SYNCHRONI ZI NG AUDI O SI GNAL SAMPLES TAKEN AT DI FFERENT

SAVPLI NG RATES Backaround of thea nvention ==
Thlaklnventlon relates to synchroni zing # audio si gnal ﬁ%ﬁg EERIAS BEEN
di fferent sanpling rates. Conmmonl y as! Pson
et al. US. - patent application No. 09/066,042, filed Apr|I 24, 10
1998, and Thagard et al. U S. patent application No. 09/ 066, 9%26/049
filed April 24, 1998, are incorporated herei n by reference.
Technol ogy of the type used for software carriers such as the_Digital
Versatile Disc ("DVD') 15 makes it economcally viable to proyydgf‘
recordi ng
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SYNCHRONIZING AUDIO SIGNAL SAMPLES
TAKEN AT DIFFERENT PL RATE

kgr f the Inv ion
5 This invention relates to synchronizing
audio signal samples taken at different sampling
rates.
Commonly assigned McPherson et al. U.S.
patent application No. , filed (Docket
10 No. 3546/048) and Thagard et al. U.S. patent
application No. , filed {Docket No.
3546/050) are incorporated herein by reference.
Technology of the type used for software
carriers such as the Digital Versatile Disc ("DVD")
15 makes it economically viable to provide recording
media containing greatly enhanced audio information.
For examplé, it is possible to provide digital audio
recordings on such software carriers having multiple
channels of digital audio to be played by six-channel
20 audio systems. The typical multiple-channel audio
system has a front left channel, a front center
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rear right channel, and a subwoof er channel . I t
t hat i ncreased sanpling -rates provi de better audi o reproduction.
However, sampling 5 chaildl Ché"ﬂ%r?t of  JRY tdhomedNel 2 apdh P BEr¥CENanhEl,

rates may produce nore data ‘and tak up Nore space on the software

carrier than is necegsdmwﬁ(fkﬂhﬁhﬂhﬁnnell anskta esubwor EemcEhanneFor
exanpl e, the information in 4 hendhonin ehannel sa gl stanghengetagudi o
ein

tends to be 10 nor e |nportant t%an t ormation 1 n the rear and
subwoof er channel s. [rrowide thetfer audladepredueihion. Hodevpre sanmpling

front channels gt the,fy %}Fa"‘ﬁnél[aé St multl—a}('e#x?ei @u&f@raﬁn@elwbﬂ@ gher

channel s are sanpled at ower rates I'S reduces the anbunt “of data
t hat 15 needs to atRmaEY @reducegieyarddtarandrtike up morecgpparedn

to sanpling all channgls &fe@Md ycah.agibr than {ét@ac@@gaweﬁsfafsdﬁeses

space on the software carrie possi bl'e prob
with sanpling differ émttzeor remlsorat Fax eempl%ut e§h$smﬁ@€matlon in
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t annel S,

phasi ng between all especi ally when t data streamis
modi fied for su€h pumpugegnmpnﬁﬁntrtpan theammﬁ@xmati¢m;;mfth¢eneapoandons

of the data stream 2 %d¥5¥rEHaqn?¥] It ma cﬁp%f@f&f%Vﬁé A&S?uata to

foregoing, it is an o Jec 1S i hventy O provide 1npro
synchroni zati on sagfpleidirol i el £semtp| alsankles at the frighestanpteng
while the rear and subwoofer channels are sampled at .,
lower rates. This reduces the amount of data that
15 needs to be storgd on the software carrier (as
compared to sampling all channels at a very high
rate) and therefore saves space on the software
carrier. _
A possible problem with sampling different
20 channels at different rates is that it increases the
difficulty of maintaining synchronization and proper
phasing between all the channels, especially when the
data stream is modified for such purposes as editing
and splicing different portions of the date stream
25 together.
' In view of the foregoing, it is an object
of this invention to provide improved synchronization
of audio signal samples taken at different sampling

rates.
30 Summary of the Invention
This and other objects of the invention are
accomplished by providing methods and apparatus for
synchronizing audio signal samples taken at different



;ates 30 Sunnary*ﬁf—f+m&++w%4m44uL_ This and ot her

obj ects of the |nvent|o are acconpl i shed by provij
apparatus for emBetilagedsi gnal sanpl es tfa i fAS BERN
sanpling rates whereby a H”,’ hannel s o audi o REBLACERr e

sanpled at different rat ecognlzable synchroni zat1on data are

added to sel ected sanpl es of at | east_oge_channel of the 5
plurality of channels. Further features of the i nventi on,
its nature and various advantages w Il be nore apparent from

the acconpanying dr aubigs ;340 rhed Alednif a pluraldtiald ediianiigoon of

the preferred enbodi men Description~of the Draw ngs
FIG 1 is a chart of ayeder slat@axecisampdies at diffgrerdornatgorantg

- resol utions; eco nlzab? CsyhdntohiYdtildi It LIp@d RN td oW Of
a preferred software TCarrT is a sinplified pul se
train di agram Sgli@mtlegl isiampdiesacify @ty rleﬂarﬁs‘: (ﬁn%a;fhﬁré’self ot tthee
different channels t I t sanpling rates with
synchroni zati on data%gggggat%gégﬁfﬁb {%ﬁ%ﬁ enbodi mrent of the present
i nvention; 20 FI Guriher fesityres iofd theodlvndyrem its

showi ng an |11 ust rat by, 920 QU R 18y AR ARG will be 5 Uitk ot he

pr esent inventi on; are di agrans Sl ar to
FIG 3 showi ngromhdéhe ldagompaniniaa davsings saehitde tiplweving t hree

different channels taen 3bd R AddirfWYt the preferred embodiments.

10  Brief Description of the Drawings
FIG. 1 is a chart of several data channels
and corresponding resolutions; '
FIG. 2 is a simplified elevational view of
a preferred software carrier;

15 FIG. 3 is a simplified pulse traln diagram
showing illustrative trains of samples for three
different channels taken at three different sampling
rates with synchronization data added according to an
embodiment of the present invention;

20 FIG. 4 is a simplified block diagram
showing an illustrative embodiment of an apparatus
accordihg to the present invention;

FIGS. 5 and 6 diagrams similar to FIG. __
showing other illustrative trains of samples for

25 three different channels taken at three different
sampling rates with synchronization data added
according to two different embodiments of the present
invention; and

FIG. 7 is a flow chart of an illustrative

30 embodiment of a method according to the present

invention.



sanpling rates with synchronization data added according to two

di fferent enbodi nents of the present I nvention; and

FIG.,7 is a flowchart of an illustrative 30 enbodi nent of a net hod
according to the present i nventi on. _ _

-4- Det ai |l ed Description of the Preferred Enbodi ments _

To enhance the |istening experience beyond _ 4 _what is usually provided
in conventional software carrier systens, software carriers may have

sone of 5 t he channel s sanpled at a sanpling rate greater t han

has heretofore convengippahk : . ;

si x-channel nulti-channe y

sanpl ed at 88.2 or 96KHz FQ7enhabﬁelgbeKHthemhnchexpemugM@e th@mndua

sarpl ing rate. The remre Ehbangl satif Boysetoil, coRveRtdBERY, sortuare

sanpling rate.

Iegg |ngortant |nfornﬁ@¥§hernﬁysbemsr so §unpe$daaraene angﬁaunvsggf;wgé

44.1 or 48 Kz 5 £REPLhSMNE 8L CsafPeequaroaf Shnphangel tihiggh ¢

15 only Iom1frequen§€p%n o?na%r%% g 8 mﬁ E %m? ? g 9*§86sS nob

need a high sanpling h®§ehehayoﬁersaﬂpnednanonally beeGZEse? .12 Fisiriz . l;s
teful of space on egco D n

B 882 or oo KETMRES (hhFeaPkatndBALE aER EhEafer FYELERTIGRe

significantly benefitth¥®ﬁ1§U@hth¢@hnsahplmhg bat esmpled at 88.2 or QBEHme

are two famlies of SQﬂpgrggofaigg K¥z) EBR”E% H§§H ?ttB%ﬁsgﬂt gg 2 e

recordi ng |ndustry he first m |y 1Acl udes rates

192 kHz. 1Phe se‘!:%rﬂﬂah&t?slmﬂmele’swaabkyoﬁsé,d as 8Be2hidbest and

176.4 KHz. At presendand{enbi ghest rfﬁgsrégre@ﬁgnnels, [RY chygg%g%a§T§ and
176.4 KHz) are only supported in

contain somewhat less important information, may be

sampled at the more conventional 44.1 or 48 KHz
sampling rate. The subwoofer channel, which contains

15 only low frequengy information and which therefore
does 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

20 significantly benefit from such high sampling rates.

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,

25 and 176.4 KHz. At present, the highest rates in each
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.

30 The foregoing considerations lead to
sampling the various channels to be recorded at
different sampling rates. .

As shown in FIG. 1, N channels of audio
data (represented by numbers 12, 14, 16, and 18, for



stereo, not in any other nultichannel format. Both famlies can be
used wth bit depths of 16, 20 and 24 bits. 30 : The
foregoing considerations lead to sanpling the varlous channel s to be
recorded at different sanpling rates. As shown in
FIG 1, N channels of audio data (represented by nunbers 12, 14, 16,
and 18, for -5 - -5- exanpl e)
are provided on a software carrier 10 (such as DVD disc 20 in FIG
2). N my include six - channel s for six-channel audio, two channels

for two- channelxaamlid), A/ fYoRbed difra NMPEIard EARPIEE 5105 (suchOr

any other format(s) of the audio ro ranm ng I ncl uded on the software
carrier. There can b&sa®VD disc %fﬁlﬁﬁ‘c'e-re%ﬂt r S drak i relydedsidr the

data in the Vardyih SRR S5 MNaldhdel Saldss, LA &Eax?ﬁlé'ﬁé farNcwo-

Each of the N channels can have its own resol ution ‘10 (1n which case K
equal s N) or several chepned audie, and/%@@tq@%ml@fl%ha{mﬁlﬁm ch

case Kis less g ddan other format (s) of¥%ﬁg“3ﬁhié‘ﬁ%&%ré%pghﬁferent

resol utions correspond to ferent sanpling rates and/or
different sanple wordncdmgass qn the spifianercarriery esﬁl%ﬁoﬁalﬁm}aﬁsaay

greater sampling freqenel ¥ KlQne Aot LR SAPES WE d20gt) - tn
As shown in FIG 2, channXPé 1-N & rifo * pR%V|ded I n nultlp e tracks

on a software carrievaggous mr@l% VB XR d& 19 lesorthammr eeqeahcko IN.
(whi ch may i ncllyds oy Jcﬂarf(rf‘el%v% m&?@r&“@é o rééSIution

channel audio) is |abeled 22 trac I ncl ude channel s
J-N (e.g., twol@hannelig mlqlwcs:ase K eq;welrméw az:ausgversal speargebg can

Several channels areghsre 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
15 different samplewword lengths (i.e., a greater
resolution means a greéter sampling frequency and/or
a longer sample word length).
As shown in FIG. 2, channels 1-N may be
provided in multiple tracks on a software carrier
20 such as a DVD disc 20. For example, track 1 (which
may include channels 1-I (e.g., six channels for six-
channel audio) is labeled 22, and track M (which may
include channels J-N (e.g., two channels for two-
channel audio) is labeled 24. Several channels are
25 . 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 channels 7 and 8.
There is a risk that data from several
30 channels that are sampled at different data rates may
inadvertently and undesirably shift in phase relative
to one another during wvarious manipulations of the
data. Such manipulations may include editing of the
information, subdividing the ddta into the successive



25 typically prOV|ded in a single streamin each track, so that M
Is less than N. For exarrp ‘exanpl €, WhermN=8— | =6, and M=2, track 1 includes

channel s 1-6 and H%z% c u es channels 7 and
Thére is a risk that da channel s t h@H|SABRESE MRS €8E

[

e

different data rates mm tently and undesifably n p a
relative to one a arious mani pul ati ers nJﬁﬂﬂA&ED
data. Such mani pul ati ons nay |nclude edltlngeof t he i nformati on,
subdividing the data into the successive sectors on the
recordi ng nedia, etc. Phase shifts bet ween the channel s can cause
audible artifacts - t a | I d FoH 5 mpl e,
an i ntendedgkfggéts on" 'Enge #%Igafl?q(? c&aerégau'glﬁﬁ' sﬁ?ﬁs:& S“Lﬁ(?eft or
right in an unaccepeiwrenf &bl ehannels can cause audiebe c3zhifaziemton
avoi ds probl ems of epq audﬂoh'wﬁ ?1 n¢ by aa rbeé:.qgnl zsg)g. Co¥REIE Onigation
r

dat a . to cerfarn sanp on1var|ou c annel s. exanple
FIG 3 shows trai nbn§ﬁn§&#pl"é-9CB@rl°ﬂ‘|'r@€f Rhe aufiqg @@htaml%ﬁuaﬂken at

three different sappkin P %%?64451 I DS nple train), 48
KHz (m ddl eirgarrplgg trr h D ?i’ %QK OV‘\EI’YDSt %‘?rrpl e

train). Recogni zabl e synchroﬁh@aprsﬁaﬁﬁa}TH!§Q<Pn aveidgrrabiens of
synchroni zed sanpl eﬁvsnxiha woab.a@.a%r —L%og—:-zfmeéwcﬁﬂfa-w ot Mata | N
the particul ar exanp synchroni zation data i s added
to the 96 KFE ﬁﬁétignKﬂémﬁéﬁ§I§§qa:Wﬁﬁﬁﬂ&?tﬁhﬁﬁpﬁk <, 59’

|, K and M elc. EkfnpPeoeeclol shoWsAddales of sasEdeyy Zdldan data
to the 12 KHz sanpl es because 20 frequency of the |nfornat|on

cont ai ned i % hat d—ffereeﬁaﬁhénnséﬁd§a€<enb@q FRzan i ferant sampling be
necessary 1o guar dragaknshesaRk! (BRaseadl! Sixplle crain) !h@ sehannel

However , synchronlzatlon data coul ed t synchronlzed sanpl es
in all Channe| S (e %J-ddle sample traln), and 12 K:'i: (lowe_mOSl. samn’e

train). Recognizable svnch-onization data 105 is

added to synchronized samples in the two higher

15 frequency sample trains. In the particular example
shown in FIG. 3 synchronizaticn data is added to the
96 Kfz and 48 Kz samples at sample times A, C, E, G,
I, K, and M, etc. FIG. 3 does not show adding
synchronization data to the 12 KHz samples because

20 the frequency of the igfcfmation contained in that
channel tends to be low encugh that it may not be
necessary to guard against small phase shifts for
that ;hannel. However, synchronization data could be
added to synchronized samples in all channels (e.g.,

25 at sample times A and M, etc.).

Synchronization data 105 may be used in any
of a variety of ways duting any of the various
subsequent manipulations of the sample trains. For

_ example, during editing of the information
30 represented by the sample trains, it may be necessary
to remove some samples from the various trains. '
Synchronization data ]05 can be used to ensure that
after samples have been removed from the 96 KHz and-
48 KHz, initially synchronized ‘samples in the two



25  at sanple tinmes A and M et-& Synchroni zati on
data 105 may be used in any of a varlety of ways dpng-.any. of the

vari ous subsequent mani pul at i F@ tr HEHS SEET HAS BEE
exanpl e, during editing of the |nf or pres nt ed tggpmeﬂ)sa P’e

trains, it may be necessary nples from-the—vari-ous

trains. Synchroni zati on data 105 can be use to ensure that

after sanpl es have been renoved fromthe 96 KHz and 48 KHz sanpl e
trains, initially synchronized sanples 35 = 7im the two

trains are still synchronized in the edited trains. Thi s avoids the
possibility that edltlng my - I nadvertently cause the 96 KHz .and 48
KHz trains to r%m-'rtaw shelkaspnehronized| ani tber 83F8datsRABS: 5
Anot her exanpl e Of‘fhP§$§+5&§§U@ﬁéOﬁossbellﬁyniﬁéenbaékhﬁa @ala 105 is to
hel p ensure that when anples are grouped for: recording in
successi ve 5*&%4N%F%#P%h¥t%®¥§ecéhﬁlEFSKHéaéﬁdsé@t5ﬁzb§§Pﬁ§5wF9h
synchr oni zed sanbl agni & beasde f§9bigec e bE188dvkOto ondB alibitnsamnl e
trains. This_hel ps prevent unwanted phase shifts between the 96 KHz
and 48 KHz safipl e gr ouphnekhergerrmpbacREoPosEiblec ¥56ea i nf or mat i on.
Synchroni zati on dat@rldior&miz DeiGeldesde£0105 is Y HIIPNeASEr & aFha € Swhén any’
suitable way. 15 - Illustrative apparatus_100 for acconplishing this is

shown in FIG 4. Ofh&ispRRlR:REe gRouRed EaT sesording 18a8BrrR§SiNehot h

the 96 KHz channel suitdhe &f fEeware cafPi‘QE?' eIEﬁ sleeeberaai\hfpwéuced |
by clock 110 is divided by-Ni1n divid 120 produce erence

20 signal at 9FYRghronizgd %Eﬂ?@ﬁsreﬁereﬁéétsﬁgﬁalth@ 96 KHz apglied
Pannel.“Thelu po A 400 SAaCA Stnay perobipindte tobdody 0¥,
divider 130 to phase shifts between the 96 KHz and 48 KHz sample
groups during playback of the recorded information.
Synchronization data 105 . can be added to
synchronized samples in any suitable way.

15 Illustrative apparatus 100 for accomplishing this is
shown in FIG. 4. One high speed clock 110 controls
sampling in both the 96 KHz channel and the 48 KHz
channel. The clock signal produced by clock 110 is
divided by N in divider 120 to produce a reference

20 signal at 96 KHz. This 96 KHz reference signal is
applied to 96 KHz sampling circuitry 140 to control
sampling in the 96 KHz channel. The output signal of
divider 120 is further divided by 2 in divider 130 to
produce a reference signal at 48 KHz. This 48 KHz

25 reference signal is applied to 48 KHz sampling
Circuitry 150 to control sampling in the 48 KHz
channel. The 48 KHz reference signal from
divider 130 is also applied to synchronization data
adding circuits 160 and 170 so that synchronization

30 data 105 is added to synchronized samples in both the
96 KHz and 48 KHz channels as shown in FIG. 3.

The particular frequencies mentioned herein
are only illustrative and other frequencies can be
used in the various channels as desired. For



produce a reference éignal at 48 KHz. This 48 KHz 25 ref erence signa

is applied to 48 KHz sanpling ~circuitry 150 to control sanmpling in
the 48 KHz channel . The 48 KHz reference signal from di vi der
130" is also applied to synchroni zation data adding circuits 160 and
170 so that synchronization 30 data 105 is added to synchronized
sanples in both the 96 KHz and 48 KHz channels as shown in FIG 3.
The particul ar frequencies nmentioned herein are only illustrative
and ot her frequencies can be used 4 @ the various channel s as
desired. For exanple, the three sanple trains shown in
FIG 3 could be at 88.2, 44.1, and 11.025 KHz, respectively,

i f desired. The fe¥auphey khehthmeehseppdler smaimsi shown in Fd&tadis added
;gasanples may alé?u?ﬁ QEfBErgﬂﬁzir9H115 andwﬁitﬂbg Wnt%QU%E@iV%iyoFor
nple, instead 0O addring’syncéhfoni zation data to evéry othe
sanmple in tFedesiked.safpre frequengy wishnwhich Synchrondpagien
Synchr oni zat on dasewssl SUERY, B8 RatiphNs' By S13cne assrerstt Telm 21 o
to every otter what isnghewhninh&I48 Rkz Fawplexampden. instgad: ASr
2dd synchr oni zat | S g peREaTzpEibhaata boTBYRY other sppLeCLRT (0
in the 96 KHz sanphe 3§ KHzt samplei tgaint 8st 5Bo9B KRz F3Gnplessurht date
105 mmy not be necdodt B\ Radsd £5°Gykry fokreh sampPdniR S&?Fi%‘-’i?&df‘ﬁa
FIG 6) in which {see FEGer§) 48 &ynchbaaplisatdonddasecwouldushenardsc20
FIG 7 1s 3ol owphaghael 27 LVhUAELALEYE fashion to every other
sample in the 48 KHz sample train. As another
alternative, in the example shown in FIG. 3 it may be
sufficient to add synchronization data 105 only to
every other one of the samples in the 96 KHz sample

15 train (i.e., to the 96 KHz samples that are
concurrent with 48 Kz samples) (see FIG. 6).
Synchronization data 105 may not be needed in the
48 KHz samples in a situation (as in FIG. 6) in which
every 48 KHz sample would receive such data.

20 FIG. 7 is a flow chart of an illustrative
embodiment of a method according to the present
invention. In step 1ou)apdio data is collected. 1In
steps 1020 through 1100 (there are N such steps), the
audio data from step 1010 is separated into different

25 channels and sampled at at least two different
sampling rates. In steps 1200 through 1230 (there are
J such steps, where J is less than or equal to N),
synchronization data is added to selected samples.

The spacing between samples in a particular channel

30 to which synchronization data is added is determined
according to a known function. In step 1300, the
sampled audio data including synchronization data is
exported to a suitable storage medium 6: output

device.

§



enbodi nrent of a nethod according to the present invention. In step
1010 audio data is collected. In steps 1020 through 1100 (there are N
such steps), the audi o data fromstep 1010 is separated into
different 25 channel s and sanpled at at |east two different

sanpling rates. In steps 1200 through 1230 (there are J such steps,
“where J is less than or equal to N), synghroni zation data is added to
sel ect ed sanpl es. The spaci ng between sarfples in a particul ar channel
30 to which synchronization data is added is determ ned accordi ng

to a known function. In step 1 udj o_dat ncludln
synchroni zation data is 3&56?%@@ ?% %p§%¥$§%?g g?%#abg ngafﬁﬁ96pg

out put device. only illustrative of the principles of-&his

princi pl es of this  iBVEREARIEs RS St neebars AL ELFrE IaPForencan Bade
nmade by those skiy|lttbse $kbEl bed mtﬂ@éltaﬂ’emithmtfﬁéptStlngt Iﬁfmmcope

and spirit of tge Invﬁgtlscope and spirit of the invention. 10



The Invention Clainmed Is 1. A nmethod for syrehrontzi U io

si gnal “sanpl es conpri si ng: sanpling a pluralit of c

of audi o data such that at | east two channels of said pJMU Is
are’ 'sanpled at different rates; and addi

synchroni zation data to sel ected sanples of at |east one thannel of sald
plurality of channels. 2. The 1mthad of claim 1 wherein said

. addi ng conprises addi ng recogni zabl e synchroni zation data to sel ected
sanpl es of at |east one-channel of sald plurallty of channels, wherein the
spaci ng between said g 5 e

function.

function is a periodicaily repeating function. 4. The net hod
of claim1 wherein said selected saqpmﬁ%ggangdgﬁg§ﬂgﬁgéﬁgifﬁéya@aiosanples
of at |east one channel of said plurality of channels. he

nmet hod of claim 1l whérignpl HanRkRE RPRRFHTIRES addi ng recogni zabl e
synchroni zation data to sel ected sa@@mgifﬁgtgmblﬂgﬁqg%ycgfs%ﬁghﬂ@y§a$fty

of channel s sanpled at the highest rate he et hod

claim1 wherein said %%@%’pﬁ‘-}%‘bst%laﬁb #ﬁ%nﬁ%tﬁ*@@%ﬁr%ﬁl %%%‘iion

plurality of channels are sampled at different rates;
and

adding recognizable synchronization
data to selected samples of at least one channel of
said plurality of channels.

2. The method of claim 1 wherein said
adding comprises adding recognizable synchronization
data to selected’samples of at least one channel of
said plurality of channels, wherein the spacing
bétween said selected samples is determined according

to a known function.

3. The method of claim 2 wherein said
known function is a periodically repeating function.

4, The method of claim 1 wherein said
selected samples comprise substantially all samples
of at least one channel of said plurality of
channels.

5. The method of claim 1 wherein said
adding comprises adding recognizable synchronization
data to selected samples of the channel of said
plurality of channels sampled at the highest rate.

6. The method of claim 1 wherein said

adding comprises adding recognizable synchronization



- 11 - data to selected sanples of two or nore channels of said plurality
of channel s sanpled at the hi ghest rates. . The net hod of
claim1l wherein said addi ng conprises adding recognlzable synchronlzatlon
data to selected sanmples of a first channel of said pl

such that said selected sanples are concurrent with sa Hﬁ, | ?lﬂ;
channel of said plurality of channels, whereimihe sa

second-channel is |ower than the sanpling rate of said flrst channel .

8. An apparatus for syncthronizing audio signal sanples conprising:
sanpling circuitry folagRm i slectbar sdmbpYedf oehensess ﬁéréuéhQnﬁéﬁ.é SBCh
that at |east two channels of said plurality of channels are sanpled at
different rates; and said plurality of sghempreks ssahphedath bHei higbestuit
for addi ng recogni zab}lg.synchroni zation data to sel ected sanples of at

| east one channel of said plurality of channels. 9. The
apparatus of claim8 wherein said synchronization data adding circuit adds
recogni zabl e synchronization daja torgel geteaSeEPLesinf 1 aknbeash 98%a
channel of said plurality of channels, wherein the spacing between said
sel ected sanples is RAGHIE rRRIRELYR i 340110 ar eRRi zaple| synchronization
10. The apparatus of i@l M YERESEdu SehfblEVEr TANELEOE ERafn@E" bRILGRL! Y

repeating function.

plurality of channels such that said selected samples
are concurrent with samples from a second channel of
said plurality of channels, wherein the sampling rate
of said second channel is lower than the sampling

rate of said first channel.

8. An apparatus for synchronizing audio

signal samples cQmprising:

sampling circuitry for sampling a
plurality of channels of audio data such that at
least two channels of said plurality of channels are
sampled at different rates; and

a synchronization data adding circuit
for adding recognizable synchronization data to
selected samples of at least one channel of said
plurality of channels.

g. The apparatus of claim 8 wherein said
synchronization data adding circuit adds recognizable
synchronization data to selected samples of at least
one channel of said plurality of channels, wherein
the spacing between said selected samples is

determined according to a known function.

10. The apparatus of claim 9 wherein said
known function is a periodically repeating function.
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12. The apparatus of claim 8 wherein said
synchronization data adding circuit adds recognizable
synchronization data to selected samples of the
channel of said plurality of channels sampled at the
highest rate.

13. The apparatus of claim 8 wherein said
synchronization data adding circuit adds recognizable
synchronization data to selected samples of two or
more channels of said plurality of channels sampled
at the highest rates.

14. The apparatus of claim 8 wherein said
synchronization data adding circuit adds recognizable
synchronization data to selected samples of a first
channel of said plurality of channels such that said
selected samples are concurrent with samples from a
second channel of said plurality of channels, wherein
the sampling rate of said second channel is lower
than the sampling rate of said first channel.



