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20710CO8UX NOBGIOOMAEHb i3 BUCOKOI AKicmIO. B ocHogi memody nedjcumv CmpyKmypHO-CIAmMUCmuyHul
aumanis, acoyiamuene MoOen08AHHA (opMu X6uni, NiHiliHe nepedbayeHHs ma iHmepeaibHe KOOYBAHHAL.
Komnpecop i 0exomnpecop 6ukopucmogyioms cniloHutl C108HUK acoyiayiil, aKuti popmyemobcs Ha OCHOBI
ananizy emanioHHOoI CYKYRHOCHI 3PA3Ki6 MOSU.

Kurouosi cnosa. memod cmucky, opma xeuni, acoyiamueHe MOOeNO8AHHI, ACUHXPOHHA Nepedaud,
20710C08€ NOGIOOMIIEHHSL.

Ilpeonooicen memoo coicamusi peuu, ONMUMUSUPOBAHHBIL OJI4 ACUHXPOHHOU Nepeoayu 2010CO8bIX
coobwenull ¢ 8blCOKUM Kauecmeom. B ocnose memooa nedxcum cmpykmypHO-CMamucmu4eckuti ananus,
accoyuamugrnoe MOOeIUposaHue @Gopmvl  GONHLL, JUHEUHOe NPeoCKa3aHue U CMmamucmuyeckoe
unmepsanvbhoe Koouposanue. Komnpeccop u oexomnpeccop ucnonw3yiom oOwull cio8apb accoyuayui,
KOMOpblU (popMUpYemcsi Ha OCHO8e AHANU3A IMATOHHOU COBOKYNHOCU 00pA31Y08 peyll.

Kniouesvie cnosa. memoo cocamus, (popma 601Hbl, ACCOYUAMUBHOE MOOETUPOBaHUe, ACUHXPOHHAA
nepeoaua, 2010co80e coobujenue.

A new method was offered for high quality speech compression for voice messaging services. The method
utilizes waveform modeling technique based on associative dictionary, linear prediction and range entropy
encoding for links, residuals and voice activity intervals. Compressor and decompressor use a common
associative dictionary built by analyzing a representative master set of speech samples.

Keywords. near-lossless waveform compression, asynchronous voice messaging.

Berynienue

VYenyru acMHXpPOHHOW TIepefaydl TOJOCOBBIX
coobmenunit (voice messaging, rojocoBOd dar,
parwsi) [1, 3] siBsioTCS BechbMa BOCTPEOOBAHHBIMH
B HAcTOsIIEe BpeMsi, O YEM CBHICTEIbCTBYET
00JIbIIIOE KOJTMYECTBO MPUIOKEHUH, PeaTn3yromux
JOCTYI K OTHM YCIyraM Kak Ha pa3IHyHbIX
mMoOmnpHbIX Tuiatdopmax (I0S, Android, WFP7,
WM), Tak u Ha MepCOHANbHBIX KommbioTepax. C
MOMOIIBIO  JaHHBIX  YCIYI  OCYIIECTBISETCA
NepcoHaNIbHAS WJITM TPYMIOBasl PacChlKa LETbHBIX
(parMeHTOB peud B CHMIUICKCHOM DPEXHME.
CueHapuu UCIONIB30BAHNS ACUHXPOHHOH Nepenadu
ronocoBbix coobmienuit (AIII'C) opueHTHPOBaHbI
KaK Ha MHAWBHUIYaJbHBIX MOJIb30BATENEH, TaK U Ha
pasHooOpa3Hble  aucHerdepckue — ciyxkoel.  C
nomoIipio Mexann3moB AIII'C Takke MOryT OBITH
pean3oBaHbl MHTEPAaKTHBHBIE UHTEpdelcs B
cuctemMax roiocoBoro camoobcnyxuanus (CI'C),
KOTOpbIE TIO3BOJISIIOT MOJb30BaTENI0, 0€3 ydJacTus
oreparopa, CaMOCTOSITEJIEHO MOJy4aTh
HEOOXOUMYI0 MH(OPMAIIHIO, BBHIMOJHATH 3aKa3 U
yIpaBiieHHE Pa3IUYHBIMH CEPBHUCAMH C IOMOIIBIO
TOJIOCOBBIX KOMaHI.

[Tpu ucnonb30BaHNH MOOHMIIBHBIX U TYOIMYHBIX
0ecIpOBOJIHBIX CETel JUIsl Imepeadyn MeIuaJaHHbIX
M, B YAaCTHOCTH, TOJIOCA OCTPO CTOHUT BOIIPOC
NPEIOCTABISIEMOTO  CEThIO YPOBHS IapaMeTpoB
kaugectBa obcayxuBanus (QoS, quality of service),
OpeXIe BCEro JOMYCTUMOIO MpOLEHTa IOTePh
MAKEeTOB, BEIMYMHBI 33JCPXKKU U JDKUTTEepa. Tak,
3a4acTylo, TMPH JIOCTyNle 4Yepe3 «MOOWIBbHBIN
MHTEPHET» U3-3a OOJBLIMX MOTEPh JMOO 3a7epiKeK
OTCYTCTBYET BO3MOYKHOCTh Ka4eCTBEHHOM
JIBYCTOPOHHEH IIyIJIGKCHOW TNepeiadyn Toyioca B
npuwioxkenusix |IP renedonnu. Yemyrun xe AIIIC
JOMYCKAIOT PeaH3alfi0 YCTOHYUBYIO K ITOTEPSM,
OONBIIUM 3aJepPXKKaM U JDKUTTEPY W, B JaHHOM
CHUTYAIlMH, COXPAHAT IMOJH30BATEIISIM BO3MOKHOCTD
TOJIOCOBOH KOMMYHHKAIIUH.

Jl1st MOOWIIBHBIX TIOJIB30BATENICH BCETAa OCTPO
CTOHUT BOIPOC KOHOMHHU Tpaduka, B 0COOCHHOCTH
P HAXOXKJICHHHM B POYMHUHre. BOJBIIMHCTBO
NPUMEHSIEMBIX Ha MPAKTHKE METOIOB CKATHs Peud
ONTHMH3HPOBAHBI Ul TIOTOKOBOW Nepenayd W He
peaNTn3yoT MOTCHIMATBHOTO BBIUTPHINIA B CTEIICHU
CKaTHsi ~ OT  MHOTONPOXOMHOW  00paboTKH,
BO3MOJKHOI TpPH CKaTHU TOJOCOBOTO COOOILCHUS
LEITHKOM.
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B TO k¢ BpeMsi BBIMIPBIII B CTEICHU CHKATHSI
MOXET OBITh  WCIOJNB30BaH JUIS  BBEICHUS
yOpaBnseMOd  HM30BITOYHOCTH,  MOBBINIAIOICH
HAJIeKHOCTh JIOCTABKM B YCJIOBUSX Tepeladu
JAHHBIX MO CceTsM 0e3 TMOAICPKKH MEXaHH3MOB
obecrieueHust KadecTBa oOdykuBanusi [4, 5], 4ro
aKTyalbHO TIPU JIOCTyNlE uepe3 IyOJUYHbIC
0eCIpPOBOIHBIC CETH.

MexaHu3Mbl paclio3HaBaHUSI PEYd B CHUCTEMaXx
TOJIOCOBOTO CaMOOOCTY)KUBaHUS YyBCTBUTEIBHBI K
UCKQKEHHSIM, KOTOPBIE BHOCSATCSI COBPEMEHHBIMHU
Bokogepamu (LPC, CELP, MELP amropurms
[6, 8]), MomeaMPYIOIIMMH  TOJOCOBOH  TPaKT
yenoBeka. B TO e BpeMs CTaHIapTHBIC KOACKH
BOCCTaHaBiMBaromue  QGopmy  BomHbl  (Kak,
manpumep, ADPCM G.726 [9, 10]) obecnieunBator
OUYCHb BBICOKOE KaYeCTBO MEpPeIadyn roioca, OJJHaAKO
HE MO3BOJISFOT JOOUTHCS BEICOKOM CTETICHH CHKATHSL.

Ileab cTaTbu

BrienepeurcneHsble (daxTopbl B
COBOKYITHOCTH  CO  CTPEMHUTEINBHBIM  POCTOM
BBIYMCIHTENBHBIX pecypcoB Tmiathopm (B TOM
Yuciie MOOWIBHBIX), MOAICPKUBAIONINX YCIYTH
AIIT'C, co3maroT TPEANOChUTKH JIJISi CO3MAHHS H
pa3BUTHUSL METOI0B coKaTus roiaoca
ONTUMU3UPOBAHHBIX TIOJA JAHHBIA BHJ YCIYT,
COUCTAIOIIUX  BBICOKYIO  CTCNCHBIO  CXKATHS
XapaKTepHYIO i1 BOKOJIEPOB C BO3MOXKHOCTHIO
BOCCTaHOBJICHUSI HCXOTHOW ()OPMBI BOJIHBI.

WN3n0:xeHHEe OCHOBHOIO MaTepualjia

B pamkax gaHHOW 3a7a4d HaMH MPEAJIOKEH U
COBEpIIICHCTBYETCS  METOA  CXKaTHUSi pedYd ¢
MOTEPSMH, PEaNIU3YIOIIHMI BOCCTAHOBJICHHUE (HOPMBI
BOJIHBI, OJIM3KOM K MCXOMHOH. MeToa OCHOBaH Ha

MO/ICITUPOBAHUH 9IIEMEHTOB HCXOTHOM
HOCIIEIOBAaTEIbHOCTH  OTCUeTOB  (Samples) ¢
NOMOIIBIO T.H. «cioBapeir accormarmii» (CA). B
METOJIC  TaKKe MPHUMEHSIOTCSA.  CTPYKTYPHBIH

aHaJIM3, JUHEWHOE Tpe/CKa3aHne W HMHTEPBAIbHOE
koaupoBanue (range encoding [11, 13]).

CA mpencrasisieT co60ii COBOKYITHOCTH TaOJIHII
(puc. 1), comepxammx T.H. <«acCOLUALUU» -
MOCIIEA0BATENIBHOCTH BEIMUNH UMEIOIINX BBICOKYIO
BEPOSTHOCTh  KOppeNsluK ¢ (parMeHTaMu
MOCJIEOBATEIbHOCTEH OTCYETOB B  CHKMMAaEMBIX
JAHHBIX.

Hauvanenelii CA  ¢dopmupyercss Ha OCHOBe
aHaJlM3a JTaJOHHOM COBOKYIHOCTH TOJOCOBBIX
(parMeHTOB ¥ BXOJAUT B COCTaB Kojepa |
nexonepa. Kpurepuem noGaBieHHs —TEKYLIEro
¢parmenta B CA CIyXUT HH3Kas KOPPEISIHS C
yKe UMeroImMucs ¢parmMeHTamMu B ciosape. Kak
Mepa KOPpEINSIIMA HCIONB3YeTCs  BBIOOPOUYHBIH
JUHEHHBI MapHBId  KO3(QUIMEHT KOppeIsuu
IIupcona:

n

a (x- Xy - )

r= =L : 6]
g L |8 >
ax-x./a-y
i=1 i=1
rac Xi — OTCUYCTHI C)KI/IMaeMOP'I IIocCJIC10BaTCIIb-

HOCTH, Y;— 3HaueHus anemeHToB CA, a X U Ywux
CpeIHue BRIOOPOYHBIE, COOTBETCTBEHHO.

I voppensyuu > 110P0O2A C2

ESC | Ceec

i —HoMmep mabnuyst, N; — Onuna «accoyuayuii» 6
mabnuye; C'j — cuemuux, peanuzyrowuii
YACMOMHBL petimune j-oll accoyuayuu 6 i-oil
mabauye

Pucynok 1 - Tabimnna acconmanuii, coctapHas
4acThb CA0Baps

r<TR

BKIL.

(moacYMTaHHBIN TIOMAPHO)

JUIL TEKylero (parMeHTa W BCEX acCOolUaIyi
cioBapsi, To ¢parMeHT A00aBisiercss B TabiMily, B

Ecmu

HOPOTHBHOM  Clly4ae  YBEJIMYUBAETCS  CUETUMK
YaCTOTHOTO PEWTHHIa TeX acCOLMaIMid, IS
kotopeix I <TR . Tlopor TRy, sBasercs
mapaMeTpoM airopurma. Takum 0o0pa3oMm, B
nporecce MOCJIEIOBATEIBHOTO  mepebopa
(bparmMeHTOB STAJIOHHOM COBOKYITHOCTH

npoucxoaut jub0 ux pgobaeinenue B CA, mubo
YBEJIIMYCHHE CUETYMKOB YAaCTOTHOTO peHTHHTa
COOTBETCTBYIOIIHMX KOPPEITMPOBAHHBIX
acconyanuii. Acconpanyuy ¢ HU3KHUM YaCTOTHBIM
pEeUTHHTOM 3aTeM YHOANSITCS W3 CIoBaps JUIs

YBEITMYCHHUSI CKOPOCTH HOHMCKa pH
CHKATUH/BOCCTAHOBIICHUH.

AwnanornyHo B mporecce cxarus  (imbo
BoccraHoBiieHuss)) B CA MOryT JIMHAMHYECKH
M00aBIATECS  PparMeHThl  CoKuMaeMoro  (mbo

BOCCTaHaBIMBAeMOro) (aiina, He KOPPEIUPYIOIINS
C yXe HaxOJIIIIMHUCS B CIIOBape.
IIpouecc cxatusg B TpeasiaraeMoOM METOe
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BKJTFOYAET CIIEAYIOIIHE 3Tanbl (prc.2):

1) npenBaputenbHas 00pabOTKa HCXOMHOMN
HOCJIETIOBATEIBHOCTH OTCYCTOB:

a) yIajJeHWe BCIUIECKOB (HEOOXOMUMO IS
KOPPEKTHOTO BBITIOJIHCHUS HOPMAJTH3AIIHH);

0) HopMmanm3aius (M3MEHCHHE T'POMKOCTH
(doHOrpaMMBl, MO3BOJISIOLIEE UCIIOJIb30BATh
MaKCHMyM JOCTYITHOTO JMHAMHUYIECKOTO
JManasoHa, He OCTaBISAIONIEE aAMIUIUTYIHOIO
3a3opa). Hopmamuzamust — HeoOXomuma ISt
3¢ eKTUBHOIrO MOMCKa accolManuii B cioBape. B
Ipolecce HOPMATH3AIMU  BBIMOJHSIOTCS: TOUCK
HanOOJIBIIETO 3HAYCHUS AMIUTUTY/IbI, BBIYHUCICHUE

pasHUIBl  MEXAY  33JaHHBIM  TapaMeTpoM
HOPMaJM3allMd W  MaKCHUMaJbHBIM  OTCUETOM
aMIUIATYJbl, YCWJIEHHE 10 3HA4YeHUS OITOTrO
napamerpa,

B) OYMCTKAa OT MMIYJbCHBIX HIymoB [14] mis
yBenudeHus 3(QPEKTUBHOCTH BBIJIEICHUS YIACTKOB
TOJIOCOBOM aKTHBHOCTH Ha CJICIYIOIIEM JTare;

2) BBIZIETICHHE YYaCTKOB TOJIOCOBOM aKTHBHOCTH
(YT'A) B HCXOIHOM IOCIEN0BATENEHOCTH OTCUETOB.
Ha pmanpHeiimmx 3Tamax o0pabaTBHIBAIOTCS TOJBKO
OTCYETHI MIPUHAJIEKALIE VT'A. B
pe3yabTUpyolieM (aiie COXpaHSITCS HaOOPbI
IuH YA v nay3 Mexay HUMY,

3) MOCIEI0BATEILHOE CKaHMPOBAHUE
MHOXXECTBAa OTCUETOB HA HaJUM4YHE YYIaCTKOB
«CXOXKHUX» C dNIeMeHTaMu cioBapsi. [lox cxoxecTbro
IMOHUMAETCS HaIn4ue KOPPEISAIHUN C
KOA(P(UIIMEHTOM BBIIIIE TIOPOTOBOTO  3HAYCHHS
TRnowucka, SBASIONIETOCS MMapaMeTPOM ajJTOpUTMA.
JomonanTenbHO, moporoM TR, OTpaHUYHUBAETCS
MaKCUMAJIBHO JOMYCTUMOE pa3Indie OTCUCTOB
UCCIIelyeMOr0 Ha MPEeIMET KOPPEIUU yJacTKa 1
AJIIEMEHTa CIoBapsl:

r> TRHOMCK(I ' (2)
<TR, . 3

nuxka

max|yj - X,

CpaBHeHHE Ha4yMHAETCS C TaOJMIBI CIOBaps,
CoJZiEpKalllel accolaliid MaKCUMaJIbHOW JIJIMHBI
(koTopas 3amaercst Kak mapamerp anroputma). Ecin
no ycioBusM (2) u (3) Oblia HaiiieHa MOIXO0asIIast
acconpanusi, TO Ha OJIOK CTaTUCTUYECKOTO
KOIMPOBAHHsI OTIPABIISACTCS CChUIKA HA SJIEMEHT

v I
peiituar  C;

(ompenemstrormit KOZOBO€E MIPOCTPAHCTBO,
BBIZICIIIEMOE Ha 3Tane KOMWPOBAHHS IS JaHHOU

TaOIULBI, ee YaCTOTHBIN

CCBUIKM) W KBaHTOBaHHBI MAacCIITaOUPYIOIIHiA
MHOXHUTENb K, 00ecreyrBaromui MHUHUMH3AILUIO
paccTosiHus, T.€..

g‘yj- kxj‘b min. ©)
j=1

Econ monxopmsmiedl accoluanuu UIsT JaHHOU
JUIMHBI HE OBLJIO HAMJIEHO, MOMCK HAYMHAETCSA B
tabnuie ¢ MeHbined (Ha OMWH Iar) JJIMHON
accormanuii. B To e BpeMs Ha OJIOK KOJAMPOBAHUS
nopaercst cumBoi yxona (ESC) mnbopmupyrommit
JIeKolep O Tepexoje K TIOMCKY accouuaiuit
MeHbIlel uuHbl. KomoBoe MpOCTpaHCTBO IS
CUMBOJIa yXOJa BBLIENATCS HCXOJsS W3 €ro
JTUHAMHYCCKU (dhopMupyemMoro 4acTOTHOTO
pedTuHra.

Hanee MEXaHHU3M MoucKa pabortaer
aHAIOTUYHO, B CIy4Yae HEyJad IOCTEIIEHHO
CITyCKasCh K TabNmuIle ¢ MUHUMAJIBHOW JUTMHHON
accoruanuii (KOTOopasi 3aJaeTCsi Kak Iapamerp
anroputMma). Eciiu mouck ObLT HEyIaueH U ISt STOM
TaOMUIBI, TO TEKYIUHA OTYET MOJCTUPYETCA C
MOMOIMIBIO  JIMHEHHOTO  TPEJUKTOpa  IEPBOTO
nopsiaka. PazHuiia Mexay UCTUHHBIM U MOJICITBHBIM
3HaYEHHEM OTCYeTa B ITOM CiIy4ae KBaHTYeTCS U
nepeAaeTcss Ha BXOA OJOKa  HHTEPBAILHOTO
KoaupoBaHus. KomoBoe MpOCTPaHCTBO MPH 3TOM
pacmpezensieTcsl COrJlacHO 3apaHee MPOCYUTAHHOM
CTaTMYECKOW TaONMIIE YacCTOT, KOTOpas SBJSACTCS
MapaMeTpoM allrOPUTMA.

TakuMm 00paszoM, pe3yabTHPYIOMUN (aia mis
MPEJIOKEHHOTO METOJa COCTOUT W3 CIEIYFOIINX
MTOTOKOB CTPYKTYPHO—CTaTUCTHUCCKOM
UHPOPMALUH:

— IJIMHBI  YYaCTKOB TOJIOCOBOM aKTHBHOCTH H
nays;

— BEPOSITHOCTH  YXOJIOB,
BCEX CIIOBApEH;

— CCBUIKH Ha HalJICHHBIC aCCOIIMAIINH;

— K03 PUIUEHTHI MacIITaOUPOBaHUS;

— KBAaHTOBaHHBIE  JEIBTHI (IS OTCYUETOB
MOJIEITUPYEMBIX THHEWHBIM TIPEICKa3aHUuEM).

[IpemnoxkeHHplid MeTON OBUT pEau30BaH B
cpene Matlab. JlocturHyrast cremeHb CKATHSA
(ucxoaueiii daitn PCM 16 6ur 8kI'm) cocraBmia
nopsiaka 6:1 (okono 2,7 Out/oTcueT) mpu KauecTse
BOCCTAHOBJICHHOU peuu comoctaBumom C ADPCM
32 (4 outalotcuer).

paCcCUUTaHHBIC UIA
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HcxogHblit ro0coBoii pparmeHT

il LT

BoljesieHne y4acTKOB roJ10coBO¥i
akTuBHocTH (YTA)

b

Hert nomo0HBIX Her nomo0HBIX

AccoumaTuBHOEe MOJ€/IMPOBaHHUE € UCII0JIB30BAHUEM CJI0Baps acconuanuii

Her momoOHBIX

TA0AMIA TA0JIM LA TA0JINIA JInHeHHbIi
Nmax Nmax-1 LI ] Nmin MPEAUKTOP
ESC ESC
Ccchuika Cccpuika Cccehuika
Sl 2 2 (VA

——

BelunciieHHe pa3HOCTHOM
unpopmanun (PHU)

.

KBanToBaHHE pa3HOCTHOM
HHpOpMaLNH,
oleHKa yacToT ypoBHeli PU

AKTUBHOCTU/HEAKTUBHOCTH

CraTucTuyeckoe HHTepBaIbLHOE
KOJHpOBaHHe

Habop mumH y4acTKOB roiocoBoit

PesyasTaTt

PﬂcyHOK 2 — CxeMaTHUYeCKOe n306pame}me OCHOBHBIX 3TAanmoOB ACCOMATUBHOI'0 CKATUSA

BBIBO/IbI

Hecmotrps Ha  GoiplIyl0  HOMYyJISPHOCTD
BOKOJEPHBIX  METOJOB  CXKaTUs  pedH, Ul
HEKOTOPBIX  3aJad  MpHUMEHEHHe  aJrOpUTMOB

BOCCTaHABJIHMBAIOUIMX (HOPMY BOJHBI HE TOTEPSIIO
CBOIO aKTyaJIbHOCTb, B YACTHOCTH, OHH MOTYT OBITh
C YCIIEXOM IPHUMEHEHBI B IPUIIOKEHUSAX MEpenadn
rOJIOCOBBIX COOOIICHUH, o0ecreunBasi BBICOKOE
Ka4yeCTBO BOCCTAHOBJICHHUS PEYH.

IIpennoxeHHbIN METOA MOKa3bIBAET HAINYHE Y
AITOPUTMOB  CXKaTUs TIOJ0CA, OTHOCSAIIUXCS K

KJacCy BOCCTaHABIMBAIOIIUX (OPMY  BOJIHBI,
JajJleko HE HCYEpNaHHOIO IOTeHLuala o
yiay4iieHuo 3 QeKTUBHOCTH cKaThs, HampuMep,
MyTeM  CO3JaHHUA  CTAaTHCTUYECKHUX  MOjeJei
CBA3aHHBIX CO  CTPYKTypHBIMH  DJIEMEHTaMH
C)KMMaEMbIX JTaHHBIX.
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