu na velikost a odvétvi. Hodnoti se 16
dimenzi hodnotové matice pomoci srovnavaciho ramce. V hodnoticim rdmci je definovano

celkem 6 urovni, od urovné 0, po uroven 5. Kazda uroven je specificky popsana pro

konkrétni pilif.

Smart Industry Readiness Index
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Obr. 6.: Hodnotici matice [51]

5.3 Vysledky zhodnoceni podniku

5.3.1 Model SIRI
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Vysledny Index SIRI 5
Struktura a fizeni Dodavatelsky fetézec

Pfipravencst talentu Zivotni cyklus produktu

Inteligence Automatizace

Graf 4.: Uroveii pilifii hodnotici matice
V grafu 4. vidime vysledné zhodnoceni indexu vyspélosti SIRI. Podnik se nachazi v
pocatecni fazi, ve které nékteré prvky jsou jiz implementovany, ale dalsi faze jednotlivych
dimenzi urcuji smér dalsiho vyvoje, kterym by mél podnik postupovat. Kromé toho je v
publikaci popsan i ramec LEAD, ktery popisuje ve ctyfech krocich, jakym zpisobem
postupovat v transformaci Primyslu 4.0. Dale je popsdna komplexni transformacni
strategie ARCHITECT, ve kter¢ je dana metodika, jakou se ubirat k implementacim

Primyslu 4.0 [51]. Ra&mcovy piehled hodnotici matice je ptilozen v ptiloze B.

5.3.2 Model Impuls
V celkovém hodnoceni v rdmci modelu Impuls se spolecnost umistila na urovni 2.

Vysledky piipravenosti v jednotlivych dimenzich jsou nasledujici:

e Strategie a organizace: Uroven 2;

e Chytra tovarna: Urover 2;

e Chytré operace: Uroven 2;

e Chytré produkty: Uroveti 1;

e Sluzby zalozené na datech: Uroven 3;

e Zaméstnanci: Uroven 2.

Ciselné hodnoceni dimenzi ma nasledujici vahu: Strategie a organizace: 0,254; Chytra
tovarna: 0,143; Chytré operace: 0,102; Chytré produkty: 0,185; Sluzby zalozené na datech:
0,138; Zaméstnanci: 0,179
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Celkové srovnani, spolecnost byla srovnavéana s ostatnimi vyrobnimi podniky do 99

zaméstnancu. Jak je vidét na grafu 5. této urovné dosahlo také 6,8% spolecnosti.

Celkové srovnani

Uroven 2,7%Urover 3,2%Uroven 4,1%
\

Graf'5.: Celkové srovnani

Strategie a organizace, v této dimenzi spolecnost dosdhla urovné 2. V ramci

srovnavaci skupiny, jak miizeme vidét v grafu 6. dosdhlo stejné trovné 6,5% spolecnosti.

Strategie a organizace

Uroven 2,6%Urover 3,4%Uroven 4,2%

Uroveri 1,11%

Graf 6.: Strategie a organizace

Hodnoceni Impuls konstatuje, ze v jedné oblasti ma podnik implementovany systém
fizeni technologii a inovaci. Navrhuje, aby byl systém zaveden i v dalSich oblastech s
cilem integrovat vSechny oblasti. Dale doporuCuje vypracovani strategie inicativ
jednotlivych oblasti podniku pii zavadéni Primyslu 4.0. Déale poukazuje, Ze firma nema
zavedené zadné ukazatele pro méfeni stavu implementace Primyslu 4.0 a navrhuje
pripravit investi¢ni rozpocet pro investici nejméné v péti oblastech, to ale neni z pohledu
aktudlnich potieb podniku vyhodné.

Chytra tovarna, v této dimenzi spolecnost doséhla trovné 2, stejné jako dalSich 10,1%

v ramci nasi srovnavaci skupiny (viz. graf 7.).
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, Chytra tovarna
Uroveri 2,10% Uroveri 3,3%
en =

Uroven 1,10%

Graf'7.: Chytra tovdarna

Vysledek modelu navrhuje zvazeni potizeni nového IT systému, ¢i mozZnosti upgradovat
stavajiciho. kvalifikovanim pfinosu sbéru dat, jakym zplisobem je déale vyhodnocovat a
automatizovat sbér dat, do jaké miry lze jiz shromazdéné udaje propojit, aby bylo mozné
ziskat nové informace ze vzajemnych interakci. Déle doporucuje zhodnotit rozhrani a
systémy, které mohou optimalizovat zpracovani objednavek propojenim systémt.

Chytré operace, v této dimenzi dosahla spole¢nost tirovné 2. Ve srovnavaci skupiné
dosahlo této trovné také 36,1% (viz. graf 8.).

Ve spolecnosti je sdileni informaci omezenou pouze na nckolik oddéleni. Vysledek
modelu navrhuje zjistit, kde existuji mista mezi systéme a kde lze vyuZit potencial
integraci sdileni informaci do systému. Dale navrhuje zjistit misto vyroby, ve které ma
smysl zavést autonomni fizeni, stejné jako zavedeni systému, aby procesy reagovaly na
zmény autonomné. Zaveérem zhodnoceni této dimenze navrhuje vyuzivani potencidlu

cloudovych technologii.

Chytré operace

Uroven 3,7%

Uroveri 1,5%

Graf 8.: Chytré operace
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Chytry produkt, spolecnost dosdhla v této dimenzi Grovné 1. V na$i srovnavaci
skupiné doséahlo stejné urovné 6,9% spolecnosti (viz. graf 9.).

Produkty ve firmé obsahuji popisné informace a jsou identifikovany pomoci ¢arkovych
koédu. Doplikové funkce které model doporucuje jsou vzhledem k produkénimu zaméteni

firmy irelevantni.

Chytré produkty

Urover 2,5%Uroven 3,1%Urover 4,2%Uroven 5,2%

Uroveri 1,

Graf 9.: Chytré produkty

Sluzby zaloZené na datech, v této dimenzi dosahla spole¢nost tirovné 3. V ramci
srovnavaci skupiny dosahlo stejné trovné také 1,5% spolecnosti (viz. graf 10.)

Model popisuje, ze spolecnost jiZ nabizi sluzby zaloZené na datech. To miiZze byt pouze
Spatné vyhodnoceny vysledek Ctyf otdazek zabyvajici se touto dimenzi. Ve které bylo

zodpovézeno, ze firma sbird data z ptredchozich procest a ¢aste¢né analyzuje.

Sluzby zalozené
na datech

Uroven 1,3%Uroven 2,2%Uroven 3,2%Urover: 4,0%Uroveri 5,1%
AN

Graf 10.: Sluzby zaloZzené na datech
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Zaméstnanci, spoleCnost dosdhla v této dimenzi urovné 2. Stejné urovné doséhlo v nasi
srovnavaci skupiné také 10,5% spolecnosti (viz. graf 11.).

Vysledek modelu konstatuje, Zze zaméstnanci spole¢nosti maji dovednosti potfebné k
uspésné implementaci Primyslu 4.0 jen v nékolika malo oblastech. Proto je dilezité
roz§ifovat a zlepSovat dovednosti v dalSich oblastech (napt. IT ifrastruktura, automatizacni
technologie, analyza dat, bezpe¢nost dat a komunikace, vyvoj a aplikace asisten¢nich

systémil).

Zameéstnanci

Uroven 1,3%Uroven 2,2%Uroveri 3,2%Uroveri 4,0%Uroven 5,1%
— TN

Graf 11.: Zaméstnanci

5. Zhodnoceni vybranych modeli

Jako spoleéné vyhody vybranych modelid Ize konstatovat jejich dostupnost, ucel,
uplnost, prehlednost a jednoduchost. Naopak oba dva vybrané modely nezohlediuji pravni
a legislativni uvahy, na rozdil od jinych modell, coz je vzhledem ke komplexnosti obou
modell aspekt ke zlepSeni.

Mezi kladné stranky a vyhody modelu SIRI bych rad zminil, jeho vetfejnou dostupnost
na internetu. Byl vytvofen formou srovnavaciho rdmce pro sebehodnoceni, ktery je zcela
prehledny a popisny. V ramci publikace byla vymezend pasaz nad samotnou hodnotici
matici, ktera obsahuje popis a vlastnosti pfislusné dimenze. To znamena, Ze v situaci kdy
hodnotici subjekt nebude tolik obeznamen s néjakym pojmem Primyslu 4.0, jako jsou
napiiklad "Vertikalni integrace" a "Horizontélni integrace", tak ve zminéné pasazi jsou tyto
pojmy na zaklad¢é hodnoceni konkrétni dimenze popsany. Jako nevyhodu modelu mizeme
zminit, Ze model nenabizi Zadnou srovnavaci perspektivu, ucelem modelu je poskytnout
pouze popisny a predpisovy ucel. Hodnoceny objekt tedy nedostdva zadny pohled, zdali ve

své oblasti ptisobeni vynika, je primérny ¢i zaostava.
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Vyhodou modelu IMPULS je, ze piedstavuje jednoduchy komplexni nastroj k
sebehodnoceni podniku, ktery je kazdému volné€ piistupny prostfednictvim webové
aplikace. Dalsi vyhodou je, Ze krom¢ popisného a predpisového ucelu, nabizi 1 ucel
srovnavaci v ramci srovnavaci skupiny, ktera je definovanad zamétenim podniku a poctem
zaméstnancli. Kvituji 1 styl poklddani souboru hodnoticich otdzek. Ve kterém pted
zaCatkem souboru otazek ke konkrétni dimenzi, se objevi informacni stranka, ve které je
popsano, ze nasledujici sada otazek bude zaméfena na konkrétni dimenzi a popis dané
dimenze. Ocenil bych i zplsob, jakym je vyhodnoceni samotestu ptedlozeno. To je
predlozen ve formé celkového hodnoceni a hodnoceni pro jednotlivé dimenze. Toto
hodnoceni si kazdy subjekt, ktery zhodnoceni provedl mize ve formé pdf souboru
stahnout. V hodnoceni je zpracovany graf pro kazdou dimenzi i celkové hodnoceni,
zobrazujici procentudlni srovnani v rdmci srovnavaci skupiny. V hodnoceni kazdé dimenze
je kromé vysledku urovné€, srovnani i doporuceni, které popisuje, co by méla spole¢nost

udé¢lat, aby doslo ke zlepseni konkrétni dimenze.

6. Zavér

Cilem bakalaiské prace bylo popsani problematiky Primyslu 4.0, zpracovani reserSe na
soucasné pouzivané zralostni modely, vytvofeni ptipadové studie ohledné zhodnoceni
pfipravenosti podniku a zhodnoceni vyhod a nevyhod pouzitych modell zralosti.

V teoretické c¢asti bylo provedeno detailni popsani jednotlivych prvkii konceptu
Primyslu 4.0 a samotny koncept. Ve zpracované reSerSi bylo zodpovézeno, proc je
dilezité se zabyvat otdzkou pfipravenosti podnikii na Priimysl 4.0, jaky je ucel modeli
zralosti, nebo jak vypadd metodika hodnoceni a vyhodnoceni trovné zralosti. V dalsi
pasazi této reSerSe byla zpracovana piehlednd tabulka modelti zralosti vcetné jejich
vlastnosti, kde tabulku doplniuje obecny popis kazdého modelu.

V praktické ¢asti byla predstavena spolecnost IT bohemia s.r.o., ve které se zjiStovala
souc¢asna uroven zralosti podniku va¢i Primyslu 4.0. Vychozi stav podniku byl
vyhodnocen na zakladé konzultace s vedoucim vyroby panem FrantiSkem Kolodejem.
Podle vlastnosti modelli ze zpracované reSerSe, byly pro zjisténi urovné zralosti vybrany

dva modely. Nutno podotknout, Ze rozhodujicim faktorem vybéru byla Gplnost zralostnich
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modell. Protoze vétSina publikovanych modelt zralosti sice obsahovala popis modelu,
pocet urovni a dimenzi, metodiku hodnoceni. Mélo publikaci ale obsahovalo samotné
otazky hodnoticiho dotazniku ¢i jen seznam témat, vetSina spiSe popsala pouze pocet
otazek. Dale jsou popsany vysledky hodnoceni véetné doporuceni na zéklad€é vybranych
dvou modelt zralosti. V zavéru této praktické ¢asti jsou zhodnoceny vyhody a nevyhody
zvolenych modeli zralosti.

Na zékladé védomosti ziskanych studiem problematiky konceptu Primysl 4.0,
zpracovavanim reSerSe o hodnoceni pfipravenosti podniku na Pramysl 4.0, zkuSenosti s
vyhodnocovanim tUrovné zralosti podniku a aplikovanim vybranych modelt, bych
doporucil pro lepsi prehled o stavu podniku, pouzit ke zhodnoceni podniku vice modeld,
nezli pouze jeden model zralosti. Vhodné by bylo 1 pouziti specializovanych modelt
pfipravenosti, jako je napiiklad model zralosti ECO [59], ktery se zamé&fuje na pracovni

prostiedi a vyuZiti pracovni sily v rdmci Primyslu 4.0.
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Piilohy
Piiloha A - otazky modelu IMPULS

General questions about your company

Which category best describes your company?

O Mechanical engineering

O Manufacturing
Please estimate the size of your company’'s domestic workforce.

O Up to 19 employees
O 20 to 99 employees
O 100 to 249 employees
O 250 to 499 employees

O 500 or more employees

Please estimate your 2014 revenues.

O Under 1 million euros

O 1 million to under 10 million euros

O 10 million to under 50 million euros
O 50 million to under 100 million euros
O 100 million to under 250 million euros
O 250 million to under 500 million euros
O 500 million euros or

O Not specified
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Strategy and organization

How would you describe the implementation status of your Industry 4.0 strategy?
O No strategy exists
O Pilot initiatives launched
O strategy in development
O Strategy formulated
O Strategy in implementation
Q Strategy implemented
Do you use indicators to track the implementation status of your Industry 4.0 strategy?
O Yes, we have a system of indicators that we consider appropriate
O Yes, we have a system of indicators that gives us some orientation

O No, our approach is not yet that clearly defined

Which technologies do you use in your company?

[] Sensor technology

[ Mobile end devices

O rFiD

[ Realtime location systems

[ Big data to store and evaluate real-time data

[ Cloud technologies as scalable IT infrastructure
[ Embedded IT systems

[ M2M communications

In which parts of your company have you invested in the implementation of Industry 4.0 in the past two years, and what are your plans for the
future?

Investments in the past 2 years Investments in the next 5 years
Large  Medium Small None Large Medium Small None

Research and development 0] (] (0] (] o] @] (o] (@]
Production/manufacturing (o] (o] (o] (o] (o] (@] (o] (@]
Purchasing [e] o (0] (0] o} [e] o o
Logistics o] (@] o [e] o} (o] o O
Sales o o (0] (o] o o o o
Service O o [®] [®] o o o O
I o o o (0] o} o o o
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In which areas does your company have systematic technology and innovation management?

o

[J Production technology

[] Product development

[] services

[] Centralized, in integrative management
[J Do not have

Smart factory

How would you evaluate your equipment infrastructure when it comes to the following functionalities?

No, not available  Yes, to some extent  Yes, completely

Machines/systems can be controlled through IT O O (o]
M2M: machine-to-machine communications (o] (o] (o]
Interoperability: integration and collaboration with other machines/systems possible e} e} e}

How would you evaluate the adaptability of your equipment infrastructure when it comes to the following functionalities?

Nt rel ; Relevant, but u dabl High, because functionality
ot reievan not upgradable B already available
M2M: machine-to-machine communications (o] (o] (o] (o]
Interoperability: integration and collaboration with other machines/systems possible O o] (o] (@]

The digitization of factories makes it possible to create a digital model of the factory. Are you already collecting machine and process data
during production?

O Yes, all
O Yes, some

O No

Which data about your machinery, processes, and products as well as malfunctions and their causes is collected during production, and how
is it collected?

Yes, manually Yes, automatically No

Inventory data (o] (@]
Manufacturing throughput times
Equipment capacity utilization
Production residues

Error quota

Employee utilization

Positioning data

Data on remaining processing
Transition times

Overall equipment effectiveness (OEE)

Other

O O o o o o0 0o o o o
O 0O O o o 0O o o o o
o 0O o o o 0 0 o o o o
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How is the data you collect used?

[ Predictive maintenance

[J optimization of logistics and production processes

[ Creation of transparency across production process

[ Quality management

[ Automatic production control through use of realtime data
[ optimization of resource consumption (material, energy)

[ other:

Which of the following systems do you use? Does the system have an interface to the leading system?

In use Interface to leading system
Yes No Yes No
MES - manufacturing execution system o] o] @] o]
ERP - enterprise resource planning 0] o] @] @]
PLM - product lifecycle management o] o] o] o]
PDM - product data management O e} (o] (@]
PPS - production planning system (o] o] @] O
PDA - production data acquisition O (@] O O
MDC - machine data collection e} O O e}
CAD - computer-aided design o] (o] (o] o]
SCM - supply chain management O O o] o]
Smart operations
Where have you integrated cross-departmental information sharing into your system?
Distinguish between enterprise-wide (internal) and cross-enterprise (external) information sharing.
Internally between Externally with customers
departments and/or suppliers
Yes No Yes No
Research and development O O o] (@]
Production/manufacturing O 0] o] (@]
Purchasing e} O (@] (@]
Logistics (o] o] @] O
Sales O O O O
Finance/accounting O O o] (@]
Service O e} O O
IT @] o o (0]
Nowhere O O O e}

45



Zhodnoceni Piipravenosti podniku na Priimysl 4.0

The vision of Industry 4.0 is a workpiece that guides itself autonomously through production. Does your company already have use cases in
which the workpiece guides itself autonomously through production?

O Yes, cross-enterprise
O Yes, but only in selected areas
O Yes, but only in the test and pilot phase

O No

Does your company have production processes that respond autonomously/automatically in real time to changes in production conditions?

O Yes, cross-enterprise
O Yes, but only in selected areas
O Yes, but only in the test and pilot phase

O No

How is your IT organized?

[J Noin-house IT department (service provider used)
[ Central IT department
[J Local IT departments in each area (production, product development, etc.)
[J IT experts attached to each department
How far along are you with your IT security solutions?
Solution implemented  Solution in progress  Solution planned  Not relevant for us

Security in internal data storage @] 0] o] 0]
Security of data through cloud services (o] (o] (@] (o]
Security of communications for in-house data exchange o] o] (@] o]

O O @ O

Security of communications for data exchange with business partners

Are you already using cloud services?

Yes No, but we're planning to No
Cloud-based software e} (o] (o]
For data analysis o] o] O
For data storage o] o] o]

Smart products

Does your company offer products equipped with the following add-on functionalities based on information and communications technology?

Yes No
Product memory (o] o]
Self-reporting (o] O
Integration (o] o]
Localization (o] (o]
Assistance systems e} o]
Monitoring (0] 0]
Object information O o]
Automatic identification O O
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Data-driven services

The process data gathered in production and in the usage phase enable new services. Do you offer such services?

O Yes, and we are integrated with our customers
O Yes, but without integration with our customers
O No
What share of your revenues come from these new data-driven services??

Share of revenue (in percent)

0%

0 100

Often, data that is collected is just stored and then not used any further. What share of the data you collect are you already using?

O 0%
O 0% to 20%
O 21%to 50%
O Over 50%
Do you analyze the data you collect from the usage phase?
O Yes
O No - we collect the data but do not analyze it
O No - we do not collect data in the usage phase
Employees

How do you assess the skills of your employees when it comes to the future requirements under Industry 4.07

Existent,
Not relevant  Non-existent . Adequate
but inadequate

IT infrastructure O O O O
Automation technology (@] o] o] @]
Data analytics @] @] @] @]
Data security / communications security o O o] @]
Development or application of assistance systems (e} ] ] @]
Collaboration software e} O O @]
Non-technical skills such as systems thinking and process understanding (@] o] o] @]

Are you making efforts to acquire the skills that are lacking?
Through special training seminars, knowledge transfer systems, coaching, etc.

O Yes

O No
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Comparison groups

Now choose your comparison group.

O Mechanical engineering
O Manufacturing

Size category:

O Upto 99 employees
O 100 to 499 employees

O 500 or more employees

Please indicate how you would classify your company by economic sector so that it is possible later on to further differentiate the results.

Please choose...

What is the country of your company headquarters?

What is the postal code of your company headquarters? Please indicate the first two digits.

In which business or industry associations is your company a member?
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Priloha B - hodnotici matice SIRI

Assessment Matrix: The 16 Dimensions

Process Bullding Block | Operations Pillar | Vertical Integration Dimension

Vertical Integration is the integration of processes and systems across all hierarchical levels of
the automation pyramid within a facility to establish a connected, end-to-end data thread.

Vertical processes are not
explicitly defined.

Vertical processes are
defined and executed by
humans, with the support
of analogue tools.’

Defined vertical processes

are completed by humans

with the support of digital
tools.

Digitised vertical
processes and systems are
securely integrated across
all hierarchical levels of the

automation pyramid.?

Integrated vertical
processes and systems
are automated, with limited
human intervention.

Automated vertical
processes and systems
are actively analysing and
reacting to data.
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Resource planning and technical
production processes are managed and
executed in silos, based on informal or
ad-hoc methods.

Resource planning and technical
production processes are managed
and executed in silos, based on a set of
formally defined instructions.

Resource planning and technical
production processes are managed
and executed in silos, by Operations
Technaology (OT) and Infermation
Technaology (IT) systems.

OT and IT systems managing resource
planning and technical production
processes are formally linked;
however, the exchange of data and
information across different functions
is predominantly managed by humans.

0T and IT systems managing the
resource planning and technical
production processes are formally
linked, with the exchange of data and
information across different functions
predominantly executed by equipment,
machinery and computer-based
systems.

OT and IT systems are integrated
from end to end, with processes being
optimised through insights generated

from analysiz of data.
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Process Building Block | Supply Chain Pillar | Horizontal Integration Dimension

Horizontal Integration is the integration of enterprise processes across the organisation and with
stakeholders along the value chain.

Supply chain processes®
are not explicitly defined.

Supply chain processes are
defined and executed by
humans, with the support

of analogue tools.

Defined supply chain
processes are completed
by humans with the
support of digital tools.

Digitised supply chain
processes and systems
are securely integrated

across business partners
and clients along the
value chain.

Integrated supply chain
processes and systems
are automated, with limited
human intervention.

Automated supply chain
processes and systems
are actively analysing and
reacting to data.
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Enterprise processes are managed and
executed in silos, based on informal or
ad-hoc methods.

Enterprise processes are managed and
exgcuted in silos, based on a set of
formally defined instructions.

Enterprise processes are managed and
executed in silos by IT systems.

IT systems managing enterprise
processes are formally linked;
however, the exchange of data and
information across different functions ic
predominantly managed by humans.

IT systems managing enterprise
processes are formally linked, with
the exchange of data and information
across different functions being
predominantly executed by computer-
based systems.

IT systems are integrated from end to
end, with processes being optimised
through insights generated from
analysis of data.
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Process Building Block | Product Lifecycle Pillar | Integrated Product Lifecycle Dimension

Integrated Product Cycle is the integration of people, processes and systems along the
entire product lifecycle, encompassing the stages of design and development, engineering,

production, customer use, service,

and disposal.

it

Product lifecycle*
processes are not
axplicitly defined.

Product lifecycle
processes are defined and
executed by humans, with

the support of analogue
tools.

Defined product lifecycle
processes are completed
by humans, with the
support of digital tools.

Digitised product lifecycle
processes and systems are
securely integrated across
all stages of the product
lifecycle.

Integrated product lifecycle
processes are automated,
with limited human
intervention.

Automated product
lifecycle processes are
actively analysing and

reacting to data.
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Processes along the product lifecycle
are managed and executed in silos,
based on informal or ad-hoc methods.

Processes along the product
lifecycle are managed and exscuted
in silos, based on a set of formally
defined instructions.

Processes along the product lifecycle
are managed and executed in silos,
by digital tools.

Digital tools and systemis that manage
the product lifecycle are formally linked
with each other. however, the exchange
of information along the product
lifecycle is predominantly managed
by humans.

Digital tools and systemis that manage
the product lifecycle are formally linked
with each other, and the exchange
of information along the product
lifecycle is predominantly executed by
computer-based systems.

Digital tools and systems deployed
for the management of the product
lifecycle are integrated from end to end,
with the processes being optimised
through insights generated from
analysis of data.
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Technology Building Block | Automation Pillar | Shop Fleor Automation Dimension

Shop Floor Automation is the application of technology to monitor, control and execute the
production and delivery of products and services, within the location where the production and
management of goods is camied out.

finit

Repetitive production®
and support processes®
are not automated.

Repetitive production
processes are partially
automated, with significant
human intervention.
Repetitive support
processes are not
automated.

Repetitive production
processes are automated,
with minimal human
intervention. Repetitive
support processes are not
automated.

Repetitive production
processes are fully
automated, with no human
intervention. Repetitive
Support processes are
partially automated, with
limited human intervention.

Automated production
processes are
reconfigurable through
plug-and-play automation.
Repetitive support
processes are partially
automated, with limited
human intervention.

Flexible production and
support processes are
converged with enterprise
and facility automation
platforms to form highly
autonomous networks.
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Production processes are executed
by humans.

Producticn processes are executed
by humans with the assistance of
equipment, machinery and computer-
based systems.

Production processes are
predominantly executed by equipment,
miachinery and computer-based
systems. Human intervention is
required to initiate and conclude each

process.

Production processes are fully
automated through the use of
equipment, machinery and computer-
based systems. Human intervention is
required for unplanned events.

Egquipment, machinery and computer-
baszed systems can be modified,
reconfigured, and re-tasked quickly
and easily when needed. Limited
human intervention is required for
unplanned events.

Equipmient, machinery, and computer-
based systems are flexible and formally
integrated with enterprise and facility
systemns, to allow for dynamic. cross-
domain interactions.
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Technology Building Block | Automation Pillar | Enterpnse Automation Dimension

Enterprise Automation is the application of technology to monitor, control and execute
processes, within the location where the administrative work is camied out. These processes
include, but are not limited to, sales and marketing, demand planning, procurement, and human
resource management and planning.

Definition

Enmterprise processes are
not automated.

Enterprise processes
are partially automated,
with significant human

intervention.

Enterprise processes are
automated, with minimal
human intervention.

Enmterprise processes are
fully automated, with no
human intervention.

Automated enterprise
processes are adaptable.

Flexible enterprise
processes are converged
with shop floor and
facility automation
platforms to form highly

autonomous networks.

EEnE

.

Enterprise processes are executed
by humans.

Enterprise processes are executed
by humans with the assistance of
computer-based systems.

Enterprise processes are predominanthy
executed by computer-based systems.
Human intervention is required to
initiate and conclude each process.

Enterprise processes are fully
automated through the use of
computer-based systems.
Human intervention is required
for unplanned events.

Computer-based systems can be
medified, reconfigured, and re-tasked
quickly and easily when neaded.
Limited human intervention is required
for unplanned events.

Computer-based systems are flexible
and formally integrated with those of
shop floor and facility systems to allow
for dynamic, cross-domain interactions.
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Technology Building Block | Automation Pillar | Facility Automation Dimension

Facility Automation is the application of technology to monitor, control and execute processes

within the physical building and/or premises where the production area is located. These
processes include but are not limited to the management of HYAC, chiller, security, and lighting

sysbems.

Facility processes are
not automated.

Facility processes are
partially automated,
with significamt human
intervention.

Facility processes are
automated, with minimal
human intervention.

Facility processes are fully
automated, with no human

intervention.

Automated facility
processes are adaptable.

Flexible facility
processes are converged
with shop floor and
enterprize automation
platforms to form highly
autonomous networks.

Facility processes are executed
by humans.

Facility processes are executed
by humans, with the assistance of
equipment, machimery and computer-
based systems.

Facility processes are predominanthy
executed by equipment, machinery
and computer-based systems. Human
intervention is required to initiate and
conclude each process.

Facility processes are fully automated
through the wtilisation of equipment,
machinery and computer-based
systems. Human intervention is
reguired for unplanned events.

Equipmient, machinery and computer-
based systems can be modified,
reconfigured, and re-tasked quickly
and easily when needed. Limited
human intervention is required for
unplanned events.

Equipmient, machinery and computer-
bazed systemis are flexible and formally
integrated with those of shop floor
and enterprise systems to allow for
dynamic, cross-domain interactions.
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Technology Buillding Block | Connectrvity Pillar | Shop Floor Connectivity Dimension

Shop Floor connectivity is the interconnection of equipment, machines and computer-based
systems, to enable communication and seamless data exchange, within the location where the
proeducticn and management of goods is camied out.

Definrtion

Production assets
and systems are not
connected.

Production assets and
systems are connected via
multiple communication
technologies
and protocols.

Connected production
assets and systems are
interoperable across
multiple communication
technologias
and protocols.

Interoperable
production assets and
systems are secure.

Interoperable production
assets and systems are
secure and capable of real-
time communication.

Interoperable production
assets and systems are
secure, capable of real-
time communication,
and scalable.
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.

Equipment, machinery and computer-
based systems are not able to interact
or exchange information.

There are formal network links that
will enable equipment, machinery and
computer-based systems to interact or
exchange information.

Equipment, machinery and computer-
based systems are able to interact
and exchange information without

significant restrictions.

There is a vigilant and resilient security
framework to protect the network of
interoperable equipment, machinery,

and computer-based systems from
undesired access and/or disruption.

Interoperable and secure network links
across different equipment, machinery
and computer-based systems are
able to interact or exchange
information as the information is
generated without delay.

Existing networks can be configurad
quickly and easily to accommodate
any modifications made to the existing
composition of equipment, machinery
and computer-based systems.
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Technology Building Block | Connectivity Pillar | Enterprise Connectivity Dimiension

Enterprise Connectivity is the interconnection of equipment, machines and computer-based
systems, to enable communication and seamless data exchange, within the location where the
administrative work is carried out.

Definition Description

Enterprise IT systems are Computer-based systems are not able

not connected. to interact or exchange information.
Enterprise IT systems
are connected via There are formal network links that will
multiple communication enable computer-based systams to
technologies interact or exchange information.
and protocols.
Enterprise IT systems
are interoperable across Computer-based systems are able to
multiple communication interact and exchange information
technologies without significant restriction.
and protocols.

There is a vigilant and resilient security
. framewaork to protect the network
Intt:mpaml;lr:rl‘:;ntm‘pnr:a T of interoperable computer-based
¥ : systems from undesired access
and/or disruption.

Interoperable and secure network

Iﬁ:mrafumn: links across the different t:nfmputar-

and t:q:ajble of reak time based systems are able to interact
B or exchange information as the

e information is generated, without delay.

Interoperable Enterprise Existing networks can be configured

IT systems are secure, quickly and easily to accommodate
capable of realtime any modifications made to the

communication, existing composition of computer-

and scalable. based systems.
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Technology Building Block | Connectivity Pillar | Facility Connectivity Dimension

Facility Connectivity is the interconnection of equipment, machines and computer-based
systems, to enable communication and seamless data exchange, within the physical building
and/for land plot where the production area iz located.

Definrtion

Facility assets and
systems are not
connected.

Facility assets and
systems are connected via
multiple communication
technologies
and protocols.

Facility assets
and systems are
interoperable across
multiple communication
technologies
and protocols.

Interoperable facility
assets and systems are
seCure.

Interoperable facility
assets and systems are
secure and capable of real-
time commumnication.

Interoperable facility
assets and systems are
secure, capable of real-

time communication,

and scalable.
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-

Equipment, machinery and systems
are not able to interact or exchange
information.

There are formal network links that
will enable equipment, machinery and
computer-based systems to interact or
exchange information.

Equipment, machinery and computer-
based systems are able to interact
and exchange information without

significant restrictions.

There is a vigilant and resilient security
framework to protect the network of
interoperable equipment, machinery,
and computer-based systems from
undesired access and/or disruption.

Interoperable and secura network links
across different equipment, machinery
and computer-based systems are able
to interact or exchange information as
the information is generated with delay.

Existing networks can be configured
quickly and easily to accommodate
any modifications made to the existing
composition of equipment, machinery
and computer-based systems.
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Technology Building Block | Intelligence Pillar | Shop Floor Intelligence Dimension

Shop Floor Intelligence is the processing and analysis of data to optimise existing processes
and create new applications, preducts, and services, within the location where the production
and management of goods is carried out.

Definition Description

OT and IT systems are

Mo electronic or digital devices
not in use.

are used.

OT and IT systems execute

Equipment, machinery and computer-
pre-programmed tasks and based systems are able to perform
processes. tasks based on pre-programmed logic.
. Equipmient, machinery and computer-
e T based systemns are able to notify
IT systems are able to L
i — operators of deviations from
predefined parameters.
Computerised OT and Equipmient, machinery and computer-
IT systems are able to based systems are able to notify
identify deviations and operators of deviations, and provide
diagnose potential causes. information on the possible causes.
Computerised OT and Equipmient, machinery and computer-
IT systems are able to based systems are able to predict
diagnose problems and and notify operators of potential
predict future states of

deviations, and provide information
ascets and systems. on the possible causes.

Ern;ﬂyzl::r:iﬂ:ﬁ Equipment, machinery and computer-
diaanose problem based systems are able to predict and
pmdt:ﬁ.rt pr:tat E‘nd diagnose potential deviations, and
E"t' ml == A independently execute decisions
d::;g:gg adapt to optimise performance and
T resource efficiency.
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Technology Building Block | Intelligence Pillar | Enterpnse Intelligence Dimension

Enterprise Intelligence is the processing and analysis of data to optimise existing administrative

processes and create new applications, products and services.

Definition

Enterprise systems are
not inuse.

Enterprise IT systems
execute pre-programmed
tacks and processes.

Enterprise IT systemns are
able to identify deviations.

Enterprise IT systems are
able to identify deviations
and diagnose potential

Ccauses.

Enterprise IT systems are
able to diagnose problems
and predict future states of

assets and systems.

Enterprise IT systems are
able to diagnose problems,
predict future states,
and autonomously
execute decisions to

adapt to changes.
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Description

Mo electronic or digital devices
are used.

Enterprize computer-based systems
perform tasks based on pre-
programmed legic.

Enterprise computer-based systems
are able to notify relevant personnel of
deviations from predefined parameters.

Enterprise computer-based systems
are able to notify relevant personnel of
deviations, and provide information on

the possible causes.

Enterprise computer-based systems
are able to predict and notify relevant
personnel of potential deviations,
and provide information on the
possible causes.

Enterprise computer-based systems are
able to predict and diagnose potential
deviations, and independently execute
decisions to optimise performance and

resource efficiency.
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Technology Building Block | Inteligence Pillar | Facility Intelligence limension

Facility Intelligence is the processing and analysis of data to optimise existing processes and
create new applications, products and services, within the physical building and premises where

the production area is located.

Definition

not imuse.

processes.

Computerised OT and
IT systems are able to
identify deviations.

Computerised OT and
IT systams are able to
identify deviations and

Computerised OT and
IT systams are able to
diagnose problems and
predict future states of

assets and systems.

Computerised OT and
IT systems are able to
diagnose problems,
predict future states, and
autonomously execute
decisions to adapt

to changes.
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OT and IT systems are

diagnose potential causes.

Mo electronic or digital devices
are used.

0T and IT systems execute Equipment, machinery and computer-
pre-programmed tasks and

based systems perform tasks based on
pre-programmied logic.

Eguipmient, machinery and computer-
based systems are able to notify
relevant personnel of deviations from
predefined parameters.

Equipmient, machinery and computer-
based systems are able to notify
relevant personnel of deviations,

and provide information on possible

causes.

Equipment, machinery and computer-
based systems are able to predict and
notify relevant personnel of potential
deviations, and provide information on
the possible causes.

Equipmient, machinery and computer-
based systems are able to predict and
diagnose potential deviations, and
independently execute decisions to
optimise performance and resource

efficiency.
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Organisation Building Block | Talent Readmness Pillar | Workforce Learning & Development
Dimension

Workforce Leaming & Development ("LED") is a system of processes and programmes
that aims to develop the workforce's capabilities, skills and competencies to achieve
organisational excellance.

initi B
Informal mentorship and
apprenticeship are the There is no formal LED curriculum to
predominant modes of on-board and train the workforce.
workforee L&D

Formally designed

. N There is a formal LED curriculum with
training curriculum for

clear commencement and conclusion

e e e scope LD s ied
; LED. skills acquisition.
Structured LED
programmes are designed There is a structured L&D curriculum
to run on an ongoing basis, that adopts an approach of continuous
to enable the ongoing leaming, to enable the constant
enhancement and/or learning, re-leaming, and improvement
expansion of employess’ of new and existing skills.
skillsets.

Continuous LED
programmes are There is a continuous L&D curriculum
formally aligned with the that is integrated with organisational
organisation’s business objectives, talent attraction, and career
needs and human development pathways.
resources (HR) functions.

Integrated LED
e Formal feedback channels are in place

ﬁ:mjﬁ:j::d o allo_w_in‘tegm‘tad LED programmes
. . to be jointly curated and updated by
e empl s, HR, and business teams
stakeholders through e ’
feedback loops.
Active efforts are made to
identify and incorporate There are proactive steps to
innovative LED practices incorporate requirements for future
and training for future skillsets and novel L&D methodologies
skillsets into the adaptive into existing LED programmes.
LED programmes.
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Organisation Building Elock | Talent Readiness Pillar | Leadership Competency Dimension

Leadership Competency refers to the readiness of the management core to leverage the latest
trends and technologies for the continued relevance and competitiveness of the organisation.

Definition

Management is unfamiliar
with the most recent
trends and technologies.

Management has some
awareness, through ad
hoc channels, of the
most recent trends and
technologies.

Management is well-
informed, through formal
channels and avenues, of

the most recent trends and
technologies.

Management is reliant
on external partners
to develop initiatives
that laverage on the

most recent trends and

technologies to improve
at least one area of the
organisation.

Management is able to,
with relative independance,
develop initiatives that
leverage on the latest
trends and technology to
improve more than one
area of the organization.

Management is able to
independently adapt
its erganisational
transformation framework
to changing trends and
technologies.
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Descrnption

Management is unacguainted with the
latest concepts that can enable the
next phase of advancement.

Management is partially familiar with
the latest concepts that can enable the
next phase of advancement.

Management is fully familiar with the
latest concepts that can enable the
next phase of advancement.

With external assistance, management

is able to apply the |atest concepts
to enable improvements in at least

Management is able to apply the latest
concepts to enable improvements
across multiple areas.

Management is able to augment its
improvement initiatives as the latest
concepts change or evolve over time.
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Organisation Building Block | Structure & Management Pillar |
Inter- and Intra- Company Collaboration Dimension

Inter- and Intra- Company Collaboration is the process of working together, through cross-
functional teams and with external partners, to achieve a shared vision and purpose.

finit

Communication and
information sharing across
teams happens on an
informal basis.

Formal channels
are established for
communication and
information sharing
across teams.

Formal channels are
established to allow
teams to work together on
discrete/one-off tasks and
projects.

Teams are empowered
by the organisation to
make adjustments that
will facilitate cooperation
on discrete tasks and
projects.

Teams are empowered by
the organisation to share
resources on both discrete
and longer-term tasks
and projects.

Formal channels are
established to enable
dynamically forming teams
to work on cross-functional
projects with shared goals.
resources and KPls.
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Teams generally work in silos.
Communication and collaborations
happen en a casual, ad hoc basis.

Teams are provided with formal
avenues to exchange information.

Teams are provided with formal
avenues to interact and work on
discrete tasks and projects together.

Teams have the mandate to alter
or adjust certain obligations and
responsibilities, to reduce the
barriers for cooperation on joint
tasks and projects.

Teams have the mandate to commit
resources to both discrete and
lenger-term tasks and projects.

Risks, responsibilities, and rewards
are partially shared.

Teams can be formed with flexibility
and agility to address problem
statements as they arise. Risks,
responsibilities, and rewards are
predominantly shared.
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Strategy & Governance is the design and execution of a plan of action to achieve a set of long-term
goals. It includes identifying priorities, formulating a roadmap, and developing a system of rules,

practices and processes to translate a vision into business value.

Transformation towards a
Factory/FPlant-of-the-Future
is not present in any part of
the organisation strategy.
Transformation towards
a Factory/Plant-of-the-
Future has been formally
identified as a business
strategy at the corporate or
business level.

Transformation initiative
towards a Factory/Flant-
of-the-Future is being
developed or has
been developed by a
dedicated team.

Transformation initiative
towards a Factory/Plant-
of-the-Future has been
formally implemented in
least one functional area.

Transformation initiative
towards a Factory/Flant-
of-the-Future is expanded
to include more than one
functional area.

Transformation initiative
towards a Factory/Plant-of-
the-Future is refreshed and

updated dynamically.
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Intentions to establizh a Factory/
Plant-of-the-Future are not identified
as a strategic focus in the company’s
current or future plans.

Intentions to establish a Factory/Plant-
of-the-Future have been identified as
a strategic focus in the company's
current or future plans.

A long-term strategy and governance
model to establish a Factory/Plant-of-
the-Future is being developed or has

The long-term strategy and governance
maodel to establish a Factory/Plant-of-
theFuture has been put into action.

The long-term strategy and governance

model to establish a Factory/Plant-of-

the-Future is scaled up to include other
secondary areas.

The long-term strategy and governance
model to establish a Factory/Plant-of-
the-Future is constantly reviewed and
dynamically refreshed to account for

the latest advancements in technology,

business philosophy, and practices.
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Piiloha C - vysledek testu IMPULS

IMPULS st 0. Readiness Check

18.05.2022 12:50

Evaluation of Industry 4.0 Readiness Check

Thank you for taking the fime fo complete the VDMA Industry 4.0 Readiness Check. Your results and your
comparison group are cuflined below. We also highlight specific measures you can take to improve and expand
your Industry 4.0 readiness.

Overall evaluation
Wour company is ranked at level 2 in the overall evaluafion.

Vour readiness scores in the six dimensions of Industry 4.0 are as
follows:

» Strategy and organization: Level 2

» Smart factory: Level 2

# Smart operations: Level 2 m
® Smart products: Level 1

» Datadriven services: Level 3

* Employees: Level 2

Owerall (weighted): 1.855 in keeping with level 2

The six dimensions are evaluated according to the numbers from the IMPULS study and are weighted as follows:
Strategy and onganization: 0254, Smart factory: 0. 143, Smart operations: 0.102, Smart products: 0.185, Data-
driven services: 0.138, Employees: 0179
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IMPULS cusine 40-Resdinse-Chack

108.05.2022 12:50

Detailed evaluation and action items

Continue to see detailed results and the next steps you should take to reach a higher level of Industry 4.0
readiness:

Comparison group "Manufacturing”™, Number of employees "Up to 39 employees™

Owverall comparison

‘four company has reached in the cverall

u‘;smlr--:;n-n;'--;-J;-wz-%»";--vg-ﬂx] assessment level 2. In_‘four comparison _
et o - group, §.8% of companies also reached this
et 1 - level (see chart).
i z e
[T [T
Wl 4|2
bl 2
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l M P U L S Industrie 4. 0-Readiness-Check

18.05.2022 12:50

Strategy and organization

‘four company has reached in dimension

Servoany ared mrpani ration Marwslactaring, Forshwr ol arvpbw e “Up 2 38 arpl open (%) Strategy and organization level 2. In your
9 N W W oM W @ W @ W W . )

et - N - - comparison group, 8.5% of companies also
reached this level (see chart).

Ey e { )

i z [l

ket 2 [l 44

el 4 i

el 30

‘fou can take the following actions to improve your readiness in this dimension:

Industry 4.0 is already being implemented in deparimental pilot initiatives, but the strategic relevance is lacking.
Develop a viable Industry 4.0 strategy.

‘four company does not yet have any indicators in place to measure your Industry 4.0 implementation status. The
next step is to introduce a system of indicators to further implement Industry 4.0 in your company.

‘fou are ready for Industry 4.0 when it comes to your investment budget. You are investing in Industry 4.0 in at
least five areas, which means you are providing important financial resources to successfully implement Industry

4.0. You have maximized your potential in this area.

fou have a technology and inmovation management system in one area. To increase your Industry 4.0 readiness,
you should gradually introduce it in other areas with the goal of integrating all areas.
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Smart factory
‘four company has reached in dimension
Serart Factary = ks of e gl Up o ¥ I Smart factory level 2. In your comparison
0 W W & B @ M B W .
et o N - - group, 10.1% of companies also reached
et 1 [ 2 this level (see chart).
i z [
[E T
kel 400
w30

You can take the following actions to improve your readiness in this dimension:
Look into the potential of integrating your current systems into your T infrastructure and take this factor into
account when purchasing new systems. It may also be advisable to check whether your current systems can be

upgraded.

Evaluate the potential of your processes with an adaptation of compatible machinery and systems. Also evaluate
the option of additional upgrades.

Look into how you can profit from an evaluation of the data you collect. Options include research or partnership
projects. Alsa check to see whether you can gather additional data and what technology this requires.

Check the extent to which the data already collected can be linked in order to obtain new information from the
interrelationships. Research projects may provide an incentive here. Also examine the extent to which the data
collection can be further automated.

Quantify the benefit of the data collection and run CIP activities.

Check whether more interfaces can optimize your order processing by linking systems. Also check which systems
can accelerate your order processing.
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18.05.2022 12:50

Smart operations

‘Vour company has reached in dimension
St s prate s torsbear of Upkn I Smart cperations level 2. In your comparson
0 M W & B M B W W .
et o N - group, 36.1% of companies also reached
et 1 [l 2 this lewvel (see chart).
et 2 [l
b= 40
bl 300

You can take the following actions to improve your readiness in this dimension:

Informaticon sharing is still limited o just a few depariments. Run an analysis to determine where bottlenecks exist
between systems and where potential can be leveraged by integrating information sharing into the system. This

can take the form of a cost-benefit analysis of the solution to be implemented, for example. Also, analyze whether
potential can be leveraged by integrating external information sharing with customers or suppliers into the system.

Your company does not yet have any use case in which the workpiece guides itself autonomously through
production. Run an analysis of your production to determine where it makes sense to intreduce autonomous
control. Partnering with other companies or sharing knowledge with research institutions can help you make

progress quickly.

Your company does not yet have any use case in which processes react autonomously to changes. Run an
analysis of your preduction to determine where it makes sense for processes to react autonomously to changes.

You are cumently planning to implement or are already implementing IT security sclutions. Define the areas in
which IT security solutions are needed.

You are not currently using amy cloud-based data analytics, cloud computing. or cloud-based software. Run an
analysis to determine where you can leverage more potential by using cloud technologies.
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Smart products
‘Your company has reached in dimension
St predaca 2" Hamkar o wepbepe Upe T I Smart products level 1. In your comparison
0w W W @ B @ W B W M . .
et - - group, 6.9% of companies also reached this
et 1 [l lewel (see chart).
et 2 54
ket 3 i1
Wl 4 |17
[T [

‘You can take the following actions to improve your readiness in this dimension:
Products in your company currently offer initial ICT add-on functionalities such as product memaory, self-reporting,

integration, localization, assistance systems, monitoring, object information, or automatic identification. To achisve
greater Imdustry 4.0 readiness, it's important to gradually expand the add-on functionalities of your products.
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