NDTI’ngES_‘,I'_J MATOR The present invention concerns notion esti malﬁhjn,
. particul arFy, though not exclusively, in the context of video coders
enptoying inter-frane differential coding., _ Figure 1 shows a known
formof video coder. Video signals (comonly in digital fo\-Trr) are
received at an input a. A subtractor b forns the difference between the

i nput and & predicted signal froma predictor ¢, which difference is then
further coded in box d. The coding perforned here is not material to the
present invention, but may include thresholding (to suppress transm ssion

of zero or mnor differences) quantyopfht eRTMaToRansf orm coding, for
exanple. The input to the predictor TS5 the sum forned in an adder e, of
the prediction and the coded difference signal decoded in a | ocal decoder

f (so that |oss of irpéorgrken iifvéntSofOdidn@erisl GOELSH NBsPIMREER, | S
I ncluded in the predictor The djfferential codi nog‘ﬁl s essentially

| oop) .
inter-frame, and RAREERIAHLE: OE;‘@Q@OG‘PH SXGHHSIVeLYrsi G e L£PGe%E (SFe del ay;
as shown, howeveryidao@®ide?s &loyRicointer-Sra@tesdiffurlentital cobimy.conpares the

frame of the picture_being coded with the previqus._.frane being,s lied to
the predictor. For eBt$HIS dcid Vstﬂetﬂgme ki rogné’lfife‘ﬁt So%ﬁ'chvﬂ'agg)pi cture

i s regarded as disdgall , (temmodbynt ifii dégitadt forgi)omaref rebeiywdevdtous frane
uhoh e, b ock Tighe o3 KunSRERP corms B BB Urre hUARRETERR 1D, g
a notion vector (imputeand asprédigtedpsignait fromtaopredictorob; ewhictithin the
Co shift the | destEfiICPogPonien FHEMBF ooPit i 2R 16t Bee eBeBid T on of
the rel evant bl operformede here r ntnotr anteriahetebyheraiiasgnt invention,

but may include thresholding (to suppress transmission of

zero or minor differences) quantisatiomr or transform

coding, for example. The input to the predictor is the

sum, formed in an adder e, of the prediction and the coded

difference signal decoded in a local decoder f (so that

loss of information in the coding and decoding process is

included in the predictor loop).

The differential coding is essentially inter-frame,

and the predictor c could simply consist of a one-frame

delay; as shown, however, a motion estimator g 1s also

included. This compares the frame of the picture being

coded with the previous frame being supplied to the

predictor. For each block of the current frame (into

which the picture is regarded as divided), it identifies

that region of the previous frame which the block most

closely resembles. The vector difference in position

between the identified region and the block in question is

termed a motion vector (since it usually represents motion

of an object within the scene depicted by the television

picture) and is applied to the predictor to shift the

identified region of the previous frame into the position

of the relevant block in the current frame, thereby making



2 “predictor output a better prediction. This results in the differences
formed by the subtractor b being, on average, snmaller, and permts the
coder d to encode the 5 picture using a lower bit rate than would

ot herw se be the case. Cne_t%gp of notion estimator works on a
bl ock by bl ock basis by conparing eath block with the corresponding

bl ock of the previous frane and regions positionally shifted fromthat
bl ock position; this involves a considerable anount of processing and
of ten necessitates many accesses to stored versions of 10 both franes.

EP- A- 0309251, pulshesprafiictoR Qutpucia beégtercpradiatifon; aBpis cesulhs dn t he
present Appl i canifie Hi3eLARESs @ BRI LA QindAcks CB Rleighs bar a whole
l'i ne of a reference frane are_read out and conparisons r the line
carried out befoB¥erage, smallagapandsperaitdrtheccodext di tAeedgadeprd&an. The

ot on, det oot or SSeRIESSing'a lower bit rard ERACRNIA oBEhAberRgEngeans for

reception and tefporary st S representing one
| i ne-scanned fraf@S&f a picture and of signals representing anot her

such frame of the pigreUtfpe WRCmétdeR PédtaRafotd woiky JiCaNER% BPBI6EE! NY
(1) first picture storage nmeans for_ sinultaneously naki n%aval l.abl e a bl ock

of picture el enePRLLSoPY( FRNRSEIRG SACH R1QRR WikRoFRe LPEresRanding, BleRk within a

(Zﬁ sequenﬁle 02 sfichhé! Qf&ﬁiolﬁs”ﬁgrmnﬁ%d Oréﬁ?ﬂfﬁpbyﬁi?ﬁﬂlmefﬂg&ﬂ@d ng bl ocks
, +1,,..) in ne djrectiop, of, icture; a

(ii) second pi ctfﬁ‘lR s’f%g@"ﬁéaﬁgs*wnﬁagﬁﬁ é’?‘fﬂil"gﬁnéoﬁﬁl‘gﬁf&m%bl e a

group of pi ctur eajunEEdf SpraesshRORHE NGftled Aeded@itatay mahp addeesed rane of

t he sane s{ze as &d%rsb] ocs:k and ﬁfpl urality of positionally shifted

regions of the oth&FOF% 1085 OF PAFH TXaBPYedefi ned search area; and
- conparing neans f@he qrepent igventdibnafs definedain ttheofldimscks i nto which

th id f ' AVANe! ith t J i i A th
fram and e RRpGRiRRlE d | che (RERHRORATE, Bl BE L 8Bdindde Ot hhe
ot her franme wi twitht heference toethec Rccompanying grawinge, vigcwbichi:nf or mati on

i ndi cat i th i Li [ | 3 t hg; Bt f th
Iblnolzﬁaalnggt heepggﬂ i gﬁ@%efﬁ;{hhyggal gdr}}ﬁg%g c?%eéﬁgt ﬁgér%fn?:aﬁtla%b éﬁ;\dﬁohi n '?he
search area whi ciorreegonding Seaeel greadfofsthe IpEeviopsbpicldda: t he bl ock and

the regions. - Figure 3 shows schematically a motion vector
estimator according to a first embodiment of the invention;

- Figure 4 shows schematically a Previous Picture
Array according to one embodiment of the invention;

- Figure 5 shows schematically a search scan produced
by the invention; '

- Figure 6 shows a second embodiment of the invention;

- Figure 7 shows schematically the blocks of the
present picture processed by the embodiment of Figure 6;

- Fiqure 8 shows schematically an arithmetic unit,
suitable for calculating a similarity measure as part of
the invention; and

.= Figqure 9 shows schematically a minimum similarity
measure store suitable as part of the invention.

The motion estimator to be described regards a
"current" frame of a television picture which is being
coded as being divided into 8 x 8 blocks ~ that is, eight
picture elements (pixels) horizontally by eight 1lines



2A - . According to a first aspect of the present invention a
noti on detector is characterised in that the picture elenents within the
search area of the other frane 5 are, in use, presented to the second

pi cture storage neans in a col umm-by-col um scan and the second picture
storage neans is adapted to nake successiVety avai l abl e the said groups
of picture elenents, where successive groups within a sequence of such
groups correspond to regions progressively shifted within the search
area in a downward, colummw se direction, and successive such sequences 10

correspond to reg)quscﬁlggresql‘f%%hshléﬂéed prifbinléde gear Cheqaiehy al ong -
the lines of the pigture. Preferabl y"the Second . picture storage

means conprises APPLECADIEr ay© 1nteREaGedi ngYiReREct i Bifs, SHARKEIRY i Of he wi dth

of a block al ong de?ér‘;it"i@nd'nr QShi Oter BATS slc:tﬁtl.ﬁh §&§§sh1ﬁ@ccon]&.r'fd ng a
SI PO stage havin where n is the d Eof a .15 block along a

colurm of such i éégns(cﬁeto GPIR538R offEs epeh n¥}°§ pér'&qreﬁnbyeqil"ﬁo"hmh st ages,

the length of eadhdiddt@ssttage pobiiing Of wher bldek-sitd® regioinWigingeXt ent
of the said search

d. f th
Cnventi on & moti AACHEL bd8FiIes SeRRloares & gl Lof A FreviibErme 11

a reception and sforthge piesure, f ahickecipt nast asidhila&mpbo atlye blockt dmage of

signal s represenhkg%fi%ge frame of a picture and of signals representing
anot her such fra Ae picture, the reception and storage neans
conpri si ng: Fiqureéi 2 fllustratiest ar €ieldrwidd amans xf ar =si8nul Baneousl! y

maki ng avai | abl ey ck N Q\Mﬂ%ﬁe'ﬂf agggén ags&J:fa[EE@t suc%?hgllsé'ch Qne Er ane,

wher e successi ve® ocks sequence o 6cks corréspond to
respective non- o%r pa&pl ngeaschclageq Nindicated +by, a. .recyangiet Hig.collfmwi se

"~ direction of theyp, Hb?elsa”qlo[n%cfntally apd | )lﬁﬁgon%e?'tfééirl stag.gage means

for maki ng S|nultaneo aval grou pi cture efenent
correspondi ng t oidentdgied hyr coprdiates ﬁ:r&lnewxﬁh BReOBigia at tha iQPas t he

bllock and a pl ur gdd napg b.I" Oﬂ?eh' ¥or Nh T hfefky! %Hb%‘ r%art DertOtiagg frame 30

w thin apredeflne searc ar ea; ring means for
conparing each oforRep| (Rixel ¢ jagf covrsinates Xy §1¥h0 tm c,\"fﬁat!'ﬁb 35f% dBe frane

is divided with gfe Cﬁféfsp@%n@n eg'h@f‘lﬁntht'ﬁr ot '??6m (x{{L'ﬁﬁE gad with
tzge plurality of J-POSI t5Oand ve%tlcal‘f:[y fro}non(sy -7)t t% o£}1e4_%+f75'arreand
N N
contams corresponding n x m rectangular regions with
origin co-ordinates from (&y-7, yy~7) to (xN+8,
yN+8).

In order to obtain the motion vector, it is necessary
to conduct a search in which the block is compared with
each of the (8+7)x(8+7) = 225 possible 8 x 8 regions of
the previous frame lying within the search area - i.e.
those whose upper left pixel has coordinates Xy,
Yyt where u is in the range +p and v is in the range
+q. The motion vector is the values of u,v at which the
comparison indicates the greatest similarity. The test
for similarity can be any conventionally used - e.g. the
sum of the absolute values of the differences between each
of the pixels in the "current" block and the relevant

region of the previous frame.




Wi thin the search area, to produce vector information indicating the

posi tional shift if any between the position of the block and the
position of that region of the other frame within the search area which
meets a criterion of simlarity between the_ 5 block and the regions,

and is characterised in that the picture elenments within the search area of
the other frame are, in use, presented to the second picture storage neans
in a row by-row scan and the second picture storage neans is adapted
to make successively avail abl e said groups of picture elenments, where _
successi ve groups 10Thug¢ hifi thesexyrsente Hrameudhd gPERWISUE ofFatep@idel o

regi ons progr essi yplusshid (A9, §) antl $(Y,7) ArexBaeEiveAyLaLlidh LhE dunne

direction of the picture, Successi Ve such sequences correspond to
regi ons progressi ﬁ?"%-’lﬁeﬁt e%l'wthl n the search area in a downwar d,

col umwi se direction. Enbodi ments of the invention will now be
described, with reference to the 15 accorrpanyl ng draw ngs, in which:

- Figure 2 shows a block of th es cture. and a correspondi_ng search
area of the previpus p§Gf)use; ta (lil-p(jlw-e_’ﬁb(ﬂ]ﬂ\i@y-ﬁﬂqugﬁtl cally a
motion vector esti&tor accor di¥me t 0% y- first enbodi nent of the

i nvention; 20 - Fi guré sha) schematically a Previ-ous Picture
Array accor di ng to one enbodi ment of the invention; -

Figure 5 shows sche i C arch scan p duce y.ih pyentj.on;
- Figure 6 shows a g@%‘%’ﬁi 'gd'l%ﬁergfl?ﬁ e #ﬁ R _li, Eaﬂrleé’ out gure
7 shows schenati dakl wathebldoic ko d:hetdnﬂ'rpntespmtuwecunreum.océlswe\cerS by t he
enbodi nment of Fl F h s¢he

i i sug‘f&ol te:h?osear ufréa 5%&3‘@3‘? ¥ 2 easﬂny as part

arithnmetic unit, FeatT ing a SimTarity m
of the inventi onpvanban the search areasFpfjua endibeh oo Q%:bHEnleCkal thisa ni ni mum

simlarity measuiges! e SubAUres snowfiSudideh B #H° 2 RUFMNIOR w1

The notion esti or 8sEriD regar .
tel evision pictupétemi §¢Hul§e%emhlgt-@éGeaCa§$Qi @ dthe dereviiewso Brame8 bl ocks
- that is, Cusfiralefon” L6l  a( DL sfe) ZOieh YardY Ghl 11 DES
- 3- vertlcall principle equally appl i cabl e

to interlaced 59%9["@%9 aqdomay @ﬁ‘b‘[qeé'ﬁt‘iﬂ-thoﬂms@d%ﬁ ifBRACHOASN- i nt er | aced

picture is assuned. Relfbrifgdes mﬁetq Q‘EH@fﬁhﬁxtf PixERCE rizh R C kA cHDL i on
vector which indicates the EOSItIOI’l‘ of the Dbl ock-Sized region, lying wthin

a defined searchi®réh GfF(fe PHAers)roNreRanBaee fOEmat)oforndip; E?Ure@t which is
nmost sinmilar to ffgmebliecknpit into a Current Picture Shuffling Device 1

which converts it into m x n block (for example, 8 X 8
block) format, providing as output, one by one, successive
blocks in a row-by-row format; this may be provided as a
RAM buffer (operating at pixel rate). Connected to the
output of the Current Picture Shuffler, a Current Picture
Array 2, dimensioned to store an m x n block and latch it
until the search operation for that block is complete.

The previous (usually immediately preceding) frame is
stored, and is usually available in block format since it
will have been encoded in this format; in one type of
encoder, as (8 x 8) pixel blocks afranged into (2 x 2)
macroblocks (i.e. 16 x 16 pixels) arranged into 11 x 3
Groups of Macroblocks, or GOBs (i.e. 176 x 48 pixels).

To estimate a motion vector, the invention compares
each block of the current array with the corresponding



que_étiton. Figure 2 illustrates a field with an mx n = 8 x 8 block N

(shaded) and an associated 22 x 22 (i.e. 8 + 7 x 2) pixel search area

i indicated by a rectangle S[err]. |If the. pixels horizontally and
dentified by coordinates x, y, with an origin at the top
then for a bl ock whose upper |eft hand corner pixel has

“vertically are i
| eft-hand corner,

coordi nates x[err],y[err] the search area is the ar ea ext endi ng

i nes

from

hori zontal |y from . (xLerr]-?& .to (éjrerr]+7+7)_ﬁnd, vir&ically
(y[err]-7) to (PLesk]ir+APe BISUIQUSHt3ATAE: c AP e W3R diBdgeH dLsRIace8: angul ar
regions wth origivlrsimsorodi nakesbledk.omro obt#in' lsuéh pixeb+dikpldced to

(x[err]+7 y[err]

+7 I n,.order tain the notiop vector

.. . t
necessary to condieiSi¥nSearth il§ O%t%??'l:ﬁe Vi slon N T S ﬂpaqoélaeWLﬁhléZch of
thteh_(8+t7)h><(8+7) ;pﬁaﬁomgsyﬁbiﬁteﬁ d4t8 Vﬁﬂgi@ﬂsbmcklt ff;opamvhlmsérpmld_ t
within the search_area - i.e. .those whose upper |.e s coor di nat es
x[err]+u, y[err] +§°W‘?§|’esﬂ 'T%?ti r?l‘l‘ﬁé'“l’%%@egp‘é?ﬁlgﬁ s‘?‘% #?ﬁehgch}ngéyq. The
noti on vect o_rI i's héleohﬁtt]im?.oz Sinceatitwim iayh_atllse mrmfu:b essaTY It cc;r_bes t he

reatest sinmilarity. . st_for similarity can ny , copventi o
gsed - e.g. the s r&nI?ﬁ% bsG&%u%’g‘:?WgFﬁ%%’ o%e{‘héndg?r?egaénggimbéﬁg

of the pixels in fédmmatsuareneiiphiyedk and GIR stbdmeawillr dig areedédt be

previ ous frane.

current frame and previ ou

; -4- Thus, if
eEfest; the, CPIVRrsione ol values are a(i.j) and b(i,j)

| yi ng

ally
en each

t he

respectively, then tH#a thenigvertiipherthec pixels format is a column-scannederr]
i gart, the search is carried out for each bl ock of the

current picture in turn. However

Commonly in the

To effect this conversion, a Previous Picture
Shuffler 3 is provided which receives as its input the

_previous frame in block-by-block format and produces as

output -a column-by-column scanned pixel stream. This may
be provided using a frame memory configured as a
cylindrical RBM store, decoding GOB and block numbers into
pixel and 1line offsets for the write address, and
generating the read address using counters to give a
column-by-column scan of depth D where D is the search

"window" depth.
The depth D is determined by the size of the pixel

blocks which are being compared in the present and past-

frames, and by the vertical height over which they are
being searched, so that, where m is the block height, and
q is the maximum vertical displacement searched,
D=m+ 2q. For an 8 x 8 pixel block, m = 8, and q may,
for example, be *7, so that in one embodiment, D = 22.

This output pixel stream is connected as input to a
Previous Picture Storage Array 4, which at any instant
contains an m X n region with which the block in the
corresponding Current Picture Array 2 is to be compared.

Corresponding cells in the Current Picture Array 2 and
Previous Picture Array 4 are connected to form inputs to



because the search area associated with a block my overlap the
search areas of a nunber of other blocks this (see the search area shown
dotted in Fig 2 for block N+1) often requires nmultiple accesses to the
previous frame information stored in a fg store, which are tine

consum ng and may interfere with other coder functions. Referring to
Figure 3, the input pixel stream (which is in CIF or other row scanned
format) for the current frame is input into a Current Picture Shuffling
Device 1 which converts it into mx n _block (for exanple, 8 x 8 bl ock)
format, providingdts ¥FAPRETIHNAMBE ofie, WBiFce PErFRITS ocks GORPA 1560 by- r ow

format; this my §eeratoyhdededérat:\MRptdrg 4 ORRASIrdJoAL ﬂh%ﬁri&%? e).
Connected to the output of the QJrre_n'g_ Pi cture Shuffler a Current Picture
Array 2, di mensi oPREYeER S8 FRILRATH Of S0 t¥OKaEFAStatch it until the search

operation for that begkyd 2 ca@Pletfé arithdé&cPURYt 05iSwills wahteroreRedi ately
preceding) frame is stor d,lgnd i s usually available in block format since
it will have beerP&/t8 & nTEIReES9or Bt~ in one type of encoder, as (8 Xx
8) pi Xelj bl ocks arrgagﬁ@kﬁmgo?é%mu’;‘%l mﬁﬁmﬁmm '(SiiiceuréGADraSthl-piés(e' S)I )
arranged into 11 x oups of Macr.obl ocks, . or. . 76 X% 48 pixels).
To eetimate a motlONeTLAT, FEREE iR | ot LHBar donEne RIEY oEROISHEE he
current array w tdomphiesingr rrespibredi By for an 8x8 lock)i sectionpy eeacius arr ay,
and with pixel-di d.y.er:si { bl . t.q -

pi xel - di spl aced v%?g?%gs?gﬁllgkﬁﬁ &I er'e 8r gg&n&@ge-sgga% ﬁiegeé#ggl\lleedrt t he
previ ous picture léagth oand of 3IPOckedtdonabbi of olengphxatl fwitkan, taps,t hat

pi xel - di spl aced Si : t I be,0 i hed. i | y al so
be -necessary to\tgrgogge%@{rsoquggg ggkrkﬁg%ogﬁdgrhﬁéég tﬁgg irlgﬁ%%ﬁnedrpgl wher e
such formats ar e eagh| $8a8don alv DeCHhes tsgaR depkh, re saehiFIFOoseqtiert6a he

conver si on. ikh deher1dmegntg-aR;; t B Phxeh fakERt skén2 &fd ugnxsganned
-format. To _effect tﬁﬁl conver si on, ap(ﬁF"r evious __Picture ,Caghuffl er

i s ,
3 is provided whPdfCkSacifpeFIEQ Featippputa (7@ tHeEefdes 15 shages nqin
bl ock- by-bl ock foefigtnh.andaddr pekkaesdsta is clocked through a Previous

Picture Array 4 in a column-by-column scan, the pixels
appearing at each cell of each SIPO 6b of the Array
comprise an a X n window which scans, column-by-column,
across the corresponding block held in the Current Picture
Array 2, as shown in Figure 5.

Each blcck of the Current Picture must be compared
with ((2p+l) x (2g+1)) displaced positions, where p and g
are respectively the maximum horizontal and vertical
search displacements. If the horizontal width p of the
search area is greater than m/2, the search areas of
neighbouring blocks will overlap, so after the previous
picture array 2 has presented all the search positions for
one block, it will have passed the first search position
of the next. In the prior art, this problem is overcome
by repeated access to the previous picture data. In one
embodiment of the invention, the problem is sidestepped by
allowing the Current Picture Array 2 of the processor Pl
to latch every other block of the current picture (blocks
N, N+2, N+#4, ...) and providing a second processor P2,



out put -a col umm-by-col um scanned pi xel stream This may be provided
using a frame nenory configured as a cylindrical RAM store, decodi ng GOB
and- bl ock nunbers into pixel and line offsets for the wite address, and
generating the read address using counters to give a columm-by-colum scan
of depth D where Dis the search "w ndow' depth. The depth Dis
determ ned by the size of the pixel blocks which are being conpared in the
present and past- frames, and by the vertical height over which they are
bei ng sear ched, shdenrdcal wiker £hm iSirstebut otkmedei 3t thathdits ¢urrenthe -

maxi mum vertlcal Ghirap /BN r ehed; of 8 pi xel
bl ock, m = 8§, andplc o h?or exaatcfs% 2 nt@rverﬂh? 8P°c(l)(§e(g o§+§ nt, D=

22. This out pu‘quvpl-xel) $ik eéﬁﬂlﬁsa&ﬁméﬁ@di’aéel BeRfible &o Frambiine s
Picture Storage Agf@ytdo pﬂ'@és%s,anﬁfo | Baddane 98N'A! 8S paBckY Xof! ERGION Wi th

whi ch the block in the co res onding Currént Picture Array 2 IS
conpar ed. Cor r€¥6REI RiF éf—’l sih r'l’nﬁ-‘h'b aaser e Arevieuse PAFERGe 2raam|

Previous Picture wmay Simdl e Ca@mpﬁrsteedtid) SRYaysi "PULR (feries). Two @D
arithnmetic wunit whi ch —perforns conpari son operation, generating

thereby a rreasurepr(9Fe§$‘fﬁ5I s -§eb%‘7trw§%4\"cpﬁ% WhAtRMs of the two arrays.
Arrays 2 and 4 and ARefdrTRhY CtdNFigureyi I4I ah@nspf elié hoperat6Medf athe
"Processor’', r Ref%rc ?‘ra g_ 1l aPre\élo‘éfDPlctﬁ‘re Array 4 is
conveni ently pI‘O\P GLIOUR P S‘r%g Eray gnY In?bl?eeé% SERtPedonpties £t (i . e. 8
for an 8x8 bl ock)pixelttonse impub $eéCtiedPreoiwiss tAiggumy mpﬁtF&mcw on 6a of
D e e om0 caRH A Brolies ikt SoRler By Gohbd e o e
scan depth, so e@ohntIAO syctihen tdaei thef pirelgt &t Dpoirit B ods aidpyt,xel scan,
ho pixel data 1oLl CRTy % HECPreolE C piBRIR 0Lty APRCS 1 27O
col umm- by- col unm fitled. t Whempipoednt Gipiseaeichgdat calamns cel Itoot?eaf:H:hSI PO 6b of
the Array compri ppedfhud Xpftedtddpol &PraiFalfe ¢21HEH) PYBEhy Mne
period between point A and point C, the Current Picture
Input Array 2 is filled with Current Picture Pixels of
block N to be processed.
when point D 1is reached, columns CO to C7 of the
Previous Picture Input Array 4 are filled and the output
taps of the SIPOs 6b contain the pixels for the first
valid search rosition (-7,-7) of block N.
Subsequent pixels that are input from point D to
point E correspond to search positions (-7,-6), (-7,-5)
«es (=7,+7). Pixels from point F to point G contain no
valid terms for search positions. Pixels from point E to
point J correspond to search position (-6,-7), (-6,-6) ...
(-6,+7) and the whole process continues until point X when
all search positions for block N have been covered, i.e.
$7,£7). Positions between X and L' contain no valid
search terms for a +7 search.
Previous Picture Pixels continue to be input to the
Previous Picture Input Array 4 of the processor, when at
point L the £first search position for block N+2 is



across the correspondi ng block held in the Current Picture Array 2, as
shown in Figure 5. Each bl ock of the Current Picture nust be conpared
with ((2p+1) x (29+1)) displaced positions, where p and g are respectively
the maxi mum hori zontal and vertical search displacenments. |f the

hori zontal width p of the search area is greater than nm 2, the search areas
of nei ghbouring blocks will overlap, so after the previous picture array 4
has presented all the search positions for one bIock it will have passed

the first search p03|t|on of _the .next. Inthe r iy blemis-
overcome by repedEAURKEEESE §% YHE BPRR-obLo 4) c 3 dz?édea 'lhﬁ%
enmbodi nent of then rﬁywtmamret Aergyr abl em | s sidestepped by allow ng the

Current Picture Arra%( 2 of th x&agcegsq_r k}r# %%ggkeyser YarRhBE" edY ock of

the current picture ’cﬂc(?c@e prow Ing a Second
processor P2, 2x 8 x 8 DJ.XEJ. clock per~ocs orlf, this |erumiu.m1: to the

first but timed so t hat ts..c nt r the

i nt erveni ng bl oc m(ﬁi?f ‘\HIS the N%JS% cise? Cﬁt"&o t@e eor%ﬁg |ve

possi bl e to conbi2necmpartisontswperr @ms]sm]s;:xtpemdpané h@lse'Btba*bcfﬂ@ of t he
Qurrent Picture, IP?;%J%' CBl&aﬁ% }uhteaypﬁeé(dé)u eP?r%ViB\?s Aictre ?Lﬂer Si rrpl y

conprise two a serres) processors suffice
searches with p<|31 clock IRéKelrrtﬂaf@ t@rpu%ré% W%ﬂﬁd e (HETeRer HARUSN of t he

Previ ous Picture #twl 15 Wu dgscry leg&%l Theméi r &traPi Xslocko be

I nput to the Preglous ture Array fromthe Previous Picture
Shuffler 3 is thévgﬂb&éﬁ)aﬁlccbopﬂﬁloﬂﬁ wigl Qll‘-ié Be @¥ailablgi-xel at point Bis

input, colum C7 ofgdrhe, g&/'ﬁascfésct the hivier AYEr @rodedsorst hedded. When
point Cis reached, colum he Previ ou;ﬂ%cture In ut Array

are filled. Durihgthhs eﬂB‘Pdlé'&n%etlﬁleezﬁ/Boﬁﬁt thag,@ { SEICRLFOL ¢ ent

Picture Input Agray 2blo&k§l Feqdrast de@abrﬂm-tme Raeie! simed tbl ock N to
colums CO to C7 of the Previous

be processed. rea
Picture |nput Ar ;%\E\;:\h‘d gh‘q&?c&nldl l"(9i'ft'put taps of the SIPCs 6b
contain the pixels frr thbevénrls:hlvgéaﬁdzhsaastzlncpoql exweeds- T/2,/)theln, bl ock N

similarly, the search areas of successive rows of blocks
will overlap, and previous frame data will therefore need
to be accessed twice (at least) and pass twice (at least)
through each processor.

To avoid this, referring to Figures 6 and 7, in a
seccnd embodiment of the invention, two rows of blocks are
processed at the same time by doubling the number of
processors, providing a further two processors P3 and P4
as shown in Figure 6. In this case, however, the first
FIFO section 6a of processors P4 and P2 are n (e.g. 8)
taps shorter than the other FIFO such sections, so that
the blocks of pixels within the SIPO sections of P4 and P2
are at any given instant those in the row below the blocks
within the SIPO sections of Pl and P3, as shown in Figure
7. Where two rows of blocks are proéessed together, the
scan depth D needed is (2p + 2m), since the search window
is scanned over two current blocks, so the length of the
FIFO + SIPO sections, for a #1S5 search of two rows of 8
X 8 blocks, is 2q + 2n = 46, and the length of the FIFO is



Subsequent pixels that are input frompoint Dto point E correspond to

search positions (-7,-6), (-7,-5) (-7,+7). Pixels frompoint Fto
poi-nt G contain no valid terns for search positions. Pixels frompoint Hto
point J correspond to search position (-6,27), (-6,-6) ... (-6,+7) and the
whol e process continues until point K when all search positions for block N
have been covered, i.e. 7,7). Positions between K and L contain no
valid search ternms for a 7 search. Previous Picture Pixels continue to

be input to the Ppgw qus F§.ct gifilappy} t‘)rré @ﬂrf‘eﬁ gibeuid oneager2 ghen at .
point L the first search ositian for encountered

NH+-2
at this point, blBtkaRE2F; alrﬁa(feaa’?‘-’rﬁdo (?I‘?E @5?‘?%% di%t BRYiding
Since the Orrrents-ar.néuaela%r)r ay beegikei ardcktscmdnftﬁre rdwxabove &hose<e| cl ock

periods only, this enbo t?‘ ment %Z g the worst case) that the
processor make Zr‘i’,:(?nﬁ% bgoﬂgoc&asqﬁ nt‘,:‘lo kX period and hence, that the
Previous Picture Arrday 4widlld the RPipparents Rihatur €hdbhuf ehbbodiméntc| ofk pi xel

onar ol o o pEE 01 0hatele o Phdforali Sa  AapABIEY A

avai |l abl e. Fdn kamge(re geal&:rxess) thileckaymard idf mpy duesooveniepedmd in this
enbodi nent is 2p/ S |
processors Pl-P4, dﬁengg ?cttnrgds%mri ?6{ ht?nee%géreia?ﬁg%q%ﬁ RE§%§ ;gé t% | f

the verti cal searnrnvbﬂestaarﬂcﬁexq 1éxbbtmks Ontz;t.t ifen, exampile aby yprovhéingear ch
areas of Success'aYreaE&“l%oﬂél tinﬂ% s Wb Ly Oa‘(f‘iEﬁxFéhc ?ﬁtﬁaﬂhﬂﬁstyﬂi’é& dat a

will therefore need to accessed tw ce a l_,Idpass tw ce (at
| east) through eSURPH dtfesifigrher, asTghewiin thigyre r@f eand tgking Aihgures 6

and 7, in a secoqdhﬂgkoghmt fpgm ttrqg la@‘éeﬁ'ztdcﬁ o:“ﬁ rows of blocks are

processed at the sane tine of processors, providing
a further two proces%rsseﬂ@l&ﬁdsﬂﬁcééo%rﬁfvﬁlﬁ?mﬂgﬂlé’cg formats hiafdcase,

however, the firgt hbftd SECtvaINebanObriidsng SO’ emttadtpurpésar fiotione 9. 8)
~ vector _integrated circuit. ]

Using this second embodiment, a p = m/2 (+7) search
requires only a single pass of the previous picture data
through the processors, and the processors can run at
pixel clock rate (typically, 6.75 MHz).

In either embodiment, larger search areas are possible
if more processors are used; for example, a search up to
+15 pixels requires twice as many processors.

The preferred form of these embodiments of the
invention utilise FIFO sections of controllably variable
length, so that the scan depth D can be varied (up to a
maximum length). Particularly preferred are FIFO sections
switchable up to 2q + n stages in length. It is therefore
possible to configure a given processor for either a 7
search or a +15 search by varying the FIFO length.

For the first embodiment, the further pair of
processors P3, P4 are identical to Pl, P2, each Current
Picture Array is arranged to latch every 4th block of
Current Picture data and the FIFO section of each Previous
Picture Array are 15 cells long.



taps shorter than the other FIFO such sections, so that the bl ocks of
pirxels within the SI PO sections of P4 and P2 are at any given instant those
in the row bel ow the bl ocks within the SIPO sections of P1 and P3, as shown
in Figure 7. Were two rows of blocks are processed together, the scan
depth D needed is (2p + 2n), since the sear R wi ndow is scanned over two
current bl ocks, so the length of the FIFO + SI PO sections, for a 15 search
of two rows of 8 x 8 blocks, is 29 + 2n = 46, and the length of the FIFOis
-9- 20 + n =38. Simlarly, the Current Picture Arrays 2 of Pl and P3
are arranged (for exafqt ethey second diempodimens. | ifne del &}F tsearelei 8e bl ocKs
fromthe row above r gGChy e y €SSALS phPgn a w | |
be apparent thatrw%:%‘%rs "nbéldgrr.r%nggéd%% géctﬁo%a??c‘aéebnal \?afl enIe to
~performing a conp&regiusoRicirexArraySeane 3Esc>e115)lqagock:$,ep§nﬂon tthgay be
convenient to culate.fhe ap tyrre ur, (o] r rs to
provide a 16 x 16%T%%ks%&‘°§é r’q,# 2, P4 a% b@ap%gv?g}ﬁg él%é; 8z;d‘fr’itilgonal

i nput to each ari shegisre ttheYlﬁﬂeeéomftﬁcﬂ:ﬁ@ segiebin togethes: ArRrordgs shovvn

in Figure 6. and bakisng bhe .4 BOCknOUnRLbn{ BT Akisds ROOCRESE

Thi s enabl es selectlon of diff erent bl o formats, and hence OF value
in providing a geRRd JF8 RFEpSIRNETERT oiP LaEE: AVerkt Ath 106 cPchﬂet oW Using

this second eﬂbodaﬁ@m, 6939 ?snar;?u (977) a%@%@ﬁhei:@él&”(@. .owhx &n sa1ghe pass of
the previous pict ata t hr he processor t he processors can

ou
run at pixel cloc ¥ et tAAEFE A Q’F?]Y h7BlagK, 9t the r rq"’nbéi-?”ﬁer embodi nent ,
| arger search areas ®igipnggjblkargér! mbelﬁr&assswascmr ear¢asd; cafnorbexarml e,

a search up to 15 |er i.res_twice as roc ors
preferred form off é) ex':%gﬁrlﬁ%nflg%fer Wé’cfe?ﬁfé'ﬁ 4rgie§ev?irt|%5?‘§ectlons
of controll ab: y vaweaabllg | incgeds ingo thb?tFImglezwg:‘.m dm}dt the qambére ofir |heglI (up
to a maxi mum | en . Iy refersy,e ElLEFQ ct chabl e
up to 2g + n stagé}ycfﬁgﬁrésr) ijrlgra%ff fhe% oﬁgé p&QEPB’r%i gcgo%ls V\%é

gi ven processor fmpéifmeVLSI 7fabracationy &utt5certainh dfy mye]raglentna FI FO

length. within the processors (for example, the previous picture
arrays 4) may, if desired, be common to two or more of the
processors.

The measure of siinilarity calculated by the arithmetic
unit 1is conveniently the Sum Of Absolute Differences
(SOAD) between pixels of the Previous and Current Picture
Arrays, as disclosed in our previous European published
application No. 309251 (incorporated herein by
reference). A schematic of hardware suitable for VLSI
realisation of this function is shown in Figure 8 in
which, as shown, an array of m X n subtractors are each
connected to one cell of the picture array 4 and of the
Current Picture Array 2, and form the absolute, or
modulus, difference between the cell contents. Successive
cascaded binary adders al-aé then accumulate all m X n
differences to form E, the sum of Absolute Differences for
the block.

Referring to Figure 9, since blocks are sequentially
processed, vectors can be sequentially output and no
storage of intermediate results is needed, but associated



For the first enbodinent, the- further pair of processors P3, P4 are
identical to P1, P2, each Current Picture Array is arranged to |atch every
4t h -bl ock of Current Picture data and the FIFO section of each Previous

Picture Array are 15 cells |ong. - 11 - - 10 -
For the second enbodi ment, for a 15 search, 8 processors Pl-P8 are needed,

the FIFO sections of the Previous Picture Arrays are 38 cells |ong, except
for the first sections of P2, P4, P6 and P8 which are 8 cells shorter,

and they are conne et he r 8, , 1. The
CurrentyPr cture Ar'ﬁ'; eagﬁ @4‘1’&5%89 #] TI‘-JSSgcrrceé g%nnfeogt etélet 105}9 ery 4t h
bl ock of one row taﬂrd IaK:edP3;=n@5aand:nmaaoe nhert eempasing eaeh arews- | i ne

del ay) to latch ewggy ‘éEE'cP.'aQEH 911:*{ hend O o?@)io%lt* andy. Sl N ¢ ey nehPr ger

hori zontal search areas can real i sed by using processors (and
| arger vertical &RbY® Wi |Me§asrmatmg Fith® Iséﬁgeh a?ndcﬂﬁéesﬁg

processors) . prefaeaile gl #46 WIoHd O9 aous WBeiidl tiy Yo

fabrication, but certain el enent s he pr cessors

exanpl e, the prevPesitionctat e"’hliiﬁﬂr a§?§-54)m1ﬁé‘9“m i 501%39‘?‘381'5% 1§ord¥6R to two

or more of the pp@@ﬁ?&%@r @nd upda'méa maumﬁeﬁ)f thé Nbbfrdht VegralL ugifeqd by the
arithnetic unit g cqnveni ent m O Absolute Differen es QAD)
bet ween pi xel s of LPRE FirSe\ROoB t&ndtaﬁﬁ""r STOred i AR A vgjues Posed in

our previous Europegrutprbtionhesttappl i cation No. 309251 (| ncor por at ed
oal Sati on of thi s PhREeLYs Bshoulle Aok CheBE AL u SO, o
array of mx n subbamdsostoradie each connect ed to one cell of the pi cture
?rotrjﬁ?/ug, agidf ?]erteggeoégﬁgér@t ﬁtﬁu{%dl %Vén?aﬂj@rjgee th\eﬂgalézg%%&sd bi nary
adders al -a6 theniancanuimezeral vecoor rnsdldrftpuEnoanytchffar meh‘;:ronhe gum of
posol ute DT erengfits Y Lli° OF Offerorend (W, 0P Wil I Créks Yo P! ocke

predetermined amount than the value E (0,0) for the

undisplaced region of the previous frame - e.g. is less

than 75% of E(0,0). This can be achieved by a scaling

unit which normally passes the values received from the

processor Pl unchanged, but reduces the value to 75% of

the input value for position (0,0).

In general, some control logic 9 is necessary to reset

the processor after each row of blocks, and to select the

search depth and latch or update the Current Picture Array

2, and also because, depending upon the size of the

search, there may be a certain number of positions through

which the Previous Picture Array 4 passes which fall

between the search areas of successive blocks and contain

no valid search terms; the control logic "masks" these to

prevent the processor from attempting to compare them with

the current block. _

One advantage of the present invention is that, in the
second embodiment of the invention, a reasonable number of
extra clock cycles may be available.



processed, vectors can be sequentially output and no storage of
iI.nternmedi ate results is needed, but associ ated W th each
processor is a store 7a for the | owest SOAD cal cul ated, and a conparator 7b
for conparing each new SOAD cal cul ated withothe stored value and, if the
new value is |ower, updating the store; a correspondlng store 8 for the u
and v val ues deflnlng the search position at which this m ni nrum SQAD
occurred is also provided and updated, and when the search for a given

bl ock is conplete, these stored u and v values formthe, out put tjon

vect or. Pr eferaqut,‘ exaople,t B & Cogder using & Feft DIqcks atrapged gin - soap -
is stored. HSC}F"%%EJF@ tt? g&éﬁyagﬁ 2gclés tdre avdilahee tper - i.e.
a non-zero vector |s out put a region u, ives.a sum of

di fferences E(u, v)mam+ka;1|¢cxs Iésg BHySeRrChy éet‘eFPr‘l’n‘ég ft UHh ¥%e val ue

E (0,0) for the %@bﬁd"e%ﬁ@&'deﬁﬂ'mTOEaI&@Q'IE??\qumssfroﬁm‘:he avaglable | ess
than 75% of E(0,0). _This can be ac |eved ggég scal '@ﬂ%}ﬁ hé \glm ch normal |y
passes the val ues 2282® \ﬁé’dﬂ?qr@n?’fehé erffoLes $RLGn 3 L 5B¥ r educes
the value to 75% of they Icﬂﬂuﬁrvﬁide@ EognalQsthionis( @GubFicient timegeoer al,
sone control logic 9 is n ces

ary.to reset .t.he, processqr row of
bl ocks, and to selPEEFessH&L18@q} c&é?ﬂlﬂaﬁﬁ?j qlgFléﬁ Lgra pgaFgﬁﬁ%éo%%ent
Picture Array 2, agdaal Oerbenmiaencaieﬂecm ngithppnbédausei suchfdatiae isear ch,
there may be a certai o) oug P us
Picture Array 4 pla‘%%]g' %a’f’qupb%mbg %lﬁi}gd sgagggﬁar eagbﬁf égé(?cgsm ve
bl ocks and cont ai window @hich wéhl alequirersnly 1438@ wycles. | ogi ¢ "nmasks" these
to prevent the proce b 9 ok :ﬁﬁggar t urrent
bl ock. One advant 38’% ;’E% senjfé]l n%en Ion e tuﬁsmﬂtthfh%%ggcond
enbodi nent of therateeofi bhe aroceas@nsama-enmeler@teéxpver cERgckinpJig| es may
be avail abl e.

pixel rate. -
The advantage of being able to do motion estimation on

both Iuminance and chrominance blocks is that the array
processor can be modified to provide the displaced
previous picture region {(u,v) as well as the displacement
vector, or even the prediction error block formed by
subtracting the present block from the displaced block.
The height of the vertical columns in the previous picture
input array would have to be increased to compensate for
the delay in the arithmetic unit and the motion vector
generator. There would then be a further block register
array whose input is preferably the displaced region from
the previous picture input array (but could be the error
block if the processor included appropriate subtraction
means) and is updated by the motion vector generator.
This removes the need to have a separate shuffler external
from the chip to output ‘the displaced block for the
predictor. i

The description so far has conveniently ignored
problems that may arise where the block under
consideration is within 8 lines or pixels of the edge of
the picture - i.e. certain of the regions defined by X, ¥,



This Sheet Has Been Replac

- 12 7 For [ egode; -u_si ng 8 x 8 blocks arranged in 2 x
BME HI es are-alAi- abl e per wmacrobl ock. A 15
t he second enbodiment will take 17572

2-'macr obl ocks, typ

search of a row of

cycles, of the available 22528, so there are therefore 4956 spare cycles
per row. In a colour video signal, this is sufficient tine to process
al so the chronm nghae dveplde thealtheVanar fizdponllinkdng periods.enthigrijgance

bl ock, either beca S anl,S H=YeN by, USI a smaller
(7) search wi ndoﬁ?ﬁi{igh%%%ar ec)iti re%%%x%%%ﬁ%%%é&g' %/b?‘gel[%t;ocessi ng
coul d, of coursedetestotelpart ofccentral Aggic o) t9EVEF FCo£osUEe \ihas

accel erated over g{f}ani NpafionsXahicht &do not Thaladwipiage wikhei ngeabl e to
do notion esti mafl i i

on on both [Lum nance.and chr n | ocks s that the
array processor BEFYEBS i 85 + 1999 ¢4 Pﬁégﬁ%%ﬂgﬁe@sp%éﬁlﬁ%dpi cture
region (u,v) as smive)asct bhatditdel atmimmt SQABt by nodr updatedt fier prtediect i on
error bl ock for rr?ébi%sgubt racting the present block fromthe displ aced
bl ock. The hei ght ot e vertical colums in_th reyi pus picture i nput
array woul d have toaﬁgg‘i"’r%r &% e’d’VFBt’c‘BhﬁEﬁ% e Eﬁg"’i"ﬁgg@isﬂ%%t@ﬁe
arithmetic unit agoh t hblouksi onsegeentialdgneraiong. Eher eowoul dithhenabe a

furth bl ock l i i f t ~No]! d i
e Lok SRk ot api bl Sacstppaged o3l o

from the previ ouS picCt, / e error block if the
processor i ncl udpRBtaicbpre RhALELANS, dc@8n Snedhsyouddy bej possiddecsoby the

notion vector ggkepaikOlipon! IblEcks BoWA ScalimnE easl (prokedes a2 roitiy~2be shuffler
external fromthe chi

t Q.qut put, .t he di spl aced bl ack r__the, predictor.
The description %Q?nf'agmh 0 ig’?ﬁqe@sgg SE°Y Ié Y eRRMenCeyny  arise
where the bl sk undesidableonsi deration is within 8 lines or pixels of the
edge of the picture - i.e. certain of the regions defined by x, vy,
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u,

v overlap the line and field blanking periods.

overcone by disregarding such regions. A border detector
|l ogic 9) serves to ensure that search regi ons which do not fall wholly

within the previous franme are ignored,
so that the m ninmum SOAD i s not updated

This is readily
(part of contro

Q¥7g3§king t hem (as di scussed above)
or those regions. Al t hough the

i nvention thus far described has operated upon blocks ™ ~sequenti-ally

al ong

a

row,

upon bl ocks down col ums and provide a row by-row+*scan,t
i ncrease the encodi ng delay and hence b ,_Pq§sirable.
A notion detector fori#aééo

CLAI M5

1.

signal s conprising:

W th a col ume- by-col unm scan el di f f:er ent
current and past picture shufflers 1 and 3, it w“' "’er Hﬂi"ﬂ'bg operate
S ul d

5

- a reception and storage neans (1,2: 3, 4) for reception and tenporary

storage of signalss repreﬁ%iiﬁg &Q@c%&;w?ggﬁe(:ﬁgggﬁquh%@ c%glaisghg;ure and of

signal s

and storage neans

repr ésenti ng anot ‘
—comgRnssi fRF reception andi )cempPeRArYpi 8taragestafr age

er suc I ctur

reception

means (2) for si @E%.aﬁ%e%ﬂ-é(séﬁﬁkéﬁ%ﬁvﬁiﬂn@bé&nﬁeéofréﬂﬁ%% ?LP?E‘?MG

el ements of the saf . ]
sequence of suchapfo@ks SLER#kss pERRTeEBNt g afPther nSlichovETAmEp HEn N8 ocks (N,

N + 1,

.) in

one Trane, ere successive blocks

he-dreReal rection of the picture; and

(i)

second picture storage neans (4) for naki ngcsi nul t gneo slyo%vgﬂc 2' e a

- means for comparing edch of a pluralit
into which the said one frame is divided with the
‘corresponding region of the other frame and with a
plurality of positionally shifted regions of the other
frame, to produce vector information indicating the

.positional shift if any between the position of the block

and the- position of that region of the other frame which
meets a criterion of similarity between the block and the
regions,

characterised in that the comparison means is
arranged to operate sequentially upon blocks disposed in
rows aligned with the picture line direction of said one
frame, and to compare each with the said plurality of
positionally shifted regibns of the other frame in a
sequential column-by-column scan of part of said other
frame.

2. A detector according to Claim 1 in which the

reception and storage means comprise:

(1) first picture storage means for simultaneously
making available, for a period corresponding to a
desired search extent in the line direction of the
picture, a group of picture elements corresponding
to a block of the said one frame, where successive
groups within a sequence of such groups correspond
to respective non-overlapping blocks; and



group of picture elenments corresponding to a regi on-ef -the-other franme of

the same 1 5 size as the block and a plurality of po shifted
regi ons of the other frane within a predefined sﬂmm ﬂéu l ’HHm
- conparing neans (5, 7, 8, 9) for conpariiBg-each of | ocks
into which the said one frane is divided with the correspondl ng regl on of

t he ot her frame and with the plurality of positionally shifted regions
of the other frane 20 wthin the search area, to produce vector

i nformation indicat |ng pPOS{id (S ny wee posi tien
of the block and e p%éslglaﬁfxon g#»‘ﬁﬁ@ Qtérta eof k’%eﬁot h?ra- B?iﬂlre?e W t hin
the search area whi ch $iggdsangogslt @Nablﬂﬁgﬁ 8i groupr ¢f \pissure elenenss bl ock

and the regions, cor*esconﬂgﬁ’é ¥ & rké?ii\n' Ret Pl JehBr PEGhld! 8¢ BTNt S

wi thin the search area of the ot he rame are, in use, presented to the
second picture storagesaf@arfdZe4)asi rthe blockel WRACS)y SUCAESHAVE cGFOUDSd t he

second picture storage;#RaNs al Ssafiaptedok0 ke groun§ue6?§e°§nrssay tgvail abl e
the said groups of picture el enents, vvhere successi Vv roups within a

sequence of such gr oufEIions SERFRISLYRIYe §RETIEd IR A é3§§F‘31'e’} down df}i f t ed

within the search area lcalxmndemw timémlolfrmm &ﬁcdm:reecan@rsucae@hl%
successi ve such sequen corres ’e jO gre53|vel ed

within the sear ch :Ef:gasgﬂw& % hcéoqreﬁ gan Jf"ot 2% upléo_gregswely
15 2. A det echafteicabordi dige tldnesai m 1, i n which the second

pi cture storage . ns rises Fl FO rray 4) incl udi m
sections (6a, be{mvﬁge cr?ﬁ?%%ng %{eﬁgs CS’P aFrgF%%{'l I an hgn?i ne

di rection, each fartingectheonsumonf i ShmgmadlSlJPCbr Sotltergengridttpnizalipg n t aps,
stages (65) bei natiisatnd vl el HESntThiProriEds periesti®hag, "¢ ° 7
FI FO st age (6a, 6bimentsngads, amz-lrable for tahdlock amdwibe elememts mide he sai d
search ar ea. r or Jaim.2,. Lo which
the | ength of the ‘gglé for & ﬁ"‘ﬂ%aﬁw %Cﬂ% r‘%‘ r%ﬁ%?{:eaclc? |és&t ﬁgbﬁrlam mum
vertical positi oBICksHhet thmhenﬁwatlon @nrs'pspm@ing et obhefregtien ot her

frame with whi Chwl?d%%h?ﬁlﬁ eked %hEosrﬁ‘a CORRE A det ect or

according to claim 2 processing in para el the vertically 15
nei ghbouring bl ocks of a plurality A of horizontal rows, in which (where ¢

is the maxi mum ver t iac et BOEIH |é:g¢g{._-dﬁ{§| fgo Qf1alife 2M0Sh q;h§e]ll agﬁgl region
of the other frane with which each block is. to bé conpar ed

second picture storage means of Claim 2 comprises a Iro

array including m sections, where m is the width of a

block along the 1line direction, each such section

comprising a SIPO stage having n taps, where n is the

depth of a block along a column of such lines, the SIPO

stages being separated by FIFO stages, the length of each

section being D, where D is the extent of the said

column~by-column scan.

4. A detector accerding to Claim 3, in which the
length of the FIFO stages is 2q + 1, where *q is the
maximum vertical positional shift of the most displaced
region of the other frame with which each block is to be
compared.



- there are provided-A-arithietic means (Fig 8); - each is

connected to a fi r}ﬁl-sg‘g&ﬁysmmﬁ age rreagg (6a, 6b) such that 20 each
processes bl ocks o mm w of saf d%one fra ch is
connected to a secoj“‘gg&m (6a, 6b) which mclmuguwl’"m”"”H'ﬁo
stage (6a) of such at the regions of said btier ‘frameswhtch each
arithmetic means (Fig 8) at a given tine is conparing are vertically
f“h spl ?ﬁed one grom gn;at B}gfeé%\sﬁnaé&‘f@idn%‘&lé éhain 3 for pmgéésqggeﬂgt h820f+
e ot her stages.(6a) .of such second del a ns are 2q
(A-1) n. 5. raxig}. J@feﬁ?%ﬁlci%@ornﬁﬁ-wbbqug"d”}iﬁ?&s, qfngv@r"cﬂ? gt%econd
del ay nmeans (6a, 6D)of horizérmtadr réwdledinC ApGHS I Patelry t9 D% keheviiximm e
addi ti onal sequences.corres

onding to 30 _  regions.or blocks shifted by
successi ve mul ti pl'@&tefah H°§F1{b]"s°nﬁgl %tll"if\%e °fo"‘??1g"°FFr g;csplaceg LRILPR o?f‘gd
sequence so as to wher bERIOFtaeOwiwRICh (ath lllecksisved thes gbhpared)) acent
the first sequence, gﬂd t he corrga‘{ i.ng ma]g s Ji.nclude additional arithnetic
nmeans for proces ?Fgf' £he BId98%AAE g’aﬁfe’ﬁc@?w!
16 6. A det eedchr i connectepdt doany fdnst ofelayaand ftdragé, meansishi ch

the |l ength of th FQ_st ' JOl l-all y: l.apl 5 7.
A detector accordi ngg‘féglJ é:%’?o%%‘q’zf&g%ﬁéﬁé‘ %?{7‘%’{55?% % \)ﬁ;\ﬁ’%ﬁe ete%sqfr ed
extent of the searchsakdanéfrahe; | ine direction is greater than half the

5b) T's arranged |~ Sl i83cofnbdiEly Ofh oty Sty REARD GRS (O
| owest i nteger greatdiclufes opg nfIFO stAgedi9f esuaht 3edergtdlesthdsnitdieni ng

groups of picture el giRphs cfforséf&%?gf r&8a§ne WLcRY 8ach AriPnd¥eaCknddnst he |ine
direction, and the corfparing neans (Fig conprises a plurality B of
arrangenents for fordfi rfy FINEN shiRe JSnEORBAT INGeaFe sYREEEFIdLYs ddsBlAced.

8. A detector accefedicRéh aRoBRY 9¥qugg,§bgaﬁhai m including store neans
(8) for storing and outputtln% or a block either the region of said

other franme to whrcHhe 1e8aths Rfsithe; athar FEFO ($1@98F 0Ok SHEH| 885988 error
between the bl ock angklhjpendaggifre- 2q + (a-9) n. A detector according to

claim8 arranged to receive and process | um nance
6. A detector according to Claim 2, in which the
second delay means is arranged concurrently to make
available additional sequences corresponding to regions
(or blocks) shifted by successive multiples of n lines
relative to the first mentioned sequence so as to
correspond to regions for blocks) vertically adjacent the
first sequence, and the comparing means include additional
arithmetic means for processing the additional sequence(s).

7. A detector according to any one of claims 3 to 6,
in which the length of the FIFO stages 1s controllably
variable.

8. A detector according to any one of claims 2 to 6,
in which the desired search extent in the line direction
is greater than half the extent of a block in that
direction, the delay and storage means is arranged



and chromi nance bl ocks of a colour picture signal. 20 10. A detector
according to any one of the preceding clains, in which the said — ——

criterion is nmet by a region for which a cgnparison(”ﬂl ' gl e case
of the unshifted region to a predet erni-hed propofrs ,Mmm#ﬂmmp sum
*€

and equal in the case of the other regions to the said'sumiss Ss than
t he conparison value for all the ot her regions conpared with the bl ock.
25 11. A detector conprising a plurality of processors each conpri sing

first pi ctur e cphefiAtatIPans forRCHNFLuPhLityr 8 $ilwrags feathe Aowestonparing

nmeans, all as clainmed in claim.1, and,in which;. the first
and second pi ct ur PR geITRELRE g%h@om&pé??t h%% or GEEEERNY feguapres

confi gurabl e so agoheafringegrobbocks ipdcyaret i elembytsecopespondiggr des

si mul taneously, and th ari.n ans.of f.he pracessor ectabl e
and means arschy %/"ﬁggg‘?cérg g&‘rﬁ ?!gm? ﬁé-gﬂ‘%"gf %ﬁdg “§S?"5}q§ f

di fference functi meaf®rcomprises a pluraliéach ¢f aresmsyementéheforbyforniagnoti on

detector may be c&g%i%rﬁggs s?égg@g@espectwgﬁeﬁeg ocks conprising a

plurality of neig url KS™ A notion detector for
vi deo signals conpri sing: - a reception and storage neans (1,
2: 3, 4) for recegtion ang t#m&ryaccordfﬁ regea% Sﬂz‘lﬁ@bﬁﬁreﬁ gnti ng
one frame of a picCture and of signals representing anot Her such frame

of the picture, tBBCIudiagt stPreantralforfae SHeEHg ABApONEPHing for a (i)

first picture stophpge MBafer ¢Bh F¥iohi Juilshadasust verambki £ whieh | @blig a 10
bl ock of picture elenents_of the said _one frane e cessi ve, bl ocks

f .where su
within a sequBftle HIMLaEN OF oEles RIGFK eBRRSHGTION r%'é'BEc&FVEeen the

non- over | appi ng bhpsdis andl theNregibn. - - - -) in the columw se direction of the
pi cture; and (ii1) second picture storage neans (4) for making

si mul taneously available a group of picture elenents corresponding to a
region of the otheg, franes otetditopangcerding zgo aeliire bl cadtanqell atpl urality

of positionally shifted regions of .the other frane . Wi thin a predefined
search area; and Fecéive and WPCE%W&P%W%%@ {ig,omy}ang,e_ 5?“%"& °£o?rpari ng
each of a pluralit¢olout pictake signalnto which the said one franme is divided

with the correspondi ng region of the other frame and with the plurality
of positionally shifted regions of the other frane
11. A detector according to any one of the preceding

claims, in which the said criterion is met by a region for
which a ccaoparison value equal in the case of the
unshifted region to a predetermined proportion of the said
sum and equal in the case of the other regions to the said
sum is less than the comparison value for all other
regions compared with the block.

12. A aotion detector substantially as herein
described with reference to the accompanying drawings.

13. A detector according to claim 1 comprising a

plurality of processors each comprising;

(i) first picture storage means for simultaneously
making available, for a period corresponding to a
desired search extent in the line direction of the
picture, a group of picture elements corresponding



20 within the search area, to produce vector information.indicating the

positional shift if any between the position of bl ock and t he
position of that region of the other frame wt hi’ ﬂ’wm,m whi ch
neets a criterion of simlarity bet ween THS8 - bl oC ! S,

characterised in that the picture el ements within the search”arda of the 25
other franme are, in use, presented to the second picture storage neans (4)
in a row by-row scan and the second picture storage neans is adapted to

make  successively a_ﬂ?ihd_ ek So¥ thr%h?isoﬁé ﬁiaﬁburﬁm'leesmﬁe%sjdwere
successi ve groups wi thin a, sequence of suc roups caorrespaond to

regi ons progressively sHiGUPEJwits ﬁvxﬁtﬁ‘?%eac%eaa’{]éﬁcﬁr‘z?'ﬁ%ﬁ F?épelsf’?fbé
direction of the picturgs rassectios eparoversapiingOblockgpendes correspond to
regi ons progressiyely shi fﬂt ed within the search ar in rd,

col umwi se di rect(’dr?. seccnd  plcture  §tgragy, ocq?gg? t he''saj &gg frane,
where successive lsi;gp_mng}xﬂyt(hia\raaésm%eme grfouggctmfquaip‘sunmrrespond
to respective non-overl appin ocks: an [ t st or age
means for maki ng é¥enen rﬁfﬁ?&ﬁ%ﬁ&w gé\véi |‘Ze§?5e)’p gf IB}rlg)ui%”:'ﬁ)erof
picture el enent sframer esfpontie ngsame asizegi 8s dfhet hblegkher where frame
of the same size as the;l.og 'vev"g?&fns within 2USEqrentE Cofl UGS gib n a
sequence of such groups C rresp(_)nd‘to regrons_progressivel'y shifted
ina direction dwamespend ¢ol wegiens tprogressdvely shifted in ‘apj cture,

and successi ve such SeqRACEmCURESRANE colum 68 ERS! ONRSPIGIrARST Vel y
an |

shifted along the lines; I arithnetic neans for faormng the

sum of the modul i picgirest [A8A FURGRASSAVE aFUGH | FRIVEBGES FUTRFPIMENct i on of

the differences betweehd hRgefi itb§ramadfery Hidbed along théoLiresy! ock and
the el enments made avail ahl e“for a region and nmeans to ascertain for

each bl ock the 88t or i nformation corresponding to the region

whose sum meets t(hej paizgiclinee@s | Midnsi PoMhickRing the suh No¥ frheskoduld second
pi cture storage-neans of sone of the processors gre conf ﬁgr apble, so as to

process bl ocks in vert O8aPHem SOBPRRIFRLY PGECASIAG BT FHBFTAOM RS  he
arithmetic means of thehpr@ugesaicesabstweeRNER! abbren2ednade availabler ovi ded

for formng the sum Off%geasgié%ksgn ége elements made available for a
region and means to ascertain for each block the
vector information corresponding to the region
whose sum meets the said criterion;
in which:

the first and second picture storage means of some
of the prccessors are configurable, so as to process
blocks in vertically neighbouring rows simultaneously, and
the arithmetic means of the processors are connectable and
means are provided for forming the sum of the said sums of
difference function for each processor, whereby the motion
detector may be configured to compare composite blocks

comprising a plurality of neighbouring said blocks.




di fference functio
configured to ¢
nei ghbouring said

f essor, whereby the notion detector may be
Iocks conpr|5|ng a plurality of
l A notion detector Tor Vvideo
signals conprisin ns for recé%tlon an u"mmnm'"/mﬂ)m]ge of

signal s representing one I|ne scanned frame of a pi gnal s
representi ng another such frane of the picture; and M méans for
conparing each of a plurality of blocks into which the said one frane is

divided with the q(respondidtdon @ltétfl:dtf féﬂﬂmaémemgﬁammmcis\mxgh a
plurality of positionally shift ons_of _the atfher. frail to produce
vector information indi ca??% t %EPFO%I agg,; ftpmpqragxy #8%n %he
position of the bbmgxialand'ebt'esenbmg lcma dfiné+setnneyi framef ofhe pldtaref rane
o oh TESLS & CI RS8P Uighhil | A baRShicShine, tas Attt B 15E oS
sequential |y uponpid:t;m‘bs ahasposed in colums ali gned normal to the picture
bl Ural 1 1y of “post t1 onal TyRees fteraaftila' et RS lurpey, o ipegb e 52! @
sequenti al row byirtsw !lbm‘h oth@arsaldf apei dfzameer iS r dliivided with the
corresponding region of the other frame and with a
plurality of positionally shifted regions of the other
frame, to produce vector information indicating the
positional shift if any between the position of the block
and the position of that region of the other frame which
meets a criterion of similarity between the block and the
regions, ) -
characterised in that the comparlson means is
arranged to operate sequentially upon blocks disposed in
columns aligned normal to the picture line direction of
said one frame, and. to compare each with the said
plurality of positionally shifted regions of the other
frame in a sequential row-by-row scan of part of said

other frame.



