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PaccmatpuBaercsa MeTo BOCCTaHOBNEHUA NPONYLLIEHHbIX OTCYETOB aHaNIOrOBOrO CUrHana npu nux
nepejaye no KaHanaM CBA3U B NPUNOXKEHUAX UHTepHeTa Bellein. Llenbio paboTel ABnaerca Bbl-
BOJ] MaTeMaTUYECKOro onucaHusa npoLeaypbl BOCCTAHOBNEHUA 3HA4YEHUI OTCHETOB CUrHana ¢ Bbl-
X0Jla aHaJIOroBOro JaT4MKa Ha MPUEMHOM CTOPOHe, KoTopble He ObUlM NepefaHbl € Lenbio
YMeHbLLUEHUA Harpy3Ku Ha KaHanbl nepefaym gaHHeiXx. B ocHoBy npoueaypel 3anoxeHbl ussecr-
Hble NMPUHLUMbI AJaNTUBHOW 06pPaGOTKM CUrHANOB, OCHOBaHHbIE Ha AMHAMUYECKOM onpepjesne-
HUM napamMeTpoB LuchpoBbIX (PUNLTPOB Ha OCHOBE OLLEHKU CpeAHEKBaZpPaTU4HOIO OTKNOHEHUsA
curHana, npoxogsiiero Yepes ¢unbTp, OT HEKOTOPOrO 3TANOHHOIO CUrHana, NoNly4eHHOro TeM
Mnu uHbIM cnoco6omM. OcobeHHOCTBIO NpeanoXKeHHOro MeTo/a ABNAETCA pelleHne obpaTHo 3a-
[aY4M BOCCTAHOBJIEHUA OTCHETOB MCXOHOTO CUrHaNa Npy U3BECTHLIX NapaMeTpax PUNLTpa u aTa-
noHHoro curHana. B pa6ote ocylecTBneHa noctaHoBKa 3aZja4y Npomnycka U BOCCTAaHOBJIEHUA OT-
CYETOB AUCKPETHOrO CUrHaNa, NMoJly4eHO BblpaxKeHue ANA Lenesoi pyHKLMKM METOAQ BOCCTAHOB-
NeHnA NponyLLeHHbIX AUCKPETHBIX OTCYETOB, a TaKXKe BbipaXKeHUe ANA UTEepPaLMOHHOro BOCCTa~
HoBneHusA no Metody HbloToOHa 3HaYeHMIt OTCHETOB MCXOAHOTO AHANOrOBOrO CUrHaNa Ha npuem-
HOW CTOpOHe, KoTopble He GbINM MepeAaHbl MO KaHany nepefayn AaHHbIX. YCTaHOBMEHbI yCno-
BMA NPUMEHUMMOCTM METOAa, 3aK/IoYaloLMecs B anpyuopy U3BECTHLIX MapaMeTpax 3TanoHHOro
curHana u umcpposoro ¢uneTpa, KOTOpble ONpeAenAloTCA 3apaHee No U3BECTHLIM XapaKTepucTu-
KaM ncxopHoro curiana. B kayectse 3azjaum, Ana pelleHUsA KOTOPbIX NPUMEHUM NpPeAnoXKeHHbIV
MeTojl, paccMaTpuBaeTca ¢hunbTpaLmMa U nepeaayda no KaHasiaM CBA3M CUTHANOB 3M1EKTPOKapANo-
rpaMMbl, AJiA KOTOPOW B KauecTBe 3TaNoOHHOM (POPMbI MOXKET ObITb MONy4YeHa 3MeKTPOKapAno-
rpaMMa, Kak HopMa Ans 30poBbIX nauueHToB. MpakTUyeckana 3HAYMMOCTb NPE/JIOKEHHOTO Me-
Toja 3aK/loYaeTCA B OpraHUsaLuu pacnpefiefieHHbIX BbIYMCIIEHUA ANA CUCTEM MHTEpHeTa Be-
LLei, ANA KOTOPbIX KPUTUHYECKMN BaXKHbIM ABNAeTCA obecnevyeHne 3KOHOMUM SHEPTUM ABTOHOMHO-
ro UCTOYHUKA NMUTAHUA JATHYUMKOB U CHMIKEHUE HArpy3KM Ha KaHanbl Nnepefjaym JaHHbIX.
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BBenenue

PaccmarpuBaemas B pabote mpodieMa OTHOCHUTCS K KJaccy
3a1a4 afanTUBHOW 00pabOTKHM curHaiaoB. THIIOBBIMH 3aJadyaMu
9TOro KJjlacca SBJIAIOTCA 3aJaudl WACHTU(UKALUK HEH3BECTHOH
HEJIMHEHHOM CUCTEMBbI, KOMIICHCAIIUA 3XO-CUTHAJIOB, BbIpaBHU-
BaHHE XapaKTEPUCTHKH DJICKTPUYECKUX KAaHAJIOB CBSI3H, IIO-
CTPOCHUC aJlallTUBHBIX CUCTCM YIIpaBJICHUA, ITOCTPOCHUC aaall-
TUBHBIX aHTEHHBIX PEIIETOK, ITyMOOYHCTKA CUTHAJIOB, JINHEHHOE
npejackazanue cursaios [1-3].

OcHoOBHas uzest aJanTHBHOW 00pabOTKM CHUTHAIOB 3aKJIIOYa-
ercss B Iom0Ope M JMHAMHYECKOH NepecTpoiKe IapaMeTpoB
U(POBBIX (PUIBTPOB, BHIMOIHAEMBIX 110 cxeMaM, kak KMX-, Tak
n BUX-punpTpoB, a Takke WX KOMOWHAINHA, Ha3BIBAEMBIX pe-
meT4aTbiMA CTpyKTypamu. IlepecTpoiika mapaMeTpoB IQpo-
BBIX (DMIIBTPOB OCYIIECTBISIETCSI HA OCHOBE OLICHKH OTKJIOHEHHS
CUTHaJa, MPOXOJSINEro uepe3 GpuiIbTp, OT HEKOTOPOI'o ATajOH-
HOT'O CHT'HAJIa, IOJIyY€HHOTO TEM MJIM HHBIM CIIOCOOOM.

B TumoBoit apxutexType MpHIOKEHUH HHTepHeTa Bemei [4],
MIPE/ICTaBICHHONW Ha PUCYHKE 1, NIPU HMCIOJB30BaHUM aHAJIOTO-
BBIX JJaTYMKOB, YCTAHABIMBAEMBIX Ha Pa3IMYHbIC KOHTPOJIHpYE-
MBIC O6'I)CKTI)I, BO3HHUKAKOT 3aaa4yu (l)I/IJ'II)TpaIJ,I/II/I CHUMACEMBbIX
JIAaTYMKOM CUTHAJIOB.
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Puc. 1. OGmast CTpyKTypHasi cXeMa OpraHHU3aIi1 pacipe/IeIeHHBIX
BBIUHUCIICHUH B CUCTEMaX MHTEpPHETA Bellel

@unpTpanys CHUTHaJNA C JATYMKAa MOXKET OCYIIECTBISITHCS
MIPUMEHEHHEM aHAJIOTOBBIX CXEM, YCTAaHABJIMBACMBIX JIO IUCKpE-
THU3aTOpa, WIH UCIOIB30BAHUEM METOJOB IHU(PPOBON (QHIbTpa-
LMY TIOCJIE TIOY4EHUS TUCKPETHBIX OTCUETOB B AUCKPETHU3ATOPE.
JIMCKpeTHBI cUrHall ¢ JUCKPETH3aTOpa NepeaaeTcs B MHKPO-
KOHTpOJUIEp AaT4YMKA, OCHOBHAsI 3ajlada KOTOPOTO 3aKIH0UaeTcs
B OpTraHM3alMH Mepelady JAaHHBIX C JaT4hKa 110 OECIPOBOIHOMY
KaHally CBS3M B KOHTpOJUIEp cOopa AaHHBIX, KOTOPHIH, B CBOIO
ouepenp, obecrieynBaeT Iepefady CUTHajla JaTddKa Ha LeH-
TpanpHBI cepBep 0OpabOTKHM NaHHBIX uepe3 ceTh VHTepHeT.
ITpn 3TOM HaT4MK, QUCKPETH3aTOp CHUTHAJA JAAaTYMKAa U MHUKpO-
KOHTPOJUIEP JaTYMKa YCTAHABIMBAIOTCS HA OOLIYIO IJIATy C aB-
TOHOMHBIM MCTOYHHKOM MHUTaHHs Ha OCHOBE XUMHUYECKOI'O HC-
TOYHHKA TOKa — DaTaper WM aKKyMyJsiTopa. AKTHBHas pabora
IUIATHI JaTYMKa [IPUBOJUT K PACXOLy SHEPIMU UCTOYHUKA TOKA U
OrpaHMYMBAET BpeMsi pabOThl BCEH CHCTEMBI, UTO SIBISIETCS CY-
IIECTBEHHOM Mpo0IeMOl PHUIIOKEHUI HHTepHEeTa Beleit [4].

CymiecTByIOT Tak)Ke MPUIOKEHNUS MHTEPHETA BEIlel, B KOTO-
PBIX (QYHKIMH MHKPOKOHTpPOJUIEPA AATYNKA M MHUKPOKOHTpOJLIE-
pa cOopa JaHHBIX 00BEIUHSIOTCS. B 3TOM cityyae moJKitodeHue
Kk ceru lHTepHET OCYyILECTBIAETCS HEMOCPEICTBEHHO MHKPO-
KOHTPOJUIEPOM JAT4HKa 10 OECIpPOBOJHOMY KaHay, HAIpUMeED,
o npotokory NB-IoT [4], uTo moBbIIIaeT pacxoj SHepruu Oa-
Tapeil IIaTel JaTYMKa, IOCKOJIBKY B 3TOM cCilydae TpeOyercs
peanuzaiyst 6osee CI0KHBIX AITOPUTMOB IEPEadn JTAaHHBIX T10
cetn VIHTepHET IPOTOKOJIOB BEpXHUX ypoBHEH Momemn OSI.
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['maBHBIM HEJOCTATKOM NPHMEHEHUS aHAJIOTOBBIX (DHIIBTPOB
SIBIISIETCS TIOBBIIICHHBIE Ta0apyUThl JaT4niKa, OCOOEHHO B CHTYya-
LM, KOTJIAa CIEKTP IOJIE3HOTO CHTHAja OKa3bIBAETCS B HU3KO-
yacTOTHOH obnacTu. [ToaToMy B rocieHee BpeMst HCClleioBaTe-
JIM CTaIN YJAGNATH BCe OOJbIIe BHUMAHUS BOIpocaM (uibTpa-
LMY CHTHAJIOB C AHAJOTOBBIX JATYMUKOB B MPHIIOKEHHUSIX WHTEP-
HeTa Bemel MetogaMu nudpoBoit pumpTpannn [5-18].

Hcnonp3oBanue MeTo/10B 1U(POBOH (UIBTPALUK TTPUBOTUT
K HEOOXOJMMOCTH pa3pabOTKH CIIOKHBIX aJITOPUTMOB LIU(PPOBOIA
00paboOTKM CHUTHAJNOB, TPEOYIOMINX 3HAYUTENLHBIX BBIYMCIIH-
TeJIbHBIX 3aTpart. [IpakTrudeckas peanu3anus CIOKHBIX aIrOpPUT-
MOB 00pabOTKH MPUBOJHUT K HEOOXOANMOCTH YCTAaHOBKH Ha TLIa-
Ty JaT4MKa MHUKPOKOHTpOJIepa ¢ OoJiee BBHICOKUMHU BBIYHCIIHU-
TEJIbHBIMM BO3MOXXHOCTSIMH, YTO HPUBOAMUT K IIOBBIIICHHOMY
SHEPrornoTpedICHUIO.

OnHY U3 TOJIXOJI0B ISl PELICHHs ATOW MPOOJIeMBl 3aKiIioYa-
eTcsl B MCMOIb30BaHNHU MPOTPAaMMHUPYEMBIX TIOJIB30BATENIEM BEH-
TuibHEIX MaTtpunl FPGA ¢ HEH3KHUM SHEpromorpebiieHHeM
[19-28], ycTaHaBIMBaeMBIX IMEpe]; MUKPOKOHTPOJIICPOM JaTdH-
Ka, YTO HECKOJIBKO CHM)KAET PACXOJ 3HEpruu OaTapen JaTdyuKa,
HO HE permraeT npodIeMbl TaOAPUTOB IJIATHI JaTIHKA.

JpyruM moaxonoM IS pelieHus MpoOIeMbl CHUKEHHS pac-
XO/Ia DHEPIHMU U YMEHBIICHHS ra0apuTOB IUIATHI JATUUKA SIBIIS-
eTCsl MCIIONB30BAHME pACIpEeNIeHHBIX BBIYHCICHUH, Korjaa
OoJibIlIasi YacTh BBIYMCIUTENIBHBIX ONEPalMi TEePEKIIa(bIBACTCS
Ha KOHTpoJuIep cOopa JaHHBIX MM Ha HEHTPAIbHBIN cepBep 00-
paboTku manHbIX [29-37]. Ilpu 3TOM, KaK, HaIIpUMeEp, IOKa3aHO B
[37], yBenmuuBatoTcst 00beMbl TpadyKa JaHHBIX B KaHajlax CBS-
3M, 4TO SIBIISIETCS] KPUTHYHBIM (PAKTOPOM B OECIIPOBO/IHBIX KaHa-
Jax mepenadu JaHHBIX, TOCKOJIBKY TP YBEINYEHUH YUCTa JaT-
YHKOB MHTEPHETA BeIel Harpy3Ka Ha 3TH KaHAJbI, Pecypc KOTO-
PBIX OTpaHNYEH, BO3pPACTaeT.

B mannOit paboTe paccMaTpuBaeTCA MOIXOA, MPU KOTOPOM
(unpTpanus CUTHAJIOB C aHAJIOTOBOIO JaT4YMKa IOJHOCTBIO Iie-
PEKJIaabIBAaeTCsl Ha LIEHTPAIBHBIA cepBep 00paOOTKM JaHHBIX, a
npoOJieMa CHIKEHUS! TIOTOKOB JIaHHBIX B KaHaJax CBSI3HM pella-
€TCsl 3a CYET HCIIONB30BAaHUS METO/a BOCCTAHOBJICHMS MPOITY-
IIEHHBIX OTCYETOB aHAJOrOBOTO CHUTHANA MPHU MX Mepegade Io
KaHaJlaM CBSI3H.

CyTbh MeToJa 3aKJII04aeTcsi B MOAM(HUKAINY METOAA JIMHEH-
HOTO TIpeJCKa3aHusi B CHCTEMaxX aJalTHBHON 0OpaOOTKHM CUTHa-
JIOB, 3aKJIIOYAIOLICHCSl B TOM, YTO B KaHAJ Iepeladd JIaHHBIX
TepelaloTcss He BCE OTCUETHI JUCKPETHOTO CHTHANA C aHAJIOTo-
BOTO JIaT4YMKa, & MPOITYIICHHBIE OTCYETHI BOCCTAHABIMBAIOTCS HA
npueMHoOi ctopore. Kak u B MeTo/1ax JIMHEHHOTO MpeAcKa3aHus
CUTHAJIOB B TIPEUIOKEHHOM METOJIE MCIIONb3YETCsl 3apaHee OIl-
pEAEIICHHBIN STAJIOHHBINA CUTHAJL.

OnHako, B OTIAMYHE OT JIMHEHHOTO MpPEeACKA3aHMs, STOT CUT-
HaJl SIBJISIETCSl IETEPMUHUPOBAHHBIM U HE MEHSETCSl CO BpeMe-
Hem. Kpome 3T0r0, B mpeaoKEeHHOM METOJIE PEIaeTcs, B HEKO-
TOPOM CMbICIIe, OOpaTHas JIMHEHHOMY IpeJCKa3aHuIo 3ajaua,
KOrJia B pe3ysibTaTe MHUHUMH3AIMH 11EI€BON (QYHKIMU OIIpe/e-
nsrotest He koo durmenTs! udpoBoro GpuUIbTpa, a OIIEHUBAIOT-
Cs1 3HAUYEHHS TPOIYIIEHHBIX 0TCYEeTOB CHrHana. Camu ke Kod-
(UIMEHTHI ONpenessIoTCs 3apaHee, UCX0/1s U3 CBOMCTB CHUTHAIA
C aHAJIOTOBOTO JAaT4YMKa, YTO, HECOMHEHHO, OIPaHUYMBACT IPH-
MEHHMOCTb TPEIUIOKEHHOTO METOZA MPHIIOKEHUSIMI HHTEPHETa
BeIIeil, 17151 KOTOPBIX JAHHBIE YCIOBHUSI MOT'YT BBIITOJHEHBI.
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1. TlocraHoBKa 3a1a4M MPOMYCKA M BOCCTAHOBJICHUSI
0TCYETOB IUCKPETHOI0 CUTHAJIA

Onepatyst 1MpoBOi GUIBTPALIMK JJIsI HEPEKYPCHUBHOM JTUC-
KPETHOH 1IN MPEeCTaBIsIeT cOO0H MPOLeypy OIUCHIBAEMYIO B
0011IeM BUJIE CIIEIYIOIINM BEIPaKCHUEM:

y(@T)=3M_ byx(n-T-m-T), (1)

JlickpeTn3aTrop aHaJoroBOro CHrHajia JaTduKa OCYIIECTBIIs-
€T MOJyYeHHE JUCKPETHBIX OTCYETOB C AHAJIOTOBOTO BBIXOA
M3MEPUTEIBHOIO JIATYMKA U MEPEAaeT UX B MHUKPOKOHTPOILIED
JaTyuka, KOTOpBIf/'I OCYIIECTBJIACT BBINIOJIHCHUC YaCTH MaTEMa-
THUYECKUX OMepalui, coriacHo BeipaxeHus (1). Jlanee quckper-
HBIC OTCYETHI NPOMEKYTOUHBIX onepaunﬁ 0 KaHally mepeaadyu
JIAaHHBIX TIEPEJaloTCsl Ha MUKPOKOHTpOJIep cOopa JIaHHBIX, KO-
TOPBII 3aBEPIIACT BHITOJHEHHE BBIYNCIUTEIBHBIX ONEpaIui.

Kak Obuio ykazaHo B [37], mociie MPOBEACHUS ITUPPOBOH
(GUIBTpanNM BXOJHBIX OTCUETOB X;j, MOSIBISIETCS BOBMOXXHOCTH
MIPOBECTH NPOPEKHMBAHUE BBIXOJHBIX OTCUETOB Y; JUIS COKpaIllle-
HUsI 00BEMOB TEPeIaBacMbIX 110 KaHAY CBs3U JAaHHbBIX. OJIHAKO,
peanu3anusi 3THX OIEpaldii HeMmOCPEJCTBEHHO HAa MHMKPOKOH-
TPOJUICPE JaTyuKa NPUBOAUT K €I0 MOBBIIIEHHON BBIYUCIUTEIIb-
HOM 3arpy’>K€HHOCTHU U YBCIIMYMBACT pacxXod DHEPruu aBTOHOM-
HOT'O MCTOYHHUKA MTUTAHHS.

[Ipu opraHmzanmu pacrpee’eHHBIX BBIYHCICHHH HE00Xo-
JIIMO PELINTh BOIIPOC O TOM, KaKasl 4acTh MPEJCTAaBICHHOTO BbI-
pakenusi (1) OyzieT BBINOJHITHCS HA CTOPOHE aBTOHOMHOTO W3-
MEpHUTEJIBHOIO JIaTYMKa, a Kakas Ha CTOPOHE CTal[lOHAPHOTO
MHUKPOKOHTpOJIIepa coopa naHHbIX. [Ipu 3TOM HE0OX0 MO Haii-
TH HawWiIy4dllee paclpeaeieHHe BBIYNCIUTEIBHBIX Ollepaluni,
ONTUMAJIBHOE 110 KPUTEPHUSIM YMEHBIICHUSI HATPY3KH HA MUKPO-
KOHTPOJUIEP JaTYhKa, & TAKKEe MUHUMH3AIMK 00beMa Tpaduka,
LUPKYJIUPYIOIIEro B KaHaje repeaadn JaHHbIX.

PaccmoTrpum g poBoit GUIBTpP, MTOCTPOSHHBIH 10 CXeMe He-
PEKypCUBHOM TUCKPETHOH 1ienu (puc. 2).

Puc. 2. CtpykrypHas cxema HepeKypCHBHOTO IH(POBOTO GHUIBTPa

Xn Xp-1 1 Xp—2
? z71 ? z ?
by b, b,

Ha cxeme puc. 2 X; — 3T0 i-€ OTCUETHI HCXOJHOTO aHAJIOTOBO-
IO CHT'HaJa, KOTOPbIE UCIIOIB3YIOTCS ISl ONPE/ICNICHHs Y, — N-TO
OTCUETa BBIXOJIHOTO CHUTHaJIa IU(POBOro GHUIBTPA.

[Ipeamnonoxum, 4TO UCXOAHBINA aHAIOTOBBIA CUI'HAN X(t) sIB-
JISIETCS] CTALMOHAPHBIM CTOXACTHYECKUM MPOILIECCOM B MIMPOKOM
CMBICTIE, T.€. €r0 CPeHee 3HAUCHHUE M KOPPEIAIHOHHAS (pyHKINSA
HE MEHSIFOTCS IIPY TIEpEeHOCe Hadaa oTcyera BpeMeHH. [Ipu sTom
BBIXOJIHOM CUI'HaJI IPE/ICTABUM B BUJIE!

y(® =d(® — &V,

rae d(t) — Hexuil STaJOHHBIA JETEPMUHUPOBAHHBIA CHUTHAI, a
£(t) — curnan omMOKKM WK OTKJIOHeHHe curhaia y(t) or d(t).
Juist cxemsl (pHc. 2) BXOJHBIC OTCUETHI CHTHaNa X(t), HaunHas
C N-TO OTCYETA, MOXKHO MPECTABUTH B BUIE BEKTOPA:
— T
xn - [Xn' ---an—M] >

rae T — 03HAaYaeT Oreparyio TPAHCIIOHUPOBAHHS.

OrcueThl BBIXOAHOIO CHIHAjla MOXHO IPENCTaBUTh, COOT-
BETCTBEHHO, B BHJIC CKAJSIPHOTO MPOU3BEICHUSI BEKTOPOB BXO/I-
HOTO CUTHaNa U BecoBbIX Koddduuuentos By = [by, ..., by ] :

yn = Xi - By = By - Xy, 2)

Paccmorpum cuTyanmio, Korja BecoBble KOI(QGHUIMEHTHI
¢unpTpa By ompeseneHsl 3apaHee MCXOHs U3 CBOMCTB ATAJOH-
Horo curHana d(t) m ucxognoro curran x(t). IIpu aToM u3ydnm
BJIMSTHUE Ha KauyecTBO (HMIbTPALMH IPOITYCKOB OTCUCTOB CHTHA-
noB X, IPH YCIIOBHH, YTO BEPXHsISI YaCTOTa CIEKTpa CUrHaja
d(t) HaMHOTO MEHBIIIE YACTOTHl IHCKPETH3AIUU aHAJIOTOBOTO
curHana x(t). JlaHHas cuTyalys aHaJOTHYHA TIOJTHOMY IEePEHOCY
BBIYHCIICHUH Ha CTOPOHY MHKPOKOHTpOJUiepa cOopa JaHHBIX U
YMEHBILCHUIO TUIOTHOCTH TMOTOKa Mepelaud B KaHajle JaHHBIX
(puc. 1).

CdopmynupyeM 3amady B BUJIE€ BOCCTAHOBJIICHUS HA IPUEM-
HOM CTOpPOHE TPOITYIIEHHBIX OTCYETOB MOCIIEI0BATENLHOCTH Xy
TakK, YTOOBI BBIXOTHON CHUTHAJI ¥, KAK MO’KHO MEHBIIIE OTINYAIICS
OT JTAJIOHHOTO CHTHana dp, T.e. YTOOBI CHUTHAI Y, UME] Hau-
Jydiuee npuOIKeHne K currany d,,. s aToro BeIXOaHO# cur-
HaJl y, OyZeM CpaBHHUBATh C 3TAJIOHHBIM CHTHaIOM d,, U B pe-
3yJIbTaTe CPaBHEHUs ONPEJENSATh CUIHAN OIIUOKU €,, PaBHBIH

(2]:

€y = dp — ¥n.

I[aﬂee, HU3MCHMA 110 OIPCACIICHHOMY aJITOPUTMY TC 3HAYCHUA
OTCUYCTOB Xn, KOTOPBIC HC ObLIN nepeaaHbl, 6y,£[eM MUHUMU3HU-
pOBATh CPEJHEKBAIPATHYECKOE 3HAYCHUE OIIMOKHM €y

§ = E[£f],
Ha3bIBAEMOE IeJIEBOH (hyHKIIHEH.

2. lleneBasi pyHKIHSI MeTOAa BOCCTAHOBJICHHS
NPONYUIEHHbIX JUCKPETHBIX 0TCYETOB

,HJ'IH BbIBO/JIa IleJ'[eBOﬁ q)yHKIII/II/I BOCIIOJIb3YEMCS BbIPAKCHU-
€M CHTHaJja OIIHOKH:

Snzdn_Ynzdn_X’rI;'BMzdn_Bi\r/['xn'

BoszBenem B KBaIpaT CHUTHAN OIMIMOKK W HalJIeM MaTeMaTH-
YECKOE OXKHJAHHUE TOJTYYCHHOTO BBIPAKCHHS, YCPETHSS IO 1,
CYUTasA, YTO €, Yo U X, CTalIOHAPHbIC B HIMPOKOM CMBICIIE
BEJTUYHHEI [2]:

§ = E[e}] = E[d}] + By - E[X, - X7] - By — 2 -E[dy - X3] - By (3)

BI)Ipa)KeHI/Ie Honyquo ucxonass U3 yCJ'IOBI/ISI, YyTO MaTeMaTu-
9YEeCKOS OXKHUJIAHUE CYMMBI PaBHO CYMME MAaTEMAaTHUYCCKUX OXH-
JAHWW, CUTHAJIBI X, U d, HE SBJISFOTCS HC3aBUCHMBIMH, CIIC/IO-
BaTEIIbHO MATEMAaTHUYCCKOE OXHJIAHWE MPOM3BEACHUS HE PaBHO
MIPOU3BEACHUIO MAaTEMaTHUCCKUX OKHUIAHUH, a TAK)KE YITCHO TO,
4yT0 K03(h(PuIeHTs By BEIYUCIICHBI 3apaHee U HE 3aBHCAT OT N.

Baenem 00o3HaueHus:

R =E[X, X;] =
Xr21 Xn " Xn-1 Xn " Xn-M
2 )
E| Xn-17"%n Xn-1 Xn-1* Xpn-M
Xn-M " Xn  Xp-M " Xn-1 szl—M

Martpura R npencrasisier co00H KOPPETAIHMOHHYIO MaTPHILY
BXOJIHOTO cUTHana. Ee mnaroHagpHBIC 2JIEMEHTHI paBHBI CpEIHE-
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KBaJIpATHYHBIM 3HAYCHUSIM BXOJHBIX KOMIIOHEHTOB, a OCTajb-
HBIC DJIEMCHTHI — 3HAYCHUSM B3aHMOKOPPEILIIHOHHON (QyHKIHH
BXOJHBIX KOMIOHEHTOB. KaxkapIii ameMeHT MaTpuisl R mpu or-
PaHMYEHHOM YHCJIE OTCUETOB CHTHAJIOB M BBIYUCISAETCS IIO

bopmyie:

1 M-|n—-min(i,j)|
- . Xi 1 ¢ Xi 4
M-|n-min(ij)|+1 k=0 i=k " %j-k S

i=(,..,n—M),j=(,..,n—M),

= E[Xl 'XJ] =

TO €CTb IPEJICTABISIET COOOH OIEHKY KOPPEIALUOHHON (DyHKIINH
CITy4aifHOrO AMCKPETHOTO CUTHANA U BBIYMCISETCSA KaK CpeHee
3Ha4eHUEe OT MPOU3BEAEHUS CABHMHYTHIX APYr OTHOCUTEIBHO
JIpyra OrpaHMYEHHBIX [TOCIENI0BATEIbHOCTEN OTCUETOB BXOIHBIX
CUTHAJIOB pa3MepHoCcTH M.

P =E[d, - X!] = E[d, - Xn, dp *Xp_1, -, dp *Xp-m 1T

Bexkrop P mpencraBiser co0oif MHOKECTBO 3HAUCHUN B3ad-
MOKOPPEIAINOHHOW (YHKIUH OTCYETOB STAJIOHHOTO CHUTHAla
1 OTCUETOB BXOAHOTO curHama. Kaxnmslii smemeHT Bekropa P
BEIUHUCIIETCS TT0 hopMyTie:

pi = E[d, - x] = mZkM;Oln_ll Ak * Xk, 1 =
(n,..,n—M), %)

TO €CTh INPEJCTaBISIET COOOW cpeHee 3HAYEHUE IO N OT IPOU3-
BE/ICHHSI CUTHAIOB d;, M CABUHYTOTO OTHOCHTEIILHO HETO CHUTHa-
na Xp.

[leperumrem BeIpakeHne (3) ¢ y4eTOM BBEICHHBIX O0O3HA-
YEHUI:

£ =E[e2] = E[d2] +BJ;-R-By —2-PT-By. (6)

[Mouck MuHMMYyMa 1ieneBoil GyHKIMU (6) OyIeM OCYIIeCTB-
JISITh TPAUEHTHBIM METOJIOM, T.€. OYJeM HCKATh TAKOE 3HAUCHHE
&, IpU KOTOPOM €ro IPaJHMEHT IO OTCYETaM BXOJHOIO CUTHAJIA,
KOTOpBbIE He ObUIM TIepejansbl, OyJIeT paBeH HyJIIO:

a a(Biy-RB a(pT-B

= 25 _2BuRBu)_ 5 IF B _ g ™)
0Xg 0Xg 0Xg

rae Xg = [&y, ..., %, ..., X |T — BexTOp pasmepHocThio G, KOTO-

PBIif COIEPIKHUT TONBKO TE t SIEMEHTOB BeKTOpa X, KOTOphIE HE
OBLTH MepeaHbl 0 CUCTEME CBS3U H, CIICIOBATEIIBLHO, SBIISFOTCSI
MOJICKAIIUMU OLICHKE 3HAUCHHUSI MEPEMEHHBIMH, TPH 3TOM
G < M - uucno takux nepemenubix; 0 = [0,...,0]T — BexTop
cronber pasmepHocThto G. I'pamuent (7) Oymer paBeH HyIrO, a
reneBasi GyHKIHUS IPUMET MUHUMAIbHOE 3HAUCHHUE, eCIH OyneT
HaiiIeHO ONTHMAIBHOE 3HAUEHHE BeKTOpa X = Xg.

3. Metoa BoccTaHOBJIEHHSI IPONMYIIIEHHBIX 0TCYETOB
JUCKPETHOI0 CHTHAJIA

Takum 00pa3oM, 3aadya COCTOUT B TOM, 4TOOBI HAWTH TaKue
3HAYEHHs TIEPEMEHHBIX BEKTOpa Xg, KOTOPHIE MHHHMH3HPYIOT
neneByro (yHkmmto §. [ perieHus 3Tod 3ajadu MOXeET ObITh
NpUMeHeH [2] urepalMoHHBIH MeToa HbroTOHAa HaXOoXAEHUS
KOpHEH ypaBHEHUS, T.€. METOJ IOWCKAa TaKWX 3HAYCHUH Tepe-
MEHHBIX X, KOTOpbIe 00pamiaoT ypasHeHue (7) B TOXK/IECTBO C
HEKOTOPOH 33JaHHOM MOTPEITHOCTHIO .

B paccmarpuBaeMoM ciiydae METOJ] MOXKET OBITh OIUCAH BbI-
pakeHUEeM BUAA:
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FEE) 25(Xg) 25(Xg)
Xm+l _ gm _ 0% %% 9%
XG - XG 15 0ZE(X€) )y llt aZE(Xg) y ey H'G aZE(Xg) 5
(0%1)? 0%p)? —(aiG)z

®)

3[€Ch M — HOMEp urepaiuu, U = [|, ..., ug] — OGe3pasmepHbie
K03((ULMEHTHI, OTIPE/IEISIONIUE Iar UTEPAIlMy Ui BCeX Tepe-
MEHHBIX BeKTOpa X; MOCIIEN0BATENLHOE BHIYMCIEHHE BEKTOPOB
XT+1 5e06X0MMO BECTH [0 TeX TIOp, MOKA He Gy/eT BHINOJIHE-
Ho max(|¥PFt — g, ..., |¥P*+1 — g0 ) < §. Tocne sToro mpu-
HEMaeTcs, uTo Xg = Xa*1. B mpomecce momcka pemreHns Ko-
(G GHULIUEHTH L MOTYT U3MEHSTBHCS M PUHUMATH Pa3HbIE 3Haue-
HUS IS Pa3HBIX TIEpEMEHHBIX X¢ B Auanaszone 0 < p; < 1. Ipu
TIepBOii HTEPAIMK BEKTOP Xo YCTAHABIMBAETCS IPOU3BONIBHO.
PaccmoTpuM npousBoaHyto:

a(Ba~R~BM) _ 6(b%'f(n)(n)+"'+b0'bM'f(n—M)(n)+b0'b1'f(n)(n—1)+'”) +
aft ait
(... +b1 M T(n—M)(n-1)+" F(n-M)(n-M))
+ pre )
t

B Bripaxennu (9) HEHyJIEBBIMH MOTYT OBITH TOJNBKO TE€ Cia-
raeMble, KOTOpHIE COJEPIKAT TIePeMEHHBIe BEKTOpa X, BXOJIA-
mue B BoIpakeHus (4) s I). PaccMoTpuM Takoe craraemoe
BhIpaKeHns (9), KOTOpOe COEPXKUT NEPEMEHHYIO X, BekTopa X,
BKJIFOUasl BCE BO3MOJKHbBIE BapUAHTHI BXOXKCHUS ITOH TIepeMeH-
HOW B BbIP@XKEHHUE ISl T}

bs-bc . (X Xz Xy) — bs-b¢ . (a(szt,v:th'Xv) +
M-|n-min(ij)|+1 0%t M-|n-min(ij)|+1 0%¢
a(Ez=t,v~==txz'xv) + a(Zz¢t,v~=tXZ‘Xv) ++ a(z:z=t,v~=txz'xv)) —

0Xt 6xt BXt
_ bsbe | LY %

M_In—min()[+1 (Zt,v Xy + Zz,t X, + 2 tht) (10)

Takum 06pa3om, BapeHpyeMble nepeMeHHbIe Xy, (t =1 ...G),
BXOZAT B BeIpakeHHe MeTona HeroToHa (8) B mepBoil cremeHw.
DJIeMEHTHI Xy, U X, MPEICTaBIIOT OTCUETHI, KOTOpbIe OBIIM Te-
pelaHbl 0 KaHally CBA3M CHUCTEMBI pHC.l U, Clle0BaTENbHO, U3-
BECTHBI IPY UTEPAIIMOHHBIX BEIYUCIEHISIX 10 (hopmye (8). [Tpu
3TOM, B BeIpakeHHe (10) BXOAAT TOJIBKO T€ AIEMEHTHI Xy U X,
KOTOpbIE B MPOM3BEACHUSAX CYMM BBIpaKCHHA (4) YMHOXKAIOTCS
Ha TMepEeMEHHBIE X;.

PaccMoTrpum mpon3BoiHyO:

d(PT-Bm) _ 0(bo-Pn+b1-Pn—1++bm-Pn-m)
6?(»[ a)N(t ’

(11)

B Bepaskennu (11) HeHyIeBBIMUA MOTYT OBITH TOJBKO TE CJa-
raeMble, KOTOpHIE COJEPIKAT TIepPeMEHHbIe BEKTOpa X, BXOJIA-
mme B BblpaxkeHHs (5) st p;. PaccMoTpuM Takoe craraemoe
BeIpakeHus (11), KOTOpoe CONEpKUT MEepPEeMEHHYIO X; BEKTOpa
X, BKIIOYas Bce BO3MOKHBIE BAPHAHTHI BXOYKIEHHUSA JTOM Tepe-
MEHHOI1 B BBIpaXKCHHE JUIA Pj:

bs . 0 dz xy) — bs . (B(Zvitdz'xv) a(Zv:tdz'Xv)) —
M—|n—i| 6)”(t M—In—il Bit Of(t

bs
S ().

Takum 06pazom, mpousBoaHbie oT cnaraembix PT - By rpa-
nueHTa (7) mpeacTaBisiFoT CO00W KOHCTAHTHI.




CB43b

Torna nonyvaem:
9¥(XT) _
% Y MxMt

£.80) -2+ B (5 () ).

bg-bc
M—|n-min(ij)|+1

. (Zt,v Xy + Zz,txz +2-

(12)

Bropas npomsBonmHas neneBoit ¢ynkumu & mo X Oyner
paBHa:

9%5(Xg) _
(0%¢)?

2-bgbe )
M-|n-min(ij)|+1/’

= T ( (13)

TO €CTh IPEJCTABIISET COO0I KOHCTAHTY.

[Moncranoska (12) u (13) B BelpaxkeHue (§) Mo3BOJISIET OKOH-
YaTeJIbHO TIOJyYUTh BBIPAXKEHHE JUISI MTEPAllMOHHOTO BOCCTa-
HOBIICHHS 3HAYEHUH OTCYETOB CHTHaNa X(t) Ha MPUEMHOH CTO-
pOHE, KOTOpBIE HE OBUIM MEepefaHBl M0 KaHATy Iepeaadd JaH-
HBIX, 110 MeToty HbroTOHa:

Xm+1

Xm

[ bsbe
M-|n-min(i,j)|+1

ZMxM,1< -(Zl,vxv+Zz1xz+2~21>~<1)>—2~ZM1(M =] (X1 z)>

5 ( 2-bs b )
MxM,1\(M— In min(i,j)|+1

My
ZMxM,t(M_b;%;Cm)'H (Zthv+2tiz+2 tht)) 2‘2Mt<M o Ced z))

MU
MM\ M- |n—min(ij)|+1

He -

bsb
ZMxM,G( ——

M—[n—-min(i,j)|+1

(ZovxvtEz6X+2-Xg f(G)>—2'ZM,G<ﬁ'(ZG dz))

5 ( 2-bsbe )
MxM,G\M=|n—min(ij)|+1

Hg -

[Tocie BOCCTaHOBJIEHUS ITOCIENOBATEIBHOCTH BXOAHBIX OT-
CYETOB CHrHajia X, BBIXOJHbBIC OTCUETHl (QUIbTpa (pUC. 2) MOTYT
OBITH MTOITyYEHBI 110 BRIPAXKESHUTO (2).

3akaouenue

HpeHHO)KeHHBIﬁ METOJA OTHOCHUTCA K KJacCy aJalTHUBHBIX
cucTteM LU(PPOBOH 00pPaOOTKM CHTHAJIOB M MOXKET HCIIOJIB30-
BaThCsl IIPU YCIIOBHH, €CJIN ATAIOHHBIN curHan d(t) TouHO u3Bec-
TeH, a mapameTpsl 1udposoro Gpuistpa By onpenenensl 3apanee
10 U3BECTHBIM XapaKTepUCTUKaM CUTHAJI0B d(t) u x(t).

[TpumepoM Takoil CHTyaIii MOKET SIBIISIThCS 3a1a4da (QUIbT-
panuy 1 nepeiauu 1o KaHajlaM CBSI3M CUTHAJIOB AJIEKTPOKAPIHO-
TpaMMBI, TIOCKOJIBKY B 3TOM CIydae 3HaUCHHE MMeEeT (HUKCaIHs
OTKJIOHEHUI KapJuOrpaMMbl MalMEHTa OT HEKOTOPOM ATalloH-
HOH (DOPMBI, KOTOpasi MOXET OBbITh BbIJENICHa, KaK HOpMa AT
3/I0POBBIX MALIUEHTOB.

D70 N03BOJISIET 00ECHEUUTh 00a YCIOBUS IPUMEHUMOCTH Me-
toxa. [Ipu sTOM oOecreunBaeTCs 3KOHOMUS MOJIOCH IPOITyCKa-
HU KaHaJOB CBA3U U IEPEHOC BBIYMCIIMTEIIbHOM Harpysku ¢
KOHTpOJUIepa AaTYMKa 3JIEKTPOKapAHOrPaMMbl Ha KOHTPOILIEP
cOopa JaHHBIX WM Ha LIEHTPaIbHBIN cepBep.

[IpakTHueckas 3HAUNMOCTb MTPEIOKEHHOTO METO/a 3aKIIIo-
YaeTcsl B OpraHU3aliK PaclpeeIeHHbIX BBIYUCICHUN /ISl CUC-
TEeM MHTEpPHETa Belel, JJIsi KOTOPBIX KPUTUYECKH Ba’KHBIM SIB-
nsieTcsi oOecreyeHne 3KOHOMHMU SHEPrHH aBTOHOMHOTO HCTOY-
HUKa NMUTAHUS TAaTYNKOB M CHIDKCHNE HArpy3KH Ha KaHAIIBI Iie-
penadu JaHHBIX.
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Abstract

The paper discusses a method for recovering missing samples of an analog signal during transmission over communication channels in
applications of the Internet of Things. The aim of the work is to obtain a mathematical description of the procedure for restoring the
values of the signal samples from the output of the analog sensor on the receiving side, which were not transmitted in order to reduce
the load on data transmission channels. The procedure is based on the well-known principles of adaptive signal processing, based on
the dynamic determination of the parameters of digital filters based on the assessment of the least-mean-square (LMS) deviation of the
signal passing through the filter from a reference signal obtained in one way or another. A feature of the proposed method is the solu-
tion of the inverse problem of restoring the samples of the original signal with the known parameters of the filter and the reference
signal. In this work, the problem of skipping and restoring samples of a discrete signal is formulated, an expression is obtained for the
objective function of the method for restoring missing discrete samples, as well as an expression for iterative restoration by Newton's
method of the values of the samples of the original analog signal on the receiving side, which were not transmitted via the data trans-
mission channel. The conditions for the applicability of the method are established, which consist in the a priori known parameters of
the reference signal and the digital filter, which are determined in advance from the known characteristics of the original signal. Filtration
and transmission of electrocardiogram signals through communication channels, for which an electrocardiogram can be obtained as a
reference form, as the norm for healthy patients, is considered as a problem for the solution of which the proposed method is appli-
cable. The practical significance of the proposed method lies in the organization of distributed computing for loT systems, for which it
is critically important to ensure energy savings of an autonomous power source for sensors and reduce the load on data transmission
channels.

Keywords: Internet of Things, digital filtering, adaptive signal processing, discrete signals, communication channels, data transmission.

References

I. S. Haykin and B. Widrow (2003), Least-Mean-Square Adaptive Filters, Hoboken, NJ: Wiley -Interscience, 502 p.

2. Widrow B. and Stearns S (1989), Adaptive Signal Processing, Radio and communication, 440 p.

3. Dzhigan V. I. (2013), Adaptive signal filtering: theory and algorithms, Technosphere, 528 p.

4. Lee P. (2019), Architecture of the Internet of Things, DMK Press, 454 p.

5. Parshin A. Yu., Parshin Yu. N. (2020), Experimental study of adaptive signal processing against the background of flicker noise, Radio engineering, Vol.
84, No. [ 1(21). P. 72-81.

6. Terentyev M. N. (2018), Performance indicators of discrete wireless networks of the Internet of things, Scientific and technical bulletin of the Volga
region, No. | |. Pp. 258-260.

7. Kanishchev V.V., Kotenev D.D. (2018), Development of a human condition monitoring system based on data on heart rate variability, Problems of
Science and Education. No. 8 (20). Pp. 36-39.

8. Md Masud Rana, Md Kaisar R. Khan and Ahmed Abdelhadi (2020), loT Architecture for Cyber-Physical System State Estimation Using Unscented
Kalman Filter, Second International Conference on Inventive Research in Computing Applications (ICIRCA), Publisher: IEEE, DOI: 10.1109/ICIR-
CA48905.2020.9183350

9. Manus Henry (2020), Low cost, low pass Prism filtering, 2020 IEEE International Workshop on Metrology for Industry 4.0 & loT, Publisher: IEEE, DOI:
10.1109/Metroind4.0l0T48571.2020.9138232.

10. Md Khalid Hossain Jewel, Rabiu Sale Zakariyya and Fujiang LinA (2020), Pilot-based Hybrid and Reduced Complexity Channel Estimation Method for
Downlink NB-loT Systems, 2020 IEEE MTT-S International Wireless Symposium (IWS), Publisher: IEEE, DOI: 10.1109/IWS49314.2020.9360009.

I'l. Hany Hammad (2018), New Tecnhique for loT indoor localization by employing segmented UHF RFID bandwith using bandpass filters and circula-
tors, 20/8 [8th International Symposium on Antenna Technology and Applied Electromagnetics (ANTEM), Publisher: IEEE, DOI:
10.1109/ANTEM.2018.8573027.

12. Abhishek Ambede, A. P. Vinod and Shanker Shreejith (2017), Efficient FPGA implementation of a variable digital filter based spectrum sensing scheme
for cognitive loT systems, 2017 Global Internet of Things Summit (GloTS), Publisher: IEEE, DOI: 10.1109/GIOTS.2017.8016230.

I3. Bart J. Thijssen, Eric A. M. Klumperink, Philip Quinlan and Bram Nauta (2019), A 0.06-3.4-MHz 92- ? W Analog FIR Channel Selection Filter With
Very Sharp Transition Band for loT Receivers, IEEE Solid-State Circuits Letters, Vol. 2, Issue 9, Sept. 2019. Pp. 171-174, DOI: 10.1109/LSSC.2019.2935569.
14. Jason Chao, Dennis Liu, Skid Chiu, Chia Shy Chang and Heinz Ru (2019), Ultra-miniature SAW filter new structure: for 5G loT mobile device, 2019
I4th International Microsystems, Packaging, Assembly and Circuits Technology Conference (IMPACT), Publisher: IEEE, DOI:
10.1109/IMPACT47228.2019.9024957.

I5. Md Anam Mahmud, Ahmed Abdelgawad, Kumar Yelamarthi and Yasser A Ismail (2017), Signal processing techniques for loT-based structural health
monitoring, 2017 29th International Conference on Microelectronics (ICM), Publisher: IEEE, DOI: 10.1109/ICM.2017.8268825.

T-Comm Tom I5. #11-2021




CBA3b

16. Cheng Kang, Sizheng Chen, Na Yan, Yunyong Yu and Hao Min (2018), A Low-power Third-Order Butterworth Filter for NB-loT Application, 20/8
| 4th IEEE International Conference on Solid-State and Integrated Circuit Technology (ICSICT), Publisher: IEEE, DOI: 10.1109/ICSICT.2018.8564966.

17. Aghus Sofwan, Sumardi and Nely Ulwiyati (2018), Filtering for Data Acquisition on Wireless Sensor Network, 20/8 5th International Conference on
Information Technology, Computer, and Electrical Engineering (ICITACEE), Publisher: IEEE, DOI: 10.1109/ICITACEE.2018.8576940.

18. Emmanuel Oyekanlu and Kevin Scoles (2018), Towards Low-Cost, Real-Time, Distributed Signal and Data Processing for Artificial Intelligence
Applications at Edges of Large Industrial and Internet Networks, 2018 IEEE First International Conference on Artificial Intelligence and Knowledge Engineering
(AIKE), Publisher: IEEE, DOI: 10.1109/AIKE.2018.00037.

19. Strogonov A.V. (2015), Digital signal processing in the basis of programmable logic integrated circuits: textbook, Voronezh State Technical University,
URL: https://cchgeu.ru/upload/iblock/206/osnovy-tsos-v-plis_2015.pdf (date accessed: 05/08/2021).

20. Anirut Trakultritrung, Ekkawin Thanangchusin and Sorawat Chivapreecha (2012), Distributed arithmetic LMS adaptive filter implementation without
look-up table, 2012 9th International Conference on Electrical Engineering/Electronics, Computer, Telecommunications and Information Technology, Publisher:
IEEE, DOI: 10.1109/ECTICon.2012.6254284.

21. N. Gowtham and P. Babu (2014), An efficient architecture for BLMS adaptive filter based on distributed arithmetic technique, 20/4 International
Conference on Green Computing Communication and Electrical Engineering (ICGCCEE), Publisher: IEEE, DOI: 10.1109/ICGCCEE.2014.6921425.

22. S. Raghunadha Reddy and P. JayaKrishnan (2017), ASIC implementation of distributed arithmetic in adaptive FIR filter, 2017 International Conference
on Circuit, Power and Computing Technologies (ICCPCT), Publisher: IEEE, DOI: 10.1109/ICCPCT.2017.8074252.

23. Walter Huang and David V. Anderson (2009), Adaptive filters using modified sliding-block distributed arithmetic with offset binary coding, 2009 IEEE
International Conference on Acoustics, Speech and Signal Processing, Publisher: IEEE, DOI: 10.1109/ICASSP.2009.4959641.

24. Atul A. Chandekar and Mahesh Pawar (2017), Delay and power optimized adaptive filter using distributed arithmetic, 2017 International conference
of Electronics, Communication and Aerospace Technology (ICECA), Publisher: IEEE, DOI: 10.1109/ICECA.2017.8203682.

25. Ushenina I. (2021), Calculation, analysis and implementation of an FIR filter on FPGA using the FIR Compiler 7.2 IP module, Components and tech-
nologies, No. 2(235), P. 57-64.

26. Khludenyov A.V. (2020), Effective implementation of an FIR filter on FPGA, Actual problems and prospects in the field of engineering training.
Pp. 239-245.

27. Mukhin A.E. and Ulanov P.N. (2020), Application of FPGA for Signal Processing in DDC SDR Receiver, High Performance Computing Systems and
Technologies. Vol. 4. No. |. Pp. 46-50.

28. Soloviev V.V. (2020), Design of functional blocks of embedded systems on FPGA, Hotline — Telecom, 348 p.

29. Md Anam Mahmud, Kyle Bates, Trent Wood, Ahmed Abdelgawad and Kumar Yelamarthi (2018), A complete Internet of Things (loT) platform for
Structural Health Monitoring (SHM), 2018 IEEE 4th World Forum on Internet of Things (WF-loT), Publisher: IEEE, DOI: 10.1109/WF-1oT.2018.8355094.
30. Du Yong Kim, Ju Hong Yoon, Yong Hoon Kim and Vladimir Shin (2010), Distributed information fusion filter with intermittent observations, 20/0
| 3th International Conference on Information Fusion, Publisher: IEEE, DOI: 10.1109/ICIF.2010.5711988.

31. Haiyang Yu, Yisha Liu and Wei Wang (2014) Distributed sparse signal estimation in sensor networks using H-consensus filtering, IEEE/CAA Journal of
Automatica Sinica, Vol. |, Issue 2, April 2014., Pp. 149-154, DOI: 10.1109/JAS.2014.7004544

32. Hui Long, Zhihua Qu, Xiaoping Fan and Shaoqiang Liu (2012), Distributed extended kalman filter based on consensus filter for wireless sensor net-
work, Proceedings of the |0th World Congress on Intelligent Control and Automation, Publisher: IEEE, DOI: 10.1109/VWCICA.2012.6359205.

33. Eremin O. Yu. And Stepanova M. V. (2020), Organization of distributed computing in the infrastructure of the Internet of things based on rein-
forcement learning methods, Mathematical methods in engineering and technology. Vol 12-3. Pp. |1 1-114.

34. Nefedova |.S., Finogeev A.A. and Finogeev A.G. (2016), Distributed data processing in wireless sensor networks based on a multi-agent approach
and fog computing, Proceedings of the International Symposium "Reliability and Quality", Penza: Penza State University, Vol. |. Pp. 258-260.

35. Lyashchenko A.M., Manucharyan L.Kh. and Pachev A.N. (2019), Implementation of loT applications using the AKKA agent model, Engineering Bulletin
of Don, No. 5(56). P. 32.

36. Al-Mardi Mohammed Haydar Awadh (2018), Features of distributed computing, taken into account in methods of optimizing algorithms for the vol-
ume of interprocessor transfers, Computer tools in education. No. 2. Pp. 31-38.

37. V. V. Ryzhakov and E. V. Prohorova (2020), Electrocardiogram Signals Digital Processing in a Distributed Computing System, 2020 Systems of Signal
Synchronization, Generating and Processing in Telecommunications (SYNCHROINFO), Publisher: IEEE, DOI: 10.1109/SYNCHROINFO49631.2020.9166080.

Information about authors:
Ekaterina V. Prohorova, Surgut State University, Postgraduate Student, Techer of Dept. of Radioelectronics and Electricity, prohorova_ev@surgu.ru

Vitaliy V. Ryzhakov, Surgut State University, Head of Dept. of Radioelectronics and Electricity, ryzhakov_w@surgu.ru

T-Comm Vol.I5. #11-2021




