VETHOD" FCR/SEER2AAG2 MBANSE VECTORS AND | MAGE PROCESSI NG DEVI CE

| MPLEMENTI NG THE SAI D METHCD The present invention relates to
a rrethod of selecting 5 notion vectors . ,and to a device inplenenting this
met hod. The met hod or device in accordance with the invention is used
in p a METHOD FOR) ammmmwmm S\M|MGBS@RQMSW JEVICE
noti on conpensati on. IMPL 8AT opCONpPressi on systens
are based on 10 bl ockw se pixe proce55| ng. ?n e case of MPERX

(standi ng for ~ "Mption Picture Expert Goup”), the inages are divided

into bl ocks an@*ﬁreséﬁtsanﬁzewubhocﬂ‘élahfésﬂgtasaerﬁémbd nbe %elect:.ng |
macr obl ock of 16*16 8IX€|S The bl ogks ,or cr ob) ock%
higqfielieg The

variods BRGQRsVAGEOEBer@d ok 2+ P‘”F@du’c’f‘ menking g
bet vveen netdges oandiemilde nian adomaganceOmeithf th&elnvenpimesm ngsed in

oper at i Q%ﬁe&&asr n?ﬁ' %%JT%MI%M tith%‘hEn%&Q% th.cﬁ'P nﬁbét % ethod of

estimati I'spl acenen € current réespect
to previ ;etigm feompensatuigys. One or nore not i on vectors Whl ch

define the disp acRplr of CimabBUScdfprdss i ”@ﬂaterﬂ-@esé'rémtﬁa@éd on

vectors _enable a prediction of the current 1 mage to Icebtamedfrom
pr evitBus Rogkwife PREgLsPreressingy; it ghR cCRELWOH, Wﬁ%z ptebreding £oF

thedc?rreﬂmﬁumepugthh&n Expefhet ems_uw’d andhet imagéss aitd f @ierigeanhinboi s
used for .the ent. C ion. At res rmtl n ct

used for IS cé?squ ?e*%nté"lxe i P@&I na 3? ﬁ' 512 gﬁal Fay
be used mcmlmzdk emf' | rHe*L6 | rmgeé.a‘.or Thee mmqoinae @h:‘ rd;dh@c! mg.crobloeks
effects c§ra§%?0%%'s°“ BE:E:BE—:ésmg O&er?ni@ﬁéon | MRl Qi the

generally per for e macr stead of a previous 1 mge,
it i%3al sr@ e hbetweensdmages; eﬂéﬂen'%thmfag%n sipAgR. Qe (Ipf the

encoder, ﬁdl‘!éss:ufgig%perat(i@hbesﬁé@d' ng t mothenl naaeml&egaﬁd bk 155 dﬁfé‘t@@ﬁ

(t hat |sto S.a ak i nt o account 0 tion
Gue (o congiRs taf garitatinghk GfETacatRt [OE B Hh HE: TS
macr obl ocimage t wbtRS rersﬁe&rtente ipEEyd ouEn Sost futrmneonj:xmgeg tbaecumremore

nmacr obl o% on‘M Ué ?unct o E@ﬂocﬁe?:fr#é'e Eﬁger &f%i%@%ﬁ n@s (‘é}_{g)ar iti(&@

criterion, an error hed, cal cu
poss#Bl eqﬁmmme%f Thesencrebionk vectows r enabdeceai 1theon of the

posi tion gipMidit tiitagdBtd a5é . MBtand@' £16R HHEcibas 5frfﬁthke images. The
difference between this prediction and the current image is then
determined and it is this difference' which is used  for the
subsequent compression. At present, motion vectors are used for
25 'so-called “inter” and “bi-directional” images, but can equally
be used for so-called “intra” images for the purpose of reducing
the effects of any transmission errors.

Motion estimation is = generally performed for each
macroblock. Instead of a previous image, it is also possible to
30 use a reference image stored in the encoder, this image
corresponding to the image decoded by a decoder (that is to say
an image which takes into account information 1loss due to

compression). ,
A technique_for determining the “best” macroblock in the
35 reference image consists in comparing the current macroblock
with each macroblock of the reference image. As comparison
criterion, an error function Err is defined, calculated for each
possible position of the macroblock in the reference image. The
position giving the smallest value for tEE,EEEEEEEE_EEE—EE;l
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Spe %%(%?ﬁ?%%o?ﬁg*gfagﬁ?acenent vector. This latter may be of vari ous

accuraci es, depending on the conputational capacity avail able and on
the passband reserved for coding the notign_vectors. An accuracy of a
fraction of a pixel can bhe realized by inter-pixel 5 interpolation. |f
the notiofeterminge hhe ddsplacemgntnveskorn, Tis lagsgrcmay fpvwhivarious

appropri ahecakieibs, pl&éﬂh&iﬁyn@nt h@h@()%dmpiﬁatlor&qf i B gamtsrheamwaie

macr obl ock. i on t he tio vectQrs emands
OOl O 38t Ao rASSBRS-Eerebved ol Gl P the RSk Lo ¥ Sear

10 desi radeuraeyr efohufiractdbnt o€ ampgecelt huaér He ampiinicaedtisy inter-pixel
Al h v a |

Ep (e:T]rSﬁ; %HE& 8fa)ﬁ'§;ﬁ i?. ?B@ %B&'lgﬂ Uﬁ\‘:t'tﬁ% are restrv:\lhct Hlarilberf‘g%no?e
posi t i onsseasthewindawr @tfl capproprlamersalm ahd plaeedt arcuadc ddvalipesitsion
a notion a@fiﬁéd Bﬁ the MhBrENnd ﬁggrgbggggte respectively |um nance val ues

of pixels of e current macrobl ock and of the displaced macrobl ock of
t he search wi habGrdRtiaRge ©f the motipr f¥igatios® D Aepapdst orlarge

exanpl e Démﬁeéeibhaly[ eaphcities which Holvyeéase Seweth! Hobie Orb.é’cﬁi?ﬁéﬁ?

20 f f t
par ¢ 10, 88TEea? L8, FPapT Rl Ton oF TbhR (Hrafer hita EromuriRk BFF- us 5 a27
232 of 5 Jul yAn9énrobufunteicnl| which psoposeentionahpyeused is:

The subj ect of therirm eyt DY ba (8, jepad Bfj+agl)ecting notion vectors in
a system conpri sing a rmtlba estimator, the 25 said notion estimator

cal cul ating Va'“ﬁﬁ ock o?nd'?xgls 1?&519 po ‘H}Gdé)nmngﬁﬁ V3l Y erobloc

correspondj ng to a erence W ndow wi th respect’
to a cur r%?rﬁl Fck@BE B x‘é¢§°tet fde C°?§11h{1¢1963p@3ﬁ t RoMaiiamevegterplands

bei nﬁ_sdesvmebedabana ms)tdem:te redFdivd e mﬂnaﬁééwamﬁeagoihyla@w iged
in that it, co

smal | est "Rl 8T 2 se% trhaecr lgpangvﬁaaﬂl%n dﬂﬁﬁgﬁcﬁaet’g‘&&fg‘* °% dihe

conpari ngsedmeclmowmdw ot\elmageors associated with the said snall est

val ue, 35 t 0. h@x%@é ¢, at ctors, the
vect or havi ng the s ?‘F ?i&‘i lb”zgay }Sé £ot f’e?ﬁﬂ i’? E’ngft I cul ar

embodi nent, the cBP¥eYeri o@qmeral nebienr vesttanse l'\'%lfd aaxnteapend to the
per f oOTedg s O i imin® adue ofUNghké Olirror function. In particular, a

similar problem is addressed in American Patent US 5 327 232 of
5 July 1994, but the solution proposed is complex.
‘The subject of the invention is a method of selecting
motion vectors in a system comprising a motion estimator, the
25 said motion estimator calculating values of an evaluation
function, each value corresponding to a block of pixels of a
reference window with respect to a current block of pixels, the
relative position of the said blocks being described by a motion
vector, the said method being characterized in that it comprises
30 the steps '
- of determining the smallest value of the said
‘evaluation function,
- of comparing the norms of the wvectors associated with
the said smallest value, | _
35 - of selecting, from the said associated vectors, the
- vector having the smallest norm. _
According to a particular embodiment, the calculation of

the norm of the said vectors is perf'ormed according to the
] x
function:
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-3+ ' 34/95PP%4e0rorﬁ%)5°\;)ererr] =max{ [err] X [err], [err] Y [err] }(2)
where X and Y represent the coordi nates of ~a vector. _ Accor di ng
to a particular enbodinment, in particulary - with the coordinates of the
vectors being t Ierre ed a nodified absol ute val ue of one
of the coordi na\tAaL?¥s t\*hehyﬁg )ever5| ng the bits of the coordinate
when the said wlmmcknma Y srepsdente. the coordinatd Cof Cban@ectt@rha .
particular enbo refe i s _scanned in _suc

t hat the coordi ngées o r#l ecﬁ) 8 ﬁ%gﬁ‘fcg%?.gr s&gﬁ d’r‘ﬁ%‘ﬂ%asu’ﬁb Siiiae! céﬂ'?
and that wgn ddeer gloordinagesor 9fcothespvactonst Heeing d twalld e tompdlemendf
the egal uadadd, a rrfddlcftl' aﬁ@@lﬁ@étvﬁiﬁborof No n\% eo‘fr dere %oéf&gﬁéegs' is

chosen. Accordi n particul ar . the evaluatr on
functi on Qkét%‘FnQ%ebYoFﬁi"eI-‘ang ‘the bﬁﬁ(ﬁfn)’:hﬁerqqq@quate when the said

D(a(i, ) dddrdidatte )is negative. W th D(x,y) [err]X ylerr] or D(x,y)=
[err](x[err] + y[ ect [he invention is also an

i mage processing féé‘l%%’(ﬁ%e Qmi QW’EF"#& ety he s HeFshancsh

est i mat orwindow alisul s¢ammpd vahuwcmf a amy ethbmattlw cfomﬂrlinsam:es eath the
| ug 20 f r r w

espgll SEISEo080ER0 el i ding Kingrobnd, ' SLE WIES: (WRER" iy |

bl ocks bé@@t%c¢¢%€%ﬂmﬂ@ ﬁ@t F‘—bﬁ \ﬁ@c{dorsmatlﬂeea;lalmlue dEvkbe levalgpation

char act erffét idh | Nele I TafOPEIERN® in the order of FdHimidy fladsddNg the
norm of the notion vectors .25 -_nmeans for, conparl ng val ues of, an

eval uation funct iRFFOTAiNgsQ afedPIFELCBLIRR AMRPRINRRE or £he evaluation
means f orfuatdgicdn Nigs tde ths NEsdmat | east the vectors associated with

the fgst advant aggpygn,y,q%gz@fa t16)$Bic8l+ m, 7+ @l uation function and 30
--means for storing one ofighe vectors posse55| ng the smal | est norm

According to a., ) 2 S eval uation
function is a func oﬂ@! l@he| {W wﬂ e‘Ql S]bet ween the current
bl ock and the bl 6@@@111??}%01? @%rmelmrmt)wnsss also an Apagedpypcessiag

particul Qievi%’@ ocbiBPisind N MBeISn 'Rtimatdidl Cﬁﬂé‘tégﬂdtﬂstﬂeﬁme%ftlﬂlator _
vector include |ogic gate erform ng an excl usjve oy between each
conponentCacy ﬁ&t oYa]aY\%gl t Of an3| fyajyation functiong.oearhy valae

par t 2oul afoerdEpbnEtg tbha dledk abEngixels of a reference window with
respect to a current block of pixels, the relative position of
the said blocks being described by a motion vector, the said
device being characterized in that it comprises: o :

- means for calculating the norm of the motion vectors,

25 ' - means for comparing values of an evaluation function
associated with each of the vectors,

- means for comparing the norm of at least the vectors
associated with the most advantageous value of the said
evaluation function and ' |

30 - means for storing one of the vectors possessing the
~ smallest norm.

According to a particular embodiment, the said
evaluation function is a function of the distortion existing
between the current block and the block of the reference window.

35 According to a particular embodiment, the means for
calculating the norm of a vector include logic gates perfbrming
an exclusive or between each component of the vector and its
sign bit.

According to - a particular embodilent._ the calculating
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+. 34/9 40020*Kohrs :
-4 a{lss?rg?eover incldde a conparator and a nul tipl exer whose
function is to determne the smallest val ue of the conponents on out put
from the exclusive or. - For fugtber information on the use of

notion vectors in 5 inage ression to MPEG standards, reference may be -
made to: MeANS MOrEOVRIf d'r"’ffﬁqu?n a; CPMPRERTOT @br e MUABLRYSXEE H%Wﬂg
pi ctures fandtisAsdsi abedetéurduﬁe thec eMaRNest aalud 2 tHeSQRddgfonents on
13818- 2 (\/Eg é gﬁgm [ai}g gft .of Novenber 1993." Q her

char act er P8P8 a n?ﬁﬁ gs?ﬂ’etﬂﬁ invention 10 wll energe thr ough the
description of a Ron- ffurthery imformatiiam on tidodseenf motishr atextdns t ine
attachgd ;ﬁﬂé‘éeéoﬁlﬁr&‘ghﬁan to MPEG standaﬂigurfefei‘@ﬁ&&sﬁ'ﬁ&SE& hygst £ gnal

di agram o mat1 on proce ure-2a and
2b represent schenﬁ@f@m‘}l% et@gineleayls Gererpari f9ding at @éy moving

enpl oyed, pictures and- fégb‘éfat@edepé@éf@t S Reddmifén@ieionl af! #6p C’fI§0/IEC
systolic cal cul ate hotion vectors

Figure 4 ?‘%ﬁ?‘gs%n?lglée?bng? ﬁEFeﬁllaﬁ?‘an 8f Nowgmber 1333424 "' cell of
the systolic arragthérFichamacteribtics and -advamt#ges ofeptheenimvention

funct,ipn | I|f| St rray, all.ow ng the

i1 usltO?ata+ J(5]r'1‘lﬂo é%g%agﬁgﬁﬁgh tP% ﬂ’%grl cé’gil dgon alm?itlng I%‘rtﬁ‘b](ﬁ']é
6 represewnbodlment;tibh‘aﬁtnaagdahyotha attacheg| figedesyinowhicher ay

al | owi ng the ' Il UStF%ﬁPQaﬁffu te on % £t bR ?.llagiﬁfg 'of a motion

- Figure resen iagram o coprocessor
accor di nge?Bl%a 1P PLRFeaRPTr, - Figure represents a

funCtlona| di agranngﬁretba and nbp&@ge%s@mawdiartgdauqr AL Wihnyille Bt
a_sket c ustrating the way in which - the

currelnt b?o%%m?g %ﬁﬁgs'éﬁgﬁ?% ?ﬂ%fW%éks of the search w ndow in

accordance w th -oRégureedprepyesenbsdanfunctdbnalhdiagramtd @ystolic
- Floure gbrad ustadtsse %f@uf99¥eﬁﬂ%otﬂétfgﬂp¢7§9t59§ the 35 coordinates of

a notion vect I'n accordance wt resen exenpl ary. embodi nent,
- Figure 10 is a fuRtgnBRal4 dlrﬁg’tr@ﬂe@itsa aotfunchionat diadgxamecofonaceddo-

i n accor dgartedi t4r ALl Pr&s e VEHEDEIY arra@ BOF{He of, t he inventi on,

20 - Figure 5 represents a functional diagram of a
simplified systolic array allowing the illustration of operation
in non-interlaced mode, _

- Figure 6 represents a functional diagram of a
simplified systolic array allowing the illustration of operation

25 1in interlaced mode,

- Figure 7 represents a functional diagram of the
coprocessor according to a first variant,

- -Figure 8 represents a functional dJ.agram of the
coprocessor according to a second variant,

30 - Figure 9a is a sketch illustrating the way in which
the current block is compared with the blocks of the search
window in accordance with one exemplary  embodiment of the
invention,

- Figure 9b illustrates the conventions adopted for the

35 coordinates of a motion vector in accordance with the present
exemplary embodiment,

. - Figure 10 is a functional diagram of a motion vector
selection «cell in  accordance with the present exemplary

embodiment of the invention, This Sp
eet H;
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- <Fi gur e 34/ 9PEBP4907LIKANES ogi ¢ I ayout of the means for cal cul ating

t he absol ute value in accordance with the present exenpl ary enbodi nent.
Firstly, an exenplary notion estimatizon processor 5 inplenenting the
i nvention will be described. Mst particdlar ‘enphasis will be placed on

the description of Rigureogiloepussents Wwhehlogic hayouredf Whecmepast Sors
the cal C@aﬂtcluﬁ%tfizng[ "Ené' ¥solute? SPLLhE! 40 V&%&bﬁfiﬁbémw% Vild Opresthe -

coprocessor an Systolic arrays formthe subject of French Patent
Appl i cat ieempdary, efppddmented i n t he nane of Thonson Consunmer El ectronics

on 19 | tAugust F]J'.Q%‘isly,t an exem;ﬂl%.r@t}ﬁatﬂ_éhi e tollinay messggpasabewt
possi bl e, cal culate ivariqus types.of notion_vector ependin n
Phe” 5" © toinlemensiif” 'the * renbitm "VETL e qaeSPeiBERL Yost P pATISuIRF
15 i mgemphamsdisorwill obea gramedueni ruhge desariptiemt ofndijse ocoproressora
future i tQ. r | e " ' veact oL S : ~ba

vect ors" q@%‘?&egﬁt ve ef/;gle%ﬁc;g.m% %‘gg §%¥%\5€? @g% éélc@?%ﬁ??/ 8? Ehgla%q‘lfor
expl anat e@sociaseskawpth otachr matdorecvecsox-| | The coprergaser agd its
course, ghARoliVeMiPs IFdrmOthe | blibjedt (OF FRandd miedmd apppereadioant

present ed. ) Figure 1 ill u%érat es fun&t lonal |y f not i on
estiHati 8¢ 10158% Fddedin ghe mame, Qf cERAPSAR 1 CoRFHReE ELSCRIRLEB N PR Per
102 @hlgustdanetg.ng: "Reduced I nstruction Set Conputer"), a systolic-

array coprocessor, 103 hree |J dent | t t 4,.10 6 r
| oadi ng t he imagé[gl,e ongﬂiagpuégg%ﬁf&l‘SQ P%t?%%iﬁakég %%e%r?oﬁ%ﬁc?r]?'% ‘;-_8
vectors, cad ondidteasvariovsl Fypesndf ov@tirgM vectorss erdgpeniing anl tbe
respec_“\f%@@i-remenbts of Ehe PMPERACE sthnRYe:al viektepandent | RRdneROr bt
makes it | possible to work on as pany | ndependent vi deo soQurces.
Accotdli ndM8@SSs ¥eRHQLE £ XM i BRIV 10U HAFR ukO pdr FUFEeRtr AMaGE(OFi £xom
sub- sanpla ngueui-eui imégigr htﬂrtse it/ e&ﬁagéhtonﬁmgég@ h("eﬂdﬁﬁﬁ%e@ecto@t | and
estimati Qq. e,various sub-assenblies ntion Qmuni cat
coross | “Baglyard yectPREn,  ERSPECEIURITYL hBECt i Mo WBRRecr S PREAn S87
ext er nal cdliaAfiitiye naff yegplandtienpr vhearexpaele ofii forvardandiadors wibk be

- flow of ad%?t% betgeen. ol i | {HPRUE £5n :gé‘e ng?t aﬁmig&&”ﬁép%ﬂleng
to the i mages (ireference. or current) ‘are conveyed o] e dynam c nenory
110. 20heexemplaan embndiments presenteash fed to the coprocessor 103 in

good tinme. The mMptjigre/egt fBlustrates functionally a motion estimation

processor 101. The processor 101 comprises a RISC controller 102

(RISC denoting: “Reduced Instruction Set Computer”), a systolic-

array coprocessor 103, three independent input ports, 104, 105,

25 106 for loading the images, one output port 107 for supplying

the motion vectors, as well as a local RAM and local ROM

(referenced 108 and 109 respectively).

The presence of several independent input ports makes it

possible to work on as many independent video sources. According

30 to a variant embodiment, each input port is furnished with a

sub-sampling circuit for the implementation of a hierarchized
motion estimation. ' ' '

The various sub-assemblies mentioned communicate across

a data bus 111 which is among other things connected to an

35 external DRAM memory 110. A memory management unit 112 handles

the flow of data between the 1local memories. The data

corresponding to i:h_e images (reference or current) are conveyed

to the dynamic memory 110. They are next read out so as to be

fed to the coprocessor 103 in good time. The motion vectors

This Sheet Has Been Replaced




- 6= AP LAPRPRAC RSO KB E B pr ocessor 103 are sent back to the dynanic
menory * 110 across a buffer nemry W BUFF 114. At the
appropriate noment, these vectors are reag out and transmitted by way
of the output port 107. 5 The processor 101 IS al so

furni shedcalgpiated by thereopreeesser LABeamecsentsbackt &§Rddde fdynamic

progr ammi fémo#pd 110 C%’@:fx‘o@‘é” 0 e fASC pemb! | MY 188FRY Al eldk  the
| oadi ng code and ut at i gnal araneters.” The_ notion _vectors

st ored |ﬂPPFﬂErlated 8e 1YBChPES 1PL8 K93 sPBFe 3G ChEANTMLLted
i nterfaceb#Owagldf the output pArunvaAX AVR 113 cal culates the nean
notion vector and t he maxinmum on vector_.for h I .

The RP‘:’SC cont rol |$P31029F8°e§885rdm8& tfe praig‘féant ur ng%ae, withy i3
pr ocessormionoprocagser reglteu:éaseand.laﬁ 64intiéndedr dfdat a proguaymifige ramd
f th s 1020 4 h e f i t f
of the cogbhPliyRfing2chd RsERRBAErol1ekNd0b %gg%%a&elyﬂ%ﬁlwscd&gr Znd

t he processor activate
Rl SC cont%mp‘éFa%Qn% cﬁﬂm?‘é%r% t’Hléel dB%‘Fl%Mvectqm dHer¥ed t hin | ot'ale@

ROM 109, @{eahdé! elenif ALNDNGXOMEDBLY XOcedSEH1EOWHRGh the interfdde
coprqﬁpssgis 103 includes several systolic arrays working in
f

par al n series, depending on the progranmed configuration. In
what follows we shauhifi MAK-AVRCL1Bechlieulatespehat meanoinot isimgrectystand ¢

.array. Th' 4‘118@*9%9@1 Rrﬁécgér Pgi‘tgéc#ﬂ”iim% andi ng of the operation of

"t he coprocessor present exanple, conbines
8 of these arFhgs RISC COHtrOllFFgLﬁrQa? 248, |%@¢¢n@u@gt e f they @resent

Inforrratleiaamgléhea 19 W$¢ OprbcabEay: chitaiasidy f68C HeglstlerdCandr 8y é4-
to ¢ are a current pixel blo k&eththe contenhs Oof a reference

wi ol efa daga: mamo o Fhe o | FOE hEORFLOMEE A0%yi80T0 Anage
ref erencethe reqgoesys &JEOﬁhedeItOubhlenﬁllrﬁayc(zjfnthbr |p"mcelas”o:ea:?:01 pand He
posi tion, o] n cal cul at ed. An el enent 202
determ neségﬁvg% %h%ﬂ Jrc'%pgg?aE E%/lj'é%t or on 35 the basis of the various

val ues of the err'BhefBrISQ agontrollar 102sdse comnected| Gok the dlbfcaéreRAM
bl ocks exi§gCigd féamth@e 1ocafeﬁbﬁh i/usﬁdO%eTmag&JIfweaht%hk

in greater detail Figure 2 ustrates tﬁe proces
for & erPed nﬁ°’t‘ﬁ%“es

The coprocessor 103 includes several systolic arrays

working in parallel or in series, depending on the programmed
configuration. In what £follows we shall first describe the
operation of a single systolid array. This will provide for a
25 Dbetter understanding of the opération of the coprocessor 103
which, according to the present example, combines 8 of these
arrays.
Figure 2a illustrates the flow of information in the
systolic array. The basic function of the array is to cbmpare a
30 current pixel block with the contents of a reference window. The
current block is stored in the systolic array 201. The reference
window is conveyed to the array in strips. For each possible
position, the error function Err is calculated.
An elemerit 202 determines the most appropriate vector on
35 the basis of the various values of the error function for the
'same current block but different blocks extracted from the
search window. This element will be described in greater detail
later.
Figure 2b illustrates the | process for determining the
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- F: 4 9p551>1%904 oezosul?opﬁrl ed to the systolic array. Each strip has a
nunber'of rows of pixels which corresponds to the nunber of rows in
the array (4 in the present exanple). gThe first strip cont ai ns

the first four rows of the reference wi ndow. Wen the 5 first strip has

been ful§5FiBs okesbey sunpicied teesbienFystolic avraynu&ach t9F¥ip hasxe

strip, \Mntﬁiibéiﬂrﬁﬁlﬂﬁwé h@ﬂpﬁkel@rﬁﬁlch cbﬁﬁés?éﬁdstﬁé ther slumbal’ o rows
well as |at fol | owi ng

. r his first stri Each strip
' heroridt ot £ erral e SRY g, wPreSTRE DRl el e THe o Tt SER LT
Each strlqpnmmq)pthedfumsthémmtmws af r ghec dafiarence w1md1d>wl.rmWh?£he the

curregt g 'QF{U sa r € 'S hus
corrparged W t af?gf% (%gksEE PO kS lsls;ze 0 cé’assseeda’ch S bgbﬁ?sﬁafé
t he curr &antinied \M"F-théihae beext stximwpawhdchi t@malnme tbbocl@Sbf tll'mee

size of thswd efg¥ engfe 1FiMtd@rridsS MRy Vahues agf the ea:w E.Hﬂ{éh'l‘&'%e‘ﬂ!'yj !
have bee:#ﬂle](? cal cul afed _and transmtted to the elenent

wi l | g ¢S cShTELuBtRE R (Fach JPEFER dM ythere#grea phifeed by
pi xel s. e fmdmdanasespédt e hatengassseding irign in order to limt
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array corgaliums. sﬁhealdlmretfg bidtk, hafvfimmgs the 'sBine amchdver " Add"rowy pass
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cal cul ati on [err] “'b[err are respect
pi xel of 93K c AYER- b BIinakels, a the pFYETeRt th-'eoﬂéf eVdhte hﬂﬁ’&owbe?ne

out put ?fcda@atrh = | Cﬁsvh.l:hl naiPle thAe bbiﬁ@kégvbfs 1|ciweeieé twfa thd f ?éff@feﬁctﬁhe
inpu 0 1 next ce uf IS al SO resen In, 0 0 acC

(1 Pat5 MM ! ag mangt “vaiues) Sriot° fniShe | i 11O Hasl, BRRPe,
to a aadxau liafefde mndo \teransne tdade. trcnvuhen edantenty do2. The buffers hold 30

the values b whilg the 4 Sﬁéeiﬁﬁ&%rg%{ngh éoﬁé‘egﬁ’{:f\;eoﬁérig uP?‘ffSF f)ﬁlg§ch

S cell also possesses an ou I €S
oper at i oRY Perfqw-9f pixels -Th'&hieﬁ:tlpe@en@mie ui%b be harneeseddfupther on

buffers Bn Adddhmedulitfits thedfl dad np A Q(He“réﬁta £ t@@%@?ﬂ&@ 1@ .t he
same%gdder Add. ere are therefore as adders as colu

The BUtput of an 3GHRE i% o Pq d"‘t iR TrIHMith F@B%F Zauer apdy
t hr ee bufffisres ddIumrses | This Dapeagi ngmpm-mbs rsml-e:alled)f“sj’ped;@n@,n blhpsebs

chaggsig F tg?ﬁgrghaﬁﬁdbUfﬁfﬁéséchilé5301 aﬂ&t SPE&&IQﬁyﬁgééegefia332

The S cells perform the calculation |a-b|, where a and b
are respectively values of a pixel of the current block and of a
25 pixel of the reference window. The output of each S cell in the
same row is connected by a buffer B to the input of the next S
cell. A buffer B is also present in front of each first S cell
of a row. The values of pixels b propagate from one buffer to a
next buffer over the same row in each cycle. The buffers hold

30 the values b while the S cells perform their calculations.
Each S cell also possesses an oﬁtput C, which supplies
' the result of the operation |a-b|. The outputs C are also
connected up to buffers B. All the buffers B of the same column
are connected to the same adder Add. There are therefore as many

35 adders as columns.

The output of an adder is connected to the input of the
next adder via three buffers B in series. Depending on the mode
of operation chosen, the last of these three buffers is or is
not short-circuited via a bypass cell 301.
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- 8¢ 34/95Pp%%%°%9n%?h5§pass cell supplies either a value of the
error function in each cycle during normal non-interl aced operation, or
a value of the error function every secongl cycle in interlaced node.  In

the latter case, the adder integrated_ 5 into this final bypass cell 302
adds toget her twotB8ndddal \Bypass, felds BvPPhieg; @ithek cRi dfplue of the

Accor di ngetfoR VEuhaBiofmhed Meaich t kycidderduridg arrﬁ:nnal e nisieh ml:dﬂd’cédle
aid of three- | 1gut carry sa%J(g1 addﬁ th ure 4_represe

f.uncti ons®BFFAL8Pr ST r?g‘F 1%r %0 8t HigOT %Wéc'”c | SVEEY

input  40in imteriaiqed mdd&. In cbheectartedt r easey tuhe haddep‘utlrm:égra:ed .
cal culgati Nni k. 403 p | o p C S (o}
the | nout 5y enis) inal PEYRERS METICI0IT M Yoder ik Phne? SRR )
t he seabees opf byhea§reer afercbienen I|ne 405 of either the contents 15

of a buffer 406 opctbgasn ?t 3 SaOfva%ﬂél&hftf eémﬂéﬁlmé'ﬁ‘@ 'Eﬁét %&tiers Ahhe are
buffers 406 and 407,are a onpected tp the in t he cel

Each of t?@b?%e%u‘f’}'é#lst]&%n?h nQt tbﬁ?ﬁel’&?u% S?EEY %"r“’% addeE%rrent bI ock.
These vaI ues are Fbgded &hrepgbsehesi nnut fdattdbna0oft e cedlpisopn ajeater

be |I st%%?%ﬁfu”ﬁ?th%}%et Si ICIr él.ses Sﬁeséﬁ@gg Emlvibon a&&%‘l‘l 462

paral | el cohesctéd plisssdiily atongthe igyphdy ﬂﬂilmgat@aitc@rlemm cunibnt403
bl ocks i n?8§§e§¥§ﬁ | tGo2ih ﬁﬁtg onét ogg?vhié :|.ts' B&%d ido “E}L ut 401

possi bl e npari so r one and

posi ti on #RSt k&er é?'-'é?%rnc‘éo the\M‘?i-H-'th T‘H@ &ud‘iﬁlﬁﬁplcﬁx%tﬁo%r&}éplwlﬁg the
bet ween t@eldwﬁehc wayemrrsa IdbRact idye TDié 0466S6E 2ilthelrithd asbittshts

The presence_o rs.ip each cel Ve | ows _sQq- caIIed
e BRSO byt DUler o | Byt tineLLaS P Wieor 161 OB el

bl ock to hbedbulﬁlfeufsvm410|6 rAasbesd7t arehalso cuuented towshef 1npatsykﬂtlolaf:
array. Thige gg%ft ion will be addressed further on. The
cal cul ati ng un lies the absolute value of the difference of the
two val ues pr esenE"=l pfsthaptiwe. byffers contains,p vaduenefed misel pf

cont ext ofutPést e¥8BBkS. These!l RAIRSIrd Dhaddie @hﬁ@u?hof:héhﬂnbﬁi:ermc%t
w nd are stored in. the buffers bet\&ﬁe t he cel ereas the

val u#d a thei H@PPropriates JHOomSRE ¢ yr Tor “E)‘P’Brc’&% ar 81§FHF'€'§ i PE%e
buffers convéntbenat! badSwill not be illustrated _1n further detail. The

presence of two buffers in parallel 'mak.es_ it possible among

other things to store two current blocks in one systolic array
at the same time. ‘Thus, it will be possible for two comparisons

25 to be performed for one and the same position in the reference
window. The quantity of data travelling between the dynamic
memory 10 and the coprocessor 3 is thus reduced.

The presence of two buffers in each cell S moreover
allows so-called interlaced operation which allows the number of

30 rows of the current block to be doubled with respect to the
number of rows of the systolic array. This operation will be
addressed further on. ' _

The calculating unit supplies the absolute value of the
difference of the two values present at its inputs. '

35 It will be noted that in the context of this example,
the values b of the pixels of the reference window are stored in
the buffers B between the cells S, whereas the values a of the
pixels of the current block or blocks are stored in the buffers
of the cells S.
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t-will AYCTPHIVROTERT he functions of accumul ation

of the
I ntermedi ate results produced by the cells S are carried out entirely
by the adders at the foot of each colum of_cells S. 5 The
normal (non-interlaced operation of he systolic array will be

expl ai ned with thEtawiilbfalae baysoteds thaguthes functipmss 9fyyageumulation

representge ar AYSALbEmBHL Y eC RIS Driditicd Dby OVhe celld sCia¥d carried
colums. The operation of arra r.OWs

an g wth a ar ger nunber_ o
i s entirePYt sPRELERLYt Y e 13dde5R At Eheed@otif c@afh scpiymBueis)celdithg
presentedgfo the adders simnultaneously. In the context of normal
oper at.i-on, only t buffers B,are , necessary_ between each d- of -
2der 3 For the it ¢ fozmal (BhE-1areRfacRAl’ lopeaatih oPE. e 2
cell are amxay willl bet expddineéd with thelTheidio®l| thel Llagoatané Figemady 5.

n cach coelg, TarO¥s feprestthCay dyB IRy N ANy CchFr Loty Thet (Bpll A

nunber ofand. edghtescolumnsf.erFhe operation of an arygy with a larger

ol.um

Table 1 number of roWs Il ef¥frélyOsimil§ryaliie Hesdfts$!Saefut "by! ach

first buffer B refegn&ed, 501& at the mgut of the array. It 1S onl

in cy0 e all ndt (OpRRUEeS)| PURGD FERPIREIR O ERSt adgere §imultaneously.
In the context of normal operation, only two buffers B are
necessary between each end-of-column adder. For the clarity of
the layout, the third buffer and the bypass cell are not
illustrated. _

15 The pixel values a are already stored in the array. A
value b is presented to the input of the array in each cycle.
Table 1 represents the history of the outputs C over a number of
cycles.

Cyc. |CO c1 c2 c3 C4 (o] c6 c7

0 - --- - -~ - - -—- -

1 |b0-a0]| |--- --- --- == --- --- ---

2 |b1-a0] ||b0-a1] |--- --- --- --- --- ---

3 |b2-a0] ||bl-al] ||b0-a2] |--- --- --- --- ---

4 |b3-a0] ||b2-a1| |[b1l-a2] ||b0-a3] [--- --- === -==

5 |b4-a0] ||b3-a1] ||b2-a2] ||b1-a3] ||b0-a4] |--- --- ---

6 |b5-20] ||bs-al] |{|b3-a2] ||b2-a3]| ||bL-a4] [|b0-a5] |--- ---

7 |b6-a0| [|bS-al]| {|bs-a2]| [|b3-a3] ||b2-a4]| ||b1-as]| ||b0-a6] |---

8 |b7-a0] ||b6-a1| ||bS-a2] ||bs-a3]| ||b3-a4]| [|b2-a5] |{|b1-a6] ||b0-a7]

9 |bg-a0] ||b7-a1| ||b6-a2] ||b5-a3]| ||b4-a4] [|b3-a5] ||b2-a6] ||br-a7]

10 |b9-a0]| ||b8-a1] {|b7-a2]| ||b6-a3] [|b5-a4] ||bs-a5] ||b3-a6] ||b2-a7]

11 |b10o- ||b9-al| {|b8-a2]| ||b7-a3]| ||b6-a4]| [|b5-a5] ||ba-a6] ||b3-a7]
a0l _

12 |b11- ||b10- |[|b9-a2| ||bs8-a3]| ||b7-a4]| ||b6-aS]| ||bS-a6]| [|bs-a7]|
ao| all :

13 |b12- ||b11- ||b10- ||b9-a3]|||b8-a4| ||b7-aS| ||b6-a6] ||b5-a7]|
ao| all a2| . .

14 |b13- |[|b12- ||bl1- ||bl0- ||b9-a4]| ||b8-a5]| ||b7-a6] ||b6-a7]|
ao| al| a2| - l|a3] '

15 |b14- {b13- [b12- ||b11- ||b10- ||b9-aS| ||b8-aé]| ||b7-a7]
a0l all a2| a3l a4l

20 Table 1

During cycle O, the value b0 is stored in the first
buffer B (referenced'SOl) at the input of the array. It is only
in cycle 1 that the result supplied by the first cell S is

—
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--10 - 34/sgtsol:}peol‘m QthKeo YUt fer 502 at the out put CO During cycle 1, the

value BOis also stored by the second buffer B 503. At a given
nonent in the operation of the array, Ltlwi LI be required to retrieve
at the output of,the | ast adder_ the sum of all_the_ absol ute val ues of
the di ffe?‘g?ﬁeég %rFB@piM%ﬁg P2 at tBFvthPHéiu Ghn PHring e¥Fiend b
(i n this valieanse jas rams@fst&:red wmié)sewnd fmfﬁlermrmsw ndow. The
results which areA for th%flrst rowof

e
reference wi ndow®t aﬁ%v?ﬂdp%lﬁ?réﬁ ?‘]FI gg?dopﬁ ﬁéoflaBFet foarray, 1 JQH-
accunul atberreqiimedi oo rebmieveons theheutgritayof the ntastuaddelry tihbe sum

buf fe Sbe%#lnét)ﬁ)ducedéﬂsomgré?lﬁé?l8fs€ﬁg dlffEQ?hcgs ﬁlo?.r%gg esﬁﬁP y(El *3a

shoul In orde Ion o
adder Ie\EIa’WQIb rRsihion oberthe curreng sbeQKal(hs théspinstaneeoh maY Of 8

oue) of S i) Paa" kickerdpentac iAWl THE BMARS PRIGH Urdifo. be
CyC e at e er WO u er

T sddor e At A68EE 1quel) Eokt EHAICUFaly % Oht FBRs 2e8eTaRgenpndow
At the erareofindiccdtidd eﬁntﬁbxwdn& thHdecabllele of the function Err for

t he ibrst possi bl,lehlpé)m ta@éml currﬁﬂlt t,|2_,._0 n n%%glai]tﬁ%nesent%at ”&eelay

out put 506 of thearray St
oper at i orintargduced bY tthe buffamv@tlﬂesbatueenecthen addéersel [ItS is @eem

Accor di ntHat & delasarépnéw@r@féi ”ého@ldsbagh.ﬁti?kiﬁﬁ@édf th SEQ%E”QOWQhe

pi xel- val ues curren IS used I'n eac

Fi gure 6 RERPagaliow of| Jdhe aFSsPF'IESOF%:I’ apfgRroflevel toyseeruE RPrORenly.
t he so cam:asi eﬁpnaiﬁeecth@cpreé'ém@e nmoge tWwKebufferbk! Hetwadi eeé@hd%.fd@éf‘ ne

t bl ock t ai_ni f
Co’ dbabl AN BerbeF SHErElces Y taetay (OB St "rdug! Hhpedn, SRR,
sinply by:lmapmmjlblgfﬁe)rs ab0éxand BOBf detweercdtie cEirstS awowalldezrs amanedlr a
buf f er thd s i%d’:lt%&iat . the b f% rJ:'!%’lrearﬁi 5§)§| mlar to Figure 5,

apart fromthe tact extra er 1s inserted between each pair
of adders. Fdt hERRorend efchtheefiftgentic| ayele, t Hde t ¥Blupntef nahe

buffers Funddildibt B@redebR Ewrelﬁst%émﬁr@ PoLeavm €8s e Colrddnt
first buffer of eacilh cell Sa qeﬁen%% exed to the

cor r%gpo%cﬁd‘ a5 BAefeHy ahnithe QiR § tasr’EﬁY't he “second
buffer are used mjzrlw@.lmemwcﬂ:lest in this operabsonyr oaby bheclkfofthe

doubl e the i 781185 | bbbl 1P each cell S8 is used. According to a
variant embodiment, a single buffer for storing the pixel values
of the current block is used in each cell S.

25 Figure 6 and Table 7 illustrate the operation of a
systolic array in the so-called interlaced-mode. This mode makes
it possible to determine error functions for current blocks
containing a number of rows equal to double the number of rows
of the systolic array. This is carried out simply by appending

30 an extra buffer in each cell S as well as an extra buffer
between each adder. ' |

Figure 6 is similar to Figure 5, apart from the fact
that an extra buffer is inserted between each pair of adders.
Furthermore, each cell S includes the two internal buffers

35 dillustrated in Figure 4. Dur:.ng the even cycles, the contents of
the first buffer of each cell 8 are multiplexed to the
corresponding calculating unit, whereas the contents of the
second buffer are used during the odd cycles.

The current block of double the size is split into two
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sub- bl ocks ‘@ and a lying vertically one above the other. The first
sub-block a is stored in the first buffers of each cell S. wher eas the
second sub-block a' is stored in the secqrd_buffers of each cell S. 5

In identical fashion the strip qf the reference w ndow ossesses

doubl e th%‘?"hﬂhﬁ%&‘%f & A Rt @éﬁ’r&gi SERF LG % gRe abaye | the 2%hex -bothom
sub- st ri pEbtst Deub rfgladakeaeﬁscstbeed anl theC Eliee Bufifeess o Silafdl'p dbflils S,
presente LARU _wisystalic array, whereas a column . of . b' is
b caont cditrodg HAE" BotoplBupspadth & 48" S8rad T Bhel sbRONE Sisthes
of the owhueack egllrSeach cycle. Just as before, the bold
charaeters indicafey : ' s pedi S So#hi g e
'added%up to formfltl lgﬁﬁg%ﬁ%lf Faﬁg?'lggﬁ E:%t(gl(raer espo di%fgm%:gga?;eﬁg?%ﬁo&%&
Al t er nat i PRESRIFRE n doNPlecthehbnumbers AhdroWe -t W sgemprisest @ psop sub-

i ntroducesgrfs ®ONRAGEeh WobltBAN- i S5t A0S d OREr phkPAg Hh evedXiépciagd of
one cycle tvveen;[ hg gres nce at- tlge put put of g& adder ,of the

curul at i VEOEIr OFor FBEp 'ré:r[:'c? a gi%n%ﬁ&sieﬂt to f(rjﬁf t ABPPLes@hc &5
t he corr esysiol g anraypeshareasesul cohlumh hef2®' iipupreséntéd dextingdddre

For this S third buffer is i nserted between each pair of
addetrlg. & wcléjs'The | ast adder 601 of the array of Figure 6 is
connect ed on Taklene hahves o the j statenmfi bhearoukplits 602 afitenn adah

other hangydrea byhser 883 WadeeeQU! Rife | So6LANCEhEFatLetBe 4Raie8ERNT the
I nput of fhe adder 602. ] The errof function correspondin to
a sub-bl’dﬁ@n?%glate sHEPPIER Whiche a8 XRAVIredetauder asied NuRatR cétq“b
(once thean erxor ajuretsidieerorrespoiding ntd il swtehlock. ; Tﬁbl e 2
showg ¢t hat the v u i Qn 30 .carrespondi ng, 1o the
sub\-,\%rr’ock a' Iag?ié\ﬁee%%#gfb %t{iﬁ%e{)hgfig %wocosr é%d‘cﬂ?éﬁosngarf H%% %"L’fﬁ’- sk
a. The twwraipsctntaedutes acaedcomparedewiith nonsintienlakedy aperasfionie an
cerror fungti Q) £y 8ePeAMI egcle Het %{@'&&é}l&&ka@ﬁetﬁguggpgg? 25,

first cycle, the value Qrresponding toa Is_stored Int ! T
In the n@ddess ofythe, cuRplesiye EFnoss RARRORPANLing: P oRkIAVers Raaidden
at the and)uﬂiélt%ﬁéséﬂi@e ageleth&0dortespefdengb98teametieataurebietsa® the

vl AL Onsg il 2 pbh Lok £ 058 e S

secoggr gys/#lfé‘?é Sof
gr eat inserted between each pair of adders.

The last adder 601 of the array of Figure 6 is connected
on the one hand to a first input of an adder 602 and on the
other hand to a buffer 603 whose output is connected to the

25 second input of the adder 602.

The error function corresponding to a sub-block is
supplied to the output of the adder 601 in each cycle .(once the |
array has been correctly initialized).

Table 2 shows that the value of the error function

30 corresponding to the sub-block a' lags one cycle behind that
corresponding to the sub-block a. The two values must be added
together to obtain the value of the error function corresponding
to the complete block a+a'. During a first cycle, the value
corresponding to a is stored in the buffer 603. In the next

35 cycle, the value corresponding to the block a; is present at the
output of the adder 601. The adder 602 carries out the sum. A
valid result is therefore present at the output of the adder 602
every second cycle.

This operation in so-called interlaced mode is of great

This Sheet Has Been Reilaced




*
344%%@5?%0020 Kohrs

- 12 - sincé Tt enables the size of the data bus
conveying the strips of pixels to the coprocessor to be reduced.
According to a variant enbodinent, theqgystolic array is designed to

process current blocks possessin a,nunber of rows 5 equal ,to N
tines t hPSRAbEr 810CEOwE eaﬁblﬁﬁetil,erag&ze viler hey datanbus qopveydng the

greater tdewripgs of pik€ls|to the coprocessor to ?F reduced.
tes SC

Table 2 __Figure 7 r eprk nts . mat | cal | t.he \

copfocessor 10 a%%%?ﬂ?ﬁ@g Fg 2av2 F?gg eWQPFéWFnEOf h?h€§§§8$ﬁﬁziﬁfay 18

enbodi nendesigned to process current blocks possessing a number of rows
5 equal to N times the number of rows of the array, where N is an

integer greater than 2.

Cyc [CO C1 2 C3 Ca CS C6 c7
0 - - - - - -—-- - - ---
1 ||b0-a0| |--- --- --- --- --- --- ---
2 ||bo'- |bo-a1| |--- - --- --- --- ---
a0’ |
3 |[|bi-a0]| [|boO’- |bo-a2| |--- --- - }--- ---
“jalt] .
a4 (|b1'-. ||b1l-al] ||bO'- |b0-a3| |--- --- --- .-
a0 | fa21 | .
5 ||b2-a0| |jb1'- |b1-a2] ||bo'- [b0-ad| |--- --- ---
a1 | 3| .
6 |Ib2r- |b2-a1] |{|b1’- |b1-a3| (|bo’- |b0-as| |--- ---
a0 | a2'] jas' | .
7 ||b3-a0] ||b2'- |b2-a2| [|b1'- |b1-a4| ||bo!- |b0-a6| |---
a1 ] 3'] as' |
8 |[b3r- |b3-a1| ||b2!- [b2-a3| ||b1'- |b1-a5]| [|bO!- |bo-a7|
jao' | ja2'] fag"'| 6']
9 ||bs-a0| ||b3'- |p3-a2| [|b2'- |b2-a4| ||b1'- |b1-a6] |[|bo'-a7'|]
fa1' ] a3'| ' fas'| '
10 ||ba'- |bs-a1| ||b3'- [|b3-a3| [|b2'- |b2-as]| |[p1'- ' {|b1-a7|
a0’ | a2 | faa' | a6 |
11 ||bS-a0] ||ba'- |bs-a2| ||b3'- |b3-a4| ||b2'- |b2-as| ||b1'-a7!|
a1t} a3'] fas' |
12 |[b5'- |b5-a1| ||b4'- |b4-a3] ||b3'- |b3-as| ||b2’- |b2-a7]
ao'| a2'] aa'] ka6 |
13 [|b6-a0] {|b5'- |b5-a2| ||be:- |bs-a4| ||b3’- |b3-a6| [|b2'-a7'|
1! ]| fa3'] fas' ]
14 |jb6! - |p6-a1| ||bs’- |b5-a3| [|bsa’- |b4-as| ||b3'- |b3-a7|
o'] . a2’ fag ' | jas' |
15 |[|b7-a0} ||b6'- |b6-a2| ||b5'- |b5-a4| ||be'- |bs-a6| ||b3'-a7’|
1] a3’ | fas |
16 |[|b7'- |b7-a1| ||b6’- |b6-a3| ||b5'- |b5-as5] ||ba'- |be-a7|
2o’ | 2| e’ | fas" |
Table 2

Figure 7 represents schematically the coprocessor

10 according to a first variant of the exemplary embodiment.
According to this variant, the coprocessor comprises ten first-

in first-out stacks (FIFO stacks) 701 to 710, connected in

parallel with the data bus 11. The number of data words per FIFO
determines the number of columns of pixels in the search window.

15 The outputs of the stacks 701 to 710 are connected to. a
———  switching circuit 712 possessing ten inputs and eight outputs

T
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Actor di ng /tgosplf% varl%'mS the coprocessor conprises ten first-

in first-out stacks (FI FO stacks) 701 to 710, connected in
parallel with the data bus 11. The nunbgps aof data words per FIFO

determ ne,z*i he n,%vger of colums of pixels in the search wi ndow. 15 The
out put s tPe’2%tacks 701 to 710 are connected to a

svm' tchi ng circuiThe/tircuitsess2nallcws thputcutputl ofi gihy @£ puhe ten

of 'the 1 PSS ER-H; soppected. om0, LR e EA MG GRINE ober il

circuit. <E:a:c¢uﬂ: F(Eacht BLF@ conbaphsta compd\étehe‘oyeaxfc the meaxch Svirbow.

ei ght FI R t t t e l{%&n C Qﬁlgu%
thg rgvvs ﬁ t he s?r ?Ib?st%g%%re?gee;&ge sear ciélﬁ & at a “giveal ik
two extr aCOFFREPORR é'-I‘P aFBengiovwsoRfiecthal g5rdpPe of tlh@adBHmé?SﬁB? (ﬁeﬁlmh

dat a bus #igdewhe data stored in the rrermry 10 10. The | oaded data

correspond to th ovxs of th sea{ﬁgo which differ W{i 1I;rprespect
to the strips bei ra 8w J":'Llét AFE a20kneCPBReER S I WP t 1R
the firstlcaded by eayhof therdasaLbuSOfk‘Bmoi:ha satac s toredo\in s:lre)mtemcnqd

16 1 885 167288 1opabf, B Berspbeigh P e FGud] oF RS, Beddic Mihad"
has ternwh}mlécﬁlffmwi_qh xespect to theestrp® bging mzmued :

superfluous. The ggeeond akklie! 'fo&a@xaﬁr@lt@'ﬁ}%ﬁot‘!ﬁeLEﬂ:QtLStnp o’fheel ght
proce55| ng of this second strlgacan t her'ef or,e be W t hout -

time, 3 hklehei 18 QF i3 PeaprRsWARdEW dife qaikadines) inEh ecF#QEarml
type SW| todni 7Q8Ci MutringOthei Iprdvegsdippnstbithese éight erewsabliedi ng tiwe

it e 7RG ANE ERESPIRG” 5o DPeE che, REGRERRC0E Rrsl SR Hepie
rows, nineas témd;naaed,sufﬁdvci eIm‘l; f etored opwor atthen JBEEFQi b&O1 Thedaamesh
FIFO 25 dgpatefth&ins . exagp! Egsihngféé@ §6ﬁ£8§?9f oWy 1P 1,

parall el . Accor di ng to t resent vari ant our systolic arrays'
722 to 77Bh& PHOFE‘E’Fl’PS\ABfaﬁ&@ oF AR %%EhtB%eEBﬁﬁeé’Fs&n withouty

the out ptliﬁy Oidlaetimetclylrm:e:lmeuéntﬁyeceﬂﬁpt i@, pféﬁer&@ iAuthe!l FIFbs.

| t the t t wWh
the a0 oS SrORRBAEST Lo BETCHRLRS), A 86g, T b “EppatiEie™
arrays (ﬂdﬁ raﬂdstaﬁllshtngethevebyc)rec&r eorder cafinehé¢ edows tored theyfdmeur

Soipuls Hfeldn éfoffhesemetéaﬁstoné% s 274y dQUj3d. arrays (723 and
Ive

725 res
n the case in which the strips have eight rows, nine

FIFOs are sufficient for the operation described. The tenth FIFO
25 is used for example when processing two strips of four rows in
parallel.
'According to the present variant, four systollc arrays
722 to 725 with four rows and sixteen columns each are connected
up to the outputs of the switching circuit. By convention, the
30 output 714 will be said to represent the top row of a strip of
eight rows, whereas the output 721 represents the bottom row.
The first and third arrays (722 and 724 respectively) are
connected up to the top four outputs 714 to 717, whereas the
second and fourth arrays (723 and 725 respectively)  are
35 connected up to the bottom four outputs 718 to 721.
The above . arrangement enables current blocks of
different sizes to be processed in a flexible manner. It is in
fact possible to consider the four arrays in different ways:

'ght arrays of 4*8 elements, each - array of 4*16

i




34 40020*Koh :
35" connect/edsﬂ%gto t% %ot?omfour outputs 718 to 721. ~ The
above ‘arrangement enables .current blocks of different sizes to be

processed in a flexible manner. It is i.nyg - fact possible to consider the
arrays. .of 4*8
];l()g;reﬁ{;ag I%qr]gé ;{;Eé;?é‘éﬁn& 4t\1<3 current bloclgs of 4*8yelements,

14 - el enent sFpubcaspayg Of08€8rebanetorks of 4*8 el enents;

Four arrays of 8* I arrays of 8*16 el ements;
Two arrays of 16*%85%%&%3@ %*J'e eleme;’r'\l-’,\%'the | atter case, the arrays
work in interl aceEwapierays ofnl§*6 galememmt s being avail abl e rat her

than g xteen. T e Ut p
ei Sht %pr xel s of "o the fl.g.m:eﬂ' %ES Vﬁﬂé bott strHé EP H'F?Beﬁ re erence

wi ndow. only eight PUtW&ﬁ c @ing cﬂifﬂ:’e'lr% ella&h%e shaneesirreen. The
instead 18iglf ehephts (Wilbhoalrepnateny bligphiFEb1uRmE bed eflgrhtl ;gﬁ%élqg tdye

next ro stated ear]ier, the depth of t

det er mi \rllv)e% top $tEiR; %?ﬁrs%%rva?% Ot tPm &P P h JhE ’F?IP?F@‘%%S‘@'WF@Y\ wor ki ng
with arrays oft4t8 efeceutrse cohceivabiei bbeulbe gumaehh@mr?ste@
t wos ;and a w X

I engt% i néfe)ac%gpar rnﬁf ]‘il%sESHﬁt%g ehe ﬁF(Eér e% %‘g?ﬁﬁ rfé)fe'lroﬁgﬁ'ggt &g
t he for mRAXGr¥eMk. t he . manner of grouping the calculation results at
the out put Of eackls was aéfﬁﬂe@f edrifes! CORE! acfEACBE LHOFIFY 'H%%ﬂlnes
operati on. igure 8 illustrates a second variant of

exenpl ar y‘:]’le wb%d?f’reﬁbe rﬂFﬁEePFFCﬂln@SVouﬁédtpﬁgéﬁﬁgr whede workdng with
referencearraysBOa:f favesl elemehtsndtci 18uiposBibleTheo capbupesis ReFosdiiig

esent o | olrc arrays_ 80 to 10; of
4*8 ePerre &é ?ﬁaf 5%;( Afe gﬂ% 8&% %‘g%ﬁé’ys Bt rﬂ"g e 558 8§ double
equi val erﬁhﬁt ol engthy-ims %acrhaypa)ir RIGHUWFEBFQS. Figure 8 provides a better
1T ustration of UhenAY!) neupindiioresubascales MAULALT 0B or0brtal te

the arrays when ei ght current are processed in
The top tRRPRAY [k FHRURHRI 89149V\F?-J-Clééat1°na66§%1§§3a§taﬁh§xQﬁﬁpﬁt Pfe eadhnl

result (didy I@ftafayelétmeﬁﬁh etsuﬂi tdie tﬁiéQiri]odélMI raailé:be out put

of "10g arTay 503 o ugﬁr TP VATRUR N g R

bl ocks emhcid'ﬁrténti hil‘&neesEIFOat (dmouped utogiethier aundgr8Gtthdareferders
e e SR Er B Bl A 03 10 b BFof B88ek BB SRasky K9
the present example contains eight systolic arrays 803 to 810 of .

4*8 elements. In fact, two cascaded 4+*8 arrays of Figure 8 are

25 equivalent to one 4%*16 array of Figure 7. Figure 8 provides a

better illustration of the routing of the results of calculation

of each of the arrays when eight current blocks of 4*8 are

processed in parallel. The top two arrays 803 and 804 will be

adopted as an example. The final result (that is to say the

30 value of the error function) at the output of the array 803 is

transmitted directly to the array 804. Depending on whether

working with eight current blocks of 4*8 or four current blocks

of 8%*8, this result at the output of the array 803 has or does

not have to be available for later processing. In the case when

35 working with 8 current blocks of 4%8 pixels, this result will be

required for the determination of the motion wvector of the

current block processed by the array 803. .
According to the present variant embod:.ment, a cell M is
associated with each  array of 4*8  elements. Each cell M

————
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requi r ed X9 TERO4ARAZHHRHES on of the notion vector of the current

bl-ock processed by the array 803. According to the present
vari ant enbodinment, a cell Mis assoi§ated with each array of 4*8
el ements. Each cell M erm nes the mni num val ue of the

error furdatemings ktheynimimn vatue hef athayerrognfunshdon outpytebyorone
val ues aso%)%]g% ﬁ%‘r%fr@ from ahbagk zand d&r@pér S "PAPhYs t HBs6B9REERAWET HOfa

the correspo mot1on vector. The results are conmunicated through a
speci al blogk ;apdskeeps in memory thge caardimatss ok EheapouReFRondime
807 and gt isre vectB2¢h MEINeebaUtHP dre t BemniRUEa0bda thnighPUa special
mul tipl exer, the out put of which is connected up to the input of the
assocPat St2 P4 813 The out put of each of the sanme arrays is al so
connected 10 up The tbetpupst ofif thet \axrrayat 8@idandwiodh r&dziand 808 taxre
ot her | Apu p f € Yo ey n th
arrays S(fé&goé ﬁ.@%&.}?%%dﬁgoé:"o r‘@hﬁeés]e a%’éer es%ﬁ@%l{/ ?‘E"e ﬁaﬁ'glPlggé ethe
the arraymtaes; e0ewhdch dsd Gamected up to thgerinput pebcs goﬁmt@d

ei ght curgent ! Ofﬁé shtpud b8 emickelst qatd, séﬂi@ aywyé ok aa.gb Qfdrﬁiédt%d
connected directly to t he assoc¢i at ed Each cel,l Mth

det etfli nd® %9 thginput of 3| bye- ﬁﬁﬁﬁ%ragﬁﬁg wrie W&F‘U@sopnt H-éseﬂ't&er
function st hehe ouwEputon fyemt othe amy rbamediatéelly ®egiathdi SFonCithe

505, 807 Frum Ao 4FE o0? FafchPR, HHEber Rz FREbe R ety el rittine
seri es. THheomuihe Frsays @#0%h 806+ 1839 And t#i&. t ransni ssi on or
non-transmi ssi Onov&r%ﬁ‘oéh%'%iléaéagsé worige dz?Yé}&_:}I& current blocM‘Bert hxg

processor wor ks our pI xel's, mul tiplexers _swtch
over 1550 P¥¥pks emeh, ofhe; iutruy |Qf %9]3: axTayciis e‘EPW?%t?godéFSFF}Vnd:O
arrays wofhe rwsékslcw@eéaaalbl nckEach Q9 Westhd® Qetephihde, Vahuas sfarddie

error functions calculat t hes s. -For amle. the,cell M
associ at & We ¢ z‘rer eﬂ}l%ﬂé"% Vﬁiﬁgr f%fn#ﬁ% ef&PEuFé{rf%fsdrbnaflﬂeethe
basi s of mdt=ion ve:dums. ofThishe resndtsf unnt mnghbrrwlmtmmg vertdms 3* The
bl ock 30 S r t W lglngr

From i VEAREE SFLchd LREoR ERitCId SULIID by hO%Erifl) 803% oS OHY7
er r oR0f urand oB09haEe MAtsLranamitied | vat thsi @mxaars which rﬁg%laveth@m in

transm ttggh-{Qs ! h@hée%l‘h‘ijl'édd& which carr1¥\ﬂe%dthQ:MQCE§§ﬁémi@éK§n0rbr

two bl ocks of 8*16f ]}/the a}fs ciated wwth the arrays
804 and SR hransm s:.on 1s not i lustrate 1n t ayouts.

When the processor works on four blocks of 8*8 pixels, '

the multiplexers switch over so that one of the cells M

25 associated with two ovérlying arrays working on the same block

- receives the sum of the values of the error functions calculated

by these two arrays. For example, the cell M associated with the

array 803 will pei:forin its calculations on the basis of the

values of the error function corresponding to the 8*8 block

30 processed in the arrays 803 and 805. A single vector will result

from this. As in the case of the previous paragraph, the values

of the error function which arise from the first column of
arrays are not transmitted to the secbnd column.

When the processor works on two blocks of 8*%*16 pixels,

35 only the cells M associated with the arrays 804 and 808 are

used. The pairs of 4*8 arrays 803 and 804, 805 and 806, 807 and

808 and finally 809 and 810 are regarded as each foming just

one continuous array of dimension 4*16. For example, the adder

associated with the array 804 adds up the errors output by the
- 7 _
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used. The WA FRPLI0%R L EMLSs 803 and 804, 805 and 806, 807 and 808 and
finally 809 and 810 are regarded as each form ng just " one continuous
array of dinmension 4*16. For exanpl e t_h Gadder associated with the
array 804 adds up the errors out put

- 16 - ax@yeygoéo@nénoﬁ%ﬁ TlT%e"?&Pﬁ@s oéf the: error FURCLicR which aze

cal cul at egaPyuid€edr byy Stié3 axdyd05%6 8 eahacl gedapet hincldded wivhhidesnd
the error f nctlog \p/ﬁlch are c | cul at ed %/ t he ar

an
are transY'ﬁl ved P &s ENTA u‘%ﬁﬂ’d& G2 5T CBXCPﬁ%tﬁgn??Xctﬁq"&mérraYs
bet ween t$@4 aandy80808ndndr80¢ranspéttedey ghese 1amt:da18®&1ues by way df
the c ase t e e p, |
si npl y, @ﬁue gg cht:@ﬂ:ﬁ ﬂeﬁ:%%rxdtt % ‘-ﬂ: ayoén é& %Ielgt 8r054 [ ntsll?e?f"'é:rlfe &t
each bl ocknd 1806. The swit chi ng of the nmultiplexers is controlled by
the control | efn? tple Fhgeé e ok é‘ﬁea itz mbde, chagenp E‘?H@l e 1s

oper ati on, Each, cell mri ses the device accor |“1cg:
the - pteerpicakemfuf yséﬁ‘B&Hl' ne#?e 'F%ﬁ]s"- d8%i ceells; M ubeldt ckWey ion
Fi gure 10vectors in membrypnmesmrtmnqumeks 1001 and 1002 which contain

t he gaordi nates nd_Y. t. n_ v [ LS po.ndl ock
-of t referencexﬁigil 8ngpﬁ88e>n§%n%é% &PE'SF'QE'% Tt‘.i"és cgn%%%}%? ?’é’Ol
cont ai ns ¢émtebbleéessad XhfFidureett oas hefenstioe 2f dhentehogen?modet ofhs
t he ordi ”@15& The counter 1001 is initialized to a value XO
each tinme tzhe introduction into the array of _a new strip of the search
wi ndow i s begun, Ex@R jgeld My ceemprises tHersevicecaeeerding 4q jthe

i ncrenentgeeddnit €astenih ety Olentddifien®. PiThalss Hevieduced 2D iuserdted by
arra The counter 1002 is initialized to a value YO when

chandPng BE9ER Wndow. It is incremented for each -new strip i nt roduced

|nto the array. It comprisése twd uesulfiersd MO oands00R t whiibh redretaire
coor t . | gek e h W W e |

2. coor gl Gt o 458, ECRERD LY 4 0of S bobpatnd

i || ustrattele loleckhuet bhe referenge wandow: bglmeewmaeds@rt presgrrtaté@;e

The fi rStc@&ﬂ@éroiobﬂecbﬁi:ﬁ'iﬁﬁcﬁh‘éﬁ AU ML R | f theCOBRRDS] Wl'xte’?:eta@e the
current block is the.block [nthe to left 35 corner of the w ndow.

“conp&®i so‘FP%E?’Fn%%%Z\AF?%t?*BSO‘EIH%r dingt®cks of the sane strip, from | ef t
to right. Each stThe beghter 100w tis titAidiafllivei 4o cwkvalue X0 each time

the introduction into the array of a new strip of the search
window is begun, that is to say each time the row is accessed.

It is incremented for each pixel or column of pixels introduced
25 into the array. '

The counter 1002 is initialized to a value Y0 when
changing search window. It is incremented for each new strip
introduced into the array.

The values X0 and Y0 correspond to the relative

30 coordinates of the block of the search window with respect to
the position of the current block in this window. This relation
ig illustrated by Figure 9b. Figure 9a indicates the comparison
strategy. The first block of the reference window which is
compared with the current block is the block in the top left

35 corner of the window. The comparison continues with the other
blocks of the same strip, from left to right. Each strip begins
with the leftmost block. ,

X and Y therefore go on increasing during the scanning

of the reference window. o
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X-and Y tﬁé/8F8P8488285K|°HEPeasi ng during the scanning of the reference

wi ndow, * - 17 - ~ The
cell Mfurthernore conprises two registersy Xmn 1003 and Ym n 1004,
connected respectively to the counters 1001 and - 1002. Each register is

capabl e of storinghenhEeddndbrfiurtdrermare compringstter ceegigrers Xmin 1003
recei ves anlioaghisi 00@ba pr ednnadtBy respEttiRRlypaEéd ehet Rowtldrs Ao@Yand

nonent the registers Xmn and . Ymin contain .the coordi nates of the
mot 1 on vedPOZ cFARpERELAEST 18 AP RoP) HFAAG (FRS( CHRLERLReth Bhea
gi ven nonaskoefiatied cousearchif it receivedha olbapdt sigmal h praduced | by

connect ed e .40 hRpU a | gt ] | b 1. 10
The cigrcwa%‘%fg%% %Iaééga?%uF%%\gge%EﬁoﬁA% ?Jr% {Hﬁég}égork:ggngégsi%@%%%]b‘% gﬁg‘
vector  Ymipmadondgim the)i ceprdbmebes of the motiomeveckeri carreapprdingy
ooy pptOCLaY & Ve selGEF HNeL P81V & JHArt GRS of the
the norm PEAECHon realized will be: [err] (X, Y) [err] = max{ ’
][er rl Xer r]2 [err kel Qidd%uti 2p£2@ach _cmilntelr 1ke corgiettisteso Gﬁe Ldﬁ Sthe
unc n . _per__ se ut articul ar in.conjunctign with the =S
conpl bientWehdatit St a jhorm,caRRhiaEing, lrghal JobR:' s, o LeedlE 1865
descri pti ecalochlatles a normcuironi(OtBe Z®ordinates TXeahxdncX i ofi (the i vetbox
expensi ve ls eqen t function (1). Moreover, the results
obt ai ned ﬁ%@ﬁhg%g un%t&g%%? HBFf?tére identical to those obtained - with the
function (1) whenThe fyrctien oreadiged np¥t ther i sbreait o 00S 1Y beThany

appr oxi Mhogth funcilbh,Vauth as the waakeitall ¢RackioA® degrees with
respect to 30 the horizontal or to the vertical. However, the results

obt aitred are entj atisfactory. - The out put of the
circuit 1005 is coiiRGe¥ ap to a (1) register 1006 and to one of the
inputs of a two-input conparator 1007. The | oadi ng of the register 1006

is controlled by the sanme 35 signal as the |oading of the registers 1003

and 1004. ‘The nor iy what! #¥oldoWs,! ke’ adrdl $untedbn' TeaifRlelewine bat
second i nput of t@g coggirator *307p The latter supplies a signal
representing a (X, ¥ill= [X], [¥]}(2)

20
The advantages of this function (2) :'per se, but
particularly in conjunction with the two's complement code will
be seen further on, during the detailed description of the
circuit 1005. .
25 The function (2) is less expensive to implement than the
function (1). Moreover, the results obtained with the function
(2) are identical to those obtained with the function (1) when
the vectors are almost horizontal or vertical. The approximation
gets worse as the vectors slope by 45 degrees with respect to
30 the horizontal or to the vertical. However, the results obtained
are entirely satisfactory.

The output of the circuit 1005 is connected up to a
register 1006 and to one of the inputs of a two-input comparator
1007. The loading of the register 1006 is controlled by the same

35 signal as the loading of the registers 1003 and 1004. The norm
stored by the register 1006 is supplied to the second input of
the comparator 1007. The latter supplies a signal representing a
logic “1” when the norm stored is greater than or equal to the
norm output by the circuit 1005.
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logic " 1"3%%?1P??1e normK(s) 6Fed is greater than or equal to the nor m

out put by the circuit 1005. - 18 -
The val ue of the error function correspoRgng to the vect or whose
coordi nates are iven b the two counters is supplied to a
fourth register T Eoé’a]éi‘/ﬁi of, thy erxoxt function corypgsRoRdingob9. tire

regi st elr_ﬁ:geeoi:s ﬂh@@eg%dﬁli:ﬁftéﬁ’. tdtlehé S gikead” tbysi %lgé'g- tivfge %é@ﬁ@é:lryalw
is supplied to,a.second input .t he co rat or : ich _supplies a
first s RAPPFAERectR( ihg tourth | gaadster  A008 andz Ee’ oB, ctmpE; ref 4
regi ster ¢Q@Baraztorssl009. tThe tHeyigeysen008n itsheabsbercomprallddt by the
conpargt og n g3 ec | sent i J_ogi.c "1" t

val uessaar eL%& eatgﬁi #d §_tg§g.Lth§§&tg pg'_ Tér{ll %r%ﬁt?ﬁgggo%qp%rsa%%bﬁ{hlowgcnoo £
t he out pukher Gﬁmparéf-ﬁ_é'_ d80Far a@cﬁm&heéseoﬁamg B oned Seppreasnting
the signajslogicatiPt yhieRPWhd epsllidest8pEss i8f thd OFisAD 1804048 less
Furtherrm(l_:g F_LPE;he out%gt frorptﬁt he éorrpa,r ator 1009~ corresponding to
strict 1504 &hAY iRTRFeRsOBndRR PRBSE iU (O S | SORATPE angd a
1011, thesetbrd igigualofrepresensiigdani 1ogibe “aft putied r ehieslte valué®giate
"AND7.4 Th g'ggiput fromthe "OR' corresponds to the "Load" - signal .

The operatron of the cell is as follows: the values of 20 the error
function arrive afheheutpubt &romhdhealcomparator ch0@heand thepwutplutt HErom

cel | ThogRe vabitgarat 8r (089" ErPebPohifng! BoMiHle equidlits Yoll 'diddidi s
regi ster 1008, this register being Set to~a ,_maxinum val ue for ea
search ofd% b#%eﬁnﬂﬁErgeﬁﬁoE]@ei ARRUEByOf a logdfer aPe W0AQowFuxrthermore,
{L thﬁ vigthele cgfﬁ;ﬁ.ﬁi it frg_tn tthé_ c:tdﬂip&rat?ﬁr tlflb?ﬁ C@bkrgﬁ@ogﬁiin& H':TGt |8t #888
an,the stor inter i.ate nini val ue e oad" signal ,is ..,
act i \}tar’t edl%€e€b?/rb\t;yt %geda?.onﬁﬁgu%g NPyt 8F ndr SVRTIRRILE CEP9é§por% ng
moti on vet@bl, atBesothed iimpute of whighstier £edlGfixh atie 6G6put Hremeshe
the corr die » N ' edwn & reg) 6, " "
S Mo [Of pleplle Tr8hCind! (I [ ShTedhodds e the szopdr,

If the value of the error tron present a el
strictly #+¥a%r than that stored, the stored notion vector does not
change. _The | bpekat¥shueoftHdiece11 Ohsl Wact I gsS erhe AvaliiRs MU

PO ST KA TR W N SN I
previ ouslinpuor eff whe ocell he These ofalves nareveompared with bRel esininhan
that of tfe) ol dg¥SEER 1nTRKE RPN 0B, this register being set to a
maximum value for each search of a given macro-block in a given
reference window.
25 If the value present at ' the input of the cell is
strictly less than the stored intermediate minimum value, the
"Load" signal is activated by way of the “OR” 1011. The
coordinates of the co’rre"sponding motion vector are stored in the
registers 1003 and 1004, whereas the corresponding norm is
30 stored in the register 1006. _

If the value of the error function present at the input
of the cell is strictly greater than that stored, the stored
motion vector does not change.

If the value of the error function present at the input

35 of the cell is equal to that stored, an extra condition is
necessary for the vector corresponding to the new wvalue to
réplac_e the previously stored vector: the norm of the new wvector
must be less than that of the old vector. This comparison is
carried out by the comparator 1007. This extra condition allows
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carried O%%/%§p%%%0%%%p%?% Br 1007. . This extra condition all ows
19 -~ for a better choice of notion vector in the case in which the
val ues of the error function are identi.calg f.or several different nmoti on
vectors. ure 11 illustrates |n nore det a|I the contents
the 5 nof9¥ Emhﬁﬁ%ﬁqréb°%??cﬁﬁtmQRiﬁ? YeCteReling whic ¥ %éﬂsﬁhe
cal cul at i valués pe£f cheedreort fanktiba afret tieléntri@ajlorfdﬁ)several differdnt
accordance gnth t he, code used by the counters 1001 and 1002, the
contents BPEHAR ¥PPERFP- 1005 vary so as to perform a different
cal cu! ation to obFiagurehtlahidhstrateBuén here detail ttheccanteniissxf the
( a? asifgngﬂgﬁg”aéé{l%ﬁﬁiﬁg f%}'mlu.t 1005[ eé.?#a ﬁﬂ:‘f‘l@] case 3 T hich Ghid?d
[err]al ergglculationfig performed on “the basis of—threrrf'val;lcmc_enl {2h.< 0
(c) I''s conpl erfe”tnn‘é.@é%rrdance w1th the [®dd @édrby theacbunters— o@D

= NOI(a) if a_ < % a Iyln%? heeg ol ute val ue

corresponﬂ?ﬁg1982th5h§ gontentg, ffe | SR DA/ R RRFLOTN

can be readdifferentecralculatiomitsobobbdin aihey eabdolutes ealoe. oHekebidref

| owest, 30 u e in the case where a is strictly negative. No error
a0 rethe SmdolBEF . D o poei i i

IS ma fe ais positive. Conparing the norns on t he
basi s of such a "fali $iguedabinany enymbers: nt r oduces an i ncorrect
decision only in limting cases where the difference
la| =aifa>=0
15 = -aif a< 0

(b) Two's complement number:

EX =aifa>=0
20 ° = NOT(a) + 1 if a < 0

(c) 1's complement number:

|a] aifa>=0

25 NOT(a) if a < 0

By applying the absolute value corresponding to the 1's
complement to 2's complement coded numbérs, it can be readily
seen from points b and c above that an error of 1 bit of lowest
30 value is made in the case where a is strictly negative. No error
' is made in the case where a is positive. Comparing the norms on
the basis of such a “modified” absolute value introduces an
incorrect decision only in limiting cases where the difference

of the norms in absolute value is 1. For example, the vectors (-
35 2,0) and (1,0) will have the same norm. This is not problematic
insofar as the error made is minimal, being equal to the value

of a bit of lowest order. _ _ . :

The vectors (-1,0) and (0,0) will also have the same
norm. This defect can be minimized. by using a non-strict

—
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of "t he nor‘%SEﬁ,FQ%O t%or\llﬁ?ue Is 1. For exanple, the vectors (- 35 2,0)
and (1,0) will have the same norm This is not problematic I nsof ar as
the error nmade is miniml, being equal _tggthe vaI ue of a bit of |owest
or der. The vect ors . (-1,0) an8 0,0) wi.ll also have the same

norm THYPHARE 1094 R thi-ﬁl ﬁﬁﬁéd 1§yW1ll§f| ﬁéwaars fen the ilgst vector

-20- - Swppefanal MY . véerdhi snaariﬁg itheM ddme?| HE¥H ttanahecdﬁ%s;_%égrﬁ%:ﬁ{g

f al] t h d corres ondlng
i ni rum Ve uEBe{ TARATERY JAIe, 4 oRFS: FAEOR (TUASE IOMerthAL ALY BecJiien
I'f the Vﬂnmsaﬁcﬁrﬂ)-, I€- 2the, Ve(clﬂoﬁ) t( GQiOg).b) (52, Ol.O)(bl,(?),hp) (0, too)r,
ton t c e the ve
finai By ol (2. 8) "eBERRKBOHE. co R 4 yatue t bhen Ve chER oib D)
havi ng a will fesithe evechgorbinakiy @hmtor havi ng a negative conponent is
al | owed, the vecls YariehdlneyREA! td v EncqERONEELwikd abevégtogh%%nén

this way the nunber Of vect Ors having an error one
m ni m ze@ositive compopgrh @md, & hY%CE?F ohavingade, nﬁPSia'é-'a‘ﬁe beowppnesteds

| at er allowed, netheivadt@st lnaaiqug(ftﬂre exviitdvd dithdtidntdi XAal11 ble
Ieve

: the 0 corr ondin to the
corrpheme qﬁ.‘?sserh‘pp%ri‘ V‘\{}ut% ‘ﬁ% %%%?En@ﬁt VESH@HSnﬁﬁgéPQ th Fror °fb)Pntehe
count er s,pixekli rigs toien imiszedit e vaI ue anounts to per form ng an exgl uil ve
OR between the si | o I the,..
ot her bits of theﬂgearprrts\‘h#é}flrﬂ){(-éfr}ESTE@I.Blr q%p uth a‘f&gdgg E.ngrggt%?
results &Y t Be EhBeExdnekioR G@m‘at%rr(@%onﬁxﬂgplg tihfé tthe c beddi- m
are conparedsex)o, det erm ne the larger of the two absolute values. A

mul t i pl exer the | tiplexe he |arger of the values to the output of
t he 18 circuit ?’6@5‘ Fﬁ‘%ccﬁgﬂﬁiﬂéew VR1PRe (RREHYSRANAIG corPar FBBN. 1

It is of mplmqmss:,sblapphapp&q the 2bsotomplemént obded nuhnber’fs\/\/@utput
conpl ene r Quever.

Fequi r1 ey A, SSe o SR ALIAR 85 abB81uE8 Phiyhhiigunes! B R rormipo
Figure l@f’anﬁxgalsESIVQe@R nbetwe%@njtthecti!wnwhllt t ol phesetntrotaaemph@dpment
enbodi m?fliodeii an@Rbér3AnduthabldtHey bhese dPdefeOfsdhie & iﬁ.ﬁﬁoghr' C-M{gY is

o Ao is e " CRiGuRtoadl ot Rdri e S no8, She iR B RS R PBRec

earlier, correxporalinmy ts phesitve ¢sordisités sa&teolddmpa:rea/ Sb0deEerine

di sti nct éﬂeOCIiar@%(} sgepl {:ﬁé o' & uslcglt];.t?é F"\?C.Lrhebsl oc ever].){::l.plexer then
multiplexes the larger of the values to the output of the
circuit 1005, in aecordance with the result of the comparison.

25 It is of course possible to apply the absolute value of
the two's complement to the calculation of the norm, this
however requiring the use of an extra adder.

The cell illustrated by Figure 10 and described in
conjunction with the present exemplary embodiment is a cell

30 suitable for those modes of the systolic-array coprocessor for
which a systolic array calculates only the data corresponding to
a single motion vector at a given moment. As mentioned earlier,

operation is possible in which a systolic array stores two
distinct blocks and supplies one result for each block every
35 second cycle. Those skilled in the art will easily be able  to
adapt the motion vector selection cell decribed above to such
operation, in particular by providing extra registers for
storing the components of the vectors corresponding to the two

blocks. ' ' T
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35 sééoné4é§§F8?4?R%8EKSEFF|ed inthe art wll easily be able to adapt

the ndtion vector selection cell described above to such ‘operation, in
particular by providing extra registeis . for storing the components
of the vectors corresEondlng to the two bl ocks.
21 KEY TOREFGDREETGURER 1 104 | NPUT 107 - QUTPUT 103 COPROCESSCR
102 Rl SC CONTROLLER 115 M CROPROCESSOR | NTERFACE FIG 2B 1
STRIP 2 FC_:URRENT BLOCK 3 REFERENCE W NDOW FI G 9A/ 9B SEARCH
W NDOW SERRr CLAI MB
1. Mettbad of INPHIecting notion vectors in a system conpri sing
a notion stlna the said notion estlnator 5 cal cul ati ng val ues of
an evalua%lon function, each val ue

103 COPROCESSOR

102 RISC CONTROLLER .
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FIG. 2B
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FIG. 9A/9B
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correspon /95 P940%? %?Spixels of a reference window with ct
to a current bIock of plxels, the relative position™of the-said bl ocks
bei ng described by a notion vector, thesgaid met ““‘
characterized in that it conprises the steps 10 m‘“ﬂm‘““mu“a \m ng
the smallest value of the said c ation funetien

of conparing the nor ns of the vectors associ at ed Wi th the said
smal | est yal ue, ectln fromtg |d a5500|ate
vectors. Lthe 15 M6ERed, 1R n§eLRECERI | dqeidt m vaEe3EL Rt HEEEtem

accordlngcbmpfianngl ac haodditosy | zesk imatdwt thbe sacdlcmm¢m0n1 edtimator
horm f cé?c@ul?ef&gve‘vﬁih%s | b P ﬁor luati ealﬁl t hefdictifie

nax{ err err
where X anqrvesppn@s@ﬁt tichea cbépsknafespbxehsw (i* referenge windgst Heth

accor di Ngrbgp&bei Fo2.a CHIFAEAET bIBEKI BEt 'txels" the P2ElhButar ,poéﬂttllbrlh@f

coordi nates of the vectors _bein | ement, co i fied

absol ute FBPuSaIgG b ﬁﬂ Pejﬂé éesc:e:blag.gl E?Xt R ot &Bflal‘F%‘gE%f/ gg/‘?

the bitsmethbiebedngdchatacterigbénihhehani itcoomgrises thensgepsve.

4. 10NE.thOd .acgoég'n%ete iM% (ﬁthéhesmgiiggg'n%afué“nﬁf SQhe' said
I'n such™ a way

characteri zed |n.th tRe Tef érénce w ndow I S- scanne
that the evatdahidossfuncthenpoti on vectors -are increasing. functi ons,

and that when severgg ¥ Qﬁnﬁorﬂif'es%ﬂné Opf Ngnéaidctorss EdRsilated Utﬁ’:.tli

t he eval uation functi on, | ast vector in the order of scanning is
chosen. 3the said smalkﬁﬁﬁoﬂa B8eording to one of the preceding

cl ai ms char act fi zslddtidefit EkemevHaelabadd faswddinted okctbesf,orthe

Err [éY%f§°g[§ %ngr@E% 9@§1%8?£]?§%@;Pf + y[err] ) e

| mage processing device conprising a notion estinmator,
the said d gotion eRbiHBECL&VRMGY €Y ¥ehiRS 107 AAVAUAILY in that the
calculation of the norm of the said vectors is performed
according to the function:
20 Il (x, %) [l=max{|X], | ¥]}(2)
where X and Y represent the coordinates of a vector.

3. Method according to Claim 2, characterized in that, in
particular, with the coordinates of the vectors being two's

25 complement coded, a modified absolute value of one of the
coordinates is obtained by reversing the bits of the coordinate
when the said coordinate is negétive}

4. Method according to one of the preceding claims,
30 characterized in that the reference window is scanned in such-a

way that the coordinates of the motion vectors are increasing

functions, and that when several vectors correspond to the said

smallest value of the evaluation function, the last vector in

the order of scanning is chosen. |
35 :

5. Method according to one of the preceding claims,

characterized in that the evaluation'function is of the form:
Err(m,n)=33 D(a(i,j),b(i+m,j+n))
13

. 2 2 .
with D(x,y)=|x-y| or D(x,y) =V(x* + Y. This SheetHasBeenRTla
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wi ndow with respect to a current block of pixels, the

of the said bl ocks being described by a ngfion vector, *the tsald *
device being characterized .in that it nprises:

means (1605) formagecpradensing devicer W%’rﬁ&\ a  mofdgn, estimator,

- rreanst gﬁeoﬁ]ald Oﬂoe]galtaﬁrésnﬁn}@ddieswicanaeyaguaialms c(:fif ugx:telga%auon
assocClated W eac 0 e.vectors r
compar | naSEREEAGR (RAGh  VELUS. COrXeRpanding <t9s 2o0bhodh Mk LoHRRLInaE 2
advant agepefeyahue efindow witlsatebpoat uad i anchrrentoblack OF pixels, the

Tl &t 10%§at1$80&s_}}_2 Q%elt?l% B &Fé&sveﬁdqﬁsge@cmc er | zed‘"alon

smal | €5t h vl ce accor

that the vectomid tdeal wBaidn devicei orbemg acharactenizedf iphe that it
di stortloe %Pr:.ﬁé!ss“ ng - between the current block and the block of
t he P ence w ndow. DRevice accordin

or 7, char act eri zegmeans; n(}GfR) tﬁ@rné’ﬁf;sc"(lmgfﬁhec Q‘Eﬂ a?fné:thtenemﬂﬁ'ﬂ’il

of a vect gecdrsgi,ncl ude | ogic gates perform ng an exclusive or (XOR)

b »
Devi oD accor di ng ComBRRPm 6100 A, FORRSERBE Pahed VAR eupivgride

neans ( lEQhptdoneaseociateddeishceaphr afothanUe&tQGS mul ti pI exer whose
function is to detepabpg thﬁ”?gﬁL}L ) Vbt eclhparing "EnEOTRMEYS £ PuABH!

fromthe exclusive or.
the vectors associated with the most advantageous value of the

function, 3%68ﬁ1’€%ﬁ°8280¥?8§80nd| ng to a bl ock of pixels of‘mm“m‘mm

said evaluation function and
15 - means (1003, 1004) for storing one of the vectors
possessing the smallest norm.

7. Device according to Claim 6, characterized in that the

~ said evaluation function is a function of the distortion

20 existing between the current block and the block of the
reference window. |

8. Device according to one of Claims 6 or 7, characterized
in that the means (1005) for calculating the norm of a vector

25 include logic gates performing an exclusive or (XOR) between
each component (X, Y) of the vector and its sign bit.

9. Device according to Claim 8, characterized in that the

calculating means (1005) moreover include a comparator and a
30 multiplexer whose function is to determine the smallest value of

the components on output from the exclusive or.
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