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BW3HAYEHHA BIPOTIHOCTI NPUAOMY IH@OPMALIT
NIPY 3ACTOCYBAHHI BATATONO3NLINHUK
OPTOIOHAJIBHUX CUTHANIB

iHghopmayii.

Po3po6nexo yHiBepcanbHi anropuTiu KorepeHTHoi 06po6kn 6araTono3nyiliHKK CHrHaNie 3 OpTOroHaNLHHM PO3JINEHHAM
HOCIHHHX YacToT, a TaKOX ONTHMAaabHHA anropuTM, o 6a3yeTbca Ha MaKCHManbHO NpaBgonogionii oyinyi curuany, i
PO3KPHTO MOXNHBOCTI BHCOKOE(EKTHBHOIO 3acTOCYBaHHA 3406YTHX pe3ynbTatie Ana nigBHUeHHa BiporigHocTi npuiomy

Kniouogi cnoBa: iHchopmallisi; BiporigHicTb npuiiomy; GaraTono3nLiiiHi OpToroHanbHi curHanm.

Beryn

Y pemopyngropax LTE, ski BKOPWCTOBYIOTb cUrHamn 3 opTo-
roHanbHAMKU HociitHumn OFDM, onopHi- konvBaHHS BCiX kaHanis
(hopmytoTLCS 3a3BMYal BIG CMiNbHOTO 3a[aBanbHOr0 reHeparopa.
lpoTe noyaTkoBi (ha3u KaHanbHUX CUrHaniB MalTb Pi3Hi 3CyBY, a
iHodi BOHW B3arani cnabko 3B'a3aHi (Hanpuknaf, y pajiokaHanax i3
CENEeKTMBHIMU 3aracaHHsIMI — HekopenboBati). Tomy B baraToka-
HanbHUX JEMOLYNATOpax BaXKO BUKOPUCTOBYBATI METOAM (hopMy-
BaHHS OMOPHMX KOMUBaHb, L0 6a3yloThCa Ha MIACTPOIOBaHHI (ha3u
KEepoBaHoro reHeparopa.

Binomi anroputmu korepeHTHOT 06pa6kit He NOTPeByYIoTh NiACTPO-
t0BaHHS (Da3u ONOPHUX KONMMBAHb KAHANbHUX CUrHaniB i 403B0NSI0Th
A0CWTb NPOCTO peaniayBaTM OpTOrOHanbHe PO3[iNEeHHS CUrHanis
i KOrepeHTHWIA mpuiioM. Amke NS PO3AINEHHS KaHamiB BUKOPWC-
TOBYKOTLCS Ti CaMi OMOPHI KONMWBAHHS, L0 1 Y pasi ONTUManbHOro
HEKOrepeHTHOro npuiiomMy. KorepeHTHWIA NpuinoM 3MiCHIOETHCS Ha
niacTaBi MiCTPOIOBAHHSA BapIiaHTIB CUrHaNy B KOXHOMY KaHani 6ara-
TOKAHanbHOro Mofema.

BiporigHicTb nepenaBaHHs faHX Bin61Bae CTyNiHb BignoBiAHOCTI
OTPMMaHOT0 NOBIAOMIIEHHS NEPEAHOMY.
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Slk ouiHKy BipOrigHOCTi BUKOPUCTOBYOTb KOEILIEHT NOMIATIOK.
BiporigHicTb npuitomy MoXHa 3HaiTu:

a) BI3Ha4eHHAM IMOBIPHOCTI NOMWIKM NPV iAEanbHINX ONOPHUX KO-
NINBAHHSX 19 Pi3HIX 3HAYeHb BiHOLIEHHS CepeaHbOi NOTYXKHOCTI ECp
CUrHany B [1aHiil CMy3i KaHary A0 CreKTparbHoi LWiNbHOCTI NOTY)XHOC-
Ti N, Wymy, BNOMOro K BigHowweHHs curHan/iwym (Signal to Noise

Rate — SNR). Lle [03B0NUTbL BU3HAYNTI NOTEHLIAHY 3aBa0CTINKICTb
LEMOfyNATOpa B pasi BUKOPUCTAHHA Pi3HUX rpyn 6aratono3nuinHux
CUrHanis;

6) BI3HAYEHHSAM IMOBIPHOCTI K MOMMIIKI NPy (HOpPMYBaHHi BapiaH-
TiB CUrHaniB Ans Pi3HUX iHTepBaniB YCEPEOHEHHS, @ TakoxX MiHiMarb-
HOr0 iHTepBary yCepeaHeHHs, 3a AKOro 3aBafocCTilikicTb 6/nM3bka A0 | 10-2
MOTEHLHOT;

B) NOPIBHSHHAM PI3HUX CIUCTEM CUrHaniB 3a 3aBafoCTINKICTIO 3rigHO
3 pO3rnsayBaHM MeToLoM 06p06Ky;
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r) BU3HAYEHHAM TPBAMOCTI SIK NOYATKOBOTO BXOMKEHHS B 3B'S130K,
TaK i BXOIKEHHS nicng pisHWX 3@ pO3MipoM CTpUBKIB (hasu curHany.
PoarnaHemo, Hanpuknag, anroputv no6yaoBy MOLENi BAMBY aau-
TUBHOrO chnyKkTyauinHoro wymy (i3 HOpManbHUM 3aKoHOM Po3oAiny,
HyIbOBO CepeaHbOI0 Ta 3a[aH0K AVCMEPCielo) Ha NepeaaHuii curHan.
Kpox 1. MNopiBHiooTbCS HOMEPW MepefaHux i NPUAHSTIX BEKTOPIB
CUrHanis.

Kpok 2. BusHauaetbcs o6esir ¢ BUGIpKM 3aneXHo Bif 04ikyBaHoi
IMOBIPHOCTI NOXMEKU.
Kpok 3. BusHauaeTbcst BigHOLLIEHHS! NOMWNKOBO NPUIAHSTIAX BEKTO-

piB CUrHany Ao 3aranbHoi KifbKOCTi NepeaHnx BEKTOPIB.

[pachikin, HaBedeHi Ha puc. 1, iNKOCTPYIOTb 3aNEeXHICTb IMOBIPHOCTI
PHOM

nomunku Bin, SNR ans cuctemn curHanis 3 amnnitygHo-haso-
Boto mopynsuieto (ADMM). Kprea 7 — ue rpadhik noTeHuiiHoi 3aBagoc-
TINKOCTI A@HOI CUCTEMI CUrHaNIB Y pasi CTPOro KOrepeHTHOMO NPUAOMY.

KprBa 2, oTpumaHa B pe3ynbsraTi MOfEnioBaHHs npyt TOYHUX ONOPHUX
KOMMBaHHSX, XapakTepu3ye NOTeHLHY 3aBaf0CTilKiCTb po3po6reHoro
anroputMmy 06pobku. Kpusi 3—7, no6ynoBaHi B peaynsraTi MOAEntoBaH-
HS, BigbVBaOTb 3MiHW 3aBaf0CTIKOCTi AEMOAYNSTOPA B Pasi KorepeHT-

HOro NPUIAOMY CUTHANIB N9 TakuX 3HaYEHb IHTEPBAry YCepeaHEHH:
M =1:5;10; 20; 100.

Kpvea 8 nopae TeopeTW4Hy 3aBafoCTiiKiCTb [Ms YOTUPKUKPATHOI \
thasopizHuLesoi Mopynsuii (MPM) y pa3i korepeHTHoro mMeTomy npu- ;ﬁA

omy. Kpuy 9 oTpmaHO excnepuMeHTanbHo B peaynbraTi nabopa- f}::i

TOPHVX AocnigkeHb 48-kaHanbHoro Mogema. BoHa Bu3Hauae peanbHy 5:j ;
3aBafoCTIAKICTb AEMOOYNATopa Lb0r0 MOAEMA 3 ONTUMANbHUM He- 102 9————— \'
KOrepeHTHAM METOLOM MpUoMy, Konu iaeTbes npo ‘16-no3uwinHuii
curHan.

AHania unx rpadhikiB nigTBEPAXYE ICTOTHY NEpPeBary BUKOPUCTaHHS .
KOrepeHTHUX METOfiB NpuioMy Ans 6araTono3uLiiHNx curHanis. Exep- \
FETUYHUIA BUTpaLl MOXIMBUIA 3aBASKW 3aCTOCYBaHHID 6Ginbll edek- ‘.‘\‘ \
TUBHOI cuctemn curHanis, Hanpuknan GAM (Quadrature Amplitude 10 3

Modulation), T06To KBagpaTypHO-aMNAiTyaHOT Moaynsuii, Y noeaHaHH
3 PO3PO6EHUM anropUTMOM KOrEpEHTHOMO NPUIAOMY.

Y naHomy npuknagi, nopisHaBLLK KpuBy 3 i kpuBy 9, noGaqnumo, Lo
CyMapHWin BUrpalLl cTaHoBUTb 6rn3bko 3 ab.

MiHimarbHWi iHTepBan yCepeaHeHHs, 3yMOBAEHWA KinbkicTio M

10-8

10+

Puc. 1. 3anexuicTb imogipHocTi P

o TOMHNKK Bt SNR
ANA Pi3HUK 3HA4eHb iHTepBany ycepepnenns M:

1 — 3aBapocTiiiKicTb y pa3i cTPOro KorepenTHoro npuiiomy;
2 — 3aBapocTiliKicTb po3po6neHoro anroputmy 06po6Ku;
3—M=14—M=55—M=10;6 — M =20; 7 — M = 100;
8 — TeopetnuHa 3aBapocTiiKicTb Y pa3i KorepeHTHoro metopy
npuiiomy; 9 — excnepumeHTanbHa 3aBafoCTiiKICTb
10 12 14 16
—

18 20

E /Ny, 1B

7/7/4/k

¥
W
A\

|‘-

W\
i\

HOBWTb He MeHL K 20.

10
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KpuBi, 140 xapaKkTepuayioTb 3aBafoCTiAKICTb KOrepeHTHOro npuiio-

My CUrHanis s pisHux M y pasi BUKOPUCTAHHA KOHCTPYKLI curHany
QAM-16, HaBeneHo Ha puc. 2.
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Puc. 2. 3anexsictb imoeipHocTi nomunku Big SNR gna GAM-16:
1 — KpHBa, 10 XapaKTepH3ye TEOPETHYHY 3aBafOCTIHKICTb
ANA AaHOi CUCTEMU CHTHaNiB; 2 — KPMBA, OTPMMaHA B pe3ynbrati moge-
NIOBaHHA ANA TOYHHK ONOPHUK KONMBaHb; 3—7 — KpHBI,
nobypoeaxi gns 3xaveHb IV, wo fopieHI00TL BiANORIAHO
1; 5; 10; 20; 100
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KpwBi, 110 xapaKTepn3yoTb 3aBaf0CTiNKICTb IBOX CUCTEM GUTHa-
nis QAM i A®M, ko M = 100, nogaHo Ha puc. 3. [opiBHAHHS LX
KpWBKX MOKa3ye, LU0 3acTOCcyBaHHA cucTemu curdanis 3 ADM pae
OEsKMA eHEPreTUYHWA BurpaLl nopiHsHo 3 QAM. lMpoTe Ha npak-
T AOLINbHO BrKopucToByBaTh cucTemy QAM, sKLio Le crnpoLlye
pearniaalito oemoaynaropa.
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Puc. 3. 3anexnicTb imogipxocti nomunku Big SNR
ansa cuctem curianie AOM i GAM
OcTaTo4HOro BICHOBKY NP0 BIpOrigHICTb MpUiioMy [0X0OMMO No-
PIBHAHHAM MOCHILOBHOCTI BEKTOPIB MEPENaHOro i NpUAHATOTO CUrHa-
niB, i3 hikcyBaHHAM HOMepa NOCUITKIA, NOYVHAK0YN 3 AKOT Lii NOCHifoB-
HocTi 36iranucs. Y Takuid cnoci6 BU3HAYaEMO KinbKiCTb HEMPaBWbHO
MPUAHATIAX NOCINOK CUTHANY, 8 OTXKE, | 4aC BXOMKEHHS B CUHXPOHI3M.

Bucnoskn
Po3po6nei yHiBepcanbHi anropyTMi KOrepeHTHoi 06pobki 6Ga-
raTono3nLiHUX CUrHasiB 3 OPTOrOHaNbHAM PO3AINIEHHAM HOCIHIX

4acToT i ONTUMANbHWIA anropuTM, L0 6a3yeTbCA Ha MaKCIMArbHO
NPaBAONOAiOHIA OUiHUI curHany, faloTb 3mory 3abesneqntu o
kaHany nepefasaHHs iHchopmauii Benuke (noHap 10 gb) 3HaueH-
Ha SNR. Lium camum ymoXnvBIUnocs BU3HAYEHHsI (a3u curHamny
Ha BXOOi [EMOpyndaTopa 3 TOYHICTIO, AOCTaTHLOW AN peanisaii
KBA3iKOTEPEHTHOTO MEeTOLy LemMopynsuii, Lo, y CBOK yepry, 3a-
6esneyuno ana 6araTonosnuiiHX CUrHanis A0LATKOBMIA BUrpaLl
He MeHW sk 6-8 gb nopiBHSHO 3 HeonTUManbHAMKU MeTodaMu
npunomy.

MoxnuBicTb  peanisauii  KBa3ikorepeHTHOro  AemMofynsTopa
no3sonse 3actocysatu Orthogonal Frequency Division Multiplex
— OFDM, T106T0 MOmynsLjld curHanamnm 3 OpTOrOHaNbHUMI
rapMOHiYHUMK  HocidHuvy,  Lleit nigxin 38 0BMexeHoi  cmyru
NPOMyCKaHHA Mae ICTOTHI Mepesaryt MOPIBHAHO 3 OfHOKaHanb-
HUM PEXWUMOM MepeaaBaHHs Ta YacTOTHUM PO3AINEHHSM KaHanis
6e3 B3aEMHOr0 MEPEKPUTTS CMEKTPIB CWUrHanMiB 4acTOTHWX nigka-
Hanis.

Moka3aHo, IO 3acTocyBaHHs [ns [emoaynsauii rpynosoro
curHany OFDM wmetopy waeupkoro nepetsopenHs Myp'e (LLUMM)
3a6€3reyye NiHIAHICTb NEepeTBOPEHb CUTHasY i MOPIBHAHO MEHLLY
KinbKicTb onepadii 3 ioro 06pobku. Yrim meton LMD He Bukniovae
HeobXigHOCTI NiACTPOIOBaHHY (ha3 curHanis nigkaxanis, a onepadii
«MHOXXEHHS-0f@BaHHg» BIAIKIB CUTHaMY 3MEHLLYIOTb TOYHICTb
06po6ku. Kpim Toro, mMoaynbHe HapollyBaHHs AemopaynaTopa [fio-
[aBaHHSIM HOBKX YaCTOTHWX NiakaHaniB y pasi BukopuctanHs LLMNM®
yCKNaHIETbCS. ToMy pO3pOBReHWit yHiBepcanbHUiA  KBasikore-
peHTHWiA anroputM aemopynsuii OFDM curHanie cnin poarnsaaty
AK eqeKTUBHWA | aKTyanbHUA gng nobymoBM CUCTEM YMPaBIliHHS
mepexamm YkpaiHi,
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ONPEAENEHNE JOCTOBEPHOCTW NPVEMA NH®OPMALAN
NP NPUMEHEHNI MHOTONO3ULWOHHBIX OPTOTOHAJIbHBIX CWUTHAJIOB
Pa3paboTaHbl yHUBEPCATbHBIE arOpUTMbl KOrepeHTHOV 06paboTKY MHOMOMO3VUMOHHBIX CUTHANOB C OPTOrOHasbHBIM Pa3feseHnem
HECYLMX YACTOT, @ TaKKe ONTUMASTbHbIV anropuTM, OCHOBAHHBIA HA MaKCHMaribHO NpaBonofgo6HONA OLEHKE CUrHana, 1 PackpblTsl BO3-
MOXHOCTY BbICOKO3(HGHEKTVBHOIO MPUMEHEHNS MOSTYYEHHBIX PE3Y/IBTATOB [T NOBbILIEHVS JOCTOBEPHOCTY NPMEMA MHEOPMALWN.
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L. N. Berkman, L. O. Komarova, E. V.Gavrilko, |. E. Pokhabova
DEFINITION OF RELIABILITY OF RECEIVING INFORMATION
IN THE ADMISSION OF MULTIPOINT ORTHOGONAL SIGNALS
In the article were considered the universal coherent processing algorithms of multiposition signals with ortogonal division
of frequency and proposed an optimal algorithm based on the most plausible evaluation of signal and also was revealed high possibility
of an effective application of the obtained results to improve the probability of receiving information.

Keywords: information; reliability of reception; multipoint orthogonal signals.
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