s, €3e| 4u| ppgs(Dsft 6t T4uw}; | 18/ 1212002 1 DESCRI PTI ON FRAME- ACCURATE EDI TI NG
’G: ENCODED AN SEQUENCES 5 The present invention relates to the storage,
retrieval and editing of frane-based coded audi o and/or video data 1g/12/2002
particularly, but not essentially, in conjunction with optical disc storage
for the data and the use of MPEG conpliant coding schenes. o In recent
times, a need has arisen for both domestic and commercial audi o and/or

vi deo (herein "@Ec'?c@‘p,%,qt uses to support a greater anount of user
interactivity, and arising fromthis is a need for seam ess joining of AlV
segnents in which the transition between the end of one segnent and the

start of the next RRANE-AGCURATE EDITING OFIENCOBED AVESEQUENCER s i npl i es
that fromthe user's point of viewthere is no perceptible change in the

viewed frane rate and the audj o conti nues uninterrupted. qpl i cations for
seanl ess vided are nlRePHRSEN iRveHiopdpiptes e e sormos: fet'E”Q)@é%” adifingiphg t he
editing of hone frmns- laaseand:oab@ aadiovahdff cideoredataalpabticaiskly, and ebher

di'scontinuities dJ.q erltfaliy) Sﬁy&%tn% Wi’tﬂ%gﬁ%al R SEdrabe foF‘tHethﬁé aﬁé%@uf‘é | ncl ude

vi deo sequence back uter”genera I mages an
exanpl e use of t%h Gﬂ'ﬁpkﬂjﬁcﬁﬂmgécﬂﬁéﬂ%ﬁn an| mat ed character running in
front of an MPEG coded vi deo sequence. Another is a series of

char act er - usefo |t of Gt u003 RRBSC SeAnaloblecions! 53, Cohisithgre the

outcone of an 25 interaction wni o ppears nex
devel opment of tRMNereial pudip Andiajevidas: (hekeipi é\(\ﬁbéﬁpﬁﬁ?&%sttﬁé%@'ﬁ  vi ewer)
can influence t hgestéoambuntcof Bsarniafergutiviey, anal arising frempthishisaa ueed fohooses to

Loer will Lose o8 é&e&é@%ﬁ*ﬁ%ﬁ%“WkﬁefﬁﬁﬁFWﬂ”% ff?ﬁﬂaﬂsﬂiﬁ%?vs%ﬂﬁ e e
wat chi ng a novi €f 088 spameatAdihgistait el thasexay b e&ﬁnﬁ@ SRty by the

particul ar thtselesoddr. aThishimpiEEGhatofrpini thiet usarise peiat loﬂ\mHWIthﬂgepsefb ctive
SQ‘;Z?LP% t’gt ‘Sﬂfﬁ&eiée%ﬂaé %r%rn%@tun'tﬁ?%?\k‘%l? fr‘éh%f’?atgoénoeﬂ{e ahélot&ﬁt hJij C't 3r2§t
(GOP) to the fi mntw%%d of ARPltafersoor Iséﬁméqséné‘df*?oﬁﬁeoﬁé"‘ﬁ%ﬁ r\&lﬁh ly

sel ected frane tpartRof fdomestibiuses Including ¢he eatting af Fimelepeiuteand dése tim ng

and buffering C‘?Qrﬁh{}é}' E'F% W&&FP%P&(@ afig cY{‘néH dE%ontmuutel:8 1?%@099 X 2

di scussed furth ererna herefo e present
i nvention to #hawPadcaghdoaterigr st BP@Q?ratﬁiﬁaH‘péﬁﬁd/ '6?'“913 dé’@e@l i $PAUBRCH 1 ane

sequences in a Wagkybueds fk spites (doemputer geneeatéd inmegbs)y dnhexdmptausé b
perceptibl e di SRMEQ@W&% would be an animated character running in front of an
MPEG coded video sequence. Another is a series of character-user
interactions presented as short seamless clips where the outcome of an

25 interaction will determine which clip appears next. A development of this is
interactive motion pictures where the user (viewer) can influence the
storyline. Branch points along the path a user chooses to take through the
interactive movie should appear seamless, otherwise the user will lose the
suspension of disbelief normally associated with watching a movie.

30 A problem with frame-based coding schemes, in particular those such as
the MPEG-compliant schemes involving predictive encoding between frames for
at least the video content, is that it is not possible to simply jump from the last
frame in a first group of pictures (GOP) to the first frame of a new GOP, let alone
from one arbitrarily selected frame to another. This is due to temporal

35 dependencies, timing and buffering constraints among others, as will be
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1 n ‘accordance with the present invention there is provided a data
*processi ng apparatus conprising nmeans operable to read sequences of
framebased data froma storage device and to edit the sanme, such asg@2bpgk
froma first edit point in a first frane sequence to a second edit point in
a second sequence, 1.0 wherein for each of2 the stor ed franme sequences a
nunber of the frames (hereinafter referred to as "I-franmes") are
intra-coded, w thaud Eﬁfnﬁé%?e%] gr, 2Ny ot her frame of the sequence, a nunber
(herei nafter referrea to as " rames”) are respectively coded with
reference to one further frame of the sequence, and the remai nder
(herei nafter referret it thensforeBarf bisjan f theapessre Speatdnviel shabiededdost oh 15
reference to t A tus
W(?sto%d m{oeantiw; bi B&f ch[)% & FF&?neOJegﬁ&%e§ﬁ%% y%ﬂ;hgpﬁwﬁgaﬁq@

i ncluding bri % generati on means % rame
sequence to i IPetJ‘H'%ﬁdf"I’"thg‘ﬂt CHUNIRSEGRLPIRAPOBRAAL s, by sel ective
i ncorporation of framesacidrdamcé heithsther p@sérit ristenadrd tigee 0§ (hrovideaea Setpiences

d | ect d
cequence as. det dros e BipaliS AhyRBhSrBknd b @EBabilalohosf akkrl
fromthe first ﬁae%%%wéé&c?@ﬁ@égcqwtea tefhesfgme wec%%tsé@tfr%aémt
poi nts,, wher ei n edh@oibtih ddiest frame rsaduente tveasEondeditryoinn gedsdcondlsdoaerce,
respective ti & #HoflPTor! dhch 8 a‘hbrsiére@ngn%egéaagncze%%rnﬁér enthd fghugles means

operable to derive a val ue specif i sconti nuilt ween the tine

p «bt 5018 ey
stanps, to cal culeeiBafign refpraceto gsg Bém 8HpPliedntra-epdes nthertaiefssense 19 RBY second
sequence t o renmier frane oPthe decriency, & nunber (IBanelndfer appiley teas W-fednfiesBtard 0 t he
second sequence. .4y aﬂeg omm@%cw Shetfhf%he‘?rfr%ﬁ]%fft 3%&2&%8% Whese is

provided a met hod 't ng seguences g franme-base ta such as to link
froma first edi"®MaB&t( h?rﬁ'”é q'flrf*‘f§fr9q AR @'érﬁﬁ‘@ﬁé@rq GPSREQXY F8ALMEN poi nt i n
a second sequemcref,erenhﬂoawaof @bredatHer Diméde the sapervenie apEsatas muudﬁeg of the
frames (herei nafbtn?ée ?_' ne a'ilmgar)s c%ﬁi%u?b% tb ere%t% actf?lgﬁéjf]’;arm géﬁg& certg rﬁgrtﬁéme to

any other franme o e segu nce,

respectivel y cod® and eecopeedt eoicte *{yo'selﬁ’ﬁ@’ef"ﬂﬁofﬁ?é"’r“mﬁ P%l?ﬁ%“%"ff“t”hg‘esfé‘?j%nce and
t he remai nder ( Hiestantaédoad ffaBefsemmSes)arairselelcﬂa&peodangeifpne(odetdre/wftthe
reference to tWQra%sWﬁfﬁ tlﬁé%ﬁo‘é@ %Jeﬂ?&s ?éte Q&g thfb 0, Ee first

i ncludi ng the_st se uence to
and second 35 (écﬂ t‘hepﬁﬁ”ﬂﬁssfmrﬁ Né* fHFtl ﬂ‘@esefs?'}&’n%*qé%’l‘fﬁ%H’@@aieH@drt%FeéP?cﬁ%e franmes
fromthe first adpointtBWiséir Hedridgesganeratiod maanes is egargied ésdatedt respadtiect | ve

recoding of frargs il f dd'sPiilag.REANENEE, BRI 1 u&%trﬁéamsgraaélté he

codi ng type of ranes fromt I st second sequences 1 ndi cated by
the respective &l§fiYe ¥l specifvigadiscaetingit etveendhe ‘é‘%?)é‘é'F‘P%éo F3IeHR & BANps i n
the first and seffeeidtossqagtiedsy ticlerstanpsgofathy akcendSsegpaceftyiragod said

di sconti nuity,b éﬁ@ﬁfﬁuw‘ﬁd% ng|ys§amet t&ﬂe%@é&ﬁ's@%;eﬁ@e of fset to be applied

to time stanps o second sequence renove s di sconti nui tg and
appl ying said off set "YSB iR H@%"é‘&%ﬂ'%@ﬁﬁ?ﬁ%@ invejtiofder fs RrAvided q gl equence
generation, whi dbr euiting bequehtescl édmbpasedsiata sibh gs tdink froraragfist edib saittin on of a
si gnal processi rggf.retprpﬂeaééaaem%ﬂé 5B6bndLRdfR ih BB Isoh B dweréaﬂi

e I ng vi deo-

st or age devi ce, neans 1S provi ress

and/ or audi o- f r &% afctEﬁF%’P‘éS%%eP%eslarf“’mbé@ é%{ﬁ?’l‘%srﬂ‘gﬁwaﬂ%ﬁ"hffq"éﬁs Y¥ogr am
st reans wher e30 hietcacmsied, ofithbhicrefezenpe rtalang efhen treme i of sSheasehubndef, @r mumgbenodel s
used in such COd(h&ganﬁl% "BHh b 5a‘?éﬂ'e§;9eci$é§% r‘ﬁwre{%'réméf‘o&wlét@l}féhﬂérﬁée edits

cannot be nmade at an rane oun er features o resent
invention are r égltb%&e?%”?%é‘”ﬁttf‘%é inqer é'i“?f%‘”af{eﬁeB(fﬁag’@F O EPSBECtflY ch i s
i ncor por at ed hereeded bigh reédrerce ha o amtbré turtiréri frmeks loé the sagemse; aitd @athodn i s now

directed. These At RekoASReakiRg @biddd i eenid-s ARk aikians selfier | Ded i

terns of exeaﬁ (y non-limt erre

enbodi nent s wP? |eHAREe "&Fe%’&#gPB'@a’eb‘fqb\%ﬁPed’P°°&%ﬂﬁ'ﬁ$ apRs ;f°m2'beé' Rl 20 t h
reference to the acconpanying drawings in which: Figure 1 is a block
schematic representation of an optical disc record/reply apparatus suitable
to enbody the invention; Figure 2 is a nore detail ed schemati c show ng
conponents within 25 the apparatus of Figure 1; Figure 3 represents the
recordi ng of blocks of information in sequence areas on an optical disc;




-Fidure 4 represents the playback of information stored on the disc in
“Figure 3; so Figure 5 generally illustrates the editing of stored video
data, with bridge sequences omtted; Figure 6 represents the requir egl12/2002
splice points for a pair. of MPEG video picture streans in presentation
order; Figure 7 illustrates sequence boursdaries in relation to a generated
35 bridge sequence; 18/ 1212002 4 Figure 8 schenatically represents
differences in dudiabifidledibi2e Afdsdbifedratbalor FbABESiiAtnd Bhlde r €l ation

to data pack size; Figure 9 rgpresents the crealjon ‘gje segnent
bet ween two AN F?%C%Bﬂﬂﬁéﬂ%tef InediRy 1Be podiier WPa Bf e Tgees é[P@sth% & 8Ppacket
lag in a conpousedcodli\sepamiced inslicated roy tffmeesfpetttlvewdmg)odltssmTciupmgodetecmi ders in

particular AN d 0 t S Q| EC
11172 or NPEQL recine dRE Sedd FREPS I ol SollEries Bt S g"%eﬁ hough

the skilled pradPeqTyiahardisgont ““PyeE‘?ﬁ\fj?ﬁ”s@et“H@ SHpPS: CaRyIRiNgyALPISERhER B esent
i nvention to ot taepheA/td/tlme)sluamgs sfcthe sasndh edquemceco fnovesaidaisapritiuityhendVPEG

standard. The fall |t,t;§e5% @m/g h&cRresent invention addresses the
probl em of naki nlm!)gl deo- or aﬁ I O- Pl#ar?e accurate edits in an MPEG ~ 5

Program St ream V\/ner et yb‘é‘%ﬁhg‘@ byfige sRAuBRGSHSI SR MEITH &Py ReseHeseI N eri ng
nodel s, used i n SREGycaufigged aabsattion iob laesignag prosessipy eapparatua repding elagdi t s

cannot be madg %néf&ytofér@lnﬁonpgrwgt@{]aée dleﬂcé)radﬁ{eaﬁsoﬁfﬁ%éédtt%té%idF‘eQE ttr?é”'gi

bri dge sequences ar (Pgener ate uences of MPEG
data that are eSFRPETLP]akingnddsoy apser aCJPﬁ'f'?B‘eaFcﬁ‘Hﬁﬁe%d"?B‘ REGeeBPiEpkd) to
|l ink together twod Glml|§ﬂ pagramesteachs mgsrep bedais®fdied tampéral ddpehddneieslestr i bed,

in certain ci rC%Egér@P(}ﬁit}els'J e@‘?&@tﬁ@% 8%%@%0& eQmB%éhhﬁhésy shfgdg. and

re-encode secti In or s ruct a valid MPEG stream
The final el enefOPaste ﬁ@ts\f’?%{é)éb%ﬂi‘?%*e ftany fraBaPPWdadt ruct ure or play list. 25
This instruct® t he pFenhebdedtursy of e Ipcaserttoingsmtiere ace rdclted ing khet Btacbéd eans. |t

contains the oty o SRS which ® iRGALECATLANY LiBlenidrahl palput the

start of the brlgge sequence. It contal ns m?orrra tion ag where to junp
into the second '&%ﬁee%%w eReeR ﬁé‘oé’n%feE)tht ﬁ@esﬁrqnﬂd’g‘eséﬁﬂ?éﬁc% theI pveRioN al so
contai n other i rfofurtidridescribed imtdcas obax@gemnbutabnlihiting leenpobimekts alswer . 30

Filgure. 1 shovs an ermhalERimRliniisAAR A6t SueStihal Gud 108 ol Ry Pr esent

invention, in_the formof an optical disc recor aybac deV|ce In
the descri pt i Th 3¢f th?\éef%%’ﬁ‘&ﬁ%?‘ﬁ§°°°L’Wi’é‘”¥i%9n‘ﬂ?‘|‘"ﬁ%s BtV PParre based vi deo signals

is concentrated upon, although it wll be recognised that other types of
signal may alternat ehgue}r] 1agdhtmea@ls&ryenbéhcpre%@s%ﬁeﬁon SCah ptida d@wdi o or
data signals, ar}gcor eply appargt\l{lgrs]mta%le osemgod%/ t!'\e/ mvgﬁtllc;ncabl e to other
Figure 2 is a more detailed schematic showing components within
25 the apparatus of Figure 1;
Figure 3 represents the recording of blocks of information in
sequence areas on an optical disc;
Figure 4 represents the playback of information stored on the disc
in Figure 3;
30 Figure 5 generally illustrates the editing of stored video data, with
bridge sequences omitted;
Figure 6 represents the required splice points for a pair of MPEG
video picture streams in presentation order;
Figure 7 illustrates sequence boundaries in relation to a generated

35 bridge sequence;



-5 menory devices such as magnetic data storage neans and conmputer hard disc
drives. The apparatus conprises an input termnal 1 for receiving a video
signal to be recorded on optical disc 3. Further, the apparatus conps/izes2
‘an output terminal 2 for. supplying a video signal reproduced fromthe disc.
The data area of the disc 3 consists of & contiguous range of physical
sectors, having correspondi ng sector addresses. This address space is

di vided into sequencejgire8Sschiinhlicaly TESEEANE dHePshdaSi AU PatRANH JURYS
sequence of sectors. . The apparatus g"s,shmﬁ/n n F%h%ure 1 1's deconposed into
two maj or syst ePAULQ S pes gRd ferela ‘B%ipsqaé goSitPwhat is referred to
herein as the video Figum Beepresdrdy sheconestiaoof a dridgengedoert redweerdiweg and

pl ayback. The tvhyshrysiqaBRcadf Sngharacterised by a nunber of features, as
wi |l be readily undefst oo ,Cn'I?Jdi ng, that the disc subs at can pe

addr essed trarspar ent |94 Ot'iﬁfsﬁéteafa P@Qfeté%ﬂjfrbgs@é”%‘é d‘iw PR PANt ee a
maxi mum sust ai nabkambi trate for reading and/or witing. Figure 2 shows a
schematic version of the apparatus in nore detail. The apparatus conprises
a signal processing it,100 which is incorporated in the subsystem 8 of
Figure 1. The signal L}B? o@ég‘é"inﬂgdﬁ?ﬁ“lpa% %@%P?cé? vetieyar \ﬁ/geggg'f:%al vi a
the input term rwle_ralingrmthmdmetsstbe.MFPEG\sitarei_ar@_a(ﬂSOIIECd 1372HamM§’|E_C§Ii gnal for
recording on vl S SartidhiscABONE o380 ol NPERY dallfbugShed skl 102 1 s

provi ded, incorporated in t di s¢c subsystem 6 of Figyre 1, The read/wite
et 102" compr | BERCSTRrIH iROERSH AR G of 56 RS eBlon Hoother

from witing toAfdtcodiay sdheoesnotiosonformancg vk the MREG 6tindar. present for
Feadi wite anpl i f1or geoichury BctrBes HolPlle MBSl AIbA BANSET NS | 5 and
from the i ac 3 ProbiFmdmae Vigesn and i idiramg achtiates Ko FoMBLG of
control signals supgraimedtieans ivdesd, betsesat éfotheu fenopdrai2 dependeoriepr asessor 114
is present for %ﬁfefi&j oRelsalsed il RIFE S CBHNG ademGIgRELiRY, sidpld &R%nd16. 118,
and 120. The si na{en%tocesm ng unit 100 is algqal‘gt@ed to Convert the video
data received viPEStEHI SROROLDEMAGRRL any;fh RY-of information in the
channel signal: the # erleofo fakitaltd edtitmg,Midgmﬁequmésara;mndmﬁe.da-rihabl e but
may (for exanpl g4 g RplowashueldEs af PEBdathiRatUré bSpetIly cdRgtrictefiirPt €d to
35 wite a blgck of I'nf Oéﬁ%’[l on 85: thE ch nngl S|.&nall ih.a seg@@%g area on
1811212002  1B121PRRRI S0 S LREcTied tiodnk {9pether Awo QHANAL{SErHIERS © pondi ng
to the original datalebs willgreedesarigedmn ¢ertain circLmstencys,JeTpeones necessary hat ar e
not necessarily tS%Ftiaﬁl)“@éb%de_aaﬁd@éént?@dé%ﬂohé‘oﬁthﬁ daef R H0 bAdraMm of
Figure 3, which arr,ﬁg}@ggn& is known as fragnented recording. It I1s a
characteristic &Vl iS¥880Wyb- systemthat it is able to record and wite
such fragnented recofterigsl ¢lementindbg hideo edités a confroltstraetutkeadplandst, | n

order to enabhe 1§ kgt thel P1&y-¥AKESsEM Row & SEGRMcE thraligitfie! dv@amisecor di ng
step on the disc r oVl ut unit

3, th t furth ded
130 for receivin Cg'ﬁta@gitt?gg@g‘?%ﬂ'?L{grﬁln:(s@ﬁgotr'ﬁ@%Lﬁt%aﬁa'ﬁwq\ywﬂﬁgg‘mgri‘egnaI 0
recorded on t he sarsof Bedmidgé sequancei W cantains mfarmatippsboitovhegredppinm ) in a

second video i Gfgling Seaiiieslroah Bifing 3RE of ifebridlideuenal.| ¥ mdys@ppar at us

conprises a bri orated in the

dqi sequepce generating unit 1 i ngor
S ghal " pr ocessi HOMAN SHEhBIOTaHoLErERAR AGIRETCT M Hiy SERKRAREE fo I nk
the two vi dep3Qst reayrfigmse ﬂ$hmsanieDMdinnerd@f an Iapnﬁ'ahsrselitamett@hostlﬂm:or di ng
of a video si analredinklini2htibh! A e friCup &ACopchh el R66ACENd Pidgbgek e 3. I
t he vi deo recorég. sutisyﬁten% i he vh&eo S| 9&?;" V\%gl S ]afreal ti
signal, is conveél®Vic§- iIRttRe dereiption ofine: apRarals: e e PIrREDLESLr part
of Figure 3. Theidemabighalads faoneentmtad sipsn,oéltreoughidt edlls be mreodgrisegintiat

other types of signal may alternately or additionally be processed, such as

35 audio or data signals, and that the invention is equally applicable to other



-20 'bl ock sequences SEQ for recording in correspondi ng (although fragnented)
sequence areas. There is no constraint on the |ocation of the sequence
areas on the disc and, hence, any two consecutive sequence areas comgf2/30029
‘portions of data of the.video signal recorded may be anywhere in the

| ogi cal address space LAS as shown in thé& |ower part of 25 Figure 3. Wthin
each sequence area, real tine data is allocated contiguously. Each real
time file repreﬁeerp,t, ade%ic%'éhcﬁ/éé fldgRatp da_t'aestéﬁatg% ﬂteaﬁé‘%nﬁ'\bo?ﬁﬁﬁ&m i's

obt ai ned by con natl n the sequence data in the order of the fil

sequence. Next, B%@ (§f a video signal recorded on the disc 3 w II be
30 briefly di scussedTm aphparefusrcampeises aRiioputdermind® Tafoh aedeiviig a videdeo si gnal

is controlled by ﬂsﬁesoé)recardeh@ﬁw.bammBolFu&R@rCiheOéaﬁrém chimpasaer al

each PBC program de1 F §\g¥p ﬁlgaCk S '}?i y.conprise an
edited versionr 6P QURYLISIRYDa)F RIFURRRING 2 ‘é\ éer%ﬂ@‘éce a(??&“ E’%ﬁ%cpem fy a
sequence of segnent sThe atata esgreof ithe dwq&euwelstsr ehs. colig@ausreandeeockeen from
conpari son of Figudiesg s%ct%?éj Ifbvmbh@orr%légorﬁd?r‘?d“séagr Eeres%%' 1%%0%rgssr ecreate

t he ori gi nal f|Ie se fromFE ders nment ed
recorded segnenfBatsh! e'”EP ﬁP‘& ekarp %n’é{'ﬂélj”cé‘ég%‘?rl?ﬁ ?S?r%%%ﬁdl ng to

t he ori gi nal sequetgueusﬁbeumtofm@cmfs oiibe @appamatus ag shmvrslngﬁgmsa T écorded on
the disc 3 '5105d§b<zrﬁ 5 pEseRdinid Mb Fn%d?rs?%?n bartd I ity T Mf@b%hbi;}%@é’r‘ﬁet}{‘“_ vi deo

signals indicate se CeSs, 0 fragr%nts narre

fife
B'. For realisif§ %(h%td % &9 U@ stPoRein Aet fﬁ?roe"?ﬁ%% sy aqegw %ecor ded
earlier, a new keB@rglingyrbath irecaydingr ane dbléylrackief iTiiengwe heubaysteseqarence

obt ai ned by Con%ﬁér%&%rl'sé@ H?aétrﬁjrrﬁﬂé?”&fei%é ur&d, é%!\‘v\ﬂ?%@rr‘ébaigﬁuhﬂer@toﬁﬁw order
The parts may be

f he sa cordin ferent recordings.
order to play béﬂ%’ c?{'rr%a?H% sysien ‘%Pg’r%‘i‘}%jr"‘?st?ﬁg transpregy '(‘gﬁ@sor rmr e)
real tinme filés oh@rdabadrbes@lsrandraad guaramteteg otldmuniisustainaple kikate foew dat a
streamthat is obifh %/Mﬁm@catenatl ng parts of the streans represent ed
by each real-tine fi E Wgs his is |J ustrat dfor E pr ogram
that i 5 uses three Qrufes sy ?F@Pﬁm?qc"eﬁ'%ﬂ fGPP?'E Sf'i‘l”?é’r%de gure 5
shows the edi tedThﬁerappanat% acarsprisesa apaignigl Rrocassinge uniicd@8 siwbichofs ar eas of

file A and conti; i t f le A
Then repr oduc} ﬂHéF‘p%rér't@Er ijh trfilé)'sﬁﬁs Et%rﬂ 8 df Jr‘é”ﬁ ?ﬁ&%@ﬂﬁﬁ%ﬁggs%é@euml e B

2na cont1 nuecdOpireREen Meideh S6ral R e DEuLBIBAL L SAE SH0GRIPS 18 B | Nex:
reproduction j unvieodiata inte atdhenpeisignaP®rirecartisg sartee fdidce3. BA rehd/phitaray be a

point earlier Irmnrthﬁdléétseeo%sueéheefnn%e%@r%r&rce@s .morﬁdrétedantthémrwe poi nt
P3, or a point later .successj on tha poi nt P5

in the sequence Y %Vétﬁ‘"h 6f‘%l doyse e o F i (R WY H%‘G‘ﬁﬂ%fé’@%‘ﬁ??? rﬁﬂﬁﬂr’i’f'%% The
gener ati on of brheddd02%osfigyred farsedding from/wniting<o optices disz-P3Pagitibring PS5 has

been om tted iy maﬁrsgrrreear% r@éer’ftﬁfé‘rs%b‘-’rtrdhingcﬂh@rﬂéa)ﬂ 1d4hi‘ﬁ 4 PRR& Hreb®n and
means for generation, of e se

d. As
will be general [BaSads Q'Lsﬁgdsﬁf /W'%?Iamﬂ H @dﬁﬁr%"{]@l%{ %’tg’%r’]ﬁ"gﬁeebased
rat her than fi elthb isigpels tedand frgm thei dis¢ S. bécmu'@e tRerotpee thed dBo duimi t of
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"that the video presentation units defined in the bit-streamshall be
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Figure 5 for reasons of clarity: the reasons for, and means for generation

of, these bridge sequences will now be considered.
As will be generally understood, the following examples relate to
frame-based rather than field-based editing: this is because the general
30 unit of video encoding in MPEG is the frame. It will be recognised by the
skilled person that MPEG compliance is not mandatory (as mentioned
above) and that the techniques described herein may be also applied to

non-MPEG field-based data.

In order to create a seamless edit from one MPEG stream to
35 another using a bridge sequence, a number of factors and conditions have
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- Re-encodi ng may be unavoi dabl e because the reference picture used is no
| onger present; - Re-encoding is indicated because the reference picture
has changed, but because it is the sane picture content (although 18/12/2002

‘re-encoded) it nay be decided to copy rather than re-encode, trading

accuracy for speed; - Re-encoding is chosen in order to reduce the
bit-rate. There are a few conbi nati ons of cases that have to be consi dered,

~5as wll be @@58Bb?nge&)%Ls%erﬁél?ﬁEQ%ﬁ%ﬁ@%g@érédhﬁ dle{%‘ilth%@néfterp and B

have their convention meani n types;
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di spl ay order, Nldeossﬂuesrl pt | etters indicate source or destination, and

the bold type face idgpy h%é’%hb@r\geago%rbaﬁﬁrﬂ ln%#ﬁtﬁé”‘tdré% Jbe current

20 exanpl e. Theflrst exa ourc Icture e first
sequence) to jufprasaéllf H‘§° ﬁr@tﬁmﬁhﬁé’"dgﬁsﬁqlé%‘lcﬁy order: 25
| Gs B1sB2s P3sB4sBgs Ps RBIal s Posdies il therd iis bi thasigeeiamesoldton, seamless

| osB- 1SB- ZSPSSBIrpﬁﬁI ?ﬁ@ &%ﬁt@eéﬁ?@q dl frhélé?& daﬁ t%' ﬂ‘] efdrpm frame

B5s, the decode ncor ect ere e edlt out
point is a B pi &ipied pYRdSrQhP f?e 'HBOQJI?VF e(e&rg‘é‘?&gu' Vfe8 ey or der)

P-picture and resede the B-pi ctures I n the bridge sequence. The sequence of

pictures up tg the o

| OsB- i sB- 2sP3sBl sstgﬁE@' ; ‘?Béfwi_%%ﬁé h%'%fﬁﬁ%?%%é@ﬁ@ mkst be preserved. (1 or
P) picture t akeRCFAS§ A {IePHest i nati on stream and B 4S BySs correspond in
pi cture content to smtweddrarmgm‘aégfﬁrm&gm&r BAL): BbiSebaitirauntstareesncoded

based on { he newskRices eABMANCLA Sniy Botbii8ed i @dfibAI 60 na 0

ensure a "clean bre co nection a bove, |cture codlng

type of B 4s sh&BT“cEP aparatup. 2§ Bie Mbing fRduien @ ?Wﬂ”&gtq d&MicAt o t he
sour ce sequente sgic IREFthEI dB;ﬁlaanwchonMng dé standardisoands e framiesratesoi ded.

Wth this Chang%hoﬁlﬁ%é@ﬁ%@ﬁ'&§v&39&3¢vﬁér‘é0§r5pdé9ibfe‘? t he out point becones:
Picture types: different operations will be required depending on the
picture type (I,P,B) involved, as discussed below.
Turning now to the audio issues, the first is that of gaps. For an edit
20 in a combined A/V stream, the join will generally be seamless in video, but
there may be a discontinuity in the audio frame structure - either in the
form of a gap or an overlap, due to audio frames generally being of
different duration to video frames. To handle this, information is needed in
the playlist to help player control. Another audio issue is that of frame
25 structure, with it being the responsibility of the creator of the bridge
sequence to ensure that a continuous sequence of complete audio frames
is presented to the decoder.
Considering multiplex issues, jumps in the System Clock
Reference (SCR) time-base can happen at any frame boundary at the
30 connection, and consequently the decoder has to be able to reconstruct
the correct time-base. Additionally, across all seamless jumps, System
Target Decoder (STD) bounds must be respected, with it being the
responsibility of the process that creates a bridge sequence to ensure this.
From multiplexing, the issue of audio skew arises: in a typical
35 implementation there will be a skew between the arrival times of



-1 O8B- 1sB- 2sP3sB1sB2sP~4s B5s i 5 In the next exanple, the source picture to

“junp out fromis a P- or /picture. In display order, the original sequence
i s: 1 0sBl sB2sPssBaSBSsPsSB~SBssPssBl osBl s 20 In bit-stream order: 18/12/2002
1 0SB- 1sB- zsP3sB1SBz5Ps SBasBSsPsSB~SBss | f the out point is P6s, then the
junp is made after B5s in bit-streamordeé. 25 Al pictures in the sequence
junped out fromw Il decode correctly and can therefore be sinply copied.
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| CdB1dB2dP3dB4dBYa@bdBTeBedmygBa0dBIedE. n bit-stream order the original
desti nation sequence rinally, 3tel GrRcid4IByse PRGRHAB2AB6S B4 dRaH RY IBFRBRsh

181121 2002 13 The conposite bridge sequence. |S: X X X X X

p6BadB5dPodB A RHISTIRI APt tns FeSORBDGY (e oEesh Bal §Paes hcoded
from the source esiédoernsere Tadtiee sequirementsafoe sniGide e redntiguooin arkas e we | unp
on an |/ P-pictungetor a B-picture, as above) with the respective follow ng
possibilities for thgéxxx stream 1 é@B— 1sB- 23P3tsBlsB s, REF. PI COB 4S B 5s
| OsB- 1sB- 2sP3sB1sB2s S[ggglgggy suggested, connections in terms of decoding an

presentation of the video stream are to be made seamlessly, as generally

10 illustrated in Figure 6. Therefore, unnecessary pictures after the out-point
or before the in-point are excluded during a process that re-encodes a part
of the sequences around the edit point. Continuous supply of data is a
precondition for the seamless decoding, which supply must be guaranteed
by the file system.

15 At the end of a sequence before the connection (SEQ.1), an MPEG
End of Sequence code is placed and at the start of the sequence after the
connection point (SEQ.2) there is a sequence header. The video material
at the end of SEQ.1 and the start of SEQ.2 is likely to need to be re-
encoded. As shown in Figure 7, the connection is made by creating a

20 video bridge sequence. The bridge sequence consists of re-encoded
video from the original content on either side of the out-point and in-point.
The first part of the bridge forms the end of SEQ.1. |t is a piece of coded
video up to and including the intended out-point. It is re-encoded to
connect to the previous frames of SEQ.1 and form a continuous, compliant

25 elementary stream. Similarly, the second part of the bridge forms the
head of SEQ.2. It consists of coded data from the in-point in SEQ.2
onhwards. This data is re-encoded to give an effective start point for
decoding, and to connect to the rest of SEQ.2 to form a continuous,
compliant elementary stream. The video-bridge contains the connection

30 between the two sequences. All video data in SEQ.1 and SEQ.2 is
compliant with the MPEG- Video specification, with SEQ.2 starting with an
I-picture and GOP header. The I-picture is the first presentation unit in that
GOP (temporal reference = 0). This ensures that there is a “clean break”
between the video data of the sequence, and means that the last byte of

35 video data from SEQ.1 is delivered before any bytes of video data from



-In‘either case Psd needs to be re-encoded as it has lost its reference 15
pi cture; B4d nust be renoved fromthe sequence; B5d nust be re encoded; and
Psd and all other pictures in the GOP (G oup of Pictures) should be1g/12/2002
‘re-encoded because Psd has been re-encoded. Normally however it nay be
possible to sinply eopy Psd and accept liomted quality degradati on caused
by m smatch, although all pictures after the splice nay 20 need the

eporal el o964 it ARBORANORA By oD AR B ReC o21
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shoul d be re- encadrdiiohuvith neitreey flmenel @ermieldsgepisi ini thatpresersatiopl gt thecal cul at e
the tenporal refgifigss: 25 The last of these exanples considers the case
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sequence as neither are relevant tqo the e e tream  and Pled and all
other pictures MHPIRX el‘sé'%g'ﬂdﬂﬂbe E@g?re'-”e‘i'mﬁz%l‘ %&Qﬂw BRUWCASE been
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limted quali tyggﬁgfsa&‘@téﬂnﬂﬁ%cg%Y%eQn ¥|ré?é?er{8e5trmé-ﬁrﬁb sadt tHab e il élzysu ctures

after the splice may need enporal reference to be changed.
descri bed above; a?‘h"Y‘PH@ the P%'?”%B‘W'éﬁeﬁﬁff’_sﬁ’i C may be replaced by changing
the frame type of BiBer fil® aBacaiorstbe conndotion issconsbuetall soThatréamtjngaust he fi el d

sequence, this ishy Bﬁdé’céﬁ‘sgﬁ&éﬁﬂte@&’béﬂ% gegzjgine&m% Rl donelly diRbhtha

frame-structured coding w fhout us|n 0 is 1s’'th dtgault
action when &di e ﬁ\ug'pg‘éstﬁﬁg‘ér?sfﬁ’%ﬁ adiew C&g%? frat i ﬁoraré%ciecfg)p first
field (rff) andbbdips fof SED.1 iandtSEQ2f Chbbsins thar pmys paint2éut(diPpESosgiaaldar d

encoder opti ons hafNg! EFG.ﬁetoiaSnE\ﬁ%‘ﬂ&,datiBﬁ_c%ﬂf%Hﬁﬁg fHeSéith HOSEDAN EPsatisfy
preservation. This be

made easier if e oded, picture i
ti me- st anped DT@W’FE%’%@ER%@OWO%OQ%HH? %Yoé%gﬁ’f Q?Faowpq'i‘ e é?aéifﬁ)e In case
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be ek Con el STAEAURSECE pey e el a1 plipen e €0, Tt
the nul ti pl exi nééqlgreeoﬁ—g‘?r'%ﬁ&ég# %8 bt”Hﬁ‘? ag‘?qaﬁﬂ%?cé’"?%?i”%g@ 4nq Qf feRilvered to
t_he i nput of t hepdSTr[é ﬁgﬁ@!f SEﬂﬁ_irﬂdlmcﬁmg tﬂmtraulfimiex-ﬁf&ﬁge&) sheulddleichesartito Thi s
gives a single ‘é%@é?%%h&ﬁbﬁs)’oﬁ’%é‘?ehﬂis&ib@ SHe! dredicHatRymdias Card e ot h

SsEgéﬁt ?2|d| ;E Q2 point at vevﬂicﬁ%q:sd. ?Jnems bgéi(et%etﬁg %pléilngl drg%g sgg&én%gl%o&lglt}ehough not

30 chosen to satisfy the above-mentioned condition on the allocation of
contiguous blocks.

It should be noted that the jump points near the end of SEQ.1 and
near the start of SEQ.2 are not directly linked to the start and end of the
multiplex-bridge. They should be chosen by the system creating the edit

35 to meet the allocation rules. It is always possible to chose jump points to
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" mul tiplexing nethods may be used. The coding and nulti pl exi ng of video
packs in both SEQ 1 and SEQ 2 are constrained for buffering continung/y2/26e
‘Wi Il be described bel ow: 5 The | ast audi o packet of an audio streamin
SEQ 1 contains the sanple that has a pres$entation interval that includes
the end of the presentation period of the last video picture in SEQ 1. The

first audio paclgdethe @anm@ug s&Fm%asr\umoﬁE@r?arpQMtadrp%h&nb@ otaimlig- that has
a presentation |nt er i ncludes the start of the presentation period

of the first vid8g° EIB?'mVe in SEQ2. This definition neans audi o packets at
the end of SEQ 1 andAtathet\h@ecssequenoé leSEQfr2mes\cap\eithen pe icapiet diom the i very

tDL ?ant Blea;ggui( rog mgi géefcﬁfenE@f&Wdéwaed Ant'thén Cra%e.cawéd Itdé?orﬁﬁtﬁéﬁsghggel O\C/ivat .
o anD) 2L Pa e sfaudhcRe TE et siom s, O eter 6 r2BBsadt Corn@poRE ST, (e
STD nodel oper ator ngpyadorfimpravhe speciDeliesdel orgaffispeeral npas@@: | EC 13818- 1

(MPEG 2 Systens): 'nREIEn%oMYﬁy mgpabluwuﬂa%%h@é it réerdiRb pigi 0 and
vi deo can be guarante e e transition fromone sequence to

another, it is PR RB ertpﬁ%%nﬁrre base of SEQ 2 will not be the same as
SEQ 1. It is requireBetdngodipg ishdndivatedmecalsn b véferencelapigtu | hascont i nue

seam essly. ThelcRahgad, Bat @ébagy@nhsatﬂe@dmerpléth@ dahmmlmbu@mréemdea audi o
present ation unlts dllngtlrre

D oo P omt 1 il Py T pcited 6Bl eltnet, o resncalley, FRo Hroli3ey ot

sequence to t he spe¢dige sequence and then 25 on to the second sequence,

there will be a._changg. én'&oéhhﬁlstéH&erbﬁ‘ﬁ&dQFtotrQ&xc%% BL%E’TS time-stanps
recorded with the st t wo Sﬁ%ﬁ nces neet

e o il 6 of i e TE R 2 B amPTetons te4ske daStHAvg 18 pe SASHERE. T or (e
fol I owi ng exatPplas wilhbe Hesdiived bieldye |8 dupseraxemBldsethadettersiliistanddjbavece A and

second sequence fegjr édhvbht%r%pn@éaﬂgé th tePRE laf MPfEG'bFétJPé‘%r ﬁraﬁiezt?pésn tRyt es

gi ven by An. Each %r Erureerasﬁd%mqn Eﬁ ?f % I%hr on; *rrghstra s based
on the system clSHRECTBY&yMerals golgwing gl Jramectypelefigls dicaig, g JiEamsrs ang
PTS recorded i n dispiayberder, rtreeasruhﬁcrlbweéersemdl@atempmwrmtlwlouesnd dworded in
the bit-streanDhgrptype3Jaddl Ridiffies tAS/ aa%aﬁé}Zfr&ﬁ]eEmbtrmr@t We dena start

code that is ellver d into the STD nodel at a tine that can be derived
fromthe recot déd®8B] val ues SCRan. Each picture has a start code as an
actual time in the STbenfrdklexamplehineh thet sourse dpiciwerEdmientiro thaefirStTrD buf f er

SCRa, n. 5 The pisghudReP) juRH dutfrdm ds BIRGUence A
In display order:

25 |gsB1sB2sP3sB4sBssPesB7sBssPosB1osB11s
In bit-stream order:

losB-15B-2sP3sB1sB2sPesB4sBssPssB7sBaes

30
If the jump is direct from frame Bss, the decoder will incorrectly display Pes.
Therefore, if the edit-out point is a B-picture, the jump must be made on
the previous (display order) P-picture and recode the B-pictures in the
bridge sequence. The sequence of pictures up to the out point is then:

35



-SCR An = SCRa, n and DTS~An = DTSAn applying for all pictures n (in other
"words, the systemclock in the player and the tinme-base recorded in the
streamare the sane). In cases where this is not true (for exanple &ft1®mpooa
‘previous junp) they will- differ by a constant. Considering the timng of
vi deo presentation, 'the presentation is ¢»dntinuous wthout a gap through
the connection. Using the follow ng: 15 PTS end the PTS in the bitstream of

the last video p Lol BB, UREE Bic B PTS2Start the PTS in the
bi t st r eam of the&??s?rgz |63t5 e‘%)s present aﬁgg# unit of SEQ 2. TPP the

presentation period of the | ast video presentation unit of 20 SEQ 1. Then
t he of f set bet wedwerea REFt RIC s arefbmpes (| @TR) pielutentakes froal thel destidatianom dat a

in the two bits fe] | d + TPP
o ST dol ta%fr@%ﬁgfﬁé Bl QV%%coﬁéspgﬁﬂ:-tﬁ' |<§t@re cg&%ftﬁnééur%g S{%?ngp\n deo

n
oS The § g TS R Fo By EG 5 AERNGPIeHDaRY Pl BBMEETENG ent or ed

the STC, input tpiglarag to the STD |s determ ned by the SCR s of the packs in
SEQ 1 and the STC Tkﬁar{ EIEB?héHvB ﬁéﬁe&f éeﬁh@ré%n Sr‘éfaﬁ'fcéﬁh%ct%w at the

mux rate of SEQ1. T enters the
buffer is T2. @SlﬁXPLa Weﬁea%ﬁvb@? pégiursfpgg\g.typqqa %éh?‘:‘ﬂ eaﬁjh&f‘gecb?cket s,
then one of a nlﬂ’nﬂn@necsb tB5t fhedsjetion ot thel sourcensempiencanof Rl BIM&otro use:

1811212002 17;A 24nel jging to
the STD i s de1t e;{rﬁ_ﬁgﬁmagﬁ qu%n/rcr% gg%%sﬁcw‘%e@}%é@gg 08 %QM%néSéE%II 2, Wwhere

STC is cal cul aPidirgs up th@? eCOMEPC + SCR delta Note that this
definition of the input schedule creates an overlap in the delivery tine of

trailing audio 3gg¢ B1.B,0f, BEQ 1 and any | eading audio access units of
SEQ 2. There |sqtfloer\s?\;zslﬂ{]a% 5t § nterl eaving of the data between the two

sequences. Vi deo packs shall be constructed so that they do not overl ap.
Decoders requis e somn thdaieki exaaiple dice sourceé pieturetp jump out from is a P- or I-

picture. In display order, the original sequence is:
losB1sB2sP3sB4sBssPesB7sBasPasB1osB11s

20 In bit-stream order:
losB-15B-25P3sB15sB2sPgsBasBssPasB7sBss

If the out point is Pss, then the jump is made after Bss in bit-stream order.
25 All pictures in the sequence jumped out from will decode correctly and can
therefore be simply copied. The case is the same for an |-picture instead
of a P-picture.
In the third example, the destination picture to jump to is a B-
picture. In display order the original destination sequence is:
30
loaB 14B24dP34dB4dB5dPesB7dBsdPadB10dB114

In bit-stream order the original destination sequence is:

35 lggB-14B-2dP3dB1dB2dPedB4aBsdPadB74Bad



(about 1s) to handle the overlap in tine-bases. i 5 1In relation to

" buffering there are several situations to be considered. The nost
restrictive is when full conpliance to the MPEG 2 PS STD nodel is resgu2/p@.
‘A nore rel axed consideration allows an increased (double-sized) buffer
during the transitions into the bridge seéfjuence. For full STD conpli ance,
MPEG PS has a requirenent that data does not 20 spend nore than 1 s in the
STD buffer. Therefore 1 s after a junp it is known that the only data in
the STD buffer ﬁ_rres fromthe new sequence. W can construct the delivery
time (SCR) of tH&€ICREPORYR Rriqge qeggenc}slg pack containing video data
delivered from SEQ 1 by exam ning the SCR val ues of the packets of SEQ 1
and from nmux_r at t 25 val ue is SCRwdeo end. Taki ng:
SCR~vi deo end a e)@e/(a)bge)i g% b%?@%%@%%ed as the last byte of the |ast

vi deo pack of 5SEQ.l is delivered to the STD: it can be calculated fromthe
SCRs in the pachHeesadlm K ofaréSH@ Dicurds Jopiedxonr ed-encod8ER Py dibe stuace as t he
val ue of SCR codgd, hmefré bR twdl 8 ?@ecdén%g%ﬁ%?etﬁéméwg%ioh anfhe time

base of SEQ 2) eo staft as t \t;%) Cg rojected
onto the time-bas#® 'freSEQi tRigt Brerra?ﬁ )C‘M'Frht 8 HsPegiveodrlio

18112/ 2002 18 SERa8sibitites fot tetXXoX &f@An2vi deo start - STC delta For the STD to
be conpliant grross the junp two conditions are required, the first of
Which is delivery_ of trajlpng dig LN Q1l (foll owed byleadlng audio in
SEQ 2) shoul d b@sﬁmﬁczaPhBuB?snRgﬁepl%?ésr & defined by SCR-wdeo end and
SCRZvi deo st art losBSHELPI:BMB:PRERBsdleo end + ATA < SCR2vi deo start '~' ATB
Not e that ATB has been added to the inequality as a result of allow ng

IeadingaudiopckesmSQZ Tosatlsf th| i nequality

necessary to re BReCasd e NeeRRIP 95 (@x 6’\5 '6% s dostijist 'F?tfesr@aénces

The second retﬁupnc&ufeC(Bldl tmast bes réﬂnaVedjédorrvdamg/ sefjuenaede Bsh rroustSe€). ré- f ol | owed
by video from S%Qc@deoasane%dﬂg éwoﬁw innthéE@oiv gfﬂé %fffﬁﬁé?ére's SEQ 2
projected onto same tine- %S se no vid ﬁ‘?ﬁ rflow.
Turning to the S08YY PedEeRNco ‘?ﬂsj E@‘t'sr?nl ﬁ‘g ﬁl?ttP?eﬁ‘aEEkE'i‘c Fpgn allf here is

normal | y a substremevel it sieyvbepossitie td binpdy copyalPgqt antegcoept h:rDI1Equma§m |y
decoded audi o anfqi@&oh ALY MRkaldh, FHUUGE afBictures after the splice may
20 need the temporal reference to be changed. Again, in order to preserve
the clean break at the connection, we can re-encode and change the
picture type of Pss to I-frame. B4 must be excluded and Bs is re-encoded.
Again, all frames should be re-encoded, but it may be deemed sufficient to
simply recalculate the temporal references.
25 The last of these examples considers the case where the
destination picture to jump to is an I- or P-picture. In display order the
original destination sequence is:

loaB14B2dP3dB4dBsiPedB7dBsdPeaB10dB 11dP12dB134B14dP 154
30
In bit-stream order the original destination sequence is:

lodB-1dB-2dP34B1dB23PedB44BsdP3aB7dBsdP126B10dB11¢P15¢B13dB14d

35 The composite bridge sequence is:



-20 ‘average). This neans that, at the end of reading the last franme of video
requi r-ed from sequence A another several franes of audio (and of course
vi‘deo unless it can be skipped) have to be read fromthe multipl exeds/12/2002
‘'stream Either the junp mmust be del ayed and the video stopped, or
prefereably the audio nust be renmultiplexéed into the bridge sequence. 25
Referring to Figure 10, if video packet V4 contains the end of the |ast
video picture before the junp. it is probable that audi o packets A2, A3, A4
will need to be fro equence_A and copied and renul tiplexed into
t he bridge sequ@ﬁgé{Q%%gggﬁﬁﬁﬁéﬁ%a%ﬁﬁ%%Bﬁﬁplies with the junp back into
sequence C ao after the bridge. The first audio franmes reached are |ikely

to be earlier iRRESRAAL 19 the Fotli@3 bopltd YF HSBnedaduNFo B BRlréd . bul
t he audi o nust_be conti n?igtﬁs acr Qss

t he junp. Haying chosen the junp point
for video, it 5 SoAUCIEsafy RAOTRRRETS @E W HASEHeleRRFBG, o thether Wiy
sequence w || nagrop ontan I&Uoh aBipictgreqwitmthe fallovdiag gendralised pobsibiliiesfogaps,
because of the %é?(f(k‘%’ﬁ%%ﬁn audio and  18/1212002 19 video frame
duration, there w be breaks in the periodicity of audio fram ng at the
poi nt a seanml ess (in video) splice is, made. This break is up to about 1
audi o frane (24rmB-1iBesPeBgBh REF_RIC B 40Beur near the video frane that marks
the splice. Tygnng.ig i |, g.the play list would help the audio
decoder to rranag}(gel'gt%?%p%rggsg%. S,A\Bt4s’r'3t5?1e disc allocation | evel, once the
el ementary streans and nul tiplex requirenents have been net, it is also
necessary to endoraitheheaase Res breedgdo dmqeeenmded dsoihdpaerostgts sferehed it can

be allocated to HoGRNE,IUPHBY, MEE belreRBUEEHERSHEBchlEN W SCneiflRf afd1at the
o Snuch. o e 8 1 oBURG She et e S SR B
Eur opean pat et shppldi beaterentoded b8GRB6 FB3h&As béer recercdtied:Nvweved #98ay The

basi c requirenmends hsdisiatt fé%pl?{l%p ab Ll GHY & cQ;%)}tsﬁmi?éU‘Ehghsg gste'g@a?ﬁ&me bri dge

sequence i s between 2-4 I\/l% tes’in P ngth and that .th r ragnents on
o ther s de of - 18058 PYdes PUSHRRtEs ITGEEN Al BiFtureRaieE e ShICE TRLPPSTT  on i <
not, however, appe¢iterapdral tederahte tabeschahged. hdsfadesedivdchgbowss imdheefidescri bed

a nmeans to addr : [=1%s] i i o b7 accurate
odits in WEG%%%W?Q2?@%%‘?&%52{%‘%‘%%?2%5?‘?%%%“%%?2?‘9%%825§£%of the

temporal 20 d BRI k-ering models used in MPEG and sinilar
codi ng and nul ti pl exiTaging ¢hdieyfield, segquepte thist rartibp ayesereeld tasrasarmot be

nmade at any f ra%aﬁ%ﬁécﬁéfny - Nbﬂnéﬂy‘iﬁiﬁh frameagiukiuted 8o&@HY titBut m@p%%rzzer ate
bri dge sequences

- that . 0 hort se ces of toding-conpljant data
that are especi £L'I"9°V¥'6h‘§gt ?SJE? Qg‘%%/"t Sﬁ"‘fcﬁ‘e‘”ﬁ%{ﬂ%‘g{; "’Hé?@??(ﬁ%hﬁ&@@é’f '?'IQ' l'i nk
together 25 two [Iair'sginn@aserrepeatgiimg_ﬁequ(rfm top_fisldnifirstr(tft) dlags aFe ased eadi ng
the present dpsqhpeis-Stan@hfaesnitrieh %bti&fé?_ﬂ’l‘éﬁ 'caFéeisaBQé’dé?mo ERs B 'S

skilled in the art.. Such variations, nay. i nvo]ve other features which are
al ready known i MAHRAEMIEIRVEIRR- ADisHHL bR BAberchseL  QYantsa6d BICUB o and or

vi deo signal s arihestappedntDTRPTS t(Pecatig afidhervhStampisesbertatisred Tirmst ead of
or in addition tRafPt i @RSe MdyeREVolRAEstRREANES PeBessandBldal AR LAl M5 20
and tff flags to determine the field sequence. This is a further criterion that
30 must be met on a jump.
In order to give the "clean break" at the edit points, the multiplexing
is constrained so that all data for SEQ.1 is delivered to the input of the
STD before the first data for SEQ.2 is delivered. This gives a single
discontinuity point in the supplied data. Note that both SEQ.1 and SEQ.2
35 when considered independently may suitably (although not essentially)



1. "A data processing apparatus conprising neans operable to read sequences
of frame-based data froma storage device and to edit the 5 sane, such as
tolink froma first edit point in a first frame sequence to a secotahzzbor
point in a second sequence, wherein for each of the stored frane sequences
a nunber of the frames (hereinafter "I-ftiames") are intra-coded, w thout
reference to any other frame of the sequence, a nunber (hereinafter

"P-frames") arecér%?b?%tthi|S@_/IEC°%€1§-1V\M§TU,%H% EhdrinQtiRBand Wdittsds frame of
t he sequence, and the re nder . her(fhﬁa}f Lg?r “Bf r rres"c% ar Le%gtl vely
coded wi th ref ofBHS Y555 norodRs 8d MitRising ol WsEogacknd Belihidd:  he
appar at us i ncl udnahGHR.Pdare apesteained éor bufferisg continuityr asl wilobe deatribed bri dge
frame sequence pgoli Nk the first and second edit points, by selective

i ncorporation_of fr s fromthe stored first and ~ econd fra
sequences and °sel ec%'a}sééﬂﬁ'ion%a%ﬁ Bﬁ@” Sudiopstreay in %ﬁ%‘?&?ﬂ?'% {F’ﬁi n the
bri dge sequencesawspldetiat ased frgsertationoditeryalt thae ifeludasBlheoknd hef theanes from
wherei n the. br i Bee e G ot R e ey T e i e
stanps in the fPg‘giegaﬂgda'k@E&Hds%é?\c%gé&nﬁ‘?’gﬁm ef Lﬁf’l’gb&%t&‘?\tsh%ﬁ)@r able to
derive a val ue pmsentatiomdintervel thabiriciudes ttye sttrinefethet presentationsperigosof t o
Femove sai d drsaoT PO SEAS, e s o o e ence.
25 5. Appar at us o8 O PRHLENT At B 9f Shilcs BP¥ Ve BREnESVERAIRS are
vi deo i mage fr athesreguited playdsibetigdodm thisitaserwitirbadsfines edowi gured to
construct the editedpy@gadalh tdf hhseduemBe f WP f pibgihg SESikeBCEingR bri dge
e
2

and from bridge to secon uence occurri al so fra ies. 3.
Appar at us as ol SPOHERCR D G Sisiols o s qsned Beaty e 1 o exed
arrangenent s 16f with diee STTPayedeal wpertidg as dert the A-3hB snadel dafinadhie 1I8O1IEGe

generation meangapfg-a(PEERY Jy8teis§SiANhis Whyl Bontiubdd BreserthtisforBamE al |
contributing vi f1rsf sequence prior to the contributing

dﬁ& frgrreédza fromthe

video franes fr8HIIPRBAYEESFANDEQYBFRNEEd 4. ‘Apparatus as clainmed in daim
3, wherein in the brbDding thedransiion dtom hee jsequencettomanthier,rists likaly tbatcond
sequence audi o {H{AfiRE-pEEEHESER. 2wMat B thPshfe BISEYYI Ot krafRirddngur at i on
and the bri dgz% eneration ne n(gq({éﬂ ar r.IEncg]?.d to |n§ert q_rﬂ over | %Epl ng audi o
frame in thi ggb% pregenatl ?fg‘? ta Wil FH|URG SPAMIERSY o f NEYeA% D8 dNg 4,
wherei n the bri dyerlape@Bf dnitba presergatiam timec of \dudip ppesenfatioat urts, afs a t ar get
llength for the Pyigsied jeageReae. is arranged to vary the number of franes

extracted 15 fromth I rSt _and/ or second sequyences such as, t t the
target length. 6. Ap a}eé‘fnﬁsogg‘ae(ﬁgpng@ei %a@pa g ,Ei'n\‘ﬂ)rstu'g? Phﬁli‘%g\/"ggﬁdge
generation rreganstreamawiltlaagﬂnp' fromshiirkt seguende t_osthe bdridgoseqeoomdnathien points
tf) 20 (rje_sul a 25Pohh§tﬁé‘§&%hd|s?ﬁgéﬂb%ef g{eré WA g a QIQ&]Q%QHW%e-bEseﬁp%aat us as
clainmed in ai ] ridge neration_neans.is.arran o]
et et vel'y ext LRI T fop'sfarebs feba g AR dhp ahedmaar BlecoiRiantheifs: o
poi nt and/ or fr et tife twe sequances seepidncibeahiddle ohtheskrdged Edjure Soi nt to
result in the taggrites aRQ! &rér@eﬂéﬁ? il kr%g?oll%@/ﬁ'léea%ple, with the bridge
sequence B between first sequence A and second sequence C. In the
30 example, each picture has a size in bytes given by An.
Each picture has decoding and presentation time stamps based on
the system clock DTSan, PTSan.
Each picture has a value for DTS and PTS recorded in the bit-
stream or inferred from previous values recorded in the bit-streamDTS an,
35 PTSan.



30°8. Apparatus as clained in Caim1l, wherein the storage device is

" witable, the apparatus further conprising a device recordi ng subsystem
‘operable to wite one or nore sequences of frame-based data to st orege/2002
| ocations on or within the storage device. 18/ 12/2002 35 . 22 9. A method
for editing sequences of frame-based dat® such as to link froma first edit
point in a first frame sequence to a second edit point in a second

?ﬁgggnﬁgftmererlel ][‘rfOEa @esbturf hdds sidrﬁé%estﬁgyﬁrﬂ“éﬁ%r@d weatiﬁée sgfe:) TE@%{L raonet ﬁer
l : y
frane of the sef h@ﬁr@g%h%{ Cﬁl]??ﬁé@”{%ﬁ@? ‘&#EG«QPF e&ﬁ%ﬁﬁ% lua séﬁ%“f‘espectl vel y
coded wit h ref er enceEach pictare has anstartfcodenas ah achual tirag iretheeS TR nehdehat

remai nder (her ejyAghidata .s%er.»@@afﬁ.tath@rsarrss@m@cw |y coded with reference to
two or nore fgrther ranes of equence the ‘et hod i ncl udi ng the step

of creating a’bridge rfer%!ﬁjé"%%%ﬂ?gdﬁ tolink the ~ o first and second edit
poi nts, the bri dgesdguanee Aequence i ncorporating franes fromthe first and

second frame segmgefgo/mthh sgh@ctbygAr(ggqrgkng of frarres w thin the bridge
sequence bei ng determ_ne the fr rres fromthe

o e SO ERG S-a P a (Bcphe) wiiBS, tersvslh, Blogkt s
i ncl udi ng det ecBn@@eriHB@@ese vezotdessn sheasfpsam @re the stné)i ris tcasesiwbereond

sequences, debi g1 ﬁotV@ué'%foﬁlé%m el é?ﬁaraa QFM@HUM& ttIYeyb\ﬁFllV\ﬁﬁéP B)h?a time
e applied to tinme stanps of the second

stanps, cal cul atw@in offset to
sequence to renB id discontinuity, and applying sald offset to the
second sequence. 20 Qonsiderimgt the dirsing aif aiiderd piesedatiomm e Mhs&réa‘ationt ise

sequence framscéﬂt%uﬁb@@ﬁhédﬁ%ﬁtﬁ@ﬁ@ﬁt@%nﬁ@é’udﬁd%i‘ﬁ tIREFHEWIRG: !
constructed with the junp fromfirst sequence to bridge and from bridge to

second seqguence ocgurrl ng at frane boundaries. 25 11. A nethod as cl ai ned
in Claim9, WRePébnnd he deegldiScinsthe ditpiréare ofntihe Iast gided paesemtajiomamits of
video i mage and audi o datzggpyes, with present ation in the bridge seguence

of all contributing videq, s ra sfromth uence, prior tothe
contributing vi E«'Ig faft arregh? %er‘ﬁ 'L"%eﬂ\t%‘?ﬁi“ hr@gwdg /pﬁﬁ NIt A et hod
as clained in daimi1l, W& in the brldge s5 sequence at the join

between first afg second tﬁ@ﬂk&@ﬁ%tl@h“éb@oé bAfRBIast wde%%rb&ﬁ’ft&tudrﬁuﬁt gap of up
to one audio frarre in dur@.:tqgn ich gap is filled by the insertion of an

over | appi ng 40di o frame A nmethod as clainmed in any of ains 9 to
12, wherein the storage device is an optical disc and the |ocation of the

3 equences of datrfed BRY SR8t bétwb@ﬁ'trfeat%%nﬁélbé’se%a@ré @éltaci%r&aﬁﬁ'ﬂa‘ied‘ﬁbﬂ by the
I SC. data in the two bitstreams as follows:

25 STC_delta + PTS%an = PTSena + Thp
Hence
STC_delta= PTS'ens - PTS%tan + Top

Up until time, T4 (SCR1V.deo_end), the time when the last video pack of
30 SEQ.1 has completely entered the STC, input timing to the STD is
determined by the SCR's of the packs in SEQ.1 and the STC. The
remaining packs of SEQ.1 shall enter the STD at the mux_rate of SEQ.1.
The time at which the last byte of SEQ.1 enters the buffer is T,. If N is the
number of bytes in the trailing audio packets, then one of a number of

35 possible calculation options would be to use:



.10 '14. A nethod as claimed in Caim9, wherein the frame indicated by the
"first.edit point is a B-frane and the junp to the first frame of the bridge
sequence i s nade on the nearest preceding P-frane in the display oredgi2edo
the first sequence. 15 15. A nethod as clained in Caim14, wherein the
first frame of the bridge sequence followng the junp conprises a reference
frame extracted fromthe second sequence foll owed by those B-frames of the
first sequence up to the edit poi nt, said B-frames having been re-encoded
20 with referenc t hﬁ ence frame. 16. A method as claimed in Caim
9, wherein the fD‘r rrg indi ca ?tﬁe first edit point is an I-frane or a
P-frame and the junp to the flrst 25 frame of the bridge sequence is made

fol l owing the n%ﬁﬁﬁém%s ngtd @ [§‘|stcﬁlﬁemﬁéd BY R #RE ke SPE: T 1 St

sequence. 17. A erein rame indi cated
by the second %d" th&) f‘P"&?FE '%W%t?%laﬁf%g\ﬂﬁence franes so
preceding the junp to the second sequence conprise those second seqguence
frames fromthe gigacesic Pddr@tpreceding the indicated frame in bit stream
order and any intervening B-ftTames. 35 18. A nethod as clainmed in Caim?9,
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full STD compliance, MPEG PS has a requirement that data does not
20 spend more than 1s in the STD buffer. Therefore 1s after a jump it is
known that the only data in the STD buffer comes from the new sequence.
We can construct the delivery time (SCR) of the last byte of the last
pack containing video data delivered from SEQ.1 by examining the SCR
values of the packets of SEQ.1 and from mux_rate: in the following this

25 value is SCRyieo end. Taking:

SCR1V.deo_end as the value of STC measured as the last byte of the last
video pack of SEQ.1 is delivered to the STD: it can be
calculated from the SCRs in the pack headers of SEQ.1 and
30 mux_rate.
SCR%yigeo_start @s the value of SCR coded in the first video pack of SEQ.2
(measured in the time base of SEQ.2)
SCsz.deo_stan as the value of SCR'zvideo_stan projected onto the time-base of

SEQ.1: this may be calculated as follows:
35
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15 SCRs in SEQ.2 projected onto the same time-base, shall cause no video
buffer overflow.

Turning to the audio issues, and beginning with packet alignment,
there is normally a substantial skew between the arrival times of
concurrently decoded audio and video (approximately >100ms on

20 average). This means that, at the end of reading the last frame of video
required from sequence A, another several frames of audio (and of course
video unless it can be skipped) have to be read from the multiplexed
stream. Either the jump must be delayed and the video stopped, or
prefereably the audio must be remultiplexed into the bridge sequence.

25 Referring to Figure 10, if video packet V4 contains the end of the last video
picture before the jump. it is probable that audio packets A2, A3, A4 will
need to be extracted from sequence A and copied and remultiplexed into
the bridge sequence.

The same situation applies with the jump back into sequence C

30 after the bridge. The first audio frames reached are likely to be earlier in
presentation time than the video at the jump point, but the audio must be
continuous across the jump. Having chosen the jump point for video, it is
necessary to make sure that the audio in the bridge sequence will match
the audio in sequence C.

35 In terms of audio gaps, because of the difference in audio and
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is that for one particular disc configuration, the bridge sequence is
between 2-4 Mbytes in length and that the parts of fragments on either
15 side of the bridge remain longer than 2 Mbytes: this restriction is not,
however, applicable to all cases.

In the foregoing, we have described a means to address the
problem of making video- and/or audio-frame accurate edits in MPEG-
compliant and similar program streams where, because of the temporal

20 dependencies and buffering models used in MPEG and similar coding and
multiplexing techniques, simple cut-and-paste edits cannot be made at any
frame boundary. In order to facilitate editing, we generate bridge
sequences - that is to say short sequences of coding-compliant data that
are especially constructed (in the manner described above) to link together

25 two original recordings of MPEG or similar data.

From reading the present disclosure, other variations will be
apparent to persons skilled in the art. Such variations may involve other
features which are already known in the methods and apparatuses for

30 editing of audio and/or video signals and component parts thereof and
which may be used instead of or in addition to features already described
herein.
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frame sequences a number of the frames (hereinafter "I-frames") are
intra-coded, without reference to any other frame of the sequence, a
number (hereinafter "P-frames") are respectively coded with reference to

10 one further frame of the sequence, and the remainder (hereinafter "B-
frames") are respectively coded with reference to two or more further
frames of the sequence; the apparatus including bridge generation means
configured to create a bridge frame sequence to link the first and second
edit points, by selective incorporation of frames from the stored first and

15 second frame sequences and selective recoding of one or more of the
frames within the bridge sequence as determined by the coding type
(I,P,B) of the frames from the first and second sequences indicated by the
respective edit points, wherein the bridge generation means is arranged to
detect respective time stamps in the first and second sequences and

20 includes means operable to derive a value specifying a discontinuity
between the time stamps, to calculate an offset to be applied to time
stamps of the second sequence to remove said discontinuity and to apply
said offset to the second sequence.

25

2. Apparatus as claimed in Claim 1, wherein the sequence
frames are video image frames and the bridge generation means is
configured to construct the edited sequence with the jump from first
sequence to bridge and from bridge to second sequence occurring at

30 frame boundaries.

3. Apparatus as claimed in Claim 1, wherein the sequences
comprise multiplexed arrangements of video image and audio data frames
35 and the bridge generation means is arranged to present in the bridge



. 10% & ()-09% 109%&' ()-!" %10%\&'() iiiiiikdEVK@!! 10Y

109% &.()- "10% & ()-Y f 10% & ()-Y Z 10% & ()-L@0% & ()-' L10% & ()-kk. 1l m
00} [ OVK@! ! “' 109\ & ()-!1{ "' 10%\ & ()-! ' 10%\ & ()-!'10%\ & ()-0l  18/12/2002
'S109% & () -fY10% & () - oop<p{ pppppdYNCO! ! ° 10\ 10\ 10\ F410% & ()- 110% & ()-
.10% & ()--10% & () - 21

S, 10% & () - ppppar r A<YNCO! ! 1 { 810% H{ H& () - F! 010%-H&! () - fl‘Slo%-lH&()-I
109848 () -L, 10%4&9,& éjaﬂ"éb‘ﬁm(ﬁm M@fﬂaméé K%t?é*ﬁ?&"bér@é&r

10H &10%H4&' () - L. H& Forhothe |
{t|] ~<SH=0! l(?{ cq %tg@g( cgegxp(frameslfg%\gg%§cf>§. %O‘(&?() r "0 - Foxxi y

Y10% 0& () - & 10% 0& ()-s' 910% 0& () - |}~~’?WX6SH:0|| : 10%00& () - (" : 10% u& ()
-m(! " : 10%0& () - n(ls 10% o' 0& ()-m(! : 10%)0&'() m(!.:10% o' 0& () - m 5678CF

CuSlO'h Y10%0Q&' () - YlO‘Vo & 10% o& "Ll % 10'0' o
10' o' 0! 8 10%%0 0& (¥-m( é%&%l%lﬁ'?‘ 9 f@‘?r‘%é P)t?‘quqrdﬂ@o/@o&' ()-
|~ YlO%)o&' () - ! gsaquEnee (9t-the "join (sebvén ﬂrs} ’thSHObhdS)SEQ%nr& aydi@Yrames
there is a gap of up to one audio frame in duration and the bridge
generation means is arranged to insert an overlapping audio frame in this

gap.
10

5. Apparatus as claimed in any of Claims 1 to 4, wherein the
bridge generation means, on receiving specification of a target length for
the bridge sequence, is arranged to vary the number of frames extracted

15 from the first and/or second sequences such as to meet the target length.

6. Apparatus as claimed in Claim 5, wherein the bridge
generation means is arranged to shift the first and/or second edit points to
20 result in the target length for the bridge sequence.

7. Apparatus as claimed in Claim 5, wherein the bridge

generation means is arranged to selectively extract frames of the first

25 sequence before the first edit point and/or frames of the second sequence

after the second edit point to result in the target length for the bridge
sequence.

30 8. Apparatus as claimed in Claim 1, wherein the storage device
is writable, the apparatus further comprising a device recording sub-
system operable to write one or more sequences of frame-based data to
storage locations on or within the storage device.

35
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number of the frames (hereinafter "I-frames") are intra-coded, without

5 reference to any other frame of the sequence, a number (hereinafter "P-
frames") are respectively coded with reference to one further frame of the
sequence, and the remainder (hereinafter "B-frames") are respectively
coded with reference to two or more further frames of the sequence; the
method including the step of creating a bridge frame sequence to link the

10 first and second edit points, the bridge frame sequence incorporating
frames from the first and second frame sequences with selective recoding
of frames within the bridge sequence being determined by the coding type
(1,P,B) of the frames from the first and second sequences indicated by the
respective edit points, including detecting respective time stamps in the

15 first and second sequences, deriving a value specifying a discontinuity
between the time stamps, calculating an offset to be applied to time
stamps of the second sequence to remove said discontinuity, and applying
said offset to the second sequence.

20
10. A method as claimed in Claim 9, wherein the sequence
frames are video image frames and the edited sequence is constructed
with the jump from first sequence to bridge and from bridge to second

sequence occurring at frame boundaries.
25

11. A method as claimed in Claim 9, wherein the sequences
comprise multiplexed arrangements of video image and audio data
frames, with presentation in the bridge sequence of all contributing video

30 frames from the first sequence prior to the contributing video frames from
the second sequence.

12. A method as claimed in Claim 11, wherein in the bridge
35 sequence at the join between first and second sequence audio frames
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5 13. A method as claimed in any of Claims 9 to 12, wherein the
storage device is an optical disc and the location of the sequences of data
thereon is indicated by a table of contents held by the disc.

10 14. A method as claimed in Claim 9, wherein the frame indicated
by the first edit point is a B-frame and the jump to the first frame of the
bridge sequence is made on the nearest preceding P-frame in the display
order of the first sequence.

15
15. A method as claimed in Claim 14, wherein the first frame of
the bridge sequence following the jump comprises a reference frame
extracted from the second sequence followed by those B-frames of the
first sequence up to the edit point, said B-frames having been re-encoded
20 with reference to the reference frame.

16. A method as claimed in Claim 9, wherein the frame indicated

by the first edit point is an |-frame or a P-frame and the jump to the first

25 frame of the bridge sequence is made following the nearest preceding B-
frame in the display order of the first sequence.

17. A method as claimed in Claim 9, wherein the frame indicated
by the second edit point is a B-frame and the bridge sequence frames
30 preceding the jump to the second sequence comprise those second
sequence frames from the nearest P-frame preceding the indicated frame
in bit stream order and any intervening B-frames.

36 18. A method as claimed in Claim 9, wherein the frame indicated
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20. A method as claimed in Claim 9, wherein the frame indicated
by the second edit point is an I-frame and the bridge sequence frame
preceding the jump to the second sequence comprises the indicated I-
frame.
15

21. A storage device carrying a plurality of frame sequences
together with one or more bridge sequences linking respective pairs of
sequences at specified edit points and a table of contents identifying the

20 respective storage address of each frame sequence and bridge sequence,
the or each bridge sequence having been generated following the method
of any of Claims 9 to 21.

25



