; e3e>4g>bbcTd@ e~f 6f T4ghr ? MOTI ON VECTOR SELECTI ON BASED ON A PREFERRED

< PO'NT Apparatus and nethod for selecting notion vectors The present

invention relates to a nethod and associ ated apparatus for tion
vectors for use in a video notion estimator. Such video no m‘m WMWW“E
are typically used in video processing applications, part|

pur pose of 5 video conpression. Descripbtion O The Prior Art E"é (|VbVI ng

Picture Expert Goup) standards are used in nmany current and energi ng vi deo

products. ThRyreie VEERCRESRISCT oM i BRSED Ol £V It DER 199 -F@iNPOxes, 10
vi deo-t el ephone, Hi gh Definition Tel evision (HDTV) decoders, video

conferenci ng and ot her applications. These applications benefit from video
conpression in that they require | ess storage capacity for archived video

information, |ess bandwi dth for the transm ssion of the video information,
or a conbi nAppantus andmethad foypelestingyneatieon ¥esteressi on techni ques are used

to reduce t{g, ?#é@éﬁﬁmén%n DAY, 8, Qfméiﬁécﬁaﬁd“¥§§o\€%?ed BosedideeMchigp | mages.

One such exanple s a transform coding usi ng a Discrete Coslne Transform
(DCT) pr ocemstiorheacters derciss is gatides m@@m@ﬁtm dtern Sughh videe matiea estineatioss not i on

conpensati o ectz;gbélg L%Q#tm (/l@%"bﬁ&&ﬁﬁ%ggﬂ'caﬁ&{s Llﬁit:blgﬂy lﬂﬁttﬁ‘@ﬁﬂrpw\@o%e

successi ve he notion co sation Is used to predict t

current Pravigeale@raprepyion-pr evi ous frame data based on an estinmation of
notion between the current and the previous video frane. The prem se of
this notion estimation is that in nost cases, consecutive video frames w ||
be simlar except.fo ha i nduced by objects noving within the franes.
25 In the t‘S Eﬂt'%‘aé%ﬁb? Bagfﬁrtm)tl on between frames, it is easily and

efficiently, dicted t rrent (frane is a dupljcate of the

or ed ot 1 on MPERe (pfife Rt dges” Bfley #ERTars e viid TEufal elsPiy anc

t rﬁnsm' tt edemérgirfgev:de@qﬂ@:ruct§ THeg a‘pm‘hmbéb rhente en faiitdl (tele?smm het-topdbags,
schene i cat nt| et u sive. frane necessary
to reco tr‘ﬂ%‘?o eﬂe@hﬂp%eﬁ'gﬂﬁqf@ °Ph \Aﬁ'g[llsl-r\?)(? @ﬁrcse Vfdlegncé’mse)re g\ﬁfé‘ﬂ
there i s nofthen applicatiens. Magss, aptpheatrdns;ﬁmeém&um vitiep asdmpoéssidme inC that ehéy
frame with res, evi ous. 0 ut.ure rame s estimated. Th fore ne
of v e ot PBTR e araos apaain o Ve YEBR alolndit. JFees Bendiih JpLef °
bet ween t hetrgrsenissinrsofanel vitbe inforrmation, drraaamwna;beoﬂbbmrm ned to represent
the nmotion. 5 Mdtion vectors froma sequence of video franes are usually
determ ned by a block matching algorithm The algorithmis arranged to
search for the best match bl ock of the current frame fromthe candidate
bl ocks #fsi\dericassedaocerraprassion iterhnigees @re ueert do reduge the substantial amount of

data involved in encoding video images. One such example is a transform coding using
a Discrete Cosine Transform (DCT) process that reduces spatial correlation. Another
example is motion compensation coding that reduces temporai correlation between two

successive frames.
20

The motion compensation is used to predict the current frame data from previous frame
data based on an estimation of motion between the current and the previous video
frame. The premise of this motion estimation is that in most cases, consecutive video
frames will be similar except for changes induced by objects moving within the frames.
25 In the trivial case of zero motion between frames, it is easily and efficiently predicted
that the current frame is a duplicate of the prediction frame. In such a case, the only
information needed to be transmitted to the decoder is the syntactic overhead (i.e. the
coding scheme used to indicate the identity between successive frames) necessary to

reconstruct the picture from the original reference frame.

30

UMM

*G00002*



The bl ock matching al gorithmdivides the image into square bl ocks which
contain "N x N 10 pixels) and then conpares each block in the current
frame (current block) with those within a reduced area of the reference
frame (search w ndow) |ooking for the closest match. Absolute error (AE) is
the sumof differences in the |um nance |evel of all pixels between 15 the
current block and reference block. And the small est AE anong the cal cul ated
AEs is used to determ ne the notion vect as a neasure of the displacenent
of the pixels between the reference bl ocK and the candi date block in the
search wi ndow. Alternatively, Square Error (SE), the square of the sum of
di fferences . in the l.um nance, l evel of_ all pixels, betwen, the cyrrent bl ock
and the r of BEACRSTSI S EICToRas tscagen the AlspReRGeRLeY RALYPe durettiams 1Bh.
Wthin a semsspBctvb peEvibustdi fiterefiameB estiplatddalhérgfopé, a@lor viedre niotidiveétors)d
during bl ock matchi ng. g,hi s&?arti ul ﬁr. pr.otfl (I?PPIT}“IIS atg‘dressed in United State
Patent No. EPE&Bensag inexdisplagefent:qf Gefpl Rixgl3 PEwaentNgRredoys 2 g4retid a
subset, congambs e dbtedhineditd idpreBeabthdimotgual to the smallest value, is
defined. A further subset of candidate vectors fromthe subset of said

m nimum BEs is then derived. Each candi date vector, representing the

di spl acenent of the pixels between the current block and the search w ndow,
represent s Mation yeeterspbomi gemrensgu| videy frarses mig lus4ally\dateraningd by a block
predeterm n i t oy i d
R A e
vect or cl osewtent famedrom theegandidatecbiogistingide @ seatsh. wingaw i the seferepas firrag: e
vector s aehd Bk Adichit BN dtifdsthe Mhadd Ao SHuERN 0K Qct QIR N x 1B
then stored in the storage neans as the predeterm ned notion vector for
subsequdft rikelscand Bleoctempareseach blgak in gw qureent framer HEent: lock) witdrthasd i ned
preferred 1 ?(?ﬁbe ; { 3 ,
preferred B@Fﬂ{.‘ ﬁe@f’ﬁ%" Egeé%ﬁofhtﬁg\??ﬂgﬁﬁfcgeﬁr escs%fgreégh\lﬁ'rqate\we%s%ggghp%%n%%#t
According t®atdhited State Patent No. 5,717,615, the norm function of the
said vectors is created according to the function: max{Il X, ~Y~} or
"(X2+Y2), where X and Y represent the co-ordinates of a vector. The norm of

h h ' d . d .th dj AE
uee s Sl SRR e R R

u [ e n andre g s

[ I ity. Th f inpl ' "I X2+Y2) f h iti

" hi'gh as Grerapuliine b mEREhaGet ¥ A BRenit 3 SiF Abietand B30 B 15
max{ ~X~, ~Ybétwaéd eihes rafarenceiablotly arfd died exindidlatentblaok \recther seareindwindowe t he
decoded i Lt h i f.ficul i ' red
decoded | oBfrndihol: SRR TR El hh Sl e b SRR HRRL B
Typi cal |y, levéltaf @l eixeys betiveen dine ayrsent dlapk atdliba Befenc8beR, may bp wsed fosed

for seapghi ng. 0 . ch wi ndow. The nunber of normfunctions to be
cal cul a?gd rpgt'c%‘r%eﬁéérrﬁe%ﬁgfn%ﬁgﬁ't he nunber of arrays. Furthernore, the nunber

of conparators required to conpare AEs in parallel wth the norns is
significantly increased. For each search position, two conparators are

needed ;oz vi/gﬁin%fm@h WhﬁioWQEH’éré/ﬁ{dyﬂae d bgmgn’t;?meéqmmeraf{ee:fb&rm QuringStIoEK ff

array o X106Xo, , conpar at or ar.e eae or sequentlal compari son.

the 25 nunﬂ@?tcg'lngrm*ﬁ‘?i ﬂgﬁu@ﬁ?ﬂﬁ?'& '%Fpgﬂfés?ds'"i HE’F%’ag@EP Patepblie, 548¢4.252.

conpar at or SAcEﬁbﬁ:liﬁ@wﬂ\rsepi{[térﬂ,rth?gE%[di‘b RéinpardindtaGubaet, comsistingtop bl m‘ﬁumtﬂﬁf y of
O a T1rSt ere

RS ORI WARERI GG TN T T LRt
estinmati on thy Subset ¢f3afll MiNirmom A®SisOthen derived. Each candidate vector, representing
the displacement of the pixels between the current block and the search window,
represents the corresponding AE equal to the smallest value. A predetermined motion
vector, retrieved from a storage means, is compared with the subset of said candidate
30 vectors to determine the candidate vector closest to the predetermined motion vector.

The closest candidate vector is defined as the motion vector of the current block and is



4 defining novenent of a block of pixels between a search wi ndow and a
ref'erence frame, said nmethod including the steps of scanning a search
window in a fixed order for a suitable match with an area of the reference
frame such that each search position within a current row or 5 colum of
the wi ndow i s one pixel away froma previous search position; defining a
preferred point in the search window, calculating a primry normfunction
with reference to the preferred point fo% a given position in each row or
columm; calculating a normfunction for “each search position based on a

l'inear increment 10 of the primary normfunction for the respective row or

col um,; cuI solute Error, (AE) for. e arc osi tion ased
on 5 ai 11 or BROGEN P SOGBsURSHRL AL G Piore EREN SR Trothn ety e disadien

posi ti on i ncdrfet bletks.ence wi ndow, and selecting a notion vector, the

di spl acenent of the notion vector being defined in 15 terns of the search
position having the smallest AE, or if nore than one search position has
the same small est AE, the search position having the small est normfuncti on
is selectedA rprreff@mcw@nwthtrﬁéer%ﬂ@m@ uges|defined pwgerfeﬁiep%mti GaarBe weadorsairati on

for a gi ¥en,ROst thi ot »‘e’&&iré‘gﬁé p'réf@rré& EBinPfra\ﬁﬁd sgérabre%ugrgede%md%qﬁet he

di stance between the preferre ol nt he current searc ol nt

squar e of t$aareh ytrw)ﬁWeArcgord@sdo Layteﬂrﬁtgteo%aie@rtl‘é@ Y Gt dhe @ormrfrrmtlﬁv &f
t | ! t
square roo th@ eradbc@d?s |@ﬂ@ @a atchfdi n?t'ovtﬁe Y@H:;H&? rﬁéx{ﬁ@?ﬂ}‘ef (,Qxf?'g?l} \!vﬁé're@E

needed. 25 Pre near renent for eac Oow or ¢ m IS

+2X) or (1 a@Y)Y F@ﬁ?ﬁ%\t |thee|09-or¢metpé o angcter.r Ehemorm efhiner seasel thoinds are
co-ordi nat g t e rch
Snutédn h%c{rf?d&tr ?\ﬁ%ﬁr‘thg%r@b&ﬂwdrr{g REL hiSedBle e gél% Ak ?é;da

positions may be eva ut the nee pertorm conp tatlona
conpl ex 10anmallestAE. | engt hy, square calculations. 30 Advantageously, such a
linear increnent in no way detracts fromthe accuracy of the cal cul ation.
5 Multiple systolic array arrangenents may be used to increase speed of
calculatio osi.tions and

re se i on of ltiple scan
Ceduces mueripnatart pt MESRPBRLFRHGT EiheR _iiohoR e AR NERHbY A
Preferably, Ia@eparaemilcﬁafoetbulalbnalncapaclt)orThescai;etoélmplamanQ LP€+8Ysios eath t he
AE cal cul at|0ﬂs f.or sﬁald %)I ural ity aof positions g ﬁém.i. on vectorf
sel octed orPEHRNGRSET 6P € IRIORE ATRFS NGy PRSI PTUSh eo‘?mi" &dpihe 2ErUares
noti on t&ctrag|X|, |[Y[} affects the quality of detected motion vectors, and hence the decoded
image. It is therefore difficult to use approximations to reduce the computational

overhead without adversely affecting image quality.

Typically, multiple systolic arrays (e.g. 4x16x8, or 8x8x8, etc) are used for searching a

20 larger search window. The number of norm functions to be calculated is proportional to
the number of arrays. Furthermore, the number of comparators required to compare
AEs in parallel with the norms is significantly increased. For each search position, two
comparators are needed for the AE and the norm value. Therefore, for a multiple
systolic array of 4x16x8, two comparators are needed for sequential comparison. If the

25 number of multiple systolic arrays is increased to four, 4x2 comparators are required for
determination of the motion vector.

Summary of the Invention

According to a first aspect of the present invention, there is provided a method of
30 selecting a motion vector for use in a motion estimation system, said motion vector



Preferably, the calculated AE results for said plurality of positions are
sorted according 10 to the distance of their row or colum position from
the preferred point, and the pre selected notion vectors are determ ned on
the basis of the sorted AE results. Preferably, the nethod nmay be used

wi thin the framework of the MPEG standards. In particular, the reference
frame may be one of a froward, backward or interpolated 15 frane. In the
foregoi ng nethod) a Square Error (SE) calcul ation nay be used in place of

t he Absolute Error (AE) cal cul ation. 20 ACCording to a second aspect of the
present invention, there is provided a notion estinmation device for

cal cul ating,a notion vector fi ni i spl acenment between a bl ogck of
el s o O T Backopoihe S bebfedll & Tapra FbRoARs & (alsrgnce
includi ng: framesaid MEthee tidig ResSepsdi: Wi ndow in a fixed order for a
suitable match with an 25 area of the reference frane such that each search
posi tion wit hnS&aRiRG 8searchwiBdow it arfixedordardonp sHiRPI® ateewph 281areay

froma previ ous 4L afERnBe Stdme Buch BANEadhOEedterh | Josition awitHire fae bhipsht W br 1 N
t he search wi ndow, neans for cal cul at I%?E\ygf?p“ rrar\%/ norm function with

reference to th&OYMEriReyingew g ongpixgl M LTIV SeArERIFPBW or

colum; 30 neaagﬁrﬁi@d a%féﬁéd}. biRGindhd 9&dRH Wikgbivon for each search position
based on a linear increment of the primary norm function for the respective

row or col umme® calgulatiighAspringary dwreubastiongwith referesre te tha peaferesiepoiniofor dach

sear ch posi ti ong;BaB6HIONInfedth bR oPRGEmAEt Wween a given property of the
search position~and a position in the reference window, and neans for

sel ecting a nwt capulatng anorme flnctlpr far eashmsparchpositien hasedoen gdivearringsenegt 5
definedqgn the LShri - it ] mrel lest AE, or if
nor e th;;t?\) one sggg%ﬁmg%s& F@gf\ﬁﬁg@ﬁfﬁgﬁfgéb ghrr\g%/#ogg?#%ﬁ" neans for sel ecting
t he search posi calouatirg iang Abselutemidrioe stAEN ofom daghc séarph  gasitiohebabededni tes and

features of the,j [ i, I : L.owi

descri ption of SHBIHEk el oRERATRARNA AL bodrbh Bopich, S84 oTHlsRin Mitteys
FIG 1 is a bl ocHergnegywindowf asd sear ch wi ndow showi ng the rows of search

positions and th ferr Lot 1 ks a QcC iagr how ng
t he scanni ng brag'F&E) agﬁwgggr} g%t%f‘ E)hcee@%ﬁ%%r%e%gggﬁ]ghm(\%oﬁ lé&%r%?aﬁrgfﬁn? M

bl ock di@agram slevmisrof thengealcts pasiten batingthe swallesioABy afi inatbesthan cressearath

W ndow, position has the same smallest AE, the search position having the smallest norm

function is selected.

Preferably, the step of calculating the primary norm function for a given position

20 includes the step of calculating the square of the distance between the preferred point
and the current search point. The square of the distance is used, as this obviates the
need to perform a square root operation, and only relative values of the norm function
are needed.

25 Preferably, the linear increment for each row or column is (1+2X) or (1+2Y)
respectively, where X and Y refer to the respective co-ordinates of the current search
position. In this way, adjacent search positions may be evaluated without the need to

perform computationally complex, and hence, lengthy, square calculations.

30 Advantageously, such a linear increment in no way detracts from the accuracy of the

calculation.



FIG 3 is a block diagramillustrating an arrangenent for perform ng notion
“estimation 20 for every search position; FIG 4 is a block diagram
illustrating an arrangenent for determning the notion vector in accordance
with a reordering schenme; and FIG 5 is a block diagramillustrating an
arrangenment for determining the notion vector in accordance with the
schenme: Norm+1 = Norm + (2X+1 ). 25 Description of the Enbodi nents Using
a fixed scanning order for the search window, e.g. left-to-right,
top-to-bottom the distance between the &evi ous search position and the
current search position is one pi xel hori zontal ly (or vertically) within
the current scan colum (o ow). Therefore) IS 7 only necessary to
updat e one &Bltipleisysielic @WWH@W%@G’H%I"@M B?l”@ﬁd de 'PW@a%FW%Pf ﬁ@'%"ﬁé"%can

Fur t her mor e Thisfalltis 'Bre-REleBtidiHbf MlitipROSIah! Suitions Bnt¥eudeds multipleNsHElIatbna
the next scan 5 position i+1 is given by ((X+1 )2+Y2) or (X2+2X+1 +YZ);

hence Nor m #nd eorRpgrigons of Ak apdylormryaldes.asyl t neans that mat hemati cal square
operations can be avoided during the scan by utilising previously stored

norm val ues. For the case of a nultiple systolic array inplenentation, or
paral | el %cgfﬁff’rﬁa'yofa Perrepigeted ometign Meciohdis t dipdNined Ons i Basisi of She A e

al i gned to theusm féroéﬁlcﬁﬂdra‘ﬁ@"df%%l%ﬁé)'éﬂd tHe hfbtlbﬁ‘%@(@# H@BIe@te‘éjthtﬁ@ bb&iem
the preferred point as the row distances are sane. This wil

pr e- sel ect i 8htheAE and naimfupstions ehivepre-seleeigd matign vBePE or e m n| m ses
mul tiple calculations of the norm val ues as wel | as the nunber of

conparisons _required. 15 A current blo pi xels is selected fromthe
current fraReeferaply. @elcéi%'@te%ﬁgdﬁs%ﬁs fﬁi %%‘I’ glur@gx plRrsitions Are Kotehaesarding

sel ect edgf rwnhbhﬁstéﬁéeebﬁm@ﬁ rf)\wadm:oltﬁnrpbéélﬁ‘ér{ ﬁgmmbrﬁrefe%li%ldtsaﬁ’cﬁﬂé‘ﬁn‘é by a
user, is set in the search window. The preferred point is_a fixed point,

whi ch serve§e'8%t9%m0§f”é?’%ﬂ%ré arr%ﬁet&rm'nﬁ@)r)mﬂtea@aﬁﬁ ithe AartedG rgitht | ocat ed

outside the search w ndow can be truncated to the closest point within the

search w ndow. Ever% tg sition in the search window is then co&ared with
Bem

the current PHfeaRly eHAP Ay usAhwithiRghe frameyororiir NPE@andasis: in
Wi ndow. X2 BalcVd, tRE réRRnRerFarkdintdyi 88 dnd 6k GHHre doAdiard O ShteWicidted

reference to the starting scan point and the preferred point. The scanning
process1150 tiePer ni ne the best match bl ock is perfornmed col um-by25 col um
first then foll owed by row by-row. The Absolute Error (AE) between the

current
In the foregoing method, a Square Error (SE) calculation may be used in place of the

Absolute Error (AE) calculation.

20 According to a second aspect of the present invention, there is provided a motion
estimation device for calculating a motion vector defining a displacement between a

block of pixels in a search window and a block of pixels in a reference frame, including:

¢ means for scanning a search window in a fixed order for a suitable match with an
25 area of the reference frame such that each search position within a current row
or column of the window is one pixel away from a previous search position;
s means for defining a preferred point in the search window;
s means for calculating a primary norm function with reference to the preferred
point for a given position in each row or column;
30 e means for calculating a norm function for each search position based on a linear

increment of the primary norm function for the respective row or column;



bl ock and the candi date bl ock fromthe search window is used to determ ne

- and define the best match bl ock during the scanning process. During the
scanni ng process, a normfunction is calculated for each search position to
determ ne the di stance between the starting scan point and the preferred
point. Anormis calculated for each search position 30 by updating only
one of either the XZ termor the YZ term dependi ng on whet her the 8
search position is changing by a colum %rx a row. The updating process my
be further sinplified to the formof a 12X or 12Y increnent as appropriate.
In the scanning process, it would be desirable and convenient to find only.
one mnimumb5 AE over the entire search wn ctive with the

cor r espondi ng‘cd??%}ﬁfobFﬂﬁlﬁ?t'q%gg?‘?'“t?P%Afoé?%%ﬁéa@ BFaIFR PPSto, Pased on
equi val ent m ni raidiféveRcs BetMdeA W dividh froperby 6¥aRS Searth pbiedreardl & poditidr il tRe
positions with the same m ni num AE, the choice of notion vector will be
based on the nor&fereNseMIRtPW:@9particul ar, the position with the small est

normwi || det gr rhduhstibesdléciing 3CRSIRIN vetor! thE dipfdcement bi the FRADA ve&taE béiRg
search position where 10 the starting scan point is closer to the Preferred

poi nt wi Pl det erdefined Adhe Lepigf th sBarep IPesting havipg thesmalestHAE, T A1ader to

ease the sel ectiiih ehe tdBroDbdsRIdNVIRSS e, saME RnizMbdti A emBBRY it Sudsdtihg QRS are
scanned si nul taneously, the resulti n% AEs and nornms are sorted according to

the row 15 posi tSeafehiosiiop bpYng Heesralephrorpy fuR@ioped point. Firstly, the
selection is nmade based on the | owest AEs and sort order. Sort order
represents the selected row position with reference to the preferred point.
Then t he oufytheribenelssad deatiufestfithe inyeatiarowll hesammetaprgrenhfrom gdaliqwies AE

val ues ape @sieaptioncSHentoRMEHIOBF theinVekfidries are conpared to determne the
notion vector, with the smallest normdeterm ning and defining the 20

opti mum vector. Referring to FIG 1, there is shown a search wi ndow 100 in
a grid format where each grid area is equal to 1 pixel. An exanple
preferred pBesdriptioh ofthdalrawingsf or t he search window as illustrated in FIG
1. For a scanning order running fromleft-to-right and top 25 to-down, when
t he scanni nifGofl i¢ Adlgakrdiagram\of afsegechirwindgw shewine the wWsHhsealch osiomeand
vertical it@patd@fedp@ini S executed, and it scans the next row of search
positions, starting at the sanme horizontal position. The AEs and the

di stances Wi 26 8RR lidgParhkRoRingftRs E€shnRtY drtieOdf 4 Sedrch BrICEING] séep@i Ch
position are 8al cul ated. The vertical iteration is repeated until the

bott om of tW89%¥arch wi ndow is reached. 30 9 As shown in FIG 2a, the
first bloc o.pbe scanned with,the current bl.ock is,|ocated at the top left
Lorner or 1T 283 Bk b SR o e iindb bbbl D fin Bt h retl
the sane colindow; fromtop to bottom A new horizontal iteration wll be

started at the new horizontal position when a colum of vertical iteration
i s fini shed?IGTRdSs veblo¢k dirgeantillgstraling 2nrarsangementifor parfprming pecdioe @stimation t he

whol e se@r cfyr widHleusBRpobESN Scanned. (Xx)
FIG. 4 is a block diagram illustrating an arrangement for determining the motion vector

in accordance with a reordering scheme; and

FIG. 5 is a block diagram illustrating an arrangement for determining the motion vector
in accordance with the scheme: Norm;.+1 = Norm; + (2X+1).
25

Description of the Embodiments

Using a fixed scanning order for the search window, e.g. left-to-right, top-to-bottom, the
distance between the previous search position and the current search position is one

pixel harizontally (or vertically) within the current scan column (or row). Therefore, it is



and (y) co-ordinates therefore continue increasing by one pixel during the
- scan of the search wi ndow. The val ues of x0 and yO correspond to the
preferred point of the search window with respect to the position of the
current block. This relationis illustrated in FIG 2b. 10 During the
scanni ng process, the search position which gives the snmallest val ue of AE
is determ ned and defined as the best AE of the current search node. Wen
there are equival ent values of AE for other search positions in the sane
search node, a normfunction is used to det erm' ne the position having the
best AE. The normfunction is 15 defined as . (X2+Y2) V\/nereby the square
root can be renoved d conput ati on

cal cul at i on®MY BREFSSAM °t“88 ©ive C\?é?'ﬂ'égfeépém?'g}ﬁﬁ ?%‘Hﬁ& t’?ﬁ)’l’w diring; tey
represents gda. di stance of the starting search position of the current
block with reference to the preferred point in the search wi ndow. The
starting search position of the current bl ock is at the top left corner,
therefore the first normfunction cal cul ated 20 be the distance

bet ween t heFwthesmdrendlt Mosm: i gurgdnt resitipefitis |6>6|+|Yt2 dhe Mmenpf ecext yicam
reference t \ 2 1e I ion
an' Do dgr i BostHeR P L BEHTBY ok 1R er R AGH R IC AR Worm. T SR ¥ 08PR
scanni ng or this r¢%ﬂtlre¢6tnsttbatrm@fhemaml sayare @pé@mn%ﬁ@ b¢1éV®é%d dwring thﬁ@ﬁﬁfar ea
is 25 divi f el by pixel. Therefore, for a new
verti cal |%¢“?%§ p@?\ﬁ%dsglgg?%%r é/ta\%'ggn t he previous search position and
current search position is one pixel vertically, and for a horizontal
iteration, it is one pixel horizontally. As shown in FIG 3, when the
scanni ng prEmetae chsegons nﬁlﬂtlpkha/sidllbﬁrra\]&mbieﬁ&htaitlberca‘tpiawlletbfsc&nnﬁ@ ofcdevaral i n
t he sear t corner o

bl ook anl cHRaopsis g s2ah Gofiigte pracaliongd 1t Bt B A1 ST sl | o
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co-ordinate y corresponding to the vertical iteration. For a new verti cal
iteration, multiplexor 304 will choose the output signal fromcircuit 307,
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30 by updating only one of either the X? term or the Y? term depending on whether the



above is repeated. By fixing the scanning order to top-to-down and
“left-to-right for the whole search wi ndow, the normvalue is cal cul ated for
every search position by using 30 one subtractor, one square circuit and 2
adders. Mreover, the results are obtained w thout any approxi mati on and so
the accuracy of the displacenent of notion vector is 11 guar ant eed.
However this design applies to a one systolic array inplenentation, and
only one search position is scanned at any one tine. The AE value of every
search position is calculated and is use@ to deternine the best 5 match

bl ock. Two AE val ues of different search points are conpared to define the
best AE of current vertical iteration. Conparator 310 has 2 inputs of AE
val ue, one ¥RrGPQStionds chanaing by golsm restowaihg apdatingrrspcessenaobp Binhebn
bet ween t hegefifd tome/BiHSF a 14DR of TBDY ﬁfcreﬁEeﬁf%ls‘é%P?Uphlatebe | oaded into

regi ster 308 and kept as a defined smallest AE va This value is used to
conpare with the incom ng AE value fromdifferent search 10 position. As
wel | as being | oaded as the smallest AE value into register 308, it wll
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search posu{)é ncls gg{a‘l E(\a/r %han the normof the stored m ninum AE, this new
value w || DEICTIER 8 ﬁe regi ster 311 and also input to circuit 315.

Circuit 313 will output an enable signal to circuit 314 for selecting a new
m nimum AE, and it is thus defined as the best AE for the current vertical

iteration. |3%rdet t6ichse!trie é’éiécnohhﬁ tREWoHSH LEQ@Sr, Whdh HifE sEerchtdEbgltISHsf ér%nt
vertical iteration is conpared with the previous defined m ninum AE val ue.
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val ue of AE for the current search node and its correspondi ng 30 norm

val ue. Conpawest ofAED cnfle 89rt 1B e79hH SEFai Wﬁpfﬁfﬁm&Eﬂ’\?aFﬁlégteéow Ragtio it t he

whol e scannifgeideqs s pleferfd ittt $Ren tHatoudblit s torparel vtk the tevidus dslfiiisned

as the 12 minimum AE for_the current search npde and it represents the

opt i num di soﬁlpgéemWHe” the AE values are equal, corresponding norm values are compared to
determine the motion vector, with the smallest norm determining and defining the

20 optimum vector.

Referring to FIG. 1, there is shown a search window 100 in a grid format where each
grid area is equal to 1 pixel. An example preferred point 110 is defined for the search
window as illustrated in FIG. 1. For a scanning order running from left-to-right and top-

25 to-down, when the scanning of the first row of search positions is completed, a new
vertical iteration scan is executed, and it scans the next row of search positions, starting
at the same horizontal position. The AEs and the distances with reference to the
preferred point of this new row of search position are calculated. The vertical iteration is
repeated until the bottom of the search window is reached.

30



of vector for the notion estimation. O her enbodi nents are applicable to
“multiple systolic array inplenmentations, or parallel 5 scanning of several
search positions. Conparison of the normvalue is based on the position of
the scan point with reference to the preferred point in the search w ndow.
The search position which is closest to preferred point is chosen to define
t he di spl acenent of vector. Therefore) a sorter design is included to
sinplify the conplexity of the circuit and reduce the cost of conputation.
In this enbodi nent, the search 10 positic?n is aligned to the sane row (i.e.
having the sane y co-ordinate) and the conpari son anong the AEs is executed
simul taneously. Referring to FIG 4, the AEs of 8 search positions are
conpar ed Si ﬁ‘ﬁlsf‘a‘H%dﬁJEI(i’r.zanﬁ%e EF@EHWF';‘@O B¢ gesnngd W'Hbtr‘?e%@'?gﬁpﬁbé%@‘;?@dfthed
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cal cul at i onpgk heHidntal Poskibh wheRla iemA P vedka ieadtPnas fihlRhéd. MHet vePlicdX and
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by one pixel for subsequent search positions in the sanme row. Crcuit 404
chooses theFl&Brdinate x of the first search position of the row, and in
conj unction with adder 406, increnents this value for each subsequent 25
search sition. Register 403 stores every output signal fromcircuit 404
and out put snj,k t : L | i i
perf or m t heP s fseFn it Ploskre e sd8fch pBRudH UhioR ic¥ing shEHbdt yalte, oA
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stores only_tFf t] t.onk X g [ t | I st
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chai n 409, e normcal culation circuit Is rea _
conput aBPonke B¢ distenep betweeadhe eo-prdinate xtand yot tepflef ppinbaf carentibiackomth s 10
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co- or di nat edgfingd ashe current row of search positions and co-ordinate y of
the preferred point are,chosen as.,in to normgal culation circuit.

Circuit 401 and ci r&tBPlFﬂll?befeé?(ex)éér(@% _Y niPET8a¥h sel ection. These
The scanning order is left-to-right and top-to-down and the search window area is
25 divided into a grid format of pixel by pixel. Therefore, for a new vertical iteration, the
distance between the previous search position and current search position is one pixel
vertically, and for a horizontal iteration, it is one pixel horizontally.

As shown in FIG. 3, when the scanning process begins at the first vertical iteration of a
30 column in the search window, co-ordinate x of the top left corner of the current block
and co-ordinate x of the preferred point are chosen as two inputs to a norm calculation



inputs are used to performthe (topleft y - prefer y) operation. The

" subtraction result is 15 then input to circuit 407 to performa square
operation and result of Y2 is output to circuit 415. The distance between
co-ordinate y of the current vertical iteration and the next vertical
iteration is horizontally one pixel. Therefore, co-ordinate y for a new
vertical iteration is 20 increased by one pixel. For a new vertical
iteration, circuit 406 perforns the addi@@ operation for co-ordinate vy,
previously | oaded into register 403. Circuit 404 ensures that when starting
fromthe current vertical iteration until the bottomof the columm, only

he i d | £.. 406 will b
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t he order of A vaI ues is reversed with respect to the original order. If
the result C@f A - prefer x) is between -1 to -6, then the order of AE
values is sorted according to the colum di stance of each search position
with reference to preferred point. The search position with the small est
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t he corz®spesshedg normvalue is needed if there is equival ence between two
AEs. X2 values for 8 search positions are stored in register

When there is a new horizontal iteration for a new column, the operation described
above is repeated. By fixing the scanning order to top-to-down and left-to-right for the
whole search window, the norm value is calculated for every search position by using
30 one subtractor, one square circuit and 2 adders. Moreover, the results are obtained

without any approximation and so the accuracy of the displacement of motion vector is



30 chain 409) and one of the X2 values will be chosen corresponding to the

- defined best AE for the current vertical iteration. The selection is

performed in circuit 414, and this 15 selection is based on a sel ection
signal fromcircuit 413. The output of circuit 413 is based on the order
set and the selection result fromcircuit 411. The selection result from
circuit 413 tells the selector 414 which AE is chosen fromthe reordered
AEs. Referring to this selection result, {he representative nunber for the
chosen AE is 5 obtained. This representaﬂ ve nunber is then output to
circuit 414. Based on the representative nunber from sel ector 413, the
correspondin e i s chosen and ut to adder 415. circuit 415)
%o and Yo 1SS d dioups S i Araiela & B Seiel ArandmpReeRARR e 10
i s cal cul at @y omgébrgﬂﬂpom|3@Eam1‘edtehgnpuhéamb vertical iteration is equal
to the best AE of the previous vertical iteration, the cal culated normfrom
adder 415 is conpared to the previous norm The AE with the smaller norm
value is chosen and stored in circuit 412. Circuit 412 keeps the snall est
AE val ue anEha AE vabuer &fspyendsergcmpesifionaiscaldviaterbandis wied togleterming e best t he
next AE. c '
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In circuit 315, the new defined minimum AE for the current vertical iteration is compared
with the previous defined minimum AE value. If these two values are equal, the
corresponding norm value is used to determine the displacement of the vector. Circuit
315 stores the smallest value of AE for the current search mode and its corresponding
30 norm value. Comparison between two defined minimum AE values continues until the
whole scanning process is completed. The output of circuit 315 is defined as the



positi on where has been | oaded into register 510. Therefore, the norm of

" the second 15 search position is obtained and | oaded into register 511.

Fromregi ster 511, the output is passed to conparator 514 and sel ector 509.
For the first search position in a row, selector 509 chooses (xoz+yoz) as
its output. Wien the scanning process begins for the second search
position, selector 509 selects the input 20 fromregister 511 as its

out put. The norm of the current search p?§ition is stored in register 510,
and used to conmpute the normfunction for“the search position next to it.
The steps nentioned above are repeated until the scanning process for a row
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begi nni ng, bfutector feihe/ Alotien eﬁturﬂzﬂnohx02+y02) is required because the vertical
position in the search wi ndow is changed. The val ue of co-ordinate x stays
the sanme for as long as the row of search positions starts fromthe sane
hori zont al BOSI'[I on in the search wi ndow. The operation is repeated until
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conpari son j,g OQIIT) il Egﬂbﬁc@g %%a&&bﬁ”@@ d Q‘E ﬁi@%lu%f fo’rA‘%aXﬁlsHﬁ?_lqughts

i nvention sinplifies tion netho oes not cha

functi oBd Teaschnpasiticai ns a good perfor mance for notion vector detection
because the accuracy of the normvalue is nmaintained and the accurate 30
di spl acenent of vector is obtained.

Register 403 stores every output signal from circuit 404 and outputs it to the adder 406
as well as subtraction circuit 402 to perform the calculation: (topleft_x — prefer_x). The
output from circuit 402 is passed to register 408 and square circuit 407. Register 408
30 stores only the subtraction result of (topleft_x — prefer_x) for the first search position,

and here defines it as (Aq — prefer_x) which represents the column distance with respect



18 The provision of a sorter in the normcalculation circuit and the

- provision of a circuit which inplenents Norm+1 = Norm + (2X+1 ) allows
the inplenmentation of a multiple systolic array, or parallel scanning of
several search positions. The searching process is executed simultaneously
for the search positions aligned in a row This allows the 5 notion
estimation process to be conpleted in a shorter tine, as well as reducing
the conplexity of the circuits required i@ performthe process. The present
i nvention includes and novel feature or nmbi nati on of features disclosed
herein either explicitly or any generalisation thereof irrespective of
whet her or not |j tes t he cl ai I nvention es a
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wi ndow i 8 JMEYRREN G’C *b cff"ﬂr ViU restlts Erﬁ ion; defining a
preferred point in the search wi ndow, 10 cal cul ati ng a primary norm
function with reference to the preferred point for a given position in each

row or col Ugfen (BgL ﬁHéf@F 'x?% Bk M oyt 40 an@rall%ﬁés@?@foﬁ; P&t R BRSed
on a linear |ncrene t e

primary norm unction for respectlve row
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and a pOSItIOﬂ In e rererence sel ect Ing a notil on vector, t he
di spl acdferperformes) éorrestqrélnat@ec This sireplifigs e giseal Aopigh Gnehellons teciuhtocte
position haﬁé}]f]&i tﬂ@héﬁ'v@ﬁﬁcaﬁ raftin bff thEQofink)28- d?ﬁ ﬁgbfﬁwep&ﬁn‘e%{ RNV s
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wher ei N1 hepbh IRRE td AAELEIBNMo fétor@ o afd operation and result of Y2 is output to circuit
415.

The distance between co-ordinate y of the current vertical iteration and the next vertical
iteration is horizontally one pixel. Therefore, co-ordinate y for a new vertical iteration is
20 increased by one pixel. For a new vertical iteration, circuit 406 performs the adding
operation for co-ordinate y, previously loaded into register 403. Circuit 404 ensures that
when starting from the current vertical iteration until the bottom of the column, only the
increased result from circuit 406 will be output to register 403. Register 403 outputs the
increased co-ordinate y to subtraction circuit 402. Again, the same process is performed
25 to produce the square result of Y2, Y? of the current vertical iteration is calculated and
meanwhile corresponding AEs of current row of search positions are input to the circuit

for reordering and comparison.

The AEs of the current row of search positions are input to circuit 410 for reordering.
30 The reorder process is based on the (Ao — prefer_x) value from register 408. There are

8 AE values to compare simultaneously and the order of the AEs is arranged with



colum is (1 +2X) or (1 +2Y) respectively, where X and Y refer to the

" respective coordinates of the current search position. 30 4. A nethod as
claimed in any one of the preceding clains wherein a plurality of positions
are searched sinultaneously using a nultiple systolic array arranged such
that said plurality of positions are arranged in the sanme row or col um.

20 5. A nethod as clained in claim4 wherein a pre-selected notion vector
is determ ned on the basis of the AE cal culations for said plurality of
positions, and the notion vector is sel et ed on the basis of the AE and
norm functions of the pre-selected 5 notion vectors 6. A nethod as cl ai ned

in claim5 wherein the cal cul ated AE results sal d, p] ural
posi tions AeEPeBIQ e%*%%%a.%@@&eﬁfﬁ PSR ed‘PWt ®ls tL‘l" 69\/0643/%%&%“9

position frmet ddecH pedigd mckhp abWtandaprefer herdwr@sew et @ﬁomt@ﬂ oV(pféf@rrréd are
determ ned on the 10 as cl ai ned
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means fop dgliémns Busprop@ficial @thpeblimni disthfige. sear ch wi ndow; neans for
calculating a primary normfunction with reference to the preferred point

for a given position in each row or colum; neans for calculating a norm
function for each search position based on a |inear 30 increment of the
pri mary norBeférerbe irenrdéring, thecAE e arscertened asdie alignroeniref the sasaehs pdsition in a
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di spl acegent,RkehtfdRuMBE 14CAEPS0RE) M the same new order. This new order set is

output to circuit 413. This order set is maintained so that the corresponding X? value
can be traced back to where it is stored in register chain 409.

After the reordering, the new order set of AEs is output to circuit 411. This circuit is
20 arranged to compare AEs. The AE with smallest value is chosen and defined as the
best AE for the current vertical iteration. If there are equivalent AEs, the AE which is
positioned first in the order set is chosen, since it is closer to the preferred point. When
the selection of the best AE for the current vertical iteration is completed, the selection
result is output to circuit 413. By using this arrangement, the search position closest to

25 the preferred point is selected and stored.

The best AE of the current vertical iteration is compared to the best AE of the previous
vertical iteration. In this case, the corresponding norm value is needed if there is
equivalence between two AEs. X? values for 8 search positions are stored in register
30 chain 409, and one of the X? values will be chosen corresponding to the defined best
AE for the current vertical iteration. The selection is performed in circuit 414, and this



defined on the basis of the search position having the smallest AE, or if

" nore than one search position has the sane snmallest AE) neans for selecting

the search position having the snallest norm function.
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current search mode.

This circuit design uses only one subtractor, one square circuit and 2 adders to perform
the norm calculation. it allows the comparison of 8 AEs or even more to be performed
20 simultaneously. This helps avoid unnecessary computations and requires a less

complex circuit design.

If Norm; of a current position i is (X2+Y2), the Norm,. of next scan position i+1 is given
by ((X+1)%+Y?) or (X?+2X+1+Y?); hence Normi; = Norm; + (2X+1). The square

25 operations can be avoided during the scan by using previously stored norm values. With
a fixed scanning order of the search window, for example left-to-right, top-to-down, a
circuit is presented to implement Norm,.1 = Norm; + (2X+1).

The implementation of the function is shown in FIG. 5. A row of search positions in the
30 search is used to do the scanning process. Firstly, the norm of the first position in a row,

(Xo2+yo?) is loaded into a register for the subsequent norm calculation. To compute the
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RRRRR A in adder 502. T(h)e_éutput of adder (52)5 %lss passed tg)s_ubtract circuit 501 as well as
loaded into register 505. Register 505 is used to store all increased x, and output to
5 selector 503. When the x value for the next search position is required, selector 503 will
choose the output of register 505. The selector chooses the output of register 505 until

the scanning process comes to the end of the row of search positions.

The value of prefer_x is input to subtract circuit 501. The output of adder 502 is used to
10 subtract prefer_x, and X value is obtained at this point. The result of the subtraction is

output to circuit 504. Circuit 504 is a one bit shifter which performs the same function as

a multiply by 2 circuit. The output of circuit 504 is incremented by 1 in adder 506 and

the value of (2X+1) is obtained. (2X+1) is added to the norm of the previous search

position where has been loaded into register 510. Therefore, the norm of the second
15 search position is obtained and loaded into register 511.

From register 511, the output is passed to comparator 514 and selector 509. For the
first search position in a row, selector 509 chooses (xo°+yo’) as its output. When the
scanning process begins for the second search position, selector 509 selects the input
20 from register 511 as its output. The norm of the current search position is stored in
register 510, and used to compute the norm function for the search position next to it.
The steps mentioned above are repeated until the scanning process for a row of search
positions is complete. When a new row of search positions is used for the scanning
process, the operation of the circuit starts from the beginning, but a new value of
25  (xo>+yo?) is required because the vertical position in the search window is changed. The
value of co-ordinate x stays the same for as long as the row of search positions starts
from the same horizontal position in the search window. The operation is repeated until
the whole search window has been scanned. The outputs of register 510 and 511 are
passed to comparator 514 when the corresponding AEs are compared. In comparator
30 514, the smaller norm is chosen as an output and loaded into register 513 for

subsequent comparisons.
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5 chooses this minimum and outputs it as the best AE of the current row. However,
when the current AE is equal to the previous minimum AE, the comparison of
corresponding norms is required to determine the best AE. A selection signal is
generated by circuit 515 to enable selector 517 to select the AE with the smaller norm

as the best AE of the current row.
10

The best AE of the current row and its corresponding norm are input to circuit 516. In
circuit 516, a comparison between the best AE of the current row and the previous best
AE is performed. When there is equivalence between two AEs, then comparison of the
corresponding norms is required. The AE with the smaller norm is chosen as the best

15 AE of the current search mode and it is stored in circuit 516 as well as its corresponding
norm. Implementation of Normi+s = Norm; + (2X+1) in the embodiment described above
saves computation time and simplifies the design. This is because a square function is
not required in the hardware design, and the square of X and Y can be performed in
software before being input to the hardware circuit. This circuit design may be used in

20 an arrangement for the parallel scanning of several search points when a register chain
is added between registers 510 and 511.

The invention of a sorter in a norm calculation circuit allows pre-selection of the multiple

scan positions and minimises multiple calculations of the norm values as well as the
25 comparisons required. With this invention, the norm calculation circuit requires one

square circuit and one comparison. The comparison is only required when there is

equivalence of AE value. This invention simplifies the calculation method but does not

change the norm function. This maintains a good performance for motion vector

detection because the accuracy of the norm value is maintained and the accurate
30 displacement of vector is obtained.
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The present invention includes and novel feature or combination of features disclosed
herein either explicitly or any generalisation thereof irrespective of whether or not it
10 relates to the claimed invention or mitigates any or all of the problems addressed.
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column of the window is one pixel away from a previous search position;
e defining a preferred point in the search window;
10 e calculating a primary norm function with reference to the preferred point for a
given position in each row or column;
e calculating a norm function for each search position based on a linear increment
of the primary norm function for the respective row or column;
e calculating an Absolute Error (AE) for each search position, based on a
15 difference between a given property of the search position and a position in the
reference window; and
¢ selecting a motion vector, the displacement of the motion vector being defined in
terms of the search position having the smallest AE, or if more than one search
position has the same smallest AE, the search position having the smallest norm
20 function is selected.

2. A method as claimed in claim 1 wherein the step of calculating the primary norm
function for a given position includes the step of calculating the square of the distance
between the preferred point and the current search point.

25
3. A method as claimed in claim 1 or 2, wherein the linear increment for a row or
column is (1+2X) or (1+2Y) respectively, where X and Y refer to the respective co-

ordinates of the current search position.

30 4. A method as claimed in any one of the preceding claims wherein a plurality of
positions are searched simultaneously using a multiple systolic array arranged such that

said plurality of positions are arranged in the same row or column.
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motion vector is selected on the basis of the AE and norm functions of the pre-selected

5 motion vectors.

6. A method as claimed in claim 5 wherein the calculated AE results for said

plurality of positions are sorted according to the distance of their row or column position

from the preferred point, and the pre-selected motion vectors are determined on the
10 Dbasis of the sorted AE results.

7. A method as claimed in any one of the preceding claims wherein the reference
frame is one of a forward, backward or interpolation frame as defined in MPEG
standards.

15
8. A method as claimed in any one of the preceding claims wherein a Square Error
(SE) calculation is performed in place of the Absolute Error (AE) calculation.

9. A motion estimation device for calculating a motion vector defining a
20 displacement between a block of pixels in a search window and a block of pixels in a

reference frame, including:

¢ means for scanning a search window in a fixed order for a suitable match with an
area of the reference frame such that each search position within a current row
25 or column of the window is one pixel away from a previous search position;
o means for defining a preferred point in the search window;
¢ means for calculating a primary norm function with reference to the preferred
point for a given position in each row or column;
o means for calculating a norm function for each search position based on a linear
30 increment of the primary norm function for the respective row or column;
¢ means for calculating an Absolute Error (AE) for each search position, based on
a difference between a given property of the search position and a position in the

reference window;
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e means for selecting a motion vector, the displacement of the motion vector being
defined on the basis of the search position having the smallest AE, or if more
than one search position has the same smallest AE, means for selecting the

search position having the smallest norm function.



