- 1- RECORDI NG AND PLAYBACK OF MJLTI - CHANNEL DI G TAL AUDI O HAVI NG DI FFERENT
SAVPLI NG RATES FOR DI FFERENT CHANNELS 5 Backg%p ped i~ e | nvention This

i nvention relates to recording and pl ayback nultl-channel digital audio
having different sanpling rates for different channels.[" ned
McPherson et al. U S. 10 patent application No..09/066,0 N&nndN 24,
1998 and McPherson et al. U S. patent application No. R C

April 24, 1998 are incorporated hﬁggkgigyﬁé§ﬁ$[g ce Technology of t
used for software 15 carriers sucj Versatile Disc 15430
makes it economcally viable to prm E ﬂHﬂr{ MEQ medi a containing greatly
enhanced audi o information. For e ossible to provide digita

audi o recordings on software carriers having six channels of 20 digital
audi o to be played by six-channel audio systens. The typlcal,&/;'thaﬁhel
a

audi o system has a front |left channel, a front center channe¥; Tront
right channel, a rear left channel, a rear right -2- channel, and a
subwoof er (Il ow frequency effect, "LFE"') channel. It is known that increased

sanpling rates provide better audi o reproduction. However, sanpling 5 al
channel s of nulti-channel audio at very high rates nmay produce nore data
and take up nore space on the software carrier than is necessary to produce
better

RECORDING AND PLAYBACK OF
MULTI-CHANNEL DIGITAL AUDIO
HAVING DIFFERENT SAMPLING

RATES FOR DIFFERENT CHANNELS

5 Background of the Invention
This invention relates to recording and
playback of multi-channel digital audio having
different sampling rates for different channels.
Commonly assigﬁed McPherson et al. U.S.

10 patent application No. , filed (Docket No.
3546/048) and McPherson et al. U.S. patent application
No. , filed (Docket No. 3546/049) are

incorporated herein by reference.
Technology of the type used for software
15 carriers such as the Digital Versatile Disc ("DVD")
makes it economically viable to provide recording media
containing greatly enhanced audio information. For
example, it is possible to provide digital audio
recordings on software carriers having six channels of
20 digital audio to be played by six-channel audio
systems. The typical six-channel audio system has a
front left channel, a front center channel, a front
right channel, a rear left channel, a rear right



reproduction. In addition, many potential purchasers of audio software
carriers may have only two-channel 10 stereophonic audio systens, and it
may be wasteful of space on the software carrier to record the same audio
progranmm ng in both six-channel and two-channel versions, especially when
hi gher sanpling rates are to be used to enhance audi o reproductian quality.
15 . In view of the foregoing, it is an object of this invention
to provi de nmethods and apparatus for rech&?ﬁg and pl ayi ng back
mul ti-channel digital audio having different sanpling rates for different
channel s in order to. avoid recordin nDrF datg than is n%%es ary,.20 and
Soft r &

consequent |y t GR@BRELrvENSHE SUBYY M LT EIPPREY. © randtiter)

obj ect of thischanaeti.on to provide nethods and apparatus for deriving from

audi o informati on recorded agnd pl ayed back. in one format .25 audio signals
ina different format so%Fh&§ ﬂgFﬁx?&?ﬁﬁ SRErAdteHafamPI IR FatSitied on

the software cpebvite betRry aididerdpwedicPlonli SHawdvel)ersaayleais of
{he yoventL6n 245, d8aeBaNaTly SNt opLovs 1 2g, et Hede st ampanatag, Lo
| east two chanfalspebodute mldgealddta dnd heakel apanersaspaed ain diHd er ent
(qtes and 1t S800R-d LUK ot e SHORLERBL HhCoBAl Bedler 3
si ngl e sequenceeptodiiotidie SanEdSdieien) nmangt potanity alhpuraddasddat t hey
wll be neededo ugh opg%@¥%§%eP@%J%?ﬁr?@%agpﬁg%%t%%1§9Ewo-channe1
10 stereophonic audio systems, and it may be wasteful of
space on the software carrier to record the same audio
programming in both six-channel and two-channel
versions, especially when higher sampling rates are to
be used to enhance audio reproduction quality.
15 In view of the foregoing, it is an object of
this invention to provide methods and apparatus for
- recording and playing back multi-channel digital audio
having different sampling rates for different channels
in order to avoid recording more data than is necessary
20 and consequently to conserve space on the software
carrier.

It is another object of this invention to
provide methods and éppératus for deriving from audio
information recorded and played back in one format

25 audio signals in a different format so that both
'formats do not have to be recorded on the software
carrier.

Summary of the Invention
This and other objects of the invention are
30 accomplished by providing methods and apparatus for
recording by sampling a plurality of channels of audio
data such that at least two channels of the plurality
of channels are sampled at different rates and bit
depths. 1In addition, the samples of the plurality of



5 playing back are al so provided which access the nulti- channel sanples,
taken at, different rates.for .different--€channels and interleaved into a
single stream as descri bed above, and reconstruct the nulti-channel anal og
audi o i nformation from THoSheet HasRebie®eplated 10 addi tion, the playback net hods
and apparatus may includ her version of the audio information
fromthe information ret?ﬂ!ﬂ}! software carrier,.. For exanp

t wo- channel stereophonic i'gnal’'s’ may be deri ved TirosHESTXHAH BRER|| 15
audio information retrieved fromthe software carrief, an®RBPRACHRS

wei ghting factors may be used for conbining Bnfornati©n from vari ous ones
of the six channels to produce the signals for each of the two stereophonic
channel s. 20 Further features of the invention, its nature and
various advant agdw@nnels pef npvdiapgaranerer eredies akdch AR IRA dPRWFA8s and
the fol l owing def@¢degrdesgripbioinoh Eﬁ?xgﬂﬁae‘cs@di.@\@tﬁw‘ﬁm&-tﬁél ef
Description of the Draw ngs 25 Fl G Is a.chart of the_various
dat a channelsamﬁ?@ﬁ#?%s%ﬁﬁd%ﬂgm9§§oFG?Féﬁ%FhFIGF@??E¥QP§i?&FYfV%§l be

el evational view,&dqéq PasEehgeg1a9bhwa.e sRithils ddSapbdfatushast showi ng
a preferred order_ 30 of recordi ng sanpl es aon DVD-type si x-channel recording
medi a; FIG & iPle¥ing bPackdatenarae POvdcedyiwiyh %?C%ﬁmsiﬁﬁswi{:?%

pl ayback circuitshannef-skhfled, | taketl WY idiifFbrertenyd t&s bfoekddEagrammof

anot her illustrative playback circuit; and ,
channels and interleaved into a single stream as

described above, and reconstruct the multi-channel
analog audio information from those samples. In

10 addition, the playback methods and apparatus may
include deriving another version of the audio
information from the information retrieved from the
software carrier. For example, two-channel
stereophonic audio sigﬁals may derived from six-channel

15 audio information retrieved from the software carrier,
and various weighting factors may be used for combining
information from various ones of the six channels to
produce the signals for each of the two stereophonic
channels. '

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

Brief T ipti f the Drawi
25 FIG. 1 is a chart of the various data
channels and corresponding resolutions;
FIG. 2 is a simplified elevational view of a
preferred software carrier;
FIG. 3 is a chart showing a preferred order
30 of recording samples on DVD-type six-channel recording
media;
FIG. 4 is a simplified schematic block

diagram of an illustrative playback circuit;



FIG 6 is a flowhart of a preferred nethod of recording and pl ayback. 5
Det ail ed Description of the Preferred Enbodi nents As shown in FIG 1, N
channel s of audio data (represented by nunbers 12, 14, 16, and 18, for
exanpl e) are provided on a software carrier 10 (such as DVD disc 20 in FIG
2). N may include one or nore 10 channels. For exanple when N = 8, there
coul d be six channels for six-channel audio, as well as two channels for

t wo- channel audio. OF course, there are many possi bl e channel formats for
provi ding audi o progranmming on the software garrier. There can be any 15 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 iLts—own

resolution (in which casegfgaunlis N ﬁmﬁﬁ’ﬁé‘& 5Bﬁeﬂ8t§ccsﬂo%&are t he
same resolution (in which case Kis |ess than N). There are

two fanilies of ddagFame@L @tr\@s“-f@ﬁnﬂdms%@@l&% Biégbﬁf:ku firpuitéc@nd ng
industry. The first famlyigiclgides 4 a¢esw@hads. 086a ﬁB@fé%%eKl"'ﬁetﬁb%
second famly includes rates of 44.1, 88.2, and 176.4 KHz. At present, the
hi ghest rates |ﬁfééﬁﬁqaﬁﬂnﬁnﬁ%ﬁ(E&ﬁybﬂﬁkaﬂd 176.4 KHz) are only supported
in stereo, not in any other nultlchannel fornat Both fam lies can be used
with bit deptshs pefezki6.ed2 D dd i34 » 5 ‘
resol utions 30 correspond to di er ent sanp |ng rates and/ or er ent

sanple word lengths (i.e. add SHRA &in 'EEE! U1§0n FRaABed sObEARAEiTARIt 0

frequency and/or, a | onger sanple word | ength REPLACENENT SHEET
(represented by numbers 1 4, 16, and 18, for

example) are provided on a software carrier 10 (such as
DVD disc 20 in FIG. 2). N may include one or more

10 channels. For example 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
programming on the software carrier. There can be any

15 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
the same resolution (in which case K is less than N).

20 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

25 family (192 KHz and 176.4 KHz) are only supported in
stereo, not in any other multichannel format. Both
families can be used with bit depths of 16, 20 and 24
bits.

As shown in FIG. 1, different resolutions

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



As shown in FIG 2, channels 1-N may be provided in nultiple tracks on a
software carrier such as a DVD disc 20. For exanple, track 1 (which may

i ncl ude channels 1-1 (el\‘}l'h Shee 'aéBgte nr]eli for six- 5 channel audio) is

| abel ed 22, and track Flde channels J-N (e.g., two channels
for two- channel audi0) @'H’ 'Z Several channels are typically
provided in a single str i ack, so that Mis less than N. For
exanpl e, when N=8, 1=6, and 10 M2, track 1 include ﬁ,' rets-—1-6-and
track 2 includes channels 7 and 8. To enhance the Iiste*lrlﬁjl FETX?@F BERN ¢
beyond what is usually provided in conventlchdl syst ks —tHE-ACED
above-nenti oned software carrier recording nay have 15 sone of the

channel s sanpled at a sanpling rate greater_than has_heretofore
conventional |y been used. Aors e, F1G. 25 GReRBANE| 15NdM8YsP& em the

three front Cha?ﬁ?v%.d%’ ihe mARIAG atrf8 dtiiza 050 88wKie, celrirdler sunlgher
than the 44.1 o 8 '

KHz conventionally used as 20 tﬂg hi ?'?HQZ:i’ssa l'ing
rate. The rear aghanddD digs @P gerkohl ¢XAmRNe ai hraGKednhdP e Ma¥or t ant
information, mayfe Saiktilld e 1o[e, §0)Venki eRahnédsl foir 43Xz

sanpling rate. The subwoofer channel, which_ contgins _only |ow.frequency
i nfor mati on &nd ShEmEIe) KB & 3i0bobed net néﬁa grﬁth&sa(I’?&Ji%%aaX e, may

be sanpled at 1L QA% dradfidrs |3-17S (4§t of thioOEhapaee sofozhaweecor di ng
media to sanple all six channels at 88,2 or 96 KHz when the rear and

subwoof er channé&bampehAudighi¥s c]sﬁ‘Pﬂ/e‘Be%‘éfitsFF’Sﬁagu G S &Y i ng
rates. 30 typicall@ gy Oddoig0ask degdki eRzebandn @amdnragk} heo
vari ous .channel s to be recorded at different sanpling rates. Sanpling ig
general |y perforthak d§idg EShnprar Nhi cﬁ°Fn€?‘Bg‘B§ea a’i’\ﬁnci" chtas am

anal og-to- di@i tMl2 ("A4ER COIWEIE@Es channels 1-6 and track 2 includes
channels 7 and 8.

To enhance the listening experience beyond
what is usually provided in conventional systems, the
above-mentioned software carrier recording may have

15 some of the channels sampled at a sampling rate greater
than has heretofore conventionally been used. For
example, in a six-channel audio system, the three front
channels may be sampled at 88.2 KHz or 96 KHz, which is
higher than the 44.1 or 48 KHz conventionally used as

20 the highest sampling rate. The rear channels, which
generally contain somewhat less important information,
may be sampled at the more conventional 44.1 or 48 KHz
sampling rate. The subwoofer channel, which contains
only low frequency information and which therefore does

25 not need a high sampling rate, may be sampled at 11.025
or 12 KHz. It is wasteful of space on the recording
media to sample all six channels at 88.2 or 96 KHz when
the rear and subwoofer channels do not significantly
benefit from such high sampling rates.

30 The foregoing considerations lead to sampling
the various channels to be recorded at different
sampling rates. Sampling is generally performing using
a sampler which includes a device such as an analog-to-
digital ("A/D") converter.



-6- At present, only a mnority of consuners have nmulti-channel (e.g.,

si x-channel ) audi o systens. Mst consuners have only two-channel stereo
audi o systens. |If recording nedia are provided with six-channels of 5 audio
recorded on them it is desirable to have those nedia al so playable in

t wo- channel stereo audio systens. It is then further desirable to have

pl ayback apparatus for six-channel nedia which can optionally. derive
conventional two-channel stereo signals fromthe 10 six channels of
recorded information. In this way the six-ghannel recording nedia and the
associ at ed pl ayback apparatus can be used in either six-channel or two-
channel audi o systens. Assum ng that the subwoofer channel ("SUBW") 15 s
sanpled at 12 KHz, that Ahe%fesént?f bniyRalmiho¥idy' @& don@imdrsRHAve
channel s are sanpl ed at 48_KHz, and tha? the front |eft ("F.L."), front
center ("F.C 'mulhrchapnelrighg-¢" sik-chanRgdderyddce syshomsy atams Kz,

FI'G 3 shows adifimérednavdepndy theccliantedl stamrloeaudidd\¥ydnens.
si x-channel recording nmedia. The sanpl es hetween points A and B (points A

and B define &% rE@@orfding mgdipspafc ProviLRte Wiltte St~ QAS wRE sanpl es

of the | owsst dueiieps¥dracd ahl thaken itr 9 ere ilriaa d MieMdle ithdde
original informatjon and include 25 one 12 KHz subwoofer channel sanple,

four 48 KHz r&gd}aralsgnpiayabigyinigvrashaened sHaresAEL eight 96 KHz

;ront | 'efth Saf@f&em§%_ﬂhtt9§szHhegﬂ Q&trt%ae!it aress_&ram;és ,to-?lhflda@ Hxa &Hﬁ
ront rg t sa es. e rererre recaqQrai orger or t €SE, Sanpl es snown
in 30 FIG 3 i %%Eﬁtklﬁatfgifhélﬁﬁﬁﬁ%‘e r@eggéd“g\%hoﬁénaﬂ%trl%ﬂﬂ]ﬁér from

left to right gl ¢s08bhoEnt2obalt eorshun@ead sterfddGs ignaliyistidie the
recordlngfﬁxkgiéschannels of recorded information. In this way the
six-channel recording media and the associated playback
apparatus can be used in either six-channel or two-
channel audio systems. _
Assuming that the subwoofer channel ("SUBW.")
15 1is sampled at 12 KHz, that the rear left ("R.L.") and
rear right ("R.R.") channels are sampled at 48 KHz, and
that the front left ("F.L."), front center ("F.C."),

and front right ("F.R.") channels are sampled at 96

KHz, FIG. 3 shows a preferred order of recording

20 samples on DVD-type six-channel recording media. The
samples betweeﬁ points A and B (points A and B define a
frame, i.e., a distance or time interval successive
samples of the lowest frequency) are all taken from one
time interval in the original information and include

25 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 these samples shown in

30 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 sample. The next



preferably such that the first sanple read out (at point A is a | owest
frequency sanpl e. The next -7- sanples read out are internedi ate
frequency sanpl es. The next sanples read out are highest frequency sanples.
Then nore internedi ate frequency sanples are read out, followed by nore

hi ghest frequency sanples. 5 This pattern continues until it is time (at
point B) to read out another of the | owest frequency sanples, and then the
whol e pattern repeats again. The above-described recordi ng order (and
consequent reading out order) provides sanpl es fromthe 10 recordi ng nedia
in nost nearly the order in which they are needed by the playback circuitry
(including the circuitry needed to derive two-channel stereo from six-

channel recor dedsimb QéQHEbQEl) outhia¥Mild t dend®i £t aPPREGAENEYOFabA es .
foll ow ng descri t|on of illustrative 15 playback circuitry. In the

illustrative pl ayBRcReXfr 8aMPleso rafsvPth 3fes highRstsEFBABENCYad- from t he

DVD-type disc argam %E E'edTHQQ ﬁH%@'fﬁﬂéfﬁédiétéhErEQﬁEnE?”@ah@&@é“%réﬁ
derul ti pl exer 110. mul tipl exer 110 20 switches each successive sanpl e

into the correctr®ad BPtth§°§4?W&ﬂ¢hﬁ RoEs el gheFtcEROEHENSY FFPLES>. For

exanpl e, eachs S%@Qfﬁétﬁééﬁn%bnﬁ'ﬂﬂés IhsnE¥l tLhedsi pifet h%tSB/B &) to
channel which includes subwoofer channel digital-to-analo .

converter 120S. T§RfisoBtaapgthet &f érh%ol‘ﬂl‘é?ﬁg Fﬁ@qgﬁﬁﬁwe§amplﬁécel% to

an anal og subwoofgénchaanghoQet wtt%ﬁﬂaéeé]eﬂﬁiv&g@h&ﬂ") Simlarly,
denul tipl exer 110 applies each rear |eft channel sample to rear |eff

channel DI A converter 120REBEhPOPYRSHRRESIBEC F8FBEALRGr OFdeTr ddhshel

out put ' consequent reading out order) provides samples from the
10 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
apparent from the following description of illustrative
.15 playback circuitry.

In the illustrative playback circuit 100
shown in FIG. 4 the sampies read from the DVD-type disc
are supplied one after another to the left-hand
terminal of demultiplexer 110. Demultiplexer 110

20 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
digital-to-analog ("D/A") converter 120S. This D/A

25 converter converts the samples it receives to an analog
subwoofer channel output signal ("SUBW. OUT").
Similarly, demultiplexer 110 applies each rear left
channel sample to rear left channel D/A converter 120RL
which produces an analog rear left channel output

30 signal ("R.L. OUT"). Each rear right channel sample is
similarly applied to rear fight channel D/A converter
120RR. And each of the front left, front center, front
right channel samples are similarly applied to D/A
converters 120FL, 120FC, and 120FR, respectively. Thus



30 signal ("R L. QUT"). Each rear right channel sanple is simlarly applied
to rear right channel D/ A converter 120RR. And each of the front |eft,

front center, front right channel sanples are simlarly applied to DA
converters 120FL, 120FC, and 120FR, respectively. Thus -8- the top six
out puts shown in the right in FIG 4 are six analog signals for use in a

si x-channel audio. system FIG 4 also shows how the left and right two- 5
channel stereo outputs nay be derived fromthe six- channel signals. The

| eft stereo output signal ("STEREO LEFT QUI"g ks produced by appropriately
wei ghting each of the SUBW QUT signal, the R L. OQUT signal, the F.L. QUT
signal, and the F.C. QUT signal 10 and conbining the resulting signals.
Qper ational anpliyfd &fsp 1308y ek LsndwAFlh, taied ARCL mr PIGESReakevel Y
used to weight these signals for_conbination to produce the bltgto LEFT OQUT
signal . Simlarlsix tanakeghiigratleofekt pge %Pgﬁms%%f%h?ﬁﬁﬁﬁdaﬂ 1By
appropriately\ngggéﬂ@ each of the SUBW OQUT signal, the R R QUT signal,
the F.C. QUT signal, and the F. R QUT sjgnal _(usi erational .amplifiers
130SR, 130RRR, 130FCR andfﬁ%OPhR?lﬁﬁs688F§v5&?5tﬁ%ﬂqﬁ%€5ii?agrﬂﬁ two-
resul ting si gnalshandel Vot &hdb Ngutpater maz0beMtiedi ved Peopr tkiededxen t he
software carrier or by user input) useg b¥to erationgh%agpllfie s 130 are
suppl i ed via | efthann®l gignalsgnohBReahed] T ELERdi efpe

conversion unit Qigreged EFd 60TWI €8 Prodused yneppR2speiatedysi gnal s
e han | P eientlag “0h %o the steW ot uidikat %hE! RI b
signal, the F.L. OUT signal, and the F.C. OUT signal
10 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.

Similarly, the right stereo output signal is produced

15 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
combining the resulting signals. The weighting factors

20 (which may be provided on the software carrier or by
user input) 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



anal og domain as is done in FIG 4). In FIG 5 elenents 130 are digital
multipliers for nmultiplying successive sanples fromdenultiplexer 110 by
various 30 appropriate digital weighting factors supplied via | eads 140.

El ements 132L and 132R are digital adders for conmbining the multiplier 130
outputs that contribute to the left and right stereo channels,
respectively. D/A converters 120SL and 120SR -9- respectively convert
the digital outputs of adders 132L and 132R to the analog left and right
stereo output signals. In all other respects,FIG 5 is simlar to FIG 4.
Note that in order for each adder 132 to 5 r&cei ve sonet hi ng from each
associated mul tiplier 130 during each operating cycle of the adder, some of

e UL PLLorS 30 Y, eRyCLen and TEHaC L 0P CLIPULERLERY crenBs oy
for that 10 nul ta:@dilmzmtomthé brazpgalefit &ndnrigbdystgreoGCeutduind 4
e N Sl e R o L
recordi ng nedi a ¥nGt hg. 15N6tdethabi ¢h oodes €bosescht addes d3@ertd n which
o e e Bhel Rl frR 5o PR ghEled Mty oggnel
conponents 130 agdrigg eacﬁlﬁpeiatIhgscgcdero&fthheadﬂqnnﬂSQMQﬂQﬁ(ﬁhﬁ
gkglg};?fafocgEgﬁﬁgﬁggifgifggéhcﬁanF?gggﬁg é%tgng%%és éEY R?%3§g5§ews
channel s and to egeaivst frbm damalmﬁpﬂbsexa&ﬂwe@nmnleéﬁe(ﬂﬁﬂﬁuﬂew
sample comes from demultiplexer 110 for 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.
It will be understood that the various sample
25 rates mentioned above are only illustrative, and that
different sample rates (e.g., 88.2, 44.1, and 11.025
KHz) can be used if desired. Similarly, the number of
different sample rates can be different from three, and
the number of channels sampled at each sample rate can
30 be different from the number of channels sampled at
each rate in the illustrative embodiment described
above.
A flowchart illustrating a method for
recording and playing back multi-channel digital audio



It wll be understood that the various sanple 25 rates nenti oned above are
only illustrative, and that different sanple rates (e.g., 88.2, 44.1, and
11. 025 KHz) can be used if desired. Simlarly, the nunber of different
sanple rates can be different fromthree, and the nunber of channels

sanpl ed at each sanple rate can 30 be different fromthe nunber of channels

sanpled at each rate in the illustrative enbodi nent descri bed above. A
flowchart illustrating a method for recording and pl ayi ng back
mul ti-channel digital audio -10- sigmalOsanpl es taken at different

sanpling rates is provided in FIG 6. A plurality of channels of audio data
are sanpled in step 400 such that at least two channels of the plurality of
channel s are sdignadd sanples)itakermtdifferenkesanqpling PSR I urality

of channel s of .ﬁ?ﬂf&i . agrangediipasi€p 6¥0chanmedls remrdudidie order
needed duri ngpp aycg?: .a{rill'h!zﬂga les g? th% pl gr al ipita%g%%oihannel s of audio

data are assem#t@l ave stapled imtsterafll. SveRgk SaftortHR i on for

deriving stereq, i Optigpaby provigedy orstRanteds e idaprediut

wei ghting infornmation are recorded in Step 440 on the software tcarrler. The

frames and Sweidififerentiratbesi onThe osaBPsast AE $be ety St are

accessed in S @y s TUP adpbesaeh avdi ortingdal ArdistesoRy ted hdsst ep
alog form It er

460 fromdigital to an w |l be un toQd that the foregoing
is only illusthearly thetoederi heededsdgring ?hﬁé/@éﬁﬁﬁnn,%osmfe%ari ous

modi fi cations &@ntc}l?@ PPaea Py {hesecRAndki k! 8¢ iamdilee critla viddiout departing
fromthe scope an

assembled in step 430 into frames. Weighting

10 information for deriving stereo is optionally provided
in step 420. The frames and weighting information are
recorded in step 440 on the software carrier. The
frames and weighting information stored on the sqftwa:e
carrier are accessed in step 450. The samples of audio

15 data are converted in step 460 from digital to analog
form. '

It will be understood that the foregoing is
only illustrative of the principles of this invention,
and that various ﬁodifications can be made by those

20 skilled in the art without departing from the scope and
spirit of the invention.




spirit of - - The Invention Clained Is 1. A met hod
for. recard ‘ IHHH gr’uw di gi taI audi o signal sanples conprising:
generati ng anpling a plurality of channels of audio data

such that at |east three cHanneIs of said plurality of channels are sanpled
at different-rates; and-arranging said sanples of said
channel s of audio data |n series on a software carrier

or der. nee ck (FIG 3). 2. The net hod B
conpri si ng: ghting informatienlior deriving two-channetr—stedeo
fromsaid annels of audio data. 3. The nethod of claim1

or 2 wherein: said arranging i ncludes assenbling said sanples into franes
wherei n each frepe ggtefiesodnclatiaedlIdet ween two sequential sanpl es of
the | owest frequency (FIG 3); and said generating includes sanpling a
plurality of channels of audi oAdatétrﬁjﬂ:hfcmatecﬁ@rdéaghmuﬂ.ts'.a-icihqﬂnﬁlal ity of

channels the ra Lo f _the nunber_ of. said samp ad.sanpling rate is
constant. 4. ﬁ&daP89°I%%ﬁQﬁ}tﬁﬂﬁ? %d%%ﬁ%gggﬁﬁg *channel digital

audi o si gnal sanples taken at djedexrzmning sl dngampies bymsampiliing a
accessing a plurality;of changels, of; augl g 475 aquher shlralerAasde U

channel s of saiH
two channels of said plurality of channels are sampled

at different rates; and

arranging said samples of said plurality
of channels of audio data in series on a software
carrier in most nearly the order needed during

playback.

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

channels of audio data.

3. The method of claim 1 or 2 wherein:

said arranging includes assembling said
samples into frames wherein each frame defines an
interval between two sequential samples of the lowest
frequency; and

said geherating includes sampling a
plurality of channels of audio data such that for each
of said plurality of channels the product of the number
of said samples and sampling rate is constant. |

4, A method for playing back recorded
multi-channel digital audio signal samples taken at
different sampling raées comprising:

accessing a plurality of channels of

audio data such that at least two channels of said



-12 - plurality of channels were sanpled at different rates, said sanples
of said.plurality of channels of ‘audio data havi ng been arranged In series

on a software carrier in nost Eﬂﬁlummw‘mnmuneeded during playback (FIG
3); and converting said sanple analog form(FIG 4, FIG
5). 5. The nmethod of claim4 Wwhefeih said converting further conprises:
deriving two-channel stereo fromsaid plurality of cgisﬂgggggfﬂaﬂdmﬁmﬁf
FI G

by wei ghting said sanples of said plurality of channgls of ggrNCEDdat a

4, FIG 5). 6. The nmethod of claim4 wherel® said cofvertTTg 1urt her
conprises: deriving two-channel stereo fromsaid plurality of channels of
audi o data by weighting said sanples of said plurality of channels of audio

data before saiglgeayetyi aﬁ @:Haﬁnea)s ke sampikedoatfdifferenti ngtasd
pl ayi ng back multi-chann

0_s a i
generating sai dS&aflp Fé@pgfs cﬁﬁfﬁiﬁﬁfy°§ Eﬂagﬁﬁg?ngfﬁhﬁ o data
such that at Ieaatathaeengh&@mﬁ!hﬁﬁaﬁged imLse¢1E§ oﬁ shanfitWwaxegre sanpl ed

at different rates; ,arrangi sai d npl.es of ,sai a channel s of
audi o data on ac§6Fﬂﬁérénc$d£§anQF ?h%e%fqﬁrt é hh%éegéd during

pl ayback (FIG §1ay5a@gssbmgisald sanpl es of said plurallty of channel s of
audi o data; and converting saquﬁgqg €§nér§Q18'95h8&eE°from digital to

analog form.

5. The method of claim 4 wherein said
converting further comprises:
deriving two-channel stereo from said
plurality of channels of audio data by weighting said
samples of said plurality of channels of audio data.

6. The method of claim 4 wherein said
converting further comprises:
deriving two-channel stereo from said
plurality of channels of audio data by weighting said
samples of said plurality of channels of audio data

before said converting.

7. A method for recording and pléying back

multi-channel digital audio signal samples comprising:

generating said samples by sampling a
plurality of channels of audio data such that at least
two channels of said plurality of channels are sampled .
at different rates;

arranging said samples of said plurality
of channels of audio data on.a software carrier in most
nearly the order needed during playback:;

accessing said samples of said plurality
of channels of audio data; and

converting said samples fromeEgisg{ﬂpgwm;

analog form.
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analog form (FIG 4, FIG 5) -13- 8. The met hod of claim7 further
conpri si:hg: providi ng wei ghting~™i nformation -for deriving twd-channel stereo
fromsaid plurality of channels The met hod of claim?7
or 8 wherein: said arranging mcﬂ"ﬂncm,ﬂlmm pllsal d sanples into frames
wherein each franme defines an interval between t*wo seq s

the.l owest frequency (FIG 3). 10. The nethod of cl ai | Mrerel.n said
converting further conprises: deriving two-channel stere ] ]

plurality of channels of audio data (FIG 4, FIG 5) 11. The met hod
claim7 or 8 wherein said converting further conprises: deriving

two-channel stereo from sgid pppk ahdtNoQf o£ha@naehsS 70fFuatdied dat a by
wei ghting said sanples, of said plurality of channels of audio data before

sai d converti nF@REISH)G: 12.° A device for playing back recorded

mul ti-channel digital audio S|§pg$l§§ﬁelﬁglgggmhgshﬁgoﬁmgﬁyaﬁtﬂ¢&exer
(110) for accessing a plurality of_ channels_of audi o data pr.ovi de g on a

sof t war e carH(Qer¥ﬁkﬂ%lﬁW%IChéégﬁltﬁFéﬁeehﬁﬁﬁQI§a&9 PAUF a9ty of
channel s were seHEnesh atofli h@{8NHakates, said sanples of said plurality of

channel s of audi o data havi ng been arranged in nost nearly the order
9. The method of claim 7 or 8 wherein:
said arranging includes assembling said
samples into frames wherein each frame defines an
interval between two sequential samples of the lowest
frequency.

10. The method of claim 7 or 8 wherein_said
converting further comprises:
deriving two-channel stereo from said
plurality of channels of audio data by weighting said
samples of said plurality of channels of audio data.

11. The method of claim 7 or 8 wherein said
converting further comprises:
deriving two~channel stereo from said
plurality of channels of audio data by weighting said
samples of said plurality of channels of audio data
before said converting.

12. A device for playing back recorded

multi-channel digital audio signal samples comprising:
a demultiplexer for accessing a

plurality of channels of audio data provided on a
software carrier, wherein at least two channels of said
plurality of channels are sémpled at different rates,
said samples of said plurality of channels of audio
data having been arranged in most n???%ynthe_QEQEF“
needed during playback; and
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needed during playback (FIG 3); and - 14 - a conversion unit (112)

i ncluding a plurality of digital-to-anal og converters (120) each arranged

to receive one of said pluralit convert said sanples from

digital to analog form 13. The’(llﬂlllﬂﬂmwﬂlmlz wherein said conversion
unit (112) further conprises: -a glufaltty" of® ogerati onal anpllflers (FI G

4: 130) coupled to selected outputs of said plurality

converters (FIG 4. 120) for deriving two-channel ste
plurality of channels of audio data by wei ghgi-ng said P
plurality of channels of audio data (140). 14. The device of claim

wherein said conversion unit (112) further conprises: a plurality of

gl gi Ita! Irml ti pl(l ers ]gFI G 5 Jéoﬁoﬁwrkednt aniel &Qtﬂﬁhdﬁgiq)lﬁ paarsl dtysai d
ermul ti pl exer or [ ng successive sanpl es I oUS

appropri ate didﬁ%é* %#?l gg?%i? rEo?Yﬂﬁi?rﬁnﬁag%pﬁﬁﬁﬁﬁQ%ﬁcﬁ di git al
aflderls (F'G} gre&'ﬁ)vé Q:lfné&bﬁciéjlﬁlﬁlﬁﬁamhﬁyngf; h:hamnieﬂ?ﬂ arfzd am?eﬁt |
plurality o [ | ers e, oyt puts_of sa urality o igita
adders bei ng co%ﬂ‘gcf JtseeﬁE’)e T ‘?ﬁgﬁF@E °55P&18Igur"‘% Tty of

digital -to-anal og converters (FIG 5: 120) for deriving two-channel stereo

fromsaid plurality of chapnelf; 07 42y9te 8% 21aim 12 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 channels of audio data by
weighting said samples of said plurality of channels of
audio data.

14. The device of claim 12 wherein said
conversion unit further comprises:

a plurality of digital multipliers
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.
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