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Comparisonof Quantisation Techniquesfor DCT-basedImageCoding
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Abstract— In this paper, preliminary resultsof applying differ ent types
of scalar quantisers and vector quantisers to lossy image coding are pre-
sented. The advantagesof thesedifferent methods becomeevident when
usedin conjunction with a standard DCT-basedimage coder. It is shown
that there is negligible impr ovement in applying vector quantisation to-
gether with the DCT. This comparative study betweendiffer ent quantisa-
tion techniques constitutes the �rst six months of research work and will
provide the basis for further research into impr oving the ef�cie ncy of the
DCT-basedimage coder.

I . INTRODUCTION
�

HE DCT or discretecosinetransformis the predominant
transformusedin transform imagecoding. It is usedin im-

ageandvideocoding standards suchasJPEGandMPEG.The
information loss in the DCT-basedcoder mostly occursin the
quantisationstageand improvementsin rate-distortion perfor-
mancecanbe realisedby designing moreef�cient quantisers.
It is the aim of this paperto presenta comparison of differ-
entquantisationtechniquesusedin conjunctionof aDCT-based
codingsystem.

I I . QUANTISATION THEORY

Quantisation is one of the oldest techniques for coding or
compressinga signal. Quantisation is an irreversible process
wheredatavaluesxi arenon-linearly mappedto a �nite setof
valuescalledreconstructionvalues:
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wherethe ai 's arethresholds [1]. The technique was
originally motivatedin PCM (Pulsecodemodulation) coding
whereit wasnecessaryto mapcontinuousanalogvaluesto dis-
crete levels. Scalar quantisation representseachdata value
(scalar)with a reconstruction level andhenceis a one-to-one
mapping. It canbe showed that signi�cantly improvedperfor-
mancecould beachievedif groupsof theinput valuesor vectors
of arbitrarily largedimensionarecoded[1]. This many-to-one
mapping is termedvectorquantisation.

A. PDF-optimisedNon-uniform Scalar Quantisation
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This indicatesthat the performance of the quantiser depends
very muchon thePDFof theinput. Therefore,in orderto min-
imise thequantisationerror, it is important that thequantiser is
designedto matchtheinputPDF.

Lloyd and Max both presented algorithms for designing a
quantiserthat matchesthe input PDF. In [2] and[3], optimum
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Fig. 1. ImageCoding usingLloyd-Max Quantiser

reconstructionlevelsaregivenfor standardPDFssucha Gaus-
sian,Laplacian, andgammawith zeromeanandunit variance.
To quantise an imageusing a Lloyd-Max quantiser using the
standardPDFs,the meanis subtractedfrom the dataandthen
divided by thestandard deviation (seeFigure1).

TheGLA orgeneralisedLloydalgorithm is aniterativeproce-
durefor designing non-uniform quantisersto matchthePDFof
theinputdata.It consistsof quantisingtheinput or trainingdata
usingarbitrarylevels,�ndin g thecentroidsin eachquantisation
cell, andrecalculating thedecisionlevelsasthemid-pointsbe-
tweenthecentroids. This processis continueduntil a minimum
distortioncriteriais met[1].

B. VectorQuantisation

Vectorquantisers(VQ) have received considerable attention
due to their ability to achieve very low bit rates. Ratherthan
usingthresholds,vectorquantisersusea leastdistortioncriteria
for assigningreconstruction valueswhich arestoredin a table
or codebook. Thecodebook is generatedvia traininganduses
differenttechniquessuchastheGLA (GeneralisedLloyd Algo-
rithm), LBG (Linde-Buzo-Gray) splitting method, PNN (pair-
wisenearestneighbour), etc. [1] Thecodebook trainingdesigns
a vector quantiserthatmatchestheinput PDFandresultsin the
leastdistortion.

An inputvectoris quantisedby �nding theclosestreconstruc-
tion vectorin thecodebook andthenreplacingit with its index.
However, thestoragerequirementsandcomputationalcomplex-
ity havehinderedtheuseof vector quantisers.Foravectorquan-
tiserof rateRandavector dimensionk, thesizeof thecodebook
is 2kR. Using structured codebooks cansolve theseproblems.
Multistage vectorquantisers, oftencalledresidualvectorquan-
tisers, solve the problem of exponentiallygrowing codebooks
for large vectordimensions. Referringto Figure2, the input
imageis coarselyquantisedusingvector quantiserQ1. Thedif-
ference or residualbetweenthe input andreconstructedimage
is found andis quantisedusinganothervector quantiserQ2. If
Cn is thecodebook sizeof quantisern in anN-stagemultistage
VQ, the total codebook size is given asa summationå N � 1

n� 0 Cn

ratherthana productÕN � 1
n� 0 Cn.

I I I . DCT-BASED IMAGE CODING

TheDCT or discretecosinetransformis oneof themostpop-
ular transforms usedin imagecoding since it achieves near-
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Fig. 2. Multi stageVectorQuantiser(Threestage)

optimal energy compaction anddecorrelationaswell asbeing
image independent. It is noted that for typical image data,
the two-dimensionalcovariancefunction, which indicates the
amount of correlation, decaysrapidly beyond 8 pixels. With
theaim of theDCT beingto decorrelatetheimagepixels,8 � 8
blocksaretherefore used. The JPEG(Joint Photographic Ex-
pertsGroup) imagecodingstandard performs a DCT on each
8 � 8 block, scalarquantisesthe DCT coef�cients using �x ed
quantisationtables,performszigzagRLE (runlengthencoding),
andHuffman encodesAC coef�cientswhile DC coef�cientsare
differentiallyHuffmanencodedto takeadvantageof inter-block
correlation [4].

IV. DESIGNING EFFICIENT QUANTISERS FOR DCT
COEFFICIENTS

Uniform scalar quantisersand standardLloyd-Max scalar
quantisersperform poorly on DCT coef�cients sincethe PDF
is highly skewed toward the low magnitude coef�cients. This
is dueto thefact that theDCT compactstheimageenergy into
a few coef�cients while themajority of coef�cients arecloseto
zero.

Improvements can be realisedby designing a non-uniform
scalarquantiser that adaptively matchesthePDF of eachDCT
block. However, quantiserparameterssuchas the reconstruc-
tion valuesneedto betransmittedassideinformation.Thelarge
amount of side information signi�cantly offsets the improve-
mentin performance.

Therearealsodif�cu lties in applying avector quantiserto the
DCT-basedsystemasthe8 � 8blocksconstitute64dimensional
vectors. Unstructuredvector quantisershandling suchlarge di-
mensional vectors have exorbitant memory andcomputational
requirements,hencemultistagevectorquantisersmaybealikely
candidate.

V. EXPERIMENTS AND RESULTS

The8-bit 512 � 512greyscaleimage,Lena, wasusedin the
experiments.Thequantisationtechniquesexaminedincludethe
following:

� Uniform scalarquantiser
� Lloyd-Maxnon-uniformscalarquantiserdesignedfor aGaus-
sianPDF

� Non-uniform quantiseroptimisedfor inputPDFusingGLA
� Full-searchvector quantiser(unstructured)
� Multistagevectorquantiser
� Uniform scalarquantiser+ blockDCT
� Multistagevectorquantiser+ blockDCT

Fromthegraphin Figure3, thescalarquantiserdesignedus-
ing the GLA algorithm outperformsall othertechniques. This
shows that a scalarquantiser that is designedto matchthe in-
put PDF generally performs better. The Lloyd-Max quantiser
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Fig. 6. Non-uniform Scalar QuantisationusingGLA (31.31dB at 3 bpp)

Fig. 7. UnstructuredVectorQuantisation( 27.82dB at 0.125bpp)

Fig. 8. Mult istageVectorQuantisation(26.37dB at 0.125bpp)

Fig. 9. DCT + Multi stageVectorQuantisation (26.42dB at 0.125bpp)

(Gaussian)doesnot show considerable improvement over the
uniform scalarquantiser. This is explainedby the fact that the
PDFof the imageis not approximatedaccuratelywith a Gaus-
sian.TheDCT + Uniform SQperformstheworstsincethePDF
of the coef�cients is highly skewed toward the smallercoef�-
cientsandthis resultsin a largegranularerror.

Figure4 showsthateventhoughmultistageVQ allowshigher
bit ratesto beachievedwithout anexponentiallygrowing code-
book, thereis asacri�ce in thePSNR.However, theunstructured
VQ usesaconsiderably largeramount of memoryandcomputa-
tion at bit ratescloseto 0.14bppcomparedwith themultistage
VQ. Unstructuredvectorquantisersoperating at above the rate
of 0.14bppbecomeimpractical.

The DCT + MultistageVQ shows negligble improvement.
This canbeattributedto the fact that theDCT decorrelatesthe
dataandthissigni�cantly reducestheef�ciently of VQ [1].

VI . CONCLUSION

While higher bit rates and large dimensional vectors are
handled by multistagevector quantisers,they show negligible
improvements when usedin conjunction with the DCT-based
coder.

Scalarquantisersthat are designed to matchthe input data
PDFhave shown to outperform theuniform SQs.It is expected
thatDCT coef�c ientscanbeef�ciently codedusingthesequan-
tisers. Furtherwork would involve making improvementsover
the existing JPEGstandard, which uses�x ed quantisation ta-
bles,by designing PDF-matchingscalarquantisersthatadaptto
eachDCT block.
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