
SELECTIVE REQUANTIZATION FOR TRANSCODING OF MPEG COMPRESSED VIDEO

Hani Sorial,William E. Lynch, andAndŕeVincent
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ABSTRACT

This paperaddressestheproblemof bit-rateconversionof MPEG
compressedvideo. We presentselective requantization,a method
for reducingthe requantizationerrors in transcoding. The pro-
posedmethodis basedon avoiding critical ratiosof the two cas-
cadedquantizations(encodingversustranscoding)thateitherlead
to larger transcodingerrorsor requirea higher bit budget. Re-
sultsshow thatselective requantizationimprove thequality of the
transcodedimages.Thepresentedmethodis simpleto implement
anddoesnot requiresideinformation.

1. INTRODUCTION

Transcodingis theprocessof converting a compressedvideo for-
mat into anothercompressedformat. This paperaddressesthe
specifictranscodingproblemof bit-ratereductionof a previously
compressedMPEGvideo [1, 2]. Transcodingprovidesflexibility
in transmissionbit ratesin situationssuchasnetwork congestion,
or whenthe transmissionmediahasa lower capacitythantheca-
pacityrequiredby thepre-encodedvideo.

An importantissuein bit-rateconversionis to providerequan-
tization methodsfor efficient transcoding[3, 4]. In [3], two ap-
proachesfor adjustingthedecisionlevelsof thetranscoder’squan-
tizer to improve transcodingquality areproposed.The first uses
a mean-squarederror (MSE) costfunction,andthesecondusesa
maximuma posteriori(MAP) costfunction. Both methodsusesa
Laplacianpdf (probabilitydensityfunction)to modelthedistribu-
tion of theoriginalDCT coefficients.TheLaplacianparameterfor
eachAC coefficient is estimatedfrom eitherthefirst generationco-
efficientsor theoriginal coefficients.In thelattercase,theparam-
etershave to betransmittedasadditionalsideinformation. In [4],
a rate-distortionmethodis proposedusingaLagrangianoptimiza-
tion algorithmto derivethequantizerstepsizefor transcodingeach
macroblock.This methodimprovespicturequality. However, the
optimizationalgorithmhasaddedcomputationalcomplexity and
mayimposeextra delayin transcoding.

In this paper, we addressthe transcoder’s performanceand
presentselective requantization,asimplemethodto reducethere-
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Figure1: A basicvideocodingsystemincludinga transcoder.

quantizationerrorsin transcoding[5]. Theorganizationof thispa-
peris asfollows. Section2 discussesissuesrelatedto transcoding
suchasrequantizationandtranscoderstructure.Section3 studies
the extra error introducedby requantization.Section4 presents
theproposedselective requantizationmethod.Section5 provides
experimentalresults.Finally, Section6 concludesthepaper.

2. TRANSCODING OF MPEG COMPRESSED VIDEO

Figure1 shows a basicblock diagramof a video codingsystem
thatincludesa transcoder. Theencodercompressesaninputvideo
at a bit rate ��� , thensubjectto certainconstraints,the transcoder
convertsthis compressedvideoat a bit rate ��������� . Next, the
decoderdecompressesthetranscodedvideobitstreamfor display.

In MPEGstandards,thequantizerstepsizeincludestwo com-
ponents,aquantizationcoefficientspecifyingaminimumstepsize
for theparticularDCT coefficient, anda quantizationscalingpa-
rameter	�
������� for bit-ratecontrol. In this paper, transcodingis
achieved by requantizingthe DCT coefficients. In its simplest
case,therequantizationprocesscanbeexpressedas

����������� ��!#" �%$ ��&('�) ���+*,����� ��!.- 	,
/���0�1�32 -54 2 ����� ��!	,
/���0�1�76 -84 6 ����� ��! 9 (1)

where� � * ��������! is thequantizedinputDCT coefficient (encoder)
and � �:� ��������! is its requantizedversion(transcoder),	�
������� 2 is
the input quantizationscalingparameterand 	�
�������;6 is thevalue
requiredto meetthetargetbit rate.Usually, thequantizationcoef-
ficients 4 2 ����� ��! (encoder)and 4 6 ���<� ��! (transcoder)arethesame
andmaybeomitted.

Figure2 shows the block diagramof the transcoderusedin
this paper. For constantbit-rate (CBR) transcoding,we usethe=%>@?

ratecontrolalgorithm[6] while for variablebit-rate(VBR)
transcoding,theratecontrol is disconnected.Thetranscoderuses
a feedbackloop to compensatefor drift errors that result from
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Figure2: Transcoderstructurewith drift correctionin thespatial
domain.

requantizinga motion-compensatedcompressedvideo. This is
achieved by storing the requantizationerror of an anchorframe
thenaddingit to its correspondingpredictedframe.Therequanti-
zationprocessis doneonamacroblockby macroblockbasis.This
reducesdelay. Furthermore,the motion vectorsof the input bit-
streamarere-used.This avoidsmotionestimation,themostcom-
putationallyintensive operationof theMPEGencodingalgorithm.
As expected,this significantlyreducesthecomplexity of thesys-
tem, as comparedto a cascadeddecoder-encodersystem. Mac-
roblocktypeshowever canchangeafterrequantization.For exam-
ple, a motion-compensatedcodedmacroblockmaybechangedto
a motion-compensatednotcodedmacroblockif all theDCT coef-
ficientsarezeroafterrequantization.

3. PERFORMANCE OF CASCADED QUANTIZATION

Bit-rateconversionof compressedvideoinvolvestwo subsequent
quantizations:the first in encoding,and the secondin transcod-
ing. In general,cascadedquantizationsleadto anextra distortion
ascomparedto directquantizationwith thecoarserquantizer. We
denotethis extra distortionas “cascadingerror”. The cascading
errordependson theratio betweenthefiner (encoder)andcoarser
(transcoder)quantizers[5]. Thus,asthestepsizeof thefinerquan-
tizer is encodedin thebitstreamandis availableto thetranscoder,
it is possibleto usethis informationto reducethe requantization
errorsandachieve a highertranscodingquality.

For simplicity, considerthequantizationof a non-negative in-
put datavalue � usinga uniform midstepquantizer(suitablefor
Intramacroblocks)with nodeadzone,asshown in Figure3. Input-
outputcharacteristicsof thequantizeraremirroredfor negative � .
The quantizeris completelyspecifiedby a set of reconstruction
levels, A;B , anda setof decisionlevels, ' B , givenby

A;B "DC�EF� and ' B " A BHG A B;I<2� "��JC�K �� !�E (2)

where E is thestepsizeof thequantizerand C is an integer rep-
resentingthe level. Thus,given a value � andits reconstruction	 ���(!#"LC0E , Thequantizationerror, M , canbeexpressedasM "N�OK 	 ���(! (3)

Let E 2 and E 6 , where E 2O� E 6 , be the stepsizesof the finer
quantizer(encoder)andcoarserquantizer(transcoder),respectively.
Let M 2 P 6 bethetotalquantizationerrorthatresultsfrom quantizing
with stepsize E 2 followedby stepsize E 6 , andlet M76 betheerror
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Figure3: Decisionandreconstructionlevelsof themidstepquan-
tizer.

resultingfrom directquantizationwith stepsize E 6 . Thecascad-
ing error MRQ is definedasM;Q " M�2 P 6 K M76 (4)

In general,thecascadingerror increases,on average,whenmany
reconstructionlevels from thefiner quantizerarealignedwith de-
cisionlevelsfrom thecoarserquantizer. Themaximumcascading
error MRQTSVUW dependson theratio E 6/X E 2 . It canbeshown thatthe
magnitudeof maximumcascadingerroris boundedbyY[Z@\ M Q SVUW \3Z E 2 (5)

If the finer quantizer’s cell, correspondingto the original data
value, is totally containedin a cell of the coarserquantizer, then
cascadedquantizationgivesthesameresultasdirectquantization
with E 6 , i.e., no cascadingerror is introducedby requantization
(Figure4.(a)). However, if the finer quantizer’s cell overlapwith
two cells of the coarserquantizer, then cascadingerror is intro-
ducedby requantizationif the reconstructeddatavalue after the
first quantizationandtheoriginaldatavalueeachfall into adiffer-
entquantizationcell in thecoarserquantizer(Figure4.(b)).
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Figure4: Cascadedquantizations(dashedarrows)anddirectquan-
tization (solid arrow). (a) Cascadedquantizationsyield thesame
resultsas direct quantization. (b) Cascadedquantizationsintro-
duceextra distortion,ascomparedto directquantization.

4. SELECTIVE REQUANTIZATION

This sectionpresentsselective requantization,a simple method
thatcanbeusedeitherfor VBR or CBR transcoding.Themethod
is basedon avoiding critical ratiosof E 6 X E 2 that either lead to
largertranscodingerrorsor requirea higherbit budget.
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Figure5: Ratioof coarserquantizer( E 6 ) to finer quantizer( E 2 ),
for midstepquantizers. (a) Even integer ratio ( E 6/X E 2 " � ).
(b) Oddintegerratio ( E 6/X E 2 "L] ).

To study how the ratio E 6 X E 2 affects requantization,for a
uniform midstepquantizer, let A B * "^C 2 E 2 bethereconstruction
levelsof thefiner quantizer, andlet ' B � "_��C 6 K �X�� !`E 6 bethe
decisionlevelsof thecoarserquantizer. Theconditionthatarecon-
structionlevel from thefiner quantizeris alignedwith a decision
level from thecoarserquantizeris givenbyC 2 "ba � C 6 K �� c E 6E 2 (6)

Equation6 is satisfiedif thereexistsaratio E 6dX E 2 andanintegerC 6 that result in an integer C 2 . Clearly, an even integer ratio ofE 6 X E 2 satisfiesthis condition. This is illustratedin Figure5.(a).
The magnitudeof maximumcascadingerror usually reachesits
highestbound(Equation5) whenthe ratio E 6 X E 2 is aneven in-
teger. Furthermore,the percentageof reconstructionlevels from
the finer quantizerthat arealignedwith decisionlevels from the
coarserquantizerdependson the ratio E 6 X E 2 . This percentage
maybecomputedoff-line. For example,if E 6/X E 2 " � , thenhalf
of the reconstructionlevels from the finer quantizerare aligned
with decisionlevels from thecoarserquantizer. Our experiments
show that a ratio of � for E 6/X E 2 usuallyyields larger transcod-
ing errors.Moreover, largedropsin bitsusuallyoccurat valuesofE 6 thatareintegermultipleof � E 2 . This is becausemorerequan-
tized DCT coefficients are mappedto lower quantizationlevels,
andconsequently, they are codedwith fewer bits. This is illus-
tratedin Section5.

Equation6 is notsatisfiedfor all integersC 6 andanoddinteger
ratiofor E 6/X E 2 . In thiscase,thecellsof thefinerquantizerareto-
tally containedinsidethecoarserquantizercellsandconsequently,
thecascadingerroris zero.This is illustratedin Figure5.(b).

Using similar analysisfor a midriser quantizer(suitablefor
non-IntraMacroblocks),let A B * "e�JC 2 G �RX7� !`E 2 be the recon-
structionlevelsof thefiner quantizer, andlet ' B � "fC 6 E 6 bethe
decisionlevelsof thecoarserquantizer. Theequationanalogousto
Equation6 is givenby� � C 2 G � !g" � C 6 E 6E 2 (7)

Clearly, Equation7 issatisfiedfor any oddintegerratioof � E 6/X E 2
andodd integers C 6 . In this case,additionallossis usuallyintro-
ducedby cascadingquantizations.For example,if E 2 "bh and

E 6 "ei , thenone-thirdof the reconstructionlevels of the finer
quantizerarealignedwith decisionlevels from thecoarserquan-
tizer. Our experimentsshow thata ratio of ] for � E 6X E 2 usually
leadsto larger transcodingerrors. On theotherhand,Equation7
is not satisfiedfor even integer ratiosof � E 6X E 2 andall integersC 6 . In this case,directquantizationwith E 6 andcascadedquanti-
zationswith E 2 followedby E 6 yield thesamequantizationerror.

In thispaper, weapplytheselective requantizationmethodfor
CBR transcodingof MPEG-2 compressedvideo. We uselinear
mappingfor 	�
������� (i.e., 	 
������� j:k;l�� " Y

). For simplicity, we
assumethat the transcoderis using the samequantizationmatri-
cesthatareencodedin thebitstream.Thealgorithmfor selective
requantizationincludesin its codethefollowing conditions

1. Intra macroblock

(a) mon � � 	,
/�d�����;6/p � �rqs	�
/�d�����,2 ! !#"t" Y !	�
������� 6 " 	�
/�d����� 6 G �3u
(b) mon � � � 	,
/�d����� 6 G � ! p�	�
/�d����� 2 !g"t" Y !mon � � � � 	,
/�d�����;6 G � ! X;	�
/�d�����,2 ! pF� !�v�" Y !	,
/�d�����;6 " 	,
/���0�1�76 G ��u
(c) mon � � � 	,
/�d�����;6 G � ! p � �wqV	�
�������,2 ! !#"t" Y !	,
/���0�1� 6 " 	�
������� 6 G h u

2. Non-Intramacroblock

(a) mon � � � 	,
/�d����� 6 G � ! p�	�
/�d����� 2 !g"t" Y !	�
�������;6 " 	�
/�d�����;6 G �3u
(b) mon � � � �wq.	�
/�d�����;6 ! p�	�
/�d�����,2 !#"t" Y !mon � � � � �xqs	,
/�d�����;6 ! XR	,
/���0�1�32 ! p[� !�v�" Y !	,
/���0�1� 6 " 	�
������� 6 G ��u

wheretheabove mathematicaloperatorsaresimilar to thoseused
in theC programminglanguage.In summary, theabove itemsare
theresultof thepreviousanalysisfor midstep(Intra) andmidriser
(Non-Intra)quantizers.For Intra macroblocks,Item ��y � � ! , avoids
even integer ratiosof E 6 X E 2 . Theseratiosusuallyleadto larger
transcodingerrors.Item ��y ��z/! selectsthenext higher 	�
������� 6 if it
resultsin an odd integer ratio of E 6/X E 2 . The new valuefor E 6
yields zerocascadingerror. Item �7y � � ! reducesconsiderablythe
numberof bitsneededto codeIntramacroblockswithouta signif-
icant increasein errors. For Non-Intramacroblocks,Item �3y � � ! ,
selectsthenext higher 	,
/���0�1� 6 if it resultsin anevenintegerratio
of � E 6dX E 2 . Thisratiohaszerocascadingerror. Item �3y ��z! , avoids
oddintegerratiosof � E 6X E 2 . Theseratiosusuallyleadsto larger
transcodingerrors. Our experimentsshow that Items �7y � � ! and��y � � ! arethemostimportantfor Intra andnon-Intramacroblocks,
respectively, andfor thesequencesusedin this paper.

5. EXPERIMENTS

For VBR Intra-framestranscoding,weuse� ? Y frames(each] ? � -� h Y ) of Flower Garden. The sequenceis first encodedwith an
MPEG-2softwareencoderanda constantstepsize E 2 " � i . The
resultingbitstreamis thentranscodedatdifferent E 6 rangingfrom�{ to h Y , with intervalsof � . In directencoding,thesequenceisen-
codeddirectly with E 6 . Thepeaksignal-to-noiseratio (PSNR)is
usedasanobjectivemeasureof thevideoquality, with theoriginal
sequenceasreference.Figure6 shows transcodingaveragePSNR
and bit budgetversus E 6 . Notice the PSNRand bit budgetforE 6 "|] � and E 6 "L]7h . Theformerresultsin a ratio E 6/X E 2 " � ,
which usuallyleadsto largerrequantizationerrors.ThePSNRforE 6 "b];h is higherby

Y y ] dB with
Y y Y �Rp bits lower thanin the
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Figure 6: Intra-frameTranscodingaveragePSNR (top) and bit
budget(bottom)of Flower Garden for E 2 " � i and E 6 ranging
from �/{ to h Y with intervalsof � .

caseof E 6 "}] � . Furthermore,noticethe PSNRandbit budget
for E 6 "}] Y and E 6 "~];h . Both valuesof E 6 yield almostthe
samePSNR.However, thereductionin bits by choosingE 6 "|]7h
over E 6 "|] Y is about]�� p . Thisis importantin CBRtranscoding
wherethesaving in bits canbeusedon codingothermacroblocks
suchthattheoverall videoquality is improved.

For CBR Intra-frametranscoding,we use � ? Y framesof the
sequencesFlower Garden andFootball. The sequencesare ini-
tially encodedat 8Mb/s. Table1 shows theaveragePSNRfor dif-
ferenttranscodingoutputbit rates.Two casesareshown: transcod-
ing usingselective requantization(PSNR� ) andnormaltranscod-
ing (PSNR� ). Here, � is the differencebetweenPSNR� and
PSNR� . In normaltranscoding,thevalue E 6 determinedby the
ratecontrol algorithmis directly usedfor requantization.Notice
the improvementachievedusingselective requantization.For ex-
ample, the increasein PSNRof Flower Garden is �7y { dB at a
transcodingoutputbit rateof 7Mb/s, and ��y ] dB at a bit rateof
6Mb/s. Note that the performanceof this methoddiffers for dif-
ferenttranscodingbit rates.For CBR transcodingof Intra andIn-
ter frames,Table2 shows the PSNRof normal transcodingand
of transcodingusing selective requantizationfor five sequences:
Flower Garden (Flr.), Football (Ftb.), Table Tennis(Ten.), Miss
America (Mis.), and Salesman(Slm.) with a group of pictures
(GOP) structureN=15, M=3. Transcodinginput and output bit
ratesarerespectively 2Mb/s and1.5Mb/s. It canbe seenthat se-
lective requantizationoutperformsnormaltranscoding.

In summary, resultsshow thatselectiverequantizationimprove
the quality of the transcodedsequence.The proposedmethodis
moreadvantageousfor Intra-frametranscoding.

Table 1: AveragePSNR for Intra-frametranscodingof Flower
Garden and Football. Selective requantization(PSNR� ) versus
normaltranscoding(PSNR� ). Theinputbit rateis 8Mb/s.

Bit Rate PSNR� (dB) PSNR� (dB) � (dB)
FlowerGarden

7 29.1 27.3 1.8
6 28.0 26.7 1.3
5 27.3 26.6 0.7
4 26.6 26.2 0.4

Football
7 36.0 34.1 1.9
6 35.1 33.6 1.5
5 34.4 33.5 0.9
4 33.7 33.4 0.3

Table2: AveragePSNRfor transcodingof five sequenceswith a
GOP structuresN=15, M=3. Selective requantization(PSNR� )
versusnormaltranscoding(PSNR� ).

TranscodingPSNR(dB)
Case Flr. Ftb. Ten. Slm. Mis.

PSNR� 25.9 29.8 33.9 38.6 41.5
PSNR� 25.8 29.6 33.4 38.0 40.9� 0.1 0.2 0.5 0.6 0.6

6. SUMMARY

In thispaper, we addressedtheproblemof bit-rateconversionof a
previously compressedvideo.We studiedtheperformanceof cas-
cadedquantizationandpresentedselective requantization,a sim-
ple methodto improve thetranscodingof MPEGvideo. Thepro-
posedmethodis basedonavoidingcritical ratiosof E 6/X E 2 thatei-
therleadto largererrorsor requireahigherbit budget.Themethod
is easyto implementanddoesnot requiresideinformation.
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