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Heobxoanmoctbe obecneyeHns BbICOKOW MNOMEXOYCTONYMBOCTU NPU HEBOMbLIOW CMNOXHOCTU
KoanpoBaHust TpebyeT pasBUTUS MPOCTbIX MEeTOA0B ObICTporo u 3PHEKTUBHOrO AEKOAUPOBAHUS
KoppekTupylowmx kopos. [lpeanoxeHbl MeToObl KackaguMpOBaHWA Ha OCHOBE MHOrOMOpPOroBbiX
nexkopgepoe (MMA) c npoctom peanusauuven, 6nmskon Mo uucny onepauui K NpOCTENLLUM
MakoputapHbIM gekogepam.

MpumeHeHne MHoronoporoBeix Aekogepoe (MIL) [1-3] no3BonsieT obecneuntb pesynbTaThbl
06paboTKM MPUMHATOrO Koda, MOYTU coBnagawlime ¢ onTMManbHbiM gekogupoBaHuem (Of). MNpu atom
CnoxHoctb peanu3auum MM no oObEMY BbIMMCNEHMI OCTaETCA akTMYeckn ONU3KON K JIMHEWHOW OT
OJMHBI KoJda, YTO COOTBETCTBYET CaMOMy MpocTenwemMy M3 M3BecTHbIX aekopepy Meccu [4]. OCHOBHbIM
ceoncteom MI[ sBnsieTca cxogumocTb K pewieHunto Ol npu Bcex N3MeHeHnsIX eKOANPYEMbIX CMMBOSIOB. B
cBsA3M C 9TuMm obecnedeHne addekTMBHOro ucnonb3oBaHmsa MIO HenocpeaCTBEHHO CBSA3aHO C
BO3MOXHOCTbIO CO34aHWsl YCNOBMN ANS1 MakCUMarbHO AMNUTENbHOro npoLecca Koppekuun CMMBOMNOB. JTa
3apava b6bina pelweHa nytem noctpoeHusa ana MM cneyunanbHbIX KOOOB C OY€Hb ManbiM NOTEHUMansHbIM
YPOBHEM rpynnupoBaHns oLUIMBOK Npyv MaopuTapHOM AEeKOANPOBAHUM.

3ameTuMm, 4YTO OENCTBUTENbHO PasfMYHbIX 3PPEKTUBHBIX METOAO0B AEKOANMPOBAHUSA B pearibHbIX
CMYTHUKOBbIX KaHanax CBs3M Ha CamMOM [ene BecbMa HeMHoro. Haubonee wu3BeCTHbl [OeKoAephl,
peanusytowme anroputm Butepbun (AB), knaccmnyeckne kackagHble CXeMbl, Hanpumep, C UCMOSib30BaHNEM
AB u kogoB Puga-ConomoHa (AB-PC) [5], a Takke pasnunyHble HOBble cnocobbl KackagMpoBaHuWsl, Havano
pasBUTUIO KOTOPbIX nonoxunu Typ6o koabl (TK)[6]. Mpn 3TOM Henb3si MCNONb30BaTb CIMLLKOM [AfMHHbIE
koAbl Anst AB, NOCKOMbKY Npu 3TOM C POCTOM AJIMHBI KOAAa 3KCMOHEHUMAarnbHO pacTeT CIOXHOCTb Aekoaepa.
Bo3amoxHOCTK kackagHo cxembl (AB-PC) Takke oOrpaHu4eHbl CrOXHOCTbIO —peanu3aumm  obomx
cocTaBnsawmnx eé kogoB. CnoxHocTb peanuaaumm TK B 3Ha4YMTENbHON MEpe onpenensieTcs CrnoXXHOCTbH
TeX ONTUMAanbHbIX OEKOAEPOB, KOTOpPble OObIYHO SABMSAKTCA COCTABHOW 4acTbi anropMTMOB 3TOrO TUMA,
Hanpumep, AB Ans He oveHb ANWHHOIO koaa. Ecnn cnoXHocTb paccmaTpuBaTb Kak, B OCHOBHOM, YMCIIO
onepauun gekogepa, 7o ans TK cnoXHOCTb COOTBETCTBYyHOLEro Aekoaepa AB HyXHO elle YMHOXWUTb Ha
koappumumeHT nopsgka 10 + 20, YTO CBA3aAHO C BbIYUCIIEHNEM B HEKOTOPbLIX Cryyasix AOCTATOYHO CIOXHbIX
PyHKUMIA. BaxHbiM goctomHcTBOM TK ABRNsieTCA BO3MOXHOCTb OOCTMXKEHUS Ha ux Ba3e BeCbMa BbICOKUX
XapakTepUCTUK gekoampoBaHus. W HakoHel, Kak yXKe OTMevarnocb Bbllle, [JOCTAaTOYHO BbICOKME
XapakTepUCTUKM OOCTWKUMbI Ha 6ase anroputmoB Tuna ML, koTopble MOryT hakTMyecku onTumarnbHO
OeKoaMpoBaTh cneumarnbHble ANMHHBbIE KOAblI MPU 04eHb HEOOMbLLMX BbIYMCITUTENBHBIX 3aTpaTax.

Ha pwuc.1 npepcraeneHbl BO3MOXHOCTM MEPEYUCIIEHHBIX BbIlLE KackagHblx meTogoB. [lo
rOpM3OHTanNbHOM OCK yKaszaHa asHepreTnyeckas 3EeKTUBHOCTb KOAMPOBAHWS - OTHOLUEHWE SHEPTrUM Ha
MH(OPMALIMOHHBIA BUT K CNeKTparnbHOM NMOTHOCTM MOLLHOCTM Wwyma Eb/No, a no BepTukanm - BEpOSiTHOCTb
owmnbkn gekoampoBaHus Ha ouT Pb(e). BeptukanbHas nuHnss CM coOTBETCTBYET MPOMYCKHOW CNOCOBHOCTH
kaHana C=1/2 npu OBOMYHOM MOAYNSLMM U MSTKOM MOAEME C KBAHTOBAHMEM Ha 16 YpOBHEW, 4TO
NpakTUYEeCKN COBMNaZaeT CO Cry4aeM HenpepbiBHOTO HEKBAHTOBAHHOIO npuéma. Mpacduk myp6o - nyqwmi
pesynbTaT Ans Typbo KOOOB, MOMyYEeHHbIN aBTopamMu MeToda [6], Mpu BecbMa BbICOKOW CIOXHOCTU
peanu3aummn (go 10 000 onepauuii, 3aecb 1 ganee - Ha OUT AaHHbIX) ANA koga anvHbl K=65 Tbic. 6UTOB K
koposon ckopoctn R=1/2. pacpmk AB-PC coOTBETCTBYeT BO3MOXHOCTAM KackagHou cxembl ansa AB c
OBOMYHBIM KogoM anvHbl  K=7 n kogom PC pgnuHbl 255 6ant [7]. [Janee ykasaHbl HWKHWE OLIEHKU Ansi
BO3MOXHOCTE [BYX KOAOB, HasBaHHbIX nneTéHbiMn (MIET-K1,2) pnvHel K=10000 u K=1000
COOTBETCTBEHHO B KOTOPbLIX pasBuTbl ugen, 6rnvskne Kk TypbO KOOUPOBAHWUIO, MO3BOMSHOLIME YNPOCTUTb
nexkoguposaHue [8].

HakoHeu, obpatumcs Kk Bo3mMoxHocTam MIO. 3ToT metog AgoctatodHo 3 GEKTMBEH B CBOEM
6a30BOM HekackafHOM BapuaHTe B rayCCOBCKOM KaHare, obecneunBas npu Hebonbluon 3agepxke n R = 1/2
onTMManbHOEe AEKOAMPOBAHME OJIMHHBLIX KOAOB C BEPOSTHOCTBIO OWKNOKM Ha 6uT Pb(e) ~10° Ona ypOBHA
aHepretukn Eb/No = 3 gb. lNpocTele n TeM He MeHee oyeHb 3dhPeKTUBHbIE KackagHble cxembl MM ¢
KOJaMW KOHTPONSA Mo YETHOCTWU, MPaKTUYECKU He yBenvumBarommu BooOLLE CRNOXHOCTb AEKOAMPOBaHUS,
npeactaBneHsl Ha puc.1 rpadwvkamu MI4-K1,2. Yucno wvtepauuin BbINONHEHUSI OBbIYHLIX MOPOroBbIX
npoueayp CyMMUPOBaHUA MNPOBEPOK U WX CpaBHEHUs C noporom He 6Bonbwe J=20 B oboux cryyasix.
3apjepxka B CBEPTOYHOM BapuaHTe And nepsoro koga He 6onee 40 Toic. 6uT, a y BTOporo - meHee 5000.
BenuunHbl 3agepXXkn Npy HEOBXOAMMOCTU MOTYT OblTb YMEHbLLEHBDI.
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Haubonee cywecTBeHHbIM (hakTOpOM Npu BbIOOpe NpeanovTUTENbHbIX OEKOAEPOB ANA peanbHON
annapaTypbl cBsA3u sBnseTca 1o, 4to npu Eb/No >3 ob Bceraa MoXxHO npumMeHATb 06bivHbIN MMM naxe 6e3
KackagnpOBaHUS 1 OCYLLECTBNATb EKOAUPOBaHMeE, NPakTUYeckn coBnagatollee onTMMarbHbIM, C MOMOLLBHO
Jekogepa, KOTOpbIA MoYTK coBMagaeT € npocTerwmm noporoebiM gekogepom (MA) [4]. Yucno utepauwnii
gekogvpoBaHus B TakoM MM, HeckonbkO pa3 TOMbKO CYMMMUPYIOLEM B3BELUEHHbIE MPOBEPKU W
CpaBHMBAKOLMM pe3yrbTaT C NMOporomM, obbivHO J= 4 + 8, a cxema 3TOro npocTenLlIero Aekogepa MoXeT
OblTb cAenaHa Kak OAHOTaKTHOMW, Tak M ewé Oonee ObICTPOAEWCTBYHOLIEN, UYTO SBMSIETCS peLUaoLMM
hakTopOM A1 BbICOKOCKOPOCTHBIX KaHarnoB CBSI3N.

Mpn Eb/No <3 n R=1/2 B CNyTHMKOBOM KaHarne CpaBHEHME CIIOXHOCTW PasfMYHbIX OEKOAEPOB MO
yncny onepauuin nokasbiBaeT, yto Ml BO Bcex cnyvasx MpUMEHEHUs KackaaupoBaHWUS OKa3blBaeTcs
npuMepHO Ha 2 nopsaka npouwe. lNpu peanu3auum OOHOTAKTHOrO CYyMMMPOBAHUS Ha NOPOre HECKOSbKMX
HebonbLIMX LienblX YMcen, YTo Tonbko U Tpebyetcsa ana MMM, pasHuua NO CROXHOCTU CO BCEMWU OPYrUMM
M3BECTHbIMW anropuTMamMuM [OeKOAMPOBaHWUS NpeBbiCUT 3 AEeCATMYHbIX MOpsiAka Mpu  COMOCTaBUMOW
3PPEKTUBHOCTM MO IHEPTrETUKE.

Xota cdopmanbHasa cnoxHocTb MMM oueHnBaeTcs cBepXxy cooTHoweHnem M1=2*(J+2)*(d+1), rae d
— MUHMMAarnbHOE KOOOBOE paccTosHue ucnonb3dyemMbix B Ml kogoB, okasblBaeTcs, YTO NPy BO3MOXHOCTU
yXyALWeHns BEeposTHOCTM owwubku gekogepa Bcero BABOE, YTO OObIYHO BMOSHE AOMYCTUMO, MOXHO
peanu3oBaTb MPOLECC AEKOOUPOBAHUSA Tak, 4ToObl umcrio onepauun MM oueHMBanocb CBepxy Kak
M2=4*(d+3)+J*3. 3gecb y4uTeHbl M onepauuu nNpu gekogupoBaHum MM B kackagHom cxeme. Takum
o6pasom, Ml BoobLLEe NOYTK HE YBENMYMBAET CITIOXKHOCTb C POCTOM J.

K HacTosileMy BpeMeHM CO34aHO HECKONMbLKO MOKOSIEHWI annapaTypbl AeKoaMpoBaHmsa Ha 6ase MMM/
N eCTb pelleHus BeayLlmX NpeanpusTuin oTpacnn CBs3W O NepCrnekTMBHOCTM paboT B 3TOM HanpasneHuu u
nX Nnoaaepxke.

MpumeHeHne MM B coBpemMeHHOW KaHanoobpasywllen annapaType MO3BOMUT CYLIECTBEHHO
YCKOPUTb NMPOLECC CHMXEHUS JOMYCTUMbIX OTHOLLUEHUI CUrHan/lWyMm B JOPOrOCTOSILLUX CUCTEMAX CBSA3M, YTO
cosgact 6onee bnaronpusitTHble YCNOBMA A51S1 Pa3BUTUS BbICOKOCKOPOCTHbIX WUH(OPMAaLMOHHbBIX CETEN.
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MULTITHRESHOLD DECODER’S CONCATENATION FOR SATELLITE COMMUNICATION CHANNELS
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The necessity of maintenance of a high noise immunity at small complexity of coding demands
development of simple methods of fast and effective correcting code decoding. The concatenation methods
are offered at the basis of multithreshold decoders (MTD) with simple implementation, close in number of
operations to the elementary majority decoders.

Application of multithreshold decoders (MTD) [1-3] (literature is shown in Russian topic) allows to
ensure decoding almost conterminous to optimum decoding (OD). The complexity of implementation as a
calculation number corresponds to Massey’s decoder [4]. The main property of MTD is the convergence to
the solution OD, if decoder changes processing symbols. In this connection the maintenance of an effective
utilization MTD is directly connected to a capability of long-lived process of correction of characters. This
problem was solved by construction special codes with a very small potential level of grouping of errors at
maijority decoding.

There are no many really different effective methods of decoding. The relevant advantage of turbo
codes is the rather high decoding characteristics. And the high enough characteristics are possible on
the basis of algorithms MTD, which one can actually optimally decode special lengthy codes with very small
computing costs.

At fig.1 the capabilities of the concatenated methods are shown as Eb/No versus Pb (e). The
vertical CM corresponds to channel capacity C=1/2 for binary modulation and soft modem with 16
quantizing levels. The chart turbo (myp60)- best outcome for turbo codes obtained by the authors of the
method [6], with rather high complexity of implementation (up to 10 000 operations, hereinafter - per a data
bit) for a code length K=65 thousands bits and code rate R=1/2. The chart VA-RS (AB-PC) corresponds to
capabilities of VA with K=7 concatenated with code RS 255 bytes length [7]. The lower estimations for
capabilities of two wuven codes (IMTJIET-K1,2) with length K=10000 and K=1000 [8]. At last, we shall address
to capabilities MTD. This method is effective enough in the base non cascade version in Gaussian a
channel, providing at small delay and R=1/2 optimum decoding of lengthy codes with probability of an error
per bit Pb (e) ~10® for a level of power engineering Eb/No =23 gb. Simple and nevertheless very effective
MTD with code concatenating are submitted by the schedules MTD-C1,2 (MI14-K1,2). Delay in
convolution version for the maiden code no more than 40 thousand bit, and for second - less than 5000. The
delay factors can be reduced.

The most essential factor by selection of preferential decoders for an actual apparatus is that at
Eb/No=3 dB it is always possible to apply customary MTD to decoding practically optimally with the help of
the decoder, which one almost coincides the elementary threshold decoder (TD) [4]. At Eb/No <3 and R= 1/2
in a satellite channel the matching of complexity of different decoders as number of operations, that MTD in
all cases of application of cascading it appears approximately 100 times simpler. At implementation of
summation is quick, the difference in complexity with all other known decoding algorithms will exceed 3
decimal order in equal conditions. The formal MTD complexity is M1=2 * (J+2) * (d+1), where d - the
minimum code distance. They found better estimation M2=4*(d+3)+J*3.Thus, complexity MTD in general
with J growth almost does not increase. MTD is implemented in different ways. It have got official support
too. time-sharings.




