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Uplatnenie vysledkov projektu

Vysledky dosiahnuté pocCas realizacie projektu je mozné lokalizovat' do zakladného
vyskumu, prina$ajuce fundamentalne nové poznatky, metody a postupy do oblasti
bezdrétovych komunikacnych sieti. Ide predovSetkym o postupy integrujuce poznatky z
oblasti progresivnych metéd umelej inteligencie, distribuovanych databaz blockchain a
novych optimalizacnych metdd v 6G sietach. Na zaklade robustnych pocitaCovych simulacii
je mozné tvrdit, Ze navrhované algoritmy prekonavaju prevadzkové viastnosti referenénych
algoritmov vo vyraznej miere, o potvrdzuje ich unikatnost. Realizované vystupy maju
charakter zakladného vyskumu a preto boli publikované predovSetkym v prestiznych
zahrani¢nych €asopisoch, pri€om je na ne mozné registrovat’ vyrazny citacny ohlas.

Suhrn vysledkov rieSenia projektu a naplnenia ciel'ov projektu v slovenskom jazyku
(max. 20 riadkov)

Projektové vystupy publikované na viacerych platformach plne koreSpondovali s
navrhnutymi projektovymi balikmi. I5lo predovsetkym o implementaciu vybranych algoritmov
umelej inteligencie (strojové u€enie, metaheuristicke pristupy) vo vybranych scenaroch
fungovania 5G/6G sieti a to konkrétne a) mobilnu 5G infrastruktiru s podporou lietajucich
bazovych stanic (dronov), b) vypo&tami na hrane v 5G sieti a c) implementacie technoldgie
blockchain v 5G sieti s podporou umelej inteligencie. V ramci tychto hlavnych vedeckych
smerov bolo publikovanych niekofko unikatnych metod, ktoré vyrazne roz$irili hranice
poznania v tychto oblastiach. Je nevyhnutné poznamenat fakt, Ze navrhnuté metody boli
uverejneneé v prestiznych karentovanych €asopisoch a existuje na nich vyznamny
zahranic¢ny citacny ohlas.

a) Mobilna 5G infraStruktura s podporou lietajucich bazovych stanic

V ramci tejto oblasti bolo poc¢as projektového obdobia publikovanych niekolko vyznamnych
prispepevkov. V projekte sme savenovali navrhu metddy pre samoorganizaciu letky UAV
zariadeni, ktorych cielom bola maximalizacia pokrytia. V ramci vyskumu sme navrhli
unikatny pristup zaloZeny na Langevinovej dynamike, pricom riadena letka UAV zariadeni
vykazovala unikatne prevadzkové vlastnosti v porovnani s existujucimi referen¢nymi
metddami.

b) Vypocty na hrane v 5G sieti vyuzZitim strojového ucenia

Projektovy kolektiv v spolupraci so zahrani€nymi partnermi publikoval moznosti navrhu
topoldgie 5G siete s integrovanymi vypoctami na hrane vyuzitim Bayesovskej optimalizacie,
ktora optimalizuje vykon siete v kontexte ekonomickych moznosti operatora. Dali vyskum
v tejto oblasti diskutoval o implementacii vybranych algoritmov strojového u€enia (K-means,
SOM) v 5G sieti, pricom navrh umoznil efektivnu alokaciu vypoctovych prostriedkov v
priestore a Case operatorom s ciefom optimalizovat' prevadzkoveé viastnosti 5G siete.

c) implementéacie technoldgie blockchain v 5G sieti s podporou umelej inteligencie

V ramci projektu bol navrhnuty unikatny technologicky ramec integrujuci vybrané prvky
hlbokého ucenia, technoldgie blockchain a ekonomického ramcav 6G . Zakladnou
myslienkou je dynamicka alokacia komunikacnych prostriedkov operatora, ako aj
samotného operatora v realnom Case. Jednotlivé transakcie su proaktivne zanamenavane
v distribuovanej databaze blockchain, pri€¢om optimalizacia komunikaénych prostriedkov je
realizované vyuzitim hlbokého u€enia na baze LSTM u€enia. V ramci projektu bola rovnako
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navrhnutna unikatna metdda distribucie komunikaénych prostriedkov vyuzitim umelej
inteligencie, trade-and-floor pravidla a technoldgie blockchain v 6G sietach. Robustné
simula¢né experimenty naznacili vyhodnost navrhnutého modelu, pricom na ¢lanku sa
spolupodielali aj kolegovia z prestiznej univerzity v USA. Na tieto vyskumy plynule
nadvazuje dalSi vyskum smerujuci do moznosti dynamickej volby operatora v realnom Case
vyuzitim u€enia s posilfiovanim. Je nevyhnutné poznamenat fakt, Ze na tietoprispevky
existuje mimoriadne bohaty zahrani€ny citacny ohlas.

Z pohladu naplnenia projektovych ciefom je mozné kon$tatovat, Ze pocet vystupov v
prestiznych zahrani€nych ¢asopisoch, ako aj zaznamenany citacny ohlas vo vyznamnej
miere prekrocCil pdvodné projektové oCakavania. Tento fakt je mierne negovany mensim
poctom konferenénych prispevkov a to z toho dévodu, Ze konferenéné prispevky boli kvoli
pandémii COVID vyrazne obmedzené. Pdvodne navrhnuté projektové baliky boli
zrealizované v plnej miere, ¢o dokumentuje aj mimoriadne plodna publikacna aktivita
rieSitel'ského kolektivu.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)

The project outputs published on several platforms fully corresponded with the proposed
project working packages. It was primarily about the implementation of selected artificial
intelligence algorithms (machine learning, metaheuristic approaches) in selected scenarios
of the functioning of 5G/6G networks, namely a) mobile 5G infrastructure with the support of
flying base stations (drones), b) edge processing in the 5G network, and c) implementation
of blockchain technology in the 5G network with the support of artificial intelligence. Within
these main research directions, several unique methods were published, which significantly
expanded the boundaries of knowledge in these areas. It is necessary to note the fact that
the proposed methods were published in prestigious peer-reviewed journals and there is a
significant foreign citation response to them.

a) Mobile 5G infrastructure with the support of flying base stations

Several important papers were published in this area during the project period. In the
working package, we focused on the design of a method for the self-organization of a
squadron of UAV devices, the goal of which was to maximize coverage. As part of the
research, we proposed a unique approach based on Langevin dynamics, while a controlled
squadron of UAV devices showed unique performance characteristics compared to existing
state-of-the-art methods.

b) Computing at the edge in the 5G network using machine learning

The project team, in cooperation with foreign partners, published the possibilities of
designing a 5G network topology with integrated edge computing platform using Bayesian
optimization, which optimizes network performance in the context of the economic
possibilities of the operator. Further research in this area discussed the implementation of
selected machine learning algorithms (K-means, SOM) in the 5G network, while the
proposal enabled the efficient allocation of computing resources in space and time by
operators in order to optimize the operational properties of the 5G network.

c) Implementation of blockchain technology in the 5G network with the support of artificial
intelligence

As part of the project, a unique technological framework was designed integrating selected
elements of deep learning, blockchain technology and the economic framework in 6G. The
basic idea is the dynamic allocation of communication resources of the operator in real time.
Individual transactions are proactively recorded in the distributed blockchain database, while
the optimization of communication resources is implemented using deep learning based on
LSTM learning. As part of the working package, a unique method of communication
resource distribution based on the blockchain technology in 6G networks was also
proposed. Robust simulation experiments indicated the usefulness of the proposed model.
These researches are continuously followed by further research aimed at the possibility of
dynamic operator selection in real time using reinforcement learning. It is necessary to note
the fact that there is an rich foreign citation response to these contributions.

From the point of view of fulfilling the project goals, it can be concluded that the number of
outputs in prestigious foreign journals, as well as the recorded citation response,
significantly exceeded the original project expectations. This fact is slightly negated by the
smaller number of conference contributions, and that is because conference contributions
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were significantly limited due to the COVID pandemic. The originally designed project
packages were fully succesfully realized.
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