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*300002* TRANSCODI NG Thi's invention rel at d and appar&at &Y 92

transcodi ng video signals froma first fornmat «isht® a second format. 5 Many
t echni queswwo #8729¢thpr essi on of vi deo si gnal ﬂmmmmnmmm Br oadyacBosasdsi t y
television requires in excess of 100 Moit/ itted in digital
form which is expensive to transmt and requi kseoki nks of hi gh bandw dt h.
Known conpression codi ng techni ques may be used which take advantage of the
hi gh degree of spatial and/or tengmgaalsceom@lancy in the video signals

bei ng encoded. 10 So, for exanple, in videoconferencing applications,
conpression down to a bit rate of a few hundred kilobits per second is
possi bl e wherea i ual i i I Lhgl ydi an . be
conpressed dovvn?{] % @ﬁ?@ﬁ%ﬁpﬂﬁggb@tg dﬁ&e%ﬁogegri)&rjlgﬁéaéa{&%v%qeﬁn?nst%gaggsgﬁg?e

t el ephonesighalarfedm adiret fatoan irdorpsesssd dormaschni que is predictive codi ng

whi ch ploits e U ion that .a picture.el enent ixelJ wthin a
frane |%)s( rel at e%ng%%gﬁ@ﬁg%sﬂﬁrncgom I'7e1'e" ioh qu%é’ LA Ffeah[éé)"(jg‘pa%rf’ﬁ?cam

pr edi cti ogyalay teledisfonakequites ihaaxeeéd eipOO Allbips edhedt tranymitted ih Bafitat hemyal ue
of a pixel may.therefore be predicted at. a receiver nstead of full

nf or frat | BTG EUEXPRER {81 THETHG 1PaliE? dAkS 137 PGP RER s SKRVE
transmt eb@pRisednCtodINg BEEKHIq@s MlaPtbd LEBA SUGith alkaASaUAMbYS BT ther higAst ance
the 20 first pixel of a frame may be transmtted exactly wth each
subsequenfle@ie’f Ratial2nd/ah e Perabiresy NE AR VAN ther WARR Sigaplreeaing enaered t s
predecR$sap; tdie RS anfVidddaBhtet diRir B alnd, RERIPRLIRAUANGRISY difrlte
transmtted, a technique known as notion conpensation nay be used I n which
a pictureof @ tiwihdedradnkitoblils ok ssespngiix logsibledwearshs blidrskelephenec gnalgmt
frame is [ » rre I 0 r,ef. nce frame) which
may be a ?Cg@%(%ﬁgc'gﬁrmg Sgoﬁﬁgé%ﬁet%t éﬁ%?&a%\%ﬁ? hgnéﬁlﬁf' ﬁél%lbg% 1t iSS‘g%n%f t hat
bl ock, andqgtiveleney ersirgfle tdiephoet ehemes. fr ane whi ch the bl ock nost closely

resenbles is identified. The vect o gli.ffer ence. it.n poaj tiv?ra. Pet w&)en %\he
i dentified regi G SafMPYhEHPERR O eGUNLLT SnPiedicr¥s $REMY WRIED SHPPEEF and
i s usetht assdthptiort fieati piatirk ietangregbixel) okitiiihe frederiensletedOtof idgmbduning t he
position of the rel evant t?I ock in the cgiirs{ig%t fra Motion vectors are

gener at ed M S_rfﬁsfheorsaﬁlel tame YERatiel Ryf r Pent iffﬁﬁé‘taﬁa?‘ﬁr degnedelt o
derive a pr&dlEGddadd #iER the ¥RIUeher 5 ¢f ) ensetidraer] 8d prddigtedi i £r8NGES
between the current and predicted frame are, on averagg, smal | er than those
bet ween t liesteed pEfill iaframatipe ebakietherRitel b2HY EansMiEedndidd @miuBesrgssys® dat a.
A decoder ISR S i w40l 9929113 / Q3553 2
the ref eré%ggﬂhr ?&E@%E@deggﬁaﬁﬂ%prroeprsoducg%emﬁlgﬁénﬁgﬁwgﬁ‘%gsﬁﬁg t he
nmot i on2Qedirot sixanef @ frendi Mg hercansmittae exagtls withadachespbbeaurod eikel beimg any
of the afqre tioned cadi t igues_ej: tely or in

conbi nat i 3Fla.n ltet?(g ag(r%rée gﬁ%@%‘%ﬁ%@é?”\?bnaenﬁd 'itt{]s{esd&g%glg?abl e to enploy a
transcoder whi clTdbredaceifuabenatts gnalnteot odethaiooratdad td beatrbhsrsittedod ng
schenme and out.gutj( an encoded data stream encoged aﬁcordi ng to a_ _second
schene. | feOHENRKNIWTe A3 JBPURi OMREPRF ML &4 BB Hi%Hg" Mt 8V FL R 8I8NE Bodi ng
schene t heafivigb€ hta Biscdassiosivgls wadledcialbicni dihe caeendiaige &f cémph@aakitercoded
according to the first coding schene wi thout nodifying the original encoder
or t he 28l tSHERSBORERS dRIPC!L OO Ko AT o $f s KT s GiiTe B Pl SHBVIAUS| Y
encoded acG@ghilhttiParfe,§ dddSivithOsHiREd BELGBRS LNt Ratahlod) CRRPIHRSRSHSbOHA

whi ch is then encoded b%.an encoder according to the second coding schene
to out put refereneadfremeswhishrmhetiesk moptrlosg¥ceasmeiedpeidentibadi slheaysqted out
to reconstj. 9] | e S iedinghid NeR4 LA j B9 id s
encoded toaltfgée\?ﬁcggﬁa&{ls‘et%nggétevy eg'a&ae ’é’t:gﬁgg% a%éor%?%&h%zbl%{%g%iégeéona

codi ng scheneed Fomotiodivegtaredridoidsudedvtol shifigheidénsiiied gepion st therrefrranemt i on
vect or s,ar enerated for the. si I > i t\he.. odi ng
sc heme%zgndﬁfI r(lekles' n%’c{:hgtﬁ?sét'%no?PQGI %?%3”%?%%%5? itﬁggr?g{t%a%gochzgts@ﬁggﬁ%ﬁi of
convent i onale denarsedder wostldragisthedescksarfea gernent dtdnye ass aredseatoto deivexa st i n
a transm ssion th i.e. a video signal cqded,.according to the H 26

St andard | BeSGHG s e P BLT raBg ok D8 GHER SRt R 6 CHET 261
standard: 5R@ ptddidted Yedrh® Bredfordaldr 8ds Griier itdrotHdae det RB&HItES icOfeR@bid W | |

i ntroduce delay into the path which delay nmay be unacceptabl e.

| nt er nat i offdPrepae dremeagisl F3HPP SRCANPIISHULEES dader P 1sEsoertwhiE @bgadY WRF ch
receives a signal encoded according to a first codi ng schene enpl oying 25
noti on conpensation and outputs a signal encoded according to a second
codi ng schenme which al so enpl oys noti on conpensation, the notion vectors
being extracted fromthe received video signal and transferred to the

out put signal. ‘




. Thus, it ‘is not necessary to recal culate the notion vectors for tg% second
codi ng schene. However this shcene presupposes that the received igNﬁfzmm.
cont ai ns {@n vectors suitable for use in the second gj hene.
Accordingagﬁgﬁhh present invention there is provided a tra%g 6§%¢%&53
conprising a decoder for decoding a received video signal coded according
to a first coding schene, and an encodex for reencodi ng the signal -

according to a second coding schene, said coding schenes being such that at
| east sonkS eAREECE fremes siged 550 2h oy &Ry Poure1 D epEeaBdaMesssing Bhe matiencoded

usi ng not | ERLEOERENGRL BffersHRr vALags® Br %ginﬁlt he 60dididabasieg My a5 r@kerence
frame which is not the sane in the second coding schenme as 1t I's in the
first codhiRjementdonsd cinelashpiqyes eifbet yapaselier in aembitesionot i on vect or
processing meangyLo GENGrale: Ao HdRL AudMLLANURENEY of PlnsRoGu kRNl frame
of the video signal, the 5 notion vector processing meafds bel ng connect ed ,
t 0 reced vegceiesna psigua seiqeded exxtcording ao a fostr rcedingf scmeene \sadt edtpuvdiaeh, in

the received signa cconpan t | east one other frane of the video

ignal 1 Areeichate, sHEER RTReR e fRRl B oV Fae e, RS olfePnE i Ao ng a
decoder f@ecstegodihng apéracai wesbringeto Thgnlcond Seidihg €6RENVE khehsldh Rei ng
coded 10 according to a first codi n_ﬂ schene enpl oyierr}l(f:; noti on conpensation
and conpr '$NAEPHAMBUIHaT'R AR FSEPORI CUnpHRNRL IPBRCTSHE BFtRIEMENtO Hitd st
encoder f @bdRRCRALME WittoRUhsMItyiRd tHsrigles Aebda s andiungnde Rcsg&0nd coding
schene enpl oyi ng notion conpensation, the encoder including notion

esti mat?on meanXnogn HanwcdeisngenesillYoResaresisat!i e1sored aeeaitinente avfiestei n
the notio i i I ri i i tion
o mat | OB e o e Rt Jea IR Rt Enlids ) SRRERE

est i mat i orrcaprtdinntaatieesacond sodmgceanenmedtoprtbhe armege f#@dstnasim.o hoergoiriisat | on

informatiq erein. for use V\Q%I’ t ane.. f. ar.e coded, usi ng
not i on-corf'%g?lc\é@ SR RE 265 H}%’ pre%l getcfb%ﬂgﬁ)edﬁqﬁg rﬁé{éaggﬁ%no ggP%‘faer}ccejﬁhceé‘ frame

whi ch is nbls ditkeo sighel isrencheéed ex pralidcodi mgv sotiehdatasstrdanh actdrdingetol tHest 20
codi ng,schene, tch . transcoder includes ﬂgé' on vector .processi ng_rreans to
[

generate acewy ‘f‘@c?clt?ﬁmeon'g‘i’/e‘f:cf jpg mgthads. vVPIVIG FPLRB GoMReRSStey BgW

signal, theotidd iV@BtofeCarer gdWePites SfoR hEBSigSal Dt ddde € OdURREdiRgl thOtHeLe8EMR When
processing vectors for a current franme, vectors which, in the received
si gnal , acsifsapsheme PRAdhis GRECBRNdC" 7 'aHE RIPPPRIONS RS RPEHINg HRE he
mot i on estifIBLh@PhdIRARScORIHY CORRRGHBH bR §aRPANCaddIMahGt &P eRRtiiRBLE. I N

a further aspect, the invention provides a nmethod of transcoding a received
video si grignseyasien aetvi-ai ag/idee aignpl arcodediasgorsiteere thatio2@! stajdard is
accordiBd JQuSCRPRY £AUNAT OFNERBooRAl hrfaTting SCHRMRROFINGBHEN hal al
| east sonme frames are coded using notion-conpensated inter-franme predictive
codi ng 30 ibasddctiom of a efaes@tiee irftpahe tmsokssios pash willéntsedueeidelavhiets guond
codi ng sche S jt,is inthe firs di ng scheme, characterised by
processi ngp‘%gc"?éi'\‘ié(ﬁ'efﬁﬁtrp%yng?/ge?%cre ?tgg'gener ate an estimated notion vector
for a current fram@nsfiortdiepatedecamligatdn WS 5P BEETS Sdaxgrisé< pa beangoder
responsi ve, when processj rll‘\g?bvectcgers for current fr 3 MAY 2042 WO

\ a me, 2
097 29113 PURICERtRSFISE SR NGk EPET L AP CHANE ot AT SR PGS eGP any
at | easls opgtigh emdehdforPind BEtpUtsi@0signal encoded according to a second coding

scheme which also employs motion compensation, the motion vectors being
extracted from the received video signal and transferred to the output signal.
Thus, it is not necessary to recalcuiate the motion vectors for the second coding
scheme. However this shceme presupposes that the received signal contains
30 motion vectors suitable for use in the second coding scheme.

According to the present invention there is provided a transcoder
comprising a decoder for decoding a received video signal coded according to a
first coding scheme, and an encoder for reencoding the signal according to a

second coding scheme, said coding schemes being such that at least some frames



. signal. I'n yet another aspect of the invention there is provided a nethod
of transcoding a signal representing a two-di nensional array, the &3ty 2002
conprising 5 decodlng a received signal encoded according to a first coding
scheme enPN2AY3noti on conpensation, said signal conpri si ﬁ&%‘é@?@dﬂéﬁéta and
noti on conpensation information, and encodi ng the decoded output according
to a second coding schene enpl oyi ng not4 on conpensation, the encoding

i ncludi ng generating notion conpensation information by carrying out Totion
esti mat i cArenceddct usinge matihnsoawensated nintasdramme rmedlgwecoadegsaaseun on a

i nformati t eceiyed, si [

| cast  sore b AR i@l (R eI R HaBha c80F Shibme A 1S RIETES St ve

codi ng ba&mﬂwg)snmnfeet/meeemehitrtaeﬁrawbcbdder irglutiet rhdstmns,eﬂ&)rlprbdebangermd
coding schene as it is.in the first coﬂ)énngsch E}gttrret hod i ncl udes t he

step of n@tQWrWS&%PSW@@@s’EPW Vet Brrept R & VidPi Sanabel®Bor f or
a current mbh@rﬁmeéltér ;Q'Bcéibﬁhg\/ﬂnéﬁﬁs §etﬁ§%bnnécﬂ@d B ReeRE! WeerPpRReSMd Gectors
responsive, when processing vectors for a current frane, vectors which, in
the recei (PBcR SHGRRYI framBR.cYRRSRIRYWRIEN | Balbe [SRBIVEE g3l rageampany a6 lsastiane

si gnal , aQﬂeFﬁSm@‘Uf'tt%“vn&éd LigRki on serving to performestimation within a
search area centred on a poSition determ ned by the said estimate. O her,
preferred, aspebt snotherhaespetvenbe omvamteorse‘trowdes i@ ttramscsdb- Caipnising2@ The

i nvention Cocjer w be ?descar }éoceed fur ItdQer vvagalﬁr ‘ nqtz vv, %Dh refe nce to
the acconBarithd blfjﬁﬁﬁ’ 192, WioC H9e R el - ov\%e EUREMR F'Qﬁs‘i:o

Fi gurei® sbowginghe achst ubemgcs@demg eaﬁmodhgpdm@tyoromﬁpserfseftowlade(ao&tpgma\lgs

conform ng to, MPEG and H. 261 codi n% g}ndards 'éli ure 3 shows a second
enbodi menfodtd 42t aBaHR? CATRERRIAG TP TRECI nFHh AT SRCOTST JOr PUNtE a
portion obufut! FMEheSHOERIRNEChIiNG ith 8 @8cdhe cOBINGOStheRE BmpaseY AdtRR A
transcoder is used to convert signals encoded according to a first fornmat
30 into sicgwapeseweodt@@ geedsiedi wgludiga "é‘ettfdhcfsi'maﬁ'ﬁt' mepRfurter 19e86ItiNda
known for r rr eC mt [ oded
at a partﬁ:ﬂ ar C%Frtﬁ)%?g’taeoa(,\ghgd?ﬁa%ﬁﬁbl\?g on or ﬂg’ tc()a\éh Egﬁﬁzg{%%gtéa%dard
to vi déd sirgna¢d te oeksivamaionogmpensiatiot éntprmapkn bqbt@wed:(mmnm eivedt he
H. 261 st andar a 0 91 P/ 03553 5
transcoggqrall‘afj angjt% E$r¥%1c°tu(? mou%"egeasmgﬁ'%gd% tE'nV\dQns\?%lrr% g{r?roﬁt g‘\:éd to
ot her for rmtavedT hﬁt:deoademeqsatmn cnrﬁfotrhetucbrr awbemderfos lmewlwhafre Fatgelase sbme
conprises .a demul ti 8?4? receltv s_.an comcgg g g)ta stream
conf or mi ndr3ES e cgded 5%5‘.9 é‘t%‘r?aacPa“Pgﬁaaa i trf"BFé’x lt‘/ﬁeco WEP3sEd 8913 i nt o
its const Iréﬂéﬁéttcepaarntéwafchc;@ﬁ@trtaa%ednewndb@sdaira cdthgrezhemB asatison she flree
conpressed video data is then decodg F'¥ a variable Iené:;th decoder I(‘i'VLD) 2,
and t héf [F2988schemantheniaNseadgUARNT SR FTO¥ORNREIRT BIRCHTRIAY N do §FNeREF
di screte GRsidignhdisPRihion VebBETdr & eefréntatHnd of thEad&X Tighaetdd fioash se@be t hen
transforned back into the pixel donmain 10 by an inverse discrete cosine
t r ansf or mATPESSHNIUNEANSELEIRD FPORARRT 1 Recake. Whemarocepsingaeypseeior aswaieAt Thi s
signal is ¢hgo v@é@?sdwgoéh aR tﬁéift%wte slPal, becaﬁsyﬁyomeatst 8RB olret framé)ofsﬁé)r ed
ina frame store the resulting predicted frame is stored in the frane
store 8. Updev sigoai pod diie nmdiohi esdimatiparmeeanshiecing conpeaters td réqeimeethessaid or ed
in a fég itore 8 - i.e. the second input to the adder 10 is zero. For
subseq B3fg- anes, the decoded data represent a prediction error and are
added to the conheéttfsarmtzr tapedt; afe vyt pdel(ﬂétBaaﬁhdﬁ'rodlef tl—memhg éhe
frame store output is notion-conpensated by gn conpensat or

contr ol | ed ®B§FVADIYIP FEEFbr §°’F“|"‘brﬁ“f’ﬂr€'”1ﬁeﬁﬁlq 5?%)?8 ing SGRgEEr JYfRe? oslﬁ"t?ut by

the decodegcdeadihg it 4 RBoY cBHingt &renséméar@etoarngwchbane@f béihg ﬁl@ﬁoﬂl@f gart,
whi ch al so receives as an i nput the outrF)ut of a franme store 14 of the

encoder paeest samaiiarges pescoredcRErolr-SPPReBIa e eI EAM S R ditive GeUNg r ane
of the ncRLlithd 9PBRerdhtt Fafnd WRICAMIhENthE @ind Rané rs@é@tdsé&fr% ddheicLad Ut
to the subtractor 12, notion conpensation is carried out by a notion
conpensat i inin the firstL6ocimg séhenem rharcterised: eprocasing taseved AotioRdEEtosD e ol

of a 25 nofion_estinma r c c - oded,
searches t A& Fang" s%sbﬁj@tefﬂm%oﬁhmee Cvol(?cﬂoﬁaat QUP%H{ ﬁaﬂéldgc Ea\bqg?cﬁ %@%{,gﬂﬂg
identify apiroegssimy Widc belgstespeasing| ebeb t‘mobémtg ved:tersvém't arcuwifeht dtaniet ween
the bl ock position and the region identified forns a notion vector for
controlling the notion conpensation unit 15. The output of the subtractor
12 is converted to discrete cosine transform 30 coefficients by a discrete
cosine transform (DCT) unit 16, quantised by a quantiser 18 and

vari abl e-1 ength coded by a coder 26 for transm ssion. The notion vectors
calcul ated by the notion estimator 24 are multiplexed into the data stream
by a rruI t| pI exer 27 A buffer 28 buffers the encoded data stream out put by

.



2 3 1JVAY 20b2 WD 99129113 PCT/ GB98/ 03553 6 _ medium This output may have
a constant bit rate or a vari able one. To generate the contents ofzehnAY 2002
frame store 14, the output of the quantiser 18 is decoded by an inverse
quant i ser Y9%49413 nverse DCT unit 22 and added to the noti FHEHFBS5IRd
contents of the frame store 14 by an adder 23. 5 One aspect of the
transcoder which involves a significant,anount of processing power is the
operation of the notion estimator 24; thus notion vector estimation for an
8x8 bl ock vesotsywhich] inythe aeaeived s@nal, wicthinpasy stdeast lonarotieerdfan@: of thaGigeoxel s
in both directions around the block, involving, even for the 8 case, sone
289 cal cuP¥f'Pons. Consequently, efforts have been made to sinplify this by
10 making use i MnSpteaf@YieOfashdtt FDLhONNYERIAT thetd € 3HYVIBEESE MethByt b

i ncom ng signal. Thus, our international patent application WD 95/ 29561
descri bes VRNE¢eHi8S FdEiENFl leBTasRAENG P "Piog@l'fT)?ni'OBBItafp?yaﬁbéé@e'ff‘ed gonarisitde t he
notion €s fel n O

A R S At A P e S A

t he case whaian tdreppnsagionr e&dlsu;tr\abnormsrlsﬁg chded dat@nanigmatidn @uh@@hs@icﬁ deo

e beon dtignnetief #RE BEL IR ARoTRRARRAThERRbCty {ABkPR BRI

i ncom ng nohémA emmjbmhgbeommedoraser&a'hse,edwe a‘rmbdmbenaecahgrg;enthg afidtiorg t he
search at the displacenent ven . corr.espondi ng vector fromthe 20
Gocoder - SoMReRSaHa ITPTBRIT Y APBYnocoHSORUCE GoRB=0oR FT TR S CHP s
pat ent j0a ceeee8 o ¥h&idn @bmpepiatRinSinfSrntdiidgestaihed tietheWrcBR¥E dighd t hat
a search area of 1 pixel gives useful results. The manner of inter-frane

di f f er ent i ineretifRg Uesmr e Bt 15ast AR fAMesspiererded YsDGsMPieRsRemBeNRaeH | n
that each jpepftafld MRdica%E BEHIRY BERSor & réRERde %nﬁehﬁh@@nsorﬁ&‘{hé’%méﬁﬁ% as a
reference. However not all known coding systens do so - MPEG st andar d,
descri bed gegpndhepdipgisgheme gs dr\%metiaaﬁ'fﬁt &odimp schsres; dng maﬂmﬂﬁlgﬁe%ﬁhmtem make
use of thei

oper at es %et%%ﬁ%é@p%&galﬁg ﬁ%-?e}r%@ a?\}nertlé{.ég%d rﬁggé'!s}i“\?éscgornggf? tg{rjr@%%g%gﬁ%oded
usi ng Nt i ke oidpe reigataé dhé pto@esa‘lmgaaiepmem resparsivepwhean pbasesing mectoB0for

ref erence frane not .the. |nte andard as it is jin the
ot her st an%lﬁ?r(ﬁent\?{n%m?'r\é‘?%%racyg}'ghﬁ X reﬁg'vaescq?’g Ee?i&”l'~1I g f'ﬁﬁsat 57 ONER i n
one such sfrdrn@tdfafe Wdeb sighsl, @od e snmmnoéstmnw&@nm@e@l p‘erfgnﬂlestlmaﬁﬁh

H. 261- coded, S|gnal. Firstlf\q?ﬁhefoaﬂa a/lg&ei nal will be

expl ai ned. Within 8363red &2 F8PERF ¢haPo 'F\d?tﬁ"'P'HF 4 dESHRAtRe use
expressi ons suchoger St%ﬁ‘ér‘r@tf aspeét@%@r‘che inveRtich M%%e@%@@uf tHAQ (181 3

PCT/ GB98/ 035::3 7 ‘precedin next", this refers (unless explicitly

st at ed 26t her wi seYhe dnvénticsr #d r@1w thee desaiibed fuithenfyumayanll axaapiayvigh der
(i.e. as Ok, SREM. on a display monitor),

[ rrespecty\}\%gérgf]p%hoewé%? rP;}’an :gaﬂﬂﬁmlschn the frames are coded or
transmtted. I n Meu 1fshamssa Brevie odescadert hr ee di stinct vvays resulting 5

in three differept t es ded fr An | ra S not

coded by referen & fo aﬁ§)°‘6’? htgr TP rgm(%m“ng f gﬁ‘sgf Ynot errf)rl (\)“ °° %Tghal'%rama

di fferenti abnfeadinggtoattPaGI gnd lAZﬁneuhdctgestahdade; (P—frarre) is coded by

;r?;:ré)n- rEeQZ?lt &Irggﬁg%gsggegnfgle%lﬁg%)&%nt ql ngrarnsco elrvaecctopdlnagn tOea‘tli'\lel er
invention;

Figure 4 shows a portion of a frame store and illustrates the motion vector
generation.
A transcoder is used to convert signals encoded according to a first format
30 into signals encoded according to a second format. Figure 1 shows a known form
of transcoder which is arranged to convert video signals coded at a particular bit
rate (e.g. B4k bit/s) conforming to the H.261 standard to video signals coded at a

lower rate (e.g. 32k bit/s) conforming to the H.261 standard. Clearly the



. I-frame or a P-frame and is, in general, not the inmediately precedi ng

frame. The 10 third type of frane is a bidirectional frane (B—frarre) OARY 2002
or nore B-frames may occur between an |-frane or P-frane and the next

| -f rame oWORSPB¥e; the actual nunber is not restricted by RGWGBI8N3I&r d but
in practice there are always two. For the purposes of description, we wll
refer to a sequence of frames begi nning.and ending with an |I-franme, but
containing no internediate |I-franes, as“a group of 15 pictures; and td a
sequence bagstudengmaydirepeddigenibeha@inded targanoert Rsighadrdrors #hdsubdtaep of

pi ctures gthls term nology is not necessarily the same as that used in the
publ i shed Yidrar d). Note that using the term nol ogy (except at the

begi nni ng and enghe0deRdbF PARNDSE ShOMandBoder! &I BEIFNES 1 QoliRis8 QuURS. of
pictures and an lor P-franme belongs to two subgroups of pictures. It

fol l ows t FatitiRleyerolipvbichogepives relicearaicaded wetastrapmecanfbrging uys thf
pi ctures. Hﬁsﬁ”ﬁ 448 ériaea@nﬁmgo {39&5 the/ RSS gfrgéﬂhnwﬂep%ongﬁﬁlen M@ﬁp BBl
ocC (6]

and PBBP. Each wthin a rane 1s coded I n one a) by
not i on- cogpewpsedsed vidtwdata aned rrd:itidrevecnp'rsal Thediamgpresesddvideo tdaga tlshehem)st

recent PaskolAan, bl ab DAkl LBELLc AT AT SR a0, veetar o,

f orward 2 pre i on nmay be ransm not i'on
inter-f ramadtnﬁe‘reMem/huah oocbumg balsed oh thbe diverdtef ubsine framstermhiDOT) s not
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notion vector for forward prediction and a notion vector backwar d
pr edi ct i orfrarag sbaret§.atlpentreeelpt of tipe Brs:Apamrz@e\Amoggvpmg@ fR@W GBI’ eB8553 8

(d) wit I e, predi e der
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pr edi ctiborframnels, hermeiet:beedmma gepresenttal peatictivgn efnat randbbec lesldédl) toartkee used
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bt edi ot | o SRR Sh B IR SGEC B Yo e AaEh  BF Al XEriemt 36 RutYHf o
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nore often than not involve the use of nore than one of these four nethods.
Because batRWdhE d5FBHIR'EXSn!-i s used for the B-frames, it is necessary to

code (and decode) thend kARRS olplib by tﬁe%élégﬁé}uﬁhrtfb%eq'JLft&EteﬂUaQUgﬁEctfofom
the 10 capture and display order, though the order of the subgroups in

unaf f e@0ed2 Tuthe ¢nnodan PEBPWHITNYAISAp CERiNES 2 rahinPUE the QEEPY 9fs® , TraBe | owned
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the franmes are transmtteé inthis order (this is not act uar |'y necessary)
but mi ni nm sedddl faghe of the encoding loop. Before the contents of the frame store 14

are input to the subtractor 12, motion compensation is carried out by a motion

compensation unit 15 on the contents of the frame store 14, under control of a

25 motion estimator 24 which, for each block of a frame to be encoded, searches the

frame store 14 in the vicinity of the block position to identify a region which best

resembles the block: the vector offset between the block position and the region
identified forms a motion vector for controlling the motion compensation unit 15.

The output of the subtractor 12 is converted to discrete cosine transform

30 coefficients by a discrete cosine transform (DCT) unit 16, quantised by a quantiser

18 and variable-length coded by a coder 26 for transmission. The motion vectors

calculated by the motion estimator 24 are multiplexed into the data stream by a

multiplexer 27. A buffer 28 buffers the encoded data stream output by the

multiplexer 27, to provide an output at the bit rate required by the transmission



Fi gure 2a shows ten franes of a video signal, in capture and dis y‘Aﬂr
15 nunbered 0 to 9. Figure 2b shows these sane franmes referenced a ,
letter o indicate the type of coding to be used, followed by the
sane nurrbe’{)ogéﬁ?gl:% hen by a subscript indicating the order iRCHRBEHOIH
frames are processed by an MPEG coder or decoder. In this description the
frames will be referred to as 10, Bl etg. and the subscripts added only
where this assists understanding. This Fi %gre 20 al so shows the notion
vectors dimgsiyRmakhie aUIREtEYaBaYE a sPnatanbhl, raither @ vehieblaonewhEadepoatet s t o
the referenCeof{cAME ot ne the
first index i ﬁdtlrecat gs'% h@e g@éﬁ%?ﬁh‘éﬁé\iég{p& %qqréc;%hg';tﬁ% gn%d tﬂéco\gg%obﬁd

i ndex i demni nvesset heammeeré(acmd lirveese tOQIG Urdt 22i and heddeectoriht omofioame B4)
relativet P3a ref rence frane. tors are indicated by
R 25 e.g. E{‘feﬁsatgdtcl?@ &R e th? ﬁ?mfrsé?r@ yraglaéjgﬁ/ggto frame 16 as

referenge frame.Odd gz@bect3osha%tran§cbaélrs®ﬂd@ﬁ iner@dsdiangighBicaRe endedi sent  of
of the invention arranged to receive signals encoded according to |1SQO | EC

st andar d ffawf?‘é‘gzpo(%rrﬁ%o‘iffﬁmefﬁdm AsthePresian pstRgtor 24 dbpaimatiagneacsor
encoded aGear@LBE fbP ab. &6 biot Jh@pl&éxwﬁég@l@@roﬁ%thnSé @béreﬁ arbd WFLAr& to
that of Figure 1, and conponents . having substantially the sane function
are indi cdﬂ@dpszisn@ bt gaquefepmehmmmkawmwm deezrom}rtmat&! dasef or ned
by itens 0 me reorder] h receives, t

decoded f:sgh“es%‘?% Caﬁ uv%%l’ér FSEaRE efpogtS%ave %eEBr'BE IhSRRP!TY this g?.Yre 2¢c
- and 00t philking hem innsaths play ofinide eaptdi eedlbd;eélreadly Bresé&® BNMNincoding MAY
2002 | WO 99l 91 9 PCT/ G B98/ 03553 in Fi ure 2a g)nt contains tw frame
stores and'$ Hee O rBTRFPFYPYR0 RREY SPI IGREPR MOhSPF/ P8RRE d9sciihes 2
required Q:Féiﬁf:bder-rmesthﬁ & FROMENt BANGpbEEG AekARREe XS eitidnh 8tk &n
reasons which will be explained) the frames are del ayed | onger than woul d
be usual : Yot 2¢ HivsTeegingothe Meominsy BOTIPAG/GHITE I8GNE SNPtiNN samEeDIAtRNOHEL f r ame
delay 5 35 t cgm r and
out put 1 ors Ehe h oo Per 2 RS it Bedd R REARRE R reol by

I N03126559?@@160@@&@3&!55ledgnVIdemergmksrdjb‘et heftpi staling ryeen dpprargiatmi t 52
receives fa s 0, 3, 1; outputs frame 0; stores the next decoded frame 2;
outputs frame 1; stores the decoded franme 6; outputs frane 2; stores the
decoded frame 4; Aamtheseppmactiﬁaf:bem hqggjefstermmJSDpanedtBeiGCaa”es Otety ithet ween
each | frame the icture reordering unit nee o, be arranged to
Store nor feaHES Dt ti DOBPS ReUBH CBAkY B RE 5 Bageets 1o T ST P i

H. 261 encostartirigule delakeh sherecdispiadentdrgWivenloy eneceptesbbading NectodtfidMi the
estlmatlon unit 24 is repl aced bﬁ a notion estimation unit 31. 15 Before
pr oceedPngdshodR" o%%’tcﬁpi‘t”i‘%ﬁr SPachdrea rafayadrtodye sffeiet-dn e Wheeterk 1 hat

the encodegedréh ERAM: ro‘?d-3t19x91|§qg'slﬁé‘ge%@ed'l tR8dgrS WeNRve folAl thet a fs@hrchNBea
sequence depicted in Figure 2a, a sequence as shown in Figure 2d, where

each franeofaft eixet bivesiusstul r%wHSpr edi cted frarre based on the i medi atel y
precedi ng frane ref erence,. requires t ner at i on

vector relative ?@etfﬁai‘”ezw %?f“eel f'f AT h P a%plo}i Rf‘ nﬁ]e F?‘fghe
nmot i on vecmhsarﬂn@vsitcheghtbg/rwahewl\/ﬂ% @bgnﬂbdmm& S@cﬁncj} hacbcesb@baaéﬂ b64hsv | |
cont ai g$ngect ors as they are reference gto tures. only contai

in
vect or #1oyE e 63 .2 %ﬁ%ea?ﬁj BY eaY "ot B 8? Q&V B 5P r AT P3

and backwampPeEestiapbsrd Adsemadl idtheB HRIANdisBS% BRIMEIENT Bhé) pfd¥enRin eneieh Or S
froml64, and backward vectors from P97. When such a MPEG signal is

t r anscoded@¥s rP2BEke t Wee bt thef INCOMRE dNAFRD HGCIPAS KiaP dSTHERICHr YhRFR Che may
relate to %Hs%?%%"éﬂé? gk & EeH Q@on&’oﬁmg{)%t%mﬁ%r&vﬂgré Qt fea3flsoffe frameard

vectors that relate fromone picture to the next. For this purpose, the
enbodi ment aess cotledwusing Figtinrec@npanskisde inter-igme crredietvercqdinge &#gsest on a

30 reference frame which is not the same in the one standard as it is in the other
standard. The transcoder now to be described 1s designed for use in one such
situation, viz. the conversion of an MPEG-coded signal to an H.261-coded signal.

Firstly, the format of an MPEG signal will be explained. It should be noted

that when in this description we use expressions such as “earlier”, “later”,



.2 3 MAY 2002 YWD 99129113 10 1' CT/ GB98/ 03553 32 for deriving forward notion
vectors M, fromthe forward and backward notion vectors M/ 1 . Thd MAY 2002
one-frame del ay mentioned earlier serves to ensure that, at the tine the
ericoder c?ﬁ‘%?%’d brocess any particular frame, all the vectBrEHGRAYRH Hi ght
be 5 needed have in fact been received. The notion vector processor 32 is
preceded by a buffer 33 which is sufficyently large to contain all the
vectors for five consecutive frames of the incom ng signal to ensure that,
at the ti fierechdingf aceseat”, abisersfdare (eslbissmmliqmt istmed ethongsd) ao tauayorder
particul ar, £ vect.o ede are stil

avai | abl e. filbeaﬁ!ﬁ@eﬁr'(qccggg‘g? 239 'ssolaay B d}éé a'%}aéovﬁ??lg ?b%\%&?%@n?‘n

whi ch ser gesn be aemamamenbdﬂe)rt;dnéfmicﬁvefof'Etheabllwfaf errde83\ ameLH heeixdrhagtard rom

it, for eac | ock of ea h f one or nore vectors and to perform
wher e nec@gg%‘$)>9’ t%ﬁ“?'f"l‘l% tn &%gﬁ’atffa&?f? e T hieR STt y6anso re R A

| east oemenea{remw&eﬁpwm ofeeHed fiaffe. UAR ihtha-6REHNGr I-hanfd ATBoUGWIRY by
consi derati on according to the H 261 standard. 15 There are four types of

vect or def$NERNSENtO: 2wt Othgy fisBneubedit dnge ot restrlof interelsame it erentigr e th
vector. Sijacethe pt?pcmepefdl NEmIaS(PIfPanQQtl@'crbdﬁde %EIGn\é%Hp%Esqunte'rqg-gru fies

for a frame j a region of the imediately preceding frame j-1 suit l'e for
predi cti onifferentialonading rejating taarepariier traeiel abiie eailisr framesinng lee sitegr dror war d

Vect or VES Lot heeVRRG WhATE i ldchaflh 48R NGR AR, oHDEGNEEGLL o

carries a orward Vv réferenc ing franmes (i . e,
frame jon)third hepe tofifearme d4 carblmaa“tuloealdiramde(@ ﬂosyma) t@)wegorvencae \Brhoes Usapl e
for frame n or |ndeedf§)f helr?:t rvenln frame |

ot at ed R abath LRREEE e gk P oM (e ar ST s, gk P Smendnd/patiays

etc. A seqithdryip@cdredifticdalyl 0@ dtak®sd rw:t én pfactibe tfﬁs’;lﬁtar& ARV aysf tvidie FYPEG
signal 25 contains a backward vect.or f a frame j-1 (or j-n) relative to

frame j, ttHBrPWPRRSEFepfafleEIPHPN ¢ HESW ﬂ'cﬁever"d"@da [SFArEce qfe’@amsé)bepgqu and

estimate &S r(gowwl}% Riratge bﬂ@%ﬁ%u’{ﬁﬁtrﬁt{ intdithd ey, 1-PRGeHBYs taabﬁ‘odd‘%f
di ff erence between two forward vectors to obtain a forward di fférence

vect or TURDictamnes; fangr toh# seairnoseipainning ahd tenémmw'fcleraerideame 30 Pblsemecas 2 wo

backward v%%tgpg% bV BRbureS (i BAmIALA 1M nd A SHANR Sl Ols 1A TRBTR =

F9,6 + e use not 1 nclu present versi on.
Because noutne mfblished veriderd. sl‘ﬂmmhamusﬁh@mmetéi‘bwirincsoactaxabbtyagﬂwrbmtnemadgto

ngg{ b: n fzf}\ral LSH'Ra SE0INYBA LI RS SSiond ' FRY RRR SMGEHIES LRS an 1-

or P-frame belongs to two subgroups of pictures. It follows that a group of
20 pictures contains one or more sub-groups of pictures. In practice there are four

types of sub-group: IBBI, IBBP, PBB! and PBBP.

Each block within a B-frame is coded in one of four ways:

(a) by motion-compensated inter-frame differential coding based on the the

most recent past frame which is not itself a B-frame (a motion vector for forward
25 prediction may be transmitted);

{b) by motion-compensated inter-frame differential coding based on the next

future frame which is not itself a B-frame (a motion vector for backward

prediction may be transmitted);

{c) by interpolation: a prediction of the block for the purpose of differential
30 coding is formed by interpolation between the motion-compensated inter-frame

prediction based on the most recent past frame which is not itself a B-frame and

the motion-compensated inter-frame prediction based on the next future frame

which is not itself a B-frame (a motion vector for forward prediction and a motion

vector for backward prediction may be transmitted);



2 3 MAY 2002 WO 99129113 11 PCT/ G898/ 03553 using the vector derived for a
nearby frame (notated as VFS(j-1 ) etc.). This means that the prob@i3 MAY Y2002
of no derwﬁgg %ge %or bei ng avail abl e becones very small: however, should
this occuPa#®4 will only occur if the block in questi onP&F/GHI&03553
corresponding block inits (later) reference frame was coded as an
intra-block) then 5 that block can be cgded as an intra- block in the_

out goi ng H. 261 signal. Mst of these possibilities are set out in the Table
bel ow f or (@) ockgvll Ut BTter-Ba Mgt e figliveE FaRBYRE) ViBROREP AFSNVFDVRDI 641 ) VFS( j o+

1)2) VRS E

VF)Z(j)- 1) =52 /7 thngéﬁgﬁngé%sﬁ%ém\é@ e g)@, 2 ?'ia ﬁg pa%‘l)s \]"’/fe%?raﬁ")f) @h@)@% -2)
=F4, 3-' [ z k7 b88Y PraeBorBpnd 'heBFO, 168 78dst) codp8micdF Kogig. VIRt ==bidkk s Rd) 96

VRD(j + 1 2 VRS| < % 1 5).. VF 1) . -

(R?D,( 0. Rs, é‘f‘“??))'f f\—ﬂi‘f %b?e é&%s "2%‘ nonegf Hﬁ?@“—eﬁf“é“ﬁ‘s\ﬁ% S g(zéjsei‘é') p%/‘ﬁﬁ('ﬁﬂz)

" | 3F9, BFThes&8lobBOdcqur \HFderFin bmcﬁ&e 6 Not¥Ra2{q {Hat)thr#l):leMEanfls FRade Bh aVRD
=2) VFS(]j - - 9F7, 6- (R7, F7,63) VRS = -R8,98) VFD(j + 1
T8) Vra() Plloisipbok basfig s apel g st Bies e WY mifes @iterR%agdo-t 1"“?%('{8 T, b2)
VFD = F9, @rs@)of Wreke] than bonz D teSe(floul inettidist4) VRD(J -1) _'/z F8,6-"h R7,93)
VFD(j-1 ) - (R7,9-R8,9)7) VFS(j-2) =10) VR2(j +

=F8, 6- F7, 6F7, 6 ‘Bespyee PEB%WWSeredLPt@”)'erd émhwﬁérw%)'t is ngEEgsay to WO
99129113 1%d¢ @ngd: @%ﬁ@?&h?@%@& %5?3360?\6@&! iAfa %ﬁér@h{"d?gersprgfno‘?lfle these

nore fully: For B78, the single forwar or VFS is si Its rward
vect or 197, C@pwrgmnldedlsplav ordscathogghabk wedad of ebe srbgroups mrmyn@ﬁecﬂqal fThefs i ts

backward ‘c’j%ﬁaﬂrlsﬁlz’s% o the1:f T#eekgscédd%d”f?rs{ %‘[1‘@\&9? g&ftfh%fveg} VaRLqh ri"“d no

backwar d erence tor. the Sca s aI f
its for wart(tie\&frbnresFBA§ tlﬁllsosnthéiérdelrt0$ decallied, bacikamed arectamsmmednmtms its
backwar d ve(ét fro d di.fferen ector is the difference

he back
bet ween i t¥°E h'ﬁe{%%PGW@%SS?G%EH@%HH"W'% .e?ﬁy s forward difference is

the difference bEyueera shevoweh fromeriotl anegédtigaadinl€afid® snd aisprRybry@gt or .
For P9~_ the scaled forward vector is one third of its forward vector from
164. 1118 fHIRIAd@ 15 Br diguse 25 ShRuvsdihepe same dramasredsrepesd witha {gdted IvRct or

and B89' s §08uahisivaetPE: tyJ@%lf %ou@gr{e tfeC@Aecad 1ORAAKNBHY tNECERTe AMbdIO and
backward di fference vector. 4. there are no vectors: vectors for

this franethensty bét@éﬁrln/teladmbm \7@%1065(% ip yhigle ahe framesners. PreResseddieal hr ee
possi bl e np@es OfPRELBLLERR. fm%.%*a'eﬁcrrﬁﬁo'n%e\#ﬁé?ﬁ&f wilEbd YéfurQ&' té AY 8915{‘9 _

assuned t hat any dgiven version o e appar atus uses one of hese on
20 (i1 hieetwr @hddhk; su@scr)pte\ﬁejlda@ltqnmwh(era this asa@mmmndm tHGJStRMJJreI n

L KRB0l S LGS SRR R SR, BESPLARL S e,
are 25 shoamowyiesd @omusrivenhegeferenchdranad| &orwardf mptidd, vett"tes hslremataré\q' ami ght
{D/GRZ(JVF%-] E/R%(lvj\e%?%éé JHEII) (ﬂgg((]q\hlg)ate)s whlc%( Jframe the \Bg)c(tjor ]beadngs 18 ang)t'he
second index identifies the reference frame: thus F4,3 is the vector for frame B4,
relative to frame P3 as reference frame. Backward vectors are indicated by R -
25 e.g. R4,6 is the vector for frame B4, relative to frame 16 as reference frame.
Figure 3 shows a transcoder according to one embodiment of of the
invention arranged to receive signals encoded according to ISO/IEC standard
11172-2 {commonly known as MPEG1) and to output signals encoded according
to H.261.
30 The transcoder has a similar structure to that of Figure 1, and components
having substantially the same function are indicated using the same reference
numerals. The decoder part is formed by items 1 to 11, plus a frame reordering

unit 30 which receives the decoded frames in the order of receipt - i.e. the order

shown in Figure 2c - and outputs them in display and capture order - i.e. as shown



. Thus for 16, the processor reads VFS(j + 1 ) fromthe buffer if it is

.avail able. If not, it reads VRS(j-1 ). If this is not available th@g may
reads out the two vectors necessary to calculate VFD(j-1 ), and subtracts
themto fHMY¥4W&1%erived vector. 30 And so on. In the eval UBET/6R%6%50d,
the processor conputes all the avail abl e candi date vectors for the current
bl ock and forwards themto the notion wector estimation unit 31 which_then
eval uates them by, for each vector, form ng a predicted bl ock using that
vect or (aftEgure 2zt containsdesciramedtires and redd-white coptitrgrto read 3nANMit2002 WO

99/ 29113 13 8/,03553. | i ng -wsed( and cal.cul at,i tric (such as
the sum o eaE&%%ﬁ tizlhlef ?eg%%cé’g%rget-[tv#\}éséﬁs( £ne'p gg?%ﬁlg\ﬂbg@o@%o Ad St He bl ock

to be enctdrdfor Taesorsowbich tvall be explairea) itise frimeoee géMiyag Idrder travesbul@et ri c.
The conbi ged rret_god i.s the same as the eval ﬁati on msc% hod, except that 5 the
number of P§&tSH8Y 4ot hipdeasry s 'ear9Enei YAt 88 B Jornued ibvst onedr TpRasiys
three( ®vaE!l abhe tinaRg @K She FRIASsIRESRiIigtd R ahASlodRF ¢aRF] BRE dAYpdthSomi St -

It is possible, though non-optinum to use the vector obtained in this way
directly: th%fepaq,qu,ngiqmbﬁ’@t&'d’gss FewiE He fohewingetaahi cal met hod the notion
vect or evgyUagomnsuni i BIL0ECRMES U9 & 'nroyg(n- GOTTEE]t TOTT, prefer,
however, [to_use 10 fthie vectlor| tio lestablli sh jan of fiset [for It he hotion vector
estimati o@UWnjit| 31 to| perforim a23ea{|80h drloufd a6sinel’l| alBea @round t he
posi ti on ‘estabhi-shed by +hevector —Thus—the-thefotton veets §sti tion
unit 31 carries ORNFOMOEH SRY PiHte FPATenings HAT 5P APeelves K@Mesct ion of
which is detrrgitiebe Iy dtbRsl e aidkeHedBled MravRs DOIcTitpukd F4Hhs 1:SstbldsUger at ed
in Figure 4, which shows a portion qof the frame store 14, each square 20

r epr esent 96§ hifAME & cPEREI eI Si xBPIEs Bsnderedesh&namp 4otndbsovert or s
are de{gr Mg ik Qhord! Peks oframbxebsur Bdtrlntddan 1fiRimeasd diddiy tvadridy xel ;
Figure 4 therefore shows a block 22 of 4 x 4 pixels. For a prior art

t r anscodemnitf%F Wilhgeerhtebe grrprgegietocstpisemoranfrymes o986, the notion vectors
woul d 20 sinply i pt.edi.ct 4 h n : r
consi deration bgrﬁgpr% hg&#héeéi@gjr?’ \'/ﬁgﬁ?i {ni ?ﬁezfgﬁoartﬁr?egg?ﬂdggkﬁgfqéé%ﬁJ%c%éd/“%;g%he
recei ved rooeiiorrigweetiorexivhpt frar théenobibodstintaeiborumit 24 is tapt acedt oy a hotomar r i ed
out its opegati.on. lrE?f transcoder according to this version of the

i nvent i on ROWEYEP YY'u¥ t'her notion estimation is carried out. The notion
vect or 16MO, frorBdfbe praedisngr wdh absdripitivhabeshé reeairderi of tHiuré r@nevest or e

14 around g posi i on ot selTram e eurrent, blogdnder consl deral Lep oY

sequence depicted in Figure 2a, a sequence as shown in Figure 2d, where each

frame after the first is a predicted frame based on the immediately preceding frame
as reference, and requires the generation of a motion vector relative to that
20 immediately preceding frame. Looking at the motion vectors provided by the
MPEG signal, we see that:
10, and 16, will contain no vectors as they are reference pictures.
P9, may only contain vectors relative to 16,.
B4, and B5; may contain forward vectors from P3,, and backward vectors
25 from 16,.
B7, and B8y may contain forward vectors from 16,, and backward vectors

from P9,.

When such a MPEG signal is transcoded to H.261, the set of forward and
30 backward vectors which may relate to non-consecutive pictures must be converted
to a set of forward vectors that relate from one picture to the next. For this

purpose, the embodiment as shown in Figure 3 includes a motion vector processor



associated wth the current block. For instance, suppose that the notion
vector M/, received for a current block (shown is solid lines indd @M\Yezgﬂﬁ
at the poijci&(?z? éin a current picture 30 specifies a shift_fromthe the
posi ti on G'%he position B shown in double Iines. FurtherPGHEBHH3SS3
estimation is then carried out in a search area 26 around position B

(i ndicated by dotted lines). Conventionglly, according to the H 261 or the
MPEG standard) notion estimation is carried out for a search area of 8 or
16 pi xel sSarfOUfErivie feraeaed movon \vastysoiys: Wiomodhe oS prwardy apdThagseeIrd3553
Al t hough @ofish bebRiE Ry estimation search may be carried out, it has been
found that a severely Iimted search in the region 1 pixel (as shown ~by
t he search areall®pngifiase deignimeehenddyeadrligr sovess tesdurs tbehpeirtdd timet he
arrange i i - shirict reh,oare ans

t hat thgetrrq’tﬁ e?géﬁ‘ pgﬂggﬁ%ﬁ?%t |S§%§9:p§éﬁé{$%dﬁ?rég’d%{{é]r%rr\fe%égrga\’vrrﬁ'tcpom\'gstec or for
t he sebonueesiedi rayesichiare biesn reckicat (Thermatidh xe@obbomesand32 is @agaddedr ea of

8 pixels) fro 9 lcul ations..to 9 cal cul ations. The, cal cul ated notion
vect or M}%yiasrptuﬁ%ﬁ g%d‘@ﬁ'c 0'St ﬁ%ff%?r\%%%%ectt&cmn b 1sr H’?Cefoffe%”ng'tl‘)’%n
vect or M/orisetutivee fiahfeelof thB Gzofningigmal tooehsuactak, dMBeitin€ @he ploaksshrt he

bl ock of the frane store 14 centred on the new 10 notion vector M3 is

out put t o°QRES SRRSHARES MAPMEF P e fHRNVOPEYBHE O8RS he Yaspere whichhe
mul ti pl exglfigr be AdddRAUBE stif@vhiladmscoder described is designed to transcode
MPEG signals into H 261 signals, the principle is applicable to other

si t uatti®ns whef Be fAro¢esset 3go!$ea foregras-egnsroled deAeshing Wist Mdvcl sepyeadat ed

Si tuatfions wher beropessst Kofe: ‘ seensat ec
he same T THE e AFfaaraiel By BT 3, o B FEIRTRER I, RiGed Bk 2V

t he transeaadterrapie, Forgruoe Boreovéatotre araintd garfedn.f ethethaeressarseanttbmedicsi on.
If the nmotion.vectors.for,.the H 261 11‘ran§§ sQown i n _Fi gyre 2d arr-% denot ed
orm E?S at 8I' or

by FL,0, PRSTEHOES UH0T 0% L0 & 1ontsr DeTPeS oy ST RO TP K
requi red uee boasdingiche srameRE(des cgnsiieradnn hecarongtto usé €d2@s stoldapivs: 20
" Fh, 795 RIS e T YPescol KETHE SEURHON Ml Mo bP Sty d Poliebrd heseiBsent
fromthe ke aphigrdsivenal., $RekOoiheesbieBBYESs ftOr oHIBA- 6 ORSRGLYE iveetdrI @RRh
o gfj' ot ;ogderé‘ﬂ%%,f&ia&?agﬁé 222‘3@2%.@%;'@%@? @f}?@'eg?r%mué‘%péﬁ‘:g&g%@? oo 3 v
F8, 7 F 9pr&ictich, thE ob\iod® éandldate; 4 avaifeBie, §s he sthafe sfep t6@vard- vector
VFS from the MPEG frame. If, on the other hand, the MPEG frame carries a
20 forward vector referencing a frame earlier by n frames (i.e. frame j-n), then this
vector can be divided by n to give a vector usable for frame n or indeed for the
intervening frame(s) j-1 ... j-n+ 1. This is notated here generically as VFN or, for
specific values of n as VF2, VF3 etc.
A second type of derivation takes note of the fact that if the MPEG signal
25 contains a backward vector for a frame j-1 {or j-n) relative to frame j, then the
negative of this (divided by n if need be) is a fair estimate VRS (or VRN) of the
wanted vector.
Thirdly, one may take the difference between two forward vectors to obtain
a forward difference vector VRD; and fourthly the negative of the difference
30 between two backward vectors (VRD}.
A mixed vector VMX, for example, for frame B7; = F9,6 + R7,9, may also be
useful but is not included in the present version.

Because none of the vectors shown in Figure 2b is actually guaranteed to

occur in particular subgroup of pictures, one may also include the possibility of



| 25~62wo. doc' 15 CLAIMS 1. . , 2 3 . MAY 2002 A transcoder conprising a
decoder for decoding a received video signal 5 coded according to &3fWA%2002
codi ng sc | oyi ng notion-conpensated interfranme predict] i.ng in
whi ch fra%rsg%g‘?gﬁcoded out of sequence such that the codi ng&#/(gg%sﬁpgg r ames
i nvol ves prediction froma later franme using backward notion vectors, and
an encoder for reencoding the signal aggording to a second codi ng schene in
whi ch at | east sone franes are coded using notion-conpensated inter 10
frame preéding NPevessai Aerivktan aotpasdy ErEIeREE ¢ amy Ralr DIEtFd- nldds fvansane in
the secongdaCqf NGoBEHERE ASnd ladriveli vddi&r bhingt abH@LRIPSENRER veRN AL € i Sed
in that the transcoder includes notion vector processing neans (32) to
gener at e hwveyeri gaewd thist posurvieod o Wilbenly egaur éhthe plogls infauelstioviodgbe
signal, t ' ct.or .pr sl ' nect ed 1o i.ye, when
pr ocessi n%?rvee %%@ggﬁgorc‘(amégsr ﬁ%ﬁﬁ 'JF fleg?re, a@%“ggé{gg?ogc’%\%h?esc%} Pll‘ltFna ?Iﬂgﬁﬁéggi ved

si gnal 5 abtebvbipak\caatbd eaddd @nen ottiee bldokanmehobutgoangvii d8a sgeaial , and bei ng

ble ¢t t he sj f back ' t ti
St 1 mat ocAB PO TE AR T Se 146 5By oL nE BRaaUE: CIRGToF EoSRE R R SRrhy

forward ppediction. 20 2. A transcoder conprising a decoder for decoding a

recei ved_ALuij s.c.hacce_aupL-gﬁi ng
not i on- cloiPE s\éﬁ%gﬂﬂ nt er f r ap¥RYVBYi cti ve cdd/y i n which Y#Rines are doded

out of SEGUETICR \FREL Hnat g ¢ [-0=QRs5 $ONE 1T anes 1 nvol ves predr ctijon
froma ljater [frame using backward notion vectors, and an encoder for

reencodi ng t He=§7&nal accor g7h\§4b2'a=second TodiMNg!'25 schnEflh!\whi ch at

| east sojre fr AL =coded| usirags not i on- cogeasat.ed i ntierrRkeaREepPr edi ctive
codi ng bpsed g 2 reference ér?‘gf ich is pot the sanme |in the second

codi ng sche E5% is in the YR?EEcBdi ng [schene, charagcterised in tjhat
t he transcodey6)ivrd(pzlesFaBt | ©ARV,OCt or processi ng nmeans ([32) to generate an
esti mat ed not QN ct r for|la current frame| of the video| signal, the |notion
vect or pfocesking 0" teans bei ng connected fo receive, when processing
vectors for dEerent frame| vectors which,|in the received signal,
acconpanygRl [ Fagks UE; B ITET of VANE. OLr¥BE VI deo signal, egdyR&; My oper abl e
to reverse the sign of ‘backward notion vectbrs when genefating estimated
noti on vect or| PoYFikelby t he 4eMBBEE! ThER I RV Hg=us| nl§/FSRHE! d

predi cti pn anfwlpg d ncl udi ng| wpans-aper-&Bles | pg,6aF7,§ out [otion estimation

. '7' 1 1

o

“Cpe A el U T T T Pl W ey =

'/,F9,6 F9,6-F8,6

B8, 1) VF2 = % F8,6 7) VR2(j-1) = 4) VFD = F8,6- 5) VRD =
2) VFS(j-1) = -%R7,9 F7.6 - {R7,9-R8,9}
F7,6 3) VRS = -R8,9 8) VFD(j+ 1) =
6) VF3(j+1) = F9,6-F8,6
'/,F9,6

P9, 5) VF3 = '/,F9,6 1) VRS{j-1} = -R8,9 2} VFD = F9,6-
6) VF2(j-1) = 9) VR2{j-2} = F8,6 4) VRD{(j-1) =
%2F8,6 -%R7,9 3} VED(j-1) = - (R7,9-R8,9)
7) VFS{j-2} = 10) VR2{j+ 1) = F8,6-F7,6
F7.6 -%R10,12
8} VFS(j+ 1)
=F10,9
11) VF3 (j+ 3) =

'15F12,9




25362wo. doc ' 1 ~ ;o ~ . . 23 : MAY 20p2 16 within a search, area
centred on a position determ ned by the estimted notion vector. 3.2A MAY 2002

transcodew@%qg ng to claim?2 wherein the signals repres
i mge divided into blocks of picture elenents, wherein the%]ilaByd/&%\

estimation neans is arranged to carry out notion estimation on a
bl ock- by-bI ock basi s 4 A transcoder azcording to any one of the preceding
cl ai s, cl udl buf %uel\ri ng the received notion vectors

33
and del ay eEHs° %??ﬂa”f"BP Sfﬁ’(e 9‘5??%5“(% ¥ deo signal's prior to reencoding.

5. A transcoderp@csmg ahB Gsiddle abyw#86setort VIES 4 8GESIY NG €drdi i VeBtoMELB the
noti on ve tor proceSS| ng} nmeans i s operable to produce an esti nated mot i on

vect or whi'@R Be {i5escrledRaskWard ¥egacisvamys ﬁﬂ?lr@H qfdest rckpyasehvactar fib9of t he
recei ved gbenph, 1Tnatd1ed ﬁoh@&wtah@ &Héfe‘%@& \‘;erc‘i‘HPanQ né BIANEIGFreptiEr di Ng

to any one of t he preceding clains in which the estimted notion vectors
gener attedVestot-he notion vector processing neans include: at |east one

O oot Ot Bbr BEShousald 3PP LY ORIk Sl 3 68l AelowEl 5l 8 ©f 20

the notion vector froma frane the recelv ich i'nvol've

predi cti ohsfsceled dackwaobmssouts menusdrd barkwardvectof .frdmtRgnsTiedesciacardr di ng
to any on f the precedjng n which the i on, vector cessi ng
neans i s g'ﬁ%rr% G V‘?écorp oh‘lf %'? ﬁen§§t?eﬁﬁ/tega ’%?WB;PE\?E&%‘? Vfgt‘{ﬂkﬁ’@halaé Yhe
differ encB?betlwefeﬂﬂwla&cHM&mhdéUBItB@ dvfesr0des bétwagent i ofurarievaed veb@rrpgei ved
si gnal A transcoder according to any one of the preceding clains in
whi ch 1tcheBﬁ‘é‘)ts|f8rr’("?fgc“teﬁforproceSS| ng means (321 is operable to generate one

of nore of a 30rpt pbal thkYscaledPREF R Coc@8H isBHLhiriDdf 28 1¥86dr@Nactdt from
accordance with a predeterm ned hierarchy. 9. A transcoder according to any

one of th&splEctumsed Citiarance is Wi @'ﬁfefwen‘iﬁw‘@ﬁ”v@&v@r fnece ysEing rﬁé@ns
(32) is OB, @bl‘@m}a?d Q%E:%rat'ﬂwe‘%e Rk uﬁ@'éctabédot)aékward vector “and z?\o’ bicléw?rdl AY

3szwo. doo :
2002 17 cdﬁéhrdmeevwm mat ed noti on vectors and t he or a notion estimation

means 1) is @bl I th n estimated notion, vectors
and to{szel ect o(r%ggléjf éﬁ%r%r dange\}é\%}?rﬁ gcr?%d%trgﬁ%%ﬁ e@?ﬁtet?el g%“veg fi@ A
t r anscodewrveareofdat megriyoframgsone of the precedl ng clains wherein the two

coding sehermes QB oyl L el RIS, L SIS BT B Syt R e
re orderi Rigritéon 6€Bkgdassu@aalthat any given version of the apparatus uses one of
these oniy).:
20 i) hierarchical;
(i) evaluation;
(iii) a combination of the two.
In the hierarchical method, the processor 32 operates in accordance with a
preferred order of the vector types. These depend on the frame type, and are
25 shown by the numbering in the table, so for 16, the hierarchy might be: VFS{j+ 1),
VRSIj-1), VFD(j-1), VF2(j-1), VRD(j-1), VFS(j-2), VR2(j-2), VR2(J + 1) and VF3(j+3).
Thus for 16, the processor reads VFS{j+ 1) from the buffer if it is available.
If not, it reads VRS(j-1). If this is not available then it reads out the two vectors
necessary to calculate VFD(j-1}, and subtracts them to form the derived vector.
30 And soon.
in the evaluation method, the processor computes all the available
candidate vectors for the current block and forwards them to the motion vector
estimation unit 31 which then evaluates them by, for each vector, forming a

predicted block using that vector (after a search as described below, if this option



10 11. A nethod of transcoding a received video signal coded according to a
first coding schene enpl oyi ng notion-conpensated inter-frane prediz& iMAY 2002
coding in_which frames are coded out of sequence such that the codi of
some fran®® PAIbves prediction froma later frane using bdGEEBW RSB on
vectors into a signal according to a second coding schenme in which at |east
some frames are coded using nmotion 15 ¢gnpensated inter-frame predictive
codi ng based on a reference franme which is not the sane in the second

codi ng sdhéstdayséd) argl talcylhting iar metrsotiunl aschensim ofia@baciuer diféaeines)

pr ocessi hegei yed i t r.at ed rmtlon vect or
For o ourtshEeR Ao BRlGRE eIFGL 30T, 58 FRREHE' & 3RelRd, oLy TBar g ¥

responsi mOsmAnmtrmmxagevinggth\eec\tvessmbmc a current frane, vectors which, in
t he received signal cco n east e other frame of the vi deo
signal, and inc ?“U%Fﬂ'é‘ EIRS a ¥H‘Ee§|a§}‘? ﬁaﬁaﬁ‘kﬂb?tﬁmn@ﬁw VEEER) Bafhihen

gener ati e aRirhb&t 86 vERLIOTo Ve WFatédlis UsRe f‘cort%oﬁ’r'sﬂgews(bl@&aFQrtWeﬁj
prediction. 12. A nethod of transcoding a received video signal coded

accor di nga\egabie Meciers sgonsigfired) nsHiReRrde eRisEeiResP e lish- conpensat ed
inter-frame pr eﬁn@fpbyg?‘gomﬁgh' Aoriifuil 8TBSe ML EABFEbAHeGh ARANECE
such that the codin sone frames Involves prediction froma |ater frane
usi ng backivgsitiy': mimtfﬁ@n i eoe @iossmm aislgsthgnbieraadied dheirot dha rsetandectodi ng
scheme | M lifbind $39scBONE {0 AR AliEcSREH 1 WGHIRL) ANGAIRERS BeC
inter-frane predi ctive co ased a re erence ane ch™is not 30

t he sage the t/bl@tosetmoadtabmm rag stfbemborashd mat®ni medthe dstinstiosodhin@iscbene,

char act o) S85rD BRSERShlel SR E T A ¥ SR ASURIRNT B

processi ngecibeP MBUBJtHLIRONGbYEn Vdtesr wsﬂﬁ@ﬁsh Ngniv €XT OfriéDro@ FldkibENt
frame, vectors which, in the received, si 9{1 acconpany at | east one other
frame of BHENIARY & }PAEN 2ERT tf‘ﬁd?‘iﬂiloﬁ‘g &’\Péﬁhsisnﬂ)etﬁ’rﬁ%'”ed by the received
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recodi®y usi ng Tbiswaridupraed én iFigvrand. Byhisheneids mgperten sxfdpe drareastgreng out
notion es Ng i a t n ti ed by
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L0 14 2" RHTRIA O ROl IoOH SGiEEER foR Y BaESh Al L WRHEs SGBREVATPRAGHe the

esti mat ed dgbn QRtMABGHEradk Gtbork E‘de&é'l'ihlrﬁ@ﬂlﬁt;lsﬁwelﬁec@fve'&i heofi® vedtoy @8y pforf rom a
frame of the received signal other than the current franme. 16. A nethod

accor di ngthobsy, Beerethesulitiastar! 2 6ar5diont {FiaPRrative: esti mat ed noti on

vectors generat gd byt 28dBPLEQRME &b AhisPIPEES BF RS IMVEhti&e halvel8astiinae
nmotion vector for previous-frame prediction which |s a scal ed version of

t he noti omatixy estimaten mcarrrreﬁmé of he FeoticacdoirdM e thiei RIBCes$00I3%ed
pr edi CésO]?n I.gt%w sB9RpS qgs he/ &t @rL SFodnba Bositidn oAtsTBLRR tﬁgeaﬁgwg to

any one of clains e notion vector processing I ncludes
gener at i ngplark estcierrad:c&t*ldmatlam br/e(nnoﬁrrvdunchmpsesehtedZFwdrﬂﬁé enetice esttoeen
backward notian vect ranes of the received signal. 18. A

R S casr o A B e Sha B 231 % o 15 (b ehlon the anii o

For instance, suppose that the motion vector MV'; received for a current

block {shown is solid lines in Figure 4) at the position A in a current picture

30 specifies a shift from the the position A to the position B shown in double lines.

Further motion estimation is then carried out in a search area 26 around position B
(indicated by dotted lines).

Conventionally, according to the H.261 or the MPEG standard, motion

estimation is carried out for a search area of + 8 or + 16 pixels around the block.
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25 In the event that one or more vectors is absent from the incoming signal,
vector estimates for non-consecutive frame prediction might be generated by
multiplying the incoming vectors, e.g.:

F'86 =2 *F87
F'86 =2*F7,6
30 F'9,6 =3*F9,8
F'9,6 =3*F87
F'9,6 =3 *F7,6
R'7,9 =-2*F9,8
R'7,9 = -2 *F8,7.
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)1 y1#10% ; & () -! A"trhiskY8EXBEMBlising a decoder for decoding a received video signal
H10%: ()1 FLOYE ()1 110 12179 100G ()-y! o 100838 (¥ <y
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| @$10%0%ding of @gdme@)mmwmg%lon from a later frame using backward motlon

vectors, and an encoder for reencoding the signal according to a second coding
scheme in which at least some frames are coded using motion-compensated inter-
10 frame predictive coding based on a reference frame which is not the same in the
second coding scheme as it is in the first coding scheme, characterised in that the
transcoder includes motion vector processing means (32) to generate an estimated
motion vector for a current frame of the video signal, the motion vector processing
means being connected to receive, when processing vectors for a current frame,
15 vectors which, in the received signal, accompany at least one other frame of the video
signal, and being operable to reverse the sign of backward motion vectors when

generating estimated motion vector for use by the encoder when re-encoding using

forward prediction.

20 2. A transcoder comprising a decoder for decoding a received video signal
coded according to a first coding scheme employing motion-compensated inter-
frame predictive coding in which frames are coded out of sequence such that the
coding of some frames involves prediction from a later frame using backward motion
vectors, and an encoder for reencoding the signal according to a second coding

25 scheme in which at least some frames are coded using motion-compensated inter-
frame predictive coding based on a reference frame which is not the same in the
second coding scheme as it is in the first coding scheme, characterised in that the
transcoder includes motion vector processing means (32) to generate an estimated
motion vector for a current frame of the video signal, the motion vector processing

30 means being connected to receive, wheﬁ processing vectors for a current frame,
vectors which, in the received signal, accompany at least one other frame of the video
signal, and being operable to reverse the sign of backward motion vectors when
generating estimatad motion vector for use by the encoder when re-encoding using

forward prediction and by including means operable to carry out motion estimation
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5. A transcoder according to any one of the preceding claims in which the
motion vector processing means is operable to produce an estimated motion vector
which is the reverse of a backward motion vector from a frame of the received signal

15 other than the current frame.

6. A transcoder according to any one of the preceding claims in which the

estimated motion vectors generated by the motion vector processing means include:

at least one motion vector for previous-frame prediction which is a scaled version of
20 the motion vector from a frame of the received signal which involved prediction from a

non-consecutive earlier frame.

7. A transcoder according to any one of the preceding claims in which the
motion vector processing means is operable to produce an estimated motion vector

25 which is the difference between backward motion vectors from two frames of the
received signal.

8. A transcoder according to any one of the preceding claims in which the
motion vector processing means (32) is operable to generate one of more of a
30 plurality of possible estimated motion vectors in accordance with a predetermined

hierarchy.

8. A transcoder according to any one of the preceding claims in which the

motion vector processing means (32) is operable to generate a plurality of
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30 the same in the second coding scheme as it is in the first coding scheme,
characterised by processing received motion vectors to generate an estimated motion
vector for a current frame of the video signal, the processing step being responsive,
when processing vectors for a current frame, vectors which, in the received signal,

accompany at least one other frame of the video signal, and including reversing the
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ector processing gen ates one of mare of a plurality of possible estimated

motion vectors in accordance with a predetermined hierarchy.

30

19. A method according to any one of claims 11 to 18 in which the motion

vector processing generates a plurality of candidate estimated motion vectors and

the method includes motion estimation to evaluate the candidate estimated motion

vectors and to select one in accordance with a predetermined criterion.
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