METHOD AND DEVI CE TO PROCESS DI G TAL MEDI A STREAMS

FI ELD OF THE | NVENTI ON [ 00011 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
processing device to process nedia data. BACKGROUND OF
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configuration to interconnect various processing
conmponents such as filter conmponents, del ay
conponents, sanple rate converters (SRC), and a
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functions as a hub through ata 1s
c erdigitaloproedssive device td pr@$Bs meliadats.equired to
process the data. Additionally, a hardw red
configuration often results in wasted processing
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does not require that conponent. And if an al gorithm
requires nore processing elenents than the hardw red
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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 nethod to process nedi a dat a,
the device including: a plurality of processing
nodul es to process the nedia data; and a data path to
communi cat e data between the processing nodules, 15
wherein the data path is arranged in a ring
configuration. [0004] The invention extends to a
machi ne-r eadabl e nmedi um enbodyi ng a sequence of

instrugtion ha when executed by a chi ne, cause
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- 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

with the invention, for conmunicating data in a

digital processing device. DETAILED DESCRI PTI ON
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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.
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or differing processing capabilities) may be incl uded
in the device 10 and/or any one or nore of the
nodul es 20 nay be renoved and, for exanple, included
within any other nodule 12 to 20. [0009] Thus, in one
enbodi nent, any one of the nodules 12 to 20 may
communi cate data to any one or nore of the other
nodul es 12 to 20 under <control of a routing
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di git {)é’% Refeemety r@@f@g&ﬁﬁf@r@mn@aﬁtﬁ 1,10 generally

b 20
;o %%E‘?@n‘?é‘t‘écd%@‘é? difiantol S aoetnta gl itsing
of deviaw ana(tc@man&eomﬁqae nhteﬁﬁdnl ﬁfe &&H{:@io i"égﬂa bagﬁclude a

nodule 12 to 20 and 34 may al so conmuni cate

t oplurskityfofipracedsingundidulés,) nartely, a%gﬂ?ﬂslgghhﬁrdc@%ﬁg ¢€DSP)
at a

b rf d th
P Geaals P ey edde °r£w§§1q@?mmeﬂsm zéé‘aﬁifm .
prﬁ\féxdﬁa et ot a@fgerﬁggﬂ e e ug:gy]@b

a source process
prm@a@mﬁ&téa)gaﬁaﬂl Ziale0d A3 4
data may be viewed as a t:ﬁget or g@éﬁ?‘rﬁ%ﬁgé&‘ﬁg‘?mg

preonéiguratipmuidietein dida is gxeeatally gomimahicgtedrbm @4 one
rm return pro&gssed data to itself, in one node of

PSESSBIE mogy '&%ﬁ}h@th%wp@esmgtmdulmdynhké comvdrdidmal
i t dul e. Th
f Eﬁg@@ SFeBifl IR, B HERioP 1075 Regdancs th Hieh¥entien
f iallo®fs cath NGANBAD tWe1e cb#tﬁ?ﬁHfC ur t witR %ﬁgstﬁﬂeldﬁ{o%ule 12

may be sent back to itsel er proc

p ito 30 connmd]ga tendatt path AP lae des@ilsbisindge deil Belé?v In one
nd [ 0010] _Althou the invention is
C@@&nwﬁ he/lpy etdpr cthe slgapa padsad isdima divigiaramultiplexed
ormof .a digital audi o, stream
Lowev eﬁq{yﬂ é‘lheo &er Oésacqtﬂlélulll?f"él‘?rh?}éﬂ?ﬁa&?tﬁﬁn the
beaﬂ@ﬁé iRl 10 2. OP&ﬁﬁéf‘Qt 19fto 8@ $p€9%d1§{edd b+ teRL modules

nmedi a streans, for exanple, digital eo streams 0O

t 1123tq Pkare rpeﬁ.fljt]ex&np&ny mg@dutespaid fugtHembeules (iith ﬂle same

é{}? draw ngs, reference
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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



nunmeral 30 generally indicates a digital processing

device in accordance wth a further enbodi nent of the
i nvention. 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
i ndi cated. [0012] The device 30 includes a DSP nodul e
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i ‘%&‘Hfﬁié@ 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 abus 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



transport bus 50 which interfaces an external conputer
via the interface nodule 38 and the audi o nenory
transport nodule 32 to the processing nodules 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 enbodi nents, includes a
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t odules3R to32D.t 0 which data is to be routed. [0015]
The exenplary routing controller 52 of Figure 3 uses a

comi®i4] Inardenissccral dhp roviing of deteess therdatagaah 02
- and wi,ite enable data to all of the

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 i_nterface that uses
afull synchrohous 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
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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 providing
acknow edgenents to the routing controller 52. [0016]
In one enbodi nent of the invention, the DSP nodul e 12
is interfaced to the routing controller 52 in such a
fashion so that the DSP nodule 12 has access to
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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
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mapped to I/ O and the other mapped to nenory. Both of
these registers nay be active sinultaneously and,
bot h address registers may all ow access to the sane
internal registers and nenories of a chip on which the
device 30 is provided. (0018] In one enbodi nent of
the invention, the audi o bus 46 provides audio
channels that are tinme division nmultiplexed. Each
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4096 buffer channels or tine-slots are provided on
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d%les 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




bus 46 may then support sanple rates of up to 384 kHz

by allocating one tinme-slot for 48 kHz, two

time-slots for 96 kHz, four time-slots for 192 kHz,

and eight tine-slots for 384 kHz. Thus, since there

are 4096 total channels or tinme-slots in the given
sanple, only 2048 channels or tine-slots are avail able

at 96 kHz, 1024 tine-slots available at 192 kHz, and

512 tine-.slofs are avajlable at 384 kHz. It is,

hogkﬂfg}%? identificatipp may alseddentify a Wegehpreesssitg module 12 to 20,
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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 MHz 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.
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kHz sanple rate) is comunicated via the audi o bus 46,
and the exenplary wvalid bit is high, the respective
nodul e 12 to 20, 32, 34 nmay accept the data as valid.
Whereas, when the valid bit goes low, the nodule 12 to
20, 32, 34 is thereby infornmed that the subsequent
sanpl es may be disregarded. [0021] Although in one
enbodi ment vari able sanple rates may be communi cat ed

[ di o bus 46, .the paraneter bus 48 may
Zl)ﬁﬂ‘kﬁ‘?@iﬁ’é Icg’étellilif %Iag()éafl&n‘fgt ar&ﬂmye‘@r?]lalﬁrgﬁ‘@s:lr Sich qsethg CD
48 [ dent. of , the rate. o
¢ netthied S0k TR g r R Rlicfleg gt el Vi ee Adigbus 46
bugsiAB aGAATR RSt %?%.%]Ri B8) fhdi IndieSteR |9 a%éﬁe‘iéidg/mba%le 12
various nodul es 1 o 20, 32, 34. However, t e
patoc2fe B2r34dothat 4 Beivmedlidi sample Brieberretiievedanasaidegediffoan the

V\/niqc;g I.,s used by an assoclated nodule 12 to 20, 32, 34

t AHEPibNE 40Her pipressipgaWhen an agbitrazy ngﬂ(hr@tF (s;ichhasethe 441
[ ule 12 to.2 32,..34. ,Accordjn t he

o sk RS SormiRicaiid B he ftiEba st 2B exemptary

aushilil biess Iﬁgh)’\{ﬂé regﬁed@fv%ﬁ%aﬁﬂe PYid 0L 32 Pﬁfﬁagr%@f;%t the data

modul e 12 t§ 20, 32, 34. For exanple, the parameter

bus vabidrdyheteasuwhen the validibii gaisdoivi, tHeemodal @I LERS, 32, 34 is

to the filter nodul e 18, sanple rate conversion
padbeieby dptormed: that thegykseguent saonples may bodisregarded.
to
°

h dul 4 that defi th [
by, 0ZR BRkoehif ore aspfodindnt Yapiableutesals Touhanay be
ORontrhuMichted Vidthé ﬁuaﬁpf)§§ 18tpd eter 'BHQ g %a)% go unicate
Fnefer by i

reduce any processing | atencie Vi Cce

- paontret dataddtadbsdnaanipleaatd(eny.iddddi)ahasstaybe endent of

processi ng nodules 12 to 20, 32, 34 prior to the tine

s thg sagppleragaehthsaudie blusdbpr ocessi ng nodul e 12 to 20,

22 Pl B B L s aodta o

e AL thy o oI Y AT B,

ppaxameter bhe 48 intilad esparamnetey bn grodesiing dapd a4esls isgsed by an

ngsfjslfl)lci%tél Irfo?:lu%g 12 %cf_ 20,3342, \éltl etlo tdgfeing l’:l?tle i(‘)mcléi?)ngﬁfy (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
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[0023] In one enbodi nent of the invention, audio data
communi cated via the audio bus 46 is in 32-bit | EEE
floating-point format (single precision). Any nodule
pl aced on the data path 22 that operates in a
fixed-point format (e.g., fixed-point audio) may thus
be required to performa conversion to and from
floating-point format. As the fixed-point format is
defined to be.in a range of -1 to +1, any hardware

c oRREmstendep is gremmuyaigatedivia theoparametet bus 43t pagticular
floating-point ;v esnat lie qutside,this range.
e SRY §}}°‘f‘ﬂ% R3O m@rgﬁ&ﬁ%@u% daleariiginigathe
arf/rdébﬁiﬁ?ind@ﬁﬂ@lﬁ 3bo 1%, Bl @‘faeﬂlg iJBusdgta path 22

for any pfocessing nodul & that perforns fixed-point

conv §0028b in ene ehtdiodiient of tiRNiflertibh, &f1dib Yatd\cdhfhunicated
range, of -1 to +1. For exanple, in one enbodi nent of

t Heaithe andiodrs 4éhis in 3arhielBEE Boatimgrpoirdrformati(singlé Grecision).

T ol A A i e
t r@%’ Felsotht &@df&% lﬁlﬁi{}fﬂ{ﬂgﬁgrg gggg ’tS lpé?for['l%) géllllversionl to

Ref&€rring 1n parti erence numnera

7 @ndefnemdl dating-poiint #6:@Gatd A SRR Yo feRAL B defined to be in
interface provided in each processing nodule 12 to

20@,ragge o84l to t1,inly haatiswsire conyensioni oftthd fixedtpaihefatata will
path_ jnterface .7 b rovided in any further,

P St tweld MRSl viTies hat hoau it free. Arordingly, the
f ashj i o) j G i e dat

b SPRELThIE TR b fscthid RGO el Batd ol P& on the
pdata patht2A2fot annpebeesbiif modiule #H48 pformsIHRABSSINAY

control path_ in the formof the paranmeter bus ™ 48, and
acomeRTAON sodbat the eoarviession liies #dthinthe rmge 6facletoral.nbyr

i ncl udia Lnput re i.steLs 2,. 74, 76 ich clock all

| RRAITETe, 11 P ebodimar oo tie inpgitisra the sapwle rate converter

p [ . . f r g .1 Ng
CERIAC 15 InfTA LBeitd sty Odfod e el rFERF AR i ffived-
dpoint barkataaiid) abbrdiegls, ﬁ%li_hg%ﬂay HerDedlt€cptifdl by the mixer
processing logic 84 is provided 1n each processing
nEgdude to

[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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20, 32, 34 to process the digital data, received via

the audi o bus 46, in accordance with the paraneters
received via the paraneter bus 48. The functionality

of the processing logic 84 differs fromnodule to

nodul e. For exanple, the processing logic in the

filter nodule 18 nay define a plurality of filters
(e.g., INRand FIRfilters), the processing |ogic 84
in.the s le rate. converter nodule 16 may define a

igategh ragessig lagic 84 igprayided i earbeprocessingmodule 12 to

SEap S, G . RS U S i
| deebiddrieatien the! afﬁ%ﬂet@fkdtgkgi‘%e ﬂf@%ﬁrgn‘i@&alﬂus 48. The

provi ded by the paranete us 4
prfaaesSenality dfabe pr&ébsﬂ&gﬂbgi&ﬂ%fﬂetﬁ@ﬁn%oﬂﬂ@e fefeekhle. For

on or returned to the channel identification bus 49
d&ﬁa}m@sﬂlﬁﬂ@gmn thedtermnaditle, 18tmy clefiok a plurality

CZq?ﬁ%r%kﬁ RIS RIS ﬁl}arf% %@m«%ﬁ gt W T saiple rate

PRBAGErLEY ﬁﬁﬁfdlé‘ 185nd i 24Ot ‘één&&% e AW,
lines 90, 92) e repl a processe ata

f r onfo0RE] bfﬂmeaﬁb@@lméxﬁgtlepl&éd Gﬂﬁhéﬂﬁawlrtg% ﬂier&z%nﬂél
and 92 Accordln the data path interface 70 may

@aﬁlomﬂattaml uded%ﬂnmdzanml Eiﬂlmﬁ@atlmémmflﬁean@ﬂae
i%%iﬁ%%rﬁaiwwdﬁa% %@i%r%‘z%gf‘e& 5, Birgad Fyrio Hocessing

p I '

D B LB FRsskeL P o yuriey Pt i bl

r edeitifratidattas 4hmdttegeaaiiter mﬂ Qes}:%ch@el%@ tw%%lé’t‘k cycles
may nerely pass_the data along the communicating ring

lﬁtﬂh@s ﬁbQWTb]PSO bises 8%y However, apdiodan, p:mr;demby the audio

Aﬁ PRO i e ehSr Py AP rbRo g ba Ao (asshain by
2fines9, 9§f'or bk n?f:-l'akecp @wﬁp ,Fs%ﬂ:leéhchg Hatd Preonq gﬁ@p?é:essmg

passed al ong may form pa a streamo

t logic 84 (dsadhiogvipby tiees 64 anl:l@QENAS:@orcﬁh g0 ie @hta path interface
processing contrql data ma assed al ong the

- p%Q megtinelusien aBﬂthl%%?ﬁ Fie’ﬂ@ﬁhctsgbeitweparthe datareceived via

0y T SR B PRt 5o i
t@@ 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
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12 data path 22 includes the audio bus 46, the
paraneter bus 48, and the channel identification bus
49. The channel identification bus 49 nmay i ncl ude
channel identifiers that identify both the channels or
time-slots provided on the paraneter bus 48 and the
channels or tine-slots provided on the audio bus 46.
However, it is to be appreciated, that separate

channel Jdentifier may, he provided for the audi o bus
2c8tApath 255%913%% the %@02&5‘? dbothe paramstes busdshanddhe s

[ . Iq .G .hus,.46 .and th .
PR RARERL0. T8 MDD RGP may intuce
| deainink] RRhtiderddat idéhtIP otk ModidiRRs & ti.l#%%flots royided on
i nvention, each channel identifier 1s in the orrﬁ o? a
h dha garameter husE8rargetherditbadels\oraime shite providetl dhethe audio

i ts c%gg% included in the channel identification bus
4dus| PWEX ek i§t9 bs appregiatedy that sppatsie channel identifiers

Fifa B PREP R M e Ful Y ST el e s b

1&xaniplé, Embodintdilis flay BEpARNRLE Wik LR RIdiE Eug%g téhg the

16; P = general purpose paraneters to be use

mpavdrastet busd8 ¢a0h 32y a 4heia osvil aldtinet idigltHicabibAdus. In one
address of the delay nodule 14. [0028] Exenplary audio

o ahstingnt of Hhe lwertigas pastidhackidentibier ilindhe formpf 7

= : the filter.nodule 18 (e.qg., .of an || )
r At b B BhinatEd bRt hithdie s cdiihtapluded in
owieHanred iddififkaiBhdusafoe converter nodule 16, SUM =
summat i on node outputs of the m xer nodule 20; DAl =

di gi[0e27]dixtimplany phsarhermdefinitidr® prasid ] 3 the parantericbus

= ta t s fromthe delay nodule 1
4§j ?see 1§u1%ué) are as?z)llows: Y

Fx = 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



[0029] In one enbodi nent of the invention, as

nmenti oned above, the least significant two, three, or
four bits of the channel identification data nay be
used to identify the specific processing nodule 12 to
20, 32,34 associated wth a particular tine-slot and,
accordingly thus identify the particular tine- slot
(or time-slots) that the processing nodule 12 to 20,
32, 34 owns. However, the nost significant bits nmay
be used to identify a | ogical channel or tine-slot

W thin P nDduIe anpl e,
a1 T e D R RS o BT e e 36
channel s of audio inplenents a plurallty of 512

di screte filter channels, each requiring its own set
of filtSWM panamebios nodeduepats githy ntikegmicddulo2)

di screte filtered audio output. In an enbodi nent of

t he invention t hat contains such a firter nodul e, the
nost Lf Dbi.ts the C entification
dat a rmy etdelmaeuq%’ W}l 2? ﬁlﬂg?g‘i i |t er
par anet ers bel ong, and which fllter channel generated
the audio. [0030] In one enbodi nent of the invention,
the chdrfamid = ddentutputsfroanthaddélay piedidad. vi a the
channel identification bus 49 is generated in the

m xer nodul e 20. As nentioned above, the channe

{natttBegf BLOGEHERL agagae%g&%gm@&h%gg&éwq%;évg the least
4g £, ﬁﬁ@@ SYRR bits & Bhd Lhfithel e FiARRAUAN fthy be

Wi t a partl cul'ar 14 channel L1 me-s

asisedd b icemdifly allmasqmemﬁmpﬂmé%mg @n@ﬂﬁl@ﬂ@ tbl@f 32, 34 assoc1ated
par, rreters rrive at the appropriate processing nodul e

1%ithya ar gunepflpband tascorcinglynths [identify thiipeiticuley time-

d audi o da t h
i R o A A
RS 08 008 T 8, oy K0 R g g

nbxEmensidiivith2 ﬂleTpm-mman/pfoeeMg iiteiuléaker éfbhﬂple a filter

acc%urft that a nodul e 12
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

14



to 20, 32, 34 requires a certain anmount of tinme to
operate on incomng paraneters (via the paraneter bus
48) and to generate the processed audio data which it
then outputs on the audi o bus 46. In these

enbodi nents, the appropriate paraneters for the
processing nodule 12 to 20, 32, 34 are provided in a
tine-slot that precedes the tinme-slot in which the

o Phasish B Picek iy Hhonas stertisnedabay e, Bpordsy taggeure that
| f
pa %ﬁ%l?%*?%s A RS EELS e PRl B, S04 pric

di fd thieatithe BIAGR SEIEH theypshe BoukBut r Ee sse%@dhowa}%ﬁe data
offset by a differing nunber of "ti sl ot s.
exemtheparameatecbps 48 mayf beseffsatfreldGvany daea pl‘(mid% onfthe audio
tgl? S le rate converter nodule 16, an exenplary

er offset of 40 may be provided for the filter

m)d 16033 1 AR sRbcHARRL S WPAVBRES, ol & i pfaptan the
t an&r e e 28t qlﬂ\etsbﬂ‘we[ra% d@me?ﬁtake B LbhRE tak Qrﬂﬂgdule 12

enbodi nent to enbodi nent and also differ in a sin
ertb @ 33 rdgpiresia oertaim azheuﬁuabmrtaldpeyat@roralhgomﬁ@ m

' that the _d%‘es 12 to 20, 32, 34 are to performor
. % e RALYEters gg e par %@ﬁea bﬁz 4fhaad he gererate th%processed audio
£ udi Y
- AR Pith IanGH R BlubioR SPH%;% Bu a6 RE e pritciineies, the

r e@pio SRRt ir&ihe?@fhtfd)r s.ﬂ?#*?fblcﬂﬁé i‘z&&z@‘fﬂ 84 are

phase cancellatlon and image s
c pirevistedyiniastirpie bt ﬂlaeprérgdbm fﬁaﬁmreg;l@t mwvhlchatlm Ingodule

peri od o auqj o, dat a. Jprocessing nodul e may then
pP&}E@é‘@ tiardin dala %at}fil@@sé&h hediffexen Ierqcreaﬁmg nsodules 12

Qut t t o ,the el ati
B7 20 R P el el S aPRRys R g fpPbcetine
p Qﬁﬁﬁéﬂeﬁgand hudRy p@%meﬁ%s Q@s%%fa?@d %EWdﬁfgrgﬂf ﬁJcEssmg
“channel s recei ved via audi o bus 46, onl thosep
amodudedh B2 for A éQ,S@bIma?daa offdest gt diﬁfm&g nemdee 6t ﬁmeaslots
p - pong, buf f er mfa can _be used in which at | east
gglg legan e;s\emgipg eifsel pf 8 mayebe 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

l | 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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usage fromwite to read. During the first sanple
period, the received audio data nay be witten to
buffer "A" while the processi ng nodul e reads from
buffer "B". At a certain tine, the buffers may swap
functions so that during the next sanple period, the
received audio data is witten to buffer "B" | while
the processing nodule reads frombuffer "A". In

ol b SRR R b 7 FodeT it By thnal Srert wibe
o e AL STty b1 anpPRREAE Jp may not

aulbol nedebsagy to badfer BllfchahfeBiredditedl ¢l dibbsato] ose that
swap when the delay nodule 14 channel equal s zero,

e. e to pagnoeessedieTaympdernent phasesyhreertcy, apimg-poeg biudfer

dio it wll tput to t di 6 wh h t
< GhPFiesafbeud 1B B atdishep Trler | A Gad Bl Ajegnate in

' th .

oA oo it (0 3pAd Rl He IERHDR RIS R0} HepgiVed audio
c et elay betmitien i feet A MuhilehtBe PROGEBINR mBa{REealE from
the del ay nodule 14. [If the | paraneter offset is
edwdfer {'B” 26\t a deirtain tinag she befersmag @wapdfumctibng so that during
¢ SFERRSRPleIRSTiorn e TRy Sraier LR Wrifiep reihofier ‘B
f j L {14, Li.kew ,
e T

aedibodimegts; Hanaeabs modile Bofiferbdate 18 AndiBe hiker
an extra sanple period to the filter nodule 18. In

c 8radule 20 endjochanget o, swige auilicsbufiferd sy acirized difhaheir
the | ast Sﬁ?iiorin, channgl s or tjme-slots. o
HEWEGE Ve ¢ PERRSHh es.t Her emwpple, datapathompadiering
. ) . . v ointo i
RSB Ay Qe i B M) bl 1
peledrired E%ﬂﬁy z&ed, e, whefiithe deRs: mbﬁu[@ﬂﬁ@&%iﬁ? to generate the
0

nmenti oned above, output tinme-slots (tinme-s s In
wiiidle ibwilh ougpeictodbiemy dio buk 46 wharottemosikigiificant hiti of the
e ST 2Lk A s pae
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 bé
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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whi ch data is communicated to any one of the
processing nodules 12 to 20, 32,34 is progranmabl e
and, thus, the channel identification data identifies
the particul ar processing nodule 12 to 20, 32, 34 that
is to process the audio data on the audio bus 46. In
one enbodi nent, the paraneter bus 48 has its i nput
time-slots allocated. Further, in certain enbodi nents,

are TREA<RERSneT e, @v&?ﬁ%ﬂﬁn%?%e&?@%"é%&%dv@%ehxach
tng}tn%QeSﬁ észQ I e§<| %Fh T out eaa e ﬁ&cﬁﬁb% 6) are

ta be rom any one-

t hdedipated eﬁﬁd:-ﬁm)tﬂDH@bﬁszeﬂ,zinfC@rtaﬁl eraboddhehs, ﬁ{é’m%lk%ts in
one or nore processing nodules 12 to 20, 32, 34 but,

i iwhickidta ig ccfmfmrgcratequ amepeespf rhhgflpbmeﬁa*smgl thbgtules ;2 to 20,
3?9*5 B s %rasrmi@ o, e nponl idsntiftiondpta identifies
i Z’%ﬂ‘ﬁﬂ&iﬁr L?E‘ﬁ%iéﬁﬁ%% b t‘l“éﬁ&ﬁ?p&%?’e%‘s théaudio

c ahits oh thé aﬁﬂfb bﬁmtmﬂ drhBo@uREn Btk géra‘?ﬁétEPBH?@S BYs its
the delay nodul e 14, the sanple rate nverter

16npetiémeislots allovatetle Fusthearit debmimenrdrodiments ﬂ?@nﬁxm
5 r nodul e ded to the data path 22). [0034].
A§X‘f‘h1e‘ﬂ't?i 0mme REo e the parameleriit ake epmmagaitated fe the
and.: ' t ar ane t er_hus 4
o B8 PRXERERE RS tb0; 3 BIRTRS Bt Buf B
2@.cc6ﬁim§l§ nbﬂoﬁljﬂ:a@iﬂh%d'b@&l&xﬂﬂﬁz rbﬁ?ed HOREAP Be R the

i nput mapper in the formof a |inked |list 100 (see
FPyeficssing medyies 12 dedl, 32 34 thiany ethedome ot mdrb@rocessing

%ﬂ%&eﬁ(ﬁ ﬁbu%“ grﬁ é‘f? Eémﬁhgf f%hf%} %irrf@rgégeia mayobe flexibly
a5 6 USSR P 5, R e

I'n use; the may

| bfsthelifiberdtion, the Dmhmue 12l bb bRl fitel Prathcteld it ihe
RAM addr esses 104 to determ ne which i put channel s

aParapetersdrsi4s thierelty allhivirgsthe DEF nioduled 21diréat putltrol of the
he i nventi on,

ffer Lhe e od| nt of
aﬁ‘ﬁﬁﬁf}“ﬁﬂ%‘*"f@% ed or perto y the de}ay 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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is used and the list is arranged or sorted in an order
of ascending channel identifiers regardless of the

i nput audi o buffer address, as shown by arrows 106. A
host software driver may maintain the |ist 100. [0035]
The i nput mapper may, in use, load the first el enent
inthe linked Ilist 100 which may include the input
channel identifier 102, the input audio buffer

PSR . Rl 8 RE iy FEE e o100
chigmBed ahd Rt ikt Brarfihdedeorcarash drisidr ' ‘aeﬁngﬁhag ki'%azrmel

49 mat ches t he i nput annel identification

aridentifiers regatdiess dfethe ippit audio budfer addees) xeshovwn by arrows
ag@iﬁo blL_JlS 46 to the designated input audio buffer
ad@Pedshostrso vegrmay saintaie the lish 10000 desi gnat ed

" 9aolMBE e BB et SineT i 555 o e Gt elFRlerti Rk
| (2t 1R IRl SRR RpeL et 107, (PO ipfk audio

| ibmiffed akidséss 104 aridrapriat it to the nextai@inent i #eflsgl The input
i nput mapping list nay be automatically witten by

h&aRRardhenivwaity woté the inpeighanaghidensified onvtbe chafnelar e

L. ired to. nai in t. .l.nked List
TG A PARES PP thonadidiptiiein firkkgoz and
MRk GrrikSs hﬁﬂﬂﬁ&%{ta!t@?’éi{r Qi BB BB t e designated
provided to support rrutlpe?llters operating on the

s anpputi enqalid beiiffpp alddoessd dhe dherpemidsittheirkeldigstd00 'ki@sighated by
46. [0036] The net hodol ogy descri bed above is broadly

s thameitlinkediist pdguess feldil 03 mayothen begoadrd raddhe @peration

| 110 dy i ndicat t had qf. ] .
AR reheRical ot tiked, B £00058 Be intaige ) im gy cinggir dashion
Qoo ary . ( :
S50 49 B i €3PSR TR Onos,
16t exdingplead defandt inpup hreapipdeg lishmialychedaitenpricall 2vritten by

ch particular processor nodule 12 to 20, 32, 34
+ henslwerernitialization legie apsthost drives softvare anay merelyde

R R BRI 6 Pl ey
Pe'Tilée? th8dReLRK ah bl dTBYndINEY Y 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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18 both digital audio data provided on the audi o bus
46 and/or process control data (e.g. paraneter data)
provi ded on the paraneter bus 48. [0037] As shown at
deci sion block 116, if data on the data path 22 is not
associated with the particular processing nodule 12 to
20, 32, 34, then the data received by the particular
nodul e 12 to 20, 32, 34 is nerely passed along the

C potfenal fadi BV s, s 0 bl BB3REY B fRotd Bontrot

r odétar(g.gc patdmbdee Habd pravidedest iHd patahfiaby blegg data is

to be routed to the particul ar processing nodule 12 to
20, 003734 shaven atidecisipaddodk HH, if @a‘td/omrtl'.paiaamph&fzz is not

data as,t e m is extract fromthe data
AR08t WaTEIPE ARTdauint Praveroins anestle A2t O P0GAL 24 then the
A TRy ed By The bBIRIACARANEITRIN B S feitety Ptsed

al gong thalatahgdthi, ifShéWePde Tt ataib 8Bsdiiied YRt ﬂ{%&hcular

subsequently "arrives, the proceSS|ng nodul e 12 t
p moedylesk? 1020, 32Adole. gl ahfamlm@cmtabldaerrﬁbhmﬁeﬂhﬂaﬂ ghat the

bR 200 bt (@ fhe pAECHTHBBoaE0YS oyodhte 17 (.20, 32, 34), the
bed h
"%be%;{éig? é{#&‘a ?ﬁ%?%%}aﬁh%}eroggﬁ%gt ?ﬂ%edrg{ gg{é&s extrac:ted

défin ithe dahep A DIBYe BRCRM2Y). Wﬂet‘?ﬂ‘n@%&h cted data is parameter
machi ne-readabl e medium  Accordi ngly, e I nvention

efdﬁm the poocessinghmodulecdalfle 32 uses thishbdy ko define the

S ence of instructi t hat when executed by a
ality (¢ gcalgput fﬁaﬂﬂm ét ip 4o exequteeWMhea the audio data

PRy VRS S PEeeRGhE gl 170 i e g ancio

deutactd gederate procédied Hardsed bibciSo
o te0 geierate procddod WaITsel b0 %gl?‘?tﬁaﬂ?%‘e foviled to the

‘t daﬁa R@tbé@t Eﬁefﬂaﬂﬁrﬂ the en¢thed dd O trbpesitd $ts momtormg functionality

hed vice 30 may, for exanp

ereEibeads Is tobe pRBredaPAshrtapy obts. rnlethodologles
' &és%ﬁ@@l:l l"ﬁalrgﬁll&nay 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

30is 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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t hreaded interl eaved architecture DSP with 1200

MFLOPS; 19 the DSP nay dedi cate i ndependent DMVA
controllers to access host nmenory/ SD RAM the del ay
nodul e 14 may support fractional delay |engths and

1024 menory accesses; the mxer nodule 20 may be a
4096 channel floating-point audio. mxer; a 5632
channel self ranping paraneter generator may be

provi ded; thé g I irfelXp

a 256 channel, hyb ic%d!%g%pl e }éggéﬁ{:%%gﬂogﬁﬁe{%é difess
filter nodosembinonyySDeRAME12 channel second order

“digital fjlter; the interface nodule 38 may be a

PCl - X it éh¢ delayrmpeduleildmay sugportfeadtionat delay lengthoand
VMHz SD RA%'?%terfaces; four stereo 12S digital inputs
may be provioEEFMOYa75%6Yereo 12S digital outputs nay

be provi dgds mi R ' .
as 6 gnt - SRR Rimay B addeRaE R BPisf audio
stereo S/ Ridkér;out puts configurable as ei ght channel

C/DF outputs may be provided; PLL slave capability

to | 2S*and>6Pchanns! self pimpingyparametyr penerptavmayp be

16 i ndependent, confi gurabl e general purpose input

out put pi BPVIHEd be provided on the chip; and EPROM

:OPL er g ac Cthel Bl ShilfdohivBftef ithui@ 6 ML} Be T356 2Rannel, hybrid

sample rate converter;

» the filter module 18 Iilay 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 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 IS 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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[0039] In one enbodi nent, the device 30 may be

connected to a general purpose m croprocessor either
through the interface nodule 38 or through 20 an

enbedded m croprocessor bus interface. The

m croprocessor may control the device 30, for

exanpl e, through the routing controller 52 which,
accordingly, may define a host interface. External SD

RAAh eﬂm&ddbddrd@OPMess@H Bus iferREY, M@?&&B&fc&?ﬁlrﬁaf éontrol
may be provided in certain enbodi nents one

rré@di avder 30, threxamdple, thmugh thayoloéng aomirellbfkedictat

48 kHz.to0 each rces ggg‘-!e 12 to 20, 32, 34. In

orRE QR8I YraneY def e4@9>15¢m1 &&Rag@connected to the

B ipmdey § a?‘ﬂi%@“%f’&’?@%ﬁm e FoerRslhicenil L,
chanbedisnerdBd IR Bfie 3RHVIHmEHE, P aﬁge 2 5 o | %@@q&m

above, the output channels )

dedid8 bz taaeaht processing mdthﬂél &P o 203D 64, i 6g¢ emIdident,
As mentLo ed 2bove the device 30 nmay include a |linked

| ithe auglyy %a meslﬁ%Zm@@ncar@ﬁhszm @Whm@alm

4%‘3%"’*‘3?%15%?? SR iR 0 fate Ay SRR bR it channels

| iasitl Z56®B2-bie oqﬁauedmaﬁugemsm\eﬁﬁaﬁa& FbB?@ tﬁ@%u%l.?l;ﬂ Bnnels

12 wites to an audi o output channe

4endynbepyidefneshompdadipded add the énpaticiaau@al Mmapbiet t en
'S transfeuﬁgd to the audlo bus 46 and an audio ring
v BFPgranypa mentigaed aboyerthe e viner3l may anclodamdaiked list

01003 BRSO, L o RS o pannc

peizARRs ﬁiapﬁfb%ﬂ%e%% euéﬂr{as of 8RAMUibHRM ysing the linked
enbodi nent,” any i nput channel or tine-slot ol% the

alisti 190. Huym&mb@@mditewhenéveﬁthé ISP hiodde URArites €6lan
% t her, nodul es %g the audio bus 46) may be
a e pitguf dheay 1@-4%‘@1@@%3@1111316 period, the

] Wﬁg‘gﬁf“%‘%@%ﬁg e hidh ond o oy valid
rme hefy thentie ddf ol ftid@lat @Halﬁ?éﬂd}ﬁléj PR UR e period.

time
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 moduleé 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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domain DSP threads | ocated in different processor

nmodul es 12 to 20, 32, 34. Wen an unused out put

buf fer channel or tinme-slot is used for inter-thread

dat a passing, the passed data may appear as valid on

the audio bus 46 in the time-slot allocated for the
particul ar output buffer channel or tinme-slot. 21 -
[0041] Data witten to an available input or output

audi qod1y ki hves | 5 Fﬁﬁgﬂ @ R? [

i mredi atgl y Vi silglfegrt? gh glnzﬁﬂ%%lﬁér t glgé\ %ﬁdﬁ‘c?ﬁﬁ?%u&& for
r eindemitaead Hatthpastgphayles inadediatelyivisibld to¥Bother threads for
witten. [Q042] Thus, nmethod and device to process

di Hersmainderofshe sample perod inavhide dtwabeditteld. t hough

S T R AN e

A . _ ! aty cm X .
i R AL e kR
t. refdvenceoier spepifid dxcaiplabt opbodimbh®, it Wlbd &fdent that various

Accorﬂjngly, the specification and drawi ngs are to be

r dBedilicatiphs andichpogesmay e madé by tHese kaibaliments without
r ri,etiye sense. CLAAMS 1. Adigital processing

| SR Se oot ik Proads: sPiued shemp &' ik invermien. Accordingly,
| 1 S b B H ' . L ng. Lyrality of .

prgg ssingt%%%ﬁ#igng?gkﬁgggg#ﬁgpﬁgwﬁﬁ éﬁ?ﬁfﬁﬂs%??%%F¥her
t thaar acedrictivesengedi a data; a data path to conmuni cate
dat a' between the processi ng nodul es, wherein the data
path is arranged in the integrated circuit in a ring
configuration; and 10 a channel identifier path to
provi de a channel identifier to the processing

nodul es, wherein the channel identifier path is
arranged in the integrated circuit in a ring

configuration; ~ wherein each processing nodule is
assigned at | east one time-slot from which
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data is received fromthe data path for processing,
where the at |least one tinme-slot for ;;;;15 a target
processi ng nodul e corresponds with at | east one
channel identifier stored in the target processing
nodule. . . .:. 2. The integrated circuit of claim1l
wherein the data path defines a nedia data path
including a digital audio bus that serially

i nterconnects the plurality of processing 1...20
nmodules. _:. 3. The integrated circuit of claim 2,
wher ei n t@igﬁmgtaJ audi o bus comuni cates digital
audio data Tt a plurality of time-slots, wherein the
assigned at |east one tinme-slot- for each processing
nodul e is fixed or programmable. 25 4. The integrated
circuit of claim2 or 3, wherein the digital audio bus

1CcomyiRi i i s ta in a plurality of
P P S oo It raRlftirull %, Beice o dete, bas Ingegrated circui
inglygingned at | east one tine-slot into which data -

pr y. Lhe particular processing nodule is
ex%ff’?%@@’t"ﬁ Rrﬂﬁeﬁﬁ?@? F%ﬂdul%cnf@\’iﬁe@ in §® Btegrated circuit to process the
mediaadatgit ed circuit according to any one of the ‘

preceding clainms, wherein one 23 of the processing
mof aéas path to communicate glatd béﬁﬂ%ﬂﬁﬁ@rprémng’i%dh@' wherein the
n a

icates processing control data |
kb fS piranteq T e dfsEtda R Hina contiguratin: end
pr achammehidemifiel pathus Hebvi f; i Jhe
int.egthat ed ci rc,wpt acgﬁr\gﬁg%ghgﬂ)}d%ﬂ@egﬁo {l}gg)rgt:essmg modules,
ME’%_E Henghanngl ridentifiesrrath is rarrangedairp thd integratéd Noircuit in a ring
coﬁﬁgurgﬁdm mul ti pl exed bus including a plurality of
audi o channels. 7. The integrated circuit according to

arheseie edcht brooessingdnbgule! igi d8signel a4t - i
da qg@ co pi cat es, dat a_bet ween ?he pl quﬂt t&se c‘)'ﬁ‘?é ot from which

%r %%eg\{r%% rﬂg@bp&atgtpam for Pracessing, where the at least one time-siot for
a target processing module corresponds with at least one channel identifier stored in
the target processing module.

2. The integrated circuit of claim 1, wherein the data path defines a media data path
incl_uding a digital audio bus that serially interconnects the pluraiity of processing
modules.

3. The integrated circuit of claim 2, wherein the digital audio bus communicates
digital audio data in a plurality of time-siots, wherein the assigned at least one time-siot
for each processing module is fixed or programmable,

4. The integrated circuit of claim 2 or 3, wherein the digital audio bus communiéates
digital audio data in a plurality of time-siots, 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.

+3. The integrated circuit- aceording to any one of the preceding claims, wherein one
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10 that differ. 8 The integrated circuit according to
any one of the preceding clains, wherein the .

nmedi a data path includes a total nunber of time-slots
for conmunicating nedia data at a plurality of
different bit rates, and wherein the sum of a nunber
of tinme-slots 15 allocated to each one; of the
plurality of bit rates equals the total nunber of
time-slots sumed across every bit rate. 9. The

integrated circuit according to any one of the
processi ng nodul e:

Opg&cg%ng jcI ai g'a, i_n each
EcT81 ) %'?F d%tas Qigita aS'QFaQIaPmlesmrogﬁ%j agdftherdata path
wmmudmhmsp@faggséé e ORISR P ﬁgﬂgﬁﬁf & e ok, g g altocated to

| east one

thg ngecessinggnoskyas Loderedndol ofble\D$MPser t s processed
nedia data into its allocated time-slot; and passes
nmedi a data that it receives and that is associated

6.wi The dntbgrated @E@ﬁﬁaﬁﬁ)rdiﬁé 5 G @J&Z@%@?@ﬁﬁ é:?aﬁ@san@erem the

ata path, 10, The integfated CIrCUI

patris @Htm% Abvisien ﬁgﬂttﬂia@edmusmwng atmerawtsftaerd@éhameis
processing. nodul es connected along the data path is
configurable, each proceSS|ng nodul e included in the

7.1 nTheyindegreted cieoitt adbe:rdlﬁg % A S?%In%dofathe fﬁﬁédl%}aaﬁhgewherem the

0 ovi ded t he data path.
da?ﬁw?%b ng‘ﬁ'ﬂuﬁ'ic?t%l data@@bveﬁm@etniuraw ofrmooéssidgemodu!es at bit rates
thadgifeedi ng claims, wherein the data path includes a
control data path to communi cate processing control

data to at Ieast one processing nodul e, the
t he rocessi ng

.‘3{&&@ ontr data being used b ,

gtﬁ: qgcaq ng toya0y ope fithe pre g tlainis,t wherein the
medid data paliRinc] ' | f | ' i

X Eaat ?in yr?%g ea;‘lg)ﬁ gﬁfggﬂetr rB\(’) ol sftlol% foF{:@rh@MCaung media data at
a ngqagtyepgrcgffergnt ditgrates, andyrvéierpinoties sumg obya thldmber of time-slots

allRERFR M SREYE fre plurality of bit rates equals the total number of time-siots
summed across every bit rate.

9. The integrated circuit according to any one of the preceding claims, 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

modules unchanged along the data path.

10. The integrated circuit according to any one of the preceding claims, wherein the '
number of processing. modules connected along the data path is configurable, each
processing module included in the integrated circuit being allocated at least one time-

slot provided by the data path.
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13. The integrated circuit of claim12, wherein the
paraneters include. at |east one of 10 filter
paraneters, tinme delay paraneters, m xing paraneters,
and sanple-rate conversion paraneters. 14. The
integrated circuit according to any of clainms 11 to
13, wherein the processing control path is a tine
di vision nultiplexed bus arranged in a ring
configuration. ,,,15 15. The Integrated circuit
according to any of clainms 11 to 14, wherein the
1, oTies i Idgg | ncl udes streans of

r ocjzés5 gt‘?}%‘agéggﬁ({)ulﬂ Y5 g&i&&% apy ofRi frihe preeasing aliairds, wherein the

4 path ipcludesnaotontrotidate phth l@%ﬁiﬂuﬁ?@ﬁp@ﬁg&ﬁﬁicﬁg&r& data to at

h,. each stream of rocessi ng con
I%%ét?qweedﬁ??ﬁssm d@%@ﬂ?-gtﬂ@% mfacggminmrmidﬁlaﬁbémbe uséd by the
Aitendih . ja data i,s communi cated. 16.
PRiveubing mddife & BrBeGkOdioiR Uefa feiebuou Taia fae dato e,
is arranged to be

stream of processing control data
Qntrol data Eath to arrive at

BT GR A Y B S 1) L L0 ar v e
Paclrs oo gt sk T bl e, 5, O

to the nedia data path.
according to any one of the preceding clains, wherein
cludes nenory to store at

12 The iM6GARAPLATR BT, 12 S erameine arameteraindlidast least one of

| east o

. e U PR, VAT SRE,  oe
|

RPN PAFMEISES.m 17, wherein the data path includes a
control data path to communicate processing control
| east one processing nodule, the control

data to at
14gathe iptagrated iradit ageardingUto anivtof dfime ot I .
coé’lvﬁéli Qﬁ'pis%\qt'.{.%ﬁev.di Vi Si g‘r? Ll p éTgS'?t@?eq’si“oi%%,ﬁ tile processing
eFal norhiMe AVIFRT Muliniexed tus arcangssitin ai ritgneorffigesation,
both the nedia 5 channels and the control channels.
he integrated circuit according to any one of the

1
15.Ior editeatrted airet agueediag o bhe of diiras RAtH 14N GhEASS 1k rocessing
corltfoR DEROHEILBYS staff oSl dat s betveen &n exteriaf |
it Ol processing control data each of which is associated
with a stream of media data communicated via the data path, each stream of
pracessing control data being destined for an associated target processing moduie to

- which the stream of media data is communicated.

16. The integrated circuit of claim 15, wherein each stream of processing control data
Is arranged fo be communicated via the control data path to arrive at its associated
target processing module prior to a source processing moduie exporting the media
data to the media data path.

17. The integrated circuit according to any one of the preceding claims, wherein each
processing module includes memory to store at least one channel identifier, wherein
the at least one channel identifier in each processing module is structured as a linked

list.
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' C{%g;h t 0-an assocl ate

that is separate fromthe integrated circuit, and at

| east one of the plurality of 10 processing nodul es

of the integrated circuit. 20. The integrated circuit

according to any one of the preceding clains, wherein

t he processi ng nodul es are digital audio processing

nodul es sel ected fromthe group '.: consi sting of

an audi o nmenory transport nodule, a digital delay line
nodul e, a sanple ,,,,15 rate converter nodule, a

filter nodule, a m xer nodule, a DSP nodul e, and a

480i i / dul e. 21. The integrated
B mtéf‘d? %l%éw%ﬁ@ ;ll?’t Yiaerein thepdata prthiinelades a control data

circulrt o

- path teectinmuaicatepptodetsing FERHE] Géiketoté}ﬂﬁgsﬁ%g%tggsg‘ﬁg module, the

ep the plurality of 20 processi
‘%Tgﬁc a%iﬂ*?&?d'%?lgieg %ﬂ'w&b‘ateg cu:tﬁmmgagrgﬁt fefined by time division
N ocbach wne S, heijﬂh 3‘?%%3'???@ i%ﬁ@%@n@eta ifantifies both the media

rocessi ng nodul'es,
Belgamdribe coptrolastmsinalg, f unctional ity at an
associ ated processing nodule, the integrated circuit

including a routing controller to route the nedia data
t he data

0 dThé ' i 2
integratep eirclil &tgﬂr&ﬂ gg%tnﬁgo%aﬁihghg@ggdim rflaimsd wherein the

) pr o
albdegludes giteanspor bius te gImimehi ' \

tﬁg}dﬂl SSparite® g bal. ned, der oqelgg?éndgt? %@gﬁféﬁ%ﬂema' memory

circul ? ?Ee mg?ht 8 'F"Fﬁﬂrﬂhﬁ%nﬁﬁrmﬂbnmmdebstgpnaﬁ thithe plurality of

mﬁmsbingem@l@oﬁthé@htbbrat&@gir dia data from processing
30 nodul e to processing nodul e al ong a data path

i nterconnecting the plurality of processing nodul es

20NtTH ﬂ‘%@lr : § .Source processing nodule is

r ecei?V'e aﬁg%@g‘f‘ tag'%@fn%t]%e& Bﬂﬁ ' bR preceging plaims, wherein the
Pigcassing ryodifleprare efigital i R ia
C‘g&‘ 3 f(rﬂgm t he_souﬁ% pr ougﬁgrﬁ%sﬁo%@dms&i g%lgﬁd i igm the group

bsbgg émgﬂrf’_éid'? ARy iteanspert momrmdigghlfumajr fin@module, a sample

rapR Loy f : cessin ul e processes

medi A dat ﬁ (%U'%E ﬂ!:t aﬁ‘%’t&”%'% ﬁﬁfﬁeﬁt'ﬁ?ﬁ% ?@gﬁ’ Haogkgi and a digital
Inpul{Quiptt tiedulea channel identifier stored in the target

processi ng nodul e.

21. The integrated circuit of claim 1, wherein the data path defines:

a media data path to communicate the media data between the piurality of
processing modules; and

a processing control data path to communicate processing control data between
the plurality of proce:_:ssing modules, wherein the processing control data defines

- processing functionality at an associated pracessing module, the integrated circuit

inciuding a routing controller to route the media data and the processing control data
along the data path to'an associated processing module.

22. A method to process media data in a plurality of processing modules in a digital
media processing integrated circuit, the method including:

communicating, within the integrated circuit, the media data from processing
module fo processing module along a data path interconnecting the plurality of

processing modules-until media data from a source processing module is received ata -

26




10

25

30

23. The nethod of claim 22, which includes
communi cating the nedia data sequentially between the

~plurality of processing nodules. 10 24. The net hod

according to any of clainms 22 or 23, which includes
passing on nedia data received at a particul ar
processi ng nodul e to anot her processi ng nodul e when
Y. the processing nodule receiving the nedia data is
not the target processing nodule. "".15 25. The

met hod according to any of cl ai rrs 22 to 24, wherein
time-slots, the

lbF$hg)%| nc@gg-n *Hg&%ﬁ%\e}f‘&ﬁ'@?’r e pli’ ‘;@%@ megdiiles, duberein the media

data dram the souroee prdoekssia
AT P 7K gy e o

ép‘@ﬁﬁ%ﬁ%@%opa%l ev\,herel n the data path includes a
OV 5T TR rRRRE bRRSER Miele Seisarta the channe

at h, the net h
idgntifiese forothe ohediadidatalahatches t4 chanhget ii’éed??ﬁ@f %tBEdNin the target

ng processing control data to th

procggé%xdél%eontrol data path, the processi ng contr ol

data controlling the processing of the audio data by
target processi ng nodul e. 25 27. The net hod

s
Z3c cihedimgihed efyclaim 22 which? includs, cbmm@ibﬁﬁ*dl%é media data

By el LG Srofasing moduosar a patn. © cach

particul ar processing nodul e having at |east one
ble or fixed time-slot fromwhich data is

2§ d8pelhed Brcardiogdp gy af ciaims @2ion 231 whichrinclades passing on media
ditheedavdd &Uh aﬂi&ﬁarpﬁr‘a‘ég@@?%% E&apg@@%%mﬁg@mg module when

met hod according 1o an

the Reocassing asndule reugimg:the rhediai dutd RIndl e Pa?géﬂﬂ-gﬂ?%ecgmodule.

at |east one time-slot of a digital audio
by the data path, wherein digital audio data
25r 'ﬁh@ﬁ'ﬁaﬂﬁbdwcdohﬁngﬂé Ehf o %gﬁé 95%5 2h ISRV ER dsta path includes a

orted to the t
plura ity of time-slots, the method mcludmg providing the processed media data into a

time-slot associated with a source processing module.

26. The method according to any of claims 22 to 25, 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,

27. The method according to any of claims 22 to 26, which includes providing the
media data in at least.one time-siot of a digital audio bus defined by the data path,
each particular processing module having at ieast one programmabile or fixed time-siot
from which data is received from the digital audio bus for processing by the particuiar
processing module,

27
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- process digital date received from a media data path.

29. The nethod according to any of clains 22 to 28,

wherein one of the processing nodules is a Dgital

Si gnal Processor (DSP), the method incl uding

communi cating processing control data via the data
path in a plurality of tine-slots that are all ocated
to the processing nodul es under control of the DSP.

10 30. The nethod according to any of clains 22 to 29,

wherein the data path is time division nultiplexed

bus including a plurality of audio channels. 31. The
of clainms 22 to 30, which

t i Q an
"79’6 Cm'g gz&fég%%ﬁﬁ&gi{}q ﬁ,ggny of claims; 2840 27, sthiere includes assigning each

partiouldriprocessing modsiel Wt pates tha
d%k; fer. WBZ. _'?I?é,rret ho.dgq%dgggﬁ%?@ﬁlgpggn?algﬁtaéﬁ‘ﬁﬁg@Qeﬁnea by the
31 Weredh idtabaurde aiafmpiocosssd lethepartib@ha broddSlRE modue is
W?Oﬁéd%'tﬁb?iﬁrfe-gﬁ comuni cating nedia data at a -
plurality of drfferent bit ,, : rates, the nethod
i ncluding allocating a nunber of tine-slots to each
. ?20 plurality of bit rates soithat a sum

n f the 1:: ) ,
2y erth%emﬁ[h%’e‘?c‘i?r digg e any of daimsd22 to 2B ewhkrim b of 9,
ni@bbiesfiﬁte?%igﬁélaé nahgrcgéa,gg' ﬂjﬂgg,ef of time-slots processing

sunmred acr o5s ev@_r y DI el & the dmathodoiacluding gomgnunicating
prpgem @?ntl’ﬂl dﬂEHSVIQZhe da%atmé %’lﬁaﬁ %f ga éﬁ%{fﬁh&* gre a"ocated tO

I ' ul es ,connect ed al ong the
mggﬁ‘?‘%é%‘rng%p@lﬂpﬁgn%%mo[ ijthiemigdi ng al l ocating at
| east one tinme-slot provided by the data path to each

aarc)r_gcessi ng nodule. 34. The nmethod according to any of
| &herEnethod gcgerdinghtahny o lclaiies 22029 WAL the data path s time
e

diASIBN Rt irol.data to at |east one targ
'pr'g'gess|‘ﬂn€jx5!rm‘Cl @u# E'C(H%E{‘gaa e@rﬁmpf Yutiechamelat h, the
processing control data being used by the target

31pr.@}%essi ng nodule to process digital datatteeeived
I&B mg'_%‘gq acepselingpiatany ofeclaitns 2Bo 30| WhiGtPiGIdS BoRfmunicating
da b t he [ ata using the
pr ocegstiﬁ] ﬁ%gy@gﬁatﬁ%&@é? %%Poid%slfg Qg ratesdhat dffer.f or
digital signal processing. 5 36. The method of claim

325 e REmBd AEORHTG 19 Bibr Shtoima-L8 et f‘ﬂﬁ&i&ém;&f;ts (:)Iaphginc!udes a
total s s tim&isichs YoPESrAfohihling kS WA S a plurality of different bit
rates, the method including allocating a number of time-siots to each one of the
plurality of bit rates so;that a sum of the number of slots aliocated to the plurality of bit
rates equals the total number of time-slots summed across every bit rate,

33. The method according to any of claims 22 to 32, 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.

34. The method according to any of claims 22 to 33, which includes communicating
processing contro! 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

oy
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rate conversion paraneters to a processing nodule via
the control data path. 37. The nethod according to any
} of clains 34 to 36, which includes communicating 10
the processing control data in a tine division
mul ti pl exed fashion. 38. The nethod according to any
of clains 34 to 37, wherein the processing contro
data includes streans of processing control data each
of which is associated with a " streamof nedia data
communi cated via the nedia data path, each stream of
45 processing control data being destined for an
associ ated target processing nodule to , which the

;o 34, WA TRAGAGE o fly ERp B B oo e

of claim 38, which inclu
Processing eeriEel sigta thet includéa parametetshor cigitar signaldracdyainy.
to arrive at its target processing . 20 nodule prior
to exporting the nedia data fromits source processing

3  3Godbeanethoting claiBUBs, WAEA i ; :
1e8GCOr di to any of clai rrslﬂg%%so&%gfn%gﬁé E)%gameters including at
Bt "G ''tep patareetae, timexdelay parameterse miting paraneters, and sample-

M TN W

processing control data to at |east one target

£y r ' module via a control data path, the control
. Sﬁafgggfg‘%tﬁgd PREPTIRSHG anyueluplaima 34 & 36owhiabl inclides ebmmunicating
10 thelpfocessi ' b i St bl t]ners|ots,
\Mger ei nn?ﬁgﬁﬂgﬂ?rﬁ?ﬁ ?H@%ﬁ&‘#‘éﬁﬁ @@%&%B'gﬁt ifies

both the nedi a channels and the 30 control channels.

2 ccordi,ng .to any of clains 22 to 41,
Ssﬁ rﬁ%ﬂ%@u%@%@ﬁﬂﬁa rﬁ"é(aﬂfi‘i%ms ¥ Brvbersinthecpmocessig control
dateeinoludes lstrean® ofepRcais ' r gt rcuit..

o trand aile ‘l’-ﬁfaSt one of th?ed Epﬁglrtﬁt?/@g?gp@o@@g@é# %E%d'ated with a
wiee”  SURHHUPNSAIR dater GomEwINICatars vis thd@enia?iaegaw @?th.l each stream of
ettty cording.to.an clal s
reec 45 progbidiby banirolithta BadWecteq 3 At Axditisiga Warbef processing module to
which the stream of media data is communicated. -

. 39. The method of claim 38, which includes communicating each stream of
'f K pracessing control data via the control data path to arrive at its target processing
. k20 module prior to exporting the media data from its source processing module to the
media data path.

40. The method according to any of claims 22 to 39, wherein a plurality of channei
identifiers are stored as a linked fist in the target processing module.

25
41. The method of claim 40, which includes communicating processing control data 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-siots,
wherein the channel identification path identifies both the media channels and the

30 control channels.
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wRNRh

nmedi a data between, digital audio processi ng nodul es
sel ected fromthe group consisting of an audi o nenory

transport nodule, a digital delay line nodule, a
sanple rate converter nodule: a filter nodule, a

m xer nodul e, a DSP nodule, and a digital 10

| nput/ Qut put nodule. 44. A nmachi ne-readabl e nmedi um

enbodyi ng a sequence of instructions that, when

executed by the machi ne, cause the machine to process

nmedia data in a plurality of processing nodules in a

I 6 [ Si pntegrated circuit, the
42 I el SocbREI6 oY of Salfebirio b evnivh inalusesreommunicating
datatbegwedre dn Externall mehitey WRdlj Heo | _

mpdul e {0 processing rmdﬁ 'glsgﬁ%%gé gg{ﬂaﬂ%a Eé&h&% circuit, and at
*e?ﬂtfgiece Heee plupfity op btecessery mokiulespria cetransymoriTadslof the integrated
cifeliti | nedia data froma source processing nodule is

received at a target processing nodul e of the

plurality of processing nodules, wherein the nedia

.20 data. fromthe source! processing nodule is
43|) dgﬁ? i"?e%ﬂd FCAdNgaiorrny Pfd‘é!ﬂ%ﬂs 231to 42, whicthinciugles communicating

& ithi R L e cessin dul e
T a2 BENRAn, I SRR, RSk mot i selected Tam “the group
copsisting-af m: dadia Emamopetsarmpaoh?nbgglgj i g’igij_?L Hetay $he'riediiB, a sample
arge ocegsin ul e. : e
mtsﬁah%qﬁ'ﬁé&r g'z?&ﬁ[ﬁ & ﬂ&ﬁlr&?ﬁ@? a myixey; mogule, anBBR module, and a digital
Inputduap fighegule. conmuni cated sequential ly between the

plurality of processing nodul es. 46. The
machi ne-r eadabl e nmedi um according to clainms 44 or 45,

el ' t received at a particylar
44 I TR RHR! Meaiih SFABAITG 5 sstuBRts o Testmustions that, when
exeutied by thé emadhiree, Ua0EE 35 RadMRTE i W [ .
data i )s’ not the target prg?essi ngﬁp%egn%mjﬁ?%%&%@urahw of
PrOGEEHNG LD HeR I & Wegalunﬁa@c@rmeasjng dntegedted ciréuit,othéGinstructions

beiﬂ?%:ei n the data path includes a plurality of
tTnme-slots and the processed nedia data is provided in

acommunicate, within the integrated circuit, the media data from processing
module to processing module along a data path interconnecting a plurality of
processing modules until media data from a source processing module Is received at a
target processing module of the plurality of processing modules, wherein the media
data from the source!processing module is identified by a channel identifier on a

~channel identifier path;

wherein the target processing module processes media data if the channel
identifier for the media data matches a channe! identifier stored in the target

processing module.

45, The machine—rea_dable medium of -claim 44, wherein the media data is
communicated sequentially between the plurality of processing modules.

46. The machine-readable medium according to claims 44 or 45, wherein media data

_received at a particular processing module is passed on to another processing module

when the processing module. réceiving the media data is not the targét-processing
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5 tine-slot associated with a source processing
nmodul e. 48. The machi ne-readabl e nedi um according to
any of clainms 44 to 47, wherein the data path
includes a digital nmedia path and a processing contro
path, the instructions being to: 10 provide the nedia
* data in the formof audio data to the digital nedia
pat h; and provide processing control data to the
processing control data path, the processing contro
data controlling the processing of the audio data by
m&gméarget processing nodule. ""15 49. The
machi'ne- r eadabl e nmedi um accordi ng to any of clains 44
to 48, wherein the nedia data is provided in at |east
49n‘ time-slot of a digital audio bus defined by the
v E'3581ns;readaie paedioubesording de siaing 44 dy |45, hWiners the data

; b ar ixed tine-slot from
PRl nER3ks FuRIBOOPTRE St A fbe HeassPl soedia dste 19 provided in a
5 timeesietassocjaten with a 5bercBPrédesein@madifsessi ng modul e.
~.. 20 50. The machi ne-readabl € nedi um according to
clai m 44, wherein each particular processing nodul e

48 S s bl LRSS, b o a7, wher o

ti me-slot of

£ bé]ﬂ%w-cu' ar processing nodule is exported to t

: programmuabl e or fixed time-slot. 25 51 The

10 maphivite-themEdA Batzpfi o LSl BB ot
to 50, wherein one gwﬂgﬁ%ﬁ%{%ég%edﬁlpgéﬂ 'Pg‘g% pal%h' and

Di Bfovide grepessingr contelordatIp) thexnproeds¥igy Ncontrol data path, the
d via the data

' 0 ol data i s comruni cat ]
‘ PrEERRRS baftedl it Xl e “SPERsSing i the o iabartivithe target
| processing modwessi ng nodul es under control of the DSP. 30

1L, <-' 52. The machi ne-readabl e nedi um accordi ng to any

eone of clainms 44 to 51, whdrSfr "fNle 31 data path is a

0 I | ehi i d incl udi n plurali of
25 49@1(;?60615?2%3?3&5'& e Cad¥sPaihd % 4y 37 cfhiRs Yo 48, oherein the
<. - media data is provided in at least one time-siot of a digita! audio bus defined by the
e 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
(LI the paiticular processing module.

50. The machine-readabie medium according to claim 44, wherein each particular
processing module is assigned at least one programmable or fixed time-slot of a digital
audio bus defined by the data path, and wherein digital audio data processed by the
particular processing module is exporied to the programmable or fixed time-slot.

25

51. The machine-readable medium according to-any of claims 44 to 50, wherein one -

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

30
-+ A»+62. The machine-readable medium.according to any of claims 44 'to 51, wherdiri tie

31
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53. The machi ne-readabl e nedi um according to any of
claims 44 to 52, wherein data is communicated between
the plurality of processing nodules at bit rates that
differ. 5 54. The nachi ne-readabl e nmedi um according to
any of clains 44 to 53, wherein the data path
i ncludes a.total nunber of tine-slots for
communi cating nedia data at a plurality of different
bit rates, and wherein a nunber of tine-slots are
all ocated to each one of the plurality of bit rates

. Of . uber  of tine-slots allocated to
46 il 24N st R ERERSE pls nclyting a phsaliy ofadipiohannels.
total nunber of time-slots sunmed across every bit

5éaﬁl‘§f' .55. The nachi ne-readabl e nedi um according to
ny "5 Maehingteadrbie madiumiascerding foeany, of. claims e to 89, wherein data

iSRIoPRIR S St BRER 0 ed along, the data path is ]
conf i gﬁdrzgglde an%&? E:H?e ‘.S]Q%%{ﬁfélpéﬁ’??sgi"gl rggéjlﬁeg ﬁ‘g bit rates that differ.
time-slot is provided by the data path to each

56. The machi ne-readabl e nedi um

r Si .nmodu ..
5§c gﬁ%‘ﬁ ‘E%’%ﬂﬁiﬁ%!ﬁ madiym@caarding ®5anywbfeclainms 44 to 53, wherein the
dd1a QAEs Shaked t [ Ul cated to at ] east
one target ﬁgétggés[i ng Brafegd%rl @ﬂg}%ﬂé ?% CYRMUNCaliggmedia data at a

plyrglity of differpridhit sates,arewhereln 8 atimbee bﬂﬂm%sﬁé‘tstéfetaiﬂﬁcated to each
process digita :

ing ... dul
ore 06 BIEF FOrrtes aGdbal 2isvm ofdibh number afimersiots allocated to
eathojrienef tRAgRPAIRY P Hituraed ﬁgb%\l;, g!(\:éeggtﬁngﬁ@g?? o Hnasios summed

data is g.rocessed using t
i

acreseVeREPiLEAS. par aneters for digital signal
processi ng. 25 58. The machi ne-readabl e nedi um of

claim 57, wherein paranmeters including at |east one
850f Tié triaehineaneadatle maediti Bodpliny t@%h?'ﬁ?tc?éiﬁrs 1 84, wherein the

raneters, and sanple rate cohverslion paraneters

nu iRFaeRsPing, modies: sernaciedralinigethsi datehpathoist comfigurable and
wheddifat R85fone*ine-siot is provided by the data path to each processing module.

56. The machine-readable medium according to any of claims 44 to 55, wherein
processing control data is communicated to at least one target processing module via
a conirol data path, the processing control data being used by the target processing
module to process digital data received from a media data path.

4

57. The machine-readable medium of claim 56, wherein the media data is processed
using the processing confrol data that includes parameters for digital signal

processing.

58. The machine-readable medium of claim 57, wherein parameters including at least
one of filter parameters, time delay parameters, mixing ;parameters, and sample rate
conversion parameter$ are communicated to a processing module via the control data

path.

’ 59:%7He machine-readable medium accordinyts-any of claims 56 to 58, wherein thig"«"#.
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58 The machi ne-readabl e medi um accordi ng iany of
clains 56 to 58, wherein the 32 processing contro
data is communicated in a time division nultiplexed
fashion. 60. The nachi ne-readabl e medi um according to
any of clains 56 to 59, wherein the processing
control data includes streans of processing contro
data each of which is 5 associated with a stream of
medi a data conmuni cated via the nedia data path, each

stream of processing control data being destined for
ule to which the

P el Qo s 4Bl RUAEIR I peraivsien rmufHplexed fashion
machi ne- r eadabl e nedi um of cl ai m 60, which includes

orRpuni cating ea 10 thread of processing control
ﬁ‘ga@E\W%“ ’}%ﬂ'@&ﬁggoq"eamamﬂng do anyiof eclaitnsi 56 td 88 owherein the

PIOCESSRTESEGHIrdTRAH okided 'stre A RPbE AL Rl RS 208 of which is

5 fromlts source processing
as3afiAted witlpa striearmat triedis- data daliruntested mialﬂtrféoﬁ@i:ﬂagdéta path, each
-15 plurality o '

l.ai { wh [
st 6 procBidlia fonrd data nelhg) dasingd for amResoaisted target pecessing
modulg ks which ¢ies Sirés of MBS HSta is c&ﬁgy%% i

machi ne-r eadabl e nedi um of clam

processing control data is ,. . comunicated to at
dat a

£y 61l ; r [ moduyl e via.a . control ta
o MRk AEGENE TN, A LARLHD WiER ibidescommunicating each
10 thrgadirofl progessing wontrol dafeaniaetie dﬁfti'dr%tﬁypétr% dineShPRs target
prdgégéibglrﬁxgdl t] me-fl ots, Wwherein the channe d
1aent e f1eat ol ' Yalth exgeiings thesmesgien date: fremliits source processing
modokentoehs niotiih 48@ gednt rol channel's. 64. The
machi ne-r eadabl e nmedi um according to any of clains 44
to 63, wherein data 25 is comunicated between an
i, e r P at |east one of the plurality of
e G20 e AR i SShei 10 Bk Of cRaimené £ 61, wherein o
*=*15  pluralityhioh ehaere adbatifferdi are 6k 4 NY 3&%@% o0 éﬁ% ﬁ%lﬁet%}'ocessing

oo moé@ 64, media data is conmunicated between
. ee 8o processi ng nodul es selected fromthe group 30
fega." consi sting of an audio nenory transport nodule, a

. digital delay |line nodule, a sanple rate convarter;

63. i reachine-readablentediue o cleimes2, wikstieth proteSSiRg control data is
confgitfted atgdataleéjétgt'ﬁea{arg’gl processing module via a controf data path, the
_‘}‘20 control data path including a plurality of control channels defined by time division

Tt . multiplexed time-slots, wherein the channel identification path identifies both the media
channels and the control channels.

64. The machine-readabie medium according to any of claims 44 to 63, wherein data
25 is communicated between an external memory and at least one of the plurality of
processor modules via a transport bus. '

65. The machine-readable medium according to any of claims 44 to 64, media data is
¥ communicated between digital audio processing modules selected from the group
30 consisting of an audio memory transport module, a digital delay line module, a sample

rate coqygg;ggé}module,;a,,filter_ module, a mixer module..a DSP module, and a digital ¥ e
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| nput/ Qut put nodule. 66. An integrated circuit
conprising: a plurality of nodules; 5 a data path to

transfer data anong the plurality of nodules in a
plurality of time- slots; and a channel identification

bus to associate each nmodule with at | east one
time-slot, wherein each nodule transmts or receives
data within its associ ated at | east one tine- slot,
wherein the at | east one tine-slot associated with a
processi ng nodule 10 corresponds to a channel

InSl@/OLthitGhodtier €d in the processing nodule. 67. The
[ ntegré\ted %lsrcuit as set forth in claim66, wherein a

first nodule belonging to the plurality of nodules is
SsQc] ith a first time-slot and a second nodul e ,
5§e|“g'ﬁ’5'?$@g%9%fﬁaﬁﬁmp§ﬂ"9y of nodul es is associ at ed
Wi tapiarahifcoftodaes- sl ot so that the 15 first and
second nodul es’ communi cate al ong the data path at
di f&f datarRath 49 &renstes datnamiong doe alueality iof PAduIEESInsg biuralty of time-
e

SIB&LEFdi n claim®66, wherein associ ati on of each nodul
to'at |east one tinme-slot is progranmable. p~~; 10 69.

A di ghianakl identification bustb &EE8é; | dho ' ime-
ﬁs erein described and as iISfIéué;étrat gguﬂeﬁﬁpﬁé?%%%ﬂ)hé(ume slot,
w %@Eh?%ﬁﬁ‘y‘? \RgUig tEANSHYts orreceivesdatavdthirity assoriatedwd iemst one time-
sjgat Nk h I ) qd ri.bed and as .

OF | ShofBiPaherat Hpatt. Bhe BinE fofy SRR Mo 37 proggssing modute
careesponds toondbdrire! idstitifien storedish 8w prokckysiAg nitRfifd.n

described and as illustrated in the acconpanying

drawi ngs. 30 34 35 Method and device to process

671 Thé tltedfaticPcibditad Bet OHA I 8GIm 66, wherein a first module belonging to
the plurality of modules is associated with a first time-slot and a second module
belonging to the plurality of modules is associated with a second time-siot so that the
first and second modules communicate along the data path at different rates.

68. The integrated ci_rcuit as set forth in claim 66, wherein association of each module
to at least one time-siot is programmable.

69. A digital processing integrated circuit, substantially as herein described and as
iNustrated in the accompanying drawings. '

70. A method to process media data, substantially as herein described and as
illustrated in the accompanying drawings.

71. A machine-readable medium, substantially as herein described and as illustrated

in the accompanying drawings.
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" ebore

A nmethod to process nedia data in a plurality of
processing nodules in a digital nedia processing
integrated circuit, the method including: _
communi cating within the integrated circuit the nedia
data from processing nodul e3?0 processing nodul e
along to a data path interconnecting the plurality of
processing nodul es until nedia data froma source
processing nodule is received;-at a target processing

Medhodearef déviee b Prddlebs dighfal BiQHGSBleRmsduUl es; and
communi cati ng nedi a data between the data path and a

device external to the integrated circuit. FIG 2

Abstract

A method to process media data in a plurality of processing modules in a digital media
processing integrated circuit, the method including:

communicating within the integrated circuit the media data from processing
module to processing module along to a data path interconnecting the plurality of
processing modules until media data from a source processing module is received;-at a
target processing module of the plurality of processing modules; and

communicating media data between the data path and a device external to the

- integrated circuit.

FIG. 2




