channels whereas the original signal has more than two channels, thus additional information
must be provided to aliow the multichannel signal to be recovered; ‘howcvar, the additional
"information should not impose 2 compuialiénai overhead for decodess that wish to decode the
two-éhanngi matrixed signal only. |
Currently, digital audio is often transmutted with 24 bits, and popular Digital Signal
Processing (IDSP) chips destgned for audio such as the Motorota S6000 series also easily handlea
24-bit word. . However-the processing described in WO-A 96/37048 can generate numbers
requiring a2 word width greater than the original si.gna}. Because the use of ‘double-precision’
computation is prohibitively expensive, 2 method is needed to allow the p;acessing to be
substantiaily carried out while not requining an increased word width. ’
Finally the consomer, having. bought eguipment designed to provide lossless
reproduction, wonld like reassurance that the signal recovered is indeed lossiess. Conventional
parity and CRC checks wi;hinti::e encoded stream will show erors due to data corruption within
the stream, but they will not expose errors due 1o matrixing or other algorithmic mismatch

berween an encoder and 2 decoder.

Summary of the Invention

According-to-a-frst-aspect-of the-invention; According to a first aspect of the invention,

there 1s provided a two-channel lossless decoder receiving as mput an encoded stream . the

decoder comprising: a decoder core to which the stream is supplied to senerate a two-channel

decoded signal: a shifter at the output of the decoder core for applving an arthmetic shift in

response to information in the encoded stream: and a signal limiting device at the output of the
shifter, the shiffer and the limiting device providing limitation of the wordwidth at the output of

the decoder, Tthere is pfewiééda}so disclosed a stream divided into two

subs_trcamg. the first substreatn providing information relating to a ‘downmix’ signal obtained by
matrixing and containing fewer channels than an original multichannel digital signal, and the
second substream providing additional information aliowing the origizxallmuiﬁi‘channei digital
signal to be losslessly recovered by a decoder. In the context where both substreams are
conveyed ustng lasstess compression, a decader that decodes only the dowamix signal needs to
decompress the first substream only and can therefore use fewer computational cesouroes than are
required to decode the multichannel digital signal.
In-a-vasiant-of this-first-aspeetAg disclosed, the first substream may be replaced by a plurality of
substreamns. aliowing a plurality of different mawixed presentations to be selected. Again
however, the last substream will contain additionial information that allows a complete original

gmﬂtichanfzei digital signal to be reproduced losslessly.



Ina pre'fcrfed implementation-efthe-first-aspect an encoder furnishes the downmix signal
using & cascade of one or more primitive mauix quantisers, each of which implements an # bya
matrix, followed by selection of the m channels required for the downmix,

.. A multichannel! decoder will take the signals from both substreams and apply a cascade of
inverse primitive matrices order to recaver the original multichannel signal. 1t might be
considered natural to order the channels that are wput to the decoder’s cascade so that the
chagrels from the fivst substream are placed at the beginning, However this may result in
incorrect channéf ordering at the output of the decoder’s cascade, so preferably a channel
pemnutation is specified by the encoder and mmplemented by the decoder to recover the correct
channe} qrdcr.

Preferably, any truncation or rounding within the matrixing should becomputed using
dither. In thiscagse, for lossless coding, the dither signal must be made available to the decoderin
order that it may invert th; compurations performed by the-encoder an& thus recover the original
signal losslessly.  The dither may be computed using an ‘autodithé:r" method 28 envisaged in
WO-A 96/37048; but in the context of a lossless compression scheme, mistodither can be avaided
by providing 2 dither seed in the encoded stream that allows 2 decoder w synchronize its
dithering process to that which was used by the encoder.

Therefore-accordineto-a-second-aspest-of-the-invention; {There is providedalso disclosed a lossless
compression system including a dither seed in the encoded bitstream. The dither seed is used to
synchronise a pscﬁdo-random sequence generatar iy the decoder with a funcrionally identical
generzior in an egooder. |

In an-impertant application-of theinvention, the downmix has two channels, and is most
conveniently derived by the application of two primitive mairix quantisers to the orginal
multichannel digital signal. In-embedimenis-that-implementthe-second-aspect-of the-inventionAs disclosed,
dither Ais raguiscd by each quantiser; moreover different dither should be provided for the two

quantisers and the preferred probability distribution function (PDF) for each 'dither is trizngutar.

An efficient way to furnish two such triangular PDF (TPOF) dither signals, which is referred to

herein as ‘diamond dither', is to add and subtract. twe independent rectangutar PDF {RPDF)

signals. For further detaiis and generalisation to more channeis, see R. Wannamalker, "Efficient

Generation of Multichannel Dither Signals", AES 103rd Convention, New Yorl, 1997, preprint



no. 4533,

Accordingly, in a preferred implementatién—ef—the—seeeﬁéaspeeé, the encoder uses a
single sequence generator to fumish two independent RPDF dither signals, and the sum and
difference of these signals is used to provide the dither required by two primitive matix
quantisers used {o derve 2 two-channel downﬁlix.

WO-A 96/37048 describes the use of primitive mateix guantisers within 2 lossiess
compression system, and above we have referred to a preferred implementation-ef-the-first
aspeet, which also uses primitive matrix quantisers in order to place the information required for

a ‘downmix’ signal into a separate substrearn.

Accordingly-in-a-third-aspect-of theinvention{There are previdedalso disclosed encoders and decodérs“
wmahxix:g:uncommitzcd primitive matrix quantisers, the encoder having logic that accepts &
dovmnmix specified as a matrix of coefficients, allocates a numiber of primitive roatrix quantisers
to furnish the downmix and optionatly aliocates a further number to provide matrixing to reduce
the data rate. The encoder furnishes a streamn containing specifications of the primitive matrix
guantisers to be used, and optionally may include the addition of dither. In a preferred
implementation, the dither is generated as two RPDF dither sequences, and the encoder specifies
a coefficient for each dither sequence. Diamond dither is thus obtainable by specifying two
coefficients of the same sign in the case of 2 first primitive matrix quantiser, and wo coefficients
of opposite sign in the case of a second primitive matrix quantrser.

In an elementary implementation-efthe-third-aspeet, the primitive matrices are chosen so
that the dewnmix signaks are transmitted direcily in the first substream. However, this may not
be optimal for several reasons. Considering the n channels of a2 multichannel subspace as
defining an n-dimensional vector spacé, the signals that result in a nonzero output in z linear
downmix will form a subspace. If the downmix has m-channels then the subspace will usually
also be of dimension m. The signals in the first substream should then convey the ni-dimensienal
subspace optimally, which may require its transmitted channels to be a matrt xed representation of
the downmix channes. Thus-matrixing facilities are usually needed even by 2 decoder designed
to recover a downmix signal only,

.Audio signals are normally conveyed using at most 24 bits, and n a lossless reproduction

system such as Meridian Lossiess Packing® (MLP), it is guaranteed that the output will not



exceed 24 bits because the original input did not exceed 24 bits. A description of MLP. may be
obtained from DVD Specificatibns for Read-Only Disc, Part 4: Audio Specifications, Packed
- PEM, MLP Réfercncc {nformation, Version 1.0, Méréh 1999, and from WO-A 96/37048. Inithe
case of the downmxx the output fevel is defined by the matix in the decoder. [n pnnclple one
could scale the matrix cosfficients so that the output can never exceed the sawration threshold
defined by a 24-bit word, but in pmcticéthis results In unacceptably low output level. Moreover
it is not acceptable for the encoder to Iimit or cfip the downmix signals, as this caariot be done
without affecting the reconstructed multichannel signal which would then not be ics:siess. An
output level that exceeds the saturation threshold is referred to herein as ‘overload’. Occasional
overioad of the downmix signal is considered acceptable, except that digital overload; if alfowed
to ‘wrap-round’, is extremely objectionable. The consequence of wrap-round is discussed below »
in more detail. Therefore in a preferred implementation-ef-the-first-aspect-of the-invention, a
decoder that decodes a downmix signal has clipping or similar limiting facilities afier the
computaﬁon of the matrix so that the effects of overload are not objectionable.
Another consequence of the 24-bit tradition in high quality audio is the availability of
DSP processing chips having a 24-bit internal word width. Each primitive matrix gilantiser as
. disglosed in WO-4 96/37048 modifies one channel of 2 multichannel signal Sy adding
proportions of the other channels. Such a primitive matrix quantiser has a straight-through gain

of unity. The-invention-in-afourth-aspest-provadesforThere is also disclosed alprimitive matrix quantiser that accepts a

gaia cosfhicicat for the modified channel, aud has an additional data path known as [86_bypass.

The:gain may be sef 1o 2 value less than unity in order to avoid overfoad. The quantised output

of the primitive matrix quantiser will then contain less information thah its input, with the
remaining information being coutained in additional least significant bits (LSBs) that are
gengrated by application of the gain coefficient. Some or all of these LSBs are then transmitted
separately through the Isb_bypass data path. In particular, in the case ofag cain uo"fﬁcmt ofkl,

a single LSB is generated that can be conveyed through the /sb _bypass.

’ Ira-fifth-aspect-of the-dnventionthat-providesThere is also disclosed a ‘lossless_check’ feature, a check value is

cornputed on the muitichannel input to the encoder and is conveyed in the eucoded stfeam. The

decoder computes a similar check vatue from the decoded output and compares it with the check

value conveyed within the stream. typically . provide a visual indication such as 2 “Lossiess’



light to the listener that the reproduction is truly lossless. In the case of 2 stream with a downmix-

aeee;émg{e%he—ﬁfs{—aspeﬁﬂﬁﬂ&e—mwﬁ&eﬁas disclosed, the downmix is not a lossless reproduction of an
original signal. Nevertheless, if a synchronised dither is provided in the decoder aseerdingto-the
second-aspeet as disclosed, and if the decoder matrixing is precisely described such as, for example, the
matrix quantisers aceordingto-the-third-aspect-of the inventionas disclosed, then the downmix reproduction is
completely determninistic and can be siﬁmiatcd in the encoder and auditioned by a mastering
engineer or producer. Therefore the encoder can compute a check value on the simulated
downmix and this word can be checked by the decoder, thus confinming lossless reproduction of
the same downmix that was auditioned or available for audition In the encoding process.
An encoder that incorporates for example, the ‘prequantiser’ described in P.G. Craven
and I.R. Stuart, “Cascadable Lossy Data Compression Using a Lossless Kernel’, J. dudio Eng.
Soc., Abstracts, March 1997, vol. 45, no. 3, p. 404, preprint no. 4416, referred 10 herein as*AES
1997, and which can therefore alter the Aoriginai muliichanns] éignai before encoding, has a
choice on the computation of the check value. Ifit computes the check vatue from the onginal
signal, an indication of lossless reproduction such as the ‘Lossiess light' on 2 decoder will not
illuminate during passages that have been altered. An alternative is to make the altered signal
available fc;r audition as part of the encoding process, and to compute the check value from the
altered signal. This is consistent with the downmix case: in both situations the Lossless light
indicates jossless reproduction of a signal that was available for audition at the encoding siage.
, In a preferved implementation, the check value is a parity-check word that iscomputed on
all the channels. In an embodiment-ineorporating-the-frstaspectoftheinvention, the first
substream contains 2 parity-check word that is computed from the simutated dovnmix before any
modification such as clipping is applied to avoid overload, while the secoud substesam contains a
parity-check word computed from the complete multichannel signal. Before comptiting the
parity, the word representing cach channel value is rotated by a number of bits equal to the
channel number so that an eror affecting two chanpels identically has 2 high probability ofbeing
detected.
"{hrpughouﬁ this disclosure, more particular reference is made 1o encoding processes that
record an encoeded stream onto storage media such as DV, and to decoding processes that

retrieve the encoded stream from such storage media. It should be undesstood, however, that



encoders implemented according Lo the invention may be used to send encoded streams using
esécn‘tiai‘iy‘ any zmnsﬁission mediz including baseband or modulated comumunication paths .
thraughout the spectrum from su#ersorﬁc to ultraviolet frequencies, or may be used to record
encoded streams onto storage media using essentially any recording technology including magnetic

and optical techniques. Similarly, decoders implemented according to_embodiments of the invention may be used to -

process encoded streams obtained fom such media,
Brie{ Description of the Drawings

Exampies of the present invendon will now be described with reference to the
accompanying drawings, in which: .

Figure 1 shows an overview of 2 tossless six channel encoder comprising a matrix that is
used fo encede the mattixed channels into twa substreams, whic%; are then packaged it asingle
stream and recorded an DVD. l

Figure 7 shows 2 multichanne! decoder decading the two substreams produced by the
encoder of figure | {0 fumiéh 2 lossless reconstruction of the original six channels.

Figure 3 shows a two-channe! decoder decoding the first substream only to fumish a two
channel downmix, '

Figure 42 shows 2 cascade of two primitive matcix quantisers modifying two channels of
a four channel signals.

Figure 4b shows a stmilar cascade of two primitive matnix guantisers, conhigured (o invert
the processing of figure 4a. '

Figure 5a shows a primitive matrix quantiser incorporating dither.

Figure 5b shows an inverse primitive matrix quantiser incorporaung dither.

Figure 62 shows a primitive mawrix guantiser modified to provide the “L3SB bypass’
facility, and the separate transmission of the bypassed in the case of a;.zy further lossless
processing.

Figure 6b is compiementary o figure 6a, showiang the scparate_;rangmissiﬂn of the
bypassed LSB in the case of any inverse lossless processing, and a primitive matrix quaniiser ihat

integrates the bypassed LSB and reconstitutes the original signal.



