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BNUAHUE HECTABUITIbHOCTU YACTOTbI AUCKPETU3ALMU HA MOMEXOYCTOWYUBOCTb
CUCTEMbI CBA3X CO MHOIT'MMWU HECYLWWUMU
Kazannes A.A.
MxeBckuii rocy1apCTBEHHBIM TEXHUYECKUN YHUBEPCUTET

B mHactosimiee Bpemst Moaymsius co MHOrmMH Hecymumu (MCM, OFDM) mpumensieTcs sl MOCTPOSHUS
IITUPOKOTIONOCHBIX W BHICOKOCKOPOCTHBIX crcTeM cBsi3u [1]. [Ipuamum OFDM 3akimrodaercst B pa3eaeHUH OJI0ChI
4acTOT HEWACAJIHHOTO (MIBTPOBOTO KaHajda Ha MHOXKECTBO ITOJKAHANOB TaK, YTO KaKIBIA ITOJKAaHAI CTAaHOBUTCS
MIPAKTUYECKH WACaNbHBIM [2]. DIeMEeHTBI OJHOTO cOOOIeHHs (Kaapa) MepenaroTcs Ha HECKOJBKHX JECATKax
(coTHAX, ThICSYAX) TOMHECYIIMX 4YacTOTaX II0 CBOEMY IMOAKAHATY. OTO TIO3BOJSET pPEIIUTh MpodIeMy
MEKCUMBOJIBHON WHTEP(EPCHIINU, TOBBICHTh CKOPOCTh Iepefadd WHPOpManuu u 3PQPEKTHBHO HCIOIH30BATh
BBIJICIICHHYIO MOJIOCY 4YacToT. I[lmaToi 3a XOpoIlMe IOKa3aTeln SBISETCS CTPOroe TpeOOBaHWE COXPaHCHHS
OpPTOTOHANLHOCTH MOAHECYIIHX. OPTOrOHANBHOCTh 00CCIIEYNBACTCS BBEIOOPOM ONTUMAIBLHOT'O PACCTOSHUS MEXKIY
MOJHECYIUMH, OOpaTHO NPONOPIHUOHATEHOMY CKOPOCTH Tmepenadn cumBoia [1,2]. B peampHBIX yCIOBHAX
MPOUCXOJUT HAPYIICHHUE OPTOTOHAIBFHOCTH MOJHECYIUX U YXYALICHHE kKadecTBa pabothl cuctemMbl OFDM. OnHoid
U3 TPUYUH, BEAYNIMX K HAPYIICHUIO OPTOTOHAJIBHOCTH IOJHCCYIIHUX, SIBISACTCS HECTaOWIBHOCTh YaCTOTEHI
IUCKpETH3alliy CUTHajla B TpHeMonepeaaroniel anmaparype. CienoBareabHO, HEOOXOAUMO OIEHUTh UCKa)KEHUS,
BBI3BIBaEMbI€ HECTAOMIBHOCTHIO YaCTOTHI AUCKPETU3ALINH, U BO3MOKHOCTh KOPPEKIIUU 3TUX NCKAKESHHI.

Jlnst hbopmmpoBaHMsI CUTHAJIAa CO MHOTUMH HECYIIUMHU TNPUMEHSETCs oOpaTHOe ObICTpoe MpeoOpa3oBaHue

®dypre (OBIID). B aTom Cnyqae repenaBaeMblil TPYIITOBOM CUTHAI B TUCKPETHOM BpeMeHHU umeeT Bux [1,2]:
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x(nT)——ZX e (1)

rae X, — mepemaBaeMblii KOMIUIEKCHBIM CUMBOJI Ha k-oi momHecymed, N-pasmep BII®, T — minuTenbHOCTH
cuMBoda, t=nT -TucKpeTHOoe BpeMs, 1y —eprol JUCKPETU3aUH.
JlmarensHOCTE cuMBoJa B cucteme OFDM onpenensercs Kak:

T=NT =N/f, @)
IZIe f; —4acToTa IUCKPETHU3AINU.

B arom ciyqae (1) anMeT BHI:
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Jemonynanus cursama OFDM oCyIecTBIIsIeTCsT ¢ moMompio mpsmoro BII®. Ilpu stom B pesynbrare
HecTaOMIIBHOCTH YacTOTHI AMCKPETH3ALMH B NepeJaTiMKe M MPUEeMHUKE MEXIY HMMH BO3HHKAET PasHOCTh Af;.
Torna npuHUMaeMblii CUTHAI m-0i noanecymei«i MOJKHO IPEJCTaBUTh KaK:
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rae €=Af,/f; — OTHOCHTEIbHAs PacCTPOHKa YaCTOTHI AUCKPETU3AIIHH.

Jlast ynpolleHns JaibHeiInero ananmusa (4) IpemmonokumM, 9To <<l u mMeer BenuunHy mopsiaka 10°-107.

Mpu1 BIIpaBC CICIaTh TAKOEC IIPCAIIOJIOKCHHUE, TaK KaK COBPEMCHHBIC KBApLEBBIC TI'CHEPATOPHI obnagaoT
2mnm
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BBICOKOCTA0UIbHBIMHU XapaKTCpUCTUKaAMU. B stoMm ciy4dae e N MOJXHO IPEACTAaBUTDH KaK:
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Kak BugHO U3 (6), MpUHUMAEMBI KOMIUICKCHBIH CHMBOJI Y, TIPEACTABISICT COOOH CyMMy TepenaBacMoro
curHana X, u noMmexu E,, paBHOH CyMMe MNpOU3BEACHUN BCEX KOMIUIEKCHBIX IIE€pEIaBacMbIX CHUMBOJIOB U
HEKOTOPOW BEJIMYMHBI, 3aBUCAILIEH OT OTHOCHTEIbHOW PAacCTPOMKHM 4acCTOTHI JUCKpeTu3anuu €. PaccmoTpum aBa

cnyqaﬂ:
1. m= k. Ilpu 5TOM cUrHaj MOMEXH MPUMET BUIL:
2Tcm8 Nl )
E =-X, -j-—>n=—j-X -0, ™
N n=0
2Tcm8 2Tcm8
rie ®m: z Y% -N(N —-1)=nme.

[ToxcraBmsis (7) B (6), MOJTYIUM
KnzX/n_].an'G)/n:Xm(l_.].(am) (8)
Onwupasich Ha paHee BBEJCHHOE JIOMYIICHHE O MAJIOCTH €, JOIMYCTUM TaKKe, YTO U @m JIOCTATOYHO MaJIo.

Torna (8) MOXHO NPEACTaBUTH KaK:

Y ~X (cos(® )—j-sin(® ))=X -e )

m

W3 cnenyet (9) BBIBOA, YTO HECTAOMIBHOCTh YAaCTOTHI AWCKPETHU3AIHMH MPHUBOIUT K MOBOPOTY CHTHAIBHOTO
CO3BE3/IMs HAa HEKOTOPBIN yroi @m , KOTOPBIH MPSMO MPOTOPITUOHAICH TPOU3BEICHUIO HOMEpa MOJHECYIICH m U

OTHOCHUTENILHON PacCTpOMKHU 4acTOThl TUCKpeTH3auuu €. HampaBienue nmoBopora omnpenesnsercs 3HakoMm €. Jis
MPOBEICHUS KOJNUYCCTBCHHOTO aHalM3a BEPHEMCsI K BhIpakeHuto (4) 0e3 momyiieHus o Maioctd €. Toraa
MIPUHUMAEMbIH CUMBOJI MOKHO TIPEJCTABUTDH KaK:

1 v 2™,

Y =X —Ye * (11)

n=0

CymMma 1o n mpenctaBisger coboit BII® mo dactore ¢ HOMEpPOM me OT UMIyJbCa JJIUTEIBHOCTHIO B N
BPEMEHHBIX OTCUETOB M ¢ aMIUIMTynoi 1/N. Kak u3BecTHO, Takoi MMITyJbCc MMeeT criekTp sinc(me) [2]. Torma (11)

HpPUMET BUL: Y =X -sin c(me) (12)
Kak BuzmHO u3 (12), curnan xakaoi NOAHECYIIeH mopaxaeTcss MyJIbTHUIIIMKATHBHOW TOMEXOH, CeJIeKTHBHOMN
0 9acToTe. 3aBUCHMOCTH MOAYJIS IOMEXH OT HOMepa MOJHECYIIeH IpecTaBieHa Ha puc. 1.
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Puc.1. 3aBUCHMOCTb MOy sl MYJIbTHILTUKATHBHOM ITOMEXH OT HOMepa moaHecyteit m (N=1024, €=0,005).

W3 ananuza puc.l. cienyer, yTo MpU YBETUYECHUH HOMEpaA MOJIHECYIIEH m aMIUIUTya MYJbTUIUIMKATHBHOU
TIOMEXH YMEHBIIAeTCs, COOTBETCTBEHHO, YMEHBIIACTCS W aMIUIUTYZA ITOJIE3HOTO CUr'Hajla. 34eCh MOKHO BBIACTHTH
TpH 00JIacTH:

a). Ilpouwseenenme |me|<<l. B »sToM ciydae BenmuumHa sinc(me) =1, aMIUIATyna MOJC3HOTO CHUTHANA
YMEHBIIAETCSl HE3HAYUTEIBHO, U UMEET MECTO JIUIIb IOBOPOT CUTHAJILHOTO CO3BE3MSI Ha YTOJ @m .

0) 0.1<|mg|l<l. B 3TOM ciy4yae amIUIUTyAa MOJC3HOrO CHTHAJA YMEHBINACTCS 3HAYHUTEIHLHO, KPOME TOTO,
HUMEET MECTO MOBOPOT CUTHAJIBHOTO CO3BE3/IMs Ha OOJBIIO yroi @m

B) |mel=1,2,3..n, neZ. B Takux Toukax BenuduHA sinc(me)=0 1 MPOMCXOIUT NOTHAS OTEPS JAHHBIX.
2. m#k Torma:

N o 2mnme ATk
E, :—szi STHE "N (13)
t:O N n=l N
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B sTOM ciryyae moMexa mpeacTaBiseT co00N CyMMapHBIN CHTHAJNI CHTHAJIBHBIX CO3BE3AUN X OT OCTalIbHBIX N-1

27nn
2m
. 21nme iy (k)
HOHHeCyH.II/IX, yMHO)KeHHBIX Ha CyMMy HpOI/ISBCI[eHI/II/I BEIMYMH — """ y €

N
coboit pesymbrar MexkaHaIbHON wHTepdpepenunn (MKU). BemeactBue cimydaitHOro xapaktepa mepeaaBacMbIX
JIAHHBIX TIOMEXa UMEET CIIyYaiiHOe pachpe/esieHne U IPU JA0CTAaTOYHO OOJBIIOM dHcie nogHecynux (N/2>100) ee
MOXHO aIllpPOKCHUMHUPOBATh KaK TayCCOBCKUM ciydallHbIM mporecc. Haiimem Momynb 3Toi momexw Uil ciydas
MOJIYJISIIIMA KaXIOW MOJHECYIIECH C MOMOIIBID YCTHIPEXIO3UIIMOHHON OTHOCHTEIBHON (Da30BOW MaHMITYIISIIUH
(400M, umu QPSK). IIpu 3TOM MOIYNb KaXIOTO CHTHAJIBHOTO CO3BE3MUsl X) OJMHAKOB JJIS BCEX IOJHECYIIHX.
Torna:

. DTa momexa MpeacTaBiseT

rm
M kem) 27[11’18 ZIN-1 mre )
" \X \ ne e

= n:0

JOk gN
e et

2Ttm8 N-IN-1
X};Z{;{n cos(—(k m)+(pk——)+] n- szn(—(k— )+(pk—)}
k#m

2 2

2Ttm8 N-IN— N-IN-1
‘X‘ kZ(;Z(:)n sm(—(k m)+o,) kZ(;Z(:)n cos(—(k m)+o,) (14)
k#m k#m

CootBeTcTBeHHO, oTHOIIeHHe curHan/mym (OCI) mis m-oit mogHeCyIel MOXHO OyIeT UMETh BUJ:
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2 2
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I'paduk 3aBUCUMOCTH vV, OT m MpENCTaBICH Ha pHC.2.
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Puc.2. 3aBucumocts OCII y,, oT HOMepa MmoAHECYIIEH m MpH pa3IuIHbIX € (N=1024).

Kak BumHO puc.2, 9TO ¢ yBENWYCHHEM HOMepa IOJHECYIIeHd m  BeNWYnHa OmuOKH, BHocuMmon MK,
yBenuuuBaercsi. CooTBeTcTBeHHO, yMeHblaeTcs 3HadeHne OCIL. Kpome Toro, npu yBenndeHUH 3HAYCHHS € B 5
pa3, pasauna B OCIII mst oHOM 1 TOW ke MOAHECYIIeH cocTaBiseT B cpeanem a0 10 ab.

[MocTponM TpaduK 3aBUCHMOCTH BEPOSTHOCTH OIMMOKA Ha CUMBOJ INpH ydeTe kak MKW, Tak m moBopoTa
(hazoBoro co3Be3nus. Pacder mposeaem mo ¢popmynam u3 [2]:

p=0(a,b)—05-I,(a-b)-¢ >«

azwlym-(l—\/&), b= }/m'(l-i—\/&) (16)

rae Q—pyukuus Mapkyma, [y-MoaepHU3UpoBaHHas GyHKIUsA beccenst 1-ro poaa HyJIeBOTO OpsAKA.

LndpoBas o6paboTka curHanoB v ee NpMMeHeHne 337
Digital signal processing and its applications



3A0 «ABTJIKC CN6» zuk@autex.spb.ru (812) 567-72-02
O6paboTka curHanoB B paAMoTeXHUYECKMX cucTeMax

0.45

U. 1 EIIEI EE'IJ EEIIU 46[! SUIEI 600
m
Puc.3. 3aBucumMocTb BeposTHOCTH OMIMOKK HAa cuMBOJ it 40OMDM oT HOMepa NMOJAHECYILEH m MPU Pa3INYHBIX €
(N=1024).

W3 anammza puc.3 cienyer, 9TO BEPOSATHOCTh OIMMOKHM CYIIECTBEHHO BO3pACTaeT NPH YBEIWYCHHH HOMEpa
MOJHECYIIEH W 3HAYCHUS OTHOCHTEIBHON PACCTPOWKH YaCTOTHI TUCKpETH3aluu €. [Ipu 3TOM BHIHO, YTO MpH
snauenmusx €>10" BeposTHOCTh ommbKM B pesynbTaTe coBMecTHOro neiictBus MKHM u (asosoro cisura,
JIOCTAaTOYHO BEJIMKA.

Jlnst ycTpaHeHWs BIUSHUS HECTaOWIBHOCTH YAacTOTHl AuWckpernzamuu B cucteMe OFDM  Heob6xommmo
MIPEIyCMOTPETh COOTBETCTBYIONIMI 010K Koppekiuu. OIuH U3 METOA0B OCHOBAaH Ha MPeoOpa3oBaHUM ONTHOKH W3
YaCTOTHOM 00JIACTH BO BPEMEHHYIO, OTICHKH BPEMEHHOTO CJIBHTA M TIOCJIEIYIONIeH ero Koppeknun. Jpyroit cmocod
3aKJIFOYAaeTCs B OLCHKE PAa3HHUIBI MEXAY 4YacTOTaMH TUCKPETH3allMd B TEpEAaTYMKe U TPUEMHHKES U
COOTBETCTBYIOIIEH MOACTPONKE YAaCTOTHI AUCKpeTH3aluH. [y 3TOro HeoOXoauMO, YTOOBI B MPHEMHHMKE YacTOTa
JIUCKPETH3AIINY 33/1aBajlach yIPaBIAECMbIM IT'eHEPATOPOM.

BeiBoabI.

1. HecTaOMIbHOCTh YacTOTHI JUCKPETH3AIMK TPHBOJUT K IIOBOPOTY CHTHAIBHOTO CO3BE3AMS U MEKKAHATHHOMN
UHTEPPEPEHIINH.

2. Yroix moBOpOTa MPsAMO MPOIMOPIUOHANIEH IPOU3BEACHUIO HOMEpa TOJHECYIIeH m W OTHOCUTEIBHON
PAcCTPOHKH YacTOTHI JUCKpeTH3aluu €. HampaBieHue moBOpoTa OmpeienseTcs 3HAKoM €. [Ipu oueHb OONBIITUX
3HaueHnsX € (€>107) MPOMCXOUT CYIIECTBEHHOE OCIabIeHHe aMILTATYIbl MOAHECYIMX. Kpome Toro, B Toukax
|mel=1,2,3..n, n€Z, npoNCcXoANT NMOJTHAS TTOTEPS TAaHHBIX.

3. Monynbs nomexu, Bo3HuKatomei Beneactsue MKU, takike BozpacTaeTr ¢ yBeIUU€HUEM HOMepa MoJHeCyIeit m.

4. Ucxons u3 aHanmm3a rpadyka 3aBHCHUMOCTH BEPOSTHOCTH OmHUOKK ais 40DPM, MakCHMaabHO JOMYCTUMBIM
3HAYCHHMEM €, IPH KOTOPOM CHCTEMa CO MHOTHMH HECYILIMMH MOKET (yHKIIHOHHPOBATS, siBisieTcst 107,
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INFLUENCE OF SAMPLING FREQUENCY’S INSTABILITY ON NOISE-IMMUNITY OF
MULTICARRIER SYSTEM
Kazantsev A.
Izhevsk State Technical University

At present time Multicarrier modulation technique (MCM, OFDM) is used for making of wideband and high
rate communications systems [1].

Principle of OFDM is concluded in division of the frequency band of fading channel on great number of
subchannels so that each subchannel becomes practically ideal [2].

This allows to solve a intersymbol interference problem, raise information send rate and effectively use chosen
band of the frequencies. Charge per good factors is a strict requirement of conservation of the subcarriers
orthogonality.

In real conditions occurs breach of the subcarriers orthogonality and deterioration of quality of OFDM system
performance. One of the reasons, leading to breach of the subcarriers orthogonality, is sampling rate instability in
transceiver equipment.

At present work is researched influence of sampling frequency’s instability on noise-immunity of Multicarrier
system.
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It is considered system, in which information is sending by 512 subcarriers. Accordingly, number of points for
Fast Fourier Transform (FFT) is 1024. Noise-immunity of the OFDM system was researched under different values
relative offset of sampling rate «.

Was realized that sampling rate instability brings to rotation of the signal constellation on determined angle.

The formula was obtained for computing of angle value at dependency from subcarrier’s index m and value of
relative offset of sampling rate €. Direct of rotation is defined by sign of €.

Was showed, that under very large values of & (£>107) occurs essential weakening of the subcarrier’s
amplitude, and at points |me|=1,2,3..n, neZ, occurs full data loss.

Besides, under present of sampling frequency’s instability is occurred interchannell interference (ICI). As a
result of ICI actions, on useful signal of subcarrier with index m is superimposed information from other subcarriers.

In consequence of casual nature of sending data this hindrance has a casual distribution and under enough large
numbers of subcarriers (N/2>100) it possible approximate as Gaussian casual process.

Was made calculation of signal to noise ratio (SNR) for event, when each subcarriers is modulated by
quadrature phase shift keying (QPSK). Was realized, that absolute value of obstacle, occurring in consequence of
ICI, increases with increasing of subcarrier index m. Respectively, SNR reduce with increasing of subcarrier index
m and more quickly, than bigger €.

Was made calculation dependency of symbol error rate (SER) (under signal constellation rotation and present
of ICI) from subcarrier index m. Coming from analysis of the SER dependency for QPSK, greatly possible
importance of €, under which system with many carrying can still working, is 107,
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