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B poknage npuBoaATCs  pesynbTaTbl  KOMMbIOTEPHOrO  MOAENMPOBaHUS  NMOMEXOYCTONYMBOCTU
MoamduumnpoBaHHbix anroputmoB Knosckoro—Hukonaesa (MAKH) n mogudumumpoBaHHoro anroputma
Butepbn (MAB) ons msarkoro gekogupoBaHUA B MHOFOMy4eBbIX KaHanax (kaHamax € MEeXCMMBOMbHOM
NHTepepeHLmnen) ¢ aaanTMBHbLIM 6enbIM rayCCOBCKUM LLYMOM MPU NEPEMEXEHUN KOOOBbIX CUMBOJIOB.

Mockonbky MAKH  obecneumBaeT COBMECTHYHO  AEMOAYNSAUMIO-OEKOAMpPOBaHME, OH  LaéT
oTHocuTensHo MAB BbIMIpbIW MO MOLLHOCTM, BO3pacTalLWMA C YMEHbLUEHNEM TpebOyeMol BEpPOSITHOCTU

owwmbKu Ha 6uT (BOB). Mpu BOB =107° Bbimrpbiw paseH 3,1 ab.

1. Kpatkoe  onucaHue moauMUMpoOBaHHOrO  anropuTMa Butepbu (MAB) ]
moaudmumupoBaHHoro anroputma Knosckoro—Hukonaesa (MAKH)

Cxema, peanusaumm MAB onst Markoro gekoampoBaHust CBEPTOYHOro koga B kaHanax ¢ MCU, ABIL
N MepemMexeHnem KOAOBbIX CUMBOJIOB npuBefeHa B pabote [1]. OHa cocTtouMT M3 nocregoBaTeribHO
COeaMHEHHBbIX GrokoB: 6ok SOVA, aenepemexutens, gekogep Butepou. brnok SOVA nocnegoBaTtenbHO
BblOaET XECTKME peLLeHns aemMmoaynaTopa no OTAENbHbIM KOAOBbIM CMMBOSiaM (MocpeacTBOM anroputma
Butepbn) un wnHpoOpmauuio O HagEXHOCTM STUX CUMBOMOB, KOTOPYK YYMTbIBAET OeKkoaupyroliee
ycTponcteo. [loCKonbKy B paccMaTtpMBaeMOW CXemMe [0 BblHECEHUSI OKOHYaTeNnbHOro peLleHus
oTbpacbiBaeTca MHpopMauua o0 nepefaBaeMblX KaHamnbHbIX CUMBOMax (KaXabll U3 HUX onpedenéH Ha
nepegaye Ha TaKTOBOM wuHTepBane T), oOycrnoBreHHas namMATbld KaHana, TO OHa He sBrisieTcs
onTUManbHOWN.

AnbTepHaTVBHbIA BapuaHT anropMtMa MSArkoro AeKOAMPOBaHMWS, YYUTbIBAKOLWMW M NamMaTb KaHana
(anropuTM COBMECTHOM Aemoaynaunn-gekoampoBaHns), Kotopbin HaszBaH MAKH, moxHO, ¢ yyétom
HekoppenupoBaHHocTn ABILU Ha OTAenbHbIX BPEMEHHbLIX MHTEPBaNax, Ha KOTOPbIX NPUCYTCTBYIOT OTKITMKM
KaHana Ha oTaenbHble KOJOBble CUMBOIbI, 3annucaTtb Tak
1 Tl +(D+)T

[ B ()8 (1) =0 Ezdn] @

o

Zf(t)zsoi,b‘,r(t)+SMCI/LF(t)+n(t) - I'IpMHMMaeMbIVI curHan  nmoc  ABIMU n(t) co

A

i =arg.min
i,1(r

cneKTpaanoﬁ MMOTHOCTbO MOLLUHOCTU Ha MOJIOXKUTENbHbIX YacToTax NO Ha r-mM nogbiHTEepBane aHanu3a

(r =0, n—1), TaD=(D +1)T — VHTepBarn aHanusa KoJOBOro CUMBOMA, i — HOMepP KOoAoBOro 6rioka

(cumBona uctovHMkKa nHopmaLmm), (i =1L M ) M — 4ncno pasnuyHbIX coobLLEeHUN (paspeLléHHOe YNCTTO

A

KOAOBbIX KOMBUHALMI), | — €ro OLEeHKa;
Sﬁwcnr(t) — curHan MCW Ha r-m wuHTepBane, OOYCroOBMEHHbLI CUMBOMOM, MepefaHHbIM [0

aHanu3npyemoro un onpeaensieMbiil obpaTHOWM cBsA3bio Mo pewleHuto (OCP), QWCH,(t) — OUeHKa 3Toro
curHana;
S, by.r (t):Soi,r (t)"'so.,r (t) — CWrHan Ha r-M nopblHTepBane, o6yCrnoBMeHHbIN nepefaven i-ro

KogoBoro 6noka u I-ro conpoBoxgatoiero kogosoro 6noka (curHan MCW);
D=L - OTHOCI/ITeJ'IbeIl71 (n3mepsieMbIn YACNOM TaKTOB) UHTEPBAN 3a4epXKKy;

m-[ max

L= g—g — OTHOCUTEIlbHaA MaMATb KaHana, AT — MaKkcumaribHoe BpeMA pacceAaAHnda B

KaHane;
N — YNCNO KOAOBLIX CUMBOSIOB KOAOBOrO Orioka.
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Mpu peanusaumm anroputma (1) cnegyeT MMeTb B BuAy, YTO AN HAxXOXOEHWUS CUrHaroB

Sucrtr (t) (r =0, n—1), onpegensiemMbix OCP, mpuvHWMaeMblii CUrHanm AOMKEeH aHanuaupoBaThbCsi Ha
BPEMEHHOM MHTepBane 7, :[(n -1)N +D +1] T,

N = gmep/TE, roe THep — UHTepBan nepeMeXXeHust KogoBbIX CUMBOIOB.

Crtporas peanusauusa (1) HEBO3MOXHA, NMOCKOMNbKY BbIMUCIAUTENbHAS CMOXHOCTb NPOMOpPLMOHansHa
3KCMOHEHUMWanbHoMm 3aBucuMmoctn oT napametpoB N, D, n. OpHako, paspaboTaHbl YNpOLEHHbIE
peanusaumm MAKH, koTopble MMET BbIMMCIUTENbLHYIO CMOXHOCTb, MPOMOPLMOHANbHYKO KBagpaTty 3TuX
napamMeTpoB M He3HauUTENbHO YCTynawwme no MnoMexXOyCTOMYMBOCTM TOuYHOW peanusaumm MAKH.
Anroput™m (1) npuemnem ans MsArkoro OeKoAMpoBaHMS kak ©OnokoBbix kogoB (n, k) co ckopocTbio

koamposanms R=K/N, Tak n ana nexoamposaHs CBEPTOYHBIX KOAOB, €CMIM MOA N MOHMMATL YMCIIO
N=V[END, rae V — KoOBOe OrpaHU4eHNe, € — rMyBUHa MPUHATUS peLleHns (€ =2 Npu UCMONb30BAHUK
MAKH), a ckopocTs koga R=MA/Q.

2. Pe3ynbTaTbl KOMMNbLIOTEPHOrO MOoAENMpPOBaHUA

[ns conocTaBneHns nomexoycTondmBocTn mogudumumposaHHoro AB, npusegéHHoro B [1] u
MoanduumnposaHHoro AKH BbINOMHEHO KOMMbIOTEPHOE MOLENMPOBaHME CUCTEMbI Mepedadn OBOUYHbIX
NPOTMBOMONOXHbLIX CUrHANoB, oToOpaxawwmx kogoBble O6uTbl. [MpyM MogenupoBaHuUM MO KaHany C

otHocutenbHon namsAteio L =0,1,2 npu HesaBUCMMbIX perieeBCKUX 3aMUPaHUAX PasfUYHbIX Tyven u

yyéte ABI nepepaBanacb WHgoOpMauMOHHaa nocnegoBaTenbHOCTb ©Onokamu no 124 6ura,
pasgenéHHbIMU 3alUUTHBIMU NPOMEXYTKaMn. ITK Bnoku noaBeprannucb CBEPTOYHOMY KOAMPOBAHMIO Npwu

KOZOBbIM orpaHndeHun V =4, ckopoctv koga R = ]/2 1 nopoxpgarowmx nonvHomax (31, 33) (napameTpbl
n3 ctanHgapta mobunbHonm cotoBon cBA3M GSM). lMonydalowmeca kogosble 6rokM gnuHon 256 6ut
noABepranucb MEepeMEXeHWo, Tak YTO KOAOBble 3MEeMEeHTbl OKasblBanuchb pasHecéHHbiMu Ha N =16
TaKkTOBbIX MHTepBanoB. B kaHane moaenupoBanncb He3aBUCUMMbIE pefieeBCKMe 3aMupaHus OTAErNbHbIX

KO[IOBbIX 3neMeHToB. B Tabn. 1 aaHbl akcnepumeHTanbHble 3aBucumoctn BOB 3, (Eb/NO), nosly4yeHHble

npu mogenuposaHun moandunumposaHHoro AKH npu msarkom gekogampoBaHuu, Eb — QHeprus curHana Ha
ouT. B TOM XXe Tabnuue gaHbl 3KCNepMMeHTarbHble 3aBUCMMOCTU ansa moanduumposaHHoro AB [1].

Tabnunua 1. 3aBMCMMOCTb OTHOLLEHWS CUTHanM-LLYM Eb/NO , b ana MAB n MAKH B 4acToTHo-
CesIeKTMBHOM 3ammpatoLLem KaHarse.

p,(E,/N,) | 102 | 10® | 10* | 10° | 10°

L=0 MAB 43 6,15 7,7 9,1 10,5
MAKH 3,0 4.4 55 6,5 7,4

L=1 MAB 3,9 5,45 6,7 7,8 8,9
MAKH 2,5 3,7 4.7 5,6 6,5

L=2 MAB 3,8 5,2 6,3 7,4 8,5
MAKH 2,3 3,4 4.4 5,25 7,1

3. BbiBoabl

MoaudumumpoBaHHbin anroputm AKH ans msarkoro gekogupoBaHus B kaHanax ¢ MCU n ABIL npwu
nepemeXxeHun CMMBOIIOB Ha nepedade obecnevmBaeT No CPaBHEHNIO C MOANMULIMPOBAHHBIM anropyTMOM
Butepbun (AB) [1] CyLLECTBEHHbIA 3HEPreTUYECKUI BbIUMPLIL. OTOT BbIUIPLIL PACTET MO MEPE YMEHbLLEHUS
3a0aHHON BEPOSAATHOCTM OWMOKM Ha OMT M nagaeT No Mepe YBENUYEHWst uYucna nyvyen B KaHane. B

o -6
OJHOMYy4YeBOM KaHarne aHepreTuydeckuin Boinrpbitl paseH 3,1 ab npu BOb>107".
NHxeHepHasa peannsaims o6Cya4aeMoro anropuTMa He Bbi3biBaeT NPUHLUNMANbHBLIX 3aTPYOAHEHWIA.
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In the report are bring results of computer modeling of noise-proof of modified Klovsky—Nikolaev
algorithms (MKNA) and modified Viterbi algorithm (MVA) for soft decoding in multipath channels (channels
with the intersymbol interference — ISI) with additive white Gaussian noise by interleaving of coded data.

As far as MKNA ensures a joint demodulation and decoding, it gives comparatively MVA a power
gain, increasing with reducing of required error probability per bit (BER). By the BER=10" the power gain is
equal 3.1 dB.

1. Short description of modified Viterbi algorithm (MVA) and modified Klovsky—Nikolaev
algorithm (MKNA)

Scheme, realization MVA for soft decoding an convolutional code in channels with ISI, AWGN and
interleaving of coded data is provide in work [1]. It consists of consecutively united blocks: block SOVA,
deinterleaver, Viterbi decoder. Block SOVA consecutively gives a hard deciding a demodulator on separate
code symbols (by means of the Viterbi algorithm) and information on symbol reliability, which takes a
decoding device into account. As far as in the considered scheme before entry of final deciding is rejected
information on channel memory.

Alternative variant of algorithm of soft decoding, which take into account channel memory
(algorithm to joint demodulation-decoding), is named MKNA.

Strong realization of this algorithm is impossible, as far as computing difficulty is proportional
exponential dependency from parameters N (number of signal intervals on the interleaving interval T;), D
(decision delay), n (length of the analyzed coded block). However, is designed simplify realization of
MKNA, which have a computing difficulty, proportional square of these parameters and is small yield on
noise-immunity of exact realization of MKNA [2]. MKNA can processing as with block codes (n, k) at the

code rate R=k/n, so and for decoding the convolutional codes, if N=V[EQ, where V — code
constraint length, € — depth of decision making (€ =2 by using MKNA), and velocity of code R= )\/Q.

2. Results of computer modeling

For the comparison of noise-proof modified VA, provide in [1] and modified KNA computer
modeling of transmission system of binary opposite signals is executed. At modeling on the channel with

the relative memory L =0,1,2 with independent Raleigh fading in different paths and AWGN information
sequence by blocks on 124 bits, divided by defensive gaps was send. These blocks were subjected to
convolutional coding with the constraint length v =4, velocities of code rate R=ZI/2 and generating

polynomials (31, 33) (parameters from the GSM). Getting code blocks by the length 256 bits were
subjected to the interleaver, so that the code elements was diversed on the time interval with the parameter

N =16. In the channel independent Raleigh fading for the separate code elements was modeling.
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3. Conclusions

Modified algorithm KNA for soft decoding in channels with I1SI and AWGN by interleaving of coded
data give essential power gain in compare with the modified Viterbi algorithm (VA). This power gain grows
by reducing of the required BER and falls by increasing of the number of channel paths. In the one-path
channel the power gain is equal 3,1 dB for BER=10".
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