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LIM®POBOI AITOPUTM OEPABOTKH
IMPOCTPAHCTBEHHO-BPEMEHHBIX CUTHAJIOB B
YCIOBHAX CJIOKHOI0 KAHAJIA CBA3U CUCTEMBI
MIMO-OFDM HA OCHOBE HEHPOHHOI CETU

Paceasompen arzopunizi 06paboniki HPOCMPAHCINGEHHO-8PEMEHHBIX CUSHA-
06 8 YCIOGUAX CAONCHOZO Kawara cea3n cucmemst MIMO-OFDM wa ocuose
nediponnoii centr. C pocmon u paseunitiest cenieil nepedanst danHblx 803pacmaiont
KaK KOAUYECHIGO NOALIOBAMEREH (NPHEMRUKOB), MAK ¥ YHCAO BA306IX CIARYI
(nepedamuuxog), wmo gedent K MIOMY, YO NPOUCXOOUN! CUTBHOC VCIONCHEHIE
VCAOSUIL 0N nepedadut u NPUEMA CUSHANO08, d QOPpMUPYeAible KAHANbHbIE Mai-
PUYBL € POCIOM YHCAQ GHMEHH MAKNCE VEEAUNUBAIOMCS 6 PA3MEDAX, €mo 6edem
K YHCECTONCHINO NIPeBOSAHNIL KACACMO GOIYHCTIMETLHON CIOHCHOCHIN an2o-
pumMa 0GpatGomin u npuema cuzHanoe. QOur u3 cnocos pewmbs N npodaemy
— VECHUHCHNUE CKOPOCHI Pabontbt aI20pumMoe o8pabomxy npit MomM e wii
daxce avumesm Kavecmee paGomvl. B nocreonne 20001 GKIMUGRO Pa3CGUEAIOMCA
DAZAUGHBIC QNZOPUMMDbY, OCHOBAHHBIC HA HETIPOHNBIX COMAX, U UX NPUMCHCHMUE 8
PICX WK UHBLX OBAACHIAX HAVKU # NICXHUKY NOKAZbIEARNT OMAUYHBIC PETbNiaInbL
€ MeHbllell GLIYHCTUMETLHOT CAONCHOCHIBIO 1 GONee BLICOKOT MOYHOCHIBIO.

B nacnosueir pabome npedrodcenst pasmiinbie MOONDUKayut anzopunma
HO OCHOBE HEHPOMHOT CEmu, VECTUUNBAIONIUE €20 IMOYHOCHb, HPOBEOERO CPAGHE-
HUe pabontvt ARZOPUMMA 1 €20 MOOUDURANUITT ¢ PAZTUNHBIMU RIACCUNECKRUMU ME-
mooamu. [loxasano, umo npedrodcenuble MOOUPURARUR VEETUUUCHIOM MOY-
Hocmy anzopumma.

MIMO-OFDM, yuhpoeoit arzopumas, HeHPOHHAA cemb, CRONCHOL KaHal
CBA3N, YACHIOMA CWBOKE GUNIOB, IPOCHPANCINGERHO-GDEMERNON CHSHAR, HPUEM-
HUK.
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Fedosov Valentin Petrovich, Tsirkulenko Artemy Viktorovich

DIGITAL ALGORITHM FOR PROCESSING SPATIO-TEMPORAL
SIGNALS IN CONDITIONS OF A COMPLEX COMMUNICATION
CHANNEL OF THE MIMO-OFDM SYSTEM BASED ON A NEURAL
NETWORK

An algorithm for processing spatio-temporal signals under conditions of a
complex conmunication channel of the MIMO-OFDM system based on a neural
network is considered. With the growth and development of data transmission net-
works, both the numbey of users (receivers) and the numbeyr of base stations (trans-
mitzers) increase, which leads to the fact that the conditions for transmitting and
receiving signals become very complicated, and the formed channel matrices also
increase with the increase in the number of antennas in size, which leads to stricter
reguirements regarding the computational complexitv of the algorithm for pro-
cessing and receiving signals. One way 1o solve this problent is 1o increase the
speed of processing algorithms with the same or even better quality of work. In
recent years, various algorithms based on neural networks have been actively de-
veloped, and their application in various fields of science and technology shows
excellent results with less computational complexity and higher accuracy.

This papeyr proposes various modifications of the algorithm based on a neu-
ral network, increasing its accuracy, and compares the operation of the algorithm
and its modifications with various classical methods. It is shown that the proposed
modifications increase the accuracy of the algorithm.

MIMO-OFDM, digital algoyithm, neural network, complex comniunication
channel, bit ervor rate, space-time signal, veceiver

Beeaenne

Ha Tekymuif MOMEHT B paJHOTEXHHKE CYIIECTBYET MHOXKECTBO Pas-
JIHYHBIX QITOPHTMOB OOPabOTKH H NpPHEMa CHTHAIOB, MPH 3TOM C POCTOM
KONMYECTBA GA30BEIX M MOOHIBHEIX CTAHLIMIN BO3HHKAIOT HOBHIE BLI3OBH,
CBA3aHHBIC C CO3JAHUEM HOBBIX IPOTPAMMHBIX aJITOPHTMOB ¢ MEHbIICH BHI-
YHCITUTENBHOM CIOKHOCTEI) H XOPOLIHM BEIMIPHIILIEM AaKe B YCIIOBUAX NIPH-
MEHCHHS B KaHalaX ¢O CIOXKHBIMH YCIOBHAMM (HampHUMEpP, B IUIOTHOI ro-
ponackoit zacTpoiike). Knaccuveckue anroputmsl npuemMa cursanos 8 MIMO
HUMEIOT Kak JOCTOUHCTBA, TaK M PasiHYyHBEE HedocTatku [1, 2, 3]. Cpenu
KJIaCCHYECKHX aTOPUTMOB OCOOBIH HHTEpPEC IPEACTABLTIOT aJallTHBHEIC all-
TOPUTMEI 00patoTKU MPOCTPAHCTBEHHO-BPEMEHHEIX CHTHANIOB [4, 5] U HHEIE
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AJITOPHTMBI, MpeIOKeHHBIe HecnemoBatenaMa MIMO-OFDM cucrem (B
HACTHOCTH, B 3apYOeKHEIX HCCIETOBAHMAX ).

[IpH 5TOM IIaBHBIC HSAOCTATKH HEKOTOPBIX H3 STHX AJITOPUTMOB — TO
BLICOKAS BEIMMCIHTENEHAS CIOMHOCTE H HEOCTATOYHAS TOUHOCTE TPH HX
NPHMEHSHHH B CJOXHBIX BHICOKOPEIUTHPOBAHHBIX (IO BPEMEHH M HacTOTE)
KAHANAX CBSI3H.

IMocTaHeBKA 3a08%H

MaremaTH4eckas MOAENE CHTHAJA, ¥IIaBIHBAEMOTO MPHEMHHKOM, MOXKET
GHTH cPOPMYITHPOBAHA CIETYIOIHM 00PA3OM:

y=Hx+n, (1.1)

rae ¥ — BEKTOp NPHHMMAeMOro CHrHala pasmepoM N,, H — marpHia KaHana
pasMepoM N, X N,., x — epefaBacMBIi epeJaTYHKOM CUrHAI pasMepa N,, n —
AJIHTHEHEIH KBasuOGenblf (Mojloca MyMa MIHPe NMOJIOCH NPHEMHHKA) TayCcoR
1y M pasMepa N,.c HekoTopol saianuol aucnepenett o,

Llens npHeMHHKa — HaliTH TaKYIO OLEHKYX NepegaBaeMOro BEKTopa X,
KOTOPasi MUHHMH3HpOBala OBl CIEAYIOLLIEE COOTHOLIEHHUE:

X =argmin||y — Hx||2, (1.2)

Omnucanie 6a30BOro aAJIrOPHTMA Ha OCHOBE HelipOHHOIT ceTH
JUnd He3aBUCHMEIX H OJMHAKOBO PACIIP&IENeHHEIX KAHANLHEIX MaTpPHLI
MPEIaraeTCs CISY oLIas CTPY KTy pa OHOTO ¢loda HeliponHoit cern MMNet:

zp = ¥ +0VHY (y — HEy), (1.3)
¥po1 = (20, 08). (1.4)

To ecTh CHrHAN MOCHEAOBATENBHO MPOXOANT CKBO3b JHMHCHHBIH H HENH-
HeHHEIH 00ydaeMble KOMIOHEHTEL [TpUdyeM AN HENHHEHHOTO KOMIIOHEHTA JHC-
MEPCHA BXOJHOTO MIVMa OLIE.'HPIBEIE.’TCH KaK:

2
S ||; —aAdH2 [1Acl]
2 — r v F F -2
o = [y = Hx ||, - Noo?] + T5E0®). (S)

Nr 1| [1#1]5
Heiiponnad cers MMNet coSHpaeTes H3 HeckonbKUX cloek T. B KauecTse

METPHKH CPEIHHM 3HaUE€HHEM [T BCEX CIOSB ABIACTCA METPHKA B IPOCTPaHCTBE
L, —notepa npu o6yyueHHH MOACIH:
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L=zYT 1% - X3 (1.9)

Onucanne MoIHGHKALME H SKCNEPHMEHTATLHBIX HCCIeTOBAHHI

Hixe npeacrapiena apxurekrypa MMNet-2,

B xoje skcnepHMEHTOR GLUIO PelIeHO HEMHOTO MOAUGHIHPOBATE $op-
MYJIY A1 HSTMHSHHOrO KOMIOHESHTA CASAVIOLIHM 00pa3oM:

Yoo = 07 (7 08) + ), (110)

CreayomuM My HKTOM VJIy HIIEHHS ABLTIOTCA HAYaIbHBIE NPHOIIKSHHS,
B kauectee Mopudukaiuu Sela npeanosiena popmya Keapbe [6] ansg Hadans-
HEIX NPHOIHKEeHHH, B KOTOPOi OHH pacTipefieNeHEl o PABHOMEPHOMY 3aKOHY.

Jpyrast runoTesa 3aKIYanach B TOM, 4TC HCIIONb30BAHHE MHOXECTBEH-
HOTO OLICHIIHKA Ha BEIBOJIE MOKET JAaTh HEKOTOPHIH BEIUTPHILI 334 C4ET YMEHBIIE-
HHS1 JHCTICPCHH MTOTPEIIHOCTH.

[Tpn npoBedeHUM HKCIEPUMEHTOB OBUIM 3aJaHBEl MapaMeTphl KaHala
CBAZH M HEMPOHHOM CETH COOTBETCTBEHHO B Tall, 1 1 2,

Tabnuna 1.

[TapaMeTpsl HelipoHHOH ceTH

O011ee YHCIO CIOEB 10
O61ee yHeno snox g odydyeHusno | 1000
BPEMEHU
O01ee yueno snox yig odydeHusano | 9
4acToTe
Yueno odpasuoB B nakere npu oby- | 500
YEHHUHU
UyBCTRHTEILHOCTE OITHMH3ATOPA 0.001
B ontuMuzaTopa AnaMm
Tucno obyqaemeix Touex OCII 4
Tabnuna 2.
TlapaMeTpEl CHCTEMBI CBA3H
Bua MogyaAnuu QAM-4
Yucno AHTEHH NepeaTIHKa 16
Jucno aHTeHH IPHEMHHKA 64
Yueno cUMBOJIOB BO BpeMeHHOH 06- | 4
JacTH
Uueno nogHeCy IHX B YaCTOTHOM 00- | 48
JacTH
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ITa puc. | moxasanbl pe3ynbTaThl MOAECNUPOBAHUA W ¥CPEIHEHUs anro-
pNTMOB Ha OcHOBe HeiipoHHoli cetn MMNet u ee momndukauwii mo kauany
CBA3H C HOPMALHBIM YUCIOM O0YCI0BNEHHOCTH, CO3IAHHOTO € NOMOLLBK CH-
MynsTopa QuaDRiGa. Hcnonssosaiacs peanusaums KaHana
BERLIN _UMa_ LOS seed22 [7]. D1a 3D Monens kanana 6bina noayyeHa B pe-
3yAbTaTe Mi3Mepenuil B bepnune (["epManuys) napameTpos Ha3EMHBIX FTOPOACKLIX
aueek DOIBIOTC pasMepa (A0 HECKOMBKUX KInomeTpor). KoMnoHeHTa npamoit
BMAHMMOCTH NPUCY TCTBYET.

[Tpu 2TOM OBLI0 MPOBEAEHO CPABHEHME C TAaKMMH &TIrOPHTMAMH, Kak
QRD SIC 8], QRD+K-best-8 [9], MMSE, cLLL [10]+MMSE, cl.LL+QRD.
Komipoeanne He npusmenaetcs. [lon MMNet-2 nonuwaerca moandwmkauns
MMNet co BCeMIt H3MEHEHUIMIT, KPOME MHOKECTBEHHOH O1leHkH, a B MMNet-
2-10 ncnonbayercs yepeanetive no 10 ougtmmxam.

10° T T T T T

MMSE

MMNet

GRO+K-best-8

SLLLYMMSE

CLLL+QRD(SIC)
»— QRO SIC

- +— MMNet2

10 \\ =1 T T 9 - MMNet2:10

10° \

SNR (dB)

Puc. [ Kpuewre BICR o pasnannix mnoe azopumaos (QAM-4)

BriBoant

PesynpbTaTsl MOAENMPOBAMS TIOKA3LIBAIOT, HTO MCMNOJL3OBALIME LIEHPON-
HBIX CETEH B KAYSCTBE OCHOBLI AN AITOPUTMA TIPHUEMA CUTHAMOB CIIOCOOHO odec-
NMEUMBATH TOCTATOYHO HU3KYIO BEPOATHOCTE OWHOKH OHTOR fake B YCITOBHSIX Pa-
DOTB! B PEATBHOM MHOCOTNYTHOM KaHANE CBA3H, MPU HTOM, BHECEHUE TOTIOMHU-
TENEHBIX MOAW(HKALHIT CMOCOOHO elle CHIIBHEE YNVYILHTE 3TH Pe3yNbTaTel,

Cpcun Cy1uCCTBY OIWMX HCAOCTATKOB A1I0PHTMA CICAYCT BBLICIWTE Q1 pa-
HUYEHHE TI0 MHHIMATLHON YacTOTe OMHGOK OHTOR NPU BRICOKUX OTHOTIEHUSAX
CHIHA/WYM. 10T BONPOC [LIAHKMPYCTCS 1POPabATHIBATE B HAILHCHIIKMX UCCIIC-
JOBAHUSX.
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