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Abstract - Vectorquantizationof thesynthesisfilter pa-
rameters in Code-ExcitedLinearPrediction(CELP)speech
coders is a commonprocedure nowadays. This paper de-
scribesa CELP coder implementation and makes a com-
parison in termsof quality and bit rate whenvector and
scalar quantization of the synthesisfilter parameters are
employed.Usage of vector quantization in comparison to
scalar quantizationallows for a bit rate reductionof 340
bps,giving rise to a 4,06kbpsCELPcoder, keepinga simi-
lar subjectiveevaluation.

1. INTR ODUCTION

Thegrowing necessityof telephony systemsto offer better
productsand the progressin digital technologieshave in-
creaseddigital speechprocessingresearch. Today’s internet
applications andthe recent improvement of telephony sys-
temsdemand the developmentof innumerousspeechcod-
ing techniques. Thegoalof mostof thesetechniquesis to
obtaingoodspeechqualityat low bit rates.

A currently quite employed technique for speechcod-
ing at low bit ratesis the Code-Excited Linear Prediction
(CELP)[1]. To work at4 kbpswith agood quality, systems
oftenusevectorquantization(VQ) for linearpredictionco-
efficients. Even thoughthis technique is computationaly
morecomplex thanscalarquantization(SQ)[2, 3, 4], it has
beenthepreferredsolutionto code10coefficientsusingless
than30bits.

In this article, a CELP coderbasedon the implemen-
tation describedin [5] will be usedto compare threedif-
ferentquantization techniques for the synthesisfilter: the
scalarquantization, themulti-stagevector quantizationand
thesplit vectorquantization.

Thiswork is organizedasfollows. In Section2 thestan-
dardCELPcoderis presented. Section3 describes thelin-
earpredictioncoefficients(LPC)analysisusedto obtainthe
synthesisfilter parameters. Section4 detailsthe VQ tech-
niques implemented.Section5 dealswith theexcitationpa-
rametersfor the CELP coder. Section6 shows the results
andSection7 presents theconclusions.
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Fig. 1. Block diagramof theCELPcoder.

2. CELP CODER

Figure1 shows theblockdiagram for theCELPcoder. The
reconstructedsignalisobtainedpassingtheexcitationsignalIKJ�LNM through thesynthesisfilterO J�PQMSR TU J�PQM R TTWVYX[Z\E]K^`_ \ Pba \dc (1)

The LPC, e _ \gfWh R Tji ckclc i�m`n , areobtainedby the LPC
analysis.Theexcitationsignal IKJ�LNM is composedof asignal
from theadaptive codebook, ISoqprJ�LNM , anda signalfrom the
fixedcodebook, IKsutvJ�LNM , weightedby their respective gainsw o and

w s . Theadaptive codebook brings informationre-
latedto theperiodicity of voicedspeechandthefixedcode-
bookis composedof codevectorsthatrepresenttheresidual
signalswithout shortandlongtermcorrelations.

The information sentto the decoder includes the syn-
thesisfilter

O J�PQM coefficients, theindexes x and y andthe
fixedandadaptive codebooksgains

w o and
w s . Theselast

four parameters are obtained through a technique named
analysis-by-synthesis[5], i.e., somecodevectorscombina-
tions are tested,beingchosenthe one that minimizesthe
energy of theweightederror z|{ J�LNM , resultedfrom filtering
the error signal z J�LNM (given by the differencebetweenthe
targetsignalandthereconstructedsignal)through theerror
weightedfilter } J�PQM~R ���&������&�G���d� , where � R�� c � [5] is the
adjustmentfactor.



Actual frame Next frame

Current LPC analysis windowPrevious LPC analysis window

sub−frame 2 sub−frame 3 sub−frame 4 sub−frame 1 sub−frame 2 sub−frame 3 sub−frame 4 sub−frame 1 sub−frame 2

Last frame

Fig. 2. Positionof thewindow for theLPC analysis.

TheCELPcoderprocessesspeechsignalsin frames.In
eachframethe LPC e _ \ f�h R T�i clckc i�m`n for the synthesis
filter arecalculated.Eachframeis dividedinto subframes,
andthebestexcitation I�J�LNM is found for eachsubframe.

3. THE LPC ANALYSIS

TheCELPcoderimplementedusesframesof 30msdivided
into four subframesof 7,5 ms each. The LPC analysisis
undertaken usingthe T �|��� order(m R T � ) autocorrelation
method, andHammingwindows of 25 ms centered in the
lastsubframeof eachframeasshown in Figure2. TheLPC
aretransformedin linespectralfrequencies(LSF).Toobtain
a soft transitionbetweentwo consecutive groups of LSF,
they areinterpolated. For the interpolation, the subframes
arenumberedfrom 1 to 4 asshown in Figure2. The h -th
coefficient from thesubframeL is obtainedby���\ R�J TWV�� � M�� o\�� � � ���\ i (2)

where� �\ refers to thecoefficient � \ from thecurrentframe
and � o\ refersto the coefficient � \ of the previous frame.
Theweightingvector usedis � R�� � i���� � i�� � iG� �¡Tq¢�£ .
It canbe easilyobserved that �¥¤\ R�� �\ , ¦ h , oncethat the
Hammingwindow is centeredon the § ��� subframe.

4. THE LSF VECTOR QUANTIZA TION

In thisarticletheSQof theLSFcoefficientsdescribedin [5]
is comparedto thefollowing two VQ techniques.

4.1. Multi-stage vector quantization

Themulti-stagevectorquantization(MSVQ) implemented
in this work is similar to theoneusedin theMELP (Mixed
ExcitationLinear Prediction) coder [6, 7]. A modification
wasintroducedin thecalculationof weightsusedto deter-
minetheaverage distortion.

TheVQ usedis a four stagesone.Eachquantizedvec-
tor ¨©ªR«� ¨� ^ ckckc ¨� ^�¬ ¢
£ is obtainedby thesumof thecom-
ponents in eachstage,wherethenumber of levelsare128,
64,64 and64. Therefore,a total of 25 bits is usedto quan-
tizeeachvector ©R�� � ^ ckckc � ^�¬ ¢
£ , while in theSQ32bits
wereused. Table1 shows the target vectors of eachstage
andits numberof levelsandbits. Thequantizedvector ¨© is

Table 1. Target vectorsandnumber of levels andbits for
eachstage.

Stage Target vector Levels Bits
1 © 128 7
2 ® ©[R¯© V ¨© 64 6
3 ®°® ©[R ® © V ® ¨© 64 6
4 ®°®°® ©[R ®°® © V ®°®±¨© 64 6

Total 25bits

obtainedby

¨©R ¨© � ®²¨© � ®°®²¨© � ®°®°®²¨© i (3)

where ¨© , ®²¨© , ®°®²¨© , ®°®°®²¨© arethebestvectors obtainedin
eachstage.

Oneof the most important caracteristicsof the VQ is
thedistortion measureused.For theMSVQ in this work it
is usedtheweightedEuclidiandistance

³ J�© i ¨©gMSR
´µµ¶ ^1¬·
\&]�^ } \ J�� \ V ¨� \ M¹¸ i (4)

wheretheweights } ^ i ckckc i } ^�¬ aregivenby

} \ R��
º O J zk» {½¼ Mkº ¢ ¬l¾ ¿ iÀTrÁ h ÁÂT � i (5)

and º O J z » {Ã¼ Mkº representsthemagnituderesponseof
O J z » { M

in thefrequency � \ .
Thesearchprocedure is an Ä -bestapproximation to a

full search,in which the Ä R � best indexes from each
stagearesavedfor usewith thenext stage[8].

4.2. Split vector quantization

In thisarticlemany testsandsplittingfactorswereperformed
concerning to SVQ[4, 8]. TheVQ codebooksweredivided
in four differentconfigurations:5/5,6/4,4/6and4/3/3.

Thesearchprocedurein all configurationsis very simi-
lar, beginningwith thesearchin thefirst codebook using(4)
to find thebestvector. Theweightsaregiven by

} \ R T� \ V � \ a ^ � T� \&ÅK^ V � \ iÆTÇÁ h ÁÂT � i (6)

were � ¬ RÈ� c � and � ^�^ RÈ� c � . Then, the searchis per-
formed in the secondcodebook, taking the precaution to
keepthe synthesisfilter stable,i.e., the LSF must be in a
growing order.

Table2 shows thenumber of codevectorsusedin each
codebook andthetotalnumberof bitsusedin everyconfig-
urationimplemented.



Table 2. Number of codevectorsandbits usedin eachcon-
figuration.

Codevectors Num. of Bits�vÉ � , Ê É § , § É ÊT � � § ÉQT � � § 20� � § � ÉQT � � § 21§ �jË Ê ÉQT � � § 22� � § � É � � § � 22§ �jË Ê É � � § � 23§ ÉdÌvÉ Ì��� Ê ÉQTÍ� � É Ê § 21Tu� � ÉQTÍ� � ÉQTu� � 21��� Ê ÉQTÍ� � ÉQTu� � 22��� Ê É �j� Ê ÉQTu� � 23�ÎTÍ�jÉQTÍ� � ÉQTu� � 23��� Ê É �j� Ê É ��� Ê 24�ÎTÍ�jÉ �j� Ê ÉQTu� � 24

. .

Previous candidate sequence

Current candidate sequence

Fig. 3. Overllaping process.

5. THE EXCITATION PARAMETERS

5.1. The adaptivecodebook

The adaptive codebook usedhasinteger delaysin a range
from 20 to 148 samples. During the coding process,the
output of

O J�PQM for eachcodevector ISoGprJ�LNM , that will be
called Ï oGp J�LNM , is correlated to the signalthat is wishedto
bereproduced,called Ð J�LNM . Thiscorrelation is obtainedby

Ñ RÓÒ a ^·
� ]Ô¬ Ï oGprJ�LNM Ð J�LNM i (7)

whereÕ is thenumber ossamplesof thesequence(thesize
of a subframe). Only codevectors that causes

Ñ×Ö � are
used. If

Ñ Á � for all the codevectorsof a subframe,the
index x is set to zero to indicate the excitation for this
subframe will be composed only by the fixed codebook.
This procedure improves the reconstructedsignal quality
becauseit producesa moreconsistentevaluationof thede-
lay.

5.2. The fixed codebook

Thefixedcodebook is composedof 1082samples,forming
512codevectors through theoverlapping process,asshown
in Figure3.

Table 3. Bits allocationfor thequantization of theexcita-
tion parameters.

Parameter Range Num. of bits

FC gain -0,05a 0,05 5
FC index 0 a511 9
AC gain 0 a 2 4
AC index 0 a127 7

Total 25bits

The fixed codebook wasclippedin orderto have 90%
of zerosamplesin eachcodevector. Besidesa good qual-
ity, this kind of codebookallows a fastersearchfor thebest
excitation.

5.3. Gainsand bits allocation

The gains
w o and

w s , calculatedasdescribedin [5], are
scalarquantizedwith 4 and5 bits, respectivally, afterbeen
optimizedat theendof theanalysis-by-synthesisprocedure
for eachsubframe. The non-uniform quantizer for each
coefficient wasobtained through the LLoyd training algo-
rithm. Table3 shows theway theexcitationparametersare
quantized.

6. RESULTS

Thefollowing testswereperformedin adatabasecomposed
of 20 sentences,spoken by 10 speakers, 5 maleand5 fe-
male. Thechoiceof number of bits for theLSF per frame
for eachmethodis donein sucha way that the subjective
testsimply similar quality.

6.1. VQ evaluation

The evaluation of the SQ, MSVQ andSVQ was madein
termsof spectraldistortion (SD)

ØbÙÛÚGÜ~Ý Þß~àâáã�ä Þ¹å|æ@çGè é ãNê ë Ú:ìEí:î¹ï`ð ê&ñ Þ¹åbæ@çGèdé ãNêuòë Ú:ì
íóî�ïNð ê ô&õ�öG÷ ì ölø ð:ù:úÇØ
(8)

where º O \ J z » { Mkº and º ¨O \ J z » { Mkº arerespectively the mag-
nituderesponsesof TÍÉ U \ J z » { M and TÍÉ ¨U \ J z » { M for the h -th
frame.For sakeof evaluation,it wasusedtheaveragespec-
tral distortion( ûü x ) andnumber of outliers [8].

Table4 shows the testresults.Thefollowing quantiza-
tionswerecompared:SQwith 32 bits,MSVQusing25 bits
andSVQ with thenumber of bits ranging from 20 to 24 di-
videdinto four configurations: �jÉ � , Ê É § , § É Ê and § ÉdÌvÉ Ì .

It canbe seenthat SQ reachesthe bestquality mostly
becausethis quantizationemploys 32bits.



Table 4. Spectraldistortionperformanceandfor eachim-
plementedquantization.

Codevectors ûü x ý ü x�þ � �Îÿ § ¢ ý ü x Ö §
SQ

- 1.08 3.15 0.00
MSVQ

- 1.63 21.09 0.55
SVQ�jÉ �T � � § ÉQT � � § 1.48 11.72 0.05� � § � ÉQT � � § 1.40 9.14 0.00§ ��Ë Ê ÉQT � � § 1.34 6.92 0.00� � § � É � � § � 1.31 5.86 0.00§ ��Ë Ê É � � § � 1.25 4.44 0.00Ê É §T � � § ÉQT � � § 1.49 11.36 0.00� � § � ÉQT � � § 1.38 7.93 0.00§ ��Ë Ê ÉQT � � § 1.28 4.80 0.00� � § � É � � § � 1.33 6.57 0.00§ ��Ë Ê É � � § � 1.23 3.69 0.00§ É ÊT � � § ÉQT � � § 1.60 19.95 0.15� � § � ÉQT � � § 1.56 18.59 0.15§ ��Ë Ê ÉQT � � § 1.53 16.72 0.15� � § � É � � § � 1.43 11.77 0.00§ ��Ë Ê É � � § � 1.39 10.71 0.00§ ÉdÌvÉ Ì�j� Ê ÉÎTu� � É Ê�§ 1.47 11.57 0.00Tu� � ÉÎTu� � ÉQTÍ� � 1.46 10.45 0.00��� Ê ÉÎTu� � ÉQTÍ� � 1.39 8.54 0.00��� Ê É���� Ê ÉQTÍ� � 1.30 5.56 0.00�ÎTÍ�jÉÎTu� � ÉQTÍ� � 1.31 6.36 0.00��� Ê É���� Ê É �j� Ê 1.24 4.65 0.00�ÎTÍ�jÉ���� Ê ÉQTÍ� � 1.22 3.99 0.00

6.2. CELP coderevaluation

Threeobjective measureswereusedto evaluatethe CELP
coder: perceptualsegmentedsignal-to-noiseratio(PSSNR),
thecepstraldistance(CD) andtheItakura distance(ID).

The objective resultsof the testsperformed over the
CELP coder implementedrespectivally with SQ, MSVQ
andSVQarepresentedonTable5.

It canbeseenthattheobjective resultsof thecoder im-
plementedwith SQarebetterthentheothersbecauseit uses
morebits to the quantization of the synthesisfilter coeffi-
cients.

6.3. Subjective tests

Two informalsubjectivetestswereperformed:thefirst with
22 people and the otherwith 20 people. In the first each

Table 5. PSSNR,CD andID for theCELPcoderwith each
implemented quantization for the synthesisfilter parame-
ters.

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

SQ
- 17.61 2.95 1.08

MSVQ
- 15.90 3.30 1.35

SVQ�jÉ��T � � § ÉQT � � § 15.99 3.28 1.33� � § � ÉQT � � § 16.05 3.25 1.31§ �jË Ê ÉQT � � § 16.11 3.24 1.31� � § � É � � § � 16.09 3.24 1.30§ �jË Ê É � � § � 16.14 3.20 1.27Ê É §T � � § ÉQT � � § 15.86 3.24 1.30� � § � ÉQT � � § 15.94 3.22 1.29§ �jË Ê ÉQT � � § 16.03 3.18 1.26� � § � É � � § � 15.94 3.21 1.28§ �jË Ê É � � § � 16.09 3.18 1.26§ É ÊT � � § ÉQT � � § 16.11 3.32 1.37� � § � ÉQT � � § 16.19 3.32 1.38§ �jË Ê ÉQT � � § 16.24 3.32 1.37� � § � É � � § � 16.26 3.26 1.32§ �jË Ê É � � § � 16.28 3.26 1.32§ ÉdÌQÉdÌ��� Ê ÉQTÍ� � É Ê § 16.02 3.26 1.32Tu� � ÉQTÍ� � ÉQTu� � 15.91 3.28 1.33��� Ê ÉQTÍ� � ÉQTu� � 16.03 3.23 1.30��� Ê É �j� Ê ÉQTu� � 16.05 3.21 1.28�ÎTÍ�jÉQTÍ� � ÉQTu� � 16.07 3.22 1.29��� Ê É �j� Ê É ��� Ê 16.01 3.19 1.26�ÎTÍ�jÉ �j� Ê ÉQTu� � 16.13 3.20 1.27

of the20 listenersheard two sentences,onequantizedwith
the SQ andanother with the MSVQ. They chosethe best
amongthem. The resultsof this testarein Table6. They
couldchooseoneof theoptions: SQbetter, MSVQ betteror
similar. It canbeseenthat thequality is almostevery time
thesamebetweentheSQandtheMSVQ. In thesecondtest
they first heardfour sentences,oneof eachconfigurationof
SVQquantizedwith thehighestnumberof bits. They could
chooseoneasthebestor they couldsaythey areall similar.
The resultsof this testare in Table7. Then, after finding
the bestconfiguration( �jÉ � ), they heardsix sentences,five
quantizedwith the five differentcodebooks in that config-
urationandonescalarquantized. They could alsochoose
oneasthebestor all similar. Theresultsof this testarein
Table8.



Table 6. Resultsof thesubjective testbetweentheSQand
theMSVQ.

Sentence 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 subjective testwith SVQ.

Sentence �jÉ�� Ê É § § É Ê § ÉdÌQÉdÌ 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 subjectivetestshowedthatMSVQ hasaquality
verysimilar to theSQwith theadvantagethatit uses25bits
against 32 bits usedin theSQ.Thefirst partof thesecond
subjective testshowedthat �jÉ�� configurationperformsthe
bestquality. Thesecondpartshowedthatusing22 bits the
quality is still verysimilar to theSQ.

7. CONCLUSIONS

In this paperit waspresenteda CELPcoderalgorithm and
the implementationof threedifferent quantizations for the
synthesisfilter coefficients: scalarquantization (SQ) with
32bits,multi-stagevector quantization(MSVQ)with 25bits
andthesplit vectorquantization (SVQ)with numberof bits
ranging from 20 to 24. Theobjective testsshowedthat the
SQquantization with 32 bits per frameis thebestoneand
theSVQ is betterthanMSVQ. Thesubjective testsshowed
that MSVQ using25 bits hasa similar quality whencom-
paredwith SQusing32 bits andthatSVQ with thespliting
factor�jÉ�� using22bitshasalsoasimilarqualitywhencom-
paredwith SQ.Dueto this fact,theSVQ is implementedin
thisCELPcoder, makingthebit rategofrom4.40kbpswith

Table 8. Resultsof thesecondsubjective testwith SVQ.

Codevectors No. of bits ChosenT � � § ÉQT � � § 20 1� � § � ÉQT � � § 21 1§ ��Ë Ê ÉQT � � § 22 4� � § � É � � § � 22 3§ ��Ë Ê É � � § � 23 4
SQ 32 5

Similar - 2

SQto 4.06 kbps with SVQ.
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