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Pedepart. IIpencraBieHsl pe3ynbTaThl dKCIepHMeHTanbHOro uccienoBanus CELP-konepoB ¢ BeKTOpPHBIM KBaHTOBaHHEM KOX()(HIMEHTOB
ycunenus. OOCYKIarTCs pe3ynbTaThl OIEHKN KauyecTBa PedH NpH Mcronb3oBanuu J{narHoctuueckoro Kpurepus Ilpuemiemoctn 11s KOJOBBIX
KHUT pasmepoM 64 u 128 4-MepHBIX BEKTOPOB, MOJYYEHHBIX 10 OOydaromel BbIOOpKE, CHOPMHUPOBAHHOW HAa OCHOBE 8-MHUHYTHOTO PEYEBOTrO
MatepHaa, BKIOYAIOIIEro B ce0s pedb oT 12 TuKTOpoB (5 KEHIIMH U 7 MyX4HH).

Pa3zpaboTanHble 3a TMOCIEAHHE ABAANATH JIET METOABI KOIMPOBAHMSA OOECTIEYMBAIOT XOPOIIee KadecTBO
(pa360punBOCTH, HATYPAITBHOCTH 3BYYaHHS, MOBHIIICHHYI0 BO3MOYKHOCTh OTIO3HABaHMS TOBOPSIIETO) MpH Iepenade
peun B uppoBoii (popme Mo Y3KOIOIOCHBIM KaHAJIaM CBSI3U Ha CKOpPOCTAX OT 16 mo 4,8 kout/c. Ha mpakTuke Hammmm
ITUPOKOE TPUMEHEHHUE KOJEPhl C JIMHEHHBIM IpeaIcKazaHueM NpH MHOTOMMITYJLCHOM B030ykmeHuu (Multi Pulse
Linear Predictive Coding — MPLPC) u npu Bo30yxaenun ot koaa (Code Excited Linear Prediction — CELP) [1].

HawubGonee coBeplIeHHBIM aJrOpUTMOM (C TOYKHM 3peHHMsI KauecTBa) siisieTcs anroputm CELP-konepa na
4,8 x6urt/c (puc.l), mpuHATHIN B KauecTBe enepanbHoro cranmapra CIIA FS-1016 [2].

Pucynok 1— CrpyxrypHas cxema koguposanust CELP-konepa FS-1016

B CELP-kogepe FS-1016 peueBoii curnan S, pasznensercss Ha Kaapbl AMUTENbHOCThI0 B 30 Mc. B kaxiaom
KaJpe C MCIOJh30BaHUEM alropuTMa JuHelHoro npeackazanus (LPC) ompenenstorcss mapaMeTpbl CHHTE3UPYIOIIETO
¢unpTpa 1/A(z), MOCiIEe UYEro METOJOM aHaIW3a 4Yepe3 CHHTE3 HAaxOJATCS MapaMeTphl CHTHAlla BO30YKICHHUSA,
MHHUMU3HPYIONINE B3BEIICHHBIH CHUTHAN OmuOKH. CHUTHaN BO30YXIEHHS TPEICTaBIsIEeTCS HabopaMH HWHIECKCOB
(Cs, C,) BexropoB (C,, C,), n3BIeKaeMbIX M3 CTOXAaCTUYECKOW WM aJalTUBHOW KOJOBBIX KHHT, a Takke Habopamu
COOTBETCTBYIOIUX UM KO3(PPHUIMEHTOB yCHIICHUS (g;, &,). IIpH KOAMPOBAHWHM CHUTHAIa BO30OYXICHUS Kazap
pa3buBaeTca Ha 4 moxmkazpa mo 7,5 mc. B kaxkmom mozakazpe KoOMpyroTcs M mepenaioTcst wHAeKchl Cg (9 OuT Ha
nnuekc), C, (8 OUT B 4eTHBIX M 6 OUT B HEUSTHBIX MOAKAApaX Ha UHIEKC), KO3()(UUNEHTH! YCUIeHHS g, U g, (110 5 Out
Ha Kakaeli kod¢p¢uument). B nemom kaap xomupyercst 144 6uramu, u3 xoropsix 40 our (28,8%) orBomsrcs Ha
KOJIMPOBaHHE KOI(PUIIMEHTOB YCUIICHHS C UCTIOIb30BAaHUEM CKAJISIPHOTO KBAHTOBAHUSL.

Lenpto HacTosmiel paboOTHl sBIsETCS dKcmepuMeHTanbHoe uccienoBanue CELP-xomepa ¢ BEKTOPHBIM
KBaHTOBaHHEM KO3()(UIMEHTOB ycwieHHs. B dYacTHOCTH, OOCYKHAIOTCsA pEe3yiabTaTbl NPHMEHEHHs BEKTOPHOTO
KBaHTOBAHUsI IPH Pa3/ieIbHOM KOJUPOBAHUN KOI(PPUIIEHTOB YCWICHUS gy, g

[Ipy wCHoONBP30BaHMM BEKTOPHOTO KBAHTOBAaHUS [UIT KaXIOTo W3 KOI(PPUIMEHTOB YCWICHHS g, H g,
MIPOU3BONMIOCH OOBCIMHEHHE HYeThIpeX 3HAUYEHHWH, IIONyYCHHBIX [UIS TOAKAAPOB OTHOTO Kajapa, B OAHH
YeTBIpEXMEPHBI BEeKTOp. B pesynprare 3TOr0 A KaXKAOTO Kaapa (OpMHPOBAIINCH ABAa BEKTOpa KOA(PHUINEHTOB

yewnenust:  {g, ,&, .88, } =8, U {€,.84,84,-8a,} =8, Al1 KBAHTOBAHUSL KOTOPBIX HCIONB30BAIUCH

pa3genbHbIC KOJOBbIE KHHATH. OpMHPOBaHHE KOIOBHIX KHHT BBIOJIHAJIOCH Ha OCHOBE OOydJaromiei BBEIOOpKH
pazmepom 16000 BEKTOPOB, ¢ UCTIOIH30BAHHUEM KOTOPOU IS Ka)IOTO M3 BEKTOPOB g, M &, OBUIH TIOCTPOEHBI TI0 JIBE
KOJIOBBIE KHUTH pa3MepoM 64 u 128 3TalOHHBIX BEKTOPOB (JJIMHA KOJAOBOTO ClIoBa 6 M 7 OUT COOTBETCTBEHHO). [Ipu
TAaKUX pa3Mepax KOJOBBIX KHHMI KOJHMYECTBO OWT, OTBOAMMBIX Ha KOJUpOBaHHE KO3()(UIIMEHTOB YCHIICHUS,
COKpaIIlaeTcsl COOTBETCTBEHHO HA 28 1 26 OUT Ha KaJp MO CPaBHEHMIO CO CTaHAAPTHBHIM anroputMoM FS-1016.
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OOyyaromiass  BeIOOpka (opmupoBaiack B pesynbrate ob6pabotkn CELP-komepom FS-1016 peueBoro
Marepuajia OT JBEHAINATH JUKTOPOB (5 KEHIMH W 7 MYX4YHMH) OOIIEH MNpOMOIDKUTEIBHOCTRI0 8 MUHYT. JIist
MMOCTPOCHHUSA KOIOBBIX KHHTI HCIHOJB30BAJCS alrOpuT™M K-CpeqHMX ¢ Ha4adbHBIMH YCIOBHSAMHM, ITONyYCHHBIMU
METOJIOM KIIaCTepH3alliy MPH HepaBHOMEpHOH amxotomud [3]. OnpeneneHue KavyecTBa 3By4aHUs TMPOU3BOIMIOCH C
ncnonp3oBanneM JluarHoctmueckoir Mepor Ilpumemnemoctn (Diagnostic Acceptability Measure — DAM) mytem
npocnymuBanusg 12 (oHeTHYecKH COaJaHCHPOBAHHBIX O-CJIOTOBBIX MPEIIOKCHHUH, MPOU3HOCHMBIX IHKTOPAMH
(My)X4MHa ¥ >KCHIIMHA), HE YYaCTBOBaBIIMMH B (opMuUpOBaHHMM oOydaromield BbIOOpkH. KadecTBO 3By4aHuUs
OLICHUBAJIOCH Opurazoil u3 gecatu ciymiatencii. [Io pe3ynpraTam OICHKH BBIUHCIIUIACH CPEIHSS OIICHKA MHCHUI
(IpOLIEHT NpeATIOYTEHHH ).

PesynbTathl WcHbITaHUS KOACPOB C BEKTOPHBIM KBAHTOBAaHUEM KOA(M(GUIIMECHTOB YCWICHUS NPH Pa3THIHBIX
pa3Mepax KOJAOBBIX KHUT CBEACHBI B TAOUIy 1.

Tabnuna 1 — Pe3ynbTaThl HCIIBITAHUS KOJICPOB

[Ipeanourenus Konoseie KHUTH pasmepom | Komossie KHUTH pazmepom

64 BexTopa 128 BekTOpOB

Kon-Bo ronocos | Ilpouent Kon-Bo ronocos | IlpoueHt

TIPE IO TEHHS MIPE IO TEHHS

[Mpenmounrtator CELP- | 3 30% 2 20%
konep FS-1016
He Bugsr paznuunit 7 70% 7 70%
[IpennounraroT 0 0% 1 10%
MOJIEPHU3UPOBAHHBIHN
Kozep
Wroro 10 100% 10 100%

AHanu3upysi TOJIy4eHHbIE pe3yJIbTaThl, MOXXHO OTMETHThb, YTO IIPH OLIEHKE KadecTBa 1mo Meronqy DAM
OONBIIMHCTBO  JKCHEPTOB HE HAXoAiAT pasnuumii B kadectBe 3Bydanusi CELP-xomepa FS-1016 wu
MOJCpPHU3UPOBAHHOTO KOJIepa, HWCIIOJIB3YIONMIETO BEKTOpHOE KBaHTOBaHWe Kod(dummento ycunenus (70-80%
9KCIEPTOB HE BHUIAT PasziIM4YUi B KadecTBe 3By4daHWs, U Toibko 20-30% otmaror mpeamourenne CELP-konepy FS-
1016).

C TOYKM 3peHHs pa3Mepa KOJOBOH KHUTH HE3HAYHTEBHBIC TIPECUMYIINECCTBA UMEET KOJOBasi KHUra OOJbIICH
pasmeproctu (80% mpenmoyTeHUit OTHAHBI KOJOBOW KHUTe pa3MepoM 128 BektopoB u 70% — KOIOBOIH KHHUTE
pasmepoM B 64 BekTopa).

Takum 00pa3oM, HCIOIH30BAHME BEKTOPHOTO KBAHTOBaHWSA KOA((UIMEHTa YCWICHHS MO3BOJIET 0Oc3
yimepba KadecTBYy 3By4yaHus NOHM3HTH ckopocth B CELP-komepe ¢ 4,8 xout/c mo 3,87-3,93 xOutr/c (3a cuer
COKpameHus Ha 28-26 OUT pacxoJ0B Ha KOJUPOBAaHWE CHUTHAIA BO3OYKICHHS Ha Ka)XIOM Kajape UTHTEIHHOCTHIO
30 mc).
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Abstract. The results of experimental evaluation of CELP vocoders with vector quantization of gain coefficients are presented. The
result of speech quality evaluation using the Diagnostic Acceptability Measure for codebooks of 64 and 128 4-dimensional vectors, generated from
the learning set from 8-minute speech material from 12 speakers (5 female and 7 male), are discussed.

Speech coding methods developed during last twenty years provide good quality (legibility, natural sound,
improved possibility for speaker recognition) when transmitting digitally encoded speech via narrow-band channels at
speeds of 16 to 4.8 kbit/s. In practice Multi Pulse Linear Predictive Coding (MPLPC) and Code Excited Linear
Prediction (CELP) are widely used [1].
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The most perfect algorithm (in the sense of quality) is the CELP algorithm at 4.8 kbit/s, accepted as the USA
federal standard FS-1016 [2].

In the FS-1016 CELP coder the speech signal S, is divided into frames of 30 ms. For each frame, the
parameters of the synthesis filter 1/A(z) are determined by the LPC analysis. The excitation signal is represented by
the set of indices (C;, C,) of codebook vectors (C,, C,) from the stochastic codebook and the adaptive codebook, and
by corresponding gain coefficients (g,, g,). During the excitation signal encoding the frame is divided into four
subframes having duration of 7.5 ms each. For each subframe, the following parameters are encoded: C, (9 bits), C,
(8 bits in even subframes, 6 bits in odd subframes), g, and g, (5 bits each). The whole frame is encoded using
144 bits, from which 40 bits (28.8%) are used for gain coefficient encoding using scalar quantization.

The aim of this work is the experimental research of the CELP coder with vector quantization of gain
coefficients. In particular the results of using separate vector quantization of gain coefficients g, and g, are discussed.

For each of the gain coefficients g, and g,, four values corresponding to subframes of one frame were

{gs|7g52’g537gs4}:gs and
{guI 18a,>8ay> ga4} =g, per frame. Separate codebooks were built for g, and g, from the learning set of

16000 vectors. There are two variants of each codebook with 64 and 128 vectors, which allows decreasing the
number of bits for encoding of gain coefficients to 28 and 26 bits per frame, respectively.

The learning set was formed by processing the speech material from twelve speakers (5 female and 7 male),
with the whole duration of 8 minutes, using the standard FS-1016 CELP coder. The K-means algorithm with the
initial condition from the clustering with non-homogeneous dichotomy [3] was used. The speech quality was
measured using the Diagnostic Acceptability Measure (DAM) through listening to 12 phonetically balanced 6-syllable
sentences pronounced by speakers (male and female) which did not take part in building the learning set. The speech
quality was estimated by ten listeners. From the results of listening the mean opinion score (preference percentage)
was calculated.

The results of evaluating the coders with vector quantization of gain coefficients with different codebook
sizes are presented in Table 1.

One can notice that most of the experts do not notice any difference in the speech quality of the FS-1016
CELP coder and the new coder with vector quantization of gain coefficients (70%—-80% of the experts do not notice
any difference, and only 20%-30% prefer the FS-1016 CELP coder). The bigger codebook has a slight advantage in
quality (80% of the experts treat the coder with 128 vector codebook as not being worse than FS-1016 CELP; 70%
think so about the new coder with 64 vector codebook).

combined into a single four-dimensional vector, giving two vectors

Table 1: Coder Evaluation Results

Preference 64 vector codebook 128 vector codebook

Number of votes | Percentage Number of votes | Percentage
Prefer FS-1016 CELP | 3 30% 2 20%
coder
No preference 7 70% 7 70%
Prefer the new coder 0 0% 1 10%
Total 10 100% 10 100%

In conclusion, vector quantization of gain coefficients allows decreasing the CELP coder bit rate from
4.8 kbit/s to 3.87-3.93 kbit/s without noticeable loss of quality (by decreasing the number of bits used for encoding
the excitation signal by 28-26 bits per frame).
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