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Pedepar:

1. Incepraris Ha 3000YTTSI HAYKOBOTO CTyIEHs AOKTOp ¢inocodii 3 ranysi 3HaHb 17 EjleKTPOHIKA Ta TeJI€KOMYHIKallii
3a crietianpHicTio 172 TesekoMyHikallii Ta pagioTexHika. — HallioHalbHUM TEXHIYHUY YHIBEPCUTET YKpaiHU
«KuiBcekuii nomitexHiuHumii incTuTyT iMeHi Iropst Cikopebkoro», Kuis, 2020. V nucepTauiiiniilt po6oTi BupimeHa
aKTyaJlbHa HayKoBa 33/1a4a PO3POOKM METO/iB JBOETAIIHOTO OL[iHIOBAHHS [1apaMeTpiB 6araToIpoOMEHEBOr0 KaHaJly B

cucreMax 3B’13Ky 3 TexHosorieto OFDM Ha 6a3i MiZIOTHUX NiJHOCIHNUX, BUKOPUCTOBYIOUYM BiZlOMi CTaTUCTUYHI



XapaKTePUCTUKU KaHasy. Po3pobiieHi MeTony 403BOJSIOTh MiIBUIATY TOYHICTh OLiHIOBAaHHS YaCTOTHOI
XapaKTepPUCTUKY KaHaJly i SMEHLIUTY MMOBIpHICTh BUHUKHEHHS TOMUJIKY IIif1 9ac npuiiomy repenaHoi indpopmariii.
B nepmomy po3pisi nokazaHa akTyaybHICTb 3a7ja4i OLiHIOBaHHS YaCTOTHOI XapaKTE€PUCTUKN KaHaJy, CIOTBOPEHHS
SKOi 06yMOBJIE€HI 6araTONPOMEHEBUM PO3INOBCIOIKEHHSIM CUTHAIB i edpexTom JJonmiepa. Po3risHyTo npuHLUNnu
¢dopmyBanHst OFDM cMMBOIIB i iX CTPYKTYpy. BUKOHAHO OrJisi cxeM po3MillleHHs MiJIOTHUX CUTHAJIB Y CTPYKTYPi
OFDM crMBoOJIiB Ta 0COOJIMBOCTEM iX 3acTOCyBaHHS. PO3IVISIHYTO METOIY OLiHIOBaHHS YaCTOTHOI XapaKTepUCTUKU
KaHaJly Ha IiJHOCIMHUX 3 MiIJIOTHUMU CUTHAJIaMU Ta METOJY iHTEPIIOJIALI] 3HaY€Hb YaCTOTHOI XapaKTE€PUCTUKU Ha
nigHOCINHI 3 JaHUMU. [IpoBeieHO NOPIBHANLHUI aHAali3 PO3IJIAHYTUX METOMIB HA MOIEIbHOMY MPUKJIAZ] MIJISIXOM
CTaTUCTUYHOTO MOJEJIIOBaHHS. Pe3ysbTaty MOZeJII0BaHHS [10Ka3aJly, 0 aKTyasIbHOIO SIBJISETHCS 3a7ja4a PO3POOKU
METO/IiB OLIiHIOBaHHSI IapaMeTPiB 6araToNpoOMEeHEBUX KaHaJIIB 3 BEJIMKUM YaCOM 3aTPHMMKHU Ta 3HAYHUM BILJIMBOM
edekry Jloriepa. BukoHaHO OCTaHOBKY 3aaui JOCiIKeHHs. B npyromy po3zisi po3po6eHo ABOETATHUI METOT
OLiHIOBaHHA YaCTOTHOI XapaKTEPUCTUKU KaHaJly 110 IoTOYHOMY npuiiHaAToMy OFDM cumBosy. Ha nepmomy erarti
3HAYEHHS YaCTOTHOI XapaKTePUCTUKHU (iIbTPYIOTHCS Ha MiJIOTHUX MiIHOCIMHUX Ta eKCTPaIlOJII0I0ThCS Ha
iH(opmaliiini nigHOCIHI 32 JOIIOMOrOI0 aJITOPUTMY KaJIMaHiBCbKOI QinbTpalii y IpSIMoMY i 3BBOPOTHbOMY
HaIpsIMKax 10 BiJHOLIEHHIO 10 BEKTOPa CIIOCTEPEeXeHb. Ha Ipyromy eramni BUKOHY€ETbCSI OO€JHAHHS [TapaMeTpiB
arnocTepiopHUX PO3MOIiJiB Ha KOXKHIN mimHOCiHINA. PO3p06JieHO TBOeTanHU METO I, OlliHIOBaHHS YaCTOTHOI
XapaKTEePUCTUKU KaHAJIy 3 BAKOPUCTAHHSM OLiHOK i3 nonepeaHix npuiHatux OFDM cumBostiB. Ha nepiomy erarti
3HQYEHHS YaCTOTHOI XapaKTE€PUCTUKHU (PiIbTPYIOTHCS HA MiJIOTHUX MiIHOCIMHUX Ta €KCTPAIOJIIOIOTHCS Ha
indopmaliiiHi NigHOCIHI 3a TOIOMOrOI0 aJITOPUTMY KaJIMaHiBCbKOI (inbTpalii y mpsiMomy, 3BOPOTHbOMY Ta B
yacoBOMY HalpsiMKax. Ha apyromy erari BUKOHY€eTbCS 00€IHaHHS TIapaMeTPiB alloCTepiopHUX PO3MOLiiB Ha
KOXHil NigHOCINHIN. 3a IOMOMOroI0 CTaTUCTUYHOIO MOJIEJIIOBaHHS IIPOBEAEHO [OPiBHSJIBHUN aHaJIi3 PO3POOJIEHNX
METO/B 3 BitoMuMU. B TpeTbOMY pO31iji po3p06eHO BOETANIHUI METOM, CYMiCHOTO OLIiHIOBaHHS iH(OpMalLiiHUX
CHMBOJIIB 1 4aCTOTHOI XapaKT€PUCTUKU KaHaJy 110 TOTOYHOMY npuiiHsaTomy OFDM cumBosy. Ha nepmomy erarti
BUKOHY€ETHCSI PEKYPEHTHUI PO3PAXYHOK [1apAMETPIB allOCTEPIOPHUX PO3IOIIB 3HAYEHHDb YaCTOTHO]
XapaKTEPUCTUKHU Ta allOCTEPIOPHUX HMOBIPHOCTEN iHOPMALITHUX CUMBOJIIB B IPSIMOMY i 3BOPOTHBOMY
HaNpsMKax 10 BiJHOLIEHHIO O BEKTOPA CIIOCTEpeKeHb. Ha npyromy eTtarni BUKOHY€ETbCSI OO€IHAaHHS [TapaMeTpiB
arocTepiopHUX PO3NOiiB Ta yTOYHEHHS alloCTePiOpHUX HMOBIpHOCTEN Ha KOXKHIl MifHOCIHHINA. Po3pobyieHo
IBOETAIMTHMI METOJ, CYMiCHOTO OLIiHIOBaHHS iHPOPMaLiliHUX CUMBOJIIB i YaCTOTHOI XapaKTE€PUCTUKU KaHAJy 3
BUKOPUCTAaHHSM OLIHOK i3 nonepenHix npuinHatux OFDM cumBosiB. Ha nepumomy eTari BUKOHY€ETbCS PEKYPEHTHUN
PO3paxyHOK IapaMeTpiB alloCTEPIOPHUX PO3NOIiJiB 3HAUEHHb YACTOTHOI XapaKTEPUCTUKU Ta allOCTEPIOPHUX
liMoBipHOCTE! iHpOPMaLiiHUX CUMBOJIIB B IIPSIMOMY, 3BOPOTHbOMY Ta B YaCOBOMY HaIlpsSIMKaX Ha KOXKHIl
nifgHocCifHINA. Ha gpyromy eTarni BUKOHYeTbCsl 06€JHAaHHS IapaMEeTPiB allOCTEPIOPHUX PO3IOLiliB Ta yTOYHEHHS
anocTepiopHUX MMOBIPHOCTEN Ha KOXKHIM MMiZHOCINHINA. 3a JOIIOMOT0K CTATUCTUYHOTO MOJEIOBAHHS IIPOBENEHO
IIOPIBHSJIbHUI aHAasi3 po3pobyieHuX MeTO/iB 3 BiloMUMU. B yeTBepTOMy pO31iji BUKOHAHO aHasi3 IMOBIpHICHUX
XapaKTEPUCTUK CUCTEM 3B'513KY 3 BUKOPMCTaHHSIM PO3P0O06JIEHUX METO/IB. TaKoX IPOBELEHO PO3PAXYHOK

004N CIIIOBATIbHUX 3aTPaT AJ1s1 peanisaliii po3po6eHNX MeTOiB Ta TOPIBHIHO 3 00YMCIIIOBAIbHUMU 3aTpaTaMu [AJ1s1
peaizanii Binomnx. Ha 0CHOBI pe3ysibTaTiB MOZEJIIOBaHb i BUKOHAHUX PO3PaxyHKIiB 3p00JI€HO BUCHOBKY ITPO

eeKTUBHICTb PO3PO0JIEHNX METOIiB i MOXKJIUBICTb iX 3aCTOCYBaHHSI HA MIPaKTHULI.

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.
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