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Abstract - Vectorquartizationofthesynthesigilter pa-
rametesin Code-EcitedLinear Prediction(CELP)speeb
codes is a commonprocedue nowadys. This paper de-
scribesa CELP coderimplementtion and malesa com-
parisonin termsof quality and bit rate whenvector and
scalar quartization of the synthesidfilter parameers are
employedJsage of vector quantizationin compaison to
scalar quantization allows for a bit rate reductionof 340
bps,givingrise to a 4,06kbpsCELP cockr, keepinga simi-
lar subjectiveevaluaion.

1. INTRODUCTION

The growing necessityof telephay systemsgo offer better
products andthe progressin digital technolgies have in-
creasedligital speeclprocessingesearchTodays interng
applications andthe recen improvemet of telephory sys-
temsdeman the developmentof innumeous speectcod-
ing technigies. The goal of mostof thesetechniaquesis to
obtaingoodspeechyuality at low bit rates.

A currertly quite employed technique for speechcod-
ing at low bit ratesis the Code-Exited Linear Prediction
(CELP)[1]. Towork at4 kbpswith agoad qudity, systems
oftenusevectorquantization(VQ) for linearpredictionco-
efficients. Even thoughthis techniqie is computationaly
morecompex thanscalarquartization(SQ)|[2, 3, 4], it has
beenthepreferedsolutionto code 10 coeficientsusingless
than30 bits.

In this article, a CELP coderbasedon the implemen-
tation describedn [5] will be usedto compae threedif-
ferentquantizatio techniqees for the syntresisfilter: the
scalarguantizaéion, the multi-stagevecta quantizationand
the split vectorquanization.

Thiswork is organizedasfollows. In Section2 thestan-
dardCELP coderis presentedSection3 describe thelin-
earpredictioncoeficients(LPC) analysisusedto obtainthe
synthesidilter paraneters. Section4 detailsthe VQ tech-
nigues implemented. Section5 dealswith theexcitationpa-
rameterdor the CELP code. Section6 shaws the results
andSection7 presets thecondusions.
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Fig. 1. Block diagramof the CELP coder

2. CELP CODER

Figurel shawstheblock diagran for the CELP code. The
reconstratedsignalis obtairedpassingheexcitation signal
z(n) through the synthesidilter

1 1
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TheLPC, {a; : ¢ = 1,...,p}, areobtainedby the LPC
analysis.Theexcitationsignalz(n) is compsedof asignal
from the adapive codelok, z , p(n), anda signalfrom the
fixedcodebook z s ;(n), weightedby their respectie gains
G, andG. Theadaptve codebok bringsinformationre-
latedto the periadicity of voicedspeechandthefixedcode-
bookis commsedof coderectorsthatrepresentheresidual
signalswithout shortandlong termcorreldions.

The information sentto the decoer includes the syn-
thesisfilter H (z) coeficierts, theindexes D andI andthe
fixedandadaptve codewoksgainsG , andG¢. Theseast
four parametes are obtaired through a technigqie naned
analysis-bysynthesig5], i.e., somecoderectorscombira-
tions are tested,being chosenthe one that minimizesthe
enepy of theweightederrore,,(n), resultedfrom filtering
the error signale(n) (given by the difference betweenthe
targetsignalandthereconstratedsignal)through the errar
weightedfilter W (z) = %, wherey = 0.8 [5] is the
adjustmentactor

H(z) = 1)
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Fig. 2. Positionof thewindow for the LPC analysis.

The CELP coderproessespeectsignalsin frames.In
eachframethe LPC {a; : i = 1,...,p} for the synthesis
filter arecalculated.Eachframeis dividedinto subframs,
andthebestexcitationz(n) is found for eachsubfame.

3. THE LPC ANALYSIS

The CELPcoderimplemenedusesramesof 30msdivided
into four subfranes of 7,5 ms each. The LPC analysisis
undetaken usingthe 10** order(p = 10) autocarelation
method and Hammingwindows of 25 ms centeed in the
lastsubfrane of eachframeasshowvn in Figure2. TheLPC
aretransfornedin line spectrafrequenciegLSF).To obtain
a soft transitionbetweentwo consecutie groyps of LSK
they areinterpdated. For the interpdation, the subfranes
arenumteredfrom 1 to 4 asshown in Figure2. Thei-th
coeficient from the subframen is obtaired by

w? = (1 - Qn)wg + anfa (2

wherew{ refeisto thecoeficientw; from thecurrentframe
andw{ refersto the coeficient w; of the previous frame.
Theweightingvecta usedisq = [0,25 0,5 0,75 1]7.
It canbe easilyobseredthatw; = w§, Vi, oncethatthe
Hammingwindow is centeren the4** subframe

4. THE LSF VECTOR QUANTIZA TION

In thisarticlethe SQof the LSF coeficientsdescritedin [5]
is compaedto thefollowing two VQ technigees.

4.1. Multi-stage vecta quantization

The multi-stagevectorquantization (MSVQ) implemented
in this work is similar to the oneusedin the MELP (Mixed
ExcitationLinear Predictior) coder [6, 7]. A modfication
wasintroducedin the calculationof weightsusedto deter
minetheaverage distortion

The VQ usedis afour stageone. Eachquanizedvec-
tor w = [w; ...10)7 is obtaired by the sumof the com-
ponatsin eachstage wherethe numter of levelsare 128,
64,64 and64. Therebre,atotal of 25 bits is usedto quan-
tize eachvecta w = [w; ... wio]?, while in the SQ 32 bits
wereused. Table 1 shows the target vectas of eachstage
andits nurrberof levelsandbits. Thequantizedrector w is

Table 1. Tamgetvectorsandnumber of levels and bits for

eachstage.
Stage Target vector Levels | Bits

1 w 128 7

2 Aw=w—w 64 6

3 AAw = Aw — Aw 64 6

4 AAAW = AAw — AAW 64 6

| Total | 25 bits |
obtainedoy
W =W + AW + AAW + AAAW, ?3)

wherew,Aw,AAw , AAAW arethe bestvectas obtainedn
eachstage.

One of the mostimportant caracteristicof the VQ is
the distortion measuraised.For the MSVQ in this work it
is usedtheweightedEuclidiandistance

d(w,w) =

10
D Wiw; — )2, 4
i=1

wheretheweightsiy, ..., Wi aregivenby

Wi = [|[H(e™)[)%, 1<i<10, (5)

and|H (e’*i)| represetsthemagrituderesposeof H (e/%)
in thefrequeng/ w;.

The searchprocedireis an M-bestapprximationto a
full search,in which the M = 8 bestindexesfrom each
stagearesavedfor usewith thenext stage[8].

4.2. Split vecta quantization

Inthisarticlemary testsandsplittingfactorswereperfamed
concering to SVQ[4, 8]. TheVQ codcebools weredivided
in four differentconfiguations:5/5, 6/4,4/6 and4/3/3.

Thesearchprocelurein all configuationsis very simi-
lar, beginningwith thesearctin thefirst codebok using(4)
to find thebestvector Theweightsaregiven by

1 1
+
Wi — Wi—1

Wi =

, 1<4i<10,  (6)
Wit1 — Wy

werewg = 0.0 andwy; = 0.5. Then,the searchis per
formedin the secondcodebaok, taking the precaition to
keepthe synthesidfilter stable,i.e., the LSF mustbein a
growing order.

Table 2 shavs the numter of codevectorsusedin each
codebok andthetotal numter of bits usedin every config
urationimplemerned.



Table 2. Numbe of codevectorsandbits usedin eachcon-
figuration.

Codevectors | Num. of Bits
5/5,6/4,4/6
1024/1024 20
2048/1024 21
4096/1024 22
2048 /2048 22
4096/2048 23
4/3/3
256/128/64 21
128/128/128 21
256/128/128 22
256/256,/128 23
512/128/128 23
256/256,/256 24
512/256/128 24

Previous candidate sequence

Fig. 3. Overllapng process.

5. THE EXCITATION PARAMETERS

5.1. The adaptive codebook

The adaptve codelmok usedhasinteger delaysin a range
from 20 to 148 samples. During the codirg process,the
outpu of H(z) for eachcodesectorz,p(n), thatwill be
calledy,p(n), is correlded to the signalthatis wishedto
berepralucedcalled¢(n). This correlatio is obtaired by

N-1
C=Y" yan(n)t(n), (7)
n=0

whereN is thenumbe ossamplef thesequene (thesize
of a subflame). Only codevectorsthat causesC > 0 are
used. If C < 0 for all the codevectorsof a subfame,the
index D is setto zeroto indicate the excitation for this
subfrane will be compaed only by the fixed codelmok.
This procedire improves the recorstructedsignal quality
becausdt producesa moreconsistentevaluationof the de-

lay.

5.2. The fixed codebook

Thefixedcodelokis compsedof 1082samplesforming
512 codevectos through the overlappirg processasshavn
in Figure3.

Table 3. Bits allocationfor the quantizaéion of the excita-
tion parametes.

| Parameter] Range | Num.of bits |
FCgain | -0,05a0,05 5
FCindex 0ab11 9
AC gain 0az2 4
AC index 0al27 7

| Total | 25 bits |

The fixed codelmok was clippedin orderto have 90%
of zerosamplesn eachcodevector Besidesa goad qual-
ity, thiskind of codelmok allows a fastersearcHor the best
excitation.

5.3. Gainsand bits allocation

The gairs G, and G/, calculatedas describedn [5], are
scalarquantizedwith 4 and5 bits, respectidly, afterbeen
optimizedat the endof the analysis-§-synthesis procedure
for eachsubfrane. The non-wiform quartizer for each
coeficient was obtainel through the LLoyd training algo-
rithm. Table3 showvs theway the excitation paranetersare
quantized

6. RESULTS

Thefollowing testswereperfamedin adatabaseompaed
of 20 sentencesspolen by 10 spealers, 5 maleand5 fe-
male. The choiceof numbe of bits for the LSF perframe
for eachmethodis donein sucha way that the subjectve
testsimply similar quality.

6.1. VQ evaluation

The evaluatian of the SQ, MSVQ and SVQ was madein
termsof spectraldistortion (SD)

spi_\/?lr /W[IOIOgIO |Hi(e7®)|— 1010gyo | Hs(e)|2dw (dB), XS
0
, L ®
where|H;(e’")| and|H;(e’*)| arerespectiely the mag-
nituderesposesof 1/4;(e*) and1/A;(e’) for thei-th
frame.For sale of evaluation,it wasusedtheaveragespec-
tral distortion(S D) andnumter of outliers [8].

Table4 shaws the testresults. The following quartiza-
tionswerecompared: SQwith 32 bits,MSVQ using25 bits
andSVQ with the numker of bits rangng from 20to 24 di-
videdinto four configuratiors: 5/5,6/4, 4/6 and4/3/3.

It canbe seenthat SQ reacheghe bestquality mostly
becaus¢his quarizationemplog/s 32 bits.



Table 4. Spectraldistortionperfamanceandfor eachim-
plemenedquarization.

| Codevectors | SD | %SD € [2;4] | %SD >4 |

SQ

- [108] 315 | 0.0
MSVQ

- [163] 2109 | 05

SVQ

5/5
1024/1024 || 1.48 11.72 0.66
2048/1024 || 1.40 9.14 0.00
4096/1024 || 1.34 6.92 0.00
2048/2048 || 1.31 5.86 0.00
4096/2048 || 1.25 4.44 0.00

6/4
1024/1024 || 1.49 11.36 0.00
2048/1024 || 1.38 7.93 0.00
4096/1024 | 1.28 4.80 0.00
2048/2048 || 1.33 6.57 0.00
4096/2048 || 1.23 3.69 0.00

476
1024/1024 || 1.60 19.95 0.15
2048/1024 || 1.56 18.59 0.15
4096/1024 || 1.53 16.72 0.15
2048/2048 || 1.43 11.77 0.00
4096/2048 || 1.39 10.71 0.00

473/3

256/128/64 || 1.47 11.57 0.00
128/128/128 || 1.46 10.45 0.00
256/128/128 || 1.39 8.54 0.00
256/256/128 || 1.30 5.56 0.00
512/128/128 || 1.31 6.36 0.00
256,256,256 || 1.24 4.65 0.00
512/256/128 || 1.22 3.99 0.00

6.2. CELP coderevaluation

Threeobjective measuresvere usedto evaluatethe CELP
coder percepual sggmentedsignal-tenoiseratio(PSSNR),
thecepstradistancgCD) andthe Itakura distancgID).

The objective resultsof the testsperformed over the
CELP coderimplenmentedrespectially with SQ, MSVQ
andSVQ arepresetedon Table5.

It canbe seenthatthe objective resultsof the code im-
plemertedwith SQarebetterthentheothes becausé uses
more bits to the quariization of the synthesidfilter coefi-
cients.

6.3. Subjectivetests

Two informal subjectie testswereperfamed: thefirst with
22 peope andthe otherwith 20 peoge. In the first each

Table5. PSSNRCD andID for the CELP coderwith each
implementd quartization for the synthesisfilter parane-
ters.

| Codevectors || PSSNR(dB)| CD(dB) | ID(dB) |

SQ
- [ 176 | 295 | 1.08
MSVQ
- [ 5@ | 330 | 135
SVQ
5/5
1024/1024 15.9 328 | 1.33
2048/1024 16.6 325 | 1.31
4096,/1024 16.11 324 | 131
2048/2048 16.0 324 | 1.30
4096,/2048 16.4 320 | 1.27
6/4
1024/1024 15.8 324 | 1.30
2048/1024 15.9 322 | 1.29
4096,/1024 16.8 318 | 1.26
2048,/2048 15.9 321 | 1.28
4096,/2048 16.0 318 | 1.26
476
1024/1024 16.11 332 | 1.37
2048/1024 16.9 332 | 1.38
4096/1024 16.2 332 | 1.37
20482048 16.5 326 | 1.32
4096,/2048 16.38 326 | 1.32
4/3/3
256/128/64 16.2 326 | 1.32
128/128/128 5.9 328 | 1.33
256/128/128 16.8 323 | 1.30
256,256,128 16.6 321 | 1.28
512/128/128 16.07 322 | 1.29
256,256,256 16.a0 319 | 1.26
512/256/128 16.13 320 | 1.27

of the 20 listenershead two sentencesynequariized with
the SQ andanotler with the MSVQ. They chosethe best
amongthem. Theresultsof this testarein Table6. They
couldchoaseoneof theoptiors: SQbetter MSVQ betteror
similar. It canbe seenthatthe quality is almostevery time
thesamebetweerthe SQandthe MSVQ. In thesecondest
they first heardfour sentencesgneof eachconfiguationof
SVQ quantizedvith thehighestnumker of bits. They could
chooseoneasthebestor they couldsaythey areall similar.
The resultsof this testarein Table7. Then after finding
the bestconfiguration(5/5), they heardsix sentencesfjve
quantizedwith the five differentcodeboks in that config
urationandone scalarquantized They could alsochoose
oneasthebestor all similar. The resultsof this testarein
Table8.



Table 6. Resultsof the subjectve testbetweerthe SQand
theMSVQ.

| Sentencel MSVQ | Similar | SQ |

M1 7 12 3
F1 4 16 2
M2 4 17 1
F2 2 12 8
M3 5 14 3
F3 1 19 2
M4 3 15 4
F4 2 14 6
M5 2 12 8
F5 1 18 3

Table 7. Resultsof thefirst subjectve testwith SVQ.
| Sentence] 5/5 [ 6/4 | 4/6 | 4/3/3 | Similar |

M1 3 1 2 0 14
F1 1 3 2 2 12
M2 3 0 1 1 15
F2 4 0 2 1 13
M3 1 1 3 1 14
F3 2 2 1 2 13
M4 1 1 2 1 15
F4 2 0 1 1 16
M5 3 2 3 1 11
F5 2 1 1 1 15

Thefirst subjectvetestshavedthatMSVQ hasaquality
verysimilarto the SQwith theadvwartagethatit use25bits
agairst 32 bits usedin the SQ. Thefirst partof the second
subjectve testshavedthat5/5 configuration performsthe
bestquality. The secondpartshavedthatusing22 bits the
qualityis still very similarto the SQ.

7. CONCLUSIONS

In this paperit waspreseted a CELP coderalgolithm and
the implementationof threedifferent quantizgéions for the
synthesidfilter coeficients: scalarquartization (SQ) with

32bits, multi-stagevecta quarization(MSVQ) with 25bits
andthesplit vectorquantizatio (SVQ) with nunberof bits
rangirg from 20to 24. The objective testsshavedthatthe
SQ quantizéion with 32 bits perframeis the bestoneand
the SVQis betterthanMSVQ. The subjectie testsshoved
that MSVQ using 25 bits hasa similar quality whencom-
paredwith SQusing32 bits andthat SVQ with the spliting
factors/5 using22bits hasalsoasimilarqualitywhencom-
paredwith SQ.Dueto this fact,the SVQis implemeitedin

this CELPcoder, makingthebit rategofrom 4.40kbps with

Table 8. Resultsof the secondsubjectve testwith SVQ.

| Coderectas | No. of bits | Chosen]

1024/1024 20 1
2048/1024 21 1
4096,/1024 22 4
2048/2048 22 3
4096,/2048 23 4
SQ 32 5
Similar - 2

SQto 4.06 kbps with SVQ.
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