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Pedepar. PaccmarpuBaroTcs mMyTH TOBBIIEHHS 3((GEKTUBHOCTH BEKTOPHOTO KBAaHTOBAaHWsS I1apaMETPOB PEYEBOTO CHTHANA.
OCOOEHHOCTH 3BONIOLHMU BEKTOpAa aKyCTHUECKHX TPU3HAKOB NO3BOJAIOT NMPUMEHATH MOAMGMHIMPOBAHHBIC METPHKH JUIS TIOCTPOEHHSA KOMOBOI
KHHTH METOJaMHU KJIacTepu3auu. IIpn 3ToM BO3MOXKHO 3HAYNTEIPHOE CHUKEHNE HETATHBHOTO BIHMAHUS 3(Q(EKTOB KOAPTUKYIALMH, TIPUBOIAIINX
K HEOHO3HAYHO! MHTEPIPETAlNK BEKTOPOB 00y4aroreit Beioopky. C(hopMIpoBaHHAs KOJOBask KHUIA COACPKUT JIOTIOITHUTENbHYO HHPOPMAIIHIO,
KOTOpast MO3BOJIACT MOBBICUTH KaueCTBO (hyHKIIMOHMPOBAHUS CUCTEM CBSA3H H PACTIO3HABAHUS PEUH.

BekTopHOE KBaHTOBaHHE IMUPOKO HCIONB3YEeTCS KaK B TEXHHKE HHU3KOCKOPOCTHOW MEpeadd PEUeBBIX
CUTHAJIOB, TaK W MpPHU IOCTPOCHUM aKyCTHYCCKUX MOJEICH CHCTEM pAaclo3HaBaHUs pedyd. K YUCIy OCHOBHBIX
MIPEUMYIIIECTB JAHHOT'O METO/Ia KOJIUPOBAHUS CIIETyeT OTHECTH:
®  BO3MOJKHOCTH BBEISIBUTH IMOA00HE MEXKIY TIOBTOPSIOMIUMUCS (POHETUICCKUMH dJICMEHTAMH SI3bIKA;
= BO3MOKHOCTH YCTPAHHUTh KOPPEIAIMOHHBIC CBA3M MEXKIY KOOPJAHHATAMH BEKTOpa MPHU3HAKOB;
®  BO3MOJKHOCTbH YYECTh HEJTMHEHHBIC 3aBUCIMOCTH MEXy KOOPAMHATAMH BEKTOpPA MIPU3HAKOB.

Bce 5T0 mMO3BONSET CYMIECTBEHHO CHHU3UTh HM30BITOYHOCTh IU(PPOBOTO TIPEACTABICHUS CHUTHANA, a,
CJIeIOBATENLHO, U COKPATUTH ali()aBUT BO3MOKHBIX COCTOSIHUN aKyCTHIECKON MOIEITH.

Peanm3anus BEKTOPHOTO KBaHTOBAaHUS TpeOyeT MPUMEHEHHs IBYXATalHOW mporenypbl. Ha mepBom a3rtame
(arane oOyuyeHHs) MPOUCXOAUT (pOpMUpPOBAHKE KOIOBON KHHUTH BEKTOPHOTO KBaHTOBaTesss. Ha BTOpoMm 3Tame (3tame
KBaHTOBaHUsS) HaONIOJacMOMY BEKTOPY IPHU3HAKOB CTABHUTCSI B COOTBETCTBHE HamOoJiee MOIXOSAIINN BEKTOP
KOJOBOW KHHUTH. DPPEKTUBHOCTH (HYHKIIMOHUPOBAHHS KBAHTOBATEIIS CYIICCTBEHHO 3aBUCHUT OT Ka4eCTBa IMPOBEICHUS
orepanuu o0y4yeHus. Kak mpaBmio, s 3TOH e HCIOMB3YIOT MPOIeaypy KiacTepu3anun. TpaTuliHOHHBIA TOIX0
KJIACTEPHOTO aHalM3a 3aKI0YaeTCs B COPTUPOBKE MHOXKECTBA BEKTOPOB OOydaromieid BHIOOPKH HA TPYIIBI C
MTOXOKMMH CBOWCTBAMH - KJacTepbl. Kpurepuem cXoacTBa OOBIYHO SBIISIETCS Mepa PACCTOSHHUS MEXIY BEKTOPOM
oOyuatoeil BRIOOPKH ¥ TIEHTPOM Kkiactepa. [IycTh oOydaromas Beibopka cogepxut K BektopoB O = {04, 0,... 0k}.
Torma, 3agada KIacTepU3alldd COCTOMT B HAXOXKICHHMH P BEKTOpPOB KOMoBOW KHUTH V = {Vi, V,,... Vp},
MIPEACTABIISAIONIMX 00yJaroNyl0 BEIOOPKY C MUHUMAIhHON TOTPENTHOCTHIO

. T E
Vem\}nA—m\}n ngm}np(oi,vj) , (1)

rae p(o;, v;) — METPHKa PacCTOSIHHUS COOTBETCTBYIOIIETO MPOCTPAHCTBA MPU3HAKOB, A — MOTPEITHOCTh NPE/ICTaBICHHUS
oOyuatomeit BeIOOpku. Hanbosree ymoTpeOuTensHONM MPUHATO CYUTATH JEKAPTOBY METPUKY

p(oiﬂvj): (2)

TJI€ Oy, V;y — KOOPIMHATHI COOTBETCTBYIOIINX BEKTOPOB, a M — pa3MepHOCTh IIPOCTPAHCTBA MTPU3HAKOB.

B Toxe Bpems He cruemyer 3a0bIBaTh, YTO PEUYCBOWM CHTHAN B OOIIEM CiIydae XapaKTepH3yeTrcs He
JUCKPETHBIM HabOpOM COCTOSTHUI BEKTOpa MPHU3HAKOB, a €r0 HENMpPEepBhIBHON 3BoJIONMeH. JJaHHBIH (akT MPUBOIUT K
TOMY, YTO CYIIECTBYET 3HAUMTENbHAs CTATUCTHYECKas 3aBHCHMOCTh MEXIy HM3MEPEHHSMH BEKTOpa IPU3HAKOB,
B3STBIMH Yepe3 HeOONbIINe OTPE3KH BPeMEHH. B CHiTy W3MEHYHBOCTH T0J0Ca, OTHOCHTEIFHO HEOOBIINE CMEIICHHUS
BEKTOpa MPU3HAKOB MOTYT MPHUBOAUTH K TOMY, 4TO OoJice MO3IHUN BEKTOP OyJET MOCTABJICH B COOTBETCTBUC IPYTOMY
kiactepy. Kpome Toro, siBJIeHUE KOAPTUKYJSAIWU, TO €CTh B3aUMHOTO BIUSHHS COCEHHUX (DOHETHUCCKUX CIUHMIIL,
3a4acTyl0 TakkKe MPHUBOAUT K WX HEKoppekTHOW wunmeHTH(uKaryyu. OCHOBHAsS MpPUYHHA OMHCAHHBIX OIMUOOK
BEKTOPHOT'O KBAHTOBAaHUS 3aKJIOYACTCS B TOM, YTO MPOIEAYPHl KIACTCPU3AIMM W KBAHTOBAHWS HE YYHTHIBAIOT
JMHAMUYCCKUEC CBOWCTBA BEKTOpa NMPHU3HAKOB PEUEBOro CHrHana. [[Jis ajeKkBaTHOTO OIUCAHHUS, KPOME KOOPIUHAT
HEOOXOIUMO YKa3bIBaTh HAMPABICHHUEC U CKOPOCTh M3MCHEHHS BeKTOpa. Torga BeIOOpKa HAOIFOMCHHS MOXET OBITh
peACTaBIeHa B BHAE IMOCIEIOBATEILHOCTH BEeKTOpoB O = {0, , 0, ,... 0 }. MomudHIUPOBAHHBI BEKTOP O;
IIPEJICTABIIAET COBOKYMHOCTb 0; = {0;, do;, Wo;}, TIE BEKTOP 0; — COOTBETCTBYET KOOPAMHATAM BEKTOPA HAGIIOICHHS B
i-i1 MOMEHT BpeMeHH, BeKTop d,; — XapaKTepru3yeT HalpaBJICHNE N3MEHECHUS BEKTOpa HAOIOACHUS, a TapaMeTp W; —
CKOpOCTb.

M30BITOYHOCTS ONMCAHMS TOBEAEHHS BEKTOPA IapaMeTpOB B IPOCTPAHCTBE NMPH3HAKOB MPHBOAWUT K TOMY,
YTO Iporeaypa 00yIeHUS MOKET CTPOUTHCS PA3THYHBIMU CIIOCO0aMHU, B 3aBUCHMOCTH OT MpecieyeMbIX Temnei. s
3a/a4 CBS3M BIIOJHE MPHEMIIEMBIM sBIsieTcss Kpurepuit (1), oOecreynBarOmuil MUHUMAIBHO BO3MOXHYIO OIIAOKY
KBaHTOBAaHUS TMpPH 3aJaHHOM KOJHYecTBEe KiacTepoB. OCHOBHas mpoOiieMa CBs3aHa C BBIOOPOM METpPUKH,
COOTBETCTBYIOIICH PACIIMPCHHOMY OITUCAHUIO BEKTOpAa HAONIOJCHWSA. ECTECTBEHHO, YTO Mepa CXOJCTBa BEKTOPOB
BHYTPH KJIaCTEpa OJDKHA BBIYHCISTHCS HE TOJBKO 10 MX B3aUMOPACIIONIOKCHHIO, HO U TI0 CXOXKECTH HAlpaBIICHHUS.
B03MOXHBIN BapHAHT — UCIIOJIE30BAaHUE B3BEIIICHHOW METPHUKH

* * *
p (0;,v;)=ap(o,,v,)+bp(d,.d ) +cp(w,,w,), 3)
rae a, b, ¢ — BecoBbie KO3()(MHUIMEHTHI IPH COOTBETCTBYIOIINX METPHUKAX MO BEMUHMHE, HATIPABICHUIO U CKOPOCTH.
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CroxHee 0OCTOMT JAeN0 € 3aJadyaMy aKyCTHYECKOTO MOJICIMPOBAHHS B CHUCTEMax pAClO3HABAHHS PEUH.
31ech TpeOyeTCsl yIUTHIBATh HE TOJIBKO CTATHCTUYECKHA, HO M (POHETUIECKHI COCTaB PEUEBOTO CUTHAJA. DTO 3HAUYUT,
4TO B IMepejenax Kiacrtepa HEOOXOAMMO TPYIIUPOBATH TaKWE KOMIIOHEHTHI BEKTOpa HAONIOACHHS, KOTOpBIE
00JIalaloT  MOXOXKUMH  (POHETHYECKUMH ~ XapakTepucTukamu. Jlns 3Toro HeoOXoAMMO CHenaTh HEKOTOpbIe
MPEANONI0KEHHST O COOTBETCTBUU IMOBEACHHS XapaKTePHCTHK BEKTOpa MapaMeTpOB peaibHOMY (OHETHYECKOMY
OKpY)XeHHI0. B TOM ciydae, eciii BEKTOp NPU3HAKOB H3MEHSETCS HE3HAYUTENLHO (May3bl B PEUH, JUIUTENbHbBIC
BOKAJIIM30BaHHBIC yYaCTKU W T.I.), YACIBHBIA BEC HANpaBJICHUS B OOIICH Mepe CXOJCTBa MOXET ObITH CHibKeH. C
JPYTOW CTOPOHBI, PU OBICTPHIX (MIFOKTYAlUSIX BEKTOpa MPU3HAKOB BaXKHO COXPAHHUTH HH(OPMAIIMIO O HAMPABICHUU
M3MEHCHHS BHYTpH KiacTepa. MoauduupoBaHHas METPHKA, COOTBETCTBYIONIAS JAHHBIM IMPEIIOI0KEHUSIM MOXKET
OBITH 3aITUCaHA B CICIYIOIICM BHJIC

P* (0:, Vj) =ap(o;,v;)+bw,p(d,.d, ) +cp(w,,w,), 4)
IJIe CKOPOCTh M3MCHCHHS BEKTOpA HAOJIIOJICHHUS SBJIACTCS B3BCIIMBAOIIUM (DAKTOPOM il METPHUKH HAINPABIICHHS.
3TO 03HAYAET, YTO YEM BBIIIC CKOPOCTh M3MCHEHHs BEKTOPA MapaMeTPOB, TeM OOJbIICE BIUSHHUE HAa OOLIYI0 MEpy
CXOJICTBA OKAa3bIBACT HAINPABJICHHE W3MEHEHHsI JaHHOTO BeKTopa. Ml HaoO6opOoT, HEBBICOKAs CKOPOCTh COOTBETCTBYET
00BEANHEHHUIO PA3IMYHBIX [0 HAIIPABJICHHIO BEKTOPOB B OJIMHAKOBBIE KIACTEPHI.

Paznura npu UCoIb30BaHUM TPAAUIIMOHHOTO TOaX0Aa (CooTHOmEeHHE (2)) U MOIUMUITUPOBAHHBIX METPUK
(cootHomenus (3) u (4)) HarISIMHO TIpeACTaBlIeHa Ha pHC.]. 31ech MpeacTaBlIeHbl BEKTOPHI 00ydaromieil BHIOOPKH B
JBYXMEPHOM MPOCTPAaHCTBE NpHU3HAKOB. CTpEeNKH TMOKa3plBAIOT HAINPAaBICHHE H3MEHEHHs BEKTOpa IMPH3HAKOB.
PesynbraThl KiacTepu3allid Ha JBa KiacTepa IOKa3aHbl LBETOM. B JIeBOil yacTH pUCYHKa MOKa3aH pe3yibTar
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KJIaCTepH3ali NpPU TPATULIHUOHHOM mojxone. Kak BHIHO B OAMH M TOT )K€ KJIAacTep IOMaAalT BEKTOpa C
pa3IMYHBIMU HAMpPAaBICHHBIMU CBOWCTBaMU. B MpaBoil 4acTy PUCYHKA MPEICTABICHBI Pe3yJIbTaThl KJIACTEPHU3ALMH B
COOTBETCTBUH C MOAUMDHUIMPOBAHHON MeTprkoi. OcoOEHHO HEOOXOAUMO OTMETHUTh, YTO OOJIACTH KIACTEPOB MOTYT
MePeceKaTbCs. ITO MOXKET OBITh MCIOJIB30BAHO JUISI OTPAKCHUS SBJICHHS KOAPTUKYJSIMUA B peud. JomomHUTEbHAS
“HpOpMANUA O HAMPABICHUU H3MCHEHHS BEKTOpa MPH3HAKOB MOXET OBITh YCICIIHO HCIOJB30BaHA Ui TOYHOTO
BOCCTAHOBJICHHSI KBAaHTOBAHHOTO CHTHAja MPH CHHTE3C pEYM, a TAKKE JJIsI HHTCPHOJIHAN WCKKCHHBIX TPHU
BO3JICHCTBUH MIOMEX CETMEHTOB curHana. Oco0o0 ClieyeT OTMETHTh CXOICTBO BEKTOPOB KOJOBON KHHUTH M PEabHBIX
(hOHETHUYCCKUX DIIEMEHTOB PEYH, YTO TO3BOJIIET UCIIONB30BATh X B OOJIBIIMHCTBE aKYCTUICCKUX MOJCICH Ha OCHOBE
MOMU(POHHBIX CTPYKTYp (AuoHBI, TPUGOHBL, CIOTH). YTpPOIIaeTcs TaKkKe Mpoleaypa OOyUeHHS MapKOBCKHX
AKyCTHYECKHX MOJIeIIeH pedn.
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Abstract. A ways of efficiency increasing of vector quantisation of speech signals are considered. Evolution particularities of acoustic
features vector allow to apply a modified metrics to building of code book by clusterization methods. Significant decreasing of co-articulation
effects, which bring to ambiguous interpretation of study set feature vectors is possible. Formed code book is kept additional information, which
allows to rise an operation quality of communications networks and speech recognitions systems.

Vector qvantisation is broadly used as in low speed speech transmitting technique as by acoustic modeling in
speech recognition systems. Several of main advantages of given coding method are:

= possibility to reveal resemblance between reiterative phonetic elements of language;

= possibility to avoid correlation between coordinates of feature vector;

= possibility to take nonlinear dependencies account into feature vector coordinates.

All this allows greatly to reduce redundancy of numerical presentation of signal, and, consequently, shorten
an alphabet of possible conditions of acoustic models. Realization of vector qvantisation requires using an two-stage
procedure. On the first stage (educating stage) occurs a forming of a quantizer code book. On the second stage
(qvantization stage) is fixed a correspondence between observed feature vector and more suitable code book vector.
Efficiency of quantizer operation greatly depends on quality of education stage.

As a rule, on this stage is used a clusterization procedure. Traditional approach of cluster analysis is sorting
an ensemble of study set to groups with similar characteristics - clusters. Criterion of resemblance usually is a measure
of distance between study set vector and cluster center.

Let, study set is kept K vectors O = {04, 0,,... 0g}. Then, problem of clusterizations is finding P vectors of
code book V = {vy, v,,... vp}, which image a study set with minimum inaccuracy

. T E .
VerrgnA—rrl\}nl:EEm}np(oi,vj)}, (1)

where p(o;, v;) — distance metrics of corresponding feature space, A — image inaccuracy of study set. The
most common in use is cartesian metrics

p(o,,v,)= /i(om—vm)z , )

where o,,, v,, — coordinates of corresponding vectors, and M — dimensionality of feature space.

In too time should not forget that speech signal, in general, is characterized not discrete set of feature vector
conditions, but its unceasing evolution. This fact brings about that that exists a significant statistical dependency
between measurements of feature vector, taken through the small time intervals. On the strength of voice variability,
comparatively small displacing a feature vector can bring about that that more late vector will be putted in the
correspondence to other cluster. Besides, a co-articulation phenomena, that is to say the mutual influence of nearby
phonetic units, for-frequent also brings their incorrect identifications. Main reason of described vector quantization
mistakes is concluded in that that procedures to clusterizations and quantization do not take dynamic characteristics of
into account feature vector of speech signal. For the identical description, except coordinates it is necessary to indicate
a direction and velocity of changing of feature vector. Then, observing set can be presented as sequences of vectors o
= {01*, 02*,...01(*}. . .

Modified vector o; is collection 0; = {o0;, d;, w,;}, where vector 0, — corresponds to coordinates an observing
vector in i-th time moment, vector d,; — characterizes direction of changing an observation vector, and parametr w,; —
velocity.

Description redundancy of behavior of a parameter vector in feature space brings about that that procedure of
educating can is built by different ways, depending on persecuted aims. For tasks of communication wholly
acceptable is a criterion (1), ensuring minimum possible quantization error under given amount of clusters. Main
problem is choice of metrics, corresponding extended description of observation vector. Naturally that measure of
vectors resemblance inwardly cluster must be calculated not only upon their location, as well as on directions
similarity. Possible variant - using a weighted metrics.

p*(O;‘,V’;) = ap(oiaVj)'*'bp(doisdw')'*'cp(wuiswvj > (3)

where a, b, c — - weight coefficients by corresponding metricses of size, direction and velocity. More difficult

is a deal with tasks of acoustic modeling in speech recognition systems. It is here required to take into account not
only statistical, as well as phonetic composition of speech signal. This signifies that inside cluster boundaries it is
necessary to group such components of observed vector, which have similar phonetic characteristics. For this it is
necessary to do some suggestions about a correspondence of behavior a characteristics of parameter vector to the real
phonetic encirclement. In that case, if feature vector changes small (pauses in speeches, long vocalized intervals etc.),
weight of direction in the general measure of resemblance can be reduced. On the other hand, under a quick
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fluctuations of feature vector it is important to save information on the change direction inwardly clusters. Modified
metrics, corresponding given suggestions can be written as next expression

p*(‘)::v;) =ap(0;,v ;) +bw,p(d,.d,)+cp(w,,w,;), 4)
where velocity of changing an observing vector is a weighting factor for the direction metrics. This means that than
above velocity of changing a parameter vector, that greater influence upon the general resemblance measure renders a
direction of changing a given vector. Conversely, low velocity corresponds an association of direction different
vectors in alike clusters. Difference between the traditional approach (expression (2)) and modified metricses
(expression (3) and (4)) graphically shown on fig.1. Here presented study set vectors in a two-dimensional feature
space. Arrows show a direction of changing a feature vector. The clusterizations results on two clusters are shown by
the color. In left part of the drawing shown result of clusterizations under the traditional approach. As seen, one
cluster get a vector with different directed by characteristics. In the right of part of the drawing presented the
clusterizations results under modified metrics. Particularly it is necessary to note that a clusters area can be crossed.
This can be used for reflecting a co-articulations phenomena in speech. Additional information on the direction of
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changing a feature vector can be successfully used for exact recovering a quantizing signal at the syntheses of speech,
as well as for interpolation the lost segments of signal. Specifically should note similarity of code book vectors and
real phonetic elements of speech that allows to use them in the majority of acoustic models on the base polyphone
structures (diphones, threephones, syllables). Also procedure of educating the markov acoustic speech models can be
simplified.




