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ECVQemploysamodifiedcostmeasureusingboth 

theeffectivedistortionofthesignalandtheexpectedlength 

ofthetransmittedcodeThislengthisnotalwaysequalto 

log2N,whereNisthecodebooksize,butdependentonthe 
expectedprobabilityofthecodeword・Thecodewordlength

R(ｙｉ）ofthecodewordyiisusuallytakenasequaltothe 

boundgivenbytheentropymodel,i・ｅＲ(ﾘﾉ)＝－log2P("j)，
wheretheprobabilityP("ｉ)isapproximatedempilicallyus-

ingthetrainingset・WedefinethecostfUnctionfOrencoding

thevectorxbythecodewordyiastheLagrangianfUnction， 

Ｊ(jwj)＝。(Jwi)＋/１尺(ﾘﾉ)，（１）

where。(ｊＷｊ)istheEuclideandistance,and1isaconstant

calledtheLagrangemultiplierallowingtocontroltherate-

distortionratio・Usingofthiscostmeasureimpliesthat

codewordsintroducinghigherdegradationmaybechosen 

becauseoftheirshortdescriptions・

InmanyVQapplications,thecomputationalcostof 
findingthenearestneighborcodewordinthecodebookde‐ 

signandencodingimposespracticallimitsonthecodebook 

sizeN・ＷｈｅｎⅣbecomeslargerｩthecomputationalcom-

plexityproblemoccursfOrfUllcodebooksearchThishas 

motivatedthedevelopmentofmanyfastnearestneighbor 

searchalgorithms・Algorithmstoreducesearchcomplex-

ity（[10]-[19]）concentrateonnanDwingtheareaofthe 
candidatecodewordsfOrwhichdistortionmustbecalcu-

latedThesetechniqueshavetheirrootsinpatternrecog-
nitiontechniquesfOrthefindingnearestneighbor[20],[21l 

AnalgorithmfOrfastnearestneighborsearchpresented 

byOrchard［10]precomputesandstoresthedistancebe-

tweeneachpairofcodewords・Givenaninputvectorx,the

currentbestcodewordyj，andacandidatecodewordy/，ｉｆ 
`(ｊＷ/）≦。(jWi),then。(ﾘﾉ,リノ）≦Ｚｃﾉ(x,yJGraphically，
thisconstrainstbesearchareawithinaspherecenteredon 
theculTentbestcodeword,witharadiusoftwicethesmall-

estdistortioncalculatedsofarHuangetat.[11]introduced 

anadditionalconstraintoncodewordsbysortingtheirdis-

tancesfromtheoriginThedistancebetweenthecurrent 
bestcodewordandtheinputvectorconstrainsthesearchto 
codewordswithinanareaabouttheorigin,whichｉｓ１℃p１℃－ 

sentedbyanannulusintwodimensions・Inthreedimen-
sions,thisistheareabetweentwoconcentricspheresThis 
constraintisknownastheannularconstraintｌｎｔｈｅｓａｍｅ 

ｐａｐｅｒ,HuangetaLproposedacombinationofthespherical 
andannularconstraintswithanefTicientsearchmethoｄＬｅｅ 

ａｎｄＣｈｅｎ[１２]introducedaprqjectionmethod,whichｕｓｅｓ 

ＳＵＭＭＡＲＹＩｎｔｈｉｓｐａｐｅｒ,weproposetwofastcodebookgeneration 

algorithmsfOrentropy-constrainedvectorquantizationThefirstalgorithm 
usestheangularconstrainttoreducethesearchareaandtoacceleratethe 

searchprocessinthecodebookdesignItemploysthepmjectionangles 
ofthevectorstoareferencelineThesecondalgorithmhasfeatureofus-

ingasuitablehyperplanetopartitionthecodebookandimagedata､These 
algorithmsallowsignificantaccelerationincodebookdesignprocess・Ｅｘ‐

penmentalresultsarepresentedonimageblockdataTheseresultsshow 
thatournewalgorithmsperfbrmbetterthanthepreviouslyknownmethods・
A2ywo伽:/tzsrseα'℃ﾉ，αﾉgolirhm,e"'mPy-co"stmi"edyecror9Ⅸα"rjZarjo"，

/z”ezpﾉα"edecisjo〃ｒ"/ｅ

１．Introduction 

Vectorquantization(VQ)［1］hasplayedanimportantrole 
innumerousdatacompressionsystems・Itisdefinedasa

mappingQfroma舟dimensionalEuclideanspaceRAtoa
finitesetY＝｛リルリ2,…,ｙⅣ｝ofvectorsinRAcalledthe
codebookEachrepresentativevectoryiinthecodebookis 
calledacodewordAcompletedescriptionofvectorquanti-

zationprocessincludesthreephases：codebookdesign,en-
codinganddecodingTheobjectiveofcodebookdesignisto 
constructacodebookYfromasetoftrainingvectorsusing 

clusteringalgorithmslikethegeneralizedLloydalgorithm 
(GLA)[2］Thiscodebookisusedinboththeencoderand 

thedecoder・Theencodingphaseisequivalenttofindthe
vectorQ(x)＝ｙjeYnnimizingthedistortioMは,ｙｉ)ｄｅ‐
finedastheEuclideandistancebetweenthevectorxandyi・

Thedecodingphaseissimplyatablelook-upprocedurethat 
usesthereceivedindexjtodeducethereproductioncode-

wordyj,andthenusesyjtorepresenttheinputvectorx・

Entropy-constrainedvectorquantization（ECVQ)， 
whichincorporatesanentropyconstraintwithinthedesign 
procedure,isoneofthefimdamentalextensionsofthebasic 
VQconceptsoastoproducequantizersoptimizedfOrsub‐ 
sequententropycodingThepioneenngworkinthisarea 
waspelfOnnedbyBerger[3],FarvardinandModestino[4Ｌ 
ａｎｄＣｈｏｕｅｔａt・[SlIncorporationofanentropyconstraint
hasbeenconsideredinavarietyofquantizationschemes， 

notablyworksofPearlmanandcolleagues[６１[7]ａｎｄｏｔｈ－ 

ManuscnptreceivedFebruary24,2003． 
ManuscriptrevisedOctoberl7,2003． 
FinalmanuscnptreceivedDecember2,2003． 
fTheauthoriswiththeGraduateSchoolofNaturalScience 

&Technology,KanazawaUniversity,Kanazawa-shL920-8667 
Japan 

ffTheauthorsarewiththeFacultyofEngineering，Kanazawa 
University,Kanazawa-shi,g20-8667Japan 

a)E-mail:hasimoto＠is､tkanazawa-u,acjp 



SWILEMetaL:AFASTCODEBOOKDESIGNALGORITHMFOＲＥＣＶＱ 

733 

themeanandthevananceofthevectorastwoconstraintsto 

rQjectthecodewords・Wedescribedalossydesignmethodi、

[l8Lwhichemploysahyperplanedecisionruletoseparate 
thesearchareasinLeeandChenmethodandisconsidered 

astheextensionofit・Johnsonetat.[14]generalizedthe

techniquesｉｎ[１０]ａｎｄ[11]toapplythemtoclassofvector 
quantizersusingLagrangiandistortio、measure,inwhicha

sumoftheEuclideandistanceandsomeconstantassigned 
toeachcodewordisincorporatedAnothertechniqueadded 

anadditionalendpointfbrtheannularconstraintwaｓｐｒｏ－ 
ｐｏｓｅｄｉｎｔｈｅｓａｍｅｐａｐer、Thisconstraintisknownasthe

doubleannulusconstraint、Also,Cardinal［15］presented
anextensionofthemethoｄｉｎ[12]toECVQThismethod 
isconsideredasthebetterknownaccelerationmethodfOr 

nearestneighborsearchfOrECVQ 

Inthispaper,twonewfastECVQdesignalgorithmsare 
proposedThefirstoneachievesequivalentperfOrmanceto 
thefUllsea1℃hECVQItusestheannularconstraintandan-

otherconstraintcalledtheangularconstraint・Ｔｈｉｓmethod

usestheprOjectionanglesonareferencelineinthespace 
ofinputvectorsandcodewordsltsearchesasmallernum-

berofcodewordsthanthepreviousmethods・Thesecond
methodusesahypeIplanepartitioningrule,whichseparates 
thecodebookandthetrainingvectorsintotwoparts，and 
searchesinonlyonepartaccordingtothevectorfeature・

Thesearchinginthismethodspeedsupthecodebookde‐ 
signprocess，butsignalqualityissacrificedalittleThe 

eHiciencyoftheproposednewmethodsiscomparedwith 
thepreviousmethods・

ThepaperisorganizedasfOllows，Section2reviews 
thedoubleannulusmethodandCardinalmethod・Section3

plesentstheangularconstraintmethodSection4describes 

theangularconstraintmethodwiththehypelplanedecision 
ruleExpeIimentalresultsareshowninSect､５，andcon-

cludingremarksaregiveｎｉｎＳｅｃｔ６． 

)－Ｊ(xji） 

Ⅱ 

＋Ｊい,yi）

０ 

Fig.１Geometricalintelpretationofdoubleannulusmethodin2-
dimensionalcase． 

codewordリノsatisfying(2)and(3),thehyperspherecentered
atﾘﾉwithradiuMR(リノ)mustbefUllycontainedinthean‐
nulusdefinedbyllxll＋Ｊ(jWi)andllxll-J(ｊＷｉ)． 

Thesecondannulusiscenteredatthefarthestcodeword 

fromtheorigin,whichisthesecondreferencepoint,ルBy
usingthedistancetothiscodeword,thefO11owinginequali‐ 
tiescanbedehned： 

d(リノル)＋川(リノ)＜‘(ＸⅢ)＋Ｊ(Ｍｉ)， (4) 

and 

。(ﾘﾉﾙ)一入Ｒ(ﾘﾉ)＞‘(xM)－Ｊ(ｊｗｊ)．（５）

Theinequalities(2),(3),（４）ａｎｄ(5)constrainthedistor-

tioncalculationtothecodewordwhosehypersphereiscom‐ 
pletelycontainedinthesearchregｉｏｎｓｈｏｗｎｉｎＦｉｇｌ． 

2.2CardinalMethod 
2．FastAlgorithmsfOrECVQ 

2・lDoubleAnnulusMethod Cardinal［15]introducedthemostaccelerationmethodfOr 

GLAonECVQusingtwoeliminationrules，Inthefirst 
eliminationrule,aunitvectoru＝（1,1,…,1)/Vi(onthe 
centrallineisusedasareferｅｎｃｅｌｉｎｅａｓｓｈｏｗｎｉｎＦｉｇ２， 
ｗｂｅｒｅＡｉｓｔｈｅｖｅｃｔｏｒｄｉｍｅｎｓｉｏｎＦｏｒａgiveninputvector 
xandacunentbestcodeword'jwithLagrangiandistor-

tionJ(ｊＷｉ),anyclosercodewordy/toxthanyiwithlength 
R(ﾀﾞﾉ)willsatisfythefOllowinginequalities： 

〃7+几R("ｊ)〈“rT十J(jwi)，（６）
and 

〃ｙ}-/lR(ｙj)〉“x７－J(Ｍ,）（７）

Therulein(6)ａｎｄ(7)isverysimilartotherulein(2)ａｎｄ 

(3)Whiletherulein(2)ａｎｄ(3)usesthelengthofthevec-
tors,therulein(6)and(7)usestheprOjectionofthevectors 
onLLThelengthofthevectorisactuallyitsdistancetothe 

origino,butitsprOjectiononLlmaybeseenasitsparal‐ 
lelcomponenttoLLFromthegeometricalinterpretationof 

Johnsonetat.[14]introducedanexcellentmethodcalledthe 

doubleannulusmethodfbrECVQusingtwoannularcon‐ 
straints，andtriedtosearchonlythosecodewordslyingin 
theiroverlappedarea・Thefirstannulusiscenteredatthe

originthatisthefirstreferencepoint・Foragiveninput
vectorxofdistancellxllfromtheoriginandacurrentbest 
codewordyiwithLagrangiandistortionJいりｉ),anycloser
codewordリノtoxthanyjinthesenseoftheLagrangiancost
measurewillsatisfythefOllowingrelationships： 

ｌｌｙｊｌｌ＋Ⅲ(リノ)＜Ⅱxll＋ノ(x,yj)，（２）

and 

111ﾉﾉ''一川(リノ)＞|lxll-J(x,ｙｊ)，（３）

whereⅡﾘﾉllistheEuclideandistanceofﾘﾉfromtheorigin， 
andＲ("/)isthelengthofthecodeword〃Thus,fOrany
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dottedsquaresinFig・ZThesearchregionin3-dimensional

caseisexpandedtoanannularcyhndershowninFig3､Ev-

erycodewordwhosesphereisnotcontainedinthisregion 
iseliminatedCardinalmethodisconsideredasthegeneral-

izationofLeeandChenmethod[12]toECVQ． 

/み
、ノ

ｏｎ 

3．AngularConstraintMethod(LosslessDesign） 

Theangularconstraintwasproposeｄｉｎ［22］fbranear-

estneighborsearchtechniqueofmean-shape-gainVQ,in 

whichthebestshapevectorissearchedonahypersphere 

ofradiuslusingtheanglebetweentheinputshapevector 

andareferencedirectionOurproposingangularconstraint 

metｈｏｄｉｓｉｔｓｅｘｔension,andanewlydevelopedoneappli‐ 

cabletoECVQaswellasstandardVQaccordingtoour 

limtedknowledge・

Inthissection,anewmethodfOrcodebookgeneration 

isproposedbyusingtheangularconstraint・Aswesawin
thelastsection,theannulusmethodconstrainsthesea１℃ｈ１℃－ 

gionbythetwoinequalities(2)ａｎｄ(3).Foranycodeword 

yjsatisfying(2)and(3),thehyperspherecenteredatリノwith
radiuMR(lﾉﾉ)mustbefUllycontainedintheannulusregion 
deiinedbyllxll＋Ｊ(x,リノ)andllxll-J(xWj).Additionalan‐
otherconstraintinourmethodisasfOllows・

LetJbeareferencelineinthesearchspaceanditcon-

tainstheunitvectorM＝（1,1,…,1)/ViFonit、Forany
vectorZ，ｗｅｄｅｆｉｎｅｔｈｅａｎｇｌｅｂｅｔｗｅｅｎＺａｎｄｔｈｅreference 
vector〃ａｓ：

…す]蒜（'0）
Becausethevaluesofallvectorcomponentsarenonnega-

tive,thentheangleaE[０，:］Theangleaiscalledthe 
prOjectionangletothereferencelineﾉ.Wedefineanother 
anglebetweentheinputvectorxandthetangentfromthe 

origintothehyperspherecenteredatxwithradiusJ()Ｗｉ)， 
whereyjisthecurrentbestcodeword,ａｓ： 

い､-1’(ifｉｆ△ （11） 

Ｂｙｔｈｅｓａｍｅｗａｙ,ｗｅｃａｎｄｅｆｉｎｅｔｈｅａｎｇｌｅｂｅｔｗｅｅｎａｎｙｃode-

wordlノノandthetangentfromtheoligintothehypersphere
centeredaty/withradiuMR(リノ)ａｓ：

い､-'』箭二 （12） 

Figure4showsthegeometricalinterpretationoftheangular 
constraintmethodin2-dimensionalcase・Foragiveninput

vectorxwithitsprqjectionangleaxtothereferenceline/ 

andtheclosestcodewordyjwithitsprqjectionangleayj,the 
fOllowinginequalitiesshouldbesatisiied： 

Ｏ 

Fig.２GeometricalinterpretationofCardinalmethodin2-dimensional 
ｃａｓｅ． 

Z3 

GeometricalinterpretationofCardinalmethodin3-dimensional Fig.３ 
ｃａｓｅ． 

thismethodin2-dimensionalcaseｉｎＦｉｇ２，fOranycode-

wordリノsatisfying(6)and(7),thehyperspherecenteredat
yﾉwithradiuMR(ﾘﾉ)mustbefUllycontainedintheregion 
betweenthetwohyperplanesL1：ＭＺＴ＝〃ＸＴ＋ノ(ｊＷｉ)and
L2：LUzT＝〃ＸＴ＿ノ(Ｊｗｉ)．

Inthesecondeliminationrule,thedistancebetweenthe 

codewordanditsprOjectionpointonthecentrallineisused 
asfOllows：fOragiveninputvectorxwithitsprQjection 
PointPxonthecentralline,theclosestcodewordリノwithits

prQjectionpointPyjwillsatisfythefOllowinginequalities： 

‘(リノ,Ｐリノ)＋川(ﾘﾉ)＜ｄ(x,ＰＸ)＋Ｊ(ｊｗｊ)，（８）

ａｎｄ 

(13） αｙｊ+0リノ<αx+Ｂｒ,
。(ﾘﾉ,Ｐリノ)－１尺(ｙｊ)＞‘(x,ＰＸ)－Ｊ(x,yi)．（９）

Byusingtheconstraintsofthemlei、(6)and(7)andtherule
in(8)ａｎｄ(9),thesearchregionwillbereducedtothetwo 

and 

(14） ａ９ｊ－のj〉αｘ－ａｒ．
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ComparingthesearchregiontothatofCardinal 
methodin2-dimensionalcase，ｔｈｅａｒｅａｏｆｔｈｅｄｏｔｔｅｄ 

ｓｑｕａｒｅｉｎＦｉｇ２ｉｓ４Ｊ２()Ｗ/)．Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ，the 
searchareaoftheaboveangularconstraintmethodis 

4(sinWOx)-1Ｊ2(x,リノ）andslightlylargerthanthatofCar‐
dinalmethodBut･ｗｈｅｎＯｘｉｓｓｍａｌｌ,thatmeansagood 
cboicefOrtheculTentbestcodewordand/ortheinputvector 
farfi･omtheoriginfromEq.(11),bothsearchareasareal-
mostsameMoreover,consideringthatshapesofthesearch 

regionaredifferentandthesearchregionoftheangular 
constraintmethodisnotfUllycontainedinthatofCardi-
nalmethod,codewordeliminationfOrdistortioncalculation 

dependsoncodeworddistributionAsaresult，theangu-
larconstraintmethodmaybesupenortoCardinalmethod 
insomecasesandinferiorinothercases,butthedifTerence 

ofcodewordeliminationefficiencybetweenbothmethods 

isexpectedtobesmalLAboveconsiderationmaybealso 
validfOrmultidimensionalcases 

Actually,theexecutiｏｎtimeneededinthesearchpro-
cessisrelatedtothecomputationofJCWj),thedistortion 

associatingwiththebestcodewordyj，sothechoiceofthe 

firstcodewordtobetestedisveryseriousissueofthesearch 

process・ＷｅｃａｎｕｓｅｔｈｅｆＯｌｌｏｗｉｎｇｉｄｅａ：afterapplying
thefirstiterationofthealgorithm,thetrainingvectorswill 
beclusteredwiththeinitialcodebookThenthｅimproved 
codebookwillbegeneratedbycalculatingthecentroidof 
thetrainingvectorsofeachcluster・However§fOratraining
vectorxgroupedtoindexjinthepreviousiteration,Ｊ(jWi） 

willbeasmallvalueevenifyiisanewcodewordinthecur‐ 

rentiterationAtthisstage,ｗｅｓｈｏｕｌｄｈａｖｅａｗａｙｔｏｃｈｏose 

abetterinitialcodewordyj・Thismethodwasexperimented
withsuccessin[13]． 

□'－－６ 

） 

+＆ 

エツi）

Fig.４Geometricalintelpretationofangularconstraintmethodin 
2-dimensionalcase． 

6k 4．AngularConstraintwithHyperplanｅＤｅｃｉｓｉｏｎＲｍｅ 

（LossyDesign） 

Mostnearest-neighborsearchtechniquesemploysearching 

thebestcodewordinthesamesearchregionfbralltraining 
vectors・Inthissectionweintroduceatechniqueusinga
hypelplaneHtodividethesignalspaceintotwohalfspaces 
accordingtothevectorfeatureThismethodhasbeentried 
withsuccessin[19]fOrbothCardinalmethodandthedou-
bleannulusmethod 

ThechosenhyperplaneHcontainsthecentroidofthe 

trainingvectorsxc＝（xcl,xc2,…,xck)anditsprqjection 
pointonthecentrallinexp＝(mxb,mxc,…mxc),wheremx・
isthemeanvalueof恥Itispelpendiculartothecentrallｉｎｅ
ａｓｓｈｏｗｎｉｎＦｉｇ６ａｎｄｃａｎｂｅｅｘｐｒｅｓsedas： 

ｚ３ 

Ｆｉｇ､５Geometricalintelpretationofangularconstraintmethodin 
3-dimensionalcase． 

Theinequalities(2),(3),（13)ａｎｄ(14)constrainthedistor-

tioncalculationtothecodewordwhosehypersphereiscom-
pletelycontainedinthesearchregionshowninFig4The 

searchregionisexpandedtoanannulartruncatedspherical 
coneshowninFig5inwhichthegeometricalinterpreta-
tionoftheangularconstraintmethodin3-dimensionalcase 

isrepresented、ＷｈｅｎＪ(JWj）＞||xll,theangleOxcannot
bedefinedThismeansthatthehyperspherecenteredaM 
withradiusJ(ｘＭ)includestheorigininitlnthiscase,the 
searchareaisconstrainedintothehyperspherecenteredat 

theoriginwithradiusllxll＋ＪＯＷｊ)ｂｙｔｈｅｓａｍewayasin 
theannulusmethodltisemphasizedthatthesearchbased 
onourmethodisstrictlyequivalenttothefUllsearchandthe 
obtainedcodebookisjustthesametothatbythefUllsearch 

ｃ
 

Ｘ
 

ｋ［、／】同

１
｜
価一一

γ諄』し〃｜’ Ⅵ川.＝脇．（15）Ｈ：ＭＺＴ 

ThishyperplaneHisusedasadecisionfUnctionthatdis-

criminatestowhichhalfLspaceagivenvectorxbelongsby 
thefbUowingconditions： 

．'Ⅲ仁表=MM… （16） 
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thenxbelongstothelowerhalfLspace． 

．'Ｍ薑糟鬘乢’m
thenxbelongstotheupperhalfLspace 

LGuanandMKamel[23]smdiedthedistributionof 

someimagesdataandfOundthatmostimagesdatavectors 
arelocatedaroundthediagonalorthecentralline・Hence，

onlyasmallportionofvectorswillbeneartothechosenhy‐ 
perplaneH,thenthepossibiutyfOrthehyperspherecentered 
attheinputvectortocrossoverthishyperplanｅｉｓｓｍａｌＬＡｓ 
ａｒｅｓｕｌｔ,failureinbestcodewordsearchingbecomestobe 

lessevenifsearchingispelfOnnedineitherhalfspacede-

pendentontheinputvectorfeature・
Nowwedepicttheproposedmethodthatusesthehy-

pelplaneHtoseparateboththetraimngvectorsandthe 
codewordsTheproposedmethoddividesthetrainingvec-

torsintotwosub-groupsT【〃ａｎｄＴｌ`p,andeachsub-group
containsthevectorssatisfying（16)ｏｒ（17),respectively 
Also,itdividesthecodebookintotwosub-codebooksYiuj， 

andIhpbythesameequations・SearchingfOrthetrain‐
lngvectorsinthesub-groupTMscarriedoutinthesub-
codebookYhuandfOrthetrainingvectorsinthesub-group 

npinthesub-codebookYl`p,byusingtheconstraintsinthe 
inequalities(2),(3)，（13）ａｎｄ（14)．Hence,theproposed 
methodcanreducethesearchareaandspeedupthesearch 

process， 

Theproposedmethodmaybeeasilyunderstoodwith 
thegeometricalintelpretationfOr3-dimensionalcasｅｉｎ 
Ｆｉｇ６・ThisfigureincludestheproposedhyperplaneH・The
hypelplaneHdividesthesignalspaceintotwohalfLspaces， 
andeachhalfspaceincludesitsowntrainingvectorsand 
codewords． 

5．ExperimentalResults 

ExperimentswerecalriedonvectorstakenfromtheUSC 
grayscaleimageset・Ｗｅｕｓｅｄｔｗｏｉｍａｇｅｓ，ＬｅｎａａｎｄＢａ－

ｂｏｏｎｗｉｔｈｓｉｚｅ５１２×S1Zand256graylevels・Eachimage
wasdividedinto4×４blocks，sothetrainingsetcontains 

l6384blocksBothlosslessdesignmethods(thefUllsearch 

(FSlthedoubleannulus(DA),Cardinal(CARD),theａｎ‐ 

gularconstraint(ANG))andlossymethods(Cardinalwith 

thehyperplanedecisionrule(ＣＡＲＤHP)ｉｎ［l9Ltheangu-

larconstraintwiththehypelplanedecisionrule(ANGHP)） 
weretested 

Figures7and8showthePＳＮＲｏｆｔｈｅＡＮＧｍｅｔｈｏｄ 

ａｎｄｔｈｅＡＮＧＨＰｍｅthod，respectively,fOrdifTerentcode‐ 
booksizes，Ⅳ，ａｔｖａｎｏｕｓｖａｌｕｅｓｏｆ１＝0.5,2,4ａｎｄ８ 

ｗｉｔｈＬｅｎａｉｍａｇｅＡｎｄＦｉｇ､９ｓｈｏｗｓｔｈｅＰＳＮＲｃｏｍｐａｎ－ 
ｓｏｎｂｅｔｗｅｅｎｔｈｅＡＮＧｍｅｔｈｏｄａｎｄｔｈｅＡＮＧＨＰｍｅｔｈｏｄｆＯｒ 

3６ 

入＝0.5

3４ 

3２ 旭
巫
“
幽
魂
、
い
“

左０
 

８
 

３
 

２
 

（
■
己
）
■
ｚ
ｍ
Ｂ

2６ 

2４ 

0.1０．２０．３０．４０．５０．６ 

Ｒate(bits/peI） 

Fig.７PSNRoftheANGmethodfOrLena． 

0.7 

磯
3６ 

入＝0.5

3４ 

3２ 旭
犯
“
唾
琢
、
哩
螂

参０
８
 

３
２
 

（
国
ご
）
国
ｚ
⑰
』

Ⅱ＋J(rツノ）

Ｆ 2６ 

2４ 

0.1０．２０．３０．４０．５０．６０．７ 

Ｒate(bit副peI）

Fig.８PSNRoftheANGHPmethodfOrLena． 

２３ 

Fig.６Geometricalinterpretationofangularconstraintmethodwithhy-

pelplanedecisionmlein3-dimensionalcase． 



SWILEMetaL:AFASTCODEBOOKDESIGNALGORITHMFOＲＥＣＶＱ 
737 

Ⅳ＝３２，２５６andlO24atvanousvaluesof,ｌｗｉｔｈＬｅｎａｉｍ－ 

ａｇｅＷｅｗａｎｔｔｏｉｎｓｉｓｔｏｎｔｈｅｆａｃｔｔｈａｔｔｈｅＡＮＧｍｅｔｈｏｄ 

ｈａｓｔｈｅｓａｍｅＰＳＮＲｏｆｔｈｅＦＳｍｅｔｈｏｄ（losslessdesign)． 
ＡｌｔｈｏｕｇｈｔｈｅＡＮＧＨＰｍｅｔｈｏｄｉｓａｌｏｓｓｙdesignmethod， 
ithasalmostthesamepelfOnnanceastheFSmethodat 

largercodebooksizeForexample,ｔｈｅｐｅｒｆｂｒｍａｎｃｅｏｆｔｈｅ 
ＡＮＧＨＰｍｅｔｈｏｄｉｓｏｎｌｙＯＯ７３ｄＢｌｅｓｓｔｈａｎｔｈｅＦＳｍｅｔｈｏd 
atcodebooksize256withl＝0.5,andthisvaluedecreases 

byincreasingthecodebooksize・Ｔhereisasmalldegrada-
tionfbrsmallercodebooksize，fOrexample，ｔｈｅＡＮＧＨＰ 
ｍｅｔｈｏｄｈａｓＯ１４１ｄＢｌｅｓｓｔｈａntheFSmethodatcodebook 

size32wiｔｈｌ＝0.5．ＴｈｉｓｉｓｂｅｃａｕｓｅｔｈｅＡＮＧＨＰｍｅｔｈｏｄ 

ｉｓｎotequivalenttotheANGmethodcompletely，ａｎｄｔｈｅ 
ｂｅｓｔｃｏｄｅｗｏｒｄｈａｐｐｅｎｓｔｏｂｅｉｎｔｈeotherhalfLspaceand 
ismissedtobesearchedouLHowever，theremaybea 
smallfailurepossibilityinthecaseoflargecodebooksize 
andsmoothcodebookdistributionBoththedoubleannulus 

methodwiththehypelplanedecisionruleandtｈｅＣＡＲＤＨＰ 
ｍｅｔｈｏｄｉｎ[19]havethesamePSNRoftheANGHPmethod 

THblelpresentsacompansonofexecutiontime（in 
seconds)andthetotalnumberofdistortioncalculations(Ｄｓ） 

forcodebookdesignatcodebooksizeN＝Z56andvarious 

valuesoMfOrLenaandBaboonimages・Thetimingswere
madeonPentiumlII(866ＭＨｚ).TheANGmethodsignifi-
cantlyacceleratesthecodebookdesigncomparedtotheFS 
methodandtheDAmethodintermsoftheexecutiontime 

andthetotalnumberofdistortioncalculations・Italsohas

almostthesameefficiencyastheCARDmethodCompared 
totheFSmethod,theaverageaccelerationratiooftheANG 

methodis72fOrLenaand3､５fOrBaboon,andcomparedto 
theDAmethod,ｉｔｉｓｌ･ZfOrLenaandllfbrBaboon・The

ANGmethodreducesthetotalnumberofdistortioncalcula-

tionsfOrLenaby95.6％ａｎｄ25.4％lessthantheFSmethod 

andtheDAmethodinaveragarespectively、Also,fOrBa-
boonitreducesthｉｓｎｕｍｂｅｒｂｙ８１､4％ａｎｄ5.4％lessthan 

theFSmethodandtheDAmethod,respectively 
FigureslOandllshowcompansonsoftheexecution 

time(inseconds)fOrLenaimagewithdifferentcodebook 
sizesaM＝Ｏ５ａｎｄ８，respectively・ComparedtotheDA
method，ｔｈｅＡＮＧｍｅｔｈｏdreducestheexecutiontimeby 
l2.7％ｔｏ２３､2％・ＴｈｅｅｘｅｃｕｔｉｏｎｔｉｍｅｏｆｔｈｅＡＮＧｍｅｔｈｏｄ

ｉｓｑｕｉｔｅｃｌｏｓｅｔｏｔｈａｔｏｆｔｈｅＣＡＲＤｍｅｔhodThespeed-
upachieｖｅｄｂｙｔｈｅＡＮＧＨＰｍｅｔｈｏｄｒａｎｇｅｓｆｒｏｍｌ6.2％ｔｏ 
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berofdistortioncalculationsarecarriedoutintheＡＮＧＨＰ 

ｍｅｔｈｏｄ 

3.5 

（
も
Ｐ
Ｘ
）
⑫
■
ｃ
垣
飼
一
二
Ｕ
一
国
■
昌
営
＆
望
已
』
●
』
の
白
Ｅ
■
臣
一
国
Ｃ
Ｐ

－■－，Ａ 

…ｏ…ＣＡＲＤ 

－ｐ－ＡＮＧ 

…※…ＣＡＲＤＨ 

－▽－ＡＮＧＨＰ 

入＝０．５

3.0 

２．５ 

6．Conclusions 2.0 

lnthispaper,wehaveproposedtwonewalgorithmsofac-
celeratingthecodebookdesignfbrECVQThefirstalgo‐ 
rithm(ＡＮＧ)usesanewconstraintcalledangularconstraint・

TheANGmethodemploystheprqjectionanglesofthevec‐ 

torstoareferencelineinthesignalspace，andachieves 

equivalentpelfOrmancetofUllsearchECVQItaccelerates 
thecodebookdesignprocesssignihcantlycomparedwith 
thefUllsearchmethodandthedoubleannulusmethod,and 

hasalmostthesameefTiciencyasCardinalmethod 
Thesecondalgorithmusesahyperplanedecisiontech-

niquefOrseparatingthetrainingvectorsandthecodebook 
intotwosub-groups，andcamesonsearchingwithinone 

sub-groupaccordingtothevectorfeatureByapplyingthis 
algorithmtotheANGmethod,theANGHPmethodisde-
velopedUsingLenaandBaboonimageswithdifTerent 
codebooksizesat1＝０．５，２，４ａｎｄ８ａｎｄｃｏｍｐａｒｅｄｗｉｔｈ 
ｔｈｅＡＮＧｍｅｔｈｏ｡,ｔｈｅＡＮＧＨＰｍｅｔｈodattainsacceleration 

rangefrom７３％ｔｏ42.9％andreducesthetotalnumberof 
distortioncalculationsby8.1％ｔｏ４３．１％、Furthermore,the

pelfOrmanceoftheANGHPmethodisquiteclosetothatof 
theFSmetho｡． 

Ｌ５ 
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CompansonoftotalnumberofdistortioncalculationsaM＝０．５ Fig.１２C 
fOrBaboon． 

42.9％ｃｏｍｐａｒｅｄｔｏｔｈｅＡＮＧｍｅｔｈｏｄＴｈｅｔｗｏｃｕｒｖｅｓｏｆｔｈｅ 
ＡＮＧＨＰｍｅｔｈｏｄａｎｄｔｈｅＣＡＲＤHPmethodarenearlycoiL 
cidentltcanbeseenthatasthecodebooksizeincreases， 

theefficiencyoftheANGHPbecomesbetterthantheANG 
methodThisisanimportantmeritoftheANGHPmethod， 
becausedesignofalargercodebooksizerequiresmorein-
tensivecomputation 

Figuresl2andl3presentthetotalnumberofdistor‐ 
tioncalculations,whichisadominantfigureofthecompu-

tationalcomplexity,fOrBaboonimagewithdifferentcodｅ－ 
ｂｏｏｋｓｉｚｅｓａｔ１＝Ｏ５ａｎｄ８，respectively・Comparedto
theDAmethod,theANGmethodreduｃｅｓｔｈｅＤｓｂｙ２､9％ 
ｔｏ20.1％・Thetotalnumberofdistortioncalculationsof

theANGmethodisalmostｔｈｅｓａｍｅａｓｔｈａｔｏｆｔｈｅＣＡＲＤ 

ｍｅｔｈｏｄ・ＴｈｅＤｓｃｕｒｖｅｏｆｔｈｅＡＮＧＨＰｍｅｔｈｏｄｉｓａｌｓｏａｌｍｏｓｔ

ｔｈｅｓａｍｅａｓｔｈａｔｏｆｔｈｅＣＡＲＤＨＰｍethodComparedtothe 
ANGmethodaM＝０．５and8withdifferentcodebooksizes， 
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