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Vsebina:

1. Definicija in utemeljitev pametne
tovarne kot avtonomnega sistema in
procesa. Razlogi in potrebni pogoji za
uvanaje koncepta avtonomnih pametnih
tovarn (APT). Koncepti, sistemi in
procesi APT,

2. Vertikalna in horizontalna
integracija, mreZna struktura APT, IoT
in IIOT, »Top down« in »Bottom-up«
pristop.

3. Arhitekturni modeli pametnih
tovarn (RAMI 4.0, LASFA) - kdaj, zakaj
in kako jih lahko uporabimo.

4. Tehnologije, ki so potrebne za
funkcioniranje APT (pregled tehnologij,
naloge in osnovni koncepti elemntov
APT, nacrtovanje in ovrednotenje APT
sistemov).

5. Narocila in delovne operacije -
avtonomno planiranje zaporedja
delovnih operacij in resursov.

6. Oblikovanje in razvoj izdelkov za
¢im bolj u¢inkovito delovanje APT.

7. Avtomatizirani in pametni ro¢ni
sistemi APT, fleksibilna in agilna
avtomatizacija APT, modularna zasnova
APT sistemov, uporaba razsirjene
resni¢nosti pri pametnih roc¢nih delovnih
mestih.

8. Robotizirani sistemi APT- vkljucitev
avnomno delujoc¢ih robotov v sisteme

General prerequisites for the third level
studies.

Content (Syllabus outline):

1. Definition and justification of smart
factories as autonomous systems and
processes. Reasons and necessary
conditions for the introduction of the
concept of autonomous smart factories
(APT). Concepts, systems, and processes
of APT.

2. Vertical and horizontal integration,
network structure of APT, IoT and IIoT,
"Top-down" and "Bottom-up"
approaches.

3. Architectural models of smart
factories (RAMI 4.0, LASFA) - when,
why, and how they can be used.

4. Technologies required for the
functioning of APT (overview of
technologies, tasks, and basic concepts
of APT elements, planning, and
evaluation of APT systems).

5. Orders and work operations -
autonomous planning of the sequence of
work operations and resources. Design
and development of products for the
most efficient operation of APT.

6. Automated and smart manual
systems APT, flexible and agile
automation APT, modular design of APT
systems, use of augmented reality in
smart manual workstations.

7. Robotic systems APT - integration of
autonomous robots into APTR systems,
flexible, agile, and self-configurable
robotic assembly cells, robotic assembly



APTR, fleksibilne, agilne in predvsem
samo-konfigurabilne robotizirane
montazne celice, robotizirane montazne
linije.

9. Modulani sistemi in povezljivost za
postavitev fleksibilnih, adaptabilnih in
agilnih konceptov proizvodnih linij v
APT.

10. Senzorika in aktorika v sistemih
APT, avonomija delovanja APT z
vklju¢evanjem sistemov strojnega vida in
drugih inteligentnih senzorjev.

11. Kljucni pristopi razvoja pametnih
tovarn - pametna proizvodnja, sledljivost
in ovezljivost preko oblaka, pametna
naprave - M2M, 5G in 6G
komunikacijske tehnologije in algoritmi,
racunanje na robu, pametni izdelki,
pametna logistika materiala in
informacij, velepodatki in prediktivna
analitika, dinamic¢no planiranje.

12. Koncept distribuiranih sistemov
APT, distribuirani sistemi in njihove
znacilnosti, omogocitvene tehnologije
distribuiranih sistemov, povezljivost med
objekti in subjekti, komunikacijski
protokoli, delovanje v realnem casu,
fleksibilnost in agilnost.

13. Pet-dimenzionalno modeliranje
digitalnih dvojckov (DD) vseh proecseov
APT in njihove klju¢ne tehnologije.

14. Koncept krmiljenja pametne
proizvodnje z digitalnimi agenti - DA
(Umetna inteligenca - Al) in digitalnimi
dvojcki - kljuéne tehnologije Al za
gradnjo DA.

15. Optimiranje porabe resursov in
energije proizvodnih sredstev,
kibernetsko-fizi¢na spojitev v
proizvodnji, krmiljeni z AD in DD (fizi¢ni
elementi, modeli, podatki, storitve),
prognostika delovanja pametne
proizvodnje z AD in DD.

16. DA in DD ter nove tehnologhije -
racunanje v oblaku, »Edge computing«
in hibridni sistemi, velepodatki, storitve,
virtualna in razsirjena resnicnost.

Temeljna literatura in viri/Readings:

lines.

8. Modular systems and connectivity
for setting up flexible, adaptable, and
agile concepts of production lines in
APT.

9. Sensing and actuation in APT
systems, autonomy of operation of APT
by incorporating machine vision systems
and other intelligent sensors.

10. Key approaches to the
development of smart factories - smart
manufacturing, traceability and
traceability via the cloud, smart devices
- M2M, 5G and 6G communication
technologies and algorithms, edge
computing, smart products, smart
material and information logistics, big
data, and predictive analytics, dynamic
planning.

11. Concept of distributed APT
systems, distributed systems and their
characteristics, enabling technologies of
distributed systems, connectivity
between objects and subjects,
communication protocols, real-time
operation, flexibility, and agility.

12. Five-dimensional modeling of
digital twins (DD) of all APT processes
and their key technologies.

13. Concept of controlling smart
production with digital agents - DA
(Artificial Intelligence - AI) and digital
twins - key Al technologies for building
DA.

14. Optimization of resource and
energy consumption of production
assets, cyber-physical connection in
production, controlled by DA and DD
(physical elements, models, data,
services), prognostics of smart
production operation with DA and DD.
15. DA and DD and new technologies -
cloud computing, Edge computing, and
hybrid systems, big data, services,
virtual and augmented reality.
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Cilji in kompetence: Objectives and competences:

Cilji: Goals:

* Nadgraditi znanja, potrebna za izbiro ¢ Enhance the knowledge required for
in snovanje sistemov the selection and design of systems
avtonomnihpametnih tovarn (APT). for autonomous smart factories

* Nauciti studente doktorskega studija (APT).
razvoja in uporabe inteligentnih * Teach doctoral students about the
algoritmov, umetne inteligence in development and application of
tehnologgije digitalnih dvojckov za intelligent algorithms, artificial
krmiljenje in avtonomno delovanje intelligence, and digital twin
sisemov APT. technology for controlling and

Kompetence: autonomously operating APT

+ Student osvoji znanja s podrodja systems.
sistemov APT ter pridobi sposobnost Competences:
odloCanja in izbire tehnologij pri * The student acquires knowledge in
njihovem snovanju. the field of APT systems and gains

* Znanje in sposobnost izbire ustreznih the ability to make decisions and
delovnih metod in postopkov z vidika select technologies in their design.
stopnje avtonomije pametne tovarne ¢ Understanding and ability to choose
ter s tehnoloskih in ekonomskih appropriate working methods and
vidikov. procedures in terms of the level of

* Razumevanje delovanja tehnologije autonomy of smart factories, as well
digitalnih dvoj¢kov proizvodnih in as from technological and economic
logisti¢nih sistemov ter procesov v perspectives.
povezavi z razvojem digitalnih * Understanding the operation of

agentov na osnovi umetne digital twin technology for



inteligence.

Predvideni studijski rezultati:

Student osvoji znanja s podrogja
sitemov in procesov APT ter pridobi
sposobnost odlocanja in izbire
tehnologij pri njihovem snovanju.
Znanje in sposobnost izbire ustreznih
tehnologij za doseganje Zelene
stopnje avtonomije pametnih tovarn.
Razumevanje delovanja in razvoja
digitalnih dvojckov APT in digitalnih
agentov mna osnovi umetne
inteligence za popolnoma avtonomno
planiranje procesov in sistemov ter
krmiljenje pametne tovarne.

Metode poucevanja in ucenja:

Predavanja, laboratorijske vaje,
seminarsko delo, e-izobrazevanje,
konzultacije. Seminarsko delo v ¢im vecji
meri navezujoce se na podrocje
doktorskega raziskovanja. Studij z
uporabo priporocene literature.

Nacini ocenjevanja:

Ustni izpit, porocilo o

seminarskem delu. Pogoj
za opravljanje ustnega
izpita je uspesno izdelano
in pozitivno ocenjeno
seminarsko delo. Nacin
(ustno izpraSevanje,
naloge, projektni seminar)
* Naloge (30%)
Projektni seminar (40%)
Ustno izprasevanje (30%)

Ocenjevalna lestvica:

5 - 10, pri cemer velja, da je pozitivna

manufacturing and logistics systems
and processes, in connection with the
development of digital agents based
on artificial intelligence.

Intended learning outcomes:

The student acquires knowledge in
the field of APT systems and
processes and gains the ability to
make decisions and choose
technologies for their design.
Knowledge and the ability to choose
appropriate technologies to achieve
the desired level of autonomy in
smart factories.

Understanding the operation and
development of APT digital twins and
digital agents based on artificial
intelligence for fully autonomous
planning of processes and systems,
as well as controlling smart factories.

Learning and teaching methods:

Lectures, laboratory practice & seminar
work, e-education, consulting. The
seminar work is related, as much as
possible, to the student's doctoral
research field. Study on a recommended
literature basis.

Delez/Weight
100,00 %

Assessment:

Oral exam, report on
seminar work. The
condition for admission to
oral exam is successful
completion of seminar
work, rewarded with a
passing grade. Method
(written exam, oral
examination, assignments,
project): * assignments
(30%) * project seminar
(40%) ¢ oral examination
(30%)

Grading system:

5 - 10, a student passes the exam if he is



ocena od 6 - 10 graded from 6 to 10
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