
PARAMETERIZABLE HARDWARE ARCHITECTURES
FOR AUTOMATIC SYNTHESIS OF MOTION ESTIMATION

PROCESSORS

Nuno Roma LeonelSousa
Nuno.Roma@inesc-id.pt las@inesc-id.pt

InstitutoSuperiorTécnico/ INESC-ID
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Abstract - A new class of fully parameterizable multiple array architectures for
motion estimation (ME) in video sequencesbased 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 setupparameters, the processingtime 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 single array processorconfiguration on
a single-chip is presented.Experimental resultsevidencethe ability to estimatemotion
vectorsin real-timewith this configuration.

INTRODUCTION

Video coding systemshave beenassumingan increasinglyimportant role in
several applicationareastied in with digital television, videophoneand video-
conference.Several video compressionstandardshave beenestablishedfor these
differentapplications[1], exploringbothspatialandtemporalredundanciesof video
sequencesto achieve the requiredcompressionrates. Among thesetechniques,
motion-compensationhasproved to be a fundamentaltechniqueto improve inter-
framepredictionin videocoding.

As a consequenceof thehugeamountof computationsrequiredby ME, a great
researcheffort hasbeenmadeto developefficient dedicatedstructuresandspecial-
izedprocessors[2]. Dueto its regularprocessingschemeandsimplecontrolstruc-
tures,FSBM algorithms,using the sum of absolutedifferences(SAD) matching
criteria, have beenthe mostusedin VLSI implementations,providing optimal es-
timation resultsandleadingto fastandefficient processingstructures.Oneof the
first discussionsaboutFSBMarchitecturesandtheirclassificationwaspresentedby
KomarekandPirsch[3]. Komarekpresentedthecharacteristicsof a setof 1-D and



2-D arrays,obtainedby reducingthe dimensionof the original dependencegraph
usingtraditionalindex projection,timeschedulingandgraphfolding techniques[4].
Theirmaindifferenceis theexploredprocessingconcurrency, implying theusageof
differentstructuresanddifferentnumberof ProcessorElement(PE)s.

Among all thesesystolic structures,the AB2 2-D architectureproposedby
Vos [5, 6] hasbeenregardedasoneof the mostefficient structures[7]. Its pecu-
liar processingschemeprovidesit with ashortprocessingtimeandalimited amount
of hardwareresources.However, it still hassomenon-exploredfeatures,which can
beusedto significantlyimproveits efficiency andparallelismlevels.Therefore,this
architecturewasselectedasthebasisfor thepresentedresearchandit will beshown
that significantimprovementsin what concernsits hardwarerequirementscan be
obtained,sincetheamountof memoryusedto storethesearchareadatacanbesub-
stantiallyreducedto achieve a full utilization of thehardwareresources.Moreover,
theproposednew singlearrayarchitecturewill beextendedto multiple arrayarchi-
tectures,by exploringtheparallelismandlackof datadependenciesprovidedby the
ME procedure.A new classof parameterizablearrayarchitectureswasderived,in-
tegratingtheproposedsinglearrayandmultiple arrayarchitectures.This classwas
describedusing fully parameterizableVHDL codeand its functionality was thor-
oughly tested. An integratedcircuit basedon the proposedclassof architectures
hasbeendevelopedusinga standardcell library of a CMOS-

����������	
technology

process.Experimentalresultsevidencethepossibilityto estimatemotionvectorsin
4CIF videosequencesat a rateupto 16 frames/swith this implementedconfigura-
tion.

NEW-AB2 SINGLE ARRAY ARCHITECTURE

As it was referred,the proposednew single array architecture,designatedby
New-AB2, presentssomesignificantimprovementsin whatconcernstheutilization
of thehardwareresources.Due to thesimilaritiesbetweentheprocessingschemes
of this architectureand the architectureproposedby Vos, its descriptionwill be
doneby contrastingits optimizedcharacteristicswith thosepresentedby Vos and
Stegherr[5, 6].

Processorstructure

Thediagramshown in fig. 1 illustratesthemaindifferencesbetweenthearchi-
tectureproposedby Vos,representedwith solidanddottedstylelines( 
�
�
 
�
�
 ), andthe
New-AB2 architecture,representedwith solidanddot-dashedstylelines( ��
�� ). Like
in otherAB2 structures,eachpixel of thereferencemacroblock(MB) is assignedto
oneof the 
�� PEsthatcomputetheSAD similarity function(designatedby active
PEs). Besidesthis active block, theprocessorproposedby Vosis alsocomposedby
two passive blocks with

����� 
 passive PEs, which areappendedto eachsideof
theactiveblock (seefig. 1). Eachpassive PEis composedby running-dataregisters
for thedisplacementandstorageof searchareapixels. Both thereferenceMB and
the searchareapixels are transferedinto the processorthroughtwo vertical input
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Figure 1: AB2 processorarray for FSBM-ME, consideringeachreferenceMB with ����� pixels� ������� andthesearchareacomposedby
���! #" �$�%� �&�! #" �$� pixels

�  �(')� .
registerchains,with length 
 and

����* 
 , respectively.
Within thePEarray, searchareapixelscanbedisplacedin 3 directions:upwards,

downwardsandto theleft. If at a givenclock cycleonecolumnwith
�+��* 
 pixels

of thesearchareais fed into thestructurethroughthesetof
�+�,* 
 upperinputs,

all searchareapixels within the PE arrayaresimultaneouslyshiftedoneposition
to the left. During the following

�+�-*/.
clock cycles,searchareadatais shifted

downwardsonepositionpercycle. Meanwhile,thepixelscorrespondingto different
candidateMBs are processedby the several active PEs,obtainingone similarity
valueat eachclock cycle. After

�+�0*1.
shift-down operations,anotherleft shift of

the searchareais performedanda new columnof pixels is fed in the right sideof
the array. However, this columnis now loadedthroughthe

�+��* 
 lower inputs.
This alternationof input positionsin the input registerchainis repeatedalongthe
searchprocess.During thefollowing

�+�$*2.
clockcycles,searchareadatais shifted

upwardsin asimilarmannerasdescribedabove,beingshiftedto theleft after
���3*4.

clock cycles. This zig-zagprocessingschemeprovidesfastprocessingcapabilities,
by preventingthe needfor dummyclock cyclesbetweentwo adjacentlines of the
searcharea.Theseextra cyclesareoftenrequiredby otherarchitecturesto displace
searchareadatainsidethearray[3, 8].

The processingschemeof Vos’ architecturecanbe represented,in a simplified
way, by the sequenceof statesshown in fig. 2. The fractionof thesearchareabe-
ing processedat a given clock cycle wasrepresentedusinga solid-line rectangle,
whereasthoseleaving or enteringtheprocessorwererepresentedusingdashed-line
rectangles.Thebottomdashed-linerectanglesrepresentsearchareafractionsenter-
ing the processorin the next clock cycle, while the top dashed-lineonesrepresent
searchfractionsleaving thearray.
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Figure 2: Zig-zagdataflow of searchareapixelsonVosarchitecture( ]_^-` , aJ^-b ).

Figure 3: Proposedarchi-
tecturedisposedoveracylin-
drical surface.

From a brief analysisof fig. 2 one realizesthat in an
arraycomposedby ced active PEsandby fhgickjlf�m,n_oqp
passive PEs,usedto processsearchfractionswith crgjFcts_f+mhn�oup pixels, half of the total amountof passive
PEsarenotbeingused.However, thesepassivePEsarere-
quiredwheneversearchareapixelsaredisplacedinto their
registers. The proposedsolution to overcomethis draw-
backconsistsin disposingthe Vosplanarstructureover a
cylindrical surface,asit is shown in fig. 3. By doing so,
sincethe pair of passive blocksis superimposed,onecannaturallydiscardoneof
them,usingthe other to displacethe searchareapixels. Nevertheless,it is worth
notingthatthezig-zagprocessingschemecanstill beappliedto thismodifiedstruc-
ture,preservingthepropertiesof Vos’ architecturebut keepingall PEsbusyat any
instant.

A simplifiedblock diagramof theproposedstructureis presentedin fig. 4. The
cylindrical structureof fig. 3 is obtainedby connectingthepassive PEslocatedon
the right margin of the passive block with the active PEsof the left margin of the
activeblock,asit wasshown in fig. 1. Theprocessingschemeof theproposednew-
AB2 architectureis shown in fig. 6, usingthesamesetupof fig. 2. Contrastingwith
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Figure 4: Simplified diagramof
theproposednew-AB2 structure.
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Figure5: Relationbetweentherequirednumberof displacement
registersin Vosarchitectureandin thenew-AB2 architecture.
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Figure 6: Zig-zagdataflow of searchpixelson theNew-AB2 architecture( �2�-� ,  � � ).
Vos’ architecture,this structuredoesnot requirethe usageof passive PEswithout
useful dataat any moment. The chart presentedin fig. 5 shows the variation of
the numberof registersrequiredby bothstructuresto performthedisplacementof
searchareapixels,considering
�� .¡ 

and ¢�� �¤£ 
 . The line-chartrepresented
with the ¥ marksshows the relationbetweenthe numberof registersrequiredby
botharchitectures.Thisrelationis about

 7��¦
for ¢,� . (

� �§
 ) and
����¦

for ¢,� �
(
� � � 
 ).

NEW CLASS OF MULTIPLE ARRAY ARCHITECTURES

The ME processorcanbe further speededup by computingseveral similarity
measuresin parallel throughthe usageof multiple active blocks (hereafterdesig-
natedby “cores”): sinceboththepassive andtheactive PEsperformthesamedis-
placementtask,a 
 � 
 passive PE arraycanbe replacedby an active PE array.
Nevertheless,a processorcomposedby ¨ processingcoreswill require ¨ adder
treeblocksto computethesimilarity valuesof thecandidateMBs beingcomputed
at eachclock cycle, as it is shown in fig. 7. Likewise, the former passive block,
composedby © ���,ª_.q«¬� 
 processingelements(seefig. 4), is now fragmentedinto
several smallerpassive blocks(attachedto the correspondingactive blocks). The
fractionof the lastpassive block composedby thesetof ©l
 ª­.q«3�(®

passive PEs
locatednext to the right margin of thestructureis designatedby connection block.
The last columnof this block is connectedwith the left columnof the first active
block, thusobtainingthepreviouslydescribedcylindrical structure(seefig. 3).

Theusageof severalactiveblocksmakesit alsopossibleto split thecomputation
of eachsimilarity valueinto morethanoneactive block or time unit. This feature
providesthe ability to reducethe active block width to only ¯ PEs(

.e° ¯e±²
 ),
thus adaptingthe processorstructureto the characteristicsof the implementation
technology(seefig. 7). It canbeprovedthat in anarrayprocessorcomposedby ¨
processingcores,eachonewith ¯ �³® activePEs,andasearchrangeinitially defined
in theinterval ´ ª © �Jª-.q«+µl��¶ , correspondingto atotalof © ���%« � candidateMBs defined
in a © �+�·* 
 ª¸.u« � pixelsearchwindow, theeffectivevalueof thenumberof candidate
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MBs in eachline of the searcharea jq»m%p is givenby »m½¼k¾À¿ d!ÁÂ�Ã , with a maximum
deviation from the initial valuegivenby Ä(Å/f�mÆn²»m�Å/¾�n­o [9]. Moreover, the
effectivesearchareais composedby Ç�g$Ç2¼�ÈÉ»mÊs­jFcËn�oupPÌ d pixelsandthenumber
of passivePEsbetweeneachof the ¾ activeblocksis givenby:Í-Î ¼ ÏÐ Ñ ¿ d!ÁÂ Ã n�Ò Ó·oÔÅ_Õ�Ö�¾¿ d!ÁÂ Ã n�Ò#s×cËn_oØÓ�ÕX¼Ù¾$Ú (1)

The dimensionof the processorarraycanbe further reducedif only Û rows of
PEs( Ä0Ö1Û(Å­c ) areused.Hence,thenumberof clock cyclesrequiredby eachof
thesestructuresto processa referenceMB is givenby (see[9]):Ü ¼ÞÝàß c Ûhá g�ß c ÒÔá¤â g§»migÀã »m¾-ä (2)

In fact, consideringactive blocks with Ò­Öåc or ÛæÖçc implies the usageof
processingschemeswhereeachsimilarity measureis only obtainedafter several
completeexcursionsof theprocessingcoresover thecorrespondingsearcharea,in
orderto processeachof the è�éëê ìXíhg1é+ê îïí�ð fractionsof the referenceMB. During
theseexcursions,searchareadatais displacedin both directionsin the processing

array. Sincethe processingof eachexcursionrequires ñ9òÁÂ�ó clock cycles,onecan

concludethat è�é ê ì í g é ê î í7ð g ñ#òÁÂ ó clock cyclesareneededto processeachline

of thesearcharea.Consideringa total of »m linesof candidateMBs, onecaneasily
obtaineq.2.

Typical structures

By adjustingthesmallsetof implementationparameters( Û , Ò and ¾ ), processing
structureswith distinct performanceandhardwarerequirementsareobtained.The
correspondingnumberof clock cyclesrequiredto processonereferenceMB canbe
obtainedby substitutingthesevaluesin eq.2.

The type I structureshown in fig. 8(a) makes use of a single active block
( ¾ô¼õo ) andcorrespondsto the singlearraystructurepreviously described.The
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Figure 8: Singleandmulti-processorstructures

correspondingnumberof clock cycles requiredto processone referenceMB isöø÷ �úù� �û��© ���%« � .
Contrastingwith type I structure,the type II structureshown in fig. 8(b) makes

useof two active blocks( ¨ü� � ), thusincreasingtheamountof requiredhardware
by a factor of 2. Therefore,the numberof clock cycles requiredto processone
referenceMB is halved:

öø÷}÷ �Ëù� � £�� �úý� © �+�¤« � .In thetype III structureshown in fig. 8(c), theamountof requiredhardwarehas
beenreducedby usingonly

® ��
 £�� rows of PEs.Two active blocks( ¨/� � ) are
usedin this structure,leadingto the samenumberof clock cyclesastype I struc-
ture:

öø÷;÷;÷ �þù� � . This fact canbe easilyunderstoodif onerealizesthat although
thenumberof PEsusedby this processorarrayis only half of therequiredby typeI
structure,it usesexactlythesamenumberof activePEs.Consequently, notonly does
thisstructureprovideadvantagesin whatconcernstheamountof requiredhardware
resources,but it is alsocharacterizedby a shorterpre-fetchtime of thesearcharea
data. This characteristiccanprovide significantadvantageswhenthe target imple-
mentationhaslimited hardwareresourcesavailable(suchasFPGAdevices).

Thetype IV structure,illustratedin fig. 8(d), is characterizedby usingthesame
hardwareresourcesthantype III structure,but with ¨ú�kÿ and

® �ü¯,��� � . The
requirednumberof clockcyclesis

öø÷�� �úù� � .
In thepreviousanalysis,the extra clock cyclesrequiredbetweentheprocessing

of consecutive referenceMBs to transferor remove unusedor alreadyprocessed
searchdatafrom the array was not taken into account. Theseextra clock cycles
can be avoided if a transparenttransfermechanismbasedon the pre-fetchlayer
describedin [9] is used.In table1 it is summarizedthenumberof clock cyclesand
thenumberof registersrequiredto processa referenceMB by eachof thedescribed
new structuresusingthistransparenttransfermode,andby thearchitectureproposed
by Vos. In a typical implementation,with

® �À¯�� .¡ 
and ¨ � . ©l
Þ� � � .u 7« ,

Structure Processingtime Number of registersrequired

New-AB2 I
�V�! � � � � � " ��� ���! �� ')�

New-AB2 II
�� �V�! � � 	 � � " ��� ���! �� ')�

New-AB2 III
�V�! � � ��
� � � " 
 � � �&�! �� ')�

New-AB2 IV
�V�! � � �
�� � � " 
 � � �&�! �� ')�

Vos[5]
���! � � " � � � ",�! �� ')� � � � "h� � ���! �� ')�

Table 1: Requiredtimeandnumberof registersto processonereferenceMB.



the pre-fetchlayer approachrepresentsan increasein the numberof registersof
only

.����  �¦
. This increaseof the hardwareresourcescanbe easilyacceptedif the

achievedspeedup © .������ ÿ « is takeninto account.

MOTION ESTIMATION PROCESSORS

EfficientME processorsbasedon thepreviouslydescribedclasscanonly beob-
tainedif acarefuldesignof theprocessingelementsaswell astheseveralperipheral
blocks is carriedout. Moreover, a flexible andparameterizabledescriptionof the
processorin thesynthesislanguagemustbealsoperformedin orderto achieve the
desiredconfigurablecharacteristics.
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The internal structureof the active
PE is shown in fig. 9. A PE is com-
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 passive PEs are
only responsiblefor the displacementof
searcharea pixels, their internal struc-
ture is similar to the searchareatrans-
fer circuit of the active PEs (block A).
Thesearchpixel usedin thecomputation
of thesimilarity measureis selectedfrom
thesetof four pixelssuppliedby thethree
PEslocatedbelow, on the left andon the
right of theconsideredPEandby aregis-
ter from the transparentlayer (S2 input),
andis transferredto aninternalstanding-
data register. In contrast,the reference
pixel is only transferredfrom oneof the��� � ��� � � � ����� running-dataregistersto
the standing-dataregisterwhen the pro-
cessingof a new referenceMB fraction
begins. The SAD similarity measureis computedin the absolutedifferencearith-
metic unit andthe obtainedresult is addedwith the partial sumobtainedfrom the
lowerlevel neighborPE(seefig. 4). Thesepartialsumsareaccumulatedin columns,
giving riseto 
 partialresultsof thesimilarity functionattheoutputsof the 
 active
PEslocatedin theuppermargin of thearray. Theseresultsaresubsequentlyaccu-
mulatedby a � �"! � 
 level adder-tree,to obtainthesimilarity valueof thecandidate
MB underconsideration.Thisvalueis thenfed to thecomparator, which retainsthe
similarity measureandthedisplacementvectorcorrespondingto thebestmatching
candidateMB.
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Referenceand searcharea pix-
els are loadedinto the processorar-
ray throughtwo serial-in-parallel-out
(SIPO) input buffers, whosefunction
is to readthepixelsof a givenline se-
rially andtransferthemin parallel to
thearray.

In particular, the searchareainput
buffer readsfractionsof the previous
image,composedby thesetof ( pix-
elsof eachline of thesearcharea,and
transfersthemin parallel to the array
assoonasall the )+*�, -�.0/1*�, 23.+4 frac-
tions of the referenceMB have been
processed.Its implementationis car-
ried out by meansof ( cascadedreg-
isterswith their outputsconnectedto
theprocessorarray(seefig. 10(a)).

However, with the introductionof
the new processingscheme based
on theprocessorcylindrical structure,
somemeasureshaveto betakenin or-
derto provide thecorrectdatato each
PE.Fig. 10(a)shows anexampleof a
processorarraywith 57698 , :;6=<
and >?6A@ . To simplify the expla-
nation, the processorarray was rep-
resentedschematicallyin fig. 10(b),
whereeachcolumnof thesearcharea
wasconvenientlynumberedaccording
to thecorrespondingactiveblockA or
B. Sincesomeof thesecolumnsareprocessedby morethanoneactive block, they
weremarkedwith bothrepresentations.Thesituationillustratedin thisfigurecorre-
spondsto oneof thetwo extremepositionsof thedatabeingprocessedin thearray
andcoincideswith the transferof a new searchline. In this case,the positionof
the pixels in the array is the sameasin the input image. Consequently, it is only
necessaryto transferthemin parallelto thearray.

However, in thesituationcorrespondingto theotherextremeposition,thespatial
distribution of thepixels loadedinto the input registersis not alignedwith thedis-
tribution of the pixels in the processingarray. In fact, their alignmentcanonly be
guaranteedif theconnectionof the ( registersis doneasit is illustratedin fig. 10(c).
In this case,thesetof ( input registersis split into two smallershift registers:one
with 5CBEDGFIHKJ�LMH registersandotherwith HNFO:=LQP registers.

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



This circuit is characterizedby a variableconnectiontopologyof the two smaller
input registersthatdependson thedirectionof theflow of thedatabeingprocessed.
This variabletopology is accomplishedby meansof two multiplexers,making it
possibleto transferin parallelall the R input pixels to the correctpositionsof the
processingarray.

Processordescription

A configurationsoftwaretool hasbeendevelopedto determinethesetof possi-
ble configurationsof theproposedclassof architectureswhich fulfill the requisites
of thevideocoder. This configurationtool, whosegraphicalinterfaceis illustrated
in fig. 11, receives the following setof parameters:the imageresolutionand the
framerate;thedimensionof thereferenceMB ©F
 « andthemaximumdisplacement
in eachdirection © �%« ; theprocessormaximumoperatingfrequency anda flag indi-
catingif thetransparenttransfermodebasedon thereferredpre-fetchlayer[9] is to
be used. Theseparametersareusedto computethe requirednumberof PEsto be
implementedin eachline andcolumnof theactive blocks © ®�µ ¯ « andthenumberof
processingcoresthatwill computein paralleltheSAD similarity measure©l¨ « . For
eachpossibleconfiguration,this applicationoutputsthe effective maximumframe
rate ©TS�U « andmay alsosupplythe requiredsemiconductorarea,calculatedwith a
priori informationaboutthe usedtechnology(input file). As soonasthe selection
of thedesiredconfigurationhasbeencarriedout, this tool outputsthecompletede-
scriptionof theFSBM processorusingIEEE-VHDL descriptionlanguage.

EXPERIMENT AL RESULTS

The desiredefficiency levels of the proposedclassof processorscanonly be
achievedif its implementationis carriedout with a carefulstudyof theblocksthat
affect more significantly its overall performance,trying to minimize their critical
path.Themosttimeconsumingoperationsperformedby theprocessorarethosein-
volvedin thecomputationof theSAD similarity measure:addition,subtractionand
absolutevaluecomputation.Consequently, gateleveloptimizationswereconsidered
andcarriedout in circuitsC andD of fig. 12, in orderto obtaintheshortestcritical
pathaspossible.

Oneof theconsideredapproachesconsistedin theusageof a growing bit-vector
operandstrategy: while theabsolutedifferencearithmeticunit performsitsoperation
on8-bit inputvalues,theaccumulationcircuit operateson12-bit operands,required
to accommodatethe sum of all partial valuesof a given column. Following the
samestrategy, 16-bit operandswere consideredin the adder-tree structures,thus
providing the requireddynamicrange. To further minimize the processingtime,
both the active PE andthe addertreecircuits were implementedusingcarry-save
addertopologies.However, anincrementercircuit hasbeenusedin thecomputation
of themostsignificantbits, in orderto avoid unnecessarywide bit-vectoroperands,
resultingfrom the1-bit growth betweeneachstageof thecarry-save accumulation
circuits.Moreover, Sklansky prefix-adderstructures[10] havebeenextensivelyused



Figure 11: FSBM processorconfigurationtool.
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Figure 12: Internalstructureof blocksC and
D of theactive processorelement.

dueto their significantadvantagesin whatconcernstheminimizationof thecritical
path.

To achievetherequiredcharacteristicsin whatconcernstheprocessorconfigura-
bility, thedescriptionof theseveralblocksof theproposedclassof processorswas
carriedout usinga fully parameterizableIEEE-VHDL description,makingexten-
sive useof ‘generic’ configurationinputsandusinga fully structuraldescription
of themainprocessingstructures.

A FSBM chip basedon the proposedclassof architectureswasdesignedwith
SynopsysandCadencedesigntools, usinga

������� �M	
CMOS technologyprocess.

Theimplementedconfigurationis composedby a singleactive block ( ¨/� . ) with.¡ ��­.¡ 
PEs( 
 � .u 

) and is characterizedby a searchrangefrom -15 to +16
pixels (

� � .¡ 
), correspondingto the setof parameterstypically usedby ITU-T

H.26xandISO MPEGstandards.A completelist of theprocessorcharacteristicsis
presentedin table2. The chip is ableto deliver 28.6GOPsat

�� M� ��VXW�Y
over typi-

cal voltageandtemperatureranges.In eachclock cycle,eachof the 
e� active PEs
computesonedifference,oneabsolutevalueandoneaccumulationoperation;each
of the

��Z []\ � � ªÊ. adder-treePEsperformsoneadditionandthecomparatorunit com-
putesonecomparison.As anexample,with theseresultsonecanconcludethatthis
implementedprocessoris ableto performmotionestimationon 4CIF © � � ÿ ���^�  7«
imagesequencesat a rateup to 16 framespersecond.

Algorithm FSBM
Block size_ .u Ê�(.u 
Searchrange_ ªÔ.u��µ;*�.¡ 
_ - configurable

(a) Algorithm parameters

Technology CMOS-
����������	

UMC
Supplyvoltage

� ����`
/
��� �+`

ActivePEarea
��� µ¡.�a ÿ � .7��	 �

Die area
.¡ �� �^� 	h	 �

Max. frequency
�� M� ��VXW�Y

Max. resolution 4CIF/16fps

(b) Chip characteristics

Table 2: Implementedprocessorcharacteristics.



CONCLUSIONS

A classof fully parameterizablemultiple array architecturesfor ME in video
sequenceshasbeenproposedin thispaper. Thisclassmakesuseof theFSBMalgo-
rithm andis basedon a new efficient AB2 singlearrayarchitecturewith minimum
latency, maximumthroughputandfull utilization of the hardwareresources.This
classprovidesthepossibility to processin parallelseveralcandidateMBs, through
theusageof multiple andindependentprocessingcoresthatcomputethesimilarity
measures.A softwareconfigurationtool hasbeendeveloped,to providetheability to
automaticallyconfigurethetargetprocessorsaccordingto thesetupparameters,the
processingtime andthecircuit areaspecifiedlimits. Processorsbasedon this class
of architecturesareableto performME accordingto theexisting ITU-T H.26xand
ISO MPEGstandardswith configurablesearchrangesandvideoquality tradeoffs.
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