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IMPACT OF INNOVATIONS AND INFORMATION
TECHNOLOGIES ON MODERN WAR

The life cycle of weapons and the influence of modern innovations and technologies on
their development (modernization) are consideri#ds shown that the duration of the arms
development cycle is constantly decreasilighas been noted that the modern battlefield is
increasingly becoming a battlefield of autonomous and recmt&olled drons.
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4 OMPARI SON OF THE EFFI CI ENCY OF BROA
AND NARROWBAND SIGNALS IN LOW ENERGY CONDITIONS

In this paper considered a comparative analysis of effectiveness of the communication
channel resource of broadband and narrowband signals.
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ARTIFICIAL INTELLIGENCE IN THE
FIELD OF ELECTRONIC COMMUNICATIONS

Informationandcommunicatiortechnologies are developing rapidly, changing the way we
interact with the technotgpcal world. One of the most relevant areas of development of
information and communication technologies is artificial intelligence, which has significant
potential for transforming industries, improving people's lives, creating new jobs, solving
complex poblems and stimulating economic growth.

The material was prepared for students, teachers and engineers based on the news digest
the Educational and Research Institute of Telecommunication Systems.
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A METHOD FOR ADAPTIVE CONTROL OF
THE PROCESS OF DECODING TURBO-LIKE CODES

A method for obtaining a parity check code based on the decomposition of an information
sequence into an-eimensional array, combining easé implementation and high reliability,
has been developed; a perforated modification of this code has been proposed, taking int
account the specifics of errors that occur when decoding turbocodes (TC) and providing greate
reliability and less redundanay the field of signato-noise ratio (SNR) with a predominance of
decoded packets..

] Oy d&zdo 5% w©hsedzde ' Miss kkteesfsH' Bddn St

CsH" 9, hts oadftcQodwels! fsizddcd, * odSCttdf
odf dzde O , hs ' mMdzw Ctstej S y' -’ COdzOdz! dgts 1
ftsoddzj dz ¢ dzOMd BOEZE e Oldaf stesE@®Y' 2 dzz f sMdz' Hise
f sdzd dz€ 9 Iz

Il MO0 ByYydmdzt 9 Odz? d&z0 ME &zOH dz' Mis f tetsL
sflsdd3' LOYy' ¥ twBtslsd HJSCBHj©BGO. [HdAddE L &S
' H fttsyjHkted HJjSCtSHEO Odzdzs j L O Yl ‘2C Mis® O dztOH
Odze stedIsds' © EZf§ftcOo dz' dzdzg? IskzteBBSHJ ¢ BHJ teisd3, |
"'sijteOy 2, hts oadSCtdksls: w. rdv ' Hoddh j dzdz
Yy OfmlsddzO CdaW sted3OyY ' 2 dats’ fsmMdz' Hiso degsIs U
fjtojodrActsByddls 9 C zZOH j dzgsets L Qo OHtsMIs' 2C s C K

1 jteJ HOYO HOdzd R 2 Mmdmlsj BOA "L U S ‘
fsmMdz Hso dg' Miss " dgW stcd3Oy' 2 dzed- B'Is BjL L O¢G
sBtoctsB dzV Bdesy Jdzze § OC jIs* o, Csyjdz B ' Is @9

151 20y d dits  d3dets 9 dz? Y GG Jelg gD ¢ 0 ' W dgdzts ¥ g dzd
kO dzj CstejSlsdedrn fjtejHOtT K GESDMEZz] dzg ®p H P
Odze stedlsdBz k1§ tc Oo dzB tizdzy ¢ tf Helsay@ dgdg'dz fstedew ¢ '
ftots Isj, HB WO’ ' Hdgets A jdedH SEQU G ‘dlds iy wf O
fOted §tOoddz feaOfgEt), COgy ey L wCdn ' ftoj
" isd dzlz, W Qhda® dfd@C Slds tegi F Is dzd 3.

wbkl! fjwhsdf@)fe@dyd®O 2 fjtejo’ ey’ o¢ dzO
sfdz' Hise dz' Mls! vs GCfsHL, hts toj Mtz f sd
JfOHSCtsdRE COMCOHMBSES CtHEzo Odzdz". wiftcOo O ¢
s3d dzSHf', 2 fdzs © CBjCy'y dWsttdOy' 2ddn B
j MstckzoOlsd ftsdBddzd. 1tods hdzg' 2 CtH ] te]
j Mistokzs Is: f sd3d dz€ d , stsB Ists. dzjy M totsBis
Of etsf sdetso Oded 2 Bj IstsH L Ofndetsded? dzd iR ts HiZOB dEdf " dAf

35



L WEdty tdOd d M, s dj fJitjlsddO’ s+ mw
1 " fmdzv L OC " dzyd dedzv T Isj 6Oy’ szteBtsSH ] CBHE
a, 3" Misdilsddsd o dy tOo dzj qilr,) 5 @Y FetsPa’ B ey dzB ' 5
¢ ts Hptkay, ). CcShts LO HBd@tcer® §tsMmdz Hise desis
g(a;) L oditstedMisOdzdz?y d&3 9 ' HisBs Eto H OUzds s i f Is digds
fsfdz" Hise dzg' Mls! o d{f tc ©O9 dzjpitag)n fizis tg §lz0 ' todStsmiAg B
A stekOY 2 20 A Hsedg Mis! uvs BE&O H S
ftsH'  Bdesegts ftcOo ddzO BOIddB] odcdzv¥ H:
flax)=1, (E@E,)) = p(a) (1)
flap) =0, @) # play).
dbkzls! Hiokc gt dtcdd 'd dia W Qacd O toryZz f  dz d Ist
102B" dz2h tSyjodHdzddz ftcQoddzsds Lz ddzCd HJ

o' hj dz odtetsBdzj dgdr HJjCtSHjtotsdz dzO GHddg 2
Bj IstsH) .

1 sSH' B dzZ &3 IstsH d teSL GdzW H OB Is! MW 74 [ 3] .
‘dzwm‘zdzq:nfwnﬁﬁ‘mg@sou . W CiDB 'HISIOE | XS Y dzts
o dSstedmistsa Iz° "y stemils ¢ ul e ul, Hdzdzw f isdstsA des j ©
1 d¢ tsted fls Odzadzw CdeW st 3Oyt I totf ts " pjtsjieHinds’ S "
Ldzd )y zo Olsd d3y Hisfr]Istsa‘ tcdz’ fls YJ tejL Is § , h ts
Cttej Cy' ¢ ' dstedgOy' 2dzdn B s, btBlts. {1
HjHOd B' dz' h &8 dzi HesfMisse ' todz' Miss . A 5o 30O dz
sOC @& d= H :

gla,) =1, tvicd 1 @(f1|=uf@ K, @)
glay)=0, tHigd 1 @ Eu® K,

1 ktcOokzoOdd" &3 Hotsh s fdadhy, off@Fgj |y

©ZOdzj y Olsdd3j HBflstse  todz' 2 ' HBBdesy ddz' , w¢
a, € (TIf(ap) =1V g(a,)=1). )

[OdZ BLEE"HO ' MY odfOHBE kf©Os d' dadz

LY d@ptagf) L Odzdh O s Mw  dzj L &8 dedzd a5, O ©C ZOH §

fla,) oty j LOHS qiEy™. 1 JiSBR' Hdzs L d&zO2kd IsOC

odCtstedMisOdzdz W C tscts THptizlsilgy dd5sChildy d dadis >pafsdzd L
odedzv"H' LOosHOddY Wd&tsyJ BRI MW tsttdkzd' o Odzt

g = const
{mjgxITI- (4)
it BLedvdz] 3 totsBslsk IsdfcsotsH jbgd MIE sd3d ot Lt
Ho O f OteOdzj dz' dzts L"Hde)dzc[E Coif sdzj dalsded = &
(t1s) ®wLH djdds fittjBixkzoOyjd [4]. | o
fjtiHO Is! Mvw COXROEsE, LB 6O Is! Mw L v ¢l
odCtstedmMistso z° Is+ Mw fmMjoHtseadf OHC s O i J to]
tdz' Yy odz' L2 st mw L O Hsf st tsG= f BB/ BB &3
&ZO2ftetsmis' h tse 5. ZzodHC ' Mmis! C SH k9o Odzdgv m

LOfMssmselz' s Mw) . | tcO dif oz K& dds & dyls o s ) Isd
Odzctstedlsds HJSBHEZS Odadz?  H 2w € t5 RNAXEQGIMARS ¢ t5
(dzOB dzd % j dzd 2, 5 MAPH dzhCj dzdig® 2 fHits fjls * h 2
sBYdMmdzs 0 Oz dats’ S ZOHdzsMis' . wltekCkkztd® ¢
[5].

36



1 o CBSHj dz¥ o Odadgfls jisdsh S G tsj H OY o dSstad:
OHdIsdoededd3 B dzd &3 GOBM'SM‘9¢®¢P¢%B%J L 'd3 et
' H 0 Hts dteBBty@OBOAEOMIs: . 1 tcd o d¢ ts5dz0dzdz
lez Lo dzg o Odzsfpwy L CtesCtsd3 0, 2 HI
{dLlzd OIsd dBEIgH HPbpd) BESH j 6JHOY L
tc' L dz fr]t]’tsfr]tSBo[ Izu’thadz dzdzw Hj CtSHJjted,  5€(
£ 100 - — Cg BOudCBTS’
4 o 5 dS Sted fls O dzdatsts
ool el CoHE fjtjo €
g S Cjtokzo O dadaw
S gl szteBSH j S BHJ C
= Hj CtsHEzo Odzdz" o3
g4 dZ(fLJ C s HtSf[]IS
dzh s¢ s BS¥RJ
- BuxopicraHHa TIMEK TIPABEMITA OCTAHOEKT dSJ' Is 5 H, u’ s’
Kombizopannit MeTon, Mo MPONOHYETECA fr] (Btets .l'l-J' dZdZW d3
% oS¢ sdzkzo Odzed =
BHKOpHCTﬂI—]H?Z EKIANICHOTO Kofla Gez 9 q' ¢ dzq' COls q'
N o | H BRSO T @B
OCTAaHOBKH TeKoaepa : HJ. CBsHE® s fr]W 3
" : _ : . ’ : : W' CMmMtse Odats®
o T Eives b tOy0Mmis sl
ftcOaddz L ¢ d das
tdfm. 1. 1 Odzj y dz' s HBMbsBigrgesisss uvs §t
luz ftd odStsted Mmils Odzedz tc' LHTSfI’]ISISS' tcdz' fls

CsHEz, ftslsy Mf dz dzf odSstedMmlsOdzedzgy ydr B

1 20y dzO 9 ' H d3'tsdzdz Cfjlskz! Ctesjin@dz! dzls j cOy' 2 9 ' H
tcsB sYts’ sB dzOMls* fseo' wLOdO L Isdds, hs ofy
Bsy lsy HeMmMstesSCBots Lizfdddlsd ftesyjm HJ CBHLI
fOCjl sy g Blzlsd HJSCtHBO Oded 2zv dets'tc | Llsdzts Y s
filtcjoOyOsls! dgHjSCSBHBOOdz §OCjlIsd.

ltosf sdglz® s mMw daso d2 d3j stsH W stcd3kz o O dzdz”
L Ofmdetseo Odzd 2 dzO totsL € dzOH Odzdz’ * 1kl StcdgP * E@Hbsd o
Ctsy jdz " deW stcdg®QL 2dadgfi® dm Tsls* 2 W st d3lz o O dzdz’
10 tedfm. 2 fCOLOdd?2 Hted S d&zOH totsL WazDH O bzdz”
B Isdatsri=3f tod

V fjtwhtsBz o df OHC k Xipightsjtc 3OO i Islad 2 2 AW ts tc d3
Bl¢ sdelstetsdz! des’ MmMbegdXEs@nuly ot dedPeBB(E. dz0

t SLGdzW dzj 35 8B J todzj dzlz n-B' O ddzts  de@fig f adzO H © C
14nr02 CdzH j S MOWNdY tc dpisjiz] dO'Mma o 2 odStsdziz’ Is
a(idx,,idx,,...,ldx,). | JimROY dzHj S L B dzgt ' Is! qpwm-ol H " (
(0 = idx; < m).

[ dzv  Ltekzydesmis® ftodf z2mis d di3ts, hs dBOS fd d3C
tetsL 3 todats mlomn. HosE" dadgizs | d Mzt dItc dgPpde * § j tcC 2B .

37



X1 Bl

tdfm. 2. ] SHOdzdz" B - ls® o lists d df dsdy'das dedsds dalgsMfisd -

1 in02 ©MROddezR], ¢ BOCOBoddi tdtse s GO
j dzj d3jaf@dx,,idx,,..., idx,) n-d3' tcdtse s c'fjteCkBO ftcd
SHdso d 3" teded 2 BOMdo BOIsddy ' dgH j € M:

idx = idx, + idx,_, -m+idx,_, -m*+...+idx, -m" ™%, (5)

[bted BOdzdzy B' s Ctdstetd ds’ fytedsl dv toidaBdn
LH' 2Mdzs 90Isddzd Is! mw 1OCdd3 yd dzts d3:

1. v ISBt@®Ekel wdsisd k' &t &dsy d dk
(idx,,idx,,...,idx,,...,idx,) s OC 45, hits of' i-c' f tddEe:
b sy dzde ' SCtdB &OY' S 0L d&OYjd . mtUf o6
jdzj o5j dzls o .

2. sbydesdBlz j dzj a3 dzlskz  y" A Ols d3dzsy dfdzd f Bz g
[ dzv 2 tsets lsted d@3Odedzy Mdz' v " HiMEdBBkze Olsd (
ISISTQdd3®dZ':‘-G[tSd3"1(dZIB*ﬂCfr]|Z

p = Z a(idx,,idx,,..., idx;,...,idx,)
idx;=0 6)

3. r1'¢¥ 2 dzgjtsBrn' Hdzs ftseolistedlsd Hdw § By da

4. 1'% 1 dzgjtsBnrn' Hdzs f tsdetsfipls’'dlsd HdzW € 5y da

1 tod 9 dS sted Mls O dzdz' IsO¢C tsG s Bj IssHE sls to
tejLizdz ks yoO ftshmd mBeunifs e &, Miskdjls d gkj teh d 2
' Hfso " HO' L O §C" dz €' Mlsilt O & sits RO U ls? dzdfnj teBj "

CS YsCOL Odets dfChistOfiagzy 3 O ESH s dzso Odzs 6 s
fjtcjo teCd f Otcdatsfis ftedL otsH(dIs! HtS L B' dz@ h
st adgvdes L S dzOMdydedds o df OH € t503.

1 tdMm. 3 o dH dzts, hts kB d&O2B' & h ftetsB dzj d3
HsfMistse ' todzatsMmis” GEMbl LY JPpdsetds f OtcdzsMmis
BsHJW ' CSo Odes® B, 8T EBH i tod Is 5 i3z, hs LeoadyoO?2
dzOH 3" tedz' fMilss .

1JHEBd @3 LOf s sdzso Odzese 58 di3gj sStsHEz sisted
L L B dz' M j cadg® figls § OtctH@sledss O d dzo sdz" © L B |
ZzO o' HL &Z2Oydisd, hts L o' Ldzedr L dzOyj dzdzv
Sted3dOY' 2 dz0 sz Hise dz' Mis! vs Hzv sfilsd
P CesfMmist fJted o' totsyiddgindzhBts Is., 1"y JL fLtaff] JdB" @) Zdac
CdzOH j des gz S tsH WOCIsdudes o' Hf OHO' ‘
sOlsde! 5 SHdEZSEE §jjo' oydsets B' O,



w _ . e O Z2OzsG " Yydzz L OH (
| L dzOT tSH Y j dadzw
_ C'dz CsMlst 74t
. By z0 odt’ hize
LOf tesf sdztse Odzts 6
fjtejo  6¢d §o
odCBtdMmisto k"
CdeW stedzOy " 2 dats”
Jeuyafine posKTameHHd B - n_d3‘ tgdzqg d3@fr]d8

MipHY MHOBHHY

s Posknagessd B 7-MipHY
15 2 25

JocToripHicTs, %

88.5)

5| 9oy OHCE dzj sB ¢
odL &ZOudld sfld
s, -+ ; m«:us;m«:}-‘s::_:ptl}upa:nm q J W tStGOl{ ¢ u‘ J 1
E,/N, . 1B (% OCIsdydss {
{dfm. 3. 16t odwdd' Hehk 2dHSE' Mis! CBH
fOoCjls'a ftod adCswdmlso §Okdsmis’™ ), {§ikd
BsHW CcoOdzsets CtsH' & tHJI Bsdmistelzo Ols d d2
BOC Md 3O0dz! delz  j W
sOsddy" 1. [fld®Od d@ Hseydded StHbE ]
E, /Ny 0, 5 H 1 HI 1,5 H 2 HI
{fsdd@fR ¢t
[ G0 GO Guk of @959 (79,80) (199,200) | (399,400)

1 OV oedz Mmis! f sSH' B dzts’ L Odzj y detsmls” HisL o tsd
WstedzOy ' L s, hs odittcdMmlsse iz’ o ¢ dzO |
fsd3ddz¢d SO " HodMhEHOSEsSY OG A @Ils: f j tc
t SLitsB dzj dzts 3 IstsH tsls tc d d30 dzdzW CsHEz (]t
tetsL ¢ dzOH O dzdz' " odaW s te d30O Yy-d3? dzzd ? § W@ dzd B 5o dzts 4 ‘ts
L O

©jOd LOYy' ' kO odMsCk HsMisss ' tod Mis! ; f 1
CsSHE, "t otOotok' MEjydi Ck fodkddss, 0
LOBJ LY jykz’ B' dzt h Iz HsMisse ' todz' Mlis ‘ d3d oz
fjtcjoOyOddz" 5 §OCjls'a, his HjCBHEY ! MW,
fitcjo 6¢d fOtdasils L s dev d3Calg'‘ dipEstc O YZOH «
CdW sted3OYyY "t 2 s’ f sfpdz’ Hise desflst U s .

[ 5jtcOktO

1. Berrou C., Glavieux A., P. Thitimajshima Near Shannon limit esoorecting coding and
decoding: turbecodes // in Proc. Int. Conf. On Commun., K9G. 1 1993.1 Geneva.i
Switzerlandi May.i P. 10641070.

2. Consultative Committee for Space Data Systems, Telemetry Channel Coding. Blue Book, vol.
101.0B-4, issue 4, May 1999. http://www.ccsds.org/documents/pdf/ CEBILHB-4.pdf

3. A. Matache, S. Dolinar, F. PollaraStopping RutasTiurbo Decoders // TMO Progress Report
42-142.- Jet Propulsion Laboratory, California Institute of Technolegugust 15, 2000.

4 . t . & ®©ts Pdzisfi) © . [dMlsj ysoets L OosOHBMIE' 2CBGEB
LOMistsmize Odadzw . 1Gitic’j CldzOH. L ¢ WOQEEZQA) 12- fp-BD055F 2nQ [ fig.A

5. g.1l.7102yJ o, .1 . [ " 9jdzyd o, 1.1 . ]| tstecdzd dzfy
n Ot OC Is jLta@offdsHdtEmIs ' 2 CsMis' MdMmlsj B3  jtej HOY ©d
2006.-" 7 -4 . -42.8

39



vrs 621.391

JAwr s¢ zIRrRrsfuwlR
v m JJ {YDBUWR-VECTORING I v [ J

1 smMEtse 1. w.
1 O yodeOBAsStss d2 " demisdlskzls Isj dzj ¢ sd3kz

MdMmlsjd st w "B westkY w' (st ¢
E-mail: nvi2010@ukr.net

ESTIMATION OF SPEED CHARACTERISTICS FOR VDSL2 -VECTORING
TECHNOLOGY UNDER CROSS TALKING INTERFIERENCE CONDITION

VDSL2-vectoring technology is an improvement of the widely known VDSL2 oy,
which is used as the "last inch" for fiber optic broadband access networks in FTTC (Fiber To
The Curb/Cab) and FTTB (Fiber To The Building) architectures to provide a variety of
multimedia services, including IPTV , OTT and oth&BSL2-vectoring echnology allows you
to compensate a cross talking interference at the far end of the cable (FEXT) and, thus
significantly increase the transmission speed in the section from the access point to the custom
premises. Since FEXT depends on the cable ferigis interesting to determine the range of
distances at which it is appropriate to use VDSE2toring technology.
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APPLICATION OF DWDM OVER CWDM
TECHNOLOGY IN OPTICAL ACCESSNETWORKS

Implementation of the combined DWDM over CWDM technology on optical access
networks provides an opportunity to increase the bandwidth of such networks by increasing the
number of optical pattso r med. When AAWGO technol ogyir i s
number increases up to 10 ti mes, and the
multiplexing together with the Al nterleavin
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ANALYSIS OF ATTACKS IN SOFTWARE -DEFINED NETWORKS

The study is devoted to the analysis of typical attacks that can occur in the environment of
softwarecontrolled networks. In the conterf the rapid development of SDN technologies,
where network management is separated from the physical infrastructure and performec
programmatically, new challenges arise in ensuring security and protecting network resources.
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The thesisexaminestechniquedor ensuringinformation transmissiorreliability in 3GPP
standards namely LTE-M and NB-loT for I0T solutions The functionality for aching
maximum reliability of information transmission, distance, and data transmission speed for 0T
applications is proposed.

The 3rd Generation Partnership ProjecBGPP) collaborates with
telecommunications standards organisations to develop mobile woication
technology specifications. Its bdgtown work is the development and
maintenance of [1]:

- GSM and 2G and 2.5G standards, including GPRS and EDGE,

- UMTS and 3G standards, including HSPA and HSPA+,

- LTE and 4G standards, including LTE Advaneadl LTE Advanced Pro,

- 5G NR and related 5G standards, includingAdvanced.

The next edition of the 3GPP 5G Advanced standard (Release 19) is expecte
to bring ambient IoT within 6G to increase connectivity from billions of devices to
t ri | | iWhies5G fra2Ked caré, appliances and shipping containers, 6G will
track everything in those cars, appliances and shipping containers St e v e ¢
CMO of Wiliot [3].

3GPP specifications enabileteroperability between devices and networks,
allowing searfess communication and roaming across various cellular operators
and geographical regions. This interoperability ensures that devices can
communicate effectively regardless of the network they are connected to,
facilitating global deployments and scalatyili

The role of 3GPP on the Internet of ThindsT() is significant. It develops
standards and specifications that enable connectivity, interoperability, and
scalability for 10T devices and applications. 3GPP also plays a crucial role in
developing standds for cellular technologies, includingTE-M (LTE for
Machines) andNB-1oT (Narrowband |oT, LPWAN), which areptimised for 0T
applications These standards provideeiable and efficient connectivity solution
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for many loT devices, from sensors anduatdrs to smart meters and wearables.
LTE-M [4] (also LTEMTC and LTE Cat M) is a LowPower WideArea
Network (LPWAN) technology that allows the reuse of an LTE installed base with
extended coverage. LTHE, which stands for LTEMachine Type Communication
(MTC), was also developed by 3GPP to enable devices and services specificall
for 10T applications. LTEM offers a data rate of 1Mbps for 3GPP Release 13,
rising to 4Mbps for Release 14, with greater mobility and voice capability over the

network.
Table 1.Techniques for achieving reliable information transmission in wireless
communication systems built based on 3GPP standards for IoT systems.

Radio Channel Description LTE-M NB-loT

Characteristic

Channel Coding Error correction coding i{f Turbo codes, LDP( Turbo codes, LDP(

Type,C used to impove the| (Low-Density Parity | (Low-Density  Parity
reliability of data| Check) Check)

transmission by takin
some channel resources

Multiposition The modulation QPSK, 16/64QAM QPSK
Keying, M technique is used t
encode digital data int
the carrier signal.

Power Control Algorithms are used t( Power contro| Utilises power contro
Algorithms, P adjust transmit powe algorithms to| algorithms to consery,
levels dynamically tq optimise coverag( battery  power  an(
optimise signal quality and minimise extend device batter
and coverage. interference in life in loT deployments.
varying néwork
conditions.
Frequency Width of the frequency 1.4 MHz, 3 MHz, 5 From 180 kHz to 3
Channel Width| channel allocated fg MHz, 10 MHz, or 20 MHz, optimised for low
F communication. MHz power, widearea
coverage.
Frequency Band Frequency range withil 700 MHz, 800 MHz, 800 MHz, 900 MHz, ol
the electromagneti or 1.8 GHz bands 1.9 GHz

spectrum used fo
wireless communication.

Maximum Data Maximum achievable Up to 1 Mbps,|Up to 250 Kkbps

Rate,V data transmission ral depending on chann¢ optimised for low
supported by the radi bandwidth and power, lowcomplexity
channel. network conditions. | loT applications.

Operational Maximum distamce over| Several kilometres A few  kilometres,

DistanceL which reliable| making it suitable foi optimised for longrange
communication can b| applications requiring communication in low
maintained. wide-area power loT deployments

connectivity.
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NB-loT [4] (Narrowband 10T) is a radio technology deployed over mobile
networks which is especially suited for indoor coverage, low cost, long battery life,
and many devices. NBT limits bandwidth to a single narrow band of 200kHz,
offering peak downlink speeds of 26kbs Release 13 of the 3GPP standard.
Release 14 will see this increase to 127kbps.

Table 1 outlines the wireless radio channel characteristics and techniques fo
LTE-M and NBIoT radio channel specifications for achieving low BER and high
information transmigen reliability.

Reliable information transmission refers to the ability of a communication
system to deliver data accurately and consistently from a sender to a receiver, eve
in the presence of various impairments and challenges that can degrade itiie qual
of the transmission. It has such characteristics aasuracy, consistency,
robustness, and timelineds a reliable transmission, the information arrives at the
receiver withminimal errors(low bit error rate, BER) or distortions, ensuring the
intended message iaccurately conveyed and interpreted the recipient side.
Reliable information transmission is usually pain point of wireless
communication channefather than wired ones.

Mathematical functional for minimising BER and maximising distam¢. and
data rate V depend on and proportional to parameters combination set such u
coding type C and its rate, multiposition keying M, frequency band F, and
transmitter power P:

min BER

maxL 4. {c M,F,P}
maxV

Calculation of the NB-loT and LTE -M link budget is defined in the Study
on the channel model for frequencies from 0.5 to 100 GHz (3GPP TR 38.901
version 17.1.0 Release 17), ETSI TR 138 901 V17.1.0 [5].

Thus, this work shows that modern 3GPP communication standards and
technologies such as LTE and NBloT have sufficient techoal capabilities for
building reliable networks to serve 0T traffic and applications. Further research in
the scope of this work is supposed to calculate the coverage zones for botl
technologies based on the link budget and variety of channel paranoditarsniy

the proposed mathematical functional, as well as other link budget parameters.
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Our research delves into the crucial realm of loT gumpose systems (DPS). We
meticulouslyanalyse the information transmission problems (ITP) in IoT DPS and provide a
comprehensive list of techniques to mitigate them. We also present dewdhdesign of
wearable health monitoring devices and a network diagram, showcasing one of the many
applcations of loT DPS.

Internet of Things (loTyefers to the network of physical objects or "things”
embedded with sensors, software, and other technologies that enable them t
connect and exchange data with other devices and systems over the Interne
without human intervention

The dualpurpose system (DP$® designed to serve two distinct functions or
purposes simultaneously.

loT DPS which can serve personal, industrial, or enterprise applications, is
crucial in various fields, including engineeringdithcare, or military applications.

By combining multiple capabilities of 0T applications into a single solution, 10T
DPSs enhance efficiency and flexibility, thereby optimising resources and
functionality. This is particularly significant in the face iicreasing risks of
conflicts and threats, underscoring the importance of 10T DPS research anc
developmentTable 1showcases examples of loT DPS designed explicitly for civil
and military applications, emphasising their relevance

Information transmissio problem (ITP)refers to any issue or challenge that
hinders the effective and reliable transfer of information from one point to another
within a system or network. ITP can arise due to various factors, suebhascal
limitations, environmental condiins, security concerns, or protocol inefficiencies

The relevance of IoT DPS research and developnenhe increased risks of
conflicts and threats nowadays. Thus, proper attention must be paid to addressin
the ITPs in loT DPSsTable 2shows critical TPs in 1oT DPSs.

Addressing ITPoften requires developing and implementing appropriate
technologies, protocols, and strategies tailored to the specific requirements an
constraints of the communication system or network.

Task statemenfThe objective io address the urgent need to reduce risks in
military and civilian cases that could lead to lethal results: reviewnterable
health monitoring devices (WHMDgcenario[1-3]. This will be achieved by
applyingtechniques for addressing ITPs in the loT3Bted in Table 2.
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Table 1. Examples of the IoT DPS.

Dualpurpose systen Civil Application Military Application
(DPS)
Wearable healtl Monitoring of vital signs| Remote healthmonitoring of
monitoring devices | activity levels, sleep, patterr soldiers in the field, trackin
for patients with chroni¢ physiological indicators durin
conditions, fitness, tracking f¢ missions, assessing fatigue g
wellness purposes stress levels
Unmanned aerig Aerial photography, mapping Intelligence, surveillance
vehicles (UAVs) or surveillance, monitoring o reconnaissance, targ
Drones infrastructure, agriculturg acquisition, battlefielg
environmental conditions situational awareness
Smart city| Urban management, traff| Critical infrastructure
infrastructure control, public safety| protection, emergenc
environmental monitoring response coordination, supp
energy efficiency for military installations
Border surveillancqd Border  security,  customn Border control, intelligencs
systems enforcement, monitoring g gathering, deection of illicit
immigration, crossorder| activities, prevention 0
movements unauthorised incursions
Emergency respong Early warning systems, disast Rapid deployment of forces f¢
and disaste| preparedness, search g disaster elief, coordination ol
management rescue operationy emergency response efforts
humanitarian assistance

Table 2. Information transmission problems (ITP) in the 1oT DPS.

ITP Challenges Techniques for addressing ITP

Communication | External factorg Channel coding, error detection and correct
channel noise an| that distort or modulation techniques and multiposition key

signal corrupt the| (MPK), antenna diversity, frequey hopping
interference, transmitted spread spectrum (FHSS), adaptive filteri
reliability,  and| signals, leading tq¢ cyclic redundancy check (CRC), OFDI
error correction | errors in  datg dynamic spectrum accesg

reception, reliablg automatic/selective/hybrid repeat request (AR
data transmission LDPC codes, interleaving, concatenated cod
soft decision decoding, iterative decodirand
combinations of these techniques

Security threats | Unauthorised Data encryption (AES, RSA, ECC
access to the dat{ authentication and authorisation, ke
confidentiality management, egure protocols (TLS, IPSe
breach of the SSH, HTTPS), firewalls, intrusion detecti(
transmitted datg systems (IDS), packet filtering, traffic analys
data integrity on virtual private networks (VPN), secure netwq

availability design (segmentation, least privilege access)
Reliable design | Lack of | Shockabsorbing materials, vibratiesampening
shockproof, mounts, solder joints and connectors, sex
waterproof, enclosures, energy harvesting, eneefficient
autonomous components, economic  poweranagemen

power for long | system, battery backup tdlcav communication
lasting work to continue




The WHMD solution involves attaching IoT sensors to human individuals to
collect telemetry data, encrypting and transmitting that information to storage
facilities and to authorised personnel. Advances in Microelectrommathan
Systems MEMS technology have resulted in the development of small and robust
sensors that can monitor various parameters such as human movemen
temperature, and others. The modern concept of Wireless Body Area Senso
Networks YWBASN allows the ineégration of different networks and devices for
remote monitoring. The WBASN structure consists of ttkeestagegFigure 1):

1. Data gathering about and around the human body.

2. Communication between humans and the command centre via ZigBee,
Bluetooth,UWB, IEEE 802.11 a/b/g/n/ah WLAN, and 3G/4G cellular technologies
atdifferent steps of network design.

3. The overall WHMD communication scenario is managed by appropriately
reacting to the gathered data.

All the ITP problems in Table 2 are applicabletbas IoT DPS WHMD use
case, and proper techniques for addressing ITP can be used.

"<§>

Medical
Representative

B

o
==

Database

=~ s

Figure 1. WBASN communication scheme

In conclusion our research has shown that |oT dpiatpose systems must be
appropriately designed considering existing threats dwode. By doing so, we

can create reliable solutions with cost savings, eliminating the need to develog

different systems. Our research provides techniques for addressing commot

information transmission problems.
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APPLICATION LAYER PR OTOCOLS IN loT NETWORKS

The main application protocols in the Internet of Things networks are analyzed and their
features are defined, which should meet the functional requirements and basic characteristics ¢
loT devices that exchange information.
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USE OF loT TECHNOL OGY IN INDUSTRY

The indicated use areas of the Internet of Things and the analyzed features of the
industrial Internet of Things on the example of Smart grid and the advantages of using.

1 OL dzOyd dz' COdzlzL ° odCsted Mis O dzdzw w azlezi] B dzjnls E
fosdddmMzso se s wdzlsj tedzi sk g yi?2 O Htwods dzOH'
fjtcjo0Oed odSCtsted Mis Odadz™ .

I S stedMis Ocdzdzw s j A desdzts @ * wdzls j tedzj Ist
Oktedellstsd dzOh s¢ts ydlslsw. fif{sLbEdd o
COkzLwE HEsBIhHdsodj Hgydde , M d M Ctd
steOdhnf skls' , kst o dhj S dsgialj,C spr@EX CoyR W

MftwOsd, W' OkMssdr BESH&Ds O BsGEIEZo
iCmyjtels' o toddasS wdzls | tbdzjBlddm jt jdajio d(dadassy
BGdzISLOd3c{ [1] 6y S&fisOdgey dzjhdas & € 'f dz'HG
dret LtshsObdd) feskvesd Hjihvsdd i
c[fr]lstsis 0. AW C'd C' Mk, Ct'd Mjdhs
p0vL Ok PedEhe®yYy' = (©dh. 1) .

= IoT Connections

tdfm. 1. s'd €' Mls? " " HEdz yddz2 Mmj destc’
otcOnttolze yd ftedmlstets[l]. Octej cOyY" L O

v OC t5) By 20 L OL dzOydls(d, hts L O HOd
odittedMmMisOdzdzy wtsus [ 2], ZzO02B ' &z h O LYyomls
Satstetsdzd LHBSES' W (19, 7%), bttOodhf stls,
(tedfm. 2) .

JHdz ' B ‘L MC &zOH o d ~ wdzls j todzj Is z t
"dzH 2Mmistc’ Odzt dzd 2 , wdzls j edzj s t6J ys 2, wed?
SR sIsjteddn BIteiy  (EbBy@rirgydd- (b
sB' “CIls'ea L oBERZHBSoaOdddkd HOIYdSOdd i

59



sB 3 dzlz H Odzed d&3d , L By &zd o * Miss ® " HHOdz]
QolssBOSdL o OBz o y d o5 BJL ZyoOmlis"

shtsB dzd o sfMis” fuiatiEsdg didmigEdsolzts ¢ 8§ Y 4 2 dzO i to
Jdzjg ClstcsSpartggdy KO § jtcj 9o Ocd od¢ tsted Mis Odedzew

I GrsI I Otthers
Reril
B Government
I ‘ B Hc:lthcare

B 'vanufacring
Agriculiure
' B sustainable Encrgy
B Transportation
‘ B 1T & Telecom

tdm. 2. yvYOMkECO Mo ktseatsets teddzeSz L O cOdkzkzL W

ltcd oftctseo OHY j dzdz' ftosd3dmMdzso sgts | o
HOIyd S Od3d , o LMD a IPdI , BSC sdzlstetsdzj tc Od3
" dgls j eW j 2 MO, yjtjL WG LBJteO Is! fw
SBlsB d&Zv 5 Is! fw fted2 BOE 5! MW B tolz dgls
Hstf sdzOc O Is Eded C dzzlsd f tsL Of d&zOdetsoa dr 1 to
LBt 8 o dzzff td@alaigt g C ORd f sfMmls ©yOdadz” , Is s
B' dz' " JW;QIscfadzts

1 tod sBictsB Y SJdZCfl{JLdZtSG'B BOMdo Iz (
dzZOH R tSH W [s 4 L HOIsydS$ " o, W' dz' steOy"
fto' stedlilsj Isdzdd3 L O9 H OdzdzV 3. (I)dzOdz Isd gz H gz
L BiStolz, LBJte' 6Odadzy OdzOdz' Lz HOdedr (¢
uOfr]Iz. l S stedMisOdzgdz? wtsuv tesBdls! "  HYfted"®
d Wi Slsdoe ded a3 . J B ok fMls Odzts 0 dzj dzdzw Y
f ' Hftcd  ddMlsa O L 'L sdz' Is'o Ddagd - o Y tydely ehls ' W ¢
HdZW odtsBdzdylso © ftosHkzfGsYy oy gatfjlls o
o' HStedlk' MmdMmkjdkd, 't §° Hdkzsls! t' Ld
odesBdd ylso© o ydrms MdMmlsj 307 EftcOo dzw  Is
o f)' A uq:dmtpemfn‘wsaumodzdzw fsmdkze My ds

it Egdz00 j dzj Slstetsdsj B) yyd  (dBumad t flx
JdZJQIstQBd34tGJ>1® wWCO HtsBEy ' dzlsy Gletso OdzO
HOLydg¢" a, -CdpidAad; SO R  detsdzd d3d  Isj - des dztse * W
fted2 dzvls ts'j R das'dzts G ' ¢ Qo lstsdiROIsd ydzts e s
jdzjtecjls ng 5O Rjtejyjotst ‘ dliteOMslzSls
jdzj Clstetsdzj toj 4 ¥, "dzls dzj ClszOdzt dzO d3d tod N (
Cdastotsdzs  fslsly deshls' . & dzzyS sfls'  fidske iz €
tej Mztem' @ * Ys5CtcOh jdzdz wWCEtshmis® fshmdzze
Bjted O BO' BOGOIs rOLOCIsjtedmisd¢C, 9 CcC
mMezd" Mdz' Mis+ , JCtdtd yd Miss, ' dzlsjcteOy"’ &

] wdzsjtedzj s’ gy, HJSHGRUS, SsELZ S



fjodddr ftotslssCtsd o sO¢dr Isjndsdztse " -
"HjdesdWw'® SOy ', Mmjdhstedeg Isj ~dskzse” ~,
Bsy d20 B BB dzgt 9 Olsdfmw " deW stedzOYy" 8 ftets oL
" dels ] dzj BEBEOdSdz T L dzO o Odzdz” fsLdy’ sdzzeo O
SO kff tcOo dz' dadz" .

wss JWJjSlsdoe dz
Jdzj Clstetsj dzgj oG jIsd

5 ‘didsjetk’ tojfbktid ° d
J ¢d, LOBJ LY Jyk"’ - Wk
Cddy COY' 2dedn Mz Hdv | ep bt dgj
"N st e Odasfls' | dzj e sMd s B SO W j Sl
o " Mdalzs y' 2 jdzjweetsmdmisy i . [ WM& dz €4
L bagdzd 2 Bjtjy On, 00 ydkdeO Isjod ydzO
Wbz ' Sdzgkz o Odzdzy L 5w MdED dzy s, dzticds | dzj € st
Oy jSlk' e [5].
c S ftcd ¢ dzOH wts v ) Smart grid dzO

o JCtstedMmsOdzdzy sj R desdztsa ' quzISJtGdz skt
oditsdzelz’ Is! MW Gcodzsodzgdd3 yddetsds yJd ted L H @3'te d
ftcs o Isjtc LBdtOEls! Mw o tojydd tcd Odz' o
fdtejHBOUdisd.

<"’ﬁﬂmﬁf ‘j

E’ Prcdlctcd>

Scheduling  Fesults

sencn workstation

- A 7# s
g f 2 : l é? Requests for <V
Rant lmu prediction @I'
C—‘ \,

[/

0,2

Dispatcher

dxlta
¥ Data Monit Data ' \l
AN transmissio onor transmissio Prcd'“‘-
controller . server . results .
n radio n radio Prediction server Wind power
Wind turbine Monitoring center station
tdMm. 3 JltscedtsLt jdzitee' ' o btk dzO

1 " HiMedsea 28 yd By 20 MEOL OIsd, hs L O
j 2Ot Wi ' MjtjHtsoadh O CdzQWQ 'S slgf@ G2 frsC
s ' Hdzso dzj dzgdzv , MEkd3' Mdz' Mils+ , JCtsdtsdiz’ Y

[ " 5jtcOktO

1. https://transformainsights.com/research/forecast/highlights.

2 https://www.fortunebusinessinsights.com/induseports/internebf-things-iot-market
100307.

3. https://lwww.it.ua/knowledgbase/technologinnovation/promyshlennyinternetvesche,;.

4. Chen, Z.; Amani, A.M.; Yu, X.; Jalili, M. Control and Optimisation of Power Grids Using
Smart Meter Data: A Review. Sensors 2023,23,2118.jdzj € Is tc s tizglztf & tc M
https://www.mdpi.com/1428220/23/4/2118.

5. Liu Hua, Zhang Junguo, Lin Fantao. Internet of Things Technology and its Applications in
Smart Grid. TELKOMNIKA Indonesian Journal of Electrical Engineerifngol.12, No.2,
February 2014, p2407 946.

61



vrs 621. 382

tdr1td1s¢ wrevv [ R Juupel {vdrsR
¢loffJarwfwl ¢ [arflw vrmy [J 14wy uy

MesCOdzs . ., [ wshddem! CO ¢.

1 O yodz®AStseo d2 * dzmisdlskzls Isj dzj € sz

mMdmMisj & st w ' 3. wettew o' Ctem! €
E-mail: xpokaloc@gail.com

DEVELOPMENT OF A REMOTE VEHICLE DIAGNOSTICS
SYSTEM BASED ON IOT TECHNOLOGIES

The variants of car diagnostics solutions are considered, the variant of
remote diagnostics is proposed and its method of application is given. All modules
used in thesystem are considered and the scheme is demonstrated. An example c
why this development is needed is given.
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DEVELOPMENT OF A SYSTEM FOR REMOTE CONTROL OF THE
RESIDENTIAL POWER GRID BASED ON IOT TECHNOLOGIES

The development of a remote control system for a building's power grid based
on DTMF signals via a GSM module includes wireless netveoikysis, software
and hardware design, economic analysis and modernization prospects, a detaile
review of market analogues, a comprehensive model development and testing
process, including pulse and tone dialing, with further conclusions on the
efficiency, reliability and prospects for system development.
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CHALLENGES OF TRAFFIC ANALYSIS
IN IOT NETWORK WITH LI -FI TECHNOLOGY

Suggestiondor improving the security of the interaction of Internet of Things an#iLi
technologies by classifying and analyzing network traffic.
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DETECTION OF FOG FIBER COIL WINDING DEFECTS

The algorithm fordetection offiber-optic gyro €OG) fiber coil winding defectss
presented and effectiveness of wavelet filtering foitlarfly video processing during defect
detection is estiated.
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Thearticle presents the results of modeling faresonator filters using the eleattynamics
method and bridge circuits.

Resonators can be implemented using a variety of technologies, including
microstrip lines, which are popular due to their planar structure and ease of
integration with printed circuit boards [1]. These filters cai &ls reproduced on
focused elements.

The filter pictured below was modeled by CST Studio Suite. Dielectric
per meabil ity U=2. B 2 mm,ushis thicknds® 5.3 mr, ¢ k n
t ain0wD01.

1
z =
Tinl 3I ::: :: : g g : :
o
1
|:>—|:|— . PORT
2 3 > —u—||| P=2
PORT_‘E 2=50 Ohm
pP=1 — 5
Z=50 Ohm 1:n.
XFMRTAP
ID=X1
N1=1
N2=1
Q (b)

Fig. 1. (a) Topology of the CST Studio Suite
four-resonator filter(b) AWR equivalent circuit

In fig. 2 (a) the gain of & where Fano resonance has formed, exhibiting
anomalously high attenuation of abed5dB and-30dB at the peaks and a narrow
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resonantharacteristic around f = 0.82 GHz.

Metamaterials are usually diagrams of equivalent chain models. Figure 1 (b)
shows the equivalent circuit modeled in the AWR Microwave Office software. In
this case, a series RLC circuit is connected to the two arnte dfagnsformer [2].

The simulation helped to build a microstrip filter not only with microstrips, but
also with a bridge filter circuit. Figure 2 shows the result of the scheme. Bandwidth
from 780 to 860 MHz. Attenuation is up t40dB at peaks. The polese formed
because there are two paths of energy propagation that "intervene" in the region c
zero transmission and create a "qttesgpped” mode or "trapped” mode [3].

——S21 CST
— S22 CST
— — 822 AWR
— — S21 AWR

-20 4

dB

-30

40 -

-50 4

T T T T T T T T

S T T T T T T T 1
0,72 0,74 0,76 0,78 0,80 082 0,84 086 0,88 0,90 0,92
Frequency, GHz

Fig. 2. Characteristic of the fomesonator filter in CST Studio Suite aAtVR.

After studying the obtained results, we can come to the conclusion that the
reflection coefficient does not change sharply in the regions of the poles.
Therefore, a sharp decrease in the transmission coefficient can be explained onl
by the fact that trapgml modes appear inside the structure in the region of such
frequencies. The energy of these modes is not radiated outward, but "circulates
along the closed path-23-4-1, as shown in Fig. 3. Such poles can be reached
with the help of additional connectie between resonators, which makes it
possible to create conditions for the formation and maintenance of these trappe
modes.

The introduction of additional connections between resonators not only
contributes to the formation of trapped modes, but alsmwallto control their
properties.
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Fig. 3. Trajectory of propagation of trapped modes in a-fesonator filter

By changing the characteristics of these connections, it is possible to change
the frequency characteristics of the trapped modes, whichsopgn wide
opportunities for adjusting the properties of the structure. Thus, the study of the
interaction between resonators and their influence on the formation of trapped
modes is key to the development of new devices with improved characteristics [4].

Conclusion Therefore, trapped modes appear in the form of extinction poles
(interference of even and odd oscillations). A sign of this is the presence of two
independent energy paths along which interfering oscillations propagate. With
correctly selected grameters (resonator coupling coefficients, resonance
frequencies) at a certain frequency, a complete exchange of resonator energie
occurs in the direction perpendicular to the direction of energy propagation from
the input to the output.

All 3 modeling nethods gave a similar, even almost identical result, which
testifies to the variety of variations in the performance of the investigated filters.
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ADVANTAGES AND DISADVANTAGES OF USING
THE MICROSERVICE DESIGN PATTERN

The paper discusses the rationale and benefits of microservice architecture, including
modularity, flexibility, scalability, and error isolation. Advantages such as rapidiaj@wnent,
easy technologyeplacementandspeed of innovation are described. The disadvantages, such as
system complexity, distributedness and testing issues, are highlighted.
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DIRECTIONS FOR IMPROVING THE QUALITY OF SERVICE
IN THE MEDICAL FIELD USING DOCKER AND KUBERNETES

Today, the world is experiemng a great leap in the amount of data on the Internet. This
did not escape the medical field either. The main reason for this was the digitization of medical
data. Because of this, the healthcare industry faces several challenges, such as management :
storing large amounts of data, including electronic health records and laboratory test results
handling large and variable workloads, and processing and storing sensitive data. Docker an:
Kubernetes can help solve these problems.
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INDOOR POSITIONING BY SEARCHING FOR
THE NEAREST RSSI USING LI-FI TECHNOLOGY

The work analyzes the problermagpositioning objects indoors. It is shown that the use of
radio technologies to solve this type of problem results in a large error. Therefore, it is proposec
to use technologies based on light waves. A method for solving the problem of positioning
objects indoors is proposed. An algorithm is considered that allows solving the problem with
fairly high accuracy.
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ENHANCING SIP TRUNKING SERVICE
DELIVERY THROUGH CLOUD SBCS

In today's telecommunications networks, sesgnitmation protocol trunking technology
through cloud controllers has become necessary for voice and video communication service:
over Internet Protocol networks. Despite this, there are performance and optimization challenge
for these controllers, espatly in the face of growing data and user volumes. The performance
analysis of cloud controllers revealed important analytical conclusions, and the developed
optimization strategies provided practical recommendations for improving the provision of cloud
trunking services.
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Sending an INVITE request to sip example com___

Response from the server:
HTTP/1.1 200 OK

Sexrver: MySIPServer
Content-Length: 256

INVITE request successfully processed. The session is established.
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The idea ofapplying queuing model known from the teletraffic theory to evaluate the
signals alignment parameters (in particular, wagitiime jitter) in the digital transmission
systems has be@onsidered

Any interaction of digital signals (DS) is based on the data exchange (writing
and reading) e.g. multiplexing/demultiplexing in PDH/SDH systems, switching
centers (SC) connections, Mrcells and IP packets processing etc. It leads to the
inevitable data losses (slipsf bits, bytes, frames, packets etc.) and requires some
form of digital signals alignment [2]. The alignment methods include bit/byte
justification (stuffing), pointes (in SDH), controlled slips between SC, limitation
of packet length. But only digital signals justification during multiplexing excludes
slips as opposed to controlled frame slips between SC or packet loss.

There are welknown traditional approaches teaduatethe digital alignment
effectiveness such as slip estimation in digital switching/transmission systems ot
PDV (packet delay variation) concept in packet networks [1, 2]. On the other hand,
it may be useful to analyze the same processes from thepatim of viewi for
example, by applying queuing model known from the classical teletraffic theory. In
particular, we can consider alignmestated parameters such as

- PDV for packets and ATM cells,

- TIE accumulation in 1IS&chain interconnection,

- the mea Time Error (TE) caused by a latency jitter in PDH/SDH systems
as event flows in a queue for service.

To illustrate the approach, let us consider TE event flow under the assumption
of Poisson (simplest) flow [3l]. Such a flow should meet the followingeneral
conditions:

- The flow is uniform, homogeneous; all events are equal.

WSlip isthe loss of data or the appearance of extra positions in a digital stream.
[11SCi International Switching Center

91



Only the event arrivals (kickff moments) are candered.

- No aftereffect (no or limited correlation between events on the different non
overlapping time intervals).
- Stationary time series/flow.

In general case, the stationarity condition is not met strictly for TE event flow
because TE depends on timethe presence of constant frequency offset. But on
the relatively short time intervals (corresponding to queue length) this dependence
can be neglected and therefore TE flow can be considered locally stationary.

Let us consider as an example the conveatidtDH multiplexing system
43 E12=1E22 (43 2048kbit/s = 8448kbit/s}*. The main parameters of
writing/reading processes in the multiplexer elastic memory (EM) are:

- nominal E22 frame duratiasyme

- nominal E22 frame frequen&¢rnom

- nominal writing frequency of E12 tributary sigi&@lnom

- nominal reading frequency of E12 tributafyhom

One staffing bit is allocated for matching every E12 tributary signal in each
E22 frame, i.e. maxial staffing frequency is equal to the nominal E22 frame
frequency ¥s max= ¥rrnom

The nominal justification rate is defined as:

}nom= (¥rnom T ¥wnom) / ¥st max = 0.4242

The real justification ratg can change over the interval r< 1, so the bit
staffing will occur irregularly. The real justification ratecan be considered
as fractional frequency offsey of the writing/reading frequency difference
D¥wr = (¥r T ¥w) relative the staffing ratég; max

The reciprocal of the justificain rate 1y shows how many frames are passed
for one staffing on average, e.g} ¥2.37 signifies one staffing operation during
two-three frames. The staffing irregularity causes additional waiting time jitter (or
latency jitter) in the multiplexed sighgb].

It is interesting to evaluate the digital alignment processes and, in particular,
waiting time jitter, usingqueuingtheory. Any queuing system is defined by the
following main parameters [4]:

- / 1 arrival rate(request rate);

- mi service rate,

- r = /Im7 (dtilization factor of the server (e.g. elastic memory (EM),

controller,etc);

-t T service time

- mean service time&(ty) = 1/m

Stability condition of aqueuing system is defined as<e¢ or //m< 1.
Therefore, the system state can be described by the probability P:

r =ale 1 P[system is busy]and
17} 1 P[systemis idle].

U The multiplexing principle and frame structure are defined inTTRecommendation G.74:
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In the case ofvaiting time jitter in the abovenentioned PDH multiplexing
system £ E12=E22, the queuing system parameters to be analyzed ameetie
waiting time of staffing

- themean time on the general justification tinmee@n waiting time- mean

service time) and

- thewaiting time deviation

Request ratean be defined as

|+ D¥wr = (¥rnom!T ¥wnom)
where¥rnomand¥ynomi Nominal writing and reading frequencies in the EM.
Service rat@s m! ¥ max= ¥rrnom.
Utilization factorof the PDH equipment EM:
} 1 | /m? y (fractional frequency offset)

We analyze TE event flow usird/D/1 queuing system mod8lthat means [4]:

- Poisson (simplest) arrival process;

- Deterministic service time;

- One server.

The calculations using thegueuingmodel for the abovenentioned conditions
gave the following waiting time jitter mathematical expectation (average value)
E(tw) and deviatiors (tw):

E(tw) = 36.9n8°37 % Tqrame - s(tw) =61.9n% © 62 % Trame

To compare the obt ai nceodnmnroens wmbetomshevdi
the modelling of TIE during bit staffing process in PDH multiplexer was
performed for the different values of the phase offset threshold (staffing request).
The indirect estimation of the averagmaiting time jitter forr,om?* kzis 36ns that
is close to queueing model M/D/1 results. The modelling has shown that the
average latency (waiting time jittegssentially depends on the used threstendl
and is between [26.7s, 42.618].

The idea of usingjueuing modeld$or digital transmission system parameters
evaluation may be useful in both conventional and siftbe art telecom
equipment. The presented approach can be further developed and applied for tr

analysis and optimization of the various digital signals alignmeicegses.
References

1. N. Biriukov, N. Triska. Time and synchronization in telecormd.ecture Notes in Electrical
Engineering. Volume 560: Advances in Information and Communication Technologies.
Processing and Control in Information and Communication 8ysté Springer, 2019.
ISSN18761100. ISBN9783-030-167707.1 p. 205223.

2. N. Biriukov, A. Semenko, NTriska. Alignment of the transport network digital streains.
|l nfocommunicati on and computer technol og\
~ 2(02), 202171 p. 64i 80, DOI 10.36994/27885182021-02-02-05.

3. AJ.Hinchin. Works on the mathematical teletraffic theory, edited by BMedenko.i
Moscow, Phismathgyz, 1968.236 p.

4. L. Kleinrock. Queuing Systems, Volume |: TheoiryNew York, Wiley, 1975.

5. D.L. Duttweiler. Waiting time jitteri The Bell System Technical Journal, V6L, No.1,
January, 1972.p. 165207.

U The gueue has an infinite storage capacity.

93



UDC 621.391.3

ULTRA -WIDEBAND MICROWAVE
PRINTED MICROSTRIP DISC ANTENNA

Trubarov I.V.
National Technical University of Ukraine
Al gor Si korsky Kyiv Polytechn
E-mail:trubarov.i@gmail.com

Vorzrt fsfefor 1o fwstImlIr[f?2[]¢
rtvsdloveg JTwstfuwforsflo rrResfl o 01U

H' 2fdzj des  ftets’ Clskzo Odedzy s O estf Gls[tes dz®©y ' “O dals
iR dzk o Oyjds HdMSseosets Ikd{fkz, o d ¢ tsdzOdats

jdzd LH"2Mdzs s Mw B CshdBzy Sty  dzf dzf ‘¥ .
sHtsds MSE " deyd deded = dzj d3j dzls * o . Zzdv Aatsd tsd Isd
wWEgdzzlsts L d3j dgh j dedz" L otstetslsdedr olsteOls k2 ttsB s
Ofn wWCsGEB sum dzj fijtejoadhkz: 1.5, mMSdzOHO!
jdzd HBEMWEO Is! MW M jy' Od dets¥ WistodRss o dif tok

Printed microstrip antennas aredely used in radiocommunication systems
due to their small dimensions, low cost and possibility to be integrated at the
common PCB with the device. There is a large number of sizall printed
antenna types as well as design techniques used for thesianahd fabrication
[1] T [3]. The basic radiating structure for this type of antennas is a patch
microstrip antenna. However, these antennas are not omnidirectional and typically
have gai n &5]. Té&fin arBidifectional directivity patterdipole
[6] or monopole antenna [7] printed structures should be used.

In this paper, a microstrip monopole antenna is designed and simulated. The
antenna is desi gne dMHzd@requepcy baadt As a iadiating 0 7
element, a disc topology wasad. Such antennas can be considered as a variation
of a monopole microstrip antenna, whose radiating element has not a linear, but
specific shape. This approach provides the ability of the antenna to operate in widke
frequency band. The antenna, desigimethe present work, can be used in mobile
ISM band communication systems, such as-RAii Bluetooth or Zigbee
applications. For the simulation and optimization of the antenna, -étetment
method (FEM) was used.

As a substrate for the antenna, FR4 latenwas used with the following
parameters: dielectric constdit 4.4; thicknes$ = 1.5 mm; thickness of the top
and bottom copper layets- 0.018mm; dissipation is defined by tar= 0.02.

The layout of the antenna is shown in Hig-The antenna was designed so as
to be fed by 50 g miblewusng SMA connectornTde o
antenna of the selected type is ultrawideband and manifests pertinent performanc
in the 1.1é4.7 GHz frequency range.

94



Top layer

Copper
Ron /

| ——

Bottom Layer . .
y Dielectric

,,,,,,,,,,,, 4/,,, | v Lm

Lgrou nd

@ Lv_v' (b)

Fig.1. Dimensions of a microstrip monopole antenna.
(a) Antenna dimensions. (b) Side view of the antenna

The theory and design approach for the selected antenna type are considere
in [1] 7 [3]. The design procedure contained the following stages: rough estimation
of the geometry parameters according to general principles of the design of
monopole antennas;nalysis of the impact oL, parameter on the antenna
characteristics; optimization procedure over the two parameéigrR;.:.

As a result of the optimization process, the following values were obtained for
the antenna geomettyyouna=30mm; Ly, =0.2mm; w=2.9mm; Ry, = 30 mm.

The model of the antenna is shown in Fig. 2 (a), and Fig. 2 (b) shows the VSWR o
the antenna. It can be seen that V S\
continuous frequency band.

VSWR Plot 1

00
FreqGHz]

(a) (b)

Fig.2. (a) Model of the aatna. (b) Return loss of the antenna.

The antenna with a disc shape of monopole has -eamidirectional
directivity pattern. The maximum radiation is observed not in the azimuthal plane,
but is inclined for about 45 degrees. In Fig. 3, the radiatioepattf the antenna is
presented. The maximum gain is 4.6 dBi and observed within the cone of the
highest directivity ay = 46A . The distortion of the
the dielectric layer of PCB and the disc shape of the radiating element.
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(a) (b)
Fig.3. Directivity pattern of the antenna. (apkne. (b) Hplane.

The antenna designed in the preseesearch is smallized and easily
fabricated. VSWR value is less than 1.5 within the operating bandwidth
2 . 1 € @Hz.7The antenna gain in the maximum of the main lobe is 4.6 dBi. The
main |lobe is inclined for aboighmakes A
this solution welsuited for being mounted at considerable height for providing
wide coverage areas.
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Today, highquality spherical dielectric resonators are important elements
suitable for further usen a variety of communication devices [18]. Currently,

DRs with whispering gallery oscillations are mainly used in the optical and
infrared ranges [8 5]. These oscillations have a very high quality factor, but their
frequency spectrum is quite dengene of the effective ways to rarefy the
frequency spectrum is to use coupled resonators with different types of natura
oscillations. In addition, in some devices, such as power dividers, it is assumed tha
DRs with different types of oscillations will hesed. To model the electromagnetic
parameters of such devices, it is necessary to know the coefficients of mutua
coupling between resonators of different types. In this case, it is desirable to have
analytical expressions for coupling coefficients, sitiee speed of calculating the
parameters of more complex structures based on them increases many times.

In works [9, 10], the coefficients of mutual coupling of spherical DR in open
space already have been studied. We found general analytical expressities f
coupling coefficients of DRs of different types, obtained in the form of complex
integral expansions. It was shown that the above general formulas can be
calculated in quadratures, in the form of a series, using a generalization of the
Somerfeld inégral [11], however they require the calculation of rather
cumbersome coefficients expressed throughVBigner symbols. This study
examines simpler special cases of accurately calculating coupling coefficients
between spherical DRs of different sizesgarf which is excited by the main
magnetic or electrical mode of oscillations. The natural oscillations of the second
DR can be anything. As a result, we obtained new exact analytical formulas for
complex coupling coefficients: k,, =, ,DgkpPra without additional

expansons. Where in the spherical coordinate system of the first DR, the vector
(Dr, D,q [ determines the coordinates of the center of the second resonator.
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between resonator centers (B) ¢ E3; Da 2); as a function of changing angles (c, d)
(Da 6 (c), Dg K4 (d); k,Dr 47) fore, =25;e, =2,25.

On Fig. 1 shows an example of calculating the dependences of the DR coupling
coefficients, the dimesions of one of which correspond to the possibility of the
existence of the main magnetic oscillatieh) ,, and the second the existence of a

magnetic oscillation of the whispering galleH;, ,,,. The dependence of the real

(left ordinate axis) and imaginary pdright ordinate axis) on the distance between
the centers of the resonators is shown in Fig. 1, b, and with variations in angulal
variables, in Fig. 1, c, d. Solid lines show the dependences of the real part, ant
dotted lines show the dependences of theagimary part of the coupling
coefficients. As one would expect, the maximum values of the real part of the
coupling coefficients, corresponding to the splitting of the frequencies of coupled
oscillations, in most cases are established in the region atifactdre surface of

the resonator with whispering gallery oscillations (Fig. 1, b). As the resonators
move away from each other, the coupling coefficients quickly decrease.

The general picture of the distribution of the real part of the mutual coupling
codficients of resonators in the plafigdZ 0,1 for different types of oscillations
Is shown in Fig. 2,’ie.

Thus, the obtained analytical expressions for the mutual coupling coefficients
of the basic and higher types of spherical DR oscillations make it pogsible
construct electromagnetic models of a wide class of devices in the optical and
infrared range.
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(b); H, o, and E; ,,, oscillations (c).

The considered systems of coupled resonators can be used in various elemer
of optical communication systems: antennas, sensors, channel switches, etc.
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It is knownthatthe physicalconditionsin the DR canbe implementedn such
away that energy from an external source is transferred to the field excited in its
material. It is convenient to describe such resonatwysintroducing into
consideration the concept of active dielectrics, materials in which the imaginary
part of the dielectric constant can take positive values. In works4[1coupled
systems of similar waveguides and resonators have already beeneosdhsid
carried out using numerical methods, simulation and experimentally.

Previously [5], we considered dielectric resonators made of an ideal lossless
dielectric whose dielectric constant is a purely real quantity. In this report, using
perturbation thexy for Maxwell's equations, coupled oscillations of resonators, the
material of which is a complex functiog, =jei 4, are studied, the imaginary

part of which can take both positive and negative vallies.resulting system of
equations is used to study couplestitiations of DRs made of an active dielectric
and a dielectric with power losses. The found system of equations coincides with
that obtained earlier [5] fogj, 9.

The simplest systems are considered, consisting of two coupled resonators
the material of onef the resonators is absorbimj i€, and the second is active

e i®. Resonators with fundamental magnetic oscillations, as well as resonators
with whispering gallery oscillations are investigated. (Fig. 1, 2).
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On Fig. 1 shows the solutions of the equationeaystfor coupled oscillations
of the absorbing and active DR with variation of the imaginary part of the
dielectric constant of the second resonator.
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Fig. 1.Different cylindrical DR with main oscillationsi,,, (a) (ej/ig ©,0]1;, e, =,& 36;
D, = D 0&; f,=10GHz;Dx = D 0; Dy 0mm). Different spherichDR with a
whispering gallery modéH,; .., (€) (6, =,& 2,4.Dx = D 0; k,Dy =40). The coupling

frequencies (b, f); amplitude ratio (c, g) quality factor of coupled oscillations (d) as functions of
the complex dielectric constant tangent function of the second DRej(a)g 9, 01).

As follows from the data obtained, an increase in the imaginary part of the
dielectric constant for resonator 2 leads to a decrease in the detuning betwee
frequencies (Fig. 1, b, f). The amplitudes of coupled oscillations are distributed in
such a way that only ongf the resonators of the system is excited (c, g). In this
case, the quality factor of one of the coupled oscillations increases exponentially.
and the quality factor of the other coupled oscillation remains approximately
constant (d).

When using resonaterwith whispering gallery mods, the noted qualitative
patterns of changes in the parameters of coupled oscillations are preserved (Fig. .
e - g), however, the dependences of the frequencies become more comple;
functions of the dielectric parameters (Figf).

On Fig. 2 shows the results of calculating the frequencies, amplitudes and
quality factors of coupled oscillations of 3 cylindrical DRs with a whispering
galery oscillationsEH, , .
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The obtained patterns of amplitude distribution confirm theeviously
discovered effect [6, 7], the essence of which is that coupled oscillations in
complex lattices consisting of various types of DR are broken down into
oscillations of individual sublattices. All resonators in each individual sublattice
are chaacterized by the same shape and the same parameter values.

Thus, using perturbation theory, we have obtained a new system of equation:
that describes the general patterns of behavior of t@lglthent lattices with DR
performed by their various dielectric€onsidered DR lattices can find practical
application in multiplexers, amplifiers, channel switches and other devices of
infrared and optical communication systems.
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METHOD OF COMBINED SPACE -TIME AND MODEM
COMPENSATION OF STRUCTURAL INTERFERENCE OF A DIGITAL RADIO
LINE WITH BROADBAND PHASE -MANIPULATED SIGNALS

In order to compensate for the structural interference in the input mixture of the broadband
phasemanipulated signal and the structural interference, the papgoses the combined
use of spacéime and modem compensation.
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SIMULATION OF THE 4 GHZ BAND DIELECTRIC RESONATOR ANTENNA

The results of modeling a dielectric resonator antenna which consists of a section of a
microarray line and a disk dielectric resonaiemg the CST Studio Suite software in the 4 GHz
range are presented. This thesis will be useful for manufacturers of antennas and antenna devic
in the microwave range.
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IMPROVING THE EFFICIENCY OF SYMBOL -BASED SCHEDULING
IN 5G NETWORKS BY USING COMPATIBLE SLOT FORMATS

Compatible formats and combinations of slot formats that are efficient with respect to
criteria of minimum capacity and coverage loss are obtained. They can be recommended for
dedicated and dynamic scheduling in synchronized 3&tworks to reduce the effect ofco
channel interference in border areas and interference between adjacent channels of operators al
the national level.

fslssydedr GfkBd CtoOddn MksOdHOls"
otcOL dzd o sfls [ 1] . A otcOL dzd o &
T MkOdHOtls' 9, ' sy Ck'l!mw, f
J dzdzv  tetsL tesBCd Mis OdzHeBtels 'dds * 5 GzO Ul
Hydzy' 2dz Mmis y' dz' mdz' Mmis ‘ Hisfmiskz
c1d3 fsdz sdSd BjLfjSd ° odL dzOyo'

" di3ts e ' todats, hts HJwE' L dedr BLERHLE
odd fipdetsie)] o0 O Cts fsd3 wWEehdilsd.
dz' 2 Hsf s59" H' tetsL GdzV dgzlsts " HA TS
jbdudese s toj Mkztem' o o 5GiNRAEEAS 5tz dzts
Oy' Mmdipsds' ofifdzd W stcd3OIs & Mmd e dzO dzlz H t
tc Mzslsseo dr MEsBRPIHZdDY H Az HIES
B Istss ftedmC stcj dzdgw o dL dzOyj dzdz¥ dz(
Mizslssodn WstedOls' o Hmw,mtmwmmmmmmw Wt
p.135, Table 11.1.11] , sBdtcOs Is! Mmw w g dz
Hd 203" ydesdsz R Ot OSIsj ez L d3'W dZCFIZL@aOdg,Jlsteolt
dZOMmlszf dzd zd S tedlisj to* W o3q :

WsttkOlsd o HYto' HOBI! odksSEOd hSHIES

BOR7NOE=NT)
281

I > O«
n&

— — Q% c Eﬁ.&&@q&—'

N N ST KT

okt

T &

o= g
WUTQI
©

b cOo dz' dzdz" tOH' Stoj Mztehsd ( RRC), IstBls
cfjtejn Hdedne 'L ydmd&® W' sydrn. tJjhkO
fsodets dedL df s jtojHdg & WstekOk' o *  °  d&zOf .
plstcOls * ddzsMmls' * §sCtedlslsw o ©OL' ®©BEOd
- 1B Jtej ) j dadgw WizdeS y' sdzOdzt detsiyls L O
Mg st BOLsSsdR MisOdy' 2 '  zOdskzo C
S BOCMdEOd &ZO0 jWjiSkded ! (headuC' Ml
odlstcOlsd dzO B ZOdS ko Odzedz® ' 2O -ULRT d f) dzd 2

10 ydasd SCtedlsjtc' wdsd Hdzw HBMdz' H Y pIeda™

109



[y &S0 olkcOls ' ddzsfls' .

[iBHdSO Y dbd bikcHbcl dgddls tdin. 1
" stedsOlsd Mmdsls' 8 45 ' 47. AstdOl 45 o
b ySds Mmddesd o (F) ' 2 Mdde sdd d&O
Mo sdzd dz®@ f jtejHOUE, 2 cdkySdn fMdde s

Cdtylst sy bkl Bbkilsd odLdzOUjdE "dvEsd
Msktss sz ¥ sttdOl' sHhsEts fjttOlststtd .
DL b Mhskcotsdz Wstdols' ' dhtscets sfjtols
BsHdW ' COY' W 45¢ fdslssoOddsts ks &80 lasr d 4z
v Dsds LOKB did b W stdkOl' Mmdsk' e bk ¢ db
ddosdzd UL L LicORkzoOddz" LORdMmdzsect ' dak

DL (fstdy' 6 ' 20) ' UL. 1dyuj 1]
WCd2 sMBHE Hiekzed?2 i jtcObsts, h W 2 s o
mddkotsdz' © 2@ ftsLdy wo 3 ' 10 &0 L Ooodmd
1 pagiokasp = 10 nigkagpie = 20 cnomie = 10 me .I IS tc © IS d ‘ d3dZIS fl] IS
. I E— — — f Otc" (45¢ °
MisOdzts o dzW4s + 150
1 nigragp =2 cnotr =1 mc h dzv - s d3 L O d3‘ dz
o DT LI B8t dy ek
20 ftsLdy’’ 8
o IO T 42, 20  fed?
Slsted BO' B35 dzts o
o ORI 25 0. ®6H" ¢
v Ssd e
T 4 ‘
o IO IO T ey § 8t du 2 6 deky
Hdzw L OMmissmizoe C
[ — cumeon, npuzHaseHsmit 4na nepeaasi (DL - HuaxigHuit kawan BC) G P ( G uar d P €
] — cumeon, npuanasenmii 4na npuiiomy (UL - ewcxigHmii kanan 6C) fr] W &'E 9 0Ols C{ d
[ — "reysmid” cumeon F (DL, UL 260 GP) oL O d3t5 H " F
[ — cumeon zaxncHoro intepeany [GF) nepegaya - npwiom [DL-UL) d3t5 )1 dzq— ) q : u— tS L C
tdfm. 1. [srdi coy v mes MNd do tsdz'-lsd kMdis
"W REd LOG dd hrutdR W sEediOlsOn, WG O
Code' ZOY' 2 f6f Phdrd bOOY BEEL 6LOD k&S ' o
' LddT 920 Oy' 2 € tsfB-5&0UZOD j WG a0 8200 tofe
- //\ A 5?
g \ <”§\ \\\n -
- SN v/
tdf. 2. JlstsOlscf d3dztsfr]ls (Iz %) o COdROdL WUE3. & L O

110



1 t.od Hsf EmMisddkzdr oktcOIsOR ‘ di3dzetsmis’ Iz
sy SkoOlsd fftod L Ofmlisldsgn o Gielzdi) dz=iOEpisdanf ehid t- to
52; 4944; 4952; 4953; 525 3 . lted HBYEMSdBd- 9lst
Z02CtOh dddd * 4 § Otcd -49)d652 BI6Z 5253 stc 3OIs ' o

Jy dz2€ 0 olstcOls fsCtcdlislsw.

Yy 2¢O oltcOls fsCtedlslsw ) mMzslstseo d A

9 Odgdz" Jj dzgj oG j Isd ydedrn o Isyc Oiss diE] ~e dfifcth
¢ ftedtf OH O Is! &ZO0 tsLdy’ ' Mddse sdz
roni sati on Signal Bl ock) . 1 Jty o
dz' dz' fscdy’ ’ DL My " 9 OH OB Is! L
dzd ) . 4 d ¢ dEOedts[d31zS SWBts teodz Offy dzts Is3O & Is W
yoe s mw  4l4 Codih >wmthtsdd [L2Qdzj 4 Ols o'
Lz °° yOMmilstslsdztse 5 63ub Agyrigy SSpadeyg). § °
dZzOof tcd ¢ dzOH , Hdzw yOMmlis8ls &t g HGPz° CBYOO |
9 ©OH' 85COHt' L& "' 8 fifuzsds OFd ¢ d:a
y' ' wedm ftoedrBHWIS4 w8 dz01 &g 032 @& dz' 8z2
3 ftoj HiNlsOo dzj dz' BsHW " C s Odz W stcd3
te

c O

B L Bkhe RSB .MJICEHOLOR L dzsS o st O
SL B hjddey cdgbySqdn Mddosd o WistedC

1 pagiokagp =10 nigkagpie = 20 cnoTie = 10 mc

I&gqnczmggmcm
g @+~ 0 "eoaox<rg
T FIC PO QGG

1 nigkagp =2 cnoti =1 mc

“\\ ........ - R | bk |

e N T G
|G RN A L A
0 o

1 0 T O e ER ey
tdfm. 3. (tLIsOhMEZzeo Odzdz? MdcedzOdzz SSB o W st

{jLkd Olsd toSL©ORERS' @ Hd&v ' L ded;:
f5COL ks sq, HefilsEdddr okeOLOR §Stdlsls

RO s WistedzOIlsd Mmdztsls® o 4 4 46, 49, 52
CtsdzB ' dzOy* 2 ydr WtstedzOIls' &8 (fdzte i WistedzOls
" dgdzs M is

[ " jtcOlkztcO
1. l1tcQoddzs 1. 1. O dzOdz'laj 2 W) daAyO Qtdag = & tc® Gdzd g
dzO Iz C-ls p Asdz” y dzO Csdal j toj dgy " W "l jteBRPR2B8Bdg B t
BOIjte’" Odz" 9 SwBdW jtejdzy' " . s.1M.s358 " d3. weBstew

2. 3GPP TS 38.213 V17.2.0 (20R27 ) /| ET S| TS 13 8II&dr procediirdsRar P |
cont r o}08),p.1352TalRe111.1-1

3. ECC Report 331: Efficient usage of the spectrum at the border of CEPT countries betweer
TDD MFCN in the frequency band 34@800 MHz, November 2021, www.cept.org

111



UDC 004.056
ANALYSIS OF THE CHARACTERISTICS OF ROUTING
PROTOCOLS IN AD-HOC NETWORK

Astrakhantsev A.A., Hryschuk I.A., Pedan S.1.
Educational and Scientific Institute of Telecommunication
Systems, Igor Sikorsky Kyiv Polytechnic Institute, Ukraine

E-mail: aastrakhantsev@its.kpa,
hryschuk.iryna@gmail.com, stas.pedan@gmail.com.
rd e C Mot osvrtrevrRs I Juls ][] wl

! R1 ¢ AwHOC AD{ [ r w

¢

Blzo O Is/ L dzOydzsets f sh dtej dac
we' fedmBto Hels Misy ST toff s 4
dzdzd € o . JHdzdd3 "L sO¢dn
dLOy" " * o' HfqEkldg Mis! MlsOC
ddedzse JWjClsdodztmbec HREeEHO

wr r [
ot zt

ddhoc dijtjy'  dzO
sHdaddg "L vyddzdzed €' o
EWH BB&RIEZEYUds ud
ftoslssCtsdz' 9 BOwh izls
ftcdmow yj dzO HEMdz' H Y
o' Ldzdr LBodzg hdzg' 7 fOLOBRBIIsOR, OCda WwWE ' 9 j
tdLEd sOIsd HEMdz HY J dadzV HSL @ SdzW ¥ [s sBtcOIlsd
LOdzj ydesils® ' H LOHOdd~ Ekditso .

Researching the characteristics of routingtpcols in aehoc networks is a highly
relevant task in telecommunications, as wirelessh@d networks are becoming
increasingly prevalent in remote regions, even in extreme conditions, military operations,
and scenarios where establishing infrastructosgworks is not feasible. Routing
protocols are essential for-fadc networks to ensure efficient and reliable data exchange
between network nodes. However, due to such networks' dynamic and unpredictable
nature, selecting the optimal routing protocol dmaes challenging. Current research in
this area is necessary to optimize the operation -¢fogdnetworks and ensure their best
functioning.

Analyzing the characteristics of different protocols enables telecommunications
engineers to understand their adeaes and limitations, thereby facilitating the
development of optimal solutions to enhance the functionality and efficiency-lodcad
networks in various application scenarios. Current challenges include high variability in
packet loss, network instabylitwvhen users' movement speed changes, and insufficient
efficiency of routing protocols in adoc networks.

This work aims to analyze the dependency of packet loss on network uptime,
study the impact of users’ movement speed on network efficiency, andigateeghe
effectiveness of different routing protocols in network operation. To achieve this goal,
simulations were conducted to collect and analyze relevant information regarding
network dynamics, users' movement speeds, and the selected routing prétecol
commenced the research by choosing the optimal moment for simulation to ensure thi
stability of the metrics. We considered various user movement patterns to identify robust
metrics. The research results are presented in a graph, enabling the sefetigbest
time for further analysis. To thoroughly study packet behavior over different periods, we
plan to conduct eight simulations ranging from 70 to 50,000 seconds. These data will be
the basis for developing optimization strategies and network geament to improve
productivity and efficiency (Figure 1).
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During the initial stages c
network operation, there is ¢
notable exponential growtr
in traffic, leading to systen
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values beforembarking on scientific research and network analysis is advisable.

Accordingly, the optimal time interval for conducting research is 20,000 seconds
or more. Only under such conditions can sufficient stability and reliability of the obtained
data be ensudefor further analysis and practical application.

In the subsequent stage of the study, the impact of user mobility on the efficiency
of adhoc networks using the AODV protocol was analyzed (see Table 1). Notably, for
this study, two fixed communication des were established, interacting with mobile
nodes of varying velocities.

Fig. 1Dependence of indicators on time.

Table 1. Analyzing the impact of user speed on network efficiency.

Speed loss rate (%): | round-trip avg (ms)] stddev (ms)]
Lack of mobility 0,00297965 1.91593 0,101542
Low mobility 16.0342 177,603 857,769
Moderate mobility 30,7564 460,749 1255,67
Fast mobility 43,6678 787,03 1521,98

From the perspective of a telecommunications engineer, the research findings
indicate that as the user speed in athad network using the AODV ptocol increases,
data loss increases, as does the average connection setup time and its standard deviatio

In cases where user movement speed is low or mobility is absent, the network
efficiency is relatively high, as evidenced by minimal data loss amwd dverage
connection setup time. Such conditions may be typical for stationary emtility
objects, such as sensors in monitoring systems.

However, in cases where user movement speed is high (moderate to high
mobility), network efficiency significangl deteriorates, leading to significant data loss
and increased connection setup time. Such conditions may arise, for example, in mobils
applications or scenarios where users move quickly.

Thus, an athoc network using the AODV protocol may be effective wiaefast
and reliable connection between nodes is required in cases of low or zero mobility.
However, issues with network stability and efficiency may arise in cases of high
mobility, necessitating additional optimization measures or the selection ofeeedif
network type.
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In the final stage of the study, an evaluation of network performance using
different routing protocols, including AODV, DSDV, and GPSR, was conducted (see
Table 2). The results provided important information regarding the perfornohmazh
protocol under different network conditions. Specifically, the AODV and GPSR
protocols demonstrated low levels of data loss and small average delay times.
highlighting their high efficiency in route establishment and data exchange in the
network. O the other hand, the DSDV protocol showed significant data loss and ample
average delay time, indicating its lesser efficiency than other protocols.

Table 2.Investigation of network performance under different routing protocols.

_hoto ¢ loss rate (%): round-trip avg (ms): sent
AODV1 0.00595752 3.15598 33571
AODWM 0.00596303 4.81104 33540

DSDV 7,99487 13,9246 33559
GPSRV 0,152103 14,2624 33530
GPSRV 0,149134 14,2303 33527

Conclusion The conducted research confirms the relevance of analyzitiggo
protocol characteristics in dtc networks, especially considering their prevalence in
remote regions and conditions where establishing infrastructure networks is not feasible.

The research results underscore the importance of selecting the optirtag
protocol depending on specific application conditions, such as user mobility and network
stability. High user mobility rates may lead to significant data losses and network
efficiency degradation, necessitating careful protocol selection and ipbtigsttmization
strategies.
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OPTIMIZATION APPR OACH FOR SELECTION OF
MICROWAVE LINE -OF-SIGHT LINK PARAMETERS

The ITU recommends using a specific algorithm to determine antenna heights,
emphasizing the importance of optimizing the clearances above the height of the antenna itself.

In our methodologywe have improved this approach to include the calculation of optimal
antenna heights and diameters. We introduce a procedure that allows us to find such antenr
heights and diameters that are minimal in terms of equipment cost, antenna diameter, and ma
length, but still provide high signal quality.
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ENSURING THE SPECIFIED SECURITY INDICATORS OF
DATA TRANSMISSION IN 4G NETWORKS OF SPECIAL PURPOSE

A set of measures is being considered to ensure a given level of data transmission securit
in 4G networks. Possible ways of unauthorized access by attackers to theknetsver
analyzed. Directions for ensuring the security of special purpose 4G networks are proposed.
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SELECTION OF OPTIMAL CHIRP SIGNAL PARAMETERS
FOR UAV COMMUNICATION CHANNELS IMPLEMENTED
ON THE BASIS OF SDR TRANSCEIVERS

This article discusses the possibility of using CSS modulation for UAV communication
channels. Methods for forming chirps BRGAs, as well as their parameters when used in SDR
transceivers, have been studied. The results of experimental studies using the AD9364 SDI
transceiver of the spectral characteristics of CSS sequences are presented.
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IMPLEMENTATION OF A MATCHED FILTER FOR
LFM SIGNALS USING A SYSTEM -ON-CHIP BASED SDR TRANSCEIVER

vhe wuse of LFM signals in UAV ceammomi c a
popularity. The main problem of using LFM for data transmission is the implementation of
matched filters. The article deals with the implementation in FPGA of a matched filter for LFM
signal based on Fourier transform
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METHODS FOR IMPLEMENTING VONR VOICE TECHNOLOGY IN  5G
NETWORKS. OPTIONS FOR EXISTING OPERATORS

In the course of the study, we considered methods of implementing VONR voice
transmission technology in 5G networks for existing operators.chioice of method depends
on the priority and capabilities of the operator. Each of these methods should be carefully
considered, taking into account both their advantages and disadvantages, to achieve a success
implementation of VONR in 5G networks

V deddz' "dzg' 7 Ediiso Of offtctso OHY j dedg?v Mls Odz
Mse s ' dise' Bsyddosmls’ HEY hodHiBes kO
hj fdzzs Is' fjodsd fesBdjdkd L wC' My ¢sdtsf
‘dsjtejfl odSdzdS O jigijGidd ' Oyd & dztsipii daz s dits o |

l jtojno' H dzO detsoad?2 MisOdzH Otels o dBOGC O G dzd ¢
sjrnde ydedoe fdlsOdz . ¢ten' IsjSlsktcdz sMtssdds s
L HOIlsdz fls: ' dZdL!' CO L Olted i3S O, fls o twasy Is !
"degls j ety ctdzsmsedrn f sfdzizc.

whdzzs s+ ' Ld2 90Ot Odzlsd tj Odz" L Oy' ~ Vol

" H 2HEIS HdzZw " ez yseBH NHY' | c@BBETBEON daizdH
S jteObtse®. v H' s yseéts i jcOlststtd ( Osisdizss
d3j 6 N ° 5G Cor e, 5G NR I[sO | MS. viSsH'd dzO?2
totsL ¢ tstols O dzdz™ BBd tod ' | MS, wWCO " HIsted &3z
tetsL cstelsOdzdzgy 8 5G Core IsO 5G NR [1].

widzlz & yd 2 sf J tcOIststs, wed?2 i cOG dzd dzOH C
fsdzg dz LOftcso OHdIsd VoNR. [ dzw Yy! st tsf,
fjtoj HEZ®BS

-9 Bjtjy' ekLdzd LTE eNB dsodzj dzs HB ¢

-esLetstedzzlst SO fteOYys vilsy BOLBSOO dgjted O

-fs of' 2 Biteiy' fjtObgEPYvHEBEERY dzh Gdzid

UBH', BYf Ottt By ] wLedvw dikzlsd d&Omlskzy

1) tbLEeBtlsOdzdz?" dBsHEZEY E{§ tc0Oo dinidfimtkDataH O dz
Management © W Hts' 5G, WwCj Is0O¢ slgmeFubseribasSeraglr © W
Hdzw | MS;

2) cdSdals O dzdzw W Iz deter\Vorking FuwéEion ( weoO fjty]
f s ' Htsd3dzj dedaw i tctsIs BisnetattzO f qHTdZGPdz' B Oy ' 'dzls § G |
BBd ik I MS "L detseddz 5GC;

3) Sdzetso dzj degdgv " mdzz® ysse s o kL &ZO | MS Hd
smdzse® HTTP IsO dfO HHtelzé datg edzflely tflpdzts o dzd = d3d 6 4

127



styjd "L ydes &BjlstsH' 9 HKBO ERSE fjtcj o0
ftod2dawists™ Hdzvw ddd]lmn fto' BStedlsj Isdetsfmls”

v 0¢, f4Jthd?2 d3J IstsH o ¢ dz¢ yoO okLdzd L 1
f zOo degtse s IsO h o dH" tigids tSEY & asflos ‘Osifdzg tc OtfsBsfitp ts d3
1 dzr bt st fsMlsOyOdz ded$ ' o oL tesBddzd € 5dzo

PCF @olicy Control Function L PROIRYand(Charging Rules Functior) . A J
Hsf sd30G6 O st jtcOtstclz " HE dzt ydisd sd@istc pYGIE B
BewiCdmr Ld3 dz2 B " Mmdzz¥ y' 2 d3d ted I MS [3]. L

b dzj fted y! sik L O Dbidsnfter dRsuting Age RAdzj (B = " |
9 ' HftcOys 9 0OIsd ftesyjHlztekz ¢ tddamer;, st 6 5O
CstcdMmiszo OyYOdB3dizets5 G f sf eOadlalzh j dzgdzg® HES kL GBHY
MdedzOdz” LOYy" ') &OftcOodw s Mw Hts 5G UDM °

@L___T@___L ——————— ! IMS
I
|AMF| |SMF|

Nl:

tdfy. [ JlsBBH ttsLEBlsOdzdzY HBsSHEZdZY Eff tOo dz' dzdz"
(R)AN ((Radio) Access Network) W zdz& y*' v d3j tej Yy dese s HBMsEY Iz
sSHdzO L AMEF {Acckss ;and Mobilty Management Function)W &z dz¢ y ' w
Y tcOo dz' dzdz?¥ HEMlskzy sd3 dstsB ' dz! dz' Mmiss S MF
WizdeCy' v Ef 0o dz' dzdzv M O-0fsdaly; sz O(YU sSejir sBqzo
UPF (User Plane Functior . dz¢ y' v f j e @ilsza Ogdsd, ¢ OB s

CstedMmiskzo Oy! C5° § dztsh d dzq NSSF -@ HezE wowk
pdBtel Bjtejydsets Mjcd3j dzlskz/ fdzO2 el dzZNEFY ( N
LOBJ LY Jyjdedz" oL O d3tsH "’ L Lo ds hdg' d3d L Of

Function-mfrtse dh j dBJted ydedms WEkdSy' 2 [ 3].

1
1 - 1
) 968 IWEF —:—<;>
1 I 1
i L
1 1
||NSSF | | NEF || NRF | | PCF | |UDM| , i
: | I | T I i
i | I : :l&p&ﬁ :mm | :
! e L s I ! IMS
1
L Namf  Namf :
1 1
| AMF SMF !
. NI1! :
L N3 '/\
GM |
UE/  |----| ypF |------------mmmomooo o =1
(R)AN \/

td®. [ jlstsH L OH' Wdzgdg" o kL dzz | WF.

128



" ©jOd LOY' ' Hikdses &jlssHk & 3 &j
fslstc' Bdzs o MlsOdesodlsd obkLtsd | WFf s# €& ddjisde
f tctsls tlamater’ dz0o § OQ)d. (AgiER B dzs, ddhj bk od{

WikdCy' o’ a3 o N ° UDM o WHt' 5G dzj " HIstedc
HiSL & sdzW s jtcOlststelz hodHCts oftctsa OHdIsd tc°
okLdzd osjtej "’ | MS. [JHAZOC Hdzv oftctseo OHY j da

L ZOHBB AV Is' MW HBSHOLCtS " LiEMddzdy FsHB L C

stejls' 2 dBjlssH fjtejHBOYO' dgj sBR ' HdZ Mis!
| MS Hdzw "  HIstedd®BSd Mdzey s HTTP, w&' {§3)HIste
vy o kzL dzd | MS Ek d&dtejlgd ) tel o slzdz * difls’ j HaldV g
(S jtokzo Odzgdzgr Ctsdzlsj SMissdz UE, € jtlzo Odzdz? H O dac
| MS) , HsMiskzf dzge WEkEdSCy' wd3 BOL so s’ B tod X
Fdzd Cdzzlsd of dzdekz MmMlsOtedr Isjrndesdzse’ 2 hdg@z w H
B ssSHESAE HAzZv s jtcOststd, w2 ttBLEed"HO tc
B tedn’ 5G.

[ mmmm ey
| 5GS I__E__©
i Lo
ey \ | :
 [vsse | [ wer |[~we | [ecr | {[oom ]| mss |-
! I [ I . - ——————— o
i | ! ! | Npef | Nudm ! !
- [ T DD SRS B csssstn !
: E\la,mf | Nsmf | - HTTPI 5 M5
! |AMP| |SMF| :
: Nli :

L e GM A
(IEI)BAN @ L \l/

td®. [ JjlstsH datsodzj dzdzgv bEfMm' " eokLdz'e HE

[sd Hyjds &jlssHd ©jOd Loy ° Isj§ desdzs:
H dzw fdzlz ¥ W gy totst jotesle ©wese . Is o] d3j IS H
i 5O dzgjHtsd Cd. JdB'te CdS o] lsdes

j2 6fjttObtttd®. tjlsjd dj BBCEO St
disd Efmf hdzz t6j Odz' LOYy' ¥ VONR 9o d3]

[ " 5jtcOktO

1. stcOQo ykz¢ g. [ . Uy tste’ W md mis & &g Isiztslgdz@iz! @b m
[ [ dzi SIstetsdzdzd 2 . teffjifip'tes] (MY g2@b Qdz' dz” Mls®s 172 ¢
tcOH "  tslsjnrndz COe [/ w. [. s tcOorulziCs s tetddadz ' ds j Suliplst
w02 dz: 1B8QAF)sqd o: sl w ¢ 'df stcipREBY 683 M -
https://ela.kpi.ua/handle/123456789/53198.

2. Li X., Wei M., Xie W.Practical Performance Analyses of 5G Sharing Voice Solution //
Electronics-Vol. 11, t. 2412. ( 202 2 )ectronitg111p2412./ / doi . o

3. Vetoshko I.P., Kravchuk S.O. Possibilities of improving the voice services quality in 5G
networks // Information and Telecommunication Scienceé23.7 Vol.14, No 2.1 P. 916,
https://doi.org/10.20535/2412976.22023.94.6.

4. Voice Over 5GPost// https://the5gzone.com/index.php/voioeer5g/

129



uvrs 621.396.1

1t JArrvtrR vy wsr t f wy ¢ wl
so 1Tt Jfwryrm [YyouJoww t LS5 11 [ ¢
Ccs YosurRLTR [rtwfwlfEdpuvGu 5

stcOo YykzGs wOgykzs w. [ .
| O YOO s 2 ' dzlisdlsizls s dzj € sd3lz dz’ € «
md misjldu ° 3. w., ' CQeg fifeer s ¢ s

E-mail: sakravcluk@ukr.net

PROCEDURES FOR AUTHENTICATION OF TERMINALS
AND INTERMEDIATE MODULES BASED ON A SWARM
OF UAVS AS PART OF A 5G RADIO ACCESS NETWORK

Authentication is a fundamental property that allows a UAV network to establish secure
communication betweentsi core components. This allows for the authentication and
identification of UAVs. The purpose of this work is to carry out an analytical review of the
possibilities of creating authentication procedures for a swarm of UAVs/drones, taking into
account theeculiarities of swarm formation and the requirements for 5G NR.
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METHODS OF VIRTUAL IZATION OF 4G AND 5G MOBILE
NETWORKS AIMED AT IMPROVING SERVICE QUALITY

The rapid growth of wireless mobile traffic demands effective solutions for 4G/5G
networks. Utilizing virtualization technologies and innovative approaches such as NFV, SDR,
and SDNcan improve service quality and reduce costs. It is crucial to consider QoS when
deploying virtualized environments in the 4/5G network.
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SPECTRUM SENSING WITH INFORMATION TECHNOLOGY

Information model for signals selection in panoramic radio monitoring systems by their
external parameters was developed. The essence of proposed model is to detect occupied bar
of radio frequency speetm, estimate center frequency and bandwidth of each channel, noise
level and signato-noise ratio. Frequency channels creation allows for signal filtering and
estimation of pulse durations, as well as occupancy of each channel.
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MODIFIED GOERTZEL -BLAHUT METHOD OF DETERMINING
TONE SIGNALS DURING MONITORING OF WIRELESS MOBILE RADIO
COMMUNICATIO N SYSTEMS

The determination of the spectral components of signals is carried out using the Goertzel
Blahut method without using complex values, and to determine the tone frequency, only one rea
coefficient is calculated for one spectral component ositpeal, as well as before performing a
discrete Fourier transform with a fixed sample of input signal values
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APPLICATION OF ARTIFICIAL INTELLIGENCE IN TELECOMMUNICATIONS

The task of using generative artificial intelligence system telecommunications is
considered. It is shown that the use of such systems in telecommunications will significantly
increase their efficiency. Such systems make it possible to create new content by processin
large volumes of deep learning neural netkvdata. That allows you to create new applications
faster and more cosfffectively.
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Introduction. In the dynamic landscape of modern technology, the strategic integration of
ontology and architecture takes on heightened significance, particularly in the context of our
innovative database online training platform. Ontology serves as the intellectual framework,
providing a cohesive understanding and representation of intricate database concepts. The artic
describes the ontological model and several architecture services ofitieelearning platform.
The ontological model is developed using the modern theory of-ploilid database systems,
the platform has an improved user interface that takes into account the experience of performin
and checking tasks by end users (studefiit®}. basic implementation of the system was carried
out using the Artemis open source interactive training platform. The article presents the
architecture of the Artemis system and considers its components. An ontological model includes
a set of componeni@nd connections between them. An important component is the automated
task evaluation function, which adds efficiency to the process of evaluating completed tasks, s
that the user can see his mistakes and the results of the tasks, as well as theatetiedlon a
particular task.

Ontology of digital computer online learning platfor. Ontology is a system
for organizing and representing knowledge within a specific domain. Ontologies
are used to organize, structure, and understand information in & \@irigelds,
from artificial intelligence and natural language processing to biology and business
intelligence. An ontology includes a set of concepts, classes, and relationships the
define a subject area. It allows you to formalize knowledge and cswratgured
models that facilitate the processing and exchange of information. Ontologies are
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often used to develop intelligent systems that can understand and proces
information at a level that is understandable to humans. The main algorithm for
creating an ontological model is based on the collection and structuring of
meaningful information.

Information ontology- stores information about the objects (categories of
objects) of the subject area that are intended to be displayed to the CIT user
Controlling ontology- stores information about the peculiarities of functioning of
specialized program modules. Ontological presentation templaie ontology
containing descriptions of software components that provide specialized thematic
functions when used with an interactive document.

The actual ontology of the online learning platform includes such main
components as: study course, person, feedback, estimation, exercise, events. (Fig. |

[ omL

| Success )

(_owl:Thing )<}-2—"Online-Learning-Platform(based_on_Artemis ><]—2—( Leamnin| g_course )pisa— ( poes Bf—_is % s
= RSN e . Exercise- description

resume_exercise

Fig.1

Proposed ontology w2080 opeesoulcé otologyi n g
builder developed by Stanford University. An ontology contains a variety of
relationships between classes, includasgociative partwhole, inheritance, and
classdata. Inheritance transfers attributes from a parent class to a child class, an
all classes are related to instances through "dass'. Thus, the ontology which
we build perfectly achieves our onlipdatform requirements.

Architecture. Main focus is on the 3 components, they are: Feedback
Service, Exercise Management Service and&se Participation Service (Fig. 2).
Those components make a major part of work on the platform. Feedback service i
responsible for analyzing, estimating and making reports about each request th
user sends to check their task in the exercise of theseowloreover, it is
connected with Exercise Participation Service that is mainly responsible for
tracking user progress on the platform and analyzing all the information given
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from Feedback Service. The next component is Exercise Management Service. It i
called every time a student starts a new exercise because the intelligent system
optimized to save memory, so it creates the actual repository for the exercise onl
when it is requested from the eoder. Furthermore, Exercise Management
Service is respnsible for creating the actual courses and exercises inside them, sc
each time the administrator creates the course it automatically updates it to each ¢
the users on the platform that was assigned to it.

ArTEMIS Application Server gl
Web Layer @
User Management g_l Exercise Participation @ Feedback E Exercise Management E
Resource Resource Resource Resource
I I
1 1 1
T T . . T T
: W Application Layer : i @
Exercise Participation g """"""""" r====- > Exercise Management gl
! Service \:/ Service
TN T T
1 I I 1
1 i+ 1+ '---- Feedback Service El ] ]
\V ] | |
1 I i I I
User Management E : : \/ W/ :
Adapter v _____ > Continuous {[ !
: Integration Adapter \I/
! Version Control E
Y >| Adapter

Fig. 2. Archit ect tsouee inoefacti\temmnin@ptlalfdme mi SO O

Conclusions This article considers the practical experience of constructing
the ontology that was built using r o t2@0§ ®persource ontology builder
developed by Stanford Universiand architecture of the digital echtional space
of the online computer workshop from the database course, which allows
automatic verification of tasks. Using the proposed ontological model allows users
to get a detailed description of errors and task results. The proposed technice
soluion was developed and tested together with the Technical University of
Dresden for the course "Databases."
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IMPROVING SECURITY OF IOT DEVICES PAIRING
BY WIRELESS SIGNALS ANALYSIS

The work is devoted to the topical issue of increasing the security of connecting simple
loT devices and protecting this process from sirathe-middle attacks. Simple devices dhe
basis of the rapid development of the IoT sphere. A rapid increase in the number of simple
devices is accompanied by an increase in the number of attacks in the field of security of thei
connection and communication. Simple devices do not have theicatresources to implement
complex cryptographic protocols, which reduces their level of security, for example, the inability
to protect against main-themiddle attacks. The paper proposes a method of increasing the
security of connection of IoT dews by determining the proximity of their location based on the
results of the analysis of the characteristics of the wireless signal. Calculations are presented th
prove that the proposed method ensures the security of connecting 0T devices atiatalose d
and protection against mam-the-middle attacks.
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QUALITY ASSURANCE OF MEDIA DATA
TRANSMISSION USING NOISELESS CODING
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The work is devoted to the urgent issue of einguthe quality of media data transmission
in a heterogeneous network using interferemsastant coding. Based on the results of the
analysis of applicatiotevel interferenceesistant coding protocols and algorithms for the
transmission of higlguality video data, the ReeSolomon and Raptor algorithms, standardized
for the Mpeg Media Transport protocol for the transmission of 4K/8K HEVC video, were
selected to simulate their performance. The simulation results showed that the application of the
ReedSolomon algorithm is possible for a small speed of the video stream (2K and below) and
single errors in the transmission channel. The Raptor algorithm providegumdjty 4K and 8K
video transmission in the conditions of both single and serial errong itransmission channel,
but requires significantly more computing resources.
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AN OVERVIEW ANALYSIS OF CONTAINERIZATION TECHNOLOGIES FOR USE
IN A HET EROGENEOUS ENVIRONMENT WITH A DYNAMIC ARCHITECTURE

The work is devoted to the actual problem of effective use of computing resources of
computer clusters for the execution of containerized programs. There are many containerizatiol
technologies and the ex#tion of containerized programs in a cluster environment, but all of
them are oriented to execution in computing environments with groups of the same type of
working computing nodes, the number and configuration of which are mostly unchanged
throughout tke entire period of cluster operation. To date, there is no comprehensive analysis of
the possibility of using such technologies in a heterogeneous environment with a dynamic
architecture involving personal or public computing devices. In order to sos/eriblem, this
paper proposes comparison criteria and conducts an overview analysis of existing
containerization technologies using expert evaluation methods.
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NETWORK AUDIT OF INFORMATION COMMUNICATION NETWORKS

The need for information communication networks has greigmificantly in recent years.
This also means that the need for network auditing should also develop at a high speed.
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UPDATE PROCESS OF IOT DEVICES

This publication examines the main methods of updating software in 0T devices. The
peculiarities of updating the software of the distténl system of the Internet of Things, which
are distinguished by the steps of the update and allow to increase the efficiency of the networl
configuration, are considered.
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RESEARCH OF MODERN METHODS OF
COLLECTING INFORMATION FROM IOT NODES

The main methods, models and tealogies for collecting information in the Internet of
Things (1oT) network are investigated. The generalized stages, requirements, and problems c
collecting and processing information from loT nodes using cellular networks are highlighted.
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USE OF LI-FI TECHNOLO GY IN THE INTERNET OF THINGS

This work analyzed the possibilities of usingHiitechnology in the Internet of Things
network to reduce traffic in the Whi network between "smart" devices. The presented scheme
of communication between devices explaires peculiarities of the interconnection of Internet of
Things devices using ki technology
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COMPREHENSIVE ANALYSIS OF METHODS OF USING
ELECTRICITY STORAGE SYSTEMS FOR MICROGRID

The main data storage systems used in microgrids are considered. An analysis o1
different types of battery energy storage systems and their interaction with each other is carrie
out. The results of the analysis showed that the requiremeintéooperability of such systems
is not fully met and requires the formation of an ontology that will enable easy integration and
autonomous operation of devices from different suppliers with different information models.

sbyomdd?2 Mmo'ls hoadHSdkd SEsCOodkd
dzj o' Hdzso dzs o Odzgdm HYy jtjdz jdzj Sltetsj dzgj 6@

o dCstedmMsOdd kOSSR t©jmkth' o, W'  dt
Microgrid § o5 sdzkz¥ Is! dzj HStBE | 2 j § tsdasas dzjyaiaf
jdzj Ctesy sfls Oy O dadz? | 5O LOBjLYjykyls!

dzj Mis OB ' dz! daetss jdzj Clstetsj dzj tcG " ' & .

1 oftctsoOHY jdedag" o5 IsOCdrm dBjtejy o©dded S O
LBJ ' 6Odadey Jdzj SIstetsj dzgj o' O wlsyj da
CJtolzo Odzdemg, s BWE 'dz' tot® dzv  tsB 3 4 4 dets’™ B dzOMis*

sdMmlsj 30 HA&zvY LBjte' cOdedag jdzj Slstetsj dzj
BjLfjtjB 2dedds HBMiskzfsdg Hts ydodzj dzdzv Is
plsteOls jdzjtecjlsdyudsets toj Mkztehk. [ Odz
oS tedmMBwo s s’ Ssdjtcjy OF ' dBsykk! L (
B Y Bijtejyjots kO 'Lbd SoO0dss kol

l Jd2d¢ o yoOmlsddzO ttsL f sH ' dzj dets’ - ©F)dzj tc
‘Gz j s Odz® L OC kB dw ststeded s MdMlsj &3O
storage gstem- BES S) 2 MS dzOH ' Ctesd3j tod X, w
Bitejyjosdkz, kOS¢ ' o ‘Ltd SoOdsdkkz kO
BESS d@OHLOuUO2ds BOCOkt, Odj dO2isfL
od¢ sted fls O dzdzw BOIOtej 2 IsO M lz §d < tasStetsdpHs jOd
ZOCtsf dyj dedzg?v IsO o do ' dz' dzj dedgw j dzj oG = ]

173



I dh st B Sksdjtejy oCd¢ yOslk! BESS
MlsOB "' & dg fls! , OC ' dzO0 d&zOH' 2dz fls! fdf
B Ctesdsj ey OF L' B desoguEss [ ddet diizts f ls

sdMlsj BO LBjt' ¢Odedzy, WwCO MCAEOHO' 5 fr
GOdzj 3 dzes’ WhkdeSy' BdOdz desfyls' o 5 Ctotsdsj &
L fsH dj et jdzj St daj ecjlsdydeds fdfl

jdzj e’ . v Y’ cdEhls Ll OsS L ddI€ @GS s dzH j dzl
LStel M dz desfls' jdzjtec' ' SO h'od degsfylst
BOIOtjwdd O CtdH,j dZhOseOdRd [2] . wr

9" H BOIsOtej 2.
] BtdHdO MdMmlsj 3O L Bj tc' ¢ Odadpy sysjedzj tc G

HESS), fts MCkOHO ' Mmw L OSkdikdvikstd
LBjde" ' djHsd € E odfOHSE odStstkdflko
dd h bdz StcOS sdzH | &zl Ol stc 0. Yy Ofy L G

Fdz! stcOC tsdzH | dzOlsste S i j dehietskvY ¢ tfdg tc§ 6 fc
fjte'" sHk yofmk.

ssdi3B ' dzOy'' v OCEZhizdzv Iststcdats”’ BOIOtG] |
G ' BtodHdO MmMdMmisj BO L BJjtc' cOdgdag”w jdzj Clstets
cdzzysddz O " dzglsj dzi SIszOdzr dgd &3 Odze sted Is B3t

My 53 d o OdadzV 3.

Energy Storage Energy
|| Pesk Power Eoseat Dy m Peak Power
Demand T T 3 Demand
> {Ultracapacitor) Power >
Primal Energy o] ]
Source (Batteries, I = | =
Engine, Fuel g 8
Cell) Continuous E Continuous £
::> Power Primal Energy Power
Usage Source (Batteries, [  Usage
Engine, Fuel Cell)

P
dny
y ,"'
&

tdfp. 1. 4 'BtedHdz® MdMmlsj BO LBt ¢Odedzy | dz,

1 OOtejw " dg" y's' Csd3f § dzmMOy " ¥ L ¢ H dat
Cdzj BOR LOdJh O Is! v ©® BjyOR 0, 99 ° 1,
vi{oN Is j dzH j dgy " ¥ HE Cdzd o Odzdz®B tsL daqd Y ‘dz
Fdz stcOCtsdzH j dzMOlstste “ dz' y' v Ctsdsf j dzlfOy" »

174



1 ¢ fjtejn' Hdsets fesyjmkz, wed2 odd
Codi3f j deffso Oded?2 HEts 1,023 pu, k2 odfOHSCE

Csdif J defftso Odad 2 H S 1,02 pu, Iz o df OH
(s j dzeM Ol st O, ‘ Cdiif J dzfso Odzd?2 wHEs 1, 0
RZOC s dyj dedgw J dzd SIstetsj dzj tcc ' we fsCOL O

o steOldmy L fjtejn' Hdddhd Mmisteds S odkd dC
mMdmlsd &3 [ 2] .

Microgrid Bus Voltage, Battery as a Compensator

10 r “f'{
_a' "01 = o -
g ol i s wn ey o !
y ] pe— 1f T i%
I !
099
0 01 02 03 04 0.5 06 07 08 0.9 !
Microgrid Bus Voltage, Supercapacitor as a Compensator
1.02 w
Fy
g1 JHR B
i -} &
>‘ e = w et - h
l‘!‘,.___ —
099

0 01 0.2 03 04 0.5 06 0.7 0.8 0.9 1

LTI
e ,
FHRAH 1)

Microgrid Bus Voltage, HESS as a Compensator

039 4

0 01 0.2 0.3 04 05 06- 0.7 08 0.9 1
Time {Sec)

tdfm. 2. 1 6t' o dzW dffas iz &P ted@@ Ishj dedf'M Isdf'CC O]
By CBYfj dZMOststesd, s ftOys ' ddh,j dzO E
hts feOys® ddhj o0 kd kwOStdH,j &ZMOssLOn,

175



CdMmilsj B3O C jtclzo Odzdzy 3 Ctotsdzd tod 4 ¥ A3tSH
system- MPCS) , ‘ dzj @ ' ¥ ' ' ddEtgsdzj § By l©Odidzezs T 3,
MPCS ° dzj sBr ' Hdats® HddzW B dzgz ' dgW s5tc 3O
[Mdetso dz0 YOMlsddzO® 4 tslstc’ Bdedr MisOdzH Otels* o
9 jdzdc O ¢ dz € " Mls! L dedr BERZdd L tctsB dzj
5B d5OM L OfMstsmize Ocdzdzy * otsded dzj KOs Is!
f ' HAtSHE SHj dz8 o9 Odzdz® (tetSL G dzv HOs yd * dal
yddesdz k' Cdalsjtewj2Mmd & v MdMmlsj BOR] W
fslstej Bz Is! fijtojlsotste] dzdzv tseztatf2 s & @ % i3 E
odded Cdzzlsd ftesBdzj B3O L © " HisSB O J dada” d3 B
f ' HstcddZdzo Olsd YBHjdz L MlsOdzH Otels’ o . [ dz
MW stcdizdzs 9 Olsd tsdalstsdztse ™ & , LO Hftd@sets
Md BOdzls d ydz' BB jc@y j BdzH HA®' s Oulas Otcls dz' 2

[ OdzO tctsB t5ls O Hj s dzmistelz’ HJ IsOdz' dzd 3
jdzj Sltetsjdzgjted' ™ wC' 9od¢C stMciprids @ o @ Is ¢ d3ls k
f sHOdz M d?2 ZzOf oW d3ts € tesL totsB € d ts dzls ts dzts
Ef tcOo dz' dzdzgwdzds'© BHOS|VdBtz] ' dzls j tetsf j OB J dz' dal

[ ' jc0OlkEO

1. Mohamad Amin Rajabinezhad, Arman Ghaderi Baayeh, Josep M. Guerrero
(2020) ,-Based-Rowez Management and Power Quality improvement in
Mi crogrid using Battery Ener gy St o
Conference (SGC), P-4

2 . Ekl as Hossain, Ron Perez, Ramaza
Hybrid Energy Storage Systems to Compensate Microgrid Instability in the
Presence of Constant Power Loadso, I
Researh, issue v7i2, P.-13.

3.Aravind I ngalalli, Ravish Kumar, Sr
formul ation of Microgrid Control Sy S
International Conference on Emerging Technologies and Factory Automation
(ETFA), P. 18.

176



Ywrmwr L 10fdreuvldrrc 1o ey d gl c v
rrovrtdd1cvvdfuv sfovovrtw ¢ S ]l w DO
#jJGJjHObaE @M "o [ . [., 1 JHOdz b .

1 O9 yod®dAstseo d2 * defflsdlslzls Isj dzj € tsd

mMd milsjldu ' d3. wettw w' Ctstem! CBG

E-mail: ti7lsegeda@gmail.caormalexeyev@its.kpi.yatas.pedan@gmail.com

AN APPROACH TO WEB SERVICES LOAD BALANCING IN
A HETEROGENEOUS CLUSTER BASED ON DOCKER SWARM

The work is devoted to the actual problem of effective load distribution of web services
in a cluster environment. Currently, there are web services orchestration solutions in a cluste
that solve this problem, but they are primarily intended for clusters with stationary architecture
or for use in a cloud environment, while using as computimgesohe resources of user devices
connected to the enterprise network, has advantages in terms of cost of ownership or dat
privacy. One of the most promising technologies that could ensure efficient functioning of the
cluster in conditions of heterogeneibf working nodes and nedeterministic dynamics of
architecture change is Docker Swarm, but it does not provide means of load balancing except fo
the cloud environment. The paper proposes an approach based on the use of Nginx load balanc
to circumventhis limitation.
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DEVELOPMENT OF AN INTELLIGENT SYSTEM FOR AUTOMATING THE
MONITORING AND MANAGEMENT OF THE TRANSPORT SYSTEM OF THE CITY
OF KYIV USING ARTIFICIAL INTELLIGENCE

A project to study the infrastructure sector in Kyiv and introduce modern technologies to
optimize the transport system. A model is proposed, taking into account efficiency and cost, anc
the advantages and method of applicationcaresidered. The project meets the needs of modern
city development and can contribute to greater mobility of the population, improve road safety,
reduce economic losses and solve the environmental problem related to air quality. The
experiment was condued with few resources to propose a solution to the {acgée traffic jam
problems in Kyiv.
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TELEGRAM - TAX CALCULATION BOT

The project aims to develop and implement a Telegram bot aimed atadimgitine tax
calculation process. Taking into account the relevance of this topic in the modern world and
taking into account the widespread use of the Telegram messenger, the chosen approac
promises to create an innovative tool for simplifying complearicial calculations for users of
all kinds. One of the key aspects of the research is the programming, testing and validation of th
developed bot.
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DETECTION OF UAV SIGNALS USING NEURAL NETWORKS
(USING THE DATA SETS OF COMMERCIAL DRONEYS)

The article describes the features of communication protocols in different s
proposes to use neural networks to detect and classify UAV signals. During the research, it wa
found that CNN models score the best at the detection/classification of UAVs. RNN and
Transformer models showed abnormal results.
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The article provides an analysis of the develeptmof Internet of Things (loT)
technologies and their integration with artificial intelligence (Al), as well as considers future
directions for the use of these technologies, particularly in the context of 5G and 6G wireless
networks. It is establishedahfuture networks will evolve to integrate different environments
(space, air, land, sea) and introduce new services such as mass fhgEhioemmunications
(mMTC), ultrareliability and lowlatency communications (URLLC) and advanced mobile
broadband. @mmunication (eMBB).

The Internet of ThingsldT) has created the need for massive connectivity
for billions of devices that require system power far beyond the needs of current
networks and the introduction of an efficient communication paradigm. Aatific
intelligence (Al) technologies, which are equivalent to human intelligence based
on machine learning systems, are now being integrated into all spheres of huma
activity. These have already found their implementation in-ci@ling car
navigation, fae recognition, language processing, logical reasoning, etc. Future
research includes: augmented reality; autononwl#dustry; digital doubles; the
formation of the Metaverse, etc. [1]. There is a consensus in the researct
community that future networksill evolve towards the integration of space, air,
land and sea, providing communication services with wide coverage [2]. Wireless
networks of the future, particularly artificial intelligenbased 5G and 6G, are
seen as the standard technology for caflwireless networks. Massive machine
type communicationsnfMTCQ are becoming the main driver to realize the vision
of a scalable IoT with heterogeneous applications with mass access of
telecommunications consumers. ThodTCwith ultra-reliability and lav-latency
communication {RLLC) and enhanced mobile broadbaet¥1iBB form new types
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of diversified services in future networks.

Despite the development of 5G in recent years, the fifth generation of
cellular technology still poses some challenges due tio Wwavelength limitations
and cost debates. Data centers are already facing changes caused by wirele
networks, such as: virtualization, programmable networks, edge computing, anc
the challenges of simultaneously supporting public and private networkan&G
6G technologies are expected to make greater use of the distributed radio acce:
network RAN and terahertz spectrum to increase bandwidth, reduce latency and
Improve spectrum sharing.

RAN networks were once proposed to effectively reduce capital and
operational costs and optimize resource allocation through information access [3]
The cloud RAN network makes it possible to allocate a subset of computing and
caching resources, combine the necessary information and perform managemel
functions (main gjnal processing, planning and allocation of radio resources, etc.).
Accordingly, new clouebased RANs will have greater capacity to support
connectivity requirements initiated by various devices and users in globally
integrated Metaverse scenarios. Thedne® new semiconductor components for
the telecommunications market with higher bandwidth is a new serious challenge
for the semiconductor industry that needs to be addressed in the medium termr
Such components, such as power amplifiers, etc., signilfycafiect the operation
of the entire system, including the output power, efficiency, throughput, etc.

Another challenge when it comes & is the availability of data using
frequencies up to 330 GHz for the neural network. In the scientific literatuhe of
field of telecommunications, special attention is paid to the research of terahertz
range (THz) technologies, the purpose of which is to develop a suitable wireless
system with builin antennas in THz, where the range from 110 GHz to 170 GHz
is consdered one of the main prospective frequency ranges for the technologies o
the future generation.

The combination of future wireless networks basedAdrand terahertz
technologies is a new research area that requires deep skills with big data; service
awae security, deeper virtualization and networks for cldRdN based on
international standards. The European Consortium of Academic and Industry
Leaders Kexa™™), which is headed by the Finnish communications company
Nokia, is currently forming a policyon systematization and preliminary
standardization, as well as harmonization of global standardization of innovative
technologies [4]. The standardization outlines potential system designs, use case
and performance targets for new technologies that aientible widespread user
access, high bandwidth efficiency for future heterogeneous services and
applications, including virtual/augmented reality (VR/AR), holographic
telepresence, Industry 4.0 and robotics. According to research by Ecorys, in
Europethe/ R/ AR mar ket size was estimated
2020, and its market value is expected to grow from 35 to 65 by 2025 billion euros

[5].

M For reference. Hexx also includes the Swedish operator Ericsson aner @perators
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The | SO/ 1T EC JTC 1/ SC 42 AArtific
Standardization Committee has now developed and published standards in the fiel
of testing Atbased systems, functional safety and Al systems, big data, etc. [6].

The use of darge array of electronic data and digital technologies in the
field of telecommunications and their interconnection leads to rapid changes anc
requires the outline of a holistic, standardized approach to the functioning of
systems. In Ukraine, the creati of a new platform for the development of the
technological innovation system has been launched. The Ministry of Economy
I nitiated the pilot project fADigitize
involvement of Al, and the corresponding tedatistandardization committee was
formed, the purpose of which is to ensure the standardization system in the field o
Al technologies. The development of standards with the helplaokill allow
speeding up the process of creating standards, reducecladisrfor development,
and digitize the processes of forming standards texts. Bringing domestic standard
into line with international norms and regulations with the help of Al will
accelerate the selection of the optimal model of the Metaverse. The Metava
future, sustainable and interconnected virtual environment of augmented reality
using RAN and terahertz spectrum.

The most famous studies on the telecommunications market and relatec
applications and services are: spectrum testing for frequemmoi®s95 GHz to 3
THz (US Federal Communications CommissiéCC); terahertz frequency range,
which provides a data transfer rate of 100 times faster tharL#E (etworks
(South Korea Research Institute of Electronics and Telecommunications);
developmenbf microchips for data separation and more efficient management of
terahertz waves (Universities of Osaka (Japan), Oulu (Finland) and Australian
University of Adelaide); testing of integrated joint communication and sensing
(Rohde & Schwarzompany) and biers.
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ANALYSIS OF ALGORITHMS FOR DYNAMIC
RESOURCE MANAGEMENT OF NETWORK SLICES

In this study, we propose a reinforcement learning {Bdged framework for dynamic
resource allocation in ertid-end network slicing with heterogeneous requirements within multi
layer MEC environments. We first outline a hierarchicaltiraccess edge computing (MEC)
architecture and formulate a resource allocation problem foitceadd network slicing as an
optimization task using the Markov decision process (MDP). Subsequently, leveraging proximal
policy optimization (PPO), we developoth independentigollaborative and jointly
collaborative dynamic resource allocation algorithms to maximize resource efficiency while
ensuring QoS for slices.
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OPTIMIZATION IN CLOUD COMPUTING: SEARCHING
FOR A COMPREHENSIVE SET OF CRITERIA

Finding a comprehensive set of criteria for optimizing distributed storage and data access
in a multicloud environment.
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UOdeq’“qW 1. 10B"tc Ctedlsjtc’ " © HMzv totsL ftsH' dzk L B
Criteria Category Specific Criteria Possible Measurement Metric
1 | Data Accessibility Latency Requements Milliseconds (ms)
2 | Criteria Redundancy and Availability Percentage (%)
Availability
3 Data Consistency Data Consistency Index
4 Data Encryption Encryption Strength (e.g., AES
256)
5 | Cost and Resource Cost Efficiency Cost per GBnonth ($)
6 | Utilization Criteria Resource Allocation Resource Utilization (%)
7 Data Lifecycle Percentage of Archived Data
Management (%)
8 | Data Type and Format | Data Classification Data Classification Score
9 | Criteria Data Format Data Format Compatibility
10 | Compliane and Security| Regulatory Compliance | Compliance Audit Score
11 | Criteria Data Ownership Data Ownership Policy
Adherence
12 Security Protocols Security Protocol Strength
13 | Scalability and Scalability Scalability Factor
14 | Performance Performance Meits Throughput (requests/second)
15 | Data Migration and Data Portability Data Portability Index
16 | Interoperability Interoperability Interoperability Score
Criteria
17 | Vendor LockIn and Vendor LocklIn Lock-In Reduction Score
Vendor Criteria Mitigation
18 Vendor Reputation Vendor Reputation Rating
19 | Disaster Recovery and | Recovery Time Objective| Recovery Time Objective (RTC
Backup (RTO) hours)
20 Recovery Point Objective| Recovery Point Objective (RP(
(RPO) hours)
21 Data Backup Frequency | Frequecy (e.g., per day, per
week)
22 Backup Storage Redundancy Level (e.g., dual
Redundancy site)
23 | Monitoring and Monitoring Tools Tool Effectiveness (e.g., Score
24 | Reporting Reporting Reporting Accuracy (e.g.,
Percentage)
25 | Sustainability Environmental Impact Carbon Emission Reduction (%
26 Energy Efficiency Energy Usage (kWh)
27 Resource Sustainability | Resource Conservation Index
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APPLICATION OF DIRECTIONAL ACTION SENSORS IN
MOBILE WIRELESS SENSOR NETWORKS

The article describes antennas used for mobile sensor network nodes using
telecommunicatiomerial platforms. The advantages of using directional antennas to increase the
length of the communication line between the telecommunications aerial platform and the node
are shown
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APPLYING OF COOPERATIVE MIMO TECHNOLOGY
TO MINIM ISE POWER CONSUMPTION DURING DATA
TRANSMISSION IN WIRELESS SENSOR NETWORKS

This paper explores the potential of using cooperative MIMO technology to reduce power
consumption during data transmission in wireless sensor networks. The paper discusses tf
benefits of using cooperative MIMO technology in wireless sensor networks and how it can be
used to improve energy efficiency. The authors also present a case study demonstratin
cooperative MIMO technology's effectiveness in reducing power consumptiongddata
transmission. Overall, this paper provides valuable insights into using MIMO technology in
wireless sensor networks and its potential to improve energy efficiency.
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IMPROVING THE ACCURACY OF ASSESSING
THE MOTION PARAMETERS OF SMALL UNMANNED
AIRCRAFT AT THE ACCOUNT OF WIND ACCOUNTING
BASED ON THE USE OF FRACTIONAL TAYLOR SERIES

The possibility of using fractional Tayl®eries to estimate the movement parameters of
small unmanned aerial vehicles, which are subject to strong wind effects, is considered. Som
simulation results are presented, showing an increase in estimation accuracy of up to 209
compared to known methods.
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SYNTHESIS OF DIGITA L REGULATORS OF PRECISION ELECTRIC DRIVES FOR
THE SYSTEM OF ORIENTATION AND STABILIZATION OF TRACKING OBJECTS
OF SENSORS OF DIRECTIONAL ACTION OF MOBILE ROBOTS

The methodology recommends distinguishing two modes of operation of the electric
drive: orientdion (reorientation) of the sensor's sensitivity axis and its stabilization. The structure
of the control law remains unchanged for both regimes. The regulation algorithm consists of
digital proportionadintegraldifferential regulation algorithms, an alggbm for correcting the
dynamic properties of the electric drive, and an algorithm for restoring (estimating) the state
vector (Luenberger observer or Kalman filter). Information to the observer or filter comes from a
digital ammeter. The use of the teaue will allow: to improve the dynamic characteristics of
the electric drive with a slight increase in energy consumption; increase reliability and reduce the
load-size indicators of the electric drive.
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