A 24567--EP - PROCESSI NG | MAGE DATA The
present invention relates to a nethod of 5 processing i mage data,
off the.type involving the generation of notion vectors for video
predictive coding, in which a first video frame is positioned between a
reference fiane ‘and a second video frane. The present
invention also relates to image data 10 procegssing apparatus, of the type
arranged to generate notion vectors for video predictive coding, in
which a first video frame is positioned between a reference frane and a
second video frangsse7-zp Predictive coding is a known techni que
for conpressing 15 video data. A video franme to be coded is conpared with a

reference frame and, rather than generati data indicative of the
frame in isolation, data indicative o?‘th%s(kﬂGf f&pdhcadr bet ween t he

reference frame and the fraee predemccodeversmien relpresr atted. alOmethod of
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coded becones S|gn|T|_ca ess ef |C|ent nment Occur.s
within the image. e YaRosh Fihiiaco aspSiddiel BAEIRDL SO 4

re-arrangenent of efmtfsaw tirame is pasifimmgd, bataelara refarenceofipine @nd
re-generation of anzideigma 2Dadde=@mks still a degree of inherent
redundancy and advant age The ”§¥=P%1%alﬂﬁf!n%£o£h'a§sb“a8£ el tgof%%l éé %F@a

further conpr essi on. €0 sequeéenc
consists of an 10 cPEIRSTELIPRIARF2ABYET BEttAEchYRR PrErRIR ﬁeriqrﬁﬁétﬁfm%h‘m

I mge. 30 G ven thateaﬁaieofbranie&oameqlrce;seetedhmg 25n ovnidB pefisAcatideo
the degrees of nmovengnine fQr opDSL: &Qﬁesgame% %bJrs%éenaes £ramé €L 1€l ond

modest fromone franmg to_another. Thus, novenent often consists o
re-arrangement of piXEP° vaflEs and advant age may be taken of this
i nherent redundancy in orkedi8s:ve chdtnd iisat eendah aednpaes fiogncompressing

In theory, it wayl d;ikRcpesshbl & vtOa&PNSIader thhBe cofdW SIENdonfar8@8Chith a
i ndi vi dual pi xel an%fet-ggceea&&rgmenghg.l du%ker than generating data indicative
of the frame 2 isolation, data indicative of the differences
between the reference frame and the frame to be coded are
generated.
290 ' Comparrag rndivxdual pixels between a reference frame
and a Zrame to de coded becomes significantly less efficient
1 £ movement occurs within the image. dowever, given that
movement often results in a re-arrangement of elements within
an image, rather than a complete re-generation of an image,
25 there is still a degree of inherent redundancy and advantage
may e <taken of <this in order =o facilitate further
compression. _ -
Movement within a video sequence often consists of an
element being moved between different portions of an image.
30 Given that video frames are presented at 25 or 30 per second,
the degree of movement, for most observable objects, is
relatively modest Zrom one frame to another. Thus, movement
often consists of the re-arrangement of pixel values and
advantage mav be taken of this inherent redundancy in order
35 to facilitate data compression.
In theory, it would be possible to consider the
movement of each individual pixel and, for each individual



-2- ° . pixel, calculate a notion vector which, for a present frane

under consideration, identifies the position of a simlar pi xel in a
reference frane. However, it will be appreciated that the generation
of notion vectors for each i ndi vi dual 5 pixel would provide little

conpression conpared to transmtting the individual pixel values
t hensel ves, therefore, in order to achievg a degree of conpression, it
IS i necessary to cal culate notion vectors for pixel regions and to

assunme that the whole region noves in a simlar way. It 10 is therefore
known to divide vidppxérpages cubhive B ooksomfvector pihdaihs Eonst Srepgnofiramgr
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i medi ately follows, the referene25 dition e Jret
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be appreciated t hat®stch ‘an I ncrea occurs I n two dinme sLon

In order to facili tsa}t“té--tah'er%t’r‘?fhllé‘t |aoneb‘frerﬂ5’te| Bhock SRdESPELLY 2 jREofls8F b e
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difference terms are transmitted, along with a motion vector
identifying the pos:tion of the actual reference block with

20 respect to a simrlarly positioned block to the transmitted

block n the reference Zrame.

Predictive cocding can be used to generate difference
values for the frame which immediately follows the reference
frame. In addition, the method may also be used to predict
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subsequent Zrames, such as frame n+2 and frame n+3 etc.
Under these circumstances, the size of the reference frame
search area, for which movement has to be considered,
increases for each incremental frame displacement.
Furthermore, it should be appreciated that such an increase
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occurs in two dimensions.

Tn order to Zfacilitate the calculation of motion
vectors, it is possible to perform a telescoping technique,
in which a motion vector is 1dentified for the first frame

35 displacement, between frame n and frame n+1 whereafter, a
motion vector is calculated for frame n+2 with reference to
frame n and the motion vector calculated for frame n+l.



Thus, these two notion vectors may be telescoped together to provide
a notion vector fromfranme n to frane n+2. When der erm ni ng
netion vectors in real tinme, it is extrenely beneficial to mnimse the
nurmber” of, ti nes a pi xel 5 value is read froma reference frane. Thus, a
region of ° pixels in the reference frane may be read sequentially and
supplied to a plurality of parallel processors. The cal cul ation
of each notion vector is concerned wi t h "a*wndow of pixels in a
reference frame. Wen dealing 10 with a one frame spaci ng, the w ndows

overlap, therefore g ?ggogdﬂa%&gggs‘;esgtgg u}ge#lrjak:%wsccgnegveg% t |egg

w ndows, - such thats a rea lura y of
t he processors. Fur’f?lé?-r?dl’-ée i W OPhBRC T % IF% £ram8i Rg- it rank T%el val ues
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processor to start “@ “epr‘(?ceseﬁang “RBt £ on®VEFS Ifa?ea new Bl ock‘ g Spp gt
nunber of corrpagmeaerssJ-f!ot:het*‘%rqmeeseni”aﬂeo@msbarr%aq Seguertiaddy FRAs,

20 each processor rwpﬁ;eearwrhgedukalj&ryoee5§aﬁmeh PECEESI0TONS at a
substantial [y constant ra; al&u%atv on e&[ t&%%r %ot}gg 9£9€é‘§5i§9?oqice§n9é00k

for a video frame, separa‘i han one frane spaci nge
ref erence frane, nwtlﬁe-pe%’f‘%‘?‘(reqf Fﬁ"&*%u’tﬁtaarﬁelraf-'?‘}c%lﬁﬁal"‘&r BBen Araking or
t he singl e spaciiog -sitruat boa. friowe\spacing, oreewihdows ovelriepe Twredradl @

results, the pot enué%':.o%' Exgyof‘.o@sﬂ%t 'onn a pl‘é@ﬁﬁy rB{Stode'}Qﬁﬁﬁﬁ?g windows,
proportional l'y. Cons€guently
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re- posi ti oned, dhyean decrensesietier is nedshpl ¢ omebchrprogesoor to start
cal cul ated for the 2LV RN tmokE O kvddfeobberdi rStndw 8Bek Tdd!Sthe number of
compar.sons for it’'s present block starts to decrease. Thus,

20 each trocessor may 2e arranged to process pixel comparisons
at a substantially constant race.

n theoryv, =t=he processing of a block for a video
frame, separated D>y more than one frame spacing from a
reference frame, may be performed in a substantially similar

25 way as for the single spacing situation. However, in order to
achieve comparable results, the potential size of a motion
vector must increase proportionally. Consequently, the area
for which comparisons are required becomes excessively large
and unpractical to implement.

30 - The solution to this problem is to perform the pixel
compar=sons telescopically. Under the telescopic approach,
zhe window of pixel positions within the reference frame
consilered for the second frame, say, may be the same size as
that used for the £first frame. However, when determining

35 motion vectors for the second frame, the window is re-
positioned, by an extent determined by the motion vector
calculated for the equivalent block of the first frame. Thus,



the nunber of conparisons required for the second frane becones

equi valent to that required for the first frane, whi ch shoul d i nprove
i pl enentability. A problemw th this tel escoping approach is
that, by, 5 ,its very nature, the windows will be displaced by the notion
vectors determnned for the previous frane. Thus, the w ndows may
overlap but the actual arrangenent of windows wthin a regi on bei ng
read is totally unpredictable and determ ned- by - the nature of the

vi deo i mages. Thus, although it is only 10 necessary to read pixel val ues
of the reference frape within a normally sized w ndow, for the
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sai d reference framatigrotessimgthe pqsiitébnved vesdeendriflioni stex mef ehence

o o el Bl by sl
first-frame notion 32%? ml% Pl sgapsfomS%T'hgef%’g égﬁﬁnggﬁs’ff@é‘f‘rﬂe?%e
present invention, °F "‘%ﬁé‘i"éllng bﬁ‘%\ﬁ“ﬂéﬂrl%gm%ﬁaw&xp% otdgesnin dihsarefers of

the 35 aforesaid tenge, Zrareanactardesedd, My suPslBARFStHEn tdeansiurboity of
processing bl ocks Qfopbxfdss, ' @oé@"ﬂ:tg' $dn ftﬁér?ec‘%&gment 8f FLAMEE14Q &4 d

ref erence frane, to groduce drst- r.ane
burden place <he processors in making comparisons by

implementing the teiescopic cff-set to the examined window.

According to a Iirst aspect of the present invention,
there is provided a method of the aforesaid type,
characterised by the steps of: processing blocks of pixels in
said Iirst frame with reference to said reference frame, to

25 produce first-frame motion vectors; reading a region of
pixels in said reference frame large enough to accommodate
the direct calculation of motion vectors for said second
frame, with reference to said reference frame; processing
pixel values read from said reference frame in parallel to

30 produce, in parallel, a plurality of second-frame motion
‘vecters; and enabling said processing step in response to
said Zirst-frame motion vectors.

According to a second aspect of the present invention,
there is provided image data processing apparatus of the

35 aforesaid type, characterised by: processing means for
processing blocks of pixels in said first frame with
reference to said reference frame, to produce first-frame



nmoti on vectors; neans for reading a region of pixels in said ref erence
frame | arge enough to acconmodate the direct cal cul ation of notion
vectors for said second frane, with reference to said reference frane;
processi ng nmeans for processing pi xel® val ues read fromsaid reference
frame in parallel to produce, in parallel a pl urallty of second-frane
motion vectors; and enabling meang arranged to enabl e said processj ng
nmeans in r &SR VEGtOHSd TEARSt - ?Faﬁ%agb? 9 gh Fegiqhrixelfyin saldm, g
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decodi nq vi deo franes conpressed i n accordance w
reconmendat fBAPLied to eachriprRcessqyi uSeravesd Fxem Ot onef BREROEST rane

conpared w ¢h18ui 5288 EOrbeneogesh.dy e£admadll ating notion
The invention will now de described by way of example

only, with reference to the accompanying drawings, in which:

20 | Tigure : shows a system for compressing and decom-
oressing video signals, for transmission or storage,
including a circuit for effecting temporal compression;

Tigure 2A illustrates a block of pixels of a frame to
be coded and a block ¢ pixels in a reference frame, for the

23 purpose of calculating a motion vector;
Tigure 2B illustrates an algorithm for calculating a
motion vector; N
Figure 3 detaiis a Xxnown circuit for effecting
temporal compression, of the type shown in Figure 1; ™
3c Tigure 4A illustrates tvpes of frames considered in

accordance with the MPEG recommendation, prior to coding;
Tigure 4B illustrates a coded stream of MPEG frames;
Figure 5 details a circuit for decoding video frames

compressed in accordance with the MPEG recommendation;

-~

Figure & illustrates areas or a reference frame
compared with a frame to be coded, for calculating motion



-6- - vectors, when franes are separated by nore than one frane

spaci ng; Figure 7 illustrates a telescopic search for 5
cal cul ating notion vectors; +iggure 8 shows a circuit for notion
vector cal cul ation with telescoping, including a circuit for N
cal cul ati ng notion vectors; and 10 Figure 9 details the
noti on vectvectars,cWhken ofiramesciereuistepairdgedi fdyedndye Fthaneode frame

A system f o GUINESSi Ng video signals, transmtting or storing said
signals and deconpressing said transmtted or 15 stored video signals, is
shown in Figure 1. Full bandw dth vi deo signals are generated by a
video signal generaiguréd4d, 7 iWishrdwystake theds@opidf aswhder cawmra or
vi deo . reprodyci ng nmeans, such as a magnetic tape or an optical disc

pl ayer ett. CRHGEIETIMA MOSASMECTPESGener ates a sequence of 20 ori gi nal
frames 15 which rhgeressipfidwd a tOrcait! SfPAction vRUHYCSTALEN1GHEGH ¢

16. The te al_conpression.circuit t.akes .advant age qf _simlarities
bet ween t enBBFH| F§LSHBCRE S FAEHIS R & SR AE Raged S apELon
representi ngecthes; addfferences between said franes. The output from
said 25 tenporal conpression circuit 16 is supplied to a spatial
conpression circuit 17, arranged to take advantage of further

redundan® es withiTigpeeifPc RREatlerahbe. FotLont heespari akalcudsgpoassi on

circuit 17.peyuieke;daat@kiedi $a" 81 §urg08si Ne transform codi ng, such
that the anobunt of data generated forf 30 each franme is dependent upon the

actual anount of information contai ned within the. frame. . . Thus,

the conbination ofa tey@oenl foL0BPRELSSOINANEE deo SPRFhal s fOBRAASHL €8inG

known to achieve a. si gar}}l{]éecant degr eg of video data cgﬁrpr eSSIt%I;,

‘al | owi ng a 2Hnpressy §1ERHE 235 LPCIMRECISARY 55415 SR ML OFver

l'i m tediSansivodeé videbasnghalssutéh ssowhose ESguire nlvi dEallebapiwbgthr,

alternativelys.8t 0l 698 EEQ“QQBQrQQQB%?rab@f&& S{PLRYP generator 14,
which may take <the Zorm of a video camera or video
reproducing means, such as a magnetic tape or an optical disc
player etc. The signal generator 14 generates a sequence of
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origiral frames 15 which are supplied to a temporal
compression circuit 1!la. The temporal compression circuit
takes advantage of similarities between temporally spaced
frames and generates coded signals reprfesenting the
differences between said frames. The output from said
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temporal compression circuit 16 is supplied to a spatial

compression circuit 17, arranged to take advantage of further

redundancies within specific image frames. Thus, the épatial

compression circuit 17 may make use of discrete cosine

transform coding, such that the amount of data generated for

30 each frame is dependent upon the actual amount of information
contained within the frame.

Thus, the combination of temporal compression and
spatial compression i1s known to achieve a significant degree
of video data compression, allowing a compressed video signal

35 of this type to be transmitted over limited bandwidth
channels, such as those wused in video telephony or,
alternatively, stored on standard computer-based storage



medi &, such as single-platen magnetic discs or audio-based conpact
optical discs (CD ROVS). The output signal derived fromthe
spatial conpression circuit 17 is anplified by anplifier 18 for

transm ssion-or : 5 storage, as identified by reference 19 At a
receiver, or within replaying apparatus, a coded signal received froma
transm ssion nmediumor read froma storage device, is supplied to an
anplifier 20, whereafter the procedures perfornmed to achieve
conpression are 10 effectively reversed, so as to deconpress the picture.
Thus, circuit =Rdaiflelshennss spajiiedblateit MHEINEESE OdliscsWel aaki@ibasad
circuit 22 performs, éégg%arth gﬁpgggg§skﬁpqogggreby supplylng a ful

bandwi dt h vi deo piciure to a picture generating device such as a
vi deo nonitor, which in tth °&F%‘|§ﬁ éﬂ'g"%‘ FSTLEeR RO T ﬁ%‘?:%’rﬁ}r E8BRRPSFL8B0
frames 24. crrcfhe Pvesenrimplhfied ibynamsl ipdiretd ¢8 ot creossissiet wrt h
aspects of tenporal; &QQIGQQ gspd d@g@pgli&g,wanggel tqshoul d be
appr eci at ed that, in envi ronnent.s rrgressi 03?6

n

techniques will be i nc:'l""ud‘eﬁi'ec'?‘n"""radfi’Ft'flé";‘bll t'o %Vlf‘%nﬁﬁﬁaﬁa Yt E

t echni ques. A conprigmeiometecyrd (firom 2 cwhnoh ssdopsmedigie omdieadt dgem af

tF))pt h of Ext hese t )&Q%i‘aa@f dev:.i_le(}O:TBr esspiQlkd Z;uot gat afglaFased2by dheeleveng
icture Experts n t ganisation,
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ef fected by takifg eéfFFrs‘t’elY "eT’?%ﬁ?é‘ a%o &sr &P éﬁéﬁ@@rqﬁsaﬁﬁeaﬁid’tﬁéﬂpaf’?*ﬁﬁ

this reference framdrecuzztw2tih medfoatn® wbhachal siécodrresoilen, whE€eeaftpr Sa

achi eved by | dentik Yé Qg 1943%%@%%0?&1 \H%‘EBmH@ss;Bﬁ”%ﬂé}ehg %9@91@5"1
t_he referencefra (ﬂlngare resentatlon of 0 na a
differences, so that th SPF'Q’r tPEHE LAY DECr 2 POREPT LSRG TatL g dpKRLce

receiver or upon plkdybcsikeh as a videq\ hopktorst efhiwdulich cowst s@iigglays a
conparing each psXekq@énce dth@eédmBRskod ba deloabsdds @d. Wi th the
corresponding pixel of -nLhSresre%fue“%@&%m ragena %‘i”?iﬁoégncer%éefltn are

made up of 35 several colou conponént s, “such n
transm ssi on syst eAgPef tﬁn‘#aﬁé’épiﬂai}s CPW%@”&UP‘*E‘P%@F eRéEhoughy |~§n§!‘%“1d

Thus, for each of bhesepppspiatedt s,chhbhe vahuexahy environments, spatial

compression <technigues will e included in addition to

20 <cemporal compression -Tachnigques. A compression technique

which does take advantage I both of these types of

compression is that csroposed v the Moving Picture Experts

Group of the International Standards Organisation (ISO),
commonly referred to as MPEG.

Temporal compression is effected by taking a first
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Zrame as a reference irame and comparing this reference frame
with a frame which is to be coded. Coding is achieved by
ident:Zving differences between the frame to be coded and the
reference frame and coding a representation of these

20 differences., so that the original frame may be reconstructed
at the receiver or upon playback.

A first step would consist of comparing each pixel of
the Irame to be transmitted with the corresponding pixel of
the =sference frame. Generally, pixels are made up of

35 several colour components, such as RGB or, more commonly in
transmission systems, luminance plus two colour difference

signalis. Thus, for each of these components, the value of



the frame to be transmitted nmay be conpared with the ref erence frame

and, rather than transmtting the full value for the pixel to be
transmtted, the difference between the two pi xel values nay be
transmtted. * .Thus, in sone 5 situations, the difference between the
two values on a frane- by-frame basis may be very small,
particularly if the origrinating inmge 1is stationary. However ,
as novenent occurs, the differences wild éstart to get larger and with

substantial amounts of novenent, the savings nmay becone 10 m ninmal.
Furthernore, given an, erLV|aronr1;ent ha\él na_ |l r_netaed_na I,eb cg)w dth fggt__h the
transm ssi on or storage ROVenent ~fray resu’ltt Y Picfare? Feak’ up. -
Al t hough  di f f er enEpE$=eRCOEFHRF an@ec’rﬁﬂ"‘ﬂﬁes-an RFepsmittiag ey dpty 3esk

down if significant fopverEpixerciy e ctanshitSedppaiechl £fdwsdncel betden the

maj ority of video segyencgs; ng\iqggnt., y »&onsists, afegact uaJ.;mng ec.ts %Ehl n
an i mage frame noving over predet erm ned peri od of

given that a ° %’r‘gfﬁ'FPBént“hﬁu%'ererﬁf‘c? TR W%ﬂ?é“?% °jnu§t:réﬂé'
second of the viglelragequmsce, mdy | el ivieely stmadl, a paovieoglafdyects wehe O

not result in si gé‘i-fdlc'aein Chﬁth@S :st GrakkRBnaByer alriowefré@ma as '1ovement
i nf ormati on content a tho %nl fi cant ch,an es. W_| LarqdC urring to
i ndi vi dual pi xel s. °SHus: F58°BosEih & 25 8 g?educ ﬁ'ém Fhblnt

of information tr%rﬁ-ﬁeﬂl P-’rlOunts | IF OTPREATEDR, | GEAL iSPYLAGS amm)t pgAome
vector coul d be :or anxiiixal £d, FbcRirabge W divedl Bheegvinhegbahsvimkeani bed

fromthe original rﬁ%hl‘k %?c Oladses LELLLE! rEhé”ﬁronH&ni QEP PAsHE s

- shifted fromthe origl in accordance Wit e notion vec
A system for corrpré’s’s"l*ng“vli”ffe’& H8ta in this way, that isto say, by the
cal cul ati on of notion vecfighsugm addifteoemt3@lit o dedifngr enteakhnigpesng, wilkl

di scl osed in Uni tec&v@n@-t £61 Pal-8Rk dowrd\@ s sﬁcp%gcgggmov@ﬁéh‘gn@&uﬂso 1'Ehfs
present Assigneg ccor da ance with di scl osure video fr

is divided iffo é’PBFu'r‘%l‘t A% ot bt bcl%‘%”‘éath%oﬁs‘tesﬁ Fﬁ&“‘c’ﬁ‘cise FOREERY ¢t h
16 pixels on each Iconers¥h®f peTuad 98I &CTE6 Wbk anTheads fdpee siom ngfov¥emnes
into blocks is al sa regsidramiéd SpRkkied of COIRY.€SSiTHus,USkiged hengt sy ete

transform nethod byt .. = dsiab]¥eed s S-t-me@ VeP1 & dineeSt Ny idY Qnbl 9Skshlf 8

X 8 22 cdh
of the wvideo sequence, it 1s likxely that a moving object will

20 not =result :Ia sigmificant changes to the overall frame
information ccontent, although significant changes will be
occurrrng to individual pixels. Thus, it would be possible
to =rceduce the amount of information transmitted if
information identifying a motion vector could be transmitted,

25 along with difference signals taken, not from the original
positions of the reference frame, but from positions shifted
from the original in accordance with the motion vector.

e A system for compressing video data in this way, that
is to say, by the calculation of motion vectors in addition

30 to diiferential coding, is disclosed in United States Patent

No. 2,083,202, assigned to the present Assignee. In
accordance with this disclosure, a video frame is divided
into a2 plurality of blocks, =ach consisting of 16 lines with
16 pixels on each line, that is, a 16 x 16 block. The
division of frames into blocks is also required for spatial

s
u

compression, using the discrete transform method but,
usually, this involves a division into blocks of 8 x 8



pi xel s. *Wen usi ng both techni ques, each 16 x 16 pixel region IS

assenbled fromfour 8 x 8 blocks and, to distinguish bet ween the two,
the larger block is referred to as a nacro- bl ock. A
macr o-bl ock- of pixels of this type is shown in Fi gure 2A. Movenent
vectors are not derived fromand are not necessarily related to actual
novenments of objects shown in the inmage frame. As used herein, a
nmotion vector refers to a part cular 16 x316 nmacro-block and it
represents a 10 novenent, in the positive or negative X and Y directions,
by an integer nunber of pixel spacings, of a block in the ref erence

i mage whi ch, when cohpsked When ksihe dritgckegnnijgues, eachabk i 16 ad xepreriess
the I owest difference uabmeaTmﬁm i‘bur 8 ixS PosYchkeahbat ta destiguian be
 denti i ed which Salisfigs -ndS. I InETiLEELOn Yt DO ACLUA! Ly 2Ck Mhcro-
related to an actua on 6f -an ect he i nage rame.

However, in pr'a%:Q‘?‘%:e, |t S Ilkely that a vector will be identified

whi ch satisfi®es this grmkerd-lodie sE0 ARELA| oBDERDNS tybe clishavwewn in
occurred substanti abf i 2hhe b LeGtd 0. Ofz<t Bee rﬂz,ta ALk \RG! @£om 294 aze not The
resolution of a notion vector IS Su stantlall ‘?1%”%‘? hoi ce,
based upon the dedie¥EsastY HHFre sr%r‘?““a"ré‘h‘iﬁmﬁéﬁs %? FEEZ; hY
facility avail abl e.the |imaghi §rame. epainpied, “eheimpta sotiattvecsonreierastred
in ternms of whole a pREFXxebulsRaCi 0%, mmauefo a‘lroaﬁt izaal i pi &@br&#b%ﬁ:isngs
coul d be 25 used jand, n enQ' x&l ‘éé"#?ssn 3t 3 Sx'i-’ "ega .;ve &?ﬁ%'?%ire&? n‘l bSv

cal cul ated by int erpol
has been €hosen so &% %%t%orﬁ\’ﬂaa?e°ﬁo§ﬂ-x§f)ee63°m"5@f %v%nﬁh?"kvﬂfﬁl Eh%t

the sane tinme pl acitrefereaté Sinaye whiohstvhemtcomparéd ewittocgesinigekato | béy

required in order tQ..3Qn¢at&dl gtadie oRY 'lggeé’@ﬁ§.95§renc£hb§lde°s Pashiscul @r 'y
i npor t ant when the motion'vectors, on the transm ssgdfeqt b are bei ng
calculated in real 5 ggssible that ajgecton nan e 28PRH HBLoh SRAGEF BHes

notion vector f@f thig paitemidnamibhowk dczualhy gidiygcoapated itonanl gctual

demandi ng 35 proceisc@on HERWEMET obddcshonl dnbe ;qRRE G ARed thﬂswemqe ide
vector has actuall Y been_ estabJ d §hgd u_%ed to effect 11 t’be i geSPL eq agd t hen

a vector wi
transmitted or recorded 10r ‘the purpors
satisfies this crx ter-cn ~Le to actrval motions which have

occurrad substantially i1a the direction of the motion vector.

Z0 The resolution of a motion vector is substantially an

arbitrary choice, based upon the degree of compression

requirad ané the processing Zacility available. In this

example, the motion vectors are measured in terms of whole

pixel spacings, however, fractional pixel spacings could be

2% used and new zixel values, at sub-pixel positions, could be

calcuiated 3y interpolation. Similarly, the size. of the

search area has been chosen so as to accommodate most speeds

of movement, while at the same time placing realistic

constraints on the processing facility required in order to

30 calculate the motion vectors. This is particularly important

when the motion vectors, on the transmission side, are being
calculated ia real time.

The identification of the preferred motion vector for

a particular >lock is 2 highly computationally demanding

procedure. However, it should be appreciated that, once the

vector has actually been established, used to effect the

coding and then transmitted or recorded for the purposes of

(7]
wn



effecting decoding, the decoding procedure is significantly | ess

conputationally demandi ng. Thus, given a notion vector, it is a
very straightforward exercise to use this vector in order to
identify the preferred block within the transmtted 5 reference
frame. ‘Howevér, on the transmission side, it is necessary to
actually calculate the vector before it nmay be used to effect the
codi ng. The way in which a mti-gn_vector is calculated for
a particular block will be described with reference to Figure

10 2A and Figure 2B. In Figure 2A, a 16 x 16 bl ock of pixels to be coded is
identified as 25. THiffebkbak defcopin®l Shiesdeooltichy procedurehysi signiifigantln
sim | ?r bl O|Ck iln a r}g_feeeeémh HuchBnANG, demandinlg. Fkl‘ﬁﬁﬂ_e][gfi'&rbﬁrh hbaﬂ&wl et o
actual pixel values for ,the Aresebi.; antsor Qck. . erence val ues are
transmitted which represént %fg’ _:algnfSO‘é'r’?Jf‘Erfgt?fE‘%élf_ elri_lgﬁ(_:gh et Ween. the
pi xel values in a bl @FResf=c ident=ly the FrefpEred Peockodddidngne Heappritted
values in the identiteg@drence franebl ONdweder! honreierenaenisaon side, it is
Block 26 is a 16 x 1 PLx&lS 14N, srete fra [ch
is present at the eqﬂqug%gén&tyoggm%?‘o%‘%gf%%c?%éﬁg%c%ri]?leff e 5r‘2“§%’me
frame. Thus, if predPERRVe® G54RRY WSt FBEt29- motion vectors were

bei ng enpl oyed, pixel val ugsewwathiin Bhgk a motion ve§owois dcdleuenpdirfedt 2
ﬂor ect_:“y %t h P' §e| i_v(a]:tLQ.S;l‘téﬂrt fbléb!@'w@@‘.l‘::e ddescri:i::&@_-with referzence Ei:p Figure

wevet~ when takjnhg,account o verent,. and enpl oyi.n 10

vectors, a search'{?sz%earxfoffﬁ%‘clfﬁ (%BI dert rﬁ‘}“ﬁm‘gﬁi% 1tshg 16 bLoSR °r?é’f§%esnd:é’
frame, a 16-x 16 pi xe¢ dAEEkipHideRthfrlees2EnulThés block of piHelfeiempded
terms than woul d be pyodecad fivingli & SLRIIGHE: MAIJERS in a refer¥fés £rilneUlamiaed
from bl ock 26. - - NN aT-ToT AV [ | d. L bl ]

al . 30 possi bl er% h().ec'ké'fuil/\ﬁ1 t"ﬁia%1 tﬁ{axrngf é?%\%cliegf’gglnengiEhgvéov%gflg)%sggt
woul d require a nmassPARE*conplASHeERERaI2Ue§uRFR FERPS BT edortrh represenfethe

virtual ly inpossill§l eestichngpl @ veiiferengeedetveae theThirsl Jalues in aclmyukontse
is made and, in thiscparthesl@y »eNRAEEBAL t13 pixel val38&M G thy MBARiRYea
shifting fromthe bgse pogition of the 16 35 x 16 pixel block (from
the position identif1&d by reterShRESice “¥ame. 6y 't 5 positions of plus and
m nus 15 pi xel spacings i rfUe6skh2é is a 16 ghib Yolgal of @iikels iionghe reference
Irame which is present at the equivalent position to block 25
20 in the present Zrame. Thus, i1f predictive coding withourt
motion vectors were being employved, pixel values within block
25 would be ccmpared directly with pixel values within block

26.

However, when taking account of movement and employing
motion vectors, a search is performed to identify, within the
reference frame, a 16 x 16 pixel block which produces smaller

s3]
N

difference terms than would be produced if difference‘values
were caliculated Zrom block 28.
In theory, it would be possible to examine all
30 possible blocks within the reference frame, however, this
would :equire-a massive computational requirement and would
be virtually -mpossible to implement in real time. Thus, a
comprcmise is made and, in this particular embodiment, a
search is made by shifting from the base position of the 16
35 x 16 pixel block (from the position identified by reference
26) to positions of plus and minus 15 pixel spacings in both
the X and Y directions.



Thus, gi-ven a plus or minus 15 pixel displacenent, a ref erence bl ock
of pixels for coding block 25 may be obtai ned fromanywhere within

bt ock 27 of the reference frane. Thus, bl ock 27 is a bl ock nade up of
46 x 46 pixel- pesitions and a 5 16 x |6 pixel block may occupy any of the
961 (31 x 31) positions wthin block 27. In order to
determ ne which of these possible positions provides the best notion
vector, all possible positions are considered and a selection is nade,
based upon 10 the position which results in the smallest difference val ues
bet ween block 25 to be transmtted and a reference bl ock wi thin block
27. The algorithm exeBiiseddiven drdep oroninus JetwixAlndispkaqament, a
possi bl e nbtion veciofedenick|dieekr 6f @xéls for fdqiuwgesrddk 245may be obthbhed he

purposes of this disglogut: ner]teh@uPQ;SA 5188k 7 or ik lgzér%rfb xQe bl Qgﬁs

such as block 26, within't search area, suc ock 2 w |
be referred to as tHEck 2735 @cE*%‘%F“FFBn‘“ oIFf thebndteel tpﬁé"‘é’c‘i'ﬁaPnﬁl%(el

positions Wi t5hi 18 ax 165 xpibfelpiatekk magy oodxupyk anlyl bibeheebetr ¢kl to ak) 20
pi xel position. Blogk Pogd t4idR;hSpagschibed with reference to the

_position the bl ock woul d occupy W thout bein Shl under th
i nfl uence of a notion vectbr?® g%ﬁ’ﬁs % h&* o md & offa 5 Ttk \FA"fﬁi‘lﬁlear ea

27 is described wi tdesisterengeovigieshehe ﬂqﬁ‘}anteﬁnof’ebmék 28l possible
Furthernore, the Xpo¥i€0osy dirtat&ssi@ered antdhe bé;%lt_e@&jst im@de M Haldled @ 27

are al so equival, gnthong{l Iéhou %/gfl ws;ngg I tdg.gpgéé;{ccrgufghﬁf% 26

to a bl ock position a ac ua erence va ues are
As previodsly stat é’&‘waeﬁof”r‘lﬁ’]‘ Vet Bes ﬁé’f‘é{“iﬁ?ﬁé‘d and fa5 refRERANER oRIOHY
consi deri ng each pedshbhe Xdbokk 270si t iTha 30 geirt bhm eegewred?7in Drderi so

initiated by consi detkpgidd1@nbl &k nosélbltéq%xot:‘a@n'x?JctcoEOmeirbluQQ%{éd)ri%d by
a notion vector (m_nus 15, m nus "15). step 30 the next

bl ock position is J&FBF Fi Ffed, defined by a m)tlon vector (X, Y) which,
as previously 3b53stated, TaFl thqoémrneﬂsorpf] éhis bligek opure hechfe) positiay #fi on.

At step 31 a vari agl esi dend iraced BbodK)e sabMm & SRk 26 didiftHianers, 1a:8egMm
D, s set to Zgggrch aéQQPSSuc§t§§)bf%%k 27, will be referred to as the
*"hlock

within

sSosition”. Furthermore, the actual pixel positions
a 16 x 15 pixel macro >lock will be referred to as
20 pixel sosition. 3lock position is described with reference
to the position the block woulid occupy without being shifted
under the influence of a motion vector. Thus, the position
of a block within area 27 is described with reference to the
position of block 26. Furthermore, the X, Y co-ordinates of
25 the klock position within area 27 are also equivalent to the
motion <wTsctor required =to transform block 26 to a block
position at which actual difference values are calculated.
As previously stated, a motion vector is determined
for each block by considering each possible block position
30 within region 27. This is initiated by considering the block
at the top leift corner, positioned by a motion vector (minus
15, minus 185).
At step 30 the next block position is determined,
defined 3y a motion vector (X, Y) which, as previously
35 stated, will be the top left block on the first iteration.
At step 31 a variable identified as the sum of the
differences, sigma D, is set to zero. Thus, step 32



initiates a | oop which considers all of the pixel positions wi thin the
particul ar bl ock position, thus, at step 32 the next pixel position
I3 considered within the block and at step 33 an absolute difference
value D is cal cdl ated by 5 subtracting the reference pixel value fromthe
pi xel value to be transmtted, derived fromblock 25, while ignoring
t he sign of the difference. -At;step 34 the difference val ue
cal cul ated at step 33 is added to the variable representing the
sum of the 10 differences, sigma D, which, on the first iteration,
wil | consi st of 1a#tharpst heloen Rhiphcegnaildgredaldt <5t tpe 3B ¥ed pesigions

At step 35 a questi @fthsa aaﬂéedaas_&aawhew@m o¥Qkbes. thuspi %el scqpiat itae i's
to be considered whig *l%if.éiéﬁ : nts%@{wnn-\%h'tkee B HERE e

the affirmative, resutl'ng cont roI elng returned to st
Thus, at step 32 theShext PRxEPSPIES Gt pEeRtontaise D j¥5 e‘élalcutlﬁéeﬂ £ 4

di fference val ug $wsctavicing pieekefiqesictimixeli salue Ioa chkapietklatalajeepo33

and again the di ffeseenceaaga.lﬂe edS AeHs sroh Onid& UM Qhsibe; %lJrflgg)e(@%gs

at step 34. 20 Thus, al], of the difference valles for t
“pi xel macro bl ock I hfdedt Cfd‘é‘l‘ﬁé?n%tl | all of the pixel posi tions
wi thin the nmacrool ock havat Is¢en ébrisiedé: Eferendet Y ue capmidsttiednatasiked a3

step 35 is answeredid Natlea negatine. variable regrdsaflé: 'oahéoamae okl Uge

sigma D being detoer 1ed, %és represe tlgglé he Sum of .Lh éfeartgngeswf a
particul ar bl'oc "ano er’ vari ab & s st'ored, de Fi e a8 'gma

(minimuny, -represerﬁq“ﬁQSFh‘é‘: B8GERT tRBdTALMe Qu‘iﬁlﬂ-‘*ﬂﬁq éFeﬁ‘é@ 33 te geges.
On initiating the al gori tatmstebghh aDguebtidravue Beres H3 et wherimervahoEhd:Ar ge

enough such t hat araixup%@ktvaﬁ uesf QL pe dﬂﬁ?de&&’“]%cbmav& gnsMel L

nodul us, resulting, in_the ﬂ estlon aske ste ei ng answered In

the affirmative. --SFaT=OR\WEAt13f a&ﬁ‘é"sﬁdoﬁna?kee&ratr’%a(‘é‘ﬁGBGr?sé‘l&hg%rbd
in the af fir ABt icparrsl gerd 0B fefyrnednfoistepef2equal to the cal cul ated 35
e 0L On VECtor o3} | ouselo Uil R le s Rl o e ol SheBDh and,
simlarly, the Y con?oﬁent gor f%g@%nce vdlue ?o* Sizs n051t1%n is
culated at step 33 and again the difference value is added
To the sum of the differences at step 24.

Z0 Thus, all of the difference wvalues for the 16 x 1§
pixel nacro tleock are added together until all of the pixel
positions within the macrcslock have zeen considered and the
question asked at step 35 is answered in the negative.

In additzon to the value sigma D being determined,

25 representing the sum of the differences for a particular
nlock, another variable is stcred, :dentified as sigma D
(minimum), representing the lowest modular sum of difference
values.

On initiating the algorithm, sigma D will have been

20 set to a value large enough such that any typical value for
sigma D will have a smaller modulus, resulting in the
Juestion asked at step 36 being answered in the affirmative.

When the question asked at step 36 is answered in the
affirmacive, sigma D (minimum) is set equal to the calculated

35 value for sigma D at step 37. Similarly, at step 38, an X
component for the motion vector V (X) is set equal to X, as
determined at step 30 and, similarly, the Y component for the



motion vector V (Y) is set equal to V. At step 39, a question is
asked as to whet her anot her bl ock position is to be considered and
when answered in the affirmative, control is returned to step 30,

wher eupon the -5 next X, Y block position is selected. Thus,

for each block position, all of the pixel values within that block are
conpared agai nst block 25, that is, the bl ock to be coded. Al of the
absol ute pi xel difference val ues (that i"s-modul us difference val ues)
are added together 10 and the nodulus of this sumis conpared to check

whet her it is theesERII&3bf QUNE $Q $&¢ equbl 44 4 s the smallest found
o) far, it replaces the grew -QuS, smal I est so far. and_estahl i shes

new best m)t i on vector so“faf %t St‘é =on -5 asked aﬂfterWhﬁ her a??‘lther
bl ock Positions hav@lbeém%ﬁspaeﬁed-o EES ¢%&I¢FF?@ gog t‘hénq‘m%leifeﬁ WBREE at
step 39 bei ng answegred: facive, t BendiRgatsvescihRavasi abde i, grePegpomidnen)

wll represents 5 g% sma,l l,__,eg&ss%gl, Qf?‘ﬂl ffege%&% and the val ue stored
C

for V (X) and” V" represent o-ordi nates of the
best notion vector, in thaf““i h|-§~|%a°c" BLot POR: Ve ofL Afc hP2 @ixas LTatstefn

the smal | est di ffereﬂtﬁ:vahaeg‘\dnamztdweomm 2&ainst bdIlpdke 265 aihsyvi 14 ,ecthies

conpared with a refﬁf@@@e-énﬁgﬂgd@ehh'n%l’ EeQLQnagghxute ixel diffeddniceuit
for perform ng dlfferentlal codi ng J 25 in Fi 5

Ss_o__ 19 ,%d redi ction
circuit 41 includes”& fFarEBurf el v 1% -8F 8P T >pi ?(se)l TR e -l
previous frame. 0Thard tdecmodulysyr ofi diss sfmafe ¢ampemed tq (rheckeVetisgeic
frame and_ signal sis chef 3:@51@_&.th Edhadb b f mences iheisveas §r|i‘éllféew fqun@esand

this reference frame. ep cS‘QSc”x‘et EP% ;%fusrsenla"ﬂégt % EDE JX xflggth of

conpression, as showt in ncés are
subtractina circuit2 ¥ ~e§\ﬁ|'t‘?Fl§GbY?%"€trss° f37ut phit SS9 Sduced by t he
prediction circuit 41 fromﬁ’riehte_l1 ofncibhgepizoel tiadsubsve bEeaseomidelred,

_ val ues are then ; odeg$x_n & .qg'élﬂes‘EL Eﬁbﬁstkeé:gat RAss! b YbeQ.%erzEﬂéle in
-quantisation or 35 Huffman codin for su seguent transm ssi ?g
processi ng. che PREAE TS uERS rRTrRRES S3EFAP Jift BEmYm s ¥ ’éﬁ%‘:&se“s
suppl i ed to a dedwdismgliesesium 44 Soffenegeds tandahoral uhesyoredr Ser v

(X) 2nd V (Y) wall represent thae X and Y co-ordinates of the
Dest motion vector, -n that this is the motion vector which
20 resuizts in the smallest cifference vaiues when the block 25
TO e Transmitited is compared with a reference block within

regicn 27.

A circuit Zor performing differential coding is shown
25 in Figure 3. A prediction circuit 41 includes a frame buffer
for storing p:ixel values of the previous frame. Thus, the
previous frame Dbecomes the reference frame and 'éignals
representing differences Dretween the new frame and this
reference frame are transmitted or relayed to the next stage
30 of compression, as shown in Fiqure 1. Differences are
calculated 2y a subtracting circuit 42, which subtracts
outrputs produced by the Dprediction circuit 41 from the
1ncoming pixel values. These pixel values are then coded by
a cecding circuit 43, possibly performing gquantisation or

35 Huffman coding, for subsegquent transmission or processing.
The output from the coding circuit 43 is also supplied
to a Zecoding circuit 44, arranged to perform the reverse



process sto the coding circuit 43. A decoding process is performed so
as tosensure that a simlar reference frane is generated at the
oTlglﬁbtlng side as will be reconstructed at the receiving side. It is
possi blle. that the coding perforned 5 by circuit 43 will introduce

| osses, therefore these | osses must be taken into account at the
originatlng side, to ensure that a simlar picture is re-constructed.
Thus, the output fromthe decoding circuit_44,is supplied to a sunmat
on circuit 45, the output fromwhich is 10 supplied to the prediction
circuit 41. In operation, blocks of image data froma frame to be
coded, are assenbl eflrodesdn to thenpwtidyféercud@. 43The An@etodi o kprfcedat ast 0

be transmtted is georAlipRLI 84 40 LNEnPAAIRREOD sq'{f.:uftréflerew(aecb—am% is
arranged to performthe notion vector calculation ure detail ed

A=A on.p
15 previously. As BFEAE of -tﬁu%r-ﬁroé‘é-dtﬁ 819% B8 Bridd %’&‘T%ﬁ?““r“%‘ieﬂcﬁut
41 determ nes a notiln reeetornd erde.helblisckossuiilehtiac the qodimgnpeniogmed

recorded as such.s py c~:=-;: Ijne.lmr eglh@ztdo.%em dSﬁést 4&e§éﬁrx@8tae§é)%hsbs

copy of the refer ehge ne.
20 equi-vai ently positiofed %’1 ocT<‘“'° afﬁ%unrte er'éhnechjf%anr?élﬁg 1a £° enisgret he

bl ock presently beitRptcadedmilF SHFEHIS L8qEP veAReRFFg=ed-  posi t | cned bl ock,
\t\he prediction circuit idenis,fi2e aoudbtofrom ther iEeebéingequivaliantsdl oek,

b)?\m)w ng a nunber Of, RiXeley 2 sIRRH:BASe: A%, def4 ned bguglj;_ﬁ: BRLh Ak KRCIOT -
25 once a, red| ct ed. bl ock has been |dent ifi'ed b y éh ctjon
circuit 41, pixeP PAPRESSEor° THE THGCRTH¥T ifg “Ebtedt - ‘rér°é’e§ﬁb’p$ e@tPoks
summation Tircuit 4% iwhgehdatasdromoriireme to hequpded.crireppesiemtiliednipadmes
fromthe predictionngukCsidretles. ThdMeke Sycieaeadtaxed dencthssdleck Heing

coded, .its equival 0., fmtiqn, corrected pixel. | ubtracte refrom
" and the di ffer%ncg§ eth %“tead'greéls' “aht o &rc‘u fro% %l’f%uaﬁranﬁig
supplied to the codﬁeﬁﬁ%‘r'reﬁ?t"‘%‘m vector ”a{iklr?ﬁﬁbl REPZEGUIEM tﬂﬁéatleﬁﬂ ng

circuit 43 are assembkeeusiy.i Naanaodéqills Buf ERfs 4AfroceBued, NEe haeaapedde of
storing 35 several o;ful]. -fﬁrmm%s aplnééJén veldfor 38; {1k b 8Ck) 'ML@ s

transm ssion bufferin Is to say, | s desi e for

be transnitted or r'eﬁg?‘ﬂ’e‘tfe&t °3 '(?(?r?sf‘%tasr éf‘é“ so

The predictica circuit 41 stores a complete copy of
the =ssference frame. Initially, it identifies the
equivaisntly sositioned block in the reference frame as that
for the tlock sresently being coded. From this equivalently
positicned bleck, the prediction circuit identifies a motion
corrected equivalent block, 1y moving a number of pixel
spacings, as defined by the motion vector.

25 Once a predicted block has been identified by the
prediction cirsuit 41, pixel values for the block being coded
are supplied to summation circuit 42, which also receives
equivalent prediction values from the prediction circuit 41.
Thus, for each pixel in the block being coded, its equivalent

30 motion corrected pixel is subtracted therefrom and the
difference, 32roduced as an output f£rom circuit 42, is
supplied to the coding circuit 43.

Qutput pixels Ifrom the coding circuit 43 are assembled
in an cutput >uffer 48, which may be capable of storing

35 several full frames of pixels, so as to facilitate
transmission buiffering. That is to say, it is desirable for
pixels to be transmitted or recorded at a constant rate, so



as to make optimum use of the avail abl e bandw dth. However, gi ven the
conpl ex nature of the coding procedure, it is difficult to generate
coded pixels at a constant rate, therefore buffer 48 is provided to
smooth out variations in 5 the rate at which coded data is produced.

As previously stated, the output fromcoding circuit 43 is supplied
to an equivalent decoding circuit 44, wher eupon pi xel predictions
produced by the prediction circuit 41 are added to the decoded val ues,
by summation 10 circuit 45 and fed back to thé prediction circuit 41, to
facilitate the building up of a subsequent reference frane, to aIIow

coding of the next frage,if, ae: ﬁﬁﬂuv%@‘:& the ava;lanleTﬂé&ﬁwﬂdﬁ:n CafduRber,
appreciated that, given a frane i cular sequence of video

frames, it is possiBI'E™t c-E5 C@é‘?tfﬁ af %‘”31?8 cé}quenet T?qd“r‘r‘gs RERFER Tct® |’f‘|s t he
sequence. Thi s didEarvic codi ragnesatref epdedl roxds fafk war Fopstaltt Feee,
coding, in that - &eRe¥oxd ramze:i $3 :GOgedvidda desnskh Wuthvariatieheramce

to frames whi ch oce rrgd garli uenc n particul ar, each
bl ock of the new frg’rre *Fss ”BedJ‘ cqtq%‘é gr?Eef‘@r gﬁ%%ucteg'a bl ock of a
preceding frame.  FirstI3, “Fﬁ’e"“l" BF3E3E n@rebeutRita LIPPT eQEMNT F6Z5FEiton

to the correspondiRg :s papplieh i tan sepueviicis fden@lingheciewipos44.i on

bei ng i denti fi gdebyugodObl QM VECER] cx: oneCORMdlceli! 35}3”\:15& e%:\éaw@:%n
consi st of pixel differ encgs between the new bl ock and t Z}gpr evi ousl

transmtted bl ock, StTeuis =l 3gs i B8d T OFCPRY S‘f%ﬁ“@S PaYefU™RRE

083, 202, it 1@ scposwihl €5 tandc otk fagckarcd phredbcedictighdedrerighadls i 4o
real - tine, theegby: addr@WicRg 312 ak 86 MY Qe at Qubfediefl téferentbansdieisi on
systems, in additign % aoﬁ'yt% gggcvgge‘_g%tgeg‘@g,gggodl r%gepgé)qqleeqllére can t ake

significantly Ionger
accordance with the M. \fdé&sn %‘i)r?m"é?ﬁ%ﬁe“ thagc oFiiaTd &t ifﬁﬁ“‘e in a

.conpressed vi deo fpanesdre gereeatedoin videac Caaeasnceitwilsh pdssabléorasar d

predictive nethod., A8SGbed -3 8oalAY e -anstanBs o8f obbiS §YPenar Sekelantd.fi ed

-as "P" franes and are one of three types of frane naki ressed
bit - st ream This ?Erm of coding '-yge%er*ec To as LorJgrgppregiggive

codirg, in that a new Zrame is coded or decoded with
reference to frames w~hich occurred earlier in the sequence.
In parz=:cular, =2ach zlock of the new frame is decoded with
20 reference to = 2lock of a preceding frame. Firstly, the
block may de I a different position to the corresponding
position in <this previous frame, the new position being
identified by a2 motion vector. Secondly, transmitted values
consist of pixel differences between the new block and the
253 previously transmitted block.

As descrrbed in United States Patent No. 5,083, 202, it
is possible to code forward predictive video signals in real-
time, thereby allowing the technique to be used in
transmission systems, in addition to systems where the

. 30 encoding procedure can take significantly longer than the
decoding procedure.

In acccrdance with the MPEG video compression
recommendation, compressed video frames are generated in
accordance with the forward predictive method described

35 above. Frames of this type are identified as "P" frames and
are one of three types of frame making up a2 compressed bit-

stream.



A requirement of an MPEG systemis that it should have entry points,
that is to say, reference franmes fromwhich a pl ay- back nmay be
dnitiated, wthout naking reference to previously transmtted .
frames. Thus, an MPEG stream nmay be - léonsidered as being made up of
groups of frames, wherein each group is substantially self-contained,
allowing edit points to be nade at the boundaries of said groups. I n
order to al | owN regu:remanesot tan PPEG SsYscesséd theb ifrobpuld havejs
necessary tQAfapsiinds fram Wy el Is%»corgxmﬁé e Slifdl af Adhn WAl daE it
does not reqwre information from an% ot her s inorder for it to
be regenerat'ié'oav"@t&]h 2o A FSrtratedig f’ot'b%“‘rn 10FdeferaEeHret | MRt
frominter mdmm;mlmpsmuﬁdorﬂman |s'hruequuarredm‘£rmr§wéw zﬁagames
Frames of _this %ﬁ]gdp ate.identified in _the G sLa andard as_"]" a]a
(intra 15°coRRH*f B FRAREST3FR Y9 ffe§<PHRP 8Fe Y%’P%T d‘l’?eﬁ?‘eﬂl%?%
froml franeow i heubRdnramedy self- cortamehyppdalowasrgqmim prﬁ:.mt\sput
frames for NPEG,odigg b3 -ne $AQWHALICE U ¢ s BrSEP 3ol AR
this exanple consrsting B Ffanes alt1o , 1N accor Fance w
the O recorﬁiémiart-mege t-‘rree-ngara)upOnunﬁ)elcomsraaFaét dineg - girfoawsi, vel ¢ ‘s
being a trad%cgt S Ve IR esal eRakal LAichhak L:%mtoge%@éd in dd¥nratio
e ato

of conpress ori ginating data) and.i nage aual ity. In
the groufPof¥ats FRaked tshARPS | AOFI FRBIGE LRFRIPELIAR, £ RATHARYr AHNSD i s

} dentn;I i ed g&afnr@rm rﬁdo"d'_dr.an%rﬁ ‘of to bé h.eed:é‘@éli-aﬁag.ugnSﬁchS aCQ](ci%dnéWls
el war pre IC, odl n . pre ous SCri pe W t e, C to
o0 P Sl X6 B8 NYxa Honaa;, BoCd 8t n Erohi DRve s tadhd o f whk
used to Codé.nro*'nfarca.rm ds |mum*fenecEmn Richen tfranedser enEeamesf befrra:kﬁ&

The 30 next dysdhsbefalpans, 2 1.5 aifdetr ONMIAAE B3 AW Jidls (1odf ver d

predi cted co fFane 15" Coded T rom , ina
fifteen I3 avwodedihend 138" oiranast execbdages thit ans ﬁmmd&wlme@eoé;q@ct ed

to require sy i GaRtly BRrStner Papdupdih than the subsequent franes and
four forwardly 35 predicted frames, derived substantlall usi ng the
t echni que i | | ustr BYRECH (FRTUSTGe Rie iFPUT §gRaes. £ PEG cog@gag is

remai ni ng t gRokmarBsrigh-ehe. fiftpand rnam @mRYlied in this example as
consisting c¢f !5 Irames although, in accordance with the

he grcup number is adjustable, effectively

-0 recommendaticn,

[ e

being a trade-off between compression ratio (that is to say,

the ratio cf compressed data to originating data) and image

qualizty.
In the group of 15 frames shown in Figure 4A, the
25 intra coded ZIrame IQ is identified as frame 3. Frame 6 of
the input sequence is coded by Zorward predictive coding, as
previously cescribed, with reference to the I0 frame; frame
3. Similarly, Zorward predictive coding is also used to code
frame 9, identified as Pl, with reference to frame PO. “he
30. next predicted frame 22 is coded from frame Pl and final
forward predicted coded frame 23 is coded from frame P2.
Thus, in a group of Zifteen frames, there is one intra coded
frame, which would be expected to require significantly more
bandwidth <tkhan the subsequent frames and four forwardly
35 predicted frames, derived substantially using the technique

illusctrated with reference to Figqure 3.
The remaining ten frames, of the fifteen frame group



may ‘be considered as being derived with reference to franes whi ch bound

themon either side. As far as the actual coding I's concerned, franes
4 5, 7, 3, 0, 11, 13 and 14 nmay be forwardly predicted froman |
frame or a P frame, in the sane way in which the P franes are forwardly
predi cted. Thus, for- each bl ock, a hbtton vector is identified,

fol | oned by pi xel di fference values for each pixel within the bl ock.
However, it will be appreciated that, on sone occa- sions, a scene

change may Be¥ulehEoRséfiessforinPal Fapiedi ¥eed-1bhf FEABTERGS: KO EePdesnce
frame from whieh bbenAredkRtéOReLIchevVaidesS ane het ik deid wdtualVB@ily S

occurs, there is very Jlttle correlatign t n the predjcted frame
and the refaf- €ONCE ﬁ’(,egfr“a'r?é“ S gul 11 ng g ﬁymﬁgrgét}dﬁp‘f{rt%cﬂa YalGes,
whi ch cobkdat-dke aaeaf.ﬁrtéar .ﬂ-r-lomr tri Gtramtwcrme B efudmenf iimftoverstamen 15
required =to transm.t the :ct ed frape-.as . an.. J pz%c{:. Thus, _under

such conditdfsT™ tﬁ%l%lav‘a % agés S?Stﬁgep:r%d"afc" ng alhé’sl'oé‘tor
whi ch woul deaehdbiockesal hotiopivsaner is ’d@glrtadaedomaélpmds@m prxel

attenpts to%]%agsghge ,ggggg 60aNGC.n pi W Ch LeqUidgs dth beyond
To

t hat avail sone extent, such a situaiion nmay be tolerated by the
output  buffer We‘é%rsurﬁﬁg“b}ehe@fFﬁﬁﬁgcaﬁ‘éeéeﬂiﬁ@t@om sPRe easagh

efficiency si8nspPr&dlshe 28@inkieORaY o@é\ﬂﬁ%éﬁﬁéezﬁﬁpﬂék%hirdl?r pﬂemlz?_ea on
su In

occasions, Lt is possible th changes e .wou

noti ceabiPe BFEWﬁréﬁgraaatW%‘i”e?@e Iram?n‘&ﬁ"‘at"(*é‘n%’? tdSovBFegHELion
situations eidltbs Sarypeeglnd deriflﬁdf ur wiheh reddeceddurshantvéxl his very
requi r enent LyLs_possible t hat ames 1, 2 ) 8,.10 1. 13
i 14" ar o ke cORER ¥ ion peslBEh, the Eadiodng, brahis fnd epherethss
sequence, enceattame} heeswl Prayilouyefryatergeéhdsffenehee vahneshewhieli c-
30 tive cotigg) RCLHE IdH) b 2L SN S EE U PRngl 18vR1CHECE h¥Ermacs 6801 N2

is actually occurring in-a rection ranes are
i denti f £8d 2RIB FeANER »{Mmkec‘ih%mgﬂlc*eéllmfﬁﬁ tar hbatgapérame.

appr eci at edpidal Jdfrhicaecghal LU D che LA BRCKNE Preariagyui ||

be nade on a frane-by-frame 35 basis, dependi ng upon whi_chever nethod
requires t P3RSt 2T ahBEt GRICHS Ot § orf eNAFFQ hehafSHE &N B $ERFRONal

coded f reder @y Hen cadedevs o émiaf tdiised @DeAnBmeti AUSceA8change
which requires D»Dpandwidth bevond that available. To some

20 extent, such a situvation may be tclerated by the output
buffer 18, assuming cther frames are reing coded with enough
efficiency <o provide additional bandwidth capacity.
However, on occasions, it is possible that changes of this
type would result iz noticeable picture degradétion.

25 In an attempt o overcome situations of this type and
to further reduce the bandwidth requirement, it is possible
that Irames i, 2, 4, 5, 7, 8, 10, 11, 13 and 14 are coded
with reference to a subsequent frame in the video sequence,
rather than a previous frame. Thus, rather than the predic-

30 tive coding occurring 1n a forward direction, the'predictive
coding 1s actually occurring in a backward direction. Thus,
these Zrames are :identified as B frameé (bidirectional)
although it should re appreciated that the choice of forward
coding or backward coding'will be made on a frame-by-frame

35 basis, depending upon.whichever method requires the least
amount of information. Furthermore, a bidirectional coded

frame may be coded with reference to both previous and



subsequent franes. Thus, it may be assuned that a scene
change occurs between frame 4 and franme 5. |If frame 5 were being
gene{qt ed using forward predictive coding, its reference franme would
be 3§ franme 3, Frame 3 forns part of a previous scene and there-
foreihas little correlation with frame 5, being taken froma

subsequent scene. Thus, a significant anount.pf information S
requijred, if franme 5is to be faithfully reproduced. 10 A

si gniifi cant anount of information will have been transmtted, in this
exanpl e, in order tgugadtRieatestdnse 6, by the forward predictive coding
nmethod. It is apparent that a scene change has occurred between franme 3
and franme 6 as will be illustrated by the ampunt of inforpation
required to 15 generate frHe 6° & EPoPBSTTSY s 3Fedr SPRET THAPIEF PEELTDS

t he scene chanae hasetsfdemcfransd ¢ omerdrtaken | T drase JuRere rheing generavedng
of frame 3 and frangsibhe rorward nrea..-..@v@'wag%apcq:'ér Sﬂmre\‘lﬁgrfzfaﬁn@r@oﬁdaﬁg

f 5 and f 1 thful | th
frame 20 5. HowevErt™uion TOlig “PIHmEeEE 5 EEC14 PRED| T WPEFe-

be required if sai dfdnﬂanemlslfctédeelowet-hu@i engshcérame Sgajeing takemfyosd, a
i .e. using the backiis@qperélisdende MBubpcth sighhficant ahdliit WEtinsehatesse

to frame 3. However,, ugghgo%d ng :S¥SI«,§JT} 1 does B89l —M&W ?éﬁrodh@gfs have

shoul d be coded from frane 25 rat an frane 3 afte
been made to perform FotipniFheantfanoydtn gt -\‘Aﬁ%ﬁ"%f’ﬁ f”&b%shﬁ’fe c8¥hg
have been per f cromadmitted,s v.hhehnqacesamble, tia ocofgare ghserasulfirsmefé,cach

and choose the typ%f%h&%r%x%r@ﬁ-é&% b8aidy FnQ@héc?ant is appiidpk Ofadata
being transmtted and rarre 5

w10 RN Al Ty o SE8HBG PN ERF PSR r EATHASRy A HER e o A=A
backwar d predicti veifdnberillustidrad Sy fyhemanduyg [of ipformatienrraduired 'w t h
reference to thesf genarghPridinet byecditbge ic Mhidieabrowar xhel bktder of

transmtted wth VQLSVEQ&%E (RahbE A3 Q?Q&/@ULWE énctc'a)égn rﬂ!o“%agou t in

Gven that a B fr gener at ed rom an_ear fTa orward
predictive coding, 8P ‘F‘P%‘rﬁga%ubsaé’tfuenina ~rame o.

The change occurs Dbetween frame 4 and frame 5 and
rame 4 can be Zaithfully reprcduced with reference to frame

20 3. However, when co

iing frame 5, Zfar less information will
be required if saié frame is coded with reference to, say,
Irame 5, :.e. using the backward predictive method, rather

than with reference to irame 3. However, the coding system
dces not know that Zrame 5 should be coded from frame 6,

253 rather than frame 3, until attempts have been made to perform
both types of coding. When both types of coding have been
performed, it is then possible to compare the results df each
and choose the type of coding which results in the least
amount of data being transmitted.

30 Thus, in this example both frame 4 and frame 5 will
initially be coded in the forward predictive manner and in
the backward predictive manner. Then, frame 4 will be
transmitted with reference to the forward predictive coding,
while frame 3 will be transmitted with reference to the

35 backward predictive coding.

Given that a B frame may be generated from an earlier
frame, by forward predictive coding, or from a subsequent



frame, -by backward predictive coding, it is necessary to reor gani se
the order of frame data.for transmssion or recordi ng purposes. This
re-ordering is shown in Figure 4B. If it is assuned that frame 1
shown in Figure:4A is the 5 very first frame of a particul ar sequence,
It is not possible to produce this frane by forward prediction,
because there are no earlier franes Thus, both frames 1 and 2 are
produced by backward predictive coding and arestherefore transmtted

.. after frame 3. Thus, as shown in Figure 5, the 10 first frame to be

nsmtted is frane 3, fo]l owed 1 and 2., After frane 3, it
A Loesibre t o Erahen b 28Rkl LA ki e (hoBATEG thelb PPESREATFapo

al so be encoded wit Heorgamsfeer gifceoxderf refhreisamey gidka fomntfaggmisgion or
]Eher ef oze tge nex:3 “ecsqfc}:j]afmpﬁﬁ"&b%straﬂﬁm E'Eeéi:cie&‘ﬁéa:IBEsﬁowﬁQJﬂl @m@@l:d egyus.
rames an -Sim e t ne i . we
frame 7 and 8, V\,he#eaf er urmgge %%e(l sjat rgaﬁ’smg?{%gfﬁt %%g{sgéf%dné',s Xne
followed by frames verard<it, Zxaner ehft B IIFEL P SQiRBCe f ﬁ-&n%s not pogsijpde
transm tted foll owetobyrddueeshis frdheldy borward predfctienpdbegawsd Gletref OF
an MPEG coded streag}és,lgh%\gg]@% IenameFl gure Dot‘[lheﬁrar QEIIVEQI Ségggg
| er

is anplified by | er S|m ar to a ownln
Figure 1. A deRtRTH55Ee “’?f"é’éﬁ%r%’f%cttﬁéepﬁ%’r 9 gt n‘ﬁ’fﬁ o‘FPeré"SﬁﬁEyed
in the fr equencrmmnedfamrt AeamwDZi ONTYect @sssagwh swppPigess 5, theaid

pi xel data to a :3patialc desRITHLSE| ORnhi €4dd -337-ankh§, Zéma%aaﬂ,y Erames
deconpression circujt_»53,._si rrkl arto cirquit, 21 shown J_]:,r]Le L qur |‘3{'€In§m't

converts the spatlaTlfl/n%o r eS8eH o=t fto* 5 X8F F8F el “or

di fference val ues, Anes ér@q § Pefanse thegsplirames ay Mmé@senccmd with
Processor 54 performdzems@rtai £ 48R0 BPr LBt i frate 30 titklidfions the next

recei ving conpr essed. pixel géattg_ggﬁm.teﬁe SSF}qI,#rom ﬁgfﬁ‘génﬁﬁf?s%%sc'“

B3, is arranged to receive t1on vectors exer § and
reference data from-a *“‘Hﬂ%‘é’ 'f FAFER S Cor 822€ afd £329% feo P?‘é?r‘éedstbé’r érgme |
response to thig iambdodmavheorgaithe prayeed@ors Sdrarsmaktehgethe @2génanat e

35 out put franes, "'&)l@gﬁé@rﬂy' @Rghesvi:depnd OnMBYnereafter the A3 BHOMWN ERame
Figure 4 (b), a frqr;e group is.tra cpsml;ted i.n_a rei3arra?1nlg4ed order, such

that the deconpressi6n-¢i Feurt == owed by fzames
. A decoding circuit for an MPEG coded stream is shown
22 in ?igure 3. The received signal is amplified by an

amplifi 51, similar to amplifier 20 shown in Figure 1. A

demulb-plexer 22 separates the pixel information, conveyed in

the frequency domain, from the motion vectors and supplies

said pixel data to 2 spatial decompression circuit $3. The

25 spatial decompression circuit $3, similar to circuit 21 shown

in Figure 1, converts the spatially compressed data into

pixel values or pixel difference values, which are-in turn

su.plied to a processor 54.

Processor 54 performs temporal decompression and, in

30 addition to receiving compressed pixel data from the spatial
decompression circuit 353, is arranged to receive motion
vectors from the demultiplexer 52 and reference data from a
video frame store A and a video frame store B. In response
to this information, the processor 54 is arranged to generate

35 output frames, in conventional video format.

As shown in Figure 4 (b), a frame group is transmitted

in a re-arranced order, such that the decompression circuit



-20- - 53 receives coded frane 3, followed by coded franme 1, coded

frame 2 and coded franme 6 etc. Spati al deconpression is per f or med
and the deconpressed frame data is supplied to the processor 54.
Frame 3 4is am intra frame and, as such, will have been transmtted
with only spatial conpression. Thus, after spatial deconpression
has been perforned by circuit 53, the pixel- data fromfranme 3 1is
conplete, therefore no further addi ti onal processing is required by
processor 54 in order to 10 generate output data and the pixel values for
frane 3 are supp? i kaFeigen cdescfspnss, followed dy Fﬁﬁﬁié‘?m?rhnﬁ‘@ed

cannot be supplied framehe2 cadduioded Zumte |6 feanes dpaidl? deaveptEseton is
decoded, therefore sel@ctQh 2R che dMddnBSed i REXRE RhA14 & JPpdiBa P BA
15 As shown in Figure 4B, the next frame to arrive is frame 1
which, after bei RFOPEPFalty deconpressed, is supplied to the
processor 54. Frrane 1 welrameedit eveljcreofiedne andiisshspeferdidenae prane 3
(bagkward fcodl ng), ﬂth@fs@xig{:&% ot et oniy Agl_aé_@sls Qﬁr@ﬁéé‘éf&x.L or Thha|Te akeby
readi ng reference val ues rom store in respaense t oot i

veetors, and addr ngPatEa BeddaTLELOLE oy pled SRAARSFed Byl BEFIE M) ne

No ot her fr amesPixgle Cagpdémemi I13mer éf &F eAEBPLRYS: fchgRefoZe no Hurshere
sel ector 55 is arraged:boaskppptysdegotedehunm®i byt orddeesor 5oOuhpirder?to
The next frane t;g Hehle¥acd So&fﬁﬁedgta afd AL pt:'.glb§ +aluds’ ¥ Wrhhe N@ve-been
coded only with reference to frame 3, ~__ therefore the processor 54
decodes frame 2 w tHPPLHRT 1fcé FBLe°T0%af-ues read fromstore A again in
response to the notion Howeeet,orSzamep iaahnoy thee stppliéd pkexthe 52utput

Li kewi se, the 30 sehegiOfzaaesSURRLI £hadededaydddids tiAdRraWdldctor 55

The next frame to arrl s frame £ _whjch. again_has been coded by the
forward predict i_ve%ﬁ%#%gdéhvﬁ fﬁx?éfdgrténéoe ‘troa%e SE9EhE 3. Thus, after spati al
deconpression, the proce®§ofhgyn in Ficyges4Br arke 6rexf tiFapef EpeAERL YD ishe
notion vectors andzkem@5 i heni&f,er encer vabins shatesiliyn dbosprsasd, is
supplies the = deapipfha/bUn LoScJdiBiR £ O:4ile : SElLE08: At very Yoddd ©

occasion, frame 6 cannhot be suppfied to_the oufput prio
with rsference to fIrame I (backward coding), therefore output

data is generated or Irame : by reading reference values

[

20 from store A, 12 response To the motion vectors, and adding
the =eference oDixels =c the =zransmitted pixels. No other
frames are coded with reference T2 frame 1, ctherefore
selector 55 is arranged o supply 3ecoded frame . to the
output.

The next £frame to arrive is frame 2. Again, this

tv
tn

Zrame will have been ccded only with reference to Zrame 3,

therefore the processor 34 decodes frame 2 with reference to

values read Irom store A, again in response to the motion

vectors supplied by the demultiplexer 52. Likewise, the
30 selector 55 supplies decoded values to the output.

The next frame to arrive is frxame 6 which again has
been coded bv the forward predictive method with reference to
frame 3. Thus, after spatial decompression, the processor 54
decodes frame o, with reference to the motion vectors and to
the reference values stored in store A and supplies the
decoded values for frame 6 to the selector 55. On this
occasion, frame 6 cannot be supplied to the output prier to

)
n



frames 4 and 5 being decoded, therefore the decoded val ues for frame 6
are supplied, by the selector 55, to store B. At the sanme tine, frame 3

wis read fromstore A and supplied to the output. 5 Now t hat «

decoded versions of both frames 3 and 6 have been stored, it is
possible to decode frames 4 and 5 and-t®l - supply these to the output.
Franes 4 and 5 nay be decoded forwardly, backwardly or bidirectionally,
given that _all the necessary_information is available.  After franmes 4
and 5 10 hiveRBeer ST PP tFREARDuUL ShIFRIRFS TS  BaACEPENVaLYRE B
and al so sapsgl fedméosteemyﬁpul ed, by the sAfitercdy &% Tdatokeem.sagplied
to the out put , L1 no_l anger necessarggto retahnafrane 3, .therefore

store A may~ ¢ S2fg gvé‘?w FEE8R. - TReTRERt “FPANRTPEafr AVE anPf‘éﬁﬁ §° Thi s

15 i s decodeel sthureference to frarre 6 and witten to store A Thus,
.the progess previ, I sgld Q' fr A eated for
frames 7 and 8. ’ arrt?ei'lsad-e ch;%ge are v eco % bg%ﬁ )E:‘rhﬁze ||e83§ 8 ﬁ&VSUt put,
vvhereafterbéelane‘cgrean be ieadossbhlie tosferedd andmes sél anéupphnédtbo t he
out put . 2% 1y J@ea £ht Wil loyRSLRPPT &Gi-aled 4 hala by zfeflew 8d:5404! ar

t echni ques, of the frarres can be decoded until anothet Intra franme
i s recei vefpr%’é‘-ﬂcfﬁe MMOFER P OE 35 Jidimaecdoagally, pivemothatapsd bhe

appreci at etbddedatyei REbdwateoheqei AENlabl e. paff;é.eUEaeah)ésl y t&adssof the
nunber ,of franme stores, is not 25 effected hy _t he _nunber gE bi di recti onal
franmes:Pndiadfe PSSP SURRE §9 arfe oGt nuél'dﬁréﬁ‘tel Bnif FRafefraReSHREBded as
t hey are ameted s, suwdin efies ettoe dwecgde two frames stored in stores
A and B. £l qullc ibons .where th C spe not 30
critical, no paftic€d ar=mf 1‘an 45 (9S82 SHeP %‘13% P%f Q?I?Pt Bhedliing a
video sequedcEigem rEcEEsEHICEC wetthint HeankPEG ehereQQreesreure Aasay
|IIustratqg Sl & HayeV, t - t ens
whi ch arise v%b en at t%ﬁ%tl ng to %Xten{%gdge %ﬁfcrc'dﬁﬁnlc%egﬂ;'t&fﬂl sp??:géndard
in realdtilfe deppded witingediesRmcien to Japme2f ang writtenotecatore nd a

notion “Hﬂg(Ntéembﬁdéﬂéson%e¥§oﬁsl§ Eb§@k15§&r509|995m3§ 4'$nd55 is

necessary to consider pixel difference values for
- 29 . repeated for Zrames 7 and 8. ‘Frames 7 and 8 are decoded and

supplied to the outputr, whereaifter frame 9 can be read from
store A and itself suppliied to the output.

20 Thus, it will be appreciated that by following similar
techniques, all of the frames can be decoded until another
intra Irame :s received, and the whole process is repeated.
It should also e appreciated that the hardware requirements,
particularly in terms of the number of frame stores, is not

25 effected by the number of bidirectional frames included in
the frame group. - 3idirectional frames are decoded as they
are received, with reference to the two frames stored in

stores A and 2.

BN

In applications where the encoding speed is not
critical, no particular difficulties are encountered in

. ta
o

encoding a video sequence in accordance with the MPEG
requirements, as illustrated in Figure 4. However, there are
two significant problems which arise when attempting to
encode 1n accordance with this standard, in real-time.

35 As shown in Figure 22, in order to determine a motion
vector for just one 16 x 16 pixel macro block 25, it is
necessary to consider pixel difference values for all block



positions within a region 27 (a 46 x 46 pixel positions square). Such
a region allows suitable notion vectors to be det er m ned when
predictive coding is being effected between adj acent franes. However,
as illustrated in Figure 4A it is _necessary to pr edictively code frane
6 wth reference to frame 3. In thiSs§®case, frane 6 is not directly
adj acent to frame 3 but is separated fromframe 3 by a total of 3 frane
spaci ngs. i £i | &5 FRY nt.,. S,V t qurad i gx fi y. fJ anmes
10 3, 4, 5 é’r?glG, N3 islposgi bl e %%Htﬁi se(rr?pvgﬁent 4\?vlé,l ?Ef{gge Iﬂ:'%q'tt|31oar¥:sre in
a constant &%é&a)on. SHEls 2 FRE-PBS 8+ EAYE HREERDEE MOTIgN xgaroxs dim hich
mnimal  di fetfedMified IS prEdicB®e codd@ieli MRAngVd R MQreed he
I mage fraWE'%sch t hat, the ,Search areg will eff ctlvelg shift on a frame
by frame ba@dd 2CPRTTRGEMERher 8BEEYEENiFT O YSITEETER MPnTsd45e pthelit 15
posi tionss i fiecessaequi t@dotediadi agept JdRNELPHBe t BORALH heeSbZenot Ithe
regi on nust increase as the frane spacing increases, .in _qrder to
achi eve si nmi-FAMS daul & tA1S case, Tn&§% %nlgrEQF gérﬁFE&WbF%Q€F§nﬁod€
franme 4 frofremamd 2Qt3issapeparaties Heoes<Laanet 3 dbynai detabl ek 3p&Exiatmeons
at plus Qéa@iﬁgé 15 pixel locations, as illustrated in Figure 2A
However, wh pre létively coding frame 5 fromframe 3, the  frame
spaci ng has i ncrea‘s%d“%‘yew facrrspeyeri she dweation dlefinead wyufdapes
necessaryp t g, cansisdeind| @Ck POsd t hOd$i B e PENSE OLnLP HbYEReRP Q{Lﬁ' take
posi tions, n orgder to achi eve_conparabl e results. Simlarly, the
search regi BhaFRctBaReSORSTant (it FRGTIoNy| (BOus, Rhgusefsrsneel bpesk: péns
when codi ngpixel® 6 ffoam whiémﬁEmﬁn;‘.rgELlS, d’Mf_@ﬁ:éﬁr:etO_x;%lfl}‘@%éI f&péfgr@e
spacings, it Ls__._necessary to caonsider regi on o i xel s define a
bl ock 30 diéﬁ#ﬁﬁ%ﬁ%ﬁg' o?’lgﬁug‘%’u‘* r?i°m9§s455’;ﬁ ig'laqeocé’ifﬁ’b%ss.“"h that tg¥hus,
it will reaslebdycheaxgepreci atecifecratvetlilyestifécdn a fxadnel byt ifeamef ba®ison
vect or s sfz0rm e, L L h, ref erenc, I 3, result.in_a.
! remandass TabeTrlerdbl N MLEENE dits of WlTRsT1 2 B B LRRE tren s
of plus or AeEWsred BEr FdidcYscirroRasPeel bions betheaicieed i hhacregilance
wth the ngdg0ihbhbahdel 3G H O €sPBcing increases, in order to!N€
probl em can be, appreci at ed by maki ng re?erencg to
achieve similar réesults.
_ Thus, in order to predictively code frame 4 from frame
20 3, say, it is necessary to consider block positions at plus
or minus 15 pixel locations, as illustrated in Figure 2A.
quever, when rredictively coding frame 5 from frame 3, the
frame spacing has increased by one frame position, therefore
it would be necessary to consider block positions at plus or

minus 30 pixel positions, in order to achieve comparable

[y ]
w

results. Similarly,_:he search region increases by a further
plus or minus !5 pixel'ﬁositions when coding frame-ﬁ from
frame 3. Thus, in order to effect 3 frame spacings, it is
necessary to consider a region of pixels defined by a block

(73]
Q

displacement of plus or minus 45 pixel locations.

Thus, it will readily be appreciated that the direct
calculation of motion vectors for frame 6, with reference to
frame 3, would result in a tremendous computational overhead,
if a region defined by displacements of plus or minus 45
35 pixel locations were to be searched in accordance with the

algorithm defined in Figqure 2B.



Figure 6. In this exanple, a conpression encodi ng device has recei ved

original image franes 3, 4, 5 and 6, which are to be coded as 10, 31
32 and PO. Frane PO is coded by the forward 5 predictive nmethod with
reference to-franme 10. Thus, all of the frames have been divided into
macro bl ocks of 16 x 16 pi xel s and each macro block is then coded by
defining a notion vector, along with pixel. difference values. As
previ ously stared, when considering bl ocks for coding frame 10 PO, there
are three franme spaci ngs between bl ocks derived fromfrane 10 and the

bl ocks to be coded with r&hermteddenocan bef apgrecpgted |Jy fplsheg Gefprende &0
represents a 16 x 1Bigued @. In bhclkxahpid, xal Somitiesbis @ntodhy aedesk hae
transm ssion as - f 20 f o} he r e tJVv
‘codi ng 15 et hod, tﬁggécloﬂe?egggﬁdl (r% -ﬁfJEEEraxk@ rgrréa I ng?ésvé?e }éir)‘{ehngle:g "1602.%?
A notion vector is tR45héd § ’dne % PARP S pabrame PRhtIfoRpR|bY the foraghe

4, which specifiés pirmiipasvei m-mh biuckr-oGRranyaher €rame M.t hThusqualeof3.

This represents a p&%'ﬁa@:eg' ﬁQl:@Cf‘éB%{“a-Qided -*HJoUSna@E-o ”bﬂlﬁcsl%fp'léeks
the X and Y directions.

rane spacj ng, flrom
frane 4 to f r anB15, 379, La5P r’f’\aﬁﬁ% ‘ig"cé?xﬁ H??bl%?@@ﬁ’erﬁ rﬁ?gf‘
consi dered, such tHeationfteactiomp faianres itk issxpbsdiifferdnse Vall-IlsIsock B2 to
be anywhere within sfgvaoasb¢. statllis, vHdif cah€oderingO¥LscRENifGR dd:dc.:lfr@’ eRaRe

values are to bg CaAOCU|t%te§g Q§§ gé*‘ giryatnlecg’n;é nqlsncnreggggg Plocksw%.erlir%ﬁie

al though a si gni fol carit I NCr ease as occCu nor possi
to provide a notiToR FERRrl G Gnds PéﬁebmksbéEa%ec‘-'thWF-EEu*‘?fe%eyé? &o

further frame spacifigme PO0. In ZzAméuét herockr aneremmasiengs r£s1d txs lenmasds her
plus or 30 m nus 1Eble§ebfdb§PéﬁceJ?i§@txsa££‘ ot t&'ﬁeg @Qﬁ gréhsrmggglc%lsas

resulting in block 62 bein re within squar In order to

provide a notion vEe&FSr° fo?hebl oock BTe‘f roqﬁlﬁ’lgocke ?mé‘?rdr Bfﬁ‘?ﬁﬁﬁdet Redilge
| evel of qualitySasethodhéhgpedznesponddag bl odind nbbeamede? iisedefexmmcbiotk 63,

it is necessary toa3ho€{tsivdetor IQisXeL: #HaS BbaCE Rt-8me Lél%aciﬁg, RIndeh @G
mnus 45 posi ti haPr Am% QO”H q snec Qd Yt | rggﬁt{t%rél%l ?f gloc% é’z anywtt]ere

| evel of conput atlon TS Vit U OSSI aci ate’l
- 24 - real “EERED SGEREY °e? re—d‘lliss‘ﬁ!t?eﬁaﬂﬁﬁve?r 8os sitlendherkacepent of
As previously descplbedyr ininus 24 PaxBECEISAhY XOand ¥ directions.

20 ) On the =zext Irame spacing, that is from frame 4 to

frame S, a 2lus or minus !5 pixel displacement must be

considered, such that, after two frames, it is possible for

block 62 to e anywnere within square 64. Thus, the area

over which diiference values are to be calculated has

25 significantly Increased. However, although a significant

increase has cccurred, it is still not possible to provide a

motion vector Ior ZIrame PO, because this requires yet a
further frame spacing.

A further frame spacing results in another plus or

20 minus 15 pixel displacements in both the X and Y directions,

resulting in block 62 being anywhere within square 65. Thus,

in order to provide a motion vector for block 61 from block

65, retaining cthe same level of quality as if the motion

vector had been derived from block 63, it is necessary to

35_ consider pixel displacements up to plus and minus 45

positions in »oth the X and Y directions. Clearly, such a

level of computation is virtually impossible to facilitate in



bi di r ecti onal | y encode frames 4 and 5. Thus, irrespective as to
whet her the forward predictive values for franes 4 and 5 5 are actual ly

transmitted, it is still necessary to calculate them therefore, it
wi || bBe-:necessary to cal culate notion vectors relating to blocks in
frame 4, with reference to blocks in frame 3. This is equivalent to
novi ng bI ock 62 within the box 63, as ats irllustrated in Figure 2.

After 10 all of the pixels in block 62 have been displaced by plus or

mnus 15 pixel p05|t|q_ns In the:. ar]’dea\.{:.z. tg.gc'x]i r%%re *mdl%mentatp%%SI ble to
aver age these val ues 2nd-Ca1 ctia’e pre ed on vector for the

bl ock 62. An a% ePﬁ%‘qu}"éléipmeéaci'P%ovmt ass " 2AFRSCGFRFRATY i E° 15
illustrated in Fi guwicliZecB] oxtdd 1G2ensodehdvmme 4Fagdir’e Thes, irrepbeamiiveélas A

motion vector is delfrepRee: b&‘ue”‘*‘é'*@ﬂr@'a@@&:.ggzve va!\bé;“%rar"'gi’mgsfs4 a% L3
result of these gperations, calc

effectively re-pdsitieoAE" tﬁ]d'c{k “?Ens““l.eﬁ blltocﬁ ?%"‘Sl] ?ﬁﬁ%ssWe Bi %?éfglm hin
bl ock 76 may be usethemp 20eréfozngar dity “pildbet necdsisack 50 pakedlatenmbpriom 4.
Under nor nal prv‘:‘e@itSt:é Vee LYY, to H138Rs 41 H0ELEhd10MY el disSafbreeidLdt St

val ues for frane 5, ch | Ne urn.vvoul,.q e, Use dj

frame 6. b,&gc ?ev:llou% YV stat edlp ¥ %“ égég \émgt%ouﬁg ?/Lﬂ%?zi;p
recomendat i on, val"&é§1’ﬂo?h€f rRafe 68: af® EH@P ﬁllékﬁ‘é‘t'aéﬁdf FBnfigures gpphftery) 5
frame 4, but areopraedi 6f ethedpieeld y nf byniK BaMeave bedn dildplaved  bygbies dhat

motion vectors need,;to, bes C@i:&li' 8¥r: ons fiQF —%aszﬁaf}ua@ddﬂ@%eoés anyways,
t hese notion vectors tlsed to calcul ate L#Dﬁ not i on_vect.or

for frame 6. Thus, pgﬁs’réﬁﬁr" BY5R29F yFIRG ot 8a{:"é?scuﬁ’§t éa ot \?éﬁf%‘?rﬁdor
frame 6 i N one makpon reghori frr piheeblatilsBlkacenent s of plus or mnus
45 pi xel pO_S:tions the mat ianaemﬁle}re fa%r&aarrekﬁodrﬁ &l ‘Q:cé'lescoﬂ:ﬂ{g@d i3
stages, simlar gepen sna gpent e

~bei ng connected % li?ﬁ st%aaggfoi?ﬁg'ke ?.oég gr;nll :g:o 9vf"g Ef ‘g‘ﬁﬁeqpeas
procedure of deriv h@c‘& r?mtlénm‘-%c?‘éf“féls ApseEnidiedi Py Pe¥iddehterk J2

frame 3, by cal cul eitig: are@ MBii OXs wecikeenilt O6f fuhmae dpadddiaonef ed ematd ono

frame. 3, ecter is qalcula ed, dh:.ch effect:.vel% -pos:.t:.oﬁ%aleUJ:l@tﬁzng a
notion vector for frarre 5 wth erence

t he
previously cal cul abR®PHAGE; ?)?1 veE’t‘%r “ag %fﬁ‘Els w’o‘?*?‘é’ef’l%?fﬁ 7 ﬂ I’X? used to
cal cul ating a nift i derwegelgrofesiichkrarms o6k of pukels def érawecd. t Indeamoriial

again with an of f sgteailcs:¥6f @bhesk, zrame 4 would now be used to predict

values Zfor frame Z, which in turn would be used £o predict
values Zor frame 6.

As previously stated, in accordance with the MPEG

25 recommendation, values for frame 6 are not predicted from

frame 3, wvia frame 4, but are predicted directly Irom frame

3. However, given that motion vectors need to be calculated

for frame 4 and frame 5 anyway, these motion vectors may be

used to calculate the final motion vector for frame 6. Thus,

30 rather than trying to calculate a motion vector for frame 6

in one jump, requiring pixel displacements of plus or minus

45 pixel positions, the motion vector for frame 6 is calcu-

lated in stages, similar to the arrangement of small segments

of a telescope being connected together so as to make quite

35 a long device. Hence, the procedure of deriving a motion

vector for frame 6 with reference to frame 3, by calculating

a motion vector for frame 4 with reference to £frame 3,



to as "tel escopi ng". Figure 7 represents bl ocks of pixels within
a reference frane. A block within a frame to be transmtted IS,
for the purposes of this exanple, separated fromthe ref erence frane by
3 frame -spaci ngs. However, rather than 10 performa single operation,
conparing pixel values in the reference-frame with the final output
frame, the internediate frames are considered so as to calculate a
sequence of notion vectors which are then added t oget her in_accordance
with the t el escopt s AEBANRQAETLIAG vector fqF STame; Fe “EERNESLCRRTGRr tO
consi deration consi stamd 32 usind eherwmoﬁsaﬁmalauiafaaaemboidne viecaos rast ked
and 2 intermediate ,eeqdd 3RS 00l oh, &, @capaseltagoaeﬂopfaw@etepera@f@raﬁece

franme and the franme t e transm
the frame to be trafsh 5 éar?%°°2(5°cona§'|edgf e%lgﬁlnd?’ﬁ‘d&gl f’yfsn%rhug rﬁ%%frsé

particul ar macro %l ozlas " telescagaaval ent bl ock position exists in the

I nt er nedi at e frames afg dz@ the Laj—eggagg f:ﬂ%lEFEs oﬂ_hln‘;‘,xeﬂ]gjl vgailmh bk ock
position is identified as n% |y
positioned bl ock “F¥*EEnhEFEY %\M ??1 t%ég qu’fa\L/a &8t S € DoS| Fg%%d
block in the firstis.iniex i susposey r%ﬁnsthlSA SXAAPERY | §e?ﬁﬁﬁtGSnGE€FeHhe
within a region 73 gafdreade frdme aypluszade rsipadsndh pincslevedisptamereBhann

both the X and Y darc%t 5088 ng 1d h&%rawsnSeéandaraégsmglawﬁh;y é' @hé ar
to t hat descrl be‘ nce to Fi gure | t

search, a bl ock 76 1esfer88ﬁ?|ff“aé‘8 YhE5 e FeRet é’HEB“‘F r'aﬁﬁe' b sl?'r?&mﬁp‘bﬁ(e
from whi ch_pi xel vdinasessimrukcdnpedestsiasnaed tm calculake at LequengAsdd maton he

bl ock in the first J&E%FM1%eare dhledNBiddd) t3§6# HdrONn £cd¥Hibfbe MREHOENE S

i dentified which i ;bele re LII r {,QléJea”Sf er the equivalently positioned

bl ock to 35 bl ock 5pin n order to produce a notion vector for the
second i nter fBdi ate f ré‘-h*é, EhPuFERBES sBBRRN FARSAAPEREIRD WFINRLATL IRE 2

- 26- pl Us QlefBrense Frapexal FRom to e spamdmigtededridnediineraedtaien

77. Again, this re‘g-gln5§ &Alcaxbfayétélf‘sh%ﬁé@rbe‘é%&ﬂr teiAGerence G2hhad/ Aled

which effectively identifie
he Zrame to be transmitted.

Each macro block of the frame to be transmitted is
20 considered individuaily. Thus, for a particular macro block,
an .equivalent block position exists in the intermediate
frames and in the reference ZIrame. This equivalent block
position is identified as Dblock 72 in Figure 7. This
equivalently positioned block is compared with an
25 equivalently positioned block in the £first intermediate
frame. A search is now conducted within a region 73 defined
by a pilus or minus :5 pixel displacement in both the X and Y
directions. Thus, the search is substantially similar to
that described with reference to Figure 2A. As a result of
30 this search, a block 76 is identified in the reference frame
as the block from which pixel values should be obtained in
order to reconstitute the block in the first intermediate
frame. In addition, a motion vector is identified which is
required to transfer the equivalently positioned block to

35 block 76.
In order to produce a motion vector for the second
intermediate frame, a further search is effected within the



reference franme. Thus, the notion vector for the second 5 internedi ate
frame woul d transforn1b|ock position 76 to bl ock pgsition 78 and the
notion vector for the first internediate frame woul'd transform bl ock
positi'on 72 to bl ock position 76. After calculating the notion
vectors for the second I ntermedi ate frame, the process is repeated
again for region 10 79 around block 78, again defined by a plus and m nus
15 pi xel position spacing. As a result ofzghis, a further block
position within the reference frame is identified and a total of 3
moti on vectors have been produced which transform a bl ock in the
reference frame to alv$ otk mhhehilF pheel megbtion FPapendy 49sfPed &Y, 2 region

separated by 3 frame7spast&s. thifhuSsuits in aSifatBenDidtiRnVeetedr ireing

produced by tel escopifg.tNQEe ynicn e:%@?@f\?’etl‘%- THYncOP; o2/ €61 OE1S 78 Syﬁhtvﬁehat
a block can be transm tte along Wth a notion vect denti1fying
t he movenment of “&EHTHRR GFBMPwhi CRUSH f P& e‘?ﬁ,‘é‘°€‘al’68§°ﬁag%' b S?Gy

cal cul ated, wthinh iheerseliérencameamiscparatifodn hlogkfpamition 76padilogs.
The result of the tgbeSGQR mg MOCRIUIR : bl &é&toravor theNgl &/ eatOfndal ate

obt ai ned identifying_ notion n.pbe used to
predi ot a biock in Pragud e=dpr e sk Bor Bast LR 77 54 B0 ZRBL AR OF
conput ation, as suggedfiay wplenbatiagushranpoirprvegicdes B9r Fihpusecend

A tenporal conpressimiertetitdtd frahe S NRAbAGcessded Hpehtadrsgadin asﬁ&reéaaﬁe

with the MPEG re%omngfog]ngn ’b.lbg':r ?83" “again! 1§l@inld g\”‘?ledz} Squur—Er e yghe

circuit shown in Figure i'ncl ude’s an i nput St or erence
storage area 82, PiX o PPt LPECERAC IS leisaﬁl’iﬁ'?“&tr%ltf‘lés a Fuzthag Bi
conpressor 84, a sgﬁsnhodw&hpne@&oreﬂ&md framef {eriidegtifiosd aﬁd%total

In the exanpl e shovwgy iheoﬂmutveéiefﬁg%@ %énnﬁvlfdéﬁéed witi dhl "tHant PO a

f t 87 d d
g Store AN R R i Rerp re T 2588 S AL RS HISPABGY TRE t0
|nput st or age ar*éa Reperras nipest .t eergcoupd ngy of Uicdme egPaoings. Thus, a

single motion wvector I1s prcduced by telescoping these 3
separate motion vectors, such that a block can be
transmitted, along with a motion vector identifying the
movement of a block Zrom which difference values have been
20 calculated, within tihe reference frame separated by 2 frame

spaczngs.

The result of the telescoping procedure is that a

single vector is obtained identifying motion of a block in

25 frame 3, which can be used to predict a block in Irame 6,

without having to do tortuous amounts of computation, as
suggested by the illustration provided by Figure 6.

A temporal compression circuit for encoding video
380 £frames in accordance with the MPEG recommendation, in real-
time, is shown in Figure 8. The circuit shown in Figure 8
includes an input storage area 81, a reference storage area
82, a motion vector calculation circuit 83, a spatial
compressor 84, a spatial decompressor 85 and a buffering area

35 8s.
In the example shown, the input storage area includes
a first input frame store 87 and a second input frame store



frames i.n the transnitted stream Thus, in this exanpl e,
bidirectional frames are grouped in tw' s, therefore two 5 storage

devices 87 and 88 are required. However, in accordance wth
the ‘recommendation, the  nunber of bi di rectional frames included
i n each bidirectional frane group is variable and it should be
under st ood that when this groupi ng val ue- izncreases, a respective
increase is required 10 in the nunber of input frame stores provided in

t he i nput storage area. The reference storage area_82
includes a first 38 ef etncwmpeanefsforre SEoasd Aacterldnd inlededcenf Fafe
store 90. Two friaiRcsiyRgedded aopddaddupdh the Jrobel sqae Sidrmgeidbal

area to allow for bujjagng%t LQnaLe PLediGl Lvgs cadiag. Tmhgs tﬂ@ th:.s erg)(lb§é on

of frame stores within the ref erence storage area Fg .
upon the type of thelSEFBET: MBEG SPAPBANETS  SERHSy & ‘r‘ﬁ’ tsermseﬁ P "two
nunber of bidirecti erakafe adesices pBresswt 88 eaeh tpavgped. 20 Howevegt erehce

91 identifies a lj.gbraffce | NP ff:?eﬁes*ecomm%&l@%i&fj tochdie ghdied t of
whi ch i s equival ent 6 the order

Figure 4A, a group Stgtfeggtonal mF’f‘?%tg‘d" “8?“ bﬁdFF'éléAFbﬁ’a‘fe"t"f’Pﬁ:’hePra'ﬁ 2,

followed by bigdPrecits gaatafleamndB-t1 sanuld Henuhferst@ogr shipt s'hent vhis
frame 25 10. ThesgrohpEvallty iffabeose da-cptetLRCatcasadd AFE required
numbers 1, 2 and,d LgsRRStLYBlok of inpur :zaii gtLr.-ggrem%d%“ §e§h@tlﬁa&
CIFCUIt it-is “nof OSS e to CO e this rame because co

effected with reﬁé?é?ﬁ% 883t he intra franme which, at this stage, has not
30 yet arrtved. Thus, a SkéectederOZcew istesagdiecarnputs8 r dnmeladdsa a fixstthe

first input frane SE‘QE@:&Z% %kmlé %rtloy:e weaﬂ'xdf L aggc:ﬁ‘xdl refe?éﬁéé’%aﬁé r@i@r;)
it is not p055|ble f &ore el ect

wites the pixel ?g*r ma‘t"i° ﬁr?’f)e smtrﬁé 3’% o‘r?&uf‘ﬁ?)‘%t fre™% eo‘?eémgs“%’?ge
Wien the third i npu@lreif rcanel 1oy Fwésmﬁﬁ@qnaﬂlpre@ect've reegiad- afhuse ghe
frame and, as previ Sb'@x}l)é..%habed-ratnhl Stéfs’tmaut..‘ﬂxstl'ier F85eEéA R sWokigsita muay

tenporal CorrpreSS|Ons SQ rhenaent upon the type rfa%i fagl;:uglp%éé Cé’ézaeram

group can be regenerat ed vm )
emploved, in terms of the number of bidirectional frames

present in each group.

z0 Reference 91 :identifies a 1list of input <frames
supplied to the cixcurt, which 1s egquivalent to the order
shown 1n Figure 4A. As shown za Figure 4A, a group start 1s
initiaced by Dbidirectional frame B-2, followed by
bidirectional Zrame B-: and then by the group’s intra frame

25 I0. These frames may therefore be referenced as frame
aumbers 1, 2 and 3 respectively.

When Irame 3-2 arrives at the ecircuit, it-is not
possible to code this Zrame because coding is effected with
reference to the intra frame which, at this stage, has not

30 yet arrived. Thus, a selector 92 writes the input frame data
to the first input frame store 87. Similarly, when frame B-1
arrives (frame Z) it =s not possible for this frame to be
coded therefore selector 92 writes the pixel information to

the second input frame store 88.

t
tn

When the third input frame arrives this will be
treated as the I0 frame and, as previously stated, this frame
is transmitted without. any temporal compression so that



reference to any ot her group. Thus, input selector 92 supplies

pi xel values for the 10 frame directly to an out put sel ector 93 .which
ih turn relays said values to the buffering area 36, via an adder 94
and the .spatial -conpressor 84. Adder 94 receives prediction
val ues at its second input fromthe reference storage area 82. The
ref erence storage area 82 includes an input selector 95 and an out put.
selector 96, arranged to wite data to the r~eterence frane 10 stores 89
and 90 and to read data from said stores respectively

Wien the 10 franme is being_supplied to the spatial ressor

sel ector 96 is effectrPefy af sabPRET>SHAR RSP can Re aﬁ%q ’T%ﬁéF%&ﬁfé‘?'are
supplied to the adderifdermawd no &byprebéxt gdouwml| ueFhug.c SNy aselsPtiororfiz he
val ues supplied to gyppSadd R4dEr,d1mem tdie "QHt:FUthrS.ﬁé efir@etPP.to an output At

the buffering area 86, pixel values. generafe . spat [.essor
84 are witten to a>5of ?é?‘ §7 % urde'é’r‘g Rt 4315 é"%’ﬁtrd‘l‘1 J%ﬂ‘ Qgt%&a gggés) %%S
98. Thus, as indfcared ¥ Z'Qarélﬁeafd@ﬁée“ggznﬂt Ree |ratiahecImPReR8oF | §4st frarre

witten to the buf f er ;8desinder rbb&i veentgreki i ddevariese A0S E¥cohd.
n addition to being,guppl Lﬁ&t&”%f%%?e a&'&“:%%éoafea 828, ThE Pi ence

values for the 10 frane generated npr essor are al so
supplied to the spaFF%ﬂF"% aéfééoi’ﬁ)r‘&’sb?e%?n ef‘?‘é‘i:tﬁe\}él"?“begr? Gl A Heut
reverse function sébeddtat 96 bhemmyedat cal weiongpdessotro Sthe rEferendguirameom
the spatial CofDLessay b§ s4apldedato ap addar ¢kQQ V‘fh‘cﬁh r 6GeKEY &toresal
its second_input the out enerated by sel ector 96. previ ously
stat ed, when process??%“t’o ?bframe no output is 30 generat ed by this

sel ector 96, therefore théhqmtm Ifor Girrme HsideeinbOGurribed tte te farawdali s
equival ent to the oddmstessorgE)esaiatodysd I SfFakidlelGOAPELEEH, SGch that

The outzut from the adder .1 ggaisfcﬁpe%" ed t%géﬂeed nput he_ asdedlegctggr 22 8{;

the reference storage ar ea Xarn al Ues
‘the first referemceP¥gddfEedt vrigies 289 °“H"Fé’39’é“r°ué§°§t Bﬁ‘%d’qlﬁeﬁh%“?%&@ FPame

stores 87 and 88, said eddew favmt hRe vltpag sdidcedri 93.t he ref erence frane

stores 89 At and .,%Qfefl.r:% %@Q£e§§abﬁl‘%ﬁe@y v"a'ﬂﬁeé‘%ér@la‘é@&t Q{/
cal cul-ati on circuit 83. The notion vector cal cul atlon | rc
the spatial compressor B84 are written to buffer un er

<he control ¢ a writs addressor 98. Thus, as indicated by

20 reference 9%, the IO Zrame is the first frame written to the
buffer 27 under the control 5f the write addressor 98.

In addition to being supplied to the write addressor

98, the pixel values for the I0 frame generated by the

spatial compressor 84 are also supplied to the spatial

25 decompressor 35, effectively verforming the reverse function

<o that of the spatial compressor 84. The output from the

spatial compressor is supplied to an adder 100 which receives

at its second input the output generated by selector 96. As

previously stated, when processing the 10 frame, no output is

generated by <this selector 96, therefore the output from

(9]
o

adder 100, Zsr the Z0 Irame, is equivalent to the output
generaﬁed by the spatial compressor 85.

The output from the adder 100 is supplied to the input
selector 95 of the reference storage area 82 which in turn
writes the pixel values to the first reference frame store
89. The values stored in the input frame stores 87 and 88,
along with the values stored in the reference frame stores 89

(73]
w



capabl e-of calculating notion vectors fromfour frames which are
tenporarily displaced froma reference frame by nore than 5 one frane
spacing, wusing the technique of telescoping previ ously descri bed.
Thus, " usi ng-thése techni ques, the noti on vector cal culation curcuit
cal cul ates notion vectors for blocks within the first frane, which is a
B-2 franme and for the second frame whichi29 a B-1 frane. ldeally, as
shown 10 in Figure 4B, the B-2 frame should be coded before the B—1

frame. However, it is not possible to cal cul ate backwards

vectors for the B2 ¥Parm® utie 38aFefstPlsa e m°t"°ﬂDt"P6F\°’€/e"c§lcﬁ“%aﬁh%
been cal cul at ed for dilyeuBc 188y an®heThption vegoropecabiselationnsirownityedd okss

for the B-2 frame arpedléWws calbul adied 'bc}‘tz.&:npk’IQG'@&.% @foh JoRSICOPIME, which
therefore the vector G 9&6‘15@?&4&‘%&% ?%ferxt%léef%gn%UL{/emdor%Sﬁ%

of fset val ues when c 'Tcul atin I on Veéctors
t he B-1 framesw@&ew F¥amen FBaCF-rﬂSut ¥ife SR®r £egBniaRE BY r@é&ﬁﬁgpm"

val ues fromthis fratevsbéurly adesrgived.h vahues afidde-Hdde?Ccechhag®es,cathe
fromreference framg,stofe,dQoxt bglémtaluoanvsatc%hm&ﬁ agHb a&at%n%agégés 83

bl ocks

cal cul ates notion vectors for .
the notion vectors f8F P BXEEHASepettt -rapgy c'(ﬂ"étheas FtB7% fﬁ%‘é"sﬁﬂde

to encode franme B-1foG “ensetend F5andevndchcid @ Bsl rfggques eddealloperat shawn

real ti mé every: i?!hng:.aurmﬁ; Eeetﬂ-l@ehrfrhﬁegwl% tanEo&éB? ¥i¥bde i fhe B-1
processed as quickly as | ;Thus eing.in.a |t| 0.CO
frame B-1. resul tSTTN t he'%%égegsa‘r%/ St élﬁtbgosh i keﬁ o? 33§| F’ac%wa

frame B-1. Thus, noPPBPYetadesFsarerstppl Ped ﬁFWﬁt‘h‘é‘lﬁotﬁWl% bé%li‘tﬂrds
cal cul ation circuit m88idro vettdus haekcsdedr c8bculatled for HARPBAEErfamel herds

motion vectors, pixgl yaldigs ghe {&a@nf b0 ozs rf%EeegélC@.ir eSLAL ecag, u-
t hese bei ng pi er vgl ues formn franme roduce predi cted

val ues which are sup®®®® HiddP ‘ifeéddé’r" §Ele'°rﬁ?%’"ngp| VBPTEEPTR ST HOI T HICRTE
B-1 are read 35 freendnepgad foramhe f-dr éram@Baaadrsupped ed, the it fEhe valtpst
sel ector 93, to thesaddes: &ﬁatAhgtmleﬂdeéct%és f&etneeéhzckggme ¥Rldle2he
gener ated by out puty slel-ector 96 I_are_e%ubtrzzilctg .

- 30- t he stored‘;’)l‘xel & al"tie S SuppIired b%/ra(‘)“ﬁtfﬁﬂr s 8P X% P FoRRA"Y
the differences ar evalives SHPPI FotF t eFamMee s&paei altorpmpitdsstalues of the IO

22 ZIrame read from reference frame store 89, the motion vector
calculation circuit 83 calculates motion vectors Zor blocks
within Zrame B-1.

After the motion vectors for frame B-1 have been
calculated, it is possible to encode frame B-l1. Given that

23 the circuit is required to operate in real time, every saving
must de taken to ensure that the data 1s processed as quickly
as possible. Thus, keing in a position to code frame B-1
results in the necessary step being taken of actually coding
frame B-1. Thus, motion vectors are supplied from the motion

30 vector calculation circuit 83 to output selector 96. In
respcnse to these motion vectors, pixel values are read from
reference frame store 89, these being pixel values forming
part of frame I0, to produce predicted values which are sup-
plied to adder 94. Thus, pixel values for frame B-1 are read

35 from input frame store 88 and supplied, via the output
selector 93, to the adder 94. At the adder 94, the predicted
values generated by output selector 96 are subtracted from



-

34. . The B type franes do not in thenselves provide
reference frames for any other franes, thus, any out put gener ated by
spatial deconpressor 85 and supplied to sel ector 95, does not result in
pi xel “val ues- bei ng supplied to any of the reference frane stores 89 or
90. However, coded pi xel values for frame B-1 are supplied to the

wite addressor 98 10 which in turn writes_tﬂps_e pi xel values to the
buf fer 97. After franme B-1 has been encoded and the set of

rel ated notion vectors has been stored within the notion vect or
cal cul ating circuit<i38,sddreispposisitdlaes osewwld@dd byaowtput s@lgctorHyg3 and
firstly calcul atinge Mi-@BendiCla@eScadPsuphhida thocharépduiladr cbhg¥Bsor
As previously state% the area of search when cal cul ating notion
vectors is reduced '@ enpl oyi ng the of fset determ ned for frame 3-1 by
the process of tel escopiThe 3 <YPRusizameSesé®padtnuoid ohhersslyes grovide
\g/;\g_neL aL ed, bal I owsng:éﬁe&@gcgo f3ared 0};@@ @@plefdtmi h-:‘fﬁrfe%l’,er}ﬂ'ﬁlsf,_(l)_ dnfarsatblc
i ch has been st or t ef.e t . S s
kel val uesTarr A by APt EE e PUF o) BF sUPp1ied thadiSRULED,
by the output sel ect®or 298 dIRF BeFwkft <AppiTdd "Rbueheeing SYRRLISR EO@P¥eSEor
84 via adder 94. thét refdoeiceD4ramehecdtes Bedbet 20l viHloweverset@Edepibyl t he
output sel ector 96 .anges :SMBLLACL S ahd LRSpIQAULL! Atk didiker siRsxBl UGS
are conpressed | 3é?cgnpjessor 84. A%gln, it 1s not n cesgaoﬁ_go'sgyre any
of t hese pi xéP Gas~ AT BFbhte “08F T1c% ¥4l VAL “0afd® VATiT8E 7 are
supplied 0 the wite addféssofze8e ‘hiclrasn degnn empcicted 3@dt Hde tsett hetf
Ibuf fer 97. t reléié@rméﬁiéﬁl‘fsve%itgrﬁnsag‘ %ﬁmvs??&%@n wiased, the ?:Stﬂ@n
onger necessary tqQ_retain.ni . values fo se_fr
i nput -stores 87 andegg“ﬁﬁ'flgéf%venr it o, gf‘t J'\(jtvi i ?°§gg§ls% °eggtgc{)d%eg|£%feed
that, at this stag@ 2no #at LUFESLHecfPITHIRELRT er"QTE ORef BRPEFREE st°8Fe BRiS

The next frame t® aartveclar themd.nput sequence, frame 4, is processed as
fram_a BO. Fra_ma BO may bgsbing:éxﬁ%txgi){?alét\&ted the area of sepa'}gﬂde‘q'len
therefore it is nOtcanglsal.ttj).lng nt\oqti%gcgedcecotrgl iSS frrecai'\r;rged by employing the offset
determined for frame 2-1 by the process of telescoping.
Thus, talescoped motion vectors are generated, allowing frame
20 3-2 o> ze coded with reference to Zrame IO which has been
stored in the reference frame store 89. This results in
Pixel values for frame 3-2 being read from input frame store
87 5v the output selector 93 and being supplied to the
spatial compressor 84 via adder 94. At adder 94, the
25 predicrted values selected by the output selector 96 are
subtracted and the resuiting difference values are compressed
by compressor 84. Again, it is not necessary to store any of
these pixel values as reference values, although said values
are supplied to the write addressor 98, which in turn writes
20 cthem =o the buffer 97.

After frames RB-2 and B-1 have been coded, it is no
longer necessary to retain pixel values for these frames,
therefore input stores 87 and 88 may be overwritten. It will
also e appreciated that, at this stage, no data has been

35 written to reference store 90.

The next frame to arrive in the input sequence, frame

4, is processed as frame BO. Frame B0 may be bidirectionally



until the next P frame has been recei ved. Consequent | y, frame 30 is

witten to the first input frane store 87. | nput pi xel val ues for
frame 30 are also supplied directy to the 5 notion vector cal cul ation
circui't .83 which, in real-tine, cal cul ates notion vectors with
reference to the stored pixel values for the 10 frane. The forward
predi ction of frame BO fromfrane 10 is calculated and stored, for
subsequent conparison with the backward prediction fromthe next P
10 frame. Simlarly the next frame to arrive, frame 5, is also
a Btype frane, resulting_in_the glxel values for this frane bei
witten to the secoffBSPRfRt MEIRECER ore “88ORRRASLPAR ©O eQﬁﬂﬁFrBP‘?ﬁfﬁ?%E

i'nput sel ector 92, astikel thesndre ey fifamecthed »>eBnt getdicvedut piflonsednewitdly, 93

for the forward pr edksﬁé% f£0mice enSéd)EEQ ff‘r:aeﬁpln(&cag Q&S@Ebl@@@vw t-hmuc
reference to frane

to a
processed as frahﬁe‘PO‘alf‘ﬁére‘? éar‘ﬁgﬁ A& 8?%?“@? 'd?? e‘%’t‘rs?cfhest@ ﬁkfel
val ues directly tD moei@UtIRAtOSelcaEcwyatdln chrxwlt \&f (whdchor ip0xedi-imepP0
are encoded by forwaard:y aReedhsdiondvedidrdedifh A@rkBence toStry edokél fpri@:EB-

| nput pi xel values [Qled B8 Pho 163BFAl © SHPROLELa prellLECH Vel
noti on vector cal cul’at [ on CI rcul t F . caltc al
notion vectors w t h*¥¥# er&dftse 19 t-ﬁe cal C“Js"l“iﬁ"eda’iﬂ x%?‘“iﬁﬂ'ue%mf o?“‘isr?éluFBt

frame, stored in freompagtieps with8%hebpatieragsic gpretgctien nbtomntvechoexts Prom
frames 4 and 5. 19 frame. Wth notion vectors calculated for the PO frane,
sai d vectors are suppljed.to, the sel ector resultin

it
addressi ng of reference viITdd*tY oS FEFE %@a"ie Q02 grﬁ’f‘%cﬁ ct"éd g%l? ues
for the adder 94. a B type fxamge| resilyéng figy thhepiP@®lf rakuesaforstipgsl foame

fromthe out put malnecteittkh te anslalecBidainbutt raghlerstdtet Be, pinadicCtis
val ues are subt rac%{tﬂl LQ?"&? rt%@ tQmPt! %\é ggt&p dz”pH% JweCi.lt Qg be:.r?cpgi&:?éted

conpr essor 84. out put fraom nsresso
supplied to the drit% “aﬁdr"é%gb\‘ ifée\ﬁﬁPchg?n or e T ORFRFR SPEHEF P xBFom

val ues to the buffero@éd #tamehe0sassiescribere witheraidrpute comlettanal Bes from
the conpressor 84 are "“1e next frame to S4RRLLEdrifhe e SRALJBlessea as

deconpressor 85, tQ effegs r]here"ore input selector ©2 directs these pixel
values directly to the output selector 93. Pixel values for
20 ZIrame P0 are encoded by forwardly predicting values fIrom the
stored 0 frame.
-aput pixel wvalues for the 2P0 £frame are supplied
directly to the motion vector calculation circuit 83 which,
in real-time, calculates motion vectors with reference to the

n

25 stored pixel values for the I0 frame, stored in frame store
89, >y telescoping the motion vectors from frames 4 and S.

With motion vectors calculated for the PO frame, said
vectors are supplied to the selector 96, resulting in
suitable addressing of reference values from store 89 to

30 provide predicted values for the adder 94.

Pixel values for the PO frame are supplied, from the
output selector 93 to adder 94 and at adder 94 the predicted
values are subtracted ctherefrom to provide an input to the
spatial compressor 84. The output from the spatial

35 compressor 84 is supplied to the write addressor 98 which in
turn writes coded pixel values to the buffer 97. At the same
time, the output coded values from the compressor 84 are



reverse-process to that performed by the spatial conpressor 84.

As previously stated, the output deconpressed pi xel 5 values fromthe
spatial deconpressor 85 are supplied to the adder 100 which receives,
at its second input, the predicted val ues generated by the sel ector

96. Thus, pixel values are supplied to selector 95 in a form which
shoul d be substantially equivalent to re-constituted pixel values for
10 the PO frane. These pixel values will théAsel ves provide ref erence
values for B franes therefore said values are witten to the second

reference frame stolg 99:os to che sdachfl Al %xf?érefsﬁgrp'a%e' 4l é*Péec%C”trIJ‘e

PO frane have béeh-consi der e IS p055| i'xél val ue
frames 15 BO and ZBYSTSY{RFASESS| n° $RpuPerigzang b%t%’ree@a%’-?al SRBPTEEE OF

respectively, to besgancoded using backward prediction. In

produci ng notion vectors thn&gehéﬁﬁlkréqgte&“tjﬁe outh&t ed rEQséJm%ﬂﬁLl
frame, the telescop

ro_p_ess | een_i mpl_enent 2 |
vect or cal cul ati on ({F?E =83 29 ﬁ?ﬁ}é“n‘bﬁ%ﬁrséﬁ%rﬁ’é ﬁé@es‘ﬁ’é’ ﬁeﬁatf?:%
for frame 4 with addef er0dnwbi ¢tlo Hecanees3. atSi 1A sarbyd mwvtorthaepteﬁ:s:thdve
been tcal cul at edvsﬁﬁeg‘ lRABrIcdd by £ gre@nse?xt CT3i rarm%t Spﬂﬁsi 4aﬁﬁlé§ are
agai n notion vector ve been ca edgfor. frame r y
a process of tel esc%pT g, adb %ﬁ re%l'ee;get%%e f% fT7ame er& hﬁ‘i Sh‘g‘ldan?f’ﬁ
moticn vectors haf® s"sﬁ”r‘éééli/! YBEyalent & eﬁrﬁ?’&F*ﬁﬁFe‘? hFé-xBé Hpkpey for

frames in the foraathe dé? eftdn@n. Thesékt piselnowinesessHl \tHemseavedll phovride
notion vectors in tp@f%e valug@r ‘%Srd'Br e‘i:tahggl tﬂérgﬁﬁ:admdf Qfalixéél”%§e5-

and B- 1. iven that _the notion vectors rarre

30 be cal cul at ed byw‘é"tptredbégst’b? SeEPBE CHFiengRcs tfﬁag‘en%‘t%‘:?sgp
cal cul ate the backwar ds ndftem atécpdbr thd @mideiamal Bl forethe P¢rme5have

fi rtSt . | | nbﬁrd?’on&@d&{é;]decﬁ.ttf@ d?ﬁlsQH%@-]Eﬂcﬁ:anf:?i mgggnféxorframes
vectors, values are seadfr second input_frame store an
supplied to the %Dtl%n v‘éict%n caI%ch‘gltion mgf'cw tfagg Ot‘”"es’seé}?ch "lgs Bfen

effected w th respetsSResTtHel Y-ef-8r BRI PAgfRe s ngnhpekarsh PradsctdeBasi on,
will be the PO franme readd rmradubéng motion wvectors fosefmndba eﬂ‘zainencelf:niarre

store 90. After th@eé”é%'u@@ eee%grﬁ: frame NALR DOAN 3l AU AlRdss 1HEY RLGe

supplied to selectar 96 whi ch
been -nplemented by the motion vector calculation circuit 83.

20 Thus, =aotion vectors Rrave been calculated for frame 4 with
reference to Irame 3. Similsrly, motion vectors have been
calculated for fIrame 5 with rsference to frames 3 and 4 and
again motion vectors have been calculated for frame 6, the PO
frame, by a process of telescoping, with reference to frame
3, 4 and 5. Thus, moticn vectors have already been
calculated for the BO and Bl Zrames in the forward direction.
It is now necessary to calculate motion vectors in the back-

1]
tn

wards direction, as was done Zor frames B-2 and B- 1.
Again, given that the motion vectors for frame BO will
30 be caiculated by a process of telescoping, it is necessary to
calculate the backwards moticn vectors for frame Bl, 'i.e.
frame 3, firsrt.
in order to effect the calculation of these motion
vectors, values are read from the second input frame store 88
35 and supplied to the motion vector calculation circuit 83. A
search is then effected with respect to the reference frame
which, on this occasion, will »e the PO frame read from the



by reading suitable reference values fromthe second ref erence frame

store 90, allows frane Bl to be encoded. 5 Thus, pixel values for frane
31 are read fromfranme store 88 and supplied to the adder 94 via

sel ector 93.. At -t he adder 94, the predicted val ues generated by out put
selector 96 are subtracted fromthe actual pixel values supplied by
sel ect or 93, resulting in difference val pes- being supplied to the 10
spatial conpressor 84. Again, the spatially conpressed val ues
generated by the spatial _ conpressor_ 84 are witten to the buffer 97 by

nmeans of the wite S868PR%stRfeggnce Irame storgnile  ALHRT Bih ROHEBNVEFRFFed,
it is now possible heve seesncaldmibiredie tBy sAgaswppldegdetr Glelestamdé wiitdh,n
regions of 15 the pgf er&gag frﬁma%&eredeﬂé}eab@ &emesl r@é&f erge fdad

store, which on this iLteratiaqn e PQ,f % gopl n‘?odre%
effected by using the prev ou§r’{/"e03F%‘(ﬂ at ed a—-°"ﬁorr6'he vkt M £ AE
5, as offsets. ThuShus.heginehljpiues it fghne it #ﬁslmwéépmfsfaalﬁesmmplalaed
to the selector 96, and AlgpdVedg-Preadi sddere 9206l NG diRcber ef f. echede iy ddaer

adder 94. P”Q%JB Scc@ﬁ #14Blg %@evﬁégﬁeﬁb %%%gQEdsél%cQQL hshé ge

forward and backward d| rect L on e appara term
bi di rectional frane¥ PiHREFR_IE chﬁ%ﬁ&%?écﬁ‘c‘@ﬂv%ﬂd{ﬁfl APplied py spdegtor

predi ctive codi ng o?3.i tenpsiati ve Biffgmokeornalu@d >eion rppphded dcbethe

enpl oyed. Thi s :@ecd$siQR1i SIRABSEsk dH 08y Whi czafaam ¢rdi RgasLhane fipadcesat he
smal l est error. 1In_r.es l‘ati o on, Selector 96 selects

0
for each frame sui taatﬁl‘eg aenevral%ﬁgsblf rgﬁ1 %ﬁ’i%@r‘ EQUREES88T &4 4F8 OB PRatO
conbi nati on of thteSeifow 9739y means ofisthw ewribesiddnssgoed?s.t he order in
whi ch franmes are Wi t toizet Brdne sRUALLbeRA, efdbdel@SPONSE howt fkbsibibeto

addr essor 98, il anuinlee@ by %g%l%r eNCE . 2 is d{ye m%ﬂ?rmﬁ abCos

conpared Wi th the order reqwre f he Teconmen
illustrated in!SFivg§r eefqpence ::a“‘el [FToaedordahbe SWFQ’H’ Hf@rssce frame

recommendati on, thetbirest “hiahe dno tieist r Ansrdditoad witlt hse | @he 0 afeame.

‘followed by the B- e&aaa@m;gh@sBe% éé&&ebeonqsm@ £ prebidiH LG LONBYET
gi ven t hat backvvardl ¥ redi ct ed E
-34 - vect of'§ -t Bf Y?f’et%Fdl r‘é’ét B OF r Afe ST FRRRS e uEal EBP aRRE hy

calcuiated motion vectors are supplied to the selector 96,
20 allowing predictive coding to be effected by the adder 94.
Once frames 30 and Bl have been encoded in both the
forward and backward direction, the apparatus determines, for
the bidirectional frames, whether backward predictive coding,
forward predictive coding or interpolative bidirectional
25 coding should be emploved. This decision is based upon which
coding scheme produces the smallest error. In response to
this calculation, selector 96 selects for each frame suitable
values from either store 89, store 90 or a combination of
these two.
30 As previously stated, the order'in which frames are
written to the buffer 97, in response to the write addressor
28, .s identified Dby reference 99. This order can be
compared with the order required under the recommendation, as
illustrated in Figure 4B. In accordance with the
35 recommendation, the first frame to be transmitted is the IO
frame, followed by the B-2 frame, the B-1 frame and the FO
frame etc. However, given that backwardly predicted motion



a process of telescoping, it naturally results that said frames are
witten to buffer 97 in the wong order. Thus, as illustrated by |ist
g9, frane B-1 (frane 2) is witten to 5 buffer 97, inmediately after the
|0 frame has been witten to said buffer, then foll owed by the B-2
franme. Thus, the B-1 frane and the B-2 franme have been generated in
the wong order. This ordering situation is resolved within
the 10 buffering area 86 by nmeans of a read agldressor 101. Thus, t he
read addressor 101 is arranged to read conpressed pi xel data in a
different order fromthat in which it was witten to the buffer 97.
The read addressor %6dtéss gpovilbedidi reccional nfxameat hawe bdentdalguhatachdy
!o]ccation_ of ﬁachbcoaproeaseﬂsféaneelek&o\m&li P;{ hgatmtfaﬁ.ﬂr QZsul’csThﬁ&,t &Latxar
i nformati on has eeg, wr it ot W I shg

list 99, it is A ragren‘%lﬁa' % fTJe‘r?mg LI (r?r-’acr(z:c#r“ a‘%\%%ﬁn ?ﬁé’{ 2L, s

r ecommended or dthngt,’aasm AYi Eeted %y SrRrae 300, (SrRES, 21 hds fﬁ"F’s?tePr &fe

to be read fy oputfwr buf fieme8Yatsl vt Becd P chearne fukhe hasabestD wpi etdrowsl y
stated, was the firgf, {rs LO %n%eﬂm t%vséﬁé’a 2 fPé’:IJ er oy V‘%‘ée&'am
thereafter rat her t han e 3- franme elngerea fromb u?

3 SGREEILES HE E?hf f"Faﬂﬁ is

whi ch was the next F73#fe "t’tS‘ bé‘e B-2urFRlen®d Y £
read fromthe buffeprder. which, as shown in list 99, was actually the third

frame to 25 be witten tomgal dobaéfﬁrq sidhasiod hesr eask AddEeSSOImiRAS the

effected the re rrangement of 1 frarre orderln equited by
t he recom*rendah?n &eer_'xg 259 %% ~l?)ansl gﬁag‘ %‘dtre S flrcgime 'FL "De

read i s the PO f*%eaﬁh@%%éFFEF %‘h’e 1BOaFF%11|‘=ﬁ-Fd| sor graf |°ﬁmBF%ﬁfseﬁdeﬁéée%o
30 the Bl franme, whiata i &hEiffeeadt tdrde@afieti .that in whichAis8i wdE fwirf 88én

advantage of the SYt%t ed?i‘ed%%fép% W b rea[z?fa%ﬁ%&eo:t qoff! QHr?rcﬁn.d%at batn

al t hough the buffer, rovi des an Hgortant ro I n ena

backwar ds tel escd‘ﬁPE“? PbFIRRF AT AE i G l?‘f“d(?és“n&?"%di?”‘?@%ﬂ Eaae y
35 to the hardwdfe wigdirr ehenbsiddct BB syShesm af8f figrfcdmation had sbeen

necessary because Ripteks¥aldiege tlﬁﬁ@et:oeﬁ)en%ié b28et GhownSEY (ilsguég e;itais
den

ble bi Ih
reatl'y upon the | ARERentoR OUMAHRES” of (o ACRRERERCS i ERE AERVRBRRISE

greatly upon the i A& ent T e
will vary from OﬂGWﬁGéb"%e@Eeh%anea by list 102. Thus, the first frame to

be .read ZIrom the buffer 97 is the IO frame which, as

20 previcusly stated, was the first frame to be written to said
buifer. However, <thereatfter, rather than the 3-1 frame
being read Zrom buffer 27, which was the next frame to be
written to said buffer, the B-2 frame is read from the buffer
which, as shown in list 99, was actually the third frame to

25 be written to said buifer. Thus, the read addressor has
effected the re-arrangement of the frame ordering into that
required by the recommendation.

As shown by list 102, the next frame to be read is the
PO frame, whereafter the BO frame is read in preference to

30 the Bl frame, which is then read thereafter.

A significant advantage of the system described with
reference tTo Figure 8 is chat, although the buffer 97
provides an important role in enabling the backwards
telescopic vector calculation, 1t does not add significantly

35 to the hardware requirements of the system. Buffer 97 is
also necessary because pixel values tend to be written to
said buffer at a variable bhit rate. The bit rate is



anot her - Thus, throughout the video sequence, the actual nunber of

bits produced after conpression will vary. 5 However, nmany vi deo and
transmssion facilities require a constant bit rate therefore data is
read out of sbuffer 97 at a constant bit rate. Thus, in addition to
re-ordering the position of the B franes,:4he buffer 97 also perforns

t he I nportant function of absorbing fluctuations in the rate at 10

whi ch the data is produced. A circuit for calculating the notion
vectors is shown dependengugeedklylheogitheuinnewddt eddedandybed whd limage
reference to a &ﬂ@ﬁcommueigce%if B rhizeBn Mahk Onyive6t Qire%uaﬁ@e bebng

determ ned for afrarre separ m a.reference. frane dé
spaC| ngs. an rllljrala'{l"t %Q ?(?(1? ssor‘g arlegeor ovic ¥a° hﬁ et

exam ning an area o?unrﬁ%Fel Qrfo‘-?lté tﬁﬁocﬁ%ﬁ‘e 3pery n§°mP¥?ﬁeﬁl°n W‘bces’ééfs
are required. Fie siadveR] OGRAGOFSdd) Ganin@MAnsMissionFifgul bitiesi d@atife ea as

pL Lo Po. FAch DI 0CESANhaehR] mé@gsu?e@e@ogptaa Yol Lo Jr BEEELLWAL:

bl ock of the frane nunber tines
reference frane is ¥ 2RNSTERt Pitgathi seTrdy, s‘é‘q&@ﬂ’c Fa9 3F°r éﬁd?‘?ﬁgerﬂi“ﬁef'ge

froma region of aposittehepfnciee {5 adramand sSwppiufifeg Pheateadpgpidoshs theal |

five 25 processors.; m%orr%Qth‘-xﬁﬁlﬂsbﬁt&- Qbs8rHOid 200t 2hatiddd Oh PHeX@hte at
but, simlarly, |t caqul d 5 aé‘a vertical. band. Pixels fromthe region are
read and the regloFE Bl dhePH1%ER spaci ng, whereafter pixels in
the newy defined regi on Jacéreed fagataiculacipy theemebd QuVACEOFs d6 ABEYDHN

vectors fer anot heripggrog@rdfs. 30ndlcacksit will be deskBibéduiighOrefdtenod to

vectors are bei NG GAIGHIGEEN LPTsrocclLAPKS: Modkenades S SUCkdaDi 2ualds @

notion vector were a ased on a one frang
spacing, it mmdﬁtsémhwes-é’ar? taafteoﬁﬁoaéﬁt%frﬁrﬂxy SeERrecsckrana by
t he 35 referencesf ramefrdimvepecingf.ven that the bl ocks bei ng coded are

separated by two frame saa%msalieemotfheof&cfe%&sege afrearﬁondeaheanaamqeerpf
possi bl e pi xel p03|t|ons i s that idepti

K
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processors are reqguired. Five such processors are shown in
Figure 9, identified as Pl to P5. Each processor determines

23 a motion vector £for a particular block of the frame to be
coded.

The n~umber of times 3 reference frame is read 1is
minimised by sequentially reading pixels from a region of a
reference frame and supplying the read pixels to all five

25 processors. A region consists of a horizontal band of pixels
but, similarly, it could be a vertical band. Pixels from the
region are read and the region is moved by one block spacing,
whereafter pixels in the newly defined region are read again
for the calculation of motion vectors for another group of

30 blocks.

In Figure 9, motion vectors are being calculated for
blocks n-2, a-1, n, n+l and a+2. If a motion vector were
being calculated for block n based on a one frame spacing, it
would be necessary to consider all pixels of block 121 of the

35 reference frame. However, given that the blocks being coded
are separated by two frame spacings from the reference frame,
the range of possible pixel positions is that identified by



necéssary to consider all of the pixel positions wthin block 122,
because a notion vector has been cal cul ated for the 5 internedi ate frane,

Wwhich is used to apply an offset to the regi on of pixels being

consi dered. .Thus, the area of pixels to be considered is equivalent in
size to block 121. However, this block can be positioned anywhere
within the space of bl ock 122. 10 .Jhe circuit is arranged to
process five notion vectors in parallel” ¥br each of these, the
vertical offset of the wi ndow of interest (the size of block 121) may
be different. Tbygckhqzorder to ensure that each processor receives the

required pixel values R sc,_, refg,‘encjgae,ef Lang, mh%ure S ]é necessary
to extend the region such fhats T RasVa - Verticar nsi ot équival ent
to the height of bl Bekessary to consider aRpdqifofne RiZAHiARFLtLORS "tlﬁélnr‘é@cén
illustrated, is 122N bedued al mocxeh POSEdd QaslZden| tabxbikuwdd \fort itkal |y
downwards to the .bounggr %g? of ..kl ocJ?;nlJC%Z,,sa, gédstgng p)j a%ooﬁé’& Rl ocke
spaci ngs. The reading o ais 8%onse t0 addresses
generated by an addf¥ESFy of2BLxejsi ORING °°“5115‘P’6?j5rar?ﬁ’éﬂ' t' e @582 indrrel o f
the required size, dependemiideredUjpongtialeanber sdte froahbosipdeingiouesereen
the frame bel ng ciadef 2Rd chhend ef&iRRERed F ARrshese within tRRAAAGe of
conti nues i ncr, q‘n .0 the horizontal position by one pixel

spaci ng and agal n r&gd d gi xel s for the full five block distance. This
process is repedtfed untilThe ciF¢uidi kelarrapgeqdor prpansshhiee ethor yesraes ed.
As pixels_in block ih palrabgeiV thort Bach| OF ktheaBpVenan@kr3fche! oFeslcocl Bnare
bei ng read, processqr Rl b SHORL S b Lz oB SEIcKY B4 1P Sl b R D

required to code blo Qr ocessor ives piX
val ues whi ch may bé‘"hus' r ePeﬁ’éﬁ‘Er ' lﬂ“&t‘ﬁen hat Basle STEFEPROT Ta5o¢EES v ERYes

whi ch may be remequeded orpiBkbckahypedr decessahePi-giecenves fraheaes iwhi & 35

TRy be requi red 160 20dgs bpcls BilefR Ay 06695075 2D BEEI ¥EShas Pivkekiyal Ues

whi ch may be required to. code bl ock n+2 S ni ng noves on,
Wi thin t%e reglgn Pﬁ on eguivalent to the height o: n&o Eﬂ _ 37 _

. next colum of bl ocks, iRegldhngaingEkg n+br akhe of rqdienpi kklustratedequis ed
to calculate a noti;@aRtYL€4r af ObikRbDClkoB: 2iM | hzhavet extfaaaa SAeRRLE£IL ¢ O
processor Pl. Thus,. doRh9SES: sqr Fjliecgg‘%%a tvesz_,l the tign ve§tj_g£ oIy g)ilock

n-2 and no further con5| era bf’ocft"oc re tire rocessor
Pl is now free<0téive Dt‘:a‘lﬂf:u-’r%ﬁcénasm?ﬁ)n-?@étn@r %oﬂaéﬁo%ﬁepeﬁf%ﬂ@d tifus
t he orderi ng oftesthengr coesigessesiickher£isgiebty droabdoede qrosed,i ehsch is

effectivel y circul 9&8&:5’1{}@&%90%%&@1&9”éé NUEeS :teg.ufggt?iéli%e, dependent
upon the number of frame spacings tetween the frame being
coded and the reference frame.

Reading continues by incrementing the horizontal

13

t

position by one pixel spacing and again reading pixels for
the full five block distance. This process is repeatéd until
all pixels in the region have been considered.
As pixels in block n, along with the blocks above and
30 Dbelow block n are being read, processor Pl is supplied with
pixel values which may be =required to code block n-2.
Similarly, prccessor P2 receives pixel values which may be
relevant. to block n-1, processor P3 receives values which may
be required Zor block n, processor P4 receives values which
may be required to code block n+l and processor P5 receives
pixel values which may be required to code block n+2.
As the scanning moves on, within the region, to the

ta
wn



pi xel values fromthe reference franme but now processes these 10 val ues
with respect to bl ock n+3. I_n?zrge'r to cal culate a notion.
vector, each processor recei ves five”bl ock-colums worth of pixel data.
Each processor therefore receives pixel data for an area of pixels
f1ve blocks, Byl L¥euRhoGkS,PELRE &5 MRy siUR) B+1NCapiloflnd Hudalidred
by the previous notion vector and as a result of _ tel escoping,” the
processor oRPFUAEEdstPoCRt BRLATE ) Mt HvectorpfRE| Bloek re2 Hrigek haxe
three bl ockpeg@Uapplibdr tbep#oEssor PW L1k, hrddess cw a1 ddiulidtaroul d

not be possiple_to, rocess a fjve blogck by five hlock areg. 20 .
In order t’ge t‘8ﬁ'é°naa§5ﬁf3§gé°ro?i°‘fﬁen'?e§ré%c€pifﬁ'd}%herprc(%’§diﬂeéamq e
al | owi ng 3pi 3él <aisa bleowrkt his r ekeuémed. f r2swcessdm Bd sigpphiosd £oe@ to-

plurality of_prqcessors, i \ rs - .for he previous frame .(or
franes) ar‘éafgﬁbgﬁ?‘edg tncl)@&aér)\g ’%%‘tr‘fa i ﬁ&rci ?%3%98526&‘#‘%@ erdts ng'j"h<e
circuit is erdengsd 06 R2Becnrecessers f oritdactespesoe $s0 bl ogke posti tiions,
receiving daka 9 e fgg@e ,Cheai ; requir in
order to él%’:a _%ETgltEJéyt Eg %gfégégﬁﬁd t|oq%e%tf&r%%ﬁﬁsét%ﬁqd%égeﬁ%e

bei ng read P}¥f t TRl Be§ cF ek &I ARECTERCENEBRIAPYT RN Processgsngbgsed and

suppl i edot Oov4Dges eRPER! L¥EPBEECESSBL 0cROn+3. As pixel values are been
read fromthe reference .sonme of these values will be required by

frane, ]
processor P1. Wi IPIHS&R I E_ AHEHLEEE Fe R tORI VRATOR  aP8CReBEPFEESHY P1,
afi enabl regesvenal £1ee gasibscit-axblymridie «&5ydi | BE Cipiciellt #3&aandEach
supplied to Pl ov C or_enahle line.127. Stmlarl 35 Jf.the pixel
val ues bei%ﬁgcé)se%érg‘%lgé%eﬁi‘%er c%ﬁ‘veﬁZ,plng]i &at%n BF i1 Y %qeg"'n&lfl P§x§gﬁpl i ed
to P2 over five Hi2gzkshyt Havepbdpcks sguatres renwablemg duends tRe ofF8eand
131 are-:praqyd L fr - : . bl_j irquit_126 t ecli ve
procossors B sd (BF 5 previous morfBANdilct S a3 SedERP°BE
etc) to cal%’iereoring.a WeR i DROCRIAQY PBIY angeds i bl Brodestkani areaceifves

pi xel VLSS T EARe@N ST EAL ALYV At | D1S5LES o dd. VerLeak R¥red five
bl ock area.” However, the processqQr qonly processors data froman area
equal to t HHder it ofke byihdr aalele, af EhSRpEA nothike apessidiliad be

posi ti oned pryodsy ea Wiva bldek |8 garvd insck addaock by five bl ock area.
The smaL_Ser three_by three bl ock area i s defined b&/hthe ggabl in

circuit=Vsuch that %t h@55%8- 16 &8 s ¥HARGa8%h Har 0% n © ?)%ﬁ%@gf‘g t he
enabl i ng sioppalgdure whérilp aélewane pekal daad Audinclther eepeesase fkaken t he

ﬁ;S?ng a0f66“5¥*§ﬁpplied TOo a §¥K§%f3€§”4fr5¥535¥§5¥sfE%%égbgaéeggggsread’
for the previous :Irame (or £frames) are supplied to an
enabling circuit 126. The enabling circuit is arranged to
25 calculate, for each processor, when it is receiving data from
the reference Zrame which is actually required, in orxder to
calculate the telescoped motion vector. When such .data is
being read from the reference frame, an enabling signal is

generated and supplied to the respective processor.

[ ¥7)
(=]

As pixel values are been read from the reference
fr;me, some of these values -will be required by processor P1.
When pixel values are been read which are required by P1, an
enabling signal is generated by the enabling circuit 126 and
supplied to Pl over a processor enable line 127. Similarly,

(%)
wn

if the pixel values being read are required by P2, an
enabling signal is supplied to P2 over line 128. Furthermore,
similar enabling lines 129, 130 and 131 are provided from the



hérght'of five block spacings, a newregion is selected by 15 noving the

region vertically by one block spacing. Thus, each row of bl ocks falls
within five overl appi ng regions (except ,; at the edges of the frame) and
each pixel value is read five times. Wien tel escoping over
| ar ger di st ances, nore 20 processors are required, given that the area

Wi thin whichaLBe: aq etﬁststotzsreoemagtoe@ vBr 556845 9B¥s PB3) A PUna BHIS,

when  separat ed’ Py three franme spacings, seven processors are_ -
required. The enabt#$Ry st@fiaf RFPFeIRFP Tifesii s y(Bh SFed. to cphpudath) ocks
by three Bl @efSconSsGuedtor Eor aeaaelaseutaerbetcesQs:tpeﬁlee@tv@@ pe&edrs.

Thus, as the di st ance between S ingcreases, Zttm J(S) ga a read
out increas88lBBE “TOMMEMMNTRT %1%‘%’11%5 Drifke¥ER 59 tah ‘F%clé 8BFsP¥whi | e
t he esabEing sigorl arSaac%wea;ezr ermimsarbhessam:epnmyopmbbessalrlsydatarmr e

gg the databglng, ' 9PQL edadif 1P e LRk EE AP%SQHE%E ﬁ?o@% 0921 BR8G, hve:

codi ng i magehdstaread maihd g rheigeopedtanywheranstitdd v édeol srijer fmeo

predictive SPB‘bﬂgnvt ke vREHQAL CQIRE] SidQ smaller tH:Ud %yatﬁf srgﬂsekf rane
of a video signal; a first step of conparing each first

frame of thRreRghil d?\ﬁ%ﬁeﬁlhlfk»%?z%‘élaﬁa PO EF L e frwértétm thanﬁrpy. ng

Wi thin apsegé£dods egnlp ULPEH alfad rnhtIr@@ntsafa‘EOEof@netéﬁabis)ﬁlg signal, &

second step of co each bl ock .of a second frane, of naI the
Eror 1 andien o Felbores ik esa” Hha chorer ances st bhim: A cetend

frame, vmttbblm-.ke:sei'e.d regions of the reference frarre Iy| ng within that

f I it f qf h whi di
Lo the value of t DESSoD hipelpat igaRer Attt heoetp et ion R B oK of °
the first f'r%mgantt@fpfbdacblacmsp@nmgst oe hew trlegn.olml dek,selgdtedl byy of
bl ocks @f t6&,S&EQHL f e%%ﬁ §bRg: EOIPANRY L BRERY Epacing. . ThbDS JELROC

i ncl udi ng: rea om the store inage data Tyrng in’ an
ext ended r eXAYIE T oMk AF K ngaJal-? Hed pffistr oMeplaPRimch e giong ofexeePt bl ock

of the second diagagds) drew&eahe)taﬁanpawnni/f&i Ofa DESCL At £6lad Of 1 $&€
correspondi_ng bl ock of the first frame, enabli’ng the second conparing step

only for t S-mage data read out fromthe store which lie within the said
one offset searchwae@a. tePescopiry nMeidvet actargeny tdistansed, f urmdes

conpri 555'9 processors are required, given that the area within which the
pixels of interest are present may be larger. Thus, when
separated by three Zrame spacings, seven processors are
requized. The enabling signal will again identify an area.
three blocks Dby three blocks square, in response -to
25 telescoped motion vectors. Thus, as the distance between
frames increases, the amount of data read out increas_es but
the amount actually processed by the processors, while the
enabling signal is active, remains the same; proportionally
more of the data being ignored due to the enabling signals

30 being in-active.



conparing each block of a third frame of the signal wth bl ock-sized
regions of the reference frame lying within that one of a plurality of
of f set search areas which has an offset corresponding to the value of the
noti on vector generated for the corresponding block of the second franme, to
produce a notion vector for that bl ock; and, in response to the
notion vector generated for the correspondlng bIock of th

enabling the conparing step only for those rmdye data reaﬁlﬁmmﬂmmmﬁ”“l
store which lie within the said one offset search area

40 3. A nethod according to claim1l org r'{%rther corrprl si ng

conpari ng each bl ock of a nth frarre of the SI gnal with_bl ock-sized re%l ons
of the reference frane | yPndaiPhi 9%t rﬁfP"Sﬁ%"Eﬁ bmageur iy HHYSFEeet
search areas whi ch besemariohf sftmocdpnesponds nipd gifée prafitietiofe théimmt iLon
vector generated fognidie £0ie800RIRAY BLARK Phof hes (Hodiilbrkaameuten o
produce a notion vector for thg L oc é es oni (égﬁe
notion vector gerer Bt EFF5F h e?:oTTaé'?pdhal) @n%lﬁc? ccﬂ‘mt N& F?. ‘ﬁ"f’?f

enabl i ng t he conpar ¢prrasttepised \oyf shet$kePE Phage data read out fromthe
store which lie wthin thersaiséingepidcksebs seitells aren, i sheangi eyt irzhrger

greater than or eq 9{&4 re%eren? to sﬁdnﬁlegggegé:co‘; Imgg L gk&}]e fﬂﬁlr‘?gtgr

wherein said extende region extends In a first direction t
extent of the refer®f™® FPEHR® HFFTBXI‘ends in a second direction for a
di stance definedoby a furtdestrgpessebien nof | mixelectar saidSreferenkendirhoel

according to claim ‘4arg‘@h€£@&<fh $81 £e dfBbO8d TnkCAlrSRAVEN 1Rt ¥nl 6‘f %'tﬂon
second di recti on.

t —
wherein said vector e"aﬁ"gspr o°<fuc%?i‘£o?g‘fc°8’frd\magga’??gedi’%ﬂ vée%%’iﬁrﬁﬁ ?ch fﬁ’a?

sai d reference framefsreseeletrangid first frame, which in turn precedes said
second frame in a video sa@deBStng pi¥el valués THéTaHOﬂ:cﬁCEQIdJidégei'@n@!rﬁﬁe

claim 1to 5 erel gasal fhyves! asadiee PLOGHASofOa RACKISCE, R duEbioe

coding, in that, “sai d“Second frame p es sal frst™frane turn
precedes said r ef er’dA®e FelERD VFﬁt%FS\rl @8® sequence. 8. A net hod of
backward predictive codi rgadlins Haig secchdi troteseDAPrsSEpNgin response to

writing the coded a5 §t =1 JAMR LRe Sndtdbhiere&f@re Witing the coded second
frane to said buff%r; n , .. . .
. A method according to claim i, wherein third-frame

20 motion wvectors are calculated by enabling processors in
response to said second-frame motion vectors.
3. A method according to claim i or claim 2, wherein n-
frame motion vectors are calculated by enabling processors in
response to previously calculated n-1 frame motion vectors.

25 4. A method according to claim 1, 2 or 3 wherein said
region extends in a first direction to the full extent of the
video frame and extends in a second direction for a distance
defined by a furthest possible motion vector.

5. A method according to claim 4, wherein said region is
30 read sequentially in said second direction.
" 6. A method according to claim 5, wherein, after a

processor has received all possible reference pixels for a

particular motion vector calculation, it calculates a motion

vector for the next block encountered in said first
35 direction.

7. A method according to any of claims 1 to 6, wherein

processors receive enabling signals from an enabling circuit
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r eadi ng the coded second frame fromsaid buffer prior to reading the first.

coded frane fromsaid buffer. 9. A nmet hod according to claim8
wherein the reference frame is predicted froman earlier f

predi tt.i ve -codi ng. “nln mmn Imml
Vi deo codi ng apparatus conprri sing: means for er ence
frame of a video signal; means for copgparing each bl ock of a first

frame of the signal with block sized regions of the reference franme |ying
within a search area to generate a notion vector for the bl ock;
means for conpari ngagiclaibl esiblahgaciemandgénexaeesfsdildcesalgiag, sidralisi tot

frame being tenporajdy J%etawegaa&w%zreiﬂﬁnes £ amcaasiea ha tneaopKkk fr!e%HB
wi th bl ock-sized regions o the reference frame % %gl clu%g % a
plurality of offset %’é}%cﬁa%'r eds “RHE I e Se?t‘rao?? FHOURLY r Y 5ona ?1% 0 "f’ﬁe
notion vector generwazor the correspondi ng block of the first franme, to
produce a notionsvegtor fﬂrméﬂi@h Eb@&ﬂ@m&ndobgwgozarcrlanﬁed1teo CONpivegefn

lurality of blocks of h
Compri i pg S THEaEFI AERIPRG A PRcurars Piastechzp IS dRRET FhUS

wi thin an extended %hagi oﬁae@nwﬁemenge aﬂrIaI“SaPEFW%’Ea’s‘% 1€ﬁtaﬁ’éﬁ&? HAdch
enabl i ng nmeans, resiPrRIYEptdrddas $Mid aRcYRLiNanegemer aiddoforqueineef i r St

frame, to enable the CO”p@rrde%%ufQEcc%Qtlgb%&Ci%yOfozt Ia@a§xﬁ'§of‘q:cf rvaﬂ%eﬂéynfor
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20 second frame to said buffer; and

reading the second Zframe from said buffer prior to
reading the first frame from said buffer.
11. A method according to claim 10 wherein a the reference
frame is predicted from an earliier frame by forward

25 predicrtive coding.

12. Image data processing apparatus, for the generation of
motion vectors for video predictive coding, in which a first
video Zrame is positioned between a reference frame and a
second video frame, characterised by:

30 processing means (83) for processing blocks of pixels
in said first frame with reference to said reference frame,
to produce first-frame motion vectors;

méans for reading a region of pixels in said reference
frame iarge enough to accommodate the direct calculation of

35 motion vectors for said second frame, with reference to said
reference frame;

processing means (P1, P2, P3, P4) for processing pixel
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cal cul ated in accordance with backwar ds predictive codi ng, said apparatus
further conprising:i4- Appayaipng Foserébr vg chain (13pekncluding praaegRing or
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any of clains 10 tq 16, wherein, said rat.us forms art of a_video
conf er enci ng appardfagé TO sal ;rﬁqg E@E rPrst dlrectlon and by

an extent defined by a rurthest p0551nle motion vector in the
other direction.

20 le. Apparatus according to claim 15, wherein said
addressing means is arranged to read a second region after
reading a first xegion, wherein said second region is
displaced from saié first region by a block spacing in the
second direction.

25 17. Apparatus according to any of claims 12 to 16 wherein
said second <Irame precedes said Zfirst frame in a wvideo
sequence, which precedes said reference frame in said
sequence, such that said motion vectors are calculated in
accordance with backwards predictive coding, said apparatus

30 further comprising:

means for generating motion.vectors for the second
frame with reference to the reference frame by telescoping
vectors for the first frame with reference to the reference
frame with vectors Zor the second frame;

35 means for coding the frames;

means for writing the coded first frame to buffering
means prior to writing the coded second frame to said
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according to any. of clains 10 to 17, wherein said apparatus

uiﬁiﬁﬁlm ] IIIIHI I"l.

- 42 -

buffering means; and
means for reading the coded second frame from said

buffering means prior to reading the coded first frame from

said buffering means.

18. Apparactus according to claim (7 including means for
coding the reference Zrame by forward predictive coding from
an eariier frame.

19. Apparatus according to any of claims 12 to 18, wherein
said apparatus forms part of a video conferencing apparatus.
20. Apparatus according to any of claims 12 to 19, wherein
said apparatus forms part of a video telephone.
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