5 September 2006 1 DESCRIPTION METHOD AND APPARATUS FOR CONVERTING DATA
STREAMS 5 The invention relates to methods and apparatuses for converting multiplexed data streams
from one multiplexed format to another (transmultiplexing). The invention finds %gélé%é%%ation for
example in transmultiplexing video and audio streams ffom a transport stream format to a program
stream format in compliance with the MPEG-2 specification (ITU-T 10 Recommendation H.222.0 |
ISO/IEC 13818-1). The MPEG-2 Standard mentioned above specifies generic methods for multimedia
multiplexing, syncl;lg)< ia%&% timebase recovery. The specifications provide a packet based
multimedia multipl %;% ereeach 15 elementary bit stream (video, audio, other data) is segmented into
a Packetised Elementary Stream (PES), and then respective packets are multiplexed into either of two
distinct stream types. PMIGT&0 S HaHDNAPSA AT URDR XCONNERDIK @ T R EF REARES and designed
for use in error free environments, such as recording on disc. Transport Stream (TS) consists of 20 188

byte fixed lengih packets;as fnstianalivabaupisRroaemme JBHRIGINY A5 Yelhas mgltiplexing of

various PES packets of one programme, and is designed for use in errorCProne environments such as
broadcast. The mURHIBIRSES) ARSI SEERFHEN d TRAR L LS re EVIBPIERRS adRIBVRID BY thRNQdehf

time-stamps for systemsifogigiesk@nd THesentipy dperdpgicfidbegpisaRacholypradhaam has its
advantages and disadvantages in_different circup st?nces %he MPEG-2 Sﬁ%ificaﬂ?n recognises that
conversion. betwed PIE HIP T U9507d ALLIPAFE A SR A A0 TBNRIEHEE BANLh the formats

and particularly theprtayget decmierfomoakels whicplidefieevitoribe aitfts&sacspatiécaines(lfitderdelays, data
rates and so fgyth, %gmﬁ{ma}%ﬁ@@g@@w%ﬁg@si%{@%_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. 5 September 2006

The MPEG-2 Standard mentioned above specifies generic methods for
multimedia multiplexing, synchronisation and timebase recovery. The
specifications provide a packet based multimedia multiplexing where each

15 elementary bit stream (video, audio, other data) is segmented into a
Packetised Elementary Stream (PES), and then respective packets are
multiplexed into either of two distinct stream 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

20 188 byte fixed length packets, has functionality of multiple programme
multiplexing as well as multiplexing of various PES packets of one programme,
and is designed for use in error prone environments such as broadcast. The
multimedia synchronisation and timebase recovery are achieved by the use of
time-stamps for system time clock and presentation/decoding.

25 Because each type of stream has its advantages and disadvantages in
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” models 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.



2 There is also the factor that system information which puts a structure into PS data designed for
random access, editing and the like, is generally absent from the TS broadcast. EP-A-O 833 514 (Sony)
proposes a system of recorder/player apparatus 5 and presentation (display) ap fepﬁﬁ T é)layer, for
example, reads PS format data from a disc and converts,it to TS format for the display. %n the other
hand, the buffer sizes present in the embodiments thereof do not appear to account for the different
constraints which require rescheduling of the different elementary streams to convert a valid PS to a valid

TS format. In fact, $d{&a0 hsSiWARRHIBE SRASHAIEHARBRGAMN PG ] SPEEIIRAIRD peelf require a

buffer for at least one second's worth of video information, and the _same processing effort as would be
required to make tHf@REHIRHIUARERM BErReFF B ANTSNG kS, iSaeReah RBRGAILQNR in EP '514.
15 It is an object oftileeTi®\RoHACakS. reduce the computational burden and/or the storage space required,

when converting data stregms farmats such as the MPEG.transport stream and program
attearm. 11wl be undorstab T T R B SRS BYe feo e e A I
compliant streamsaa¢l simgikenpatione eksplalyy exreralbiugiseWheplaysgivdaingx@optultiphRde P Streams

between any two fogmale-dHpe REUR OaKR RS ar hals alhadoframchrgiing Singytable to

convert from one format to the other, constraints inherent in the source format can be exploited to reduce
the size of bufferin§RidIBRthdERYTIRE BE G HEESM L FERAYREND VBT HO2BOT ARBARZENtION
provides a methodtof aetveritingra tataigteeant weeiramhtsn wrspeciigdireraasphedbirearsf (TiR) format into

an output data stream in ecified Program Stream (PS) format, the T t being one jn which at
st fret and socon IS0k IR A S A PecEest @ e vl St B ke
programme h3fe béaafulibeshmokdtistdhatoonStisanieeigigosaddanihipéSe e idasowitlsdlirther

streams relating to dif{Grent BIARamMaSedbedne IBALREIHANG okl Ghrdne Ashagdsesond
elementary stream and optionally others relating generally to a selected programme are packetised
same processing effort as would be required to make the stream from scratch.

Conversion from TS to PS format is not discussed in EP '514.

15 It is an object of the invention to reduce the computational burden
and/or the storage space required, when converting data streams between
formats such as the MPEG transport stream and program stream. It will be
understood that the invention is applicable beyond the strict confines of MPEG-
2 compliant streams, as similar problems will generally arise when converting

20 multiplexed streams between any two formats.

The inventors have recognised that, although re-scheduling is inevitable
to convert from one format to the other, constraints inherent 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 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



5 September 2006 3 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 p i
information 5 identifying a current stream index for each-pf 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 10 packet header information to

identify a sequenceQf RFeREHARHER ikAcwindhe MRUAdHR rch drsiiateled gakxy saeam; (d)

writing the presentation units of each stream in sequence into first and second pa%gload P(l‘ueues

respectively prior t& reRRGHiNSHHYed RAEFMIRRIE iR AL cBPEaRELTRG: WROASCRASKSE PLIdkNnship
between the 15 elpaseisydstieansstancswiingsPEhiargetderadensaatehpiskB'S stream constraints, a
valid PS schedule faﬁ re-r&{lrti ck‘?ﬁ(in@ ooayfh%ag dgtltvae Hod’nt th ré"ﬁ% arrlgl §§corrrl% ﬁa}xlo?c}oqu%ﬂe% into a series
of PS packs; and (f) in accor ance With the detsrmined PS s¢ ed'll)JIe(‘,:J ATidV Bsgidqpagfoa?l data from
each queue, inserting pad@ntigadess soreentosteepackeder 20 each elerhentist stnshiseapmserating PS
pack headers and multiplgxdpg thepagkgtsof the first and second elementary streams into a series of PS
packs so as to generate said output data stream; wherein the PS schedule determined in step (e) is

dependent on the hedflliREr PrEsehtafds (v THeTBIG Y 3% REEIESEHAING S Fhe method

may provide the further stepwed e(@nexttagtngfing the received data stream timing references
associated with sp@:lflc oints in thefﬁgtcketés%dc%ﬁ@%petarg §treams and calculatlnghg etlr\y\}et'hstamp value

for each presentation uni %rse'g%hthelemen?gry s?ream, mc%d?n%%%gr%%ma%e'& t?rﬁ(éoé?amp vallies for those

30 presentatidfl units not pagkahpeaaitad nfeitiatiog refistentdi m skguence 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

15 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

() in accordance with the determined PS schedule, retrieving said payload
data from each queue, inserting packet headers so as to re-packetise

20 each 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 data stream;
wherein the PS schedule determined in step (e) is dependent on the
scheduling of presentation units within the received TS format signal.
25 The method may provide the further steps of :

(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

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



received TS format data stream; and (h) writing the time stamp values into first and second time stamp
gueues 5 September 2006 4 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%%%ggw retrieving
the corresponding payload data. 5 The invention may algo provide a method 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 from TS delivery timing and presentation timing

reference fields accompagying £ eHA PERIGHALAR HUbRWilRIN S FRsRorEshHatantiieah fad by

interpolation 10 for presentation units not accompanied by a delivery timing reference in the received TS

format data stream. In thd"ShBBFiSAABD AL HEUESe@ Ferein the data rate of the first elementary
stream is substantigjly grestigsihgnetiett ahibessaopnebelenentatlye sieam. isein epriioglanembodiment
of the invention in step (eg tp% So%){}lg%d d%tzrlo 5508”5 ‘%Iural TS packets of the first elementary stream is
generally accumulated to Tl €ths anﬁa‘l)lyya complete PS pack before scheduling any of said data in the
PS schedule. 1A addition itheditventibodirag@ise repige) ahvgibgtbutierain 2preserdspondimintd one

complete presentaioR Rt LVARSSSNE GIRIGH I PECRALIRY: PeSChedHisd witbaidnvating for data

of the elementary stream to fill substantially a complete PS pack. In yet another embodiment of the
invention in step (eJEHENSRYAIBINHEE ARG eRALAIEAFRIAIGMIMAAREHG SRATEIHRY FFRACHRIBAd queue by
adelay at 25 leastemudisalalivdnimmngiaeireassachtonataing aierencepietaspaesemigdionrgit of the
second elementary stream Whi|?a€%_l Drese tati%n it of the Se4 a?éjsgrlementarybstﬁﬁ m m Yorqe scheduled

) . . certain presen nits within the, rece|ye eam, and erpola )
immediately it is compFePeR/ recelveq{] n embodiments o { é’invention different reserﬁaklon unit data

sizes 10 for presentation units not accompanied by a delivery timing reference in the
received TS format data stream.

In the specific embodiments disclosed herein the data rate of the first
elementary stream is substantially greater than that of the second elementary
stream.

15 In a particular embodiment of the invention in step (e) the payload 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.

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

20 corresponding to one complete presentation unit of the second elementary
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.



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. 5 September 2006 5 In j t of the
invention the PS format specifies a minimum buffer size for holding the first elementary stream payload in
a compatible decoder during decoding, while the first payload queue has a maximum capacity less than
one tenth the minimum buffer size. 5 The PS format may further specify a minimum buffer size for holding

the first elementary streaf gy mgdﬂi%m%@'ﬁn@é‘rﬁ&ﬁ?fh@qﬂggd?%ﬁ@PSeif\@Qi@ HhRifGLPayload

gueue has a maximum capacity less than one twentieth said minimum buffer size. The first payload
queue may have atHERIAR dQpAaKinilect gnelemPaiaia HErM . BR¥Radoll P4 AMRRIRIE size of

each PS pack. Thedeotyen theitignel statipguetitemitg récargigidhe corrasphasling magseraiation unit a
TS format delivery time of tpe% g{ﬁsentati?nngqn{h\évminr} n%e ecﬂeeiveld data stream and a presentation time
n

for the presentatior? %?1?105¥ter decaondlonn(f, and wherein the parcﬁ Zcec")'ntaining the same presentation unit

15 includes anSndication bfe F&ftsmaamilifwiheispdoftirenpatkumdeliferintdiedaohadipgetentation time
for at least one pregeRtRfigRdVItNBIRE f291d3RCHn 19 Larpaadied: thginyetesding, iming

reference values included in the PS format output data stream are calculated with reference to a single
20 time base irresp¥etRd6r HThRGUOH MvRHE S RIS BN KBRREBNESSTIBA foPRRatRRE Feam. In
particular embodimetigsnahtheiinveifepritae PS packs and elementary stream packets are generated so
as to align the start of a nEw, qlrregen&a]ti%g ulﬂlitu%re#‘l%re gggyawri#éthe staEtaof a tP% gtav\?geirqre%%ective of
misalignment 25 between corres or}/d(i)ng fAatired e Ye RiVEd T8 formar dafa straam. m particular
embodiments16f thendvehathilsa)drsifoimidl itaes dnesizeisf each PS pack.

The entry in the time stamp queue may record for the corresponding
presentation unit a TS format delivery time of the presentation unit within the
received data stream and a presentation time for the presentation unit after
decoding, and wherein the PS pack containing the same presentation unit

15 includes an indication of a PS format delivery time for the pack and an
indication of presentation time for at least one presentation unit within the PS
pack.

In one embodiment of the invention the timing reference values included
in the PS format output data stream are calculated with reference to a single

20 time base irrespective of changes in time 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



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 p %gggﬁ%g
presentation units of the second elementary stream comprise encoded audio fra e |nvent|on
further provides a method of converting a data stream 5 September 2006 6 received in a specified
Transport Stream (TS) format into an output data stream in a specified Program Stream (PS) format,

wherein said TS forgyahaacamplignsaibthoddleR-2eansRee Sispae SResiniamurhiasald PS

format is compliant with the MPEG-2 Program Stream specification, both as 5 defined in ITU-T
Recommendation ﬁ@fﬁf‘d%ﬁoﬁ@@ileﬁpﬁgi&ms?ﬁeﬁh%ﬁmf 'f‘Lﬁ'Eh@’PBFS\ﬂ(f@édaTrﬁefﬂ{H@Bﬁecordlng an
audio-visual prograomptiariberiin tpreframmeTmhepatatdednis splagtiedtfopmaniongail (arality of

programmes convefxed |p A transport strea éTﬁ%ﬁn&abrcopg%rtggeto 6:]50 gﬁggql Oséregnﬂq(PS) format by

a method as described - above 2 daphen recor on a recording' me or su Sequer?t retrieval and
decoding. The Invegrigreflindépfdeitesrapgriatios drb?r%&@m@m%@ﬁg@pb?@ﬁﬁaﬂy adapted for

implementing any of the RgEhpleARGPRIRAC ShsiBvs HioRatRS T i RN RSHE haRRARILG may for

example form part of a stand-alone decoder apparatus (set-top box), a presentation apparatus (such as a
TV set) 15 or a redSRAFAERR YEIHGHRIGNR %QJ’&H?%QQ*?&H%‘E?G\?@? @tﬁ%‘eﬁﬁﬂjf%ﬁﬂqﬁﬂga%tages of the
invention beyond tipnsalidestifiesrabovesasihvagsy mmmdtmamf(mdamtt%m@dnventlon will

become clear to the skilled reader from q3|de on of t IIow des ion of f specif ific
embodiments. 20 g?iﬁlz'ﬂ %%Q{W%I@g% %A%W% Eambo mené %ﬁ%e mvenﬁon will now be
described, bylRay tfeoxdethte aregohyingfmetiva tiotise kessprapaieyiieyaavdngsosinghich: Figure 1
illustrates an example digfigl VidRARIMGHIARMNERIVRYSIERBratus comprising means specifically

adapted for implementing any of the methods according to the invention set

forth above. Such apparatus may for example form part of a stand-alone

decoder apparatus (set-top box), a presentation apparatus (such as a TV set)

15 or arecording and reproducing apparatus (digital VCR).

Other features and advantages of the invention beyond those identified
above and many variations and modifications of the same invention will
become clear to the skilled reader from a consideration of the following
description of specific embodiments.

20
BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will now be described, by way of example
only, by reference to the accompanying drawings, in which:

Figure 1 illustrates an example digital video entertainment system in

25 which an embodiment of the invention is applied;

Figure 2 illustrates the format of data in a transport stream (TS) format;

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 embodiment of the

30 invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS



25 which an embodiment of the invention is applied; Figure 2 illustrates the format of data in a transport
stream (TS) format; 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 signa‘%\‘%@%ﬁ@%in
accordance with an embodiment of the 30 invention. DEJTAILED DESCRIPTIO

EMBODIMENTS 5 September 2006 7 Example System Figure 1 illustrates an example home digital
video entertainment system, including a digital TV tuner 100, a "set top box" 102 for decoding digital
video signals, cont@gﬂ%@g&@gﬁe;ﬁ pay channels and so forth, a digital 5 video playback and recording
device 104 such as a well-known optical disc video system or future DVR recorder, and the storage
medium itself (disc 106). TIPHRs dxdHBIEA SRV e IRRl g HBlde VS i EORIPIATDSEL
configuration for disptaying iptstitieg fsomgsamiiteneatle®r sersestiig) boradorstoprdegotmgecording on
disc 106. Between épetg]lgllitdaé tuner 1100 an? %Eﬁnthe set to;?obox 102, MPEG- omp}gtl[gleatr(%n §|cf)gtrstream

(TS) format signals érry & RUMBer of 8%? BTNA Cé:r?ﬁgls, £8he (ijnvr\]/ﬁkscﬁrr]naiobe 'Serdmbre

decoding with Speciiaspintitibagk stk seq@ainT \deaieantmeub. The welhiaewaigivtrarsigicast formats,
for example DVB, Afs6 SREARIERIR Wﬁ@v&mﬂ%ﬁmﬁé"gmﬁ%@%%Tt%éff’"(&ﬁ?@"lto‘@f?am format.

15 Set top box 102 also decodes a desired ;}:gframme from within the transport stream TS, to provide
|

analogue audio and'vitlk® SYAERGo ReCPIVEAINNS. #HA88UhaloguResiditds Eak it dirsd Be recorded
by a conventional visigigueaidefolVGiR)Indgheiethesshdrn far rvaxmem cumétyoantrfeseionality, the

drect digialto-Cig oL ERaLICL YoM 25 AR R SRICRIR0 dlsg Mdep SYRIGM fr B fesayder 104 i
preferred. This is connecteq’to the set top box*via a digital' intefrace such a irewire"). This
carries a "padfhl THeisayHagh hbe 46RclBEfogpamaiibls tepapatestieamtiESpigenaSsignatiplex, and
presented still withigythe 7 R oS PPehEARGsIOsIHKE of which may be scrambled for
decoding with special conditional access (pay TV) arrangements. The
standard digital broadcast formats, for example DVB, ATSC and ARIB, are
specific applications within the MPEG-2 transport stream format.
15 Set top box 102 also decodes a desired programme from within the
transport stream TS, to provide analogue audio and video signals to the TV set
108. These analogue signals can of course be recorded by a conventional
video recorder (VCR). On the other hand, for maximum quality and
functionality, the direct digital-to-digital recorder such as well-known optical
20 disc video system or DVR recorder 104 is preferred. This is connected to the
set top box via a digital interface such as IEEE1394 (“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

entitled "Method and Apparatus for Converting Data Streams" and claiming



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 digitagigéﬁ{gﬂ,&) Set top box
102, on the TV 108. The present description relates primgrily to the process of conversion from
Transport Stream (TS) format to Program Stream (PS) format, while conversion in the other direction is
the subject of our co-pending application entitled "Method and Apparatus for Converting Data Streams"

and claiming 5 Segiamhe" RO06 hreipririsasnb pitechKingARRRAtens ariakieatiansnsi P77 8 filed
301h December 1999 [PHB 34445]. Before examinin? in detail the techniques applied for efficient

conversion betweeREREERFErAERS, IRERVS¥ofmiats BRIPH QORI iR AR dBRilSFRA AR ence to

Figures 2 and 3. 5 dpphspdst Stfieimt (Jdv) Eiombeigued 2hdsstfatieatatkeyedtunestand gseicture of the
MPEG-2 Transport, Stre TS) format..The T ort am TS is ah%pntinuous stream of transport

m rans tr
packets labelled T_%rﬁ%in rg\;\ﬁndg%ae'él\é@ééﬁ%rngi%%%f @é‘éegi{easnof data , and having the format

shown at the t@p of the figure. Full details of the MPEG-2 Transport Stream, including Syntax, semantics
and constraints appligabig, Wil e feraflp k- T recommendation H.262 1 ISO/IEC 13818-2. Information
about the MPEG-2 system is available online at http://www.mpeg.org. Briefly, each transport packet

includes a header portion 195 Pa PSHEARP pBifiolE Xh E BRYRA P BRIy it RS MEESAT-0 to
DAT-N in the figurgrarphrestesdrgims withraadistmetverayepbrosgation bgtasSY Nenfialilowed by various

flags and control fields inclug'n a transpqrt error. indi I ayload unit start indicator USI, a
tramaport priorty indlSass TPl Bk RS At e s it e s
adaptation 201fleld tohipgptesFC daid camdndying timdo OGt Bependihtheriapettdigsref field AFC, there

may be present an adapiagomield fite oceHRE D ROBIRAMNhcluding Syntax, semantics and

constraints applicable, will be found in ITU-T recommendation H.262 | ISO/IEC

13818-2. Information about the MPEG-2 system is available online at

http://www.mpeg.org. Briefly, each transport packet includes a header portion

15 and a payload portion, the payload being indicated as bytes DAT-0 to DAT-N

in the figure. The header begins with a distinctive synchronisation byte SYNC

followed by various flags and control fields including a transport error indicator

TEI, a payload unit start indicator USI, a transport priority indicator TPI, a

packet identification PID, transport scrambling control field TSC, adaptation

20 field control AFC and continuity counter CC. Depending on the contents of

field AFC, there may be present an adaptation field AF, occupying some of the
space otherwise allocated to payload data.

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

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



space otherwise allocated to payload data. 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 25
programme is less than 10 Mbits/s. Accordingly, as shown at TS in Figure 2, va‘%ig%?épﬁg appaes
PROG1, PROG3 can be multiplexed into a single transpgrt 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" if & examiaipbAh IHE IR 8 GHAImRO &) Qe IHIRs ArhHER PERRANIEID="007").

The correspondence between PID values and pr%grammes, and the type of data carried with each 5
September 2006 FEIOFCANIMERRIM TRETBAT S 7B PR RREALPRERSTATATRRI PR 8 TdSles.
Periodically within derteanisparsséeanstee proganamsparsoaikee withle PAD.isTharped imawpecial stream

of transport packets with. PID=0. T indicates for PROG1, PROG3 etc.. which stream
catries & programmb K Rl BRI B I8 by A8 s, Ao e g to the
single progranmfme, raapinitgstriteiMd cohientistsce@mhpiaelwibeditiediot %@M@&tﬁﬂa@ﬁgp@g@ audio,
etc.). These tables gadspifyer a3kt dRIRENHERY BHERABES A1E RIRRRCJP IRTFIBRS QYRIsMtymation. To

reproduce or record a given programme (PROG1) from the transport 10 stream, the payload DAT-0 to
DAT-N of successitEarBHe5orEPaLREE Additg CiRat PID§SIARR RRE O Latredeh, G Bhis stream

carries packetised igiossiaie stRaBdckelsi P ESsi{dmwiisimate durther defined in the MPEG-2
specification. Each PES qacket bggins with a aistinctive Packet star 5;?881 qc?fi%(] I%SCI:P. Next[ in the PES
of el

packet header is a stream faetfer SIBWRIch ™18 fentiReiRe’ {986&D efmentary s(?rergrr]r?l?%r example

video, audio, ﬂ;@do_lﬁtgemem omdﬂadt@éﬂa@ﬁm)mﬂs\pablsgm_dssmt miawoart_imliemgﬂwin@ss _
specified in a partigylar spplicatifbALchee f ’%ﬁdoﬁcg%hﬁﬂg%@elﬁi&%’t\éeéﬁf?%‘?ééhﬁzi!&m?%%&Of bytes in

the PES packet. Various control and flag fields C&F then follow, including for example a data alignment
indicator DAI elementary stream packets PES-PKT, which are further defined in the MPEG-2

specification. Each PES packet begins with a distinctive packet start code

prefix PSCP. Next in the PES packet header is a stream identifier SID which

15 identifies the type of elementary stream (for example video, audio, padding

stream or private stream). PES packets do not have a fixed length unless

specified in a particular application, and a PES packet length field LEN

specifies the number of bytes in the PES packet. Various control and flag

fields C&F then follow, including for example a data alignment indicator DAI

20 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 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



20 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 specifying the time with reference to a system clock at which 35"%%@% t'?&émit"
picture, audio frame etc.) beginning in the present PES packet is due to be presented. n 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 i faraadh GRRHIIEUD SRMSDIANM A SRENIRE data shayr schematisglikRieES 30 in

Figure 2. In the case of a video elementary stream ES-VIDEO, various picture sequences of clips SEQ

are present, each iRBRHfhg ARCEURY: YiRfIcRIAYRR SEGY. VREUSISABNRAB OBV HE decoder

including 5 SeptemiasgticA@Q0byl Stqtimgtisrtioscowririaeshdldtearisizes asddhendechaerispeifigohin the

sequence header. ﬁxcc(:iordiqarlyé Lcorrect l%%xgack of the video stream can. Onlngﬁe achievgqg)y starting
[

r
€ gata fe Que ar mpre access Uni video da
the decoder at the }oca on of a’'sequence header. WitSin 'The data Tor eac sequence are oné or more

"access units" of theagitisortrapo i ipcoRetpendield @ drpiceureprarting drathe depkeriiag)on the
application). Eachpiciyrgidg preceri dyea PFtHrpistard cosle Estfe: AEOUR Ol léfg i may be

preceded by a group start code GSC, all following a particular sequence header . As is well known,

pictures in MPEG-525H BhePABERGFAGHIEY forfiE SBrhrOenBdta BY idirrdne &b HEU Hother so as

to reduce temporalsggduncienexdbtatieQigompensation provides an estimate of the content of one picture

from the content already decoded for a neighbouring pj r_pjctyres. Therefare a group of pictures
GOP may comprise: an in ?a'§cgv(il rﬂlowﬁaramlg,uvrv Slclﬁ @%‘%g@wéﬁu Fe e(r)g?%%%c')gg I%?rgi{c);tares; "P"

(predictive) 15@oq6wpiem®ed/hi@h a@atedmi meingnenoﬁontbeptgcs [Bsseld oredyseectativgialirame; and
bidirectional preo"@@@di‘r’d%ﬂ@!ir%tWﬁ'EGrﬁ‘ﬁ%r?é&%ﬂe&r&Xd%%C&Qﬂﬁé?@b# iR fasrendefore and

after them in sequence. The ) ) _
picture from the content already decoded for a neighbouring picture or

pictures. Therefore a group of pictures GOP may comprise: an intra-coded “I”
frame, which is coded without reference to other pictures; “P” (predictive)

15 coded pictures which are coded using motion vectors based on a preceding |
frame; and bidirectional predicted “B” pictures, which are encoded by
prediction from | and/or P frames before and after them in 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

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



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 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 ﬁ%{&égg?@&%hg
playback of a given sequence. Furthermore, it will be notgd that the GOP data, t an 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 depeding tigae iiampO TS 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 form&fEa a5 mited, aroim i el SR8 nTpIEG RECESS LN 4HM&H2 etc.) and
also data rate (for exampe13: dieitthder whitbnakeotovad ahietbe ssnauiichobes yrapaitesugiibe audio and

video streams are oded in, the programme specific information,PSl,.and in the 5 September 2006 11
PEa packet nesdol e A e e B e B R BB R OF < e
those which ar to bacsets @itddtsitoimtizudiientheleugniarpfsiieatesodeehOnathaustiveamnd, there is

great freedom in thg geheglelag ohraPAskRg Ahdai-fomp e diliereahelGMenianhirganiportich that

audio and video access units having the same PTS value can arrive in the transport stream TS up to
one second apart. Pf6§RAMSSIRINPIIE SFEUIHERAD Figure 3 illustrates the other major format type
specified for MPEG-2 signals, the program stream (PS). Shown at the top of the Figure, PS conveys the
same elementary streams ES-VID Sﬂz}&d ES-AUDIO as the transport stream illustrated in Figure 2, and
again in the form o prE g{ﬁrg@nﬁ? PRI T he program stream is not so finely divided and packetised
as TS, and 159@enerally dagies Snijutieatssetiasotbguined)dofersirigheperspesiteid foEMPEGES packets

PES-PKT are packgd{qigrasr8fRIE SrEBRT{HE BIRAT: the top of the Figure, PS conveys
the same elementary streams ES-VIDEO and ES-AUDIO as the transport
stream illustrated in Figure 2, and again in the form of PES packets PES-PKT.
The program stream is not so finely divided and packetised as TS, and

15 generally carries only the streams required for a single presentation. Entire
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 Al, 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



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 %‘%BW _Zgz?éx_rate, for
example in the well-known optical disc video system spegffication, 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 Al, A2 etc. are transmitted, the program 25 stream

begins with an extenslyqssysiAn N6 dRA: REUDHRGVARISISRITBIGIERY ahthBreadingrs ihe decoders,

a directory of sequence headers and their positions for example on a disc or other storage medium
carrying the prograf$cefieant R By MdPiPNaeade s S¥SLenUMPRHSH et TarmIYIdesHIFbf a specific

programme. Since dleetgpsidro transport packet structure with PID 30 codes, the stream identifier SID in
the PES packets of the program Is(;[ream Rpesc%ees th(]ag_%pe of el Imt?né%r \};Hegm C?rrrﬁed in t@ée given PES

packet, and also if necessary whic Y Ohe of Several streams ot tha type (a'u 10 ¥Sa(ad|osfgc ptember

2006 12 etc.) fs cahiddesehthpackeitolifecPirgiemajrbanfowadieadqiigsErtsdrackess decsuer. The
system informationd%&?&@é’iﬁ@%%@%é@f%%%@émg%Séhh@t@p@@%%t&%% Spnlieabonssych as the

well-known optical discC video system speci at each pack in the program stream carries only PES

packets of one prdgriif SRR’ SHIFHESNY WpRIHIRAL UfgR PIEYYaS&R N mediWdr F3ER. In the
case of storage onpRRIpHCR giseelisindaespoatiing mesitmictachink bb prRekogeoneiaky discresponds to

one retrieval unit ot.'sector" of the dijsc filing str . In general, MPEG-2.standard aIIOWSéIifferent
et and 10 numuligor pediee KN gRiEtaT, G- SJEnaey Ao AR RSP EL cormitted

to vary in othdiappligatiers o558 rnackejdo Decviked Wvitbitlencd easkramndaihbustaringjzenthayher aspects
of a real decoder agg Hérﬁm@ot?oqwqﬁ Saeh é}ﬁBﬁc%fiéH@.am without breaks in the presented audio-

System Target Decoders
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



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-multipl%ﬁg&%%gig%dgnt 20
elementary streams of the TS or PS format, having decodgrs 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-gElp ajithies 34fd AEPGeRBHERM HRNCIRVENM AR FHNRIESFEAPHRNYN the

MPEG-2 specification. However, differences between the' T-STD and the P-STD mean that, in general, a

transport stream cAAEEAAMSEY "aife el PP ERRIBRP S RESAdVithD BV REAISHEHGIR U east at the
level of PES packsatseand winaharikifty tnovatsationtfiomnt® wahSpotsacdks angtipkaunplgas0 the audio

decoder in TS format has a smaller liuﬁert n in the P-STD. As another example, gea in buffer in
oD is procanudt ASTRICTa T D R T e S AR R D e
stream 5 Septémb#tcR0089 IR iestdf awaideoti 2t geditsiveat seeent, aasuaringthabtbenstiotistveral

transport packets g} gPERkERIHRS H2 Megabiigder second, the average rate of such a stream, when
taking into account the entire transport stream multiplex, is far lower. A "leak rate" is defined for the

transport buffer so as to throttle the 5 incoming data to a rate of 2 megabits per second, assuming that
there is data to be(assadionarthe Tans futisirGanue Aoy drarstigamsport Stream to Program Stream

Figure 4 illustrates the pracess of transmultiplexing by the recorder. 104. 10Pin he exampl plication of
Figure 1. A DVB standard DB I e e Sltdse L dRsr Tl adtna bl HERR8R0Re o

produced by tHe digitane VXd@W@DQ@@Uo@NEMdIhé\vﬁéHB(ﬁtmdéwp_tWl_iﬁsé Videspostem
Program Stream fafmatfeerrirdiQfidiss dfa I RReORSHPIE aBllERE e digital TV

decoder 102 is converted to the well-known optical disc video system Program
Stream format recorded on disc 106 .

15 Reasons for Transmultiplexing
Certain existing and proposed disc-based formats use a Program
Stream disc format. The formats are a sub-set of the possible Program
Stream formats that MPEG-2 enables. All use a constrained packetisation
structure, in which packs contain only one data type, and have one pack per
20 disc sector. The frequency of I-pictures is defined and there are specific
requirements for the alignment 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



Certain existing and proposed disc-based formats use a Program Stream disc format. The formats are a
sub-set of the possible Program Stream formats that MPEG-2 enables. All use a constrained
packetisation structure, in which packs contain only one data type, and have o %&? disc sector.
The frequency of I-pictures is defined and there are spegific requirements for the alignment 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 simplef it HRRIBRIPIbGRERAVE lafined pamesiRrmanesWIR ArdaRR¢B liscloses one
form of additional information designed to make random access and trick play easier In digital video
recordings. In contfiSE'BYVB and similar broadcast formats (ATV, ATSC, B4SB etc.) are all based on
Transport Stream and dolverylitileitaptitipreebibimgap@elafts30 pessiitities thahbé bGalenwat In general
they add capabilities to the MPEG.sta dard’g defining extra data formats. for System Ipformation. Each
of thern s sy SrohT R0 e ok S LB S e R ermner
2006 14 manyindividbi prayramsninisiisgléheragrannSakatayeoraciivacaraed jigtdurase pitftam. It would
simplify recording pragcts Exuplimyt heameeetPiiferssts g fAimaiis deallvdUpt e, and to

convert all input signals to this format.” 5 In this way we minimise the amount of player software and
hardware, and makdit0saeetg- GOMaMED /AR MarRAhackInfWARISS Pife) Mol RiRmIy (e.g.
combined, edited, phayedrigatk Foaltirodeseic.JHnapamatictvdiat fdhaibavigisiordrdfisn®asapsthere is a

desire for conversi?n frO{n T% to P§ formfats without Igss. fqtéalit , and without excessive requirements
JorRats Wi ho%xt 0ss O gua and m%o e%esswe regwremenﬁs as 1o.
as to 10 processing effort and Storage space. For the'illustration of @ practical example, consider
recording frordCa DVE-bsstndceiforioaatgisvegetispd VR recording device. "VBV" indicates the size of the
video buffer verifier definggingtheMERfoh SRS FaHRAS: example, consider recording from a

DVB broadcast to a hypothetical DVR recording device. "VBV" indicates the

size of the video buffer verifier defined in the MPEG-2 specifications.

15 Table 1: DVB transport stream parameters
Parameter Size Notes
VBV for MP @ ML 229376 bytes (1835008 bits)| Same for all MPEG-2 applications
STD Video buffer size VBV size +2500+7500 PES headers enter the buffer in addition to
elementary data
Transport rate 40 Mbit/s
Video rate 18 Mbits/s (1.2x15 Mbits/s) | Typically much less than this (4-6 Mbits/s)
STD Audio buffer size 3584 bytes
Audio rate up to 384 kbits/s MPEG-1 stereo
20 Table 2: DVR Program stream parameters
Parameter Size Notes
VBV for MP @ ML 229376 bytes (1835008 bits)| Same for all MPEG-2 applications
STD Video buffer size VBV size +2500+7500 Only elementary data enters the buffer
program_mux_rate 10 Mbit/s
Video rate 10 Mbits/s Typically much less than this (e.g 6
Mbits/s)
STD Audio buffer size 3584 bytes
Audio rate up to 384 kbits/s MPEG-1 stereo - other formats supported
(e.g.LPCM)




15 Table 1: DVB transport stream parameters Parameter Size Notes VBV for MP @ ML 229376 bytes
(1835008 bits) Same for all MPEG-2 applications STD Video buffer size VBV size +2500+7500 PES
headers enter the buffer in addition to elementary data Transport rate 40 Mbit/% g%%%ﬁ%eza&sMbits/s
(1.2x15 Mbits/s) Typically much less than this (4-6 Mbits{g) STD Audio buffer size ytes Audio rate
up to 384 kbits/s MPEG-1 stereo 20 Table 2: DVR Program stream parameters Parameter Size Notes
VBV for MP @ ML 229376 bytes (1835008 bits) Same for all MPEG-2 applications STD Video buffer size
VBV size +2500+7500 Only elementary data enters the buffer program_mux_rate 10 Mbit/s Video rate
10 Mbits/s Typicall;gmuch Iﬁs§ than thisa(r%[%SG&l\(Inkéqalosa STD Audio buffer size 3584 bytes Audio rate up

to 384 kbits/s MPEGH '21eTes < Other fofmats supported (e.g. LP CM) 5 September 2006 15

Transmultiplexing apparalﬁi@@métlsbdw—?igme ébshbwéa_‘h’e blagtwiasa endjc&@peaomke@sprf@ttesses for
transmultiplexing T, RxidRIN6HBreseBt e RS atdRPah PRfmES Ao dst Shown£s {ae left, with

output stream PS at right. The di(ﬁal video recorder 106 of Figure 1 includes a TS demultiplexer 402, a
set of buffers £04-#16MhY P & e WlihipHRer IR RS Rif8R-404 and 406 are FIFO (first-in first-out)
queues for video and audipgajipad iaéa respeetivalg. diteqizes ahthalgueus duléens apeit for video

and Ba for audio. 1 he buffess,ig8 angh 410 are, mesiamp dupues fordhs video gndaudig, streams

espectively. The remultiplexer maintainsS a’system targét decoder model , Including video STD

416 and audio ST»Ad &06 are FIFO (first-in first-out) queues for video and audio payload data
respectively. The sizes of the queue buffers are Bv for video and Ba for audio.

10 The buffers 408 and 410 are timestamp queues for the video and audio
streams respectively. The remultiplexer 412 maintains a system target
decoder model STD, including video STD 416 and audio STD 418.
Transmultiplexers will differ on how they handle the scheduling problem and
how much intermediate buffering they need.

15 While the key functional components and processes of the
transmultiplexer are shown and described as separate blocks, it will be
appreciated that the various buffers and processes described herein may be
implemented in a general purpose processor and a shared memory, used also
for other purposes of the player 104 or other apparatus. Equally, specialised

20 digital signal processors and/or dedicated 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):



Transmultiplexers will differ on how they handle the scheduling problem and how much intermediate
buffering they need. 15 While the key functional components and processes of the transmultiplexer are
shown and described as separate blocks, it will be appreciated that the variou %pgo%)cesses
described herein may be implemented in a general purpgse processor and a shared memory, used also
for other purposes of the player 104 or other apparatus. Equally, specialised 20 digital signal processors
and/or dedicated hardware can be used at appropriate points, according to normal design

considerations. Thig dgscliptian fSAYReS dhatihe Tﬁmgrraﬁgrgﬂmiﬁétrﬁr is ayilahle, At thg 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 PESRYSRECARIY Y e FraRfg i avial Tealaayiti-8aedIvRo R from a
set-top box will be neqgaisspéynidecause the Transport Stream formats are very generic it will nearly
always be necessary to regenerate the packets gnd, to some ?xt nt reschedule their delivery in the

output stream. 30 TS B lﬂﬂ[ﬂé &r1AB2SPRE Baf ?\ts’sgfjﬁté'ﬁ‘?uTtm NGl 46?8@}5@%9{% (MPEG
terminology ass explaiPegsabdwe siitbarefere ndedtpRiduates citaNitgSeptaotet2A0mmdle Read the

transport stream - pacg% r%?ﬁ ﬁg@\éiagt%thar%%pg,mt[rﬁ% @IrD piecewise constant in the case of a

"partial-TS" carrying essentially one programme. Lock onto the Transport Packet structure - find and
check sync words. & Paose e B&éalinddliidgiack @b eaheti ot asctienB wgramald@phéalpiesgram
Association Table (PA(TD),\ﬁifgﬂQ ggcﬂ)prgg%'ghe PAT find the set of PIDs that contain the Program Map

Tables (PMTS) for each program. Build the PMTs from the relevant transport packets. 10 Based on
user input, the PMTs &dilgHedM Tmfeinibe raloxarAtansreE RAekeENtary streams to be recorded and

which one coninSthgRGR on user input, the PMTs are checked find which PIDs contain the
elementary streams to be recorded and which one contains the PCR
(program clock reference) for this program.
o Filter the Transport stream to route the transport packets with the specified
PIDs to the remultiplex queue, and discard the rest.
15 e Strip the PES headers.
e Parse the elementary streams to find Sequence start codes and Picture
start codes (Video) and Frame start codes (Audio).
¢ Knowing the start codes, picture types and locations generate time stamps
PTS/DTS for each frame, by interpolation where necessary.
20 e Process time stamps to handle/eliminate discontinuities in the timebase
(restamp them).
e Generate PCRs for each access unit's start.
¢ Send elementary data to appropriate queue 404/406.
e Send timestamp data FIFO to the corresponding time stamp queue

25 408/410, including a pointer to the elementary data which corresponds..

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



(program clock reference) for this program. Filter the Transport stream to route the transport packets with
the specified PIDs to the remultiplex queue, and discard the rest. 15 Strip the PES headers. Parse the
elementary streams to find Sequence start codes and Picture start codes (Vid@%&%@gg@gtart codes
(Audio). Knowing the start codes, picture types and locations generate time stamp / for each
frame, by interpolation where necessary. 20 Process time stamps to handle/eliminate discontinuities in
the timebase (restamp them). Generate PCRs for each access unit's start. Send elementary data to

appropriate queue 404/4Q& maaikigiestapeRMasAdR iR S AbRsIRORG BRSPSt Aeue 25
408/410, including a pointer to the elementary data which corresponds.. Note that the PES packet

structure has beenf¥sPWBYHEH¢RE duERCBARNts correspond essentially to the continuous elementary

streams ES of FigwessZh8deis3@ Rackeaudiinexeiciddy forSaplesidpen@la thé Batpultiftesas 414
performs the following ctionrc, reFeatedéy to eneratm the gutput stream irr PS for f: Schedule a pack
' e 28l by

(audio or video) for inc G40 ne e}ﬁem% ou% t BfEd Sstr%ﬁeg%e e %o for'this as
explained below, with corzriseEmeendes the tizesind anst chshefipraegiparatihs. ddmwdecodeetnodels 416

& 418 are updated coqti%ugxlbigLérligglBBQégmﬁ.ugwi%ﬁnggg_see Figure 3). Build a PES

header, including inserting a time stamp from the appropriate timestamp queue 408/410. Alignment rules
are enforced at thi pdhuiildi®d PRe}abeRster fienf tHeuspPopriate FIFO queue 404/406 and build packet

payload data. e Build a PES header, including inserting a time stamp from the appropriate
timestamp queue 408/410. Alignment rules are enforced at this point.
10 e Read data from the appropriate FIFO queue 404/406 and build packet
payload data.

¢ Write the pack to the output channel (storage medium in this case).

The above two processes can be implemented in a mixture of hardware
15 and programming, whether of general purpose microprocessors or digital
signal processor chips (DSP). Using a single processor in one embodiment,
the transmultiplexer shown in Figure 4 runs as two processes: one (402) does
Transport Stream demultiplexing, writing elementary stream data and time
stamps to output queues; the other (414) reads these queues and

20 remultiplexes the data as Program Stream.
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 (PSI) and the
DVB implementation of it (SI) 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



Write the pack to the output channel (storage medium in this case). The above two processes can be
implemented in a mixture of hardware 15 and programming, whether of general purpose
microprocessors or digital signal processor chips (DSP). Using a single procesi%r‘eﬁ diment,
the transmultiplexer shown in Figure 4 runs as two procggses: one (402) does sport tream
demultiplexing, writing elementary stream data and time stamps to output queues; the other (414) reads
these queues and 20 remultiplexes the data as Program Stream. Various aspects of the implementation

will now be deSC“b§(§cﬂbﬁ§qF?Pﬁﬂﬂlhq@é{ﬁ?nm@fﬁﬂﬁ%tf%%f&% RSy RIEEeriRghers MitFise2 Transport

Stream Program eBecmc Information (PSI) and the DVB implementation of it @é are rather complex to
parse. Any record ll‘ﬂeﬁ“ﬁ\'&%e@ﬁ%@@ﬁi% 18R LR AP iR BeetY Fo dBr deS G HPS8fam rather
than recording the antireaauultipigxivéliFrevede reydpmenttis @@m@emtyankesmecnm afithediormat (PS or

TS) that is stored on di 3 Each,t ans ot ac? thasaPI th it belongs to.
On first receiving the m%%ef re:l}(m ede{?nu Sltgr(]eer lﬂrsctJ Qﬁ‘ fr_Q wld?h I'Pg I’ngEISRfSOCIatIOH

Table (PAT) b;5f||téhﬁgoan@pam§ingtﬂ$etM| 1) @mgmmmmamm@édmgdnmmmm@éeot The PAT

gives a list of prograamg HemBeEs Ry e FIRRUBReEdhaieontains the Program Map Table (PMT) for
that programme. After acquiring the PAT, on receipt of each transport packet its PID number must be

checked to see if it is the bidSAeRMBPRFIGE BARORRHRS PRISSHANCIRFIAEIRASHRAS B8kt it belongs

to programme Se|eb&ddﬁ$ﬁbtﬁbob&$@|kte51h@u111\/h€fpf(1h§8|§|&@ralihméh0ml€bhEMiTSga/@?d lI&itds a PMT
packet, it should b rsed S‘”P theFFN}T sectons houlgl hbee eonesr'%rt'ucted to eg-nng I\Q/T for the
programme. The P glves STsfof P num B¥s 'ahd &fream En ‘?o¥ Sach dle entdry s‘%ream (Audio,
Video, 10 Ovéflay Qraphics@anhitataitakéhap mahﬁdmaﬂﬂﬁnammgwoﬁmbelmea@m@@n ifindicates

which PID packet cgffigsihe R SREQITAMLAIOBID packet carries the PCR (program clock

reference) for this program. This indirect structure means that the PID filtering
process involves checking the PID value of every transport packet against the
PAT. Additional information in the form of descriptors can also be inserted into

15 the PMT, for example to describe each Elementary Stream.
The PMT and PAT may be updated in an arbitrary way at arbitrary times

in the course of the input stream.

Time-stamp discontinuities
20 The Transport Stream specification allows for there to be a discontinuity
in the time-base (PCR) of a programme. Different programmes in the transport
stream generally each have their own PCRs. In converting this to PS it is
necessary to restamp the PTS/DTS and SCRs. Itis a good idea to re-base the
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



reference) for this program. This indirect structure means that the PID filtering process involves checking
the PID value of every transport packet against the PAT. Additional information in the form of descriptors
can also be inserted into 15 the PMT, for example to describe each Elementar T. MT and
PAT may be updated in an arbitrary way at arbitrary timgg, in the course of the input stream. Time-stamp
discontinuities 20 The Transport Stream specification allows for there to be a discontinuity in the
time-base (PCR) of a programme. Different programmes in the transport stream generally each have

their own PCRs. In;cméaiingriRiSAG RS hiftiDecESE-MISECRIRATR BB R/ 1 BBHackdRse!t IS @ good

idea to re-base the PTS/DTS values to start from an SCR of zero to avoid "wrap-around” issues. 25
Although machine<2Ban'BRATKEISLMNE 16'SSIANoBEEE Wrad B o RE SEUORIEHIHSS, Y98 formats
require SCR to stagyktm zees d RasiveSif earsRi B NadkepatkerifiednghesMEEls:2 Transport Stream

specification puts no requ}rgn?entsa oy 30 the PES Pactket it)ruh:ture. z!lt igglggt re%(iéiadf 59 be a fixed size,
S

- ) . maf , does not. guarante \ a ever .
nor is it required to be allgnedo{o video or auélogﬁ'ames. any al\f?eren rucrt)ures are use(flx practice.

The Program Stredrame/telstraliprusas shedHes, aitleseds theBESeptketbéa00®sLBTRENER Ve unit. A
transmultiplexer thefieiare, hag LonRe PERFELAP IRPRGKSIRE RN dPRACKS ISR IR LISMER RTY Streams.

The well-known optical disc video system uses a Pack size of 2048 bytes, with packets fitting inside this.
TS format does not§§VaindB I PRIREIUSESE pRIET G0 PRI HG SHB/FERENoMWIPSPBYifREd, if there is
a PES packet, thatahas: k&6 Variabkereipetbe tiaopparspaisealds ttapaisstheselaimentary streams

(audio and video) to find the Sequence, Picture, and Frame start cpdes. Audio may be any bit rate or
Vatiable. Therefore & full PAEUEY ROLRS 1 AraS Lo et TR b Sy HERa LR AR, extract the
picture type, répeafitiicifiag ¢isld flag wrde avkre ioé thedrd cbtierfulfcifent-2f\itREGIeidEo Annex C

because nearly all JRE (G YAdRP IrMBEAELS RAGEUIRI NI IRIIRA. Note that this is

more than a multiplexer in a self recording product needs to do. In a self
recording product the encoder can use a known sub-set of the entire MPEG
specification and so simplify the multiplexing.
15
Maintaining A-V sync through the process
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:

Find and check the transport sync word (SYNC in Figure 2, TS)
Find the PAT and PMTs
Start parsing the Elementary PIDs

25

Video: wait for a sequence start code and I-picture

o M 0w Dbdh e

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 demultiplexer 402 ready to output

elementary streams. The result is that the first audio frame to become



more than a multiplexer in a self recording product needs to do. In a self recording product the encoder
can use a known sub-set of the entire MPEG specification and so simplify the multiplexing. 15
Maintaining A-V sync through the process It is important to maintain the synchrgrg%%g%ﬁeq%%glio and
video through the process. In the transport streams, frages 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 extractyglighlersHasmation: S areHeneh akeaty idsinacageanvdmiclidigang check the
transport sync word (SYNC in Figure 2, TS) 25 2. Find the PAT and PMTs 3. Start parsing the

Elementary PIDs 42\AYeRif $6P % 08y uEM £ SRS A9 SeCRIBiNePEossail Sle iR O FEffRe sync (this

may take several frankas\asitheérsmemptérT Spfie aobtfrenessatiytiunigpedn deerbibiteam) 30 Only after

these steps is the demultigle%helzr 302 ready to oyftjout ele entary streams The resulﬁi i;rat the first audio
e

frame to become 5p§8&%n1ber52 0890 Availah nfocrarnecoerdlng IS NO sfrﬁjcﬁ?oﬁ%\(g%vit Eeemst video

frame to becorhe aveikbldSngrét RiFty PTCketdraadiasiworlddoe conyierjgirocksiatienatehe theeds to know
a time-stamp (PTSfgr&a60 SRmeSertiat ﬁﬁe%u%@&w?@egetﬁﬁgﬂf‘@frmngrmqm{ﬁzhtmﬁéiQﬁﬂ%iﬁf?rmaﬁon can

be communicated in several different 5 ways.. sinisthe PES packet header would be convenient.
Unfortunately the TSPt S TGHEARTROIY G drScRAFR A H MR M CRTRNONBEEHIR &8art recording

has a time stamp ipssrdiEStipacketandsmaay adseaeve need to re- packetise the stream, as noted
above. The solution chosslan in tm% emt?]odimenttis a separate t'{me stama{)raqlejef\ue 10 for eacheEIementary

stream. The time stamp queeugorec%rr]dcs,(%8?%\'/%r§]/l?rgmeo Imentis a sep me Stamp queu

10 for each Elementary stream. The time stamp queue records, for every frame
in the elementary stream queue, the PTS/DTS, a sampled value of the PCR
projected to the delivery time of the appropriate byte of the frame, and a
pointer to the first byte of the frame in the elementary stream queue. The
timebase is re-based to zero by subtracting a constant from all PTS, DTS and

15 PCR/SCR values. This constant is adjusted to eliminate discontinuities in the
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 (I-pictures with Sequence/GOP header) would require to be time-

stamped in the recording format. The broadcast format does not guarantee



in the elementary stream queue, the PTS/DTS, a sampled value of the PCR projected to the delivery
time of the appropriate byte of the frame, and a pointer to the first byte of the frame in the elementary
stream queue. The timebase is re-based to zero by subtracting a constant fro ggaE %and 15
PCR/SCR values. This constant is adjusted to eliminate gljscontinuities in the broadcast time-base. Itis
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 dynagrigaliekd HriiResaRgvel e Reedie g ieriad! ©f soeaYMICHHE ndigld or frame),

the picture coding type, the picture structure (field or frame), the values of repeat first field and top field
first flags, and hen@&GIFEAAASHIEGEeS 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 gecorded directly withaut conversion {o a ra ‘eam, nearly all of this parsing
functionality would ﬁ@é%%qqiﬁpgfl\%é Innetteb(? Lt%rﬂ%ame {srfaaarttnan§ (é?\gdp 8“95% (Tes to generate indexing
information to &nable FF/BEhattkingogeskatsl tanciry dbeesic(seeptivy csttgaple WA 09E045

mentioned above). iV wiaylduRPHaRaNIIRELI0 Rakss dhaifdatdindrfid Hie pyasipignekisaudio

frames. It is likely that playback entry points (I-pictures with Sequence/GOP header) would require to be
time- stamped in tHE YR FOHRILE PR bSO LR T CABRIETHY gRRTRREK R SEiRiISRHDer 2006 21

that these frames hewe tnne-sigonesnetiiel weitldhreeesktibg foveshanrdmplies timenstarnpgranserted.
Packet scheduling in the P% am (ft]ream - SCR calculation 5 Scheduling packets to carry the elementary

streams is the har eé?af)Tr]o em IR 1he transmultiplexer. Several different strategies are possible, each

with a differeritGrade-off of ragnuityhiseajes cirifpgexieynentdrysikéamesfhiciegciecaide dmyseggirement is
that the resulting sitgacRIHPlIRSHE BIPHRQorIeEN R QiSeOEs: sum of the elementary
stream bit rates must be less than program_mux_rate).
One approach to be considered is to store elementary streams with a
buffer size at least as big as the STD buffer (in the case of video 230k). The
15 program stream remultiplexer can then run a normal scheduling algorithm in
which PS STD models are maintained for each stream taking packets from
elementary streams as the algorithm sees fit. In this case the SCR values, and
packet scheduling policy are determined independently of the PCR values in
the TS. This will always be possible to do, but it needs significantly bigger
20 intermediate queues (about 250k for video), and a great deal of processing
effort. It also needs a relatively complex scheduling algorithm — though
basically one that is needed for a normal PS multiplexer.
If there is a requirement to transcode the video (to control the bit-rate for
example) as well as to transmultiplex it, then the complete rescheduling
25 algorithm may be appropriate. The memory would be needed in any case for
transcoding. Otherwise, however, the usage of processing capacity and
storage makes such an apparatus relatively expensive, and detracts from its
ability to perform other tasks in parallel.
The aim of the approach chosen in the present invention is to follow the
30 schedule of the original Transport Stream as closely as possible when
generating the output stream PS. In this way the data is packed into PES

packets in the program stream as soon as possible after it is extracted from TS



10 The input bit-rates of the elementary streams being recorded must be low enough that they can be
stored on the disc (the sum of the elementary stream bit rates must be less than program_mux_rate).
One approach to be considered is to store elementary streams with a buffer Silfﬁtl&ﬂﬁ&%&g as the
STD buffer (in the case of video 230k). The 15 programstream remultiplexer can then run a normal
scheduling algorithm in which PS STD models are maintained for each stream taking packets from
elementary streams as the algorithm sees fit. In this case the SCR values, and packet scheduling policy

are determined indgpaadentihef FHﬁi%%BsVﬂﬁ'Q%iﬁ('y Bedhe: sl ANRYSEE ArpsibiR oo, but it
a

needs significantly bigger 20 intermediate queues (about 250k for video), and a great deal of processing
effort. It also need<PH1AMRkVRly RUHSHRS ReRARHING alg6ritRIFMEARIYH SBS&RaIN EHEShat iIESeeded for a
normal PS multiplexesldindetegiin aragsipemspttoill aios dedsxeinddear(t@icontrol the bit-rate for

example) as well as to trthS”}ugriBle&(rtits{[rré%n thgcq(%rtn Ieﬁg d ?C'l%ﬂ”t@”t%s@rﬁ&%”me?%% ge appropriate.
The memory would be needéd inany case fortranse 8¥ng. t%erwisé/, owever, the usage oOf processing
capacity and storag@éapiakes sgebein/dppdrigtire rRlatikelyangponsvecamdadetizetschervies ability to

perform other tasksi BRsA{IRl il eI Nt aRRIFRAMS R0SEMIIRARINE SF AL JRYGRIIRR i Mprfollow the

30 schedule of the_ori%?al Transport Stream as closely as possible when generating the output stream

PS. In this way the!Qdifi¢/EEHAMYNBPOES PRSI TogFaftstitan 88UdoRU39 fudeible after it is
extracted from TS frgepteByhert 248ifd B2 paskiiie, boisvenpinisesdhe Wealayenf statpamtsegamultiplexer
and hence the am of Qufferin ded in.the elementary stre ueues. The implementation of this
principle will not bengpI%?r?egq?u?{r?eér]f‘ﬁk{tee?rérﬁgp%ar%?gé% g{a'c %atp%&%aa clgrrl]g%tgy Sy gb%ss if there is
an 5 adaptatith heddes pecketigurdiby, largearsppacetaan denrbadschétiabyl \we wiisigrarakerity .

However, the normg) size0fdhe RRYHARARE ARICHATPISIERARN B Lagwe!l-avinQriicat digeyideo system
or the like is about 2030 bytes
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 multiplexing 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



(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 S@%%B@@e of video
streams this is possible. However in the case of audio wgzhave 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 whigh&aie gragisamavriiobanytiplexed assepamsthay /reHeaddyy Tharefore we
cannot wait until we have a received a full sector of audio data before inserting it into the Transport
Stream. 20 MPEG 86 m HEERaIES R fiRelr PR alRIR £OUbIRAA S 4iHSTor THUREFESr Audio to
be 2 Mbits/s. The dali@ontimie fprdéwrd SdwiesrofiaiduliliraosperbpackgirabRMbiietise:. 136 ms. The
total bandwidth prggram mux rate of the hypothetical DVR Program Stream,is, 10 Mhjts/s,. (Table 2). In
the "worst case SOl TS e e T B SR PR e, i ion
immediately affer tis& éssaigastidhVie dffenentr hetweentketiapgportd sipspuh &TBs(ESIEDE?SrESdNtation in
the T-STD. The timg,tp(ippRAHBPBILFBRGHRS 12 P EYRe Alct0 MPitsdsuhtdns. The apparatus of the

present embodiment permits the remultiplexer 412 to accumulate the audio data to make a full frame
before multiplexing it. To 3 RbReVeIHER Withe i KGR0 MY 88 <HECHRSIBINE SBY L RIEFEEy (about 1.4

ms or 1750 bytes) pcrRidadiés &l ihe spamstimeompensatedeirihrepeissiititsryétneating hrvoid
delivering the audi%lfrgmerrgar%a IathThis distur Sﬁgre ir1; tali‘bezog,[s%égn%ﬁgrs%%?gr %%esc%?déjlicr}g algorithm
will lead to an incréade of about 2k in thd BV buHer FUIRSES: Itn extreme cases, In prmmp‘?e, this could
lead to video 87D Blﬁ‘feentﬁwr%mmm_ (ﬁb@tit:é«_,kkﬁiwb_y@)th@mwlaﬂolbdﬁa_&remrmirmﬂ_dmhwet_’mase: (i) there
has to be some slagjs g RUIBIRXNE JARTENALKIY e bRHRYTGE e SRS SIRREY iigrent

between the input and output STDs (T-STD/P-STD), _
favourably with the 250k or so required for a complete multiplex from scratch.



and (iii) in the PS STD buffer the PES headers are not counted. The SCR values in the program stream
are determined by the projected 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 (Eggﬁ%blﬁ)z‘aﬁgnentary
stream (about 4k-5k bytes). Simulation has confirmed thgj 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. 5 September 2006 24 CLAIMS 1. A method of converting a data stream received in a specified
Transport Stream (FS) frgnat 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 withfurthepstreanos refativg totiffeietipregeammeseied RS fospedifiing one in
which the first and second elementary,stream and .10 optionally others relating generally to. a selected
programme are pa?&%ﬁ%%o(?z:énpcﬁﬁ@lr @%kz%mn terré%)vegé] t6 lflclﬁum?z? %E%n%ﬁ(eﬁﬁj S reaar%%f; %gdpacks, each
PS pack including &jsgcamezisrann® Shéoonatoteewndléopnskdsing wiee packicobert idasidiigiry streams,

wherein said methogh ¢RERYIREakRLRAPERIAHRIR BRISER W G Aia RROA PRSI JHRPRINT

information 15 identifying a current stream index for each of the first and second elementary streams; (b)
filtering data of the Qegéﬁ}@ﬁij JRHQOEHBAIR BRI REEPal RIS cRARGIYTRE tNRirkd dBrfEktaRPStreams; (c)
parsing the first ancharipnackeleigemarnwatreameinsaeanislaciatingito piekentitdiradendsfarmation to
whing tho presentESoILIL LML 0t St Lol ee S8 (e CRE R gt e
respectively pHbr topgomailiiphtixing ; reidtifetegariaindy itoazcnigstask pitbrarsyeclarenpaskasisgidnship
between the 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
(N 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 data stream,;



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 (f) in accordance with the determined PS schedule, retrieving said poa%?é?n&?tfogé)m each
queue, inserting packet headers so as to re-packetise eagh 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 data stream; 5 September 2006 25 wherein the PS schedule

determined in stepy(ALf8feRgndpa aBrbeBChRAIAG & PieseRiaey Uaitauithindhe theahved TS format
r

signal. 2. A method as claimed in claim 1 further comprising: 5 (g) extracting from the received data
stream timing refersfReAHAd SiBIESE HAFPEJEUIRHBIR MTEREe MadKER {Eah®tary streams and
calculating a time stamp value for each presentation unit in each elementary stream, including
interpolated time stamp v?lues Wrnggﬁoed presentation ynits not accom anied by a timing reference in the

e
10 received TS format data stream; wri w% {hE fimes I<'!1nmp Vallies o first &ind second time stamp

queues so as fo cdmespentiagiinatfeoredpectbeeivaskdatatireanitimineg realarense sfinssagidtedcond
payload queues; and (i) reffievigbeRen HRiSamPMaIUBFREYLRE THRMEWRRD retiaving higy 15

corresponding payload data. 3. A method as claimed in claim 1 or 2 wherein a presentation timing
reference value is includé@iFHAEE SPpAEREToFLRP n¥HHST 9 N8GO RIGREBIANING \thil? t1f8 ¢ hck, said
presentation timing beingetdriaineghbyteaiaylaticloReorarps detivenetistingans wesentates timing
reference fields accompanl)éiggntc%gt%inu {t%senr(])ttatg)c% unit%.1 r\{}/ithi the r Icrrelzljr\]/edrgJ et% ﬁgreealrrp, t%l’éd by
interpolation for presentﬁlon UNits ot accompanleaD H])P a dee(illveyy flimlng 1eference in the received TS
format data stleam. 25 4 recaiegdoSderohaincethistesaim 3 wherein the data rate of the first

(h)  writing the time stamp values into first and second time stamp queues
S0 as to correspond with the respective presentation units entered in the
first and second payload queues; and

0] 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.



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 befor%ﬁ?ﬁw(g,gz%@/ of said
data in the PS schedule. 5 September 2006 26 6. A method as claimed in claim erein in step (e)
payload data corresponding to one complete presentation unit of the second elementary stream will be
scheduled without waiting for data of the elementary stream to 5 fill substantially a complete PS pack. 7.
A method as claimed in claim 6 wherein in step (e) the data of the first elementary stream is delayed in
the first payload queue by a delay at least equal to a minimum time required to receive one complete

presentation 10 unit of th&-secofidMERE RS ARSI FIAIR 3 PRAEIRABHERTELPBEHE elementary
stream may be schestdegdontiingdiateliat o epnepeebseecaivedulit dMgk e amdlaieeritaelaim 7
wherein the differeqy prescpiaion aih date siFed Andiondliferent data delivenurateo e yalid within the
TS 15 format for the Second elementary stream, And wherein said minimum bme 1€ fixed at least equal to
the time requiréd tdilfscdistadsialycarmpieptetsdlepation 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 d maxifURtEsaetycleteatdn sREmehmelRIMmithriti e R dgHe %55 10. A

method as claimediiie dinst plesegingychteamhereédnifiel RStHe mrst mpecHie g e ndininememyfar size for
holding the first elelmeqtar sfream a}(rl]oad in a comPagk{Ie decoder duringndfe?odine(% ano{.wherein the
e ni re on

. eqs al to a um..time requ 0 [ecelye one C ele prese )
first payload queue ﬁas a maximum capacity less than one {Wen}/letﬂ Salé) mﬁ)nlmupm utrer size.

10 unit of the second elementary stream, while a presentation unit of the second

elementary stream may be scheduled immediately it is completely received.

8. A method as claimed in claim 7 wherein the different presentation

unit 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 less 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



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 5 September 2006 27 (4) times the size of each PS pack.
12. A method as claimed in any preceding claim wherein each entry in the tim%%g& érecords for
the corresponding presentation unita TS 5 format delivgry time of the presentation unit within the
received data stream and a presentation time for the presentation unit after decoding, and wherein the
PS pack containing the same presentation unit includes an indication of a PS format delivery time for the
pack and an indicafign;pfRrgregtatigndife ie pakleast one presentation unit within the PS pack. 10 13. A
method as claimed in any preceding claim wherein timing reference values included in the PS format
output data stream are calculated with reference to a single time base irrespective of changes in time

base throughout the recaized T4 itgthad datealsthesuin lny précotiipadans claiensid nanyeptgceding claim
wherein said PS pach]s a}nd el?mentarx stream pa keEﬁ are enera&ed sgasta e%lg%n th stag of a new
inthe 1 u €SP0 ation _unit a

presentation unit preferenﬁgﬁlyS Wit tHe startoP& P E)ac ?r?esp C |V('en8prﬁlss?aﬂ|gnment' etween

corresponding Jeattaerah debvesycives] af3Herpreseatati@o wiitaihinIhAa reetivetadattaiitedrin any
preceding claim wheyeig sald e fORMAT SRR FIEEARL I BRI IR SRR LR &I %y flygererparam

mapping irrespective of changes in program mapping signalled and followed in'the TS 25 format stream.
16. A method as cl§IfBP iR3GHy HMREHTN MR HnRIRHR RS Opy 488 RGPS RS BFIFRIARPER mentary
stream comprises @B asiethvigieivepjcliniesanddhmpkesantationidaisobing eeeaatoelemeritary stream

comprises 30 encogipd aUGIR IANSStation unit within the PS pack.
10
13. A method as claimed in any preceding claim wherein timing
reference values included in the PS format output data stream are calculated
with reference to a single time base irrespective of changes in time base
throughout the received TS format data stream.
15
14. A method as claimed in any preceding claim wherein said 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 between corresponding features in the received TS 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 signalled 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



17. A method as claimed in any preceding claim wherein said TS 5 September 2006 28 format is
compliant with the MPEG-2 Transport Stream specification, while said PS format is compliant with the
MPEG-2 Program Stream specification, both as defined in ITU-T Recommend%t' t%%?z%(%nd ISO/IEC
13818-1. 5 18. A method of recording an audio-visual prggramme wherein a programme to be recorded
is selected from among a plurality of programmes conveyed in a transport stream (TS) format, converted
to a program stream (PS) format by a method as claimed in any preceding claim, and then recorded on

a recording mediumhiR{348SEHMBMAE RN AHRNBEOBING kI A éRRaERRESEAmpTISigIgneans for

receiving an input data stream in a first format wherein at least two elementary streams of data are
multiplexed and m&8its For EYMAIRGIRPIRRL W Qe MRFGr& Ar B9 GER S UREMSRRRPIGRERRam, said
converting means ¢ompiisitgineednspaciticadiynménadapierd. 22 mupieinn epOA p13ed &3 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, ardid@a 20rapediiog egasudingsdor plgiongsaind pistisaalipelshéseirecording digital

video programmes, HitahRe4Gd hdiedbiid ANIIARES R AR difg R pRIMNERT BiGEAMkfeS TREAMS

A digital video recorder or similar apparatus implements a method of converting an input data stream
having an MPEG-L9RR¥BESHAZMSPES) StErAAL (htd 1 BatpGPONEASHdA R RERRASTIRREG-2

Program Stream (RB¥)ftinat. yhe ingibdata stiaed (T @hynelocesiitptianh pateasicr sé esrdeecond
elementary data streams é404 406%Jorm?d an muItiRlex?d in omplianc(? with a TS decoder model. The
on a reco lum for,s e d

first elementary stream Is a(ﬁﬁ‘@o”% ream, while fg et retrieva and'decoding.
10

19. An apparatus comprising means for receiving an input data
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.



second stream is an audio stream of lower data rate. The input stream is parsed (402) and the
elementary streams are demultiplexed into respective FIFO queues 404/406. Each stream is further
parsed to obtain and calculate time stamp information which is queued separatoey?%db%?%%) with
pointers to the stream data (at 404/406). The schedule apyl packetisation applied to the elementary
streams in the input stream (TS) cannot be applied directly in creating the output stream (PS). However,
based on parameters and constraints imposed upon the input stream by the MPEG or other
specifications, a regwéiplexef412 is able to reschedule and repacketise the elementary data streams into
a valid output stream (TS), without the size of buffer that would be required for multiplexing of the
elementary streams from scratch. (Fig 4)

METHOD AND APPARATUS FOR CONVERTING DATA STREAMS

5 A digital video recorder or similar apparatus implements a method of
converting an input data stream having an MPEG-2 Transport Stream (TS)
format into an output data stream having an MPEG-2 Program Stream (PS)
format. The input data stream (TS) includes data of at least first and second
elementary data streams (404, 406) formed and multiplexed in compliance with

10 a TS decoder model. The first elementary stream is a video stream, while the
second stream is an audio stream of lower data rate. The input stream is
parsed (402) and the elementary streams are demultiplexed into respective
FIFO queues 404/406. Each stream is further parsed to obtain and calculate
time stamp information which is queued separately at (408/410) with pointers

15 to the stream data (at 404/406). The schedule and packetisation applied to the
elementary streams in the input stream (TS) cannot be applied directly in
creating the output stream (PS). However, based on parameters and
constraints imposed upon the input stream by the MPEG or other
specifications, a remultiplexer 412 is able to reschedule and repacketise the

20 elementary data streams into a valid output stream (TS), without the size of
buffer that would be required for multiplexing of the elementary streams from

scratch.

(Fig 4)
25



