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1. MeTonu IBOETAINTHOTO OLIiHIOBaHHS ITapaMeTpPiB 6araTopoOMeHEBOT0 KaHaly B CUCTEMAaXx 3B'SI3Ky 3 TEXHOJIOTIEI0
OFDM

2. Methods of two-stage estimation of multipath channel parameters in communication systems with OFDM
technology

Pedepar:

1. Incepraliist Ha 300OYTTSI HAYKOBOTO CTyIeHs BOKTop ¢inocodii 3 ranysi 3HaHb 17 EjleKTpoHiKa Ta TeJeKOMYHiKallii
3a crienianbHicTio 172 TesekoMyHikallii Ta pagioTexHika. — HallioHaJIbHUI TEXHIYHUY YHIBEPCUTET YKpaiHU
«KniBcbkuii nostitexHivHUM iHCTUTYT iMeHi Irops Cikopebkoro», Kuis, 2020. V gucepraniilidiil poboTi BupimeHa
aKTyasbHa HAayKOBa 3a/laya PO3POOKM METOZIB ABOETAINTHOTO OLiHIOBAaHHSI IIapaMeTpPiB 6araToIpOMEHEBOrO KaHay B
crucTeMax 3B’43Ky 3 TexHoJorieto OFDM Ha 6a3i NiJIoOTHUX NiIHOCIMHNX, BUKOPUCTOBYIOUM BifJOMi CTaTUCTUYHI
XapaKTEPUCTUKU KaHaiy. PO3po06JieHi METOY LO3BOJISIIOTh MiBUIIATHA TOYHICTb OLiHIOBAHHS YaCTOTHOI
XapaKTePUCTUKU KaHaJIy i SMEHIIUTY MMOBIPHICTh BUHMKHEHHS TOMUJIKY IIif Yac IpUMoOMy fepenaHnoi indpopmariii.

B nepmomy po3pisi nokazaHa akTyasbHICTb 3a7ja4i OLiHIOBAaHHS YaCTOTHOI XapaKTE€PUCTUKU KaHaJy, CHOTBOPEHHS



SIKOi 00yMOBJIEHI 6araTOPOMEHEBUM PO3IMOBCIOIKEHHSIM CUTHAJIIB i epekTom JJonmiepa. PO3risHyTO MPUHLUIN
dopmyBaHHss OFDM cHUMBOJIIB i iX CTPYKTYypy. BUKOHaHO Orisif cxeM PO3MillleHHS MiJIOTHUX CUTHAJIIB Y CTPYKTYPi
OFDM crMBoOJIiB Ta 0COOJIMBOCTEN iX 3acTOCyBaHHS. PO3IVISIHYTO METOY OLiHIOBaHHS YaCTOTHOI XapaKTepPUCTUKU
KaHaJly Ha MiJHOCIMHUX 3 IJIOTHMMY CUTHAJIaMU Ta METOAY iHTEPIIOJISILil 3Ha4€Hb YaCTOTHOI XapaKTEPUCTUKU Ha
MiTHOCINHI 3 naHnmu. [IpoBeeHO NOPIBHANILHUY aHAJIi3 PO3IVISIHYTUX METOAIB HAa MOJIEJIbHOMY NPUKJIAJ] LIJISIXOM
CTaTUCTUYHOTO MOJIEJIIOBaHHS. Pe3ysibTaTy MOZIEIOBAaHHS NI0KA3aJy, 0 aKTyasIbHOIO SBJISEThCS 3a1a4a PO3POOKU
METO/IiB OLIiHIOBaHHSI IApaMETPiB 6araToONpOMEHEBUX KaHaJIIB 3 BEJIMKUM YaCOM 3aTPMMKHU Ta 3HAYHUM BIIJIMBOM
edekry Jlorepa. BukoHaHO NOCTAHOBKY 3afadi JOCIIKEeHHS. B 1pyromy po3zisi po3po6eHo ABOETAITHUI METOT
OLIiHIOBaHHS YaCTOTHOI XapaKTEPUCTUKU KaHaJIy 10 TIOTOYHOMY npuiiHaTomy OFDM cumBosy. Ha nepiomy erarti
3HAYEHHS YaCTOTHOI XapaKTePUCTUKHU (iIbTPYIOTHCS HA MiJIOTHUX MiIHOCIMHUX Ta €KCTPaIlOJIIOIOThCS Ha
iHpopmaLiiiHi NiAHOCIHHI 32 JOIIOMOrOI0 aJITOPUTMY KaJIMaHiBChKOI QinbTpalii y IpSIMOMY i 3BOPOTHBOMY
HaNpsMKax 10 BiJHOLIEHHIO O BEKTOPA CIIOCTEPeKeHb. Ha npyromy eTtarni BUKOHY€ETbCSI OO€IHAaHHS [TapaMeTpiB
arnocTepiopHUX PO3MOIiJiB Ha KOXKHIN migHOCiHINA. Po3po6ieHo [BoeTanHuil METO I, OlliHIOBaHHS YaCTOTHOI
XapaKTEPUCTUKY KaHaJly 3 BUKOPUCTAHHSIM OLiHOK i3 nonepeHix npuitHatux OFDM cumBouis. Ha nepuomy eramni
3HQYEHHS YaCTOTHOI XapaKTEPUCTUKU (PiIbTPYIOTHCS HA MIJIOTHUX MiIHOCIMHYX Ta €KCTPAIOJIIOIOTHCS Ha
iHdopmaniitHi migHOCIHI 32 JOTIOMOrOI0 aJIrTOPUTMY KaJIMaHiBChbKOI ¢inbTpalii y IpsmMomy, 3BOpPOTHOMY Ta B
yacoBOMY HalpsiMKax. Ha gpyromy erarni BUKOHYy€eTbCsl 00€IJHaHHS TIapaMeTPiB alloCTepiOpHUX PO3NOLiiB Ha
KOXHIl NigHOCINHIN. 3a IOMOMOroI0 CTaTUCTUYHOIO MOJIEJIIOBAHHS IIPOBEAEHO MOPIBHSIJIPHUN aHAJIi3 PO3POOJIEHNX
METO/IiB 3 BilOMUMHU. B TpeTbOMy pO3iji pO3p006JI€HO IBOETAITHUI METO, CyMiCHOTO OLiHIOBaHHS iHOpMaLiiHUX
CHMBOJIIB 1 4aCTOTHOI XapaKTePUCTUKU KaHaJIy I10 TOTOYHOMY npuiiHsaToMy OFDM cumBosy. Ha nepmomy erarti
BHKOHYETbCSI PEKYPEHTHUI PO3PaxyHOK I1apaMeTPiB allOCTEPiOPHUX PO3NOLiIiB 3HAaU€HHb YaCTOTHOI
XapaKTEPUCTUKHU Ta allOCTEPIOPHUX HMOBIPHOCTEN iH(MOPMALITHUX CUMBOJIIB B IPSIMOMY i 3BOPOTHBOMY
HaNpsMKax 10 BiJHOLIEHHIO O BEKTOPA CIIOCTepeKeHb. Ha Apyromy ertarni BUKOHYETbCSI 0O€IHAaHHS [TapaMeTpiB
arocTepiopHUX PO3NOiiB Ta yTOUHEHHS alloCTEPiOPHUX HMOBIPHOCTEN Ha KOXKHIl MifHOCINHINA. Po3pobieHo
IBOETAMTHMI METOJ, CYMiCHOTO OLIiHIOBaHHS iHPOPMAaLiiHUX CUMBOJIIB i YaCTOTHOI XapaKTE€PUCTUKU KAHAJTY 3
BUKOPUCTAaHHSM OLIHOK i3 nonepenHix npuitHatux OFDM cumBosiB. Ha nepumomy eTari BUKOHY€ETbCS PEKYPEHTHUN
PO3paxyHOK IapaMeTpiB alloOCTEPIOPHUX PO3NOIiJiB 3HAYEHHb YACTOTHOI XapaKTEPUCTUKU Ta allOCTEPIOPHUX
lIMoBipHOCTEN iHOPMaLiiHUX CUMBOJIIB B IPSIMOMY, 3BOPOTHBbOMY Ta B YaCOBOMY HaIIpsIMKaxX Ha KOKHIl
nigHociiHii. Ha gpyromy erari BUKOHY€eTbCSl 00€JHAHHS TapaMeTPiB alloOCTEPIOPHUX PO3NOLiIIB Ta yTOUYHEHHS
anocTepiopHUX UMOBIPHOCTEN Ha KOXHIN MiTHOCIHAHIN. 32 1OIOMOr0I0 CTATUCTUYHOTO MOJIEJIIOBAHHS ITPOBELNEHO
NOPIBHSIJIbHUI aHAasi3 po3po0byieHuX METO/IB 3 BiloMUMU. B yeTBepTOMy pO31ijii BUKOHAHO aHasi3 IMOBIpHICHUX
XapaKTEPUCTUK CUCTEM 3B'513KY 3 BUKOPMCTaHHSIM PO3POOJIEHUX METOIB. TaKoX IIPOBELEHO PO3PAXYHOK
00UYNCIIIOBAJIbHUX 3aTpaT AJ1s1 peasisalii po3po6aeHnxX METOiB Ta MOPiBHIHO 3 OOUMCIIIOBAJILBHUMU 3aTpaTaMu OISl
peaizauii Binomux. Ha oCHOBI pe3ysbTaTiB MOZEJII0BaHb i BUKOHAaHUX PO3PaxyHKiB 3p00JI€HO BUCHOBKYU ITPO

e(EeKTUBHICTb PO3POOJIEHNX METOIiB i MOXKJIUBICTD iX 3aCTOCYBAaHHSI Ha IPaKTHULI.

2. PhD thesis in the field of knowledge 17 Electronic and Telecommunications in specialty 172 Telecommunications
and Radio Engineering. - National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute», Kyiv,
2020. An actual scientific problem of developing of methods of two stage estimation of multipath channel
parameters in communication systems with OFDM technology that uses known channel statistical parameters has
been solved. The developed methods allow to increase the accuracy of channel frequency response estimation and
to reduce the probability of error during the receiving of transmitted information. The first section shows the
relevance of the problem of estimating the channel frequency response distortion, which is caused to multipath
propagation of the signal and the Doppler effect. The principles of OFDM symbol formation and their structure
was considered. An overview of pilot signal placement schemes in the structure of OFDM symbols and features of
their application has been performed. Methods of channel frequency response estimation on subcarriers with pilot
signals and methods of interpolation of frequency response values on subcarriers with data were considered. The
comparative analysis of the considered methods on a model example by statistical modeling was carried out. The
simulation results showed that the problem of developing methods for estimating the parameters of multipath



channels with a long delay time and a significant influence of the Doppler effect is urgent. The research problem
was formulated. In the second section the method of two-stage channel frequency response estimation using only
currently received OFDM symbol has been developed. At the first stage, the values of the frequency response are
filtered on the pilot subcarriers and extrapolated to the information subcarriers using the Kalman filtering
algorithm in the forward and backward directions relative to the observation vector. In the second stage, the
combining of parameters of a posteriori distributions on each subcarrier is performed. The method of two-stage
channel frequency response estimation using estimates from previously received OFDM symbols has been
developed. At the first stage, the values of the frequency response are filtered on the pilot subcarriers and
extrapolated to the information subcarriers using the Kalman filtering algorithm in the forward, backward and
time directions. In the second stage, the combining of parameters of a posteriori distributions on each subcarrier
is performed. Using the statistical modeling the comparative analysis of the developed methods with known ones
was carried out. In the third section the method of two-stage joint estimation of information symbol and channel
frequency response using only currently received OFDM symbol has been developed. At the first stage, a recurrent
calculation of the parameters of the a posteriori distributions of the values of the frequency response and the a
posteriori probabilities of the information symbols in the forward and backward directions relative to the
observation vector is performed. At the second stage the combining of parameters of a posteriori distributions and
specification of a posteriori probabilities on each subcarrier is carried out. The method of two-stage joint
estimation of information symbol and channel frequency response using estimates from previously received OFDM
symbols has been developed. At the first stage, a recurrent calculation of the parameters of the a posteriori
distributions of the values of the frequency response and the a posteriori probabilities of the information symbols
in the forward, backward and time directions on each subcarrier is performed. At the second stage the combining
of parameters of a posteriori distributions and specification of a posteriori probabilities on each subcarrier is
carried out. Using the statistical modeling the comparative analysis of the developed methods with known ones
was carried out. In the fourth section the analysis of the probabilistic characteristics of communication systems
using the developed methods was performed. The calculation of computational costs for the implementation of the
developed methods and comparison with the computational costs for the implementation of known methods was
carried out. Based on the results of simulations and calculations, conclusions about the effectiveness of the
developed methods and the possibility of their application in practice were made.

Jep>kaBHHHM peecTpaniiiHuii Homep iP:

IIpiopuTeTHHH HANIPpSIM PO3BHTKY HayKH i TEXHIKH:
CrpareriyHu# NpioOpUTETHHUI HAIIPSIM iHHOBaLLiMHOI Aig/ILHOCTI:
ITizcyMKH JOCTiI>KEeHHS:

Iy6sikaii:

HaykoBa (HayKOBO-TE€XHiYHa) IPOAYKILis:
ConiasiIbHO-€KOHOMIYHA CIIPSIMOBAHICTh:

OxopoHHi goKymeHTH Ha OIIIB:
BrnpoBaakeHHS pe3yJIbTaTiB AHCEpPTalii:

3B's130K 3 HAYKOBUMH T€MaMH:

VI. BizoMocCTi Npo HayKOBOr0 KepiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacue IlpizBumie Im's Ilo-6aTbKOBI:



1. Innnbka Osnekcangp OsekcaHapOBUY

2. Shpylka Oleksandr O.

KBasmigikamis: . . 1., 05.12.13
InenTudikarop ORCID ID: He 3acrocosyetses
JoparkoBa indopmamnist:

IToBHe HaliMeHYBaHHS IOPHIHNYHOI 0COOH:
Kop 3a €IPIIOY:

Micue3HaxoaKeHHS:

dopma BaacHOCTI:

Cdepa ynpasitiHHS:

Inentugikarop ROR: He zacrocosyerscs

VII. BizomocTi npo odilliiHUX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OTIOHEHTH

Baacwue IlpizBume Im'a Ilo-6aTbKOBI:

1. boriko [0t MukosanoBuy

2. Boiko Yulii M.

KBasigikamis: 1. 1. 1., 05.12.13
InenTudgikarop ORCID ID: He 3acrocosyerbcs
JoparkoBa iHdpopmamnist:

TloBHe HaliMEeHYBaHHS IOPHIHYHOI 0COOH:
Kopg 3a €IPIIOY:

Micue3HaxoaKeHHS:

dopma ByracHOCTI:

Cdepa ynpasiriHHS:

InenTudikarop ROR: He zacrocosyerscs

BiacHe IIpi3Buie Im'sa ITo-6aTbKOBI:
1. luntopeHko Biraniit BaneHTuHOBUY

2. Tsyporenko Vitalii V.

KBasmigikamis: . . 1., 05.12.17
InenTudgikarop ORCID ID: He 3acrocosyetscs
JoparkoBa indopmamnist:

IToBHe HaliMeHYBaHHS IOPHIHNYHOI 0COOH:

Kopg 3a €IPIIOY:



Micue3HaxoaKeHHS:
dopma ByracHoCTI:
Cdepa ynpasiiHHS:

InenTudikarop ROR: He zacrocosyerscs

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. JInucenko OnekcaHup IBaHOBUY

2. Lysenko Oleksandr 1.

KBasigikanis: n.1.1., 20.02.12
InenTudikarop ORCID ID: He 3acrocosyerbes
JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH:
Kopg 3a €1PIIOY:

Micue3Haxoa KeHHSI:

dopma Bi1acHoCTI:

Cdepa ynpasiiHHS:

Inentudikarop ROR: He zacrocosyerscs

Baacwue IlpizBumie Im'a Ilo-6aTbKOBI:
1. BuukoBcbkui Biagucias OsekciiioBuy

2. Bychkovskyi Vladyslav O.

KBasigikamis: . . u., 20.02.14
InenTudgikarop ORCID ID: He 3acrocosyerncs
JoparkoBa iHdpopmamuist:

TloBHe HaliMEeHYBaHHS IOPHIHYHOI 0COOH:
Kopg 3a €IPIIOY:

Micue3Haxoa KeHHS:

dopma ByracHoOCTI:

Cdepa ynpasiriHHS:

InenTudikarop ROR: He zacrocosyerscs

VIII. 3aKkJII04Hi BiZOMOCTi

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

TOJIOBH pajgu

CrenaHoB Muxaitno MukoJjaiioBuy



BaacHe IlpizBumie Im's ITo-6aTbKOBI
TOJIOBYIOYOTO Ha 3acCiiaHHi
BignoBigasibHUMH 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB

PeecTpaTop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peEeCTpallilo HAayKOBOIi

OisSIIBHOCTI

CrenaHoB Muxaino MukojanioBuy

IOpuenko T.A.



