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PeTPOCIeKTHBA U COBPEeMEHHOe COCTOsIHMe
Butszes B.B.
Ps3anckuii rocy1apCTBEHHBIN paIMOTEXHUYECKUM YHUBEPCUTET

BBenenne

MHuorockopocTHas 00paboTka curHanoB (multirate processing) mpeAnonaraeT, 4To B MpoIiec-
ce JIMHEWHOro peoOpa3oBaHus HU(POBBIX CUTHAJIOB BO3MOYKHO U3MEHEHHUE YaCTOThI JUCKPETU-
3allMd B CTOPOHY YMEHBIICHUS WM YBEIWYCHHS U, KaK CIEJCTBHE, TpeOyeMon ckopocTu oOpa-
00TKH. DTO MpPUBOIUT K Oosiee 3hekTnBHONM 00padOTKE CHTHAJIOB, TaK KaK OTKPBHIBACTCS BO3-
MOKHOCTh 3HAYUTEIBHOTO YMEHBIICHHUS] TpeOyeMOW BBIYUCIUTEIHHONW MPOU3BOAUTEIHLHOCTH
POCKTHPYEMOH TUPPOBON CHCTEMBI.

B nocnennue roapl B 001acT MHOTOCKOPOCTHOM 00pabOTKU CUTHAIIOB JOCTUTHYTHI TPOMaI-
Hble ycrexu. MHOTOCKOpOCTHAsl pMIIbTpaIisl U OCOOEHHOCTH €€ MPUMEHEHUs CTaIH MPEIMETOM
UCCJIEIOBaHU MHOTOUYUCIEHHBIX Hay4dHbIX paboT mo L{OC. IMosiBunuck necsatku MoHorpaduii u
y4eOHBIX TOCOOMI, TaK WJIM NHAYE CBS3aHHBIX C HAYYHBIMHU U NPAKTHUECKUMHU JIOCTHKEHUSIMU B
atoii obnactu [1 — 7]. CoBeplilieHHO YHUKaIbHbIE BOBMOKHOCTH J1a€T UCIOJIB30BaHNE MHOTOCKO-
pocTHON 00pabOTKM B CHCTEMax aJalTHBHON M HEMUHEWHOW (QHUIbTpaIMH, CKATHs, aHAIH3a |
BOCCTAHOBJICHHSI PEUH, 3BYKA U N300PaKCHHIA.

B noknane paccmarpuBaeTcs 3BOJIONMS TEOPUM M TEXHUKH MHOTOCKOPOCTHOM 00pabOTKH
CUTHAJIOB B Nepuoj ¢ Hayana 70-X MponuIoro CTOJAETUS 10 HAIUX AHEH ¢ MO3UIMHU BKJIaaa, KO-
TOPBIA BHECIU B 3Ty TEOPHUIO U MPAKTHKY PabOTHI POCCUHCKUX YYEHBIX M CIEIHAJINCTOB B 00-
nactu uudpoBoit 00pabOTKH CUTHAJIOB.

IBOJIIOLUSA TEOPHH U TEXHMKH MHOTOCKOPOCTHOI 00pa00TKH CHTHAJIOB

Kak moka3zpiBaeT aHanu3 paboT, OMyOJIMKOBAHHBIX MO MpodIeMaM MHOTOCKOPOCTHOM oOpa-
0OOTKM CUTHAJIOB B Ieproj ¢ Hayasia 70-X rojoB MPOIJIOro CTOJETHS U M0 HACTOSIIEE BpeMs, B
Pa3BUTHM JAHHOTO HAIPABJICHUS UCCIEIOBAaHUN MOYKHO YCJIOBHO BbIAEIUTH Tpu 3Tana. Ha mep-
BoM dtane (1975 — 1985 rr.) Obuin 3al0XKEHBI TEOPETUYECKUE OCHOBBI MHOTOCKOPOCTHOM
bunbTpan ¥ 00pabOTKU CUTHAIOB C MPUMEHEHUEM JEIUMAIUA M UHTEPIOAINH, dh(PexToB
MPOpPEXKUBAHUS IO BpeMeHH U 110 yactote [1, 2]. Ha Bropom stane (1985 — 1995 rr.) nomyunina
pa3BUTHE TEOpHUs KOMIICHCAIIMM HAJIO)KEHUH W TMOJHOTO BOCCTAHOBIJICHHUS INPHU CHUHTE3€e OaHKa
GbubTPOB ¢ MONHOM nenumarueit [3]. beuta ycTaHoBIeHa CBSI3b C BEHBIIET-TIpeoOpa3oBaHueM [ 8-
11] . Tperuii atam (1995 — 2005 1T.) — 3TO ATaN MIMPOKOTO MPAKTUYECKOTO BHEIPEHUSI METOIOB
MHOT'OCKOPOCTHOM 00pa0OTKM CUTHAJIOB M JAJIbHEHIIETO UX Pa3BUTUS M cUcTeMaTu3auuu [6,7].
Baxxnyto posb Ha 3TOM 3Tarne urpaer co3ganue 3pGeKTUBHBIX HHCTPYMEHTAIBHBIX CPEACTB aB-
TOMAaTHU3UPOBAHHOTO MPOEKTHPOBaHUs cucteM MHorockopoctHoi L{OC, peanusyembix Ha 0ase
uGpoBbIX curHaibHbIX npoueccopax (LICII) u nporpamMmMupyeMbIX JTOTHYECKUX UHTETPATbHBIX
cxemax (IJTUC).

Oman 1. OcHO6bl MHOZOCKOPOCMHOI 0OPAOOMKU CUZHAIO6

HcTopudecku mepBeIMUA pabOTaMu IO MHOTOCKOPOCTHOW 00paboTKe CHTHAIOB SBJISIOTCS HC-
cienoBanus amepukanckux yueHbix P. [lladepa, JI. Pabunepa [12], I'. Oytkuna, T. ITapkca [13]
[0 IPUMEHEHHUIO JIMHEHHBIX MUPPOBBIX (UIBTPOB K MHTEPHOJSILUN CUTHAIOB. B TO BpeMs kak
MOJIMHOMMAJIbHAS UHTEPIOJISAIMS HEJOCTAIOINX JaHHBIX OCTaBajach KJIACCUUYECKON mpoliaemMoi
YHCJICHHOTO aHaJIM3a, HOBBIH IMOAX0/] BbI3BaJl OBBIIICHHBIN HHTEPEC Y CIEIMAINCTOB B 00JIACTH
[HOC. Onnako TOYKOW OTCUeTa cleAayer cuutath 1974 roxa, Korga mosiBUIACH CTaThs (PpaHITy3-
ckux yuensix M. bemnanxe, X. Jorera, I'. Jlemanona «MHTeprionsiusi, 3KCTPAnosILus U
YMEHBIIIEHNE CKOPOCTH BBIUUCICHUH B 1U(PpoBbIX dunbTpax» [14]. ['ox ciycTst BBIXOIUT cepus
pabot amepukanckux crnenuanuctoB JI. Pabunepa, P. Kpomnbe [15, 16], P. lllusenu [17], B xo-
TOPBIX PACCMATPHUBACTCS ONTHUMH3ALUS MHOTOCKOPOCTHBIX CTPYKTYp Yy3KomosocHbix KWX-
(GUIBTPOB MO KPUTEPHIO MUHMMHU3ALUHU OOIIETO YMCIIa YMHOXCHUN M sY€eK MaMATH JaHHBIX.
JanpHelmme ucciaeIoBanms ’TUX aBTOPOB ObUTH ITPOI0JDKEHBI B padoTtax [18, 19]. B [20] Bnep-
Bble OblIa mpeanoxkeHa nonudasnas Gopma GuiIbTpa-genumMaTopa U (GpuiabTpa-uHTEPHOIATOPA,
M03BOJIAOMAsA 3PPEKTUBHO UCTIOIB30BAThH NMPOCThIE MATEMATHUYECKUE MOJEIN OJJHOCKOPOCTHBIX



cucTeM OOpa0OTKM CUTHAJIOB JJISi ONMMCAHWS W MPOTPAMMHOM peau3allii MHOTOCKOPOCTHBIX
CHCTEM.

Hauunas ¢ 1975 roga, npoBOJsATCS aKTUBHBIE UCCIIEOBAHUS 10 MHOTOCKOPOCTHOM (huiibTpa-
uu 1 B CCCP. B paGore [21] Obl1a npeacTaBieHa OJHOCTYIEHYaTas CTPYKTypa y3KOIMOJIOCHOTO
HU3KOYaCTOTHOTO (PUIBTpa ¢ MPUMEHEHHUEM BTOPHUYHOM OUCKPETH3ALMH U MOCIEAYIOLIEH HH-
TEPIOJISALMIH, B KOTOPOH (PUIBTP-IEeUMATOp BIEpPBbIE ObLI MOCTPOEH 0 MapajiesIbHOW Gopme.
3TO MO3BOIMIIO ISl UCTIOJIB3YEMBIX MPHUIIOKECHUH YMEHBIINTH B JECATKH Pa3 HE TOJBKO 00beM
BBIYUCIICHUM, HO M YUCIIO PErHCTPOB NamsiATH JaHHbIX. C TeM 4TOObI pacIIUupUTh PacCMOTPEH-
HBII MOAX0/1 Ha OoJiee OOMUH CiTydail — CHHTE3 Y3KOIIOJIOCHBIX (PMIBTPOB C MMPOU3BOJILHOM IICH-
TpaJbHOM YacTOTOM MOJIOCHI MPOIMYCKAaHUs U BBICOKOW MpsMoyronbHOCcThio AUX, B [22] Oblia
NpeUIO’KeHa JIBYXCTYTIEHYATasl Pean3anus ¢ UCIOIb30BAHUEM JOTIOJIHUTEIBHOTO (POPMHUPYIO-
mero ¢uibTpa. B nocaenyromue 10 jetr uaes MHOMOCKOPOCTHOM 00paOOTKH IMOJTydMsia CBOE
pa3BUTHE MPUMEHUTEIHHO K MOCTPOCHHUIO HA0Opa MU(PPOBBIX MOJOCOBBIX (HIBTPOB Ha OCHOBE
3¢ (deKTOB NMPOPEKUBAHUS 110 BPEMEHH U 1o yacToTe. CHCTEeMAaTU3UPOBAHHOE U3JI0KEHUE 3TUX
METO/IOB MOXXHO HaTH B MOHOTpaduu [2].

OpHUM U3 SIPKHUX COOBITUH B TEOPUU U MPUMEHEHUH MHOTOCKOPOCTHOM 00pabOTKH B 3TH TO-
Jbl ObUIO BBEJIEHUE JByXKaHAJIBHOTO OaHKa KBaApaTypHO-3epKajbHBIX (uiabTpoB (K3®D) mns
KOMIIPECCUH PEUYEBOIO CUTHaNA. B COOTBETCTBHUHU C JaHHBIM METOJOM CHTHAJI PACKIIaJbIBaeTCs
Ha HU3KOYACTOTHYIO M BBICOKOYACTOTHYIO CYOIOJOCHBIE COCTABISIONIME C HCIIOJIb30BAaHHEM
6aHka punabTpoB aHanu3a. Kax el cyOnosocHbI CUTHAN JELMMUPYETCS ¢ MOHMKEHUEM 4acTo-
TBI IUCKPETH3AlMU B J1BA pa3a u Koaupyercs ( kBaHTyercs ). [[pokBaHTOBaHHBIE CyOITOIOCHBIE
CUTHAJIbI MOT'YT OBbITh PEKOMOMHHMPOBAHBI C UCIOJIb30BaHUEM OaHKA (PUIBTPOB CHHTE3a AJISl BOC-
CTaHOBJICHUSI MCXOIHOTO curHaja. [Ipm 3TOM BO3HUKAeT OImMMOKA BOCCTAHOBIICHHS, KOTOpas
00yCJIOBJIeHa YaCTHYHO KoMIipeccueil ( cyOrnosoCHbIM KBaHTOBAaHUEM ) U YACTMYHO MOIPEIIHO-
CTSIMH, BOSHHKAIOIIMMH Ha JTarle pearn3anin GuibTpoB aHATN3a U CHHTE3A.

KiroueBbIM MCTOUHUKOM OLIMOKH BOCCTAHOBJICHUS SIBJISIFOTCS HAJOXKEHHUS CIIEKTpa HU(POBO-
IO CUTHAJIa TIPU €T0 JIIMMAaLIH, TIOCKOJIBbKY (PUIBTPHI aHATN3a SBIISIOTCS HEUICAIbHBIMU B 30HE
UX HENpO3payHOCTU. DTO TPeOYyeT MPUHATUSA KAKUX-TO PELIEHUH 110 KOMIEHCAIMN HAJIOKEHU.
JIlpyruM MCTOYHHUKOM OIIMOKH SIBJISIOTCS aMIUIUTYTHO-()a30BbIEe NCKAXKEHHUS, BHOCUMbIE OaHKOM
¢bunsTpoB. Beé€ aTo npenmnonaraer, 4to 0aHK (GUIBTPOB MOJHOTO BOCCTAHOBJICHUS JOJDKEH 00J1a-
JlaTh CBOMCTBAaMH, KOTOPBIE YCTPAHSIOT BCE BUIbl UCKakeHUM. IloaTOMYy manbHeWlne ycuins
YUYEHBIX M CIIEHUAIUCTOB [0 MHOIOCKOPOCTHON 00pa00TKe CUIHAJIOB OBbLIM HAlpaBJIEHbl HA pa3-
paboTKy TeOpHH KOMIICHCAIIMH HAJIOKEHUH U TIOJTHOTO BOCCTAHOBIJICHUS.

Oman 2. banku punbmpoe ¢ noaHbIM U KEA3UNOIHBIM 60CCHIAHOBIEHUEM

3amada CHUHTE3a CUCTEM IOJHOTO BOCCTAHOBIICHHS ObLIa MpEXkJe BCETO peIIeHa JUIs AByXKa-
HaspHOro 6anka K3® ¢ ncnosnp3oBanueM noiudasHoro npeacTaBieHus CTPYKTYpbl (PUIBTPOB U
YCIIOBHI apayHUTAPHOCTH MONK(a3HON MaTpUIIB 6€3 MOTEPh.

B mocnenyronux uccienoBaHusx ObLT BeIpaboTaH Oosee oOmMKA MOIXO0M K CHHTE3Yy OaHKa
(GUIBTPOB C MaKCUMAaJIbHOM JelMMaIMeld U MOJHBIM BOCCTAHOBJICHHUEM, PACIIMPEHHBIA HA M -
IIOJIOCHBIE CUCTEMBbI aHAJIN3a-CUHTE3A.

B cinyuyae paBHOMepHOro pa3OueHHsT MCXOJHOrO curHana x(n7) Ha CyOIOJIOCHBIE COCTaB-

JIIFOIINE (V[ =M 1Js1 BCEX l=1,_M) VA —06pa3 BOCCTAHOBJICHHOI'O CUTHAJIA IPUHUMACT BUJ
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W3 (1) BuAHO, 4YTO HApSAIy C UCXOAHBIM CUTHAJIOM BOCCTAHOBIICHHBIM CHUTHAN COACPKUT (M —1)
COCTABIIAIOIIMX HAJIOXKECHUSI X (zW’), [>0. IToaToMy riiaBHas 3ajjaya Ha 3Tafe CUHTE3a — KOMIIEH-
cauus (M —1) - KpaTHBIX HAJIOKEHHUI.
YcnoBue KOMIEH AN HAT0KEHUI B MATPUYHON (opMe MPUHUMAET BU:
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Ecnu Matrpuna KOMIIOHEHT HAJIOXKEHUN [H, (zWh)] JIOTIyCKaeT oOpallleHre, TO TEOPETUYECKU

MOKHO HaWTH (PUIBTPBI CUHTE3a F,(z), k=0, M —1, KOMIIEHCUPYIOILIUE HAJIOKEHUS MOJTHOCTBIO.

OpHako mpu 3TOM OOpaTHas MaTpHLA MPH OOPAIIEHUH MATPHUIBI KOMIOHEHT MOXET COOTBETCT-
BoBaThb BUX-dunbrpam u, Kak ClIeICTBHE, CUCTEMa CTAHOBHUTCS HEYCTOWYMBON WM MOTpeOyeT
UCTIOJIb30BaHUs (PMIIBTPOB OYCHb BBICOKHUX MOPSIKOB. [1o 3TUM nmpuyrHaM oOpalieHne MaTpUIlbl
KOMIIOHEHT HaJIOKEHHUS HE MPUEMIIEMO, U Topa3io 0oJiee YJauHbIM SIBJISETCS MOIXO, OMHPAIO-
muiics, Kak W i aByxkaHaneHOoro K3®, Ha momudasHoe npeacraBieHre GUIBTPOB aHATN3A-
CHUHTE3a, pacCMaTpUBaeMOe B KJlacce MapayHUTAPHBIX MaTpUll 6€3 MOTePb.

Bo mHOrux MPUITOKCHUAX MOCTPOCHUC CUCTCMbI aHAJIN3a-CHUHTE3a C TCOPCTUYCCKHU ITOJIHBIM
BOCCTAHOBJICHHEM SIBJISIETCS HEOOs3aTeNbHBIM. J[0CTaTOUHO CHHTE3UPOBATh CUTHAN C Hamepen
3aJaHHON TOYHOCTHIO. J{J1s mocTpoeHust 6aHKa (PUIBTPOB C «KBA3HUIIOJHBIM» BOCCTAHOBIIEHHUEM
pPa3HBIMH aBTOPaMU MPEIJIOKEHO OOJBIIOE KOJUYECTBO Pa3HOOOPa3HBIX METOAMK. MHorue u3
HUX MMEIOT 3BPUCTHUYECKUN XapaKTep W MpeIHa3HA4YeHbl ISl pacyeTa OrpPaHMUYEHHOIO Kiacca
Oanka ¢GuiabTpoB. Jlpyrue moaxojibl, MpeTeHIyIONINE Ha OOIIHOCTb, MOXHO Pa3JeIUTh Ha KJIacc
0aHKOB (PUIIBTPOB, MOJyYaeMbIX MPH MOMOIIHU TaK Ha3bIBAEMOU « H, -ONTUMH3AIUN», U Ha KJ1acc

0aHKOB (DHIIBTPOB HA OCHOBE KOCHHYCHOW MOAYJISAIMN (DUIbTpa-TIPOTOTHIIA.

MHorockopocTHble OaHKHM (PUIBTPOB, KaK MOKA3alM MapajuielbHble uccnenoanus [§ — 11],
OYCHb TECHO CBS3aHBI C BEWBJIET-TIpeoOpazoBanreM. BeiiBner-npeodpa3oBaHue BHITIOIHSET JIe-
KOMITO3UITUIO CUTHAJIA 10 0a3UCHBIM (PYHKILHUSAM C Pa3IUYHBIM «BECOM» MOCIEAHUX B PA3IMYHBIX
YaCTOTHO-BPEMEHHBIX ydacTkax. Kaxnas 0a3ucHas QyHKIUS sBIsSETCS BepCHEN pacIIUpEeHus U
CIBHUTa TaK HA3bIBAEMOW «MATEPUHCKOI» (TOpOoXKAaroieii) BeiBiaeT-QyHkiuu. BelBiaeTs — 310
OUEHb I10JIE3HOE MPE/CTABICHUE CUTHAJIOB C BPEMSANIEPEMEHHBIMU XapaKTEPUCTUKAMMU.

BeiiBner-npeoOpa3oBanue ObUIO H3HAYAIBHO PA3BUTO JUISL aHAJIOTOBBIX CUTHaNOB. OJTHUM U3
Han0oJiee BaXKHbBIX JOCTHXEHHUH 3a MPOLIEIIee IECATUIIETHE SIBJIETCS MPEXkKIE BCEro yCTaHOB-
JICHHE MaTeMaTHYECKOW 3aBUCUMOCTH MEXy HENPEpPBHIBHBIMU IO BPEMEHH BeiBieTaMu U OaH-
KOM JIUCKPETHBIX (MIIBTPOB, @ TAKXKE UX CBSI3M C MPEACTABIEHUEM CUTHAJIOB, MTPEINOarariuM
MHOKECTBEHHOE  paspelleHue 1o vactore. Hanpumep, oOpTOHOpManbHOE  BEHBIET-
npecTaBieHne ¢ 0a3uCHBIMU (DYHKIUSAMH KOHEYHOM UIMTEILHOCTH OTHOCUTCS K JPEBOBHJIHO-
My COEIUHEHHIO IBYXKAaHAJIBHOTO OPTOHOPMANbHOro OaHka (uibTpoB. CHHTE3MPYS OAMH U3
(GUIBTPOB aHaNIM3a B JABYXKAaHAJIBHOM MOJYyJE€ TaKUM 00pa3oM, 4TOObl OH MMEJ J10CTaTOYHOE
YHCIIO HyJIeH B 00JIACTH BBICOKHMX YacTOT, MOKHO JI0OUTHCS BelBieT-0a3uca, Hanbonee OIU3KO-
'O K )KeJIaeMOMY.

Oman 3. OnmumanvHoe NPOEKMUPOSAHUE CUCHEM AHANU3A-CUHME3A HA CUSHATbHBIX
npoueccopax

B konie 90-X ro0B NpoNUIOro CTOJNETHS U Havale HOBOTO BeKa MPOJODKAIOTCS TalbHEHIIINe
MHTEHCUBHBIE MCCIIEI0OBAHUS U CUCTEMAaTH3allis 3HaHUH B 00J1acTH 001IEei TEOpUU MHOTOCKOPO-
CTHOW OOpaOOTKM CHUTHAIOB M CUHTe3a OaHka (UIbTpoB. Teopuss MHOTOCKOPOCTHOTO OaHKa
(GuUIBTPOB BBI3BANA 1LIEJIO€ CEMENUCTBO TEOPEM JIMCKPETU3ALMH, JOMOJHSIOUUX KIACCUYECKYIO
teopeMy KorenbHukoBa-HalikBucta. BMecTe ¢ TeM OCHOBHOM akIIEHT B 3TH I'OJ[bl CMEIIAETCS B
CTOPOHY IPUKIAJHBIX Pa3pabOTOK, MPEXIE BCErOo MPUMEHUTEIBHO K CUCTEMAM TEJIEKOMMYHHU-
Kalluil 1 KOMIIPECCUM ayJIMo- U BUIEOCUTHAJIOB. Pemaroiiyto posib urpaer pazpaboTka METOAM-
K{, QJITOPUTMOB ¥ TPOTPAMM MOJICIIMPOBAHKS ¥ ONTHMAJIbHOTO aBTOMATH3HPOBAHHOTO MPOEK-
TUPOBAaHMS CUCTEM aHAIM3a-CUHTE3a CUI'HAJIOB HAa OCHOBE OaHKa (pUIBTPOB U aJanTUBHON 0Opa-
0O0TKH.

B ocHoBe nanbHeiiero pasBuTHs CyONOJIOCHOIO KOAMPOBaHUS, Y3PPEKTUBHON peanu3anuu
9X0-KOMIIEHCATOPOB M SKBaJIal3€pOB JICKUT UAEsI MHOTOCKOPOCTHOM alalTUBHON (puibTpanuu.
CyTb uzen 3aKiroyaercs B MPeIBApUTEIbHOM YaCTOTHO-BPEMEHHOM «PacIIeINICHUW» BXOJHOTO
CUTHAJIa C TIOMONIbIO OaHKa (GUIBTPOB U MOCIEAYIONMIEH aTanTHBHONW 00paObOTKH KaXKI0# CyOIo-



JIOCHOM COCTaBIIAOIEH MO 3aJaHHOMY anroputMy. [Ipm HE0OXOIMMOCTH Ha 3Tane CUHTE3a BbI-
TIOJTHSICTCS TyaibHasl TpOLeaypa BOCCTAHOBICHUS BBIXOIHOTO CHUTHANA, MPEABAPUTEILHO CiKa-
TOTO WJIA «OYHIICHHOTO» OT IIOMEX, ITyMOB M NUCKaXCHUH.

[Ipy mpOEKTUPOBAHUYU CHCTEM aJalTUBHONH MHOTOCKOPOCTHOH OOpaOOTKH CHTHAJOB BCTAaeT
HENbI KOMIUIEKC IMPOOJIeM, CBSI3aHHBIX C MOMCKOM Hamboiee 3(pPEeKTUBHBIX HANEKHO Pado-
TAIONIMX CTPYKTYp M ONTHMHU3AIMEl mapameTpoB cuctembl. Kakum o0pa3oM peann3oBaTh CO-
BMECTHYIO aJallTalfio B CyOnoiaocHbIX kKaHamax? Kak OyayT BIHATH HAIIOKEHUS TIPU UCTIOIH30-
BaHMU AeruMann? CKOJBKO CyOITOJIOCHBIX KaHAIOB U C KAKUMH XapaKTePUCTHKaMu o0ecriedaT
HAMBBICITYIO TIPOM3BOIUTEIHLHOCTh M Ka4eCTBO PabOTHI BCEH CHUCTEMBI aJallTUBHOM MHOTOCKO-
pocTHOI 00paboTku curHanoB? Bce 3ToO U ABISETCS MPeIMETOM UCCIIEI0BaHHI B JaHHOH o0mac-
TH Ha COBPEMEHHOM JTarle.

[Touck 3¢h(eKTHBHBIX CTPYKTYp CUCTEMBI aHAIN3a-CUHTE3a C IPUMEHEHUEM OaHKa (HIbTPOB,
TPeOYIONNI ONTUMH3AINN «CTPYKTYPHBIX» MapaMeTpoB ( uncio GuiIbTpoB B HAOOpE, 3HAUCHHE
K03((OUIMEHTOB ACHUMAINH, MOPSIIKU (QUIBTPOB, YHCIO CTyNEHEH mpeoOpa3oBaHHs ), TOCTa-
BWJI BOTIPOC O pa3pabOTKe METOJMKH ONTUMAIBHOTO MPOEKTHpOoBaHUsA. [10CKOIBKY B OONBIINH-
CTBE CIIy4yaeB amrmapaTHO-TporpamMmMHas peanmuzanus cucremsl LIOC opueHTHpyeTCsl Ha pHMe-
nenue L[CII, To, kak cieacTBue, MOA00HAsT METOUKA JTOJKHA ObUTa OTpaKaTh BCE OCOOSHHOCTH
APXUTEKTYpPbl M BHYTPEHHHE PECYpPCHI TAaHHOTO KJIacca MHKPOIPOIIECCOPHBIX CPEACTB 00paboT-
kd. MeToauka ONTUMaJIbHOTO MPOEKTUPOBAHUS HAa CUTHAIBHBIX Iponeccopax cucteM LIOC ObI-
Ja 3aJI0’KeHa B [2] ¥ moy4mia AajbHeiIee pa3BUTHE U IPUMEHEHUE B TIOCIIEAHUE TOIBI.

Jlureparypa

Crochiere R.E., Rabiner L. Multirate Digital Signal Processing. Prentice Hall. Englewood Cliffs.- NJ, 1983.

BuTsizer B.B. Lludposas yactorHas cexekuust cursanos. M.: Pagno u cBsizp, 1993. 240 c.

Vaidyanathan P.P. Multirate Systems and Filter Banks. Prentice Hall. Englewood Cliffs.- NJ, 1993.

Mitra S.K. Digital Signal Processing: a computer-based approach. McGraw-Hill. Comp. Inc., 1998.

OcHoBbl nndpoBoii 06padotku curnanos: Kypc nexuuit / A.U. Cononuna, JI.A. Ynaxosuu, C.M. ApOy30B u

np. CII6.: BXB-IletepOypr, 2003. 608 c.

Anipnaep D.C., Ixepuc B.Y. Ludposas obpaboTka curHamoB: mpaktudeckuid kKypc : Ilep. ¢ anrm. M.:

U3z n.mom «Bunesamcey, 2004. 992 c.

7. The Digital Signal Processing Handbook / Ed. Vijay K. Madisetti, Douglas B. Williams by CRC Press LLC,
1998.

8. Meyer Y. Wavelets and Operators / Cambridge University Press. Cambridge.- UK, 1990.

9. Meyer Y. Wavelets: Algorithms and Applications // SIAM. Philadelphia.- PA, 1993.

10. Vetterli M., Kovacevic J. Wavelets and Subband Coding. Prentice Hall. Englewood Cliffs.- NJ, 1995.

11. Strang G., Nguyen T. Wavelets and Filter Banks. Wellesley-Cambridge Press. Cambridge.- UK, 1996.

12. Shafer R.W., Rabiner L.R. A digital signal processing approach to interpolation // Proc. IEEE. V. 61. June,
1973. P. 692-702.

13. Oetken G., Parks T.W., Schussler W. New results in the design of interpolators / IEEE Trans. Acoust., Speech
and Signal Processing. V. ASSP-23. June, 1975. P. 301-309.

14. Bellanger M.G., Daguet J.L., Hepagnol G.P. Interpolation, extrapolation and reduction of computation speed in
digital filter // IEEE Trans. Acoust., Speech and Signal Processing. V. ASSP-22. Aug., 1974. P. 231-235.

15. Rabiner L.R., Crochiere R.E. A novel implementation for narrow-band FIR digital filters // IEEE Trans.
Acoust., Speech and Signal Processing. V. ASSP-23. Oct., 1975. P. 457-464.

16. Crochiere R.E., Rabiner L.R. Optimum FIR digital filter implementations for decimation, interpolation and nar-
row band filtering // IEEE Trans. Acoust., Speech and Signal Processing. V. ASSP-23. Oct., 1975. P. 444-456.

17. Shively R.R. On multistage FIR filters with decimation // IEEE Trans. Acoust., Speech and Signal Processing.
V. ASSP-23. Aug., 1975. P. 353-357.

18. Crochiere R.E., Rabiner L.R. Further considerations in the design of decimators and interpolators // IEEE Trans.
Acoust., Speech and Signal Processing. V. ASSP-24. Aug., 1976. P. 296-311.

19. Crochiere R.E., Rabiner L.R. Interpolation and decimation of digital signals: a tutorial review // Proc. IEEE. V.
69. March, 1981. P. 300-331.

20. Bellanger M.G., Bonnerot G., Coudreuse M. Digital filtering polyphase network: Application to sample rate
alteration and filter banks // IEEE Trans. Acoust., Speech and Signal Processing. V. ASSP-24. Apr., 1976. P.
109-114.

21. Burszes B.B., Crenamikun A.. Metoa cunTe3a 1H(POBBIX Y3KOMOJIOCHBIX (PUIBTPOB C YCEUYCHHON MUMITYJIbC-
HOM xapakTepucTukoii // 13B. By3oB. [Ipudopoctpoenue. 1977. T. 20. Ne 6. C. 25—29.

Nk W=

>



22. BurszeB B.B., Cremamxua AWM. CuHTe3 CTPYKTYpHI IH(PPOBOTO Y3KOIOIOCHOTO (HIBTPA C UCTIOIH30BaHUEM
BTOpUYHOM auckperusanuu // Y3B. By3oB. [Ipubopoctpoenue. 1980. T. 23. Ne 6. C. 32—38

MULTIRATE SIGNAL PROCESSING

Vladimer V. Vityazev
Ryazan State Radio Engineering University

Today the theory of the multirate signal processing (MSP) is a conventional part of modern
textbooks, manuals and tutorials. Multirate Signal Processing is an important toolset for efficient
implementation of numerous DSP-algorithms. On the one hand it provides decreasing computa-
tional costs, the capacity of data memory and the number of filter taps many times (the class of
FIR circuits). On the other hand it makes possible to develop high-resolution systems for pur-
poses of the frequency selection using short data precision (the class of IIR circuits). Multirate
Signal Processing displays really unique facilities in such applications as adaptive and non-linear
filtering, compression and reconstruction of speech, voice, and images (video). Of course, this
sequence of examples can be continued.

Now it is generally accepted that the earliest publications in the MSP history were investiga-
tions of American scientists Ronald Schaffer, Lawrence Rabiner and others on the subject of use
linear digital filters for signal interpolation. Nevertheless it is to be considered that the reference
point is the year 1974 when the work of French scientists M. Bellanger and others called “Inter-
polation, extrapolation, and reduction of computation speed in digital filters” was issued. One
year later in 1975 American researchers Ronald Crochiere and Lawrence Rabiner published a
series where they described optimization of the FIR filter with a multirate structure by criterion
of minimum quantity of multiplications and volume of data memory. This is the way the MSP
was born. New terms such as “decimation”, “polyphase structure”, and finally a general defini-
tion “multirate signal processing” were appeared in English language. But what was in the USSR
at the same time? I should say that because of many investigations were secret then so the first
open publications appeared about in 1975. Nevertheless the examination of some works of Rus-
sian scientists makes it obvious that in the USSR the problems of Multirate Signal Processing
were being solved at least from middle of 60-th.

From 1975 to 1985 dozens of research papers were published in the central periodical press
on this subject. Most of this works were translated into English and issued in the USA, for ex-
ample in the magazine “Telecommunications and Radio Engineering”. The main results of the
investigations are systematized in the monograph “Digital frequency selection of signals” which
contains the principles of optimal synthesis of multistage and pyramidal structures of digital
bandpass filters and filter-banks with time and frequency decimation.

I bring to your attention the retrospective view (review) on those works in which some basic
concepts of the MSP were suggested for the first time.
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