; e3epbp| DD6Tb DESCRI PTI O APPARATUS FOR EDI TI NG DI G TAL VI DEO,

RECORDI NGS, AND RECORDI Ndi METHODS 5 The present invention
rel ates to net hods and appa uses for the editing and subsequent playback
of edited aWQi%T¥BHeo dat a) ar? o edited recordi ngs nmadePG/ERIEM7het hods
and apparatuses. The invention finds particular application for exanple in
t he snoot h pl ayback of edited audio/video to data streans in a transport
stream format_in conpliance with the MPEG 2 specification (ITUT
recomrendat i dPESCRIPXION| SO | EC 13818-1 ). Conpliance with that
specification is not essential to the invention, however. The MPEG 2

speci fication nentioned above specifies %enerl c nethods is for nultinedia

mul ti pl exi ng, syncM%’Fﬂ'@Bt iANNP ARPARAEUS FOR EBDNGDIGITAL VIREON

transmitting, recgy '\!%lfd’c g audi 0)
programes. The specgm?:atlons provi Jﬂga packe tEE ase I\F\ﬂ- Q

mul ti pl exisSng where each elenentary bit stream (vi deo, audio, ot her data) is
segnented into a espective 20
packets are nul ti ﬁ%@% %ﬁhﬁﬁ@ﬂﬁ%uﬁ%@ %I n%pgr{%&lﬂe&??ﬂh s. Program
Stream (PS) ieditingrand sybisequarit piaybaelbbfeedubdgmmowﬁbqodmheam amtiltéel5| gned for
use in error fre V. recor di sc.. nsport Stream
(79 consi ot 4obsar B8 A Rlch mptidls Ao aBRataticSs 2o iivarnon ifds ) ot

mul L iple ]Lor ograaﬁmlarrapbheaﬂoe%rr@(;mla\gi mQamdglll# plaplbavkl of@ditéd aadioMideoPES
packets of on and ;i s | gped. for. use in errar-prone

envi r onmelft s c&ﬁﬁtrg@'ng n’geg ort Wé&ﬁ’é"‘gﬂ'@ Gopwligace with trf%hgr%% am Stream
format can bespbmﬁe@tmdawl Thabmneeriliation mmmm@lﬂcneamﬂ heofipfamscket s
for video and &b‘?‘ are ubdi vi ded E wi th one another in the
smal ler TS pdvilhdhat spggific rf'isrPé’élﬁﬁs%'@ﬁ tﬂ%ﬁi"ﬁé[‘"% INGVeT ne- base recovery
are achieved 30 by tine-stanps for systemtine clock and

present ati on/ decodi n e kno system.for the dist r| buti opn of video
progranmes is theq-bPéﬁ?%’ W%cm]cﬁ" megtiones\ghoveprecifies gapeiMabrdfes a
speci fi ¢ fsor myomuliftiddimttipRkng; synchikdriiddioh%Rd titelbadIrb8vary Torduddringr am

Stream for storag& of noti,on pictures and rel ated material on optical disc.

Wi | e DVD pr dANgating deeqding Wr’ePWé’UB'PStdI'Q“BhY'p%('B‘F‘UQFB-ﬂPQE’%r ded material,
there is cleqyrbyramniyTand s P@élfléﬂﬂ)hs?)mﬁbﬁbké"ﬁasétpmtrﬁ&l@Ud' o and/ or

vi deo (AN) equi pnent capab record ital AN data from broadcasts
and home- r ecnylt GHQQWEQ 93?’11%‘9"‘&§"%’Y18“56ﬁ%|’ﬂé¥'d9‘i’oﬁé@'%é’&%tﬁ%ﬁ tipe systens

currently in s%ﬁ%eﬂ?ddThfo 4 PESKHISBY ER MMl St PESY, 8hH Men @aﬁfaﬂaancemnt
expected for dll%@g@r@w deo recording Qt)a/tstems Is to permt seanl ess editing

and snoot® plPag multinlexgddnto AEHET efawpstigtinchetreage types. Program
Stream (PS) is a multiplex of variable length PES packets and designed for

use in error free environments, such as recording on disc. Transport Stream
(TS) consists of 188 byte fixed length packets, has functionality of multiple
programme multiplexing as well as multiplexing of various PES packets of one
25  programme, and is designed for use in error-prone environments such as
broadcast. Whereas the PES packets in Program Stream format can be
transmitted whole and uninterrupted, in TS the PES packets for video and
audio, are subdivided and multiplexed with one another in the smaller TS
packets, The multimedia synchronisation and time-base recovery are achieved
30 by time-stamps for system time clock and presentation/decoding.
One known system for the distribution of video programmes is the
Digital Versatile Disc (DVD). This standard defines a specific form of MPEG-2
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commercial or home video editing and interactive video where nmultiple
branch 1o points in playback are possible. A particular advantage of nodern
di sc-based storage nedia is their "random access" nature, conpared with the
"linear" nsatomesssg tape nedia. Thus, edited programes cacriEpossssried and
changed wi thout copying the original styeanms. In principle, only limted
additional information needs to be stored) defining the playback sequence.
This is then 1s used to control access to the different parts of the disc

at the time F?bgrlahﬁShésﬂn)fot Qotﬁg@tdimtm pidi€reg dindeelapsdPBatsiEeon dptcapdi t ed
programme nmay eve ctlvel term neg%acc rding to user input.

nt e
Wiile attra slcvé’vaﬁ i° QSp{ ﬂk?"lﬂéﬁjd'ﬁg on Qf Pre-reEewgli se many
probl ens in pieridl feré i‘sadleérxé)ﬂdmﬁﬂd et bhoftfédrhmarapal dhdHdnidstieatige St reans

using a 2o &p{gﬂle decoder is well known to the skilled reader, the
origi nal re@sdfryigeotAdy) %"@Bﬂ@r@é@eﬁﬁecﬂf@ﬂﬁd"g'tﬁ' ABhEARLGT with many

dif ferent a%éd@a@fsrﬁoqﬁ&ﬂeﬁéﬁb?&édﬁhﬁie‘igeiﬂé%Q 1R o ﬁ@&ﬁvn&?@@as&é&ﬁ@nsure

pl ayback i s possible on any conpliant genera ese
const r ai nt s 19pe sysiemg cyrran n.useme@ng reAsrging @f aeﬁegu?)wmlal rOfet he

m ddl e of ongp Qﬁé&hﬁrﬂtex%bét%tai’??}ré&ign?é?%%ﬁrreé’érdﬁ IE%’QS%]& poi nt. The

nost di rect approac uch streans igs to ecod e two streans
i ndependent |spamiengreditingaansismogibiptaybaginaf AM dath. bmlwetwns melmdat the desired

it POt cRABLAT oPRoRY SIS ot ThEs ol iR RTRERAY 3

EP- A- 0923245 |ve TR ecoder,
however, 10an¢oiﬂ19ummiaystmokraramobsiblpr & mrtld:ujalsaﬂ\mmtagé df madern piscsmsedur t her

Gener ol 1y + auas fiegtH B S TRnorn Ak oSt He B PR VB SRE PBl ) T Tapes.
the "seek ridré bf ipeGBeAETTIMEY) BURES rogtarhmes cah ibectored and chang@rhi ng

et neet 9 S o PRR 1 BE SRS b A RRIT, Y 01

: nposed i R mgarrh%tml n@ﬁsttems?)stdredpmammgtthé@taymack/se@mmwamw:s itheegh and
eawngt e decoder short of real-ti ata, . Ac i 10 ur 9 Pat ent
Appl i cat¥%on LE?&%P BRAIEN 935N tﬁ%gﬁérﬁ)"anﬁd chﬁ% Bgﬁ‘ '%ﬁ’ﬂage
generated angsgitResise &@@d@uqdwgramm@em@ameh progkamineritay #fenfbe/ segnent s
whi ch ensures that t\aot?ﬁmﬁ'lﬂ nts otherw se could not be joined wthout

viol ating t ARICEACHYRIY de @ccardingite,YserdiPytn princi pl e be desired for

connecting two Mjiedtir@aive |ﬁbrlhélprferﬂh6%kmeufyéa§drﬁﬁm ré&ighRs many i r st group
of pictures ( and second ictures, . or at arbltrarépframe

poi nts. HowdVey eg‘ﬁé’&ﬁl‘i‘s‘%’aﬁffcaﬂ 'E‘Q:PBg sAtinppbighal Video SR BRING S t her e
ari se a RUTRGgIOHedttefAd alwarmkms thél YRIdPreBEh the'6HigheI REokEaOr al

dependenci es bet ween frames and buffering constraints. For exanple, the
vi deo si gnalMyfdPergsnersted and gigredin op(m;glange wite many diffenest and interhat  MPEG. 2

codes Vi deo rbiaiiicondtrhitd, Wrﬁét%\%eslpbem@é W?néﬂrﬁ?&gﬁé%%os@ﬂé o a%ef erence

frane is m ssg@g t hen dependent franmes w ) decodabl e
st r eam conprcegwiant degegen dargengral| thesecesdaints will be viplated fane gimple sel f

contal ned adiedniBbddk RTRREmRRILbCond b AHA BT RGAbIAR br ames, whi ch

may al so be use or " reference; rectlona 20 predictive- coded
(B) framss, desdedieditpeipt. ﬁ’r"@dﬂ@%hdﬂ’ﬁcﬁ‘am%ﬁo Qﬂﬁmgcﬁuchlﬁtﬁﬁlﬂmsrléi%rence

frames. decode the two streams independently around the edit point, and switch
between them at the desired edit point. Examples of such techniques are
disclosed in US 5696557 and EP-A-0923243. This effectively requires the
expense of a second decoder, however, and the consumer would prefer to
30 avoid this expense. Further problems remain.
As one example, although disc-based recording systems are generally
regarded as “random access” in nature, when compared with tapes, the “seek



WO- A- 00/ 00981 (PHB34262 WD) commonly assigned herewith applies further the
concept of bridge sequences to re-code franmes and re-nultiplex audio and
video fromthe two streans in the bridge sequence. This bridge 2s sequence
| i nks t ogetWw@p1/158&88 streans whil e nmai ntai ni ng codi ng conplercavEr}/oBrADL| | Ng
frame-accurate edits to be inplenented,gwith snooth playback via the

st andard decoder. The present application discloses anong ot her things
further inprovenents and adaptations to such a schenme. The above prior art
30 assunes t time” involyed imgwitching hetween differdrd sRrage bxcatBinssamthiedadistor of

MPEG- 2. There,l . i j. ig digital video
recordi ng foswgf "%?lﬂéﬁ'@H@ﬁ\é@ﬁ'&%ﬁ%@‘@ﬁ@gmﬁﬁpﬁz‘bé’iﬁ"s of one such
WD 011 75888 BNOCaEeN tules arelimposed or phaotical systerns aogrevent kamsmdny seeks
co-pending United Kin m | Lcation, 0007870.9 entitled "Methods
and Appar at ugcqlggn%ﬁ%%vgﬁgﬁ%g%?o}%?ﬁbo%obf)e[agﬁmﬁcﬁ%% &5%959'896%5, and
Recor di ngs Madmpern RaténtMpplicatioh EFRNGDEIE004RHN. 168d5tER)pa &iriige! ayback of
recordings in TS format, therefore s poses several problens, additjonal to
! hose. pr asenfesBTERLEBDS BERTRIEaN AP R seRatatRl bp Jis sarbe cisti bk oss eq.
decodi ng usi twib ANCSEdrR&ts Which @stfes thal®d s¥ghenteameivise couadinotbé ef act s.
Re-ordering of video franes in the TS can result in video franmes in the

edited strealfiRgs withau yiofaling dre gllocatianrled. Audio will be sinmilarly

affected by the egdyitihg thali? pAciple Betieirb forkdnAbiEting thoWIREGI stredftis &l | gned
with the video, joining two streaps will result in Bal’tl al audio franes
around t he eliamehoupdarioss Saiwaen first aioyp &f pictses (EQP) and sesonsd MU wi |l |

ari se when t Bmggaréy BEH: SbiRATIrERB OIS, 1AMV BdauM EGNB Al dfode!

requirenents can result” in data | oss at the decoder. Audio skew can
occur as t heMilR sodipaapd depeding there adseanember ohpeteaal probiersadue 15 not
aligned int j gﬁjg : el second before
or after theg‘gcoﬂrﬂ@régfsdpggh%lﬁr@c{;l egeﬁﬁ@ﬁ% W?E%ﬁg@&ﬂeﬁﬂﬁ ties wll

ari se in t hecenstairis.dworexampleprthg videors@rabmey mpthe depedabianddis iadiiiet i onal | y)
the Cont i nui {yi,Cautiveds MPEét?cJ&%sRﬁcgéﬁeﬁépg‘é Mth*?@fg?%@‘é‘?&%&ﬂé?@lﬂ%oat the edit
I ng I

point. The inventors envisage provi or two erent torns of editing.
20 These ar efrainpssantdif 8 refeéranceilagrecistrhigsing thamgependentdramaes will nptbep of

pi ctures ( dari [ = d.8s gglm A onpl ex edits
wher e stregﬁg%og’%ul%é%ol\?ﬁgg %egﬁpegogﬁ@lﬁegt E’F% anf“ggﬁﬁ\“gssdﬁb (ﬁegar dl ess of
GOP boundar i rameEawihich arenself candhined and used as rafefentce points; Fredigtives avoi d t he

type of prob i.led ificati OV or
LUt oo hor SRS e iR Yiay. 4186 pVHSG 1S 6lehedti®l AR BPRINMREAN OF 1 oo
and non- seanpedictivgscoded{B)dreanes, coded Gising psssliactidntfrany pasti andéorifetuon| y
possible to t@éarﬁﬁééf%@g%‘hat t he programme provider has included such

signalling i [P and predefined splice points cannot support the
option of framnme- aWe+A00£00981 t(PR34262 MO Lsmnmsenlylessigeed hefewitieapplies US 5 917

SR LCo0nY SOt BCRERER, P AR BB e R B R "
pi ctures ( GCORUdI® andivideaditemrthepmesstreaats indpe btidgeoosenuehcé hThis BABge1/ 75888
25  sequence links together two streams while maintaining coding compliance,
enabling frame-accurate edits to be implemented, with smooth playback via
the standard decoder.
The present application discloses among other things further
improvements and adaptations to such a scheme. The above prior art
30 assumes that recordings are based on the Program Stream format of MPEG-2.
There is newly a desire for an alternative domestic digital video recording
format based on MPEG Transport Stream (TS). Aspects of one such



5 PCT/EPOLI 033? 1 reference pictures used for decoding to give a pause in
pl ayback rather than a bad picture. The nethod di scl osed does not produce
snooth, frame accurate editing and playback and does not take into account
buffer di ssoxii7sessty or multiplex continuity issues. Anotpesierpi/sapasal for
stream editing in professional applicag{ons is EP 0 926 678 A2 (Tektronix).
Frane references are synthesised with i'nput sequences around the edit

poi nt, decoded) and re-encoded using only | pictures using ancillary

storage in trgoréfhigtfoftgatess idRitRized infBircapatidiay Dnitéd Kingtieipsstegeant ess

editing but does not address problens arising fromio address, nultiplex,
or audio i s%ﬁ?atmrqqqggﬁ&g&”%flﬁg 'ﬁ%‘ﬂﬂﬁ and APpaigius fee Making alrldary st or age

does not prqwém@yiﬁ@pigﬂktvmeer%oﬂihgd?anemeicsﬁiingﬁmtﬁﬂébwutch_méihé&b' e for

use in consuner ‘equipnent. It goes W thout sayin at”a bridge sequence
conpri si ng dRHGEER0 e<Editing and playbagk pfsecordigos inTStomatitogreforelata rate to
be accepted ANcLAI ' itfMA ' AVE AN ' st orage ~s

devi ces. Sﬁt F?Ugbgﬁa\(’)%r?g%r?brgwt (lfdsl |ngfé’;fﬁ.b%grﬁ't‘%&%ﬁ'ﬁ\%%gbafg{/@@i ety of nethods
and appar at us f oSuneansiRgihe prpblemsdr befaddmrssed, dengdingdssing cowests such as

MPEG 2 TS. | | : ' ' | & i | ke b d
the 20 stri cpeldp Rine WA ERVEAR arbiais. MECdHbAf bVIBRPImABRYE YT
wi | | gener althg T&rdangesiitin yideo/ frames irdthe @idited gtrearp whicheshauld notbeexed

streans. Theg ; r | | ffer r f,.editing the
data st rearrgd '%@C)g@lﬁ O{@Ngﬁgﬁﬁﬁ%& azﬁgteélﬂg}ﬂggggrtﬁgﬁé%&%ugﬁ‘cgﬂ% t hi sgand
ot her cormst raaidiot signal lissnetrdligned With thedidag, joiningetivol stiteanacwiti radultin ensur e
snoot h 2s pl ayback  of ited strea rticuyl arl ia di gi i nterface
to an ext eﬁpg%haﬁ}ggglaga?g?ssgr&ggd g%%%@“ %‘ﬁ@‘u’%“ﬁﬁ%ﬁé&gﬁ ?ﬁ&gté@{%’ eam

mul ti p: ex fq:rrmalemsrvau adf]bwafe@me mﬂbinéanstr?ardiﬁaeandwdrdemebm@_ anﬁe to the
user. In accordance with a first aspect of . t resent i.nventipn there is
provi ded a g Wﬁﬁ'e'?&‘ﬁ%j“ﬁ'b‘ﬁﬂ@&h&'b@ﬁw f’b‘i’%@ﬁ)(?ﬁ?aéﬁéh%ﬁé? r'e/g‘i'qﬁo read 30
seqﬁen(r:]es Ofsfk_éwaﬂa-dg_aeleab thetaudio mrfn_as Hap ?M&e@éﬁﬂeﬂ&viﬁﬂﬂ@é@{rmbtaré he sane
such that a first edi oint in.a first frame sequence is |inked to a
second eWit '}%Pﬁﬁnfﬁdd"i“*‘g@wﬁwb%%m@@"aﬁaé'%auw'ﬂﬂqw Q?%smg&g‘?rﬁt s

i mposed by ar aftdf3he Hoffe8Bondind(lbEMPthEGRAt e R Bidedntinelied KM ERSe inhET € N

each of the stored frame sequenc Qnpri ses at | east one series of
transport pdiesbase ysgd fof éﬁ%5&3’8%§EQ<-&8§'"EﬁSt%{“B‘i’-M"é%\a?'lé-sth? ncl udi ng

respective cxinihOit} CYusiRH N B TEPbatREIOFIfl Be'dicahffudls dt'tRél8biepaintied
continuity rules_to the preceding one, the apparatus conprising nmeans for

cal cul ating the FREHMERIS BAVisage prayiding.ier two Aiferasntformsi ofeditifgnt er val ues

20 These are (i) simple edits where the streams are joined at group of pictures
(GOP) boundaries, in non-seamless fashion, and (ii) complex edits where
streams can be joined frame-accurately and seamiessly, regardiess of GOP
boundaries. Each form of edit requires careful processing to avoid the type of
problems detailed above. The MPEG specification provides for “splice points”

25 to be signalled in Transport Streams, both of seamless and non-seamless
type. However, use of these editing points is only possible to the extent that
the programme provider has included such signalling in the stream, and
predefined splice points cannot support the option of frame-accurate editing at
the user's choice of frame.

30 US 5917 988 (Sony Corp.) proposes an apparatus and method to
prevent the output of defective pictures when streams are joined together
across groups of pictures (GOP's). The scheme presented repeats one of the



resulting fromthe linking of said edit points, and neans for generating a
correspondi ng nunber of additional transport packets, each having its own
continuity counter value, so as to define an edited sequence of transport
packets |iWOMY75888 d first and second edit points while CROFERIOG™W th said
to constraints and continuity rules. Ingan enbodi nent wherein said first
and second sequences convey at | east one packetised el enentary stream whose
packets have thensel ves been subdivided to formsaid transport ﬁackets) t he
appar at us nateferente pictiyes sdsegfos decedingidagiveya pausedn pirybacipeaihernthamese

pay! oad i ncl Yol BicRuB e ol tsHiciaddoed it bbdERS b, it Adfidk onal
packets) so as to conply w salrd continuity rules én I nserted before

t he identifi editipgakdplayback anphdeas net take/intagooustbuften discbotinuitytgput t i ng sai d

edited seque . ; ckets, including said additional packets,
via a diqgi taﬁ’ﬁ‘lﬁﬁ’t 2Y %@gﬁ@%é e first and second sequences and the edited

sequence smy for Ancthetgropesal forstieant edifingintprefes$iaG|applieations isEP®n as
defi ned her ej f i d 0 ence f fr 2 b d data nmay each
conprise a ng‘?? P-ﬁgg qﬁ%%@@éf?ﬁed%g?%ﬁg% %’%ﬁ@ﬁﬂé?ﬁ@w@d@ﬁ&el enentary
st ream havi nsequa\gesvarcgmqu?e\edit pbint,moe?nd,tannae:JeabodedTMng:gmyimui ty rules
may 2s operate, i ndependen or each el enentary stream the ratus
bei ng adapt eB'CILlSei,E%BQ &P@}'%Fgéhfﬁg?]m‘t']‘ﬁﬁé’ﬁ@g&%" 'eﬁys PBPm@ﬁ@ﬁJﬁEI enent ary
ﬂ] rteamt in anﬁUd@a@géam}dsb e_lti_ﬁiﬂglmgﬂbé?ﬁbt amhrdﬁsw@mein@tarfwgaﬁdfmul at ed f?_r

at stream individually. e appara conpri se neans, foy generating
bnd st or ithg. S8TEGM bRk QAUREBRH FriNeimai e guERNPR: fEkast
subsequent 1 gi¢imeHy etdrage Gded h&t HEAYE BA @8it etré®n trRosstial disSasélf,addi ti onal
transport packea\tpiq % e generat ed and stored as part of said additional
data. Al ter nsd1aRR P UsRin CONRETS FRBIPNPT ORR Wibas Seying BRka bId8e may be
adapted not E&q@neecamprising Onfclsidcessibn BRFSIRlFed fiquires &Y IgN aldae of the
edi ted sequence. In an enbodi ment wherein said first and second sequences
conpri se fraffte kuReacerpted WHRINtle hidrate SoReiEaintstof tynigat dispisterager e
intra-co?gd Mbjibgut reference to any other franme of the sequence, and a

nunber of frames which are inter-coded with reference to at | east one
further frame of the sequence, the apparatus nay include bridge generation

eans. confi gured & &1 6bt ot s IVRUSTPLHIARe BvalibR/TARhoEaRET S Lo 11 Nk

the first and second sequences around sald edit poirnts, by selective
i ncor por at i oAPRAratusdaribesmaeth Rlayback o @dited £oded datastreamsiyich @sne sequences

ggd sel ecti vgﬁe@-@ﬁ@m ol bRUihdBFS IR mapfneti.?@erﬁiaﬁ[ageépmmerye;,la@ tHd dge
guence as determ ned by the coding type (intra- or iInter of the franes
from the2§i r8licteanfiges QhéPE&qaé?ﬁm@ﬁamrﬁFﬁémSedS Biynilan prabierpe will genesaliyt
el uded i n Fi R PRORY TR edirbari bl Mitpibk e S, Pacicet = TRY Be 1
The inventors have recognised that different forms of editing the data
streams are possible and that any proposed method must take this and other
constraints inherent in the coding format into account to ensure smooth
25 playback of edited streams, particularly via a digital interface to an external
decoder. Issues associated with MPEG transport stream multiplex format are
addressed, reducing audio and video disturbance to the user.
In accordance with a first aspect of the present invention there is
provided a data processing apparatus comprising means operable to read
30 sequences of frame-based data from a storage device and to edit the same
such that a first edit point in a first frame sequence is linked to a second edit

point in a second sequence without violating constraints imposed by a



Said continuity rules may permt a discontinuity in the edited sequence, at
a location followed i medi ately by certain classes of frame header, in

whi ch case the apparatus may be adapted to include such a discontinuity in
t he bri dgeweegusssece, while inserting said additional packetsra®m®s to
ensure 20 conpliance with the continuify rules el sewhere. Such an

enbodi nent may require fewer packets to0 be nodified in order to conply with
the continuity ru les. The apparatus may conprise neans for storing the

bri dge sequppsRiined detsds? Whéraln ézdh df AELEtORId frarh8 sBglishdels'cdmpriges aecond
sequences and Ela lis i nformation. In such an enbodi nent, the

t 2s !
addi ti onal 19aghQpR FeriesRitanspalt pagkets. {e lraasparpagketsefa @Mem BelRfe sequence,

or al t er nat jntRldingRspbetivaciomliabigoolintdr Vellues RaeR vélhisdbyPreliORrmABar at us.
Further in accordance with the first aspect of the présent invention there

Or C . pre
i s provi dedcantifstity seles to thopiperfing gie be apparatus pamRsisingIMaansiofr om a so

st orage devj | bl -M(}eo%a@,ﬁc d | '{tg,q;g“ | kNg constraints
i rposed by g%‘%ﬂ@??’ﬁae@hgg"go erf, . e?r%gﬁgl‘tyxe'g?%m}mﬁ' he g%’éé‘r?)gﬁfe rame sequences
conpri ses aregultingtfrain éheslinkingsoicgaid edihpgiotst andoieans forigeneratigsport WO

011 75888 P 7, ' agégé | I spective
conti nui tycgéﬁg%yrng\% riuerﬁbﬁ %@@Pgélé%nge&gagr e e"f%‘? %%%lé@gé%%v{rﬁU| ty rul es
to the preceditinyitycountenualues smas tootgline sinraglited Isequendeef ttamspamgni t ude of a
di sconti nui | L PLtlste: : t f: : A 1 nking of

sai d edit pélx?#és?? ﬁ@ﬁ@é géeﬂr]\'@r{%t%?‘#g%ga%‘y%rﬁg2‘%3’?1"!]!%%’“?&'#@@[‘Q"té‘%%yddi ti onal
transponb peohsitants aadicohtimiityguiess own continuity counter value, so as to

define an edited, seq . Of . t | hki ' i rst, and
second edi ¢ poi nleR At ROBRIP Sl R ANG Bt Sedlind@s Faheit nlf
rules. Yet ieas:] bee p:ackeaised)_etémmmad ryistreamhehdserpricketsirave tlmérpsdﬂees)bméent .
invention iqQ there. is.provi a storage device carryi i,Lst and secon
frame sequeﬁﬂg@v'f%%tq Wi’?‘ %'fﬁa%ﬁ?é’ncﬂao%%ﬁegﬁﬂpgaéa%g% R%efynf'?rnki ng a first
edit goic nt adaptedito aienfiiyamaammqjmeﬁwhdéerﬂ@tba‘ddnaquarpdcmit poi gt in a
secon rang _sequence, I n a second aspect, the inventjon provides, ata
”epr oduch no BTG todDera 8 RhHL R R ED oo Wi S8 ponse ¢ o
stored edit chatirdity 2ulb® whentnderetbafsrb Aaentifod sackbt.r st and second
sequences of dati, the edit data |inki ng a first edit point in the first

sequence to a setBhaPRAYRIUSIBAKEOMArise meaps pr oulputing-saidedited o oyt put a
desired edi sgquéira? iaRspopackels, Fldling §88 adbfioA@ GRS CHH Wil each
conprise at |least two multiplexed elenentary streanms encoded and

mul ti pl exedint®rfages or m conpliant with a predefined 2o decoder specification
such thap truncarﬁélﬁrs%hdséédrﬁ;se%@eﬁ@é&&a@mewtedfsbaéénc@%a,(gﬁi nt and

entering said second sequence at said second edit point woul
example be compliant with the MPEG-2 specification as defined herein.

The first and second sequences of frame-based data may each
comprise a multiplex of packetised elementary streams, each elementary
stream having its own sequence of transport packets. The continuity rules may

25  operate independently for each elementary stream, the apparatus being
adapted to generate additional transport packets for each elementary stream
in accordance with the magnitude of discontinuity calculated for that stream
individually.

The apparatus may comprise means for generating and storing

30 additional data defining the edit, so as to permit subsequent reproduction of
the sequences edited together. Said additional transport packets may be
generated and stored as part of said additional data. Alternatively, the



potentially violate one or nore constraints wthin said decoder

speci fication, said reproducing nmeans operating substantially wi f hout
recoiling or remul ti pl exi ng of said elenentary streans by reproducing data
sel ectivel ywhlopasge said first and second sequences in thgcy,de,m;,y of said
edit points, such that said edited sequence, as output, conplies wth said
decoder speci fication. The Invention in‘Yits second aspect further provides
a met hod of reproducing stored data, wherein first and second sequences of

data st or od Hbaldnidl D AicHal A6i%o BBbiafs 8 gHBRBAS YaERets ufRCCOT dance

with pre- stor 30 e I'i''nking~a tirst e rst
sequence to aesmnhprbdftheﬁdlteﬂS$W9@C§econd sequence, so as to output a

compr i se at  Teast N an erotie dhcréh sald St atf¥heh R 3BU AR RARFIRE 00071 o
streams encodenedhdsed tatagheiudiog amumb‘eo ohframap wmlrtammmtra-aoqnds\dlﬂiouhed
decoder sReCi/Liaida A hndlRimd BHAS hashaRbfl bibloct SPHERES whiproa! d

first edit pol Ing sal d Seco LSRN edi t
poi nt woul d |aregﬂeec@dedmm‘i eeiferences tooat lamt@nedmmie?dnam'lsofvmelsequa’med decoder

ificati d ati b t |1 i L hout
SDeoi oo or g BRbfeat EPRAY IS (ISR BeRRRARh rikhrS ERAGIEUTE s Ao ng dat a
sgl tect [ velty ftrriai@\e&eqderﬁcdafttrmdonpadms &elinkethe ¢irst h?dts?eond secruehyes)ftﬁai d .
edl ol nts such gyence, .as u | es sai
focodny onos arpun SR emoits Py rsiesive Hepiroraip ¥ oRbs e ik SB0ad hor

provi des g Slfﬂﬂedndsecbﬁaﬁﬁmemeﬂébse&hdﬁiedﬁb&eé&ﬁt\gﬂmg csrrrﬁdrmﬂdhé)y a
nmet hod accorqw& to. the | ntion as set forth above. Further features of

the present yighin '?% seqyence ap determineddly the spdiRg tRR(MfAs O osur e of

whi ch is incqnriepy at td fhenad Rorithd ffs€aRd S6condsbquienddy iAticated byaReler ' s
attention is now directed, Further, independent aspects of is the invention

will be appar"@?ﬁeq"?"%ﬁ\dttlﬁe'"lt%l | owi ng disclosure. These are further described

in terms of exenplgsych Qﬁlbnibeﬂrrﬂénmthé'éﬂdltlSHQQQnQBMEaQ@tQH fggbodi ment s of
the invention wilt now be descri bed, by way of exanple onl yy wi th reference

to the acb50nﬁ%%?ﬂb'"dhﬁﬂﬁﬂ@'@tqqprme&?quﬁﬂ?ﬁjre 1 is a block schematic
representation of gy Mtinﬂﬁ% ﬁllé%ﬁuwfibeﬁﬁut a%déq{lﬁlﬂtyé}ﬁ tRPb it sedudhce,

record/replay apparatus sui rét e invention; Figure 2is a

nore det ai | ectt@daeation;fellawrslimieedidielydyeeartainflassas thféafaﬁﬁ‘&ﬁé?fuﬁ‘ of Figure
1; Figure 3 n@péressy teldpParftitOmalBe difapRidektci®de s0thd BRESRIPUItp insequence

the bridge sequence, while inserting said additional packets so as to ensure
20 compliance with the continuity rules elsewhere. Such an embodiment may
require fewer packets to be modified in order to comply with the continuity
rules.
The apparatus may comprise means for storing the bridge sequence on
a record carrier together with said first and second sequences and playlist
25 information. In such an embodiment, the additional transport packets may be
included in the stored bridge sequence, or alternatively may be generated
during reproduction by the apparatus.
Further in accordance with the first aspect of the present invention there
is provided a method of reading sequences of frame-based data from a
30 storage device and editing the same such that without violating constraints
imposed by a predefined decoder, wherein each of the stored frame
sequences comprises at least one series of transport packets, the transport



2s areas on an optical disc; Figure 4 represents the playback of
information'stored on the disc in Figure 3; Figure 5 generally illustrates
the editing of stored video data, with bridge sequences omtted; 30 Figure
6 shows th@oegrses of a bridge sequence recorded as part ppi/pppidshti Ng
procedur e; WO 011 75888 PGI/ EP01/ 03371 10 Figure 7 illustrates the
structure and key features of the MPEG-Transport Stream (TS) format, which
forms the basis of recordings nade by the apparatus of Figure 1; Figure 8

i |l ustrates gacRdtsRf & fgﬁmrse‘iiﬁé'iﬂdﬁﬁﬁdg l@ébbctﬁ/@%ﬁiimgﬂ coRtbrvaliiés®adh
illustrates the nodification of data in a bridge sequence) in a conplex

(seanl ess) delatady apeadetergvnedsaitingity Nlesds tirg Bercaring on gihogthe

followi ng d iR ' IgRi i : V4 Wale!

accordi ng t?ﬁﬁé‘emgélﬁﬁﬁgg%?é Inlé I‘%’C‘fp ?%%nztrﬁpﬁ (gfﬁ‘l\/éP&E\g?u@ﬁg‘?@%mi 0
particul ar, VRlves resuitisiremitie linkmarpl said edib pejnts;, rad grneradiag gr act i ti oner wil |

recogni se t L Gabi | f [ ' i t codi ng
schenes %ot tbi%”g%’(;dndf or h%’t‘g&v\n&taﬁhli ﬁg%&@%ﬁé{t?ﬁég@% ere'fvo (;&rv&vﬁgl descri bes
how t he pr esentinuity\oountes valddseas tsdafine aiv editedraeqfiencekofittanspddo- and/ or

the tonpor aiPoARHe AT Pak TR hetbir ol? pon AR SorbhARMA BT, 0 ana™”

mul t i pl exi ngonstraipliseanddontingityraleise edits cannot be nmade at just any frane

ol ayback, br 1 dge "ebliREBlacsbRlefcR Ml R A of R mrERe R iR o "1 v
data 20 fohatthereds prwitiodad $tyragerdavicecianstingi firstaanteserend frantfecsadpiencesred) to

link t th t i gi nal - di f MPEG data. This h b d i bed
7k 095 5 B B e TR o PR 280, s

(PHB34262 WHame sequence is linked to a second edit point in a second frame sequence

In a second aspect, the invention provides a data reproducing

apparatus comprising reproducing means operable in response to stored edit

15 data to read from a storage device first and second sequences of data, the edit
data linking a first edit point in the first sequence to a second edit point in a
second sequence so0 as to output a desired edited sequence, wherein said first
and second sequences each comprise at least two multiplexed elementary
streams encoded and multiplexed in a form compliant with a predefined

20 decoder specification such that truncating said first sequence at said first edit
point and entering said second sequence at said second edit point would
potentially violate one or more constraints within said decoder specification,
said reproducing means operating substantially without recoding or re-
multiplexing of said elementary streams by reproducing data selectively from

25  said first and second sequences in the vicinity of said edit points, such that
said edited sequence, as output, complies with said decoder specification.

The invention in its second aspect further provides a method of
reproducing stored data, wherein first and second sequences of data stored
are read from a storage device and reproduced, in accordance with pre-stored

30 edit data linking a first edit point in the first sequence to a second edit point in
a second sequence, so as to output a desired edited sequence, wherein said
first and second sequences each comprise at least two multiplexed elementary



menti oned above. Reference is nmade to that publication for further )
background. As is known fromthat document, it becomes necessary'in general
2s to partially decode and re-encode sections of this data in order to
construct aveel/ise88MPEG stream The final elenent in the vRciaEPOBON3T! i S a
control structure or play list. This ingtructs the play-back systemhow to
sequence through the streans. It specifies the out-point fromthe original
stream and i nformati on about the start 30 of the bridge sequence. It

speci f i es whstreams enooged andmuHiplexed ima fm’h‘rmmplfalnbwnth a\A!De@dﬂn‘éﬁ888 11

PCT/ EP01103371 t t th

[ nf or mat | on FBCAAR SPRTIAIOTER bl RS SA S et o8 e BTl Beg 0,0
within the dpaimdn@entemﬁgefamcufn@seqﬁent@p amlpmmbdﬁd edit gabt womld mngst kt he
resent invention the formof an optical di cor d..pl aybac
devi ce. Int RENBLUPIIS Pagobmdlsconsplnks viEh sakklarore RS TERI9N. SADas e

vi deo si gsal sepréd Aizans bpdrating Bubtartizily Githbit r‘étbdim@@r FeB Artipl t hat

ot her types o terrbateI?/ or.  additional & be processe such as

QU o e af st Hikmentad St bl epiachiing B seadtyel Tam Sa ARl ¢ o

ot her nMenry sgdeaHd-sEqueHEss MThERBIMRY of saldledit Poits SBch B Sashiteanput er hard
lo disc drives. The apparatus conprises an input termnal 1 for receiving a

vi deo si gnal Se@uesicer as BuigEt ComPlies Wﬂ'éﬁa'ﬂld@éoéer speeHigation. t he appar at us
conprises an out pyfe iiveRlicHn i3 sfeeanéaw&cvyé\quﬁha dﬂfé@idés d'sfdnal eproduced from
the disc. These termnals may in use be coOnnected via a digital interface
such as lIEEEraproduding AR editef data sequencee pridueed byia rn@tbgaépcqrgmgﬁomﬂe f orm of
a "set-top b baR ab8¢&! ves broadcast signals fromsatellite,
cabl e or theﬂﬂegtu&ﬂ‘h&?eﬂ f S?Egr mat. The decoder provides display signals
to a display deviEerther feamraﬁrpfmpmeat Iowm@ntar@mteamatr@gamcmm set. The
data area of chiifs s GislicsaRRSkTonh iR ARl S RrBled BRANS 2! 20
sectors, having correspondi ng sector addresses ress space is
di vi ded i nt ommuba¢®dnr§@étenmn is rme@tﬁmme’éuaheralrmapngdwt@@necbtg@bus
sequence ,of Ci i ure 1 is
decorrposelg in Ol"n%@onmﬁb)é aﬁ??rern?ﬁgﬂénﬂ }51&90"% It{/&%ﬂés@’gsc Su 5'92 'gﬂnqg 6 and
what i s ref edesctibed mnm'rmsrof@semp@rw|b@E00m-hmdmgeembodlﬂmltsahelew control ling
both recordi ng an T ed by a
nunber of featur eg 8duﬂle‘?’1 %3&%9 va@c#\V\\ﬂll ﬁ@@%?@% thS’g? ?8)%:‘%&'% he di sc
subsyst em capnlbiewwmfﬁsamjtqthaasmmpaﬂwlng drawings thNlmth | ogi cal addresses (LA)
and can guar ant eepg, IR Tbk SehBARR HprlehidtiBh 8t Ly FaEIRgbrANd/ or wri ting
20 including an optical disc record/replay apparatus suitable to embody the

invention;
Figure 2 is a more detailed schematic showing components within the
apparatus of Figure 1;
Figure 3 represents the recording of blocks of information in sequence
25 areas on an optical disc;
Figure 4 represents the playback of information stored on the disc in
Figure 3;
Figure 5 generally illustrates the editing of stored video data, with bridge
sequences omitted;
30 Figure 6 shows the format of a bridge sequence recorded as pant of an
editing procedure;



Figure 2 shows a schematic version of the apparatus in nore detail. 30 The
appar atus conprises a signal processing unit 100 which is incorporated in
t he subsystem 8 of Figure 1. The signal processing unit 100 receives the
vi deo signgloodiiess§he digital input termnal 1 and processeg/erhGosyhdeo data
into a WD 01l 75888 PCT/ EP01/ 03371 12ﬂghannel signal for recording on the
disc 3. Aread/wite unit indicated by dashed line 102 is provided,
incorporated in the disc subsystem6 of Figure 1. The read/wite unit 102

conprises a readfFyurd 7 illisRated thb é}@ﬂfdréluﬁ@ﬁe)ffébttﬁ@@éhtﬁQMF’EGflwdsbbﬁg to

optical disc 3. Pgsitioning neans 106 are present for positioning the head
104 in a radtamyTSYémah ‘F"bfgém?m?QﬁSSS@fSGCOAd'P%WPPVéh%Wﬂ"W%r 108 is
present in Q,!H:t@rurgp anplify the signals to and fromthe disc 3. A notor 110
rotates the disc _3 in response to a notor control signal supplied by signal
generation unit Figure 8illysicates asinaple dnontaeamligss) edi eperation: atdnt rol 1 i ng al |
the circyits via processi ng
uni t 100l$| S adapﬁggﬁ% g(ﬂ%girﬁé\l/tggﬁelfﬁédmé%@g oﬁﬁ%%%?&?@%%@‘fe@b?ﬂﬁa nput

term nal 1 icomplex (sexvless) aditingraperation. i n t he channel signal: the size of
the bl ocks of infornmation can be variable but may (for exanple) be between

2MB and 4MB.p %ﬂg,m ?iééﬂhtliné%éﬁerﬁﬂapt ed to wite a block of information

of the channel signal 1n a stquence area on the disc 3. is The information
bl ocks corr esponThadollowinddesuriptiomadnsidete in parjadlar ANedevicds gperatiigo  many
sequence areas that e SS t,i be seen in the
recordi ng dlagfj? gmgotpe*é? 3&%‘3 §F '\%ﬂf‘%ﬂhéﬁ/ éﬁaéﬂggforﬁ\épgﬁaﬁ\%&g‘ fragment ed
recordi n@. Igartictia, IQWIE&HBm&tdrMREGQMth@ugIStm@ulladsmaﬂmtdmat wilt is able to

record and wite such fr nted recordings fast e to,.neet real-tinme
o Qoadl | nedeCasnisn BB APPIADIRLH e reyans HLETt fo,ABe" AVSTHIE vhon the

recordi ngs %&ﬁerﬁ@é‘ﬁot lhfboﬂfdiﬁfanbé)wﬂﬁmlié MFEEE tlaRgarf the video data recorded
in an earlier recording . step on 3, the apparatus is further

provided with an Tha feltowj gespg@e$ BPWrtBQBFQﬁeHb'"é?Pt&M dressesiton (out - poi nt)

inafirst \Hréiﬂ@msdf%@ém ﬂﬁ@é-dd?mlc?rsetﬂib ﬁQﬁe@c&ﬁra@e 8t ih@n MPEE Vi ng an
entry position oint) in a second video signal recorded on that sane

di sc. Addi tlT(S%ﬁH"% é)tﬁ?é" Mﬁ@'%ﬁéu%ﬁﬁhﬁ tempgraliisnegoaacist g0e Rulletingher at i ng
unit 134, i REEHEMOLSEER MﬁEG%dﬁ'lm mBfipE&My Sithpldbit-di¥fpadi@ediener ating

the bridging sequence to [Ink the two video Streams as IS described in
detai | her eicABR@lhe made pf gt anirame oupdanys recording of a video signal. In

the video recor dgf oaupRYBERMISeriig wihgAt R B8caind Hufly bidygadical ti e

signal, is convert Into a rea upper part
of Fi gure 3.brigige sequences ake generatednwhizhiars 8sert requerees/oh MPEG tataconsi st s of

2 succesal o lors Lgrdialfl AR KHIAGIBRYF AL (e deREASE) M 1RIRBIHF SPondi ng

(al thou f ragnment guence ar i'S no con tral nt ~on
| ocati on of twn@rlg@qu@ﬁoeilmsMBﬁthaéa direis has deen sieseribeshin ptrmptﬁdns ecutive

Soauence 2 aie o Bl ids e, Sl obbont isfedipalig)ecor ded may
Figure 3. ?demtnnedabowdeiwerrlemadedalthanmrblicwatoa fostugheocat ed data
e
of the- AN sPediellnd R isaBin ot e SpERERNGY BeRbEs ReclieBN BB erRl
o gnal rec ““%EQ“EQ"’?WS B ayback of & video s gnal 15 control ed by
gnal recor
&BR

nmeans of a pP &0l (PBC)
The final element in the video edit is a control structure or play list. This

instructs the play-back system how to sequence through the streams. It
specifies the out-point from the original stream and information about the start
30 of the bridge sequence. It specifies where to jump into the second stream from



program stored el sewhere in the |ogical address space. In general, each PBC
program defines a new playback sequence PBS, which nay conprise an edited
version of recorded video and/or audi o segnents, and may specify a is

sequence of wepa@pEwss from respective sequence areas. Poi nh@%@p&%a;ﬁe
| ogi cal addresses of the individual seqqﬁnces maki ng up t esired
I

sequence are directly or indirectly incl'dded in the PBC. As may be seen
from conmparison of Figures 3 and 4, the PBC required to recreate the

original fil ehaamidestqRe Bﬁ(ﬂ%méé'_dlﬁl’lé@ |Bnay A1se' Optain biter immmgff&' makeor ded

segnents to provide a frame’ successi on corresponding to the
ori gi nal seqd@ﬁﬂ@gefEGmtqfﬁ@e PRy baek easieleo Recordi ngs - General Figure 5

[ ustrates the echibinds Boudd\Gih 1IPARNEHIES o BT BRCS HEthifaige O o°

3) and shows two viUdeo S|gn s in by two sequences 0 ragnents
naned "file Asuitabte toihost the present invention, iy therfordiof an optical idisc recordrwdor 2s

d d d f

def i i ng- Che HRVEK " iEng Heseriliondr Mo B AR AAPUMGIRAR 7
recordi ngs i rbasedeiides signals Eheonpantratedwpob,calthough itivéll barecageiseddhatg or from
Lot o e Bffack SofSl il 3pleBo bR DRSO BT,
decoder. Thi sautio onphtaessng:}rmls;anddmt?hsirweanmrt ullazequial?/ applisabiedo bther

t ti t t 01/ 75888 PCTI EPQ1/ 03371 14 st
Copr esent ed LBt afisdd Sen s mAdhelip dita giotoammanns &1 oMPRBRERRE: cd for a
PBC progr fom tdied drieeds three parts, one fromfl le A and two fromfile B.

Figure 5 shows the_ edited version starfs at t P1.in the succe si on of
s or FiTe A mTReaRRArAE CoDRTre b RuTesRirB] Fir reEsiting eSO on o

file A Then toeR redoried@n opmm:wsrmrma hRe appéttatd%%dmprtsbe aﬁeﬁmnce area
in file B and cont es unt j in a further se%gsgnce area in file

B. Next reprd§UENA V&QBQIYWQPV'?%O F'ﬂ@a'd'SPWPUF%d framcthe disendesee B, which

may be a poi rtbrrﬁmalslrﬁay inudetse éome@‘alwmwﬁgn%emwe s@&ﬁ@g IBEEfi3bg 18 t han
the point P3, or \?I nt later in the succession than the point P4. From

t he poi nt 155 qﬁ'gttﬁ'e gpeedvier and degqdes 124n the term of @ F%’deEtmES vt alBRies unti |

poi nt P6. ThereBsines Bidadbastfsi alsdmn%afanﬁ@%‘slef&*thshﬁe if MPRES T®¥orhar P3 and
P4-P5 has been omtted fromFigure 5 for reasons of cl arity: the reasons

for) and neanEhe dgcogeneroyides r‘i”ﬁﬂay tiorale ton disglaysiayirende whigh mansaabe

consi der ed. %%n%hﬁorﬁ@aﬁﬁa e/ %etinder st ood, the follow ng exanples relate
to frame is based rather than field-based editin . Al though editing could

be performed to tHdecdale ared o toe dise S conpistsfiaerligueus range of pbysieali n pairs,
and ext r a,Jr aeRests NKhving corresponding sector addresses. This address space is divided

into sequence areas, with a sequence area being a contiguous sequence of
sectors. The video recording apparatus as shown in Figure 1 is decomposed
into two major system parts, namely the disc subsystem 6 and what is referred
to herein as the video recorder subsystem 8, controlling both recording and

25 playback. The two subsystems are characterised by a number of teatures, as
will be readily understood, including that the disc subsystem can be addressed
transparently in terms of logical addresses (LA) and can guarantee a
maximum sustainable bit-rate for reading and/or writing data from/to the disc.

Figure 2 shows a schematic version of the apparatus in more detail.

30 The apparatus comprises a signal processing unit 100 which is incorporated in
the subsystem 8 of Figure 1. The signal processing unit 100 receives the video
signal via the digital input terminal 1 and processes the video data into a



effort would be required to accomodate an edit point between the fields of
a frane. The demand for such a facility is not believed to nerit the
additional conplexity in inplenentation. It will be recognised by the
skilled pewap#sésgt 20 MPEG conpliance is not mandatory (@syediédsaned
above) and that the techni ques descri beig herein may be also applied to
non- MPEG fi el d- based data. Two types of'“editing can be considered in
streans having inter-coded pictures interleaved with intra-coded pictures.

Firstly, si rﬂﬂa‘ﬁn@%?ﬁal‘i&ﬁeb@r @r’édﬁé@@@ﬂé&%hﬁﬁtb%ﬁ%&éﬁeﬂ Byned at video
frame boundaries but noth is done to ensure that the conbi hed stream can

be played badasheddiperOg is PEOV!@daE@th?ﬂ in thediscasubsystam pbligded.j unps to
the begi nni NhéfeadVARY UAAGR B c?‘?isﬁéﬁrrééd/meﬂmlf&ﬁﬁlgﬁwdtfaﬁ' e entry

p0|nt so that frame-accurate editing IS not strict I eva
Simlarly, tﬂﬁ!éd@ﬁlftmpfw'ﬁﬂg 19 epticahdise rB@Slﬁ@qwn’@@nﬁﬂQGlﬂée P@ﬁmf@red so The

user and £ VﬁS}%éit!bE\ ni%ﬁﬁbﬁ)@aﬁ%ﬁﬁ%‘-‘rh&ﬁél &nfb%tﬁﬁb&ro@ﬁ @0633 R it T rame

preC| si on, ck system 1 nple sest approxli mation,
gi ven t he coamplifier 108 ispresent ipiosdarte anplifyrthe sigoats tamddfons thel diso8har

factors [ iting can

be envi sage% %ejég‘gé draslqéégf)sgeé @g'ggébnljsg t@?éﬁ@éh%r&@gﬁgﬁ@%ﬁ& 89 °

i nconsi st encsigsal igeharation whi 11 20A shicprocessorgiidds Presehtifor cantedliireg alt | dge

sequence th n e any of the edit points shown in

Figure 5. At h?@&'@%‘@%ﬁ?ﬁéﬁg?t‘gg @e%ﬁ@ﬁ%% shown wi t hout IElatchl ng, is a

sgquegcemf dat aTrt'@ralgna;l pi'mesdmggmgneoéﬂadamgd ttem&artuet/tdeertmw _?_ht hat the

edited streamne er| an t endenc q re nts is

berm ts 1 r odebBVER piaghe siou Rttt 1 e o8 o o T8 e HReRRl ng ¢ ype.

fAddl tlb oPaI Aiibn(ijhﬁt?te sidecmnt / hélatoehedt mio&mahaowgbé ednatné butd}:@waﬁrdgfl sequence
rom before an er e e n order o,the allocation

requi r enent 2439 ‘l’?stiﬁ Qetl’f’gﬁf'%ggd B@Hﬁewﬁ? Hﬁﬂtﬂﬁ% ted lnydiedn 6. aur

co- pendi ng anetk Gfahioﬂ'ﬁaméﬂﬂ@bﬂﬁﬁﬁéll s(glﬂuan%&ﬁ;%em argdeon thengisk @bove

descri bes basic, princi Ies of these technlques However, particularly when

editing Fecolhg i ”W'? blocks FAREesSROASI eﬁhwmm*r\%ﬁgop%%a'm é’&'ﬁﬁ'{'TS) and

simlar forﬁﬁfosmaﬁye¥ Lfancara@é‘édtﬁai aﬂeﬁiﬂ#ﬁécéﬁaﬁ!yrbohﬁg&lﬁ:slﬁsh%f%é/ed in an
ef ficient manner. th cases (sinple & conplex editing) it is assuned

that the oriSferRdn “!ﬁ W@SH’&"Q diggram BEE'SHF?g%deH?h GT"%’RQeW ROVRIAES where a

bridge SeqUGfPé(;fﬁnérﬁeGFe&.%‘i'@ﬁgVMs'a SrEBbBMicHt i AR 30b LY Stem thafRiLaidi ts may
be i nmpl enent In a tape-based system where two streans are concatenated

on tape at atptsewdrapdwte.sa@bfraelaﬁetesdemaméiastmpu%to meehieal-imeedi t i ng
and pl ayQﬁdeé%\rdﬂﬁé‘sd#&ﬁdéH thiaP'€ertdinBliScaRBH nsaemeeeﬁet YWRES e ﬁecemé bed

below. In the present enbodinents, 1t 1s assuned that the str are
mul ti pl exed @r@ made: ansport Stream(TS) type format) rather than the Program

Stream format asshghfhehd Ff-&ﬁe l%ltﬂg dtite Vi Y(&é&‘{j&t%%&&d@@%’&n eéfiief ' ansport

Stream Format Figure 7 1llustrate eatures and structure of the
MPEG-2 Tr angpgandlr&sterann(trr@ylsc:&tmtapplanatumsfyptb@remrpwﬂeﬁmgtmr@ iDput he data is

be stored on,fi &6 f%r tﬁ?:eﬁm-ﬁsarp@ﬁ?f;oglﬂémht-p&hﬁ‘ ih 3irdtViddighd] el ' t 1S

received off-air,
25 onthe dnsc 3 and for receiving an entry position (in-point) in a second video

signal recorded on that same disc. Additionally, the apparatus comprises a
bridging sequence generating unit 134, incorporated in the signal processing
unit 100, for generating the bridging sequence to link the two video streams as
is described in detail hereinafter.

30 Figure 3 illustrates recording of a video signal. In the video recorder
subsystem 8, the video signal, which is a real time signal, is converted into a
real-time file RTF as shown in the upper part of Figure 3. The real-time file



in which it is passed over the digital interfaces 1 and 2. The TS is a 30
conti nuous stream of transport packets labelled T-PKT in the draw ng, éeach
conprising 188 bytes of data, and having the format shown at the top of
Figure \Wwom73s888 PCT/ EP01/ 03371 18 7. Full details ofPCTEPONREG- 2
Transport Stream including Syntax, seggntics and constraints applicable,
will be found in ITU T recomendati on H 262 | SO | EC 13818-1. Information
about the MPEG 2 systemis available online at http://ww. npeg. org.
Briefly, eactonsisiebastcqessivatof signalhleck sequeaces SpQrfor mcoedinp in payl oad

The header oefabe8ffipH (ahuoR HaBHplodd 3pirR aFs. drfh Bt Gistebl Y el by
vari ous fl| agen thedocatitnrafithd seduibsice acdashmihealiscr s pente,@nydwoi ndi cat or TEl ,
a payload unit start indicat

tat or USI. a transport r'ori‘t..g/jndicat r TPI) a
packet 1 dentSTSBEIIVE FesHRfics Rieas Somprision RRRIoNs of Bata 9!dne videp sioRal

adap% ati %sa ;chidzugnap]tyé af:ywlﬁé?@ it Itogiﬁhli afdd{r?}s)é spaﬁél}.ws Mh%{\qn@t I nui L yt
counter IS a 4-0l | e rene In W eac ranspaor ream packe
PO i von Brbr pasobFigute & WiRR SERseare TeS TRaLIMaARALe GUSSAES | 5 ot

i ncrenent ed gditigublicly. ELRPLrakl time fileabpresonts aBinglé A @treawkThe dadi sfat es no

payl oad for the packet., ntinuity counter is a feature of is the Transport
Stream not ‘f‘ﬁeNﬁrSH&PHHFgBF%dJ PyEoncatengfing ine sequenrs Aa ip dheyprdsirtievi ces

to detect | ohgfids gbs in an error-prone channel. Packets follow ng a

| ost packet generally have to be discarded until new synchronisation with
new headdt s can Hd9¥Brdillvttatesplaxbagkof a \idea signal Tecarded ardhendise 3di £ fi cul t

however: t hepgsRdcit d\ided Bigha i@@bﬁ’cr&ll@d@g%éeé&%'{t%faagplggc}lag‘ﬁt&ﬁﬁal (PBC)

di scontinuities de |beratelg I ntroduced those 1 ntroduced by
transm ssi onPregram storesplsawhere ia the legicabaddsasssspaces InegenergCeaghBBe nay be

resent an HAfdd | : erw se

gl | ocat ed ti&@g{/ﬁggﬁf&ib%ﬁg@%gﬁ%égﬁe? [ e|’(§m,&ipt 'ﬁgﬁggﬁﬁ%%ﬁm e contain
a di scont i nuedilediersion pteecorded| vidpoandierrausiaisegmertsy andgnag specity@ MPEGR.
When set .to0 oL | 'ﬁ&lt | | [ LWL kS true
for the (l:gur rsearhue Ir:éz;gg%écért %pg%%%g%ﬁfgte%E‘}%%?Cg?ésr%%%mdﬁﬂﬁ%/%ltﬁ%l| ata:l)r isu
used to i ndiaddressesoftheindividualisequences makingdup thg slesined sequenas are

opt 1 onal " dat ARV PEIEABEY bl od b PR AEARY HBskh Fom odmBAtodl ' Can be
padded wit h Eigufesidhand4.tbe PE(breqsired torescedate the igingldiskeaquends (fram TS packet
boundari es. Figm (ﬁl rabtders Jd?e %?QJAEﬁ’t%/ rggéaéd segments to provide a playback

20 frame succession corresponding to the original sequence.

Editing Digital Video Recordings — General

Figure 5 illustrates the editing of one or more video signals recorded on
the disc 3, and shows two video signals indicated by two sequences of
fragments named “file A” and “file B”. For realising an edited version of one or

25 more video signals recorded earlier, a new PBC program is generated for
defining the A/V sequence obtained by concatenating parts from earlier AV
recordings in a new order. The parts may be from the same recording or from
different recordings. In order to play back a PBC program, data from various
parts of (one or more) real time files has to be delivered to a decoder. This

30 implies a new data stream that is obtained by concatenating parts of the



A system tinme-base discontinuity is indicated by the use of the
discontinuity indicator in Transport Stream packets of a PID designated as
carrying a systemtimnme-base in the formof programclock reference PCR
(refer to Wo¥lkdgs13818-2 Section 2.4.4.9). Quoting fromgddiapornssn
specification) when the discontinuity ate is true for a Transport Stream
packet of a PID designated as a PCR PID the next PCRin a Transport Stream
packet with that same PID represents a sanple of a new systemtine clock

for the assagicahfirepred@hfidl by dhtteaImhé tiRUir Mighed, 4Rk W Iaswdtba ke Set to " 1
in the packet in which the systemtine-base di scontinuity occurs. The

di scont i nui tRBE ﬁmgfatndhawqesrta&eeaqaé@ ore fram filp AagdtwoitrertfileBoort St ream
packets of the S%&’@%}BM@ tRE eBiied PersBR Bat&ia YAIhOP fPRbBSedsiyn new

systemti nme- base his case, once the discontinuity indicator has
been set to' OIaIBQQOfsfH%AIar@cﬁWF'ﬂM@ uril peint B2 in thenext pequancease pbile St r eam

backet's of tAerapTRoRaRoRllu s ReRRANLBEIH WalA id SedieARs 894 inTié Bam packet

whi ch cont ai ns e new syst emtinmes contrast to
di scont i nui tar@bcqnhnueﬁaurﬁyw@tr%umreim sequencef aragdretiletB: Néx¢ di scontinuity

i ndi cat or) der plays
t hrough t hegrésrsogg @ﬂys%ggcdotﬁ iPSUl ﬁggétt?eﬁgﬁntl %%@c tergval ues,
al t hough si gJ'(tidtl&adI&l{m thersnecessimusf'selaquendecaas obfilei Bthanythe pdint 83por, stil |

neader s ar o 3 BHRtAR if BEXERsqdor GERINERLEPE, & BiDbe el ir e “ana o

confirm fohe stqoencenarepadn éilee espsodugtion icngturiuesmrmhponfvﬂEsB Becgeriaratidn on agai n,

i scont | nui 1) BFHEP SEaBSrEER rife kel dnn BEr e S RAe RS ARER GHiokAL he
di scont i nui tf;omF&j,tme 6dort reasonsofaterityrthe sgasohs Br| andnmpank ¢br geénesatiohD not

desi gnated a t he conti nui coynter. in that packet may be
di scont i nuodé t\%\F P@é‘?)%%q”epﬁeﬁ Wil %%89@5'%'ﬁﬁsport St ream packet of the

sane PID. Wien th@\mm@(y@hbmﬂyhhdéﬁsﬁio@ trﬁe fbnétﬁng@xam'ﬁre%ﬁémtofﬁim@am packet
of a PID that ISrﬁ%‘S at ed as a PCR P he so contj nui count er may

only be Hi sdased R figldsbasediaditing, /thoeah £ditipg caridiheRerfpraed to

di sconti nui e @raétiield IBvEIOMPET iehis $OHBAETeIdY IRGANG dhd éxtraPBroBhsdhsgUr s when
the discontinuity state is true in a Transport Stream packet and the WO

011 75888 PCHffepotayid e Ie%fe@dﬁtaicﬁ‘emwdetﬁﬁﬂ adit pojnt %WE&W%Q!Q%P s

di scont i nuoYpaé.t hé BEMARE fdrcr,ut:h@faé.mw.@ﬁ&t Jén@ﬂéd)fzmeﬁnhe%ﬂ@ﬁg»et of the
same PID. After a continuity counter discont InUIchﬁl n a Transport packet

whi ch is degogmiexly inimplemeniatipngt wilkhatecagnised by ihn sidiad pargpen thatst byt e of
el enent apy %PE@%&%@@@%&W r{, (& BRI TvePANd h?at PID shal

be the first byte of an elenentary ream access point. In the case of

audi o, suchta@umsrﬂﬂsratlb%m@ertememgyafetatsso(ﬁpweﬂécwartrmﬁ@rf'st%baaeﬁ the case
of video, h%%l rst byte of a video sequence header, or else a sequence end
code foll owe y_an video sequence header, will serve as an access point.
Each Transport Ser@atMPﬁ?S)OfmfmeWQ:honﬁdﬁﬂra@ insStesagneh@ving interreagiéddat a wi t h

2 PID not desdGRatindnasd ffebRocdid iebliihy SsifRl ol dah 60UgHeT

di sconti nui t'y point occurs occurs,
at the |nputwtua‘retnﬂasmem@flomedtahwdsyitama Iucnumlabaséum@bmgtm dometo for the

associ at ed %nggfeaﬁapﬁt@go%birtéﬁ étrbean? 23% be played back smoothly. It is assumed
in this case that playback jumps to the beginning of a new group of pictures
(GOP) or other suitable entry point, so that frame-accurate editing is not strictly
achievable. Similarly, the exit point from the first sequence may be restricted.
30 The user and sven the system may specify the exit and entry points to frame
precision, but the playback system implements the closest approximation,
given the constraints of the picture coding types and possibly other factors.



where the discontinuity state is true, if two consecutive Transport. Stream
i s packets of the same PID occur which have the same continuity counter

val ue and have adaptation field control values set to '01' or '11', the
second pack®O%gs#8he di scarded. A valid Transport Stream ERHEPOIA3Y7I pe
constructed in such a way that discarding such a packet will cause the | oss
of PES packet payload data or PSI data. zo In the exanple of the DVB
digital broadcast format, the data rate of the TS Streamis around 40
(Moits/s), while Sesonglpimare eemmrlex aditing san b eavigaged, wW\ese abrigge anme i s

l'ess than 10 %&éﬁép%%&?é‘éi%iﬂ ﬁ’éHd(T tHeSinédHA e rities betivBer WD streardy, | OUS

programes P can be multiplexed into a single transport stream

The field Pl Figirediustiatema prdge pemsiance thalima ka.genasated telepnempass, stream
to which thatanp%?'ﬂ?% ecﬁi?b@h@%ho%‘?ﬁﬁ@?ﬁ%@gm b Tl aMAE bhHgé'@éé&erf&E transport
entiful o eans. e programme nmy Yor exanple

packets with p er str
conpri se of @&howdedthout batehing) IB2 sEsBiencaof data eeruitiplexed and sactided @sr eam

Pl D=" 056’ : \ d
bet veen pi D Jar e i\ td EAR R Madisbynehla BRACRRP U e
30 PID is muidepanderttyirequireménts.niTbis perogs freeseleptian 6f tbe ieditgoirdd,i on ( PSI)

tabl es. Periqgdicall: i ¢ D I e L ation
tabl o PAT 1 o egieutp Bl St BB MGRABR AN bty S PRRAEE ERES Sl oo
The PAT in t umto the W@ $&dheBte RO B0 ArkBafier 119 editipaiatsein drder foRO&Et, PROG3
etc., which streamcarries a progranme nmapping table PMI. which |ists

cormi et el P 1 He® AfGEAIPR rbep iy W Sl Sothot PRYGAU TR P HBE arme, and
descri bes t heubsystemts. cOueespertiity applidation WOLAOO/G0ISN (RHB Bs262WD)Age

audi o, etc.). These t%bl ea ang ot her data for contral _s%%uhposes are
referred to efHioned above pesarbRs HaRiEPrigeiPlesf F'?ﬁredﬁ‘ﬁlﬂéq - FOWEVef: a gi ven
programe ( Piiaeicularfyrviiari éditing ReBRIMNGSs With & #dFmat Basdthom MFE®ATarfspba DAT- N of
successive trans OHﬁ)paC et avi ng that PID is concatenat eg) into a stream

k P )
and this strSHRARR(TS)E0d sillaripunals JeVi| pracyicalissues IBRARODEES PKT wihi ch

are furthgr qeédivistinidh éficieMThadner2 speci fication. Each PES packet begins
wth a distinctive Eacket start code Brefix PSCP. Next in the PES packet

header is a streaff Petbifases imalers Gamplexediting) {issassumed Patthgoriginghent ar y

stream (for gxaHRsFeMafffhchaigédbn BRROICBMpiX &MtSWHerd hibYAGE sBhiéid) - PES
packets do not have a fixed | unl ess specified in a particular

h
appl i cati on, af@ated il NoERAl &Pgé@i on fisg) $iPpiR qdits Mayhe implemgrtefimer of
bytes in the F55eRaskE ysto WﬂFﬁa WtFeRimsPdd cohadtehatdl & t&EE at &®irdnp! | OW,

including for exanple a data alignnment indicator DAl and a header I'ength

field HLEN. Videodtamepeunrdatiess F dgtall of editing andqiayback rrocedHeestader
HDAT, dependiingsifiplé Qﬁd&a.!n%xquéssaﬁefde%%ofﬂ»éi&ﬁ. ifthelfedft field for

exanple, a presentation tine s an‘? PTS may be present 20 specifying the
time with refesmbosinents, hisassumeddhaddhe sireams are suttiplexedin atTiramspon t

picture, audigdahifiEs)&) e forR80 ARk hah'thd PrRodgramshidant formBfaé&kimddFindue to

the prior art referred to above.

25  Transport Stream Format

Figure 7 illustrates the key features and structure of the MPEG-2
Transport Stream (TS) format. In the system of Figure 1, the data is be stored
on disc 3 in a TS-based format, similar to that in which it is received off-air, and
in which it is passed over the digital interfaces 1 and 2. The TSis a
30 continuous stream of transport packets labelled T-PKT in the drawing, each
comprising 188 bytes of data, and having the format shown at the top of Figure



be presented. In certain cases, presentation units are decoded in a
different order fromtheir presentation order, in which case a decodi ng
time stanp DTS may al so be present. 2s The payl oad PY-0 to PY-N of
successi ve WEasesket s having the same SID forns a cont| n o‘?)o?ﬁ?”t ary
stream of data shown schematically at in Figure 7. case of a
video el enentary stream ES-VIDEO, vario pi cture sequences or clips SEQ
are present, each including at its start a sequence header SEQH Various

parameters of, tﬁ&ﬁd@?éilg%?f ddlflﬁbqgé ﬁ%r%%oﬂ‘ﬁ@ah?ﬁidl&ﬁ?:ﬁégﬁfg&es‘e mé&hticker sizes

and the |like are specif e sequence header correct
pl ayback of an@comaiamtgtapemblmmlbm ipmd imEHI-dvedommendatian H@BZHe decoder

at the | ocat | e¢ 13e364 ! IEnBfd Wout i Dpte-2 WAEH i€ RERECORAY 03371

20 the data tor each sequence are one oOr e vi deo
dat a, each cbttp:dwpunoipeg.org Brigfiy; eacktrangpsircpasker malndeela;teadempmmt he
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ot her nodern fere t her so
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nei ghbouring pi.cture.pr 1o hicitures. Therefor res GOP will
Cvptca 'y conBpied Wenyfibaunf AbClaispor scraming conftolioh 3% alablatibous

r ef er encaqgt ofieitiltontrol AFC aad cohmltvrcohhtreﬁec P (predictive) coded pictures
whi ch are coded i n ton v recedl n frame; and

bi - di recti onal p&g 8‘?’@1)”“\9“‘& é§a%%ﬁgm PRRYUL ﬁ"ib?a?ﬂ ediction from
| and/or P f TapoRSteam pamkeﬁforrer ivhEPID. ICCLArdRMUIB0NE® 0 cT Bﬂeﬂl@unt of data
required for a B picture |s | ess tghan that required for i cture, which

in tumis | eBRXtMR velve: Clodg et @B'Q""z!ﬁm%wfeﬁ‘“& ﬁ‘i’%Pta@F fﬁ!@ coptrRl of fighd,

since the P gackeBindicaiay ﬁ& payiSac it ke aék@i BCd/Mtlhhlt)F 8 HENE A bRt BET
pictures) it is only the pi ctures provi de an actual entry point for

starting!pl ammnenorhsgewnn@éaeé’mam@rqmMmaé whieh {5 designedidt ed t hat
the 20 COP dgj d&\need toadgie&wascaflfﬁ eﬁeten@aﬁeﬁeﬂsfbneeéhahﬁent "Eackets’ €spondi ng

B pictures, and then re-ordered decoding So as to achieve the correct
present at i onfquawmgahébmcdnehg?walymtp bﬁl‘h?@ﬁf@%d HRtd N@Wanpl es where the

br esent at i 0N Hforis AR e o8 Lhnigeld s FERegBAY rer . Part of

one group of Ictures IS 1 ustrate ure eneat he Vi deo- ES.
2s Finally |atrﬁarg@mredﬁﬁmlt@wvgﬁmdepqd@ph@s&mbeabl@rm@lsﬂaguetxdu 0

el ement any Sbéﬁggh%dé%tﬂles Iﬁe r‘ltmcéa leﬂltﬁupa%?&trﬁts edata FRM wi th

frame start ar i ous au ts are permt varying in terns of
sanpl e rate {nv2duced bm;amnsspoeyroemd al so data rate (for exanple 32

o Sebho o P oon e 18 SO OB MRS ERFDIASER B 1, 2o
in the PES padimtatidretiald Af, acclipying soend ofthie spaceletherwise allocated to
payload data. The adaptation field AF may for example contain a discontinuity
25 indicator flag as defined in ISO/IEC 13818 for MPEG2. When set to '1’, this
flag indicates that the discontinuity state is true for the current Transport
Stream packet. The discontinuity indicator is used to indicate two types of
discontinuities, system time-base discontinuities and continuity counter
discontinuities. In addition to optional data fields of pre-defined meaning, the
30 adaptation field can be padded with stuffing bytes, so as to match the PES

packet ends to TS packet boundaries.



WO 01/ 7588S PCT/ EP01/ 03371 21 Audio frames and video pictures having the
sane presentation tinme stanp PTS are those which are to be presented

simul taneously at the output of the decoder. On the other hand, there is
great freed¥OlTF88%he schedul i ng of packets of data from t PET/ERORDITENE

el enentary streans, such that audio and4yi deo access units having the sane
PTS val ue can arrive in the transport stream TS up to one second apart.
System Target Decoders In order to ensure that buffering and ot her aspects
of a real decoder Angystemitina-bastcdischntivuityhisindicated bgtthaam oithBout breaks in

the br esent edyauiguhPndioa? In PrAgbaTERatRGBES R SPAMIhaRse 1 oo 2

transport Stream oder a progranlstream
systemtar getcad&yamhasyﬁtémsm -basalial the mmmjlp;ograacttio@ymferancml?@a(refecoder i's

del of a.p th
i Trarbnt of GISPIES 17184 SobicHE R4S BRI A <PRBOPRGP BRI 19, ' "
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u ers etwee ream an eCco r 0O 1N a o0

nel enont & BOEL PR BeRER AT & Taspol Stret packes i Bl |
ggf uale te lrrelrrg qtgrbsemlm&mﬂd qm@efeemmerﬁmmeTci&moﬁmé 65.225 gte%nﬂ'o@?hh !5, ?n | ar
In enera a In the specl fjcation.
Howgver di f?@)eeﬁilﬁ‘é@ 'BBWJQB a{q{élimqll éq‘ﬁe%ltﬁderh@er% ipdtich hesystem gener al |
a transport &trﬁ@aase:a@a@rﬁnrmy aacmrgdmb dl@@ddtﬁuhﬂlnalcﬁfd?%itar%ﬁélﬁﬁ@ms\é'tt hout

re- schedulln ast at the Iev of PES ets,. _and simlarly for
conver sat loon rbl'ﬁ nt980¢§tr1egmc e§§s° s @Bﬁ%ﬂ%plpﬁ'oﬂﬂjﬂ\? R?é’bé‘d in TS

format has amb@:ﬁtah@ftﬁ@hem@&ehﬂnm%aﬁ’eﬁBh IRhig 8add) @hbetheexanpl e, each
main buffer in the T-STD i s g’gece ed a transport buffer which acts to

smoot h t he r ispantinyity igdicaton hag bpan ﬁﬁ@%?dh%ﬁi‘r@@ﬂﬂ%&?ﬁ@ sedpf1’ il | e data
for a given StaRSBIMSHeshdalRets o el POR PAYSHI aha MARMGmaacket s at a

peak rate of 40 gabits per second, the average rate of such a stream
when t aki ng |Tf9659§tfbﬁh¢ﬂmtﬂ4§k@rwn'?’b°%@ﬁ§H&W’S%?@Baﬁhﬂﬂmp@\fvﬁb’éfﬁm timefar 30
lower. A | eglgspate” is defined for the transport buffers so as to throttle
t he WO 011 75888 22 PCT/ EPO1 /03371 incomng data to rates of 2 Miit/s
(audi 0) and 18 Mvilh canifast edipcontinyiliesimipetsystem traedase, epaedflaggeddypassed

into the mai nybuiskBhtinuity indicator, are expected in valid Transport Streams, and the

decoder plays through these seamlessly. Discontinuities in Continuity Counter
values, although signalied as “known about” by the discontinuity indicator, still

20 cause the typical decoder to treat data as invalid until new sequence headers
are found to re-synchronise the audio/video frame structure, and to confirm the
decoding parameters.

Quoting from the MPEG specification again, a continuity counter

discontinuity is indicated by the use of the discontinuity indicator in any

25  Transport Stream packet. When the discontinuity state is true in any Transport
Stream packet of a PID not designated as a PCR_PID, the continuity counter
in that packet may be discontinuous with respect to the previous Transport
Stream packet of the same PID. When the discontinuity state is true in a
Transport Stream packet of a PID that is designated as a PCR_PID, the

30  continuity counter may only be discontinuous in the packet in which a system
time-base discontinuity occurs. A continuity counter discontinuity point occurs
when the discontinuity state is true in a Transport Stream packet and the



Sinple Editing For sinple edits nothing is done during editing to ensure
that the streamw || playback snmoothly, in particular, no bridge sequence
is generated and stored. Therefore, the device nust deal with the probl ens

at pl aybackobisgess | N general it is not possible to guarapéperdapsFect
pl ayback but the proposed nmethod ains to reduce the disturbance to the user

as nuch as possi ble. Potential probl en® t hat may arise by joining the two
MPEG streans at to arbitrary frame boundaries are: 1. Video may not be

decodabl e Aé°'§[*ﬁ"é?£§?’ﬂemq“§ S%E%F?R%EE gk?gnﬁmjo%wiﬂ‘l rabpedt§ethel ranes with

reference to eo franes. r a reference frame is m ssing
t hen i s t heprvpusderansportSteeamipacketof thessameeBldbl e. If a frane i s decoded
using an incorre r ; I ] ' kg vi sual
artefacts. Al so,ﬁﬁee'rc%é@{etﬁgw f %%rﬁ?ig@%écgﬁp Pﬁémo% T?\%néé%ﬁﬁ ?@%’3?’?&3{ 'tg he MPEG TS,
it is possidbsighdtat astventaining eleentany streamaiada, the firshibytecofielemertaedi t ed

stream t hat shoul not ' . LAl ' aathe entr
and exit?>f rﬁﬁ%@ma#‘éa E‘h%?%qgégﬁ?ﬂég%ﬁéﬂgﬁﬁﬁggéﬁgbﬁw?Jse\mng;'%appen aty
r andom when bifecofanaslernastafy steease hecassqoindf In the aasetof andioesuchyadceasres, but
will not generally be.the .case, | ter ' [ user nm
be const rgi R@H‘??@/@&S&% o 99"(“,8}‘&8?%"?‘%‘;3@685{{%%9?%%%&”%ﬂ{s}t{#’%g?'nt s. Zsy
2. Partial Auided Sequance healar, anglse hdequéncenesl code felidwed byran vileanspor t

St ream packet s of ]'%%gb tes and these Trans. rEt ﬁé.r eam of ketn§ are

i nt er | eaved SPAYRNGE ﬁg%'ffeﬁ?raé%qﬁﬁﬁﬁ B?'Bg. A PO E gnnent

bet ween jhe papkitQvidifcotitaing efentertarytieandias meth a\PIDnot designatdd apa ex.

Therefore, joining twy, streans at, video frape boundaries will result In
parti al audip&ﬁ-rpdaeé"‘%l‘”b‘ﬂwﬂhtatfé’“gﬁ‘i"fy ﬁ%ﬁ"&ﬁ". 'W"ﬁ??'&rﬁﬁ"ﬁ °°9\HSOT?§§‘888

PCTI EPO1/ 033ficha P18 driteTSI86AUS! sHaf afdeoatahé ipueobnetT-8TDaitdr thd ranes wil |
result in audio artefacts. 3. Buffer Problens A major featmﬁgof t he MPEG

speci fi cat i sistem tirge-base discontinyiuderthe gssqqipied RIYIAMQGGHES: f®SBehavi our

of the decoggisrd i {d i§ Wikl ANGE EonserativeYy TamBpdie SrebmPecoder
above). A s%één{hciq'g@r?\gﬁu@jgtgg:gatenati ngoparts' of _t\;\!g MPEG- conpl i ant

streans 1t acketsiof thersame PR ogguriwhigh have thesame cangnvibr sRYNtE e PEG
buf fer_modelanq(avBlAKBaEN bkikoRRY fahid detd 0116 4PCRRAachAE packeto dat a
t hrough buffer over- or underflow, |eading to audio and/or video artefacts.
4. Audi o Skaway be discarded. A valid Transport Stream shall not be constructed in such a
way that discarding such a packet will cause the loss of PES packet payload
data or PSI data.
20 In the example of the DVB digital broadcast format, the data rate of the
TS Stream is around 40 (Mbits/s), while the typical data rate for an audio visual
programme is less than 10 Mbits/s. Accordingly, as shown at TS in Figure 7,
various programmes PROG1, PROGS can be multiplexed into a single
transport stream. The field PID of each transport packet indicates one
25 elementary stream to which that packst relates, these being interleaved in
units of transport packets with plentiful other streams. One programme may
for example comprise of a video stream (PID="055’ in the example), an audio
stream (PID='056’) and teletext data stream (PID="057’). The correspondence

between PID values and programmes, and the type of data carried with each

30 PID is maintained in the form of programme specific information (PSl) tables.
Periodically within the transport stream a programme association table PAT is
carried in a special stream of transport packets with PID=0. The PAT in turn



The audio franmes that are presented with video franes are not aligned in .
the multiplex. Typically the audio that corresponds to the video cones’
later is in the multiplex than the video. However, in general the audio can
be up to orMO8EDBYd before or one second after the correspCHERNVES3VE deo i n
the nmultiplex. 5. Tinme-base Discontinuifgy The tinme-base used for the

PCR/ PTS/ DTS tinmestanps will be 20 discontinuous at the edit point. The
correct offset between the two tinme-bases is given by the difference

bet ween (i) insicatassfosPROG@1,| RROGRelierewbich streami cagtiesa grogriammel us one frane

peri od, and Taef 2s 6.
Continuity C(G)ﬁudr?}) r{gr\abisgc@tﬂ ﬁﬁ'?ﬂ’ét%hgheoé@wé){jm&%@aﬁ eggﬁﬁgtﬂaﬁ{%@packet S
will be di scthesinglepsogrammes andideseribestthe Tontentoefieach ameduidedeaudim suppress
reproducti on q met hods and
appar at us to"’lgéemgg\gé;'raH IE%A a%"a‘ﬂ ‘Z’\g}gé hz!s?éegeglrag%?%ﬁ@ dtﬁer\%‘f%%?ﬁgﬁgj 24 Creation
of Si npl e 5 EdpupoBeatEP@idreatBiohdrain asisyplem iatbrmatign.no changes are made to
the streans duri [ LN u . [ 1 et ta" houl d be
stored as part oﬁ?ﬁ%&%b%‘% ?rg%cq?r@? glﬁ%géfﬂg?%ﬁhpgghﬁé”g‘forﬁ}pdepatéﬁﬁ)pgﬁl ar)
pgl nlt er ts ?r estrémetg\elpdwma:dftmﬁg to glA)T-Ngﬁ spcnesslvenrahbﬁct)ri paa:ertlsha‘&agn \é\,he{ e
the | as ra e displ ayed ends, an oint In . second stream
where the {1 1t PD ieoneatasiter nfi s Suée, did bis tfpahedines Batkiiisda 1 ¢ o
edit in the ekamantgryatrehirgpaokefs, PESPKT, Wbichtare$ WH&fn@Uﬂm&bﬁMH@GntS P2
and P3 respe tlveh@ry rr? vy ters. can_ be torL(le |tr:er di rect poi nting
F0 tho | OB, caisPRRlivaoD. FrachiiE Sacket BROBS WiBrusnve Bagkatiait Fd8, Al Lo 1 o
the latter caﬁeﬂuxtﬁscmwmmomtms geket headéris al siieafh idBhicrGID QAfiGS by
reference to,a | pok-up table o aracteristic Poin n rna i on or

f t | ook- t f CIE: t t Poi pt I nf t CPI .

CPl is a for Fﬁ%?'"ﬁw@‘@%ﬂ%?f elempaiasy stipar Hpr expranle videos auriePadding anme,

identifying gfaam dr'bﬂvét@f‘s%bhﬁi) PESQf’é‘clﬂei%'d“ciMt%a@&ﬁl%&%%rﬁtﬁbhle%t hin the
bit-stream Al sq stored (i1i) the offset_in presentation _timnme between

the two ti meSpecifiggipa p@ﬂ'%ﬁ" QRP"PQ’@%F‘"@ adES packet fanath field LEN eam ni nus PTS
of first \§ragpedifiesStht Hurhber bEBYbs hﬂh@ ﬁE@ba@JeQYVaﬁqué’&dHtrolpﬁn(&ﬂQ@ er if the

offset is stored after nmaking the adjustnents proposed in steps 1 to 4
descri bed i nfields G& thenifellpw. including for example a data alignment indicator DAI
and a header length field HLEN. Various optional fields are then present
within the header HDAT, depending on the value of associated flags in the
C&F field for example, a presentation time stamp PTS may be present
20 specifying the time with reference to a system clock at which a “presentation
unit” picture, audio frame etc.) beginning in the present PES packet is due to
be presented. In certain cases, presentation units are decoded in a different
order from their preéentation order, in which case a decoding time stamp DTS
may also be present.
25 The payload PY-0 to PY-N of successive PES packets having the same
SID forms a continuous elementary stream of data shown schematically at ES
in Figure 7. In the case of a video elementary stream ES-VIDEO, various
picture sequences or clips SEQ are present, each including at its start a
sequence header SEQH. Various parameters of the decoder including
30 quantisation matrices, buffer sizes and the like are specified in the sequence
header. Accordingly, correct playback of the video stream can only be
achieved by starting the decoder at the location of a sequence header. Within



section. However it is also possible to have an enbodi nent where the offset
is stored w thout adj ustment) and the adj ustments made as necessary on zo
pl ayback. This requires readi ng and parsing data on playback. Playback of

Si npl e Edi Wb ohessh gital Interface Reproduci ng the editegcgispsidMi a a
built-in decoder, any degree of sophi stabcat ed handling is possible in
principle. However, to enable playback“f sinple edits on a standard STB

wi t hout any disturbing artefacts, the followi ng 2s procedure is inplenented

by the apparmbld&t@forléa@hlE‘.@qdenc@h!réoh@@)iHﬁ'ﬁé ‘SIcBBS uhits” HE tHEViles aad, on
pl ayback, and al so steg&gg&aorrred in creating the additional data defini ng

the edit. 1.3k Gorasag piciurg (tield oy fraee dependisgonghe appligatiopbi nters in
the neta- dat Eaét%lcfdﬂ@|sqﬂb&edﬂdeof§taféﬁlr6@térpcme up@fpictired stream

wi | | ahvays end before P- rame (1 n bit-stream as opposed to WO
01/ 75888 25 Géﬂmambﬁmmesr’cy@moup.sm eadecG$C, alhfallewingaa parigwar st r eam

wll al S h bAdérseqfrane. Oniy conplete audio frames are sent to
t he decoder. ﬁq%l’e oth (rﬁoopresent ation should be left at the edit point.

Unwant ed audi o pa&é?@?&f@wmﬁ irMREGH2 apd othenmadesn digifabigrmats Pl D of
each packet i@ é?%éontl 'réig} 't@gné‘ah%"okhe?%lﬁ‘%tto& t?.l Wnk)brdmt cause a

problemw th the unters because pac be del eted
i medi at el y rleduodanayx thmmomnan;za@nn provides aﬁcastlmta oiythemnteat of one

e o e (RS PoRrbUHEY AR bR 05 BT
The fol | oov npjclareso rThdmﬁoresamm@oWntUmscﬁ@Erml_l ypéicatiy cainpyis@assinae: (a)
ol Ul ot ekt TR P b AR RSO BT 1 e
franmes that threxc®ldptadicties) dodedipidtutestwhicharel¢beti iusihgahbton vdutorsi me of t he
IR R TSP AT R e A pIN .
are encoded by prediction from | and/or P frames before and after them in
15 sequence. The amount of data required for a B picture is less than that
required for a P picture, which in turn is less than that required for an | picture.
On the other hand, since the P and B pictures are encoded only with reference
to other pictures, it is only the | pictures which provide an actual entry point for
starting playback of a given sequence. Furthermore, it will be noted that the
20 GOP data, the | and P pictures are encoded before the corresponding B
pictures, and then re-ordered after decoding so as to achieve the correct
presentation order. Accordingly, B and P pictures are examples where the
presentation time stamp PTS and decoding time stamp DTS may differ. Part of
one group of pictures GOP is illustrated in Figure 7 beneath the Video-ES.
25 Finally in Figure 7 there is shown a representation of an audio
elementary stream ES-AUDIO. This comprises simple frames of data FRM
with frame start codes. Various audio formats are permitted, varying in terms
of sample rate (32 kHz, 48 kHz etc.) and also data rate (for example 32 kbits/s
per second, or variable). These and other properties of the audio and video
30 streams are encoded in the programme specific information PSI, in the PES
packet headers and in the frame headers.



(c) I'f Sb~rr > Db"tt then add a frame period to the offset between the
streans and adjust the value of S~,~ to the buffer fullness one frane
period | ater than before. 2s (d) Repeat point 3 until Sb,~ < Dbun . This
will ensureWPlRH588here is no buffer overflow An alternat PURERNMEIBECh for
Steps (c) and (d) above would be to keepythe offset constant in Step (c)
but 30 nove the edit point in the first streamto exclude the |last frane.
In practice nore than one frame nmay need to be renoved to ensure that the
first stream al waysidimtiampeaod ¥ideopigtures hawingitine same gresemtationttime esul t on

ol ayback w1 oyho M0, BHhAPGRREIA KR A3A %) Wil 85 Al A8 olip™ 170

the first strea en on han on rames
peri od. Bot h ofpine decddes. Qathebethaskand, thereitgreat freadormin tbie sehedhilingiof i gat e

atP boundar | deckeSERRARInG BiteHEF plenridly bl odeh B Adcidahd | COFF
stream and t hddext @agdessunithbadeg thedsame PAB vaiue cancaredverin the trafkporef or e by
choosing to edit | es we can in general reduce the anount
by which the %@P%Oféé'gﬁwﬁgfﬁ‘g#@g%m is increased and hence reduce the
time that a freeze franme appears during playback of the edited sequence.

The desi gner SystellneTargptiDacudensay for this reason decide to that only GOP
boundari es can be selected b user. in general, however, the user nmay

have a free choi cd 8rdeslp en ?H?aé buffering aRd qihenasrectsof a el desadenare

apparat us as Jufe W ddddda’edch A sisireBRONRfsut b?eakE"WWe%rBQerhé@ R@diounder t | ow
The offset between the two streans is calculated initial I}/ fromthe PTS is
re

val ues aniP adfitvl BepgzaMAes el MBEGad staadart pecifing adrangppa istreA “s¥steMd st ream
starts | oadi ngrJet dé@dder! GLETD) ﬁ‘loEI@lréﬁﬂ é)ﬁrogpéﬁ"gfs{rééﬁl andiﬁg dedph&g the

offset, the first PCR tinmestanp in the se strea e multiplex
rate. If the (ProED) l’lﬁﬁﬂ?b@"@@ﬂ»?ﬁ@ §)é$§®fﬁda'i§let degadepissa mode| ofali ng i s before

cannot - happen PRer s T ATRERA R B tof B T Bl e e ) S ng

cannot happen o result gi n | oadi ng
| at er than t elementary straanesiofi the NgeonB farmabyhavingdiechdersiferyeaahsafithe i n buf f er

under ti 0w W GRHER orfayBiehd BRI AR glECHnd Hhlio hORIEAedd hedocode

time). To'solve thi's p trearrsls si mply
i ncreased by iscamihg speemaarndtthe decedar fprchaldidg data of etalcbre&mentaty sike@m ap in

7S 79 neSelob ' bRataR aa PRLAS sAERRELARIHE ofodddind 1 11 ona
presentation.
T-STD and P-STD are both similar in general form, as explained more

20 fully in the MPEG-2 specification. However, differences between the T-STD
and the P-STD mean that, in general, a transport stream cannot be mapped
directly to a program stream without re-scheduling at least at the level of PES
packets, and similarly for conversation from PS to TS format. As one example,
the audio decoder in TS format has a smaller buffer than in the P-STD. As

25  another example, each main buffer in the T-STD is preceded by a transport
buffer which acts to smooth the rather “bursty” data in the transport stream
itself. While data for a given stream may arrive in a burst of several transport
packets at a peak rate of 40 megabits per second, the average rate of such a
stream, when taking into account the entire transport stream multiplex, is far

30 lower. A “leak rate” is defined for the transport buffers so as to throttle the



On pl ayback) the device updates all tinestanps after the edit point so the
decodef sees' a continuous stream The offset to use for updating the 30
timestanps is given by the difference between the PTS of the first frane
after the edbbdiaggsnt and the last franme before the edit pgifdporgiabpisted if
necessary in the various steps above. Bgcause not all franmes are being
di spl ayed, there wl|l WO 011 75888 27 | EP01103371 be a gap in
presentation time for both audio and video. The decoder should freeze the
vi deo and muirohify daite raise st MRIEYS () AARENDITR ¢Akdd)C Askifing 1Ak | EC
13S18-4:1995, Section 2.3.3.1.1 ). If the tinestanps were not updated, then
t he decoder Vsue is datgierbepasased into wadnaindiferi deo are continuous. This nay
result in buffer overflow and the loss of data. 5. Set Discontinuity
I ndi cator at sﬁﬁPHEHﬁtﬁl Counter Discontinuity A Video Sequence Header is
normal ly sent at the start of a GOP so, fromPoint 1 above, the first byte
i n the vi deoFb&t simphd edils IBithiegrs dérieedurinyeediting to-ensutrd thabthesstidattewillSequence
tart of an

Header. Sim | th ILr St di Kk houl d tain.th

nudi o 1 r o, PENCH SRS Th o3 Rr D8 s s R RS rath e Ang St o or

bit in theseThewkarbstheldevice mast dsahwith thHeyprbblens steipyback timeattegerieralbe
present at the start ' thebﬁtct'bs no seggﬁ&ge header there

GOP. .Ho f
ey be pr obl BinetbassBinid giaransoS PRttt Aavaik bithR stohgseodaabRaATs || not
know t he quaty iegiateé e diBfurbanceee trudep aderushcad pessiilié.eam | n broadcast

streans a simlar_prohl emgccurs when changj ng channel s _and for this reason
br oadcasters typi %ﬁﬁenya'ime?'a'a‘é t%‘é@%@h@ﬁ@ﬁ%&th&tmgﬂ?geﬁt'ﬁémsrﬂtervaI s in
the stregm IfrsY WatmeBSUhdahneaterg the point to edit in the second stream
i nstead of choosing the 20 next convenient |-franme, the apparatus can

choose the next I-frane that is preceded by a sequence header. The field
sequence (toR; Videbdfhy NotBefecobiSbliey eserved across edit points, however, if

the field sequence is not preserved then the of fset between
As explained above MPEG codes the majority of video frames with
reference to other video frames. If data for a reference frame is missing then

15 the dependent frames will not be decodable. If a frame is decoded using an
incorrect reference frame, the result will be disturbing visual artefacts. Also,
because of the re-ordering of video frames in the MPEG TS, it is possible that
there will be video frames contained in the edited stream that should not be
displayed.

20 A special case is where the entry and exit frames are chosen so they
are all decodable. This may happen at random when the user has free
selection of the exit and entry frames, but will not generally be the case. In an
alternative embodiment, the user may be constrained to select only certain
frames as exit and entry points.

25
2. Partial Audio Frames

Audio and video frames are split into Transport Stream packets of 188
bytes and these Transport Stream packets are interleaved in the Transport
Stream multiplex. There is no alignment between the audio and video frame

30 boundaries within the multiplex. Therefore, joining two streams at video frame

boundaries will resulit in partial audio frames around the edit point. An attempt



the two streans should be an odd nunber of field periods. This includes the
2s case of 3:2 pull-down. Resolution changes and m xed frane rates (e.g.
from NTSC and PAL) nmay result in disturbing artefacts and so should be

avoi ded. AIWAQUIMSSsi npl e edits are created franme accurat ePCuUERM/O387UI gi t al
interface they are played back GOP accupmte. Figure 8 shows an exanple. 30
The fact that the edit is created franme accurate | eaves the possibility for
nore sophisticated treatnent during playback by another apparatus, for
exanpl e usi n@ydhedecadarto dewéheselwiazaudio framag wilbxgsult imaudio f or

r eproducti on Ytjeﬁac?st WO 01/ 758B8 PCT/ EP01/ 03371 28 standard interface and
decoder is thus net wi thout preventing better performance where the

i npl enentation allows. In view of the above considerations, the follow ng

actions are pe e apparatus to play back the sinple edit over
the digital Phpg‘%g?goqﬁéﬁ%ﬁ gure 1 ): Al. The first streamis played back

until poiat X, whiAchajosfeatise ohthedIPEGespaciicatiorsis Bdefinepatameters af theng
system cont e rej i C e found.from Charac istic
Poi nt I nfor ng’phg‘tn‘?%é?ﬁ%ﬁb@Reﬁ@ﬁ%%ﬁ@é é%co%{ E\r%hnggquﬁ"?"ff"%@c% ég i st data
fo[) I t hﬁ gi sttymmh T_a;gaﬂ:i)ieng;;et;mmb?e)?ﬁi s!maﬁcabttﬁiﬂaelbﬁ&bﬁéaté%g]ﬁdr&]o_ bf), not

publ i shed a oirty date o e sent .application, describes

possi bl e applt‘f’?:&é)éﬁ?oma? 1Bams gtan %@f’.ﬁfn PP'&P‘?' OPhindensr coy

headers are fod Lo B T ot e i (1 ed
accor di ng‘otod?f?etgfoliﬂ?‘r@ﬁ@f' OY‘F'ﬁQEP%‘iEﬁfg?W'ﬁ?agiﬁﬁP%ﬁ@)di ]anfb{%viqep@[rtegqc}%am a
transport stream packet with a Discontinuity Information Table (DIT) is

inserted. DIT is Part of DVB standard systeminformation) rather than MPEG
i tsel f. Basi GafMglio SKeW1T specifies where a discontinuity is found in a

partial transportThé aaaidfrddidsthdeimi presctited®ith QiRE fiamdd refnbbhlightaunent EN
300 468 "Digital Video Broadcastin D Speci fication of Service

| . g.(DVB); )
I nfor mati on {MsiNP MHPIBNETiGaly, the audia thes comespands da theofidem eomes kterst r eam
Tr anspor t;s pagkpma@figlek A% the Viddo! FoWBeiPgdmiaIthé gﬁgimb'tcﬁﬂ ngil\z/Jrrﬁfd%T for

the second stream and Transport packets are inserted W a PMI for the
second st r eaffconseiofeeNQnessespad afer e craeapasing vides tnthemowldplewr set in
the adaptation field AF, to avoid that the decoder will discard them as

erroneous. 30 A4. By parsing the end of the first streamup to point X the
DTS of the | §sTime-base Discontinuity

The time-base used for the PCR/PTS/DTS timestamps will be
20 discontinuous at the edit point. The correct offset between the two time-bases
is given by the difference between (i) the PTS of the last frame of the first
sequence plus one frame period, and (ii) the PTS of the first frame of the
second sequence.

25 6. Continuity Counter Discontinuity
The Continuity Counter in the TS packets will be discontinuous at the
edit point. This causes a decoder to suppress reproduction of each until a
new sequence header is found.
The methods and apparatus to be described address these problems.



pi cture and the STC (PCR) at point X can be determ ned. After point X WO
011 75888 PCT/ EP01103371 29 and the inserted Transport packets for PAT/ PM,
transm ssion of packets could be suspended until the STC value is greater
t han the Dwoofiskdze | ast frane. Alter natively a del ay of depermassrcoul d be
used (the maxi numpermtted for the del g%‘ Using the stored of fset

I nformati on, however, the present appardtus is able to mnimse the gap
before presentation of new frames. In particular, |ooking into the second
stream from t¢y@atibh'of Skdpls E@g\ar ds, the player Will fi nd PCR val ues under
a new tine-base. The stored offset can be added to the STC running during
the first stream Roosimpleieditagaerahanges arsemade tuathiarstrearrtse:iumgcdditinge new

ti b th
sleggndazgquencesgwea%dsgﬁnoggfoaﬁggf@ngg%@g{]g&g&gd @%ﬁ{opﬁ%ggb%ﬁ o?gie ?@%t t hgt not
ali entry poifat thevedited vecardiRGRnqramicutare pdintere amosteck di idertthging:nijele at e

t Ho f t us _t d behi nd
the edi1 o oM the e sPaREs wiefs b e TarR Rt Pty offednlifpe, " "
bet ween (I;’CR quudretdn thay sexdompsyreami Whabrattlhé fitshframentd bBG&rﬁa)ﬁd\msns Thar ehl s a
maxi mum 0. 1 secon rmtte etwe the next) with a
r econmendat i &%W&P?éﬁ%ﬁq'ﬁ‘ gt i fhegxamp gogﬁlgg@(ﬁﬂﬁese’a&ge@ﬁ lif 2"9 even i f
the new tine m@ibaneqoofme mnmrds@bbmdms‘rrmbmﬁmlaan bid steidd dithet | |
usual ly still os,s ﬁﬂélo 2Q res edl(gﬁ packet safel%f ar sooner

than the ' saf%"‘ec.uLYBQ'@ Pd?/g"é?]@& i Yy TRiereRsR AR UMEr si ng of

the streap upa. Wtﬂ’ﬂlaﬂﬁar ctatse'tﬁe ﬁmw)drﬂer'é%w Bm?éhs‘léi@d 5rﬂ§bdwe‘§§éb B)F arre
begins. During parsing of the data _rmultipl exed th the 2s last vid

frame, once t/Bierancs o alpok: UHée\bla@aPBara%&r@t'c EOf%uﬁaertmnsoranr &'Tda% ket and

al | subsequeny ol deaabehiieslt o e1is 8Pl Roret prodtaitnd, | *'ti‘éﬁtnfﬁkﬂ%a?ﬁanged
to Ox1 FFF (Null packet). This is to avoid case where parti audi

frames are sdhe lacgtiomef G@?ﬂﬂé‘rure wﬂ@“§ﬁ§lﬂfﬂ""ﬂén thankit-siseam| I audi o Pl Ds.
Because audio fra %@dwet(m)aﬂhb%dt. g@&beﬂgﬁi@ﬁlﬁﬁ?ﬁé bé&a@ﬁqhﬂv&, tilb- MY be

necessary to stuff part to renove the start of the

next audi B f rk@ases, gmn by R@Sdaﬁaaséram fisst sgpamernlruacﬁTrﬁgofaﬂrstH@@@ gffing
packet or by QddhigirédmaNaiRtRa! HayBdck vl bd Bffnpler if the offset is stored after

making the adjustments proposed in steps 1 to 4 described in the following
section. However it is also possible to have an embodiment where the offset is
stored without adjustment, and the adjustments made as necessary on

20 playback. This requires reading and parsing data on playback.

Playback of Simple Edits via Digital Interface

Reproducing the edited stream via a built-in decoder, any degree of
sophisticated handling is possible in principle. However, to enable playback of
simple edits on a standard STB without any disturbing artefacts, the following

25  procedure is implemented by the apparatus of Figure 1. This includes steps to
be performed on playback, and also steps performed in creating the additional
data defining the edit.

1. Only send decodable audio/video to the STB.
30 The pointers in the meta-data for the edit are selected to ensure that the
first stream will always end before a P- or I-frame (in bit-stream, as opposed to



WO 01/75888 30 PCT/ EP01103371 adaptation field allows any desired nunber .of
data bytes to be added to the PES packet, as described in the MPEG
specification. The data can be meani ngl ess for stuffing purposes. s A6. The
second str S¥PP¥BE8Ns pl aying at point Y, which is the st RGT/EOER¥Y COP
after the in point (found fromCPl storgsl wwth the playlist). The second
stream shoul d begin playing after the delay defined in step A4 above and

after that the Transport packets are transmtted according to their arrival
ti mestanps, Arespniation erdegonbiie e sepand streag will alwaysstart nHfamer eam has

its own PID. I éB‘d&?t ontinuity
I ndi cat or set&?%dﬁ%le% Qﬁ&o?ﬂa@;ﬁgs&ﬁ?ﬁqg Pgam | gﬁ%@ ?uptg(sﬂdl ng stream

are insert ed Prpsantatinnsheyld Be o8 ak the editpointy Upwaniedaydigpacketiarei r st vi deo
packet. is A §nq§I &F‘E" i ng audi 0")
Is di scardedae@yg‘i:ﬂometggﬁf)a di cﬁa%gfn?%é PL'?:Efetgé Fﬁof)%)hﬁet ed until
the start sof indieatinga NblbinacketaFais wil anUSO agroblemewith thg Cerntingityrr ansport
packet has a cator should
be set to 1. ’bé}g.ité}g%%é‘ﬁéeofgaékbgc@g?ﬁ&rbett%bq%t%?rﬁ ﬂ{éhla?éf*ﬂl% drgghl 0 packet to
renove the enmimediatelpafier theCentiduity Counter disgantinufty.t here is a dedi cated PCR
PID then the discontinuity indicator should 2s be set in the first packet

with a PCR |If the PCR PIDis also shared with audio or video then it is
not conveni erg, Ensugsnetnlffdranveﬂ‘loWhe di scontinuity indicator because this

indicator_is int t fiel L ns dapt.ati field changes
t he payl ofd of thggp?é’égét% BF#‘?W efﬂr‘& ?sr'g'be:@ risgaéu%ﬁg{f'wieeqcfli me the
rest of the spoirﬁshoulaﬂhescaﬁmlaiadtThafomegatgdumwsusedom&ebhﬂ*ré adi cator is

set it nmust be s& packets until the PCR The STB behaviour if this
i s not done QY ?red in the MPEG specification. WO Oi NSSSS

(a) Calculate the buffer fullness Dyy in the original second stream at the

15 edit point. This can be easily calculated by adding the size of all video
frames that precede the edit point but have DTS time after the time of
the edit point.

(b) Calculate the buffer fullness Spur of the first stream at the edit point.
20 This can be calculated in a similar way to point 1.

(c) If Sputt > Dpurt then add a frame period to the offset between the
streams and adjust the value of Sy to the buffer fullness one frame
period later than before.

25
(d) Repeat point 3 until Spur < Doyt .

This will ensure that there is no buffer overflow. An alternative approach
for Steps (c) and (d) above would be to keep the offset constant in Step (c) but
30  move the edit point in the first stream to exclude the last frame. In practice
more than one frame may need to be removed to ensure that the first stream
always ends before a P/l frame. In either case the result on playback will be



31 Conplex Editing for Seam ess Pl ayback Conplex Edits - Creation

PCT/ EPO1/ 03371 For the nore conplex editing case, a bridge sequence is
created as described above with reference to Figure 6. However, the novel
met hods anevcequprassat us descri bed here apply the foll ow ng rmediroi/emal
constraints: 1. There should be a small gap in audi o presentation (< 1
frame period) and not an overlap. Thi s% to avoid confusing the standard
decoder when io forwarding the audio streamover a digital interface, By

contrast, itiHatthy lRBORGfe Ifr@n%lﬁeﬁin&%reaﬂmu(baw&zaﬂ%@ahe lasplayfopmidrd | ve

overl ap of bet ween fzero and é)ne frames shoul d be é(pgr ovi ded. Both agproaches

have nerit. ong, rames; eetied. Hoth aprRroaches canbpused igcombinationewbigdr can

then treat thﬁgrﬂliﬁ'ihga@dhé am/érbe aﬁe@tts@acﬁﬁabr&mseaéawa&.hﬁn the standard
decoder, if desired, for exanp ~s cross-fade fromone streamto the

other. However, tHh&diipgds ﬂ‘?’&%a‘t(ﬁ@ﬁy bawpdatdess ihmosteaseadhe bulberfulinessr ¢ of
over |l ap, g"heat mbaéﬂdn:g thefirdt 8trédif ahd tﬁ’@?ﬂﬂ%f tﬁé%@on@‘é?@aﬁmlllgie%ug
or the ha

i nterface. . al ternate cases @y [l ng (6]
first, audi oTtaereécvfeLhycm@@smgmpﬂut pn%aé QR bﬁ@marteﬁgve\menzgqualer

constr ai Nt . od R YhE ot by BRI At LR IENG iribmh ifRRM dnP®

mul ti pl exed vm the vi e secon stream
audi o fr aneshengameduee the time that adreazadtamappesrs duringplagback gfdheit nust be

altered by a f F%E't second
stream The gﬂ@ébo‘g%ﬁ{eb go em%%?%‘?énetr% {eheétérg atéalcj)% r%%%g%@h?'gé?ngTarget
Decoder nwdethat iﬁnlsmPcboruhdama‘wambe Meaadlbg the fi$ar llrrgdaeraf dowevergr am
Streans (P-
el (1 pl oxclese R4 EE oiE8H! &uboin. Bl BLuBRR Blck M (< o
m xing with appzirems dsrteathitreareghebiest ctiaieed. bet ween the first and second
data streans a so an edited sequence over a digital
interface, Bhé)n%‘!' 'Kigﬁﬁaf’snﬁ%@@ WO 01| 75888 PCT/ EP01/ 03371 32
di scarded to avoi Thdaffdetbetwern tam!wo Btredms TSTERIcH ateddnitiallybfes ite ATSa |
herei nafter.
15

In the

values and adjusted as described above. The time at which the second stream
starts loading is calculated in terms of the first time-base, using the offset, the
first PCR timestamp in the second stream and the multiplex rate. If the time
implied for the second stream to start loading is before the end of the first
stream then there is a potential problem because this cannot happen. The
20 result is that the second stream will begin loading later than the time implied in
the mulitipiex, and this may result in buffer underfiow (where data for a frame
has not been fully loaded at its decode time). To solve this problem, the offset
between the two streams is simply increased by a multiple of the frame period
until there is no overlap in loading times of the two streams, betore recording it
25 in the additional data for the edit.

4, Update timestamps PCR/PTS/DTS
On playback, the device updates all timestamps after the edit point so
the decoder sees a continuous stream. The offset to use for updating the
30 timestamps is given by the difference between the PTS of the first frame after
the edit point and the last frame before the edit point, adjusted if necessary in
the various steps above. Because not all frames are being displayed, there will



3. When the bridge is created, the Continuity Counter CC at the beginning
shoul d be nmade consistent with the preceding stream 4. Concerning the
Continuity Counter (CC) at the end of the bridge sequence, this nust be
attended t oVOIHEWBAV t 0 avoi d the edited stream being di scRETERPIQIT
erroneous. Note that the CC values of tphg bridge sequence can io be freely
set during conposition of the bridge sequence, but the CC val ues of the
stored sequences either side of the bridge are regarded as fixed. In a

first enbodi @ gapirepwsantaten tiedernknate audigrandaddecs iThe siecodersihoulds
i ncrement st epdizatng Wd%H?i\e%utbrﬂﬁe Qﬂdlgggeeglﬂﬁﬁﬁ‘ ?}onﬂ%ﬂ]aﬁe%rs'p@ tibationS

provided is across th ol nt arti cu ance wWill the
nunber of padR&¥EG H]S%tﬁ:ﬁ@% e%ﬂtloiﬂ 2t3ﬁ%~1b1r tithe tﬁ@@ﬁ]@npem@e obct Iy t he

nunber requi r@gja{t 2, ﬂe%%ﬁ&’é’llw&(}}f& Ea%sdnﬁ‘e tﬂ%‘?ﬁfeoéﬁd dd‘HJT:& ¥ﬁ%8‘é'?é at sone

point in the ream Accor bridge sequence)
t he Conti rwui tqon@oumuaeFl'hissmayamsulmhbufmrmerﬂmmandﬂle lossxaf data.t he stream by
inserting enpty PES packets 20 (PES header but no data). It is not
guaranteed that the point where the player junps back to the second stream
is the start SfSel Dscontimiity inticateoat-Continuityn@dunteddiscamtinuity woul d spoi |

t he payl oad and packet i,nsert ae ket he m ddl e of

a "real" PES pack?t{?'d?ﬂgﬁgﬂgé ﬁﬂ% &S Bﬁ%ﬁ‘"ﬁgg% L&gggﬁ fsr?eﬁhg ?P'st reamis

?(r)\nte ?th an anmmfumtleamenhebﬁmym ihhiee aﬁeembmérghh@%éarﬂ?ﬁesmﬁnfﬁ, SYo)
a e ne i nse w eade r e

audi o and'%i (}E@%e \?\9 qaﬁ'&%ﬁ?a‘?b '@ﬂy I’Fﬁgaf" 'Qtpai‘f[ﬁ%%fo” packets in

the bridge, tdwtefmtmdstammamaumlfmne rOn plraybddkgl g aspaveis eesanet hus be made

consi stent w t@d@fol lows, In this context, it is sufficient

if only the " 5?@ '"Uﬁy hesgRATkE!Si s consi dered, excl udi ng 30 those
packets which are |tEhet Maﬁe@tbqﬂotasﬁq@éndeh@aawmp:@eenwteﬁe stakt dfa not ed

t hat MPEG def j nes, nul | kets f or paddi ansport Streans. However,
these are usPaBsHRYEVRTIERETS Bacaediorich BAder foar T hePrOBRERD Y] 75385 33
PCT/ EPO1/ (333 TdecBaing d%e e@aygﬂ@@m dé@aas@met&&mému 'nﬁﬂm&ﬂtﬂé\’qﬁd?ﬁsﬁl%ﬁ inuity
counting function rn the decoder. The null packets may be inserted or

del eted by rénwmpgﬁwor@ecaﬂeé&%%afada b"??f&aéfﬁfeeamsc asirgjlaripriemof ¢ he
payl 0ad of il RapkeH enaririg naARERUPE 16PMRoalih BRBHERMlrTpckiy! oL oT

have recogni sed t hat g can be achieved, provided _that a PES packet
is included iipclSRA Sﬁﬁmﬂ“ﬁd‘eﬁg K&k smathime/pitervalsdn iha sigam. Thereforer ement t he

continuity cwrﬁéhofoerngeth@as.hﬁo i IR seDAH@anT, HstddifoffiHoBSRE td CC

padding, therefore, [)r esent apparatus uses a genw ne transport packet
with a co¥fpl dext CW"@% VamPE@ep?&@ﬁéﬁtU%\P@'hp"t‘Posied enextdrfeame thatifat s are

possi bl e for p?é'c?ébe%rﬁifté/s&ﬂfé'ﬁﬁéﬁea@erpr eferred
The field sequence (top-bottom) need not be preserved across edit
points, however, if the field sequence is not preserved then the offset between
the two streams should be an odd number of field periods. This includes the
25  case of 3:2 pull-down. Resolution changes and mixed frame rates (e.g. from
NTSC and PAL) may result in disturbing artefacts and so should be avoided.

Although simple edits are created frame accurate, over a digital
interface they are played back GOP accurate. Figure 8 shows an example.
30 The fact that the edit is created frame accurate leaves the possibility for more
sophisticated treatment during playback by another apparatus, for example
using a built-in decoder. The over-riding requirement for reproduction via a



exanple is illustrated in Appendix A hereto, using the standard MPEG
syntax. Although MPEG permts stuffing in an audi o/vi deo ES packet header,
this option is not suitable, because a maxi num of 32 stuffing bytes are

perm tted. wiguilzkegs exanpl e of Appendi x A, stuffing is perfpeqpshddsiing an
additional is elenentary stream (streamjd = padding stream|D OxBE), not

used for real payload (refer to SIDin gure 7 and | SO | EC 13818-2 Section
2.4.3.7) Appendix Billustrates an alternative in which stuffing is

i npl ement ed sfandlRY RiEHcBdnAYecb8érds HusanettRitHole pAvdhendbetrdrdeo ES. _
Appendi x Cillustrates another alternative, wth stuffihg in the adaptation

field of a dearfermanceydirieibe kuplemantation alipws.ex Edits - Illustrative

Exanpl e Figure 9 jdi bidtiaas | Bﬂ% ; ; equence
in the present en](;io\h?‘ﬁnfgﬁlﬁ@%&\)&%@?ﬁ@%&&éﬁ%éﬁ%ﬁ) IIt e ;s%cglog\ggééggéﬁglgﬂ above.
The data copb¥dhe apparatusitp alaycagkihe Slﬁ'@l%tedlb@‘&fitbﬁdlgl}aggteﬂﬁﬁedhed in Figure
6) is om I%)te iqhrf{)sinplicity. As explained above, each elementary stream
(each 2s PID) ﬂeeds)'separ ate treatnment: TS packets for an audi o stream are
shown in broken Iines behind packets for the video. Needless to say, the

real bridge gue M | | u = e packets,
al t hough onl ?elé fEﬁvgg}r@éls{srﬁ%'mé ?%b%%!f)g@%@p QO{"ES’ %g&ﬂfﬁ%a euérg’g()fg(k{ét he present
process. Sin | arl previdus G@Pi dn tfe recordingt systemi contpaplatéd heimgaoen al |y nuch

| ower than woul d o) L.agr X ly.12:1 in
practi ce. WO 013&g%&§§%@é&1ﬁ%ﬁ§{0b@%@y%ﬁ%&ﬁ@?@@@oﬂﬁlﬁ%né{gr t he
sake of iibl ustr at stored autpmalieallyrie e plagisedatadér thealisk. Glg eopengirgce is
header bef or ot heaenleAyoBETAERSIDRESR il 3P B chokusidhechatihe bl v o
val Ees alr< e i n\cil\/in calige dfyhd bu@sbmmmca?t!mlhddécﬁiﬁbs bbﬁéiblbcaﬁpﬂéétio'né\'an_ao : FIP ? Di n
each packet, ich increa one Wi th each packet sent i.n a given )
Bol d packets are gﬁ@é@ f@ﬁgﬁrqéﬁ'ﬂgp'&MW$@&§"@€EHCPH§§F?W the video
stream by the edi pardhgEudficisr of PleQfeaP G sBqiishdeoddetsiare fe@sience are
recoded and/or remultiplexed. Their CC val ues are shown bold. The first

packet iMSSEQ is triple-outlined to indicate that a video sequence header
here A2. Transport packets up to point X are transmitted according to their arrival

timestamps. At the end of the first stream, a transport stream packet
with a Discontinuity Information Table (DIT) is inserted. DIT is Part of
DVB standard system information, rather than MPEG itself. Basically,

20 DIT specifies where a discontinuity is found in a partial transport stream.
More detail can be found in the ETSI document EN 300 468 “Digital
Video Broadcasting (DVB); Specification of Service Information (SlI) for
DVB streams”.

25 A3. Atthe end of the first stream, Transport packets are inserted with the
Program Allocation Table PAT for the second stream and Transport
packets are inserted with a PMT for the second stream. These packets
also have the discontinuity indicator set in the adaptation field AF, to
avoid that the decoder will discard them as erroneous.

30

Ad. By parsing the end of the first stream up to point X, the DTS of the last
picture and the STC (PCR) at point X can be determined. After point X



~0 provides a valid entry point into the second stream Follow ng the
sequence of Continuity Counter values fromthe first streamonwards, we see
that the video ES within first stream SEQL ends (for the purpose of junping
to the recoM@d/s8#8 i on of the bridge sequence) with a pacR&VERE0I3Ag CC=5.
The first packet of video ES data withiggthe bridge is therefore has CC set
to 6 during construction of the bridge sequence, thus providing continuity
across the exit point fromthe first stream SEQL ( and the val ues of CC
continue 7, 8 etcandthgrinseded psinsport packals)for Pd /RMIT: trapsmissionef shown) and
toward the end of | . G- DQILB s areltd ssary to
store new PMI) PA{)EQI?}‘B&QE@Q@&%@%@%? ué@sg%i at eggl\ymeﬁmg'{ehéérzrﬁﬁ%oi nt. In
thi s enbodi nent, OFTS éfithgiaspfraket Atérnatieeipaidelpy,of Ireeaand obuld bedisgadpacket
with PID=0 insert t d T are sent with
the field current ﬁﬂgﬁa)ﬁrﬁg%ﬁéﬁrgﬁﬁgg§%§%ﬂaﬁt0,&(‘?%Pel%éfegaé}g'%fhat they are
pr epar at orsy for t hdorseajioanbewverer che pnesent apparafustis abledo swniodse theqfapCC

val ues for the st |t . LS. i.ndepe nL. t .2S. ences for the
vi deo and audi o SE’E@M%EB&&E" Eé‘%éﬂﬂ’?e%eg‘gﬁﬁ{“&%f'ﬂgﬁf'&é@‘fe packet with
PAT/ EI\/[I']c i's shown \sécdnc{m%n:j fromtthe ebtrg paint bawardsetheatdyef WilptirakRCRW t h Pl D=0
in the first stream SE ad CC=8. Returnping t e, vi deo s the nmain
exanpl e, the fi rst@ ﬁﬁ%ijeri ‘%n?‘ﬁé'"?él?ﬁﬁ‘?d &%%ﬁrﬁ%%@t %?sndg? Bgi%ﬂa‘(?ﬁhau sc has
CC=3 and this is @IC fupning diwing etiretistredinh &b obtxit a@unenetide valuauh t i pl exi ng

the core of the bridge sequence, wth continuity from exit, point of the
first str@am SEQL®' quh?C]B%‘Hél'"leﬁ%qset hen this @é¥%§6@e FE%?R—POHP @e woul d

be "'D) which is tie/entphsdikt ¢tithd BecdraBeueske, traRsMlssiond? Padketd’edh EPO1/ 03371

val ue for continuity upon I|oi ning the second stream Accordi n%lﬁg, t he
edi ting appar at us CPRtinUg: dt isngtad ahnat allpndiypoints wWilkhavg R GR sapvartientlyqur i ng

the last part of bREoddd A9 MmadiateOviBiRitye NGWEHERUE isPdsBibld\Rr ireond stream
(SEQ). Counting backwards fromthe end of th ri dge seqguence, 0,

boe ) i he packos SRRSO B ABSES @1 RaNntine oIt S0 TAH RSP ER ne | do
with |ast,sTS packegrd @hder new time-base) in between PCR codes, or simply wait until
the next PCR arrives. There is a maximum 0.1 seconds gap permitted
between one PCR and the next, with a recommendation to repeat at
least every 0.04 second. Accordingly, even if the new time values are
not available instantaneously, it still will usually still be possible to
20 resume feeding packets safely far sooner than the “safe” 1-second

delay suggested otherwise.

A5. During parsing of the stream up to point X, it is easy to know when the

last video frame begins. During parsing of the data multiplexed with the

25 last video frame, once the start of a new audio frame is found, this audio
packet and all subsequent audio packets of the same PID will have their
PIDs changed to Ox1FFF (Null packet). This is to avoid the case where
partial audio frames are sent to the decoder. This should be done for all
audio PIDs. Because audio frames are not aligned with Transport

30 packets, it may be necessary to stuff part of the last audio packet to
remove the start of the next audio frame. Stuffing can be done by either
adding a PES stuffing packet or by adding an adaptation field. The



the.video.  ES having a PES header. The apparatus inserts its five extra
enpty packet's i medi ately before this, with CC=9, A B, C and D, thereby
establishing CC continuity throughout the edit. A different nunber of enpty
packets w Wodigsssppropriate in each of the io Audi 0o and $¢§iEphdagiior mati on
streans, and the l|ocation of the |ast 5}68 header within the bridge may be
different fromthat of the video strea For sinplicity, the insertion of
packets is illustrated in Figure 9 for the video ES only. It will be

appreci ated that ddawailohﬂﬂbld éll%%ranlyede%wé'@ﬂdmb@r bff@diélbr@fté behdeliitd t een
enpty packets in each stream because the four-bit value rolls over. is

Simiarly, approdhe&ics packab asidescibeddin the MPEG spesitinaliopa dRedataeal be

i nserted, becausqaé.}gehﬁmg@%;d}lgg_uﬁngaﬁu,gggeg he edit by a matter of chance.
It will further be apparént that the inserted packets need not be bunched

at the last possible point as shown, but could be at an earlier point, and

coul d be 5pr£ad oM sdbohdlsiBhmi s ép?éyuﬂr}%aﬁﬁcﬁﬁwrmch RAngafarflopgnt i nui ty

i ndi cat or” need on e set ase changes, which could in

princi pl e be anyJ/hePeafien thenia n@mt(ﬂf@éné8QUEGBbStOmﬂWﬁ|$t"@d§a)é§t) Th?)l emented at
the desired edit faj &stré{lﬁ%ﬁ@ﬁlﬁ%e‘gﬁaﬁ% g‘aﬂg ﬁ'uecg at}}?efﬂb qﬂjence In

a variation of theaove I nui t |scot|nU|ty 2s
can be left at tr&bwaﬁndmentha@metﬁlansmrbpmhetj@a)e tramsmitiéd &caonding to

di scontinuity in : the Continuity Counter
di scontinuity chhglgtaﬂ' 3Eg+?§gh‘g%r\f'wgé:pgrggﬁrlﬁ’ﬁﬁ@%&ét ate according to MPEG
persistsimuntil a new sequence header is found. Nornmally after the edit

poi nt there | n f_a new audio
frame, so tkgl réaqgmael%ﬂngﬁt%m ﬁﬂ%ﬁ@%?ggg’%\ﬁ@r q:ﬁ’é@% ﬁgé‘é% lgc? on the
plhayback To errpl'ltr;nsﬂumpacﬂtet with dtscmtiduutyﬁndldatomﬂmeaa\ndrakPls pagkétwar d from
the end of the bri nt i nU|t onsi.stent at the end
of the bridge. V\V\ﬂpgf n@b"%é%@% ‘i?%@ 'ﬁ V&' EIMBYYI ex Edit via
Di gi tal |nterfaceaotntteet ivcorrdess thad the tidyeideepaekete are constructed to be

seamnl ess;% MPEG 2 conpliant, there is little processing work for the
pl ayer. e only problemis that there is a tinme-base discontinuity (in PCR

ti mestanps) A8d exUdi@waH®TS before the first video PTS (“leading audio”) is discarded.

A9. For each audio PID, all packets should be deleted until the start of the
next audio frame. If the first remaining audio Transport packet has an
20 adaptation field then the discontinuity indicator should be set to 1. Again
it may be necessary to stuff the first audio packet to remove the end of
a previous audio frame.

A10. If there is a dedicated PCR PID then the discontinuity indicator should

25 be set in the first packet with a PCR. If the PCR PID is also shared with
audio or video then it is not convenient in general to set the
discontinuity indicator because this indicator is in the adaptation field.
To insert an adaptation field changes the payload of the packet,
requiring that we repacketise and re-time the rest of the stream. This

30 particularly so because, once the indicator is set it must be set in all
packets until the PCR. The STB behaviour if this is not done is not
defined in the MPEG specification.



On playback the PCR discontinuity is removed fromthe streamby: CIL
Setting discontinuity indicator in PCR packet to 0; and io C2. Updating al |
PCR/ DTS/ PTS val ues by the of fset between the |ast PTS before the edit point
and the fir¥MOMTSS8kfter the edit points. For subsequent e&CTEPH/OIIE the new
of fset nmust be added to the previous of33et and the conbi ned val ue used. 1s
As an alternative, if the PCR discontinuity were not renoved, Transport
packets with a DIT table can be inserted at the edit point. To avoid
problens with the audio buffer nodel, it nmay be necessary to del ete sone
audi o packets. After the end of the last video frane in the first stream

SEQL, once th s found) that packet and all zo
subsequent augf’g‘}ﬁgé%ga{"@ F%Hgésgfl%g@éé bef ore sendi ng over the digital
interface. Conventi onal nuII TS packets can be inserted in their place, to
preserve the ComptexrEdits —Gradtiong audio (i.e. audio that precedes the first
vi deo packet) is deleted simlarly to avoid problens with audi o buffer
overflow. Al ternatf/dhEmMbe FaBRAtex %lnwaﬁp,la iRoeamienre s eipaedasood, t he

precedi ng_eXagdichbed ﬁba&@wfﬂ? rdtbiiEs R RRflrd 6! PRIvelORh AleflmeRRRR £l 11 00"

this is because t eneral unit o eo enco ing in

will be recogﬂﬁpﬁéﬂuﬁﬂeﬁﬁ@eﬁmqwéQPWéh%MOWWaddﬁwmwmﬁie is not

mandat ory (as mentioned above) and that the techni ques described herein may
be al so applied to non-MPEG fi el dso based dat a. WO 011 75888

PCT/ EPO1/ 03371. 37 PRefreshouid bea srhall gapnt avstia presenthtiorChn1 framiet per@diint er i n

t he packets o strategi es
are gnvi saged% n%@ﬁ%&b‘?ﬁgﬁﬂ&f{}%&\@& é:ogﬁn%ngr'l?%th? bs?é/seaggbégé&?&m ng. Theg

t echni queso defocwarding) the audioateapy eNerrar digital irdexacer. By conttast, itris psaposedat
speci al treat S ernative, is to
mgkeI no correW@nﬁiogwicﬁé?%%ﬁﬁ%l???b&ég]ﬁﬁfag?"%ﬁ%%& 03%9 %érﬁé;rgta:r%n. :Duri ng
pl ayback t he @wmntrames skouldbetpeovided. nBola appMaahashavanisOhbadeaihtag@oi nt S,

by insertin k.t into. ea Pl D strea SC ove.

011 75888 38%@3@%8" 56 18 at o Ub‘g‘%dﬁﬁﬁ? y{ﬁgﬁ?@f the adﬁf ﬁ'?wqg’addl ng

_Esgy nt ax Vgl 3 i%i@atle@fsobhisﬁcﬁtnanmmgmtd Jécndee, ibydsirad Qof éRdmpledyaa t _error

i ndi cat or 0x a

t start
|l cat o 6% 1 1P O N8 S ESEME 115 BBPLHNIRS e aPRrZHiR hag should

contr gl 0x02Aoampaésis?mééraitdemﬂasfcd\@N5é’,Wd playihy te @ etindar degtdepne) - 1,
N- 14Adaptati o e Al
field | ength %Oﬁwfgﬁ V‘t‘?"?ﬂﬁecat or Ox11Random access_i ndi cat or OXO1El ene

ntary_stream-rior~ | nd| cat or Ox01PCR f 1 agOx010PCR f | ag0x01Spl i ci ng_poi nt
o e e B e HeBet 530018l b PSS g
st r eanOx Big$ PEé‘hd@&ﬁB@?edw@ﬁﬂéMﬁ%@&Qhé MPEG: @bdffbf);bu%tta‘ﬁts Nenphide a8
some audio from the first stream will be multiplexed with the video of the
second stream. The PTS/DTS values for audio frames from the first stream
that come after the edit point must be altered by an appropriate offset to refer
to the time-base of the second stream. The audio buffer model in the transport
25  stream System Target Decoder model (T-STD) differs from the audio buffer
model for Program Streams (P-STD). During bridge creation it must be
ensured that the remultiplexed stream satisties the T-STD.
in the second case, there is no mixing with a clean break being
maintained between the first and second data streams. On playback of such
30 an edited sequence over a digital interface, some of the audio must be
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R f1 agOx01SpNPEMAeSi nt f1 agOx01Transport private data_fl agOx0O1lAdapt ati on
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i ndi cat or 0x01Copyri ght 0x11Ori gi nal _or _copyOxXx02PTS DTS fl agOx11ESCR

fl agOXOES rate fl agOxODSM tri ck node_fl agOx0Addi ti onal copy_info

f1 agOXx01PES_gRC f ki ;

fl agLengt h8P S_heggg%iﬁg‘ggh? gjﬁgm@ﬁ?@éﬂl@ﬁ) IaJtrSr ?(%H:gst te 19{ IF P?}g_byt e WO
01/ 75888 42 seauangexthis masymratigraiedta sprehow taakeid the egitedbsireanrhedingng i n
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bi t sTranspor P %%%@%t#f?@ﬁ%‘_’%ﬁ e=; tt?ﬁ% 8@??%5'}%&0? fl_rzaer tr"c')drge sequence can
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packets in each stream of the bridge sequence be exactly the number required
to avoid discontinuity in the continuity count at some point in the edited stream.
Accordingly, at the end of the bridge sequence, the Continuity Counter
is made consistent with the rest of the stream, by inserting empty PES packets
20 (PES header but no data). It is not guaranteed that the point where the player
jumps back to the second stream is the start of a PES packet for both audio
and video, and it would spoil the payload and packet structure to insert
padding packets in the middle of a “real” PES packet. Therefore the CC
padding in each elementary stream is done at an appropriate point before the
25 end of the bridge sequence, so that the new packets are inserted before a new
PES header for both the audio and video. Provided account is taken of the last
number of packets in the bridge, the final counter value in the bridge sequence
can thus be made consistent with the stream that follows. In this context, it is
sufficient if only the “core” of the bridge sequence is considered, excluding
30 those packets which are merely copied to meet the allocation rules.
It is noted that MPEG defines null packets for padding of Transport
Streams. However, these are useless for the CC padding purpose within the



PCT/ EP011033?1 WD 01175888 44 PCT/ EP01/ 03371 Clalns 1. Apparatus . :
conpri sing neans operable to read sequences of data froma storage device
and to edit the sanme such that a first edit point in a first sequence is
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In the example of Appendix A, stuffing is performed using an additional

15 elementary stream (stream_id = padding_stream ID 0xBE), not used for real
payload (refer to SID in Figure 7 and ISO/IEC 13818-2 Section 2.4.3.7)
Appendix B illustrates an alternative in which stuffing is implemented in the
adaptation field of an active audio or video ES. Appendix C illustrates another
alternative, with stuffing in the adaptation field of a dedicated padding stream.

20 Complex Edits - lllustrative Example
Figure 9 illustrates the maodifications made to the bridge sequence in the

present embodiment, as a consequence of the steps described above. The
data copied for compliance with the allocation rules (hatched in Figure 6) is
omitted, for simplicity. As explained above, each elementary stream (each

25  PID) needs separate treatment: TS packets for an audio stream are shown in
broken lines behind packets for the video. Needless to say, the real bridge
sequence will typically contain thousands of 188-byte packets, although only a
few are shown to illustrate the key features of the present process. Similarly,
the ratio of video to audio packets is generally much lower than would be

30 suggested by the diagram, approximately 12:1 in practice.



el ementary streans, each elenentary streamhaving its own sequence of
transport packets. 6. Apparatus as clainmed in claimb5, wherein the
continuity rules operate independently for each elenentary stream the
appar at us weiongssagsiapt ed to generate additional transport peaseeigshor each
el ementary streamin accordance with tBS magni tude of discontinuity

calcul ated for that streamindividually. io 7. Apparatus as clained in any
of clains 1 to 6 wherein the apparatus conprises neans for generating and
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wher ei n tshe ANBAERIISadH SAKEE WHiH |ﬁ%a§€B9bﬂb'mﬁm dRAbacke¥dndi£d to create
a bridge sequence of transport packets to' link the first and second

sequences arQb‘(ﬁﬁbP%ﬁP"bﬂ@fikefﬁ)@'ﬁttgos%WEM ragketsevhiol baysobean BRerad inr anes
fromthe st I odi ng of
one or or ¢ 1 Videb'sHleaRTy G Rthgraks” TIHEFGaoRTA 1€ bihe Yesoe 001 1)
t he coding taypeec(qdeﬂramd/cafrremuttlelexpdoffhelh@G vaiuee;aweranwmlm The fieshd second

sequences i ndi-caliFSEYD IR lﬁecﬁmﬁ'@h' ﬁ-fd?éﬁté tﬁé‘?'a'\h&ed%ébc ﬁ?@ﬁé dthepe, Cl ai med

inclaim?9 erensaldcotlnu ermt a y Inthe
edi t ed swquemnoddesa valid eotay point mtﬂﬂhew@domdmmrat ely by so certain classes

of frame header, ﬂ&%@‘?ﬁé‘gé’@&w%f b%n\;\ﬂrﬂlﬁﬁlt@&ﬂt& més%?iH%ﬂré"?tiona|

di scontinuity in't uence nser Ing sal
packet s wsu@ammmasm@efe EhHDlhe‘ agaq ESswithas fitsh steanrSEQ b epds (im:e wi th

e cont | s iy PR B A ORI, 2,

t he bridge mh@ﬁm_lrtg‘ce_se'ﬂm tﬂ'stpackleeof wldgEEBetatat\wlthmsme tritige st and second
3:926? (r:glrs'ﬁ qu@}é@ébhgm E%tc{gﬁgéurmg constructlon otf r%edbl%gerseeaclqctllleﬂge IRas'eNCes of
providing continuity across the exit point from the first stream SEQ1, and the
values of CC continue 7, 8 etc. from that point, through the edit point (not
shown) and toward the end of the bridge sequence.
At some point, it is necessary to store new PMT, PAT and PCR values,
20 associated with the edit point. In this embodiment, the first packet of the
bridge, shown bold, is a packet with PID=0 inserted to convey PAT, PMT and
other codes. These are sent with the field current_next_indicator saying "next",
to indicate that they are preparatory for the sequence after the edit point. The
sequence of CC values for the stream with PID=0 is independent of the
25 sequences for the video and audio streams. For the sake of example, the
inserted packet with PAT/PMT is shown with CC=9, on the basis that the last
TS packet with PID=0 in the first stream SEQ1 had CC=8.
Returning to the video ES as the main example, the first packet in the
second stream SEQ2 as stored on disc has CC=3 and this is not to be
30 changed. After re-coding and re-multiplexing the core of the bridge sequence,
with continuity from the exit point of the first stream SEQ1, it is found that the
last CC value in the bridge would be ‘D’, which is five short of the required



editing the sane such that a first edit point in a first sequence is I'inked
to a io second edit point in a second sequence without violating’
constraints inposed by a predefined decoder, wherein each of the stored
sequences MIPYIS88s at | east one series of transport pac RETEPOL/#3371t r anspor t
packets of a given series including reggective continuity counter val ues
each rel ated by a predeterm ned continuity rules to the preceding one, the
met hod conprising calculating the is magnitude of a discontinuity in
continuity cwnegar cpatiogty ynen einingghe smrtdﬁiraannkﬁcngrdanglssah@leélﬁng p0| nt s)

and generat| 8bpdtafudiih ?rﬁ?@i?é’rh g Had eﬂfﬂvé%?’d Hy Pﬁéﬂgt% ARG th lngﬁéé‘F each

having its o inuity co nter va sequence
of transport opmemnge|sora|s|tngemnnhuqussmtrahe Ssemﬁmr&am (Sﬁﬁﬁht@owmmbe

Feadi ng Sequpnededs FaRe Ehd oF yRNndo8Ysadidel CCrah T 0 e the dhdRBL 10C
claimed i s chlown idoubds eutlineawith SO-E sdomhdtorcxﬂnckmwﬂmaet TS8rpaekat fat | east
Subdl v ded + B doe R Rvho% 65 ResHE: RSPy MRk BETRE oXFE W
sequenclzgs %pd@ﬁe@s fn?]medlatemwa@ahdewitbecaswAeB!, glami_ [?,hbemlye as cl ai rreg in
claim ereh%t e 85%85 &sth ﬁa@{% o identify a transport packet

whose payl oaf® ‘A d to generate said additional

pﬁck_eij) _819_ as t oA eliffepént nuniber shemptyqiecketsivwily be appropliatevhesach s tie ed before
the 1dentifl

ac 5888 PCT/ /03371 47 15. t hod of
Feadi ng $8quBHEBET VSt INTTAIN ST ERRECAiL P OFabAA oL e Rt R Beadte as
clained in aﬂ/}fhlﬁfthébﬁﬂg@mh? HeQitigrentfeh that of b Vidé$streuie, ﬁ&@ﬂgnmquences
of data each conprise gl ex of plural gacketlsed el errent ary streans,

each el enent Keyinsertien FP%F\VPH‘Q illustratee '%El%'& dorghe vidga &R PRlYpackets. 16. A

met hod of readi ngyt m%ﬁwécnﬁfedQ%ﬁhéfe%I%eﬁél‘ﬁé@ﬂeé@kﬁ mSeARtbreMdr N9 the
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20 The discontinuity indicator need only be set where the time-base
changes, which could in principle be anywhere in the bridge sequence, but is
easiest implemented at the desired edit point, somewhere in the middle of the
bridge sequence.

In a variation of the above technique, a Continuity Counter discontinuity

25 can be left at the edit point (within the bridge), but with the discontinuity
indicator bit set in the packets where the Continuity Counter discontinuity
occurs. Recall that the discontinuity state according to MPEG persists until a
new sequence header is found. Normally after the edit point there will be a
video sequence header and the start of a new audio frame, so that the

30 discontinuity state will have no effect on the playback. To employ this variation
will still require working backward from the end of the bridge to make the
Continuity Counters consistent at the end of the bridge.



20 editing the same as clainmed in any of clainms 12 to 17 wherein said first
and second sequences conprise frame-based data including a nunber of franes
which are intra-coded without reference to any other frame of the sequence)
and a nunbeawvo ofi7sggsanes whi ch are i nter-coded w th referensernimi/aizrd east one
further frame of the sequence. 2s 7 9. met hod of readi ng sequences of
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carrying first and second frane data sequences together with one or nore
bri dge sequences whereby a first edit point in a first frane sequence is

linked to a secongpraflivbeq@ritiedit pomtSHaditth sfsiusEBEaa8aEd tehed 20 bridgi ng
sequence havi ng been generat ed by a nethod as clainmed in any of clains 12

to 21. 23. DateXiougmifsaianc @eﬁﬁg}"ﬁ%\@'%ﬁ?ﬁd si ng reproduci ng means oper abl e
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second 2s seqguences the e at a Kin Irst edit point in
the first seqw%v‘ewtﬂé)a@'?é@@ﬁ@aﬁmeﬂnﬁﬁﬂeﬂtamhﬁ le!-;E@Ohd sequence so as to
output a desired fdjh\tnﬁ&' W?th tH‘é‘ﬁﬁ&%brbuﬁé‘% fRobbll fim ﬁ&&&@%@@quences
each conprise at le | ementary streans enco and

st W0 t &lexe
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entering said sec sequence at
20 subsequent audio packets should be deleted before sending over the digital

interface. Conventional null TS packets can be inserted in their place, to
preserve the TS format. Leading audio (i.e. audio that precedes the first video
packet) is deleted similarly to avoid problems with audio buffer overflow.

Alternative Embodiments

25 As will be generally understood, the preceding examples relate to
frame-based rather than field-based editing: this is because the general 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-

30 based data.



second edit point would potentially violate one or nore constraints, within
sai d decoder specification, said reproduci ng neans operating substantially
wi t hout WO 01/ 75888 PCT/ EP01103371 49 recoding or re-multiplexing of said
el enent ary WOr03¥¥88 by reproduci ng data sel ectively from sBCHEPG1/03¥71 and
second sequences in the vicinity of said@zedit points, such that said edited
sequence) as output, conplies with said decoder specification. 24.
Apparatus as clained in claim?23, wherein at | east one of said elenentary
streams in the firRefegingdetheetreaiment eltbe iGoatinuityaCeunteindh¢ pachete ol a nunber
of frames (h i N -1 - L el P M erence to
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respectivel y whidhanay satisfygequiceraents formeamiesstaditingt rthedocliniqbes sequence, and
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to two or mr%és{gﬁ‘??%grg&ereérﬁggé% h’é‘g"%ég{qeﬁe‘ﬁg‘z‘;%%%%"\“véﬁ‘é‘r%&%@é’%@%’%r oduci ng
nmeans i nclaudeat pladask tioe is denitmal.y Ong sach altérmnativg, g tobpakeehie cemeationdot he
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reproduct i on Oburitesisesadd cantiaudus sdrosethiecsuitqpohits iy inserting ektra packets 25.
Appar atus as ¢l ai h.claim24 wherein said exit point is chosen as the
a frame boundiahe ﬁd%lpgﬂ?ma%alrsgﬁﬁegﬁ%&’eto the first edit point and zo

i mredi ately prior to an I- or P-frame, in ternms of stream order as opposed
to presentation order. 26. Apparatus as clainmed in claim?24 or 25, wherein
said exit point is identified using characteristic point information stored
separately fromthe zs streamdata, 27. Apparatus as claimed in claim 24,
25 or 26 wherein said at | east one el enentary stream conprises video frane
data, and a further elenentary streamw thin each of said first and second
sequences conprises audio frane 30 data, said reproduci ng neans being
arranged to use presentation time information within the el enentary streans
to suppress output of any audio WO 011 75888 PCT/ EP011033?1 50 franme data
having a presentation tinme later than the presentation tinme of the
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Random_access_indicator 0x0 1

Elementary_stream_priority_indicator 0x0 1

PCR_flag 0x0 1

OPCR_flag 0x0 1

Splicing_point_flag 0x0 1

Transport_private_data_flag 0x0 1

Adaptation_fiel_extension_flag 0x0 1

}
payload(){

packet_start_code_prefix Ox1 24

stream_id = padding stream OxBE 8

PES_packet_length 0xBO 16

For(I=0;l<N;l++)

Stuffing_byte OxFF 8
}
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sequence and the entry point in the second sequence, inits original form
and to delay entry into the second sequence if necessary to prevent buffer
overflow in accordance with buffer constraints of said decoder

speci fi cat i WRO/7H8B5.  Appar at us accordi ng to cl ai m 34 wheP€I/RPE A1
reproducing neans is arranged to inplenggt said delay by increasing the

cal cul ated offset between tine-bases iteratively) until the relative buffer
fullness satisfies a conpatibility criterion, and then to use the increased
of fset to ggneratle the edited sequence. 20 36. Appdratus accprding td claim
33, 34 or 35‘wmerein said reproducing neans is arrgnged iterptively t|o
calculate rgl'ati ve buffer full ness between the exitl point of|the firdgt
sequence and the entry point in the second sequence, in its original form
and to nodify at |east one of the entry and exit points until the 2s
relative buffer fullness satisfies a conpatibility criterion, and then to
use the nodified entry and exit point, if any, for generating the edited
sequence. 37. Apparatus as clainmed in any of clains 33 to 36 wherein said
reproducing neans is further arranged to calculate of |loading tines for
data of 30 the first and second sequence, using encoded decode tine stanps
and the cal cul ated of fset between tine-bases, to identify instances of
overlapping load tines as to prevent buffer underflow, and to nodify said
offset in the event that WD 0l /75888 5~ PCT/ EPO1 /03371 said cal cul ations
inply a loading tine for data of the second sequence prior to conpletion of
| oadi ng data of the first sequence. 38. A nethod of reproducing stored
data, wherein first and second sequences of data stored are read froma
storage device and reproduced, in accordance with pre-stored edit data
linking a first edit point in the first sequence to a second edit point in
a second sequence, so as to output a desired edited sequence, wherein said
first and second sequences each conprise at |east two nultipl exed

el enentary streans encoded and io nultiplexed in a formconpliant with a
predefi ned decoder specification such that truncating said first sequence
at said first edit point and entering said second sequence at said second
edit point would in general violate one or nore constraints within said
decoder specification, said reproduci ng means operating substantially

Wi thout recoding or re-multiplexing of said elenentary is streans by
reproduci ng data selectively fromsaid first and second sequences in the
vicinity of said edit points, such that said edited sequence, as out put,
conplies with said decoder specification. 39. A signal reproducing an
edited data sequence produced by a nethod 20 as clained in claim38. .A
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Continuity_counter=(next one)-1; N-1 4
Adaptation_field(){
Adaptation_field_length Length 8
Discontinuity_indicator Ox1 1
Random_access_indicator 0x0 1
Elementary_stream_priority_indicator 0ox0 1
PCR_flag 0x0 1
OPCR_flag 0x0 1
Splicing_point_flag 0x0 1
Transport_private_data_flag 0x0 1
Adaptation_field_extension_flag 0x0 1
}
payload(){
packet_start_code_prefix 0ox1 24
stream_id (=video or audio elementary OxEO 8
stream) Length 16
PES_packet_length 0x2 2
10’ 0x0 2
PES_scrambling_control 0x0 1
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10" 10" Payload_unit_start_indicator Ox1
10" S6s109% &] () - *0t011203nBaBbC! | “ 109%%& () - & 10%& ()-z! & 1C°/<55& O)- 7&! 109&
() -z, TLOYGE () - |Fanspot aripyty NB4F44] 555} A2bCl ! . MLOYG! Q- qowmsl ()-1' 10%ma
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Transport_scambling_control 0x0 2
Adaptation_field_control 0x3 2
Continuity_counter=(next one)-1; N-1 4
Adaptation_field(){
Adaptation_field_length Length 8
Discontinuity_indicator ox1 1
Random_access_indicator 0x0 1
Elementary_stream_priority_indicator 0x0 1
PCR_flag 0x0 1
OPCR_flag 0x0 1
Splicing_point_flag 0x0 1
Transport_private_data_flag 0x0 1
Adaptation_fiel_extension_flag 0x0 1
Padding Byte OxFF 8
}
payload(){
packet_start_code_prefix Oox1 24
stream_id = padding stream OxBE 8
PES_packet_length Length 16
For(I=0;1<N;l++)}{
Stuffing_byte OxFF 8
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15
2. Apparatus as claimed in claim 1, wherein at least said first sequence
conveys at least one packetised elementary stream whose packets have

themselves been subdivided to form said transport packets.

20 3. Apparatus as claimed in claim 2, wherein the apparatus is adapted to
identity a transport packet whose payload includes a packet boundary, and to
generate said additional packet(s) so as to comply with said continuity rules
when inserted before the identified packet.

25 4, Apparatus as claimed in any of claims 1 to 3, comprising means for
outputting said edited sequence of transport packets, including said additional
packets, via a digital interface.

5. Apparatus as claimed in any of claims 1 to 4, wherein the first and
30 second sequences of data each comprise a multiplex of plural packetised
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10 7. Apparatus as claimed in any of claims 1 to 6 wherein the apparatus
comprises means for generating and storing in advance of reproduction
additional data defining the edit.

8. Apparatus as claimed in any of claims 1 to 7 wherein said first and

15 second sequences comprise frame-based data including a number of frames
which are intra-coded without reference to any other frame of the sequence,
and a number of frames which are inter-coded with reference to at least one
further frame of the sequence.

20 9. Apparatus as claimed in claim 8 wherein the apparatus includes bridge
generation means configured to create a bridge sequence of transport packets
to link the first and second sequences around said edit points, by selective
incorporation of frames from the stored first and second frame sequences and
selective re-coding of one or more of the frames within the bridge sequence as

25 determined by the coding type (intra- or inter-) of the frames from the first and
second sequences indicated by the respective edit points.

10.  Apparatus as claimed in claim 9 wherein said continuity rules permit a
discontinuity in the edited sequence, at a location followed immediately by

30 certain classes of frame header, and the apparatus is adapted to include such
a discontinuity in the bridge sequence, while inserting said additional packets
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second edit point in a second sequence without violating constraints imposed
by a predefined decoder, wherein each of the stored sequences comprises at
least one series of transport packets, the transport packets of a given series
including respective continuity counter values each related by a predetermined
continuity rules to the preceding one, the method comprising calculating the

15 magnitude of a discontinuity in continuity counter values resulting from the
linking of said edit points, and generating a corresponding number of
additional transport packets, each having its own continuity counter value, so
as to define an edited sequence of transport packets linking said first and
second edit points while complying with said constraints and continuity rules.

20
13. A method of reading sequences of data from a storage device and
editing the same as claimed in claim 12 wherein at least said first sequence
conveys at least one packetised elementary stream whose packets have
themselves been subdivided to form said transport packets.

25
14. A method of reading sequences of data from a storage device and
editing the same as claimed in claim 13, wherein the apparatus is adapted to
identify a transport packet whose payload includes a packet boundary, and to
generate said additional packet(s) so as to comply with said continuity rules

30 when inserted before the identified packet.
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5 transport packets.

16. A method of reading sequences of data from a storage device and
editing the same as claimed in claim 15, wherein the continuity rules operate
independently for each elementary stream, the apparatus being adapted to

10  generate additional transport packets for each elementary stream in
accordance with the magnitude of discontinuity calculated for that stream
individually.

17. A method of reading sequences of data from a storage device and

15 editing the same as claimed in any of claims 12 to 16 wherein the apparatus
comprises means for generating and storing in advance of reproduction
additional data defining the edit.

18. A method of reading sequences of data from a storage device and

20 editing the same as claimed in any of claims 12 to 17 wherein said first and
second sequences comprise frame-based data including a number of frames
which are intra-coded without reference to any other frame of the sequence,
and a number of frames which are inter-coded with reference to at least one
further frame of the sequence.

25
19. A method of reading sequences of data from a storage device and
editing the same as claimed in claim 18, including creating a bridge sequence
of transport packets to link the first and second sequences around said edit
points, by selective incorporation of frames from the stored first and second

30 frame sequences and selective re-coding of one or more of the frames within
the bridge sequence as determined by the coding type (intra- or inter-) of the
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certain classes of frame header, and the apparatus is adapted to include such
a discontinuity in the bridge sequence, while inserting said additional packets
so as to ensure compliance with the continuity rules prior to entering the stored
10 second sequence.

21. A method of reading sequences of data from a storage device and

editing the same as claimed in any of claims 12 to 20 comprising means for

storing the bridge sequence on a record carrier together with said first and
15 second sequences and playlist information.

22.  Arecording carrying first and second frame data sequences together
with one or more bridge sequences whereby a first edit point in a first frame
sequence is linked to a second edit point in a second frame sequence, said

20 bridging sequence having been generated by a method as claimed in any of
claims 12 to 21.

23. Data reproducing apparatus comprising reproducing means operable in
response to stored edit data to read from a storage device first and second

25  sequences of data, the edit data linking a first edit point in the first sequence to
a second edit point in a second sequence so as to output a desired edited
sequence, wherein said first and second sequences each comprise at least
two multiplexed elementary streams encoded and multiplexed in a form
compliant with a predefined decoder specification such that truncating said first

30  sequence at said first edit point and entering said second sequence at said
second edit point would potentially violate one or more constraints within said
decoder specification, said reproducing means operating substantially without
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24. Apparatus as claimed in claim 23, wherein at least one of said
elementary streams in the first sequence comprises frame-based data in which
a number of frames (hereinafter "I-frames") are intra-coded, without reference
to any other frame of the sequence, a number (hereinafter P-frames") are

10 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, and wherein said reproducing
means includes means for identifying an exit point by reference to the location
of said first edit point and to the coding type of frames in the vicinity indicated

15 by said first edit point, and suppressing reproduction of frames of the first
sequence after said exit point.

25. Apparatus as claimed in claim 24, wherein said exit point is chosen as
the a frame boundary in the data stream prior to the first edit point and

20 immediately prior to an |- or P-frame, in terms of stream order as opposed to
presentation order.

26. Apparatus as claimed in claim 24 or 25, wherein said exit point is
identified using characteristic point information stored separately from the
25  stream data.

27. Apparatus as claimed in claim 24, 25 or 26 wherein said at least one
elementary stream comprises video frame data, and a further elementary
stream within each of said first and second sequences comprises audio frame
30 data, said reproducing means being arranged to use presentation time
information within the elementary streams to suppress output of any audio
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5 said elementary streams in the second sequence comprises frame-based data
in which a number of 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 one further frame of the
sequence, and the remainder (hereinafter B-frames") are respectively coded

10  with reference to two or more further frames of the sequence, and where said
reproducing means includes means for identifying an entry point by reference
to the location of the second edit point and to the coding type of frames in the
vicinity indicated by said second edit point, and suppressing reproduction of
frames of the second sequence prior to said entry point.

15
29. Apparatus as claimed in any of claims 24 to 28, wherein said entry point
is identified using characteristic point information stored separately from the
stream data.

20 30. Apparatus as claimed in any of claims 24 to 29 wherein said at least
one elementary stream comprises video frame data, and a further elementary
stream within each of said first and second sequences comprises audio frame
data, said reproducing means being arranged to use presentation time
information within the elementary streams to suppress reproduction of any

25 audio frame having a presentation time earlier than the presentation time of
the video frame at said entry point.

31.  Apparatus as claimed in claim 27, wherein said suppression of said
audio frames is implemented by modifying codes within packets of audio data,
30 rather than removing them from the multiplex.
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