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Comparison of Quantisation Techniquesfor DCT-basedlmage Coding

StepherSoandKuldip K. Paliwal

Abstiact— In this paper, preliminary resultsof applying differ ent types
of scalar quantisers and vectar quantisers to lossyimage coding are pre-
sented. The advantages of thesedifferent methods becomeevident when
usedin conjunction with a standard DCT-basedimage coder. It is showvn
that there is negligible improvement in applying vedor quantisation to-
gether with the DCT. This comparative study betweendiffer ent quantisa-
tion techniques constitutes the rst six months of reseach work and will
provide the basisfor further reseach into improving the ef cie ncy of the
DCT-basedimage coder.

I. INTRODUCTION

HE DCT or discrete cosinetransformis the predoninant

transformusedn transfom imagecoding. It is usedin im-
ageandvideo codirg standard suchas JPEGandMPEG. The
information lossin the DCT-basedcoder mostly occursin the
guantisatiorstageand improvenentsin rate-distotion perfor
mancecan be realisedby designirg more ef cient quarisers.
It is the aim of this paperto presenta comparson of differ-
entquariisationtechnquesusedin conjunctionof aDCT-based
codingsystem.

I1. QUANTISATION THEORY

Quantisatian is one of the oldesttechniqees for coding or
compessinga signal. Quarisationis an irreversible process
wheredatavaluesy; arenoniinearly mappedo a nite setof
valuescalledreconstructiorvalues

yi Qx forx § 1)
with the quariser Q consistingof recorstructionvaluesC
vi;i |, intenals S S:i | , andfor eachcell S

a 1 8 Wwherethe g;'s arethreshold [1]. Thetechniqe was
originally motivatedin PCM (Pulsecode moduation) coding
whereit wasnecessaryo mapcontinwousanalogvaluesto dis-
crete levels. Scalar quantisation representseachdatavalue
(scalar)with a reconstration level and henceis a oneto-ore
mappirg. It canbe shaved that signi cantly improved perfor
mancecoud beachievedif groupsof theinput valuesor vectas
of arbitrarily large dimersion arecoded[1]. This manyto-ore

mappirg is termedvectorquartisation

A. PDF-ogimisedNon-wiform Scdar Quantisatia

Theopeationaldistortionrateperfamanced R isrelatedto
the average distortionof the quantiseD g for aninput X with
theprobaility densityfunction or PDF fx X :

Dag & )

dxy fx xdx
i S
This indicatesthat the performane of the quariser depenls
very muchon the PDF of theinput. Therebre,in orderto min-
imise the quartisationerror; it is importantthatthe quartiseris
designedo matchtheinput PDFE
Lloyd and Max both presentd algorithns for designiny a
guantisetthat matcheghe input PDFE In [2] and[3], optimum
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Fig. 1. ImageCoding usingLloyd-Max Quantise
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recorstructionlevelsaregivenfor standard®DFssucha Gaus-
sian,Lapladan, andgammawith zeromeanandunit variane.
To quartise animageusing a LIoyd-Max quartiser using the
standardPDFs,the meanis subtractedrom the dataandthen
divided by the standadl deviation (seeFigurel).

TheGLA orgenerlisedLloydalgarithmis aniterative proce-
durefor desigring nonuniform quantiserdo matchthe PDF of
theinputdata.lt consistof quantisingheinput or trainingdata
usingarbitrarylevels, ndin g thecentroidsn eachquariisation
cell, andrecalcuating the decisionlevels asthe mid-points be-
tweenthe centroid. This processs contirueduntil a minimum
distortioncriteriais met[1].

B. VectorQuartisation

Vectorquantiser§VQ) have receved considerale attention
dueto their ability to achieve very low bit rates. Ratherthan
usingthreshdds, vectorquarnisersusea leastdistortioncriteria
for assigningreconstration valueswhich are storedin a table
or codebok The codelwok is geneatedvia training anduses
differenttechnigessuchasthe GLA (Generalised.loyd Algo-
rithm), LBG (Linde-Buzo-Gay) splitting methal, PNN (pair
wisenearesheigtboul), etc.[1] Thecodebok trainingdesigns
avecta quarniserthatmatchegheinput PDFandresultsin the
leastdistortion

An inputvectoris quantisedy nding theclosestecmstruc-
tion vectorin the codelmok andthenreplacingit with its index.
However, thestoragaequilementsandcomputationalcompex-
ity have hinderedtheuseof vecta quantiserskFor avectorquan
tiserof rateR andavecta dimersionk, thesizeof thecodelmok
is 2R Using structurel codebools cansolve theseprobems.
Multistage vectorquartisers, oftencalledresidualvectorquan
tisers, solve the prodem of exponentially groving codelmoks
for large vectordimensims. Referringto Figure 2, the input
imageis coarselyquarisedusingvecta quantiseiQl. Thedif-
ferene or residualbetweenthe input andreconstratedimage
is found andis quartisedusinganothervecta quartiser Q2. If
C, is the codelmok size of quantisem in an N-stagemultistage
VQ, the total codébook sizeis given asa summation& §C,
ratherthana product O 1Cy.

I1l. DCT-BASED IMAGE CODING

TheDCT or discretecosinetransformis oneof themostpop
ular transfoms usedin image codirg sinceit achie/es near
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Fig. 2. MultistageVectorQuantser(Threestage

optimal enegy compation anddecorelationaswell asbeing
image indepenlent. It is noted that for typical image data,
the two-dmensionalcovariancefunction, which indicaes the
amoun of correlation, decaysrapidly beyond 8 pixels. With
theaim of the DCT beingto decorelatetheimagepixels,8 8
blocks aretherefae used. The JPEG(Joint Phot@raphc Ex-
pertsGrowp) imagecoding standad perfams a DCT on each
8 8 block, scalarquantiseghe DCT coefcients using x ed
guantisatioriables perfamszigzagRLE (runlergth encodim),
andHuffman enco@sAC coefcientswhile DC coefcientsare
differentially Huffmanencoedto take adwvartageof inter-block
correlation [4].

IV. DESIGNING EFFICIENT QUANTISERS FOR DCT
COEFFICIENTS

Uniform scalar quantisersand standardLloyd-Max scalar
quantisergperform poaly on DCT coefcients sincethe PDF
is highly skewed toward the low magnitude coefcients. This
is dueto thefactthatthe DCT compactstheimageenengy into
afew coefcients while the majoiity of coefcients arecloseto
zero.

Improvements can be realisedby desigiing a non-wiform
scalarquartiserthatadaptiely matcresthe PDF of eachDCT
block. However, quantiserparaneterssuchasthe recorstruc-
tion valuesneedto betransmittedassideinformation. Thelarge
amoun of side information signi cantly offsetsthe improve-
mentin perfamance.

Therearealsodif cu ltiesin applyirg avecta quartiserto the
DCT-basedsystemasthe8 8 blocks constitutes4 dimensioml
vectos. Unstructued vecta quartisershandlirg suchlarge di-
mensionhvectos have exorbitant memoy and compuational
requiementshencanultistagevectorquantisersmaybealikely
candidte.

V. EXPERIMENTS AND RESULTS

The8-bit 512 512greyscaleimage,Leng wasusedin the
expetiments.The quantisatioriechniqesexamiredincludethe
following:

Uniform scalarquantiser

Lloyd-Maxnonuniform scalarquariserdesignedor a Gaus-
sianPDF

Non-uriform quantiseoptimisedfor input PDFusingGLA

Full-searchvecta quartiser (unstructuredl

Multistagevectorquantiser

Uniform scalarguantiser block DCT

Multistagevectorquantisert block DCT

Fromthegraphin Figure3, the scalarquantisedesigred us-
ing the GLA algorithm outperbrmsall othertechnques. This
shaws that a scalarquartiser thatis designedo matchthe in-
put PDF geneally perfams better The Lloyd-Max quartiser

Comparison of Scalar Quantisation for the Lena Image
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Fig. 3. Comparsonof Scakr QuantsationTechngues

Comparison of Vector Quantisation for the Lena Image
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Fig. 5. Uniform Scala Quantisgéion (28.95dB at 3 bpp)



Fig. 6. Non-uniform Scabr QuantsationusingGLA (31.31dB at 3 bpp)

Fig. 7. Unstructued VectorQuantsation( 27.82dB at 0.125bpp)

Fig. 8. MultistageVectorQuantsation(26.37dB at 0.125bpp)
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Fig.9. DCT + Multi stageVectorQuantisaion (26.42dB at 0.125bpp)

(Gaussianydoesnot shav considerale improvement over the
uniform scalarquariser. This is explainedby the factthatthe
PDF of theimageis not appraximatedaccuately with a Gaus-
sian. TheDCT + Uniform SQperformstheworstsincethe PDF
of the coefcients is highly skewed toward the smallercoef-
cientsandthis resultsin alargegrarular error

Figure4 shavsthateventhoughmultistagevQ allows higher
bit ratesto be achieved without anexponentiallygroning code-
book thereis asacri cein thePSNR.However, theunstru¢ured
VQ usesaconsideably larger amouwnt of memoryandcompua-
tion at bit ratescloseto 0.14bppcomparedwith the multistage
VQ. Unstructued vectorquartisersoperatiry at above the rate
of 0.14bppbecomampractical.

The DCT + Multistage VQ shaws negligble improvemen.
This canbe attributedto the factthatthe DCT decorelatesthe
dataandthis signi cantly redwcestheef ciently of VQ [1].

VI. CONCLUSION

While higher bit rates and large dimensioml vectas are
handed by multistagevecta quarisers,they shav negligible
improvemens when usedin conjurction with the DCT-based
coder

Scalarquantiserghat are desigred to matchthe input data
PDF have shavn to outpeform the uniform SQs. It is expecte
thatDCT coefc ientscanbeef ciently codedusingthesequan
tisers. Furtherwork would involve making improvementsover
the existing JPEGstandad, which uses x ed quartisation ta-
bles,by desigiing PDF-matchingcalarquartisersthatadapto
eachDCT block
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