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Abstract - A new classof fully parameterizable multiple array architectures for
motion estimation (ME) in video sequenceshased on the Full Search Block Match-
ing (FSBM) algorithm is proposedin this paper. This classis basedon a new and ef-
ficient AB2 singlearray architecture with minimum latency, maximum thr oughput and
full utilization of the hardware resources.It providesthe ability to configure the target
processorsaccording to the setup parameters, the processingime and the circuit area
specifiedlimits. With this purpose,a software configuration tool hasbeenimplemented
to determine the set of possibleconfigurations which fulfill the requisitesof the video
coder, providing the ability to automatically generatethe VHDL description of the se-
lected configuration. The implementation of a singlearray processorconfiguration on
a single-chipis presented.Experimental resultsevidencethe ability to estimatemotion
vectorsin real-time with this configuration.

INTRODUCTION

Video coding systemshave beenassumingan increasinglyimportantrole in
several applicationareastied in with digital television, videophoneand video-
conference.Several video compressiorstandardsave beenestablishedor these
differentapplicationg1], exploring bothspatialandtemporalredundanciesf video
sequences$o achiese the requiredcompressiorrates. Among thesetechniques,
motion-compensatiohasproved to be a fundamentatechniqueto improve inter-
framepredictionin video coding.

As a consequencef the hugeamountof computationgequiredby ME, a great
researcteffort hasbeenmadeto develop efficient dedicatedstructuresandspecial-
izedprocessor$2]. Dueto its regularprocessingschemeandsimple control struc-
tures, FSBM algorithms, using the sum of absolutedifferences(SAD) matching
criteria, have beenthe mostusedin VLSI implementationsproviding optimal es-
timation resultsandleadingto fastand efficient processingstructures.One of the
first discussiongboutFSBM architecturegandtheir classificationvaspresentedby
KomarekandPirsch[3]. Komarekpresentedhe characteristicef a setof 1-D and



2-D arrays,obtainedby reducingthe dimensionof the original dependencgraph
usingtraditionalindex projection time schedulingandgraphfolding technique$4].

Theirmaindifferences the exploredprocessingoncurreng, implying the usageof
differentstructuresanddifferentnumberof ProcessoElement(PE)s.

Among all thesesystolic structures,the AB2 2-D architectureproposedby
Vos [5, 6] hasbeenregardedas one of the mostefficient structureq7]. Its pecu-
liar processingchemeprovidesit with ashortprocessingime andalimited amount
of hardwareresourcesHowever, it still hassomenon-eploredfeatureswhich can
be usedto significantlyimproveits efficiency andparallelismlevels. Thereforethis
architecturevasselectedasthebasisfor the presentedesearctandit will be shavn
that significantimprovementsin what concerndts hardware requirementsan be
obtained sincetheamountof memoryusedto storethe searchareadatacanbe sub-
stantiallyreducedo achieve a full utilization of the hardwareresourcesMoreover,
theproposechew singlearrayarchitecturewill be extendedto multiple arrayarchi-
tecturespy exploringthe parallelismandlack of datadependenciegrovidedby the
ME procedure A new classof parameterizablarrayarchitecturesvasderived,in-
tegratingthe proposedsinglearrayandmultiple arrayarchitecturesThis classwas
describedusing fully parameterizabl®HDL codeandits functionality wasthor-
oughly tested. An integratedcircuit basedon the proposedclassof architectures
hasbeendevelopedusinga standarccell library of a CMOS- 0.25 um technology
process Experimentatesultsevidencethe possibilityto estimatemotionvectorsin
4CIF video sequenceat a rate upto 16 frames/swith this implementedconfigura-
tion.

NEW-AB2 SINGLE ARRAY ARCHITECTURE

As it wasreferred,the proposednew single array architecture designatedy
New-AB2, presentsomesignificantimprovementsn whatconcernghe utilization
of the hardwareresourcesDueto the similaritiesbetweerthe processingschemes
of this architectureand the architectureproposedby Vos, its descriptionwill be
doneby contrastingits optimizedcharacteristicsvith thosepresentedy Vos and
Stegherr[5, 6].

Processorstructure

The diagramshown in fig. 1 illustratesthe main differencesdbetweerthe archi-
tectureproposedy Vos,representewith solidanddottedstylelines( "), andthe
New-AB2 architecturerepresentedith solidanddot-dashedtylelines(— ). Like
in otherAB2 structuresgachpixel of thereferencanacroblock MB) is assignedo
oneof the N? PEsthatcomputethe SAD similarity function (designatedby active
PEs). Besideghis active block, the processoproposedy Vosis alsocomposedy
two passive blocks with 2p x N passive PEs, which areappendedo eachside of
theactive block (seefig. 1). Eachpassve PEis composedy running-dataegisters
for the displacemenandstorageof searchareapixels. Both the referenceMB and
the searchareapixels are transferednto the processothroughtwo vertical input
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Figure 1: AB2 processomarray for FSBM-ME, consideringeachreferenceMB with N x N pixels
(N = 3) andthesearchareacomposedy (2p + N) X (2p + N) pixels(p = 1).

registerchainswith length NV and2p + N, respectiely.

Within the PEarray searchareapixelscanbedisplacedn 3 directions:upwards,
downwardsandto theleft. If atagivenclock cycle onecolumnwith 2p + N pixels
of the searchareais fed into the structurethroughthe setof 2p + N upperinputs,
all searchareapixels within the PE array are simultaneoushshifted one position
to the left. During the following 2p + 1 clock cycles, searchareadatais shifted
downwardsonepositionpercycle. Meanwhile the pixelscorrespondingo different
candidateMBs are processedy the several active PEs, obtaining one similarity
valueat eachclock cycle. After 2p + 1 shift-dovn operationsanothereft shift of
the searchareais performedanda new columnof pixelsis fed in theright side of
the array However, this columnis now loadedthroughthe 2p + N lower inputs.
This alternationof input positionsin the input registerchainis repeatedalongthe
searcltprocessDuring thefollowing 2p + 1 clock cycles,searcrareadatais shifted
upwardsin asimilarmannerasdescribedabore, beingshiftedto theleft after2p + 1
clock cycles. This zig-zagprocessingschemeprovidesfastprocessingapabilities,
by preventingthe needfor dummy clock cyclesbetweentwo adjacentines of the
searcharea.Theseextra cyclesareoftenrequiredby otherarchitectureso displace
searchareadatainsidethearray[3, 8].

The processingschemeof Vos’ architecturecanbe representedn a simplified
way, by the sequencef statesshowvn in fig. 2. The fraction of the searchareabe-
ing processedt a given clock cycle wasrepresentedising a solid-line rectangle,
whereaghoseleaving or enteringthe processowererepresentedsingdashed-line
rectanglesThebottomdashed-lingectanglesepresensearchareafractionsenter
ing the processoin the next clock cycle, while the top dashed-lineonesrepresent
searchractionsleaving thearray
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Figure 2: Zig-zagdataflow of searchareapixels on Vosarchitecturd N = 4, p = 2).

From a brief analysisof fig. 2 onerealizesthatin an
arraycomposedy N? active PEsandby 2 x N (2p — 1)
passie PEs, usedto processsearchfractionswith N x
(N + 2p — 1) pixels, half of the total amountof passve
PEsarenotbeingused.However, thesepassive PEsarere-
quiredwheneersearchareapixelsaredisplacednto their
registers. The proposedsolutionto overcomethis draw- Figure 3: Proposedarchi-
backconsistsin disposingthe Vos planarstructureover a B‘i%gg‘fggjad"’eraw"”'
cylindrical surface,asit is shovn in fig. 3. By doing so, '
sincethe pair of passve blocksis superimposedone cannaturally discardone of
them, usingthe otherto displacethe searchareapixels. Neverthelessit is worth
notingthatthe zig-zagprocessingchemecanstill be appliedto this modifiedstruc-
ture, preservingthe propertiesof Vos’ architectureout keepingall PEsbusy at any
instant.

A simplified block diagramof the proposedstructureis presentedn fig. 4. The
cylindrical structureof fig. 3 is obtainedby connectingthe passie PEslocatedon
the right mamin of the passve block with the active PEsof the left mamin of the
active block, asit wasshowvn in fig. 1. The processingchemeof the proposechew-
AB2 architecturas shavn in fig. 6, usingthe samesetupof fig. 2. Contrastingwith
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Figure 6: Zig-zagdataflow of searclpixelsonthe New-AB2 architecturd N = 4, p = 2).

Vos’ architecturethis structuredoesnot requirethe usageof passie PEswithout
usefuldataat any moment. The chartpresentedn fig. 5 shavs the variation of
the numberof registersrequiredby both structurego performthe displacemenbf
searchareapixels, consideringV = 16 andk = p/N. Theline-chartrepresented
with the O marksshows the relation betweenthe numberof registersrequiredby
botharchitecturesThisrelationis about60% for k = 1 (p = N) and55% for k = 2
(p = 2N).

NEW CLASS OF MULTIPLE ARRAY ARCHITECTURES

The ME processorcan be further speededip by computingseveral similarity
measuresn parallelthroughthe usageof multiple active blocks (hereafterdesig-
natedby “cores”): sinceboththe passie andthe active PEsperformthe samedis-
placementask,a N x N passie PE arraycanbereplacedby anactive PE array
Neverthelessa processorcomposeddy C' processingcoreswill requireC' adder
treeblocksto computethe similarity valuesof the candidateMBs beingcomputed
at eachclock cycle, asit is shavn in fig. 7. Likewise, the former passive block,
composedy (2p — 1) x N processinglementgseefig. 4), is now fragmentednto
several smallerpassie blocks (attachedo the correspondingactive blocks). The
fraction of the lastpassie block composedy the setof (N — 1) x h passve PEs
locatednext to the right mamin of the structureis designatedy connection block.
The last column of this block is connectedwith the left column of the first active
block, thusobtainingthe previously describectylindrical structure(seefig. 3).

Theusageof severalactive blocksmakesit alsopossibleto split the computation
of eachsimilarity valueinto morethanoneactive block or time unit. This feature
providesthe ability to reducethe active block width to only £ PEs(1 < £ < N),
thus adaptingthe processoistructureto the characteristicof the implementation
technology(seefig. 7). It canbe provedthatin anarrayprocessocomposedy C
processingores eachonewith £ x h active PEs,andasearctrangeinitially defined
in theinterval [—(p— 1), p], correspondingo atotal of (2p)? candidateVBs defined
in a(2p+N —1)? pixel searctwindow, theeffective valueof thenumberof candidate
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Figure 7: FSBM architecturewith C' active blocks.

MBs in eachline of the searcharea(p) is givenby p = C | 22|, with a maximum
deviation from theinitial valuegivenby 0 < 2p —p < C — 1 [9]. Moreover, the
effective searchareais composedy L x L = [p + (N — 1)]” pixelsandthenumber

of passie PEsbetweereachof the C active blocksis givenby:

|22] —¢ ,1<i<C
m; = (1)
| 2| —¢t+N-1 ,i=C.

The dimensionof the processomrray can be further reducedif only h rows of
PEs(0 < h < N) areused.Hence thenumberof clock cyclesrequiredby eachof
thesestructuredo processa referenceMB is givenby (see[9]):

(@)l e

In fact, consideringactive blockswith £ < N or h < N implies the usageof
processingschemesvhere eachsimilarity measures only obtainedafter several
completeexcursionsof the processingoresover the correspondingearcharea,in
orderto processeachof the ([ ] x [4]) fractionsof the referenceMB. During
theseexcursions,searchareadatais displacedn both directionsin the processing

array Sincethe processingf eachexcursionrequires[gJ clock cycles,onecan

concludethat ([&] x [Z]) x [%J clock cyclesare neededo processeachline

of the searcharea. Consideringa total of p lines of candidateMBs, onecaneasily
obtaineq.2.

Typical structures

By adjustingthesmallsetof implementatiorparametergh, £ andC), processing
structureswith distinct performanceand hardwarerequirementsre obtained. The
correspondingnumberof clock cyclesrequiredto procesnereferenceMB canbe
obtainedby substitutingthesevaluesin eq.2.

The type | structureshavn in fig. 8(a) makes use of a single active block
(C = 1) andcorresponddgo the single array structurepreviously described. The
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Figure 8: Singleandmulti-processostructures

correspondinghnumberof clock cycles requiredto processone referenceMB is
T; = p2 = (2p)°.

Contrastingwith typel structurethetypell structureshown in fig. 8(b) makes
useof two active blocks(C' = 2), thusincreasingthe amountof requiredhardware
by a factorof 2. Therefore,the numberof clock cyclesrequiredto processone
referenceMB is halved: Trr = p2/2 = 1 (2p)°.

In thetypelll structureshown in fig. 8(c), the amountof requiredhardwarehas
beenreducedby usingonly h = N/2 rows of PEs. Two active blocks(C = 2) are
usedin this structure leadingto the samenumberof clock cyclesastypel struc-
ture: Tyrrr = p2. This factcanbe easilyunderstoodf onerealizesthat although
thenumberof PEsusedby this processoarrayis only half of therequiredby typel
structurejt usesexactlythesamenumberof active PEs.Consequentlynotonly does
this structureprovide advantagesn whatconcerngheamountof requiredhardware
resourcesbut it is alsocharacterizedby a shorterpre-fetchtime of the searcharea
data. This characteristican provide significantadvantagesvhenthe targetimple-
mentatiorhaslimited hardwareresourcesvailable(suchasFPGAdevices).

Thetype |V structure,llustratedin fig. 8(d), is characterizedyy usingthe same
hardwareresourceshantypelll structurebut with C = 4 andh = £ = % The
requirednumberof clock cyclesis Try = p2.

In the previous analysis the extra clock cyclesrequiredbetweenthe processing
of consecutre referenceMBs to transferor remove unusedor alreadyprocessed
searchdatafrom the array was not taken into account. Theseextra clock cycles
can be avoided if a transparentransfermechanismbasedon the pre-fetchlayer
describedn [9] is used.In tablel it is summarizedhe numberof clock cyclesand
thenumberof registersrequiredto processareferenceMB by eachof the described
new structuresusingthistransparentransfemode,andby thearchitecturgroposed
by Vos. In atypicalimplementationwith h = £ = 16 andC = 1 (N = p = 16),

Structure Processingime Number of registersrequired
New-AB2 | (2p)? 6N? +3N (2p — 1)
New-AB2 | i (2p)® 9N? 43N (2p — 1)
New-AB2 Il (2p)? BN2LEN(2p-1)
New-AB2 IV (2p)? AN2+ 3N (2p—1)
Vos|[5] (2p)> + N(N +2p— 1) 6N2 + 2N (2p — 1)

Table 1: Requirediime andnumberof registersto procesonereferenceMB.



the pre-fetchlayer approachrepresentsan increasein the numberof registersof
only 19.6%. This increaseof the hardwareresourceganbe easilyacceptedf the
achievedspeedup (1.734) is takeninto account.

MOTION ESTIMATION PROCESSORS

Efficient ME processorbasedon thepreviously describedclasscanonly be ob-
tainedif acarefuldesignof the processinglementsaswell astheseveralperipheral
blocksis carriedout. Moreover, a flexible and parameterizableescriptionof the
processoin the synthesidanguagemustbe alsoperformedin orderto achiese the
desiredconfigurablecharacteristics.

Processorlement

The internal structureof the actve  °%"

PE is shavn in fig. 9. A PE is com- ] éﬁﬂ W
posedby four main blocks: the search |
area transfer circuit (A), the reference
MB load circuit (B), the absolutediffer-

encearithmeticunit (C) andtheaccumu-
lator circuit (D). Since passie PEsare
only responsiblefor the displacemenbf

searcharea pixels, their internal struc-
ture is similar to the searchareatrans- 1
fer circuit of the active PEs (block A). ‘ TR
The searchpixel usedin the computation ‘
of thesimilarity measuras selectedrom

thesetof four pixelssuppliedby thethree
PEslocatedbelow, ontheleft andon the
right of theconsidered®Eandby aregis-

} S_down

i
I S_right

ABSOLUTE DIFFERENCE

ter from the transparentayer (S2 input), =

andis transferredo aninternalstanding- a1 *
dataregister In contrast,the reference *3" [ }+r‘

pixel is only transferredrom one of the Ls ‘\\j :
(%7 x [4]) running-dataregistersto poosmie
the standing-dataegister whenthe pro- Figure 9: Active PEinternalstructure.

cessingof a new referenceMB fraction

begins. The SAD similarity measurds computedin the absolutedifferencearith-

metic unit andthe obtainedresultis addedwith the partial sumobtainedfrom the

lowerlevel neighboPE (seefig. 4). Thesepartialsumsareaccumulateéh columns,
givingriseto N partialresultsof thesimilarity functionattheoutputsof the N active

PEslocatedin the uppermargin of the array Theseresultsare subsequentlyaccu-
mulatedby alog> N level addertree,to obtainthe similarity valueof the candidate
MB underconsiderationThis valueis thenfed to the comparatarwhichretainsthe

similarity measureandthe displacementectorcorrespondingo the bestmatching
candidateMB.



Input buffers

Referenceand searcharea pix- L
. £ m £ m N-1
els are loadedinto the processorar- A nnnEEE e ssBEEEEE
ray throughtwo serial-in-parallel-out |, ||{JO00| 0000000000000
(SIPO)input buffers, whosefunction 2nnn EEE e e

0

is to readthe pixelsof agivenline se- il
rially andtransferthemin parallelto C E— [
thearray . . (a) Consideredmplementation.

In particular the searchareainput
buffer readsfractionsof the previous z m -’ m LN
image,composedy the setof L pix- afaa,
elsof eachline of thesearcharea,and 1 |[PFofr:[|Aq 4454 NN BoBa|BsBoB BB
transfersthemin parallelto the array °ﬁ‘ i
assoonasall the ([&] x [4]) frac- e s s
tions of the referenceMB have been ’
processedlts implementations car (b) Correct alignment of the pixels in the input
ried out by meansof L cascadedeg- buffer with thosein thearray
isterswith their outputsconnectedo . _ L, o
theprocessoarray(seefig. 10(a)). T

However, with the introductionof A, e B.1B.[B.|[B 4B |Bo[BllIA A LA, 1AL A, A,
the new processingscheme based B o5 [
on the processocylindrical structure, i

. i H Pissin

somemeasurediave to betakenin or- o (e =

derto prowdethecorrectdatato each (c) Misalignmentof the pixels in the input buffer

PE.Fig. 10(a)shavs an exampleof a with thosein the processingarray
processomrraywith C = 2, N = 4 )
andp = 7. To simplify the expla- [

[ T

sin

nation, the processorarray was rep-
resentedSChematlca”ym ﬂg' 1O(b)' (d) Input buffer and alignmentcircuit of searcharea
whereeachcolumnof the searcharea pixels.
wascorvenientlynumberediccording
to thecorrespondingctive block A or
B. Sincesomeof thesecolumnsare processedy morethanoneactive block, they
weremarkedwith bothrepresentationslhesituationillustratedin thisfigure corre-
spondgo oneof the two extremepositionsof the databeingprocessedh the array
and coincideswith the transferof a new searchline. In this case,the position of
the pixelsin the arrayis the sameasin the input image. Consequentlyit is only
necessaryo transferthemin parallelto the array

However, in the situationcorrespondindo the otherextremeposition,the spatial
distribution of the pixelsloadedinto the input registersis not alignedwith the dis-
tribution of the pixelsin the processingarray In fact, their alignmentcanonly be
guaranteed theconnectiorof the L registersis doneasit is illustratedin fig. 10(c).
In this case the setof L input registersis split into two smallershift registers:one
with C(£ + m) — m registersandotherwith m + N — 1 registers.

In fig. 10(d)it is presentedhe searchareainput buffer andits alignmentcircuit.

Figure 10: Searchareainput buffer.



This circuit is characterizedy a variableconnectiontopology of the two smaller
input registersthatdepend®n the directionof theflow of the databeingprocessed.
This variabletopologyis accomplishedby meansof two multiplexers, making it
possibleto transferin parallelall the L input pixelsto the correctpositionsof the
processingrray

Processordescription

A configurationsoftwaretool hasbeendevelopedto determinethe setof possi-
ble configurationf the proposedtlassof architecturesvhich fulfill the requisites
of thevideo coder This configurationtool, whosegraphicalinterfaceis illustrated
in fig. 11, recevesthe following setof parametersthe imageresolutionand the
framerate;thedimensiorof thereferenceMB (N') andthe maximumdisplacement
in eachdirection (p); the processomaximumoperatingfrequeny anda flag indi-
catingif thetransparentransfermodebasedon thereferredpre-fetchlayer[9] is to
be used. Theseparametersre usedto computethe requirednumberof PEsto be
implementedn eachline andcolumnof the active blocks(h, £) andthe numberof
processingoresthatwill computein parallelthe SAD similarity measurdC'). For
eachpossibleconfiguration,this applicationoutputsthe effective maximumframe
rate ( fr) andmay alsosupplythe requiredsemiconductoarea,calculatedwith a
priori informationaboutthe usedtechnology(input file). As soonasthe selection
of the desiredconfigurationhasbeencarriedout, this tool outputsthe completede-
scriptionof the FSBM processousinglEEE-VHDL descriptionlanguage.

EXPERIMENT AL RESULTS

The desiredefficiency levels of the proposedclassof processorganonly be
achievedif its implementatioris carriedout with a carefulstudy of the blocksthat
affect more significantlyits overall performancetrying to minimize their critical
path.The mosttime consumingoperationgperformedby the processoarethosein-
volvedin the computatiorof the SAD similarity measureaddition,subtractiorand
absolutevaluecomputation Consequentlygatelevel optimizationsvereconsidered
andcarriedoutin circuits C andD of fig. 12, in orderto obtainthe shortestritical
pathaspossible.

Oneof the consideredipproachesonsistedn the usageof a growing bit-vector
operandstratgy: while theabsolutalifferencearithmeticunit performsits operation
on 8-bit input values theaccumulatiortircuit operate®n 12-bit operandstequired
to accommodatehe sum of all partial valuesof a given column. Following the
samestratgyy, 16-bit operandswvere consideredn the addertree structuresthus
providing the requireddynamicrange. To further minimize the processingime,
both the active PE andthe addertree circuits were implementedusing carry-sae
addertopologies.However, anincrementecircuit hasbeenusedin thecomputation
of the mostsignificantbits, in orderto avoid unnecessarwide bit-vectoroperands,
resultingfrom the 1-bit growth betweeneachstageof the carry-sae accumulation
circuits. Moreover, Sklansly prefix-addestructure$10] have beenextensiely used
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dueto their significantadvantagesn whatconcernghe minimizationof the critical
path.

To achieve therequiredcharacteristicin whatconcernghe processoconfigura-
bility, the descriptionof the several blocksof the proposedclassof processorsvas
carriedout usinga fully parameterizabléEEE-VHDL description,making exten-
sive useof ‘generi ¢’ configurationinputsandusingafully structuraldescription
of themainprocessingtructures.

A FSBM chip basedon the proposedclassof architecturesvas designedwith
Synopsysand Cadencedesigntools, using a 0.25um CMOS technologyprocess.
Theimplementectonfigurationis composedy a singleactive block (C' = 1) with
16 x 16 PES(IN = 16) andis characterizedy a searchrangefrom -15 to +16
pixels (p = 16), correspondingo the setof parametersypically usedby ITU-T
H.26xandISO MPEG standardsA completelist of the processocharacteristicés
presentedn table2. The chipis ableto deliver 28.6GOPsat 36.5MHz over typi-
cal voltageandtemperatureanges.In eachclock cycle, eachof the N2 active PEs
computenedifference pneabsolutevalueandoneaccumulatioroperation;each
of the2'°82 NV 1 addertreePEsperformsoneadditionandthecomparatounit com-
putesonecomparisonAs anexample,with theseresultsonecanconcludethatthis
implementedprocessois ableto performmotion estimationon 4CIF (704 x 576)
imagesequenceatarateupto 16 framespersecond.

Algorithm FSBM Technology CMOS- 0.25um UMC
Block size* 16 x 16 Supplyvoltage 2.5V /3.3V
Searclrange —15,+16 Active PEarea 32,184.1um?
*. configurable Die area 16.07mm?
Max. frequengy 36.5MHz
(&) Algorithm parameters Max. resolution 4ACIF/16fps

(b) Chip characteristics
Table 2: Implementecprocessocharacteristics.



CONCLUSIONS

A classof fully parameterizablenultiple array architecturedor ME in video
sequencebasbeenproposedn this paper This classmakesuseof the FSBM algo-
rithm andis basedon a new efficient AB2 singlearrayarchitecturenith minimum
lateng, maximumthroughputandfull utilization of the hardwareresources.This
classprovidesthe possibility to processn parallelseveral candidateMBs, through
the usageof multiple andindependenprocessingoresthat computethe similarity
measuresA softwareconfiguratiortool hasbeendeveloped o providetheability to
automaticallyconfigurethetargetprocessoraccordingto the setupparametershe
processingime andthe circuit areaspecifiedimits. Processorbasedon this class
of architecturesreableto performME accordingto the existing ITU-T H.26x and
ISO MPEG standardsvith configurablesearctrangesandvideoquality tradeofs.
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