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RECORDI NG AND PLAYBACK OF MULTI - CHANNEL DI G TAL AUDI O HAVI NG DI FFERENT
RESOCLUTI ONS FOR DI FFERENT CHANNELS 5 Backar ound of the | nvestion-This
Lpvention relates to recording and playback of nulti-channeTHH $HEED HasigEgy
having different resolutions for differegt channels and cdacer nSEBLAGRDI
recording nedia generally like digital 10 versatile discs. More
particularly, this invention concerns such recordi ng nedi a that p@y@@jd@g
contain audi o informati on. Commonly assi gned McPherson et al. U S patent
application No. -09/066, 041, filed April 24, 15 1998 and Thagard et al.

U. S. patent applicati onrNo—09/066;043—F+ed April 24, 1998 are
incorporated herein by reference. Digital versatile discs ("DVPg') are two-

si ded high-density digitafs cpRenlacedor di ng nedi a 20 ApProxi mately
the size of standard conpa '

). Digital versatile discs are
capabl e of hol di ng appr oxi iifpbyt es of data per side. - 2-
Their large storage capacity and small size nake DVDs attractive for
repl aci ng vi deocassette tapes for use in hone video systens. DVDs support
the Moving Picture Experts Goup 5 ("MPEG') MPEG 2 digital video standard.
DVDs are al so capabl e of handling Dol by's AC-3 multichannel audi o format
or, alternatively, an unconpressed pul se code nodul ation ("PCM') encoded

dual - channel format. However, because standard DVDs are directed
' RECORDING AND PLAYBACK OF
MULTI~-CHANNEL DIGITAL AUDIO
HAVING DIFFERENT RESOLUTIONS

FOR _DIFFERENT CHANNELS
5 Background of the Invention

This invention relates to recording and
playback of multi-channel digital audio having
different resolutions for different channels and
concerns digital recording media generallytiike digital

10 versatile discs. More particularly, this invention
concerns such recording media that primarily contain
audio information.

Commonly assigned McPherson et al. U.S.

patent application No. , filed (Docket No.
15 3546/049) and Thagard et al. U.S. patent application
No. , filed (Docket No. 3546/050) are

incorporated herein by reference. _
Digital versatile discs ("DVDs") are two-
sided high-density digital information recording media
20 approximately the size of standard compact discs
("CDS"). Digital versatile discs are capable of
holding approximately 4.7 gigabytes of data per side.




10 primarily toward supporting the storage and di splay of video content,
standard DVDs are not particularly well suited for supporting content that
is primarily audio, especially enhanced audi o, such as six-channel audio,

I ncluding sanpling at rates that are higher than those 15 that have been
conventionally used. It is therefore an object of the present invention to
provi de net hods and apparatus for recordi ng +hat-use DVD-type technol ogy
but that are better adapted for handling content that is primarily 20
audi o. Sunmmary of the Invention This and other objects of the present

i nvention are accoll'ﬁéiﬁhﬁéircjél @@@@é@l@r@epa\dzihytaﬁdpszhamlpbﬁeoﬁakbenvos
I nvention by providin nethod and 25 a arat s for recorﬁ g g DVD- | i
recording medi a i BWTHEERI PP orRRIACTRI sYHRACFFSat he ghaREfa PFyuﬁﬁlﬂP

channel (e.g., siXcu@nnddo foyseéms An exanpl e of such a high-capacity
mul ti-channel systemis a six-channel ggst min which the six channels may

be represented by 30 unconp? B3 cSHRRREL (Bhe. M°?%Rﬂd%}%$ureE%EHeEﬁénﬁEPuﬁay

be encoded at g di {*eprar) NBEG-+0digxedD| eidébestandarand pepkearehaneel s
may use 96 KHz encodlng ethe rear. channel s may use 48 KHz encodlng and the

subwoof er -3- Q@%ﬂ%ﬁpg&90%h¥oﬂlﬁﬁ'3E%E%t%ﬁ%ﬂH%Flnﬁy 4Se a
separat e data deptfbropt @(ﬂr@ii.eerﬁélel\f'élxl %%ﬁ%ﬁﬁfe@géﬂnﬁﬁ§sgaﬁoaé

encoded using 20-bit words and the rear annel s. may be encoded using
16-bit werds. 5 modulation (‘RN LnGEdeH-Wahneranned ofot®att may be

derived fromthe six- ChamﬂﬂHéwgbék(kﬁéb&&é@agtﬂﬁdéﬂg DYy bask. diPected
facilitate an accurate derivation, the
10 primarily toward supporting the storage and display of
video content, standard DVDs are not particularly well
suited for supporting content that is primarily audio,
especially enhanced audio, such as six-channel audio,
including sampling at rates that are higher than those
15 that have been conventionally used.

It is the;efore an object of the present
invention to provide methods and apparatus for
recording that use DVD-type technology but that are
better adapted for handling content that is primarily

20 audio.

Summary of the Invention
This and other objects of the present
invention are accomplished in accordance with the
principles of the invention by providing methods and
25 apparatus for recording on DVD-like recording media in
which audio content is stored in a high-capacity multi-
channel (e.g., six-channel) format. An example of such
a high-capacity multi-channel system is a six-channel
system in which the six channels may be represented by
30 uncompressed data (e.g., PCM data). Each channel may
be encoded at a different rate. For example, the front
and center channels may use 96 KHz encoding, the rear

channels may use 48 KHz encoding,‘and the subwoofer



m xing coefficients to be used in generating the derivation can be supplied
al ong with the six-channel 10 audi o data. Alternatively, six-channel audio
teracks may be acconpani ed by two-channel audio tracks having essentially

t he sane content as the six-channel tracks.. The recording nedia of the
present invention allows 15 this additional two-channel audio track to be
stored in nultiple formats, so that producers @f _audio content and disc
manuf acturers have multiple two-channel encodi ng options. Further features
of the invention, its nature 20 and various advant ages mﬁll be nore

apparent fromthe %ﬁbhﬁﬂﬁ”ﬁaynﬁ gedgbaihed o %%%ﬁhﬁgnngis [ fadPeSIC I %p £13

the Draw ngs FI G IS ac several ata c corresp
resolutions; 25 a separatp| data depihsi miloirf iexéanplleyatthendirantevarsd a

preferred sof t war €c Eﬁ%\é/keEhaﬁhg‘lsg’glﬁin%ec RAL R ?Wsrlnga ZW-%fé.g:r sk Y dglq of

recording sanples on e SIX nel recor
FIG 4 is a sinpli thedrsgusenhan@eﬁsomaydbagemodredamsmmét&-mwmq:mw.back

circuit; -4-cFIG 5 is a : | s¢h t k _diaqr
i1 lustrative pl gyback ci rcui ?f”ﬂkgﬂtﬁé, % ?g?aac?ﬁagl\lf\%ﬁ'arat%ﬁ% %rﬂtg“} erréﬁﬁge
met hod of record|ngeahueéliybackheSSmsscthnbdna@ﬁlphdamﬁeﬁanaam during

Enbodi ments In the?EggbébKe re505dLR9 1 FEdL2 401 LRGBS Al ivIEYY,Ond e

content is prinmari
m1x1ng coefficients to be used in generating the

derivation can be supplied along with the six-channel
10 audio data.

Alternatively, six-channel audio tracks may
be accompanied by two-channel audio tracks having
essentially the same content as the six-channel tracks..
The recording media of the present invention allows

15 this additional two-channel audio track to be stored in
multiple formats, so that producers of audio content
and disc manufacturers have multiple two-channel

encoding options.

Further features of the invention, its nature
20 and various advantages will be more apparent from the
following more detailed description.

Brief D ipti £t Drawi

FIG. 1 is a chart of several data channels
and corresponding resolutions;

25 FIG. 2 is a simplified elevational view of a
preferred software carrier;

FIG. 3 is a chart showing a preferred order
of recording samples on DVD-type six-channel recording
media;

30 FIG. 4 is a simplified schematic block
diagram of an illustrative playback circuit;



Because a given audi o segnent consunes considerably | ess real estate on the
di sc than a video segnent of 10 the sane length, restricting nost of the
content of the disc to audio allows a greater portion of the capacity of
the disc to be allocated for audio reproduction. As. a result, six channels
of high-quality audio (encoded, e.g., in a linear PCMor Alerr] nodul ation
format) nmay be 15 used. The six channels that gre typically encoded are:
|l eft front, center front, right front, left rear, subwoofer, and right
rear. Audi o channels can be encoded using different resol utions. Becagse t
the front channels are gener y 20;th ls t eks, e fron
channel s may be coded at theggFéhés%grgsg?é%%é%?g$h%Q%ggg%g%agiﬁéglWM|ch
are |ess inportantdihﬁnamheffrénotbhanﬁéﬂystmaylbﬁ 9?agba¢katuﬁdujnﬂji?d
resol ution. The subwoofer ch el gepera r i Qn
requi renents and may be encoggg'af ggrésghéyggngOQgrg?ﬁ%%fF%%%ngf%hOés
channel s. I n addi t¢bnregordéngi andhpbaygbaakdi o channel s j ust descri bed, a
software carrier may have other channels for the same audio programing in
other formats. For exanple, the software carrier may 30 also have two
ot her channel s $orDascubpthanne af edh lémenpilgoni ¢ versi on of
t he audi o programm ng. The reso i U f t hannel,.s w ||
typically Ee ?he sang, but i?ﬁn%§ébgen iig? g%F%Eﬁ%ﬁ? ggg%?tﬁg Fi?olution
used for any of therssentchavestiangdi bhehaontest(ds primamidybeutiie.same as
the resol ution usegl Qﬁsgng givgﬁ)rgug%ot Qggﬁééfcgglqg&lnegugbgsg %@2%'1?() -9
In the case of a software carriér w ST X*

less real estate on the disc than a video segment of

10 the same length, restricting most of the content of the
disc to audio allows a greater portion of the capacity
of the disc to be allocated for audio reproduction. As.
a result, six channels of high-quality audio (encoded,
e.g., in a linear PCM or AZ modulation format) may be

15 used. The six channels that are typically encoded are:
left front, center front, right front, left rear,
subwoofer, and right rear.

Audio channels can be encoded using different
resolutions. Because the front channels are generally

20 the most important channels, the front channels may be
coded at the highest resolution. The rear channels,
which are less important than the front channels, may
be encoded at a lower resolution. The subwoofer
channel generally has the lowest resolution

25 requirements and may be encoded at a resolution lower
than the rear channels. In addition to the six-channel
audio channels just described, a software carrier may
have other channels for the same audio programming in
other formats. For example, the software carrier may

30 also have two other channels for a two-channel (left
and right) stereophonic version of the audio
programming. The resolution used for these two
channels will typically be the same, but it may be



channel audi o acconpani ed by two-channel audi o, the six-channel audio data
may Pe stored in a single streamon a first track, while the two-channel
agdio data is stored in a single streamon a second track. In 10 anot her
enbodi ment, the data for the two different formats is interleaved in a
single track. As shown in FIG 1, N channels of audio data (represented by
nunbers 12, 14, 16, and 18, for exanple) are-ppovi ded on a software carrier
10 (such as 15 DVD disc 20 in FIG 2). N may include one or nore
channel s. For exanple when N = 8, there could be six channels for

si x-channel audi o,dagfeebht agrbmotR8anasbiut 9bnt u@eahaaﬂehnqudlfOth Q-se,

there are nmany possj ble channel formats for providi udi ogr anm ng
on the software cafpeppel Tﬂ%?éocﬁhaBEeiﬁy(BF ktdFPPgaeﬁ B? GRF %§

for the data in theeyalu@isnchissactsr vher érkmbgel 6FsthBaBigrchaunalelto N
Each of the N channels can have its own resolution (in which case K equals

N) or several chanMédk0caRarn8ts) 25 the sane resolution (in which case K is

less than N). As shown in Fln ﬂhedtﬁééréﬂtargéﬁtt&&t@néaﬁﬂéesmlﬁﬂ k@ x-
different sanpling rates_and/or different sanple word | engt

(i
greater resol utioncheRRel a2¥diat FCBRNLAY PYeEH@nE?aﬁHSgoPu91P0n§bﬁ

sanpl e word 30 |engiy)chdhgee &ﬁ&léV\Qaf:énhh¥e§e0§t§§€’8| LAJar 84 Ag1e0RHRRan
used at present in the recording industr he first famly includes rates

of 48, 96, and 1920K+g. f!rﬁétséﬁaﬁhlfﬁmm ERe| bieschanBslopudac: dags, 48 and

176.4 KHz. At pres@ﬂére&hfnhéggfﬁéléaéﬁﬁehﬂ 8ACH secofid taBkky (382 KHz and

176.4 KHz) are only supported in Stereo, I n_any ot her nultichannel
format. Both 10 another embodiment, the data for  the two different

formats is interleaved in a single track.
As shown in FIG. 1, N channels of audio data

(represeﬁted by numbers 12, 14, 16, and 18, for
example) are provided on a software carrier 10 (such as

15 DVD disc 20 in FIG. 2). N may include  one or more
channels. For examﬁle when N = 8, there could be six
channels for six-channel audio, as well as two channels
for two-channel audio. Of course, there are many
possible channel formats for providing audio

20 programming on the software carrier. There can be any
of K different resolutions used for the data in the
various channels, where K is less than or equal to N.
Each of the N channels can have its own resolution (in
which case K equals N) or several channels can share

25 the same resolution (in which case K is less than N).

As shown in FIG. 1, different resolutions

correspond to different sampling rates and/or differert
sample word lengths (i.e., a greater resolution means a
greater sampling frequency and/or a longer sample word

30 length). There are two families of sampling rates
commonly used at present in the recording industry.
The first family includes rates of 48, 96, and 192 kHz.
The second family includes rates of 44.1, 88.2, and
176.4 KHz. At present, the highest rates in each



fan1I|es can be used with bit depths of 16, 20 and 24 bits. 5 As
shown in FIG 2, channels 1-N may be provided in multiple tracks on a
software carrier such as a DVD disc 20. For exanple, track 1 (which may

i ncl ude channels 1-1 (e.g., six channels for six- channel audio) is |abeled
22, and track M (which may 10 include channels J-N (e.g., two channels for
two- channel audio) is |abeled 24. Several chapnegls are typically provided
in a single streamin each track, so that Mis |less than N. For exanpl e,
when N=8, 1=6, and. M=2,- track 1 includes channels 1-6 and track 2 incl udes

15 channels 7 and §amf¥gr?1§faﬂﬁé'§nﬁ2¥7€e4eﬂﬁ%9egrﬁsbﬂgy Sggg%%% %f

di fferent techniques exa audi o channe ncoded ™
different rates. Aetehe¢}|u@trap|@nyO@thhrsmuhtnnbanasé Gbr$axuchanmh

audi o, 20 the fron | Saf@Be P cQ 9 Leay ngl,s
can be encoded at %@ﬁgﬁggg %ﬁ ﬁ% gﬁ & ?Eﬂ 8; gnﬁSF canbgelgﬁcoge§%§t512
KHz. Alternativel ypitde front channels can be encoded at 88.2 KHz, the rear

channel s can begencoded at 4g4-1g apdpthe §ub&gg£ggl§5 cﬁaagelb an be
encoded at 11.025 KHz. These co natlons of ehco rates are-only

illustrative and aP¥ovided suum@thPbenbrnaksoqnoa Gbedang caredemapuch
used instead if deg %rgdaﬁbn? gbt?gle gg ng i@tetf ELI Fga&agﬂs he 30

encoding rate used for t ont ann Pig pre éra € sa
t hat used for the ¥¢@#Md¢r©han@hhﬁnb+1 EEngLarSyx chanratsdfoy sake used

e o) [ var cnatiel d8afopf e0aPLieilg 22/aAd LAk ACuhOtn! RSy"! oM

rear channel . Nhtc I'ng t
include channels J-N (e.g., two channels for two-

channel audlo) is labeled 24. Several channels are

typically provided in a single stream in each track, so

that M is less than N. For example, when N=8, I=6, and.

M=2, track 1 includes channels 1-6 and track 2 includes
15 channels 7 and 8. , _

Audio channels may be encoded using a number
of different techniques. For example, the audio
channels may be encoded at different rates. As an
illustration of this in the case of six-channel audio,

20 the front channels can be encoded at 96 KHz, the rear
channels can be encoded at 48 KHz, and the subwoofer
channel can be encoded at 12 KHz. Alternatively, the
front channels can be encoded at 88.2 KHz, the rear
channels can be encoded at 44.1 KHz, and the subwoofer

25 channel can be encoded at 11.025 KHz. These
combinations of encoding rates are only illustrative
and any other suitable combination of encoding rates
may be used instead if desired.

In suitable encoding rate configurations, the

30 encoding rate used for the left front channel is
preferably the same as that used for the right front
channel. Similarly, the encoding rate used for the
left rear channel is preferably the same as that used
for the right rear channel. Matching the right and



-7- left sides in this way ensures that the audi o playback of the disc is
bal anced. Another consideration involves the relationship between the
various encoding rates. As 5 shown in the illustrative exanpl es above,
channel s are preferably encoded at rates that are integral multiples of the
encodi ng rates used for other channels. For exanple, the 96 KHz encodi ng
rate used for encoding the front channels in_the_first illustrative exanple
above 10 is two tinmes (2x) the encoding rate of 48 KHz that is used to
encode the rear channels and is eight tines (8x) t he encoding rate of 12

KHz used to encode;ihe §EE@$0EEV th3N08L- enislired’ lthat! gﬁfg%\ﬁﬁ%l% Sée]pg

rate used for encodlng t Tront channef's in the secon
exanpl e above is t@b theedigexjisthelenceding rate of 44.1 KHz that is used

to encode the rear channels ﬁﬂgt gre ggg Eegﬁ%ﬁgﬁl gggv%@c% g rate of
n-a

11. 025 KHz used to encode the su anne tionm to varying the
encoding rate, therebategoshupohebweenetaadNercbasnehsodangbeamaﬁiedﬁhy

using data words obngihf ehefhesizenstRbrdbhl ehanbiclannels (248,3081S FlG

1). For exanple, ron center channe e encode usi ng
words and the rearpaﬁﬁesabﬁMOQBCOdhdnEEIsataﬁ bbatneagdedntisigrg 11 dllittipdes

jors, Dava words oF fAY sHLLARS YOEdS! 6RALNESIRLREUSRINNLAS UL

16-bit words, 18-brt words and desi
both the encodi ng esdwplendthbe®6GoKHz| engbldngsedteousedodert Ieactbldflfn@eme

audi o channel s 1mayepeYaLhelne?0 in re rirsr I AYANEIGS gl LS variapl e

resol ution audi o channeél “encodi ng~scherne of °thé p
it allows | essl@npbsttwe times i(Bkdrthei encoding aateheflnBoKHutmhﬂtoﬁsthe

rear and subwoof er, c8anpg! &) L8 PERENEAdRd WL E AL VSR eQ%OQEBﬂt el
(8%X) the encoding rate of 12 KHz used to encode the
subwoofer channel. Similarly, the 88.2 KHz encoding
rate used for encoding the front channels in the second

15 "illustrative examplg above is two times (2x) the
encoding rate of 44.1 KHz that is used to encode the
rear channels and is eight times (8x) the encoding rate
of 11.025 KHz used to encode the subwoofer channel.

In addition to varying the encoding rate, the

20 resolution of the audioc channels can be varied by using
data words of different sizes for different channels
(see again FIG. 1). For example, the front and center
channels can be encoded using 20-bit words and the rear
and subwoofer channels can be encoded using 16-bit

25 words. Data words of any suitable word lengths may be
used, including 16-bit words, 18-bit words, 20-bit
words, and 24-bit words. If desired, both the encoding
rates and the word lengths used to encode the different
audio channels may be varied.

30 : One advantage of the variable resolution
audio channel encoding scheme of the present invention
is that it allows less important audio information
(such as the information on the rear and subwoofer

channels) to be encoded with lower encoding rates



-8- and/or data word |l engths than the nore inportant audi o information.
Because data encoded with a | ower resolution consunmes |ess disc real estate
th/an data encoded with a hi gher resolution, selectively encoding 5 sone
channels with a lower resolution allows the overall resources consuned by
the audio content on the disc to be conserved w thout sacrificing the
quality of the nost inportant audio content. Bgcause at |east the subwoofer
channel is 10 typically recorded with a | ower FeSolution than the other
channel s, six-channel audio is sonetines referred to as 5.1 audi o. Anot her

aspect of the present ,invention involves. supporti the capability of .

pl ayback 15 appara ﬁé/?ﬁrg?ﬁg W8E§rgﬁﬂaiﬁédggaPotﬁgoWPas & tant, andio
(stereo) output. TiJhSOEﬁaabbhi.tYBé&aEeéidFlalﬂheeh@@dﬁ&ewﬁlﬁm’angWélferﬁ may
not have audi o equj pnent, capabl e of handling.six_channels, may, have
nore conmon tmo-chﬁ%ﬁ%?ugbﬁgpﬁﬁﬁﬁpmﬁﬁ less"disc re eeﬁéﬁtﬁn%hﬁFbﬁaE@ _
provide a two-chanestodetipwithsat higrerveesbeuettibpyt skledtike 1§xiesidoddng X
channel s of audio on_ the C FLVving.t nnel izh gtthggolves

S

dis Dergﬁ' he two- ghg_
appl yi ng appr op?i at & SEARRGEF gHEEDt 8 éﬁﬂﬁroF?FH USHRACR r
exanpl e, the 25 | edbveBitl epesbanses ageyshfedebiyVvedebyudsongoat2adt wai dhe
for the left frontdchangel a 50% wei ht,%gr %he cen&gr,fronhﬁchanne%, af
50% wei ght for thelF23FtPeRP CRARREVER: Bhthoy d5gc56d¢ GePght ofAugitd y o
subwoof er. The ri gtihe shesE0inpanteht aydbe dentead.by summing the 30 right
front, center front, right rgaré and su moo%e&hchan elsfu5|n thelsane
wei ghti ng schene. ecause a eas e subwoofer channel 1is

10 typically recorded with a lower resolution than the
other channels, six-channel audio is sometimes referred
to as 5.1 audio.

Another aspect of the present invention
involves supporting the capability of playback

15 apparatus for the recording media to provide a two-
channel (stereo) output. This capability is desirable
because many consumers may not have audio equipment
capable of handling six channels, but may have more
common two-channel equipment.

20 One way in which to provide a two-channel
output is to derive the output from the existing six
channels of audio on the disc. Deriving the two-
channel output involves applying appropriate mixing
weights to each of the six channels. For example, the

25 left stereo channel may be derived by using a 50%
weight for the left front channel, a 50% weight for the
center front channel, a 50% weight for the left rear
channel front, and a 50% weight for the subwoofer. The
right stereo channel may be derived by summing the

30 right front, center front, right rear, and subwoofer
channels using the same weighting scheme.

Because static weighting coefficients may
sometimes lead to undesirable sonic effects, the

present invention involves the use of dynamic weighting



Because static weighting coefficients may sonetines |lead to undesirable
sonic effects, the present invention involves the use of dynam c wei ghting
-9- coefficients. These weighting coefficients, which are encoded onto the
recording media in parallel with the audio data, allow the mxing operation
to be as accurate as possible. In addition, because the artist 5 or _
producer may be provided with the ability to_gbyg approval of the resulting
audi o m x, providing enbedded wei ghting coeffiCients allows the artist or
producer to certify a gi-ven derived audio m x. This permts the cost saving

benefits of the degj k QE hni o] . realli ] ut farcing the
artist or producer&?%f%%??ﬁgggéh gg%ﬁ%orggﬁﬂ?ﬁggf?ﬁgﬁ%gfgkk% Vlw 1cH é%e
conventional DVD agudfededhenppetbat repgocdingnmedndl éa pheadibeilngridth abeki o

channel s of differ L e ti n oL X Lt g todether while
the audi o data 15 g?élénagkg'egggﬁaeghg?éﬁg%ﬁgrggggg?gggaig.%%ngﬁher way in
which to provi de thecenptbi 85t possiblevi dingadditdonhaberebuaeditheoairiiist s

to encode a fixed = ef.g0 : tr.e o_the.recqrdin

medi a, rather t anéﬁg??eéﬁgg#héggu%gu%rggggsarggﬁﬁl?ﬁé.aéfgﬁﬁg Ptg& Fh_nay
be used to indi catzpmhevakrofhtheweshidhirl audﬁutm@?Etpeov&dgpQI@@?$daaﬁ

I s based on deriv : | fi ata, .recording jedia., o
the present invens?%%&éﬁ}%éskégggiggegg?fé?gﬁ gaﬁgFoagﬁéﬁ i R P5g9EF?ri§ébe
used to 25 provi decereifyxadgivencienheédaadddo mbxt haThpsogeeaissothaudi o

G oot o™ o ZOFY UL R ERL LR R 0BRERH, RRERL BRCCRH 1
10 realized without forcing the artist or producer to
relinquish control of the final mix. Unlike
conventional DVD audio, the present invention handles
the mixing of audio channels of different resolutions
and may mix the channels together while the audio data
15 is in its expanded {uncompressed) state.

Another way in which to provide the
capability of providing a two-channel audio output is
to encode a fixed two-channel (stereo) data stream onto
the recording media, rather than deriving the output in

20 real time. Status bit data may be used to indicate
whether the two-channel output of the recording media
is based on derived data or is based on fixed data.
The recording media of the present invention allows
several different audio encoding formats to be used to

25 provide the fixed two-channel audio, so that producers
of audio content and disc manufacturers have multiple
two-channel encoding options._ Suitable audio encoding
formats include delta-sigma modulation encoding
schemes, linear PCM, losslessly compressed delta-sigma

30 modulation encoding, and losslessly compressed PCM.
Suitable lossless compréssion schemes for use in the
Present invention are the Huffman and run length
encoding schemes.



schenes, |inear PCM |osslessly conpressed delta-sigma 30 nodul ation
encodi ng, and | ossl essly conpressed PCM Suitabl e | ossl ess conpression
schenes for use in the present invention are the Huffnman and run length
encodi ng schenes. - 10 - If desired, the recording nedia of this
invention may use standard DVD encryption techniques (e.g. 40 bit
encryption) to prevent unauthorized users fromgaopying the contents of the
recording nmedia. 5 Audi o data on the recording nedia is
preferably stored in 2K-byte sectors organi zed in 32K-byte bl ocks. Sectors

may contain audio data, videgsdabas radl- Rhe! WekoPaitiPieldis L3t dnsand
program branch information (allowng a user to junp to various poInts 10
within the disc duipﬁgnﬁé@nomayhﬂséi§@FndaathQQ-bpg%g&@ﬁoauiﬁghqﬁqmm?t|on
is preferably preceded_ bygagiap ' i Sh Sehgade | Q

thig header is iIISgt?at¥3egé§dggg§y§?%§r¥s§?tE%%ees$2e_ﬁg§%be%ﬁ§§§$fers
Preferably the recéramngor¥dng shet senpesssnoflShenvrecoirdd ngs metia .

[ | Di mat (" UDF" chiikcai,o r . .he .Qpt i cal
gfgyggzaTradchgggciatfon-&"é%?%ﬁ)bgkgfkheeagrgg#éggaggf&éﬁ&gelsgsides on
the disc. Video i nPoeferabay(stonad in BKobytledsectossopedani zeectior S

Vi deo i nfor mat o sekt pECs; 2tOrRe) L58g ok s Rey BYaRRTRTFuTY dsp; Ryade™®
disc, which are reddtairsubdDiCFgrplaybadby;ttbndetaelyndapdbggag%bm@emﬁde
e moui thacky S{SERCARLOO RRERNE"E AUSF, L8, BUAEC L5 Dot IBuR poshac
formatting stah@ardsthinothe disc during use of the disc). Each 2K-bytes
of audio information is preferably preceded by an
approximately 48 byte header. (The size of this header
is illustrative and any other suitable size may be
used.) Preferably the recording media of the present
15 invention use the Universal Disc Format ("UDF")
specification promulgated by the Optical Storage Trade
Association ("OSTA"). A file directory structure
resides on the disc. Video information (if any is
provided) is stored in sectors having 156 byte headers.
20 In addition, video may precede audio (i.e., the video
information on the disc is placed on the innermost
tracks of the disc, which are read first during
playback). Conversely, audio may precede video (i.e.,
the audio information on the disc is placed on the
25 innermost tracks of the disc, which are read first
during playback). These formatting standards allow
computers to handle data stored on the recording media.
With the emergence of multi-channel digital
audio, the control offered to the listener has
30 increased dramatically. For example, in most multi-
channel digital audio systems, listener are able to
control various parameters such as
front/rear/right/left balance, reverberation, as well

as many audio special effects related to such effects



computers to handle data stored on the recording nedia. Wth the energence
of mufti-channel digital audio, the control offered to the listener has 30
i ncreased dranmatically. For exanple, in nost nmulti- channel digital audio

systens, |listener are able to control various paraneters such as _ _
front/rear/right/left balance, reverberation, as well as many audi o speci al
effects related to such effects as threeaglqpnslonal sound -- not only

the bass/treble and bal ance paraneters usually offered in nobst stereo
systens. Listeners are able to control these paraneters at initialization

. di I
(i.e., the start 0£s5thEBéoﬁHﬁEh9EoHEltQ%uﬁg La Bb%cghlgftﬁ% Agéters of

reproduction. For many users, this increased control
the reproduction eﬁvﬁrbﬁﬁéﬁ?eppé§éﬁ?§easbéﬁpﬁdéwln@f&redyl@fmman(aterdq1

order to allow theglkgbgRaer LQS%ﬁeeessr}eﬂ EElEh‘Eoo B2 rbh M pLAgconsum ng

process of initialiZzing the parameters o e reproduction environnment, the
mul ti -channel audip2bamgtess B& SuppléhmﬁaﬁdOMAﬂh eystéh3|smamalbiat|on

data. This also5alf ﬁethbﬁtS@GEhEOahHEBegéE§F5thathR dhqgg nner

originally |ntended e artist/producer our S€ R8s &St
initial paranetersr%P§0ﬂ§¢§L9ndefEgrtmaayueseaﬁd thmsbencveaseddennmyoﬂhe

l'istener at any t'G@erAtHQrﬁ59§g8£ef§09fSgﬁéogeﬂ?XPQStigﬁ 3. gfogﬁfpinart

content" data. Such data Is rovi or ma i'ng
paraneters of the B@%$e§taua|be@qbdpn@ng pasay ofi dptaohs. |nﬁnrnudemnt0r

based on tests per§pfspdcRy 1f§téﬂgkot3yaiggk Snwigﬁ thcokgsﬁlﬁé esponse

typical test may involve generating a se and neasuri
of the Ilstenlh% consuming process of initializing the parameters of the

reproduction environment, the multi-channel audio data
can be supplemented with systém initialization data.
This also allows the listener to listen to the audio in.
the manner originally intended by the artist/producer.

15 Of course, these stored initial parameters are merely
default values and can be overridden by the listener at
any time.

A portion of each sector may be reserved for

"smart content” data. Such data is used to provide

20 information for setting parameters of the user's audio
equipment based on default information or based on
tests performed by the audio system when the disc is
played. A typical test may involve generating a test
pulse and measuring the response of the listening

25 environment and audio system to the pulse. Delay times
and other parameters may then be adjusted based on the
results of the test.

‘In addition, the recording media of the

present invention may contain data for configuring the

30 wuser's equipment differently for different musical
selections (or portions of such selections). Musical
selections that require high resolution are encoded at
high encoding rates. Musical selections that require

lower resolution are encoded at lower encoding rates.



25 environnment and audio systemto the pulse. Delay tinmes and ot her
paraneters may then be adjusted based on the results of the test. In

addi tion, the recording media of the present invention may contain data for
configuring the 30 wuser's equipnent differently for different nusica

sel ections (or portions of such selections). Misical selections that
require high resolution are encoded at high encpding rates. Misical
selections that require | ower resolution are encoded at | ower encoding
rates. 12 - Configuration information enbedded in the disc allows the

user's playback eq§bﬁf§gﬁraeiaﬁfsEaeerﬁgtaeﬁsemsgaa%f ip" thgsggga did g

pl ayback. Such configuration information is preferably provided in each
data sector. O hertkennpgul at pdavbatsr pauipnentiatomaespeongr dvi déesen t he

disc at the sector.] gy gsi?ﬁlgggélEE§o 'éhg?néggﬁébﬁggays wseq for deriving

two- channel audi o out put roma six-channel rack on t e disq. 10
Data may be storedcenfigurationdingormationoisuppeferpbilyapeovdidedarich

condi tional access t ) xa d . RLOVi .t he
recordi ng nediagthg%eglﬁégé Fggtgg'aggggegfe%ﬂgggéggﬁéphg!nggggggﬁgg that
contai n songs or ord¥rbgnpoewhdednonothe dihbockEdth® bBgctbe dssel The user

typicall ays a f egeL V. I gj ; r ogckin ; ired
o ormat]on The dfo¢ Taref ache hiting QokEiKRknbe’ nHRHEEY el KV
equi pment over thechanreheaudideophpnt fzemoeksisaphsannelewiisiion tomaokoohs

(e.g., using a cabiges29;sgodemor during the vertical blanking interval),
satellite distribution systens, or a conbination of
10 Data may be stored on the recording media to

support private data and conditional access features.
For example, data may be provided on the recording
media that allows locked areas of the recording media
that contain songs or other information to be unlocked

15 by the user. The user typically pays a fee and
receives a digital key for unlocking the desired
information. The digital key may be transmitted to the
user's playback equipment over the Internet, the phone
network, cable television networks (e.g., using a cable

20 modem or during the vertical blanking interval),
satellite distribution systems, or a combination of
such delivery arrangements.
| Information to be displayed by a liquid
crystal display or other suitable type of display on

25 the user's equipment can be provided on the disc. Such
information may be displayed during disc playback. For
example, bit maps for displaying the lyrics of a
musical selection may be provided. Alternatively,
ASCII or similarly coded text data may be used. Bit

30 maps are more versatile for displaying languages that
use non-ASCII character sets, but ASCII-type codes use
less memory and allow less expensive playback devices
to be used.



such delivery arrangenents. Information to be displayed by a liquid crystal
di spfay or other suitable type of display on 25 the user's equi pnent can be
provi ded on the disc. Such information rmay be di spl ayed during disc

pl ayback. For exanple, bit maps for displaying the lyrics of a nusical
selection may be provided. Alternatively, ASCIl or simlarly coded text
data may be used. Bit 30 maps are nore versatihke_for displaying | anguages
that use non-ASCI| character sets, but ASClI|-type codes use |l ess nenory and
al l ow | ess expensive playback devices to be used. - 13 - In addition to

lyrics, information such as g 4 dATEE, 1GHIEEN i808EmaLE SR 5@Bh 880an
artist, can be displayed during playback. If"the recording nedia that are

bei ng played are Ruteasitier cet¥yent songerelestioni paRdt aG5LAE. dFgnt BP
transm ssion technd (e, gais Na@sith Bipaésl 0 1¥hend f@&éi‘diﬂ&oﬁx%%hoﬂhat

i
encoded on the disc i's provided t0o the user. A user listening to the radio
may then be autonedfiedeing mMhayed areibpeoadrasti dhreckt¥ntpyabBrag'pl ayed

even if the di ' ' t gt o) ti dges
ot announce the (IR e S ot o PLARPn PR LMD S 2OLEE  sanTas
di spl ayed using sidigiak serhiquethe Thisplay nipfarmahbon | engededsen the

di spl ay informati Qﬁé’é”ié‘%ﬁé@i’@?&ktémﬁ’h@euQéPV' d dué@ﬂi‘fs@?ﬁgfg&stef thae
15 2K-byte data sectors. en a large anount of data s 1nvolved,
information in a giadip Heacthemybporwtonat ically abhformed ¢6chheon in the

remeinder of {he SeolfieibierEutintly BTl &Ka) NEGEREEOBRESazber ed.
FIG 3 shows a preferred'order of recordin
10 jockey at the radio station playing the selection does
not announce the title of the song. Promotional
information can be displayed using similar techniques.
The bit map and ASCII data used to display information .
during playback may be provided in the headers of the
15 2K-byte data sector;. When a large amount of data is
involved, information in a given header may point to a
suitable data location in the remainder of the sector
where the bit map or text information is stored.
FIG. 3 shows a preferred order of recording
20 samples on DVD-type six-channel recording media. The
samples between points A and B (points A and B define a
frame, i.e., a distance or time interval between two
sequential samples of the lowest frequency) are all
taken from one time interval in the original
25 information and include one 12 KHz subwoofer channel
sample, four 48 KHz rear left samples, four 48 KHz
rear right samples, eight 96 KHz front left samples,
eight 96 KHz front center samples, and eight 96 KHz
front right samples. The preferred recording order for
30 these samples shown in FIG. 3 is such that the samples
are read out one after another from left to right and
from top to bottom as viewed in FIG. 3. Thus the
recording order is preferably such that the first

sample read out (at point A) is a'lowest frequency



20 sanmpl es on DVD-type six-channel recording nedia. The sanpl es between
points A and B (points A and B define a frane, i.e., a distance or tine
i.nterval between two sequential sanples of the |owest frequency) are al
taken fromone tinme interval in the original 25 information and include one
12 KHz subwoofer channel sanple, four 48 KHz rear |eft sanples, four 48 KHz
rear right sanples, eight 96 KHz front | eft -sadples, eight 96 KHz front
center sanples, and eight 96 KHz front right sanples. The preferred
recording order for 30 these sanples shown in FIG 3 is such that the
sanpl es are read cidmphe, afTies mewt heampleos tedd ovtraget inhdrhedimtep to
bottomas viewed in FIG 3. Thus, the rgcording order is_prefer bl¥ such
that the first sewé%%ﬂ??ﬂﬁycﬁﬁmQ%ﬁspoifkeﬁ3e¥ %a?%&%§tr$? qﬁgﬁc§ € . 14 -
sanpl e. The next dSaigh&st rEpshvenicyreamples rediher hoeguentyrnedpbhes. The

t I d out hi gh f les. ., Th I nt di at
frequency sanpl es SHUTIRIRY GHRIPISH | SHBC T fof b STAMLARES PYcHBRcy

SaﬁpLeS- Ihiﬁ p?ltﬁiqh§3tﬂffé&ﬁenwWifamplésatiﬂﬁiéaﬁapﬁéﬁ? 8dntonnead out
anot her of the | owest, frequency, sanples, an en the whol e pattern repeats
agai n. The above- d¥%ch} peld +2c TFIQ%EWE% n%a%ﬁ §9 E%ﬂ%@ﬂﬁﬁngn?tgﬂfna%out
order) provides sathd ESovwdSN £ heqi@tOy dsafp e aand théh trarwholbe order

in which they are needed by the Iq;back circuitry (including the circuitry
needed to derive tRA-CHEINTETPEIET 931 Bm six-. channel recorded

information). This will be nie dSoeppissttibe@nréberddhyovragrdeandi ption
of illUStrEHi\T%Fﬂé%ﬁggéﬁégécgéééghg out order) provides samples from the
recording media in most nearly the order in which they
are needed by the playback circuitry {(including the
circuitry needed to derive two-channel stereo from six-.
channel recorded information). This will be more
15 apparent from the following description of illustrative
playback circuitry.7
In the illustrative playback circuit 100
shown in FIG. 4 the samples read from the DVD-type disc
are supplied one after another to the left-hand
20 terminal of demultiplexer 110. Demultiplexer 110
switches each successive sample into the correct one of
the six output channels of conversion unit 112. For
example, each subwoofer channel sample is switched into
the subwoofer channel which includes subwoofer channel
25 digital-to-analog ("D/A") converter 120S. This D/A
converter converts the samples it receives to an analog
subwoofer channel output signal ("SUBW. OUT").
Similarly, demultiplexer 110 applies each rear left
chahnel sample to rear left channel D/A converter 120RL
30 which produces an ‘analog rear left channel output
signal ("R.L. OUT"). Each rear right channel sample is
similarly applied to rear right channel D/A converter
120RR. And each of the front left, front center, front
right channel samples are similar}y applied to D/A



In the illustrative playback circuit 100 shown in FIG 4 the sanples read
from'the DVD-type disc are supplied one after another to the left-hand 20
term nal of denultiplexer 110. Denul tiplexer 110 sw tches each successive
sanple into the correct one of the six output channels of conversion unit
112. For exanpl e, each subwoofer channel sanmple is switched into the
subwoof er channel which includes subwoofer ehagnel 25 digital-to-anal og
("DIA") converter 120S. This D/ A converter converts the sanples it
receives to an anal og subwoof er channel output signal ("SUBW OUT").

Simlarly, denultigirertddd BPEHLLS1Z0RD, r&nd 120FRehposBECcBOURLE.t OThasr
| eft channel D/ A cqnverter 120RL 30 which produces anp anal og é ar |eft
channel output sidmf YOR $1X QWEBULERROYR AN  FRTEFBANET &Tplé pge

simlarly applied dix r&edldd 0t gridip nEdr i e CONVET § £x-dROMRe1 Aaddeach of
the front left, front center, front right channel sanples are simlarly
applied to D'A  SYSEM. converters 120FL, 120FC, and 120FR, respectively.

Thus the top sisx outputs showg] 4 tdEsd i $hdws "héw Ghd e Lt sandapsyhe two-
signals for use in _a six-channel audi o syste 4 al so

5 ) FI G
shows how t he IefthﬁﬂP?¥gﬁﬁeﬁ%ﬁroQﬁﬁﬁﬁﬁﬂm%Xgﬁ%dd%ﬁ%ﬁﬁ@sfﬁ%? bRed8t&ved

fromthe six- chaniindOnignalldie | THé BéEF eStOréPUSuBHEDaLignSTEREO LEFT
QUT") is produced by %ggroprlatel Melghthg each of the SUBW QOUT signal
the R L. OUT 10 silgnE RQLEFT OUg ) strRFodurRAd (1hg FPRTOREH2ERYKal and

combi ning the resyldigir@nadch SPefiné i Suew. aowt i $ignsl 1308, R1IBORBUT
120FLL, and 130F0L A T SSRES Ve Vou oSh gt A8 LS8, & B0hSs L Gha
'
and combining the resulting signals. Operational
amplifiers 130SL, 130RLL, 130FLL, and 130FCL are
respectively used to weight these signals for
combination to produce the STEREO LEFT OUT signal.

15 Similarly, the right stereo output signal is produced
by appropriately weighting each of the SUBW. OUT
signal, the R.R. OUT signal, the F.C. OUT signal, and
the F.R. OUT signal (using operational amplifiers
130SR, 130RRR, 130FCR, and 130FRR, respectively) and

20 combining the resuiting signals. The weighting factors
used by operational amplifiers 130 are supplied via
leads 140.

FIG. 5 shows an alternative embodiment of
conversion unit 112 of FIG. 4 in which the two-channel

25 stereo signals are derived from the six-channel audio
signals in the digital domain (rather than in the
analog domain as is done in FIG. 4). In FIG. 5
elements 130 are digital multipliers for multiplying
successive samples from demultiplexer 110 by various

30 appropriate digital weighting factors supplied via
leads 140. Elements 132L and 132R are digital adders
for combining the multiplier 130 outputs that
contribute to the left and right stereo channels,
respectively. D/A converters 120SL and 120SR



conbi nation to produce the STEREO LEFT QUT signal. 15 Simlarly, the right
stereo output signal is produced by appropriately weighting each of the
SUBW - QUT signal, the RR QUT signal, the F.C. OQUT signal, and the F.R
QUT signal (using operational anplifiers 130SR, 130RRR, 130FCR, and 130FRR
respectively) and 20 conbining the resulting signals. The weighting factors
used by operational anplifiers 130 are suppquqauia | eads 140. FIG 5 shows
an alternative enbodi ment of conversion unit 1 of FIG 4 in which the
‘two- channel 25 stereo si-gnals are derived fromthe six-channel audio

signals in the digj T8 t ' : a ongd | e
TIRG 4y 1n b o eBbePEERely| boROEL Ll KRR WEgh RANORBR R Bl I
successi ve sanpl esahdofBdBntiPt theerarley0leftvandord gt spereor icattputi git al

wei ghting factors gu hed vi d . S 2L ca R.ar.e
di gital adders forécgﬁéFﬁing ?hégguﬁfﬁégigggﬁggQ%ufﬁﬁfsstﬁ%t%géﬁ&%Fbﬁfb to
the left and rightFsGerée cNahretbatrépperdevelfpr Bashcaxdert é32 20SL and

120SR . - 16 -gre L,Me t Lgi,t : I and
T39R to the anal o Fort andomechil; £h8E agh BssBiiRKba AlFiptia, %
respects FIG 5 isderingaeach fperatinfocycihavfi ther dddefror seameh cfdddre 132

to 5 receive sonethiyg; a cl L 1 dyr.i each
operating cycle ofﬂ?ﬂg?éggg¥s ggggﬁ§? %%E9gﬁg?%%Pigkggfsgﬂﬁa§5?g%fc%§e§hd
reuse the inputs thegeiveefyvenfdemuditiplekprekép 120idinthe neatneew new

sanpl e comes from deui Li pbRXET £14R 58t P2b14Qe UL bPELE that

10 multiplier.
It will be apparent_from studying FIGS. 3 and
4 together or FIGS. 3 and 5 together that the recording
and consequent playback order for samples shown in FIG..
3 produces samples from the recording media in the
15 order which comes closest to the order in which those
samples are needed by the D/A converters 120 in the
' various channels in FIG. 4, or by the corresponding D/A
converters 120 and digital components 130 and 132 in
FIG. 5. This order of the samples therefore minimizes
20 the amount of buffering needed in the various D/A
converters and digital components to resynchronize the
data across the various channels and to even out the
rate of the samplés in each channel.
The following is an illustrative, summary-
25 form, specification in accordance with this invention
(as described more fully above) for DVD-like disc

recording media for audio information:
Preferred Disc Parameters
5.1 (6 channel).

30 Derivative 2-channel mix capability.

Compressed or uncompressed.



It wll be apparent fromstudying FIGS. 3 and 4 together or FIGS. 3 and 5
together that the recording and consequent playback order for sanples shown
in FIG. 3 produces sanples fromthe recording nedia in the 15 order which
cones closest to the order in which those sanples are needed by the D/ A
converters 120 in the various channels in FIG 4, or by the correspondi ng
D/ A converters 120 and digital conponents 130 gpd-132 in FIG 5. This order
of the sanples therefore minimzes 20 the amount of buffering needed in
the various D/ A converters and digital conponents to resynchronize the data

across the various changghs1ang ateVad .qUKHNS alee Kefz,! B Samal L% @ach

channel . The follow ng iizan1hll USkha! b¥e 1 SSURMB! Kubto fed M1 WX IHH LA ON
in accordance with thisjpnggption (as described nore fully above) for

DVD-li ke disc recording nmedia for audio information: Preferred D sc

Parameters 5.1 (6 channgb)y 3Bund f£iePRli(¢aig.ve reopitann@ Yiok)carakivdd V-
Conpressed or ugconpresgBitiples bf onedBRbitASr ahe thtmk ¥ Qmid

88.2 KHz or 96 Khz, 176,4+KQz (qr 1921657 43Ubueel &/ k029 Kz .@25%51%1’21-,
Each sound field (e.g.,aﬁaogb_anﬁHé?gky in even 5 mul t1 pl es of one
i.e

another in terns of sanpling rates ., 12, 48, and 96 KHz, or 11.025,

44.1, and 88.2 KHz). Lo odl | (8. » Hu r A th).
s Bl LA 40§EE§§%§% Qolin’ (@ e UHERAY dithdP Gy Ot

10 Encryption (40 bits).

Smart content reserved data specified in disc
format.

Musical selection configuration -- headers resent
with each block to support smart content, sample

15 rate identification, word length identification,
word length scale factor, derived 2-channel mix
coefficients, etc.

Private data/conditional access.

Display data -- reserved data for CD text-like
20 display; bit map display as in DVD video:; ASCII

for use on juke box type players (album title,

song title, artist) for use on LCD type display.

i i ram

Note: All optional items must be reserved on disc
25 format specification smart content reserved data.

Separate 2-channel mix (LPCM) with specified
sample rates and bit depths; if 2-channel mix is
included, derived 2-channel data is not required,
and 2-channel mix status bits are included.

30 Other alternative coding schemes (e.g., delta-
sigma). (If used, derivative 2-channel
information must be included.)

MPEG video. (Will reside above UDF layer using
existing standards including LPCM and/or AC-3.)



Smart content reserved data specified in disc format. Misical selection
configuration -- headers resent with each block to support smart content,
sanple 15 rate identification, word length identification, word

| ength scal e factor, derived 2-channel mx coefficients, etc. Private

dat a/ condi ti onal access. Display data -- reserved data for CD text-like 20
di splay; bit map display as in DVD video; Asglisfgr use on juke box type
pl ayers (albumtitle, song title, artist) for uSe on LCD type displ ay.
Optional Disc Paraneters-Note: Al optional itenms nust be reserved on disc

25 format specifi ' nt e . t _
2- channel m x (LPpCI\/p I w&%g%gﬂi%t?p%qgﬁeie g ?ﬁﬁfg@%ﬁg‘g&l $Ubd
2-ch | mx is i Y [ .y an
zochamel x| et uod SR SO AT e g,
h .g., delta- si . f ' | e 2-C | mati on
rsn(js'?rrgz i((ra]clguded?) KI/PESCIBI 8?323(%\7 (H(J\W%%etsﬁ g%%%%/%% ﬁ‘géﬁ%aéﬁ% exi sting
st andards i ncl ud ngeiceEdisng/aovd Ad-ay/ing fbachSnult‘lieodhamtbbr@MIi’cal asdig
K ke- def i ned - PI_Gt I ‘ [ f i ' . i st ent
Ko okt Lned SUs ol g VUL VNG 0 AR B0 IR ol £005
recordi ng and pl ayplg:vﬁate!d rionl tHIGhannelA @¢ilgiralitgudi D chaymee 1 s anp| asdiaken
at different resol yolang s rgWededd hddiPadd ddl Willd tak fefbnpgys of

audi o

channels of the plurality of channels are sampled at

10 different resolutions. The samples of the plurality of
channels of audio data may be arranged in step 410 in
most nearly the order needed during playback. The
samples of the plurality of channels of audio data are
assembled in step 430 into frames. Weighting '

15 information for deriving stereo is optionally provided
in step 420. This-@eighting information can be
provided in the same track as the plurality of channels
of audio data or in a separate track. The frames and
weighting information are recorded in step 440 on the

20 software carrier.‘ The frames and weighting information
stored on the software carrier are accessed from the
software carrier in step 450. The samples of audio
data are converted in step 460 from digital to analog
form in order that the audio programming can be played.

25 The multi-channel digital audio system of the
present invention may also include a "smart system
initialization" feature. This feature enables the
listener to dispense with the often time consuming
process of initializing the parameters of the

30 reproduction environment allows the listener to listen
to the audio in the manner originally intended by the
artist/producer. The multi-channel audio data stored
on the software carrier is supplemented with system

initialization data usually provided in a track



data are sanpled in step 400 such that at |east two channels of the
~plurality of channels are sanpled at 10 different resolutions. The sanpl es
of the plurality of channels of audio data nay be arranged in step 410 in
nost nearly the order needed during playback. The sanples of the plurality
of channels of audio data are assenbled in step 430 into frames. Wi ghting
15 information for deriving stereo is optianady-provided in step 420.
This weighting information can be provided in the sane track as the
~plurality of channels of audio data or in a separate track. The franes and

wei ghting informatsepapheer ge6mdetel AudisP d44d @alclhkqs3) HfWiRIre taRy rier.
The frames and weighting information stored on the _software carrier are

accessed fromthe S¥FERAr andhipildration: datascanTRd seabs datersRasiseHat a
are converted in Sk@ﬁh4ﬁﬁdiboahﬂhgbhab %Qn%&%'QQaEQfEH Rhe' &imd hRinrdie as
audi o progranm ng can be pl ayed. he mul tl-channel di gi tal
audi o systenlof t hangr eBappe; n9§n?P§h°nﬂ9t3Iso |nclude a "smart system
initialization"sfeature. Thigtfgatyrgeeialkestbbe thikersle tf%ﬂyg%%@]qg/vith
the often tine consum ng_process of initializing the paraneters of e 30
reproduction envi r@ﬂhﬁn%lg}lﬁéﬁétﬁ-ﬁé PfstBgePriscipdesn ofo thiie dnyientivnihe

manner originally hahepdgd b¥rtiBasambhsipaeduasr caﬁhserrudawe Barseaudi o
data stored on the softmare carrier is _supplenmented with system

initialization dat8k&slgfl ynpEBei 88§ Whthoptadrpartingg fxoge pheas€omemnthe
audi o data track(sgpihoweyer thBeifiyeh@Rbhnitialization data can also be
interspersed with audlo data on a S|ngle track in the same manner as any
channel of audi o data.



5 It wll be understood that the foregoing is only illustrative
of the principles of T this invention, and that various nodifications can be

tware carrier conprising. sanptimg =
plurality of channels o sel ecti_velgy .encodi ng at | east two of
said plurality of channels of audio data at different resolutions in a
single streamin a track on said software carrier; and providing an
addi ti onal two-chgpnel pudip,ihagki@n said software carrier. 2. The

nmet hod of claim1 further conprising: arranging the sanples of said
plurality of channels of audjo dqgamé?hggsgopeﬁgbyigbﬁgthQEip@ﬁgﬁquUring
pl ayback. 3. The method of claim1 further conprising: providing :
wei ghting informatdbgital aedieiayonab- saBRhes @@eaeéogﬁuwsapérﬁn&ral ity
of channel s of audi ﬁ?%ﬁ?né: The nethod of claim2 wherein: said
arrangi ng i ncludes asse INg said sanples into frames wherein each frane
defines an interval between two segophingl asphprasidy ehechansedsf péquency:

and sai d sanpling é&gigd&gtggngﬁang said

selectively encoding at least two of

made by those skilled.ind.he ] t departing fromthe scope skt

’[lhls Sﬁee a8 %gen epl Q(?:: HAS BEEN
spirit of the inventiong thod for providing nmultifchanrepLACED

di gital audio signal saH“Hi "\“Jl

said plurality of channels of audio data at different
resolutions in a single stream in a track on said

software carrier.

2. The method of claim 1 further
comprising:
arranging the samples of said plurality
of channels of audio data in most neafly the order

needed during playback.

3. The method of claim 1 further
comprising: |
providing weighting information for
deriving two-channel stereo from said plurality of

channels of audio data.

4, The method of claim 1 further
comprising:
providing an additional two-channel

audio track on said software carrier.

5. The method of claim 2 wherein:
said arranging includes assembling said
samples into frames wherein each frame defines an

interval between two sequential samples of the lowest

* [~ L M S *

frequency; and



plurality of channel?_g%_EHQLQ_QQLQ_sth.that for each of said plurality of
channels the ratio o e nunber of sanples and the sanpl

const ant . - 21 - 5. Q&tﬁ&tgaadz»plﬁcedlalml 2, 3, or 4 EBT $850h
sel ectively encodlng i ncy at | east two of said -ILRE§UAEED0
channel s of audio data a i‘!ﬂ“ a.depths. 6. The nmethod ©

2, 3, or 4 wherein: said codingzﬂneludes encodi ng at Ieast
two of said plurality of channels of audi o data at different encoding
rates. 7. The method of claim11, 2, 3, or 4 wherein: said selectively
encodi ng i ncl udes encodi ng at Ieasaidwmam@lﬁngdipthudébtgamplthgnaels of
audio data at differe at a_dept dpfferent .epcodin tes. 8.

met hod for playln gﬂﬁ%@?%i%ﬂ?#i$h %? n%%?%oo?a %c%?ﬁngﬁﬁEtrgihgﬁﬁﬁl
digital audio signaf mmlph;mbi/tplemif oafhamse)nv\zahe pnoduet wlethennamber

| east two channel s_pf sajg.glur Iitg of channels are sel kvely encoded at
di fferent resol utiYhsSFWP = '?Eﬁ} BT 2RI S2tFatk Sﬂni B sof t ware
carrier conprising: accessing said plurality of channels of audio data,
wherei n two-channel audio data is rOVI ed |n an addlilo al jtrack og sai d
software carrier; and converting T @ ReMPRsCf rohtHigtt af/ t3’ a aPBg form

9. The nethod of wHextedrB: wherein the sanples of said pIurallty of channel s

of audio data are arranged in nost_nearly the. orde ¢ NES gggdyncfgdes

encoding at least two of said plurality of channels of
audio data at different data depths.

7. The method of claim 1, 2, 3, 4 or 5
wherein:
said selectively encoding includes
encoding at least two of said plurality of channels of

audio data at diffeient encoding rates.

8. The method of claim 1, 2, 3, 4 or 5
wherein:
said selectively encoding includes
encoding at least two of said plurality of channels of
audio data at different data depths and different
encoding rates. '

9. A method for playing back a plurality of
channels of recorded multi-channel digital audio signal
samples provided on a software carrier wherein at least
two channels of said plurality of channels are
seléctively encoded at different resolutions in a
single stream in a track on said software carrier
comprising:

accessing said plurality of channels of

R R A0 i

audio data; and



pl ayback. - 22 - 10. The nethod of claim8 wherein said converting

further comprises: deriving.two-channel stereo fromsaid plurality of
channel s of audio data by weighting the sanples of said pljufgki .
channel s of audi o dat apyjsIcheet ikt BetiRPpBREdOf cl ai m 8 wherei nfsai d éﬁgi REEN

further conprises: deriyj | stereo fromsaid p
channel s of audi o data EE“BH! e sanpl es af said plurality of
channel s of audi o data verting. 12. The nmethod of claimS8,

9, 10, or 11 wherein: at least two of said plurality of channels of audio

data are encoded at different dalébﬁ$g¥{§hg1@heT@§m?§é§O§rQﬁ gi?iﬁhﬁ,tg,

10, or 11 wherein: at least two of said plurality of channels of audio data
are encoded at di fdnalag &Iodi ng rates. 14. The nethod of claim8, 9, 10,
or 11 wherein: at least two of said plurality of channels of audio data are
encoded at different data depths and different encoding rates. 15. A

met hod for recording and pl a}® ng Beelknethod of claim 9 wherein the

samples of said plurality of channels of audio data are
arranged in most nearly the order needed during
playback.

11. The method of claim 9 wherein said
converting further comprises:
deriving two-channel stereo from said
plurality of channels of audio data by weighting the
samples of said plurality of channels of audio data.

12. The method of claim 9 wherein said
converting further comprises:
deriving two-channel stereo from said
plurality of channels of audio data by weighting the
samples of said plurality of channels of audio data

before said converting.

13. The method of any of claims 9-12 further
comprising:
providing an additional two-channel
audio track on said software carrier.

14. The method of claim 9, 10, 11 or 12
wherein:
at least two of said plurality of
channels of audio data are encoded at different data
depths.

15. The method of claim 9, 10, 11 or 12

* C L M S *

wherein:



conprising sanpling a plurality of channels of audio data to be provided

in a'single streamon_a_software carrier such that at |east tw channel s of

- said plurality of channels are selectively encoded at different

resol utions; providing ahisSideliHas BeeaRelasat channel - audi o t aﬁﬁs
of C

software carrier; acce55| of said pluralit qﬁgh‘ RREN
audi o data; and convertl from_di-gi tal to areteg—+erm—=i6—7Th
met hod of claim 15 wherei of said plurality of channels of

audi o data are arranged-in nost nearly the order needed during playback. -
17. The nmethod of claim15 furthgg EQQPE'E%?gofpégiadb@ﬁrﬁﬁhﬂbtb@g
information for deriving two-channel stereo fromsaid plurality of channels
of audi o data. 18. cnamnﬂhﬁh@ﬁ andid afatasaresengpded ﬁﬁeﬂéfﬁer§aﬁd sanpl i ng
i ncl udes assenbling, sak €§ into frames wherein each frane defines an
i nterval between two sequ nti Sanpl es of the | owest frequency. - 24 -
19. The nethod of claim15, 16, or 17 wherein said converting further
conpri ses: deriving two- chanpgl S&ﬁéeﬁeﬁﬁ831éf'glgiﬂr§l'55 of 1cpanRgl s of
audi o data by weighting the

wherein:

\1”a

at least two of said plurality of
channels of audio data are encoded at different data
depths and different encoding rates.

17. A method for recording and playing back

comprising: '

sampling a plurality of channels of
audio data provided in a single stream on a software
carrier such that at least two channels of said
plurality of channels are selectively encoded at
different resolutions;

accessing the samples of said plurality
of channels of audio data:; and |

converting the samples from digital to

analog form.

18. The method of claim 17 wherein
the samples of said plurality of channels of audio data
are arranged in most nearly the order needed during
playback.

19. The method of claim 17 further
comprising:
providing weighting information for

deriving two-channel stereo from said plurality of

N 8 O

channels of audio data.




sanples of said plurality of channels of audio data. 20. The nethod of
claim15, 16, or 17 wherein said converting further conprises: deriving

t wo- channel stereof+emsard—pturality of channels of audi o data by

wei ghting the sanples of said plurallty of channel s of aufihg; ,
sai d converting. 21Thlﬂ$*eetﬁm “ 2ced| aim 15, 16, or 1.7 wherei ﬁkapﬁg oo

sel ectively encodi ng I ng at | east, two of sard—ptural })of
channel s of audio dat dat a dept s’ 22. The nethod of claim
15, 16, or 17 wherein: said selectively encoding includes encodi ng at | east
two of said plurality of cha els of augbo da a t d| er gt en dlng
rates. 23. The method of cl afhr 1570§eMeHROF70 aﬁﬂ sBFe |ver
encodi ng i ncludes whepding at | east two of said pIurallty of channel s of

audi o data at different data depths,agnd_different n&odin r%é S. - 25 -
24. A device for playing back reco?iedSHIPLITEhARRLPAFGPERFTRIARY SPYRMI

sanpl es conpri si ngsaxﬁpﬂeguiﬁtol ﬂx&meéOWhaEGEﬁSéaghafﬂhmeaﬁélfynefs ahannel s
of audi o data provjded tmar carr, erein at

t
| east two channel s* %?egg?haﬁ?tvg??t wésgghggﬂgFégaﬁgmg ECPFvgﬁﬁ ﬁgﬁgééd at

~different resol utiphsquandywherein two-channel audio data is provided in an

21. The method of claim 17, 18 or 19 wherein
said converting further comprises:
deriving two-channel stereo from said
plurality of channels of audio data by weighting the
samples of said plurality of channels of audio data.

22. The method of claim 17, 18 or 19 wherein
said converting furfher comprises:
deriving two-channel stereo from said
plurality of channels of audio data by weighting the
samples of said plurality of channels of audio data

before said converting.

23. The method of claim 17, 18 or 19 further
comprising:
providing an additional two-channel

audio track on said software carrier.

24. The method of claim 17, 18 or 19
wherein:
said selectively encoding includes
encoding at least two of said plurality of channels of
audio data at different data depths.

25. The method of claim 17, 18 or 19

AR O A

wherein:



‘addi tional track on said software carrier; and a conversion unit I ncl udi ng
a plurality of digitaf=te—analog converters each arranged to receive one of
said plurality of cha els and convert the sanples fromdigital to analog

form 25. The device oy‘ °EF,¥FB¢MIQQJ¢€& n the sanples of dga ﬁpééﬁgﬁ-'ﬁksyg%%\éc

channel s of audi o data ranged in nost nearljy REPOG
aim 24_-wherein said bunvc.a:aﬁ “"'*

during playback. 26. T
further conprises: a plurality of rational anplifiers coupled to

sel ected outputs of said plurality of digital-to-anal og converters for

deriving two-channel stereo from sqiy pdaieddive D) sleddehs Dhchudes data
by wei ghting the sanpl es of sald pIuraIbég of channel s, of audio data. 27.

The device of cl aigRCRAiead neaft thel S Mivralitne? L cohappeds: of
plurality of digitglgifldddd i Qo etk tehssd efh e put | eads of said
dermul tipl exer for multiplying successive sanples by various appropriate
digital weighting factors; and -26- a plurality of digital adders for
sel ectively conbining the oytgut st retivbdP!dy didmof7divster poltipliers,
the outputs of said plurality of digital adders being coupled to selected
i nputs of said pl &h@gaipiof digital -to-anal og converters for deriving

t wo- channel stereo fromsaid pIur%dﬁdléglégEqvg4§;éﬁc@aghg)gﬁ@pudgg A

met hod for prOV|d|ng mul ti - channel
encoding at least two of said plurality of channels of

audio data at different data depths and different
encoding rates.

27. A device for plaQing back recorded

multi-channel digital audio signal samples comprising:

a demultiplexer for accessing a
plurality of channels of audio data provided in a
single stream on a éoftware carrier, wherein at least
two channels of said plurality of channels are
selectively encoded at different resolutions; and

a conversion unit including a plurality
of digital-to-analog converters each arranged to
receive one of said plurality of channels and convert

the samples from digital to analog form.

28, The device of claim 27 wherein the
samples of said plurality of channels of audio data
having been arranged in most nearly the order needed
during playback.

28, The device of claim 27 wherein said
conversion unit further comprises:
a plurality of operational amplifiers
coupled to selected outputs of said plurality of
digital-to-analog converters for deriving two-channel

stereo from said plurality of chahnels of audio data by

AR




digital audio signal sanples on a software carrier conprising: sanpling a
first plurality of channels of audio data; sanpling a second. pIurallty of
channel' s of audi o dat a; TIHE4HESG hs eXR codlng said first plurge "

channel s of audio data i n1|n a first track [ :
carrier; and selectivel y]I l@,mmsi second plurality of '
audio data in a single s nd tr-age en said software car

29. A nmethod for providing nulti-channel digital audio signal sanples on a
software carrier conprising: sanpling a first plurality of channels of

audi o data; sanpl ivwgighsesgnthel sampléy 6f shasanplaraliaydo@ dhbanels of
sel ectively encodin 8 salg {lrst plurality of channels of audio data in a
single streamin &@¥#+2t92F8ck on said software carrier: and providing

wei ghting infornmation for deriving said second plurallty of channel s of

audio data fromsaid first ral i f chann I 0, dat a.
30. The nethod of cIaimZQp ere?hgsg?HlSFOQ dFﬁ@lﬁugghEPeESﬁBrﬁéég

storing said wei ghtémeetoionmahientaptReseeonprisask on sal d software

carrier. 31. The nethod of claim?29 wherein said_provi further
conpri ses: a plurafity of d?ggta m ltgp iers

coupled to selected output leads of said demultiplexer
for multiplying successive samples by various
appropriate digital weighting factors; and

a plurality of digital adders for
selectively combining the outputs of said plurality of
digital multipliers, the outputs of plurality of
digital adders coupled to selected inputs of said
plurality of digital~to-analog converters for deriving

- two-channel stereo from said plurality of channels of

audio data.

31. A method for providing multi-channel
digital audio signal samples on a software carrier
comprising:

sampling a first plurality of channels
of audio data;

.sampling a second plurality of channels
of audio data;

. selectively encoding said first
plurality of channels of audio data in a single stream
in a first track on said software carrier; and

selectively encoding said second
plurality of channels of audio data in a single stream

in a second track on said software carrier.

32. A method for providing multi-channel
digital audio signal samples on a software carrier

AT g

comprising:



'storing said weighting information along with said first plurality of
channel s of audio data in said single streamin said first trapk on sald

software carrier. 32. AmggﬂgggwﬁgﬁRilg¥adlng mul ti - channe

signal sanples on a soft onprising: sanpling
channel s of audi o dat a; iﬂm{ﬂ Emlg[mcodl ng at | east two—of
of channel s of audi o dat streamgn a first track on said
software carrier; and selectively encoding systeminitialization data on
said software carrier. -33. The nethod of claim 32 wherein said system
initialization data is provided ggmgghggfbrsﬁr%&aﬁhw@aryt oFofdnsels
carrier interspersed with said audi o data. 34 nmet hod of claim 32
wherein said syst@ﬁ1ﬁﬁ¢ﬁpaﬁﬁiét|on data is provided in a second track on
said software carrier. .35. The ggh qqn f aCls@lcond? paiieiaaiit 3S@ﬂjdﬁadﬁ§¥g
two of said plurality of channel s o I 0 data are encoded at different
resol utions in saPé 8bdip dpiak on sald software carrier. - 28 - 36. The
met hod of claim 32 further conprggqggtl%@q?nghggdhgg SR 99 @ft said
plurality of channels of audio data in nost nearly the order needed during
pl ayback 37. ThePhuraddtyr of| sharselpupfhapdio dhta in a single stream

in a first track on said software carrier; and

providing weighting information for
deriving second plurality of channels of audio data
from said first plurality of channels of audio data.

33. The method of claim 32 wherein said
providing further comprises:
storing said weighting information on a
second track on saig software carrier.

34. The method of claim 32 wherein said
providing further comprises: '
storlng said weighting informatlon along
with first plurality of channels of audio data in said
single stream in said first track on said software

carrier.

35. A method for providing multi-channel
digital audio signal samples on a software carrier
comprising:

sampling a plurality of channels of
audio déta;

selectively encoding at least two of
said plurality of channels of audio data in a single
stream in a first track on said software carrier; and

selectively encoding system
initialization data on said software carrier.

) * c L M S *




conprising: providing weighting information for deriving two-channel stereo
fromsaid plurality of channels of audio data. 38. The method of claim 32

f.urther conprising: providing an additional two-channel audig track on said
software carrier. REPLACEMENT SHEET

- 28 -

36. The method of claim 35 wherein said
system initialization data is provided in said first
track on said software carrier interspersed with said

audio data.

37. The method of claim 35 wherein said
system initialization data is provided in a second

track on said software carrier.

38. The method of claim 35 wherein said at
least two of said plurality of channels of audio data
are encoded at different resolutions in said first
track on said software carrier.

39. The method of claim 35 further
comprising:
arranging the samples of said plurality
of channels of audio data in most nearly the order
needed during playback.

40. The method of claim 35 further
comprising:
providing weighting information for
deriving two-channel stereo from said plurality of

channels of audio data.

41. The method of claim 35 further
comprising:
providing an additional two-channel

audio track on said software carrier. ——— @
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