JOINT TRANSCODING OF MULTIPLE MPEG VIDEO BITSTREAMS
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ABSTRACT

This paperaddresseghe problemof bit-rate corversionof a
previouslycompressedideo. We provideanMPEGjoint transcod-
er for transcodingseveral video bitstreamssimultaneously We
shaw thatjoint transcodingeduceghe quality variationbetween
multiple videosequencesscomparedo independentlyranscod-
ing eachsequencat a fixed bit rate. Hence,joint transcoding
resultsin a betterutilization of the channelcapacity The joint
transcodecanbe usedin a congestedommunicatiometwork as
an alternatve to data/packt dropping,andin applicationswhich
require multiplexing video signalsonto a fixed communication
channekuchasvideosenersproviding videoon demandVOD)
service.

1. INTRODUCTION

Thetransmissiorof MPEG compressedideoover channelawith
differentcapacitiesnayrequireareductionin bit rateif thetrans-
missionmediahasa lower capacitythanthe capacityrequiredby
thevideobitstream.Therearedifferentapproaches theproblem
of bit rate conversionof MPEG compressedideo. A straightfor
wardapproachs to fully decodethevideo,thento re-encodet at
a lower bit rate. This approachhastwo disadwantages.First, the
MPEG encodingalgorithm usually requireshigh computational
power. Thus,this approactis not anefficient solutionin termsof
implementatiorcomplexity, delayandcost. Seconderrorsarein-
troduceddueto therepeatedompression/decompressioivideo|[1,
2].

Anotherapproacho bit rateconversionis to usescalablecod-
ing techniqued3, 4]. Therearetwo disadwantagesto this ap-
proach.First, scalabilityprovidesonly alimited numberof possi-
ble transmissiorbit rates.Secondin orderto controltransmission
ratesusinglayeredcoding,the encodemusttake into accounthe
congestiorcontrolpolicy of thenetwork whena connectioris set.
This however may not be knovn whenthe video wasfirst com-
pressedor storage.

A morereliableapproachs to transcodehecompresseuideo
to the desiredbit rate. This is achieved by partial decodingof the
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bitstreamthenperformingtheratecorversionby re-quantizinghe
DCT (DiscreteCosineTransform)coeficients. This approactas
two adwantage®sverfull decompressiofollowedby re-compression
of the video. First, sincemotion estimationis the mostcompu-
tationally intensve operationin the MPEG encodingalgorithm,
the compleity is significantlyreducedoy usingthe samemotion
vectorsin transcoding.Secondthis approachavoids someof the
errorsintroducedwhenthevideois fully decompressedndthen
compresseth asecondyeneratiorfl, 2].

Figurel shavsabasicblockdiagranof avideocodingsystem
thatincludesatranscoderTheencodecompresseaninputvideo
atabit rate R1, thensubjectto certainconstraintsthe transcoder
convertsthis compressedideoat abit rate R2 < R1. Next, the
decodedecompressebetranscodedideobitstreanfor display

The problem of transcodinghas beenstudiedby mary re-
searcher$s, 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 transcodearchitecturds presentedThis technique
however doesnottake into accounthe propagatiorof errors(drift
errors) which resultsfrom re-quantizinga motion-compensated
compressedideo. Anotherapproachfor high-quality transcod-
ing is to usea closedloop techniquethat compensateor drift
errors,asproposedn [7, 8, 9, 10]. Compensatioifor drift errors
is performedeitherin the DCT domain[7, 8] or in the spatialdo-
main[9, 10]. Transcodingptimizationbasedntheminimization
of thetranscodedistortionfor a givenbit rateusinga Lagrangian
algorithmis presentedh [8]. A detaileddiscussiorof transcoding
compl«ity and performancejncluding an analysisof the extra
distortionintroducedby re-quantizationis givenin [10].

By distributing the channelcapacityamongmultiple video
programsaccordingto their degree of coding compleity, joint
codingfor multi-progranmvideotransmissiomasbeenshavn to be
moreefficientthanindependentoding[11, 12]. In this paperwe
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presentan MPEG joint transcodefor multiple video bitstreams.
Theorganizatiorof this paperis asfollows. Section2 presentshe
proposedoint transcodingnethod.Section3 providesexperimen-
tal resultsfor independenandjoint transcodingFinally, Sectior4
concludeghepaper

2. JOINT TRANSCODING

Figures2 and3illustrateindependenandjoint transcodingf mul-
tiple video bitstreamsyespectiely. In independentranscoding,
eachrate control works independentlyand usesa channelbuffer
to distribute the bits betweerthe framesof onesequenceln joint
transcodingthe joint rate control distributesthe bits betweerthe
framesof onesequencaswell asamonghesequencedepending
ontheirdegreeof compleity. For bothtranscodingasespncethe
numberof bits for aframehasbeendetermineda virtual buffer is
usedto distribute the bits betweerthe macroblockof theframe.

We provide two typesof joint transcoders.The first usesa
straightforvardre-quantizatiommethod withoutcompensatindpr
drift errors.Thebasicstructureof asingletranscodewith nodrift
correctionis shavn in Figure4. The adwantagef this structure
areits lower complity andsmallermemoryrequirementsThis
type of transcodedoesnot requireframebuffers. It is moresuit-
ablefor low delayandlow costapplications,andfor video bit-
streamshaving small group of pictures(GOP) structureswhich
reducethe effectsof drift.

The secondtype of joint transcodeusesa feedbackoop to
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compensatéor drift errors.This methodprovidesa higherquality
transcodingbut with morecompleity andmemoryrequirements.
The extra compl«ity addedis dueto the operationgequiredfor
drift correctionwhile theincreasen memoryrequirementss due
totheframebuffersneededor drift compensationkFigure5 shavs
the block diagramof a single transcodemith drift correctionin
the spatialdomain. If drift correctionis usedfor P and B pic-
ture coding types,thentwo frame buffers are needed. Memory
requirementgan be reducedto one frame buffer by performing
drift correctiononly on P pictures sincere-quantizatiorerrorsin
B picturesdo not propagate.

For bothtranscodindypes there-quantizatioprocesss done
on a macroblockbasis. Furthermorethe samemotion vectorsof
the input bitstreamsarere-used. This avoids motion estimation,
themostcomputationallyintensve operatiorof the MPEG encod-
ing algorithm.As expectedthissignificantlyreduceshecomplex-
ity of thesystemascomparedo a cascadedecodeencodesys-
tem. Macroblocktypeshowever canchangeafter re-quantization.
For example, a motion-compensatedodedmacroblockmay be
changedo a motion-compensateabt codedmacroblockf all the
DCT coeficientsarezeroafterre-quantization.

A brief discussiorof quantizatiorandratecontrol operations
follows.

2.1. Quantization

In MPEG standardsthe quantizerstepsizethatis usedfor each
DCT coeficient includestwo componentsa quantizationcoefi-

cientwhich specifiesa minimum stepsizefor the particularDCT
coeficient, and a quantizationscaling parameterM quant used
for bit-ratecontrol. As M quant increasesthe quantizatiorof the
DCT coeficientsis coarserand consequent|ythe outputbit rate



decreasesThequantizatiorprocesg7] canbeexpresseds

F(u,v)
Mauant x Q(u, v)) @)

Fgo(u,v) = Round <

whereF(u, v) is theinput DCT coeficientand@ (u, v) is its cor
respondingentry from the quantizatiortable,and Fg (u, v) is the
quantizedDCT coeficient.

At thedecoderinversequantizatior{7] maybeperformecas

F’(u, v) = Fg(u,v) x Mquant x Q(u,v) (2)

whereF (u, v) is theinversequantizedDCT coeficient.

2.2. Re-quantization and Bit-rate Conversion

Bit rateconversioncanbe performedn thecompressedomainby
re-quantizatiorof the DCT coeficients. In its simplestcase this
canberepresentety

F x M to
FQnew (U,U) = Round ( QOld(u’ ’l}) quan ld) (3)

Mquantneqw

whereFyq ,,(u, v) istheinputquantizedCT coeficientandFyg, ., (1,

is its re-quantizedrersion, M quant,iq is the input quantization
scalingparameteand M quant .., iS the valuerequiredto meet
thetargetbit rate.

Note however that the abose equationdoesnot take into ac-
countthe propagatiorof re-quantizatiorerrors(drift) dueto mo-
tion compensation.

2.3. RateControl

In this paperthejoint ratecontrolfor transcodings implemented
asdescribedn [12]. Thebit ratecontrolis basedntheTestModel
documentyersion’ (T'M5) [13]. Thealgorithmconsistf three
steps,a target bit allocation which estimateghe numberof bits
availableto encodehenext picture,aratecontol thatusesa “vir -
tual buffer” to setthereferencevalueof thequantizatiompparameter
for eachmacroblock.and an adaptivequantizationwhich modu-
latesthe referencevalue of the quantizationparameteraccording
to the spatialactiity in themacroblockandtheaverageactiity in
the picturein orderto derive the valueof the quantizatiorscaling
parameteM quant usedto quantizethe macroblock.

Usually theactiity is computedn the pixel domainandis an
importantparametein quantizationasit reflectstherelative com-
plexity of differentmacroblockswithin the picture. Sincethe Hu-
manVisualSystem(HVS) is moresensitve to codingerrorsin the
low-frequeny regions of the picture (i.e., low-actiity regions),
theseregionsare usuallyquantizedwith a finer quantizationstep
size. However, sincelocal actiity (over a macroblock)and av-
erageactvity (over the picture)arenotincludedin the bitstream,
they are estimatedfrom local and averagequantizationparame-
ters,respectiely, asproposedn [6]. Specificallythequantization
scalingparametefor transcodings expresseds:

Mauantoia(j, k)

——2+  (4)
Mauantoiq(k)

Mgquant,,.,,(j, k) = Mquant, ¢ (4, k)

whereM quantoiq(j, k) is the old quantizatiorscalingparameter
of the jth macroblockin the kth picture, M quant,,.,, (4, k) is its
correspondingarametefor re-quantizationM quant,.. (4, k) is

the referencequantizationparameterand M quantoiq (k) is the
averagequantizationparameterover the kth picture. The ratio
Mquantoiq(j, k) / Mquant,iq(k) is the estimateof the normal-
ized actwity for the jth macroblockin the kth picture. In the ex-
perimentswe usethe averagequantizationparametenf the last
decodedictureof thesametypefor Mquantoiqa(k).

3. EXPERIMENTS

We use150 frames(each352 x 240) of Flowers(FlIr.), Football
(Ftb.), Table Tennis(Ten.), Miss America(Mis.), and Salesman
(SIm.) sequencewith a color samplingratio of 4:2:0. Thegroup

of picture GOP)lengthis 15, with astructureBBPBBPBBPBBPBB.

Figures6 and7 shav the PSNR(Y-componentyersusframe
numberfor independentranscodingandjoint transcodingof the
above sequencesiespectiely. Both transcodingcasesuse drift
correction. Eachsequencavas originally codedat 2Mb/s. The
total input and outputbit ratesfor joint transcodingare 10Mb/s
and 7.5Mb/s,respectiely. In independentranscodingeachse-
guenceis transcodedeparatehat a constantit rate of 1.5Mb/s.
r\g)tice that joint transcodingreducesthe quality (PSNR)varia-
tion betweenthe video sequencesas comparedto independent
transcoding. Variation is reducedmore at higher bit ratesand
highertranscodingatios.

Table 1 shaws the averagePSNR(Y-componentjn bothin-
dependenandjoint transcodingpf the abore sequencesResults
areshavn for transcodingwith drift correctionandwith no drift
correction.Here,A denoteghedifferencen PSNRbetweerjoint
andindependentranscodingThebit ratesfor bothjoint andinde-
pendentranscodingareshavn in Table2.

Note thatjoint transcodingesultsin anincreaseén PSNRof
highercomplity sequencesiscomparedo independentranscod-
ing. For example,the PSNRof Flowersis increaseddy 3.0 dB
and 3.8 dB for joint transcodingwith drift correctionand joint
transcodingwith no drift correction,respectiely. Furthermore,
the averagegain achieved by usingdrift correctionis 0.6 dB for
both joint transcodingand independentranscoding. In general,
this gainis higherfor largertranscodingatios.

Noticethatthe averagegainachieved by usingjoint transcod-
ing with nodrift correctionis higherthanindependentranscoding
with drift correction.This may beimportantin real-timeandlow
delayapplicationswvherejoint transcodingvith no drift correction
canbeusedandstill providesabetteraverageP SNRthanindepen-
denttranscodingvith drift correction.

4. SUMMARY

In this paper we presentedoint transcodingof multiple MPEG
video bitstreams.Resultsshaw thatjoint transcodingdistributes
thechannekapacityamongthevideosequenceaccordingo their
degreeof compleity. This reduceghe quality variationbetween
the video sequencesas comparedo independentranscodingof
eachsequencat a fixed bit rate. Consequentlyjoint transcoding
resultsin a betterutilization of the channelcapacityandleads,on
average o anincreasdan the PSNRof thetranscodedequences.
We alsopresentedh this work two typesof joint transcodersvith
differentcompleity andmemaoryrequirements.
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Figure6: Independentranscodingwith drift correction)of five
bitstreams.The input and outputbit ratesfor eachbitstreamare
2Mb/sand1.5Mb/s respectiely.
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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,respectiely.

Tablel: TranscodingverageP SNR.Thetotalinputandoutputbit
ratesof thefive sequenceare10Mb/sand7.5Mb/s,respectiely.
Transcodingvith drift correction
Case PSNR(dB) Average
FIr.  Ftb. Ten. SIm. Mis. (dB)
Joint | 28.7 323 335 357 397 34.0
Indep. | 25.7 29.2 324 364 3938 32.7
A 30 31 11 -07 -01 1.3

Transcodingvith nodrift correction
Case PSNR(dB) Average
FIr.  Ftb. Ten. SIm. Mis. (dB)
Joint | 28.6 321 33.1 343 38.9 334
Indep. | 24.8 28.7 32.0 36.1 39.1 32.1
A 38 34 11 -18 -0.2 1.3

Table2: Transcodingutputbit rates.

Case Bit Ratein Mb/s
FlIr. Ftb. Ten. SIm. Mis.

Joint(nodrift correct.)| 2.0 2.0 18 10 0.7

Joint(drift correct.) | 20 20 18 1.1 0.6

Independent 15 15 15 15 15
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