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ABSTRACT

This paperaddressesthe problemof bit-rateconversionof a
previouslycompressedvideo.WeprovideanMPEGjoint transcod-
er for transcodingseveral video bitstreamssimultaneously. We
show that joint transcodingreducesthequality variationbetween
multiplevideosequences,ascomparedto independentlytranscod-
ing eachsequenceat a fixed bit rate. Hence,joint transcoding
resultsin a betterutilization of the channelcapacity. The joint
transcodercanbeusedin a congestedcommunicationnetwork as
an alternative to data/packet dropping,andin applicationswhich
require multiplexing video signalsonto a fixed communication
channelsuchasvideoserversproviding videoon demand(VOD)
service.

1. INTRODUCTION

Thetransmissionof MPEGcompressedvideoover channelswith
differentcapacitiesmayrequirea reductionin bit rateif thetrans-
missionmediahasa lower capacitythanthecapacityrequiredby
thevideobitstream.Therearedifferentapproachesto theproblem
of bit rateconversionof MPEGcompressedvideo. A straightfor-
wardapproachis to fully decodethevideo,thento re-encodeit at
a lower bit rate. This approachhastwo disadvantages.First, the
MPEG encodingalgorithm usually requireshigh computational
power. Thus,this approachis not anefficient solutionin termsof
implementationcomplexity, delayandcost.Second,errorsarein-
troduceddueto therepeatedcompression/decompressionof video[1,
2].

Anotherapproachto bit rateconversionis to usescalablecod-
ing techniques[3, 4]. Thereare two disadvantagesto this ap-
proach.First, scalabilityprovidesonly a limited numberof possi-
ble transmissionbit rates.Second,in orderto controltransmission
ratesusinglayeredcoding,theencodermusttake into accountthe
congestioncontrolpolicy of thenetwork whenaconnectionis set.
This however may not be known whenthe video wasfirst com-
pressedfor storage.

A morereliableapproachis to transcodethecompressedvideo
to thedesiredbit rate.This is achievedby partialdecodingof the
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Figure1: A basicvideocodingsystemincludinga transcoder.

bitstream,thenperformingtherateconversionby re-quantizingthe
DCT (DiscreteCosineTransform)coefficients.Thisapproachhas
twoadvantagesoverfull decompressionfollowedby re-compression
of the video. First, sincemotion estimationis the mostcompu-
tationally intensive operationin the MPEG encodingalgorithm,
thecomplexity is significantlyreducedby usingthesamemotion
vectorsin transcoding.Second,this approachavoidssomeof the
errorsintroducedwhenthevideo is fully decompressedandthen
compressedin asecondgeneration[1, 2].

Figure1showsabasicblockdiagramof avideocodingsystem
thatincludesa transcoder. Theencodercompressesaninputvideo
at a bit rate ��� , thensubjectto certainconstraints,the transcoder
convertsthis compressedvideoat a bit rate ��������� . Next, the
decoderdecompressesthetranscodedvideobitstreamfor display.

The problemof transcodinghas beenstudiedby many re-
searchers[5, 6, 7, 8, 9, 10]. In [5], a two-stagecoderfor distri-
bution of video at differentbit ratesis proposed.However, this
methodhasa large overheadin storagecapacity. In [6], a sim-
ple openloop transcoderarchitectureis presented.This technique
however doesnot take into accountthepropagationof errors(drift
errors) which resultsfrom re-quantizinga motion-compensated
compressedvideo. Anotherapproachfor high-quality transcod-
ing is to usea closedloop techniquethat compensatesfor drift
errors,asproposedin [7, 8, 9, 10]. Compensationfor drift errors
is performedeitherin theDCT domain[7, 8] or in thespatialdo-
main[9, 10]. Transcodingoptimizationbasedontheminimization
of thetranscoderdistortionfor agivenbit rateusinga Lagrangian
algorithmis presentedin [8]. A detaileddiscussionof transcoding
complexity and performance,including an analysisof the extra
distortionintroducedby re-quantization,is givenin [10].

By distributing the channelcapacityamongmultiple video
programsaccordingto their degreeof coding complexity, joint
codingfor multi-programvideotransmissionhasbeenshown to be
moreefficient thanindependentcoding[11, 12]. In thispaper, we
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Figure2: Independenttranscodingof multiplevideobitstreams.
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Figure3: Jointtranscodingof multiplevideobitstreams.

presentan MPEG joint transcoderfor multiple video bitstreams.
Theorganizationof thispaperis asfollows. Section2 presentsthe
proposedjoint transcodingmethod.Section3 providesexperimen-
tal resultsfor independentandjoint transcoding.Finally, Section4
concludesthepaper.

2. JOINT TRANSCODING

Figures2and3 illustrateindependentandjoint transcodingof mul-
tiple video bitstreams,respectively. In independenttranscoding,
eachratecontrol works independentlyandusesa channelbuffer
to distributethebits betweentheframesof onesequence.In joint
transcoding,the joint ratecontroldistributesthebits betweenthe
framesof onesequenceaswell asamongthesequencesdepending
ontheirdegreeof complexity. Forbothtranscodingcases,oncethe
numberof bits for a framehasbeendetermined,avirtual buffer is
usedto distributethebitsbetweenthemacroblocksof theframe.

We provide two typesof joint transcoders.The first usesa
straightforwardre-quantizationmethod,withoutcompensatingfor
drift errors.Thebasicstructureof asingletranscoderwith nodrift
correctionis shown in Figure4. Theadvantagesof this structure
areits lower complexity andsmallermemoryrequirements.This
typeof transcoderdoesnot requireframebuffers. It is moresuit-
able for low delayand low cost applications,and for video bit-
streamshaving small groupof pictures(GOP)structures,which
reducetheeffectsof drift.

The secondtype of joint transcoderusesa feedbackloop to
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Figure4: Transcoderstructurewith nodrift correction.
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Figure5: Transcoderstructurewith drift correctionin thespatial
domain.

compensatefor drift errors.Thismethodprovidesahigherquality
transcoding,but with morecomplexity andmemoryrequirements.
The extra complexity addedis dueto the operationsrequiredfor
drift correction,while theincreasein memoryrequirementsis due
to theframebuffersneededfor drift compensation.Figure5 shows
the block diagramof a single transcoderwith drift correctionin
the spatialdomain. If drift correctionis usedfor 	 and 
 pic-
ture coding types,then two framebuffers are needed.Memory
requirementscanbe reducedto one framebuffer by performing
drift correctiononly on 	 pictures,sincere-quantizationerrorsin
 picturesdo notpropagate.

Forbothtranscodingtypes,there-quantizationprocessis done
on a macroblockbasis.Furthermore,the samemotionvectorsof
the input bitstreamsarere-used.This avoids motion estimation,
themostcomputationallyintensiveoperationof theMPEGencod-
ingalgorithm.As expected,thissignificantlyreducesthecomplex-
ity of thesystem,ascomparedto acascadeddecoder-encodersys-
tem. Macroblocktypeshowever canchangeafterre-quantization.
For example,a motion-compensatedcodedmacroblockmay be
changedto amotion-compensatednotcodedmacroblockif all the
DCT coefficientsarezeroafterre-quantization.

A brief discussionof quantizationandratecontroloperations
follows.

2.1. Quantization

In MPEG standards,the quantizerstepsizethat is usedfor each
DCT coefficient includestwo components,a quantizationcoeffi-
cientwhich specifiesa minimumstepsizefor theparticularDCT
coefficient, and a quantizationscalingparameter���������� used
for bit-ratecontrol.As ���������� increases,thequantizationof the
DCT coefficients is coarserandconsequently, the outputbit rate



decreases.Thequantizationprocess[7] canbeexpressedas����� ��� ��!#"�%$����'& ( �)� ���*��!�+�,�������.-�/ � ��� ��!10 (1)

where
�)� ���*��! is theinputDCT coefficient and / � �2�*��! is its cor-

respondingentryfrom thequantizationtable,and
� � � ���3��! is the

quantizedDCT coefficient.
At thedecoder, inversequantization[7] maybeperformedas4�)� ��� ��!#" ����� ��� ��!5-6����������.-7/ � ���*��! (2)

where
4�)� ��� ��! is theinversequantizedDCT coefficient.

2.2. Re-quantization and Bit-rate Conversion

Bit rateconversioncanbeperformedin thecompresseddomainby
re-quantizationof theDCT coefficients. In its simplestcase,this
canberepresentedby���#819*:.� ���*��!;"�%$,���<& ( � ��=?> @ � ��� ��!5-6���������� =A> @��,�����<� 819*: 0 (3)

where
� � =A> @ � ���*��! is theinputquantizedDCTcoefficientand

� �B8�9*: � ���3��!
is its re-quantizedversion, �+�,������� =?> @ is the input quantization
scalingparameterand �+�,������� 8�9*: is thevaluerequiredto meet
thetargetbit rate.

Note however that the above equationdoesnot take into ac-
countthepropagationof re-quantizationerrors(drift) dueto mo-
tion compensation.

2.3. Rate Control

In thispaper, thejoint ratecontrolfor transcodingis implemented
asdescribedin [12]. Thebit ratecontrolis basedontheTestModel
document,version C ( D��EC ) [13]. Thealgorithmconsistsof three
steps,a target bit allocation which estimatesthe numberof bits
availableto encodethenext picture,a ratecontrol thatusesa“vir -
tualbuffer” to setthereferencevalueof thequantizationparameter
for eachmacroblock,andan adaptivequantizationwhich modu-
latesthe referencevalueof the quantizationparameteraccording
to thespatialactivity in themacroblockandtheaverageactivity in
thepicturein orderto derive thevalueof thequantizationscaling
parameter�+�,������� usedto quantizethemacroblock.

Usually, theactivity is computedin thepixel domainandis an
importantparameterin quantization,asit reflectstherelativecom-
plexity of differentmacroblockswithin thepicture.SincetheHu-
manVisualSystem(HVS) is moresensitiveto codingerrorsin the
low-frequency regions of the picture (i.e., low-activity regions),
theseregionsareusuallyquantizedwith a finer quantizationstep
size. However, sincelocal activity (over a macroblock)andav-
erageactivity (over thepicture)arenot includedin thebitstream,
they are estimatedfrom local and averagequantizationparame-
ters,respectively, asproposedin [6]. Specifically, thequantization
scalingparameterfor transcodingis expressedas:�+�,������� 8�9*: �GF �?H�!#"+�+�,������� I 9 J �GF �?HK! �+�,������� =?> @ �GF �?H�!���������� =A> @ � HK! (4)

where �+�,������� =?> @ �GF � H�! is theold quantizationscalingparameter
of the

F
th macroblockin the H th picture, ���������� 8�9*: �GF �?H�! is its

correspondingparameterfor re-quantization,��,�����<� I 9 J �GF �3H�! is

the referencequantizationparameter, and �+�,������� =?> @ � H�! is the
averagequantizationparameterover the H th picture. The ratio���������� =?> @ �GF �?H�! L �+�,������� =?> @ � H�! is the estimateof the normal-
izedactivity for the

F
th macroblockin the H th picture. In theex-

periments,we usethe averagequantizationparameterof the last
decodedpictureof thesametypefor �+�,������� =?> @ � HK! .

3. EXPERIMENTS

We use �MC,N frames(each O1C1�7-P�,Q1N ) of Flowers(Flr.), Football
(Ftb.), TableTennis(Ten.), Miss America (Mis.), andSalesman
(Slm.) sequenceswith a color samplingratio of Q : � : N . Thegroup
of pictures(GOP)lengthis �MC , with astructureIBBPBBPBBPBBPBB.

Figures6 and7 show thePSNR(Y-component)versusframe
numberfor independenttranscodingandjoint transcodingof the
above sequences,respectively. Both transcodingcasesusedrift
correction. Eachsequencewas originally codedat 2Mb/s. The
total input andoutput bit ratesfor joint transcodingare 10Mb/s
and7.5Mb/s,respectively. In independenttranscoding,eachse-
quenceis transcodedseparatelyat a constantbit rateof 1.5Mb/s.
Notice that joint transcodingreducesthe quality (PSNR)varia-
tion betweenthe video sequences,as comparedto independent
transcoding. Variation is reducedmore at higher bit ratesand
highertranscodingratios.

Table1 shows the averagePSNR(Y-component)in both in-
dependentandjoint transcodingof the above sequences.Results
areshown for transcodingwith drift correctionandwith no drift
correction.Here, R denotesthedifferencein PSNRbetweenjoint
andindependenttranscoding.Thebit ratesfor bothjoint andinde-
pendenttranscodingareshown in Table2.

Note that joint transcodingresultsin an increasein PSNRof
highercomplexity sequences,ascomparedto independenttranscod-
ing. For example,the PSNRof Flowers is increasedby O�S N dB
and O�S T dB for joint transcodingwith drift correctionand joint
transcodingwith no drift correction,respectively. Furthermore,
the averagegainachieved by usingdrift correctionis N�S U dB for
both joint transcodingand independenttranscoding. In general,
thisgainis higherfor largertranscodingratios.

Noticethattheaveragegainachievedby usingjoint transcod-
ing with nodrift correctionis higherthanindependenttranscoding
with drift correction.This maybeimportantin real-timeandlow
delayapplicationswherejoint transcodingwith nodrift correction
canbeusedandstill providesabetteraveragePSNRthanindepen-
denttranscodingwith drift correction.

4. SUMMARY

In this paper, we presentedjoint transcodingof multiple MPEG
video bitstreams.Resultsshow that joint transcodingdistributes
thechannelcapacityamongthevideosequencesaccordingto their
degreeof complexity. This reducesthequality variationbetween
the video sequences,ascomparedto independenttranscodingof
eachsequenceat a fixedbit rate. Consequently, joint transcoding
resultsin a betterutilizationof thechannelcapacityandleads,on
average,to an increasein thePSNRof thetranscodedsequences.
Wealsopresentedin thiswork two typesof joint transcoderswith
differentcomplexity andmemoryrequirements.
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Figure6: Independenttranscoding(with drift correction)of five
bitstreams.The input andoutputbit ratesfor eachbitstreamare
2Mb/sand1.5Mb/s,respectively.
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Figure 7: Joint transcoding(with drift correction)of five bit-
streams. The total input and output bit ratesare 10Mb/s and
7.5Mb/s,respectively.

Table1: TranscodingaveragePSNR.Thetotal inputandoutputbit
ratesof thefivesequencesare10Mb/sand7.5Mb/s,respectively.

Transcodingwith drift correction
Case PSNR(dB) Average

Flr. Ftb. Ten. Slm. Mis. (dB)
Joint 28.7 32.3 33.5 35.7 39.7 34.0

Indep. 25.7 29.2 32.4 36.4 39.8 32.7R 3.0 3.1 1.1 -0.7 -0.1 1.3

Transcodingwith nodrift correction
Case PSNR(dB) Average

Flr. Ftb. Ten. Slm. Mis. (dB)
Joint 28.6 32.1 33.1 34.3 38.9 33.4

Indep. 24.8 28.7 32.0 36.1 39.1 32.1R 3.8 3.4 1.1 -1.8 -0.2 1.3

Table2: Transcodingoutputbit rates.
Case Bit Ratein Mb/s

Flr. Ftb. Ten. Slm. Mis.
Joint(drift correct.) 2.0 2.0 1.8 1.1 0.6

Joint(nodrift correct.) 2.0 2.0 1.8 1.0 0.7
Independent 1.5 1.5 1.5 1.5 1.5
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