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ANrOPUTM NOCTPOEHUA AOANTUPYEMbIX K CUTHAITY BAHKOB ®UINbTPOB

I'ycunckas E.W.
Ps3anckas rocyaapcTBeHHas paiuoTeXHUYeCKas akageMus

Banku GUIBTPOB SIBISIOTCS BOKHBIM MHCTPYMEHTOM BO MHOTHX 0OyacTsx 1HM(ppoBOil 00pabOTKH CUTHAJIOB.
KoppexkTHblii BEIOOp Kiacca O0aHKa (HILTPOB, YHCIIA KaHAJOB, JUJIMHBI UMIYJIbCHBIX XapaKTEPUCTHK (HUIBTPOB U
THUIIa pa30MEeHUs] YaCTOTHOTO AMAIa30Ha SIBISETCS HEOOXOAMMBIM JUISl JOCTHXKEHUs MakcuMainbHOro 3¢ddekra or
NPUMEHEHHUSI 3TOro MHCTpyMeHTa. JIJisl 3a7a4 CHKaThsl CUTHAJIOB JKEJIAEMBIM PE3YyJIbTaTOM SIBJISETCS YMEHBILICHHE
Cpe/IHEero 4Hcia OUT, OTBOJMMBIX Ha KOJUPOBAHWE CHUTHAIIA, CTENEHb C)KAaTHs 3aBUCHUT OT TOTO, HACKOJIBKO TOYHO
YYUTBIBAIOTCSI OCOOCHHOCTH CHTHAJIAa B YaCTOTHOM 001acTu.

[TocTpoenue 6aHKOB GUIBTPOB, aJaNTHPYEMbIX K YACTOTHBIM CBOMCTBAM HCCIIEYyEMOTO CHTHANIA, BKIIOYAET B
ce0s 1BE OCHOBHBIC IT0J33/Ja4yd, a WMEHHO, HAXOXXACHHE ONTUMAIbHOM (OPMBI aMIUIUTYAHO-4aCTOTHBIX
XapaKTEePUCTHK (PUIBTPOB U pacueT K03 GHUIIMEHTOB (HHUIBTPOB.

PernieHne mepBoii 3a1a4n ONMUCHIBACTCS B TEOpUH 0aHKOB (huiibTpoB OCHOBHBIX KoMIOHEHT (BPOK), koTopas
OIMUCBIBACT AJITOPUTM MNOCTPOCHUSA ONTHUMAJIbHOT'O 6aH1<a (l)I/lJ'lepOB C HACAJIbHBIMU aMIUIUTYAHO-4aCTOTHBIMU
xapakrepuctukamu (AYX) ¢ 3aaHHBIM KOJIMYECTBOM CYOIIOJIOC ISl CHTHaja C OIpPEAETICHHOH CIeKTpalbHON
MJIOTHOCTHIO MOIIHOCTH [1, 2].

OnrtumaibHbelii 0aHK QUIBTPOB JIOPKEH MaKCHMH3MPOBATh BBIUTPBHIII CYOIIOJIOCHOTO KOAMPOBAHUS, KOTOPBII
OTIpeJIeTIsIeTCsl KaK OTHOLICHUE CPEIHNX KBaJpaToB OIIMOOK BOCCTAHOBIICHHUS IS CIy4aeB MPSIMOTO KBAHTOBAHUS U
CyOII0JI0CHOTO KOIMPOBAHUSI IPU ONTUMAJIBHOM paclpeeJieHnH OuT B cyonoiocax [2]:
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Wcxonuplid curHain A0JDKEH OBITh CTAIlMOHAPHBIM B LIMPOKOM CMBICIE M MMETh HYJIEBOE MaTeMaTHYecKOoe
O’KHMJIaHHUE.

CymiecTByeT psili alrOPUTMOB, TIO3BOJISIFOIIMX PEIINTh 33/1auy JIOKanu3auu >Heprun. Hambomnee npoctoit u3
ANTOPUTMOB TTIOCTPOCHUS «CIKUMAIOIIETO (PUIBTPay BKIFOYAET B CeOsI CIISAYIONIHE ATAIH [2]:
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Cne;[yeT OTMETUTD, YTO TaKasi METOAWKA MOXKET NMPUBECTHU K TOMY, YTO HEKOTOPHIC U3 KOMIIOHCHT CI)I/IJIBTpa
OKaXXyTCA CJIHIIKOM Y3KHMHM. EctecTBeHHBIM BBIXOOOM H3 3TOH CUTyallun SABJIIETCSA HEKOTOpas MOI[I/I(i)I/IKaL[I/ISI

IIPOLEYPbI OCTPOEHUS «CKUMAKOIETro» (uinbrpa. JlanHas MOAMDUKALMS 3aKITH0YAETCS B 3aMEHE TOUKU (U() NpPH

mmepernn CIIM Sxx (e‘/ ”)) Ha HMHTEPBAI [a)o,a)o +Aa)) u omeHke cpexHero 3HaueHus CIIM Ha maHHOM
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curHaina c nensto nocrpoerns bOOK.
[ToBTOpHB 3Ty mpouenypy s Bcex cybmnonoc (Moauduimpys npu 31om CIIM curhana) MOXXKHO TOJNYYHTH
B®OK c naeansHbIME MHOTOKOMIOHEHTHBIMA AUX puiIpTpoB.
Hcnons3oBanue kycouHo-nuHeiHo# anmnpokcumanuu AUX ¢unstpoB BOOK nano Bo3MoxHOCTH 1mog00paTh
napameTpsl (GPUILTPOB, MIPHU 3aJJaHHBIX OTPAHUYCHUSIX Ha BHIYMUCIUTENbHBIE 3aTPaThI.
CyIecTByromme anropuTMbl pacueta ko3 ¢urmentoB BOOK, ocHOBaHHBIC Ha PEUICHUU 3aJaudl JIMHEHHOTO
NOyOECKOHEYHOTO MpOorpaMMUpoBanusi [3], He MOryT 00ecTieunTh HaliZIeHHbIe TapaMeTpbl (GHILTPOB.
Meron, MO3BONSIOMNKA paccunTaTth Kodddurmentsr 6anka (UIBTPOB ¢ mMpou3BoibHOW (opmoit AUX [4],
CBOJIMTCSI K 33/1a4€ MHOTOMEPHOH HeNMHENHHO# ontuMuzanmu. LeneBas GyHKIHMS UMEET CIIAY IO BUI:
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¥ BKJIFO4aeT B cebs naTerpupoBanne AUX QuibTpoB B 30HE HEMPO3PAYHOCTH.
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Pemenue Takoil 3aauy ¢ IOMOLIBIO TPaJUEHTHBIX METOJOB ONTHMH3ALMHU SBJIAETCS HOCTATOYHO CIOXKHBIM U
JUTUTENBHBIM TIPOLIECCOM H3-3a OOJIBIIOro YUciIa ONTHMHU3UPYEMBIX mapaMeTpoB. Kpome Toro, cIoKHbIH JaHgmadT
HeneBoil (YHKIMM HE TIO3BOJISIET OJHO3HAYHO OINpPENeNUTh ee To0ajdbHeli MUHHMYM. lcrosib3oBanue
CTOXaCTUYECKMX METOJIOB, TaKMX Kak reHermueckue anroputmbl (I'A), ans mowcka koadduimeHToB (GHILTPOB
NIPUBENIO K COKpAlLICHUIO BpeMeHH pacuera. Bmecre ¢ Tem ['A naioT BO3MOXHOCTH 0o0Jiee MOJHO MPOCMOTPETh
00acTh OmpeneNeHus [eNeBOl (YHKIMH W He TpeOYyIoT 3HaHWSA ee Mpou3BoxHou [5, 6]. HemoctaTtkoM Takux
METOJIOB SIBIISICTCSI HU3Kasi CKOPOCTh CXOAMMOCTH Ha KOHEYHOM Y4acTKe TPAeKTOPHH TTOHCKA.

leneTnyeckre anrOpUTMBI HCHONB3YIOT TPSIMYIO0 aHAJIOTHIO C MEXaHW3MOM €CTECTBEHHOTO 0TOopa
Oomonornyeckux opraHuzMoB. OHH pabOTalOT C COBOKYITHOCTBIO «0OCO0ei» (Homymsmueii), Kakaas U3 KOTOPBIX
SBISICTCS. BO3MOXKHBIM DEIICHHEM ONTHMHU3aLMOHHOM 3aJaud W MPEACTaBIsieT co0oi OHHAPHYIO CTPOKY
(hUKCHPOBAHHOW JUTHHBIL.

B nmanHOM ciygae «ocoOb» MpencTaBiaseT co0O0H COBOKYHNHOCTh YITIOB IUIAHAPHOTO —BpalleHHS,
mpeoOpa3oBaHHBIX B OMHApHYIO CTPOKY. Tak Kak JUIMHA 3THX CTPOK OKa3bIBAETCS TOBOJBHO OONBIION, OOBIYHEIE
oTiepalvy CKpelrBaHus (KpoccoBepa) OKa3bIBalOTCs He 3 PEeKTUBHBIMH, TIOTOMY 3Ta onepanus Oblia MprUMeHeHa
HEe KO Bceil «ocoOm» IIeJIMKOM, a K OTAEIBHBIM «Te€HaM», COOTBETCTBYIOIIUM OIpEAEIeHHBIM yriaMm. To ecTb ¢
OTIPEJICTICHHON BEPOSITHOCTBIO POJIUTENBCKUE OCOOM OOMEHHMBAJIHMCH JIMOO CTapIIMMH, JMOO CpemHUMH, OO0
MWIaAIMMH Outamu reHa. Kaxnoit ocoOM CTaBUTCS B COOTBETCTBHE 3HaueHHE (YHKIMH «IPHUCTIOCOOIEHHOCTHY,
KOTOpasl BKJIIOYaeT B ceOs DHEPTHIO MOJIOC HENpoIycKaHus BceX (MIbTpoB. Ha Kakmoil urepamyn B HOBOM
TIOKOJICHHH OCTaloTCsl HamboJiee «IpHCHocoOIeHHbIe» ocodn. UToObl m30exaTh MPEXIEBPEMEHHOW CXOIMMOCTH
IUIsl CKpEIUMBAaHHUs BBIOMPAIOTCS HawOoliee yIOaleHHBIC IPyr OT Opyra OocoOW, a TakkKe NPUMEHSETCS Oleparys
«MyTalM», KOTOpas 3aKiloYaeTcs B CIydyalHOM HW3MEHEHHH T'€HOB 0coOH. B pesynbraTe NpHMEHEHUS
TEHETHYECKUX alTOPUTMOB MOJIyYaeTCsi COBOKYITHOCTD PEIICHUH ¢ ONpelesieHHbIM 3HaYeHHEM LeNIeBOH (QYHKIUH
«TPUCTIOCOOTIEHHOCTI, HAXOAAIINXCS B Pa3IMYHBIX TOUKaX 00JIaCTH OIpe/ieNieHus [eIeBoi QyHKIMH.

JUIsL pa3snnuYHBIX TECTOBBIX CIIEKTPAJbHBIX IIOTHOCTEH MOIIMHOCTH OBUTM PAacCUMTAaHBl ONTHUMAJIBHBIE OaHKU
(UIBTPOB C IOJHBIM BOCCTAHOBJICHHEM Ha OCHOBE COBMECTHOTO MCIIONB30BAHMS I'PAJMEHTHBIX METOHOB IIOMCKA U
TEHETUYECKUX aIropuTMOB. [IpeaokeHHbINH aJropuT™ MO3BOJISIET NOCTPOUTH OAHKH (HIBTPOB C TPOU3BOJIBHBIMU
(muOTOKOMITOHEHTHBIMH) AUX ¢unbTpoB. KpoMe Toro, cokpamiaercss BpeMsi IOMCKa U MOSIBISIETCS BO3MOXHOCTh
MOJTYYUTh HECKOJIBKO BAPHAHTOB PEILICHUS] ONTUMH3AIOHHON 331a4H.

Jlutepartypa

1. Akkarakaran S., Vaidyanathan P.P. Filter-bank optimization with convex objectives, and the optimality of
principal component forms// IEEE Trans. Signal Processing, vol. 49, Jan. 2001.

2.Vaidyanathan P.P. Theory of Optimal Orthonormal Subband Coders// IEEE Trans. Signal Processing, vol.
46, 1998, pp. 1528 — 1543.

3.Moulin P. and Mihgak M.K. Theory and Design of Signal-Adapted FIR Paraunitary Filter Banks// IEEE
Trans. Signal Processing, vol. 46, no. 4, Apr. 1998, pp. 920 — 929.

4.Vaidyanathan P.P. Theory and Design of M-Channel Maximally Decimated Quadrature Mirror Filters with
Arbitrary M, Having the Perfect-Reconstruction Property// IEEE Trans. On Acoustics, Speech and Signal
Processing, vol. 35, no. 4, Apr. 1987, pp. 467 — 492.

5. AnanekoB U.B., Xpsmes B.B., Hepu ®. Cuntes undppossix KUX-punbTpoB 63 yMHOKHUTENEH C TOMOIIBIO
reHeTnyeckux anroputmos // Tpynst 7-oi MHK “LludpoBas oopadorka curHasnoB u ee npuMenenue”, M. 2005. C.
75-78.

6.Mitchell M. Introduction to Genetic Algorithms. MIT Press 1996.

¢

DESIGN STRATEGY OF SIGNAL-ADAPTED FILTER BANKS
Gusinskaya E.
Ryazan State Radio Engineering Academy

Filter banks are an important tool in many fields of digital signal processing. The correct choice of filter bank
class, number of channels, filter length, and frequency domain decomposition type is necessary to obtain maximum
effect of performance this tool. Design signal-adapted filter bank involve two fundamental parts, namely, to find
optimal magnitude-frequency responses of filters and computation filter coefficients.

Solution of the first problem is given by the theory principal component filter bank, which describe design
method signal-adapted filter bank with ideal two-level magnitude-frequency response (MFR) and with defined
number of channels for signal with certain power spectrum density [1, 2].

Optimal filter bank must maximized subband coding gain that is defined by the ratio of the square means of
reconstruction errors of direct quantization and subband coding at optimal bit location in subbands [2]:
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Input signal have to be zero mean wide sense stationary process.
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Using piecewise-linear approximation filter MFR of principal component filter bank is given a chance to select
filter parameters with constrained computational power.

Method for design filter bank with arbitrary MFR form is led to multivariable nonlinear optimization problem
[3]. The goal function is given by
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and involve integration filter MFR in stopband.

Solution of this problem by gradient optimization method is sufficiently difficult and long process because
great number optimization parameters. Besides complicated landscape of goal function not allow unambiguously to
find it global minimum. Using stochastic methods such as genetic algorithms for determination filter coefficients
was led to reduce computation time. Furthermore genetic algorithms enable more detail research definitional domain
of goal function and no necessary to know it derivative [4, 5]. Imperfection of these algorithms is low convergence
rate on final search path part.

Genetic algorithms use direct analogy with natural selection mechanism of biological organisms. Their works
with array of “individuals” (population), each of them is feasible solution optimization problem and represent fixed
length binary string.

In this case “individuals” represent array of rotational angle transformed to binary string. Since length of these
strings is found very long, usual cross operations (crossover) is not effective, therefore this operation was applied to
single genes corresponding to certain angle. That is certain probability “parents” exchange either high or middle or
low bits of genes. For each individual is obtained “suitability” function value, which consist of whole filters
stopband energy. On every step of algorithm in next generation fittest “individuals” remains. In order to avoid early
convergence outermost “individuals” are selected to crossover, as well as “mutation” operation is used, that consist
in random change genes of individual. Genetic algorithms results in array of solutions with certain goal “suitability”
function value, those locate in different points of goal function definitional domain.

For some test power spectrum density optimal perfect reconstruction filter banks were designed based on joint
use gradient methods and genetic algorithms. Suggested approach allows designing filter banks with arbitrary MFR
form. Furthermore search time is reduced and several optimization problem solutions are able to obtain.
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