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PROBLEMATICS OF USING A MULTI-THRESHOLD DECODER

Rakhimov T.G., Reypnazarov E.N.
Tashkent University of Information Technologies named after Muhammad al Khwarizmi

This article proposes the use of multi-threshold decoders of self-orthogonal codes in such
systems that provide high correcting ability with low implementation complexity. The tasks are
set, which must be solved before using the multi-threshold decoders as part of high-speed digital
data transmission systems, including digital television systems.

Requirements for the speed and reliability of the transfer of information from year to year
increase significantly [1]. As a result, the use of error correction algorithms can be problematic
because of the high complexity of the decoder, which will not be able to cope with the processing
of high-speed information flow [2], [3]. This leads to the need to search for new methods of error
correction, which, with high decoding efficiency, will have a low implementation complexity [4].
One of the most effective solutions to the described problems of noise-immune coding with high
correcting power is the use of the multi-threshold decoder (MTD) of self-orthogonal codes (SOC).

This decoder is the development of the simplest threshold decoder and allows you to
decode very long codes with linear length of code execution complexity [5], [6], [7]. At the heart
of the MTD is iterative decoding, which allows you to come close to solving the optimal decoder
in a sufficiently large range of code rates and noise levels in the channel. At the same time, MTD
preserves the simplicity and speed of a conventional threshold decoder, which meets the
requirements for existing and future high-speed information transmission systems [8] and digital
broadcasting systems [9]. It is the combination of these qualities that should allow MTD to fill in
the shortcomings of the described methods of noise-immune coding [10].

In operation, the MTD searches for the most plausible codeword by performing a
comparison of the codeword that is in the decoder and a codeword different from it in the decoded
symbol [11]. In this case, MTD, unlike a conventional threshold decoder, can always calculate the
total distance between the received message and the contents of the decoder. This allows the MTD
with each change of the decoded symbol to be strictly approximated to the solution of the optimal
decoder, since this distance necessarily decreases with each change of the decoded symbols [12]

Note that in order to obtain the best performance when using MTD, its developers proposed
a number of approaches [13], [14]. One of them is the choice of codes that are least susceptible to
the effect of multiplication errors in multi-threshold decoding. In this case, optimization is
performed to minimize the number of identical second differences between the positions of non-
zero elements of the generating polynomial [I15]. Another approach involves the use of cascading
encoding schemes in which external codes, such as codes with parity, Hamming codes and short
SOCs, are also used in conjunction with SOC decoded by MTD [16]. The application of the
proposed approaches allowed both to bring the MTD performance efficiency closer to the channel
capacity, and to reduce the probability of an error in the area of effective MTD performance.

MTD is one of the best methods of error correction in terms of the ratio of efficiency and
complexity of implementation and is therefore suitable for use in high-speed digital data
transmission systems, including in advanced digital television systems [17]. At the same time,
before the practical use of the MTD under specific conditions, when it is necessary to obtain the
best probabilistic-energy characteristics, it is necessary to do a huge amount of work.

First, it is necessary to choose or build the applied SOC. This code, as shown in [18], should
be least susceptible to the error propagation effect, which is manifested in the fact that when the
decoder commits the first error, the probability of occurrence of subsequent errors substantially
increases. This significantly degrades the characteristics of the iterative decoding scheme, which
includes MTD. Note that when constructing a “good” in terms of the resistance to propagation
errors of the SOC, it is necessary to perform a number of optimization procedures, in particular, to
choose the best code structure with parallel cascading. One of the algorithms of choice is the
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algorithm for obtaining the best codes involves carrying out computer simulation of a huge
volume, which may take weeks to run a normal personal computer.

After building the code, you need to adjust the parameters of the decoder, for which the
optimization procedure [19] is again performed, during which dozens are configured, and in some
cases even hundreds of MTD parameters. It is also quite costly from a computational point of view
operation.

At the final stage, it is necessary to make sure that the developed MTD meets the
requirements, assessing its probabilistic and energy characteristics. In case the target BER is not
very small (>10719), such an estimate is easily accomplished by computer simulation within several
hours of operation of the personal computer [20]. Note that the known analytical estimates of MTD
efficiency are strongly underestimated at a high noise level and are poorly suited for this purpose.
In the case if the target BER, as in modern and prospective digital television systems, is very small
(101! or less), then the process of obtaining such estimates with acceptable accuracy can be
delayed for weeks, months and even years of work of the personal computer. All this makes the
task of reducing the time for obtaining estimates of the effectiveness of MTD relevant. This task
can be solved both by increasing the speed of work of computer models of MTD, and by
developing more effective analytical methods for evaluating its characteristics [21].

In addition, in a number of transmission systems of various kinds of information, especially
in digital television systems, so-called adaptive coding and modulation are often used to improve
the efficiency of the communication channel, when code with one or another code rate is used
depending on the channel state and modulation of a larger or of a smaller order. For the MTD, the
questions of its application in such schemes were not solved before. Another complexity of the
use of self-orthogonal codes in such systems is due to the fact that they do not have a very large
code distance and, therefore, they are characterized by the presence of the so-called saturation
region of the error probability. This complicates the task of obtaining very low error probabilities
required in modern digital information transmission systems. Therefore, the problem of reducing
the probability of error when using self-orthogonal codes in the area of their suboptimal decoding
is also topical

In this article is shown that one of the best in terms of ef6ciency and complexity is the
multi-threshold decoder of self-orthogonal codes that can be used in advanced digital television
systems. The main problems arising in this process are identified and directions for their solution
are formulated.

List of references

1. Typymb6etoB, b.K., [Ixxongacbaesa, A.b., & Peitnnazapos, E.H. (2014). V36ekucronaa
WHTEPHETHUHT SHIM MMKOHMATIApu Ba LTE TexnonoruscunHuHr pusoxuianumu. In “XXI acp-
MHTEJUIEKTYyall aBJoJ] acpu’ IIMOPH OCTUAArH €Il ONUMIIap Ba TajmabalapHUHT XyIyIUd WIMUiL-
amaiuii KoH(pepeHusacH marepuaiiapu, 17-18 utons (pp.200-202).

2. QaizynnaeB, b.A., [xonmacbaeBa, A.b., & Peiinmnazapos, E.H. (2015).
Nudopmanuanslk ecamiay TapMakjapblHAa MarjblyMaT y3aTbly NPOLUECHHUH UMMHUTAIMSIIBIK
MoOJeNuH Kapately. In “®an, TabaMM Ba MNUIA0 YUKApUII HHTErpauuscuaa axooport-
KOMMYHHMKAIUS TEXHOJOTHSUIApUHM KYJUTAIIHUHT XO3UPrH 3aMOH Macananapu” PecrmyOnmka
WIMHA-TEXHUK aH)KyMaHHHUHT Mabpy3ajiap Tymiamu, 17-18 urons (pp.157-161).

3. Turumbetov, B.K., & Reypnazarov, E.N. (2015). GSM tarmog‘ining kommutatsiya va
tayanch stantsiyalar tizimining tarkibi. In “Axborot va telekommunikatsiya texnologiyalari
muammolari” Respublika ilmiy-texnik konferensiyasining ma’ruzalar to‘plami, 12-13 mart
(pp.257-259).

4. Kaipbergenov, B.T., Turumbetov, B.K., Atamuratov, A.T., & Reypnazarov, E.N.
(2015). Designing subscriber network according to PON technology. “European Applied
Sciences” International scientific journal. Stuttgart, Germany, 9, 45-48.

5. ®aizymnaes, b.A., TypymberoB, b.K.,, & Peiinnazapos, E.H. (2015).
TenexkoMMyHMKalMsg TapMOKIAPMHM OMMABMH XHM3MaT KypcaTUIIl TU3MMHU cudaThga TaIKUK

474



TUIIAa axO00pOT KOMMYHHUKAIMS TEeXHOJIOTHsutapuaan ¢oinananum. In “3amonaBuii pan Ba
TEXHUKa PUBOXKHUJIA axOOpOT Ba TEICKOMMYHHUKALUS TEXHOJIOTUSUIApUHUHT YpHU~ PecnmyOnuka
WIMHN-TEXHUK KOH(PEPEHIMSICHHUHT MaTeprauiapy tymiamu, 11-12 cerarsops (pp.203-205).

6. Typymberos, b.K., & Peiinnazapos, E.H. (2016). MynbTucepBuc TapMOKJIApUHU
taxauaiapaad xumosanaa Fraud Management Ba CRM-tuzumiiapu xamkopiuri. In “Ax60poT
Ba TEJICKOMMYHHKAIM TEXHOJIOTHsUIapH  Myammonapu”  PecryOnmka — MIMHIA-TEXHUK
KOH(EPEHIMICHHUHT Mabpy3anap Tymiamu, 10-11 mapt (pp.128-130).

7. Babajanova, T.M., & Reypnazarov, E.N. (2016). The main features of digital radio relay
links. In “dan Ba TabIUM-TapOUSHUHT 10i3apd Macananapu” PecryOsrka WIMHA-Ha3apuil Ba
aMaJIMi aHXKyMaH Matepuaiuiapu, 26-27 maii (pp.104-106).

8. Kaun6eprenos, Bb.T., daiizymnaeB, b.A., CmamyTtoB, A.A., & Pelinmnazapos, E.H.
(2016). MaTemaTrdeckoe MoieIpoBaHue aOCOPOIIMOHHOTO MpoIliecca Ha MPUMepe MPOU3BOICTBA
KaJIbIIMHUPOBAHHOM cojbl ¢ ucnosib3oBanueM naketa MATLAB-SIMULINK. TomkeHT maBnat
TE€XHHMKA YHUBEpPCUTETU xabapHoMacu. TamkeHT, 95(2), 36-41.

9. Typymbertos, b.K., & Peiinnazapos, E.H. (2017). TenexkoMMyHUKaLKs TEXHOJIOTUSIIAPU
HyHamumm Tanxabarapura UXTHCOCIUK (DaHIApUHU YKUTHINA BHPTYyal JlabopaTopusuiapaaH
doitnananum. In “Kagpnap rtaié€pnam cudaTuHu ommpuiiaa axO0opoT TEXHOIOTHSUIAPUHUHT
Yypuu” PecrryOnuka niamuid ycayOuii KoHpepeHIsIcH Mabpy3aiap TYIiaMu, 5-6 saBapsb (pp.156-
158).

10. babaxxanosa, T.M., Peiinnazapos, E.H., & Canaposa, .M. (2017). Tanabanapra IP-
TapMOK OViinda peasl BakT OBO3JM XaOaplapyHH Y3aTUII TaMOWHWJUIAPUHU YPraTUIIHUHT Y3Ura
xocnukinapu. In “Kagpnap Ttaiépmam cudatuHu omupuiiaa axo0poT TEXHOJOTHUSIIAPUHUHT
Vpuu” PecniyOnuka unmuii yciryouii kKoHdepeHIusicu Mabpy3aiap Tymiamu, 5-6 saBapb (pp.173-
174).

11. Paxumog, T.I'., & Peiinrazapos, E.H. (2017). Pakamun TeneBuaeHue TU3MMIIApUIa
XaJaKUTIap Ba IIOBKUHJIAp, yiapHu Oaprtapad »>Tum udopanapu. In “UxkrtucommérHuHr pean
TapMOKJIAPUHU WHHOBAIIMOH PUBOXKIAHUIIMIA aXOOPOT-KOMMYHHUKAIUS TEXHOJIOTHUSIAPUHUHT
axamuaTu” PecnyOnrka HIMHI-TEXHUK aH)KyMaHUHHUHT Mabpy3ajap Tymiaamu, 6 anpens (pp.196-
197).

12. Typymberos, b.K., & Peiinnazapos, E.H. (2017). FOxopu cudatim MabiyMoTIapHH
pean BakTaa y3arumga SCTP Ttpancnopr nporokosnmuu Kywtam. In “MKTucomuérHuHr peain
TapMOKJIADUHY WHHOBAIIMOH PUBOXJIAHUIIMJA aXOOpPOT-KOMMYHHUKAIUSl TEXHOJOTUSJIAPUHUHT
axamusaTH” PecryOmuka niMHA-TEXHUK aHKyYMaHUHUHT Mabpy3aiap TymniaaMmu, 6 anpeis (pp.244-
245).

13. Rakhimov, T.G., & Reypnazarov, E.N. (2017). Integration of terrestrial television
broadcasting with mobile communication networks. In “Tabaum Ba HAMHIA TaAKHKOTIAP
camMapaJopJMTMHU OIIMPHINIA 3aMOHABUH axOOpOT-KOMMYHHUKAIUS TEXHOJIOTHUS-TAPUHUHT
ypuu” PecryOinka HaMuii-aMalinii aHkyMaHi MaTepHaiapH TYIuiamu, 6 maii (pp.25-27).

14. Turumbetov, B., Reypnazarov, E., & Seytmambetova, D. (2017). WIMAX
texnologiyasi  xususiyatlari va imkoniyatlari. In “Tabaum Ba wWIMHHA  TaJAKHKOTIAp
camMapaJopJNTMHU OIIMPHINAA 3aMOHABUH axOOpOT-KOMMYHHUKAIUS TEXHOJIOTHS-TAPUHUHT
Yypuu” Pecnybnrka niMuii-aMainii aHKyMaHd MaTeprauiapy Tymiamu, 6 maii (pp.307-308).

15. Carrapos, X.A., & XyxkamaroB, X.3. (2015). Metoauka pa3BUTHS KOHCTPYKLUI
JATYNKOB YTJIOBBIX YcKopeHuil. Momoexs B Hayke: HoBeie aprymenTsl. 204-207.

16. Khujamatov, Kh.E. (2016). The quality of electrical energy in the three-phase electric
networks. ITpo6aeMb! 1 JOCTHKEHHUS COBpeMeHHOMN Hayku. 1, 154-156.

17. CupnukoB, N.X., & XyxkamaroB, X.O. (2016). Kaiita THUKIaHYBYM SHEPrUs
MaHOaNapUHU ¥3 MYMra OJraH TUOpUI SHEPrus TAbMHUHOTU TU3UMIIAPUHUHT OOLIKapyBHUHU
MojeItamTrpuin Ba Taakuk atunr “TATU xabarlari” ilmiy-texnika va axborot-tahliliy jurnali. 3,
60-66.

475



18. XyxamaroB, X.D. (2016). TenekomMmyHHKanus OOBEKTIAPUHH OapKapop 3JIEKTP
SHEPTUsCH OMJIaH TAabMUHIIAIIA ABTOHOM KY€ 3JieKTp craniusicunu Kyam. “TATU xabarlari”
ilmiy-texnika va axborot-tahliliy jurnali. 4, 22-31.

19. CupnukoB, U.X., Xyxkamaro, X.D3., & Paxmonoma, I'.C. (2017). Ympasnsembie
rUOpHIHBIE UICTOUHUKHU JIEKTPOCHAOXKEHUS 111 00bEKTOB TeJIeKOMMYHUKauui. In MaTepuasl
KoH(pepeHmu “TloTeHIMAN WMHTEIEKTYaJbHO OJAPEHHOM MOJIOJACKU-PA3BUTHIO HAYKH H
obpasoBauu”, (pp.121-123).

20. CupgnukoB, N.X., XyxamaroB, X.D., & llepxkanona, J[.C. (2017). TapmoknaHran
TEJIEKOMMYHUKAIUS 00BEKTIAPUHUHT SHEPIHsl TABMUHOTHIA THOpUT MaHOaIapHU MIUIATHUIL Ba
Oomkapui xapaénnapu taxamin. “Muhammad al-Xorazmiy avlodlari” ilmiy-amaliy va axborot-
tahliliy jurnal. 2, 35-41.

21. CupnukoB, N.X., Xyxamaro, X.D., & Xourypaes, .M. (2017). CoBpemeHHBIC
3JIEMEHTBl U YCTPOHCTBAa KOHTPOJS OAHO-U Tpex(a3HOro ssekrpuueckoro Toka. IloreHuman
MHTEJUIEKTYalIbHO OJJapEHHON MOJIOACKU-PA3BUTHIO HAyKH U oOpa3oBanus. 2, 119-121.

476



