METHOD AND DEVI CE TO PROCESS DI G TAL MEDI A STREAMS FI ELD OF TI IL I NVENTI ON
100011 The present invention relates generally to the field of processing
digital nedia data. More specifically, the invention relates to a nmethod to
comuni cate nedia data between a plurality of processing nodules and to a
digital processing device to process nedia data. BACKGROUND OF THE
| NVENTI ON 100021 Conventional audi o processing devices use a fixed and
predeterm ned (hardw red) configuration to interconnect various processing
conponents such as filter conponents, delay conponents, sanple rate
converters (SRErHODAANIPDEVRE SOIPROCEESS EHGIT AIDSADIASTEREAMSUCh a
configuration may result in the inability to performcertain algorithns
that require connecting the processing conponents in a different fashion
than the hardw red configuration allows. It nmay also create communication
"bottl enecks" as the various ﬁgocessing conponents can only comuni cate
with eachPEHERORTHEINVENBION: t hey can communicate at all. The DSP thus
functions as a hub through which all data is communi cated even if the DSP
is not required to process the data. Additionally, a hardwired
configurati ff(ﬁomf ?ré&?ﬂhﬁ%ﬂtfbﬂ"@ﬂt@g PO %b@ﬂeﬂ@ﬂﬂ%ﬁpr%hék%ﬁlé‘ si gnal
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al gorit hnﬁ%alﬁwmcaﬁ%nwha daﬁézﬁtwepv aipliralityof pm@coa'@@génpdul@a anidp such a
conflgurat eV|cqﬁ$erf rqﬁ@ SUWMWARY OF THE | NVENTI ON
ay

[ 0003] Ed %ﬁﬁ%@éaﬁlﬁt Vﬁ?e iFHe ‘e is provided a digital

BACKGROUND OF THE INVENTION

[0002] Conventional audio processing devices use a fixed and
predetermined (hardwired) configuration to interconnect various processing
components such as filter components, delay components, sample rate
converters (SRC), and a Digital Signal Processor (DSP). However, such a
cdnfiguration may result in the inability to perform certain algorithms that
require connecting the processing components in a different fashion than the
hardwired configuration allows. It may also create communication
“bottlenecks” as the various processing components can only communicate
with each other via the DSP, if they can communicate at all. The DSP thus
functions as a hub through which all data is communicated even if the DSP
is not required to process the data. Additionally, a hardwired configuration
often results in wasted processing power, since a signal always passes
through a particular processing component even if the algorithm does not
require that component. And if an algorithm requires more processing

elements than the hardwired configuration provides, the algorithm cannot



processi ng device and nmethod to process nedia data, the device including: a
plurality of processing nodules to process the nedia data; and a data path
to communi cate data between the processing nodules, wherein the data path
is arranged in a ring configuration. [0004] The invention extends to a
machi ne-r eadabl e medi um enbodyi ng a sequence of instructions that, when
executed by a nmachine, cause the nachine to carry out any of the nethods
descri bed herein.. 10005] O her features of the present invention wll be
apparent fromthe acconpanying drawings and fromthe detail ed description
that fol | geperfiidinet. DESORIRIY bd\afFredidie DRAVENISa [BARGHratia mayent i on. s
now descri bed, by way of exanple, with reference to the acconpanying

di agr ammaintibitrdewicegerfdrmarise. dr awi ngs, Figure 1 shows a schematic bl ock

di agram of an exenplary digital. processing device, in accordance with one
enbodi nent of the invention, including a data path arranged in a ring
confi gur at Mzﬁ@'@ﬁ" ESNV"EN%I@N‘G”H“ c block diagramof a further

enbodi mn%ﬁm@m’ device, also in accordance with the
invention; Figure 3 shows a schematic bl ock diagram of a routing
controller, in accordance with an enbodi nent of the invention, for routing
di gi tal dat 40008]tlhecdimgianad witlohedsi egtiote there isforévigiede digilat e 4 shows a
schemati c bl ock di agram of an exenplary interface. between a routing
cont r ol | ePYORFESIRE -eailqeandsﬁn@ﬂsqf {5 ioross 696%19 tagheey 1o NG ocessi ng

i nter face, “AeRTA TS S LR ARk R B ol HEictla BB BREID "8 Shows an
exenpl ary tia@fa Path td esAbhBIcAL RRIBEMAenthe Ph8cessing modules,
wherein the data path is arranged in a ring configuration.
[0004] The invention extends to a machine-readable medium embodying
a sequence of instructions that, when executed by a machine, cause the
machine to carry out any of the methods described herein.

[0005] Other features of the present invention will be apparent from the

accompanying drawings and from the detailed description that follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The invention is now described, by way of example, with

reference to the accompanying diagrammatic drawings. In the drawings,

Figure 1 shows a schematic block diagram of an exemplary digital
processing device, in accordance with one embodiment of the invention,

including a data path arranged in a ring configuration;

Figure 2 shows a schematic block diagram of a further embodiment of

a digital processing device, also in accordance with the invention;



data path. of Figure 2; Figure 7 shows an exenplary linked list of an input
mapper; and Figure 8 shows a schematic flow di agram of a nethod, in
accordance wth the invention, for conmunicating data in a digital

processi ng devi ce. DETAI LED DESCRI PTI ON [ 0007] A nethod and device to
process digital nedia data, is described. |In the follow ng description,

for purposes of explanation, nunmerous specific details are set forth in
order to provide a thorough understanding of the present invention. It

wi |l be evident, however, to one skilled in the art that the present
invention may Bgniredahonst sdheheitic Blbdseiagpati dfiacrodieing dosurd[R8A48] Referring
to the draw ngs, reference nuneral 10 generall i ndi cates a schematic

bl ock di agecardaficeawitheenghbedinaéngiaf ghe m\@@éimggrouémg@ﬁgit@l dededndance with
t he invent, on. _Tpe devi.ce 10.is %homngtéo include a plurality of processing
modul es, gital profegiing degicg i iFighiisessi ng (DSP) nodule 12, a del ay
nodul e 14, a sanple rate converter (SRC) nodule 16, a filter nodul e 18,
and a m xer nodule 20. The nodules 12 to 20 are interconnected serially
via a data pat Righite WheWsi sSschehrifig@loddRgrAmM®f ad@Rbhiplaat indéxfxdeer ei n dat a
is sequentially conmunicated fromany one processing nodul e to any ot her
pr ocessi nhetvotml eeroutinlg ¢antudler endi ofugital siiggal procpssor €BSPhgf tevi ces, the
device 10.n accordance,to the invention allows each nodule 12 to 20 to
comuni cafEIPAPEOKSHIREARY IS her nodul e 12 to 20 connected to the data path
22 as described in nore detail below. In one enbodinent of the invention,
the data path 22 is time division nmultiplexed wherein a routing controller
control's CoMURige@é b@RoAls adrhandeic Wisik dii@rark df aPioceRiil @dlde t 0 20.
Further, it is to be appreciated, that the nodules 12 to 20 are nerely
exenpl ar yintedates scamdirfg ot dreembrodirhent gfvhe invdndicsane

Figure 6 shows an exemplary time-slot location arrangement of the

data path of Figure 2;
Figure 7 shows an exemplary linked list of an input mapper; and

Figure 8 shows a schematic flow diagram of a method, in accordance

with the invention, for communicating data in a digital processing device.

DETAILED DESCRIPTION

[0007] A method and device to process digital media data, is described.
In the following description, for purposes of explanation, numerous specific
details are set forth in order to provide a thorough understanding of the
present invention. It will be evident, however, to one skilled in the art that

the present invention may be practiced without these specific details.



or differing processing capabilities) may be included in the device 10
and/or any one or nore of the nodul es 20 may be renoved and, for exanple,
i ncluded. within any other nodule 12 to 20. [0009] thus, in one enbodi nent,
any one of the nodules 12 to 20 may comrunicate data to any one or nore of
t he ot her nodules 12 to 20 under any control of a routing controller.
Accordingly, data being processed by the digital processing device 10 nmay
be flexibly routed between different nodules 12 to 20 and need be not
restricted to predeterm ned pathways as in the case of conventional

devices. |t [0D08] Iefenidpy esttat G@wings, rafei®eidl urheral 00 g2Aedilly 34 may al so
communi cate data back to itself via the audio bus 46. Accordingly,
repeat ed pndicatss psghemagtiv blogkdiagepd oban ehempktry digitalprocessing pr ocessi ng
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nay ret ur gl @3 sedeld@trod@lel 145 & bimpldira28 eoffPdi€erQBROYPRSETAB, & Processi ng

module 1 -2 to 20 nay define both the source and destination processing
nmodul e. Thilter nicstuleXdmgridea miker mioduby 2thoblg motBilersal? tof Ay ame cascaded filter

arrangenent where its aqutput O, proc ed data may e sent back to itself
for furt naHeRgREsER g ma%éa%el?ﬁgs%ie‘ﬁbm d° fBHAeF I Bbifessi ng, modul e
0 . . . OV . reference
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er digi

to the processing of an o] tal media streans, for exanple, digital

vi deo st r digitl prodessingi ices, the device 10 in accordance to the invention
allows each module 12 to 20 to communicate data with any other module 12
to 20 connected to the data path 22 as described in more detail below. In one
embodiment of the invention, the data path 22 is time division multiplexed
wherein a routing controller controls communication of data between the
various modules 12 to 20. Further, it is to be appreciated, that the modules
12 to 20 are merely exemplary modules and further modules (with the same
or differing processing capabilities) may be included in the device 10 and/or
any one or more of the modules 20 may be removed and, for example,
included within any other module 12 to 20.

[0009] Thus, in one embodiment, any one of the modules 12 to 20 may
communicate data to any one or more of the other modules 12 to 20 under
control of a routing controlier. Accordingly, data being processed by the
digital processing device 10 may be flexibly routed between different
modules 12 to 20 and need be not restricted to predetermined pathways as
in the case of conventional devices. It will be appreciated that a module 12 to
20 and 34 may also communicate data back to itself via the audio bus 46.
Accordingly, repeated processing may be performed on the data by the

same processing module. The processing module 12 to 20 that provides the



[00111 Referring in particular to Figure 2 of the draw ngs, reference
nunmeral 30 generally indicates a digital processing device in accordance
with a further enbodi nent of the invention. The device 30 resenbles the
device 10 and, accordingly, like reference nunerals have been used. to
indicate the sanme or simlar feature unless otherw se indicated. [0012] The
device 30 includes a DSP nodule 12, a delay nodule 14, a sanple rate
converter (SRC) nodule 16, a filter nodule 18, and a m xer nodule 20 that
are substantially, simlar to the nodul es described herein before,

Further, Hhe Wahedat3Path) meehediewsdiad atBiBie/pilocagsmonioddwngl 3'.) and
a digital audio input output (1/0) nodule 34. The audio nenory transport

nodul e 32thsopanticibatprecassisnganbdsle3 1o A2thathisi totofessehenddtd magde whi ch, for
exanple, may f rn1§$rt of ;a bus of a conputer. device éfor, exanpl e a
personal ¥ &7 2 B epiyr dgsHngHEN dRBeRss METNCHHE: R PIeSNGodul e 38

i ncl udes j | - < interface the
bri dge 40gF%£%gg%H%é@??@ﬁgbﬂgaggﬁgéﬁggﬁ¢%gpgﬁgiﬁgﬁﬁfﬁﬁo%%gtIe 34 may
recei ve aofe@itionla predb@indMddae 2 @20 Aeddhird beth tAddberceunut to an

out put device. As in the tcase of the device 10, the device 30 includes a
data pat deghhatdongirosessirg} inpdizhe. Flvom feceanple, thediltasnodule3B mapl and 14
to 210. [gngl The ggh? path 22 of the device 30 includeé nmedi a data path
in the el@HpRSasFad iSF AERNEHAERt WAL PArHIIH Fuiosetss 'ITRYd a

g A e S et P e
arranged pﬂﬂfgﬁﬁg@gxﬁg@ﬁggggg%hg@4wherein data is conmuni cated between the
vari ous processing, nodules -12 to 20, 32, 34 in a tinme division
mul ti pl exed [0QidhiAdthough, the invention is described with reference to processing

a digital media stream in the form of a digital audio stream, it is however to

be appreciated that the invention may be applied to the processing of any

other digital media streams, for example, digital video streams or the like.

[0011] Referring in particular to Figure 2 of the drawings, reference
numeral 30 generally indicates a digital processing device in accordance
with a further embodiment of the invention. The device 30 resembles the
device 10 and, accordingly, like reference numerals have been used to
indicate the same or similar feature unless otherwise indicated.

[0012] The device 30 includes a DSP module 12, a delay module 14, a
sample rate converter (SRC) module 16, a filter module 18, and a mixer
module 20 that are substantially similar to the modules described herein
before. Further, the device 30 includes an audio memory transport module
32 and a digital audio input output (I/O) module 34. The audio memory
transport module 32 communicates via a bus 36 with an interface module 38
which, for example, may form part of a bus of a computer device (for
example a personal computer or PC). In one embodiment, the interface
module 38 includes a bridge 40 and two PCI-X bus interfaces 42 that
interface the bridge 40 to a conventional PC bus 44. The digital I/O module



As the various nodules are | ocated al ong the audi o bus 46, audio data may
be routed between nodul es without requiring the data to be routed through

a central hub (e.g., a DSP). In certain enbodi nents, the device 30 includes
a transport bus 50 which interfaces an external conputer via the interface
nodul e 38 and the audio nenory transport nodule 32 to the processing
nodul es 12 to 20. [0014] In order to control the routing of data on the
data path 22 (including, for exanple, the audio bus 46, the paraneter bus
48 and the transport bus 50) the device 30, in certain enbodinents,

i ncl udes 34mAAl reegiveGodigial h@dio’iﬂpﬁﬁ@ﬂd Prgeide Byitaticiio eemptiolosarl he routing
of data along the data path 22. In particular,, is generally indicated by

r ef er ence ontprerddvics, As in theecase pbtdi dasrice 1(heéhe davicagl dorludes & datas2-
controls th uti.ng of .data to each .  progessi.ng ul e to 20, 32, 34
via clip pafed wﬁpaéger?éﬂfalﬁéﬁra%@%é%thwpﬁﬁeS&ﬁt%ﬁgﬁadﬁ %knabl e 1ines
58. Each no 1 k i
controller g@bgsl]aﬁ“%(Z%%%(%ﬁgzgﬁghe;@%%g%z&ﬁsﬁ%éﬁggd%%%%ﬁgﬁé}q odi nent ,

the routi BgemPhiryGbhRlof 3R Aefib Hat Fathstauidié But 26 ardd@pratesinga ful |
synchronous hand-shake approach that interfaces the various processing

modul es 12omoRPath3azhe 8xeroplariéonte vf e paddmerubusxémbhenet he  routi ng
ccknow eGEEEr AT POth At B e e s erelss GUa48 G HIRBFD 10 10 20
02, 3. | RSReSIRAATRR kA AT AN e eRp R ot
ho Pdescr Phea TR ore el | bel oul cach modil o o1 t0 28-S 34 may
| ocal | y dedbeeatibes nerhiles mg Ibexted abirgnitfei cawhio bbb 6, afdibikathowtys, address
gzai oa\l;\ll(”ali E% irggtieziibce?vr\]rgerg ?I?Jdequs %?tlfo%(’ca?etqi{gi%ng’lﬁe %igxl(:aactiofl:i>eCr0r{r1I%g|c|II ltl(laro:lll%ght 020, 32,

a central hub (e.g., a DSP). In certain embodiments, the device 30 includes a

transport bus 50 which interfaces an external computer via the interface

module 38 and the audio memory transport module 32 to the processing

modules 12 to 20.

[0014] In order to control the routing of data on the data path 22

(including, for example, the audio bus 46, the parameter bus 48 and the

transport bus 50) the device 30, in certain embodiments, includes a routing

controller 52 (see Figure 3} which controls the routing of data along the data

path 22. In particular, as generally indicated by reference numeral 54, in one

embodiment the routing controller 52 controls the routing of data to each

processing module 12 to 20, 32, 34 via chip select lines 56 and address, write

data, and write enable lines 58. Each module 12 to 20, 32, 34 communiéates

data to the routing controller 52 via read data and acknowledge lines 60. In

one embodiment, the routing controller 52 defines a host interface that uses

a full synchronous hand-shake approach that interfaces the various

processing modules 12 to 20, 32, 34 of the device 30. For example, the

routing controller 52 may generate a chip select that is held active until an



data is to be routed. [0015] The exenplary routing controller 52 of Figure
uses a common data bus 58 to provide address, wite data and wite enable
data to all of the processing nodules 12- to 20, 32, 34. However, each
nodul e 12 to 20, 32, 34 includes a dedicated read data and acknow edge bus
60 for reading data and provi di ng acknow edgenents to the routing
controller -1 [00161 I n one enbodi nent of the invention, the DSP nodule 12
is interfaced to the routing controller 52 in such a fashion so that the
DSP nmodul e 12 has access to registers and random access nenory, (RAM

provi ded iapkeewledple sidienl iebidbRed-fidmtOselétted §?c')'ce§ﬁnﬁ|rﬁbcﬂlﬂét1i2ftu|28,r, as shown
in Figure 4, the DSP nodule 12 may comrunicate with the routing controller

-52 vi a a3dath Inumesambedinaeidy degoptinggonttatlien biidededes|thaeso6, wite
enable 1linpes,68, ar est lLine 70 and a chip,select line 7/22. In order
to access SIERHFAbils ol Adorhandtrese aﬂﬂymbr@sb%%ﬁt&sfﬁt?rrgqn%afﬁﬁa&ﬁa% -14 to 20,

32, =4, tQ&ectgﬁFte gRé?rﬂleset}Qe?sefe%nggfh(%&?%ﬁqﬁ%?nixgﬂ%ggtt?Eba?yj5 eaL0 to the

routing contr e routing ¢ €n acknow edge t he

request Videsdritedeipkine @slag beldie, &Rh\wmbanR 1@ toeX), 8 B4naay ésdafl¢
functionality may be executed using the address bus 64 and data bus 62,

[ 00171 | ndeotsbrlthemetminimgihast lsignifearglbétsradtthe hpstslkddress thatomieded wi t hi n

the digital audio 1/0 nmodule 34, it may also_be inferfaced to the routing
control | e?lgsufgcaméh%bylswiqra&ﬁéh% Cm%‘af%f%ﬁ‘i Sdnett QW in the L)
nodul es 1 aanls%ﬁgegégt |1 one enbodi nment, the routing controller 52 treats

requests fromt Sodul e 12 (and one or nore sanple rate trackers if

provi ded) agoerB] T SRimplarPANitinY &SRBl S2CTTIFER 3hsdith @rhidost come first
served priority scheme. However, it the requests arrive at the sane tine,
t he data bus 58 to provide address, write data and write enable data to all of the
processing modules 12 to 20, 32, 34. However, each module 12 to 20, 32, 34
includes a dedicated read data and acknowledge bus 60 for reading data and
providing acknowledgements to the routing controller 52.
[0016] In one embodiment of the invention, the DSP module 12 is
interfaced to the routing controller 52 in such a fashion so that the DSP
module 12 has access to registers and random access memory (RAM)
provided in each of the modules 14 to 20, 32, 34. In particular, as shown in
Figure 4, the DSP module 12 may communicate with the routing controller
52 via a data bus 62, an address bus 64, acknowledge lines 66, write enable
lines 68, a request line 70 and a chip select line 72. In order to access
registers and RAM that may be provided in the modules 14 to 20, 32, 34, the
DSP module 12 communicates a request via line 70 to the routing controller
52. The routing controller 52 may then acknowledge the request via the
acknowledge line 66 where after the requested functionality may be
executed using the address bus 64 and data bus 62.
[0017] In embodiments in which a sample rate tracker is provided within

the digital audio /O module 34, it may also be interfaced to the routing

controller 52 thereby providing access to registers and/or RAM in the



requests may be sorted. For exanple, the routing controller 52 may first
route requests to the DSP nodule 12, then to the sanple rate trackers
provided in the digital audio I1/O nmodule 34 and, finally, to a host
processor. |In one enbodi nent, the device 30 has two base address

regi sters, one nmapped to I/O and the other mapped to nenory. Both of these
registers may be active sinultaneously and, both address registers may

al l ow access to the sane internal registers and nenories of a chip on

whi ch the device 30 is provided. [0018] In one enbodi ment of the

i nvent i onmddifleal®ic02()32. 46 ope enildeBmeat)dher ebstrolé@ts2areatsi me di vi si on
mul ti pl exed. Each processing nodule 12 to 20, 32, 34 nmay have a fi xed

out put ti negusiststiren the d¥Ftmoeluile 12 rndeongpiogroaeraaipte tte trackemslit i nput
time-slot. 'L'has, in.this gﬂgodinent, t he nodul es %2 to 2qﬁ 32, 34 may

al ways ouPpRifidadi 2 sty plent RO RIEIsEPTRGcEEFes USHE R FiEtt cPBG st audi o bus 46

but recei X&é’g&ﬁﬁj&s&y%é&%? Rlow vl FIRL 5 dé{égﬁrarrﬁgf%tglgé S‘%‘? ﬁﬁlﬂ?e ';E}Eéjt i ng

controller e Input trnme-s associ a eac

i ndi vi duateqidtsl iayt Be 66rteQ. FeilaxadfplestheregtingwahtielleflB2 majeirsbe rout ed
bet ween t he variou% nodul es 12 tgﬂéo, 32, 34@?? a flexiblé fashion. As
descri bedroute requeesgetodihe [Mef owdude ERdharlto thtesamplecatd ackars ni ay be

ided to i, tif h dyl t 0, 32, 34 with ich the ti -sl ot
Pgovésgocpgqvgggg Fr'hﬂéélgétﬁge %‘3&93,45 mﬁﬂélo %%%ﬂﬂ@ g%lgmt?ﬁi 'f P’&?Feg?%! e
identifi i 1 t
et 1 o e SANERENBROORSRL B, TP 5yd ol adfrectordderdp, (aroet T

dat a Spurﬁﬁ§)Feﬂﬁ6WOMH&ﬂhe¢&hérhﬁ ped Be niera6 8 SBsth dfahessiegidtérswi | | be
appreci ated that the channel identification rmay also identify a target

pr ocessi ngaydractivesimultageousky andbotheltgess negistersanay alidrodicoesst s, t he

device 30toat Ieos%ediin Eil‘}la re(élaétgrs(a%dgmémories of a chip on which the device 30
is provided.

[0018] In one embodiment of the invention, the audio bus 46 provides

audio channels that are time division multiplexed. Each processing module
12 to 20, 32, 34 may have a fixed output time-slot allocated to it and a
programmable or variable input time-slot. Thus, in this embodiment, the
modules 12 to 20, 32, 34 may always output data in the same predetermined
time-slot to the audio bus 46 but receive data in different time-slots under
control of the routing controller 52. Thus, as the input time-slot associated
with each individual module 12 to 20, 32, 34 is programmable, data may be
routed between the various modules 12 to 20, 32, 34 in a flexible fashion. As
described in more detail below, a channel identification bus may be
provided to identify the module 12 to 20, 32, 34 with which the time-slot is
associated. In one embodiment, the channel identification bus identifies a
source processing module 12 to 20, 32,34 and a target or destination

processing module 12 to 20, 32, 34 includes a list to identify data sources

from which data is to be processed. However, it will be appreciated that the



digital audio data) to be comruni cated al ong the audio bus 46 at differing
sanple rates (c,g., sanple rates set by the DSP nodule 12). For exani ple,
in one enbodi nent of the invention, 4096 buffer channels or tinme-slots are
provi ded on the audio bus 46. In this exenplary configuration, the audio
bus 46 may then support sanple rates of up to 384 K-H, by allocating on(, -
tinie-slot for 48 kHz, two tine-slots for 96 kHz, four tinme-slots for 19'.)
kI 1z, and ei,-ht tirne-slots for 384 kHz. Thus, since there are 4096
total channels or tine-slots in the given Sanple, ouly 2048 channels or

ti me- sl ot ghairel a¥@itifadation iy IBokdentily alfa2 tzjrbl?@sﬁ{goﬁﬁd&yeaﬂ a2E at 192
kHz, and 512 tine-slots are available at 384 RHz. It is, however, to be

appreci at 83 3hat the nunber of tinie-slots for each sanple rato at any
given tine ' operation. .of the device 30 may vary and, for exanple,
Situations 3@@93%&?%1%%?1@%, @ﬁw&ﬂ&?lo@i@a@mﬁ@ ®igve-slots are
provi ded, | . LOVI , .finme-slots
mav be prgfﬁq%‘égsd%%ﬁb%%‘ﬁlgﬁga a%ﬁ?‘%ﬁ@g%’ ﬁg%é%?(eil%glﬁ%l t-rates)
or |ALI ”bﬁa[rﬁgléfratés'(@:gs,!s@hﬁol@f@é{tes’@éﬁb}dﬂiée[ﬂgli’ Atbdule PN Ediexbrdplethi onality to

be executed by the device 30. For exanple, in other en-ibodi-n-ionts
pr ogn- anmeid embpdiratingf thiedokerticay d8ve befeneyarvelpomoiingesdots aFor exanpl e,

Corr espong1gb 5 the augin bl ASgein <P R BUPBLD: et i,
oy b BB A R R AR o
ek cpi s gt st e o s oty 1l ue
pl ural it yand eight tieneeslotbior 384 &itrs Thney, einae there Sk #Uf todalmbabeelsafr
e tot al EmarsIsan thy EbieRoadpeony b ehmelEot bink-dntsoar aenieliear i 1 ar -7
sanpl e r al&sy kék,l 1%2@ tﬁ'ﬁe—%ﬂ)?s épaﬂable at 192 kHz, and 512 time-slots are

available at 384 kHz. It is, however, to be appreciated that the number of

time-slots for each sample rate at any given time during operation of the

device 30 may vary and, for example, situations could arise where, for

example, 3348 48 kIiz time-slots are provided, 204 96 kHz time-slots are

provided, and 85 192 kHz time-slots may be provided. However, the various

configurations (e.g., bit-rates) or numbers of time-slots may vary depending

upon the functionality to be executed by the device 30. For example, in other

embodiments programmable operating clock frequencies may be provided.

For example, clock frequencies of 150 MHz, 175 MHz, and 200 MIHz may be

provided that correspond to 3072, 3584, and 4096 time-slots respectively. It

is, however, to be appreciated that these are merely examples of frequencies

and time-slots and that they may change from embodiment to embodiment.

Thus, in one embodiment, the media data path may include a total number

of time-slots for communicating media data at a plurality of different bit

rates wherein the sum of a number of time-slots allocated to each one of the

plurality of bit rates equals the total number of time-slots.



standard of 4/4.1 kHz, nlav be C01-1111lLtnicated or routed via the audio
bus 46 wusing a indicator bit (e.g. a valid bit) that indicates to a
receiving nodule 12 to 20, 3 )2, 34 that a new valid sanple is to be
retrieved or extracted froill tile audio bus 46 for processing. Wen Lin
arbitrary sanple rate (sucti as the 44.1 kHz sanple rate) is communi cated
via the audi o bus 46, and the exenplarv wvalid bit is high, tile respective
nodule 12 to 20, 32, 34 i-nay accept the data -is valid. AMI ereas, when
the valid bit goes low, the nodule 12 to 20, 32, 34 is thereby inforned

that the suljeezp]dhAesiiPe@bodBibrtsthbiteasy detple[rdiélduch dshdwdDi n one

enbodi i -nent variable sanple rates may bé conrilunicated via the audi o bus
46, the pateadant ef 4bli&kHiG nmyake communicatedioe roeted: vielthelatdicalrusdd i xed

i ovmieg it W i B RO R RS Ruesvismadaiels o ©
C01-1-11- 1-MA lahe i Y, varl ousg nodul es 12
Co 20, 320 By 2B BRI D (A Salile B lode AR R R B ™

processi NgudidiusMy o précddsidg. WhaR an2eBREIrR s8shpI® itk §sudch 454hd@4.132, 34 to
define the functionality (e.g., algorithm “of the associated nodule 1.2 to

20, 32, 34. kHesantgilegaty) istdoenmonicaddd dizt the meaylio bh)$,cont thelexeowplatye dat a oi |
the audio bus. 46 will be processed by the articular nodule 12 to 20, 32,
34. For e%%%bg,ls ﬁ@,ww@wm hale 2082 Mo mayaceenk ki o I ter
par amet er . Llte I | I C I meters to
Phe-sanpi & TAid: "Bl B L aht biEBOR Bu 1R B AR S0 10 90 DI, °1 Dt

defines tRr&isf idSrh¥d tMdtithe sﬁbgéq%ieﬁ't sahpRbirdAPb¥ididregdiiedel ayed, and so

on. It will tHus be appreciated that, in order to reduce any processing
| at enci es i 10021$ Aleviwgh B0dne ¢rebpdimaemteriaddt sarspleulatesomay peovi ded t o each

O e e RO e A 0 T2t Bl HS a7 "
control data at a fixed sample rate (e.g. 48 kiHz) that may be independent of
the sample rate of the audio bus 46.

[0022] In one embodiment, the audio bus 46 communicates audio data to
be processed by the various modules 12 to 20, 32, 34. However, the
parameter bus 48 includes parameter or processing data which is used by an
associated module 12 to 20, 32, 34 to define the functionality (e.g., algorithm)
of the associated module 12 to 20, 32, 34. Accordingly, the control data may
thus control how the data on the audio bus 46 will be processed by the
particular module 12 to 20, 32, 34. For example, the parameter bus 48 may
be used to communicate filter parameters to the filter module 18, sample
rate conversion parameters to the sample rate converter module 16, delay
data to the module 14 that defines the period by which the digital audio will
be delayed, and so on. It will thus be appreciated that, in order to reduce
any processing latencies in the device 30, the parameter data should be
provided to each of the processing modules 12 to 20, 32, 34 prior to the time
slot which each particular processing module 12 to 20, 32, 34 is to output

processed audio data. Accordingly, as described in more detail below,

10



processed audi o data. AccordingtN, as described in nore detail below 10
paraneter data is coninunicated via the paraneter bus 48 to a particul ar

"4 prior to the aUdio data arrivino at the processing rnodule 12 to 20,

32, 1) processing nodule 121 to 20, 32, 34 via the audio bus 46. [0023] In
one enbodiinent of the invention, audio data conu-nurticated via the audio
bus 46 is in 32-bit | EEE floating-point format (single precision). Any
nodul e pl aced on the data path 22 that operates in a fixed-point fornat
(e.g., fixed-point audio) may thus be required to perfori-n a conversion to

and from bheahdtegdeliptomeiiitateds/i4 Hte parsesktpobid 48 &F aphrticulaef i ned to be
in O arange of -1 to +1, any hardware conversion of the fixed-point

f or mat w ptrocessing madde iR da 20,3, pbipniortalkthesudivadath iagrivingsatdbet hi s r anae,
Accordingly, the b Z-7 m.xe dul e 20 be used to scal e anydigital
dat a t hat PY&p1ag 8 etlgéo 2%%%&%%%W£S%§ﬁﬁ6processi ng nodul e t hat
perfornms fi ' Vi ' . .1 he V. ' | thin the
range of - 11@31%%I%8F%%§éﬁn%bg&ﬁ% lg)lggﬁtééﬂﬂablgcgﬁld%%s%%ﬁ‘?%gﬁ| nventi.on,
the sarriplaght atgichy£8 {sah 32MMEIBEE fiba@Asl pone Mimiat @i@l@@r@ci%ﬂ?.mdul e 34
ma~' process data in a fixed- point format and, accordingly, scaling may

t hen be rAgyimeduleypladest on e dategehith 22 2igat Je02w} iRefixedipgnt forpwatt i cul ar to
70 -enerally Jindicates an exenplary data path

iF'ntg orf ag’e(e;ﬁe-gaegﬂﬁgirﬁn 353@3%%&@5%@%%@@@%&)%& SENVESIONS® "1t wii | |
al so b apoy gehahedt a5 Al A BAL ki d MbST G AmdP1<TRYickE BRI 1 1 2Ny
a range of -1 to +1, any hardware conversion of the fixed-point format will
saturate floating-point values that lie outside this range. Accordingly, the
mixer module 20 may be used to scale any digital data that is placed on the
data path 22 for any processing module that performs fixed-point
conversion so that the conversion lies within the range of -1 to +1. For
example, in one embodiment of the invention, the sample rate converter
module 16 and the digital audio I/O module 34 may process data in a fixed-
point format and, accordingly, scaling may then be required by the mixer
module 20.
[0024] Referring in particular to Figure 5, reference numeral 70 generally
indicates an exemplary data path interface provided in each processing
module 12 to 20, 32, 34. It will also be appreciated that the data path
interface 70 may be provided in any further processing modules that may be
added in a modular fashion to the device 30 to communicate via the data
path 22. When the data path 22 includes a media data path in the form of
the audio bus 46, a processing control path in the form of the parameter bus
48, and a channel identification bus 49, the interface 70 may include input
registers 72, 74, 76 which clock all inputs on the data path 22 into the

respective processing module 12 to 20, 32, 34 for processing. In a similar

fashion, output registers 78, 80, 82 clock data back onto the data path 22.
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added in a rnodular fashion to the device -10 to comunicate via th 0- data
path 22. When the data path 222 includes a nedia data path in the form of
the audi o bus 46, a processing control path in the forin of the paraneter
bus 48, and a chanriel identification bus 49, the interface 70 ma~,,
include input registers 72, 74, 76 which clock all input,-; on the data
path-22) into the respective processing nodule 12 to20, 321, 34 for
processing. In a simlar fashion, Qutput registers 78, 80, 82 clock data
back onto the data path 221. Dedicated processing logic 84 is provided in

each procpedicagedpebiebssin? Idgc 820 pdidetin éadbrmeessindmodiugé 12to dat a,
received via the audio bus 46., in accordance with the paraneters received
via the p3}aRettto puwesstheTigitalfdatateosiakdvia theodudindusécissi ng | ogi ¢ 84
differs froin nodule to nodule. For . exanpl.e, the processj |l ogic in the
filter no%ﬁspéd%era‘ﬁlthﬂa%?ﬁw%%ﬂWF%WP%@H}'& PRtRpster ?lés.%é-f]ﬂlw and FIR
filters), . t : I 1 S IPT e i pl t er nodul e
16 i av diFASNBIGLERE Bor BB 18 s dint NG SRR B BodROVRY O T o
depi ct ed éxanhple, tHedyoResing t@gi@mmqﬂterlrﬂ@@&llef1l8qa5y defiflabdptifgdityded in the
channel identification bus 49, and the paraneter data provided by the

par ar r i et efrfilkess (48, [Ikand &R bijterd)etherooesssingplogicodf in 184 samdhoae b~7 | i nes
86 and passed on or ret gr ned to the chzi\ni -l el 48, resaectiveiv, t~'"Vo cl ock
CN'CICS  §uwmTier meedylsdo mug dalnea semelp e Aeneerteuant 808N (as shown by

055 B0, SRIBYTE o, AU 0ARRLR BEANEHSH L LA olgeto o be e e
Shown by |\ nEs 04 and 03}« Aecordngly. (he ata path | et ace 70 may
i ncl ude aparahteitgr daterprogideddty del moramebatlweet, itwaddtyathequeressihg/i a

logic 84 as shown by lines 86 and passed on or returned to the channel

identification bus 49 and the parameter bus 48, respectively, two clock cycles

later (as shown by lines 88). However, audio data provided by the audio

bus 46 may be either passed directly on to the audio bus 46 (as shown by

lines 90, 92) or be replaced with processed audio data from the processing

logic 84 (as shown by lines 94 and 92). Accordingly, the data path interface

70 may include a multiplexer 96 that selects between the data received via

the audio bus 46 and the processed data received from the processes logic

84. Thus, when a particular processing module 12 to 20, 32, 34 is not the

target processing module 12 to 20, 32, 34 and it receives data, the processing

module 12 to 20, 32, 34 may merely pass the data along the communicating

ring to the next processing module 12 to 20, 32, 34. Accordingly, the data

may be passed on sequentially until it reaches the target processing module

12 to 20, 32, 34. It will be appreciated that the data passed along may form

part of a stream of media data that is being processed. Likewise, streams of

processing control data may be passed along the parameter bus 48.

[0026] Referring in particular to Figure 6, an exemplary configuration of

the data path 22 is shown. As mentioned above, in one embodiment, the

12



the audi o bus 46 and the processed data received fromthe processes |ogic
84. Thus, when a particular processing nodule 12 to 20, 3-2, 34 is not the
target processing nodule 12 to 20, 32)f 34 and it receives data, the
processing n-iodule 12 to 20, 32, 3 :)4 may nerehy, pass the data al ong
the coninninicating ring to the next processing nodule 12 to 20, 32, 34.
Accordin T the data 0 O "glN' may be passed on sequentially until it
reaches the target processing nodule 12 to 20, 32, 34. 1t will be
apprecia ted that the da ta passed along may f orm part of a stream of

medi a dat gatal fith 22SndadBtHY AcEdIRE 16| tHepathivterBusetd, andthé  processing
control data 1l-nay be passed ak-)ng the paraneter bus 48. [00261 Referring

i n parti cahamel aldFitiication ®us 48n Téeehphaelyidentificagiarn bug $hmafy inclivdledat a pat h

22 is sho~vn. As_nentioned_above., jn one enbodi nent, the, 12 data path 22
i ncl udes ﬁh@%f%ﬁrﬁ{}w&%ﬂ@é} %méfwaag%% @?ﬂ FRHMEHOS TOv 1 el

ideritifigation bus 49.,.,/he a | i 1.Ei L . 0 .1 .1 clude
char el | 1 HERAPRIE B 48 DRLARAIDRncls bt L bRGyiQS SHnERGdiG. |

provi ded. p@i ke HRGvRRF, AR BMdUPH 8 atlid thteep O Shsnutdl iddritifie@s sl ot s

provi ded on the audio bus 46. "However, it is to be appreciated, that
separ at e ohgriregprovildet fdrithe sudimbubéd pnd vhelparahortet bies #idics bus 46 and t he
par anmeter bus 48. For_ exanple, enbodi Hents may be provi ded rein the
audi o busewenaiedempedimpanisraay be previged subereimnthe auekp bug el

S S R R ISR S

rmo ecCl ma er gener at y a counter

Nvhi cl i hasibblfn&WHthe ey iR, bich b albnt#ler igRnheltbaatdfan bus 49.
100271 Exenpl aryparairieter definitions provided on the parameter bus 48
(see Fi guhexatlecans rasnbed gawsated by a counter which has its count included in

the channel identification bus 49.
[0027] Exemplary parameter definitions provided on the parameter bus
48 (see Figure 6) are as follows:
Fy = filter parameters 0 to 4 for the filter module 18;

Pitch = pitch of the sample rate converter module 16;

GPP = general purpose parameters to be used by the modules 12 to
20, 32, 34; and

Taddr = delay line address of the delay module 14.
[0028] Exemplary audio channel or time-slot definitions are as follows:
FILT = outputs from the filter module 18 (e.g., of an IIR filter);

DSP = outputs of the DSP module 12;

13



= filter parameters O to 4 for the f] I ter n-i od ul e Pitch ~ pitch of
the sanple rate converler nodule 16; GPP = general purpose paraneters to be
used by the nodules 12 to 20, 32, 34; and Taddr = delav line ad(lreSS of
the dela~, 7 nodule 14. 10028] Exenplary audi o channel or tirne-slot
definitions are. asfollows: FILT outputs fromthe filter nodule 18 (e.g.,

of an I | Rfilter); DSP oud4nts of the DS11 nodule 1.2; SRC = outputs of
the sanple rate converter nodule 16; SUM = summati on node outputs of the
m xer nmodul e 20; DAl = digital audio inputs fromthe 1/0 nodul e 34; and

Tank = data outputs from the delay nodule 14. [0029] In one enbodi nent of
the invention, as nentioned above, the least significant two, three, or
four bits of tSBQ:ﬁant}mtSDﬂ&msamldatratﬁmmmeatenuwcbée16|;sed to identify the
specific processing nodule 12 to 20, 32, 34 associated wth a particular
time-slot and, accordi ngly t hus identify the particular tine- slot (or

t | ot th Ho , th
e o) LSS RCRRR IBSTRAULE ik Ryl pimocurs, | Povever, the

time-slot within the particul ar processing nodule. For exanple, a filter
nodul e that can process 512 discrete channels of audio inplenents a
plurality of 5DA ddigitadtadid inpeats hanttel I¥ O meaclule 3guind ng its own set of
filter paranmeters, and each providing its own discrete filtered audio
output. In an enbodi nent of the invention that contains such a filter

nodul e, the n&;gn]ﬁal%r%% g?&n{% f?ozR'tﬂ%ﬁSfaﬁrF?dﬁféaﬂnel identification data may

determne to annel par anet ers bel ong, and which
filter channel

[0029] In one embodiment of the invention, as mentioned above, the least
significant two, three, or four bits of the channel identification data may be
used to identify the specific processing module 12 to 20, 32, 34 associated
with a particular time-slot and, accordingly thus identify the particular time-
slot (or time-slots) that the processing module 12 to 20, 32, 34 owns.
However, the most significant bits may be used to identify a logical channel
or time-slot within the particular processing module. For example, a filter
module that can process 512 discrete channels of audio implements a
plurality of 512 discrete filter channels, each requiring its own set of filter
parameters, and each providing its own discrete filtered audio output. In an
embodiment of the invention that contains such a filter module, the most
significant 9 bits of the channel identification data may determine to which
filter channel the filter parameters belong, and which fitter channel
generated the audio.

[0030] In one embodiment of the invention, the channel identification
data provided via the channel identification bus 49 is generated in the mixer
module 20. As mentioned above, the channel identification data may define
a channel identifier that may be generated by a counter that runs from 0 to

4095 wherein each number identifies, or is associated with, a particular

14



generated the audio. [0030] In one enbodi nent of the invention, the channel
identification data provided via the channel identification bus 49 is
generated in the m xer nodule 20. As nenati oned above, the channel
identification data nay define a channel identifier that may be generated
by a counter that runs fromO to 4095 wherein each nunber identifies, or
is associated with, a particular channel or tine-slot. Further, as

nmenti oned above, in order to ensure that paraneters arrive at the
appropriate processing nodule 12 to 20, 32, 34 prior to the tinme-slot in

whi ch t heyhairee] be tiekd-Blet. Piahes a6 thaitiiredddoze, ilh&rddatd@enfitetthgt par amet er
bus 48 may be offset relative to data provided on the audio bus 46.

10031. 1 | pawmeetershattivesttthe aAppropriate pnodessinggndduizrlld tosd), p2.cgrpmort he i xer
dul e 20, The. sof ] h t ake i nt t t.hat le 12 to 20,
3238 ¢ oihedimg Sehnar Rk sbiintredd GuthBt P GpRAioae e (RoAy
t I d di
parame erﬁniﬁ%{é ?#a@ﬁet@fﬁﬁ?&ﬁ ?r{a)tptﬁeZo a%e)éirglﬂ VE?%gg{aegPJv?dwsn%ggﬁa&e audi o

data whic en out puts on us these e Iments, the
appropri apgs p@raneters for the processing nodule 12 to 20, 32, 34 are
provided in a tine-slot that precedes the tinme-slot in which the nodul e
out put s t he [6QA1] dndeeanarodindind obthse G eniien dicf fvearemhap poegsen the nodul es 12

to 20, 32, 34 may require different paraneters and tines to process the
par anet er @léﬁ{dnadaf%fﬂ pGHRETERLS T9RY HRgrutakg IRfa arcarnt g&%éﬁtmﬁﬁq'dl@égsi ng

nodul es 1 . f i.ffering of tine-slots.
For exanp%)eé,d?g’%%zlxger?gpull%éf o???g?&gpﬁgéf ﬁ%‘fatggdl%g %t\(/ei eé\@#ﬁ?ﬁ he sanple rate

converter pm@wt@rsé@ia fHe éf&fﬁﬁﬁké%spﬂﬂ anate icefbiate thoprotBsse/yaddBo pr ovi ded
for the filter nodul e and an exenpl ary paraneter offset of 20 may be

provi ded datatwikichdt d;ermﬁtpua dn the dudio dusHowdw eheseteonlpadiapptsdhat ed. t hat

the appropriate parameters for the processing module 12 to 20, 32, 34 are
provided in a time-slot that precedes the time-slot in which the module
outputs the audio data on audio bus 46. As different processing modules 12
to 20, 32, 34 may require different parameters and times to process the
parameters and audio, parameters associated with different processing
modules 12 to 20, 32, 34 may be offset by a differing number of time-slots.
For example, an exemplary offset of 96 may be provided for the sample rate
converter module 16, an exemplary parameter offset of 40 may be provided
for the filter module 18, and an exemplary parameter offset of 20 may be
provided to the delay module 14. It is, however, to be appreciated that the
offsets may differ from embodiment to embodiment and also differ in a
single embodiment depending on the functionality or algorithm that the
modules 12 to 20, 32, 34 are to perform or execute.

[0032] In certain embodiments, it is necessary to buffer the audio data

received via the audio bus 46. In particular, phase coherency is a
requirement for multi-channel audio data to avoid phase cancellation and

image shifting. Phase coherency is simplified by buffering a full sample

period of audio data. A processing module may then process guaranteed
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offsets may differ from enbodi nent to enbodi nent and also differ in a

si ngl e enbodi nent depending on the functionality or algorithmthat the
nodul es 12 to 20, 32, 34 are to performor execute. [00321 In certain
enbodi ments, it is necessary to buffer the audio data received via the
audi o bus 46. In particular, phase coherency is a requirenent for

mul ti-channel audio data to avoid phase cancellation and image shifting.
Phase coherency is sinplified by buffering a full sanple period of audio
data. A processing nodul e may then process guaranteed 1.5 phase coherent

audi o fr ophiabs cdlfgaht autibdrdrfifsdocaliaulion buffespegiout eedpaet torthkat i ve
intia-sanple timng of data arrival and data processing. It may not be
necessar y reletie frfitza-sainple tisring log datrcairivaed and alamjpmsteﬁmsgﬂfﬁ m@}*\ hpt t hose t hat
are to be processed, To |£gﬂ nment . phase oherenc buf f er
scheme caReBECEsaY fHbWiT CENE Héﬁ?‘éﬁi’é’ 05 thater nate in

usage fro d ?[193' recei ved
audi o {gléél\fr(rjal%/ee Ite&ﬁ/%%%taf e’l"d%ﬂﬁél%ﬂ}#'@?)h&%é%& t’ Jﬂﬁé&gl Sl nge nodul e reads
from bUf b&emBcarfbe as&®irt #hicH atTBastithi® HuHfdre A/ MaNd Breflidraatd inons so that
during the next sanple period, the received audio data is witten to

buf f er " Blsagehfrbm white pr veaels SDwgnglle fisst sesgpde peldqdblhdefrecreivw audliv certain

enbodi nents, the _delay nodule 14, filter nodul e and the m xer
modul e 2odﬁ€aﬁneﬁéﬁg@ﬂéﬁn§a§§f§adﬁo vgbl#% BlesProgastemossde frads e r

e R R U P R D S
channel egahsctE8h ?eﬂod , ieaRcdibed datiaydamdstheitich RAB S ”_va_ gener ate the
audio it wll output o0 the audio bus 46 when the nost significant bits of
the chanwmdiileithe proddssiangi rondaleereads dlon buffer GA” Thh sent@ipy occur when the data
path embodiments, the delay module 14, the filter module 18, and the mixer
module 20 may change or swap audio buffers synchronized with their
respective channel processing times. For example, data path or audio ring
input buffers of the delay module 14 may swap when the delay module 14
channel equals zero, e.g., when the delay module 14 begins to generate the
audio it will output to the audio bus 46 when the most significant bits of the
channel identification are equal to zero. This may occur when the data path
or audio ring channel or time-slot equals the maximum channel
identification minus the parameter offset of the delay module 14. If the
parameter offset is equal to 20, this delays the last 20 audio ring channels or
time-slots by an extra sample period relative to the other ring channels or
time-slots from the perspective of the delay module 14. Likewise, in the case
of the filter module 18, the last 40 audio ring channels or time-slots may be
delayed by an extra sample period to the filter module 18. In certain
embodiments, the mixer module 20 may delay the last 18 audio ring
channels or time-slots. However, in one embodiment, the sample rate

converter module 16 may write audio ring data directly into its channel

caches and, accordingly, relative delay problems may not be experienced.
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or audio ring channel or tine-slot equals the maxi num channel

I dentification mnus the paraneter offset of the delay nodule 14. If the
paranmeter offset is equal to 20, this delays the last 20 audio ring
channels or tinme-slots by an extra sanple period relative to the other
ring channels or tine-slots fromthe perspective of the delay nodule 14.
Likewise, in the case of the filter nodule 18, the last 40 audio ring
channels or tine-slots nay be delayed. by an extra sanple period. to the
filter nodule 18. In certain enbodinments, the m xer nodul e 20 nmay del ay

the last 1.80638]i &s fﬂdﬂﬁon@&@bﬂ%ﬁmﬁFut tiffRe-S1b & (SimdF6l0By@r which €d0R
enbodi nent, the sanple rate converter nodule 16 may wite audio ring data

directly preassing meodmled to@8chd S4andputsodaia dinbgthe audipdnisvié) ded ay pr obl ens

may not b xperjenced. 16_10033], As inentioned above. , U thrie-slots
(time-sl ofiedicat %‘ﬁ'sg(étéh%‘)m’%‘teés’é’i Gegtaim Hth nflﬁntsoﬂﬁot,mgzéﬁgfﬁnw pUt S data

onto the | S. r i ed ti - . [ ol ertain
enbodi rrent%sigél?ﬁgﬁtllség-s oﬁgatgﬁqosﬁ%&c(ﬁledéﬂtggipzb%élﬁgjr?%}ﬁ?ﬁ%gt%&gtzg’ any one of
the processizgs pRodagemaBlelahd, #us, tBLchaithel SRt IRAABH d@biRn@l@és thus, the
chanriel identification data identifies the particul ar processi ng nodul e
12 to 20, tg2parBi¢utangirocessing, modoksk? ta2f), G2 that tatogpronedsitbe audico bus 46.

I n one enhodi nent, the, paraneter bus 48 has Lts I nput tin-tl.é-slots

al | ocat eddataent Hisraudip bug Ao ln opgs %&meél,tt pEapReter bpsdfihes 36 nay

oaul o 1508 SATEs T iRy RS R, AT Ao ol AL ® D00 Cray Can
32 8 L0 B R or g o g o e 425 10 20, 32, 34
but, in avaiioud prockssng omdiydes d2rbn 20,3284 vizsethe exaineiér bus 48.

Accordingly, not only can data be flexibly routed from any one of the

processing modules 12 to 20, 32, 34 to any other one or more processing

modules 12 to 20, 32, 34 but, in a similar fashion, parameters may be flexibly

routed to any of the processing modules 12 to 20, 32, 34. In one embodiment

of the invention, the DSP module 12 can overwrite parameters on the

parameters bus 48 thereby allowing the DSP module 12 direct control of the

functionality executed or performed by the delay module 14, the sample rate

converter module 16, the filter module 18, and the mixer module 20 {or any

other modules added to the data path 22).

[0034] As mentioned above, data included in the audio bus 46 and

parameters included in the parameter bus 48 may be flexibly routed to the

processing modules 12 to 20, 32, 34. In one embodiment of the invention, an

input mapper in the form of a linked list 100 (see Figure 7} is provided. In

this embodiment, the routing controller 52 (see Figure 3) performs

programmable input mapping to flexibly route audio data to the various

processing modules 12 to 20, 32, 34. In use, the input mapper may traverse a

linked list 100 of input channel identifiers 102 and input RAM addresses 104

to determine which input channels are written to which addresses within the
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routed to anv of tbe processing nodules 1.) to 20, 32, 34. In one

enbodi nent of the invention, the DSP nodul e 12 can overwite paraneters
oil the paranmeters bus 48 thereby allowi ng the DSP rnodul e 12 direct
control of the f Unctionalitv executed or performed bv~ the del av nodul e
14, the sanple rate converter nodule 16, the filter inodule -18, and the
m xer nodule 20 (or any other nodul es added to the data path 22). 100341
As mentioned above, data included in the audio bus 46 and paraneters
111cluded in the paraneter bus 48.may be flexibly routed to the processing

nodul es 1@ a2ldlio Baffer4in die @nbodithest ofehé imferitivn, tivkikdDlist 1@0 | nput
mapper in the forni of a lii-Lked Iist 100 (see Figure 77) is provided. In

t hi s enboihi usedtand the liso ig amgngasher ssirtast insn pxdes ofjageaneling clhasfedr ms
prograi - mpabl.e i nput i o flexihly route audig data to the various
processi niieRbdEES gf‘ﬁdlgaég g{)"?‘%ﬁp“@%‘?épﬁ“ﬁ?& ACCRessy %ﬁfc’%g’ﬁ@tﬂ N t-raverse
a lird, e i gt f . Aoyl Lf4i@rs 102 and i nput RAM

ad. dr (- _~g%ée'sg-}fég%f?ga#ﬁe@g&%cﬁgy\?ﬁ?% Itlallhggglllb{i@;lanr iels are witten to v,

| -Lich addr qeg35] Wiet it i pbf nhdip ih abeliloadtid Bfst elemGrhé haRedi ent of
thei 11 ~7ention, the lird~,ed li'st 100 is used and the list is arranged or
sorted i nlisinl08rdkichahayswdndé thelidpohdmreiel idergificdd0R) fhednput ausdiar dl ess of

Lhe | out 2y o\t o S0 eS80 Shoun by st 100 hest, sof {vare
R e e A A
it to theideexficgliGNBaL 40 Mndtbked theinpdihéhdriplidentieResn HERN10BAAS until the
i nput chatuiel identifier on the chaniiel identification bus 49 matches the
i nput chathenivetitdsdbnatinputcatdionlata siedivegviamudio bus 46 to the designated

input audio buffer address. The element of the linked list 100 designated by

the next linked list address field 101 may then be loaded and the operation

may be repeated. The linked list 100 may be maintained in a circular fashion

so its last element points to its first element of the linked list 100. On reset,

for example, a default input mapping list may be automatically written by

hardware initialization logic and host driver software may merely be

required to maintain the linked list 100. If multiple filters are provided by

the filter module 18, an additional level of mapping may be provided to

support multiple filters operating on the same input signal or data provided

via the audio bus 46.

[0036] The methodology described above is broadly summarized in

Figure 8 of the drawings. Reference numeral 110 generally indicates a

method of communicating digital media data (e.g., digital audio data) in a

digital media processing device such as a digital audio processing device. As

shown at block 112, digital data is provided on the data path 22. Each

particular processor module 12 to 20, 32, 34 then identifies if the data is

associated with the particular processor module 12 to 20, 32, 34 (see block

114). The digital data provided on the data path 22 in block 112 may include
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then wites the input audio data received. via audio bus 46 to the

desi gnated input audio buffer address. The elenent of the Iftik-ed |ist
100 designated b~v the next linked |list address field 101 may then be

| oaded and the operation mav be repeated. The linked list 100 mav be
rnaintained in a circular fashion so its last elernent points to its first
el ement of the liiiked list 100. On reset, for exanple, a default input
mapping list, my be automatically witten. by hardware initialization

| ogi ¢ andhost driver soffivare nlay nierel-v, be required to i-naintain

the |i nkebodh @igitdDAudibfdadptdidedfor fheratidas Bupieuhd@dr process bentkoll t er
modul e 18, an additional |evel of mapping may be provided. to support
mul tipl e fatat(esgs paranetet dgta) proveledametherppuamietertuls 4% data provided via

th dio b : 036] The et hodql . i bed ab i, .broadl

sur mnar | zed00 1 7 SR 8f GERD Hivskd T % PBBR BN B SEED. gener al | y
surm nar i zed" TPHE Mt W .98 PBrOhce 75 general |3
data) i n Sear R e pRPdUd ProRb g2 BR0NS SEnP' Dy 57

processi ngatdavidited B§ the paricdar Rlodeke 128220, 32034 ﬁ|mé|ﬁzlly’dgh§seﬂf ovided on the
data paLh 22. Each particular processor nodule 121 to 20, 32, 34 then
i dent i fi eslong ththdawapathi22. Itabewevar, ¢be datalis associpded wdth the particelgor nodul e

path, 22 TRAISEIES el e aithnontes onfobe e knibedThar Brov ded on
br ovi ded Sin pEPAEBYRE BRI R ko IO REETR 8 BRCK 116, i
data on thgad@bdioRBith akd/ bs pAfimetas dae &1 thd cabd hhal itaet) RASLt&HeAr processing
nodule 12 to 20, 32, 34, then the data received by the particular nodule
12 to 20, frem the4latas pathy 21 {sep bbmddl 18x Whgn theexdaaceg alatn Bparametdronever, the
data is aéastg’c tih%tpergcggs}n% rtnrg)%url)ea ﬁ Itcg: %,%I:Z, 34 uses this data to define the

functionality (e.g. algorithm} that it is to execute. When the audio data

subsequently arrives, the processing module 12 to 20 processes the audio

data to generate processed data (see block 120) that is then provided to the

data path 22. Thereafter, the method 110 repeats its monitoring functionality

as described herein. It is to be appreciated that any of the methodologies

described herein may be provided on any machine-readable medium.

Accordingly, the invention extends to a machine-readable medium

embodying a sequence of instructions, that when executed by a machine,

cause the machine to execute the functionality described herein.

[0038] In one embodiment of the invention, the digital processing device
30 is in the form of a VLSI chip. The DSP module 12 may be a 32-bit
fixed/floating point DSP that executes four interleaved threads

simultaneously. The device 30 may, for example, include one or more of the

following:

« 200 MHz internal clock;
+ threaded interleaved architecture DSP with 1200 MFLOPS;
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nodule 1.2 to 20, 32, 34 (e.g. the routing controller 52 has identified
that the data is to be routed to the particular processing nodule 12 to
20., 32, 34), the data (audio data and/or paraneter data as the case may
be) is extracted fromthe data path 22 (see block 118). Wen the extracted
data is paraneter data, the processing nodule 12 to 20, 32, 34 uses this
data to define the functionality (e.g. algorithm that it is to execute.
When the audi o data subsequently arrives, the processing nodule 12 to 20
processes the audio data to generate processed data (see bl ock 120) that

i's then provided the DSFemagatedi®aé hdipendloar Bl Aebntriollerswetdeoeks110 repeat s
its nonitoring functionalit as described herein. It is to be appreciated
that any of the dehUERﬂI@gi/éQRﬂéénri bed herein may be provided on any

nmachi ne-r eadabl e ium Accordingly, the inventi.o xtends to a

nachine-readabfetﬁggﬁEWH“Qﬁﬂ%ﬁ&ﬁﬁﬁg§%£889§ﬁ@gl EﬁﬁgWﬁﬁﬁg' R8d ¢ hat when
ted b i . hi t te the f ti it

géggriged Ke?erﬁﬁ%Fgégngﬁyéﬁe&QS machi ne to execute e functionality

n one €enbodi mrent of the invention, the digital

processi ng devi Cahe 3kixbSmiodul 120 Ay BO4 48964HRInnehflpatindpolBRudmeul e 12 may
be a 32-bit fixed/floating point DSP that executes four interleaved
threads sinmultamsbesly. The device 30 may, for exanple, include one or

nore of the fol Ia\%ag' 20(} -NTHz .internal clock; threaded interleaved
architecture DSP chappel el cpEPing PAFAIMEISH SRR AIIA%DE | ndependent [) MA

controllers to a§ﬁ8§ﬁkd'h05t menory /SD RAM the delay nodule 1.4 may
support traction delay lengths and 1024 nenory accesses;

« the sample rate converter module 16 may be a 256 channel, hybrid
sample rate converter;

« the filter module 18 may be a 512 channel second order digital
filter;

+ the interface module 38 may be a PCI-X interface for interfacing
the device 30 to 100 MHz SD RAM interfaces;

+ four stereo I?5 digital inputs may be provided;

« four stereo I?S digital outputs may be provided;

» four stereo S/PDIF inputs configurable as eight channel C/DIF
inputs may be provided;

» four stereo S/PDIF outputs configurable as eight channel C/DIF
outputs may be provided;

+ PLL slave capability to I25 and S/PDIF or C/DIF inputs may be
provided;

+ 16 independent configurable general purpose input output pins
may be provided on the chip; and

» EPROM interfaces for overwriting reset defaults may be provided.

[0039] In one embodiment, the device 30 may be connected to a general

purpose microprocessor either through the interface module 38 or through
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the m xer nodule 20 may be a 4096 channel floating-point audio mxer; a
5632 channel self ranping paraneter generator naybe provided; the sanple
rate converter nodule 16 may be a 256 channel, hybrid sanple rate
converter; the filter nodule 18 may be a 512 channel second order digital
filter; the interface nodule 38 may be a PCl-X interface for interfacing
the device 30 to 100 M-1z SD RAM interfaces; four stereo 12S digital

i nputs may be provided; four stereo |12S digital outputs nay be provided,
four stereo S/PDIF inputs configurable as eight channel ¢ DIN inputs may

be provi dgdenfbeddedtraiceOpRcBidbl bay intuifacs Tiel iitiaplRegrehghtorahginnel G DI F
out puts may be provided; |'LL slave capability to FS and S/'PDIF or C/ DI F

i nput s matheodevipe difdedxample; thdepghdbarowtong conirelbdrédZgewhmbal pur pose i nput
out put pins

overw iti Agar %’étl)l’)gﬁgég\éhgggrﬁf?gbgg%fgﬁ% . grr}%bgggﬁqwc%‘%téeecg@%gﬁ f (I‘)II , the
devL e, Ont BepiS) LSRRI HRSLEL g g ooeonor (e
B o e T B g e ey rar

at 48 kHz to each processing module 12 to 20, 32, 34. In one embodiment,

the audio bus 46 provides 256 dedicated 32-bit input channels and,

accordingly, the data path interface 70 may include 256 32-bit input channels

and 256 32-bit output channels. As mentioned above, the output channels

may be predefined or dedicated and the input channels may be

programmable. As mentioned above, the device 30 may include a linked list

100 and, in one embodiment, the DSP> module 12 includes 256 input channels

that are mapped to the 4096 channels of the audio bus 46 using the linked

list 100. In one embodiment, whenever the DSP module 12 writes to an

audio output channel of the audio bus 46 in a given sample period, the

audio data written is transferred to the audio bus 46 and an audio ring valid

bit may then be set for the particular channel during the next sample period.

The parameter bus 48 may provide 256 32-bit input/output channels for

parameter passing or routing.

[0040] In one embodiment, any input channel or time-slot of the audio

bus 46 (regardless of whether it is data used by other modules on the audio

bus 46) may be available for use as a sample-locked 32-bit inter-thread data

channel visible to all processing modules 12 to 20, 32, 34. This may provide

a primary mechanism to the device 30 for passing data between time

domain DSP threads located in different processor modules 12 to 20, 32, 34.

When an unused output buffer channel or time-slot is used for inter-thread

data passing, the passed data may appear as valid on the audio bus 46 in the

time-slot allocated for the particular output buffer channel or time-slot.
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accordingly, may define a host interface. External SD RAM connected to the
audi o nenory transport nodule 32 may be provided in certain enbodi nents. In
one enbodi nent, the audio bus 46 may be sanple | ocked at 48 kHz to each
processing nodule 12 to 20, 32,34- In one enbodi nent, the audio bus 46
provi des 256 dedi cated 32--hit input channels and, accordingly, the data
path interface 70 may include 256 32-bit input channels and 256 32-bit

out put channels. As nmentioned above, the output channels nay be predefined
or dedicated and the input channels nay be programmable. As nentioned
above, the C[ﬁ@'cil?ﬂ:)zﬂﬁ vidteh 86 bH A aRable Mest dr Gitpul 8QdRBUs butt@ter enbodi ment ,
the DSP nodul e 12 includes 256 i nput channels that are napped to the 4096
channel s oftet-Hecad diata passingmayi rgimrnediatalk erdsiblei totalllgber threadefaznbodi nent ,
whenever the DSP Hndu 12 wites tQ %ag audi o ouf put channel of the audio
bus 46 i nthe mMaRdey spetlegeripAdn Whigh § Wat Wikl ten is transferred to

the audio b LQ.r4 val gt . or the
particul ar gﬂ%ﬁzﬁgﬁﬁg(ﬁ}%ﬁ%&?ﬁgd#gggeggr%.g%espgﬁglg%?{né(ﬁi%&h%g?%ﬁ{& &r bus 48 may
provi de 2BSerddedftibel NPUEHRISHIMe rBseHI Sherltin hAPBRMRI@ErP&$ SViftly Or routing.
[ 0040] In one enbodi nent, any input channel or tine-slot of the audio bus

46 (regar difemnceto sparificexdmplasy datbedimmentspit vaillizsr evidduot het garivhe audi o
bus 46) may be available for use as a sanple-locked 32-bit_inter-thread
data chafisificationsiaadhagges grRyesenpdg toathfse sbpstipgnigwithout 34 This may

provi de rj.mar hani to.f vice Si J etween tine
Gorai n_ oo P BB oS RE R Bl fud Bpetele LiVerRREE R obEh 500775,
34.  \' hap GRcHRHEEA aAHIRHIviRE dRItoWRa8RIdedl intdn Mlushativé sathged for
inter-thread” data passing, the passed data nay appear as valid on the

audi o busthéf a restriietivetdemse.s|l ot al | ocated for the particul ar output buffer
channel or time-slot.
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21 [0041] Data witten to an avail able input or output audio bus buffer for
inter-thread data passing maybe imedi ately visible to all other threads
for the remainder of the sanple period in which it was witten. [0042]
Thus, nethod and device to process digital nedia streans have been
described. Al though the present invention has been described with
reference to specific exenplary enbodinents, it will be evident that
various nodifications and changes may be made to these enbodi nents wi thout
departing fromthe broader spirit and scope of the invention.. Accordingly,
t he speci igiggmven and drawi ngs are to be regarded in an illustrative rather
than a restrictive sense. CLAIMS What is clainmed is: 1. Adigital
processi ng device to process nedia data, the device including: a plurality
of processing ul.es. to process the nedia data; and a data path to

commruni cat e daggﬂﬂéfﬁﬁgﬂeﬁﬁﬁ processing nodul es, wherein the data path is
arranged in a ring configuration. 2. The device of claim1, wherein the
data path defines a nmedia data path including a digital audio bus that

serially inter gogipeal Erddegsiﬁgd@aidetty pebcespiaetia slakg thodeviee. 3. The device
of claim2, wherein the digital audio bus conununicates digital audio data
in a pluraduagingf tinme-slots, each particular processing nodule having at

| east one progranunabl e or fixed tine-slot fromwhich data is received
from the bt aesaerifnpl Prescestn mpdyet Hoppreet b ard bRedsidg modul 6.

a data path to communicate data between the processing modules,

wherein the data path is arranged in a ring configuration.

2. The device of claim 1, wherein the data path defines a media data
path including a digital audio bus that serially interconnects the plurality of

processing modules.

3. The device of claim 2, wherein the digital audio bus communicates
digital audio data in a plurality of time-slots, each particular processing
module having at least one programmable or fixed time-slot from which
data is received from the data path for processing by the particular

processing module.

4. The device of claim 2, wherein the digital audio bus communicates
digital audio data in a plurality of time-slots, each particular processing
module being assigned at least one time-slot into which data processed by

the particular processing module is exported to the digital audio bus

5. The device of claim 3, wherein one of the processing modules is a

Digital Signal Processor (DSP) and the data path communicates processing
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4. The device of claim2, wherein the digital audio bus conmuni cates
digital audio data in a plurality of tine-slots, each particular processing
nodul e bei ng assigned at |east one tine-slot into which data processed b
the particular processing nodule is exported to the digital. audio bus 5.
The device of claim3, wherein one of the processing nodules is a Digital
Si gnal Processor (DSP) and the data path conmuni cates processing 23 control
data in a plurality of tine-slots that are allocated to the processing
nodul es tinder control of the DSP. 6. The device of claim1l1l, wherein the

dat a patl cénirsl dathiiff® sluvdlg @i tinte:blotpihex etk MisatqCioutietgodessing al ity of
audi o channels. 7. The device of claim1, wherein the data path

conuzuuueaunbﬂdauadem@nﬁeﬂmﬁth@DﬁPuraI|ty of processing nodul es at bit
rates that differ. S. The device of claim7, wherein the nedia data path
includes a total nunber of tine-slots for connunicating nmedi a data at a

plurality of ‘Fhfefd%g?d%tof%iaﬁ Rn‘?ﬁereg{‘ﬁﬁ Itym?#rﬁﬁ{ sigh nunber of

time-slots al'l ocate to ea ‘one o rates equal s the

total nurhafltipfexelPrshaudinda Ehﬁh%ﬁ&f&ﬁh@khﬁhﬂé@Wl wherein each
processi ng nodul e: sel ective y extracts medi a data for processing fromthe

data path, the medi a dat a belng provided in at |east one tine-slot of the

data path allocated .to t oceSS|n dul e;, sel ectively inserts
processed medi Zﬁeéﬁalqerﬂfa M@%&&%@?ﬁt%‘a@%ﬁnﬂ%ﬂ% {488 edia dat a

LSRN D e, 20 e

unchanged a clarm mhereln t he
nunber of processing nDduIes

8. The device of claim 7, wherein the media data path includes a total
number of time-slots for communicating media data at a plurality of
different bit rates, and wherein the sum of a number of time-slots allocated

to each one of the plurality of bit rates equals the total number of time-slots.

9. The device of claim 1, wherein each processing module:
selectively extracts media data for processing from the data path, the
media data being provided in at least one time-slot of the data path allocated
to the processing module;
selectively inserts processed media data into its allocated time-slot;
and
passes media data that it receives and that is associated with other

processing devices unchanged along the data path.

10. The device of claim 1, wherein the number of processing modules
connected along the data path is configurable, each processing module
included in the device being allocated at least one time-slot provided by the

data path.
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connected along the data path is configurable, each processi ng nodul e
included in the device being allocated at | east one tine-slot provided by
the data path. 24 11. The device of claim1l, wherein the data path
includes a control data path to comunicate processing control data to at

| east one processing nodule, the processing control data being used by the
processing nodu ICto process digital data received fromthe data. path.
12. The device of claim 11, wherein the processing control data includes
paranmeters for digital signal processing by the processing nodule. 13. The

devi ce of clHi Thidevideasfeldint hevhakaiBealda path idtudis d @astolagaof filter
paraneters, tinme delay paraneters, m xing paraneters, and sanple- rate

conver si opafatcatrEnewgicate pradessidgionobflatel taiamldast omppredessinge processi ng
control path_i i

h ti divi | ti.pl b ed. i i
configuraFFBHhafg?P%a%*a%%%%%&gﬁdg%%ﬁ%ﬁ&iég ¥& ?%&%%Q%%ngéggeﬁélggntro
data i ncl gggm&ﬁag@?ﬁﬁtao ecgﬁggﬁ&%qgeagmc%%' data each of which is

associ at e ream at'a nmmuni cated via the data path,
each stream of processing control data being destined for an associ ated
target processing nodule to which the streamof nmedia data is

comuni cat ed?2. The dehzedd vladm 1, vdieaeim the protessivigrostcth deta watndsds pr ocessi ng

control data is a r%nggag to be comuni,.cated via the cgmrol data path to
arrive at PRrametgesdor dagl SE%F”E@FO%S%‘%&& RISERFSEOO6' 0 a source

processing nodul e exporting the nmedia data to the nedia data path. 7. The
device of claiml1l, wherein the data path includes: a plurality of nedia

channel s defianeHe B¥vick B8 cRii 1, QfhetiintthBlpax&deters include at least one of
filter parameters, time delay parameters, mixing parameters, and sample-

rate conversion parameters.

14. The device of claim 11, wherein the processing control path is a time

division multiplexed bus arranged in a ring configuration.

15. The device of claim 11, wherein the processing control data includes
streams of processing control data each of which is associated with a stream
of media data communicated via the data path, each stream of processing
control data being destined for an associated target processing module to

which the stream of media data is communicated.

16. The device of claim 15, wherein each stream of processing control
data is arranged to be communicated via the control data path to arrive at its
associated target processing module prior to a source processing module

exporting the media data to the media data path.

17. The device of claim 1, wherein the data path includes:
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time-slots; and a channel identification path including channel
identification data to identify each nedia channel to the processing
nodul es. 18. The device of claim 17, wherein the data path includes a
control data path to comunicate processing control data to at |east one
processing nodule, the control data path including a plurality of control
channels defined by tine division nultiplexed tine-slots, wherein the
channel identification path identifies both the nedia channels and the
control channels. 19. The device of claim "I, wherein the data path

includes a trapphealitPupmelits TN defifediay antedivason atultpteedal menory
and at | east one of the plurality of processing nodul es. 20. The device of

claim 1, tilverdots; ahé processing nodul es are digital audio processing
nodul es sel ected from the group consisting Qf an audi.o nmemry transport
modul e, a di gi ¢ sharraliges ﬂff%élomﬂévaad%%ra@nﬁh ntifigaien faf WBodul 6, a
filter nodyl e ] Xery. I a a digital [|nput/Qutput
nodul e. Zﬁéﬁ%éﬁﬁggla@%g\ng}%#%g%ﬁg Og%geasfa path and t he processing

nmodul es are provided in a very large scale integration (VLSI) device. 22. A
digital processing device to process nedia data, the device including: a
plurality ofl8pTbedegicagf nadul 1&'s witergindbeslata pathnadiuded atcapti@bdataredi a dat a
path to communi cate the nedia data between. th rocessi ng nodul es; a
processi n@af@dﬁ‘tcpmmﬂﬁ%cétepﬁlf%eﬁ%n% S‘i%%ﬁﬁivﬁ%ﬁ‘éo id g’@é@%‘i‘%@“&@ﬁ’%‘?& I

module, the control data path including a plurality of control channels
defined by time division multiplexed time-slots, wherein the channel
identification path identifies both the media channels and the control

channels.

19. The device of claim 1, wherein the data path includes a transport bus
to communicate data between an external memory and at least one of the

plurality of processing modules.

20. The device of claim 1, wherein the processing modules are digital
audio processing modules selected from the group consisting of an audio
memory transport module, a digital delay line module, a sample rate
converter module, a filter module, a mixer module, a DSP module, and a

digital Input/Output module.

21. The device of claim 1, wherein the data path and the processing

modules are provided in a very large scale integration (VLSI) device.
22. A digital processing device to process media data, the device

including;:

a plurality of processing modules to process the media data;
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dat a between the processi ng nodul es, wherein the processing control data
defines processing functionality at an associ ated processi ng nodul e; and a
routing controller to route the nedia data and the processing control data
to an associ ated processing nodule. 23. The device of claim22, wherein the
medi a data path and the processing control path are arranged in a ring
configuration. 24.. A nethod to comruni cate nedi a data between a plurality
of processing nodules in a digital nedia processing device, the nethod

i ncluding: providing the nedia data to a data path at a source processing

nodul e, the dahangdikdatdpihcodeshuntatdthenhodnl ddty befwesogrssi ng nodul es;
extracting the nedia data at a target processing nodule of the plurality

of procesprongssinguhedulesind provi di ng processed nedia data to the data path

for communication to another tar e% processin% nodul e, 25. The net hod of
clai m 24, which PFH‘EﬂSE‘H'SsCOBS‘f?ﬁrGﬁF g CORENHBYAL PIPSESSIRSERIAPT al |y bet ween

e o] . S . Wher o
the data PappEiePhEEPR R Ao el thele Rl gl T ee Che
source praeRed precaey furidiidha | HegssotiBRedBlicasdife rlulatandoat h. 27. The

met hod of cl aim 24, which includes passing on. nedia data received at a
particul ar pr ozgessiimgcomdolle toooatwthrenegdiactads sndghapdodassinghen t he

processi ng ntg(ﬂg:le recei ving the nedi a dat is not the target processing
nodul e. 280N Fratnan agtocted prowssipgdpesiile ne data path includes a
plurality of tine-slots, the nmethod including providing the processed
media data into a

23. The device of claim 22, wherein the media data path and the

processing control path are arranged in a ring configuration.

24. A method to communicate media data between a plurality of
processing modules in a digital media processing device, the method
including:

providing the media data to a data path at a source processing
module, the data path interconnecting the plurality of processing modules;

extracting the media data at a target processing module of the
plurality of processing modules; and

providing processed media data to the data path for communication

to another target processing module.

25. The method of claim 24, which includes communicating the media

data sequentially between the plurality of processing modules.
26. The method of claim 24, wherein the data path includes a processing

module identifier that identifies the source processing module that provides

the media to the data path.
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time-slot associated with a source processing nodul e. 29. The net hod of
claim 24, wherein the data path includes a digital nedia path and a
processi ng control path, the nethod including: providing the nmedia data in
the formof audio data to the digital media path; and providing processing
control data to the processing control data path, theé processing contro
data controlling the processing of the audio data by the target processing
nodul e. 30. The nethod of claim 24, which includes providing the nmedia data
in at |east one tine-slot of a digital audio bus defined by the data path,

each parti c ThephebodofethifDZ hehibia ndhgd et dp Al opfdid dgtaanmabl e or
fixed tinme-slot fromwhich data is receive fromthe digital audio bus for

processi nged@yvetdw}: qopamculareprromasumnodglermn@helsmocvmngrmmbde of claim 24,

whi ch inc es_assi gni hg ea articul proc SSIn dule a.t |l ea.st one
ti me-sl ot @Tenatha.pgpgeéﬁlwéu CHt S%tr%‘ﬁttﬁr.g,e wher ei n
digital a essed by the partlcular processing nodule is
exported Pg&gﬁgﬂ%qng& ot 32. '"t'he nethod of claim 31, wherein one of

the processing nodules is a Digital Signal Processor (DSP), the nethod
i ncl udi ng comruni cating processing control data via the data path in a
plurality of28 Thensdtbod of kbeimalde whalrbindhe edta pathhieclndes eggirgityrodul es under
control of the DSP. 33. hod of . ¢l aim 24, wherei e data path is
tin-ie di #iMg-gat Sfmﬂwm@mﬁgg.mevmn&&wapm%ﬁ% WQ& 4BEMG &hannel s.

34. The ”?Eg{]eoﬂo%ssﬁci%‘céﬂ%ﬁ E)r/\@ ?bg&ltegrgg é‘g (?]]rl?ém cating, data between the

plurality processi ng nodu at differ.

29. The method of claim 24, wherein the data path includes a digital
media path and a processing control path, the method including:
providing the media data in the form of audio data to the digital
media path; and
providing processing control data to the processing control data path,
the processing control data controlling the processing of the audio data by

the target processing module.

30. The method of claim 24, which includes providing the media data in
at least one time-slot of a digital audio bus defined by the data path, each
particular processing module having at least one programmabie or fixed
time-slot from which data is received from the digital audio bus for

processing by the particular processing module.

31. The method of claim 24, which includes assigning each particular
processing module at least one time-slot of a digital audio bus defined by the
data path, wherein digital audio data processed by the particular processing

module is exported to the time-slot.
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35. The nethod of claim 32, wherein the data path includes a total nunber
of tinme-slots for communicating nedia data at a plurality of different bit
rates, the nethod including allocating a nunber of tine-slots to each one
of the plurality of bit rates so that a sum of the nunber of slots
allocated to the plurality of bit rates equals the total nunber of
tinme-slots. 36. The nethod of claim 24, wherein the nunber of processing
nodul es connected along the data path is configurable, the nethod
including allocating at |east one time-slot provided by the data path to

each processingheREthbod.of 2aim3le wikirbRtod ofttheipfoddsinghinotuldagk udes
communi cating processing control data to at |east one target processing

nodul e vi ®igitaldrignal Priaessop DHE), themephat sxdudiggrommahicdting bei ng used by

the target processin dule t process digital data received froma nedia
dat a. pat RTOSGSZg con @Tﬁé%%‘ﬂa tﬁ? datagp 311;1&113&#?@%0261%@ BHIGEEE&i ng t he

redia dat o dnbad, BIRRLESSRP LA AR dRLIFoRe DAB! Udes parameters for

digital signa proc ai m whi ch i ncl udes
comuni cati ng paraneters including at | east one of filter paraneters, tine
del ay paraneters, mxing paraneters, and sanple-rate conversion paraneters
to a processi3nghamoethed ofickimiid, sdwreinl theatata patthis tige diftisiomet hod of claim
37, which includes co nlcatln t he oce ng control data in a tine

di vi si on mnpp}ﬂxsséétaw%ﬁfimga@ raht}*rﬁgawilpwi@na? 15cl ai m 37, wherein the
processing control data includes streans of processing control data each
of which. is associated wwth a stream of nedia data communi cated via the

medi a data pat ffhe 8d@hodof @R, which includes communicating data between
the plurality of processing modules at bit rates that differ.

35. The method of claim 32, wherein the data path includes a total
number of time-slots for communicating media data at a plurality of
different bit rates, the method including allocating a number of time-slots to
each one of the plurality of bit rates so that a sum of the number of slots

allocated to the plurality of bit rates equals the total number of time-slots.

36. The method of claim 24, wherein the number of processing modules
connected along the data path is configurable, the method including
allocating at least one time-slot provided by the data path to each processing

module.

37. The method of claim 24, which includes communicating processing
control data to at least one target processing module via a control data path,
the processing control data being used by the target processing module to

process digital data received from a media data path.
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processing control data being destined for an associ ated target processing
nodul e to which the stream of nedia data is conmuni cated. 42. The net hod of
claim41l, which includes conmuni cati ng each stream of processing contro
data via the control data path to arrive at its target processing nodul e
prior to exporting the nedia data fromits source processing nodule to the
nmedi a data path. 43. The nethod of claim24, wherein the data. path
includes: a plurality of nedia channels defined by tine division

mul tiplexed lime-slots; and a channel identification path including

channel i dergg. The ahdtBod dtRit®B7, WiedH ifdudaghroteding dianedla dgat he
processi ng nodul es. 30 44. The nethod of claim43, which includes

comuni catking the preassing contnel deta that indwdest pareastensder digitpdsigorbcessi ng
nodul e via a control data path, the control data path including a

pl ural i t yPE?Ce€YREr ol channel s defined by tinme division nultiplexed
time-slots, wherein the channel identification path identifies both the
medi a channel s and the control channels. 45. The nethod of claim 24, which

i ncl udes CoMWITHE atdtRed SRERIMSRSICh Athedds@iondinufBdaBinyg pitmaterkeast one of
the plurality of processor modules via a transport bus.” 46. The net hod of

cl ai m 24, inshadingiat ddastiese obfiltenpaaniatgrsnbticadelay pardreeteesmniding t al audi o
processi ng nodul es selected fromthe group consisting of an i 0 menory
t r anspor t PRESERELETS, AN SEIPAF-THEICPVEISHE PHSIAETS 19 SRR FS RGP BRver t er

nodul e, a_{i [ , m xer nodul e, DSP nodule, and a digital.
I nput/mtﬁlﬁth%}lﬁgﬁﬁ@faé%paihmmi ne-r eadabl e nedi um enbodyi ng a sequence of

i nstructions

40. The method of claim 37, which includes communicating the

processing control data in a time division multiplexed fashion.

41. The method of claim 37, wherein the processing control data includes
streams of processing control data each of which is associated with a stream
of media data communicated via the media data path, each stream of
processing control data being destined for an associated target processing

module to which the stream of media data is communicated.

42. The method of claim 41, which includes communicating each stream
of processing control data via the control data path to arrive at its target
processing module prior to exporting the media data from its source

processing module to the media data path.

43. The method of claim 24, wherein the data path includes:
a plurality of media channels defined by time division multiplexed
time-slots; and
a channel identification path including channel identification data to

identify each media channel to the processing modules.
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that, when executed by the machi ne, cause the machine to: provide nedia
data to a data path at a source processing nodule, the data path
interconnecting a plurality of processing nodul es; extract the nedia data
at a target processing nodule of the plurality of processing nodu |es; and
provi de processed nedia data to the data path for comrunication to another
target processing nodule. 48. The machi ne-readabl e nmedi um of cl aim 47,
wherein the nmedia data is comruni cated sequentially between the plurality
of processing nodules. 3"l 49. The machi ne-readabl e nedi um of cl ai m 47,
wherein the data path includes a processing nodule identifier that
identifies the source processing nodule that provides the nedia to the

dat a path. 5@ Thaenathediof elaimakdabttéchipdiudnsebnuhanivatifg psherssing nedi a dat a
recei ved at agﬁfrticul r processing nodul e iapggssed on to, anot her

pr ocessi n§PMBAdata fpehleascons BEartdirrgessBUmedric e A sttt dlate Bty dat a i s

not the t tr I \ - INg-.I I jum of claim
37, wner e ClpsRl ZBEF BaintTilthE g p1dumnly Be CRRALI SR ERTRURIH 1T 71

pr ocessedfRdl#isHieh thulBpRh@d itHRel slotd) vhdreifethel dhnAsiSidehatiesion phtha source
processi ng nodul e. 52. The nachi ne-readabl e nedi um of claim47, wherein the
dat a pat hidentifiesboth thedingditaathamadisanpldhle canttohclparoeéssi ng control path, the
instructions causing the machine to: provide the nedia data in the form of
audio data to the digital nmedia path; and provide processing control data

to the procegsifg,GoRbg ok cl%ﬂ’glazclp%ri]ch includes communicating data between

an external memory and at least one of the plurality of processor modules

via a transport bus.

46. The method of claim 24, which includes communicating media data
between digital audio processing modules selected from the group
consisting of an audio memory transport module, a digital delay line
module, a sample rate converter module, a filter module, a mixer module, a

DSP module, and a digital Input/QOutput module.

47. A machine-readable medium embodying a sequence of instructions
that, when executed by the machine, cause the machine to:
provide media data to a data path at a source processing module, the
data path interconnecting a plurality of processing modules;
extract the media data at a target processing module of the plurality
of processing modules; and
provide processed media data to the data path for communication to

another target processing module.

48. The machine-readable medium of claim 47, wherein the media data is

communicated sequentially between the plurality of processing modules.
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the processing control data controlling the processing of the audio data by
the target processing nodule. 5i. The nmachi ne-readabl e rnecliuni of claim
47, wherein the nmedia data is provided in at |east one tinme-slot of a
digital audio bus defined by the data path, each particul ar processing
nodul e having at | east one progranmable or fixed time-slot fromwhich data
is received fromthe digital audio bus for processing by the particul ar
processi ng nodul e. 32 54. The machi ne-readabl e nedi um of claim 47, wherein
each particular processing nodule is assigned at |east one tinme-slot of a
digital audio bus defined by the data path, and wherein digital audio data
processed by the particular processing nodule is exported to the

progTr a. n- i @bTbe mpnkind-vtadable medmmmt hlame-47c adebbio thedatmpath cl ai m 54,

wherein one . of the proqcessi ul es a Digital Signal Processor (DSP),
and wher efff U%&B%F?f@“&&?ﬂ%ﬁ?%%@ §i‘%fo‘aﬁﬂﬁﬁ SPWFaPIeS T a path in
a plurali - t | | to the processi ng Mdul es
under COn%r?’oﬁl%iﬁ%%ﬁ)er%%%%tﬂgﬁe%go TBC a(\tgi)%%éadabl e medi um of claim 47,
wherein the data path is a time division nultiplexed bus including a
plurality of audio channels 57. The machi ne-readabl e nedi um of claim47,
wher ei n dat &0i The coarhine-catlatlcbatdiean of hizimpl 47} atherginaheginatads si ng nodul es

at bit rates_that differ. 58. The nachj ne-readabl e nedi um of cl ai m 55,
wher ei n th‘@eB@fia?tﬁd?aﬁfthP]ﬁé ma%malgtrapév eigppeieddmn tq aratheht s for

comi uni C oce eHI}g g[fo%lﬂgtv\?h h[e éjrgljé'lssﬁl I%X)ggi chCfFifV B’?]e mehla ?‘%%he and

wher ei n a nu I'nge- 5| are one o plurality
of bit rahestheQaldedprécessifpthodiR, nuber

51. The machine-readable medium of claim 47, wherein the data path
includes a plurality of time-slots and the processed media data is provided

in a time-slot associated with a source processing module.

52. The machine-readable medium of claim 47, wherein the data path
includes a digital media path and a processing control path, the instructions
causing the machine to:

provide the media data in the form of audio data to the digital media
path; and

provide processing control data to the processing control data path,
the processing control data controlling the processing of the audio data by

the target processing module.

53. The machine-readable medium of claim 47, wherein the media data is
provided in at least one time-slot of a digital audio bus defined by the data
path, each particular processing module having at least one programmable
or fixed time-slot from which data is received from the digital audio bus for

processing by the particular processing module.
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of time-slots allocated to each one of the plurality of bit rates equals
the total nunber of time-slots. 59. The nmachi ne-readabl e medi um of claim
47, wherein the nunber of processing nodul es connected al ong the data path
is configurable and 33 wherein. at |east one tine-slot is provided by the
data path to each processing n-nodule. 60. The machi ne-readabl e nedi um of
claim47, wherein processing control data is communi cated to at | east one
target processing nodule via a control data path, the processing control
data being used by the target processing nodule to process digital data
received froma nedia data path. 61. The machi ne-readabl e nedi um of claim
60, wherein the nedia data is processed using the processing control data
t hat i ncl udéd. Phe axechenesrdadabledingdivah of clgiral47pwieesisieagh peticutse

machi ne-r eadabl e nedi um_of cl ai 1, 4w herein par ters ..including at

| east onePHICEFFING EOGHE W&%‘%ﬂtﬁﬁ%‘}t@é‘? W%éﬁg)éﬁg?g‘rglf‘ﬁrﬁ%lﬂgus par anet er s,
and sanpl .at e, cony oM. p ter. C i rocessing
nodul e vi ge{l ee(ﬁ(%(r%l}?er g'igt%_&)aﬁqg'%g . egé.ﬁ %@élnaacﬁl r@&fﬁﬁ"%&%ﬁ%ga% |e_um of claim
60, wher eg&ﬂ&%@;@@@%ﬁgﬁ&oaﬁwﬁr&boﬁ@moltﬁe pesEdRimabledirhésibt! | me di vi sion
mul ti pl exed fashi'on. 64.” The machi ne-readabl e nmedi um of cl ai m 60, wherein

the processing control data includes streans of processing control data

each of which is associated, with a streamof nedia dat omruni cated vi a
the medi a déﬁam%mﬂ?@f@a@@dﬁk’ké&ﬁiimﬁk6]€§§sﬁ4n¥j’h85?‘lf‘r°6‘le Cgéﬁ%l bei ng desti ned

for an associated . dAnGEL PPOFETS! A ROl G £l Wig:shr eam of media

data is
processing control data is communicated via the data path in a plurality of

time-slots that are allocated to the processing modules under control of the

DSP.

56. The machine-readable medium of claim 47, wherein the data path is a

time division multiplexed bus including a plurality of audio channels.

57. The machine-readable medium of claim 47, wherein data is
communicated between the plurality of processing modules at bit rates that

differ.

58. The machine-readable medium of claim 55, wherein the data path
includes a total number of time-slots for communicating media data at a
plurality of different bit rates, and wherein a number of time-slots are
allocated to each one of the plurality of bit rates so that a sum of the number
of time-slots allocated to each one of the plurality of bit rates equals the total -

number of time-slots.

59. The machine-readable medium of claim 47, wherein the number of

processing modules connected along the data path is configurable and
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34 65. the machi ne-readabl e medi um of cl ai m 64, which includes

communi cating each thread of processing control data via the control data
path to arrive at its target processing nodule prior to exporting the nedia
data fromits source processing nodule to the nedia data path. 66. The
machi ne-readabl e medi um of claim47, wherein the data path includes: a
plurality of nedia channels defined by tinme division multiplexed
tune-slots; and a channel identification path including channel
identification data to identify each nedia channel to the processing

nmodul es. @herdihet i@ehbne tingasldt & froeidetibythodatal Ritht®6achwher ei n processi ng
control data is comrunicated to at | east one target processing nodule via a
control dpterepging medwdecontrol data path including a plurality of contro
channel s defined by tinme division nultiplexed tine-slots, wherein the
channel identification path identifies both the nedia channels and the

control Cha%@e!rge e%hi@&ﬁ%i@ﬁ@ﬁfﬁﬁ%@%%%%&ﬁ Jgggégglﬁxg, wherei n data

is connunlcate ween an externa of the
pl ural i t yeorfolRI28 @SERhnAREtHIES to/ hEleast: oﬁerta?dl(}frbcé%ﬁﬁ}g ©8duldeia a
at

machi ne-readabl e nmedi um of claim45, nedia data is communicated between
di gi tal acmitoolptade peth, the poenessingsehtrol datafbbaing ubed bytherrgensi sting of an
audi o nmenory transport nodule, g.digital de]ay line dule, a sanple rate
conver t er PrSEERRE mpdule fe procsi figital dafasceivsth ram amemgstotadts. and a
digital Input/Qutput nodule. 35

61. The machine-readable medium of claim 60, wherein the media data is

processed using the processing control data that includes parameters for

digital signal processing.

62. The machine-readable medium of claim 61, wherein parameters
including at least one of filter parameters, time delay parameters, mixing
parameters, and sample rate conversion parameters are communicated to a

processing module via the control data path.

63. The machine-readable medium of claim 60, wherein the processing

control data is communicated in a time division multiplexed fashion.

64. The machine-readable medium of claim 60, wherein the processing
control data includes streams of processing control data each of which is
associated with a stream of media data communicated via the media data
path, each stream of processing control data being destined for an associated
target processing module to which the stream of media data is

communicated.
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65. The machine-readable medium of claim 64, which includes
communicating each thread of processing control data via the control data
path to arrive at its target processing module prior to exporting the media

data from its source processing module to the media data path.

66. The machine-readable medium of claim 47, wherein the data path
includes:
a plurality of media channels defined by time division multiplexed
time-slots; and
a channel identification path including channel identification data to

identify each media channel to the processing modules.

67. The machine-readable medium of claim 66, wherein processing
control data is communicated to at least one target processing module via a
control data path, the control data path including a plurality of control
channels defined by time division multiplexed time-slots, wherein the
channel identification path identifies both the media channels and the

control channels.

68. The machine-readable medium of claim 45, wherein data is
communicated between an external memory and at least one of the plurality

of processor modules via a transport bus.

69. The machine-readable medium of claim 45, media data is
communicated between digital audio processing modules selected from the
group consisting of an audio memory transport module, a digital delay line
module, a sample rate converter module, a filter module, a mixer module, a

DSP module, and a digital Input/Output module.
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