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PE®EPAT. Ilpeanaraercs cucteMaru3auus uaci, 0000IAOIMX MPAKTHYECKUI OIBIT U OTPAXKAIOMIUX 3aKOHOMEPHOCTH Pa3HOCTHOMH
mudposoit GpuimsTparmu (PL{®) pa3nnuHBIX MOPSAKOB Pa3HOCTH €€ aJrOPHTMOB, IPUMEHEHHE KOTOPOM MO3BOJSET CHIIKATH PaspsIIHOCTH sYEEK
NMamMsATH U COKpallaTh YUCIO ONepaluil YMHOXEHHs B BblUMCIMTENbHBIX anropurmax LIOC mpu npoextupoBanuu ux [TJIMC-peanuzaunii wim
paspabotke 3aka3ubix CBHUC.

BBEJEHHUE. AkryanbHocTh pa3BuTHs Teopud ¥ MeTonoB PLID cBsizaHa ¢ mOTpeOHOCTHIO MOBBINICHUS
CTENECHU BO3MOXKHOW MHUHHMMH3ALMK ANNapaTHBIX 3aTpaT HPH pealn3alyd alropuTMoB IudpoBol ¢uibTpanuu Ha
IIJINC [1] u npu npoextupoBanuu HOBbIX CBUC ¢ ycnoBreM COXpaHEHHUs WM JaKe YBEIHMUCHHS 3aJaHHOTO YPOBHS
toynocti 11OC [2]. Meroasl pa3HOCTHOH (QHIBTPAlMM TO3BOJMIM CYLHIECTBEHHO CHHM3UTH OOBEM aIlapaTHBIX
CpeAcTB u npu paspabotke 3akazHpix CBUC [3].

XapaKkTepuCTHIECKUMH OCOOCHHOCTAMHM TmpeanaraeMod Tteopun PILI® sBisioTcs: yHHBEpCAIBHOCTS,
CIEIUAIN3UPOBAHHOCTh ¥ KOMIIJIEKCHOCTb. Y HUBEPCAIBHOCTh TEOPUH 3aKIIOYAETCA B BO3MOXKHOCTH IPAKTHYECKOMN
peanm3anuy e€ METOJOB Ha JIIOOBIX MPOIECCOPHBIX cpencTBax: MIIK mupokoro mpuMeHEHNs, CIISITUAIN3HPOBAHHBIX
mu(dpoBBIX CHTHATBHBIX Tporieccopax, [IJIMC wmm yHuBepcambHbix OBM. Crenuaim3upoBaHHOCTH 00YCIOBIEHA
MIPEAOCTaBIIEMbIMU BO3MOXKHOCTSIMU aMIIapaTHOM peann3aliy pa3lIndHbIX aJrOPUTMOB HU(PPOBOH GUIBTpALMU MIPU
MIPOCKTUPOBAHNN 3aKa3HbIX WM mony3akazHeix CBUC. KommiekcHOCTh oOecreunBaeTcsi COBOKYITHBIM PELICHUEM
BOIIPOCOB HAy4YHO-NIPAKTHYECKOro oOocHOBaHWS MeTonoB PLI®, anammsa m cuHTE3a pPEKYPPEHTHBIX Pa3HOCTHBIX
(UIBTPOB, a TAKXKE MPAKTUUECKUX MPUIIOKESHUH TEOPHH.

OBOBIIEHUE INOJYYEHHBIX PE3YJBbTATOB. [IpemnaracMoe TeopeTHieckoe HarpasieHHe IUPPOBU3ALNT
00paboTKN CHI'HANOB Pa3sHOCTHBIMHM METOJIAaMH HPEICTABIIET coOOH manbHelIIee pa3BUTHE WAEH PAa3HOCTHBIX CXEM
MIPUMEHUTENBHO K paanotexHuke [4]. Ilpuuem, pazHocTHas (uibTpanus, B CBOIO odepellb, oKa3ajack 00001IeHneM
nudpoBor QUIBTpPAUU, KOTOPYIO MOXKHO paccMaTphBaTh KakK YacTHBIA CIydaill pa3HOCTHOM, KOTNa paBHBI HYIIIO
nopsiaku paznoctu PID:

No-1
y(k) = Z hi(ng)-x(k-ng) = h(0)-x(k)+h(1)-x(k-1)+h,(2)-x(k-2)+ ... +h(Np-1)-x(k-Ny-1) =

l’l():O

= [h(0)]-x(k)+[h(0)+A~h (1)]-x(k-1)+[A(1)+AR(2)]-x(k-2)+ ... +[A(No-2)+Ah(No-1)]-x(k-Ny-1) =
= [Ah(0)]-x(k)+[Ah(0)+Ah(1)]-x(k-1)+[Ah (0)+AR (1) +AR (2)]-x(k-2)+...

« o HAR (0)+AR (1) +AR (2)+. . . +AR (No-1)]-x(k-Ny-1)=

0 1 2 No-l N()-l ny
= ZAh1(no)-x(k—n0)+ZAh1(no)-x(k—n0)+ZAhl(no)-x(k—n0)+. . .+2Ah1(n0)-x(k—n0) =X > Ahl(nl)-x(k—nl) =
I’Zo:O l’l():O n0=0 n0=0 n0=0 n1:0

=Ah(0)-x(k)+{Ah(0)+[Ah(0)+Ahy(1)]} -x(k-1)+{ AR (0)+[AR(0)+Ah (D) ]+[AR (1) +ARy(2)] }-x(k-2)+. ..
« . H{ AR (0)+[AR (0)+ARy (1) ]+H[AR (1) +AR(2) ]+ . . +[AR (No-2)+Ahy(Np-1)] }-x(k-Ny-1) =

0 Ny 1 N 2 o No-l ny
=X 2 Ahi(ng)-x(k-ng)+X 2 Ahy(ng)-x(k-ng)+X 2 Ahi(ng)-x(k-ng)+...+Z X Ahy(ng)-x(k-ng) =
n0:0 n1:0 n0=0 n1:0 n0=0 n1:0 l’l():O l’l|:0
N()-l ny n; Np-l o njy Njo Ny
=X z X Ahy(ny)x(k-ny))=...=%X X ...X ... X XAhnyxtk-ny),
I’l0:0 n1:0 n2:0 l’l0=0 I’l1=0 l’lj=0 nJ_1=O l’lj=0

rae x(k) u y(k) — k-pie npoBBIe OTCYETH HA BXOJIE U BBIXOJIE GMIIBTPA COOTBETCTBEHHO, k=0,1,2... ,
h.(n) — xoadpunrenTs mudpoBor punbTpayu Ny-ro nopsaka, n=0,1,2...Np-1,
Ahj(n) — pasHoctHble K03QdunuenTsl P j-ro nopsaaka passoctu: Ahf(n)=Ah;(n-1)+Ah,(n),
Ahj1(0)=Ah(0), j=1,2,3...J, a J—nopanok pasHoctu anroputma PL®.

Teopust pazHOCTHOH (QuiIbTpalu obecnednBaeT pa3pabOTKy HOBBIX METOJOB cHHTe3a M aHaiuuza PLID [3].
[udpoBele MeTOABI PA3HOCTHOW (HIBTPAIMU MPEACTABISIOT CO00H (P QEKTUBHBIE CINOCOOBI OCTPOCHHMS,
TEOPETHYECKOr0 MCCIEIOBAaHUS W NPAKTUYECKOW OCYLIECTBICHUsI INPOrPaMMHBIX M allapaTHBIX —peaan3alui
BBIYHMCIIUTEIBHBIX QITOPUTMOB. JTH METOJBI MO3BOJIIOT HE TOJBKO CYIIECTBEHHO COKPATUTH Pa3psJHOCTH SYEEK
MaMATH, HEOOXOIMMBIX JUISi XpaHEHWs 3HaueHHWH HaOOpOB TPAaHCBEPCAIBHBIX M PEKYPCHBHBIX KOI(M(PHUIHEHTOB
Pa3HOCTHOTO (UIBTPA, 1 YMHOXKHTENICH B €r0 TpaHCBEPCATHHON M peKypCHBHOI BETBAX, HO, B pAAE CIy4aeB, BOOOIIE
OTKa3aThCS OT WCIOJB30BAHUS YMHOXKHUTENECH Uil pealn3alliil aJIrOPUTMOB IU(PPOBOH (QHIBTpAIMK TIPH
npoektupoBannn CBMC. CoOBOKYIMHOCTh OITHX YAaCTHBIX, HO Hamboyiee HMHTEPECHBIX ciiydaeB Tteopunu PIID,
npejacrasiser coboit Teoputo meronoB PLI® ¢ memouncnenHbiMu koddduimentamu [3]. CiemyeT BBIIEIUATH P
rpynn  Ttakux MetomoB PL®: ¢ eaumAmuHbIMEH  1enoducieHHBIMH Koddduimentamu (EIIK), TpuBHaIbHBIMEI
nenourcieHasIMA koddummentamu (THK), 6a3oBeiMu nenouncieHHsiMA kodddummentamu (BLK) [5], a Takxke
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JIBOMYHBIMH LIEIOUHCICHHBIMU Kod(duimenTtamu (LK), 3Hauenns koTopsix MOryT ObiTh paBubl 0w 27, rie U=
0,1,2,... Pa3paboTka NEpEYHCICHHBIX TPYII METOJOB IIOKa3aja IEPCHEKTUBHOCTh MMEHHO 3TOTO HAIpaBICHUS
pa3BuTus Teopun u MetogoB PLD.

O PeKTHBHOCT, KOHCTPYKTOPCKON pPa3pabOTKH CIIEHIPOIIECCOPHBIX (MIBTPOB HAa OCHOBE Pa3HOCTHBIX
COCTOMT B CBOEBPEMEHHOM YUETE BCEX aCNEKTOB pelIeHus 3aa4uu ucnob3opanus PLD:

- €CTECTBEHHO-HAYYHOTO acCHeKTa JUIA BBIOOpPA, MOCTPOCHUS M MPOBEPKH MAaTEMaTHUECKOW MOJETH PabOTHI
MIPOEKTHPYEMOTO YCTPOMCTBA B PEalTbHBIX YCIOBHX ITOCIEAYIONIEH €ro KCINTyaTallim,

- HayYHO-TEXHWYECKOTO acIleKTa Ui ONTHMH3Aald{ METOJIOB alllapaTHOM W MPOTPaMMHON peaTH3anui
ITOPUTMOB Pa3HOCTHOM 1M (poBOH puibTpanmy,

- TEXHUKO-DKOHOMHYECKOTO acIleKTa /I ONPEAEICHHs PEHTA0eIbHOCTH BEIOOpA SIIEMEHTHON 0a3bl.

Cunre3 ¢unbsrpoB ¢ ELIK, TKIL min BIIK MeTronoMm IenOYMCICHHOTO JIMHEHHOTO HpOrpaMMHUPOBAHUS
(LIJIIT) [6] oTnmyaeTcst CI0XKHOCTBIO U TPYAOEMKOCTBIO TIOCTAHOBKH 3a/aud. Takol CHHTE3 TpeOyeT 3HauMTeNbHOH
JOpabOTKM KPUTEPHEB M METOMOJIOTMM OIECHKM BIMSHUS pa3lu4yHbIX mapamerpoB PLI® Ha onTHManbHOCTH
XapaKTePUCTHK DSKBUBAJIECHTHON (ruibTpanuu. HemocpeiacTBeHHOE cieloBaHUE THIOBBIM HMHCTpyKIusM 1o [[JITT
MIPUBOJINT, B PSIJIE CIy9aeB, K HEONTUMAIBFHOCTH XapaKTEPHCTUK CHHTE3UPYEMBIX (PHIBTPOB.

OrpaHu4eHHOCTh HaOOpOB 3HAYEHUH €IWHUYHBIX, TPUBHAIBHBIX HIH 0a30BBIX K03pdunmento PL[D [5]
MTO3BOJISIFOT CHHTE3UPOBATh PEKYyPPEHTHBIE PAa3HOCTHBIC (IIBTPHl PA3IMYHBIX IIOPSOKOB pPa3HOCTEH MeETOZaMu
MTOCTICIOBATENBHBIX Mepe0OpOB 3HaUCHWH pa3HOCTHBIX Kod¢h¢urmenToB. IlomydeHHple aBTOpaMU pPE3yIbTaTHI
MIPOTPAaMMHOTO MOJEIMPOBAHUS TOATBEPIIN TPAKTHIECKYI0 3()(EKTUBHOCTh TaKMX METOAOB JUII CHHTE3a
Pa3HOCTHBIX (PUIBTPOB U IOKa3aIH NEPCIIEKTHBHBIE BO3SMOKHOCTH JJIBHEHIIIETO Pa3BUTHS 3TUX METOIOB [7, 8].

CuHTE3 OSTHMH METOJaMH OCYLIECTBIISIETCS IIyTEM BBIUMCICHUS XapaKTEPUCTHK OSKBHUBAJICHTHOM
PEKYpCUBHOW (HIBTPalMM MOOYEPENHO I8 KaXKIOH HMMeromeld CMbICT KOMOMHAIMM 3HAYCHHH IEJI0YHCIICHHBIX
Pa3HOCTHBIX KO3((HUIMEHTOB 3ajaHHOro THHa. Ilocnenyromee cpaBHEHHE HONYyYaeMBIX XapaKTEPHCTHK IMO3BOJISET
BHIOMpATh Takke 3HaYCHUs! K0I((PHULIMEHTOB, MPU KOTOPBIX 00ECHEeYNBACTCS JOMYCTUMOE MPUONMKEHNE XapaKTepHc-
THUK CHHTE3MPOBAHHOTO (GMIbTpa K TpeOyeMBIM WM ONTHMAIBHBIM II0 33JlaHHOMY KpuTepuio. Ecim HemocraTtoueH
YPOBEHb ONHM30CTH MOJMYYCHHBIX XapaKTEPHUCTHK, TOCTUTHYTHIA B pe3yibTaTe mepedopa, MOKHO TEPEUTH K CHHTE3Y
PEKYPPEHTHBIX PAa3HOCTHBIX (MIBTPOB 00J€e BBHICOKHX MOPSIKOB (DMIBTPALMH N APYTHX HOPSIKOB Pa3sHOCTEH
PL®. A, mpu HEOOXOIUMOCTH, BO3MOXKHA U CMEHA THIIA [EJIOYHCICHHBIX HA0OPOB TPAHCBEPCATBHBIX M PEKYPCHBHBIX
pa3HOCTHBIX ko3¢ duimenToB PIID.

TeopeTndecknii aHamM3 BO3MOXHOCTEH pa3sHOCTHOW 1MpoBod ¢uibTpanuu, BbIModHeHHBIH B. C.
Ky3pkuasiM  [9], moka3am, 4dTo BBICOKAas CTEMEHb ATOH MHHUME3AIWK JOCTIKMMA TPU  HCIIOJIB30BAaHHU
LIEJIOYHCIICHHBIX 3HAYCHUI Pa3HOCTHBIX K03(p¢uuueHToB. OnHAaKO, NPUMEHEHHE Pa3HOCTHBIX METOJOB M3HAYAJIbHO
OTPAaHWYMBACT JOCTIDKMMBIH YpOBEHb MHHHUMM3ALMH M3-32 HAIWYUS JONOJHHUTEIHHOTO YHCJIA CyMMAaTopoB.
BrinosHeHHBIH aBTOpaMy NMPaKTUYECKUN aHAIN3 PasHOCTHBIX (MIBTPOB C IEIOYUCICHHBIMU Kod(duimentamu [10]
TIO3BOJIMJI YTOYHUTH YCJIOBHSI PEAM3YeMOCTH W YCTOMYMBOCTH Pa3sHOCTHBIX (HIBTPOB, @ TaKXKE COOTBETCTBHS HX
XapaKTEpPUCTUK ONTHUMAJBbHBIM I10 33aJaHHBIM KPHUTEPUSIM. OTO OOECIECYMIIO Ka4eCTBEHHYIO OLICHKY IPEAEIbHOTrO
3HaUEHUS YpPOBHSA TMOAOOHOH MuHUMHU3anuu. OHa OOYCIIOBJIEHA 3HAYEHUSMHU Pa3HOCTHBIX KOd()HUIMEHTOB,
3HAYCHUSAMH TOPIIKOB pasHOocTH anroputMoB PLID, a Taxke MOMyCTUMOCTBIO MPOPEKUBAHUSA OTCUECTOB ITH(POBBIX
BBIOOPOK 00pabaThiBaeMbIX CHUTHANOB. [IpudeM, IEeNOYHCICHHOCTh PAa3HOCTHBIX KOY(PQUIIMEHTOB TO3BOJSET HE
TOJIBKO 3HAYMTEIBHO CHHU3HUTH DPa3pSAOHOCTH YMHOXHUTEICH W SYeeK MaMATH I XpaHeHHs 3HA4eHWH 3THX
KOX(PHUINEHTOB, HO ¥ YMEHBIINTH TpeOyeMoe YHCIIO YMHOXKUTEIEH, BIUIOTh JO IOJHOTO OTKa3a OT HUX. B Takmx
CITydasix, BBIYHCIUTENBHBIN pecypc, HEOOXOAWMBINH mJisi amnmapaTHOW peanu3anuu ¢GuibTpa Np-TO TIOpsaKa, HE
TPeOYIOLIEro YMHOXKHTEIICH, ONPeIessieTCs] YUCIIOM HCIIOJIb3YEMbIX CyMMaTOpOB M YHCIIOM siueek mamsaTh. Yucio xe
cymmaropoB W;(J) 3aBHCHUT OT 3Ha4YeHWs TOpsAAKAa pasHOCTH J, 00ecHeYMBaIOIIero 3aJaHHYI0 TOYHOCTb
9KBUBAJIEHTHOU 1M(ppoBoil puibTpanun HeoOxoauMoro nopsaka N: Ny = Np- J.

B o0mem ciyuae, OwictponelictBue Vi(J) pasHoctHOro ¢wisTpa N-ro mnopsaka 0e3 yMHOXHUTENeH
OIIpeAeNseTCs alapaTHOl CKOPOCTbIO Vi, BBINOJHEHHUS ONEpali CIoXKeHHs H KoiaudecTBoM Wy(J) cyMMaTopos:
Vn()=Wn(J)- V.. OnHaKo, MOBBICHTH OBICTPOJCUCTBUE allapaTHBIX peaau3aliii KOHKPETHBIX (QHIBTPOB TMO3BOJSAET
HaJIMYMe HYJICBBIX 3HAUCHHUH Pa3HOCTHBIX KOI()(HUIMEHTOB, KOTOPHIX MOXKET OKa3aThCsl HEMAJO IPH OINpeeIeHHbBIX
COOTHOIIIEHUIX 3HAYCHUH MopsaKa GUiIbTpa U mopsiaka paznoctu PLD.

OnTtrManbHBIM ~BapuaHTOM Pa3HOCTHOTO TOAXOJa K AamlapaTHBIM pealn3alisiM TPaHCBEPCATBHBIX
¢mIBTPOB, B OONBIIMHCTBE CIydaeB, sABIsAeTCS HpuMeHeHHe MeTonoB PLID ¢ 6a30BEIMH  [EIOYHCICHHBIMHU
kod(ppunmenTamMu 2-ro win 3-ro MOPSAKOB pa3sHOCTH. [Ipu BEIOOpe 1-TO MOpsiAKa pa3sHOCTH 3TH METOJIBI MPAKTUIECKH
He obecreunBaroT TpeOyemoir TouHOocTH PII® mnpu IOMyCTHUMBIX 3HAYEHUSAX IMMOPSIKOB DKBHUBAJCHTHOM
TpaHcBepcadbHON (unbTparun. Ilpu 4-oM u 6oiee BRICOKHX MOPSAKAX PA3HOCTH BO3MOYKHOE IOBBIIIEHHE TOYHOCTH
PL® obecnieunBaeTcsi 3HAYMTENBHBIM YBEIMYCHHUEM 4YHCIA JOTOJHHUTEIBHBIX CYMMAaTOpPOB, YTO PE3KO CHIDKAET
CTENCHb MWHHMMH3ALMM anmnapatHbIX 3arpar. [loaToMy, B KakIOM KOHKpETHOM ciydae paspaborumkam CBUC
HEOOXOANMO NMPUHUMATh KOMIIPOMHCCHOE PEIICHHE O COOTHOUIEHHH 3HaueHuil mopsinka PLI® u mopsinka pazHocTn
anroputma PL® nyist moBeIIIeHNs 3TOH CTENEHHN NpU o0ecTiedeHHH TpeOyeMoi TOUHOCTH (QHUIBTPALH.

YcToiunBOCTh Pa3HOCTHOTO (pribTpa obecreunBaeTcs MPU €ro CHHTE3€ BHINIOJIHEHHEM TpeOOBaHHUN paBeHC-
TBa HyJO 3HaueHui A, (n)=0 Bcex n-bIX KOAPQUIMEHTOB SKBUBAJICHTHOH LM(POBOIl PUIBTPAIIMK COOTBETCTBYIOLIETO
Ny-ro mopsiaka: No-l<n<Ny+J-1, n=0,1..N5+J-1. PeamuszyemocTh pa3HOCTHOTO (GWIBTpa C IICIIOYHUCICHHBIMHI
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Pa3HOCTHBIMHU KO3 (GUITMEHTAMH OIpeaeysieTcs CYIIECTBOBAHHEM TaKOTo Habopa 3HaueHUH KOA(PQOHUIIUEHTOB, MPH
KOTOpOM oOecTeunBaeTcsi JOMyCTHMasi TOYHOCTh SKBHBAJCHTHON (MIBTpAIy, a 00BEM almapaTHBIX CPEICTB HE
MIPEBHIIIACT 3aJaHHOTO.

EctecTBeHHO, 9TO TOYHOCTH JIF0OOTO 1M poBOoro Metona PIID 3aBUCHT B OCHOBHOM M MCKJIIOUHUTEIBHO OT
YPOBHS MMOTPEIIHOCTEHN alapaTHRIX peaanu3aliii ero ajJropuTMoB, a CJIeJ0BaTelIbHO, OT BO3MOXKHOCTEH COBPEMEHHOM
muppoBor 3NEMEHTHONH ©0a3bl. DTO MO3BOJISIET TPOBOJUTH aHAIN3, TOYHOCTH KOTOPOTO OOYCIIOBJIIEHA TOJBKO
OKpYIJIGHHEM M MacIuTaOMpoBaHHEM o00padaThiBaeMbIX YWCeN M KOI()(OUIMEHTOB HKBHUBAICHTHOH IH(PPOBOI
¢unbTpanyy. ToYHOCT pa3HOCTHOTO (QWIIBTPa C IETOUYNCICHHBIME KO3((UINEHTaMH 00YCIOBIICHa COOTHOIICHHEM
3HAQUEHHMH TOpsIKa 3KBHBAJIICHTHON (QHIBTpaMu W HOpsaka pasHoctu anropurma PLID, a Takke Tumom Habopa
3HAUYEHMH pa3HOCTHBIX Ko3(¢uumentos [10]. I[Ipuuem, morpemHocTs Takoro QuueTpa OINpeAensercs TOJIBKO
s exraMu OKpyrJieHHsT 00padaThIBaéMBIX YHCETI IPH BO3MOXHBIX IIEPEIOJHEHMSAX PETHCTPOB B Mpolecce
MHOTOKPAaTHOTO BBINIOJIHEHHsI orepaiuii  crnoxeHus. Kpome Toro, as¢dexr kBaHTOBaHHS KO3()(UIMECHTOB,
€CTeCTBEHHBIA [UIS amlllapaTHOW peanm3anuy IHQpoBOro (UIbTpa, B PasHOCTHOM (MIBTPE OKa3bIBaeT CHIBHOE
BIUSHUE Ha TOYHOCTh OKBUBAICHTHOW IMdpoBoi QuusTpamuu. I[losTomy Tounocts PII® oO6ycioBineHa
COOTHOIIIEHUSIMH 3HAYEHUH TIOPSAIKOB SKBHBAICHTHOW PEKYPCHUBHOUN (QMIBTPAIIK U TIOPSIKOB PA3HOCTEH allTOPUTMAa
PEKYpPPEHTHON pa3HOCTHON (DUIBTPALINH, KaK BUAHO U3 MOKA3aHHBIX

. . W
Ha PUCYHKE TpapHISCKUX 3aBHCUMOCTEH YHCIIa CyMMaTOPOB JII000i 2010 , V=4
13 BeTBeil pazHocTHOH punsTparmm W, ot e€ nopsinka Vp u mopsaka 150

paszHoctu J. Pucynok 100 / o V=3

Kaxnprii  anroputm  PII® mnpeacraBnser coboil  psjn 50 / /
TIOCIIEI0BATENILHBIX AEHCTBUH, HEOOXOAUMBIX Ul PELICHHs 3aJadu 0 e
CHEINPOIECCOPHOI peanuzauuu MPOLEIYPHI mudpoBon 0 1 5 A 7
¢bubTpan CUTHAJIOB. ANTOpUTMEI PII® MO3BOJIAIOT .
peanmzoBbiBaTh Ha [TJIMC nnu 3aka3zaeix CBUC BRIMUCTUTENBHBIE AJITOPUTMBI IN(HPOBOH (PHIIBTPALIK ¢ TOYHOCTHIO,
HEe XyXe 3a/JJaHHOH, HO C MEHBIIUMH paspsnHocTsMu. K HacTosmeMmy BpeMeHH pa3paboTaHBl M ampoOWpOBaHBI B
pa3HOM CTENEH! pa3uYHbIe TPYIIBI BEIYUCIUTENbHBIX aroputMoB P11 D:

- PasnocTHas mm¢poBas GUIBTpanys MEPBHIX MOPSAKOB PAa3HOCTH € MAaJOPa3pSOHBIMH HEIEIOYHCICHHBIMHI
koappunmentamu [11, 9] (anropurmel JI. B. Cabaesa u B. C. Ky3pkuna ),

- TpancBepcanpHas pa3sHOCTHas (QIIBTPAIMsA BBICOKHX TMOPSAKOB  PA3HOCTH C  IEIOYNCIICHHBIMH
koo dunmenramu [3, 7] (‘anropurmsl 0. C. lllunakosa u 0. 5. Byposa ),

- PekkypeHTHass pasHOCTHas (WIBTpAlUs pa3IMYHBIX TOPSIAKOB PA3HOCTH C MAaNOPa3psAHBIMA U
LeJIoUrCIIieHHBIME Koddduuuentamu [5, 8] (anroputmsr FO. . Bypora u A. 1O. Byposoit).

PII® wumeer mnorpemHocTs 32  cYET  KOHEYHOW pa3psaHOCTH KO3()(UIMEHTOB HKBHBAICHTHOMN
¢unbTpamu. Ho ee MOXXHO yMEHBIIAaTh ITyTeM BBIOOpa COOTBETCTBYIOLIETO MOPSIAKA PAa3HOCTHOW — (HIBTPALIMH.
[TosToMy ocHOBHas TpynHocTh mpuMmeHeHnsi PLID 3akmrouaercss B TakoM BBIOOpE IapaMeTpoOB YCTPOMCTB,
MIPOEKTHPYEMBIX Ha €€ OCHOBE, YTOOBI Ha MPOMEXYTOYHBIX ATalaX BHEAPCHUS WX IKCIUTyaTallHOHHBIC MTapaMeTPHI HE
YXyOIIWINCh, HO WX TEXHUYECKHE XapPaKTEPHCTHUKU COOTBETCTBOBANM IOTEHIMATBHBIM BO3MOXKHOCTSAM ITH(PPOBBIX
METOJI0B, OBLTH JIy4Ille, YeM y HBIHE JEHCTBYIONTHX.

Heobxomumoe uncino We(J) cymMmMaTopoB B Ppa3HOCTHBIX (GWIbTpax Np TOpsIKa 3aBUCHUT Kak OT
COOTBETCTBYIOIINX MOPSAAKOB N5 ONTHMAIBHOW SKBUBAIICHTHOW (DMIIBTPAIIUH C IEIOYHCICHHBIMA KO3 UIMEHTaMH,
N3>=Np-J, Tak ®W TIOpsJKa Pa3HOCTH J aNropuT™Ma Pa3sHOCTHOH (MILTpAINH, HEOOXOIUMOTO JUIS TOMYYEHHS IMPH
MHUHHMAaJIbHO BO3MOXKHBIX 3HAUCHHAX N, TaKUX XapaKTEPUCTUK (UIBTPAIMH, KOTOPHIC IOCTATOYHO OJU3KU K
3aJIaHHBIM,

NP—] n1—1 l’lz—l l’lj_l—l
WeD)=[Np-11+ 2 {.. {(1-1) + Z [..[(10-1) + = (... (n5-1) 4.+ T (- 1)]. 1))
n1=1 n2=1 l’l3=1 n,=1

3AKJIFOYEHME. AktyansHOCTh BHIOPaHHOIH TeMbl 00YCIIOBJIEHA PACTYLIMMHU MOTPEOHOCTSIMU Pa3BUTHUS U
COBEPIIEHCTBOBAHNS METOAOB CIICHNPOIECCOPHBIX peanu3anuil pasznmmaubix anroputMoB LIOC, co3manmem HOBOM
3JIEMEHTHOH 0a3bl M(POBOIT BEIMUCINUTENBHON TEXHUKH, a TAKKe TCHICHIMEH IOCTOSIHHOTO CHIKEHHS aIllapaTHBIX
3aTpaT Ha peann3alyio NU(pPOBBIX METOIOB.

HoBu3Ha mOMyYeHHBIX pE3yJNbTATOB 3aKIIOYAETCSs B CO3JAHHM M PAa3BUTHH HOBOTO TEOPETHYECKOTO
HaIpaBJICHUs ITUPPOBOH GuIbTpanuy, 0000IIeHNEe TEOPUH PA3HOCTHOTO TOIX0Aa K CIEIIPOIIECCOPHON peaTn3aliu
anropuTMoB mu(poBoH GUIHTpAITHH.
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THEORY, METHODS AND ALGORITHMS OF DIFFERENCE DIGITAL FILTERING
Shinakov Yu. S., Burov Yu. Ya., Burova A. Yu.

Moscow Technical University of Communications and Informatics
111024, Moscow, Aviamotornay St.,8-a, RTS Department.

ABSTRACT. 1t is offerred the systematization of the ideas, which is generalising the practical experience and reflecting regularities of
the difference digital filtering (DDF) with the different orders of the difference of its algorithms. The using of DDF allows us to reduce the value of
the word size for the cells of memory and to shorten a number of the operations of the multiplying in the computing algorithms for the digital signal
processing during its realization on the Programmable Logic Devices (PLD) or during the development of the custom or semicustom VLSL

INTRODUCTION. the actuality of the development of the theory and methods of the DDF is connected
with need of raising the degrees to possible minimization of the hardware expenseses at any realization of the
algorithms for the digital filtration on the PLD [1] and during design of the new VLSI with the condition of the
conservation or even increasing a given level of the accuracy for the digital signal processing [2]. It is possible to
reduce greatly a hardware volume and at the development of the custom or semicustom VLSI by the methods of the
DDF [3].

Indicative particularities of proposed theory for the DDF are: the universality, the specialization and the
complex. The versatility of the theory is concluded in possibility of the practical realization of its methods on any
processor facilities: microprocessors for the broad using, single-purpose digital signal processors, PLD or universal
computers. The specialization is provided by the possibilities of the hardware realization for the different algorithms
of digital filtering during the designing of the custom or semicustom VLSI. The complex is ensured by the total
deciding of the problems for the scientifically-practical motivation of the methods for the DDF, analysis and syntheses
of the recurrence ( recursive ) difference filters, as well as the practical applications of the theory.

GENERALIZATION OF TINNING RESULTS. Proposed theoretical branch for the digitalization of the
signal processing by the difference methods is the development of the idea of the difference structures for the
Radiotechnics [4]. Moreover, the difference filtering is the generalising of the digital filtration, which is possible
considered as a special case of the difference filtering, when are zero any order of the difference in the algorithm of
DDF:

No-1
y(k) = T hy(no)x(k-ng) = hy(0)-x(k)+hy(1)x(k-1)+hy(2) x(k-2)+ ... +h(No-1)x(k-N-1) =

l’l():O
= [1(0)]-x(k)+[1(0)+AR (1) ]-x(k-1)+[A(1)+AR(2) - x(k-2)+ ... +[h(No-2)+Ah;(No-1)]-x(k-No-1) =
= [ARy(0)]-x(k)+[Ah (0)+AR (1)]-x(k-1)+[Ah (0)+AR (1)+AR (2)]-x(k-2)+...
. AR (O)+ AR (1) AR (2)+. . +AR (Ng-1)] x(k-No-1)=

0 1 2 N 0~ 1 N 0~ 1 no
= ZAh|(n0)~x(k-n0)+ZAh1(no)-x(k-n0)+ZAh|(n0)~x(k-n0)+. . .+ZAh1(n0)-x(k-n0) =X 2 Ahl(m)-x(k-nl) =
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I’ZQ:O l’l():O I’ZQ:O I’ZQ:O I’ZQ:O n1:0
=Ah(0)-x(k)+{Ahy(0)+[Ah(0)+Ahy(1)]} -x(k-1)+{ Ahy(0)+[AR (0)+ARy (1) ]+[AR (1) +ARy(2)]} - x(k-2)+....

A{ AR (0)+[AR (0)+ARy(1)]+[AR (1) +AR(2) ]+ . . +[AR (No-2)+Ahy(Ny-1)] }-x(k-Ny-1) =

0 N 1 N 2 o No-l ny
=X 2 Ahi(ng)-x(k-ng)+X 2 Ahy(ng)-x(k-ng)+X 2 Ahi(ng)-x(k-ng)+...+Z X Ahy(ng)-x(k-ng) =
I’ZQ:O n1:0 I’ZQ:O n1:0 I’ZQ:O n1:0 l’l():O l’l|:0
N()-l ny n; Np-l N njy Njo Ny
=X z X Ahy(ny)x(k-ny))=...=%X X ...X ... X XAhnyxk-ny),
I’ZQ:O n1:0 n2:0 l’l0=0 n1=0 l’lj=0 n,_1=0 l’lj=0

where x(k) and y(k) — the digital countings at the input and the output of the filter accordingly, k=0,1,2...,
h.(n) — the coefficients of the digital filtration with the order, which is equal Ny, n=0,1,2...Ny-1
Ahj(n) — the difference coefficients of the difference filtering with the order of the difference of the algorithm
for the DDF, which is equal j:  Ahj(n)=Ah;(n-1)+Ah,(n),
J  — the order of the difference of the algorithm for the DDF:  Ah;,,(0)=Ah;0), j=1,2,3...J.

Currently had been designed and approved in the different degrees some different groups of the computing
algorithms of the DDF:
- The difference digital filtering of the low orders of the difference with the small values of the word size for
the noninteger coefficients [11, 9] ( the algorithms by L.V. Sabaev and by V.S. Kuzkin ),

The transversal dlfference digital filtering of the higher orders of the difference with the integer coefficients

[3 7] ( the algorithms by Yu.S. Shinakov and by Yu.Ya. Burov ),
- The recurrence difference digital filtering of the different orders of the difference with the small values of the
word size for the noninteger coefficients and with only the integer coefficients [5, 8] ( the algorithms by Yu.Ya.
Burov and by A.Yu. Burova ).

CONCLUSION. The actuality of the chosen subject is founded by the growing of the need for the design
and improvements of the methods for the digital realization of the different algorithms for the signal processing,
making a new element base of the computing machinery, as well as the constant reducing of the hardware expenseses
on the realization of any digital method.

Novelty of the results is concluded in the creation and development of new theoretical branch of the digital
filtrations and in the generalization of the theory for the difference approach to the realization of the digital filtering
algorithms on the PLD and new VLSIL.
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