; e3epF@aA\ CXC2E6FTpF5C] WO 01/ 50773 DESCRI PTI ON 1 PCT/ EPOO/ 1 2230 METHOD AND
APPARATUS FOR CONVERTI NG DATA STREAMS 5 The invention relates to nethods
and apparatuses for converting multiplexed data streans from one

mul tipl exegdoffspBt to another (transmultiplexing). The i ”?ﬁg‘i‘}EiPQd?gHo”ds

particul ar application for exanple in transmultiplexing video and audi o
streans froma transport streamformat to a programstreamformat in

conpliance with the MPEG 2 specification (ITUT | Omlmmmmmmon H. 222.0 ~
| SO | EC 13838gERIpTIsN MPEG 2 St andard nenti oned ab generic
met hods for nultimedia nultiplexing) synchroni sati on a#gdeéik "ebase recovery.
The specifications provide a packet based multinedia nultiplexing where

each 15 el enenMETHODtANDARPARATUSFORCONVERTING DATA) STREAMSENnt ed i nto
a Packetised Elenentary Stream (PES), and then respective packets are

mul ti pl exed intaq.either of two disting tream types. Prqgram Stream ( PS)

'S a M%) plex ofedPvenBn [dRlgeniopERsBatR it ARRRRLSTAY (EPVELBi n err or

free environiRiplexeds Usdla asstrie@fiR" dfrod Oondli hultipléxsts Perinabt 1t ararblker _

consists of 20 188 byte fixed Ien%itarg fJlgackets, has functiognality of nultiple
I

programe nifensmubipiexnals ke inves ApIRatiGHArAPRIigAtiN forPRarpRlekBt s of
one progra sn?t'ﬂﬂlpl,bﬁngwm 5Qdio Whahid fidrh @ traHsPRR Krddht RitRIRtSasuch as

broadcast. The nultinedi a synchroni sation and tinebase recovery are
achi eved byprogemstregm format in sepwliaoee syjtht ey MPIRS-8| spekifigation (ITU-T

presentgfi Oﬁ{e&ﬁﬁﬁ%ag%orfﬁﬁ%‘@ﬁﬁ‘b/%L??é’/é’-?yf stream has its advant ages
[

and di sadvantages 1 n ferent’ circunstances, the MPEG 2 specification
recogni ses that conversion between the two fornats nmay be desirable.

However, due to if . f t I e
"target decoder"m&&g@'\%he?téﬁgéfg&ﬁg%Mg‘%ﬁsﬁaﬁnﬁ%ggggs?’%%hg?’lééﬁé‘lyszﬁ)g , tinme
del ays, datmultimieziia antlitidexing,t hsynchenisatiorr emd Jinebaseentezoyeryt r #aes cannot
be schedul ed ig.ope format the sagr?s asdtgﬁﬁt.me.e i n.the. ot%r. | t és
necessary tIRGAIICAHEANS Hrojide, @ PAPKE! BaRed: f’?‘?‘{i%'??“k“ﬁ X9 WORIAACRt 1 eam
dat a When celeientdrpgbit r sreame(Vidgs abdief réthsr tdatd)ds osdiphented intd &1/ 50773
PCT/ EPOO/ 12230 2 There is al sq the fééggr taat system i.nformati on which

puts a st ruteckedisedt blementary 5 Sieamy A 0PN afgsmresRestive RAfkeIs @end t he
like, is g%arti?léxléd%@%ef 6PMd distince sheartypes.. PRgramisPeamIPbs) isSany)

proposes a system of recorder/ pl a%Ser apparatus 5 and presentation (display)

appar at us. MHEIPjExagleyariable lenalfmbiES paekeis and desigRad tpatuser inoRfrer fikdc and
converts itedfrohmdnty, Bichf rreTcBPdifq]ﬁﬁl ?hrrngSrt%ch%rm POl condigts Ryt T er

. : c.
sizes present in the enbod nents ereof d appear to account for the

di ffereift ctifsthyde nfxedaiengthr pagketss has clvediionality of mubiple fAregramme
el enentary r I : J act, 10
Tt Ccan be’ SHBLERER & RATUET by B Vandal e Babkerar O Biiaraihel 011 o))
require a bard & désignead fdrametincareor prons énvirommnents sluch iaseroadéastndibé on, and
t he sane pr Si [ f . equl { r from
scraton: CoRUBRER shefioiedtin" B fropfade Reokgy oif abfibled B9 fensedr, T |,
i S an obj ectimefstdrhps fonsgstenotimé alock dndprédentatiompddcatiingnal bur den and/ or the
st orage,space reguired) n _converti ata streans herween formats such
2t e AP ¢+ arRuee sath he: AR s P iy Bh{R0RE ap s divantges

different circumstances, the MPEG-2 specification recognises that conversion

between the two formats may be desirable. However, due to differences

between the formats and particularly the “target decoder” modeis which define

constraints as to buffer sizes, time delays, data rates and so forth, the different

30 elementary streams cannot be scheduled in one format the same as they were
in the other. It is necessary therefore to demultiplex and remultiplex the
elementary stream data when converting from one type of stream to the other.
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understood that the invention is applicable beyond the strict confines of
MPE&R conpliant streans, as simlar problens will generally arise when
converting 20 nultipl exed streans between any two formats. The inventors
have recogwiow@otzhat, although re-scheduling is inevitabl epdioeepmsgst from
one format to the other, constraints inkherent in the source format can be
exploited to reduce the size of buffering) and/or the amount of processing
required in_the conversion. 25 The invention provides a nethod of

converting &hergtia alsa henfaeies dhateysiam infepeation whiclrpatss p stuchire étmRS's)
format int Od% c?—:l'é q?rgétd tgfa dhdoh] §6¢8skN &mﬁ Sﬁa ‘iﬁ&ﬁi}ef’réjgéﬁé&ﬁ& Eaﬁééﬁt(f@ﬁ%

format, the el'ng one 1n |ch I'ea St and Secon
packeti sed thech®btaadeast r eans of encoded information relating to a desired

Poget ner wi th- 1 ubeHsP S Sl BT blckRGet 8 o BERESl ozt e

format bgi ngn@r;ﬁesentnﬂmmmdnsblayj iapparans s‘ﬁwrpdiaydrefmnemmplst reads #8l

V0 011 3073 Toeet oA st A ot s de RS Bivat 481 B8, SRy "1<n i "' °°°
mul ti pl exedogHer faAd oﬁme%%ffeaﬁizas pesERint fStheasikbodiments therdof RiChotppear and

one or nore whol e packets of the packetised elenentary streans, wherein

sai d et hodtc @epeidelor thg) differadceansiainte vhinl reguiee viegchrdulingt eE 48 pr ogr am
mappi ng i nf QiR t%rﬁeﬁt%f@tféa%é% &)rﬁl%grae%hdsﬁﬁ %5‘\/ s f?ﬂﬁ%te%r?a&f the

first and second el enentary streans tering ata e recel ved
dat a st i@anitteancke rstwrpthatéhg apastraintsy tmmsaq!ebv rtb@ T8 epenificatjorsitselfins; (c)

parsing the 4 fal, gl Ff‘b?%{i%é‘é&%“%@c%\ﬁd%ﬁ%ﬁﬂ%f R/@fe%cnﬁﬂfrﬂf%‘ﬁiiﬁ,i 44 the' 0

packet header™ 1 nf PR on sequence resentation units
wi t hin the paykgqadcesdsirgpefortias woekt béeemmedny makeemmstl(ea)n fwoim $argtchhe

presentatio ni 0, t and second payl oad
gueues respg(‘f’ﬁl\’?/rtée‘f%1 ffb?’(ﬁo Eo%#i@rmﬁt{ﬂﬁ ﬁﬁwﬁ%&%&@ eé{im ning, in
accordance with a synchronous rel ati onshi p bet ween the 15 el enentary
streans_and with a PS t t [decoder PS stream. constraints, a

val td P88 Schedul 8 Teoan BIgHE ot BcivRptarh fp sBRicR. the (PR HARBTR erdeh
second pay! gagdios YRe estorak Ospaceeidqaie® whén Rvpkertingndhtaf strdama beByEdNCce with
the determ ned PS schedul e, retrieving said payl oad data from each queue,

inserting pRImEts ﬁﬂ%éﬁ§h§M BEG; ranspopstream a8dprogeadm steamenttavll k8 r eam
gener ating [R4GRECSOIREIREInEHloA ﬁb;ﬂlcﬁﬁler&lxbhﬂ tlﬁ%&lﬁﬁf Soritinek REMPES! and

second el enent ary streans into a series of S so as to enerate sai d
out put si gnalcomm@nbstﬁeame. FSsilas proklems (vl pﬁne@"v @"§@é’]d"€(l'e970fi\@ﬂmgoendent

on the gS Wéﬁﬁr?r%f FHa‘?ﬁseE‘étWe'eg%ny%Bsfor‘M%Q' n the received TS format

si gnal . may provi he further steps of (g) extracting from
the recei ved dat ﬁhsum@amrs ihave gecoghisedibals allhoughi retsoitediling ispeevifabte poi nt s

in the pack r o [ val ue for
each pr esen atcﬁﬁﬂer?#%ﬂ? %geégﬁgfjcgg@%fbﬁ% g{)r ea%ﬂsﬁﬁegﬁ’hi&qﬁtﬁ%tas {Fo‘i at ed
time stanp farmatcahdie emsltethb mdasenhaislzemequtesng,oandiocmmamoedt bfy a
timng reference in th TS format data stream and (h) witing the

tine stanp \959%"3?”9ﬁ?%”'fqdr'gﬁh%ﬁﬂméeéﬁ@ﬂd time stanp queues

25 The invention provides a method of converting a data stream received
in a specified Transport Stream (TS) format into an output data stream in a
specified Program Stream (PS) format, the TS format being one in which at
least first and second packetised elementary streams of encoded information
relating to a desired programme have been further packetised into TS packets

30 and multiplexed together with further streams relating to different programmes,
the PS format being one in which the first and second elementary stream and
optionally others relating generally to a selected programme are packetised



WD 01/ 50773 PCT/ EPOO/ 12230 ~ 4 so as to correspond with the respective
presentation units entered in the first and second payl oad queues; and (i)
retrieving each tine stanp value fromthe queue when retrieving the
corr espondivhi@giss 0ad data. 5 The invention may al so provipde s m&%od
wherein a presentation timng reference3value is included in tﬂe pack
for any new presentation unit starting within the pack, said presentation
timng being obtained by calculation fromTS delivery timng and

pr esent at i oand thaingackets inderigaved db dermaovuitipiexed gtream off RS packsneadhi on
units wthipgeat i I n i i

present ati oﬁsuaig?‘{sﬁ%ﬁ@ﬁ@ﬁ%%?’%ﬁ%&ﬁd@?%&r@[’ﬁ Ir%‘lmﬁgé P%P 'é%tgn%:fg{qen t he
recei ved TSpacketiaéd dlentersanyestreanisy whieeeis paidi rhethod ooattirisestt s di scl osed

herein the data rate.of .the first.elementary streamis substantially
Greater ¢ haffi naP s 0 oBE i CEM B, ) ea T aREr snanpiad P Sies,

enbodi ment of t higentifyiagt & ogurieht sSteam endexnforpeatnad et first rapeh pedonal TS
packets of the first elenentary streamis generally accunulated to fill
substantially a %6%‘_6[‘9%#%”&93% before scheduling any of said data in the
PS schedul eyl n fgdhhideta bhtresieleREY Adt Bdarh o BkBACH PackbRSchRH PR data 20
correspondi ng to one conplete presentation unit of the second el"enentary
stream may be scdsirgr@emerABUSreaMing for data of the elenentary stream
to fill S“.bﬁ!)a”t &tsih t‘ﬂﬁc 'aﬁHer?é%%HBa@Emeh& StreBRRY PPac&TIgd R, Of the
invention ih’step {e] the data of the Tirrst elenentary stream may be

del ayedl® n t he fpacket pegdersinfaqmation ity identifl aysequence ok asesestpliion unitsa

m ni mum time reqy; r ' MWest fé&.?tion unit of the
second el enent aﬁyﬁ@'ﬁ&eéa ayl%cﬂ)fe’gaa pr é@gﬁ?&ﬁ%ﬁ%ﬁ?ﬁ of’' the second

el ement ary &b)r eammitimgy thecpresertadtiore dnitsrot dactt sirgamtiniseqoengs mte Figst andei ved.

I n enbodi nents of thg in\ég\ati on differ&nt| Er.e ent atilﬁn' unit data sizes

and/ or dif f er ent S8 P&¥|| Wu?%{%sgeg N BIPHONFTRYAP'ERBITS format for the
30 second e{eg)nendeténmifingsmnaccofddneeanith 4 BgndhirdridusVelatibRship bbiwersh Wk | east
equal to the tine reﬂuired to regei_&%g e conpl ete presentation unit of the
| ar gest 13i ze at ¢'a@entaRestreams @nd wi /tetgﬁéeﬁs@%f Rd AT streamone

enbodi ment of t heyrisfumie, | £Nakid @S ScHeUBIor SBaRIItipIRRING PRy gataUFSRT Size
for holding the first elementary stream payl oad in a conpati bl e decoder

during decodi ng, thatfrstandiecend paylpag auaers a8 spaes af fePPRtnadpaci ty | ess
than one tept h tiAGEbRIaFYE WK e deRirifheddPShenEsI6 oM TPYaih Wal/gl SPeci fy

a mnimmbuffer size for holding the first elenentary stream payload in a

conpat i bl e decodiatadiam egchsisyeninsetingl rackReheaders §9a9% dade-gackalishas a
Maxi mimgapaci tyeécﬁséeltn@ﬂfhrg@ﬁeér‘?ﬁ?&h&%ﬂn%@&d?ﬂbﬂh&%rg’%ﬁ%Lilgbléﬁ The
y have a nak y betwe

first payl oad queue na nmum capaci en one angga hal f
(1.5) and four (the peickets aftthe dirst andfsecant egnertaly. stitams itto @ serieshof ti ne

stanp queue nmay [ [ Lre ndi presentation unit a TS fornmat

delivery tine Oflf’?ﬁagcgsf%cggﬁﬁgg?rg%a{?nfﬁgaﬂ{pﬂ?ﬁ@{\ﬁe recei ved data stream and
a present at wherdin nthef S tschegulesdeteahined imistemf(eprisddepehident emahgher ei n

t he PS pack_cont ai ni t he _sanme presentation. uni 5 includes an indication
of a PS 1 or STENG GERPSPRAESH Gpts RERPER rEmRTS FAMELE BAC of “pr ecent at i on
time fopsat | easThemethudamanbpedvidethefuitheristépsoft:ne PS pack. In one

embodi nrent of the inyention the timng reference, valuyes included in the PS
format out p&) da@xirasting fiom the E%ﬂeB’L?Fja‘?%G sifeam HRfng: Eﬁ%%@"?%s 8s%qGiyPd 20 tine

base irrespecti wgitof sgdtimoesoin®d fih Mhedasetkbiedt dhementdt? speshyedndS for mat
data stream In particular enbodi nents of the invention the PS packs and
el enent ary calculating a time stamp value for each presentation unit in each
elementary stream, including interpolated time stamp values for those
30 presentation units not accompanied by a timing reference in the
received TS format data stream; and

(h)  writing the time stamp values into first and second time stamp queues



stream packets are generated so as to align the start of a new presentation
uhit preferentially with the start of a PS pack irrespective of

m sal i gnment 25 between corresponding features in the received TS format
data streaypoyBohsr ticul ar embodi ments of the invention sgiqdpanfRsgat data
streamis generated so as to enploy a f4 xed program mapping I rrespective of
changes in program mappi ng signalled and followed in the TS format stream
In the disclosed enbodi nents of the invention, presentation units of the 30
first el ement ar wosds wacoresppnd sdéthdhe celpictivel presentationemita eatdrbe in the
presentation uantst of, the ﬁeco d el enent al{% stream conpri se encoded audi o
frames. The inv ﬁ?iw Sl g@y%pg\ﬂu&ggs,aa thod of converting a data stream
WO 011 50773iPCT/retrieQing28adh Gmeestaimiedalus foraphei querd whenseaidvingt fream (T9)
format into an OUtPthl%?ta stregm in a specified Program Stream (PS)

format, wherein COFEaParsing paWoad datd, ) j ant with the MPEG 2 Transport

St ream speci fi catiedventitin iRay disd provide Sethdd WRBRYA 8'BreddrtatidhEmMgEG 2
Program Stream specification, both as 5 defined in | TU-T Reconmendati on

H. 222. 0 andefegenceraiuggisgincludedein thee S dack Jpt sy pewvpresentatiorturild of
recordi ng [ | e r . ded is
el ect ed-f r AR A Wi bec. ApARREReNRBLA i BERG ARed By I RERET

st r eam ( TS)frérmarT@ideliveontimingsand preseptatign dimisg reference Jigldscacampanyimgnet hod

d i bed ab .t her : ded. di di f
Sbseauent Gt Bossenagh aos it i ESEneH e PP, At BY MiefRelon,par a us
conpri sing foepreseration’ ueits hgt ackphpahiéd byi ardelveenttimiog aeferevicet imetheet hods

according to the invention set forth above. Such apparatus nmay for exanple
f orm part ﬁcﬁ'vggﬁégpﬁg‘éatae‘" §88} apparatus (set-top box), a presentation

apparat us (such |jaghe sp¥écifietembddiments die6iBsed hereiidhé ARtPEite| dTahaFRsy at us
(digital VCR). O her features and advantages of the invention beyond those

i dent i f i ed HBBESIANSRARYISBPstANtiBlk gaaemiban thalLfithe seeend Rlemariary

i nvention Wydaphecone clear to the skilled reader froma consideration of
the foll ow ng description of specific enbodinents. 20 BRI EF DESCRI PTI ON OF
THE DRAW NGS Entio@ partiedlanembpdiment af the invention ifosiepdelthechaiead data way of

I I t ' ] ' Gl 4 1
1 st at s Hulef ERTFEGREt ) the Grd SRATRRGN) Bfeci a0 Bcctihiidid, 9.1 °
enbodi ment tof filk substantially accompletepPSipagk teifofersshedulinguany af eaid Hataf ior mat  of
data in a t{h%rﬁggaﬁedﬁé.eam (TS) format;

In addition in said embodiment in step (e) the payload data

20 corresponding to one complete presentation unit of the second eiementary
stream may be scheduled without waiting for data of the elementary stream to
fill substantially a complete PS pack.

In yet another embodiment of the invention in step (e) the data of the
first elementary stream may be delayed in the first payload queue by a delay at

25 least equal to a minimum time required to receive one complete presentation
unit of the second elementary stream, while a presentation unit of the second
elementary stream may be scheduled immediately it is completely received.

in embodiments of the invention different presentation unit data sizes
and/or different data delivery rates are valid within the TS format for the

30 second elementary stream, while and the minimum time is fixed at least equal
to the time required to receive one complete presentation unit of the largest
size at the lowest rate.



Figure 3 illustrates the format of data in a program stream format; and
Figure 4 shows the key data paths and functional blocks in converting a TS
format signal to PS format, in accordance with an errbodi ment of the 30

i nvent i on.w&ElAhisED DESCRI PTI ON OF THE EMBODI MENTS 1591703;5 230

PCT/ EPO0/ 12230 7 Exanple System Figuresl illustrates an exa ?1

digital video entertai nnent system including a digital TV tuner 100) a
"set top box" 102 for decoding digital video signals, controlling access to
pay channel s anbh e émboHimentdif dhe irivebtian tteoPﬁlfamapea'rﬁesr%mimung devi ce

104 such a d I tur recorder,
and the st %Pﬁﬁ%ﬁédﬁéﬂfﬂ%’ﬁ%g%&ﬁ %EM% tﬁ%ﬁg g&&g M 4 go"?%%%%t I onal
anal ogue TdesederlQ@ring desedingn whiles thmrﬁ’rstgpmd:bad)rqubue Haspé awaxigup ct ur es
froma satelli tedeﬁm';l@1 e or terr strla béH dcast, or froma recording on

disc 106. 62PARY aﬂloé‘ﬁttﬁwht RENNITHEN BHRENH2E he set top box 102)

MPEG cogpat i bl eThé pEsieahat mbW@rme(rEgbchoé i’fﬁlﬁlnﬁjnﬁl baffér éiﬁé rof Holdingaes  of
digital TV _channels, sone of whjch be scranbl ed for decodi ng W th
in

speci al coffititt¢lemantas: sream @ayowd/) '"a?r%?r’f@f@ﬂ;b}ﬂ §e° 'e"éﬂﬂjé#eﬁo gi t al
br oadcast Wﬁlaﬁﬁﬁﬁrsft Péy@éagateﬁe [R48.a MbRmAA Lapitify) ledd thahPsitd fdentieth

applications wt MPEG 2 transport streamformat. '15 Set top box 102
al so decodesidamimgBumdaufier sigeamme fromwithin the transport stream TS, to

provi de anal oguey nal ogue
signal s can of go%?géeo%%ecgg%%ﬁﬁ?)ay'gé%o%\?gé%tﬁ‘gﬁléééﬂégg?hgggﬁd&}@( VCR) .

g)j ft{]ellt): ha(rjiq}adnaif(ﬁﬁjrandef&umiqwalthey:zaml eaom®Spackl ity, the direct :
igital-to-digi o e0 system
or “DVR 1 ecor der "Ib£TY PrGp JHYE dtétin, el HENTRRI 157 tne HaMediontii Do vi o
a digital iprésentation wich T8 fordabdaivery time eﬁ/\lhleqbr)eseﬂfbtlm aait iwithdn ¢he' parti al
il 1 pl ex, TaSRIVGEH B8 BERATE (AT 2 ATPRRIRUSRGERE 1PG i PIEvSATIR0 WihaMohand, to
t ake advanh@e@dlﬁé bhe whearepve P padioeunfaining the Samied pfeeatitionCHas S
features, 25 the Iayer/recorder 104 is arﬁ)@r‘?ed to convert the TS format

into P35 oiffiyd qﬁo?"r'@@lﬁ’?ﬂ?"hd’ od RRdopmat; de diee tfer dognRack ard ragy nat

streans I egiclRbndT (HeSéntaith tu%%Paf feladd orleSpfeReRBitioh AUnitAviiR k& psvi @ the
digital interface and set top box 102, on the TV 108. The present

descriptio®a@flkl ates prinarily to the process of conversion 30 from

Transport Strea &ﬂ_egﬁmfoe it P tHe' lﬂgérﬁ Jhé %ﬁmg{ Fé'?%reﬁ@é Vﬁﬁ.:es%'ﬁéucfed

conversion in the ot I rectron Is t sub ecC our cCo- I Ng
appl i cat i ofin &t PS| fednamtpuﬂdataostmpaam g@lcw tedomﬂv@fere@enatmsmgleearrs and

claimng 4R BileHspelhidd BPWaAgesth fime base throughout the received TS
format data stream.

In particular embodiments of the invention the PS packs and elementary
stream packets are generated so as to align the start of a new presentation
unit preferentially with the start of a PS pack irrespective of misalignment

25 between corresponding features in the received TS format data stream.

In particular embodiments of the invention said PS format data stream is
generated so as to employ a fixed program mapping irrespective of changes in
program mapping signalled and followed in the TS format stream.

In the disclosed embodiments of the invention, presentation units of the

30 first elementary stream comprise encoded video pictures and the presentation
units of the second elementary stream comprise encoded audio frames.

The invention further provides a method of converting a data stream



priority fromUnited Kingdom patent application no. 9930787.8 filed 30t"

Decenber 1999 [PHB 34445]. Before examning in detail the techniques

applied for efficient conversion between these formats, the two fornats

will be d (1 in nore detail with reference to Figure )

Tr ansport%@roglg‘ﬁnq?TS) Format Figure 2 ié | ustrates the keysl’fciﬁ%ﬁgéémand

structure of the MPEG 2 Transport Stream (TS) format. The Transport Stream

TS is a continuous stream of transport packets |abelled T-PKT in the

dr awi ng, G%Bei‘?/@ﬂﬂﬁ!é'é&c%dﬂffﬁar@?bﬂ%@éarﬁaﬂ@),fo?r'ﬁﬁt bl 89 ddtutl @pfERt shown

at the top of the figure. Full details of the MPEG 2 Transport Stream

i ncl udi ng SyeEax in 3spaaified Pragan stearh(RR)oapat iwhaseis, said ITS teemebisnd i n

| TU-T T eCorggaiyant Qi b MPECS I HrEfapktE bredm SPLOKERIWRRO Whid pe WPEG 2
aval 'l abl e tp:/ g.

systemis online at http://ww. npeg. o Briefly, each transport

packet i nclfotmat is ermpliant yoth thenMBEGRdPwgpim| Stsepm areciicatierhdgthydsoad

bei ng i ndi Chdfis A - %II i gl he header begins
with a (r}idstl ncgf’\?@'@gﬁ‘?%@g{‘?% y’?eazé%@]%({))ll%(%eﬁagéhl\?ari ous flags and
control fields iThel intentipra furthensprovides ra aetihontliof aécordifigl an aaydiorvisadl uni t

start indicator USI, a transport priqrity indicator TPl acket
dent i 11 catTOH'AEIRE WHRIRID A, MTOuINE 1 R EREOTdSH s pelpeted o AMMARGA on 20
field cont rmbraﬂ%famd%mwubmey@aunhafarﬁﬁort@ﬁpaﬁdém fermatheomiegnt s of
field AFC, there ma% e%%raeégnt an d?é)lt ation field AF occuggll ngﬁséorre of
the space dPHPIRERMHIEARIED) IR Y Adathed a8 (deserieed aBRYR. NSt heRe. DvB
di gi t al j¢or qResR¥RY drP4 Fétordihg tétAlm fordibsehuéMaettidval afPdedcuimy.ound 40
(Mits/s), while the typical data rate for an audi o visual 2 proqrarme is
ea

| ess than 10 Milthsl igvemiiarofusthag plovides appafatuscomprisingrmgane specifieallyous

pr ogr ammes %gg’ld ; (R ! I.Ngl @t tream
The field P%D 0 é‘g’c tr@%@tﬁ) ta H%é’?:l&% |n§?{‘:§;tgg%&gﬁgngl @ﬁe‘h?‘g@ ;R/J%g%?tzam to
whi ch t hat fpabkahovee| Sueh,appasatus bpaydor exampleafarth partuefi a sstafd-alomespor t

Compr i se o SebyEhEbpatpnE (1EHap SR eretb RS AR et o 8 TV S0 o1,

(Pl D=' 0136 ) oranrkcoeding ard relerbducing eppa@RICigAYVER).The correspondence

bet ween PI D val apd . progr s..and t t ype..of data, carri.ed w th each
VO 011 50773 PCT?@%SF)F“'P&‘E?G%@%%*?%MBE? gnfign Pﬁ?é”f%ﬁ}ﬂsSf'g?}?t Aanmme
speci fic i ndbpvenbhemaRp! \)abrltaaibi;ﬁanfmo?m&aﬁghi;yowwisawmvehﬁaﬁm¥lt stream
a programe associ ation table. is cagrried in a special streamo
transport pRRICEIS ‘:\?ﬁatrhtoPﬂE‘:@.?“”?ﬁe’qaﬂ?r ﬁﬁ’"ﬂ T rFqnﬁ@ieE%lO@s 0# dhe griewingprOG3
etc., whi chyddcripfion 6PsPdciic embsdigieAts® 5 nappi ng table PMI, which |ists
completely the different PID values relating to the single programe, and
descri b¥s the content of each one (video, audio, alternative |anguage

audi o, etc.prIEfPESCrAPTRSNTE TREBRAVANGY Or control purposes are referred
A .

to herein as systeminformation. To reproduce or record a given programre

(PROGL ) from t Hembediments ef the invendamwilt new beydesstbehbyovay obamplef
successi ve &{lgrbgjpi%gére,q@é:{Seﬁq%e{&?é@ggg%g@gﬁﬂgﬁ%éﬁn Wt enated into a stream

and this stredm’carries pac stream packets PES-PKT, which
are further defiffigarei h illustraté2E=an 2exaoeie fdigitel i video EatentaiibSeniasjstembingi ns

wWith a gdistinctive cket start .cod refix. PSCP. Next in the PES packet
header ’Tags aw@f’ﬁc?grﬁrﬁ?eWfapfgfrathgl'rﬂev'\‘,ﬁ?'gf? ﬂ@'ﬁaenti fies the type of
el enentary st redfigred illasteates thefotaat ofadata in a radshartstséare gNSpformat; vat e

e B Al ey A AR el "

Figure 4 shows the key data paths and functional blocks in converting a

A

TS format signal to PS format, in accordance with an embodiment of the
30 invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS



specifies the nunber of bytes in the PES packet. Various control and flag
fields C& then follow, including for exanple a data alignnent indicator
DAl 20 and a header length field HLEN. Various optional fields are then
present w Wy gisbhe header HDAT, depending on the val ue of pegapeiabsd fl ags
in the C8~F field for exanple, a presermtation tinme stanp PTS may be present -
specifyi ng the tine with reference to a systemclock at which a
"presentation unit" picture, audio frane etc.) beginning in the present PES
packet is dB¥amplepdygie@sented. 25 In certain cases, presentation units are

decoded in a dif o t r t Aty case a
decoding tinme stgﬁg%Tk ﬂg%hzg%gsgﬁheé]%ﬁ&lée)nﬁaﬁ% gbggg ‘%%%efpt%&'mE@]N of
successi ve PfEgemadhaiuding s idigitat 7Y tunee 190D o tsatdon kaxit 1G2ufarsdeslodingnt ar y
stream of dat r I of a
vi deo el erreﬁigﬁ?i gwégﬂg&%@@aag 55583& é‘g%e%%ﬁ%ééﬂ'ﬂ@gﬁﬁgg SEQ
are presgnt videaqilaybackuahdgecording siestoermasaemmmevéuemn 6ptgal disr i ous
S et e GBS o e, B TGO G20
sequence hegflehis AxaMpE, nal gonveptibrat aphleyhecikvoket hmsvugiagseﬁt irgaifiscan only
be achieved by starting the decoder at the | ocation of sequence header

Wthin the ea'ﬁfswaﬁorbaf% digRiang Pistugesy forg r a negtellite, cpakie BhltﬁgeStﬂF t he
vi deo data, ppyRRa BPfrbﬁﬁé’?é&ir&lﬁgfoﬂ cﬁscP'IGé upgtwddrethg digitd taE 19enaRdi ng on

the application). picture 1S preceded by a picture start code PSC. A

group of0pi mmsetstownmﬁQZ.bUHﬁCeéemaﬂm teangpei sticagt {Tbismeteignals .
1oLoN NG ach U filthBEe SEHRACHY P RaaAfns S dutieh Ry %é“;e bIgY Fér es in

MPEG- 2 and © ern di f'or ma re enco er ence to one
anot her so deccnd)ng edlitlc espesigh ocariditional rateesy . (Pt T¥h armqgamttson Tieovi des

for “a. ner ohBBnRRRG faal BRadBheCREnBlsC oY SxarhBF, PUB, NG Hngr ABE et “oop

T her P et ur e e vy W%‘ﬁé‘é"“???‘?’:?"mﬁ‘ o coded using

ot on Vect or o bSELIERE BReHeh RSt ECABS I BRI rRbT AR e ot oo
"B" pi ctur egranspireStrédrh mﬂwﬁmudeyarml@gnecémm aht ¥iteo sidvHioto fRefMasets before

and after themin sequence. The anpunt_of data requir for icture is
Moes {han (A8, 1 These- Splogiie 10Ra: SANIPE SOWRE tie TSAAdEd, by & CORERRER t hat

requi red foGide tedirdét9CREN 1R Mehetnéi0nkARd forimaamhe cfﬁaihfyd dhdpi ct ur es
are encoded only w ref erence to ot her |ctures IS on the I

pi ctures vvhfl!mt'BFQJW d@eaﬁ"'%ﬁft‘!l&'FaLé‘i’lf’Wabéﬁ’WdWoFU@'t é‘ﬁt‘fvﬁ'bkm‘&’ymi'ﬁabf a
9' Ven sgfuepR vided %}Eﬁérg[k{r%vwrﬁ&r%r b6 &Oﬁrg?ErFé@t Tlth@s Cohndtaddfito fhge | and

P pictures are enco fore the correspon 8 i ctures,
set top box via a digital interface such as IEEE13 4 (“Firewire"). This carries a

“partial TS” in which the selected programme is separated from the larger TS
multiplex, and presented still within the TS format. On the other hand, to take
advantage of the improved directory structure and random-access features,
25 the player/recorder 104 is arranged to convert the TS format into PS format for
recording on the disc 106, and to convert PS format streams recorded on disc
106 into partial TS format for playback, via the digital interface and set top box

102, on the TV 108.
The present description relates primarily to the process of conversion
30 from Transport Stream (TS) format to Program Stream (PS) format, while
conversion in the other direction is the subject of our co-pending application
entitied "Method and Apparatus for Converting Data Streams" and claiming



and then re-ordered after decoding so as to achieve the correct
presentation 25 order. Accordingly, B and P pictures are exanples where the
presentation time stanp PTS and decoding tinme stanp DIS may differ. Finally

in Figure wobl)sgy®s i S shown a representation of an audi o elgiRBh@f¥3St ream
ES-AUDI O. This conprises sinple franes gof data FRMwith frane star% codes.

Various audio fornmats are permtted, varying in terns 30 of sanple rate (32
kHz, 48 kHz etc.) and also data rate (for exanple 32 kbits per second, or
vari abl e) . prioeife feomd Uhited Kinggamt patentfappiieatinndine. :988078@0 fitad 305 ar e

encoded in the pro eclLhhs | ion. PS| .and. i.n th WD 01150773
PCT/ EPOO/ 12%‘&?“%13'%%@%35@& %ﬁ%ﬁer ge?ﬁ%égﬁWMé§é%?'CF'beegeﬂ]"é‘i‘fﬁﬁes

havi ng t he sgpliedfoesificieat conversior betweegn fPieSe dornatbothe twbi folmatseawill bebe
presented sjnul.taneousl t the output of the decoder. On the other hand,
there is gr f*??%&h@m%&@w@dﬁ%dgﬁ%@ Fjpuigs %'Wgss of data fromthe
different elenmentary streans, such that audio and video access units having

t he sane PTS value can arrive in the transport stream TS up to one second
apart. Progtransret SiermHdS) Fofmat 10 Figure 3 illustrates the other major

format type s peﬁigﬂ,,@d 2f @gsﬂ}ﬁgg' theS 'k% Feturdd ank" SBhATS o HRE @Q/—FS“C’V‘“ at

the top of the ure, conveys t sane el enentary streans DEO and
ES- AUDI O asTranepent tegaon t(TS) rfeamati | Thet Teansport iStreanar kS 4 aucantinous i n t he

f f PE - A ' ' Qi vi ded
and packet 1L O szl bhokadlaBofl FBRT S dfaiifh, SgeH BfbYsal o
for a siongl 88§ bgtesmdf aataopanditving thefonpeatlshownREIhE TP af thepigrlred Full gr oups
f . PA it h basi ¢ _head
conpr 1 si ng Pl Bf aB EEEEY Haf P &5isnhapciuling SPaR: FERRAET #hce i me
st ?”D 5\?}:_ %ﬁs&aiﬂt@lhpﬂtdablét, Wﬂ%@gasddggnmugl‘ tmd merd t atigh&-l.ZBZ@lSd)ﬁE?he bi t
rate a whic e_pr am stream ended to be presented to a
decoder. A 1%&6%’0 8&%&?‘3&% eﬁ:@yt rtﬁﬁe!\dﬂsﬁ#'r}eﬁé{ﬁtﬁpb I na‘farﬁlgg\ﬁelol”_i"k‘?lo%
optical di sigyiAai.mped e S el eadH t@éhsgo‘it ptkBBinMRIdES aheddBf EBHQ:H y, a
program stream pack 1 ncl udes stuffing ST ~and a system header SYSH. As
I T ust 16t ecar atRayioaskPorhion; e meyipadieaios incieajed PGy kBRI - toPATM 0
stream pack i figfife. 61fie hBader BEHHNIith Huisibeve'spRRBhIEaH bRgTaRE! ns wi th

an extensive system header, specifying various paraneters of” the coding and
t he decoderfollowedibyestariouy flags sadgonttel firidalivclidingda trapsporhewodr indicateror

| . ; ; ; . :
order fort Neh b badiept, A, sBEE I Ush irisbofi Dol MAGMBETTY 80T 11
programre. packet idéndifieaion RID; transpoot scraaditieg aintrot fielde TEC, radapiat®® codes,

Speci {188 RS ARoEAFS aht tehP b Rl EoT | BpbAfrd e POrBhoReaRR ot
and al so i ffigld G ahgrevhay be present aneadaptdtioatliethAB, odcubhing soymeof thedi 0 1,

audi 02 WO 01/ 50 73.PCT(BOI;FRC1)JO 12230 etc.) is carried, so that the
correct one¥P3RGPIPEMWISR AP rREAY ®o the decoder. The system

i nformation in tipeheexhRipld6pmerDVEY dibitl erdadesast fafrh&tCthe data rate of the
TS Stream is around 40 (Mbits/s), while the typical data rate for an audio visual

25 programme is less than 10 Mbits/s. Accordingly, as shown at TS in Figure 2,

various programmes PROG1, PROG3 can be multiplexed into a single

transport stream. The field PID of each transport packet indicates one

elementary stream to which that packet relates, these being interleaved in

units of transport packets with plentiful other streams. One programme may

30 for example comprise of a video stream (PID="005" in the example), an audio

stream (PID="006") and teletext data stream (PID='007’). The correspondence

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



description. Applications such as the well-known optical disc video system
specify 5 that each pack in the programstreamcarries only PES packets of
one program stream and indeed typically a single PES packet is carried per

pack. In t%oﬁé@g%of storage on an optical disc or siml arpcﬁ‘ﬁ:%%ﬂk@?

medi um each ack generally correspgpnds to one retrieval uni

"sector" of the disc filing structure. In general, MPEG 2 standard all ows
different types and 10 nunbers of PES packet to be m xed within each pack,
and the pacRIDsiszmamyinée i tenfdrincof prﬁgmgmfe}speombenfogpalidﬁlmaPSIonsble&ys]Eem
Target Decoders,.ln order to, ensure that buffering and .ofher as s of a

! ont decodepsinical Wi 1 URRSRAIE SESH & BipBTAP M BAHALPY IRATE Hi e i 1
the presentggrigdth a spesiatistraamasrararspoitradkElsGuith FIRAYaTtheSPAT A it@H 2
transport stream "systemtarqget decoder™ (T-STD) nodel and a program stream

syst em t ar gglicatego e RROGTO)PREES Sl Jeiiey, steaeh efde®nd t BOgEAMMECoder i s
a model of @ag?ﬁg 4agiki PR, WhRkth |Q€§e&ﬁg|et%yg¢wgfgsfém FIg'v mgtg@l f@Xing the

different 2 ‘efrentary streams of t T ormat, having décoders for
each of thethgusingle pogrammedary deserbasnthegontgnicf eachdenea (viderl audio.ng

buffers bet gyg{;ﬂaﬁ\}éebdgp%gén ’Hll%d?&r&@'j‘ a*?ﬁ?éé‘?aﬂgé:%ﬁr o{t}%f} r%‘?é %lngzoﬁ@la of

each energy ream s arri'val froma data c and | act ual
time of decputpnsesant nefarrashtodtarein. asXystensiriformatioR- STD are both sinmilar in

eneral form asr-expl aj d re ful in_ th iLfi i on. ,However,
gi fferences bet E%Féh@y& cg.lnr%cérrqaé’ 9‘%" ﬁfﬁfﬂ?}@gﬁﬁﬁw?fﬁﬂ‘r B‘%ﬁ‘iﬁ’%ﬁp,"”a

t ranSEOBG | S$trezmn) t:herm?lloaitmelt:)nﬁptlpaﬂ Dlrmr-?oaglzsgctesal;veftragsm{jn phciesn | Hlmmfbout
re-schedul in east a e ve ets, and simla or
Comvor sati oinat i dangatesatts (mie @ AEe@R0 208 Jhi: Srearh AP parkeetader i n

TS format hggnntdipstreamPackets RESIPKT) wHiéh dreJlRherfefimeatif e MIPEBRe, each
main buffer in the T-STD is _preceded by a transport buffer which acts to

smoot h t he $radfication (&3gh PES: aacket ihegins with (& distiaetives packepystart joode 73

PCT/ EPOQ | 2838x Pl p SRbkt: inWhe IFES! phdkdtHeaBep isV & BtrebhtRBhifF QD WHRhi N 2
burst of several transport packets at a peak rate of 40 negabits per

second, 1% heidgptifiesgther type <ff elementaly atreaah(fonexamplekvidgoi AUdioadedding t he
entire tran t Lpl [ " %@?’ ' ef i ned
for the tra%g%)rﬁtéb‘ﬁ&?{egr %5”22 %E? ﬁr%gi(?ﬁ%e&é)\rq@{ gale?lcdo%?ér?gli adtn(%sg rate of
2 negabits gracifiedcimdy, pagtioularngpplication,hane a SEHitpacket hengihstield iLBNo t he
mai n buf fer ef.Si 0 Lgure 4
1 Ust rat oso R, b Rinber Bt SY@RTRNG AL RAGLE, VaRBLg Tonkoraes med ' - .
exanpl e appfieldatG&m then fellgwr includiny fivBexairapiel s dataPalignenent dndipatot D&Ir eam

(ecet ves o1 8ok Bisfodh bR BHLERE VAR tofe Mol G TubY bt ™
Program St r fherhaderDAT; aepeéading rondihe vakbof. askbeiBisalstays ihahe C&F field
Transmul ti p*o?%xg%ple, a presentation time stamp PTS may be present 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.
25 In certain cases, presentation units are decoded in a different order from their
presentation order, in which case a decoding time stamp DTS may also be
present.
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
30 in Figure 2. In the case of a video elementary stream ES-VIDEO, various
picture sequences of clips SEQ are present, each including at its start a

sequence header SEQH. Various parameters of the decoder including



Certain existing and proposed di sc-based formats use a Program Stream di sc
format. The formats are a sub-set of the possible Program Stream fornmats
that MPEG 2 enables. All use a constrai ned packetisation structure, in

whi ch packwoa@®éas n only one data type, and have one pack peqfrpdehsscC
sector. The frequency of |-pictures is10efined and there are specific
requirenents for the alignnment of particular data el ements. The reason for
these constraints is to sinplify as far as Qosm ble the multipl exing and
pl ayback erqpiandisatior madtiees; bufirr rigee andfthe dike aracpgciind in dke sequencse

cture se ek or a eS e nd have
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capabi liti to the st r efinin ta formats for stem
o ortmt | or EAERRIFGP BRIRFPISGBY GhBI SH LEHE 756 m Aol IR RCUS ol 1y a
singl e Trangpp Fna$t5@@f’éd‘e@éﬂltﬁ,5a gr@d edrbBdde G¥U/ HPRMoWIRPE petticthay

I ndi vi dual prograns. Si ng e Program Stream nor nal | y carries just one
program Its%@PGe§‘PﬁﬁF"$§ Hecording products if we linmt the nunber of

different disc f,?é;) |§9\kéll kﬁowh dﬁ@fu‘ré@ il MPEGRR@ndodtflet ﬁmﬂ@ﬂi’@f ‘italai* 'rmia&p“t

signals to this hi's way we mnimse t anou
sof t war¥ anareh@mmqb b\an@fmneelto @fei @anothergear aat e redueendtammfa t hat
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W t hout excessive ui. r nts t C n 0 st ofr,

space. For RIRRTSS | 6% r?&gliﬁup:osf&cg%%gccg(f)aéﬁg P&‘P%E% ér? 5'3 Qé][fg [ ng from
a DvB ]lgr Oﬁdmaé wru@hf ][is/mub@t\ivmiutgvgérera?m@limlgerdpwlt%es “R/Bwrfedmdvet)at es t1 ge
size o t e er.verifier defined. in t speci fications.

Tabl e 115 DW#® § wWoj & GRded Hsing: mofign é{ﬁﬁfpéﬁwgﬁi%dz QRIcpﬁ Beeceddg kor VP @

M | ~229371$a|’ﬁ¥t em( RGN (34iSRaT B0 piduted PRRiK 256! ERgdean$§TD Vi deo
buffer sizeVBV size +2500+7500 PES headers enter buffer in addition to

~ el enent arpredigtiam feam Jand/enPeframes beforeand after Wlﬁ"i‘ /IR Seqyenagy; tides
(1.2x15 Mboi évﬁbﬁ%t of -'&ﬁf?i ?@ddl%dm&?*’h 'Beﬁﬁztdrgaiﬁ 3N sthérffTﬁatNFthﬁbé)de'aonu er

si ze. 3 byt cv oof tun~i e ~nrcv-c warev
plcture whlch in turn IS Iess than that reqmred for an I picture. On the other

20 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 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

25 order. Accordingly, B and P pictures are examples where the presentation
time stamp PTS and decoding time stamp DTS may differ.

Finally in Figure 2 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

30 of sample rate (32 kHz, 48 kHz etc.) and also data rate (for example 32 kbits
per second, or variable). These and other properties of the audio and video
streams are encoded in the programme specific information PSI and in the



20 Table 2: DVR Program stream paraneters a Audio rate i up to 384 kbitsls
~ MPEG 1 stereo - other formats supported i rp ~ | PC M WO 01/50773
PCT/ EPOO/ 12230 15 Transnul ti pl exi ng apparatus 8~ nethod Figure 4 shows the
basi c data yres and key processes for transnultiple PS in
t he presenrﬂengsﬁl ment. input data strggm TS is 5 shown a?k?%g]@g% , Wth
out put stream PS at right. The digital video recorder 106 of Figure 1

i ncludes a TS demul ti pl exer 402, a set of buffers 404-410, and a PS

remul ti pl exPESdackeTheadrmrsf ers 404 and 406 are FIFO (first-in first-out)

ueue. buffer s ar A0y Paned 21 VaRH B\ FRRAR Y iere Fieféld B ana 410

are tinmest ag@nip PTSsarecthosd evhidhdae tertse pretientest smmﬂtanecﬁmlwat theeduytputlhe

remul tipl exer 41 i nt ai a.,syste arget de nmd cI di n

[ oo, SYD. AShte HEamUaT o Oathe Biie hand s & 9Pel Brdorh i the sBHuly bw | boy
handl e the mﬁaa@éwldf htP Foh ene Gifféré‘mv\élﬁhh@htar?tsﬁléml atieh hwaif @ud.@@aﬁdhey
need. | ile the key functional conponents and processes of the

transnul t| pVidgaragaess SHiknhauing e saMse b Tasvalup faat: amedpkive fransport pe

appr eci at edgfrfah -ﬁ@gpy@g,hgggcmgﬁﬁ and processes described herein may be
I npl emented 1 n a general purpose processor and a shared nenory, used al so
for other purposes of the player 104 or other apparatus. Equally,

speci al i sed ocessors and/ or dedi cated hardware can be
used at applr:g(%r ﬁﬁ%mi?g??g&?@rdl ng to normal design considerations. This
descri pt®on assuhigsire Baillustreted then offwmrtmajor danmati typee spesified dond MﬂEG-Qt t he

doser and! edSaNeRT 14 fBof sFdrmisdvoioi ah i br g B PIEEe R el @™ o5
st top box i Ll be nocesary pac ﬁss-g@?gﬁga?;:gg&m'gfss o Lot are o
\S/:ry ggneri gtr gqm\lﬁqqtrafpéjgﬁnslggéﬁg a3 ebe E’gbkéd@éregégé;@%ﬁackets
and, to son¥hexprof Farheéiféh@ﬁiuéa\dthgd fingf/ uwwed laﬁdtﬂiéi:k@tlééd”assﬂ'seamd 30 TS
Derrultl ﬁ)l exer 402 The actions of Denultiplexer 402 are as follo Entlr(e EG

t er mi noldgy9arerallycarrigsqonlydhe stieams: qué’l'réﬁcf@r fosipglg presentaion, k

PES packets PES-PKT are packed in groups of one or more into program

stream packs PACK with a basic header comprising a distinctive pack start
code PSC, a system clock reference time stamp SCR and a indication PMR of
the programme_mux_rate, that is the bit rate a which the program stream PS
20 is intended to be presented to a decoder. A typical programme_mux_rate, for
example in the well-known optical disc video system specification, is 10.08
Mbits/s. Optionally, a program stream pack includes stuffing STF and a
system header SYSH. As illustrated at the top in Figure 3, before any video
packs V or audio stream packs A1, A2 etc. are transmitted, the program
25 stream begins with an extensive system header, specifying various parameters
of the coding and the decoders, a directory of sequence headers and their
positions for example on a disc or other storage medium carrying the program
stream, in order for the decoder to be set up properly for the decoding of a
specific programme. Since there is no transport packet structure with PID
30 codes, the stream identifier SID in the PES packets of the program stream
specifies the type of elementary stream carried in the given PES packet, and
also if necessary which one of several streams of that type (audio 1, audio2



WO 01/50773 PCT/ EP00112230 16 Read the transport stream - packets are
arrivi ng at a constant rate (or piecewi se constant in the case of a
"partial -TS" carrying essentially one programme. Lock onto the Transport
Packet strwﬁtop,g@.,s find and check sync words. 5 Parse thgcs @9{;%2500 find
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access unit's start. enentary a to appropria ueue 406.
Send ti nest B&p nmlagsmeﬂeily ootrhaoandrsn@smdeﬁNgvah unit ot ésqmtqﬁ@jdheaiim& 410)

the PES paclil Shfbwle, o gBhEBE MYE 2 sl kRS ARERTCpeRiak 1"

correspthd egmbats @ﬂ H’EStpackétetodIaqmlxadauEhlaIwu:brnaa:k,yam theapaclkESizeimdy gures 2

& 3. 30 PS emJI t] (?xer ? 1/50773 PCT/ EPO0/ 12230 17 Renul ti pl exer
414 perfor PﬁEm BMFW@“&&'{%’&@ W98t edly to generate the out put stream

in PS format: Schedul e a pack (audio or video) for inclusion next in the
out put stream Several strategies are possible for this as expl ai ned bel ow,
with 5 consglﬁfsﬁb-&rgﬁbpef’ Ij ze and cost of the apparatus. The decoder

model s in order to ensure that buffering and other aspects of a real decoder are

15 able to decode each type of stream without breaks in the presented audio-
visual programme, the MPEG-2 standard specifies a transport stream “system
target decoder” (T-STD) model and a program stream system target decoder
(P-STD) model. Broadly, each system target decoder is a model of a
hypothetical real decoder having means for de-multiplexing the different

20 elementary streams of the TS or PS format, having decoders for each of the
audio, video and system control types of data, and having buffers between the
incoming stream and the decoder for holding data of each energy stream
between its arrival from a data channel and its actual time of decoding and
presentation.

25 T-STD and P-STD are both similar in general form, as explained more
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,

30 the audio decoder in TS format has a smaller buffer than in the P-STD. As
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



416 & 418 are updated continually during this process. Build a pack header
(see Figure 3). Build a PES header, including inserting a tine stanp from -
the appropriate tinmestanp queue 4081 410. Alignnment rules are enforced at

t hi s poi ntwob@so7iead data fromthe appropriate Fl FO queuepdPsépehdsragnd buil d
packet payload data. Wite the pack tad3the output channel (storage nmedium .
in this case). The above two processes can be inplenented in a m xture of
har dwar e 15 and progranm ng, whether of general purpose m croprocessors or
di gital sigitsglf. pY\hije siata farte given BEBRM gy @give ini & juest of severabiransposhe
enbodi nent, Lol ' ' e esses:
one. (402) aBadet BEESHK el IR ZaBNf: b CodbCuie EaEhabl HERSCTIES
dat a and ti steearhawhen ttakingtiptotaapoeotthe emtee dtamnsport 4iréant sadtiplexyds éaqueues

and 20 remultiplexes the, data Program, St ream [1.QUS aspec f the
i mpl ement at OW wi T ?%3)‘\/\736% '8e%e?sﬂege@9itﬁe WaS@EP&?/’?! 58A4% Z?‘n ! h%r i on
pa][ si ng ﬁndirl(abairig' Hétgrtbrr’]agra% oWEﬁ?@abTﬂsmmcbn?tassangﬁrly)wm méréwgadhfai c I
I nformation (PSI) and t DVB i ementation of it (SI) are rather conplex
to parse. AlRPE B%?ﬁ‘%ﬂ’éptqtﬁﬁtm?fﬁlpg’ge'é selection froma multiplex in order to

record a single programrather than recording the entire multiplex wll
have to inplenent this conplexity irrespective of the format (PS or TS)
that is stoFenaversionfiam TrnspertStieam i Bragramciteaamas a PI D nunber for the

streamthat it b : bl [PRVA) i 04t he
derul ti pl exer 40§b9 fk?gtllhﬁgg tc}hgupi?f,c st%&ﬁ; tﬁgrn gﬁru g%ﬁ@%‘? gﬁ Foér?éima%lsqg 4( PAT) by

filteri by aindtheaexdmpletapplicaion of\Figore $074P FRFOd MPEG-2 Jrarspoiions i n

Pl D number e [ L St : nunmber
that " cont ai HUePREreEPed yE hetibiednftalk ARAIRRTS BHSdEES o)t el 1y

acqui ri ng t Hecdd&T,10@rs cemarad tofthe aet-knownmsypdical gise kideoislysteRi Prografmer nust
be checked see if it is the e ecified in the PAT. Either the PID of
S the packeg?rfeﬂ'a‘ieff?g{‘%tsrefw d?}n (ﬁgﬁ" 6@@3 to programme sel ected in which case
it should be processed, or it should be discarded. If it is a PMI packet,
it shoulg b garsetdl%a.nd th«?.PI\/rI? sections should be constructed to give the
PMT for heﬁﬁ SYIIhe @ 9ves a list of PID nunbers and streamtype

for each el enentgeitaint egistind Al Propbseaodistbaske! forvafe’ BB &SPRdgkarh t hat
make up theﬁgrogram*re to be recaorded. In addition it indicates which PID
§

b :
packet carr P¥gamhdispcimat oghhgnfemaiy aeraruheset 9fothe; RPEsiBlRofFRgRMTHI s

i ndirect stgyehi foriRE thdt MPEBE dlabids! | AfTiseda Rione@amet NyAlkefSatiReCcki ng
the PID value of every transport packet against the PAT. Additional

i nf or mat i onstructures in wihishopacksseantain Ainly eas dalaslyPBeantSare e PACK RY t he
updat edn SRE, S, S TRE iy bt} FERIY dehhaRind " Hoes e Sedi Mot
stream Ti neeqgirements farothei alignmend of particular data elements. The reason for
these constraints is to simplify as far as possible the multiplexing and playback
engines, to make trick modes (fast forward and fast reverse picture search for
example) and random access simpler to implement and have a defined
25 performance. WO-A-99/20045 discloses one form of additional information
designed to make random access and trick play easier in digital video
recordings.
In contrast, DVB and similar broadcast formats (ATV, ATSC, B4SB etc.)
are all based on Transport Stream and do very little to sub-set the range of
30 possibilities that MPEG allows. In general they add capabilities to the MPEG
standard by defining extra data formats for System Information. Each of them

is slightly different from the others. Normally a single Transport Stream carries



20 The Transport Stream specification allows for there to be a

di scontinuity in the tine-base (PCR) of a programme. Different programes
in the transport stream generally each have their own PCRs. In converting
this to PSwdoilserecessary to restanp the PTSI DTS and SCRSpc/pobgazde 900d
i.dea to re-base the PTSIDTS values to stgurt froman SCR of zero to avoid
"wr ap- around” issues. 25 Al though nachi nes can be nmade able to acconmopbdate
wr ap- around w t hout problens, sonme formats require SCR to start from zero.
Transport StmamyrindBE&iysd pkegrasisr U singées PidgeamFEieam ToansihocarriSs jesd mne
speci ficatian gr%bi no requirenents on 30 the PES packet structure. It is
not requi red'? a fixed size, nor is it required to be aligned to video
or audio franmes. HMaoylddsihipdifyerdcosding giroduss ifr we Uissitl thennpmbet iof diffeférst

Program Stre ontt uses the PES pac 01 50773
T EPOOT 12385 festhals B IRV 105E 3ne. Ao reRie B Tdnals B8 e loimelo be
preparedsto |ﬁetﬁfscmww@ rﬂmﬁméenﬂékahb@m 6fh§Iag €58l arey afd HyrdFare | 2fd
wel | - known optical disc vid stem uses a size of 2048 b%;t es, with

packets fittmake iithgasier t"ﬁl%“af eeotorgnd déeeds ntBPt il aFignalaccan bea gatgdpES
packet for q}{.% I it iaffi hiper ES
packet, that V'HQ élﬁS/ g‘?‘sﬁéo‘?ﬁg@ oeliy%dh%ﬁkﬁgﬁgp?gﬂeé etg?sgfo rﬁgfé&t\@wﬁarse

t he el ement ethylrsntrlgéanEO{ thigireasond therecs)a desire faf quemérmeTSHodP re, and
Frame start o Y/ f a full
parser for afﬁﬁgo fram&*st gogé n%fggu%wTEh& W'E{O%to‘%rc égélbﬁgjg u"% erggtel 8
extract Iohe mocessnng effqrbandetmage spacst 10 fi eI d flag etc. and to be aware

of the full cont eo Anne au ar | EG. 2 Video
formats are perm t':’f'et e 'Mﬁﬁgﬂ%ﬂ ?mrggﬁcgi(r%(?%pf a%%ﬁnler?ﬂ r{ef.(?)rﬁ ﬁzpfnn a self
recor dlkng DFWBCﬁrom tc?] @ KigotHetical EgR‘ relfo‘a_ﬂ?l_‘:gild&glcar dw?x" lhbleawlsct]?der hcan
use a known su toteentle speci ton and so sinplify the
mul ti pl exi ngmzq@f vifes bRy Vﬁ”ﬁp"s‘{}%@e? I‘f?@l?gmbﬁﬂ%bﬁpﬁﬁ' Qaions. j s i npor t ant
to maintain the synchroni sation of audio and video through the process. In
the transport streans, franes that are to be presented synchronously are
identifild by their tine-EabledsDVBIEINspelt stregncparematers20 audi o and vi deo
frames are ﬂybg,la,g@grly far apalig,{skewed) in theyhid - stream On first readl ng

the transpornvs S22 976y lek 1835006 BiE) ia aPpicaio
extract reli deo/BufEr Bigd | ON.[VE\Bsi o@n al n@beaddrgent@tna*_wﬁsmwn 1.

Find and check the transport 'sync word (SYNC i¢ertenttyrdata?, TS) 25 2. Find
t he PAT and ﬁgﬁg@aﬁaﬁ—pﬁnmﬁheﬁemm%—#—w—deoﬂmmr a

ndl-pnie Aud coul q c
sequence st C%—ng’e_'a“m - pletieR 1.2x Rs7a) STy Rically much less than is M8 Mbis/ap
t ake sever a| g r nda Ve ThAa nacaceart 1 v.- N ||g n
h b- u sl Kk bﬂés T COTC T \IJ TOU LEAAAYE™ e )@} LI | y aTT \4“\, I:
the bit streafme up to 384 Kbits/s MPEG-T stéreo ;

20 Table 2: DVR Program stream parameters

|Parameter |Size Notes

VBV for MP @ ML 1229376 bytes (1835008 bits) Same for all MPEG-2 applications

ISTD Video buffer size VBV size +2500+7500 1Only elementary data enters the buffer

| |

program_mux_rate 10 Mbit/s !

Video rate 10 Mbits/s iTypicalIy much less than this (e.g 6
. Mbits/s) L

{STD Audio buffer size ‘3584 bytes

jAudio rate tup to 384 kbits/s MPEG-1 stereo - other formats supported
!
' (e.g.LPCM)




Only after these steps is the denmultiplexer 402 ready to output elenentary
streans. The result is that the first audio frane to becone WO 01/50773
PCT/ EPOO/ 12230 2~ avail able for recording is not synchronous with the first

video frang,{ one available for recording. The renulti
"B oq‘gg 3 fg‘#ﬁ‘?{i’g&ﬁgach frame .

recordi ng process therefore needs to kngw a tinme-stanp (P

so that they can be re-aligned. In principle, this timng information can
be conmuni cated in several different 5 ways. Using the PES packet header
woul d be convenient. Unfortunately the Transport Stream offers no
guarantees that the fra can start recording has a tinme stanp

in the PES pRIEHY t'%lﬂ’ﬂngﬁpa%?\{w@aéén%o%eed to re packetise the stream as
not ed above. TheFrgurelM howlso s biasict liata asmuetlire®ndnd keg priTessds: foi ne

stanp queue, 10 fo strea tine sta eue cords,
For bvery. 1 HaRMMAPEHDGTS FREEdR e Bresenl HmBAdmatdnp A ST A o

val ue of 5t hghflfRaPiHe I8! Wih b@tphhetrekﬁhlpeeét\/nghtrre of the appropriate byte of
the franme) and a ointer to the first byte of the frame_in the el enmentary

st ream queue. Theﬁ@ digitgh yidepJecerdgpd 68 O(fcf'@éfﬁd Beludesta 3Stdemultiplexast ant
fromall Pleoo[d3e08f biReRAULHT. Ald!8 S TambipRASE an2. I TheBies4D4 O

elimnate discontinuities in the 'broadcast ti base. I'S necessary to
parse the ebodedbaarg EIFC:Hirst-inifitstois) quewesforaidipmand audedpmdoadjeata fy

reliably ev t

sanpl i ng rafé%gﬁg‘?%znﬁg rzgrgr\eg?g%z M\ﬁn&j@ s[%fgge ca Fﬁq Bg f-g'r Ghdo.

dynam cad| yhel buffdre 408 andf410 de® tivestamd qrnedesnﬁbrtthre gideotand aeder y
picture (field or frame t he |ctur d|n YRE., i ct tructure
(field or fPURRYS E%Beﬁ‘?&‘feu"es disigrerc 12! B téﬂg fo #?’ﬁl "BFt st
flags, and Hebosderwneddetr ST Slrvclird&lgf ividdo OSTBemdBd ahueladdroTrS'BDl 4fier mat i on

IS needed t calc e the, cQ ect vaI es of PT Ccord t he VBV
nodel of An%@@s@q?ﬁﬁﬁ%igv'ﬁd' 98, BAW| %h?f‘aﬁ g‘&’fc eé’”t*ﬁ""‘oe

recorded di he@trhicHintdifiddifte Buffésidthel @eddPr ogr am St ream nearI y all of
this parsing functionality would be re uired. We need to find the start and

end of pfctures Wf“&er?@?at'@\/l nfyagtiong! | ﬁPB\pﬁ’ﬂ?mén g cproseesesr| o the

modes and rﬁaﬁaﬁumse%s dréeendwl MPUBLE DA AsOSEHAMRS bIBRRE] RNGA eﬁove) Ve
woul d, optionally, need to parse the 30 audio to find the synchronous audi o

frames. |t aapreicraéeq/ thatdhe ;ylaawm@ufferﬁtar;d pEacassey fegsrived rheseini may be
Sequence/ GOP %Eéd[ ngnérsgbhngs prd%%séérrﬁ’r%égﬁ%dﬁ?@g@ §|§8&’ afion9

f or mat . The a cas uar ant e
PCT/ EPOO/ 12&300tl2er pthmbseshefsmefplawsmzﬂaoeothrermppam Equailyy specialisedeed t o

be f oungoangidﬁgyesibﬂ"g‘e 'p?&?éggérsi Ll re%‘edicated hardware can be used at
appropriate points, according to normal design considerations.
This description assumes that the Transport Stream either is available
at the input to the recording device in the clear (not scrambled), or can be
descrambled within the recording device. When this is not the case, a
25 separate mode for recording and playing real-time bit-streams to and from a
set-top box will be necessary. Because the Transport Stream formats are very
generic it will nearly always be necessary to regenerate the packets and, to
some extent reschedule their delivery in the output stream.

30 TS Demultiplexer 402
The actions of Demultiplexer 402 are as follows (MPEG terminology as
explained above with reference to Figures 2 & 3):



Packet scheduling in the Program Stream - SCR cal cul ati on 5 Schedul i ng
packets to carry the elenentary streans is the hardest problemin the
transmul ti pl exer. Several different strategies are possible) each with a
different wwpageeef f of menory usage, conplexity, and packipegm%%'ﬁ%gency.
The only requirenent is that the resul ygng stream conplies to the Program
Stream STD nodel. 10 The input bit-rates of the elenentary streans being
recorded nust be | ow enough that they can be stored on the disc (the sum of
the el ementar Regdr hemrhhdporbstreamus ipabketh ere ariigingPatogr constant ratd gor One
approach to be considered is.t storeof:?e,msnt r_%r,,streams with a buffer size
e

at | east as bPIFCRWISeHEORSIAM, [Ty e C3%4 GATDRY SsBRYtialyRne) 5

program st rearﬂ;}%g}amrﬁé_pl exer can then run a nornmal scheduling algorithmin
whi ch PS STD nodel s are _mai ntai ned for each streamtaki ng packets from
el enentary st Legkentesthersansnpst Packet stsueture + fing and ighscl ayre WREISSCR val ues,

and packet sc i [ CY. are d ] I p I f 1 val ues
in the ) 'I'h!a%g% Itﬁga%% E’e “ﬁgsg%‘ﬁf‘% %O%%Bﬂgugg&fgﬁ%eﬁ?g g\agﬁi F] cantly
bi gger 20 i nt ProgranaAssapiationsTdlie (RATPEORID o 0yi deo), and a great deal of
processing effort. It o0 needs a.relatjvely conplex scheduyli | gorithm
- though ba%i fé?mythﬁr’:ﬁ%é?f“ € st‘?é@(fié:gbﬁ&batac%ﬂ?'ﬁa CPdOR{AT ?%g'%b?eﬁf there
i's a requirengpfiTsPidr bR pRstraie video (to control the bit-rate for
exanple) as well as to transnmultiplex it, then the conplete rescheduling 25

al gor i t hm nuy Bedéld 4 PiHisi feera therrpievantiiapspestipackeds. needed i n any case for
: . j ( . q
transcofj ng, ga@@ﬂ"&r?ﬁserqﬂpgt}’glée rF;el\Fb?? Hﬁéﬁﬁe@edpﬁﬁ?%ﬂhnﬁmgﬁéwth@n

st orage makes SUCh an appa at rvel'y expensi ve, an Sfromits
ability to peefanentatyhstreamsk® be pmoadddeland TWhichi onefcankainstheoBER chosen

in the preseni%{i nventiog IS to é)gl I ﬁ.w t he 30 schedul e of the original
Transport Str ELAM 196 é?(}reo&ce %@. 15 IPECHAEN generating the output stream
PS. I n thiseWgyterife Fedrispoft staletid tottetHdbanspoltgiatketd wilietHy Slomadst r eam
as soon as possible after |t is extracted fromT WO 011 50773

PCTI EP00/ 1223F1D% t,theeruitiviex quekesand discargtheseshy of data in the

remul tipl exgr o t”@pg}g HeBBemount of buffering needed in the elementary
st ream queues. e Inplementation of this principle will not be explained

further. The Passs the elemerdam plaeskms tp dipdoSenuencesstathyaodes (and Piatyrei f t her e
is an 5 adapt ajj E o ELaur r port Stream can be
schedul ed at ?Hr@@o&}%ﬁcﬁeﬁ?‘wd %@é\?&"%?%é} (7-56]?%1 size of the payload of a

pL ogram st rﬁamdowmdlmevuhhdoﬂesvrpiomef ?bsémdoazig}ﬂme %y\ementime ﬁﬂaﬂdsi ke is
about 2030 by Lgure . 1t,wo ossi bl e ut very inefficient,
to insert pr oéﬁ%‘f&lg%%@%ﬁ?‘%&a’BSC‘R%Y’gerB?'gﬁ%'E“E‘Ff%Ee?WBWeach Pack. It is
better jp agcprytadsctimenstaRipe HOhMdid/RliRiHEe disdentinlitiés iRt tirksbdzacket can
be made. ldeally we woul d make Program Stream packets that conpletely fill
a sector. |n (iestarapthesn). vi deo streans this is possible. However in the

case of audjo i ffan approach. An MPEG 1 audi o franme
varies in s+ ze Fﬁg%%ﬁ%ﬁ}%%%ﬁgﬁﬁ%{%ﬁgg%gm) up to 15 1728 bytes (384
kbits/s 32Hz) Sendeiémentabytatadb appripriatedgueder 40424080 be delivered to the
decoder by th

input stream TS "just-in-tinme", in . which case franes have to

be mul i pl ekoeng” UBISRIEEP 195 EIFD rloath oPFieRPRING me s aiaatP \@Haeunt | | v
have a zgcei vadga10ulnciuiy @ poiteras theeldpientaryidatwhithotre8gonds.i Nt o the
Transport Stream

Note that the PES packet structure has been lost, so that the queue contents

correspond essentially to the continuous elementary streams ES of Figures 2

& 3.

30
PS Remultiplexer 414



20 MPEG 2 Systens specification defines the "leak-rate” fromthe transport
buffer for Audio to be 2 Mits/s. The delivery tine for the 184 bytes of a
full transport packet at 2 Miitsls is 0.736 nms. The total bandw dth program
mux rate owadsotypot hetical DVR Program Streamis 10 Mi trefrEpPOdRIee 2). In
the "worst case scenario", a maxi mumsite frame (1728 bytes) is 25 .
schedul ed for presentation imediately after the |ast data byte of the
franme in the trapsport stre i S, avai Iefor resentat.i in the T-STD.
The ti o to° send RERINRIPET A RSTITS 158 R aftors TRpSAtel thgenoiter  The

appar at us ofthd BatpRf Sf&dHh ik PBIdimBNt permts the renul tiplexer 412 to
accunul ate the audio data to nake a full franme before rrulti%;ﬁaxi ng it. To

30 achi eve tehi Scheduleatpagkofagdiongr videok fasdnelbsianingxt in Sineutput streae. ay
(about 1.4 ns % 0:at it he s m%_at te for
t he possibili t§év<¥rgﬁgs\;ﬁ%§i€% gFem I%Vg}l rtlhlgt %3 taeBE e rgorfegg‘ggte\?tﬁt?at e.
Thi s di sur bancansequéres fok/!be(lélttééﬁd&oﬁl(ﬁﬂt&@@ﬁpamm D3 debahrimodels

al gorithmwill o.an i,n t e VBV buffer fullness.
In extremne cas%‘Lbeg%tapﬁrFH@dﬁfeg)caﬁﬁpggl%ﬁrﬁ‘gltﬁgd)rg%e i deo STD buffer
overflow IR pBaidapack h@gwqgee Flyuse 8).1 | not be a real problem because:
(i) there has to be sone slack in the nmultiplexing algorithm (ii) the STD

buffer 5 si ZesBki'lldsa sﬁﬁ% ﬁ?ﬁ?erqu*@wnssétmse%ﬁ%@amm mdhe appioRitatesTDs
(T-STD/ P-STD) , ¢ ederhdéﬂﬁ A igHm et i8S aFé‘éni%Fc%dfﬁQHE

fﬂ (f%"ﬁre not
counted. The S va ue In the program stream are determ ned by the

proj ect d@ PE@R Read atatd dron Hbe cagpropiaje tR IR qbiewsn @04f408nand rbuildepadketrent ar y
streans. This %ﬁ 4‘%%}? requires a queue buffer of about twi ce the sector
size for each HY'¥ tary stream {about 4k-5k bytes). Sinmulation has

confirmed tRatWrité thespapRito titleroutput\crarmel (stavahd neediihs intiisieasr)f f er si ze,
whi ch conpares very favourably with the 250k or so required for a conplete
mul ti pl ex from scratch. WO 01/s0773 PCT/ EPOQO 12230 24 CLAIMS 1. A nethod

of converting a gababblé dROpreeeEsdah BeampRetdritedth d hilksRo bt hardvasen ( TS)
format into an output data stream in a sPem fied 5 Program Stream (PS)

format, 1he and peagramntng.nyhsineriof gpnemn UIaSE MierpPELegsRrssak Hita
packet i sed %'.geﬁmr&@ée\éséﬁ EIRBERDSP). Iragsfggfd dingle" ésQBr Inebié iefthddfinantdesi r ed

programme have been further acket into TS packets and nulti pl exed
t oget her wi tthe tfaﬂsméWP@%an i EGNFQ:;%TBH%I%M@WC%%‘QMWQQZ) foes pPS

format bei ”grtrﬁﬁ%epdrp ‘ﬂ‘éhﬁhdleﬁ-ﬁult a)ﬁrlﬁ 3\Pﬂtl®e %te bathYdah Sadntpig 10

optionally ers re ati ng o ranme are packeti sed
and their pataops tmt(mtpma\m@uee; ftbemoaleml(ﬂqs)l eaws stheearrqueuwas atks,

each PSZBaCl?eH@ﬁ’p\éqJeQQh@dQ@%s %39’:% S%%gngne or nore whol e packets of the

Various aspects of the implementation will now be described in more
detail.

System Information parsing and PID filtering

25 MPEG-2 Transport Stream Program Specific Information (PSl) and the
DVB implementation of it (Sl) are rather complex to parse. Any recorder that
makes a selection from a multiplex in order to record a single program rather
than recording the entire multiplex will have to implement this complexity
irrespective of the format (PS or TS) that is stored on disc.

30 Each transport packet has a PID number for the stream that it belongs
to. On first receiving the input stream TS, the demultiplexer 402 first has to
build the Program Association Table (PAT) by filtering and parsing the PSI



packeti sed el enentary streans, wherein said nethod conprises: (a)
extracting fromthe received data stream program nmapping i nformation 15
identifying a current streamindex for each of the first and second

el enent ar Yy Etg 0P, (b) filtering data of the received da%g &%20?

extract packets carrying the desired elghentary streans; g the
first and second el enentary streans in accordance with packet 20 header
information to identify a sequence of presentation units within the payl oad
of ﬁaCP des'sé@libr%hﬁTHDtrﬁfnmté?tdf G‘h@lPﬁ(‘Uglvéélatlisﬂcf ;brbgra?ﬁm%&mmﬁér@%nuﬂh%s 0}‘
each streamjn sequence into first and seco a ues respectively
prior to reh r‘r@lrtqng?%%hﬁbco"(@}‘sd@ %’F?ﬂrﬁﬂhb‘ap:l‘??bi%gponﬂ%&ﬁ%etﬁﬂi PO 88 hr onous
rel ati onshi prReLABEINNG tRe PAT! &WéﬁéfﬁtYOfSéé&ﬁﬁﬁns?HHﬂt Méﬂétatspﬁn ALARIer decoder

nmodel and PS stream constraints, a valid PS schedule for re-mul tl£| exi ng

payl oad dat st bmahecked tassegifdt isdbe eoe sagrided qutr@BéTl ricithes thee PR ©f of  PS
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PTS/DTS values to start from an SCR of zero to avoid "wrap-around" issues.
25 Although machines can be made able to accommodate wrap-around without
problems, some formats require SCR to start from zero.

Transport Stream PES packet structures
The MPEG-2 Transport Stream specification puts no requirements on
30 the PES packet structure. It is not required to be a fixed size, nor is it required
to be aligned to video or audio frames. Many different structures are used in
practice. The Program Stream, in contrast, uses the PES packet as the
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It is important to maintain the synchronisation of audio and video
through the process. In the transport streams, frames that are to be presented
synchronously are identified by their time-stamps (PTS/DTS). Synchronous
20 audio and video frames are typically far apart (skewed) in the bit-stream. On
first reading the transport stream it takes some time to synchronise the parsing

and extract reliable information. As mentioned already, it is necessary to:

1. Find and check the transport sync word (SYNC in Figure 2, TS)
25 2. Find the PAT and PMTs
3. Start parsing the Elementary PIDs
4. Video: wait for a sequence start code and |-picture
5. Audio: acquire frame sync (this may take several frames as the frame start
code is not necessarily unique in the bit stream)
30

Only after these steps is the demuitiplexer 402 ready to output
elementary streams. The result is that the first audio frame to become
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broadcast time-base.

It is necessary to parse the elementary streams. In the case of audio
we need to identify reliably every frame start (we do not know in advance the
bit-rate, sampling rate and hence frame size, which must be calculated

20 dynamically). In the case of video we need to find the start of every picture
(field or frame), the picture coding type, the picture structure (field or frame),
the values of repeat first field and top field first flags, and hence whether this is
a first or second field. This information is needed to calculate the correct
values of PTS/DTS according the VBV model of Annex C in 13818-2.

25 Even if a Transport Stream were to be recorded directly without
conversion to a Program Stream, nearly all of this parsing functionality would
be required. We need to find the start and end of pictures to generate indexing
information to enable FF/FR trick modes and random access (see for example
WO-A-99/20045 mentioned above). We would, optionally, need to parse the

30 audio to find the synchronous audio frames. It is likely that playback entry
points (l-pictures with Sequence/GOP header) would require to be time-
stamped in the recording format. The broadcast format does not guarantee
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(Figure 3) . It would be possible, but very inefficient, to insert program stream

PES packets of 184 bytes into each Pack. It is better to accumulate a number

10 of TS packets until a larger PS packet can be made. Ideally we would make
Program Stream packets that completely fill a sector. In the case of video
streams this is possible.

However in the case of audio we have to choose a different approach.
An MPEG-1 audio frame varies in size from 192 bytes (64kbits/s 48kHz) up to

15 1728 bytes (384 kbits/s 32Hz). The last byte of each audio frame can be
delivered to the decoder by the input stream TS “just-in-time”, in which case
frames have to be multiplexed as soon as they are ready. Therefore we cannot
wait until we have a received a full sector of audio data before inserting it into
the Transport Stream.

20 MPEG-2 Systems specification defines the “leak-rate” from the transport
buffer for Audio to be 2 Mbits/s. The delivery time for the 184 bytes of a full
transport packet at 2 Mbits/s is 0.736 ms. The total bandwidth
program_mux_rate of the hypothetical DVR Program Stream is 10 Mbits/s
(Table 2). In the "worst case scenario”, a maximum size frame (1728 bytes) is

25 scheduled for presentation immediately after the last data byte of the frame in
the transport stream is available for presentation in the T-STD. The time to
send the full frame of 1728 bytes at 10 Mbits/s is 1.4 ms.

The apparatus of the present embodiment permits the remultiplexer 412
to accumulate the audio data to make a full frame before muitiplexing it. To

30 achieve this without violating the specifications, some extra delay (about 1.4
ms or 1750 bytes) is added to all the streams to compensate for the possibility
of having to avoid delivering the audio frame data late. This disturbance in the
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PCR values for the delivery time of each frame in the elementary streams. This

algorithm requires a queue buffer of about twice the sector size for each
10 elementary stream (about 4k-5k bytes). Simulation has confirmed that this

algorithm is workable with a 10k queue buffer size, which compares very

favourably with the 250k or so required for a complete multiplex from scratch.
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Transport Stream (TS) format into an output data stream in a specified

5 Program Stream (PS) format, the TS format being one in which at least first
and second packetised elementary streams of encoded information relating to
a desired programme have been further packetised into TS packets and
multiplexed together with further streams relating to different programmes, the
PS format being one in which the first and second elementary stream and
10  optionally others relating generally to a selected programme are packetised
and their packets interleaved to form a multiplexed stream of PS packs, each
PS pack including a pack header and one or more whole packets of the
packetised elementary streams, wherein said method comprises:
(a) extracting from the received data stream program mapping information
15 identifying a current stream index for each of the first and second
elementary streams;
(b) filtering data of the received data stream to extract packets carrying the
desired elementary streams;
(c) parsing the first and second elementary streams in accordance with packet
20 header information to identify a sequence of presentation units within the
payload of each desired elementary stream;
(d) writing the presentation units of each stream in sequence into first and
second payload queues respectively prior to re-multiplexing;
(e) determining, in accordance with a synchronous relationship between the
25 elementary streams and with a PS target decoder model and PS stream
constraints, a valid PS schedule for re-multiplexing payload data from the
first and second payload queues into a series of PS packs; and
(H in accordance with the determined PS schedule, retrieving said payload
data from each queue, inserting packet headers so as to re-packetise each
30 elementary stream, generating PS pack headers and multiplexing the
packets of the first and second elementary streams into a series of PS
packs so as to generate said output signal;
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scheduling of presentation units within the received TS format signal.

2. A method as claimed in claim 1 further comprising:

5 (g) extracting from the received data stream timing references associated
with specific points in the packetised elementary streams and
calculating a time stamp value for each presentation unit in each
elementary stream, including interpolated time stamp values for those
presentation units not accompanied by a timing reference in the

10 received TS format data stream;

(h)  writing the time stamp values into first and second time stamp queues
so as to correspond with the respective presentation units entered in the
first and second payload queues; and

(i) retrieving each time stamp value from the queue when retrieving the

15 corresponding payload data.

3. A method as claimed in claim 1 or 2 wherein a presentation
timing reference value is included in the PS pack for any new presentation unit
starting within the pack, said presentation timing being obtained by calculation

20 from TS delivery timing and presentation timing reference fields accompanying
certain presentation units within the received data stream, and by interpolation
for presentation units not accompanied by a delivery timing reference in the
received TS format data stream.

25 4, A method as claimed in claim 3 wherein the data rate of the first
elementary stream is substantially greater than that of the second elementary
stream,

5. A method as claimed in claim 3 or 4 wherein in step (e) payload
30 data from plural TS packets of the first elementary stream is generally
accumulated to fill substantially a complete PS pack before scheduling any of

said data in the PS schedule.
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 3(910%& L(!f‘if data sizes and/or different data delivery rates are valid within the TS
15 format for the second elementary stream, and wherein said minimum time is
fixed at least equal to the time required to receive one complete presentation

unit of the largest size at the lowest rate.

9. A method as claimed in any preceding claim wherein the PS

20 format specifies a minimum buffer size for holding the first elementary stream

payload in a compatible decoder during decoding, and wherein the first

payload queue has a maximum capacity less than one tenth said minimum
buffer size.

25 10. A method as claimed in any preceding claim wherein the PS
format specifies a minimum buffer size for holding the first elementary stream
payload in a compatible decoder during decoding, and wherein the first
payload queue has a maximum capacity iess than one twentieth said minimum
buffer size.

30

11. A method as claimed in any preceding claim wherein the first
payload queue has a maximum capacity between one and a half (1.5) and four
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misalignment between corresponding features in the recelved format data

20 stream.

15. A method as claimed in any preceding claim wherein said PS
format data stream is generated so as to employ a fixed program mapping
irrespective of changes in program mapping signalied and followed in the TS

25 format stream.

16. A method as claimed in any preceding claim wherein the
presentation units of the first elementary stream comprises encoded video
pictures and the presentation units of the second elementary stream comprises

30 encoded audio frames.

17. A method as claimed in any preceding claim wherein said TS
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stream in a first format wherein at least two elementary streams of data are

multiplexed and means for converting the data to a second format to generate

an output stream, said converting means comprising means specifically
15 adapted to implement a method as claimed in any preceding claim.

20. An apparatus as claimed in claim 19, the apparatus comprising

one of: a stand-alone decoder apparatus for digital video programmes, a

presentation apparatus having a display for video programmes, and a

20 reproducing apparatus for playing and optionally also for recording digital video
programmes.



