METHOD AND DEVI CE TO PROCESS DI G TAL MEDI A STREAMS
FI ELD OF THE | NVENTI ON [ 0001] The present invention
rel ates generally to the field of processing digital
nmedi a data. More specifically, the invention relates
to a nethod to comunicate nedia data between a
plurality of processing nodules and to a digital
processi ng.device to process nedia data. BACKGROUND OF
THE | METHOMNAND@EVUOBEO PROCESS NIGIPADMEDIASTREAMS
devices use a fixed and predeterm ned (hardw red)
configuration to interconnect various processing
conmponents such as filter conmponents, del ay
converters (SRC), and a

grta S gy A% (DSP). However, such a
configuration may result in the inability to perform
certain algorithns that require connecting the
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process the data. Additionally, a hardw red
configuration often results in wasted processing

A KGROMIMND OB THIBINVENTGYONpasses  through a
particul ar processing conponent even if the algorithm
does not require that conponent. And if an al gorithm
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converters (SRC), and a Digital Signal Processor (DSP). However, such a
cbnfiguration 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




[0003] In accordance with the invention, there is
provided a digital processing device and nethod to
process nmedia data, the device including: a plurality
of processing nodules to process the nedia data; and a
data path to comuni cate data between the processing
nodul es, wherein the data path is arranged in a ring
configuration. [0004] The invention extends to a
migperforieald deiall mae binasieemyéd that Susled ¥eRGEuAkon may
instructions that, when executed by a machi né, cause
tN@ub#H&ﬁﬂﬂ%Peﬂbnmmﬁmy out any of the methods described
herein. . [0005] Other features of the present
invention will be apparent fromthe acconpanying

d i t {1 ed description. that
fB’E‘]‘MN@,ﬁR ciﬁﬂ&,@?%ﬂm THE DRAW NGS [ 0006] The
invention is now described, by way of exanple, with
reference to the acconpanyi ng di agrammati c draw ngs.
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pr ocessi ng dul e . o
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;




interface, according to an enbodi nent of the

invention; -- Figure 6 shows an exenplary time-sl ot

| ocati on arrangenent of the 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 nmethod, in accordance wth the invention, for

communi cating data in a digital processing device. '
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process digital nedia data, is deScribed. In~the
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nﬁar%/erpus specific _ details are set forth in order to
pils/sligatabpracessing Hevica &f §igingi2ag of the present
invention. It will be evident, however, to one skilled
inthe art that the present invention nay be

pract i FRGrd sHOWS alddRERIaBP Bl cﬁagﬁﬁﬁ bf 8n ek—ff}ggﬁ’]ry interface
Referring to the draw ngs, reference nuneral 10
gketeveshlayroutingicoatredlen and haatigithlesijhal peocksagr PSR ofahe
exenpl ary digital processing device in accordance
viligital RECGepsiBB HEBISE; The device 10 is shown to include

a plurality of processing nodules, nanely, a digital
signal processing (DSP) nodule 12, a delay nodul e 14,

a sanmt; : .
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is arranged in a ring configuration wherein data is
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converTbaied sl PP R Gt rPEeE PriatEeman of the

%tggagpggigﬁf@@’ to the invention allows each nodul e
12 t0 20 to comruni cate data with any other nodule 12

to 20 connected to the data path 22 as described in
nore detail_below 1In one enbodiment of the

i nventfigitre 7shewsamexsmplagy linked ligkofurvinpumapper; and
mul ti pl exed wherein a routing controller controls
conmuni cati on of data between the

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.




various nodules 12 to 20. Further, it is to be
appreciated, that the nodules 12 to 20 are nerely
exenpl ary nodul es and further nodules (with the sane
or differing processing capabilities) may be incl uded
in the device 10 and/or any one or nore of the
nmodul es 20 may be renoved and, for exanple, included
within any other nodule 12 to 20. [0009] Thus, in one
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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 controller. 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




be appreciated that the invention may be applied to
the processing of any other digital nedia streans,
for exanple, digital video streans or the like. fOOl11
Referring in particular to Figure 2 of the draw ngs,
reference nuneral 30 generally indicates a digital
processing device in accordance wth a further

enbodi nent of the invention. The device 30 resenbl es
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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 computei' 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




processing nodules 12 to 20, 32,34 in a tine division

mul ti pl exed fashion. As the various nodul es are

| ocat ed 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
Vi34 rhénerdcaiverd digital andicl iapdBaid grévide Aiglt TS biftput to an
transport nodule 32 to the processing nodules 12 to
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{(iacRiding dor 84arfiple, HACAhAD 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 cormnum'éates
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




decode the remaining | east significant bits of the
hosts address that are significant thereby to

identify the specific nodule 12 to 20, 32, 34 to which
data is to be routed. [00151 The exenplary routing
controller 52 of Figure 3 uses a cormbn data bus 58

to provide address, wite data and wite enabl e data

to all of the processing nodules 12 to 20, 32, 34.
HaloRieWledgRGipiaD i e@eildd fPord G sekdt&prddBsding Bfodile 12 to 20,
dedi cated read data and acknow edge bus 60 Tor reading
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i FEDWEGasY, bits ok ahost pang, ingespofisethereéet geperaies a chip

j ' .a f ' h
et A e ki hERIET2RER) Rl B
2des g thedaARh e dRAMI belve) \daER thdd 183910 00, 3084 MRGHIRSIY
14 to 20, 32, 34. In particular, as shown in Fi'gure
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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 I/ O module 34, it may also be interfaced to the routing
controller 52 thereby providing access to registers and/or RAM in the




provi ded) as equivalent to host processor accesses
using a first cone first served priority schene.
However, if the requests arrive at the sane tine, the
requests nmay be sorted. For exanple, the routing
controller 52 may first route requests to the DSP
nmodul e 12, then to the sanple rate trackers provided
inthe digital audio I/O nodule 34 and, finally, to a
headd@eo T2 &520, 32. TR oAl nfitRAeNE the r&!a% %ﬁ&lé%zf@éats
two base address regi sters, one mapped To I/0O and the
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f. fashion. As described in nore detail bel ow,
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- 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 -




channel identification may also identify a target
processing nodule 12 to 20, 32, 34. [00191 In certain
enbodi ments, the device 30 allows digital data (e.g.,
digital audio data) to be comunicated al ong the audio
bus 46 at differing sanple rates (e.g., sanple rates
set by the DSP nodule 12). For exanple, in one

enbodi ment of the invention, 4096 buffer channels or
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exenpl ary configuration, the di o s 46 y then

sOBpEkt sanple rates of up to 384 kHz by allocating
one _tine-slot for 48 kHz, two tinme-slots for 96 kHz,
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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 Mz, and 200 MFz 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.




rates wherein the sumof a nunber of tinme-slots
allocated to each one of the plurality of bit rates
equals the total nunber of tinme-slots. 9 [0020] In
certain enbodi nents, arbitrary sanple rates, such as
the CD standard of 44.1 kHz, may be communi cated or
routed via the audio bus 46 wusing a indicator bit
(e.g. avalid bit) that indicates to a receiving

Mo dujoe2dfin deptadd en@:%duﬁénfshﬁtbﬁafl}ﬁé’éhﬂgl oirdtes ARG s the (D
be retrieved or extracted fromt di o bus 46 for
pstoeksd 0§44 Wiz, m)abbcmmmmusaﬁﬁ log roateel is Whdaadiothe 46
44.1 KkHz sanp i's comunicated via the audio

b #SMEAR H%‘éP’f%gt é&%ﬂ%mh«; bity that dngicates $o pirgeeivipgenodule 12
dule 1 20, 3
S5 BE 2 Y GRR RS Yad Rt Bpid ,_.Bgaa@&ggcgreqo,%w&pe@gom e

Sﬁﬁi‘%ﬁ%‘iﬁd%ﬁ poding W hen oh LRy OB WAk g 41

| KHzrsameptb eate)rdonviatinitatel siarthe audii bes 46)yankdethe exemplary
comruni cated via the audi o bus 46, the ;y)ar anet er bus

4%akiq bitdp highn therespedsin modulmt 20, 321 3mey saegptdhe data

BT Bt hen 1 v P e 1o Bioroli2 o 90, 32, 341
em@%ag)w&méd] fhoA YR Qu%éguéﬁt SORPE, g@)y%a?déat a

processed by the various

20, 23} Mﬂ@n@%ﬁh,orte@nbmtvahablessaﬁﬁpléﬁﬁieudﬁ@] be

par aneter or proce33| ng data which is used by an
Fospuzicaiedrptithe audiq bugdd, the pagametsr b@ﬁﬂﬂéna}h@ommumcate

ool 5 s 565 GBS0 e ey A sbenslgnt o

gdata on the audio bus 46
Vn;ﬁix lsaltél 0B} iR datEkﬁWbtlﬁq

processe the particular nodule 12 to

20, fip22PIn bxe emioadﬁhent tieapAoBR IS cobBudicab@®yaudie data to
used to comunicate filter paraneters to the filter

hsdioeessed by the variopamodway 82 & 2h 38234 nIeIpmesrer,dhe he
O 18 R RB ho P olPi S et B iy
alslceatél 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 j)rocessmg 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,
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be del ayed, and so on. It will thus be appreciated
that, in order to reduce any processing' latencies in
the device 30, the paranmeter data should be provided
to each of the processing nodules 12 to 20, 32, 34
prior to the time slot which each particul ar
processing nodule 12 to 20, 32, 34 is to output
processed audi o data. Accordingly, as described in

MYe@ardetedidatPR!OMmRicRRIBIRLRE ggf"atrﬁetieﬁ bEATHNA ?th‘ﬁQﬂar

via the paraneter bus 48 to a particular processing
mpatocessihg hod@le, 1238 2033, Bhipaiortto théaudiwiatadatining at the

arriving at the rocessi ng nmodule 12 to 20, 32, 34

 PHOSHTENGTBPdulS 12 10 @0, 35547 fle wibiodsddi ment of t he
By L AR b
PYRLIHR Rfdlio budy i Tl PEEE ﬁElaﬁ.ﬂgg{@?ntq?gﬁap @iib1é recision).

that operates in a fixed-point

f Argrampdulet placedi o) thedatalpash D2 thaperaeds wa el gothBformat
conversion to and fromfl oating-point format. the

f (e@ afipesd-point gudin) may s brorpquareddoiperfaamt aagevessionto

SRl R R GoEARY SAE s DB B o

. i . ' o _
SRRl S L S SR forl Ot TR p R il
attiizte fldating-paidt valudsthaliy ofitsdde s RehgtD ddcordid@ty, the

perfornms fixed-point conversion so that the
daixes moedie|20anaxibe Hber thecalexmyedigital dataothat is placed on the

Pt 22 Bor RS Biaciole T mstlors Feg Rt audi o

TohvERGM So tht @Hé’ccﬁﬁ&‘i%%ﬁ lﬂe@tv@itféjﬁ ntglgfr%.ﬁg(_ﬂéfb-pﬂ 1.. For

format and, accordin scalin € required

lexatripde, lindrefemboetiteat 3P thd D@ 2AfioRathe shinide tdte converter
particul ar to Figure 5, reference nuneral 70 generally

imadelgléans thexdig idd(Q madile Htmay grecqss datatizvh fined-
S OB SR e B e e e Pk B e 2452
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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interface 70 may be provided in any further processing
nodul es that may be added in a nodular fashion to the
device 30 to communicate via the data path 22. Wen
the data path 99 includes a nedia data path in the
formof the audio bus 46, a processing control path
in the formof the paranmeter bus 48, and a channe
identification bus 49, the interface 70 may i ncl ude

| Mdlicatéd prdetsing 1dgic 84 is pRowilbE h EAdGHroRédsind RISIUIOT? to
the data path 22 into the respective processing
m3dii2e 34 fo process tiza]igB4l date, provedsiimthe duddie kaisio] ar
fashi Qqn, output registers 78, 80, 82 clock data back
oﬁ?f&raﬁ%c tﬁ t ﬁpﬁrazaefelslres@weéaﬂ@ thepyersdeny 4y Eh

8 roc

B digRel e o f RGBS R RPRLBUEY 6 0 %Hle For
apgiAply theifrockdsing ﬁ'ﬂ?ﬁqm!&rtrﬁo&ﬁ‘i% 18%%@%%@ a plurality
recelved V|a t he a met er bus 48. The tionality
obf filkersfe.gc dHS amd) F[R) bilters)Atheti prbeessirfg logicfddinl thesample rate
nmodul e. For . exanple, the processing logic in_the

f *FcrrtV@irteﬁmﬁmhée 18 may deline Asample tate Fomyertess and se é’Ps

n filt t.h LOCessi
o fooest Iy uRCSmbpionens Bieie ) S AN e B0
Siﬁ@ﬁ%ﬁca&%r@d&lﬁﬂﬁ&ﬁﬂ@ﬂ in @i@cw iddr®iRation Buk 29, and the
embodi nent depicted in the draw ngs, the channel
| ptaatrieteroddta prodied bynibleytheamieterttius 48hsmead by the processing
identification bus 49, and the par arreter dat a

dreirideas shpvamiy Barsdeead passedion of retumead toytheighannel

SHeBRA Y sl 4 The BarBRTver S sty Ag oA LIRS cyctes
986 (DSHRAFRBFivies BYP 14 nge(f&s Bgghd Yelatprob R b P Bfe audio

cycl later” (as s ['1"nes 88 However,” audi o
datsatopnay bd eithby padsed ailﬂactiy dinte the allﬂ}b beas 46 (dsesrhown by
passed directly on to the audio bus 46 (as shown by
|lm¢é 048 oy e replaged wap) pracgssadiandip sessfem dw@cm

AT 15 ST B 1y o e S ARreRel i ere Bl lgyface

: |7o Qﬁé’;dﬁmﬁxd% hiRkBleREr 96 thdtaklc ! IRiheeR Bhe QSR feb&vEatAa

recei'ved vi a
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 '_che
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
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the audi o bus 46 and the processed data received from
the processes logic 84. Thus, when a particul ar
processing nodule 12 to 20, 32,34 is not the target
processing nodule 12 to 20, 32, 34 and it receives
data, the processing nodule 12 to 20, 32,34 nmay
nmerely pass the data along the communicating ring to
t he next processing nodule 12 to 20, 32, 34.

Adlatd pathgVincliides dad AuditEistis, BRSSAHnRrIRAUR) hhalthy
until it reaches the target processing nodule 12 to

2ohamse] identificatini busHs. dihercbanaeledentifitationebuiedBmay include

PR b s e e e o
i t t | t .

S AT T

Fbast® Bowaief nteﬁaniex@ﬁg@@&h@dt Hat 9Bphate (Rl

22 is shown. As mentionéd above, 1 n one enbodi nent,
t mayle pavdqubfon tRQ andi ket ardbtteustiraneter M6 48. Fer

paraneter bus 48, and the channel identification bus
4G<aTple, IR entg gy be previgad pihergin theyudie bugd6 and the

L ] i fi .id i f h.the,.ch
PAARer MY LA TRk Rt o hantneP Biehyirdfy s BNAC 5 R
chiabadinter lof théBrvehfbs, PARVdHRHeRehfifefidGh the RYSn 6Pa

However, it is to be appreciated, that separate

diexadetiniall animbier generated bya quevérdeHichdrastitbecorind inclhided in

ng apd the paraneter bus 48. For exanple, enbodi nents
9&%‘“&‘56@@&@@%&@%& he audi o bus 46 and the

par 8_eac ave .t hei r own. channeg|
RO B ity rPSReRS et el fhg parameter bus
48V e Figlire 6PAE a6 IaMeWE: | dentifier is in the formof a
hexadeci'mal ‘nunber generated by a counter which has

its count included in the channel identification bus
49. [OO;;%} Exenpl ary paraneter definitions provided on
t he p&rdnlter paigenetars | fbiqrthefiltepmadde38; f ol | ows:
FX = filter paraneters 0 to 4 for the filter nodule
18;

Pitch = pitch of the sample rate converter module 16;

GIP = 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;
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Pitch = pitch of the sanple rate converter nodul e 16;
GPP = general purpose paraneters to be used by the
nodul es 12 to 20, 32,34; and Taddr = delay line
address of the delay nodule 14. [00281 Exenplary audio
channel or tine-slot definitions are as follows: FILT
= outputs fromthe filter nodule 18 (e.g., of an IIR
filter); DSP = outputs of the DSP nodule 12; 13 SRC =
out puts of the sanple rate converter nodule 16; SUM =
summati on node outputs of the m xer nodule 20; DAl =
di gi t aBR&imcutputpof shd saanplehetd dobvenign eodde 16nd  Tank
= data outputs fromthe delay nodule 14. [0029] In one
enbodi nent of the invention, as nentioned above, the

| east hagal £ - three r,four bit fAt.he
channe?ﬁpgentr |gé?%%ﬁk%é¥gsﬁﬁ§ﬁﬁgenﬂégﬁmpguﬁa%%tify
the specific processing nodule 12 to 20, 32, 34
associated wth a particular tine-slot and,

accor dDagdl=ydigitab aidieninipinys from herly Ocmbéuld 34rands| ot

(or tinme-slots) that the processing nodule 12 to 20,
32, 34 owns. However, the nost significant bits nay

be us _ident | | ogi,cal .channel r time-slot

Wi t hi ﬁf‘;ﬁ%?_ 6‘%?% ﬁg%ﬁ%{g?ﬁﬁflg&esé?l%n?ﬂfﬁﬂﬁég For exanpl e,

a filter nodule that can process 512 discrete

channel s of audio inplenents a plurality of 512

di s§0020EIrf ohe emboklamenat of thedaberitigy) ias mentidr:dabovesthe least
of filter paraneters, and each providing its own
diigeifigant tq, threggontanrditsiaf she channel iderdifivetionuiata aray be

t [ i hat .cont ai ns_such il t le, the
2 B s oAl PrEGinEicu Rl tnap Podmerrtodait
dgftR aPartiel@he fifid 8lot AndhieBrdibhiiyi i @ﬁ@nﬁg' fidd15Efime-
paranet ers bel ong, 0and whi ch 1 HYE er Sc ann Iths %gréat ed €
tshat (avtine-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. Inan
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 filter 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
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[ 00301 In one enbodi nent of the invention, the channe
identification data provided via the channel
identification bus 49 is generated in the m xer

nodul e 20. As nentioned above, the channel
identification data may define a channel identifier
that nmay be generated by a counter that runs fromO to
4095 wherein each nunber identifies, or is associated
Wichhnndl c@airhé-gldtaFuithet, %@ii@{hcﬁ{edtdﬂﬁesirpérdef 5 ERfire that
as mentioned above, in order to ensure that

p Paparoetersamive akethaappi'@rmip poeeissing modulesk to@0p®2) Bheprior
to the time-slot in _which they

12 0, 32, 34
aft‘étﬂ?eo&%‘t‘?tsz‘flﬁl hlcbdBearer ithnt BTocepredaRdio dofn, thedata
p?({)@ﬂggg{ &t%ﬁ ﬂiﬁs gre% égf%gtrelfggg%l \é%‘x# glﬁ)gll(&ed on the audio

eﬁtig)dﬁrrent of the |nvent| on, software may programthe
m xer nodul e 20. The softvvare may then take into
accd0edl] ihamnexmipetliirent f tHeain?@ntii, soBdvareqnay peogram the
certain i?!rgrj)unt of time to operate on incomng. -

pﬁ%ﬁ%ﬁ@ W dherof Bgarameméﬂi%ka g%tomow t@gh@ mcﬁﬂe 12
i 5%&?5%393?%%%@%@&%%%8 fitine o Rt ibioRthe,

: ppézaﬁ@tars viaOthe #&?m{%f& B 4BPari® t@& g@nér%’aé &e%%oce%%ed afidio

are prOV|ded| atime-slot’tha rece
tdate vehich ifi themftutputshon tieduldéo basit@ulrsticse eﬁﬂid)ldﬁmdﬂtsathe
on audi o bus 46. As different processing nodul es 12

tappropriste P@M?Sﬁ@ﬁmqgoaeasm medube i 2 @32, %fh@rre

t es r.s _and audi r ane

295 Rl G ef e PR AR Hbbuf ot e 2Re 549

Zutp ﬁ% thgﬁuﬂﬁyd% cﬁ”n%ﬁb H?iéll% O (ﬁ P?l%@@s%fn(ﬁ’ﬁlogules 12
ti me slots. For exanple, an exenp ary set

e 2032, B4 onaydedydinr diffeeerstuphwicteat and ehneeid ocassothbe

16, an exenpl ary paraneter offset of 40 may

Pasyngtess angd pudke Hamm@termgp@tqchmwmez@wmsgmg
RS £ P30 o R ARG b ek
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 single enbodi nent dependi ng on the
functionality or algorithmthat the nodules 12 to 20,
32, 34 are to performor execute. [0032] In certain
enbodi nents, it is necessary to buffer the audi o data
received via the audio bus 46. In particular, phase
coherency is a requirenent for nulti-channel audio
dgihasé eolearenthidia $eorf #396¢d] ALURNb IS withBaerespidtith Be
Phase coherency is sinplified by buffering a tul

s aelptive ipsa-seupbs tisning of datarrikaband dati prycessihy. dt meay not

B Pl o Sy e
I d
SIS B PR S el

C béivned Sarl B@ﬁbéﬂeﬁ\ Whitha bt Bws Hfter® Ay 4PBe difddhate in

are to be processed. To inplenent phase coheréncy, a
pusaj,rqfoogl ‘butef mreadc Ehming the fiwst saapld peridid, the sicelvedstudio
alternate In usage from

bu fers, - B"
&}9"@@%@5 Féﬁ'aﬁew F“féeq ‘Ha” witilerthe pressiggrmedulepngads from
s t 1t {
S W Sl ﬁ’?&fﬁ“‘ﬂ%%laﬁ?%ﬂ% Rifickiphs sd that dping
athe @ik Bsdmple Feridd) ShOHieRicd] ATR¥io HYePis WHFEL 5 Buﬁf@r that

during the next sanple period, the received audio
dathie tlse pracessing treoduié fexds fBSm butffdre’ A"hdnpiestaés si ng
eH)édb reads frombuffer "A". In certain enbodinents,
t

thdhe riélaMnOfiﬁls M ﬂileeﬁl temaneriale B, aaddhe maixer

e S e e B P A SR BlRur Bt

treffRtiveQhakié t 9 |
guf%r g of t herpgg@?ﬁﬂﬁ)%meg 129110%1 Wa dé e i OE E’dg (?rmg

nnplurl leuffers of thedelayenodiile 1denay sWag.WhMﬂfe ddlay dedcayle 14

ul e 14 begins tow%ﬁnerate the audio it wll output
€ a!ﬂ%é esyalsrBnse g6 élr’fhﬁ‘lﬁi]@ Wdyieglﬂ beginnto generaigfthe

LAgio ﬁ%ﬁn%tgﬁg Fch el E; WhEMHE mb& s%grruﬁcant%lgs of the

may  occur
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
channéls 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 audi o ring channel or tinme-slot equals the maxi mum
channel identification mnus the paraneter offset of
the delay nodule 14. If the paraneter offset is equa
to 20, this delays the last 20 audio ring channels or
time-slots by an extra sanple period relative to the
other ring channels or tine-slots fromthe

perspective of the delay nodule 14. Likewi se, in the
cas e0088] Admehitiched aBBds!! cﬁﬂ-%ﬁt ﬁH@slb@é(ﬁnf@sl@%%ﬁi’cﬁ Qach
channels or tine-slots may be delayed by an extra

s prplessipgmoduled 2tth @0f 32, B4 outpulis datd 8ntd theeerdiabns 46) are
eggadinents, Lﬂe  xer modul e 20 may delay the last 18
adafsatediimersintne Fovsver) ingestain embpdiagats, thetireslots in

| gEt. | dul
AR 58 bR REREE 45 BB oGP NFE bR TBRE e Al B o,
C3Z3aSs préhraRtRMbIdiang) thus! ﬁ{@éﬂdﬁeﬁﬁieﬁ?{iﬁ%t@% 895 idBHifies

not be experienced. 16 [00331 As nentioned above,
otherparticilae psdaessing trhoduls 18tte 20n3Bdchaeidad process the audio

A5 2 50 B3 461 1t Orseeibadisont, Aee Ditorsto buiAlbhas ts
i dai di t the, tine-sl i. i,ch dat

S o R RN Kot v PR ety Hirmpees
IRoHa1e2i) mag rovitel the %ﬁ?&ﬁh@i&@ﬁ{aﬁf a?(?‘gomhﬁ#ﬁcatéa %0 the

channel identification data i1dentifies the particular
pravigesgirogessinguinedistl t8Q@0, 32 3434a thepatasndter PaodRss

tfg& aydi ?bédata on the audi o bus 46. |In one enbodi nent,
t OE‘XH"% e opliscargdata e flexiblymputed fram ampese of the

R S AR SRR Aol Bling
SRS 5215202 oy AL HLARES RO By Aoty

votiteddamngaifahb prédessinglmodales 4d t6 203564, imenetnibaeliment

processing nmodul es 12 to 20, 32, 34 to any other one
6f thipngephgpedsi €2 capovervite pEageterson the a

B Ao TR e o 510 e M e
ATRSGNABA! 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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of the invention, the DSP nodule 12 can overwite
paraneters on the paraneters bus 48 thereby all ow ng
the DSP nodule 12 direct control of the functionality
executed or perfornmed by the delay nodule 14, the
sanple rate converter nodule 16, the filter nodul e

18, and the m xer nodule 20 (or any other nodul es
added to the data path 22). [00341 As nentioned above,

d ipputi awelio Bafer. Nid dige @ubodinketd o ShaitenfidhaRilgtled list 100
included in the paraneter bus 48 may be flexibly

r ised anel thedist praycangsidner sentad| iesii@ deo of asceddingdchannel

AR KNGS -
PY 64/ 'ﬂ%’gt LFew &i@éﬂﬂgaﬁ%ﬁmﬁ Bfe ﬁ&i‘t}bf‘g control | er
52 (see Figure perfor progranirabl € i nput mappi ng

to f[0ess] kihe ihput ﬁl&@%@f fha§irtuded IdRPthédirs €&l ment in the linked
processing nodules 12 to"20,32,34. In use, the input

kg J8P wikigh nayvinchulegthelinpiechaninst ideg€ifief 102 ghe input audio
h l.]d j fi 102 d | RAM add 104

it adierol dhacl Appaot fen sheape %ﬁr@e%;ir{tﬁé st oThehingit

508 A M R

udedtifationBud 4Binatched th@RGRA cRANSA i SSkifidhtRm 16902 ahd
ascendi ng channel identifiers regardless of the input

ahein wviities tlee ingad nedin dais rebadived bia audiowms 4606.thédesighated
software driyver y jntain the list 100. [00351 The
iRpHt awﬁ&&&ﬂ%ﬁwﬁ%,e erBaef alifbe finked ist i@ﬂeﬂ?ﬁlw’wd by
SHE nef Y5 RO AR L IR R AP0 e B operation
3N BE sepdfed NThaRARED ist 100iAa} BE aKtaifb e IRA Lirklal RBhion
[ist. The input rmapper then waits until the input

shatsdadt eletaent poists torits fivst elearemt of Huelinkdd Listt 3106n Mruseset,

9 matches the input channel identification fjield, 102
%examglﬁf feredt inpet mapping lish way beautematigally wriften by

' .48, i L nput _audi o buffe
R Bl il Ron e R et RO R o8 el Ehs ca
Bdquired 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) ina

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 -

18




the next linked list address field 101 may then be

| oaded and the operation may be repeated. The |inked
list 100 nay be maintained in a circular fashion so

its last elenment points to its first elenent of the
linked list 100. On reset, for exanple, a default

i nput mapping list my be automatically witten by
hardware initialization | ogic and host driver software
mbythrdigital abdio detdiproettiddomtienialid bub a6 |ahElK@ﬂ Pi’écféks control
100. If multiple filters are provided by [ ter

nd@tﬁ g parametat dlata) pravidesvai thef parapeterbused8. be

2 O R B B3 o S
4953&&@@%{5{1&@;99&% BRccdORE LRRACAI 0! £ 3R dhthe

summari zed I n ure ference

ndaerrteitéq @ﬁﬂkﬂldﬁlhf‘ﬂb@l@l@ﬂﬂ)2ﬁ@9@ls%erel assed
communi cat i ng d| gital nmedia data (e.g., digital audio

daloay the data patli 22alf, hewewenp the dsisiisn gssbeisted V\ath:ﬂleqﬁmracular
el 17400098, S8 shS ot Gontroller hhpsgdeniiid that the
S B T PR S S0 o

Pith i(Sudliord 425 A8 8P patiEitbLddd dsheBaseIhay P4) s3&Eracted
block 114). The digital data provided on’the data

pzetm the data phidcd2 (5e@ blua 1118 Wiben & ddtdrtet datads patmtheter

g%#a rovi ded, on tge audlo bus 46 and/ or_process
frt5E Pregsgngangdu cdtusps His gt defing e

TRRaRSIAly g %Pﬁ%%iﬁiafpa%ﬁg 28t HFEhIhe Burlicf e

\Mubbb d@ﬁ 1|v@§'|tﬁé PROQS g'rﬁgdﬁ]éeﬂl 18 2b%prioPesdls tﬁ%?audlo

he data receive by the parti‘cul ar nodul e
rlzta t!) g@]eraﬂe p:ié)d:essed miataa(sy:e phkd@0) thetrigthemeproaidediat the
éé %1 ver |s associ ated with the

fa peth 25 Thkeapiies the mef hog 118 yepepts (téngomtcrreng émqhﬁgahty
ntified t t he |
Ao BbbteE hotir W B s uhd e el s ooy
déscribl hdrBf 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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data (audi o data and/or paraneter data as the case nmay
be) is extracted fromthe data path 22 (see bl ock
118). Wien 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. Wen the audio data - subsequently arrives,
the processing nodule 12 to 20 processes the audio

data te g@RDSR ma?rdwa&%@mdé@%ﬁdéﬁﬁblﬂ%%ﬂréﬂ&)s tb Badess
Is then provided to the data path 22. Thereafter, the

met hod 17@ost epsaery /SDsRADE t ori ng functionality as
described _herein. It is to be appreciated that any of
the mef h&&&ﬂ%&}%@odk} msgauaﬁpaafﬁamwgéelﬁré@n&%%a%
any machiqaez Q_gggj_%cg&gjs,um Accordi ngly, the

ends "t o

i nventi on ex a nrdchi ne-readabl e medi um

enbodyi ngha nHREHRIBAE1CI) ina§iHelC4098 hanhBRo oint audio
executed by a nmachine, cause the nmachine to ecute

the functhigesl ity described herein. [00381 In one
enbodi nent 68% ilhe iinvention, the digital processing
devi ce” 8% channql sl gampite pargmester, generatps angyshe

nodul e 1 r{}%ﬁe?e a 32-bit fixed/ floating. point DSP
t hat executes Tour interl eaved threads

si mul tangeusiniple A @Rivefer AbdTAY 16 sy BX2786 Bhannel, hybrid
i nclude one or nore of the follow ng:” 200 MHz

i nt er nal saxhpldaate ¢dmvertbed i nt erl eaved. architecture
DSP wth 1200 MFLOPS; 19 the DSP may dedi cate .

i ndepén dﬁm&m@eggh@ may beplZchannel sesand e digite
RAM th | ay nodul e 14 may support fractional delay
| engt hs ‘and” 1024 nmenory accesses; the mxer nodul e

20 may bghednf8ReGRGANEI38hARbE APEIOK Hhtepldbl Ror ifftetficing

the device 30 to 100 MHz SD RAM interfaces;

» four stereo IS digital inputs may be provided;

» four stereo IS 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 I?S 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

20




a 5632 channel self ranpi ng paraneter generator may be
provi ded; the sanple rate converter nodule 16 may be

a 256 channel, hybrid sanple rate converter; the

filter nodule 18 nay 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

MHz SD RAM i nterfaces; four stereo-12S digital inputs
mayl elnabeatdd nm;n‘oprocésnmr bsit @tesfab® Ttd igidraproessspy nsay@ntrol

provided; four stereo S/PDIF inputs configurable

a@%ﬁi@WPe oeficfar exaraply, fhropgh the remngeonfrellerd@avhichour

Bt T Thb hPe bR Bl et e SEIRAMEERRlecy o the

t Qumiéﬁ%rg/tpﬂsgoﬁrm%@e%ﬂ rﬂQﬁ g?&gld%ﬂ infeA%iHed;

16 i ndependént confi gurabl e gehe ur pose 1 nput
oambotiments. Ineye kehpidivietd e dhe Butihﬁb@ﬂ@ma e safrfpfddcked
i nterfaces for overwiting reset defaults na be

p@fc%a kidag to padsprocessing m@gﬁg d2teRb, 32 Ré I:Ievn@@n@odnaynt

PRI RS dgir ol e AraicBbREF Tnah GRPRFR 3K 20

aibc@fﬂ’iﬁgﬁe@h@liﬁfa tﬁ‘fﬁ%?ﬁ Wﬁld)ﬁ&l\” IR 83]2_%:‘1t input channels

m Ccr opr essor cont ro

eaahPBeEe32-bitromtpht dHa@neBUtAs@entibhédhbéve, The Whiralt channels
accordingly, may define a host interface. Extérnal SD

RORY beredefined or dedicatgdaing theinpyt chaamelsonay bedul e 32
rrpar\églbamg'la%\felz dgg n{er}ltl%%re % ove, 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 i)rovide
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.

21




enbodi nents. I n one enbodi nent, the audio bus 46 nmay

be sanple |locked at 48 kHz to each processing nodul e

12 to 20,32,34. In one enbodiment, the audio bus 46
provi des 256 dedi cated 32-bit input channels and,
accordingly, the data path interface 70 may i ncl ude

256 32-bit input channels and 256 32-bit out put

channel s. As nentioned above, the output channels may

be pjoedtf Dardweittetlediabalvadaiednphitol t G0 RsSHhuFeef for
be programable. As nentioned above, the device 30
nalyter-ﬁhlreadeiaaa phssizag) mdyshe inboedimtely viisiblerte afinitheli theedds for

o B bR S
! b T T b Bha Hi01cc!d SPBEEIRACH Tltia ISR NS

OBeéﬂlaes%Uﬂied bauauﬂfgﬂ me r@ééfﬁ@n@é[ﬁﬂrﬁhﬁ%éeﬁ%es&ﬁl?ed with
audio data witten1s transferred to the audi o bus 46

areference tulspedifinexenaplady etmbbdimyntshitwilibesatidérarthahearious
part ul ar ch nnel durlna1e t he next sanpl e period. _ The
ations gad phapges g pequade i Hese embodimentsovisheut

on@mﬁh% AP BERETE iR RLARER i iftpt, Asordily

ateis ecﬁd%cﬁ@aﬁ& el Sa?e e b@"i’@%&ﬁﬁ@d'ﬁ ahqlhgé’l'}é’m}ésﬁgler

by ot her nodules on t e audi o

ahanlaaiebictive sus®. as a sanpl e-| ocked 32 b|t
inter-thread data channel visible to all processing
nmodul es 12 to 20, 32, 34. This may provide a primry
mechani smto the device 30 for passing data between
time domain DSP threads |located in different processor
nodul es 12 to 20, 32, 34. Wen an unused out put

buf fer channel or tine-slot is used for inter-thread
data passing, the passed data may appear as valid on
the audio bus 46 in the tinme-slot allocated for the
particul ar out put buffer channel or tine-slot. 21
[0041] Data witten to an avail able i nput or output
audi o bus buffer for
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inter-thread data passing may be i medi ately visible
to all other threads for the renai nder of the sanple
period in which it was witten. [0042] Thus, nethod
and device to process digital nedia streans have been
descri bed. Al though the prese@? i nvention has been
described with reference to specific exenplary

enbodi nents, it will be evident that various
nﬁgbfjcqtions and changes may be made to these
enmbod™Ents without departing fromthe broader spirit

and. scopemefhod BEprofise MeliRMataAG ‘E?J'hﬁhlﬂg lo¥ procéBfig modules in a
0]

speci fication and drawi ngs are be regarded i n an

i | |digita} medip@rocgssing integragad circpibgthe ingthod incluslinge. 22, 23

A ainms:  ,honbs . ' | .

pl ural i t"‘f/ 0 |§' %ﬁ esgl?lhgheﬁl%%%%ze? ﬁ%ﬁfé&eﬂlﬁ%ﬁ? gzﬁa %313111 Pjocessing
5pr ooslef th gracessegrmodde dong adita phthénterebiadtingrbk pHiral iy of

communi catin mﬁtth &h% ig%ﬁgrated circuit the nedia

daPRFrUIR IB?%’J%%‘E’F gredia dalg 2 ST RJRERSENG JlofBig i keceived at

al @ﬂ&gétﬂ@de@sh%aﬁlbddlsb%e PRALAY oNBrobOGin Imydales i anbdof

processi ng nodul es until nmedia data froma source

pr ocessFPATHBIGHING mediz data betaigemthe dgtatpaihgag aglevicr sxtemg! to the

mogl e.0f &g Pl urality of processing nodul es; and
connﬁ%?cagﬁng nmedi a data between the data path and a

10device external to the integrated circuit. 10 2. The

nmet,hod cl ai whi ch .incl udes conmuni catjng t.h
o o opseBaf B L RS B ae e i dara
Pr scResiaNg bemebdh G phdalithve prRbhath Mbdudésai m 1, wherein

the data path includes a processing nodule 15
identifier that identifies the source processing

mogul e ThoheRbQ¥t d&sh | RehetBH kR dath JalfincfAtfa BBL&sing module

15  identifier that identifies the source processing module that provides the media to the

data path.

4, The method of claim 1, which includes passing on media data received at a
particular processing module to another processing module when the processing

20 module receiving the media data is not the target processing module.

5. The method of claim 1, wherein the data path includes a plurality of time-
slots, the method including providing the processed media data into a time-slot
associated with a source processing module,
25
| 6. The method of claim 1, 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




4. The method of claim 1, which includes passing on
nmedi a data received at a particul ar processi ng nodul e
to anot her processi ng nodul e when the processing 20
nodul e receiving the nedia data is not the target
processi ng nodule. 5. The net 8d of claim1, wherein

the data path includes a plurality of time- slots, the
nmet hod i ncl udi ng providing the processed nedia data

into adtine-slot asaociatﬁg with a sourfghprOﬁe sing .
mo @it ading Brogessipgcontelilats 18 fhegirasensing captret datmpaththepiogessing
Patchntkdl @hiddBStrdlliAk fhielppdcetSRtl & (R@idio @MlbAIHBAEAT6Ssing
control path, the nethod including: providingthe
nediulfat a in the formof audio data to the digita

medi a path; and 24 providing processing control data

to the processing control data path, the processing
5cofit r ol THatrethodf clain il nghichmchrdespesidivg thé mictia datadh at least

data py t arget. pr.ogessi nodul.e. 5 7. The et hod

of of iieelofof R RABSE A6 v A 1HE o elpa it

| N pRfceds@RShodu®Igavir g R 1abiUne hogRariingblt dk fiRdihiAe-B148 from which
defi ned by the data path, each particular _processing

no iR & ey sdofram theahigital gpdio brshigr arasaising byrthe pardeplar

ti DRt 4@ which data is received fromthe .

di |f§% gﬁ%?o us for processing by the particular
10processing nodule. 10 8. The nethod of claim 1, which

i ngl udes, assj gni each rticul ar processing. dul e .

at o1 easTHORENP EClaRDL. o mgluges erinipgeshattionli prrsgssing

by mioliale delleast pa¢ BmeWiR €A Qigitdll Aidictus Adhdd lﬁﬁh@data path, wherein
the particul ar processing nodule is

pr pessed_gy :
oxfirtaudodspocesahdhopariQuaproceung ot rorperted (ihe
8, iMh&(2i N one of the processing nodules is a Digital

15
9. The method of claim 8, wherein one of the processing modules is a Digital
Signal Processor (DSP), the method including communicating processing control
data via the data path in a plurality of time-slots that are allocated to the processing
modules under control of the DSP.

20

10.  The method of claim 1, wherein the data path is time division multiplexed

bus including a plurality of audio channels.

11, The method of claim 1, which includes communicating data between the

25  plurality of processing modules at bit rates that differ.

12.  The method of claim 9, wherein the data path includes a total number of
time-slots for communicating media data at a plurality of different bit rates, the

methed including allocating a number of time-slots to each one of the plurality of bit




Si gnal Processor (DSP), the nethod including

commruni cati ng processing control data via the data
path in a plurality of tinme-slots that are all ocated
to the processing nodules una r control of the DSP
20 10. The nmethod of claim 1, erein the data path is
time division nmultiplexed bus including a plurality
of audi o channels. 11. The nethod of claim 1, which

i ncl udes. conmruni cati ng da bet we the 25 pluyralit

o PTaLERGR bl SERPBENREN gyt i of bl cquats
Thehdwiahadnkedr of tidlefifs. Wherein the data path includes

a total nunber of tine-slots for conmunicating nmedia
data at a plurality of different bit rates, the

mey fod *rﬁéhféﬂioﬁ%féialnﬁ’@%hé}&n?he&kht@%gof rol':ésgi'ﬁ'%ﬂo‘&m%s;o

.each one of the plurality o tes sO that
S sunemwiected elong thyatatagfatisisepsfigiritde dbemcthod ideudplg allatating at

of \bit rates. equal. the total . nunber of tine-slots.

e P B A S S
processi ng nodul es 5 connected along the data path is
confi gurabl e he nethod .including allaqcating at .

| edt o GPPW@E‘QF glainy | ovhigle Helides qoanmaunicating PROCEE NgRoRtrol

Pr asg ?étq&smqglﬂ%et prBcesdilg nidREIR QL é:’éon‘f'ljof"t]iie[ﬁ éath,"iﬁ% grt&g?ssing

i ncl udes COF[TTLII’]I catl ng processi ng contro ata
10| eeentrobdata beingesedirydbetisgen provesdingenodule ta praesy digitad dota

path,. rocessi control data being used by the
ta%%%?ggﬁggéég?ﬁ%dﬂgaége to process digital data

received froma nedia data path. 15. The net hod of

claim 14, whjch jncludes processing the nedia data .
O e e LS oSSl 10 L, T L2, wing e
P a%l%ﬁ&%]‘ﬁ% SotRl diaFhdt Rchiied Bﬁ%m@fe&%ﬁ&iﬁ?r% sighal H}r@ces;iﬁg.

nmet hod o ng

claim 15, which I ncludes co nicat
15 paraneters including at |east one of filter

PajAMet A SnethbdGr cqgllmays, Ec%nl}zlzct:is & ’coanc%tigg Irag'greflgt%rrss '

including at least one of filter parameters, time delay parameters, mixing parameters,

and sample-rate conversion parameters to a processing module via the control data
path.

20
17.  The method of claim 14, which includes communicating the processing

control data in a time division multiplexed fashion.

18.  The method of claim 14, wherein the processing control data includes

25 - streamé 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.




and sanpl e-rate conversion paranmeters to a processing
nodul e via the control data path. 20 17. The nethod
of claim 14, which includes comrunicating the
processing control data in a_tinme division

nul ti pl exed fashion. 18. The #fthod of claim 14,
wherein the processing control data includes 25
streans of processi ng control data each of which is
ass C|at d with ftrean1of medi a data conmuni cat ed

19 he Themeshod s aat i, whish meldereqmmpnippiing £adh siggam of
C 0 '?Jtr(;c%sméj&hﬁop@dti‘gia %?eséohﬂgpdafté)ﬁaﬂ?fb e@ﬁ%)%l@ttﬁgettp%&?stmg

processing nodul e to which the stream o
i s npasirteumion tn exgportg thomedin dataditonoids wres| papaessi®e madhile ko the

e ni cating each streamof processing
%% (E&H?gygla the control data path to arrive at

5|ts target processing nodule prior to exporting the
a fro ?urce proc SSIﬂg nDduIe to the

gla d H1|ts S
Pa ddfgmsthod of slagp dg#:1, wherein
the pﬂﬂﬁlﬂ% Bﬁhﬂ%dia%ﬁbrﬁié%ﬁiefﬁecpﬂ)wﬁﬁé vaYsﬁlf mﬂﬁiﬂle@e&ﬁﬁ@ '@»I?J‘tsS and

defi ned time division multiplexed tine-slots; and
a élsbanmel Idmté‘wmlqm ek mhldpmqhanrmb idgutificption data &t identify cach

| debiaf ot eliﬁ)gh%g%)u#s&gr%%p%ffy each nedia channel to

t he process The nmet hod of claim 20,
10mh|ch |ncludes connunlcatlng processing control data

Og gt pla 1%88 e g%ﬁ&%é 0, E)IHE% qgoﬁgqlljl{qua\ﬁég gl%cgsglq}grcg}ﬂrol
ol usakd deyesaf o&qargé@érogéaﬁﬁ@ floduidefd en&ﬁu%ydéta Pzah Ghe EStRNdata

mul tiplexed tinme-slots, wherein the channe

i dB#th including mplupslitnof cgeivel charneslsyisfined hetime divasiohamiiplexed
15t1§1@ %lottél %h%féﬁﬁ 8 lchﬁ&@ﬂﬁ@ﬁtﬁicaﬂon path identifies both the media channels

15  and the control channels.

22.  The method of claim 1, which includes communicating data between an
external memory that is separate from the integrated circuit and at least one of the
plurality of processor modules via a transport bus of the integrated circuit.
20
23.  The method of claim 1, 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/Output
25  module.
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22. The nethod of claim 1, which includes

comruni cati ng data between an external nenory that is
separate fromthe integrated circuit and at |east one
of the plurality of processor nodules via a transport
bus of the integrated circuit2720 23. The net hod of
claim 1, which includes communicating nedia data
between -digital audio processing nodul es sel ected
fromthe group consisting of an audio nenory

t r @ds port machiind-eadablcdhgliirlemBod vyg b saenaedifligiruetions that,
sanple rate converter nodule, a filter nodule, a.

mi VAT fetited by Ahsapelingy favse theepchingteProsess mgdia data ib dut
25 piRalitl, 8f prédesdihg nddIIRS M D@l askM mﬁro@%@khg' R EIFROMY A, the
a sequence of instructions that, en exécuted by the
madirHetiong heing t9:he machi ne to process nedia data in a

| . e .. . e :
or SeBbhlite wIRSESRIRR AT Dol Sl plEG g moghte
t oto procesaing miodatea]ongitd hidataphth intetcegiating theiphaslity of blveessing

medi ata.from processi ng nodule. to ocessi n

o Goee i B E5s sa e P Ring e Socead at o arget
Pl prodédsing mdduly ﬁ&ﬁ@ﬁlhﬁﬁty df%ﬂe@ﬁnglﬁbﬂﬁlem a data from
a source processing nodule is received at a target

pr sRTBRERiGefe fsdin detagretwera thy ditapath g devicpexiermaldp gy integrated

10 mgﬁ#ugg;-agﬂ SO cate nedia data between the data

15

20

25

path a devicCe external to the integrated 10 circuit
via a digital interface. 25. The machi ne-readabl e

i f clai.m 24 in the nedia data is .. :
Coffruni L BEE AR TG Bl SBER et e dpa s
pr esesshitgedBduteilly bowdbn thyiiﬁlrﬂ&ﬁ BF pRcéssmdaridalaredi um

of claim 24, wherein the data path includes a
processing nodule identifier that identifies the

SOy ce Wy . [ . '
o LSRGt B 1 5l A v
c| priogas@idg nwideleddentifiedihat idattdies deasbwed patcesing module that

provides the media to the data path.

27. The machine-readable medium of claim 24, wherein media data received at a
particular processing module is passed on to another processing module when the

processing module receiving the media data is not the target processing module,

28.  The machine-readable medium of claim 24, 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.

29, The machine-readable medium of claim 24, wherein the data path includes a
digital media path and a processing control path, the instructions being to:

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




20 particul ar processing nodule is passed on to
anot her processi ng nodul e when the processi ng nodul e
receiving the nedia data is not the target processing
nodul e. 28. The nmchi ne-readabl.e nmedi um of cl ai m 24,
wherein the data path include 8a plurality of
time-slots and the processed nedia data is provided in
a tine-slot 25 associated with a source processing
nmodul e, 29. The chi,ne-readabl e.nedi um of claim 24, .
wh @ Rle PRESHAE SR tp i {hG pEereshin fogrpLfataoah resapfessing
anGofulrdatesdsiriling GiRtpielessddd 6% the Aelid Bsh b%" fHel 138t REdREng
to: provide the media data 1n the formof audi o data

t o ¥l gi tal media path; and 28 provide processing
control data to the processing control data path, the
processing control data controlling the processing of
5t hélaudiThe dechinbyeadide madiyet ofyldmeXls ivhereimtbeluledia data3g).

The _machi.ne-r eadab). e i um,of claim?2 rejn,the

o VR R BE0ReaR” phe WGl Rk QAR e pary cach
di ghiti@llapprdtesiby snodefeihaethgy ichit®né pfoarp@hdble 8aGted time-slot
partic%hg processi ng. nodul ¢ having_ at |east one

pr &grs bdata gt repsrifrom e i Audi BHg G ek REDYi e

r eoghvedr hoLeihfeodigi tal audio bus for processing by

the particul ar processing nodule. 10 31. The

10 machi ne-readabl e nmedi um of cl ai m 24, wherein each

pakti cular r-ocessi,n dul e. i s si gned at | east one

o obi e et R R sletp A Hitel By pfhy

buprodedsingetbdude it Bssighed at lpast bne prograntieibed 6 fheditinalslot of a
j 0 data prac he_ particul ar_processin
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data is comunicated via the data path in a plurality

of tinme-slots that are allocated to the

32.  The machine-readable medium of claim 31, wherein one of the processing

modules is a Digital Signal Processor (DSP), and wherein processing control data is
communicated via the data path in a plurality of time-slots that are allocated to the

20  processing modules under control of the DSP,

- 33.  The machine-readable medium of claim 24, wherein the data path is a time

division multiplexed bus including a plurality of audio channels.

25 34, The machine-readable medium of claim 24, wherein data is communicated

between the plurality of processing modules at bit rates that differ.

35.  The machine-readable medium of claim 32, wherein the data path includes a
total number of time-slots for communicating media data at a plurality of different

30  bit rates, and wherein a number of time-slots are allocated to each one of the




20 processing nodul es under control of the DSP. 33.
The machi ne-readabl e nmedi um of cl ai m 24, wherein the
data path is a time division nmultiplexed bus
including a plurality of audig channel s. 25 34. The
machi ne-r eadabl e medi um of cl Pn124, wherein data is
communi cated between the plurality of processing
nndules at bit rates that differ. 35. The
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20  data path.

40.  The machine-readable medium of claim 37, wherein the processing control

data is communicated in a time division multiplexed fashion.

25 41.  The machine-readable medium 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.

30




data is comunicated in a tinme division multiplexed
fashion. 25 41. The machi ne-readabl e nedi um of cl aim
37, wherein the processing control data includes
streans of processing control _data each of which is
associated with a stream of di a data conmuni cat ed
via the nedia data path, each stream of processing
control data being destined for an associ ated target
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45. The machine-readable medium of claim 24, wherein data is communicated
between an external memory and at least one of the plurality of processor modules

20  via a transport bus.

46, The machine-readable medium of claim 24, 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
25  module, a filter module, a mixer module, a DSPp module, and a digital Input/Output

module.

47. A digital processing integrated circuit to process media data, the integrated

30  circuit including:




46. The machi ne-readabl e medi um of cl aim 24, nedia
data is communi cated between digital audio processing
nodul es sel ected fromthe group consisting of an

audi o nenory transport nodule, a digital delay |line
nodul e, a sanple rate convertd8t 25 nodule, a filter
nodul e, a m xer nodule, a DSP nodule, and a digital

| nput/ Qut put nodule. 47. A digital processing
integrated circuit to process nedia data, the
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module.

20 50.  The integrated circuit of claim 48, 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

25 51.  The integrated circuit of claim 49, wherein one of the processing modules is
a Digital Signal Processor (DSP) and the data path communicates processing control
data in a plurality of time-slots that are allocated to the processing modules under
control of the DSP. |




processi ng nodul e bei ng assigned at |east one
time-slot into which data processed by the particular
processing nodule is exported to the digital audio bus
25 51. The integrated circuit of claim49, wherein one
of the processing nodules is 33 b gital Signa
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20 56.  The integrated circuit of claim 47, 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.

25 57.  The integrated circuit of claim 47, wherein the data path includes a control
data path to communicate processing control data to at least one processing module,
the processing control data being used by the processing module to process digital

data received from the data path,




25 57. The integrated circuit of claim47, wherein the
data path includes a control data path to comunicate
processing control data to at |east one processing
nodul e, the processing contrgl data being used by the
processi ng nodul e to process ?gital data received
fromthe data path. 33 58. The integrated circuit of
clain157 wherein the processing control data
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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

20 the media data to the media data path.

63.  The integrated circuit 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

25  media channel to the processing modules.

- 64.  The integrated circuit of claim 64, wherein the data path includes a control
data path to communicate processing control data to at least one processing module,

the control data path including a plurality of control channels defined by time




64. The integrated circuit of claim64, wherein the
data path includes a control data path to comrunicate
processing control data to at |east one processing
nodul e, the control data path including a plurality
of control channels defined b94tine 34 division

mul tiplexed tinme-slots, wherein the channe
identification path identifies both the nedia

channel s and. the control channels. 65.. The integrated
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circuit_of claim47, wherein the integrated circuit is
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digital audio processing modules selected from the group consisting of an audio
10 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

maodule.

67. The integrated circuit of claim 47, wherein the integrated circuit is a very

15  large scale integration (VLSI) device.




