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Peghepam. NpenctaBneHbl pesynbTaThl pa3paboTkmi npoLeaypbl Noucka Bektopa Bo36yxaeHUs
B CELP-kogepax peys, OCHOBAHHOM Ha MakCMMM3auuu MacluTabupoBaHHOW KOpPPEnsiLMOHHOM
OYHKUMM B3BELUEHHbIX CMHTE3MPOBAHHOMO WM OPUIMHANBHOIO peyeBbiIX CUrHamnoB. [loka3aHo, 4To
npegnaraeMasi npouegypa MO OTHOLWEHWKO K CTaHOAapTHOMY anroputMy Moucka MO3BONseT Ha
NopsiAoOK COKpaTUTb BbIYUCIIUTENbHbIE 3aTpaThl.

KogoupoBaHue peun, OCHOBAHHOE Ha NMHEMHOM MNpeAcKasaHun M BO3OYKOEHUN CUHTE3UPYIOLLErO
dunbTtpa ot koga ( Code Excited Linear Predictive — CELP ), 6bino npegnoxeHo B 1984 r. M.Lpeaepom n
B.O3tonom [1] 1 Hawno npuMmeHeHMe B cucTeMax LMpOBOM CBA3W, NOCTPOEHHbIX Ha Gase cTtaHOapToB
European Telecommunications Standard Institute — ETSI 95 [2] B EBpone n Federal Standard 1016 — FS
1016 [3] B CLLA.

B CELP-kopepax (pucyHok 1) pedeBoii curHan S,, pasgensietcst Ha kagpbl anutensHocTbio 20...30
Mc. B kaxgom kagpe € MCMNoOfb30BaHMEM anropytMa nuHenHoro npegckasanust (LPC) onpepensiotcs
napameTpbl CUHTe3upytoLero dunbTpa 1/A(z), N OTbICKMBAIOTCA MapamMeTpbl CuUrHamna Bo30yXaeHus,
MUHUMU3UPYIOLLIME B3BELUEHHbIW curHan ownbku. CurHan Bo3OyxaeHus npeacTaBnseTcs Habopom
BektopoB Cg, C,, u3Bnekaemblx M3 CTOXaCTUYECKOM W afanTMBHOM KOAOBbIX KHWUI, @ Takke Habopom
cooTBeTcTBYLOWMX UM UHAekcoB Cg, C, 1 koadbduumeHToB yeunenus gg, d,. MNpy KoanpoBaHum curHana
BO30yXaeHus kagp pa3buBaeTcsd Ha yeTbipe nogkagpa. B kaxgoom nogkagpe kooupyloTcs M nepeparTcs
Cs. Ca, 9s M G-

Ona nonyyeHus MWHMManbHOW Pa3HOCTU MeXAYy WCXOAHbIM W CUHTE3UPOBAHHbLIM pPeyvYeBbIMU
curHanamu, B CELP-kogepe wucnonb3yeTcsa KpuTepud MUHMMyMa B3BELUEHHOW cpefHeKkBagpaTuyeckown
pasHOCTM MeXZYy MCTMHHBbIM U CUHTE3UPOBAHHBLIM curHanamu. py 3TOM NOMCK BEKTOPOB BO30YXAEHUS,
MUHUMU3NPYIOLLMX OLUMOKY, BbIMOITHAETCA MOCreAoBaTEeNbHO: B MNEPBYD OvYepedb MPOM3BOAUTCS MOUCK

Bektopa C, 1 koadhdumumeHTa ycunennst g, , a 3atem oTbickuaeTcs Bektop Cg 1 koadhduumeHT yeunenns
Js , COOTBETCTBEHHO B a4anTUBHOM N CTOXaCTUYECKON KOAOBbIX KHUIax.

Llenbto HacToswen paboTbl siBNSAETCA MNOCTpoeHue 3pdeKTMBHOM MpoLeaypbl Moucka KoOoBOro
BekTopa BO3OyxaeHus B CELP-kogepax peun. B uyacTHocTh, obcyxpaeTcs npouenypa MUHUMU3ALUK
dyHKUMOHana

Ex =<W(S_ngck)W(S_ngck)>7 (1)

roe H — matpuua, cooTBeTCTBYlOWAsA MMMNYNBLCHOW NEPEXOAHON XapakTepucTuke unsTpa 1/A(z);
W - maTtpuua, cooTBETCTBYHOLLAA UMMYNbCHOM XapakTepucTuke B3BeluMBarowero dunbtpa; S — BekTop,
COOTBETCTBYIOLUMIA OpUrMHanbHOMYy pedeBoMmy curHany; C, — Kk-Tbiii BeKkTop M3 aganTMBHOM Wnn
CTOXaCTUYECKOW KOAOBBIX KHUT; g — KOI(PULMEHT YCUNEHNS, MUHUMU3NPYIOLLMIA (oyHKUMOHan E; .

YUncneHHoe 3HaveHve E, cooTBeTcTBYET kBappaTy ANWHbI B3BELLEHHOW Pa3HOCTU BEKTOPOB S U
gHCy 1 BbluMCRsETCH Kak pesyrbTaT ckansipHoro ymHoxeHus sektopa W (S — g, HC, ) Ha camoro cebs.

B [4] nokasaHo, 4TO:

min Ey =(WS,WS)—g,(WHC,,WS), )

y oE,
rae BeCOBOW KOI(PPMLMEHT g OMpeaenseTcs u3 pelleHns ypaBHeHns 8_ =0,
Ok
<WHCk,WS>

%= wHe, wHe, )

3)

©anekTpoHHas Bepcua nogrotosneHa 3A0 ABTIKC CaHkr-lNMetepbypr, http://www.autex.spb.ru
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M3 (2) creagyeT, yto MuHMMYM (yHKumoHana Ej cooteetcTByeT makcumymy BTOpOro unewa

gk<WH Ck,WS> , T.e. Npoueaypa (2) akBMBaneHTHa peLLeHmnio 3aaa4m noucka
max g (WHC,,WS).
k

Sh
BXO[HOW peyeBo curHan
Os
> LPC-aHanus
X Cs | Croxactneckas > Cs
¢ KOAOBas KHUra -
) 4
_ CuHTe3upyoLwmit
dunetp 1/A(2) Qa
Ca ApantusHas » Ca
KOAOBas KHUra -
> W(z) > MwuHumnzauma >
Cs, Ca, Js, Qa

PucyHok 1 - CTpykTypHasi cxema koamposaHnus CELP - kogepa

OcHOBHasi BblYMCTIUTENbHAs Harpyska B mpouecce novicka nHgekca C, Bektopa Cy, Mpu KOTOpOM
pocTturaetcss minE, , npuxoautcs Ha BbluKUCeHUe g, , TakK Kak KOA(MULMEHT YCUNEHWS BblYMCIISETCS NS
BCEX BO3MOXHbIX BekTopoB Cy B KakaoMm noakaape.

MoxHO nokasaTtb, YTO CKansipHble NpPOV3BeAEHWS BEKTOPOB <WHCk,WS> 7 <WHCk,WHCk>,
Bxogsme B (2) n (3), COOTBETCTBYHOT NOSIOXUTENBHO ONpeaerieHHbIM KBagpaTuieckum opmam

(CWTHTWS), (4)

<Ck,WTHTWHCk> , (5)

a UX BbIYMCINEHUSI CBOOSTCS K YMHOXEHMIO CUMMETPUYECKUX MaTpuL WTH'™W 1 WTHTWH Ha
BekTopbl S 1 C, c nocneayoLwmm ckanspHbiM YMHOXEHWEM pe3ynbTaToB Ha KoAoBbIN BekTop Cy .

CnegyeT oOTMeTWUTb, 4TO cTOXxacTtudeckas kopgoBas kHura B CELP-kogepax opraHu3yeTtcs kak
nocnegosaTtensHocTb, coctoawas us umcen +71, 0;—1. OHu nonyyeHbl B pesynbTaTe LEHTParnbHOro
OorpaHvyeHnss peanusauuu LWymMa C raycCOBCKMM pacnpefeneHnemM, HyrneBbiM CPeaHWM 3HavyeHueM W
€OVHWYHOM AMCnepcuent, nyTeM 3ameHbl NOMOXUTEnNbHbIX 3HadYeHun Ha +1, a oTpuuaTenbHbix Ha —1.
Kpome Toro, BeKTopbl CTOXaCTUYECKON KOOOBOW KHWUMM COBMeELLaoTCs ( MepekpbiBalOTCA CO COABUIOM Ha ABe
Bblbopkn). Mpu aToM MOBOM TeKyLUN KOOOBbIA BEKTOP COOEPXWUT BCe BbIOOPKU Mpedblayllero BekTopa
Kpome NnepBbIX OBYX.

C y4eTOM BbILIEONUCAHHOW OpraHvM3aumM KOAOBbLIX KHWUI K hakTa CUMMETPUYHOCTU MaTpul,
Bxoaswmx B (4) u (5), BbluMcnUTENbHbIE 3aTpaTbl HA MOWCKM KO4OBOrO BEKTOpa CUrHana BO30yXAeHus B

pesynbTarte oTbickaHus uhgekca C, , npu kotopom
g« (WHC,, WS) = gk<Ck,WTHTWS>

[OCTUraeT MakCMMaribHOIo 3HaYeHWsl, 3Ha4YnMTenbHO COKpaLLalTCs.

lMpakTuyeckas peanusaums anropyTMa MOMCKa BeKTopa BO30YXOeHWs B COOTBETCTBUM CO
CTaHOapTHbIM anropMTMOM, MPUBEAEHHas Ha PUCYHKe 1, W peanusauus C anroputMOM MOWCKa COrMacHo
npeanoXeHHon npoueaype Ha npoueccope TMS320C30 nokasanu BO3MOXHOCTb MOYTUM LECATUKPATHOro
YMEHbLUEHUS BbIYUCIUTENbHBIX 3aTpaT Ha KOAMPOBaHUE BEKTOPOB BO3OYXXAEHWS KaK B aganTUBHOW, Tak U B
CTOXaCTUYECKON KOQOBbIX KHUrax.
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The speech coding based both on the linear prediction and the excitation of the synthesizing filter
from the code (Code Excited Linear Predictive — CELP), took application in the communication systems,

using ETSI-95 and FS-1016 standards. The speech signal S, is divided into frames with duration from 20 till

30 ms in these systems. The parameters of a synthesizing filter 1/A(z) are calculated with the usage of
linear prediction algorithm in each frame, then the parameters of excitation signal are searched with the
weighted error signal minimizing. The exciting signal is represented by a set of indexes Cg, C,, vectors

C,, C,, extracted from the stochastic and adaptive code books, and also set of amplification factors,

appropriate to them, g, 9,.

In this paper we consider the effective procedure of code excitation vector search in CELP- coders.
This procedure includes the minimization of functional, which equals

Ex =(W(S —ggHC, ) W(S —gHCy ). *)

where H is matrix appropriate to an impulse response of the filter 1/A(Z); W is matrix appropriate
to a pulse response of a scaling filter; S is a vector appropriate to an original speech signal; C, is k-th
vector from the adaptive or stochastic code books; gy is amplification factor, minimizing functional Ey .

From the equation (*) it follows, that rg:(n Ey =(WS,WS) - g, (WHC,,WS), where the weight

<WHCk,WS> , L= .
corresponds to solution of the equation — =0. Thus, the minimum of a
(WHC,,WHC, ) s

functional E, corresponds to a maximum of the second item, equal gk<WHCk,WS>. Main computing load

factor g, =

in search process of an index C,, at which one is reached minE,, put on calculation g,, as the
amplification factor is evaluated for all feasible vectors Cy in each subframe.

It is possible to show, that WTH™W and WTHTWH are symmetrical matrixes. Then it is easy to
calculate <CK,WTHTWS> and <Ck,WTHTWHCk>.

Take in consideration, that the stochastic code book in CELP-coders is organized as a sequence of
numbers +1, 0, -1, obtained as a result of central limitation of noise with Gaussian PDF, zero average, single
dispersion, by replacement of positive values on + 1, and negative on -1. Besides the vectors of the
stochastic code book are mated (are overlapped with shift on two samplings). With all this any current code
vector contains all samplings of a previous vector except for first two.

Thanks to above described organization of the code books and fact of symmetry of matrixes
computing expenditures on the searches of a code excitation signal vector as a result of search of the index

Cy., at which one gk<WHCk,WS>:gk<Ck,WTHTWS> reaches maximum rating are considerably

reduced.

The practical implementation of a search algorithm of a vector of excitation vector, according to
standard algorithm, and algorithm, according to the offered procedure, on the processor TMS320C30 has
shown possibility of almost tenfold decrease of the computing expenditures on coding of excitation vectors
both in adaptive and in the stochastic code books.




