FORUM
MANAZERA

ISSN 1339-9403 CiSLO 1/2025

DIGITAL

TRANSFORMATION
©% (10000000000000000 ) 199%

T -
i informatiomtechnolos
publicatign trends . 9y

@ researgh area
cnal:onme'cncs R blockchaingchnology
bibliometric agalysis of sesea - /
A VOSwewer ° y neuralvtwork y
collaborative networks \ b ; maclw‘#rnlng
research field
< | naturaj,languwe processing

bibliometnix package ®
biblion /S "
‘ I O w y‘s data amalytics
- - €

hain management . : -
supplygchain < P cience Core Collectlon 4
busipess a2 d 3 8 s i -

ystematicfliterature review

e

constgliction

w

] (>

to@m “impact factor
sustainable tourism CO-CiT‘atIOﬂ

is

'86-author Ip network

information science

& Bradford's law




Obsah

13

25

FORUM MANAZERA 1/2025
ISSN 1339-9403

UROVEN PRIPRAVENOSTI VYROBNYCH PODNIKOV NA SLOVENSKU NA DIGITALNU
TRANSFORMACIU

READINESS LEVEL OF MANUFACTURING ENTERPRISES IN SLOVAKIA TO DIGITAL
TRANSFORMATION

Adriana LEHUTOVA, Miroslava MLKVA

BIBLIOMETRIC ANALYSIS OF THE DEVELOPMENT OF RESEARCH IN THE FIELD OF
INTEGRATED MANAGEMENT SYSTEMS

Augustin STARECEK, Jana MESAROSOVA, Martin HIRTL

TRENDY, PRiNOSY, A REGULACNY RAMEC UMELEJ INTELIGENCIE V
PRIEMYSELNEJ VYROBE A LOGISTIKE

TRENDS, BENEFITS, AND REGULATORY FRAMEWORKS OF ARTIFICIAL
INTELLIGENCE IN INDUSTRIAL MANUFACTURING AND LOGISTICS

Tomas SULYOK, Helena MAKYSOVA




Vazeni Citatelia,

vitajte pri dalSom vydani nasho Casopisu, ktoré je tentokrat venované téme, ktora dnes
rezonuje naprie€¢ celym priemyslom — transformacii a inovaciam. V Case, ked sa tempo
technologického pokroku neustale zrychluje, je kluCové nielen sledovat, ale aj aktivne
formovat nasu buducnost.

Prave preto sme pre vas pripravili prispevky, ktoré sa venuju najaktualnej§im vyzvam a
prilezitostiam.

V prvom prispevku, ktory sa zaobera témou digitalnej transformacie, sa pozrieme na to, ako
mozu spolocnosti efektivne prejst z tradinych modelov k modernym, digitalne prepojenym
procesom. Rozoberieme kluCové prvky Industry X.0 a povieme si, pre€o je pripravenost
podnikov a kompetencie zamestnancov alfou a omegou uspechu.

Dali prispevok prina$a vedecky pohlad na integrované manazérske systémy z pohladu
bibliometrickej analyzy. Zistite, ako sa svet meni pod vplyvom ISO noriem a ako sa v nich
odraza rastuci doéraz na udrzatelnost. Tento prispevok poskytuje komplexny prehfad o tom,
ako su certifikacie nielen formalnym, ale aj strategickym nastrojom pre dosahovanie
dihodobych cielov.

Na zaver sa ponorime do sveta umelej inteligencie, ktora uz davno nie je len sci-fi. Skimame
jej adopciu v priemyselnej vyrobe a logistike a prindaSame pohlad na to, ako Al meni tradicné
procesy. Zarovefi sa venujeme aj otazke regulacného ramca, ktory je nevyhnutny pre
zodpovedné a etické nasadenie tychto prelomovych technoldgii.

Verim, Ze toto vydanie vas inSpiruje a poskytne vam cenné informécie, ktoré vam pomdzu
orientovat sa v dynamickom svete inovacii.

Prajeme vam prijemné Citanie.

Trnava, september 2025

doc. Ing. Miroslava Mikva, PhD.

Ustav priemyselného inZinierstva a manazmentu
Materialovotechnologicka fakulta so sidlom v Trnave
Slovenska technicka univerzita v Bratislave
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UROVEN PRIPRAVENOSTI STREDNYCH A VELKYCH VYROBNYCH PODNIKOV
NA SLOVENSKU NA DIGITALNU TRANSFORMACIU

READINESS LEVEL OF MEDIUM-SIZED AND LARGE MANUFACTURING
ENTERPRISES IN SLOVAKIA TO DIGITAL TRANSFORMATION

Adriana LEHUTOVA, Miroslava MLKVA

ABSTRAKT

Dynamicky rozvoj technoldgii, automatizacia a digitalizacia zasadne menia charakter prace
a spdésob riadenia podnikov. Koncept Industry 4.0 predstavuje novu etapu priemyselného
vyvoja, ktora so sebou prinasa nielen inovativne vyrobné postupy, ale aj potrebu transformacie
kompetencii zamestnancov naprie¢ vsetkymi droviiami riadenia, ¢o umoZni podnikom
efektivnejSie riadit procesy a zvysSovat konkurencieschopnost. V prostredi rastucej
nepredvidatelnosti trhu prace sa zvysuje tlak na adaptabilitu, digitalne zru¢nosti a schopnost’
chapat technologické zmeny v SirSom kontexte. Qsobitna pozornost patri liniovym
manazerom, ktori su zodpovedni za implementaciu strategickych rozhodnuti do praxe
a zohravaju klucovu ulohu pri prepajani technologickej transformacie s kazdodennym
vykonom a kultarou podniku. Pre uspe$nu digitalnu transformaciu nestaci len zavadzat
technoldgie, ale je potrebné pochopit bariéry, ktoré tento proces spomaluju a pochopit aj
realnu pripravenost podnikov na zmeny. Na Slovensku je téma Industry 4.0 mimoriadne
aktualna, kedZe vyrobné podniky Celia rastucemu tlaku globalizacie, poZiadavkam trhu aj
nedostatku pracovnej sily. Cielom prispevku je zhodnotit aktualnu uroveri pripravenosti
slovenskych vyrobnych podnikov na digitalnu transformaciu, identifikovat’ najvacsie bariéry
tohto procesu a zistit, ktoré technologie Industry st v podnikoch zname a vyuZivane.

KLUCOVE SLOVA: digitalna transformécia, Industry X.0, pripravenost, kompetencie

ABSTRACT

The dynamic evolution of technology, automation, and digitalization is fundamentally changing
the nature of work and enterprise management. The Industry 4.0 concept represents a new
stage in industrial development, bringing with it not only innovative production processes, but
also the need to transform employee competencies across all levels of management, enabling
enterprises to manage processes more efficiently and increase competitiveness. In an
environment of growing labour market unpredictability, there is increasing pressure on
adaptability, digital skills, and the ability to understand technological changes in a broader
context. Particular attention should be paid to line managers, who are responsible for
implementing strategic decisions in practice and play a key role in linking technological
transformation with day-to-day operations and organizational culture. For a successful digital
transformation, it is not enough to simply introduce technology; it is also necessary to
understand the barriers that slow down this process and the real readiness of enterprises for
change. In Slovakia, the topic of Industry 4.0 is particularly relevant, as manufacturing
enterprises face increasing pressure from globalization, market requirements, and labour
shortages. The aim of this paper is to assess the current level of readiness of Slovak
manufacturing enterprises for digital transformation, identify the biggest barriers to this
process, and determine which Industry 4.0 technologies are recognized and applied in
enterprises.

KEY WORDS: digital transformation, Industry X.0, readiness, competencies
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Priemysel preSiel v historii viacerymi revoliciami, ktoré vzdy priniesli zasadné
technologické zmeny. Aj ked sa vo svete objavuju pojmy Industry 5.0 i 6.0, Slovensko v
implementacii automatizacie a digitalizacie vyrazne zaostava, najmd pre nedostatok
odbornikov a slabsiu schopnost podnikov financovat inovacie (INDUSTRY4UM, 2020).

V sucasnosti sa slovensky priemysel nachadza v Stvrtej priemyselnej revolucii —
Industry 4.0, charakterizovanej rastucou automatizaciou a vyuzivanim inteligentnych
technoldgii, strojov a tovarni (IBM, 2022). Tieto prvky umozriuju efektivnejSiu a produktivnejSiu
vyrobu, €o potvrdzuje revoluény charakter zmeny (INDUSTRY 4.0, 2022). Do vyrobnych
procesov sa ¢oraz viac integruju technoldgie ako priemyselny internet veci, Cloud Computing,
Big Data ¢i umela inteligencia, ktoré menia spésob vyroby, distribucie aj zlepSovania produktov
a sluzieb (Patro, 2018; SAP, 2022).

Kla€om su inteligentné tovarne (Smart Factories), kde ludia, stroje a produkty
navzajom komunikuju, ¢im sa zvySuje efektivnost, zniZzuju naklady a ziskava sa moznost
pruzne reagovat na zmeny trhu (IBM, 2022; INDUSTRY 4.0, 2022). Udaje z vyrobnych
procesov umoznuju prediktivnu adrzbu, sebaoptimalizaciu a celkové zlepSovanie efektivity
(SAP, 2022).

Nadvazujucou etapou je Industry 5.0, ktory stavia na technologickych pilieroch
Industry 4.0, no dopina ich o principy humanizacie, udrzatelnosti a odolnosti. Clovek je tu
chapany ako tvorca hodndt a partner inteligentnych strojov (Maddikunta a kol., 2021).
Humanizaciou je teda zd6raznena fyzicka a psychicka pohoda zamestnancov, rozvoj kreativity
a udrzatefnostou je pozdvihnuta spoloenska zodpovednost a environmentalne ciele
(Zolotova, Kajati, Poms$ar, 2021; Ivanov, 2023). Socialna udrzatelnost sa dosahuje
prostrednictvom rekvalifikacie, personalizacie prace a zlepSovania bezpecnosti a spokojnosti
na pracovisku (Leon, 2023). Tento koncept teda rozSiruje technologicku perspektivu o déraz
na prosperitu ¢loveka a spolo¢nosti (Alves a kol., 2023).

Dalsi predpokladany krok — Industry 6.0 — predstavuje integraciu Industry 4.0 a 5.0 s
inovativnymi technoldgiami a myslienkou eSte uzsej symbidzy Cloveka a strojov. Predpoklada
sa jeho nastup v horizonte 10-15 rokov (Chourasia a kol., 2022). Zakladom budu kvantova
vypoctova technika, roz8irena a virtualna realita, pokrocCila robotika, biotechnoldgie,
nanotechnoldgie &i viacrozmerna tla¢ (Medium, 2024). Industry 6.0 by mal priniest’ antifragilnu
vyrobu, dynamické dodavatelské retazce a prechod k modelu, kde ¢lovek nebude len
pouzivatelom, ale priamym riadiacim prvkom v interakcii so strojmi (Chourasia a kol., 2022).

Vyvoj od Industry 4.0 k Industry 6.0 tak ukazuje posun od automatizacie a
digitalizacie, cez humanizaciu a udrzatelnost’, az po symbiézu ludskej inteligencie a
vypoctovej sily strojov. Tento trend naznacuje, ze buducnost priemyslu nebude zalozena
len na technoldgiach, ale aj na rovnovahe medzi technickym pokrokom, fudskymi hodnotami
a environmentalnou zodpovednostou.

Koncept Industry X.0

Pojem Industry X.0 zaviedla spolo¢nost’ Accenture a prvykrat bol spomenuty v roku
2011 v Hannoveri v suvislosti s Industry 4.0 (Marzano, Martinovs, 2020). Nejde o
dezinterpretaciu konceptu Industry 4.0, ale o reakciu na fakt, Ze digitalne technoldgie
napreduju takym tempom, Ze jednotlivé technologické stupne priemyselnych revolucii
nemozno urcit na dlh&i ¢asovy horizont. To, €o je dnes 4.0, sa rychlo posuva na 5.0, 6.0 a
dalej (IoT Tech Expo, 2020).
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Industry X.0 preto zd6razriuje potrebu neustaleho prehodnocovania a obnovovania
digitalnych ramcov, aby podniky dokazali vyuzivat vyhody rychleho technologického
pokroku. Organizacie musia byt agilné, flexibilné a schopné prisp6sobovat sa novym
technolégiam, poziadavkam i zmenam na trhu prace, namiesto pevne stanovenych planov
digitalizacie (Gallab, Di Nardo, 2023).
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Obrazok 1: Koncept Industry X.0 (viastné spracovanie, 2025)

Vyvoj ukazuje, Ze priemyselné revolucie sa zrychluju — od prvej po tretiu trval prechod
takmer 200 rokov, no z tretej na Stvrtu uz len 42 rokov. Industry 4.0 priniesol déraz na
produktivitu a hromadnu vyrobu s podporou digitalnych technolégii, zatial ¢o Industry 5.0
posilfiuje spolupracu ¢loveka a stroja (Maddikunta a kol., 2021).

Koncept Industry X.0 tak predstavuje zastreSujuci ramec pre dynamicky sa meniace
technologické stupne. Nejde len o inovacie vo vyrobnych procesoch — zasadné zmeny
nastavaju aj v oblasti ludského kapitalu. Transformuju sa pracovné pozicie, vznikaju nové
profesie a menia sa pozadované kompetencie zamestnancov. Podniky preto musia pruzne
reagovat, investovat do rozvoja kompetencii a pripravit zamestnancov na nové vyzvy
digitalnej transformacie.

METODOLOGIA VYSKUMU

Analyza su€asného stavu pripravenosti vyrobnych podnikov na Slovensku na digitalnu
transformaciu bola realizovana formou dotaznikového prieskumu. Jeho cielom bolo zistit
uroven informovanosti o koncepte Industry 4.0/X.0, identifikovat stav implementécie
digitalnych technoldégii a poukazat na bariéry, ktoré podniky vnimaju. Zaroven boli sledované
dopady Industry X.0 na zamestnancov a poziadavky na ich kompetencie.

Vyskumnu vzorku tvorilo 308 oslovenych priemyselnych podnikov réznych
velkostnych kategérii na Slovensku. Navratnost dosiahla15 %, Co predstavuje 45
vyplnenych dotaznikov. Zber udajov prebiehal elektronicky od maja do polovice jula 2025.

Dotaznik obsahoval 33 uzatvorenych otazok rozdelenych do piatich Casti:
identifikacné charakteristiky respondentov,

uroven poznania konceptov Industry 4.0 a Industry X.0,

stav implementacie Industry X.0 v podnikoch,

poziadavky na kompetencie zamestnancov a vplyv digitalnej transformacie na ich
kvalifikaciu,

komparativna analyza kompetencii.

PO~
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Limitaciou vyskumu mézZe byt nedostatocné pochopenie konceptu Industry X.0 zo
strany respondentov, ¢o mohlo viest k odpovediam, ktoré neodzrkadluju skutkovy stav v tom
ktorom podniku.

Dotaznikového prieskumu sa zucastnilo 64% velkych podnikov (29
respondentov), 29% strednych podnikov (13 respondentov), 4% malych podnikov (2
respondenti) a 2% mikro podnikov (1 respondent).

Z hladiska odvetvia pOsobilo najviac podnikov v automobilovom priemysle (40%; 18
respondentov), nasledoval strojarsky priemysel (18%; 8 respondentov) a elektrotechnicky
priemysel (16%; 7 respondentov). Pat respondentov uviedlo kategoriu ,iné*, pri¢om tri podniky
pdsobia v oblasti energetiky, jeden v stavebnictve a jeden vo viacerych odvetviach suéasne.

Pokial ide o pracovné pozicie, 40% respondentov (18) zastava funkcie v strednom
manazmente, 29% (13) v liniovom manazmente a 18% (8) v top manazmente. ZvySnych 13%
(6) uviedlo iné pracovné pozicie, napriklad procesni inzinieri, odborni referenti, technik v
prevadzke ¢&i pracovnik finanéného oddelenia.

VYSLEDKY VYSKUMU

Druha Cast dotaznikového prieskumu bola zamerana na Uroven poznania konceptov
Industry 4.0 a Industry X.0 a suvisiacich technoldgii. Vysledky ukazali, ze 84% respondentov
(38) pozna pojem Industry 4.0 velmi dobre az priemerne, zatial o koncept Industry X.0 je
medzi respondentmi menej znamy — az 36% (16) ho vobec nepozna a 47% (21) pozna len
CiastoCne.

7. Ktoré technoldgie z konceptov Industry poznate? (mbzZete vybrat viacero
moznosti)

100

0% M internet veci (IoT)
80 . I Umela inteligencia (Al) a strojové uéenie
739% Generativna Al (napr. ChatGPT, DALL-E)
Big Data a analytika
B Cloud computing
oz% I Edge computing
° Il 5G/pokrogilé siete

60 56 % 56 % Il Digitalne dvoj¢a
Blockchain
49 % Bl Roz3irena a virtulna realita (AR/VR)
a7 % 479 Robotika a automatizacia
42 % 2 % I Kolaborativne roboty (spolupraca ¢loveka so strojmi)

40 M Digitalne platformy a ekosystémy

36 % Technoldgie pre udrzatefnt wrobu

319 Il Kyberneticka bezpe&nost a digitalne identifikatory
20 16 9 |1' K
0

Obrazok 2: Grafické zobrazenie odpovedi na otazku ¢. 7 (vliastné spracovanie, 2025)

Percent




FORUM MANAZERA 1/2025
ISSN 1339-9403

NajdblezitejSie zistenie pre dalSi vyskum sa tykaznalosti konkrétnych
technoldgii Industry X.0. Len Sest’ technoldgii pozna viac ako polovica respondentov: robotiku
a automatizaciu (80%; 36 respondentov), Al (73%; 33 respondentov), generativnu Al (71%;
31 respondentov), kyberneticki bezpecnost (62%; 28 respondentov), kolaborativne roboty a
5G/pokrocilé siete (56%; 25 respondentov).

Naopak, technolégie kfucové pre datové toky a decentralizaciu procesov — ako Cloud
computing (49%; 22 respondentov), Edge computing (16%; 7 respondentov), Blockchain
(18%; 8 respondentov) Ci loT (42%; 19 respondentov) — su medzi respondentmi malo
zname. Big Data a analyza dat su poznané len u 31% respondentov (14), ¢o naznaluje
nedostato¢nu digitalnu vyspelost podnikov.

Celkovo tieto udaje indikuju, Ze vacsina slovenskych priemyselnych podnikov
zatial nevyuziva systémovo potencial digitalnych technoldgii a Ze rozvoj kompetencii v
oblasti datovej analytiky a interpretacie dat sa stava prioritou pre adaptaciu na Industry X.0.

9. Ako by ste ohodnotili pripravenost vasho podniku na Industry X.0?

50

44 %

40

33%

30

Percent

20

13%

9%

Vysoka Stredna Nizka Neviem posudit

Obrazok 3: Grafické zobrazenie odpovedi na otazku ¢. 9 (viastné spracovanie, 2025)

Respondenti hodnotili pripravenost’ svojich podnikov na implementaciu principov a
technik Industry X.0. Vysledky ukazuju, Ze 44% respondentov (20) povazuje pripravenost
podniku za strednu, €o naznaluje Ciastoéné povedomie o Industry X.0 alebo zacatu
transformaciu, no zaroven pravdepodobne chyba systematické zavadzanie technolégii. 33%
respondentov (15) oznadilo pripravenost’ za nizku, ¢o signalizuje, ze tretina podnikov nie je
pripravena ani na pociatocné kroky digitalizacie.
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Iba 13% respondentov (6) povazuje pripravenost podniku za vysoku, ¢o naznacuje, ze
aktivna implementacia technologii Industry X.0 je stale ojedinela. Nizka uroven pripravenosti
moze obmedzovat konkurencieschopnost’ slovenskych podnikov a mat
dlhodobé hospodarske, inovatné a socialne dobsledky. Respondenti, ktori nevedeli
pripravenost posudit, pravdepodobne reflektovali chybajuce stratégie, nedostato¢né zdielanie
informacii alebo nizku Uroven kompetencii zamestnancov.

14. Aké prekazky brania rychlejSej implementacii Industry X.0? (mbzete vybrat
viacero moznosti)

70
64 %

60
49 %

50 ’ Il Nedostatok financii

I Nedostatok kvalifikovanych zamestnancov
Nedostatoéné/chybajlice kompetencie sucasnych zamestnancov

40 Nejasna navratnost investicii

I Rezistencia zamestnancov— odpor vo&i zmene
L) L) o,
38%36 %36 % I Nedostato&né technické zazemie

M Iné (uvedte aké):

30

22 %
20 ‘
10 2%
0 I

Obrazok 4: Grafické zobrazenie odpovedi na otazku ¢. 14 (vlastné spracovanie, 2025)

Percent

Respondenti mali moznost’ oznacit' viacero prekazok, ktoré podfa nich brania podnikom
zavadzat principy a techniky Industry X.0. Vysledky ukazuju, Ze implementacia je brzdena
kombinaciou ekonomickych, technologickych a [fudskych bariér. NajCastejSie bol
spominany nedostatok financii (64%; 29 respondentov), ¢o potvrdzuju aj iné prieskumy
realizované na Slovensku.

Druhym najvyznamnejSim faktorom bol nedostatok kvalifikovanych zamestnancov
(49%; 22 respondentov), zatiafl ¢o nedostatok kompetencii sucasnych
zamestnancov uviedlo 22% respondentov (10). Tieto udaje naznacuju, ze podniky vnimaju
skor absenciu odbornikov na trhu prace v oblasti digitalizacie, IT alebo automatizacie, nez
nedostatky v kompetenciach existujucich zamestnancov. Skutocna uroven kompetencii
suCasnych zamestnancov méze byt rézna — CiastoCne prispbdsobena uz implementovanym
technolégiam Industry X.0 alebo nepostacujuca pre poziadavky novych procesov.
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Transformacia na Industry X.0 teda nie je len technologicka vyzva, ale komplexny
organizaény proces, ktory vyZaduje strategicky pristup, vzdelavanie a déslednu komunikaciu.
Namiesto pasivneho ¢akania na idealnych kandidatov z trhu prace by sa podniky mali sustredit
na rekvalifikaciu, rozvoj a rast svojich zamestnancov.

DISKUSIA

Vysledky realizovaného dotaznikového prieskumu poukazuju na pretrvavajucu nizku
uroven pripravenosti slovenskych priemyselnych podnikov na digitalnu transformaciu. Az dve
tretiny respondentov deklarovali, ze ich podniky nie su pripravené na zavadzanie principov a
technoldgii Industry X.0. Tento vysledok koreSponduje s poznatkami z medzinarodnych Studii
(napr. Roland Berger, 2022; PwC, 2023, WEF, 2025), ktoré opakovane poukazuju na
regionalne rozdiely v implementéacii digitalizaCnych stratégii, pricom stredna a vychodna
Eurdpa patri medzi oblasti s pomalSim tempom adaptacie. Nedostatocna pripravenost méze
predstavovat vyznamnu konkurenénu nevyhodu Slovenska, a to nielen v technologickej
oblasti, ale aj z pohladu udrzatelnosti a atraktivity pre zahrani¢nych investorov.

Identifikované bariéry implementacie Industry X.0 potvrdzuju, ze transformacia nie je
podmienena len technologickymi inovaciami, ale predovSetkym ekonomickymi a ludskymi
faktormi. Nedostatok finanénych zdrojov (64% respondentov) sa ukazuje ako klfu€ova
prekazka, ¢o suvisi so Strukturou slovenského priemyslu, kde dominuju subdodavatelské
podniky s nizSou pridanou hodnotou a obmedzenym kapitalom na inovacné projekty.
Nedostatok kvalifikovanych zamestnancov (49%) je dlhodobo reflektovanym problémom aj v
spravach Eurdépskej komisie (EK, 2024), ktora upozorfiuje na rastucu potrebu odbornikov v
oblasti automatizacie, digitalizacie a IT.

Zaujimavym zistenim je rozpor medzi vnimanim nedostatku kvalifikovanych
pracovnikov na trhu a hodnotenim kompetencii su€asnych zamestnancov. Len 22%
respondentov povaZuje kompetencie svojich pracovnikov za bariéru, o mdZze signalizovat, Ze
podniky potencial existujuceho ludského kapitalu bud nedostatoéne vyhodnocuju, alebo
nemaju zavedeny systematicky pristup k meraniu a rozvoju kompetencii. Tento rozpor je v
sulade so zavermi autorov Lasi et al. (2014) a Schumacher et al. (2019), ktori zd6razriuju, ze
uspech digitalnej transformacie je podmieneny nielen pritomnostou technolégii, ale aj
rozvojom organizacnych a fudskych zdrojov.

Dalsim slabym miestom je nizka priorita priradovana technickym kompetenciam, ako
su datova analytika (20%), orientacia na udrzatelnost (22%) a reporting (13%). Tieto oblasti
v8ak predstavuju zakladné predpoklady pre systematické rozhodovanie a prechod od
tradicnych vyrobnych procesov k inteligentnym, datovo riadenym systémom. Vyskum Deloitte
(2023) potvrdzuje, ze prave podniky, ktoré aktivne rozvijaju datové kompetencie, su
uspesnejsie pri implementacii Industry 4.0 rieSeni a dosahuju vysSiu pridand hodnotu vo
vyrobe.

Vysledky prieskumu mézu byt skreslené a nemusia byt platné pre vSetky vyrobné
podniky na Slovensku, kedZe vyskumna vzorka bola tvorena prevazne z velkych podnikov
(64%) v oblasti automobilového a strojarskeho priemysiu.

ZAVER

Vysledky realizovaného prieskumu poukazali na to, ze uroven pripravenosti
priemyselnych podnikov na Slovensku na zavadzanie principov a technolégii Industry X.0 je
relativne nizka. Vacésina respondentov deklarovala, ze ich podniky nie su dostatoCne
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pripravené na digitalnu transformaciu, o moze predstavovat zavaznu konkurenénu nevyhodu
v medzinarodnom prostredi. Tento fakt je o to alarmujucejsi, Ze v inych krajinach EU sa
podstatna Cast priemyslu uz posuva od zakladnej digitalizacie smerom k sofistikovanym
technolégiam zaloZzenym na datovej analytike, umelej inteligencii ¢i autonédmnych systémoch.
Pre Slovensko je vyzvou presunut sa od reaktivnhych, kratkodobych rieSeni k dihodobo
udrzatelnym stratégiam, ktoré zohladnia nielen technologicky, ale aj spolo€ensky a vzdelavaci
rozmer digitalizacie.

Na zaklade zisteni z prieskumu mozno odporucit, aby podniky neorientovali svoju
pozornost vyluéne na ziskavanie novych pracovnikov z trhu, ale aby aktivne pracovali s
existujucim ludskym kapitalom prostrednictvom rekvalifikécie, rozvoja a systematického
budovania kompetenénych profilov. Digitalna transformacia totiz nie je len otdzkou technoldgii,
ale predovsetkym ludi a ich schopnosti adaptovat sa na nové pracovné podmienky.

Dalsi vyskum by sa preto mal zamerat na detailnejsie porovnanie pozadovanych a
realnych kompetencii, a to najma u klucovej skupiny — liniovych manazérov. Ti zohravaju
zasadnu ulohu v procese riadenia zmien a ich schopnost viest timy, komunikovat,
systematicky mysliet a podporovat’ inovacie bude rozhodujuca pre uspech transformacie v
podmienkach Industry X.0.

Celkovo mozno kons&tatovat, Ze slovenské podniky stoja na zaciatku cesty k Industry
X.0. Ak ma byt tato cesta uspesna, nevyhnutna je nielen technologickd modernizacia, ale aj
investicia do fudi a do vzdelavania. Len prostrednictvom subezného rozvoja technolégii a
kompetencii bude mozné dosiahnut plnohodnotnd adaptaciu na digitalnu budidcnost a
zabezpecit konkurencieschopnost Slovenska v eurépskom i globalnom kontexte.
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BIBLIOMETRIC ANALYSIS OF THE DEVELOPMENT OF RESEARCH IN THE
FIELD OF INTEGRATED MANAGEMENT SYSTEMS

Augustin STARECEK, Jana MESAROSOVA, Martin HIRTL

Abstract: In connection with the growing importance of integrated management systems (IMS)
in business practice, the need for a systematic evaluation of their scientific treatment is
increasing. This manuscript addresses the identified research gap and presents a bibliometric
analysis of IMS publications based on Scopus data for the period 2000 — 2025. The main aim
is to analyse data from the Scopus scientific database and identify bibliometric relationships
as well as logical areas in which IMS are used within research and scientific projects. The
analysis was conducted using the PRISMA methodology and the VOSviewer visualization tool.
Results show a marked rise in interest in IMS within the scientific literature, with Western
European and North American countries exhibiting the highest publication activity. Based on a
keyword co-occurrence analysis, three main thematic areas were identified: integration of ISO
standards, IMS in the context of sustainability, and IMS in the Industry 4.0 environment. The
manuscript also offers recommendations for future research aimed at strengthening theoretical
and practical understanding of IMS in light of global challenges.

Keywords: bibliometric analysis, integrated management systems, ISO standards and
sustainability.

1 INTRODUCTION

Over recent decades, management systems have undergone dynamic development,
and an increasing number of organisations are integrating them into a unified framework an
integrated management system (IMS). An IMS represents a strategic approach to managing
quality, the environment, safety, and other areas through the harmonisation of requirements
from multiple standards. Despite the rising significance of IMS in business practice, scientific
knowledge about its application in research projects remains fragmented and limited. This
paper addresses the identified research gap namely, the shortage of bibliometric overviews
that systematically map the development and trends of IMS in the scientific literature. The aim
is to analyse publication outputs from the Scopus database and, through bibliometric methods,
identify the principal research areas, thematic clusters, and contributing countries.

2 THEORETICAL BACKGROUNDS

In today’s dynamic and highly competitive business environment, the ability of
companies to manage and continually improve their production processes effectively is crucial.
Traditionally, companies implemented management systems separately, a practice that
demanded significant resources because each system had to be documented, monitored, and
audited independently. Implementing an Integrated Management System (IMS) merges these
individual management systems into a single entity, reducing duplication across processes
and resulting in greater efficiency, consistency, and transparency.

2.1 INTEGRATED MANAGEMENT SYSTEMS AND THEIR PRINCIPLES

Specialist publications define Integrated Management Systems (IMS) and their
application as follows. IMS are designed to combine various management subsystems into a
coherent framework, thereby enhancing efficiency and effectiveness in meeting stakeholder
requirements (Dragomir et al., 2017; Garengo and Biazzo, 2013). The traditional approach of
implementing and managing separate management systems is increasingly being replaced by
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IMS, with the aim of aligning multiple management subsystems to international standards
(Domingues et al., 2012). The level of integration achieved by an IMS can vary significantly
across organisations and is influenced by the specific standards and models adopted
(Trierweiller et al., 2016). Implementing an IMS involves overcoming several challenges,
including employee resistance to change and the need for a clear strategy focused on linking
different management tools (Surkov et al., 2015). New methodologies for effective IMS
implementation—particularly for small and medium sized enterprises (SMEs)—are currently
being developed to facilitate the transition from traditional standards to an integrated approach
(Garengo and Biazzo, 2013; Trierweiller et al., 2016; Bravi and Murmura, 2022). Figure 1
illustrates how integrated management systems function within an organisation.

s N

[ IMS Policy |=>

~

J

| J/

Figure 1: IMS Policy (Own elaboration, 2025)

The starting point in Figure 1 is the IMS policy, which provides the fundamental
framework and represents top management’s commitment to fulfilling the requirements of
individual standards. It also sets the strategic direction for the entire management system in
use. Within an IMS, four key standards are most commonly integrated. These systems are
linked through common IMS processes that form its operational core, ensuring a unified
approach and synergy across the various management areas. Digitalisation and automation
of IMS now play a pivotal role, streamlining its administration, facilitating performance
monitoring, and increasing system flexibility (Francisco et al., 2024; Talapatra et al., 2019).

2.21SO STANDARDS AND THE BENEFITS OF INTEGRATION

Given rising regulatory and societal demands, the scope of International Organization
for Standardization (ISO) norms has expanded significantly—currently containing more than
24 000 standards across more than 30 topics (ISO, 2025). Integrated management systems
can therefore be configured in various ways, depending on an organisation’s needs. The most
commonly used systems are (Susanto et al., 2025; Zebek, 2021; Marrugo et al., 2024; Culot et
al., 2021):

— Quality Management System (QMS).

— Environmental Management System (EMS).

— Occupational Health and Safety Management System (OHSM)
— Information Security Management System (ISMS).

— Energy Management System (EnMS).

Organisations typically begin by implementing a QMS in accordance with ISO 9001,
which forms the foundation for further integration (Susanto et al., 2025). Additional areas, such
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as EMS (ISO 14001), OHSM (ISO 45001), or EnMS (ISO 50001) are then added. In the current
era of digitalisation, ISMS (ISO 27001) has also gained importance for protecting against
cyber-threats and supporting business continuity (Zebek, 2021; Marrugo et al., 2024; Culot et
al., 2021).
Key advantages of an IMS include:
— Process simplification and optimised resource use — greater competitiveness (Barbosa
et al., 2022).
— Reduced administrative burden and costs, as well as simplified management (Zeng et al.,
2011).
— Synergistic benefits of integration exceed those of standalone systems (Maier et al., 2013).
— More effective management of organisational sustainability and performance (Gianni et
al., 2017).

Implementing an IMS delivers measurable gains, particularly in efficiency, flexibility,
and an organisation’s ability to respond to changing market conditions and regulatory
requirements.

3 MATERIALS AND METHODS

The following section sets out the main research main aim and defines the research
questions (RQs). It then describes the methodology used to conduct the bibliometric analysis.

3.1 MAIN AIM AND RESEARCH QUESTIONS

The purpose of this manuscript is to present the results of a bibliometric analysis
focused on integrated management systems (IMS). Accordingly based on the mentioned, we
can define the main aim of the research.

Main Aim is to analyse data from the Scopus scientific database and identify
bibliometric relationships as well as logical areas in which IMS are employed within research
and scientific projects.

To address the identified research gap regarding the use of IMS in research and
research projects, three research questions were formulated:

1. RQ: What is the current state of publication of scientific studies and research-project results
in the field of IMS?

2. RQ: Which countries are the most frequently represented in IMS-related research and
projects, and which thematic areas do these studies most commonly include?

3. RQ: Which common thematic clusters can be identified in IMS-related scientific articles
based on qualitative content analysis?

The next subsection outlines the tools and methods employed in the study, followed by
a step-by-step description of the applied methodology.

3.2 METHODS AND METHODOLOGY USED

Several analytical tools and procedures were employed in this study. The core
intellectual approaches applied by the authors include analysis, synthesis, generalisation,
deduction, induction, and classification. Microsoft Excel and the specialised, open-source
software VOSviewer were also used. VOSviewer is a free tool developed at Leiden University
for creating and visualising bibliometric maps (van Eck & Waltman, 2010). It enables
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researchers to analyse and graphically display relationships among publications, authors,
keywords, and institutions, thereby helping to identify research trends and co-authorship
networks. Thanks to its capacity to process large datasets and generate clear visualisations,
VOSviewer has become one of the most widely used tools for systematic literature reviews
and bibliometric analyses (Martins et al., 2024; Rochman et al., 2024).

To improve the transparency of the analysed data, the authors adopted a modified
version of the scientific PRISMA methodology. The PRISMA (Preferred Reporting ltems for
Systematic Reviews and Meta-Analyses) framework is a standardised set of recommendations
for conducting systematic reviews and meta-analyses, aimed at enhancing the transparency,
clarity, and completeness of research studies (Moher et al., 2009). In 2020, PRISMA was
updated to reflect methodological advances and extend the original guidelines (Page et al.,
2021). PRISMA is widely applied across scientific disciplines to ensure the quality and
reproducibility of bibliometric and review studies (Tricco et al., 2018). Figure 2 presents the
seven-step workflow followed by the authors in this research.

1st step - Selection of database:
Scopus

2nd step - Determining the "all
fields": "IMS" and "Integrate
Management Systems"

3rd step - Selection of criteria for
research: "document”, "key words"
and "language"

4th setp - Selection of software:
VOSviewer: bibliometric network
analysis and mapping.

5th step - VOSviewer bibliometric
analysis: bibliometric coupling and
keyword co-ocurance.

6th step - Analysis and results:
VOSviewer: 3 clusters obtioned
(blue, red and green).

7th step - Analysis, Results and
Conclusions:

identification of key areas of IMS

Figure 2: Used methodology — bibliometric analysis and PRISMA (Own elaboration, 2025)

16



FORUM MANAZERA 1/2025
ISSN 1339-9403

4 RESULTS

The results section is divided into three parts, each addressing one of the predefined
research questions. To enhance clarity, multiple graphs are provided to visualise complex
relational patterns.

4.1 EVALUATION OF THE FIRST RESEARCH QUESTION

To answer RQ 1. What is the current state of publication of scientific studies and
research-project results in the field of IMS? — the authors analysed the two largest and most
widely used scientific databases, Scopus and Web of Science (WoS), covering the period 2000
— 2025. The primary search term employed was ,integrated management system” (IMS). The
findings are illustrated in Figure 3 below.
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Figure 3: The occurrence of manuscripts on the topic of IMS in the Scopus and WoS databases
(Own elaboration, 2025)

Figure 3 indicates that the Scopus database contains a larger number of IMS-related
manuscripts: 9 326 records over the past 25 years, compared with 3,306 records in WoS. As
outcomes indicated, Scopus holds nearly two-thirds more manuscripts than WoS. Another
notable finding is, that 2024 holds the highest annual increase in IMS publications in both
databases. For the purposes of the in-depth analysis, the authors developed a PRISMA flow
diagram (Figure 4) based solely on Scopus database.
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(n = 9640) are not of type "article" or
"con. paper" (n = 2210)
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eligpibility All documents that did not
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B (n=106)
© Reports of included studies
£ (n=87)

Figure 4: Application of PRISMA methodology using the Scopus database (Own elaboration, 2025)

The PRISMA methodology was applied to extract a smaller number of scientific studies
(manuscripts), which were subsequently used for analysing bibliometric relationships and
conducting a qualitative content analysis of selected manuscripts.

4.2 EVALUATION OF THE SECOND RESEARCH QUESTION
In evaluating the second research question, the authors focused on answering RQ 2:
Which countries are the most frequently represented in IMS-related research and projects, and

which thematic areas do these studies most commonly include?

The analysis was conducted using VOSviewer software. Results from the first part,
focused on the analysis of countries, are shown in Figure 5.
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Figure 5: Bibliographic coupling analysis with focus on countries (Own elaboration, 2025)

From Figure 5, it is clear that the displayed temporal diffusion (from 2016 to 2020) is
differentiated by colours ranging from purple to yellow. Countries represented by the colour
purple (2016) include the United States, United Kingdom, France, Germany, and Canada.
These countries have consistently published IMS-related research since 2016, forming a core
research cluster around which most peripheral countries connect. Conversely, countries
represented by the colour yellow (2020), whose IMS outputs were documented later in the
Scopus database, include India, Japan, and South Africa. Analysing the shape in the context
of globalisation, the map is nearly circular, indicating no significantly isolated continents.
However, connections remain thickest within Europe and between Europe and North America.
Asian countries (India, Japan, South Korea, Bangladesh, Israel, Mexico, Morocco) form
secondary connections, suggesting slight regional thematic variations (e.g., production-led
integration, safety in Industry 4.0, etc.). A densely interconnected Western European cluster
(Germany, France, the UK, Spain, Portugal) indicates common citation relationships rooted in
studies focused on ISO standards, Total Quality Management (TQM), and Sustainable
Development Goals (SDGs).

Furthermore, Figure 6 displays an analysis based on logical thematic clusters and
additional keywords from a set of 87 publications retrieved from the Scopus database. The
graph illustrates the results of a keyword co-occurrence analysis. This visualisation represents
a network of relationships among the most frequently occurring keywords within the field of
integrated management systems. Each node represents a specific keyword, with node size
corresponding to the frequency of its occurrence within the analysed dataset. The thickness of
lines connecting the nodes signifies the strength of the relationship, indicating how frequently
those keywords co-occur.
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Figure 6: Co-occurrence analysis focusing on all keywords (Own elaboration, 2025)

Figure 6 identifies three primary thematic clusters. Red Cluster contains terms such as
.integrated management system", ,sustainability”, ,,decision making", and ,integrated control".
This cluster highlights research focused on integrated approaches, sustainability and decision-
making processes within management systems. Green Cluster includes concepts like
,management systems", ,ISO", ,ISO 9001", ,ISO 14001", ,OHSAS 18001", ,integration",
»-quality management system" and ,standards". This cluster represents research related to the
implementation and integration of international quality standards, as well as environmental and
safety management. Blue Cluster centres around words such as ,management", ,risk
management", ,occupational health", ,total quality management", ,safety", ,environmental
management" and ,human". This cluster reflects a focus on occupational health and safety,
risk management and overall quality management. The map illustrates visually how the main
research topics in IMS interconnect, demonstrating how individual concepts complement each
other to form thematic groups. The keyword co-occurrence map clearly indicates that IMS
research is simultaneously standards-oriented, risk-oriented and strategically oriented, visually
capturing the interdependencies of major themes.

4.3 EVALUATION OF THE THIRD RESEARCH QUESTION

In evaluating the third research question, the authors focused on addressing RQ 3.:
Which common thematic clusters can be identified in IMS-related scientific articles based on
qualitative content analysis?

The results of the qualitative analysis are presented in Table 1.
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Table 1: Qualitative analysis of scientific contributions on the topic of IMS from the Scopus database
(Own elaboration, 2025)

Main Topics / Number
Group P of Description
Keywords
Reports
water, d_esallnatlon, Niche focus on IMS in water treatment and chemical
A mineral, 2 o . . o
Lo contamination environments. Clearly domain specific.
contamination
intza;;at\ggrgi?;t Broad and core IMS implementation issues, especially
B 9 ’ Y 29 related to quality, health, safety, environment (QHSE).
performance, Most articles in this cluster
environment '
integrated, risk,
c research, 23 Emphasis on sustainability, risk management,
sustainable, and strategic integration. Wider scope than cluster 1.
systems
manufacturing, IMS applied in manufacturing, with focus on modelling,
D modelling, CSR, 7 performance measurement, and corporate social
performance responsibility.
E security, healthcare, 8 Narrow domain: IMS in healthcare and information
tactical, network systems, including EDMS and cybersecurity aspects.
F maturity, food, 1 Focused on maturity models, food sector, and
integration model the instrumentation of integration (frameworks, levels).
ISO 14001, Standards-focused: IMS based on ISO 9001, 14001,
G OHSAS, ISO 9001, 20 18001, OHSAS. Methodologically strong and
IMS integration compliance oriented.
safety_, accident Specific studies on safety indicators, productivity,
H indicators, 6 . BN . .
- and accident metrics in industrial environments.
productivity

The evaluation of Table 1 indicates that scientific articles on IMS can be grouped into
eight logical clusters, confirming the existence of both common and specific thematic areas.
Group B, comprising 29 contributions, constitutes the core discussion of IMS, reflecting general
issues related to quality, health and safety and environmental management (QHSE). Groups
C and G extend this discussion by incorporating sustainability, risk management, and
normative frameworks such as ISO and OHSAS standards. Conversely, Groups A, E, F, and
H represent specialized areas, including water management, healthcare, food industry and
industrial safety indicators. These distinctions in focus, employed metrics, and application
areas underscore that although the articles share the common IMS framework, their thematic
focus and contributions are distinct and justify their categorization as unique scientific
contributions.

5 CONCLUSIONS

Based on the theoretical framework, it can be stated that the implementation of an
Integrated Management System (IMS) represents an effective approach to enhancing
organizational performance through the elimination of duplications, the simplification of
processes and the optimization of resource utilization. Although IMS implementation brings
several challenges, such as employee resistance or the need for strategic change
management, the synergistic benefits of integration significantly outweigh those of individual,
standalone systems. In the context of increasing digitalization and the expanding spectrum of
international ISO standards, IMS plays ever more important role in ensuring organizational
flexibility, sustainability, and long-term competitiveness.

The evaluation of the defined research questions demonstrated that IMS remains a
relevant and significant topic within academic research and research projects. Furthermore, it
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was shown, that IMS has been integrated into various research domains. Based on a
qualitative analysis of a dataset (87 manuscripts) from the Scopus database, eight thematic
logical clusters related to IMS implementation were identified. The largest cluster (29 articles)
focuses on general aspects of IMS in the areas of quality, health, safety, and environment
(QHSE). However, the remaining clusters highlight specific domains of IMS application, such
as healthcare, the food industry, water management and information systems. These thematic
groupings vary significantly in their applied methods, evaluation indicators, and application
areas, confirming their unique contributions.

Among the limitations of the research, is the fact, that the analysis was restricted solely
to data processed from the Scopus database. Another shortcoming is that the PRISMA
methodology was applied in a modified version, focusing on filtering the dataset according to
general criteria. A further limitation is that the qualitative analysis of the final set was conducted
based on abstracts rather than full manuscripts. As part of future research, the authors plan to
expand the analysis to include the Web of Science (WoS) database, as well as the domain of
robotics and collaborative robots.
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TRENDY, PRINOSY A REGULACN’Y RAMEC UMELEJ INTELIGENCIE V
PRIEMYSELNEJ VYROBE A LOGISTIKE

TRENDS, BENEFITS, AND REGULATORY FRAMEWORKS OF ARTIFICIAL
INTELLIGENCE IN INDUSTRIAL MANUFACTURING AND LOGISTICS

Tomas SULYOK, Helena MAKYSOVA

ABSTRAKT

Prispevok poskytuje vystup analyzy aktualnej vedeckej literatury a priemyselnych sprav o
zavadzani umelej inteligencie v oblasti priemyselnej vyroby a logistiky. Ponuka prehfad hlavnych
aplikacnych oblasti, trendov a bariér prijatia v obdobi rokov 2019 az 2024. Pozornost je venovana
technologickej pripravenosti, datovej infrastruktiare a regulacnym ramcom, vratane Aktu o umelej
inteligencii Eurépskej tnie. Zistenia poukazuju na obmedzent mieru integracie umelej inteligencie,
Casto obmedzenu na pilotné projekty. Medzi hlavné prekazky patria nedostatok odbornych kapacit,
financné obmedzenia a regulacna neistota. Prehlad identifikuje rozdiely v adopcii medzi podnikmi
réznej velkosti a sektora. Typickymi prikladmi aplikacie su prediktivna udrzba a detekcia anomalii.
Literarna reSer§ sumarizuje existujuce poznatky v Strukturovanej forme, vhodnej na orientaciu v
suc¢asnom stave vyskumu a praxe.

KLUCOVE SLOVA: umeld inteligencia, priemyselnd vyroba, logistika, adopcia technolégii,
regulacny rémec

ABSTRAKT

The paper presents the results of an analysis of current scientific literature and industrial reports
on the implementation of artificial intelligence in industrial production and logistics. It provides an
overview of key application areas, trends, and adoption barriers between 2019 and 2024. Attention
is devoted to technological readiness, data infrastructure, and regulatory frameworks, including the
European Union's Atrtificial Intelligence Act. The findings indicate a limited degree of Al integration,
often restricted to pilot projects. Major obstacles include a lack of expert capacity, financial
constraints, and regulatory uncertainty. The review identifies differences in adoption across
companies of varying sizes and sectors. Typical application examples include predictive
maintenance and anomaly detection. The literature review summarizes existing knowledge in a
structured form, suitable for orientation within the current state of research and practice.

KEYWORDS: artificial intelligence, industrial production, logistics, technology adoption, regulatory
framework

uvoD

Prispevok vychadza z kvalitativnej analyzy odbornych cClankov a podnikovych reportov
publikovanych v rokoch 2019-2024. Cielom je systematicky zhrnut aktualne trendy, praktické
aplikacie a hlavné vyzvy implementacie umelej inteligencie (Al) v priemyselnej vyrobe a
logistike. Analyza sa sustreduje na realne podmienky zavadzania Al v podnikoch, s dérazom
na faktory ovplyviiujuce uspesSnost integracie, vratane rozpocltovych a personalnych
obmedzeni, organizacnej kultury a legislativheho ramca - Akt o umelej inteligencii Eurépskej
unie (Al Act EU). Tato literarna reders:

e mapuje aktualne aplikacie Al v priemyselnej vyrobe a logistike,
o identifikuje hlavné vyzvy priemyselnej integracie Al,
« analyzuje vplyv Al Act EU a faktory ovplyviujice dal$iu adopciu Al v podnikoch.
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METODOLOGIA

ResSers bola realizovana v databazach SCOPUS, Web of Science a IEEE Xplore, doplnenych
o volne dostupné platformy Google a SciSpace. Hlavhym jazykom vyhladavania bola
angli¢tina. Pouzité boli klu¢ové vyrazy ako:

o (“Artificial Intelligence” OR “Al”) AND (“Manufacturing” OR “Logistics”) AND (“Predictive

Maintenance” OR “Industry 4.0”)

e intelligent systems in manufacturing

e data-driven optimization in logistics

e real-world automation use cases
ReSers a analyticky postup sumarizuje obrazok 1. Ziskané publikacie boli tematicky rozdelené
podla oblasti (napr. prediktivha udrzba, digitalne Skolenia) a porovnané medzi akademickymi
a aplikaénymi stadiami. Vyskumné otazky sa zameriavali na:

1. Praktické vyuzitie Al v priemyselnej vyrobe.

2. Vyzvy integracie Al do prevadzky.

3. Dopady regulagnych ramcov, vratane Al Act EU.

Vyber zdrojov sa riadil ich tematickou relevanciou a praktickou vypovednou hodnotou. Do
analyzy boli zaradené iba texty s dostupnymi datami a jasnym priemyselnym kontextom; zdroje
mimo tejto oblasti alebo bez moznosti overenia boli vyluéené. Tematicka analyza prebiehala
manualne pomocou induktivneho pristupu s cielom identifikovat opakujuce sa témy (napr.
prediktivna udrzba, logisticka optimalizacia). Komparativna analyza porovnavala vysledky
medzi vedeckymi a podnikovymi Studiami a identifikovala rozdiely. Overovanie zdrojov zo
SciSpace prebiehalo na zaklade konzistencie a vierohodnosti.

Hlavnymi limitmi reSerSe su obmedzeny rozsah databaz, nezahrnutie konkrétnych
geografickych trhov a Uzka tematicka selekcia.

(o]
Kolaborativne
systémy: rozirena
realita, LLMs, coboty

Logistika: optimalizacia
és predikcia dopytu,
Strojové ucenie a
videnie: kontrola Indushy 4 0 & digitalne
kvality, detekcia dvojéata:
defektov automanzacua
simulacia

Stadia implementacie Al
Prediktivna udrzba: v priemysle
prevencia portch,
{( | I
optumahzéma udrzby mﬁﬁmﬂ.g‘fﬁ&i oblasti
Vyzvy implementacie

. . . _generativnej Al
Tematicka & Literarna resers
. Databazy ) Filtrovanie ) analyza Komparac|a L
.oo’
0 @x /‘/
Zaradenle Vyltiéenie
Relevancia pre oblast' Texlybezdét alebo
Publikécie z rokov Mlmo priemyselny a ’ \‘ Y
2019-2024 logisticky kontext vvu!'v-ludch / \h
stadie
P e - s =)
zékladom

Obrazok 1 Krokovy postup reSersného a analytického procesu (Vlastné spracovanie, 2025).
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VYSLEDKY

Na zaklade reportu od spolo¢nosti Microsoft (2024), je mozné rozdelit nasadenie Al
v priemyselnej vyrobe a logistike do niekolkych Stadii alebo faz. Identifikované boli Stadia:
prieskum, planovanie, Skalovanie a realizacia. Popis jednotlivych $tadii je nasledovny:

e Faza prieskumu a planovania sa vyznacCuje realizaciou prieskumnych aktivit a
experimentov na overenie konceptov (Proof of Concept, PoC). Podniky zhromazduju
zakladné interné data a zosuladuju projekty umelej inteligencie s podnikatelskymi
cielmi. V tomto kroku €asto identifikuju potrebu modernizacie existujucej infrastruktury
a nastavuju konkrétnejsie stratégie v oblasti podnikovych dat.

o Faza implementacia a Skalovania - podniky v tomto Stadiu vytvaraju Specializované
timy a pozicie pre vedenie implementacie umelej inteligencie do podnikovych
procesov. Tieto timy posilfuju datové toky a zavadzaju Al riedenia v oblastiach ako
prediktivha udrzba a predikcia dopytu. MozZnosti Skalovania a implementacie
ovplyvriuju podnikovy rozpocet. Iba 52 % vyrobnych podnikov deklaruje dostatocné
financovanie pre vnutropodnikové projekty Skalovania a implementacie umelej
inteligencie (Microsoft, 2024).

o Faza realizacia - Podniky v tomto Stadiu dosahuju vy$Siu Uroven spravy nasadenych
rieSeni na baze umelej inteligencie. Pravidelne vykonavaju monitoring modelov a
organizuju Skolenia pre zamestnancov. Podfa Microsoft (2024) viaceré podniky
definuju ciele zamerané na zakaznika alebo udrzatefnost a umelu inteligenciu
pouzivaju na prispésobenie a plnenie tychto cielov.

Pripravenost’ vyrobnych a logistickych podnikov na umelu inteligenciu

Hodnotiaca sprava Microsoft (2024) mapuje aktualny stav a udroven pripravenosti
priemyselnych a logistickych podnikov na implementaciu umelej inteligencie. Vysledky
potvrdzuju rozdiely medzi stupfiami zrelosti. Podla spravy (Microsoft, 2024):

e 38 % vyrobnych podnikov sa nachadza vo fazach prieskumu a planovania,
e 23 % preslo do fazy Skalovania,

e 5% dosiahlo najvysSiu uroven (realizciu),

e 17 % vyrobcov zaviedlo pilotné Al rieSenia,

e 52 % podnikov alokuje dostatocny rozpocet alebo zdroje,

e 66 % firiem uvadza efektivitu prevadzky ako hlavny dévod pre zavedenie Al,
e 54 % priorizuje bezpecnost a sulad s regulaciami Al.

Obrazok 2 zobrazuje podiel podnikov, ktoré identifikujd meratelna pridand hodnotu Al v
jednotlivych fazach pripravenosti. Vo faze prieskumu uviedli pridand hodnotu len 3%
podnikov. V pokro€ilom Stadiu realizacie potvrdilo zvySeny az vysoky prinos Al pre operacny
a obchodny model 96 % podnikov.
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Obrazok 2 Percentualne vyjadrenie pridanej hodnoty v zavislosti od $tadia implementacie umelej
inteligencie v podnikoch (Microsoft, 2024).

Vysledky hodnotiacej spravy poukazuju na nerovnomerné rozsSirenie vyuzivania umelej
inteligencie vo vyrobnych a logistickych podnikoch. Napriek vSeobecnému zaujmu, len malé
percento firiem systematicky integruje umelu inteligenciu do operaénych procesov. Podniky vo
faze realizacie eviduju viac ako trojnasobny pocet oddeleni, ktoré aktivne pouzivaju
technolégie s Al, v porovnani s firmami vo faze prieskumu (Microsoft, 2024). Obrazok 3
znazornuje priemerny poc¢et oddeleni, ktoré vyuzivaju Al v kazdodennej prevadzke, pri¢om
Udaje su rozdelené podla jednotlivych faz pripravenosti (prieskum, planovanie, implementacia,
Skalovanie, realizacia).

Priemerny pocet oddeleni
w

Prieskum Planovanie Implementacia Skalovanie Realizécia
Stadium pripravenosti podnikov

Obrazok 3 Priemerny pocet oddeleni vyuZivajucich Al vo svojich kaZzdodennych funkciach (Microsoft,
2024).

Aplikacie Al v priemyselnej vyrobe a logistike
VyuZitie umelej inteligencie v priemyselnej vyrobe a logistike vedie k automatizacii Cinnosti,
presnejSiemu monitorovaniu a efektivnejSiemu riadeniu vyrobnych a logistickych operacii.
Podniky aplikuju Al na optimalizaciu vyrobnych procesov, riadenie kvality a skracovanie
dodacich leh6t. Medzi hlavné oblasti vyuzitia patria:

o Strojové ucenie a videnie, rozpoznavanie vzorov

Systémy strojového ucenia a technického videnia vyuzivaju pokrocilé rozpoznavanie vzorov
na detekciu odchylok a defektov vo vyrobnom procese (Zhou et al., 2024). Dokazu porovnavat
vizualne vstupy s referenénymi obrazmi a identifikovat anomalie az 1 000-krat rychlejSie a
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presnejSie nez Clovek (ESP, 2024). V automobilovom priemysle sa uplatfuju pri kontrole
kvality dielov a kontrole montaze, zatial o v potravinarstve sluzia na overovanie obalov a
oznacovania. Automatizovana kontrola kvality znizuje poCet reklamacii a naklady na opravy,
pricom eliminuje chyby spésobené Clovekom a zabezpecCuje konzistentnu vystupnu kvalitu
(Etisoft, 2024).

e Generativna umela inteligencia v detekcii anomalii

Modely generativnej umelej inteligencie sa vyuzivaju pri rozSirovani vyrobnych datasetov
prostrednictvom simulacii realistickych anomalii, ¢im vytvaraju podklady na trénovanie
systémov strojového ucenia a strojového videnia (Yafei et al., 2024). Spolo¢nost SAP uvadza,
Ze takto generované data imituju rdézne prevadzkové scenare a zvySuju pripravenost
detekénych algoritmov (SAP, 2024). Tieto pristupy umoznuju systémom identifikovat aj
zriedkavé alebo slabo rozpoznatelné chyby, ktoré by v realnej prevadzke nemuseli byt
dostato€ne zachytené (Sekaj, 2024).

¢ Prediktivna udrzba

Podniky zavadzaju prediktivhu Udrzbu na zaklade analyzy senzorovych dat a historickych
zaznamov z udrzby s ciefom v&as identifikovat potencialne poruchy zariadeni. Tento pristup
znizuje neplanované prestoje a predlZuje Zivotnost vyrobnych komponentov (Mohapatra,
2024). Podla analyzy PwC méze implementacia takéhoto systému znizit naklady na udrzbu o
20-30 % a skratit prestoje az o 70-75 % (Florkin, 2024a). Toyota aplikovala tento model vo
svojich vyrobnych linkach kde vyuZiva udaje zo senzorov zabudovanych priamo do vozidiel na
predikciu poruch komponentov, v€asnu signalizaciu potreby servisného zasahu a zaroven tak
prispieva k zvySeniu bezpec¢nosti a plynulosti vyroby (OBS, 2024). Na dosiahnutie presnej
predikcie je nevyhnutné zhromaZzdovat kvalitné prevadzkoveé data vratane histérie poruch a
oprav. Presnost predikcie zvySuje mnozstvo a frekvencia merani relevantnych parametrov
(TlaCové spravy SME, 2024). Shell monitoruje pomocou umelej inteligencie vySe 10000
zariadeni, od ventilov cez kompresory, az po Cerpadla. Takto Shell znizil naklady a
optimalizoval udrzbu (ATP Journal, 2024c). Festo zaznamenalo, Ze prediktivna udrzba s
vyuzitim umelej inteligencie skratila ¢as do opravy o 20 % a obmedzila neplanované odstavky
az o Stvrtinu (Festo, 2024).

e Industry 4.0 a inteligentné podniky

Priemyselné podniky integruju loT zariadenia na zber dat v realnom €ase a ich nasledné
vyhodnocovanie prostrednictvom automatizovanych systémov s cielom optimalizovat vyrobné
procesy (Teerasoponpong & Sugunnasil, 2022). RozSirenie datovej analytiky naprie€ sektormi
vedie k meratelnym zlepSeniam v riadeni vyroby. Podla nemeckej asociacie Bitkom sa
oCakava, Ze trh s Al technolégiami v priemysle vzrastie do konca roku 2025 o 92 %, ¢im sa
jeho hodnota zdvojnasobi (ATP Journal, 2024a; McKinsey, 2024). Bosch identifikuje vysoky
ekonomicky potencial umelej inteligencie v ramci svojich vyrobnych prevadzok, pricom PwC
predpoklada, Ze do roku 2030 prispeje umela inteligencia k narastu globalneho HDP o 14 %
(Trend, 2024).

e HIboké ucéenie formou odmenovania (Deep Reinforcement Learning, DRL) a
digitalne dvojca

Digitalne dvoj¢ata riadené umelou inteligenciou zvySuju presnost simulacii a poskytuju
aktualne a prediktivne udaje o vyrobe. Systémy zalozené na u¢eni na zaklade odmien a trestov
(DRL) dokazu optimalizovat riadenie vrealnom ¢&ase aj vprostredi snestabilnymi
podmienkami (Zhang et al., 2023; Yang & Liu, 2024). Khdoudi et al. (2024) preukazali, ze
vyuzitie DRL v digitalnom dvoj¢atovom modeli vedie k zniZzeniu nakladov azvy3eniu kvality
vystupu. Mattera, Caggiano a Nele (2024) demonstrovali aplikaciu DRL pri riadeni procesu
aditivnej vyroby metédou WAAM, kde technoldgia zvladla zlozité rozhodovanie a adaptaciu
parametrov po¢as zvarania.
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o Adaptivno-kognitivnhe vyrobné systémy (ACMS)

Systémy kombinujuce ludsku odbornost s algoritmami umelej inteligencie zvySuju operacnu
odolnost’ vyroby prostrednictvom dynamického pridelovania uloh (EIMaraghy & ElMaraghy,
2022). Podla Asseco CEIT zavedenie digitalneho dvoj¢ata Twiserion Digital Manager zvysilo
produktivitu o 20 %, znizilo rozpracovanu vyrobu o 30 % a prispelo k vy$Sej bezpecnosti
pracovnikov. Virtualizacia procesov a rozsiahle nasadenie senzorov zabezpeduju zber dat,
ktoré sa nasledne analyzuju na optimalizaciu vyrobnych tokov (Asseco CEIT, 2024a; Asseco
CEIT, 2024b; Asseco CEIT, 2024c).

o Integracia rozSirenej reality (AR) a umelej inteligencie

Systémy rozSirenej reality (AR) podporované umelou inteligenciou rozsSiruju situaéné
povedomie operatorov a umozfuju monitoring v redlnom Case (Sesana & Tavola, 2021).
Vizualizacia zlozitych vyrobnych procesov sa vyuziva pri zaSkolovani a navigacii pracovnikov
vo vyrobnej prevadzke. Technici sleduju digitalne informacie premietané do realneho
prostredia a pracuju podla jednoznacnych pokynov pre montaz a kontrolu. Tymto sp6sobom
nahradili papierovi dokumentaciu (ATP Journal, 2024b). Podla EU-OSHA (2024) zaviedol
taliansky vyrobca automobilovych komponentov nastroje na riadenie prace pomocou Al, ktoré
sa vyuzivaju pri pridelovani uloh, kontrole kvality a koordinacii timov. Zaznamenali aj zlepSenie
v oblasti bezpecnosti prace.

o Kolaborativne roboty (Cobots) a velké jazykové modely (LLMs)

Roboty riadené umelou inteligenciou vykonavaju opakované alebo rizikové ulohy v spolupraci
s operatormi. ZniZuju expoziciu pracovnikov riziku, a uvolfuju kapacity pre komplexné Cinnosti
(Valaboju, 2024). Velké jazykové modely podporuju hlasové ovladanie, zjednodusuju
interakciu so strojmi a zvySuju funk&nost riadiacich systémov (Lim et al., 2024). V simulaciach
vyroby dosiahol GPT-4 uspesSnost 100 % pri dvojkrokovych a 86 % pri Stvorkrokovych
procesoch, ¢o potvrdzuje schopnost riadit' viacstupfiové operacie (Lim et al., 2024). Podla
World Economic Forum (2024) mézu LLMs sluzit ako rozhranie pre pracu s rozsiahlymi
databazami a premostit’ znalostné rozdiely medzi pracovnikmi a systémami.

e Autonémne operacie

Systémy riadené umelou inteligenciou znizuju rozsah manualnych zasahov a zrychluju
logistické operacie (Reddicharla & Ali, 2024). GEFCO v sklade v Zavare pri Trnave nasadilo
drony na inventarizaciu zasob. Spolo¢nost' skratila ¢as inventury a predpoklada navratnost
investicie za priblizne 17 mesiacov (ATP Journal, 2022). Linde Material Handling
implementovalo autonémne mobilné roboty, ktoré prepravuju naklady do 1 500 kg a
spolupracuju s pracovnikmi v sklade. Firma zracionalizovala vnutropodnikové logistické toky a
znizila poCet opakovanych ru€nych €innosti (Linde Material Handling, 2024).

o Automatizacia robotickych procesov (RPA)

Umela inteligencia automatizuje opakované logistické ulohy, napriklad triedenie a balenie.
Amazon Robotics nasadil systém Robin, ktory denne manipuluje so 6 miliénmi balikov a
celkovo spracoval viac ako 2 miliardy kusov. Tento systém vyuziva pokroCilé algoritmy na
planovanie vyberu a manipulaciu s balikmi (Li et al., 2023, Thenmozhi & Krisknakumari, 2024).
Spolo¢nost EVS International uvadza, Ze nasadenie paletizacnych robotov v logistike skracuje
Cas potrebny na triedenie, balenie a stohovanie. Kolaborativny robot s nosnostou 12 kg a
dosahom 1300 mm zvlada vacSie zatazenie a objemnejSie predmety v skladoch (EVS
International, 2024).
e Predikcia dopytu a sprava zasob a obstaravanie

Podniky vyuzivaju Al na predikciu dopytu a optimalizaciu zasob s cielom minimalizovat riziko
nedostatku alebo nadmernych zasob (Shekhar, 2023). McKinsey uvadza, Ze analyza
vydavkov pomocou Al znizuje obstaravacie naklady az o 20 % priCom podla PwC uspory
dosahuju 15 % az 25 %. Unilever implementoval Al v obstaravani a zaznamenal pokles
nakladov o 12 % v priebehu dvoch rokov. Accenture uvadza, Zze Al dokaze zvysit efektivnost
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obstaravania az o 40 %. Deloitte identifikoval skratenie cyklu obstaravania o 30 % pri pouziti
Al. IBM Watson analyzuje podmienky v dodavatefskych zmluvach a kontroluje ich
dodrziavanie. Gartner zaznamenal, Ze spolo¢nosti, ktoré zaviedli strojové ucCenie do
prognozovania dopytu, zvysili presnost prognéz o 20 % (Florkin, 2024a; Florkin, 2024b).

o Optimalizacia tras, dynamicka koordinacia dodavatelského retazca a
monitorovanie v realnom cCase

Generativna umela inteligencia sa pouziva na spracovanie dat o doprave, pocasi a rozvrhoch
dorucovania, priCom sa vyuziva na optimalizaciu tras a koordinaciu partnerov v dodavatel'skom
retazci v realnom Case (Adesoga et al., 2024; Khlie et al., 2024). Systémy s Al a loT senzormi
poskytuju aktualne udaje o stave dodavatelského retazca (Narayanan et al.,, 2024).
Kombinaciou Al a blockchainu firmy zavadzaju bezpeéné a transparentné zdielanie dat v ramci
dodavatel'skych procesov (Singh & Prabhu, 2023). Adaptivne systémy Al monitoruju rizika a
riadia naruSenia dodavok, napriklad pri prirodnych katastrofach alebo ekonomickych vykyvoch
(Riad et al., 2024).

DISKUSIA

Diskusia nadvazuje na zistenia literarnej reSerSe a interpretuje ich v kontexte aktualnych
vyziev, legislativnych ramcov a praktickych dosledkov pre priemyselné podniky. Vysledky
literarnej reSerSe potvrdzuju, ze integracia umelej inteligencie v priemyselnej vyrobe a logistike
je nerovnomerna a ovplyvnena viacerymi kritickymi faktormi. Zatial ¢o technoldgie ako
prediktivna udrzba €i digitalne dvojCata dosiahli v niektorych podnikoch fazu realizacie, vacsina
organizacii stale zostava v skorych etapach prieskumu a planovania (Microsoft, 2024).
Hlavnou bariérou su finanéné limity, ktoré brania investiciam do potrebnej datovej
infrastruktury a personalnych kapacit (Florkin, 2024a). Vyrazny podiel podnikov deklaruje
nedostatok Specializovanych timov ¢€i nedostatocné rozpoétové moznosti na prechod od
pilotnych projektov k stabilnej prevadzke (Microsoft, 2024).

Analyza tiez zdOraznuje vyznam generativnych modelov v oblasti detekcie anomalii a
simulacie dat. Aj ked tieto technolégie umoziuju zvySovanie kvality procesov, podniky musia
Celit vyzvam ako zabezpecenie kvalitnych tréningovych dat a rieSenie etickych otazok vratane
duSevného vlastnictva (SAP, 2024; Sekaj, 2024). Nedostatok odbornych kapacit a financnych
zdrojov moze limitovat ich SirSie vyuzitie.

V oblasti regulacii zohrava klu€ovu ulohu Al Act Eurdpskej unie, ktory moze zavadzanie Al
spomalit, zaroven vsak jasne stanovuje ramec pre transparentnost a doveryhodnost Al
systémov. Podniky vnimaju regulacie ako dvojseCnu zbran, nakolko na jednej strane poskytuju
istotu a jasné pravidla, na druhej vSak prinasaju riziko pokut a potreby uprav uz nasadenych
systémov (EU-OSHA, 2024). To vedie k opatrnejSiemu pristupu k investiciam a potencialne k
oneskoreniu adopcie Al.

Limitacie tohto vyskumu zahffiaju pouzitie prevazne anglickych zdrojov, ktoré mézu opomenut
relevantné regionalne Studie. Taktiez nedostupnost niektorych podnikovych dat obmedzuje
celkovy pohfad na skuto€ny stav adopcie Al. Buduce vyskumy by mali rozSirit geografické
zameranie a detailnejSie analyzovat konkrétne pripadové Studie, ktoré poskytnu hibsi pohlad
do Specifik implementacie Al v réznych priemyselnych sektoroch.

Pre prax vyplyva potreba jasného planovania rozpoctov a investicii do ludskych kapacit, ako
aj potreba rozvoja kompetenénych centier zameranych na integraciu Al do vyrobnych a
logistickych operacii. Systematicka implementacia Al vyzaduje koordinované usilie napriec
celou organiza¢nou Strukturou, s dérazom na etické a regulacné aspekty.
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ZAVER

Vysledky analyzy potvrdzuju, Zze implementacia umelej inteligencie v priemyselnej vyrobe a
logistike prebieha prevazne v Uvodnych fazach. Medzi hlavné oblasti vyuzitia patria prediktivna
udrzba, automatizovana kontrola kvality a optimalizacia procesov. Integracia generativnych
modelov naraza na bariéry v podobe nedostatku kvalitnych dat a odbornych kapacit.
Regulaéné ramce, najma Al Act EU, ovplyviiuju charakter a rychlost adopcie technoldgii.
Udrzatelné zavadzanie Al si vyZaduje zosuladenie technickej infrastruktury, organizaénych
schopnosti a legislativhych poZiadaviek. Buduci vyskum by mal analyzovat’ pripadové Studie
v regionalnom kontexte a zamerat sa na kvantifikaciu prinosov v réznych typoch vyrobnych
prostredi.
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