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VARI ABLE RATE DATA STREAMS 5 10 15 20 25 of I nvention

i nventi onpicRjoab®s to the transm ssion of a recor i ng t hr ougitTeBdsaniazg,
authoring and delivery to the consumgr, where some links in the chain
require transm ssion at a fixed datarate) and others preferably require a

(o the | misieNak ORERSFOR ERARINEN ARG AT RATE BTl sTRPAMS (0"

conpression process (for exanple, |ossless conpression) which produces a
conpressed strean1of varying data-rate. In an application such as DVD, two
para f i0 nportance the peak data-rate; and the total anount of

D I r t must
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Ger zonate; pad othess proenahly requirpadvasiabesdasa-ratg mméltrrotomgucesg@ total gmoupy no.
9 pp. dg 720 (Septenber 1996), P.G Craven, Law & J. R Stuart)

' Loss|? rrpr ession using IR Prediction Fi I ters . Soc
(Abstracts), vol. 45 no. 5 p. 404 (22" March 1997) ( HM | @ @F) and GB
2323754 describe methods directed towards nminim sing e during

Prak DBackareund tothaifiventiont he total anmount of data on th‘é“?ﬂl sc is
i s, adviant.ageous to reduce the
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maxi m se the playing tine. On the other hand, nmany protocols for the serial

transm ssion of data assune a fixed dat arate. I\/breover a fixed-rate stream
can hg(ve a nglch Si r{Fberalhgb erface to . a subsequen SSI bI océ
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decoder the correct nuhmber of bits of meut data to all ow the decoder 5 to
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Alternatively ) if the encoder knows the size and alignnent of the bl ocks
t hat tdescrilex gashodsi direzu@tcﬁd@ards hgmlmtsengemhq)di@ta g Guniogr pcaknp@ssm& odnj n

h m 1 | | h
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decoder and the transport layer is extrenely inconvenient if the deco er is
2@par atimmel. from the hardware that controls the rate of replay

Thus, the stream as recorded on the disc needs to be variable-rate in order to maximise the

playing time.

30 On the other hand, many protocols for the serial transmission of data assume a fixed data-
rate. Moreover, a fixed-rate stream can have a much simpler interface to a subsequent
processing block. Typically the data is handled by a transport layer which is ignorant of its

internal structure, and then passed to a decoder or other processing block. In a software



15 fromthe disc and associated buffering) (for exanple, it .9'3aJUJMDﬂ3e
sub-unit of a player) or it is a separate itemexternal to R pll/eg /l% 8The
MPEG nodel 'Ha%"t'He advantage that it avoids two-way conmuni cat i on u't

i ntroduces consi derabl e conplications 4n other respects and constrains t he
way in which decoders operate. Neither of the variable-rate solution is

wi t houtmplemeptatibh emsdec2der wiljepgically, ba ebepriesader s1 decordens Itloskoof kedia

honobgenou eam of bits, but w.l| be divi ed in erna nto units
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pr ot ocol uses he term 'burst' ) and conpression systens such as AC-3 or
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i nformation, the transport | ayer will know how many bits to send to the
pl ayer aatlyrseinaliy agpeyingo number tofesamees ffoomt ts- \hagnesﬁorrﬂusur@amlmn telos@ynot

ari se. However t IS nconyeni ent to r re 30 coder to
decodecompmteh: (brattvgf 786 chGrankE S ske o ehReR A uRGER 1o
decodefhed@&Rdes wip WeEod2 TR thel diRBddrNdaty inbdie u&ﬂé%ﬁ&ﬂld}ﬂupﬂwWaﬂi%&a% g it
needs for each call arises once again. (The MPEG nodel avoids this problem

b‘ljb r eqlayer ml@ptthél alboodsr haroess te pass-ti2(1kQRird dembdeofibitd hpthet decpderklforeor
‘access, unit and the packe engt.h, t be .reduced to the order of
100 saﬁli?l decodatgants, Wdﬁaﬁ%é&kdgﬂr\%\g&érb’{i}ﬁ&ﬁ fflgher packet overheads).
51t is well understood that a variable-rate stream can be converted into a
fixed rate stream having a rate equal to the peak rate of the variable-rate
st r eamTwai-wpy ycdygmahichfiom gbamvedn zabe osodar aod hde ftxiahstpoim laty,dra)s (dmrémgly

periods of less than the peak data rate. Simlarly the f rate. st
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renove re 1S an uni que vari stream correspon 1 ng

fixed iwsa ssparaanitert lxrteheﬂ te¥ tayer)di TiecMPBG miode! suhn bdvaintagt whdtiingyotdsat
can be added is arbjtrary, so, there are nmany fixed-rate streans
"corr e%‘ﬁ@ﬂ%ﬁ%@m@ém&a‘&@hl%Iltemr‘f@fi\écestcroé%lﬁ?fa ltcomplications m-RtBerrespack angk o
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rate stisgaoblems. be sonewhat | ess than the peak rate of a variable rate
stream fromwhich it was derived. This is achi eved by"repacketi sing",
ing use of the existence of a FIFO buffer in the decoder so that the

decodeny GOf&alC %r&og&ra‘ieé SR G4l Whd Bk AR RoAinods Qﬂr&ﬁ'ﬁ‘ Bf Bﬁ‘§ Gut QA bk BR%dddr om

the input stréam for short periods. The anount by which the data rate is
| ess t hatermalg mmmmfrepﬂ&eemaguﬁgxlvm nambersofr amio sl:amﬂndsnpmmnzﬂllye 180G ® 200% he
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for the term ’burst’, and compression systems such as AC-3 or MPEG use terms such as 'frame’

25 or 'sync frame’, The packet will start with a 'packet header’, which can include the data-rate
(or the number of bits in the packet, which is equivalent if the number of samples
represented by the packet is known). It might be thought that, given this information, the
transport layer will know how many bits to send to the player at each stage, so that the need
for two-way communication does not arise. However, it is in general inconvenient to require

30 the decoder to decode a complete packet of 1000 to 2000 samples on each call, and if the
decoder decodes fewer samples than this, the question of how much data it needs for each

call arises once again. (The MPEG model avoids this problem by requiring the decoder 1o

T



produci ng an encoded packeti sed stream including nmeans for introducing
into the streamcontrol data representing the mninmmdata rate to which
the stream coul d be repacketi sed for successful decoding by a decoder of
known 30 characteristics. 3 J UN 2003 4 According to a secoaﬂﬁﬂe@@ﬂﬁf
the invention, there is provided an encoded packeti sed stream i di ng
control data representing the m ni numdata rate to which the stream coul d
be repacketised for successful decoding by each of one 5 or nore decoders
of known characteristics. 3.Jt 1l ~20@B 5 According to a third aspect
of the i nvedddodaa dohmiate packat,avi'sedsaunits taad tegpsketsaengtn faydhergbean encoder

for produci ng an, encoded etised re t he encoder includi ng neans for
det er ni ni ngregH%e%tPﬁri“?’rﬁrr%eHg? r ??%%\;Rﬁisgﬁg?t?rrpécgsﬁ? g&?ﬂ%@(ﬁrdn% repacket i sed
f or successiighergacketiovgrhesdsgach of one or nore decoders 5 of known

characteristics and for introducing into the streamcontrol data
representing this mninmmdata rate. ~ ~a N zoo3 6 A systemof the

in\d/enti @ Llors_vmlmﬂddisﬂ@detnawwiaﬁw-mé StreanPvdh b@ﬁdfrwéﬁéd entdsrasik@d-idng syztem
an an aut horl S te the authorin yste | NCl U n an encoder an
e ar el kR Ryl e e s Sk ok ket S el BRle s ieBBhod syat om
goulg be rsﬂ?plyeiyis‘slﬁﬂngj @lth Smesﬁafoﬁﬂerz(ﬁﬁ-@od&htamliTMQ%ﬁbds)éf legtethan thepr e 5I
ecoders o no characteri.sti.cs e authorjn system tlng contro
Gara ot neskeits G sBahatyihe iskrae Rroam Caba CoRtae S Phék o oder

preferabl y oapkiragsst@anbPrehasiigars zemnes depaddimiyd Asbemiag¢asiied data is
prefer i t he Draw ngs
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t he acconparmyd stepait Wotrregsanding" WiheHixed r& s@edm Shaks reverseidiettidn, @ schemati c
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basi ¢ el enestteanif"cameddoRdidgt@devariable-rate stream, but none can have a data-
rate lower than that of the peak data-rate of the variable-rate stream.
15
In GB 2323754 however, a method is described whereby the data rate of the
fixed rate stream can be somewhat less than the peak rate of a variable rate
stream from which it was derived. This is achieved by"repacketising", making
use of the existence of a FIFO buffer in the decoder so that the decoder core can
20  be supplied with data at a higher rate than that from the input stream, for short
periods. The amount by which the data rate is less than the peak of the variable
rate stream depends on the size of the FIFO buffer and the nature of the signal.

Summary of the Invention

25
According to a first aspect of the invention, there is provided an encoder for
producing an encoded packetised stream, including means for introducing into
the stream control data representing the minimum data rate to which the stream
could be repacketised for successful decoding by a decoder of known

30 characteristics.



Figure 4 shows schematically the basic elenents of a sinplified two channel
M_P decoder; Figure 5 shows the basic elenents in an encodi ng and decodi ng
systen) and represents the delays involved; Figure 6 shows a DV Bhﬁxﬁz bg
accordance with the invention, which has the option to decode t g
or to output a fixed rate conpressed stream and, Figure 7 shows a

mast eri ng system according to the invention, followed by an authoring
systemfor witing data to a DVD. Detail ed Description of the Invention The
processing of audio data in the DVD-Audio format is one exanple of a

practi cal application of this invention) and this particular exanple is
descri bed Iom/ ente % ure |) data is tored n a DVD as a
series of %0[0641 A'%’) o fﬁﬂ?ﬁ 8 @‘P V%E‘F'P%Bf}?rsés p@ﬁquﬁ 81 S A sectors are
al | ocat ed tymachetited sdaam inéliding oortrohtgtaakpresaitdd th@nﬂmnumtuht@batéw exanpl e

deo dat Fol t h udi 3J1
N 260 W0 00PI93EF HETCaRoe oo arcieiss fof EiearEL oG Ro by EREEDR co-cal | ed

Access Bni t& rdrewleiodere afknoavdrgharsteriticencoded ver si on of a so-called
Presentation unit. A Presentation Unit is a block of data representing
approximately | nms of audio data. For a 96KHz sanpling rate, each
Presentation Unit contains 80 sanples of digital audio data encoded using
Pul se Code Modul ation (PCM. An 5 Access Unit conprises an M.P sync

foll owed by the data for one or nore substreans. Different substreans
contain data for different speaker channels. The Presentation Units are

| ossl essly encoded to formthe Access Units, using an encodi ng schene
proposed by the applicant, and which is the subject of UK Patent
Application No. 10 9907918.8) fromwhich priority is clained. This schene
is termed "Meridian Lossl ess Packing" (M.P), and gives rise to Access Units
of variable length, typically around 1 Kilobyte. They may al so cross the
boundari es between disc sectors. This patent application is concerned with
certain aspects which are being inplenmented in MLP. Therefore a general

di scussion of MP follows, which incorporates the aspects according to this
i nvention. 15 However) it should be understood that MLP is only one exanpl e
of encodi ng schene which can be adapted to enable this invention to be

i npl enented. MLP is a | ossl ess encodi ng system whi ch provides a core
conpressi on net hod, which 20 reduces the data size and/or data rate of an
audi o object. In terns of the encoder operation, this core nmay be enbodi ed
in a BINor binary disk file which can be decoded directly to recover the
original audio. MP-conpressed audio is normally then given a packetising

| ayer in a manner that suits the target transport method. Cbvi ous transport
mechani sns i ncl ude conputer disc, DVD disc, SPDIF interface and Firewire
interface. For each of these 25 fixed-rate or variable-rate streans can be
envi saged. For these transport systens M.P has been structured so that the
core coded audi o can be packetised into fixed-rate or variable-rate streans
and so that a re-packetiser can convert M.P-encoded audi o between the
transport variants and/ or between fined-rate and variable 30 rate streans
wi thout requiring an internedi ate decode-encode process. The MP bitstream
is aflexible format for describing nultichannel audio. To decode a | arge



3 ()~,IN2DO3 "" """, ~, ,~~ Pc:~t~~uBW~uzt3s 8 _ nunber of channels at a
hi gh sanpling rate will, however, always be a conputationally demandi ng
task. Consequently, M.P has been defined in a hierarchical mann ot
decoders of |esser capability can easily extract the audio sig IéflﬂéhaﬁS
require) skipping over parts that are intended for nore advanced decoders.
S The MLP bitstreamcarries a nunber substreans containing the audio
data. The nunber of substreans wi Il depend on the application. For exanple,
2- channel decoders only need to decode substream 0; standard mul ti channel
decoder s M&co@&ﬁ@dﬁa ﬁmhsdsp@amsf the invEREbA, aReRels providet . maslegR & s

addi ti onal batreans am for, use 10 by

rovided within t P str
ror. havancBt a0 SaENeoTLo BRI ES e BatkHisqd BreAT SR Fnadebi t ho
i nput Channmbl&dlagdnébn\slf&ieﬁtérhﬁmdih@SﬁlhhiLyn dhtaenterTBiwhicki th@ ktréathO gr oups

appropriate t he v rious, classes. of decoder. Each rou en processed
by an encod%cf“| F EPRAG eﬁﬁsﬁ Eﬂféuﬁceéﬁfb‘g?‘?@gmggw Wﬁiogﬁrl‘ BE@ ‘iec?ﬁg?réssed dat a.
15 For exangfkhowd charadirisfics ahddbsiRteducitigsiftothé lstrééﬁd@oﬁtrcﬂ darnel s whi ch can
be decoded by a standard decoder. These would be matrixed and divided into

groups of 2RIFERINGRIFRINDIUY Aatafale; i x bei ng chosen so that the 2-channe
signal is an acceptable mx for the 2-channel |istener. The two groups are
t hen each encoded by separate encoder cores to produce 20 substreans 0 and
1. The encoder passes each substreamthrough a FIFO buffer to the
Packetiser) which interleaves the substreans to produce the conposite
bitstream consisting of a regular streamof the Access Units. Optionally,
additional data nay be added at this point) and these data 25 can occupy

t he space that woul d otherwi se be wasted. In the generic MP decoder of
Figure 3, the Depacketiser receives the packets or access units and
retrieves the substreans, which it places in one or nore FIFO buffers. It
may optionally recover any additional data at this point. The data in each
FI FO buffer will be a 30 pure substreamw th all packet-level information
removed. After buffering) each substreamis passed to a decoder core. In
the sinple case where a 3 J UN 2003 WO 00102357 PCT/ GB99/ 02138 9
substream contains the data for a conpletely independent group of channels,
t he decoder core recovers these channels. Figure 3 illustrates the nore
advanced case where the matrixing in the encoder has spread information
across substream boundaries. A unique feature of MLP is | ossless matriXxing,
whi ch all ows exact recovery of the original signal) w thout the rounding 5
errors expected fromthe standard use of matrices. 10 As shown in Figures 2
and 3 , the encoder and decoder cores each incorporate a matrix, in



fact a lossless matrix. Essentially, the matrix allows |inear dependencies
within the group of channels to be exploited in order to reduc tif d?é
rate. Wien several substreans carry the data for a group of chQnJ M ﬁB

| ast substream carries the necessary matri x coefficients for the whole
group. Thus, in the exanple shown in Fegure 3) substream 1 carries the data
for four channels, plus the matrix coefficients for six channels. Decoder 1
partially decodes the four channels of substream 1, then takes in two 15

partially d co ed channel s. fr.om decoder hannel s participate
in the fina B it 3l9§'tf?re%[ﬂ¥' mgle%o%ega 4133? %s WP@P&%?M or mat i on,

but this ismustedng)a)”sjemfansllahsautr&mng@y$tsmdthemwmbrmg systetnanclodmg as shown in
Figure 4. nal.s t ha uIt 2 di ng
SUbst r eam oPOgREEERARb " ARG BRI iplTdets P which i EneREE ha

resul t fromsyderodould beubsdaketivwsl for amdes’lsful'ﬂlat:@dmgsby bachefyonewr tioee economi cal
decodi n of a two- ghanne ownm x. lIn other words, 6- chann ori gi nal

si gnal %9098§0$5P8Wn Pp%rﬁf"v@r'ﬁtlcéhQﬁﬁé’ihoa'aﬂﬁﬁtﬁm Vﬂﬁ'ﬂg CPB"E& d%ht@r si gnal s.
25 Each encmdersoqepa@spm@ubiesniaimm tatalreter at e substrean) the data rate

bei ng greatest during 30 peaks of high treble energy. The FIFO buffers in
Figure 2 are crucial in reducing the peak data rate on the disc. These FIFO
buf fers i n Theesswetprefdrably comprists graMEREs|ess epeader,daldahe aheodedom t he
encoder cor and e rates fromthe encoder cores are

| owner than ‘?%@ q%ﬁog\é\@sg%f@co@ggt%g'o 432?15m ssi on nedi um or carrier.
Correspondi ngly, the FIFO buffers in the decoder (Figure 3) are filled
during passages of lower data rate ) and enpty during passages of peak

rate Btrne‘["cl)&HlﬁWoE%tﬂﬁgli)gﬁ flod At €S hi gher ~~y . 1J 2003 " . ,.

Pafsmi ssi on maxi mum to be delivered to the
dec od@xm Tes of ttiRriesdnit Rigventibn odll aew dalessribeainwith frefeti@icayo itite abimpahgings t he
buffers f||| and empty. Figure 5 highlights the delay aspects involved in

t he eﬁt%‘d@g%lééd@@cbrocess it is clear that when a 5 FIFO buffer in the
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t hat I'S const ant o sig e data rate
f 1 uct Figues mb%mhtrﬁiﬂiqallym b@s:@ermmltsocﬁf a Nﬂ&APteao@demf m I | i seconds, and

FI FO buffering with a t d Ia of or 104np general |y reduces 10
the p&iguressh Wﬁtséhwa%ﬁ‘i;ﬂtm?‘e’ﬁﬁl eHentsg n‘lﬂﬁl‘&m"%‘r’}fﬁ‘ves an advant age of
near | t t & does
not tggéﬁ%}d'a%g%ﬁr?%eea ?23@ g%s%é'it@ﬁ%gts?cf a?ec ng{ayot(%gn?olt de ag&b in
t he efgude Sgshand the basic reg:mcmtmmt araemcadiengaantd dmnﬂm@s;atamnan@q:reﬁmtm&hbl Y,

the 1 ort issue is the decode | atency) which directly affects the
queui a&l 1?4) E’S@Berl enced by

Figure 6 shows a DVD player in accordance with the invention, which has the option to

decode to PCM audio, or to output a fixed rate compressed stream; and,
Figure 7 shows a mastering system according to the invention, followed by an authoring

system for writing data to a DVD.

Detailed Description of the Invention
The processing of audio data in the DVD-Audio format is one example of a practical

application-of this invention, and this particular example is described below.

As represented in Figure 1, data is stored on a DVD as a series of sectors 2, for example
of 2 kilobytes. Some of these sectors are allocated to audio data, and some are allocated to

non-audio, for example video data. Following the MPEG model, the audio data is arranged



. thewuser. This is the tine between the decoder first receiving t
" conpressed data stream and being able to produce the decoded u}EstmUﬁ
maj or conponent of this is the buffer latency) which is sinply the del ay
t hrough t WO @&@¥der' s FI FO buffer. 20 The maxi mum buffer | HEHePIYR138he
standard application is 75nms, but for fhe vast majority of the time the

| atency will be approximately Ins. The filling and enptying of the
decoderonsthe! di2 Byl @Euérte WTIREclIBE K&Bw Ohitef4, t\.bﬁlcﬁ NGEeR RompMie G Stdoaapes
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i npact Bilegentsupsitqams contain daty fRr ditesenjrspodies £hammeticTG1399102138 11
Taking into account the tinme taken to find the various headers, the total
decode | atency at 96kHz is between 2 and | Ors during normal passages ) with
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tiplications will result in lossy reconstruction of the original. This
probl emis overcome using | ossless matrixing, in which the encode natri x

| ot Uderto GaFAT Hishih BHARACAIARSMBPUDL Y ERMAREIOS ercbEnf L OC R O

are preci sel nown and can cance using si ar quantisers int
decodercanﬁmciﬂapmsstb&mablﬁahmmvarmioa tc&usompkméntq:ﬂl mtive matrices, each 20
primtive matrix nodifying just one channel. Huffnman coding is a wdely
used technique for saving data rate when not all possible values are

equal | yMlL'Pk?é ¥- 10Mi&ss Ui Bd thg HykfeR] WicHIpEd TR b At Sonlpi&dsill REkiidae Wikh

known
20 reduces the data size and/or data rate of an audio object. In terms of the encoder operation,

this core may be embodied in a BIN or binary disk file which can be decoded directly to
recover the original audio. MLP-compressed audio is normally then given a packetising
layer in a manner that suits the target transport method. Obvious transport mechanisms
include computer disc, DVD disc, SPDIF interface and Firewire interface. For each of these

25 fixed-rate or variable-rate streams can be envisaged.

For these transport systems MLP has been structured so that the core coded audio can be
packetised into fixed-rate or variable-rate streams and so that a re-packetiser can convert
MLP-encoded audio between the transport variants and/or between fixed-rate and variable-

30 rate streams without requiring an intermediate decode-encode process.

The MLP bitstream is a flexible format for describing multichannel audio. To decode a large
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dat2® fr osutsseretms O add the di sc 20) and provides one output for audi o data)

and anot her for non-audio data. The Access 30 Units have variable I ength

al t hough they represent a constant anount of audio data (80 sanples in the

case of 9HKHnchRBP!da8@) ealRUsinsrBurh CliFBuA aIBTPOPRGKA! B dPalRier SafhidH OM

an MLP encoded di séjacorrp?al ses grvari a r§te packeti sed stréiam eh WhicH
interleaves the substreams to produce the composite bitstream, consisting of a regular stream

of the Access Units. Optionally, additional data may be added at this point, and these data

25 can occupy the space that would otherwise be wasted.

In the generic MLP decoder of Figure 3, the Depacketiser receives the packets or access
units and retrieves the substreams, which it places in one or more FIFO buffers. It may
optionally recover any additional data at this point. The data in each FIFO buffer will be a

30 pure substream with all packet-level information removed.

After buffering, each substream is passed to a decoder core. In the simple case where a
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downmix. In other words, a 6-channe! original signal can be recovered from a 2-channel

downmix, plus four other signals.

25 Each encoder core produces a variable-rate substream, the data rate being greatest during
peaks of high treble energy. The FIFO buffers in Figure 2 are crucial in reducing the peak
data rate on the disc. These FIFO buffers in the encoder fill during passages of peak data
rate from the encoder cores, and empty when the data rates from the encoder cores are lower
than the maximum data rate of the transmission medium or carrier.

30
Correspondingly, the FIFO buffers in the decoder (Figure 3) are filled during passages of

lower data rate, and empty during passages of peak rate, thus allowing peak data rates higher
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25 Thus it is only immediately prior to such a peak event that the buffer latency will be near its

maximum value,

The standard decoder may be provided with 90,000 bytes of buffer memory, but a 2-channel
decoder can use less than 3kbytes total. This is because each substream is separately buffered
30 (figure 1) and buffering can be removed from a downmix substream with no impact on data

rate,
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30 must combine the operations of de-interleaving and decoding.

Timing information is provided in the headers of the Access Units, to enable timing control



10 be desirable. If authoring to a fixed-rate streamon the d.&JUN29m0|3|
generally be desired to use the | owest data-rate possible) in. order

maxi m se the plvaydi'ng tinme. A further aspect of the inventi oﬂ’%f‘b@?’é’égﬁan
alternative encoding nethod that uses ari2 ndi cation of the m ni num data
rate to which the sanple can be re-packetised) wiich 15 information is
provi ded df\thé dgtaraptuee operatiys fivm tlealig. Wid partibelast 4 DecodeReTim@Stghp IDTS) is
invol ves adjusting the starting tines (the DIS s) to increase the gaps

bet ween f6tRSiafed (HEh paaik Aceess tWnikcwhishdndicptes the fisting dhat shauldsbe adepted tfor o

: it eHiiebdng . _
Fi 7o but rapnissdl of B SSHER Sl 10" dBedBr, O PRATRACTme Sl (PR KT

data stremmployal teirelidhte thet digired fiigof dicadéeldlegy af Padvesfatibh dimdata thé bepn
can be packetised. Essentially, this involves manipulating the timn

L g
bourtdar i &4 tBetisradar adbe differandederwrendhessdimemeintarearesentdhe delay plorgtad t1the he
Access Unj | . governed by the serialisation of the Access Units at
t he assunmggg‘é%gprcgaﬁleo.gl‘ The constraint as to the extent by which the 25
timng points between Access Units can mani pul ated is the decoder buffer

size, because it st never,K be_allowed to overfill, This.is a. so at
heavi er p’ﬁ&?cgégesﬁ tsr%lce&q g’f P@aljf PR Grludsqt ﬁé’?adﬂ‘]e‘r}%@ é‘&fﬁ%‘”@a‘gg\?g% of s
reduced i b il M A BMfTd iovhd ARG s8R Brs 3PSt f;@n
can be trtgggﬁéﬂttl?@h? #E%Jgss)uﬁét H“grcratl céaF0 Brrgéc;gﬁc?%%wés&%erforsrred I tecr) at){av l'y.
Thi 30 consuiresvenre@l, igilidecl oagarrhenders thiah alo irchide quatrbbdane indigatingehd peakcdaton
nmet hod) or one of the other efficient nethods of univariate inverse

i nt er pol R IhimEledaack. r chitf Peak daa saFis kPRI Isom the giyaet, M5eRIse the encoder
ul 1T ULy~ széyPGc LontBRd P@gn%%}x%@a ek b 'agtacﬁx%?\rn' ﬁaa.ﬁrtx%‘? A %J&tﬁhdgﬁgﬁcg (in

bits) if ‘each access uni requires nuc €ss s age spac

encoded signal itself, and it is easily output by the encoder along with

t he encoded stream 5 The data to be authored onto_the disc or provided to
an i nt er f Heie peak dytarratgampy be Qi Mhistsee dn some aa86 o dOREVSptha eNeRding Operation e

hi om0 B PpBARElL Sl TR Fh AR P TSRS Beaty B ASCRP RIS,
capped neesithe 9\ 6Mbis/Ee £hsol@e Maxigt@yn Thik hhgbE desiyed! Wienwidés mg aididdha dre a
DVD invol ves a Mastering St ag‘e 40 and an authoring stage 42. The Mastering

St age 40 tedit peredon el digd Wigh Befoant thahtie audimhdatacan ppbls sradfremnhe dise a4
| abel | ed .} ' ' ' b j '
the DV U Roes- IR 5 IR e L ERAE Il b Shebleea TRk 3 KB TuEhg
Accor di ng.144 tMBits/aspefot erdmplae Forukoehending bystdvh o eeiabl tBtmmgeiddGhaksmdbads
capability for MP encading. Therefore, witing of data op the DVD disg, (or
ot hé? st o%’é?&@‘ i theflesirad) Pork (dptagiten Aetegrirgs ﬁégf‘fb‘fl meng QEIOQR%‘EQP F@aﬁtlﬁi
M.P encod(_il]{}g1 terd t [ tered Ladf MP encoded
packeti se stgr g]g%nwﬁg%glqrg%séhfﬁ%e{%‘flge 'pgﬁﬁ%ﬁﬁ?@, iscﬁ(S can then be
authored onto a DVD or CD Rom or other storage nedium The transfer of the
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Fi gure 7 Agghewn in Figure 5, the MLP encoder comprisés an encoder core 12 and a FIFO buffer
14. The encoded audio is packaged ready for writing to sectors of the disc, and combined
25 with sectors containing encoded non-audio data at a multiplexer 16 for authoring onto the

DVD 20. The encoding of the non-audio data is not considered in this text.

The DVD reader includes a demultiplexer 22 which receives the data from sectors of the disc
20, and provides one output for audio data, and another for non-audio data. The Access
30 Units have variable length although they represent a constant amount of audio data (80
samples in the case of 96KHz sampling). Thus, in terms of data packets, the data read from

an MLP encoded disc comprises a variable rate packetised stream.
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ATM is packet based, but there are protocols that support transmission of “CBR” (Constant

25 Bit Rate) streams over ATM. Firewire (IEEE 1394) supports both fixed-rate and variable-
rate  “isochronous” transmission (as well as “asynchronous” transmission). When
transmitting at a fixed rate over these systems it is advantageous to use as low a rate as
possible (as determined from the peak rate information in the access unit headers) to leave
as much bandwidth as possible free for use by other services. In fact variable-rate

30 transmission is preferred over Firewire: here it is necessary to negotiate for peak bandwidth
at the start of the transmission, and again to minimise the impact on other services it is

advantageous to determine the lowest adequate rate from the peak rate information in the
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2 Access Unit. This time interval will not be constant, as a result of mantpulation which’can

be performed by the encoder. This is explained below:

There is a maximum data rate of 9.6Mbits/sec at which data can be stored on the DVD. To
ensure that there is no passage of data exceeding this rate, it is possible to stretch (in ltirne)
25 the Access Unit boundaries to reduce the data rate. In other words, the timing of the Access
Units is altered to reduce the peak data rate, and the decoder time stamps are altered

accordingly.

Thus, the encoder can be instructed to perform encoding, by manipulating the Access Unit
30 configurations, such that a selected maximum data rate is not exceeded as explained above.
In accordance with the invention, this maximum data rate information is stored in the Access

Unit headers.
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25 lower rate closes the gaps between access units. Therefore, the access unit headers in
accordance with another aspect of the invention include an indication of the minimum data

rate to which the data could be reserialised. This may again be in the form of control data
accompanying the encoded data. This would allow the lowest possible bandwidth to be

reserved for each audio track, thus freeing as much bandwidth as possible for other traffic

30 on the interface.

Data padding, for conversion from variable rate to fixed rate, and re-serialisation, for
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10 As already mentioned, greater reductions in data rate can be achieved by repacketising. This
involves re-doing the packetising process performed by the encoder, which we now briefly

described.

The buffering operation provided by the FIFO buffers in the encoder and decoder may be
15 controlled in different ways, depending upon the desired system characteristics. As explained
with reference to Figure 5, for a real-time transmission system, the amount of data stored
in the two buffers in combination contributes towards the total delay of the encoding and

decoding operation. The total delay should be constant and as small as possible.

20 It is important to ensure that the decoder always has data available for decoding to avoid any
interruption in the data transfer. One strategy, suitable for real-time transmission of the data,
for example over a radio link, is to provide a fixed total FIFO delay and to send as much
data as possible from the encoder to the decoder at each instant. This maximises the amount

of data in the decoder buffer during the transmission.

25
If the encoded data is for storage on a DVD by a disc authoring system, the real time
constraints are no longer present, and it is possible to analyse the data for a full track before
the authoring operation. This makes it possible to control the data levels in the buffers in
a different way, to take account of the data to be encoded at future times during the track.
30

The buffer may be utilised during encoding so that there is minimum delay during decoding,

by arranging the decoder buffer to be empty as much as possible. The decoder buffer is
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10 be desirable. If authoring to a fixed-rate stream on the disc, it will generally be desired to

use the lowest data-rate possible, in order to maximise the playing time.

A further aspect of the invention provides an alternative encoding method that uses an
indication of the minimum data rate to which the sample can be re-packetised, which
15 information is provided by the mastering system along with the stream. Re-packetising
involves adjusting the starting times (the DTS’s) to increase the gaps between some of the
packets, to achieve still lower data rates, subject to the constraint of an assumed buffer size

in the decoder.

20 For a given FIFO buffer size in the decoder, it is possible, after receiving the full data
stream, to determine the minimum data rate at which the data stream can be packetised.
Essentially, this involves manipulating the timing boundaries between Access Units for an
assumed data rate. The length of the Access Um’ts will be governed by the serialisation of
the Access Units at the assumed data rate. The constraint as to the extent by which the

25 timing points between Access Units can manipulated is the decoder buffer size, because it
must never be allowed to overfill. This is a somewhat heavier process than re-serialisation

or padding.

The assumed data rate is reduced iteratively until a minimum is found at which the data
30 stream can be transmitted. Thus, mathematical modelling is performed iteratively. This
consumes negligible computer time if it is performed by the bisection method, or one of the

other efficient methods of univariate inverse interpolation. The data required to perform this
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a capped maximum data rate.

10 As shown in Figure 7, the writing of data to a DVD involves a Mastering Stage 40 and an
authoring stage 42. The Mastering Stage 40 can be controlled in conventional manner to
provide a PCM stream, labelled "PCM", which is subsequently encoded using MLP and

provided on the DVD using an authoring system. This sequence is shown in Figure 7.

15 According to this aspect of the invention, the Mastering Stage 40 also has capability for MLP
encoding. Therefore, writing of data on the DVD disc (or other storage medium) will rely
on one or other of the two stages for the MLP encoding. The Mastering Stage thus provides
a fixed rate MLP encoded packetised stream, labelled "MLP Fixed" in Figure 7, which can
then be authored onto a DVD or CD Rom, or other storage medium. The transfer of the

20 “MLP Fixed" data stream by an authoring system onto disc is not shown in Figure 7. This
MLP fixed stream includes an indication of the minimum data rate to which the stream could

be repacketised, as determined, during (or after) the MLP encoding.

The fixed rate of the "MLP Fixed" output does not at this stage need to correspond to this
25 minimum fixed data rate at which the DVD can be authored, since the subsequent Authoring
Stage (not shown) can perform further transcoding to the desired minimum rate. There can
be good reasons for mastering to a higher rate: one is to avoid the possibility of an
unexpected loud signal from exceeding the permitted rate; another is that a fixed-rate MLP
stream may be recorded on standard studio equipment that is intended for normal PCM

30 audio, and one may then have to choose between a small number of standard data-rates.

The minimum fixed rate will depend upon the size of the decoder FIFO buffer 30, as
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This minimum rate information is stored at the start of the output file, so that the Authoring
can determine the desired rate for transmission. This avoids the requirement for the
authoring stage to perform a pre-scan in order to determine the minimum rate for subsequent
transmission. The minimum rate at which fixed-rate packetisation is possible can also be
used as an upper bound of the data rate of a variable rate stream derived from the fixed rate
stream. Repacketising to obtain a data stream at the minimum data rate may be performed
by a DVD player to provide an output of minimum bandwidth for transmitting on a data bus,

for example a Firewire network carrying multiple services around the home.

The Mastering Stage may also note the total amount of data, other than the padding, for the
track. This is equal to the total amount of data in a variable-rate stream derived from the
fixed-rate stream, and may be used by a mastering system to estimate the available playing

time in a disc composed of several tracks.

Fixed rate packetised audio may be desired even on a storage medium such as DVD which
can handle variable rate transmission, if the audio data on the storage medium is to
accompany variable rate video data, such as for digital cinema data. The fixed rate audio
data on the disc then facilitates timing operations for the decoding circuitry. Fixed rate

streams are also desirable for storage on other carriers such as CD or magnetic tape.

Studio audio equipment also frequently requires fixed rate packetised data streams, and
authoring such data streams directly onto the storage medium simplifies this. The invention

may also be applied to the CD format. Modifications and variations will be apparent to those
skilled in the art.
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1?7SdE4/ 1Qntroducing into the stream control data representing the minimum data rate to which the
stream could be repacketised for successful decoding by a decoder of known
characteristics.

2. An encoder as claimed in claim 1 wherein the encoded stream is losslessly
compressed digital audio data.

3 An encoded packetised stream including control data representing the minimum
data rate to which the stream could be repacketised for successful decoding by each of
one or more decoders of known characteristics.

4. An encoded packetised stream as claimed in claim 3, wherein the encoded
stream is losslessly compressed digital audio data.

5. A mastering system including an encoder for producing an encoded packetised
stream, the encoder including means for determining the minimum data rate to which the
stream could be repacketised for successful decoding by each of one or more decoders
of known characteristics and for introducing into the stream control data representing this
minimum data rate.

6. A system comprising a mastering system as claimed in claim 5, and means for
repacketising the data to form a stream having a peak data rate calculated in
dependence upon the control data.

7. A system as claimed in claim 6, wherein the stream having a peak data rate
corresponding to the control data comprises a fixed rate stream.

8. A system for providing encoded data to a DVD comprising a mastering system as
claimed in claim 5, and means for writing the control data on to the disc with the encoded
data.
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10. A system as claimed in any one of claims 6 to 9, wherein the encoder includes

an MLP lossless encoder for audio data.

11. An encoder for producing an encoded packetised stream being substantially as

described with reference to the accompanying drawings.

12. A mastering system including an encoder for producing an encoded packetised

stream being substantially as described with to the accompanying drawings.

13. A system for providing encoded data to a DVD being substantially as described
with reference to the accompanying drawings.



