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PaccmatpuBaetca npobnema noctpoeHuss 6asvcoB  C  OQHOPOOHOW U perynsipHoun
aHanNUTUYeCKON KOHCTPYKLMEN chnekTpanbHbiX yHKUun. [pnBoaMTCA CUHTE3 aHanmMTUyecKoun
KOHCTPYKUUK, YaCTHbIM Crly4aemM KOTOPOW SABASIOTCA Haapo-nofoOHble U YCeYeHHble CUCTEMbI
CUrHanos.

BeeneHue
IncKkpeTHble OpTOroHasnbHble MpPeobpasoBaHNsl LUMPOKO UCMONb3YKTCSA B LndgpoBon 00paboTke
CWrHamnoB 1 3a4alTcs credyownumMmm MaTpUYHbIMU BbIPaXXEHNSMMU,

F=DxA;
A=0xF,
roe F (A) - Boibopka (cnekTp) curHana, Bektop-ctonbey anvibl m; D (Q) - matpuua npsiMmoro

DxQ=E,,

(obpatHoro) npeobpasoBaHusi pasmepHocT mXm; E,, - egmHndHas maTpuua ToW e pasMepHOCTW.
MaTpuupl npeobpasoBannss D v @) cOCTOAT U3 XapakKTEPUCTUYECKUX BEKTOPOB (CTONBLOB) CNeKTpanbHbIX
dyHKkUMiA 0; (J) v 19]- (i) cooTBeTCTBEHHO, KOTOpLIe 06pasyoT 6a3nc OPTOroHansLHOro NpeotpasoBaHus.

B pabote [1] noka3saHo cyliecTBoBaHMe NSATU anrebp obpasyloLlmx onepawummn, Kotopble MOryT 6bITb
ucnonb3oBaHbl B UMdpoBoi 06paboTke curHana: anrebpbl NOMMKW, MyNbTUMIIMKATMBHOW U aaauTUBHOWN
anrebpbl, KOHEYHOrOo MONA M KofbUa uenbiXx 4Yucen. Anrebpa norvkM u mynbTunnvMkatueHasa anrebpa
MO3BOMNSAIOT peanu3oBaTtbh Y3KU Knacc 6as3ncoB, KOTOpblE YCIIOBHO Ha30BEM MUKOBBIMM, TaK Kak kaxgas 13
crnekTpanbHbIX (PYHKUUA OTNMYHA OT HyNns TOMbKO B OAHOM Touvke (Ha OOHOM WHTepBane). AgouTuBHas
anrebpa [2], kKOHEYHOEe Mome M KOMbLO LENbIX YMCENT MOpPOXAalT LUMPOKMIA Knacc 6asncoB, 3HAYUTENbHO
NPEBOCXOAALLMIA 1 BKITFOYAOLLMIA KITAcC NMMKOBLIX 0a3McoB.

M3BecTHO, 4TO Ons Kaxagon npouedypbl 06paboTkm curHama CywecTBYeT CBOW (ONTMMaribHbIN)
0asuc, rge nocTaeneHHas 3afjada umeeT Hauboree npocToe pelweHne. [ns aToro B BblIOpaHHOM anrebpe
obpasyloLmx onepauun ctaBuTCca 3agada cuHTesa basnca, oTBevarowero 3agaHHbIM TpeboBaHusM. Ho Ha
MpakTuKe pacrnpocTpaHeHue Nony4un HebOoMbLLIOKW Kacc cnekTpanbHbix npeobpasoBaHunii — Pypbe, XapTtnu,
Apamapa, Yonwa, Xaapa, 1 T.4., YTO 06bsCHAETCA NPOCTOTON (DOPMUPOBAHMS CMEKTPanbHbIX PYHKLUA U UX
HarnmsgHocTho. [locTaBum 3agady paclnpeHust cnektpa 6asvcoB, MMELWNX OOHOPOAHYI U PEryrsipHyro
AHaNUTUYECKY KOHCTPYKLMIO.

CHHTEe3 aHaNUTUYEeCKOW KOHCTPYKLUMN
PaccMoTpum npousBonbHOE MHOXECTBO dnemeHToB [V ={0, 1,...,k—1} N HekoTopylo anrebpy

obpasytolmx onepaunii R = <Nk,+,><> C Hynem O u eguHuuen T . MNycTb 3ajaHa OUCKpeTHast OYHKUMSA

f oT n nepemeHHbIx x([)n] =(X(sX]5...sXp_1) cO 3HauHocTsmn kg, ki, ..., k,_| cooTBeTCTBEHHO.
Pasnoxum aty doyHkumio no s+ 1 nepemeHHbIM x;s“] =(xt,xt+1,...,xt+s) no cucteme oyHKLMN ¢l.(t):

[s+1]_

! t +1 1, [t
fagh="% o6 xa o)),
i=0
roe ¢ — HavanbHbI MHOEKC NepeMeHHON B PasnoXeHuu, 3aeck oH paseH n— s —1. Monoxum ans

Bcex y,z€ N Ky

o3 =66 (1= 0.k 1)

©anekTpoHHas Bepcua nogrotosneHa 3A0 ABTIKC CaHkr-lNMetepbypr, http://www.autex.spb.ru




5-a9 MexpgyHapogHasi koHdepeHums «Lindppoeasa obpaboTka curHanos un ee npumeHeHne» DSPA-2003

roe kt[s] =kiksyy...ki g1, TO eCTb nepsble k;s] n3 kt[s"'l] CReKTpanbHbIX (YHKLMIA ¢i(t) He

3aBUCAT OT MEpemMeHHoW Xy, . B coOTBETCTBUM C Teopemamu pasnoxeHus [1], 3T0 BO3MOXHO BO BCEX

anrebpax obpasyoLmx onepaumnii, Kpome anredpbl JIOTVKK U MyNbTUNIIMKATUBHOM anredpsbl. Torga

[s+1]1_4

t

fegh=r06"he 2 0 hxal g,
i=k;®

roe f(t) — HekoTopasi (yHKUMA OT £+ s nepeMeHHbIX. B cBol ouyepedb, packnaabiBas f(t)no

nocnegHnm s+1 nepemMeHHbIM, Nony4nm

k[f] n—s—1 kt[s+1
t s+1 t t
Sxgh= z o, Mxa;+ Y Y e Dxal (i),
=0 = kg]
Tak Kak KoadhdPUUNEHTDI al(t) — (byHKUUK, 3aBUCALLME OT f NepemMeHHbIX, NPeacTaBuM Kaxabli 13
HUX B BUAE pPasnoXeHus No CBOEN CUCTEME OPTOroHarnbHbIX (OYHKLNIA l//( )
k[s -1 s k[9+1] [t
n s—1 t s+1 (¢ t t
fxgh= z o; 5 Mxa; + Y P 60 () z wﬂ(x“)xa” :
=0 j=k;° J

roe Ans  onpeneneHHOCTVM  MOMOXUM k}0]=1 " l//l(JO)=1: Torga wmaTtpuua npsiMoro

npeobpasosanus D = D,,_¢ MoxeT ObiTb NoMy4eHa no pekyppeHTHOMY BbIPaXeHMIo

(D, @ - %)
g v .. @
Dt+1:(Ek[[]®(D(t))X . 1 . . (t:(),l’l—S—l),
0 : : .
(f)
_@ o .. v,

a maTpuua obpaTtHoro npeo6pasosanus Q = Q,,_¢ — N0 PeKypPEHTHOMY BbIPaXXEHUIO

FQz %) o ]
% :“\Pl(t) @
Or1 =] - : - : X(Ek[z]®,lt‘1)(t)) (t=0,n—s5-1),
. . . . O
(®)
_Q @ ‘u\Pkt_ld

npun HavanbHbix yerosusx Dy =D, Oy = ud n ‘Pi(o) = Ek[s] , rae & — kBagpaTHas matpuua u3
0

Hynen anrebpbl obpasyrowmx onepauunini R pasmepHocTu k([)t], a Ej - eovHnyHas maTtpuua pasmepHoCTU

kXk, 3Hak U — 3HaK yHapHOW MaTpuyHoW onepauuu obpaiueHusi, @ — onepaumsi KPOHEKEPOBCKOMO
npov3BeAeHNs MaTpuLL,

=lo; (D] (i j=0.kT-1),
o® <O =0k,
wO O] =0k 1, =001,
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3akno4yeHue

CuHTEe3NpoBaHHasi aHanuTMyeckasl KOHCTPYKLUSI OMMUCbIBAeT MHOXECTBO 6a3vCOB CMEKTpanibHOro
npeobpasoBaHNs U XapaKTepusyeTcs HeKOoTOpbiM napamMeTpoM § — [fyouHoM unu macwTtabom

CneKTpajibHOro pasrioXeHu4. an/l s=0 norny4aem BCEBO3MOXHble Haapo-no,u,o6Hb|e N yCe4YeHHble Hasucel

[3]. Mpwn aToM Ha cucTembl yHkunn D, CI)(t) " ‘I’l.(t) HaKnagblBaeTCcs eAMHCTBEHHOe TpeboBaHue — B

ucnonb3dyemon anrebpe obpasyolmx onepauuMi 9TU  (PYHKUUW NPeacTaBnAlTCA  HEBbIPOXAEHHBIMA
maTpuLaMu OMUCKpeTHOro npeobpasoBaHus. [MpousBonbHbI BeiGop aapa npeobpasoBanHna P, dyHkuwmi

o, g ’
n i no3BonsieT CMHTe3npoBaTbh BonbLoe MHOroobpasune 6a3ncoB Npu AOCTAaTOMHO OOHOPOAHOMW U

perynsipHon obLuen aHanUTNYeCKOM KOHCTPYKLINN.
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HAAR-LIKE SYSTEMS OF SIGNALS

Vykhovanets V.

Institute of Control Science RAS
Moscow, Profsoyuznaya str., 65, vvk@tirastel.md

Abstract. A problem of generation of bases having regular and homogeneous analytical
construction of spectral functions is considered. Synthesis of analytical construction, where Haar-like
and truncated systems of signals is a particular case, is discussed.

Let us expand the function f depended on variables x[ =(X0sX]s--sX,_1) With ko, ki, ..., k,_;

digits correspondingly in a system of spectral functions ¢,.() by the last s+1 variables

x£s+1] = (X s X410 -9 Xpps) »
£S+1]_
f(X%n]) = 26 q)i(t)(xt[ﬁl])xal-(t)(xg]),
1=

where ¢ is an index of first variable, here t=n-s-1. For all y,zeN; let

(I =90 (xl2) (i=0,k11-1), where kN = kykyyy . gy, i, the first k1] out of &I+ spectral

functions ¢,.(’) do not depend on the variable x,,,. This is possible in all algebras, except in the
multiplicative algebra and the algebra of logic [1, 2]. Then we can write

K1
e = O+ ol hxa o),
i= ks]
where £® is a function of 7+s variables. In turn, expanding f® by the last s+1 variables, we
obtain
k([)s]_1 n—s—1 k-1
1 t +1 t t
fegh= X oGgxa+ T3 O a6,
i=0 = 0 l kS

Since the coefficients “zm are functions, we represent them as expansions in systems of orthogonal

functions v’

k[s] 1 [s+1] _ -
(7] nsl ke () [s+1] () ()
f(x() 2 ¢l(x )Xa + 2 2[4 ¢1 (xt )X z V/l (x() )Xa s
1=0 =k ]

where for the sake of definiteness we take kt[O] =1 and y/lfjo) =1. We determine the transformation

matrices D=D,,_, and Q =0Q,,_, from the recurrent equations (#=0,n—s—-1),

D, @ - O
o v @
DH—I = (Ek([)z] ®q)(t) )X l : )
p®)
_@ %) kt—l
(O, %) g |
%) ,U‘Pl(t) %) 0
Or1 = : : : X(Ek([),] Q ud )
(1)
_@ (%) ‘ulPkt—ld
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under the initial conditions Dy =®, Q, = u® and ‘P,.(O) =Ek"“ , Wwhere @ is a square matrix of size
0

k([)’], E, is unity matrix of size k, u denotes an inversion of matrix, ® denotes Kronecker product of
matices, ®=[6,()] (1,j =0T 1), @©=pOp| (i) =01y, wO O]

(i=0k =1, j,l =0,k —1).

So, we obtain the analytical constriction that describes many spectral bases. The construction
depends on scale or depth of transformation s. When s=0 we have Haar-like or truncated spectral

functions [3]. Arbitrary choice of kernel of transformation ®, systems of function ®® and ‘Pi(’) allow us to
get many systems of signals, which have regular and homogeneous analytical construction.
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