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BOKOJEP LSF 31 HIBUAKICTIO 1600 BIT/C
BOKOEP LSF CO CKOPOCTbIO 1600 BUT/C

LSF VOCODER OF SPEED 1600 BPS

PosrnsHyTOo BOkoaep, nobynoBaHui Ha OCHOBI K/1aCU4YHOI MOAEsi MOBOTBOPEHHSI 38 CXEMOIO Jli-
HiiHOro 3aB6aYeHHsI 3 MOYEeProBUM 36YIKEHHSIM LLUYMOBUMU Ta NnepiognyHumMmu curHanamuv. Mogesno
BOKOoZepa peasiizoBaHO Ha repcoHasibHOMY KOMIM'IOTepi B peasnbHOMYy Maclutabi bacy. HaBegeHo
OCHOBHI (DYHKLIOHa/IbHI XapakTepPUCTUKN BOKOAepa Ta pPe3yabTaTv Foro rnpakTmyHux BurnpobyBaHs.

Paccmampusaemcs eokodep, nocmpoeHHbIl Ha OCHo8e Kraccudeckol modenu pedyeobpas3ogaHusi o
cxeMme nuHeliHo20 rnpedckasaHusi ¢ MooYyepedHbiM 8036yxOeHUeM WyMosbIMU U repuoduyecKuMU cuzsHa-
namu. Modenb eokodepa peanu3oeaHa Ha repPCOHalIbHOM KOMIblomepe 8 peribHOM Macuimabe epeMeHU.
lMpusedeHbl OCHOBHbIE (YYHKUUOHAIbHbIE XapakmepucmuKku 8okodepa U pe3yribmambl €20 Mpakmu4eckux
ucnsimaHud.

There had been considered the vocoder created on the basis of classical model of speech forma-
tion following the scheme of linear forecasting with an alternate noise and periodical signals excitation.
The vocoder model is realized on line on PC. The paper also presents the vocoder basic functional
characteristics and the results of its practical testing.

Beryn

CydacHi TOCATHEHHS B TaIy3i CTBOPEHHS BHCOKOIIPOAYKTHBHHX TPOIIECOPIB TSI OOPOOKH CHTHAIB J10-
3BOJISIIOTH CYTTEBO BJIOCKOHAIFOBATH METOJIH T2 AJITOPUTMHU UPPOBOT 0OPOOKH MOBH 3 METOFO 11 YIIIJTbHEHHSL.
[oTpeOu B 3MEHILICHHI MBHAKOCTI MepeAadyi MOBHUX CHUTHATIB BUHMKAIOTh y BIHCHKOBIiH ramysi Ta iHIIMX
BIZIOMCTBAX JIs1 3a0€3MeueHHsT KOH(IICHIIIHOCTI IeperoBopiB.

JI11 HU3BKOIIBHKICHUX BOKOAEPiB (IIBUIKICT nepeaadi 10 2000 6it/c), siKi 3aiiMarOTh HIllly CIy>KOOBOTO
3B’5I3KY, XapaKTepHa CHHTETHYHA SIKiCTh MOBU. OCHOBHUM SIKICHUM MOKa3HUKOM POOOTH TaKUX MPUCTPOIB €
pO30IpIMBICTE CHHTE30BaHOI MOBH [ 1], sika Mae Oyt He Hibk4a 75 %.

Y Bokojiepa, 1110 PO3IJISIAETHCS, IBUAKICT nepeaaul napamerpie 1600 6it/c. Bokoaep moOyaoBaHo Ha
OCHOBI KJIACHYHOI MOJIeJli MOBOTBOPEHHSI, IETAILHO PO3MIIIHYTOI B [2], 32 CXEMOIO JIIHIHHOTO 3aBOaYeHHS 3
MOYEProBUM 30YIDKEHHSM IIYMOBUMH Ta MEPIOJMYHAMH CHTHAIAMH. Mojenb BOKoJepa Npaioe Ha
MEPCOHAIILHOMY KOMIT I0TEpI B peaJlbHOMY MacIiTadl 4acy, 110 Ja€ 3MOTy BUKOHYBATH €KCIIEPUMEHTANIbHI
JOCITiIKEHHS] pOOOTH BOKOZIEPa B JIOKAJIbHINA MEPeXi, a TAKOXK MPOBOIUTH BUNPOOYBaHHS BOKOAEPa 3r1THO
3 METOJIUKOIO [3].

Berynuienue

CoBpeMeHHble AOCTUXEHNA B 0ONacTV co3aaHusi BbICOKOMPOAYKTUBHBIX NMPOLIECCOPOB AJ1st 06paboTku
CVrHasnoB MO3BOMAIOT CYLLECTBEHHO YCOBEPLUEHCTBOBATb METOAbI M anropuTMbl LMEPOBON 0BpaboTku
peuu c uenblo ee cxatus. HeobxoaumMocTb YMEHbLLEHUSI CKOPOCTU NepefaYvn peyveBbiX CUrHaNoOB BO3HW-
KaeT B BOEHHOWN obnactu n gpyrnx BegomcTeax Ans obecneyeHms KoHuaeHUMansHOCT! NEPEroBopos.

[ns HM3KOCKOPOCTHbIX BOKOA4epoB (ckopocTb nepedayn go 2000 6uT/c), KOTOpble 3aHMMalOT HULY
CnyXeBHoW CBSA3M, XapaKTEPHO CUHTETUYECKOE KayecTBO peyun. OCHOBHbBIM Ka4eCTBEHHbIM MoKa3aTenem
paboTbl TakMx YCTPONCTB sBNAETCS pa3bopyunmBoCTb CUHTE3MPOBaAHHOW peun [1], koTopas gosmkHa ObiTb
He Huxe 75 %.

Y npeacTtaBnsiemMoro Bokogepa CKopocTb nepegayn napametpoB 1600 6ut/c. Bokogep nocTpoeH Ha
OCHOBE Knaccu4yeckon moaenu peveobpasoBaHus, KOTopas AeTanbHO paccMoTpeHa B [2], no cxeme nu-
HEMHOro npeackasaHus ¢ noovepeaHbiM BO3OYXAEHMEM LIYMOBLIMU U MEPUOAUYECKMMU CUTHANamu.
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Mogenb BOKOAepa pa60TaeT Ha nepcoHalibHOM KOMMNbKOTEPE B peasyibHOM mMacLlitabe BpeMeHun, 4To Oa-
€T BO3MOXXHOCTb BbIMOJIHATb 3KCNEepUMeHTalribHble nccnegoBaHnsa B rnokanbHOW ceTu, a Takke npoBo-
ANTb UCNbITaHNA BOKOAEPa COrnacHO MeToaunke [3]

Introduction

Modern achievements in the sphere of creation of highly efficient processors for signals proc-
essing allow substantial improvement of digital speech processing methods and algorithms with
the purpose of its compression. The necessity of speed reduction of speech signals transmission
arises in military and other spheres to ensure confidentiality support of private talks.

The synthetic speech quality is typical for the low-speed vocoders (with the transmission speed
less than 2000 bps) which are used in official communications. The main qualitative factors of such
devices is the synthesized speech intelligibility [1], which should be not less then 75 %.

The vocoder under consideration has data transmission speed of 1600 bps. It is created on
the basis of classic model of speech production detailed in [2] using linear forecast with an alter-
nate excitation by noise and periodical signals. Vocoder model runs on line on PC enabling to
conduct the experimental researches in the intranet and carrying out vocoder tests in accordance
with methods [3].

MaremaTu4dHa MO/IejIb BOKoOA€Epa

dopMabHO 33724y KOMITPECii MOBH MOXKHA IPEJICTABUTH B JBOX BapiaHTax. Y MEpIIOMY BapiaHTi
HEOOXiTHO CHHTE3yBaTH CHCTEMY, IO MiHIMI3ye MIBUJAKICTh Tiepeaadi V i3 30epeKeHHIM 3aJaHOl SIKOCTI
Ay. Y npyroMmy BapiaHTi CTaBHTHCS 3a/1ada TOOYIOBH CUCTEMH, sika O 3a0e3reunmia MaKCUMAIIbHY SIKICTh
3BYKOBOTO CHUTHaTy A JIJs 3ajaHoi MBUAKOCTI V. B 000x BapiaHTaXx BBOJSATHCS JOMATKOBI OOMEXKCHHSI,
HAWBaKITUBIIINMH 3 SKHX €:

— BEJIMYHMHA 3aTPUMKH CHTHAITY T HE TIOBUHHA TIEPEBUIITYBATH MAaKCUMAIILHO JIOMYCTUMY BEJIMYHHY T
(B Tenedonii — 200 mc);

— IIBUAKOMIS PEATbHUX MPHUCTPOIB NN, MO iX 3aCTOCOBYIOTH IJIsi KOMIIpecii, He IOBHHHA IIepe-
BUILYBATH 3a/laHy BenuuuHy N, (kinbka gecatkiB MIPS mns cyuacaux DSP);

— o0csT mam’ati M s 30epiranHs KOMaHJ 1 TaHWX HE IMOBUHEH NEPEBHUINYBaTH BenuanHy M, (Binx
JIECATKIB KUTOOANUT 70 IECATKIB METa0aiT);

— CTIHKICTh 710 300iB B KaHaiax 3B 3Ky S Mae OyTH HE HIDKYOIO 32 3aJ]aHy BEIMYUHY Sp.

) Vomin; A2 4; 1<t N<Nyj; M< My; S>.8;
2) A» max; V=const; 1<15; N<Ny; M< My; §= 5.

Kiracmana Mopmennb MOBOTBOPEHHSI IPYHTYETHCS Ha OKPEMOMY OITHCI TOJIOCOBOTO TPAKTy 1 (PYHKITT
30ymkeHHS [4]

(1

=% a, -+ G uln), 2)
k=1

ne s(n) — BiUTIK MOBHOTO CUTHANy (OTCYET peuveBoro curHana, speech signal sample); u(n) — dyHKIis
30ymKkeHHS (pyHKUMS BO3GyxaeHusi, stimulation function); G — xoedimieHT miacwieHHS (k03hdULMEHT
ycunenus, gain factor); p — mopsimok mMozeni (nopsiaok Mogenu, model order).

HaBenena mMo/ienib MiCTUTH JIMIIIE TTOJIFOCH B CBOIM MepeaaBaibHiil (yHKIII Ta HE MICTUTH HYINIiB. AJle,
SK TTOKa3aHo B [4], SKIIO TOPSAIOK MOJEII p JOCTaTHRO BUCOKHMA, BOHA O3BOJISIE OTPUMATH JOCTATHBO
TOYHMI OIUC IS BCiX 3BYKiB MOBH. ToMy 3HaueHHs p 0OMpaloTh TOCUTH BeMHKHUM (8§...14).

3ajgaua yIiabHEHHs 3BOAMTHCS O OLIHKU MapaMeTpiB (mepenaBaibHOl QPyHKIII rOJI0COBOrO TPAKTY)
ta QyHKLUIT 30y/DKeHHS (TOH Y IIyM, SKIIO TOH, TO SKHH IepioJ OCHOBHOIO TOHY). OCKIJIBKH B MpOIIECi
MOBOYTBOPEHHSI MTapaMETPH T'OJI0OCOBOTO TPAKTY IOBOJII IIBUIKO 3MiHIOIOTHCS B Yaci, OLIHKA MapaMeTpiB
BUKOHYETChS KaJpaMH. IX TPHBAICTh BHOMpAEThCSA TAKOI, W00 MPOTATOM OJHOTO Kajpy 3BYKOBMii
CUT'HaJ MOKHa OYJI0 pO3IJIAfaTd sIK CTAI[lOHAPHHWN BHITAJKOBUH mpolec. Y Cy4acHHX BOKOJEpax BOHa
craHoBuTh 10...40 Mc.

[TapameTpu Mozeni JiHIHHOTO 3aBOaUYEHHS OLIHIOIOTHCS aBTOKOPEJSALIHHUM METOJOM 3 BUKOPHCTaH-
HsIM pekypcii JleBincona—/lap6ina [4]. Otpumani koedimientu mniHiiiHOro 3aBbauenus (LPC) a; €
napamMeTpaMu NnepeaaTHoi QyHKIIT 4,(z), 110 ONHCY€E TOTOCOBUI TPAKT JIFOJHHH
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A(2D) =1+ $ a, 7%, 3)
k=1

Xoua 1 mapaMeTpu MOXKHA IICJIs KBaHTYBaHHsS Oe3locepeHbo IeperaBaTH B KaHal 3B’S3KY, B Cy-
YaCHUX CHUCTEMaX TaKWH MiIXiJ MPaKTUIHO HE 3aCTOCOBYeThCA. lle mom’s3ano 3 TiM, mo LPC Bussis-
IOTBCS K€ HECTIHKUMH JI0 KaHaJbHHUX 3aBaj] B CHcTeMax 3B’s3Ky. KpiM Toro, B mpoleci KBaHTyBaHHS
YM IHTEPHOJALIl [MX MapaMeTpiB MOXYTh IMOPYIIYBAaTUCS YMOBH CTIMKOCTI cMCTeMH. 3 iHIIOTO OOKY,
LPC MaroTh BayKIMBE TEOPETUYIHE 3HAYEHHS, OCKUIBKH, SK Oyae mokaszaHo mami, came B mpocTtopi LPC
BU3HAYEHO MipH pO3pi3HIOBaHOCTI. TOMY MPaKTUYHO AOLUTBHUM BHIAAETHCS MiaXid, koau orpuMani LPC
napamMeTpH NepeTBOPIOIOTHCS B JiHiHHI ciekTpaibHi yacToTH (LSF).

3rigno 3 [5], LSF (3a inmoro tepminomnorieto — LSP, miHiiHI cieKTpaibHi Mapy) € KOPEHSIMH TTOJIIHO-
MiB

P2) = P(D = A2+ 7PV 4 (), (4)

A2 = Q,1(2) = A (2~ Z_(p+1)Ap(z_1). (5)

Kopeni noninomi P(z) 1 Q(z) x; Ta y; nexaTth Ha OJMHUYHOMY KOJIi, TOMY

X;=C0Smy, ( Lisinwy; (;
JYj=1c080,; +7sinB, ; (6)
1< /< p/2.

Hab6opu {m,.1} Ta {0} 3a BusHayeHHsam € LSF. BnactusicTh nepemMekoBaHOCTI

O<oy <Oy <w3<...<0,1<0,<n (7)

pobuts LSF MeHm 9yTamBUMH 0 KaHATBLHUX MOMHJIOK MopiBHAHO 3 LPC, a Takok 3HAYHO CIIPOIIYE
MIEPEBIPKY CHCTEMU Ha CTIHKICTh.

PesynbTaTn nociigkeHHs: MOAeIi BOKOIepa

HocnimxyBanacs poboTa Bokoaepa 3a yMOB TpuBaiocti kaapa 20 i 30 Mc. AHami3yloTecs Ta mepeaa-
IOTBCSI B KaHaJl 3B’A3Ky TaKi MapaMeTpH: OOBifHA CIIEKTpa MOBHOTO CHTHAIy, OTpHUMaHa Ha OCHOBI
JiHiIHOTO 3aBOaueHHA, KOe(iLi€HT MiACHUIICHHS, IO XapaKTepu3y€e SHEepril0 CUTHaly, Ta Mepiox OCHOB-
HOT'O TOHY.

Jns onucy ¢opMaHTHOI OOBiAHOI CIIEKTpa BUKOPHCTOBYETHCS MOAEIH JIHIMHOTO mepeadadyBaHHS
10 nopsiaka. AHani3 3IMCHIOETLCSA Ha Kajapax AoBxkUHOK B 160 (240) BimmikiB (OJMH BiJUTIK OJAETHCS
16 6itamn) 3 monepeIHIM 3Ba)KyBaHHIM BiIKHOM XeMiHTa.

Xoya iCHYIOTh METOJHM, IO JO3BOJISAIOTH aHamiTHaHO oTpumyBaTtu LSF 3 LPC [6], y Bokomepi, 1m0
posrisinaersest, neperBopeHHs LPC B LSF BukoHyeTbesl 3a 9HCENBHUM METOMOM [7], KM TO3BOJISE
0e3rmocepenHbO OTPUMYBATH KBAHTOBaHI 3HaUYeHHs 3 KomoBoi kHUTH LSF. IIpu meomMy B kKaHA 3B’SI3KYy
TIEPeIAEThCS BIAMOBIAHUN 1HACKC 3 KOXKHOTO PsIIKa KOJJOBOI KHUTH. B cKamsipHOMY KBaHTyBaHHI KOXEH 3
10 xoedimientiB LSF kBaHTy€eThCS HE3aIEKHO 3 BHKOPUCTAHHSAM BJIACHOT KOJIOBOI KHATH, PO3MIPHICTIO 3,
4,4, 4, 4,3, 3, 3, 3, 3 6ita BianoBigHo. Takum yrHOM, 3aradbHUI 00cAT iHOpMAaIii MPo CHEKTPaTbHY
00BiIHY cHUTHAITY cKiaaae 34 OiTu.

KonoBy kaury mo0y0BaHO 32 METOJIOM IEHTPOIiB. JIJis OI[iHKK BiJicTaHI Mik BEKTOpaMHU B KOJOBI
KHHU31 Ta TOLIYKY HaWOJMKYOro KBAaHTOBAHOTO 3HAUEHHS IPOIOHYETHCSI BUKOPUCTOBYBATH Mipy po3pi3-
HIOBAHOCTI JIBOX BEeKTOpiB B mpocTopi LPC [4]

D(;,a)z(;—a) N;;t (;—a)t, (®)

e D(a,a) — BIJICTaHh MK CErMEHTaMH MOBH 3 IapaMeTpaMu IepeadadyBaHHS (pacCTosiHie Mexay

cermeHTamu peuu ¢ napameTpamu npeackasaHusi, distance between speech segments with such parameters)
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a= (1, a(1), a(2),..., a(p)) , a= (1, 21(1), 21(2), e ;(p)); { — 3HAaK TPaHCIIOHYBaHHs (3HaK TpaHCMO-

HMpOBaHus, transposition sign); N — KUIBKICTh BiIJIiKiB Ha CErMEHT (KONMMYEeCTBO OTCYETOB Ha CerMeHT,
samples per frame); R — aBTOKOpeNsIiifHA MaTPHIIS MOBHOTO CHTHAIY PO3MipOM (aBTOKOPPENSALMOHHAES
MaTpuua peyeBoro curHana pasmepoMm, speech signal autocorrelation matrix with dimension of)
(p+Dx(p+1).

®daktraHo Mipa (8) J03BOJISE BU3HAYNTH 3BAKEHY BiICTAaHb MK BEKTOPOM & IapaMeTpiB MOBHOTO
CUTHaJly Ta OyIb-IKHM BEKTOPOM & KOJIOBOI KHUTH. 3acTocyBaHHs MipHu (8) mamo 3MOry OTpHUMAaTH
KUTBKICHY OLIIHKY SIKOCTi YUIIIFHEHOTO CUT'HANY, sIKa J00pe Y3romKy€eThCs 3 pe3ylbTaTaMi BUIPOOYBaHb
Ha PO30ipIUBICTS.

Omninka nepioxy ocHoBHoro ToHy (OT) 3milicHroBanacs 3a METOAOM 3BOPOTHOI ¢inbrpariii (SIFT-
MeToqioM) [4]. Bubip manoro MeToay 0OyMOBIICHUH HOTO BUCOKOIO TOYHICTIO, & TAKOXK THUM, IO OUTBIITY
YaCTHHY JaHUX, HEOOXIMHUX Uit poOOTH alropuTMy, OyJIO OTPHMMAHO Ha IOMEPEAHIX eTamnax OOpOOKH.
Amnani3z OT Benmerbcs B Aiama3oHi Big 4 mo 20 mc. 3HaliieHI 3HAYEHHS aBTOKOPEISAIINHOT QYHKIT 1Jis
3pYYHOCTI MOJANIBIIO] OOPOOKH MPOXOJAATh COPTYBAHHS 3a CHaJaHHsAM. 11 3HAUCHHS, IO MEPEBUILYIOTh
nopir y 0,3, yTBOPIOIOTH KOJIO IIPETEHACHTIB, CEpe/l IKUX BiOyBaeThCs moaanbiiuii BuOip Bemuuunu OT.
[Ipu ubomy BpaxoByeThCs, IO B ACSIKHX BUNAAKax (OCOOIMBO Ul IHOYMX TOJIOCIB) MAalOTh Micue
MIOMMJIKH, TIOB’sI3aHi 3 MEPEeX0A0M Ha moaBoeHe 3HadeHHs nepioay OT. Tomy B pa3i npuiHATTS pilieHb
OepyThCsl 10 yBard sik aOCOIIOTHI, TaK i BITHOCHI 3HAYEHHS MPETEHICHTIB B MOTOYHOMY KaJpi, a TAKOX iX
3HA4YCHHS B MONEPEIHHOMY Ta HACTymHOMY Kaapax. Ocratoune pimeHHs npo Bennuuny OT npuiimMaers-
csl micNs KBagpaTHYHOI 1HTEPHONALIl aBTOKOpPESUidHOT (QyHKUii ONMM3bKO MaKCHMMajIbHOTO 3HAYCHHS.
3naiinena penrunaa OT ynakoByeThesi B 7 OITIB Ta MepeacThCs B KaHAI 3B’ SI3KY.

Busnauenns eneprii curHamy (koedirieHTa MiJCHUIICHHS) B MOTOYHOMY Kajpi BiAOyBaeTbCs Tia Yac
obuncnenns LPC. 3HaiieHe 3HaUE€HHS TaKOXK KBAHTYETHCS 7-0i1THOIO BETMYHUHOFO.

3aranpHuii o0csr iH(oOpMaIlii, 1110 HEOOXIAHO TepeaaTH NPOTIrOM KOXKHOTO Kaapy, ckianae 34 + 7 + 7
=48 6iT. TakuM YMHOM, IBHKICTh TIepeaadi V CTaHOBUTH

V =48 6ir / 0,02 ¢ = 2400 6it/c s kaapy TpuBamicTio 20 MCc i

V =48 6it /0,03 ¢ = 1600 6i1/c ms kanpy TpuBamictio 30 Mmc.

Jlns mpakTH4YHOT armpoOariii pe3ynbTaTiB JOCTIHKEHb 0YJI0 CTBOPEHO MPOrpaMHy MOJIENTh BOKOJAEPa B
cepenoBuili nporpamyBanHs Visual C++. Net. Monenb mpaifioe B JOKaJbHIA Mepexi 1 MATPUMYE Taki
PEXUMH POOOTH:

— 6e3 kommpecii (mBuakicts 128000 6i1/c);

— ADPCM (mBuakicts 32000 6i1/c);

— LPC (mBuaxicts 4800 6it/c);

— LSF, ckamsipue kBanTyBanHs (mBUAKicTs 2400 6i1/C).

[lepenbaueHo MOXIIMBICTH 3MiHM TPOTOKOJY «HA JILOTY» 0€3 MepepruBaHHs PO3MOBH, IIPU YOMY KO-
KeH 3 a0OHEHTIB MOXKE He3alexHo oOupaTu ans cebe pexxuM kommpecii. KoHdineHUiiHICTh po3MOBH
3a0e3meuyeThes 3a JOMOMOTor0 npoTokony mudpysaras AES.

Jls olliHKH pPO30ipAMBOCTI CHUTHATY INCS YIIIJIBHEHHs OyJI0 TPOBEACHO BUIIPOOYBaHHS 3TiTHO 3
metoankoro [3]. HoTupeoM ciiyxauam MPOMOHYBAJIOCs 3alOBHHUTH MO JIBi TaONHUI, MO0 MICTHIN HAbOpU
TECTOBHX CIIiB, OTPUMAHHUX Yy PE3yJlbTaTi KOMIpecii 3a pi3HUMH MeTonaMu. Pe3ynmpratm BHIIPOOYBaHB
HaBeJIeHO B Ta0II.

PesynbpraTn BUNPoOyBaHb CHCTEMH YINIIbHEHHSI MOBHMX CHTHAJIIB
Pe3y]1bTaTbl UCNbITaHNA CUCTEMbI CXaTuUA peyYeBbiX CUrHanNnoB
The results of speech signals compression system test

Jlomxuna kanpy, mc | IIBunxkicts, 6it/c Cepenna BizcTaHb Mix Po306ipiuBicTh
Mertox komnpecii (metog . BEKTOPaMHU (cpeaHee paccTosiHue )
. (anvHa kagpy, mc, frame (ckopocTb, BuT/c; ! . (pasbopunsocTb;
oxaTns; compression method) ) ) Mexay Bektopamu; average distance o %
duration, ms) speed, bits/s) between vectors) D legibility), %
bes K'()Mr[pecu (663'C)KaTMH; o 128000 . 100 %
without compression)
LPC 20 4800 — 87 %
LPC 30 3200 — 85,6 %
LSF 20 2400 0,3678 83,5 %
LSF 30 1600 0, 3941 82 %
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82

MaTtemaTuyeckas mogesib Bokogepa

dopmarnbHO 3afady cxaTusa pedu MOXHO NpeAcTaBuTb B ABYX BapuaHTtax (1). B nepsom BapuaHTe
HeobXxoAuMO CUHTEe3MpoBaTb CUCTEMY, KOTopas MUHUMMU3NPYET CKOPOCTb nepepayvn V ¢ coxpaHeHuem
3afaHHoro kavecTtsa A. Bo BTOpom BapuaHTe CTaBUTCS 3agadva nocTpoeHns cucTeMsl, kotopas obecne-
ynna 6bl MakcumarnbHOe Ka4yecTBO 3BYKOBOro curHana A ans ckopoctu V. B obonx BapmaHTax BBOASATCA
AONOMNHUTENBHbIE OrpaHUYeHUs, cpean KoTopbix Hanbonee BaXHbIMU ABNSAIOTCA:

— BEeNnUYUHa 3afepXKU CUrHana t He JOShbKHa NpeBbllaTb MakCUMarnbHO AOMYCTUMYHO BEMUYUHY T
(8 TenedpoHumn — 200 mc);

— BbicTpoaencTBMe pearnbHbIX YCTPOUCTB N, KOTOpble NPUMEHSIIOTCA ANS CKaTus, He AOMMKHO npe-
BbllWaTb 3a4aHHyto BenuumHy Ny (Heckonbko aecatkoB MIPS ans coBpemeHHbix DSP);

— obbembl NamMATH ANS COXPaHEeHUs KOMaHA U AaHHbIX M He JormkHbI NpeBblwaTh BenuduHel My (0T
[ecAaTKoB kunobanT 4o AecATKOB merabanT);

— YCTOMYMBOCTb K CHOsIM B KaHanax cBa3n S gormkHa BbiTb HE HUXKe 3a4aHHON BENMYnHBI Sy.

Knaccuyeckas mopenb peveobpasoBaH/si OCHOBbIBAETCA Ha pasferlbHOM OnMcaHunM rofloCoBOro
TpakTa u dyHKumn Bo3byxaeHus (2) [4].

MpuBegeHHas mogenb (2) coaepXWT TOMbKO MOMca B CBOEW nepedaTtoyHOW (PyHKLMKW, HO He co-
nepxut Hynen. OgHako, Kak nokasaHo B [4], ecnv NOpsgoOK Mogenu p A0CTaTOYHO BbICOKUWA, OHa MO3BO-
nseT NonyyYnTb A4OCTATOMHO TOYHOE OnMucaHue Ans BceX 3BYKOB peuyn. Moatomy p BbiGupatoT goctaTou-
Ho 6onbwnm (8—14).

3apava coxatua CcBOAUTCS K OLEHKe mapameTpoB (nepedaToyHOM (yHKUWMM rofiocoBOro Tpakra) u
dyHKUMM BO3DYXAEHMS (TOH UMK LLYM, €CIN TOH, TO KakoW Nepuof OCHOBHOMO ToHa). Nockonbky B Npo-
uecce peyeobpasoBaHWs NapamMeTpbl rOOCOBOro TpakTa AOCTaTOYHO BbICTPO M3MEHSAIOTCS BO Bpeme-
HW, OLeHKa napameTpoB BbINOMHAETCA Mo kagpaM. X npogonmkntensHOCTb BblBupaeTcs Takomn, Y4Tobbl
Ha NPOTSXXEHUN OAHOro Kagpa 3BYKOBOW CUrHam MOXHO BblNo paccMaTpvBaTh Kak CTaUMOHAPHbLIN Criy-
YanHbIN Npouecc. B coBpemeHHbIX Bokogepax oHa coctasnsieT 10...40 mc.

MapameTpbl MOAENN NMHENHOTO NPeAcKas3aHns OLEHMBAOTCA aBTOKOPPENALUMOHHLIM METOAOM C UC-
nonb3oBaHnemM pekypcum JleBnHcoHa—[dypbuHa [4]. [NonyyeHHble Ko3ahuuMeHTbl IMHENHOro Npeacka-
3aHus (LPC) a, aBnaTcA NnapameTpamu NepeaaToyHon hyHKUMn Ay(Z), KoTopasi onuckiBaeT ronocosow
TpakT yenoseka (3).

XoTs 9TW napameTpbl MOXHO NOCMe KBaHTOBaHUSA nepefaBaTb HEMOCPEACTBEHHO B KaHan CBA3W, B
COBPEMEHHbBIX CUCTeMax TakoW MOAXOA MpaKTUYecKu He ucnonb3dyeTcs. 3TO CBA3aHO ¢ TeM, yto LPC
ABMAIOTCS BECbMa YyBCTBUTENBHBIMU K KaHanbHbLIM NoMexam B cuctemax cesasun. Kpome Toro, B npouec-
Ce KBaHTOBaHWS UMM UHTEPNONALMN 3TUX NapameTpoB MOryT HapyLlaTbCs YCNoBUSA YCTONYMBOCTU CUC-
Tembl. C apyron ctopoHbl, LPC nmeloT BaxHoe TeopeTudeckoe 3HadeHne, nockosnbky, kak 6yaeTt noka-
3aHO farnblue, nMeHHo B npocTpaHcTBe LPC onpeaeneHbl Mepbl pasnnuunmocTy. [oaToMy npakTuyecku
uenecoobpasHbiM NpeacTaBnsAeTca NoaxoAd, Npu KoTopoM nonyveHHsle LPC-napameTpbl npeobpasytoT-
CS B NIUHEVHbIE cnekTpanbHble yacToTbl (LSF).

CornacHo [5], LSF (no gpyron tepmuHonorum — LSP, nuHelrHble cnekTpanbHble napbl) SBAsSOTCA
KOPHAMM NONNHOMOB (4) u (5).

KopHu nonuHomoB P(z) n Q(z) x; n y; pacnonaratoTcs Ha €UHUYHOM OKPY)XXHOCTU, MO3TOMY cripaBe[-
nmeo (6).

Habopbl {m,1} 1 {85} no onpepenexuio aenatoTcsa LSF. Ceoncteo nepemexaemoctu (7) aenaet LSF
MeHee YyBCTBUTENbHBLIMU K KaHanbHbIM owmbkam no cpaBHeHuto ¢ LPC, a Takke 3HauMTensHO ynpo-
LLiaeT NPOBEPKY CUCTEMbI HA YCTONYMBOCTb.

Pe3ynbTaTbl MCCleAoOBaHUS MOAENIU BoKoAepa

Wccneposanack paboTa Bokogepa npu ycrnoBunm npogosmkutensHocTy kagpa 20 n 30 mc. AHanuau-
pylOTCS U NepeaatoTcs B KaHan CBSA3M Takue napaMeTpbl: ormbatollas cnekTpa pevyeBoro curHana, no-
fNlyYeHHasi Ha OCHOBE JIMHEMHOro npenckasaHusl, KO3pULMEHT YCUNEHUS, KOTOPLIA XapakTepusyeT
SHEpPruI curHana, 1 Nnepmoa OCHOBHOMO TOHa.

Onsa onucaHusa dopmaHTHOM ornbatoLen cnekTpa Ucnosb3yeTca Moaerb JIMHEWHOro nNpeackasaHuns
10 nopsigka. AHanu3 npoussBogmnTCcsa Ha kagpax gnuHon B 160 (240) oTcyeToB (OAMH OTCHET NpeacTaB-
ngaetcsa 16 6Gutamn) ¢ npegBapuTeNbHbIM B3BELUMBAHNEM OKHOM XeMMMUHra.

XOT4A CyLLeCTBYIOT METOAbI, KOTOPbIE MNO3BONAT aHanuTu4eckn nonydate LSF n3 LPC [6], B paccmat-
puBaeMom Bokogepe npeobpasoBaHmne LPC B LSF BbINONHsETCA ¢ MOMOLLbIO YNCNIEHHOro MeToaa [7], ko-
TOPbIM NO3BONSAET HEMOCPEACTBEHHO MOMy4aTb KBAaHTOBaHHblE 3HAaYeHWst U3 kodosow kHuru LSF. Mpu
3TOM B KaHan CBA3M nepeaaeTcsi COOTBETCTBYIOLMNA MHOEKC U3 KaXKOON CTPOYKM KOAOBOW KHuru. Mpwu cka-
NSPHOM KBaHTOBaHuM Kaxabin n3 10 koaduumneHToB LSF kBaHTyeTCA HE3aBMCMMO, C UCMOMb30BaHNEM
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COOCTBEHHOI KOAOBOW KHUMM, pasMepHocTblo 3, 4, 4, 4, 4, 3, 3, 3, 3, 3 6uta cooTBeTCTBEHHO. Takum obpa-
30M, 06K 06 beEM MHAOPMaLMM O CNEKTpanbHON ornbatoLen curHana coctaensieT 34 6ura.

KoooBasi kHMra nocTpoeHa no MeToAy LEeHTPouaoB. [ns OLEHKM pacCTOsIHUSI MeXay BeKTopamu B
KOLOBOW KHWre M Moucka Onwkanilero KBaHTOBaHHOrO 3Ha4YeHUs npeanaraeTcsi MCnosib3oBaTb Mepy
pasnnuuMocTKn ABYX BeKTopoB B npoctpaHctee LPC (8) [4].

N

dakTnyeckn mepa (8) no3eonseT onpeaennTb B3BELWEHHOE PacCTOsiHME MEeXAy BEKTOPOM & napa-
METPOB PeYeBOro curHana u fnobbiM BEKTOPOM @ KOOOBOW KHWUMM. Micnonb3oBaHue mepsbl (8) gano Bos-
MOXHOCTb MOSYYNTb KONMYECTBEHHYIO OLIEHKY KayeCTBa CXKaToro CUrHarna, Kotopasi XopoLlo corfnacyeT-
Cs1 C pesynbTaTaMmy UCMNbITaHWI Ha Pa3bopYMBOCTb.

OueHka nepuoga ocHoHoro ToHa (OT) ocywecTtBnsanace no metogy obpatHon cdunbTpaumm (SIFT-
meTo) [4]. Beibop gaHoro metoga obycrnoBneH ero BbICOKOW TOYHOCTBIO, @ Takke Tem, 4YTo Bonbluas
YacTb AaHHbIX, He0bXxoaAMMbIX Anst paboTkl anropuTMa, Obina nofnyyYyeHa Ha nNpeablayLmMx aTanax obpa-
6otkn. AHanms OT Bepetcsa B guanasoHe oT 4 go 20 mc. HageHHble 3Ha4yeHUs aBTOKOPENSALMOHHOMN
dyHKUMM ona ygobctea ganbHeriwen obpaboTkum nNpoxogdaT COPTUMPOBKY MO yObiBaHMIO. Te 3HayeHus,
KoTopble npeBbiwatoT nopor B 0,3, cocTaBNSAT MHOXECTBO NPETEHAEHTOB, CPeaM KOTOPbIX MPOMCXoanuT
AanbHenwun Boldop BenuumH OT. lNMpn 3TOM yumTbIBaeTCs, YTO B HEKOTOPbIX Criyyasx (0cobeHHo ans
YKEHCKMX FONOCOB) MMEIT MECTO OLIMOKK, CBSA3aHHbIE C MEPEXOAOM Ha YABOEHHOE 3HadeHue nepuoga
OT. MoaTomy Npu NPUHATUN PELLEHMIN pacCMaTpMBaOTCS Kak abCcontoTHbIe, Tak U OTHOCUTENbHbIE 3Ha-
YeHUs1 NPeTEHOEHTOB B TEKYLLEM Kagpe, a Takke UX 3Ha4YeHMs B NpeablayLlem 1 nocreayowem Kagpax.
OkoHyaTenbHoe pelleHne o senuumHe OT npuHMMaeTcs Nocre KBaapaTUYHOW UHTEPNONSALUUN aBTOKO-
pensAuMOHHON (PYHKLMN OKOSIO MakcumanbHOro 3HadyeHusi. HargeHHasa senuumHa OT ynakoBbiBaeTcs B
7 6TOB M NepedaeTcs B KaHan CBA3W.

Onpepenexve aHeprnm curHana (koapmumeHTa ycuneHns) B TEKYLLEM Kagpe NpouCcXoauT BO BPEMSI
Bbluncnenuns LPC. HangeHHoe 3HavyeHne Takke KBaHTyeTcs 7-6MTHOW BENUYMHON.

Obwun obvem MHopmaumm, KOTOpbIN HEODX0AMMO nepefaTb Ha MNPOTSHKEHMM KaxXZoro Kkagpa, co-
ctaBnset 34 + 7 + 7 = 48 6ut. Takum o6pasom, CKOpOCTb Nepedayn V coctaBnsieT:

V =48 6ut /0,02 c = 2400 6uTt/c ona kagpa NPOAOCIHKNTENBHOCTBIO 20 MC 1

V =48 6ut /0,03 c = 1600 6ut/c onsa kagpa npogormknTensHocTbio 30 Mmc.

[ns npaktuyeckon anpobauun pesynbTaToB UccrenoBaHus Obina cosgaHa nporpammHasl Mogenb
Bokogepa B cpege nporpammupoBaHusa Visual C++. NET. Mogenb pabotaeT B nokanbHON ceTn 1 noa-
OEPXKMBAET TaKMe PeXuMbl paboThbl:

— 6e3 komnpeccum (ckopoctb 128000 6uT / ¢);

— ADPCM (ckopocTb 32000 6ut/c);

— LPC (ckopocTtb 4800 6ut/c);

— LSF, ckanspHoe kBaHTOBaHue (ckopocTb 2400 6uT/C).

MpenycMoTpeHa BO3MOXHOCTb U3MEHEHMS NPOTOKONa «Ha neTy» 6e3 npepbiBaHUs pa3roBopa, Npu-
yeMm Kaxapli N3 abOHEHTOB MOXeT He3aBMCUMO BbiOMpaTb Ans cebsa pexum komnpeccun. KoHdumaer-
LunanbHOCTb pasroBopa obecnevmBaeTcs Npu NoMoLLmM npoTokona wudgposaHns AES.

[ns oueHkn pa3bopyMBOCTM CUrHana rnocre cxatus Obinn NpoBeaeHbl UCMbITaHUS COrnacHo MeTo-
avke [3]. YeTbipem cnywaTtensm npegnaranoch 3anofHuTb No ABe Tabnuupl, KOTopble coaepkanu Ha-
Oopbl TECTOBLIX CIOB, MOJSIYYEHHbLIX B pe3ynbTaTe CxXaTusi C UCMOoSb30BaHWEM pasHbiXx MeTodoB. Pe-
3ynbTaThl UCMNbITAHWI NpUBeAeHbI B Tabnumue.

Vocoder mathematical model

The speech compression problem can be formally represented in two ways (1). In the first
case it is necessary to synthesize the system, which minimizes the transmission speed V and at
the same time preserves the given speech quality A. In the second case the task is to build the
system ensuring the maximum quality of speech signal A at the given speed V. In both cases the
additional limitations are introduced. The most important are the following:

— signal delay value 1 should not exceed the maximum allowed value 7, (in the telephony —
200 ms);

— processing speed N of real devices used for compression, must not exceed the given value
N, (several tens MIPS for the modern DSP);

— memory capacity M for data and commands storage must not exceed M, (from the tens of
kilobytes to the several tens of megabytes);

— stability to failures in the communication links S must not exceed the given value S,.

The classic model of speech formation is based on the separate description of vocal track and
the stimulation function (2) [4].

The given model (2) contains only poles in its transfer function but does not contain zeroes.
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However, as is shown in [4], if model degree p is rather great, it allows to get the precise enough
description for all sounds of speech. Therefore p should be great enough (8...14).

Compression task comes to the parameters estimation (voice track transfer function) and exci-
tation function (periodic signal or noise, if periodic — than what is the pitch period). As the voice
track parameters change rather quickly during the speed production, parameters estimation is ac-
complished in the frame diapason. Their duration should chosen in a way, which allows to con-
sider the speech signal as stationary random process during one frame. In the modern vocoders
it makes up 10—40 ms.

Parameters of linear forecast model are estimated with the help of autocorrelation method us-
ing Levinson—Durbin recursion [4]. The received linear prediction factors (LPC) a, are transfer
function parameters A,(z), describing human voice track (3).

Though these parameters can be transmitted directly to the communication channel after
quantization, this approach isn’t of common use in modern systems. That is caused by the fact
that the LPC have great sensibility to the channel noise in communication systems. Besides, sys-
tem stability may be broken during quantization or interpolation of these parameters. On the other
hand, LPC have an important theoretic significance, because, as is shown bellow, the distin-
guishability measures are defined exactly in the LPC area. Therefore the approach of transform-
ing the obtained LPC parameters to linear spectral frequencies (LSF) is preferable.

According to [5], LSF (the other name — LSP, linear spectral pairs) are the roots of polynomi-
als (4) and (5).

The roots of polynomials P(z) and Q(z) x; and y; are located on unit circumference, that’s why
(6) comes true.

The sets {01} and {0,} according to their definition are LSF. The intersect property (7) makes
LSF less sensible to the channel errors in comparison with the LPC, and also considerably simpli-
fies the system stability check.

The research results of vocoder model

There had been analyzed the vocoder functioning under conditions of frame duration of
20 and 30 ms. The following parameters had been analyzed and transferred to the communica-
tion channel: speech signal spectral envelope, received on the basis of linear prediction, amplifi-
cation factor, which describes the energy of signal and its pitch.

The linear forecast model of tenth order is used for the description of the spectral envelope.
Analysis is carried out on the frames with duration of 160 (240) samples (each sample is repre-
sented by 16 bits) with preliminary Hamming window weighting.

Though there are methods allowing an analytical receive of LSF from LPC [6], the LPC to LSF
transformation is performed by numerical method [7] in the described vocoder allowing for direct
obtaining of quantized values from LSF. In this case an appropriate index from the each row of
codebook is transmitted to the communication channel. When using the scalar quantization, each
of ten LSF factors is quantized independently, using its own codebook of such dimensions: 3, 4,
4,4, 4, 3, 3, 3, 3, 3 bits correspondingly. In this case the total information content describing the
spectral envelope totals 34 bits.

The codebook is composed according to the method of centroids. There had been suggested
the distinguishability measure of two vectors in the LPC area [4] (8) for the evaluation of the dis-
tance between vectors in codebook and search for the nearest quantized value.

The virtual measure (8) allows to calculate the balanced distance between speech signal vector a
and any other vector a of the codebook. The usage of measure (8) had given the possibility of receiv-
ing quantitative evaluation of compressed signal quality conforming to legibility test results.

Pitch estimation had been conducted using the inverse filtering method (SIFT-method) [4]. The
choice of this method is determined by its high accuracy and also by the fact, that the greater part of
data necessary for algorithm functioning was received during previous stages of process. Pitch
analysis is accomplished within the range 4...20 ms. The obtained autocorrelation function values
undergo the descending classification for the convenience of the further process. The values ex-
ceeding the threshold of 0.3, form the a great number of candidates, among which the subsequent
pitch value selection is continued. At the same time ii is necessary to consider that in some cases
(especially for women voices) there are errors due to the detection of doubled pitch value. Therefore
during the decision taking there had been considered absolute and relative numbers of candidates
in the current frame and also their values in the previous and the next frame. Final decision on the
pitch value is made after the square interpolation of autocorrelation function near it's maximum
value. The obtained pitch value is packed into 7 bits and transferred to the communication channel.
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The determination of signal energy (amplification factor) in the current frame occurs during the
LPC computing. The obtained value is also quantized by 7-bit value.

The total transferred information content totals 34 + 7 + 7 = 48 bits. So, the transmission
speed Vis

V =48 bits/0,02 s = 2400 bps for frame of duration of 20 ms and

V =48 bits/0,03 s = 1600 bps for frame of duration of 30 ms.

There had been created the vocoder software model for the practical approbation of the re-
search results using Visual C++. NET. This model works in the local area network and supports
such operating modes:

— without compression (with the speed of 128000 bits per second);

— ADPCM (with the speed of 32000 bits per second)

— LPC (with the speed of 4800 bits per second)

— LSF, scalar quantization (with the speed of 2400 bits per second).

There had been foreseen the possibility of changing protocol "immediately" without the termi-
nation of conversation. It should be noted that each side can independently choose compression
mode for itself. Conversation confidentiality is provided by the AES cryptography algorithm.

There had been conducted testing according to the method [3] for the evaluation of signal
legibility after compression. The four listeners were suggested to fill in the two tables with test
word sets containing words received after compression using different methods. Test results are
shown in table.

BucHoBKH

IToOGymoBaHO MOAEIE BOKOAEPA, IO JO3BOJISIE 3IHCHIOBATH YVIMUIBHCHHS] MOBHUX CUTHATIB JIO0 TITBHU/-
kocti 1600 6it/c. Y X0/i eKCrIepUMEHTATLHUX JTOCIiPKEHb BUBYAIacs poOOTa JaHOi MOJEII B JTOKAITbHIH
Mepexi AJs Pi3HUX MPOTOKOJIB KOMIIpecii Ta IPOBOAMINCS BUPOOYBaHHS MOJIEINI 3TiJHO 3 MPUHHSTOO
METOAMKOI. BuipoOyBaHH: OKa3anu AOCTATHIO AKICTh YILIJIbHEHOI'O MOBHOI'O CUI'HAILY.

IepcnexkTuBu. 3 OrnsAy Ha CTPIMKME PO3BUTOK U(poBoi TenedoHii, HAHOMIKIMM YacoM CIif
OUIKYBaTH TOSIBH BOKOJIEpiB 31 mBuAKicTIO mepenadi 1200 6it/c i 600 6it/c (dhoHEeMHe po3Mi3HABAHHS).
Po3poOka Takux BokojepiB MoTpedye BpaxyBaHHS TOHKMX MeXaHI3MiB MOBOTBOPEHHS, 30KpeMa (pOHETH-
YHHUX OCOOJIMBOCTEN KOHKpeTHOI MOBH. HeoOXinHOIO0 yMOBOIO 3/1iiCHEHHSI TAKUX PO3POOOK € CTBOPEHHS
CTaTUCTUYHO PENPE3CHTaTHBHOI 0a3u JaHMX MOBHHX (parMeHTiB ykpaiHchkoi MoBu. [losiBa Takoi 6a3u
JIACTh TIOTYKHUH MOIITOBX JJIsi PO3BUTKY JIOCIIKEHb Y IIbOMY HAIIPSIMKY B Y KpaiHi.

BbiBOAbI

MocTpoeHa mogenb BokoAepa, NO3BOMAOLWLast MPOM3BOAUTL CXKaTUe PEYEBbIX CUTHANOB 4O CKOPOCTU
1600 6uT/c. B xoge akcnepuMMeHTanbHbIX NCCreaoBaHui n3yyanacb paboTta gaHHOW MOAEnu B JfloKarb-
HOWM ceTu Onsi pasHbIX NPOTOKONOB CXaTusl 1 NPOBOAUITUCH UCMbITAHUS MOLENN COrMacHO NMPUHATON Me-
ToauKN. McnbiTaHms nokasanu OCTaToYHOE Ka4eCTBO CXaTOro pey4eBoro curHana.

MepcnekTUBbI. YunTbiBas YpesBblyaiHO ObICTpoe pa3BuTune uudpoBon TenedoHur, B Gnuxanwee
BpeMs crnefyeT oXuaaTtb NosiBNIEHUs BOKOAEPOB CO CKOPOCTbIO nepedadn 1200 6ut/c n 600 6ut/c (do-
HEMHOe pacrno3HaBaHue). Pa3paboTka TakMx BOKOAEPOB NOTpebyeT yyeTa TOHKMX MEXaHW3MOB pede-
obpasoBaHus, B 4aCTHOCTM (POHETUYECKMX OCODEHHOCTEN KOHKPETHOroO A3blka. HeobxoamMmbiM ycnoBu-
€M OCYLLEeCTBMEHUS Takmx pa3paboToK SBNAETCH co3daHue CTaTUCTMYEeCKM penpes3eHTaTuBHON 6asbl
OaHHbIX peyeBblX dparMeHTOB YKpaunHCKOro sA3blika. [osiBrneHne Takon 6a3bl 4acT MOLLHBIN TOMYOK A5
pasBUTUSA NCCIEgOBaHNA B 3TOM HanpasreHnn B YKpanHe.

Conclusions

There had been created the model of vocoder allowing for speech signals compressing to the
speed of 1600 bps. The operation of the given model in the local net for different protocols had
been tested following the accepted methods during the researches period. The tests had shown
high quality of compressed speech signal.

Prospects. Taking into consideration the great digital telephony development allows to as-
sume, that the vocoders with transmission speed of 1200 bps and 600 bps (phonemic recogni-
tion) will appear in the nearest future. Development of such vocoders will take into consideration
the complicated mechanisms of speech production, particularly phonetic peculiarities of specific
language. The creation of statistically representative database of Ukrainian language speech
fragments is the necessary condition of such development. The creation of such database will
give the powerful incentive to the development of such researches in Ukraine.
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