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Pedepar:

1. Ky1t040BUM 3aBIaHHSM Ha HIJISIXY CTBOPEHHSI HOBUX CUCTEM LIM(PPOBOro pasiio3B’sa3Ky € po3pooKa Oisbl
e(eKTUBHUX Ta OiIbII CTIMKUX 40 HECIPUSTIMBUX YMOB IPUMMaHHS METOIiB 1M(ppPoBOi cuHXpOHi3auii. [Tpu nbomy
FOJIOBHY POJIb BiJlirpalOTh CUCTEMH i3 BUKOPUCTAHHIM (a30BOi MaHIMyJIsLii CUTHAJY, Ki € HalOi/IbII OLIMPEHNMU
Ta, BiZIIOBIIHO, HA61/IbII TPAKTUYHO BaXKJIMBUMU. 3aIIPOIIOHOBAHO IiOPUAHUI METO AEeMOYJISLil CUTHATIB, SIKU
[Io€eHYE aArOPUTMU NIPSIMOTO OLiHIOBaHHS NapameTpis curnainy (feedforward) 3 momanbuioo CUHXpPOHI3alli€eo
napameTpiB 3a cxeMmamu 3i 3BopoTHUM 3B's13KoM (feedback). BukoHaHo nopiBHIOBajIbHE MOJE/TI0OBaHHS BilOMUX
TPAOULINHUX METOLIB IeMOnyJIaLii Ta ribpuIHOro MeTOy Ha IIPUKJIAZi CUTHAJIB 3 (a30BOI0 MaHINYJIALIELO.

OTpumaHi pe3ysbTaTH MigTBEPIKYIOTb, IO B YMOBaX IIBUIKOI 3MiHM ITapaMeTpPiB CUTHAJY TiOpUIHU aJITOPUTM



3abesnevyye MiHiMasibHe 3HAaU€HHS 6iTOBOI MOXMOKHU B 3aJ1€5KHOCTI Bi SNR y HOpiBHSHHI 3 TpaguLitHUMu
MeToAaMu, SIKi 3aCHOBaHi OKpeMo Ha cxemax cuHxpoHizaiiii feedback a6o feedforward. 3anporionoBane riopugHe
noenHaHHsa anroputMis feedback i feedforward 103Bosn0 3aCTOCOBYBaTH aJIrOPUTMU 3i 3BBOPOTHUM 3B'I3KOM J10
CUTHAJIIB 3 [TAKETHUM PEXMMOM IepeJaBaHHs JaHuX. PO3TIgHyTUI MifgXin 1O CMHXPOHI3alii MOJKHA TaKOX
BUKOPUCTOBYBATH [IJIs1 CUTHAJIIB i3 iHIIMMHU BuAamMu (pa3oBoi MaHinyssuii. JJocaiIpkeHo cydacHi alroOpuTMu
dpertMoBoi CUHXPOHI3allii AJ1s1 CTaH#apTy CYIyTHUKOBOTO 3B's13Ky DVB-S2. BukopucTaHHs pi3HULIEBUX METO[IB [1a€
MOJKJIMBICTb BIiIMOBUTHCD Bifl II09aTKOBO]I OL[iHKY 3MIlllEHHS YaCTOTU-HOCIS 1 IPUIIBUIMNUTY PEECTPALII0 MOAEMY
3B'I3KY. 3aIIPOIIOHOBAHO AJITOPUTM i3 aIalITUBHUM IIOPOTOM, SIKMI 32aCHOBAHO Ha BUKOPUCTAHHI Pi3HULIEBOI
Kopesauii curaasnis. Oco6JIMBICTIO IPEACTaBIEHOTO METOLY € Te, 110 3i 3MiHOIO PiBHS BXiTHOTO CUTHAJY TIOPIr AJ1s
IIPUMHATTS PillleHHS TaKOX 3MiHIOETbCS aJANTUBHO, 1110 103BOJISE BiIMOBUTHCS Ha JaHill cTafii 0OpoOKU CUTHAY
Bifl CUCTEMHU aBTOMATHU4YHOTO PETYJIIOBAHHS IOTYKHOCTI. I[IpoBe€HO NOPiBHSJIBHE MOJIE/II0BAHHS 3a[IPOIIOHOBAHOTO
MeTony HperiMoBOi CHHXPOHI3alii i3 BitoMrMu MeTOaMH, SIKi 3aCHOBaHi Ha OGYMCIIEHH] pi3HUIIEeBOi KopeJisuii,
Pe3yJIbTaTU OTPUMAHUX XapaKTePUCTUK HMOBIPHOCTI IPONYCKY Bif CIiBBiHOIIEHHS CUTHAJI /IIYM [TOKa3aIu
nepeBary 3alpoIIOHOBAHOTO aJITOPUTMY Haj, BiTOMUMU METOJaMU. TaKo>K PO3IJISHYTI WJISXY MI0H0 NPAKTUYHO]
peasizanii JaHoro anropuTMy Ha enemMeHTHil 6a3i FPGA. BeeeHo HOBUI MiAXin 4O AeMOZIyJisiLii CUTHAJIB Ha OCHOBI
METO[IiB KOPITyCKYJIIpHOI ¢inbTpanii. OCHOBHUM IIPUHIMIIOM KOPIYCKYyJISIpHOI QinpTpalii € anpokcumariis
PO3II0fiNy HEBIIOMHUX [TapaMEeTPiB 3a JOIIOMOI0OI0 AMCKPETHOrO Habopy KOPIIYCKYJI Ta [10B'SI3aHUX 3 HUMU BaroBUX
koedinienTiB. CHOpMyIbOBAaHO MOJIEJIb IIPOCTOPY CTaHIB CUTHAJY CIIOCTEPEKEHHS 3 YPaXyBaHHIM IMHAMIKK
OHOBJIEHHS TapaMeTpiB KaHaiy. [IpoBefeHo MOpiBHANILHUI aHai3 i3 BiOMUMU METOAAMU NEeMOAYJIALIl Ha
IIpuKJagi curHamiis i3 pazoBoro MaHinyssuieto. [TokazaHo, 10 NpY JOCTATHI KiJIbKOCTi KOPITYyCKyJl, e(peKTUBHICTb
IeMmopyJsuii, a came 3abe3rnedeHHs MiHiManbHOi 6iToBoi noxnoku (BER), Mo>ke OyTU MOKpalleHa MJISIXOM
3aCTOCYBaHHS METO[IiB KOPIIYCKYJIIPHOI (isbTpalii Npy HU3bKUX CIiBBiHOLIEHHSIX CUTHAJ /IIyM Ha (OHi
HerayciBcbKoro mymy. Po3po6yieHo MeToy, neTekTyBaHHs Bepcii craHnmapty DVB-S2 /S2X i3 BUKOpUCTaHHSIM
3aIPONIOHOBAHMX METOIiB CUHXPOHi3allii i ;eKoAyBaHHs Ciy>kK00Boi iHdopmauii ¢pizuyHoro piHs. JleTeKTOp
CKJIaIA€ThCA 13 CUCTEM KaZpOBOi CMHXPOHI3alii, nemopynaropa i gexogepa nosas PLSCODE. 3anpononoBaHo
dbopmynu pospaxyHky 6iT rosst PLSCODE i pexkomyBaHHS ciy>k60Boi iHdopmauii BifoBigHO 1151 CTaHAAPTIB
IIXPOKOCMYTOBOTO onosimeHHs: DVB-S2 ta DVB-S2X. [IpencraBneHnil IeTEKTOP AO3BOJISIE BUSHAYUTH JI0 SIKO]
PeBi3ii HaneXXUTh [epeJaHuil CUTHAJI Ta BU3HAYUTU [TapaMeTpu PpperiMy. Po3pobsieHo IporpaMHy MOJeslb
OIMCAaHOIo METOy. BUKOHaHO eKcreprMMeHTabHI po3paxyHKu ROC KpuBOi Ta MIMOBIPHOCTI IIPOIIYCKY Bif
CIiBBifHOLIEHHS curHasn,/mym. OTpUMaHi pe3yIbTaTH MOETI0OBaHHS [I0Ka3yl0Th BUCOKY €(PEKTUBHICTb
3aIIPOIIOHOBAHOI0 METOAY I€TEKTYBAaHHS HaBiTh IPU HETATUBHUX CIIiBBiJHOIEHHSX CUTHaJ /IIyM. TakoX B poOOTi
IIPOIIOHYETHCSI METOZ, ifeHTUdiKalii curHamis, sIKi NepefaTbes 3a TexHoorieto Carrier-in-Carrier i3
BuKkopuctaHHaMm QPSK mopyssuii. MeToq, 6a3yeTbcsi Ha pO3paxyHKY KYMYJISIHTIB 4€TBEPTOrO MOPSIKY OJIs
BUSIBJIEHHS 3MiH B (POPMi CUTHAJIBHOTO CY3ip's, gKi XapakTepHi AJ1s curHainis tuny Carrier-in-Carrier. BignosigHo
IO METOT0JI0Tii pobouux xapakTepucTuk npuiiMada (ROC) 3HaliieHo MoporoBe 3HaYeHHS AJ151 ITpaBuja NPUNHSTTS
pimeHs. BcTaHOBJIEHO, 1110 3alIPONIOHOBAHUN METO/ 3a6€e3Ieuye KOPEeKTHe BUSIBJIEHHS cyMu curHaiuiB QPSK ns
IIMPOKOTO [ialla30Hy CIiBBiHOIIEHb CUTHAJ /IIyM, PI3HUX aMILIITYZ, CUTHAJIB i3 CyMH, & TaKOX [J1SI Pi3HUX CMYT
IIPOIIyCKaHHS 3MillaHKX curHasuiB. OTpUMaHi pe3ysbTaTy CBifyaTh PO BUCOKY €(PEeKTUBHICTh 3alIPOIIOHOBAHOIO

METOLY BUABJICHHA. Takox nmokasaHa IiepeBara 3ariporioHOBAHOI'O METOAY BUABJIEHHS IIE€EPEN METOAOM <<pa,u,iyciB>>.

2. A key task in the way of creating new digital radio communication systems is the development of more efficient
and more resistant to unfavorable reception conditions of digital synchronization methods. At the same time, the
main role is played by systems using phase manipulation of the signal, which are the most common and,
accordingly, the most practically important. A hybrid method of signal demodulation is proposed, which combines
algorithms for direct estimation of signal parameters (feedforward) with further synchronization of parameters
according to schemes with feedback. A comparative simulation of well-known traditional demodulation methods
and the hybrid method is performed on the example of signals with phase manipulation. The obtained results
confirm that in conditions of rapid changes in signal parameters, the hybrid algorithm provides the minimum value
of the bit error depending on the SNR in comparison with traditional methods, which are based separately on



feedback or feedforward synchronization schemes. The proposed hybrid combination of feedback and feedforward
algorithms made it possible to apply feedback algorithms to signals with a packet data transmission mode. The
considered approach to synchronization can also be used for signals with other types of phase manipulation.
Modern frame synchronization algorithms for the DVB-S2 satellite communication standard have been studied.
The use of differential methods makes it possible to abandon the initial estimate of the carrier frequency offset and
speed up the registration of the communication modem. An algorithm with an adaptive threshold is proposed,
which is based on the use of differential signal correlation. A feature of the presented method is that with a change
in the level of the input signal, the threshold for making a decision also changes adaptively, which allows to
abandon the system of automatic power regulation at this stage of signal processing. Comparative modeling of the
proposed method of frame synchronization with known methods based on the calculation of differential
correlation was carried out, the results of the obtained characteristics of the probability of omission from the
signal /noise ratio showed the advantage of the proposed algorithm over known methods. Ways of practical
implementation of this algorithm on the FPGA element base are also considered. A new approach to signal
demodulation based on particle filtering methods is introduced. The main principle of corpuscular filtering is the
approximation of the distribution of unknown parameters using a discrete set of particles and their associated
weighting factors. A model of the state space of the observation signal is formulated, taking into account the
dynamics of updating channel parameters. A comparative analysis with well-known demodulation methods was
carried out on the example of signals with phase manipulation. It is shown that with a sufficient number of
corpuscles, the demodulation efficiency, namely ensuring the minimum bit error (BER), can be improved by
applying corpuscular filtering methods at low signal-to-noise ratios against a background of non-Gaussian noise. A
method of detecting the version of the DVB-S2 /S2X standard has been developed using the proposed methods of
synchronization and decoding of service information of the physical level. The detector consists of frame
synchronization systems, a demodulator and a PLSCODE field decoder. The formulas for calculating the PLSCODE
bit field and decoding the service information, respectively, are proposed for the DVB-S2 and DVB-S2X broadband
notification standards. The presented detector allows to determine to which revision the transmitted signal
belongs and to determine the parameters of the frame. A software model of the described method has been
developed. Experimental calculations of the ROC curve and the miss detection probability from the signal /noise
ratio were performed. The obtained simulation results show the high efficiency of the proposed detection method
even with negative signal to noise ratios. Also, the paper proposes a method of identifying signals that are
transmitted using Carrier-to-Carrier technology using QPSK modulation. The method is based on the calculation
of fourth-order cumulants to detect changes in the shape of the signal constellation, which are characteristic of
Carrier-in-Carrier signals. According to the receiver operating characteristic (ROC) methodology, a threshold
value for the decision rule is found. It was established that the proposed method provides correct detection of the
sum of QPSK signals for a wide range of signal-to-noise ratios, different amplitudes of signals from the sum, and
also for different bandwidths of mixed signals. The obtained results indicate the high efficiency of the proposed
detection method. The advantage of the proposed detection method over the "radius" method is also shown.
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