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TRENDS OF IMPLEMENTING ARTIFICIAL
INTELLIGENCE IN 6G NETWORKS

6G networks should be deployed by 2030. This paper describes the main ge&GI®
6G network development. The purpose of the paper is to analyze the main scenarios of 6(
networks and to assess the capabilities of artificial intelligence to achieve the declared
characteristics and scenarios in 6G networks.
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INCREASING THE EFFICIENCY OF INFORMATION TRANSMISSION IN 5G
NETWORKS THROUGH SELF -ORGANIZATION TECHNOLOGIES

The article examines the role of seliganizing technologies in 5G networks. It highlights
key challenges and opportunities related to automated network management, including resourc
optimization, latency minimization, and data transfer efficiency improvement. It analyzes
modern machine learning methods used foraatifiguration and selbptimization of networks.
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MACHINE LEARNING IN ELECTRONIC COMMUNICATIONS TEC HNOLOGIES

The implementation of ML technologies in various areas of our activity requires a broader
study of their application in the telecommunications industry. Examples of ML applications are

given with a brief analysis of the learning models used.

HjcJH LOHOY Ibjdzj SsdiBzdz’ SOy 2dzedm Isg m

odte' "dilsd BOMddedzy dzO0O0 yOdadz" ( ML Mac hi
-l dwvedzj degdzd OdesdZOdz' 2 IsO o lststec dzj dz' .
- VftcQo dz' dedzv " dzlsjteW jtejdzy® "8 9 Mls' dz' dz
- fdd LOYy W d3jted .
- Jflsdd3 L Oy ' v YOgPesgeBizlz o tOH
- VftcOo dz' dzdzv X d o dzj dzdzVv 3.
- lcsegdzsL zo Odzdzg? BB MdzZ G 59 2z 9 O dzdz™ .
- [y 0o vwitsimis® fjtjHOY" .
- sdkzZOMmdWw ' SOy v tecOW " Sk IsO CdzOMmlsjtedL O
l Oydzdots L Ed Isd o' HAZ dzdatsfls’ SO L o ¢
BON d dzdzed d3 dzOo yOdzdzwy &3 ( ML) , hIs Iz { dedl &g iz
GdzdBtsCdds dzOeo yOdzdz" d3 ( DL) . 10 tedfm. 1 L SE
/'"" IItyunnii iHTeaeKT Konnenmis
/./"/ :vﬂ‘g‘s:zgguage SRS < Buxopucmana
A ... S lomen {dmbdse 1. 1t
; / Uneari.ogsic regression ('l hlsEydese s ' dzls |
| / s somronrrastn S\ Avopum BON d dzdzsc 5 zO ¢
\ [ sy e tNeatestnoghoor | hiszydedr dzj 2 tot
\ wson Hemponmivepenie 2/ Apxitexrypa =~ G #ZdBBSEBE
\ E ( nas-xann;f"‘-: = Meton
&\ | CNSAN D::: o Knacu
TN e @ chatGPT

zlskzyded?2 ‘idzlsg il €BsY dzv v yO Cwdyjfy W,
sEsBCd fdooHds &sod HE ' dilsj dzj S lskzOd

[ O d dzdzj dz0 off | QHoEgElets y d dz0 h sz ydzse s °
tcsL tcsB Y’ Odze stedIsdz’ o, w g HiSL 9 tsdzw &
ftoscdetsL d O tsdetse® HOdzd - .

46

dzls |
Is !



Zlslzyds dzj 2 teisdatfzj o dgdf & 9208 e MBdzaS to OB«

dz0 o Yy O dzdzv |,
] d&zdB ¢ §
ftcOys L
L G stels sy dz
GJdz] tOIsd o dz'
) COdzlzL °
HSL O sdzv ¢ [s!
tsB tots B dzj dadzv
LOMIstsmiz o Odzdz

tc

: dzOdzQ20edsdEY ! b
ojdzdyujLddBd sBMWeORd HOM .

34 to jtofs dzdz( C Ni)te j 3 f6 j
L B3O Odz! d2' Bjtej N

dzd ? tc s dzdz'

tsL tetsB dzj dzd 2

j dzj S Is tots dzdzd

sflsddz" L zo Olsd

o j dzd § d A
w ML e

H dzW
Mfjy Odz' L s OdzO
H Odzd n

BOMde " o
sjdzj Ssgzdz COY' wa.

v OB dzd fysu j dz'

Cdey J daj todz

COkjaetste'

( GAN) .
CsBzd COy" 2

H O dzdd2 . L

tesL " L dzOo Oc

W
w ]

€

tzl
z1

¢ M

L "O0oL0ClkjtdhsdCOdkd kO

[ sH j dz@  dzO9 MOtOSIsj ted Ml 1 OMmistsmize Od
Do : , ltesedesL 2 o8 Is|stsdzg Sy W hdzvn
h
EDicﬁiénatrges)tG JdZJhdZW:'tsd3 "IsjtOylolsteOls, OGtjcO
HOdadFtej L HJtej|Odsts 3@z’ W
, . , . 1 sCtedIlslsw tetsL
ldfOHSBad?2 dzfistsdzy Sy ' v HJtGY ’
(Random forest) ftoesy sdzlz deOfr]UtGBISBQBqu MAC

COoljcesBdL Oy

ZIszydzO dzj 2 tetsq:

(Artificial neural network)

1 dzsC d dzj ? esdz
HjOd dgs” € Ols
dzj 5B tosB dzj dzd o

Il dwoedzj dedz? olsts
| OdeszOdz" 2 /L B
BOteh ckzlsdL Oy*' w
fjtejo OdzAPY j dadd

- dbEtej cOY" WV daCaRiz
a%%gB@q”“q” B h s csdC OOdE, daj MY o
mMdMmisj &3O tsB t6[6]B

[JlstsH Ytsttdddt sLH' dz d2 onts|{t LY " L dOs Odzadz”
(Support Vector Machine) | dzO© o y O dzdzW dWw o dzj dzdzV[2]O dzts

1 02 Msea © d3j tej

slsOdmisdudz

3]

[y &0 € OdOdk
fsCwqglsisw,
3]

: dzi L Odzj >lrz'ls Otis L L, f tsd3
(Bayesian network) YOMBe d8 WHOR| o' Hls]y j déw o
sOBdzdywy 2. [tSHjd' GCOljeste’" ¢ML BjL

[ BSH j dz2 dzOo MmOt OSIsj tod Ml 1 OfMistsmiz o Od;
s-MjtejHds R l ‘CHed o ©° dzg@2 9 dl ddzlzyj dedzv W Iz da
(K-means) f OcOd3 Isted § dzO/HOdzd -, ( tod 22 @V
1du SO C kOMIs|szOMisjte dz2O M sCO0dz" L OyY' w,
Mdtej Hdz' -Emearisu z | slslzy degsis® , o |dssB ' dz/[3fz" Mls!
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(Auto-encoder)
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E-mail: sakravchuk@ukr.net

PROSPECTIVE DIRECTIONS OF NEW RESEARCH IN THE
FIELD OF ELECTRONIC COMMUNICATIONS

This work aims to summarize and highlight key areas in the development of electronic
communications that shape the present and future of the industry. It outlines scientific challenge:
and oppomnities associated with the digitalization of society and the growing demand for fast,
reliable, and secure data transmission. Additionally, this material serves as a reference fo
scientists, researchers, and telecommunications specialists, helpingtiiy id¢evant topics for
further research and development.
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L Communications)
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REVIEW OF PROSPECTIVE SATELLITE SYSTEMS FOR UKRAINE'S NEEDS

There is presented an overview of promising satellite systems, the services of which are use
and can be impmented in Ukraine in the near future. There are shown the possibilities of
implementing the 5G architecture in satellite information systems and trends in the developmen
of NTN (Non terrestrial networks) technology. Modern geostationary (GEO)-Fagbudhput
Satellite systems (HTS), Very Highhroughput and Ultra Higthroughput Satellite systems
(VHTS and UHTS) are considered in terms of their ability to theirs interact with 5G networks on
the example of the Vias&t (USA) and Ovzoi8 (Sweden, USA) sallites. The opportunity to
establish the Regional System for Ukraine based on the technologies of HTS systems and a sm:
GEO satellite of Astranis (USA) is noted. The tendency to combine the GEO component
resource with the LEO and MEO components is ifiedton the example of the O3b/mPOWER
systems of SES (Luxembourg) and the Eutelsat OneWeb system (France). It is shown that th
manufacturers of user terminals All.Space and Kymeta offer appropriate solutions based on fla
panels with phased array antegna f or such services. The EU
communi cation system |-drit Systemi bsseddoa suEh toepds.dThea s
article shows innovations in the Starlink system regarding the using of laser communication for
establish thelnter-SatelliteLinks, the introduction of satellite access services as a cellular
network base station in space, and intentions to apply the higher frequency bands and lowe
orbits. The tendency of satellite interaction with 4G, 5G networks to provideesby the AST
Space Mobile system outside the service areas of terrestrial networks for traditional terminals
such as smartphones and tablets is noted. The influence of the Cluster Launch Method c
spacecraft on the Satellite Telecommunication Systeeveldpment is considered on the
examples of satellite buses such as Starlink V0.9, Meridian Space (SpinLaunch), Flatellite

(Rocket Lab), Enterprise, and Small Sat GEO
development of satellite systems for meetof-Things services are considered.

1.1 mMiskzy

1 sH ' sMlsOdzdz" = ¢’ o, hts o' HBERO O¥ Is! Mw dzO
Octej M’ oW , SO twtsLodltsS Isjrndesdzse’ 2 My zlsdz

Wistcdszo Odadz? deso dr fsédzvH' ' &8 IO oddtse HB ydn
f tdats EOMN Is OB dzts’ o' 2dzd ofteso OHY J dedzw f shdzkze dz
hJesCsBzesosets Hismskzfkz (wwzp) Starlink H
MCtstcHd dzsa Odzj SO SCtdzlstetsdz s Odzgj k4 tcOo dz' dadzw

t OLtsds 'L Is @ digdzve d f tsfigdflindgs Is* dz2 € d GHddz *° My z1s
CtedIsd ydzts* L Odzj ¥ desfyls* mMdMmlsjdd LeadwL C Iz, Ef tcOo
septstetsdzd vVStwO dzd o' H y' '’ mdMmisj d&3d , ‘ Mlse ts
Wkde€ y' sdzlzo Odzedzy ydrlsj deleV stcEz®r ' Dtk Odddgd &3 L O¢
Odz' IsjtcdzOIsdodzgd = " N j dz |, hts sy kzls+ Blzlsd tj Oc
g4z sO© MmdMmlsj d3, hs L dzORtsSHWIs! fw ) MlsOH "’
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MATHEMATICAL MODEL FOR MAINTAINING THE CONNECTIVITY OF A
MOBILE DIRECTED -ACTION SENSOR NETWORK WITH
TELECOMMUNICATION AERIAL PLATFORMS OF T WO-LEVEL ARRANGEMENT

The paperdescribes a mathematical model that, unlike existing mathematical models of
MSNs with TA, includes mathematical models of the functioning of direatéidn sensors and
TA of two-level arrangement with different power suppbin algorithmically defined
mathematical model is also presented, which allows calculating the criteria for assessing
connectivity.
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PROVIDING PERFORMANCE OF AUTONOMOUS NPN 5G
NETWORKS WITH TIME DUPLEX BY USING SYMBOL PLANNING

A significant advantage of the autonomous NPN 5G network is the ability to slice the
network operation for individual applications: eMBB, URLLC and mMTC. At the same time
different frequencytime parameters of equipment operating in a limited area are a source of
mutual interference and reduce performance within the NPN network. To minimize the impact of
interference, the symbol positions in the slot formats are defimsdch a way as to ensure their
compatibility.
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COMPARATIVE ANALYSIS OF CURRENT MATHEMATICAL
MODELS FOR ASSESSING THE NOISE IMMUNITY
OF SIGNALS WITH DISCRETE MODULATION

This paper presents a comparative analysis of current mathematical models used to asse
the noise immunity of signals with digte modulation.
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METHODS OF INCREASING THE EFFICIENCY OF
PROCESSING RZ-SIGNALS AGAINST THE BACKGROUND OF NON -GAUSSIAN
INTERFERENCE IN INFORMATION AND MEASUREMENT SYSTEMS

The paper considers the problem of increasing the efficiency of bipolar discresigriR¥
detection systems in information canmeasuring systems operating under -@@ussian
interference. It is proposed to use the morwembulative description of random processes to
develop momentary quality criteria for testing statistical hypotheses and polynomial decision
making rules. The piposed approach allows taking into account-@a@ussian interference
parameters, which significantly increases the accuracy of signal processing. It is established th:
the use of momertumulative representation of signals and synthesized algorithmssallow
reducing the probability of errors in systems against the background ofSamssian
interference, which is confirmed by the results of modeling, using ROC curves.
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SCENARIOS AND STRATEGIES FOR INFORMATION
TRANSMISSION IN INTERNET OF THINGS SYSTEMS

The concepts of Scenario and Strategy of information transmission in Internet of Things
systems are considered. A solution to the conflict between the capabilities provided by the
available resource anthe capabilities that the required telecommunication resource could
provide is presented.
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COMPARATIVE ANALYSIS OF RADIO TECHNOLOGIES
FOR INTERNET OF THINGS NETWORKS

The modern development of the Internet of Things (IoT) creates a need for efficient radio
technologies for data transssion in networks of various scales and application specifics. 10T
radio technologies are becoming particularly relevant in the context of smart city development,
industrial Internet of Things, agricultural systems, and conventional household solutiens. Th
primary objective of this study is to compare various radio technologies based on their technica
specifications, such as energy consumption, communication range, bandwidth, and deploymer
costs, which allows for the identification of optimal solutiomsdifferent application scenarios.
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PROBLEMS AND DIRECTIONS OF THE RPL PROTOCOL
RESEARCH IN THE INTERNET OF THINGS NETWORKS

In 10T networks, the RPL (Routing Protocol for Lé&Rower and Lossy Networks)
protocol is used as a routing protocol spgidesigned for networks with power constraints and
high channel error rates. Despite its widespread use, RPL has certain problems such as the la
of effective load balancing mechanisms, limited mobility support, and vulnerability to attacks
such as bldchole attacks or selective packet drop. In this regard, research into RPL is necessan
to develop advanced routing algorithms that will improve the performance and reliability of IoT
networks.
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EFFECTIVENESS INDICATORS OF THE APPLICATION OF CLOUD
TECHNOLOGIES AND THE INTERNET OF THINGS FOR SMART CITIES

This paper analyzes the key performance indicators for smart sustainabjewtiidsare
designed to assess the role and effectiveness of information and communication technologies |
the economic dimension of the city.
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APPLICATION FEATURES OF loT SYSTEMS AND NETWORKS
FOR INTELLIGENT TRANSPORT SYSTEMS

The application features of the Internet of Things for intelligent transport systems are
analyzed, which contributes to increasing the effigyavfcvehicle and logistics management
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THREAT S AND VULNERABILITIES OF INTERNET
OF THINGS SYSTEMS IN CYBERSPACE

The main threats, vulnerabilities, and attacks in Internet of Things networks have been
analyzed, which allows for timely application of countermeasures and safe use of IoT in
cyberspace.
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ANALYSIS OF ENERGY EFFICIENCY
ENHANCEMENT METHODS IN 5G NETWORKS

The main methods of increasing energy efficiency in 5G networks are analyzed, ailowing
reduce energy consumption without losing productivity and communication quality. Modern
technological solutions that contribute to the optimal use of energy resources are considered.
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INVESTIGATION OF DYNAMIC PROPERTIES OF ADAPTIVE SOFTWARE -
CONTROLLED RADIO DEVICES IN STATE SPACE

The problems of analyzing the dynamics of the processes of restructuring software
controlled radio device(SRD) are analyzed. The considered mathematical apparatus of the state
space allows us to obtain algorithms for statistical analysis, optimal andagtiasal control of
SRD, which in some cases lead to significant gains in efficiency compared to &tgosithms

1J4L80OY0O8 yd dzO HisfdIs! o jdzd ¢z ¢ dz
ftiocs] CIsko Odzdz?y OHOfIsdodzdrm MdMmisj &3, HJ dzO«
Cljteso Oded m tcOH' BL OMtsB ' o (11 4) o do yg
dzj odtc’ M jdzddsd ISOC* L O9 H Odzda" :

By 2 O ofdzdolz o PEdROY Y @BiE OBy Ismdo 1 ¢
Hd dz2Od3" ydets™ ftsandBSd ftcd LOHOdR f OtcOd3

-0dz0dz' L2 ofdzdoz odHE, {fBEWHCE SO {C
HqdzOd3' ydzz f snedBSCkz t' Lddrs CdzOM' &8 IsOC

LOCtsdz f§jtejBRZHBOY J,;
-mMdelsj Lz OHOYIsd o dzd A dimlsjdz, s fjtcj
sO LOBjLYi jykzels! dzgj sBR' Hdzz HJdzOdz ydzz &
-sflsddz’ L Oy LOCtsdzz f jtejBlRZHBSBOd L L
Issydetsmls SOSC Y dedL Sk " dghdm JtOCIsdn

T LOBj iy s v hdwhowsd L& ded  f

0]
t BL G dzv dzj d3ts fiPIs jOdfds o * dpddetsc s € dzOMmlz Ik
Cdn L d

S[[fnl;Jde sfdmke s Mv  dzgj MisOyY' 5dzOteded dizd |
H

o3 =

ex(n+1) = A () +B,e(n)

1Y(n) =Cx(n)+de(n) (1)
IT(n)=T/Y(n)

H Je(n), y(n), x(Ni e n " Hd2O, odnr "  HAZO L &3 dzdd,, IsO
By, udistPOLO®R)sted OHOY B@pidds] te tsipdCatiasfigs
yomsetsets ' disjteos Oz o YN Nk OCwsdl dfdj teg B
(Y (n)2 0).

rdmMStejlsdz0 § jtejHOdO WkdSy' v OHOYIs

104



o dzdo ' , N ¥(NE=opdDvdO' o dc dv H
Ko(zy )=C(Z71 - A,)'B, +d =K, (2" 1), 2

HiH(zDiodteOL vy' ‘  yWpzdzey' © ftod
| j dzd wd 8z®@L ZOyO®' (BOM" k08 yOMmisslsdds o
(YOMmistlsk dzO kO Iskzo O dzamyy) Oyvay.ls d o dzts’ M d fi k
yOC wWC MmdMmisj GO t' edzdy (1) dzj RS
HdMGCtejIsdzedr MdMmilsj d3, ss fJtej2H]BS 9" H 7

e(n) - et),y(n- y®),ym- y(@,
x(n) - x(t),x(n+1) - x(t)+Tx(t)/y(t)

fjtej2HjdiBs HB jCo' o 0Odzj dzls dzts’ BJ LT
HdW J to]J dzy’ Odzt dzd d3d tc' o dgW dzdzV d3d
eK() =y (0)[Ax (1) + Be(t))]
i y(t) = Cx(t) + de(t) ’

=T'A,-1,B=T"B,.
“H LOLdz(G)u(jlﬁqS,Olscﬂzded3 " defilstelz d3j dzls s d3
FHtse d BBy 4 Blzlsd Hd dzOd3' ydzO yOMml
dzdd3 L d&3 Mlstsds [ ym BdzdL ' €O H S C s
ts dz0 tc dats mdMmls j d3d , sM¢' dz2 ¢€d Mmdzlzy d
gzZz2o " Hdzdd3 off dzdotsdz IsO o dd3lzh j dats®
Odz" Yydz©O od¢yvym o  HSBtOY O ftesyj M L
Ou ZzO yYyOfmlstsis' o fiddf@Izts o @& ts H d dglr
I
odn’ Hdz‘ H Odz' odSstcd Mistse Izj‘dj,@'lsfrq[wdz
JSo"  90dzjdzlsdets™ BjLY Jjtoj tco dats’ fr]|s<
"R zdzh)dB s Wi deQ w'Oo Kdp).dets™ W EZzdzC y
, hs LOCtdtsdy f jtejBlzHBOd
y (1), odL &ZOYyddis L OcOdz! degdd j s tsOBcJ dz'm. d3y
BB IssHEz ftsdzvcec O o fjtojnBH' HEs datso ts5° |
t

OB Mtsdzs sded dsd MY "tsp(l) Bt jtaztli),dsde v ¢ 2 to

(3), hdewn@slsemwl setss j g (e (1), dit)dedel % (1)),
fjtojlsostes 65! MW dz0@ MlsOY' SdzOteded 2 ' dzOB E

&% (t)=Ax (t)+Be(t)
[y,(t)=Cx,(t)+de(t)"

10 HEf sdfsicisflse Bisj dz fuicty etdn@Ojo dfdists el
o f dz€() zexp(pt),(p=w) 2 o d &dr)y=exXp[pf()]sO tltd BO" &t

3)

O Qs
GE g 06 "+
=S TO@FSTHOTSE T
g aoTg oW

UT

—_

EE&_
© F NI agz 2 g ‘$

o
A 4
o
c
O

(4)

105



K.(p,7) = f: h(x)ePlPE-e®)] gy (5)
1 " fdzv L o wtgedg demasts jUlzdzy o datsHdls! hECO
K(p,t) = [y h()e PR dx, (6)
H JR(t,X) =t- f[j (t)- X].

0] ftcOCIsdydets 90y dzdotsdisz odf OHSCE L OC
WlEdCy' ‘s
el f teg<O
t) =] :
"% geo

O LOGsjdmj b stej dz' o dL dzOyOs ls! Mv o dteOL O

j(t)=‘i§ UthkO,f(t):‘!ét feg<o
ib 0 it/b § tctf20

UBH' o9dtOL 1 Ym HdEZYW HOMdses oadf OHGCEZ

K(p) opu t < 0 7)

Kp,t) = {K(p[ﬁ} + AK(p,t) mpu t =0’

HDK(pt)THd dz2Od3" ydz© ftsmdB ¢ O.
exp(- pt) i B(p)(P- p)(P- bp)
N i fsteWHBC wp, det sz md fjJtcJ HOo Odz
K(p) = A(p)/B(p).

1 O0dzOdz' Lz (7) odf dzde O :
1) rysdoutE Mmdmisjd, Mt HdMCt]lsdats f
Istc! s U dgOptsf s fut@sifz ¢ dzd s ddzd bff j tcj BEZH O
)

2) OmMd&flssksOodd y' ‘' fOwOClkjtedmlsdSd
fls Oksd ydg j 6j H Oo O dgs’ WhkdeSy'

K(p) mput<0,
K(p/B) mput—

3) rym BJL Y Jtcj tcol dats sd3tsiiddg diflsy * {* jete j wiEdffi
Ld3" dz¥° Mmeat' L dzOy  dzdaw

K0 =

106



K(p,0™) =K(p,07)) =K (p);

4) HJdORB CO0 ftsyjmMkz fjttjBkzrutsed s
f 50 d BAK@H);

5) f§suOUBazlzy L ded z0ds' ydets'® fsndeCd
MisOlsd ydets™ § j o WK(p, Oz KGEls— K(pA2,dzC y*

6) ftd HBOd 2 o j dzd ydhiz=1- b& Q@ dg ddAf Jstz j
fsndeSd fsfstey 2d0 ojdadydd y! sets §t

l dmdztse € .

1. (BLecdzvdzzelsd?2 BOspBGEJ tkd2z 0 Os0OIs
Odze sted Is &3 MlsOIlsdMmisd ydats ¢ ts OdzOdz' L Iz s |
4 tcOo dz' dzdzv 11 ®&, hts ftedL otsHWIsH z tewH
JWidSChkdodesmis® (Bte" adgWdes L o' Htsd3d d3d O dzc

2 . [ smdz' H Y j dzdaw HddzOd3' yfladdzd » o dfOutisafte
CjtesoOdzdn ©OH' SLOMBB' 98 bk fshisst' 1
BJ LY Jjtoj oo detst Wiz destgdz] dzls yPinkej fi3d ¢ Odzdzw ot
LdzOyjdzdz?", O HddzOdZ' CO ftesyjmkz § jtcjBEZHT
f sn d BAK®SL).

[ sjtOkL

1.J. Mitola et al ., ACognitive radio: Ma ki r
Communication, vol. 6, no. 4, pp.1138, Aug. 1999

2. S. Hayki n, A @anproiwteir veed rwa died ;e sBr aciomamasn i ¢
Comm vol. 23 ro 2, pp. 201220, 2005.

3. R. Venkatesha Prasad, ACognitive Funct
Standardi zation Efforts, o6 | EEE Co mtuAprilcat
2008.

4 . Ami r Ghasemi and EISensimgoin Cagnitivé Radi® dNetworksS p e
Requirements, Challenges and Design Twadef s, 0 | EEE Communi c
volume:46, issue:4, pp. 33, April 2008.

107



vrs 004. 7

profwy Iryolffrwy Yt fuls ] wl
I vsrfrs{fuvyrwsoAwey RMm frterrém N

teHjdSts ¢. ¢., | Oblskztese .
1 O yodgb dsStseo d2 * dzmisdlskzls Isj dzj ¢ sd3kz dz'
slw "B, wetstew o' CtsteMm! S BEt5, |
E-mail: anastasiarudenko078@gmail.com

ANALYSIS OF PROTOCOL IN TERACTION IN
NGN TELECOMMUNICATION NETWORKS

This article examines the interplay of Softswittdised NGN and IMS NGN protocols in
the world of active IMS migration.
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Dielectric microresonators with whispering gallery modes (WGM) have a
guastperiodic frequency spectrum, which makes them convenient for use in
interleavers optical wavelength ranges: [b].

oo ANV

1 1 1 1 _40 1 1 1
19998 200 200.02 f THz 19996 19998 200 f THz

b C

Fig. 1. Scatterig characteristics (be) of two DR in a transmission line (a) calculated for
seven oscillations of degenerate WGHK):= 200THz; FSR=25GHz; DR coupling coefficients

with a transmission line: for even modlise:S W>; for odd mode:lzg’ =5 W°; coupling

coefficients of the DRs with open spade=10’; mutual coupling coefficients between DRs:
for even modekS, = 6,5 10°; for odd modek’, =2 TW°; dielectic loss Qfactor Q° =10.
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Relative distance between resonatGr&® , 31 /@ (G is a waveguide wave number).

This paper presents new results of modeling the scattering characteristics o
transmission lie waves on DRs with WGM built on the basis of previously
conducted theoretical studies [1&7]. For the first time, $natrices of notch (Fig.

1) and different Add/Drop (Fig. 2, 3) filters are investigated taking into account

several types of oscillations
@ | 1 @
-10r - —10F 4
O
O 1 -20F - —20F

-30r b =30r

_40 I _ 4t L L I I
a 109,95 200 f, THz 19906 19998 200 20002 f, THz

b C

Fig. 2. Scattering characteristics {d) of two DR Add/Drop Filter (a) calculated for seven
oscillations of degenerate WGM, =200THz; FSR=25GHz; DR coupling coefficients with a

transmission line: for even modé&® =2 TW°; for odd mode:k? =2 T°>; with open space:
k=10"; coupling coefficients between DRs: for even mot#g: =4 0°; for odd mode:
kS = 2 10°; dielectric loss Gactor Q° =1¢F.

For the ferst time showed the possibility of constructing electrodynamics
models of filters with periodic scattering characteristics.

Sa1.0L

-0t

—-30r

40 L L I I
a 19996 19998 200 20002 f, THz

b

S0
dB

—10F

—20f

—30r
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Fig. 3. Scattering characteristics (be) of 4 DR Twisted doublehannel SCISSOR (a)
calculated ér seven oscillations of degenerate WGM, =200THz, FSR=30GHz; DR

coupling coefficients with a transmission line: for even mo@&.:l,Z @0°; for odd mode:
k?=1,2 10°; coupling coefficients ofhe DRs with open spacé&:=102; coupling coefficients
between DRs: for even modkf, =1 T °; for odd mode:k’, = 4 10°; coupling coefficients
bet ween #wvepiiedal | PRs: f k=6 WY, efor oddo mazle:
o/ = 3,5 10°; dielectric loss Gfactor Q° =1(F .
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and optimization of scattering characteristics of modern optical communication
systems using interleavers in technology WDM.
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wdzls j todzj sz toj yj 2.

In works [1- 3] a new class of microwave antennas was investigated for
simultaneously performing the functions of spatial distribution of the radiation
field and at the same time frequency filtering. The obtained results and desigr
principles cannot be dnsferred to shortewave 1 infrared, optical frequency
ranges due to the known shortcomings of physical materials. In this paper a nev
principle of the antennflters design in the optical range, based on usage of
coupled sublattices of different typescnoresonators is proposed. A new kind of
the antenna, containing several different lattices of dielectric resonators is
proposed. In this case one of the sublattices consists of microresonators witl
whispering gallery oscillations (WGM), this sub lattimems frequency band of
the antenna. The second sub lattice consists of microresonators with lower mode
and forms the spatial distribution of the radiation field in the wave zone.

The main difficulty in calculating such antennas lies in the very highedeg
of degeneration of the higher types of natural oscillations of the DRs. As an
example, the results of modeling a new linear optical antenh&]3uilt on two
types of spherical microresonators are given. (Fig. 1, a).
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Fig. 1. Onedimensional dikectric antenna (b €) made on two sublattices of spherical DR:
with WGM oscillationsH . ., (1,2,....N,); and DR withH,_, , oscillations (,2,...N,). Radiation
characteristics of &-cavity antennal{, =2; N, =4) f,=200THz; 1 DR coupling coefficients

with a transmission line LIZL =4,5 (0°; permittivity of resonator, =2,25; dielectric Iss
Q-factor of 1 sublattices resonator®; =10"; dielectric loss @actor of 2 sublattices

resonatorse, 25; dielectric loss Gactor Q5 =10°. Relative distance between 2 sublattices
resonatorsk,Dz , = f/2; Antenna Directivity Diagram (b, c); input reflection coefficient

frequency response (d); amplitude modules of forced oscillations of the DR lattice at different
frequencies of the operating band (e¥0,1,...,N +N, ).

The conducted studies have shown that in the sublattices of various DRs
conditions can be created under which the coupling element of the antenna with th
transmission line effectively excites only the oscillations of the -@w
microresonators of the shalttice (Fig. 1, e; Fig. 2, d). At that, the lattice consisting
from high-Q DRs, forms the antenna bandwidth (Fig. 1, d; Fig. 2, c).

At the same time, it has also been shown that changing one or several of th
antenna parameters, for example frequencgpme cases can lead to a significant
restructuring of its radiation pattern. (Fig. 2, a, b). The restructuring of the
antenna's directional pattern is caused by a partial redistribution of the amplitude:
of the field of the coupled oscillations of thedrating" sublattice (Fig. 2, d).
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Fig. 2.Radiation characteristics of a edanensional 1&esonator dielectric antenna (Fig. 1,
a: N, =5;N, =5) (the parameters of the resonators and antenna are the sameF@slpn

Antenna Directivity Diagram (a, b); input reflection coefficient frequency response (c);
amplitude modules of forced oscillations of the DR lattice at different frequencies (d)

(t=0,1,...N +N, 9.

The obtained research results demomstthe possibility of constructing a
new class of dielectric antenifiiers in the optical wavelength range, performed
on the basis of application of sublattices build on different microresonators,
characterized by a controlled frequency band and diredtieharacteristics.
Presented results are the basis for further modeling and optimization of a wide
class of antennas for building access points of modern optical communication
systems, as well as IOT.
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METHODS FOR OPTIMIZING NETWOR K RESOURCE UTILIZATION
IN DATA CENTER SDN NETWORKS BY TRAFFIC ENGINEERING

The study provides a comparative analysis of modern Traffic Engineering (TE) methods
in SoftwareDefined Networks (SDN). Analyzed key approaches, such as ECMP with hashing,
Min-Max Fairness, the Epstein algorithm, and kmadancing methods focused on managing
elephant and mice flows. Also has been reviewed efficiency of SDN in dynamically managing
traffic and adapting to redime changes. By the results of analysis claimed tleattimbination
of TE and SDN significantly improves network performance, reduces latency, and optimizes
resource utilization.
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FORECASTING DISTORTED SIGNALS FROM LED
LAMPS IN INDOOR POSITION ING SYSTEMS.

The paper analyses the possibility of forecasting distorted signals from LED transmitting
lamps used as signal transmitters in indoor positioning systems. It is shown that using the
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STARRY SKY IMAGE SYNTHESIS FOR STAR DETECTOR SETUP

An algorithm for image synthesis for a starry sky simulator suitable for use in debugging
and simulation tests df H and Kband IR star detectds consideredin the algorithm proposed,
image is synthesed while taking temperature, radiation spectrum and magnitude of stars, light
dispersion, and image blurring into account. Algorithm also allows one to take star detector
resolution and spectral sensitivity into accoliddeling of the algorithm operatn is done and
starry sky images are formed using MATLAB.
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SECURING SOFTWARE-CONFIGURABLE NETWORKS
WITH BLOCKCHAIN TECHNOLOGY

The study analyzes the integration of SoftwBefined Networking (SDN) and
Blockchain to improve network security. It has been established that the edioiiof SDN
and Blockchain provides decentralized management, cryptographic protection, and immutability
of network transactions. The key security mechanisms are identified: policy automation through
smart contracts, decentralized event log managemeit, dgnamic access control. The
architectural solutions are effective for IoT, telecommunications and corporate networks. The
scientific novelty is the substantiation of the concept of integrating SDN and Blockchain, which
is superior to traditional approaehto cybersecurity.
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BENCHMARKING SEARCH SPEED IN KNOWLEDGE GRAPHS

Knowledge Graphs (KG) play a key role in storing and retrieving structured knowledge,
but traditional database methods such as SQL and NoSQL often introduce delays in quen
execution. This paper proposes methods to optimize search speed by using graph iad&xes, v
node representations, and modern similarity search algorithms such as HNSW (Hierarchica
Navigable Small World) and FAISS (Facebook Al Similarity Search). The research results
demonstrate improved search performance, which contributes to a morgveffese of
RetrievalAugmented Generation (RAG) in large knowledge graphs.
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KAFKA QUEUES MODEL FOR REAL TIME EVENT PROCESSING

This paper conders the problem of efficient message queue management in the Apache
Kafka system, which is used for processing streaming data in distributed environments. A
mathematical model based on the theory of M/M/c/K queues is proposed, which allows
estimatingthegor obabi | ity of message |l oss ( _ |l oss)
(B). The impact of this parameter on system performance is analyzed. The simulation result:
demonstrate that increasing the buffer size leads to an exponential decreaseabahiityg of
loss, but after a certain threshold, a saturation effect is observed.
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STUDY OF THE LEARNIN G SPEED OF NEURAL
NETWORKS DEPENDING ON THE ACTIVATION FUNCTION

The paper studies the learning speed of a neural network depending on the activatior
function used. Three types of activation functions were considered: the Heaviside function, the
Sigmoid a&tivation function, and the Hyperbolic Tangent activation function. It was determined
that the activation function has a significant impact on the quality of learning. In addition, the
coupling coefficients of the neural network and the range of input\ddtees have a great
impact on the speed and quality of solving the problem.
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CHALLENGES OF IMPLEMENTING LI -FI
TECHNOLOGY IN THE IOT NETWORK

Suggestions for improving the quality of infornmet transmission in networks of
interaction between the Internet of Things aneFLtechnologies by using different types of
modulation.
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ARTIFICIAL INTELLIGENCE ALGORITHMS FOR LOAD BALANCING IN SDN

This paper presents Artificial Intelligence (Al) algorithms for optimizing traffic
management in Software Defined Networks (SDN). It discusses the integration of monitoring
and Al analysis modules to enhance load balancing and dynamic traffic recandg.
Leveraging Al enables networks to forecast and manage parameters intelligently, addressin
challenges like low reliability and inefficient resource usage. The paper also examines populal
algorithms for resource optimization and their advantagghligphting the importance of these
technologies.
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ANALYSIS OF IAC TECHNOLOGIES FOR
DEPLOYING HIGHLY AVAILABLE AND HIGH -PERFORMANCE
SERVICES IN THE AWS CLOUD ENVIRONMENT

This paper analyzes laC technologies for deploying a-faldtant, highload Kubernetes
cluster in AWS. It explores automation, scalability, and maintainability using Terraform and
Kubernetes. The study highlights besactices for cloud reliability and performance, proposing
a highly available Kubernetes cluster design.
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DIRECTIONS IMPLEME NTING TECHNOLOGIES
ARTIFICIAL INTELLIGENCE IN SDN

Integration of artificial intelligence methods and the main trends in the use of machine
learning methods in SDN to improve traffic classification, prediction, routing, optimization
flows, and security.
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APPLICATION OF DIGITAL STEGANO GRAPHY
IN MODERN CYBERSPACE

This paper reviews recent documented cyber incidents involving the use of digital
steganography in images, audio, video, and network traffic. The analysis shows that
steganographic techniques can be effective in circumventirggat detection systems during
cyberattacks. However, reaforld use cases remain rare and poorly documented due to the
complexity of both the implementation and the detection process.
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SCALING NETWORK MODEL BASED ON STOCHASTIC PROCESSES
UNDER SELF-SIMILAR TRAFFIC CONDITIONS

A comparison of Poisson and fractal approaches to netinadfic modeling is presented. It
is proven that the use of stochastic processes in load forecasting allows minimizing delays an
avoiding excessive resource consumption. A model is presented that provides adaptive
management of network resources, creatingalance between performance and efficiency, as
well as taking into account stochastic traffic characteristics.
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FEATURES OF PROTECTION OF INTERNET OF THINGS DEVI CES

The method for protecting loT end devices has been modified, which differs in the data
protection mechanism and allows to increase the security of the IoT network. The proposec
solution can be implemented by the owners of 10T end devices to incieas®k security
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While researching new methods of dataalysis and processing, our team's
attention was drawn to a papBompeo et al[l] about available methods for
determination of physical parameters of resonators using curve fitting [2].

We decided to investigate curve fitting further and considemssipilities as
a method that can be used to determine the parameters of resonators frem the
parameters of the structures they belong to. This procedure is generally based c
approximation, which is a method of replacing an unknown function with a set of
simpler functions that approximately reproduce the properties and parameters o
the initial function or characteristic [2], [4]. This allows to significantly simplify
the final analysis or calculations, depending on the purpose for which the
approximations used.

It is important to notdhat specialized computer software is used for such
calculations, for exampl®&JATLAB provides this capability [6]

" | S11 LOGMAG 3dB/ -11.83dB $21 DELAY 5ns/ 8.694ns
»S21 LOGH 3dB/ -1.98dB
PM1: 4.349 376 559 GHz

START 4.166 886 886 GH= 482p 2x AVG STOP 4.660 886 868 GHz

Figure 1.Two-resonator filter
a) actual appearanck) experimental measuremenfsS11, S21GD.
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Fore x a mp | egnsidér & twarssonator bangass filter in Figre 1(a).
The resonat or s ankngwa rtca use tqualitys factarr resonant
frequencies, andcoupling coefficients We are given with experimental
measurements of-garameter§ Figure 1(b). From [5], we havethe formulasfor
the calculation 0621

Cpyr Csy Kpi f F,
S21=1-— — C Cpp= —22 x :( _UPl)
1+CPE 1+CSE PT 1+j-Xpy F1 Fopa f QOPl

(1)

_ _Ks _{ r Fosy
Gz = Gy Xs1 = (— - Qos1

Fgsy b

There are 6 unknown characteristics in (1):
Kpq, Ks1 - couding coefficients of the resonators
Fyp1, Fos1- resonant frequencies of the resonators
Qop1, Qos1- quality factorsof the resonators

Fit Plot
T T T T T Y

T T T

=
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T T
+ S521_BPFwvs F m
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=
)
T
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=
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S21_BFF
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E x10°
b)
Value Goodness of Fit
F_p1 4.3333e+09 e Figure 2. S21 approximatior
F st 4.3461e+09 SSE 0.1011 results
K_p1 QG732 R-square 09334
K <1 25984 DFE 395.0000 a) graphical representation;
Q0p1 25 8479 AdjR-sq 0.9831 b) approximation residuals;
RMSE 0.0160 c) derived K, F and Q;
Q_0s1 1.0801e+03 : L .
d) approximation quality.
c) d)
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Given theformulas (1) and the measurement datan Figure 1(b) it is
possible to determine thenknownparameters of the banmhss filter resonators
usingapproximationWe use MATLAB to do it [6].

As illustratedin Figure 2(a) - the approximation accurately reproduces the
S21 characteristic as proved bygualitative characteristics in Rige 2(d),. The
main result of the approximation, are the coupling coefficients afat®@Qrs of the
resonators, shawin Figure 2(c).

The main benefitof this methodlies in the possibility of determining
microwave characteristiccoupling coefficients,Q-factorg from experimental
data, which was impossible befoses any approximation, this method requires a
specialapproachlike choosing othe starting point and/or approximation step, as
well asbroaderverification, which are the tasks for future study
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In today's rapidly growing demand conditions for wireless services, Power
Domain NonOrthogonal Multiple Access (RNOMA) technoloy is becoming
a key element in fifttgeneration (5G) communication systems. Its implementation
is drive, enable the connection of a large number of devices (including various
types of sensors) and improve the quality of user service.

Traditional orthogonla multiple access methods, currently actively used
in fourth generation (4G) communication systems, use methods of frequency ant
time allocation of resources among users, which limits the number of simultaneou:
connections and therefore reduces the spkeefficiency of such systems. The use
of PD-NOMA systems will allow to increase the efficiency of using limited
spectral resources by allocating power among users in the same time and frequen:
domains.

Since in PBNOMA systems users transmit signals gsone frequencyime
resource, differing only in power levels [1], there is a need to eliminate the mutual
influence of similar (interfering) signals. In order to eliminate such interfering
signals PDNOMA systems used of the method of successive error
elimination (SIC) [2]. It should be noted that the efficiency of SIC may decrease
due to the accumulation of demodulation errors, especially in conditions of real
interference. Also, insufficient difference in the power levels of user signals
transmitted inthe same frequendyme domain may lead to a further increase
in the probability of errors. The above emphasizes the importance of assessin
the potential interference immunity of such systems, which will allow identifying
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possible vulnerabilities of m@dn wireless networks.

Let us consider the case when the-RDMA system uses mutually
nonorthogonal signals with binary phase shift keying (BPSK).

From the theory of optimal nonlinear filtering it is known that the problem
of a compatible, interconnecteestimation of the initial phase of the carrier
vibration and the discrete information parameter of the BPSK signal has already
been solved [3]. In this case, to increase the sigrabise ratio during
the removal of manipulation from the BPSK signiathree input of the phadecked
| oop, used a fAsofto estimation of th
the reference (carrier) signal obtained used for ee@serent processing
signals.

In the statistical theory of digital signal separatitere is a known algorithm
for separatiordemodulation of two mutually nearthogonal digital BPSksignals,
which is optimal according to the criterion of minimum probability of error
in estimating discrete information parameters of each signal [4]. dAlg@ithm
was obtained in the formulation of the classical theory of potential noise immunity,
where all noAnformation parameters of signals that are mutually-oxdhogonal
over the length of the information packet are considered to be exactly known.
It should be noted that the second result is generalized to the case whe
it is possible to process one of the signals (more powerful) -qoasrently,
and the other (less powerflilincoherently.

The paper proposes to combine this the results andhese to separate
mutually nororthogonal BPSksignals. According to the results of the research,
it was found that when demodulating a more powerful signal, it is unnecessary
to estimate the initial phase and amplitude of the carrier vibration of the less
powerful signal. In addition, in order to receive the same probabilityrrof e
for both signals, the difference between their instantaneous powers shoulc
be O 6 dB, which wil | ainfdrnoatron pasameters e
of the more powerful signal, to neglect the presence in the observation of the les
powerful sign& In this case, the difference in the initial phases of the mutually
nonorthogonal carrier BPSKignals over the length of the information clock
interval must remain slowdyariable.

In Fig. 1 presented one possible implementation option for such
a quascoherentincoherent demodulator of namthogonal BPSkKsignals,
which can be used in building 5G systems with using\NRIMA technology.

The developed scheme of a quesherenincoherent demodulator of two
mutually nonorthogonal BPSKsignals differs fom the known one in that first,
quasicoherent reception of the first more powerful signal occyrs then the first
received signal is compensated from the mixture at the correlator output , and onl
after that incoherent (quadrature) reception ocaifrshe second less powerful
signal (). The presence of a reactive element (RE) in the scheme allows
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for an estimate of the initial phase of the more powerful signal. The decision
on acceptance of the second less powerful signal is based on theradditi
of the inphase and quadrature components of the signal.

® . .
. X fo . =+ BN
thx
/2 *
— |
I e e e
. X / -
5
(*)* / o
- N "z
X f ITl X =4

Fig. 1. Block diagram of a quasoherenincoherent demodulator
of mutually nororthogonal BPSksignals

Conclusion The paper proposes an algorithm for the semardimodulation
of two mutually nororthogonal BPSkKsignals, in which, when processing two
similar interfering signals, it is necessary to estimate the-imformation
parameters (amplitude of the initial phase) of only the more powerful signal, which
IS processed quasioherently.
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Problem Statement.In the development of new methods for determining
the direction of arrival (DOA) of radio signals, an urgent issue is the synthesis of
test signals that closely resemble the target signal imacteaistics. This is
particularly relevant for complex signals or modulations with spread spectrum,
such as frequenelyopping spread spectrum (FHSS) signals, which are widely used
for data transmission, control channels of unmanned aerial vehicles (BAY),
encrypted communication systems. The challenge of obtaining signals from rea
sources for testing newly developed algorithms is evident. The characteristics o
target signals are typically determined using recordings from autonomous radic
monitoring sations deployed in operational zones. Developing a synthesizer that
serves as a relevant and adequate analog of a real radio signal source, the directi
of arrival of which is of practical value, is an integral part of advancing innovative
radio directiorfinding methods.

Synthesizer Implementation.To determine the necessary characteristics of
the FHSS target signal, a large volume of spectrogram recordings of real
transmitters and data from open sources was analgigeee(1).
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Figure 1. Recorded sptrograms from autonomous radio monitoring stations.

Experimental studies have shown that, for the signals of interest, the FHSS
frequency range varies from 1 to 10 MHz, with individual channel bandwidths of
150/ 300 kHz and a hopping rate up to 20 Hzirlgscorrelation analysis of a single
channel 6s bandwi dt h, a SFywer),tdetexrhined by n g
the modulation type used for data transmission, specificai$R. The frequency
range is predominantly stdpgahertz, spanning 880025MHz. Channel switching

occurs according to a pseutimdom pattern with packet losses (gaps) of up to
30%.

A review of available
> ; ; = sources and  scientifi
publications on this topi
revealed that existin
implemenéation approache
do not fully meet the
requirements.

The development of
synthesizer capable «

generating a signal with the
above characteristics and allowing raale parameter variatioin essential for

testing the developed directidimding algorthmsi was carried out in the GNU

Figure 2. 2FSK spectral fingerprint.

169



Radio Companion (GRC) environment using Python and an available GRC block
library.

During the formation of the functional schemig(re 3), the required
structure of the FHSS signal synthesizer was determined to meegtheements.

The 2FSK signal generator block from the GRC library is used as the primary
signal source, with parameters defini
low-pass filter suppresses hiffiequency spectral components. The carrier
frequeny hopping is implemented in Python using a pseta@om number
generator and an algorithm that controls frequency switching based on input
parameters such as frequency range and the number of FHSS channels. T
hopping rate is set in the GRC environmestam external trigger for cyclically
calling the frequencgwitching block. The synthesized signal is shifted into the
high-frequency range using a noacursive frequeneghifting filter from the GRC
library.

Synchronization and packet skipping of FHS8nsls are implemented
using Python. This functional block acts as a controlled attenuator, using an
external trigger and an embedded psersdmlom number generator. Considering
the required packet gaps level as an input parameter, it either suppredkmssor a
FHSS packets to pass through the output of the FIR filter without distortion.

To simulate reaWorld radio wave propagation conditions more accurately,
the synthesized FHSS signal is mixed with additive white Gaussian mase (

4). The system ibbaded with a virtual transmission path block.

Parameters: . . Parameters:
- Channel frequency bandwidth _nggﬁgg:itosetﬁ.thgfearame!er. - FHSS packet gaps
- Spectral fingerprint of the channel pping

= _ 5

FSK Low-pass
Generator > Filter . Adjustable
" attenuator [ . .
Frequency FHSS Signal
Xlating
FIR T
i Filter
Pseudorandom Frequency Hopping
Generator (PG) Pattern Generator » PG

r o= e

Paramelers: | Parameter:
- Frequency range of the FHSS - Center frequency
- Number of channels

Parameter:
- Switching sequence

Figure 3. Functional block diagram of the developed synthesizer
with the parameters and synchronization paths.
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Figure 4. A block diagram of the developed synthesizer.

Conclusion. Spectrograms of FHS signals synthesized by the developed

system with various input parameter settings are presefigace(5). In addition to

the specified settings, the synthesizer and noise generator have independe
adjustable amplifiers (AA), enabling control over gignal and noise amplitudes
and their ratio. This allows for simulation of changes in the distance to the signal
source or the effect of antenna rotatiospecifically, the dependence of received
signal amplitude on the direction of arrival due to thean's directional pattern.
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Figure 5. Spectrograms of the synthesized FHSS signals.

The provided spectrograms demonstrate that the overall appearance of th

synthesized signal closely matches real FHSS signal recordings with similar
characteristics. fiis confirms its suitability as a test input signal for developing
directionfinding algorithms for spreadpectrum signal sources.
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Digital maps are widely used for the numerical estimation of the signal level
in different communication systems.h& mostly used applications of such
calculations include the calculation of the following parameters of the radio
communication links: signal level and quality parameters. The calculations are
performed over raster digital map layers. The result of sulchilaions contains
the value of a required parameter for each pixel in the map layer. Such calculation
make sense in case of a sufficiently sophisticated electromagnetic waves
propagation model is used to properly take into account the terrain sulbstate
the radio communication link.

In this paper, the possibility of using of opsource digital surface maps for
different parameters of radio links is considered. For estimation of signal level,
different specific values may be calculated depending lmn type of the
communication links. For instance, for mobile communication networks, RSSI
(received signal strength indicator) parameter is calculated for GSM or UMTS
networks [1], and RSRP (reference signal received power) parameter is calculate
for LTE networks [2]. As a quality parameter, SNIR (Sigtwinterferenceplus
noise ratio) parameter is used for GSM and UMTS networks, whereas RSRC
(reference signals received quality) parameter is used for LTE networks.

The results of such calculations areitgtly used in the following operations:
planning of radio communication networks, control the quality and availability of
existing mobile radio networks, electromagnetic compatibility assurance tasks anc
for the estimation of power budget during the psscef design of microwave line
of-sight pointto-point links [3].

The results of abovementioned calculations are typically presented as
coverage raster digital map layers. To provide signal propagation calculations.
different electromagnetic waves propagatmodels are used. One of the key
factors that affects the propagation of electromagnetic waves is terrain substrate
Terrain is modelled by the elevation model.
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A digital map that presents the elevation model is a raster digital map layer,
each pixel ofwhich contains the value of elevation over the reference surface.
There are two types of such digital maps: digital elevation map (DEM) and digital
surface map (DSM).

A DEM contains the bar&arth surface, without all natural and built features.

A DSM cortains both the natural and built/artificial features of the environment. In

particular, while a DEM contains only the Earth surface, a DSM also takes into
account forests, buildings, other artificial objects etc. Evidently, for precise
diffraction calculaibn, DSM is required.

In commercial software that is aimed at electromagnetic waves propagation
calculation, the three separate raster digital map layers are used to support tr
calculation: a DEM, a layer that contains the heights of natural and akifigect
on the surface of Earth and a clutter layer. Clutter layer is a raster layer of the sam
dimensions as DEM. It contains the information about the type of terrain for each
pixel, for example: water, forest, concrete buildings etc. The clutter layer
information allows to take into account the impact of the surface type. It implies
using of quite sophisticated propagation models that allow to take into account this
information for more precise calculation.

As a source of DEMs and DSMs, remote Earthsgey data are used. The
corresponding satellite missions employ different types of radars and lidars. Since
different types of objects manifest various reflection capability in different
frequency bands, it is possible to build both DEMs and DSMs orethdts of the
measurements, if the reflection coefficient data are taken from different sensing
tools on the board of a satellite.

For the electromagnetic wave propagation calculation, typically commercial
software is used, and commercial digital map layeme also prepared. However,
the opersource DEM and DSM data that are available on the Internet can be usec
for the calculations. As an example, two data sources were considered, as follows:

- Shuttle Radar Topography Mission (SRTP) [4]. The pixel sid3@is
(from North to South) by 20 (from East to West) meters.

- Advanced Land Observing Satellite (ALOS) mission. ALOS Global
Digital Surface Model "ALOS World 3D30m (AW3D30)" [5]. The pixel size is
30 (from North to South) by 20 (from East to West) meters.

It is important to understand which type of digital map, DEM or DSM, is
presented by a map source. For example, Fig. 1 and Fig. 2 contain the result of tr
comparison of the two abovementioned maps.

In Fig. 1, the test line for comparison is created. Tiie presents the radio
link path to be analyzed in terms of radio wave propagation. For the comparison
an urban area was selected.

In Fig. 2, the profiles, built for the test line using SRTM and ALOS data
sources, are presented. As it can be seen, tHgViS#ata (red line in Fig. 1)
represent a DEM, whereas ALOS data represent a DSM. Therefore, ALOS dat:
shall be chosen for electromagnetic wave propagation calculation.
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Fig. 1. Test line that simulates the radio waves propagation path for a radio link
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Fig. 2. Profiles of the test line, built using SRTM (red line) and ALOS (blue. line)

The drawback of using opesource DSMs is the absence of clutter layer,
which |l eads to wusing of the simplif.i
account the naterof the orsurface objects.

The strength of using opesource DSMs is using only a single value for each
map pixel, which contains the total height of the surface. Therefore, there is na
need to use additional map layers containing the heights of ta&faice objects.

Different comparison operations have shown that ALOS data correctly take
into account different terrestrial objects, such as forests, separate trees, building
etc. Therefore, ALOS digital map can be used for electromagnetic wave
propagatio calculation.
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Microwave lineof-sight (LoS) communication links are essential for high
capacity wireless networks. However, signal propagation in such systems is
affected by obstacles that cause diffraction, leading to signal attenuation an
degradation [1]. Accurate diffraction analysis is crucial for optimal link design, and
Digital Surface Maps (DSMs) have become an essential tool in this process.

DSMs provide higkresolution raster data representing terrain and built
structures, which &ws to model the exact propagation environment. By
integrating DSMs into Geographic Information Systems (GIS), diffraction
calculations can be performed with greater accuracy, ensuring that potentia
obstructions are identified and mitigated.

In this pape using opersource DSMs is considered for diffraction
estimation as a part of the design of Jofesight microwave links. The
International Telecommunication Union (ITU) provides several diffraction models
suitable for microwave link planning. The masted of them include the following
approaches:

- Knife-Edge Diffraction Model [2] is a simple yet effective method
assuming a shargdged obstacle. While useful for basic calculations, it does not
account for complex terrain variations.

- Multiple Knife-Edge Model [2] extends the single knitxlge
approach to multiple obstacles, offering improved accuracy in mountainous or
urban environments.

- Deygout Method [2] uses an iterative approach that estimates
diffraction loss over multiple obstacles by identifyinganinant edge and
computing successive diffraction effects.

- Bullington Method [2] is a simplified model that approximates
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multiple obstacles as a single equivalent obstruction, reducing computational
complexity.

By using DSMs, it is possible to automate fiedection of relevant diffraction
models and optimize antenna location to minimize signal degradation. Modern GIS
tools integrate DSM data with I'T"dompliant algorithms, improving reliability and
efficiency in microwave network planning. The combinatidnh@h-resolution
DSMs and advanced diffraction models significantly enhances the accuracy of LoS
assessments, reducing deployment costs and ensuring robust communication link

The procedure of power budget estimation of a LoS link requires generation a
surface profile showing the surface heights over the signal path [3]. A DSM is a
raster digital map layer, which contains values of surface height over the referenc
level for each raster pixel, which can be used for building a profile for a
microwave link.Fig. 1 shows the fragment of a DSM, used for modelling the
signal path for a microwave LoS link.

Intersection paqints X

\\\ 2"%end

S _ point
N
1*end /*’) -

point

Fig. 1. Building a surface profile for a microwave LoS link

The algorithm for building a profile includes the following steps:

- Building the line between the end points of the microwave link
and calculation of the intersection points (see Fig. 1).

- Checking if theAx andAy (see Fig. 1) exceed the pdefined
threshold.

- Basing on the number of the intersectmmnts, calculation of
the number of pixels along the link path.

- Then, the profile as a dependence of surface height (Y axis in
Fig. 2) versus distance from th&dnd point (X axis in Fig. 2) can be
built. The points for X axis are taken as a unifornayponsisting of
the points(d;, h;), whered; is the distance from the'end point of the

link, andh; is a surface height of this point. The distance values are
calculated as followsd; =i -%, wherei is thepoint numberp is the

distance betweerfend point and"? end point andV is the number of
raster pixels along the path (shown as grey squares in Fig. 1).
- As aresult, a link profile can be built (see Fig. 2).
For the calculatins, opersource DSM can be used. In this work, the ALOS
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digital maps [4] were implemented. These maps have 30 x 20 m resolution anc
take into account not only the Earth elevation, but also the height of terrestrial
objects, such as forests, buildings é&alrawback of using the opesours DSMs

is absence of clutter layer, which makes it impossible to consider differences in
electromagnetic wave propagation in different environment (for instance, concrete
wood etc.).
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Fig. 2. Example of a microwave linkrofile.

To check the presented approach, Deygout method was used. The strength
this method is its ability to consider not only one or two obstacles along the wave
path, but all obstacles that are essential for diffraction. As an example, for the link
shown in Fig. 2, the value of power loss due to diffraction, calculated using
Deygout method, is 8.9 dB. To provide the calculations, Python programming
language was used, which makes the presented calculation approach independe
from any commercial softare.

It was shown that using ALOS DSMs and Deygout diffraction estimation
approach allow to properly consider the diffraction along the signal propagation
path in microwave LoS communication links. The calculations were performed for
different types of temin (rural and urban), different number of obstacles on the
propagation path, various antenna heights. Good alignment with diffraction theory
was observed for all combinations, which allows to consider the proposed
approach reliable for the microwave L&ks planning and design.
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SYSTEM FOR TRANSMISSION AND RECEPTION OF TELEVISION
BROADCAST SIGNAL IN THE T ERAHERTZ FREQUENCY RANGE

A variant of the layout of the DVES/S2 television broadcasting signal transmission and
reception system in the terahertz frequencyeais presented. The results of laboratory studies
have shown the possibility of transmitting singkend multiprogram higldefinition (HD)
streams in 2K and 4K formats through this system.
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DEVELOPMENT OF A COMPLEX OF LABORATORY
WORK ON THE FORMATION AND RESEARCH OF SIGNALS OF
MOBILE COMMUNICATION TECHNOLOGIES USING ROHDE &

SCHWARZ EQUIPMENT

The study investigates the impact ofreal imperfections in the transmitter, such as 1/Q
imbalance, phase noise, and radio channel parameters, including multipath propagation an
interference, on the quality of the received signal. Experimental measurements were conducted usin
the R&SEASMIdO0OT signal g e n-&3% spdactoum analyzer. Atshteof R &
laboratory exercises for students in the field of wireless technologies is proposed to assess the impa
of signal distortions and develop methods for their compensation.
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GENERATION OF GNSS GPS SIGNALS USING SDR TECHNOLOGY
FOR TESTING GPS SATELLITE NAVIGATION RECEIVERS

A variant of a hardwarsoftware GNSS signal generator based on the HackRFOne SDR
transceiver for testing GPS recers in laboratory conditions is presented. The results of the
presented research may be useful for developers of satellite radio navigation equipment.
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