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Ponb anroputmoB cxatus pedeBbix curHanoB (PC) npuobpeTtaeT ocobeHHOe 3Ha4yeHne B CBS3U C
pasBMTMEM MAKETHOM nepedavnm peunm B CEeTAX TeNneKkoOMMYyHMKauui. KM3BECTHbl pasnuuHble MeTonpl,
obecneunBawLwme sddektmBHoe npeactaeneHme PC [1], ogHako, B nocrnegHee Bpems Bce Oonbluee
BHUMaHWE yaensieTcs MCNoib30BaHMI0 anropuTMOB BENBETHOIO U BEMBIIETHO-NAKETHOIO aHanmaa [2].

OCHOBHbIM  [JOCTOMHCTBOM  BEWBIETHbIX W  BEWBMNETHO-MAKeTHbIX pPasfoXeHUn sBMseTcs
nokanusaumsi UCNoMb3yLLMXCA 6a3UCHBIX (PYHKLUWIA He TOMbKO B YaCTOTHOMW, HO M BO BpeMeHHoW obnactu,
4YTO HeobxoaMMo npu o0b6paboTke HeCTaLMOHAPHbLIX CryYalrHbIX npoueccoB. Mpu aTOM CyLLeCTBYOT BbiCcTpble
anropuTMbl BeMBMNETHO-MAKETHbIX PasfoXeHUn, 4To onpedensieT BO3MOXHOCTb WX peanusaumm Ha Gase
COBPEMEHHbIX LNPOBLIX YCTPOWCTB.

O6biuHO [3] kooupoBaHue 3aknodaeTcs B pa3bueHumn ucxogHoro PC x(i) Ha 6noku orcuetos
x/ = [x(j\lj),x(j\lj + 1),. . .,x([\lj + M - 1)]T ONVHBI M, fanbHevem BEVBMEeTHO-MaKeTHOM
npeobpasoBaHMK, ONUCbLIBAEMOM MaTpuLen \\ BEKTOpOB x/: yj =W/x/, ¢ nocnegytoLiem
KOOMPOBaHMEM CneKTpanbHbIX KO3(ULMEHTOB yj , KOTOpble BMeCTe C BCrioMoraTenbHOW uHdopmawmen o

CTPYKType MaTtpuubl W] NnocCTynarwT B JIMHUIO nepenadn. ManMLI,a BENBNETHO-NAKeTHOro npe06pa30|3aHv|ﬂ

W/ MoxeT uMeTb pasnuuHylo CTPYKTYpY B 3aBUCUMOCTU OT KOPPENSLIMOHHbLIX XapakTepucTuK Bektopa X’ .
Mpy 3TOM WM3BECTHbI [4] anropuTMbl, MO3BOMAOLIME HAXOOAUTb ONTUMASIbHYIO MO KakoMy-NUGO KpUTEpWUto

maTpuLy pasnoxenns W .

B kauecTBe nopoxaatollero BenBrneta B paccMaTpyBaeMOM anropMTMe UCMNONb30Barcs BevBreT
Hob6elumn 4-ro nopsaka [5], a kputepmeM onNnTUManbHOCTM Ga3uca BbICTynan KpUTepun MUHUMYMa SHTPOMUK.
Bubnuoteka BenBneTHo-NakeTHbIX 6a3ncoB Obina orpaHuyveHa rnybuvHamu pasnoxeHus 3 u 4, T.e.
MUHUMAarbHOE YMCNO MOJSIoC, Ha KoTopble pa3buBanca curHan coctaensano 8, a makcumansHoe 16. Takoe
OrpaHuyeHVe He MPMBOAMWT K 3HAYUTENBbHOMY YXYALIEHWIO kayecTBa BoccTaHoBneHHoro PC, Ho 3aTo pesko
CHWKaeT 0O0beM uWHQoOpMauMM O CTPYKTYpe BEWBETHO-NAKETHONO JepeBa, KOTOpyl HeobxoaMmo
nepegasaTb BMeCTe CO CHeKTpanbHbIMM oOTcyHeTamMu. [lpu 3TOM 9SKCMEpUMEHTbl nokasanu [2], 4To
OOCTaToOYyHO MepefdaBaTb TOMbKO 4YeTBepTb CheKTpanbHbiX koadduumeHToB. W3 nepepaBaembix
cnekTpanbHbix koaddurumneHToB 50% KoaMpoBanoch C NOMOLLBIO Tpex BUT, a ocTaBLLMECS C MOMOLLLIO ABYX.
InuTtenbHoCTb cerMeHTa Obina BbiOpaHa paBHOM 32 cekyHOam, YTO COOTBETCTBYeT 256 oTcuyeTtam npu
yacTtote anckpeTtusaumm 8 kl'u. MoXHO nokasaTtb, YTO ANs KOAUPOBaHUA MHOPMaLMK O CTPYKTYpe AepeBa
W nepefaBaeMbIX CreKTpanbHbIX OTcyeTax goctatodHo 12 6ut. B atom cnyyae ckopocTb nepenayu byaet
cocTaenaTb 5.4 kbut/c, obecneunBas kavectBo peun 3.5 6anna B cootBetcTBUmM ¢ FOCT P50840-95.

CraHgapTHble anropuTMbl obecneymBaloT AOCTAaTOMHO MOSIHOE WUCMONb30OBaHWE KOppPensunoHHON
CTPYKTYpbl CUrHamna BHYTPWU CErMeHTa, O4HaKO Mpu 3TOM HEe UCMONb3YITCH KOPPENSALNOHHBLIE CBA3U MeXay
oTcyeTaMu curHana, NpMHaanexawymm pasnmyHbiM cerMmeHTam.

B paboTe npegnaraetcs ucnonb3oBaTb NpeaBapuUTEnbHY0 0OpaboTku curHamna, yMeHbLUALLYo
KOppensiuMoHHbIE B3auUMOCBA3N Mexay oTcdeTamu PC, npuvHagnexawumm pasnuyHblM CermMeHTam, |
TONbKO MOCIIe 3TOro OCYLLECTBNATL CTaHAapTHOE BENBNETHO-NakeTHoe npeobpasoBaHme.

O603HaumMm vyepes Xright n Xleﬁ BEKTOpbl, COCTOALLMEe COOTBETCTBEHHO W3 NEepBOUM N BTOPOU
NONOBUHbI 3J1IEMEHTOB MNPOU3BOJIbHOIO BEKTOpPAa X. Takke gns npegBapuUTenbHO o6pa60TaHHoro CurHana

BBeeM 00603HaveHune d’.
Mpepnaraetcs ncnonb3oBaTb npenBapuTenbHoe npeobpasoBaHue Bmaa:

dieri? = Xpef! = €10’ = Xiep’ —ijrigh/_l, raoe P/ — maTpuua npeackasaHus pasmepHocT M/2x M/2, o’ -
Pa3HOCTHbII curHan, X,/ — npesckasaHHoe sHaueHne curHana. Heobxopmmo BLIGpaTL MaTpuLy P Takvm

obpasom, 4Tobbl 0BGecneunTb OTCYTCTBME KOPPEMSLMOHHbIX B3aUMOCBSA3€i MexZdy BeKTopamu dleﬁ/ n

-l j-1 J j-1Tqy _
X, ight —d,igh, , T.e. E[d,eﬁ X, ight ]=0. MoxHo nokasaTb, YTO Takas MaTpuua MOXeT GbiTb

©anekTpoHHas Bepcua nogrotosneHa 3A0 ABTIKC CaHkr-lNMetepbypr, http://www.autex.spb.ru
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) N . . ST i -1 ;T i
" - P/ =RIR/ /= Y J = J Y J
HangeHa kak: P/ =R/JR{ , roe R{ _E[xrightxn.ght ] R; = E[x,ightxleﬁ . Takaa matpuua P’ aensetcsa

; T :
CUMMETPUYHOI 1 o6ecneunsaeTt muHumym avcnepcun E[d’” d’] pasHoctHoro curHana d” .
HecmoTps Ha TO, YTO MCMONb30BaHWe MeToAa NpeasapuTenbHON 06paboTKN, OCHOBAHHOIO TOMBLKO

Ha npeackas3aHunn, No3BONIAET OeKoppernnpoBaTb BEKTOPbI X " Xleft] , €0 HegoCTaTKkOM ABNAETCA TO,

right

YTO KOPPENsALMOHHas CTPYKTYpa NOABEKTOPOB d,eﬁ/ " xrigh/ =d_,’/ cunbHO oTnMuaeTtca Apyr oT apyra.

right

Mo aTon npuumHe npepgnaraeTca BeKTOp d’ noaBeprHyTb OOMNoMnHUTENbLHOW obpaboTke d'{eﬁzH/ d{eﬁ,

J

KoTopasa 3aknoyaetca B obecrneyeHUM paBeHCTBA KOPPENSALMOHHbLIX MaTpul, BEKTOPOB d{eft n dright'

. . . 1 . .
Takasi matpuua moxer GbiTb HaraeHa kak H/ =TT,/ *, roe T/ n T — HwxH1e TpeyrombHble MaTPULbI
d " |=1/1/ v R =E|d],a.," |=T/T]
=4H - Ry = lefiYefp | = Yatd -
OKcnepuMeHTanbHble MCCrneaoBaHUst MpPOBOAMNNCE Ans ¢hoHeTudecku cbanaHcupoBaHHbIX pas,
pekomeHgoBaHHbIX [OCT P50840-95. lMpn 3TOM, €cnm KnacCUYecKuii BapuaHT BEWBIIETHO-MAKETHOro
npeobpasoBaHMsa obecneymBan KayecTBO BOCCTaHOBMEHHOM peun 3.5 Ganna, ToO Npu TOW Xe CKOPOCTU
nepegayun, npegBaputenbHas obpaboTka PC Ha ocHoBe anropuMTma npeackasaHus no3sonuna rnoBbICUTb

kayeTBo peun o 3.9 Oanna. [JanbHenwasi o6paboTka pasHOCTHOrO CuUrHamna [OMOSHUTENbHO MpuBena K
yNy4dLLEHWIO Ka4eCcTBa BOCCTAHOBMNEHHOrO curHana go 4.3 6anna.

Jj T

right

B pa3noxeHun Xoneukoro [6] maTtpuy R{ = E[d{ight
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THE INCREASING OF EFFECTIVENESS OF WAVELET PACKET REPRESENTATION AT A EXPENSE
OF PRELIMINARY PROCESSING OF SPEECH SIGNAL

Kirillov S., Zorin S.

The role of speech signal compression get a particular importance in connection with development of
telecommunication technologies. Now especial attention is given to algorithms on compression on a basis
wavelet and wavelet packet expansion. The main advantage of wavelet and wavelet packet expansion
consists in localization of basis functions in both time and frequency. Furthermore there are fast algorithms
of wavelet packed transformation, so there is a possibility of realization these algorithms on a basis of
contemporary digital devises.

In the proposed algorithm original speech signal x(i) first is chopped into frames
. T
x/ = [x(]\lj),x(]\lj + 1),...,x(Mj + M - 1)] , containing 256 samples. Further we get vector of wavelet

packet coefficients using a matrix yj = W/x’ . After this we code spectral coefficients. Encoded coefficients
with some additional information about structure of transformation matrix are transmitted into line. Matrix
W/’ can have a different structure depending on a correlation characteristics of treated frame.

The proposed algorithm used Daubechie’s wavelet 1V-order. The library of wavelet packets is limited

by third and fourth levels. That is the original signal can be splitted into minimum eight and maximum sixteen
frequency bands. The quarter of spectral coefficients is transmitted into line, one half of which is coding by

three bits and other half by two bits. To transmit the additional information about structure of matrix W’ we
need twelve bits. The duration of segment is chosen equal 30 ms, this correspond to 256 samples in frame
on the sampling rate 8 kHz. In this case the bit rate is equal to 5.4 bits par second.

We propose the additional processing of original signal before a wavelet packet expansion. The
additional processing consists in a diminution of correlation between samples of speech signal, which belong
to adjacent blocs of samples.

Denote by X,,.;,, and X, vectors, which contain respectively the first and second half of vectors x
elements. Also denote by dj differential vectors signals. We propose the preliminary processing as

dleﬁ'] :Xleﬁ'] —f;leﬁ Xleft -P X”ght']_l , where f(,eﬁj is a predicted signal, P’ is a prediction matrix. If

. . . i i T i 1 _j
we introduce correlation matrix R/ and R} as R/ E[ Xight ”ght ] and R} ZE[Xf,ghtX,eﬁ ] then

prediction matrix that minimizes a variance E[dj d’] of differential vector d’ can be found as
; |
P/ = R’R’ . Let's mark, that the prediction matrix ensures the absence of correlation between vectors

=d thatis E[d;/X,p,7 " 1=0
The method of prediction has a disadvantage consisting in great difference between correlation
=d

d,;’ and x

rzght rzght

structure of subvectors dleﬁj and X We propose also an additional processing

J J
right right -

d/,=H’d/,, insuring the equality E[d’ d,’eﬂT]—E[d’

Iof iant @i ] A matrix H’ can be found as

. . 1 . .
H’ =T/Td/ , where T/ and T; low triangular matrixes from Cholesky decomposition of matrixes
R{ = E[d] "=/ ano R} = E|a],af, | = TiT]

Summing up, the algorithm of speech signals coding on the bases of wavelet packet representation
with preliminary treatment is offered. This preliminary processing ensures a diminution of correlation between
signal samples, which belong to adjacent blocs of samples. Thus, the classical variant of wavelet packet
transformation ensured quality of restored speech about 3.5 number on a bite rate 5.4 kbit/s. The offered
preliminary processing on the bases of prediction algorithm has allowed to increase quality of speech up to

3.9 numbers. The further treatment of a difference signal improved a quality of restored signal up to 4.3
numbers.

right rlght




