METHOD AND DEVI CE TO PROCESS DI G TAL MEDI A STREAMS FI ELD OF THE | NVENTI ON
[ 0001] The present invention relates generally to the field of processing
digital nedia data. More specifically, the invention relates to a nmethod to
- conmuni cate medi a data between a plurality of processing nodules and to a
digital processing device to process nedia data. r BACKGROUND OF THE

| NVENTI ON [ 0002] Conventional audi o processing devices use a fixed and
predeterm ned (hardw red) configuration to interconnect various processing
conponents such as filter conponents, delay conponents, sanple rate

cont i qur ati on myER EP AN HRYIRERH PRORESY Bresr Ay S SRR e
that require connecting the processing conponents in a different fashion

than the hardwired configuration allows. It nmay al so create conmunication
"bottl enecks" as the various processing conponents can only conmuni cate

w th each ot gy oF THE INSRENTIONEY can communi cate at all. The DSP thus
functions as @ hub through which all data is communi cated even if the DSP

is not required to process the data. Additionally, a hardw red
configuration often results in wasted processin ower, since a signal
al ways passes [P0 Jdw presemt invention selaeegenasall Eg?rg‘@nf#r]d of pepceskinghe
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configuration may inhibit device perfdrnmance. UM\/AR
[ 0003] | n acadigltdd peostistingtdesidertognbiess médieklatd.s provi ded a digital

BACKGROUND OF THE INVENTION

[0002] Conventional audio processing devices use a fixed and
predetermined (hardwired) configuration to interconnect various processing
components such as filter components, delay components, sample rate
converters (SRC), and a Digital Signal Processor (DSP), However, such a
cdnfiguratidn 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
r _ 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 pf_ovides, the algorithm cannot



processi ng device and nmethod to process nedia data, the device including:

a plurality of processing nodules to process the nedia data; and fr a data
path to comruni cate data between the processing nodul es, wherein the data
path is arranged in a ring configuration. [0004] The invention extends to a
machi ne-r eadabl e medi um enbodyi ng a sequence of instructions that, when
executed by a nmachine, cause the nachine to carry out any of the nethods
descri bed herein. [0005] Other features of the present invention will be
apparent fromthe acconpanying drawi ngs and fromthe detail ed description

now deacr | bed YTy ot Bl Abe SRR oo e b 4 P4 Beb Myl ng

di agrammat i clﬂhgwme)};egf& gawi ngs, Figure 1 shows a schematic bl ock
di agram of an exenpl ar I gital processing device, in accordance with one

enbodi nent of the invention, including a data path arranged in a ring
configuration; Fi ure 2 shows a schematic bl ock diagram of a further

embodi nent oBUM YA TR ENMENAdOReVi ce, al so in accordance with the
invention; 2 Fi gure 3 shovvs a schematic bl ock diagram of a routing
controller, in accordance with an enbodl ment of the |nvent| on, for routing

digital data | 0pdd] AnclbiBhcLAGERR e Sl AR, ferlis PAMAES Saifteur © & Shows

a schematic bl i agram of an exerrp Ween a routing
control | er apeocssingidedicesirghtbthodaoga®eéss mhsih d@ta,tth@dedicﬁhﬁ@hdﬁfg@ceSSI ng
device; Figure 5 shows a schematic block diagram of a processing nodul e

i nterface, acccﬂrpﬁumglﬂycofanoeesbmmedulesﬁopn@esmtlmmedm detapance 6 shows an
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wherein the data path is arranged in a ring configuration.

[0004] The invention extends to a machine-readable medium embodying
a sequence of instructions that, when executed by a machine, cause the
machine to carry out any of the methods described herein.

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

accompanying drawings and from the detailed description that follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The invention is how 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 Cbnﬁguration;

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

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



Figure 7 shows an exenplary linked |ist of an input mapper; and Figure 8
shows a schematic flow diagramof a nethod, in accordance wth the
invention, for comunicating data in a digital processing device. DETAILED
DESCRI PTI ON [ 00071 A nethod and device to process digital nedia data, is

described. In the follow ng 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 nmay be practiced w thout
t hese specific details 0008l. Referring to the draw ngs,, reference
numeral 10 generaf I§/"° ?ﬁgogvﬁtaess‘l'ﬁn?ﬁﬁg’% Cga%’fac?& ﬁ'sairglé?%ig%tﬁtr FleXenpl ary
digital proceatidneeiithch dibAERAIAINAR MbhibAGr RGN Akial BAiRYi ce 10
is showmn to include a plurality of processing nngu es, harrely, a digital

si gnal procestsi digitaDpR)cesding deeick of Fgngelay nodul e 14, a sanple rate
converter (SRC) nodule 16, a filter nodule 18, and a m xer nodul e 20. The
nodul es 12 to 20 are interconnected serially via a data path 22 which is
arranged in a rin '
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ot her nodul edikital peodé@siagrieeedecd to the data path 22 as described in nore

detail- below. In one enbodinent of the invention, the data path 22 is tinme
division nultiplexed wherein a routing controller controls conmunication

of data between the V%hous m)gule %@) EO.ZO. Fupther, it is to be
appy eci at ed, that' BHE® GUANVES SCREMAYC DepC (Hagram. Pl a presessing m | es and
further moduls ol hikcithe /T erfbodinldiftds i IVREASAI N9 capabi |i ties) may
be included in the device and/or any one or nore’ of the nodul es 20 may
be renoved and, for exanple,

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

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

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

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

DETAILED DESCRIPTION

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

‘the present invention may be practiced without these specific details.



i ncluded within any other nodule 12 to 20. [00091 Thus, in one enbodinent,

any one of the nodules 12 to 20 may communi cate data to any one or nore of
the other nodules 12 to 20 under control of a routing controller.

Accordi ngly, data being processed by the digital processing device 10 nmay
be flexibly routed between different nodules 12 to 20 and need be not
restricted to predeterm ned pathways as in the case of conventional
devices. It will be appreciated that a nodule 12 to 20 and 34 may al so
communi cate data back to itself via the audio bus 46. Accordingly,

repeat ed procesgy| be perfornmed on the data b sa rocessin
m)gul e. Tﬁe pro@g@@@i Ig%¥%&€oethfé{rﬁglﬁ%s’f Igferﬁgwir%%gltﬂﬁ%e%r g to the gata
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processing nodule 12 to 221 that 1s"to process viewed as a

target or deslevitatihancqrdanaswithghebtdngionAS e davieeksik Bhowmduheludle at o 20
may return processed data to itself, in one node of operation a processing
nodul e 12 t o Phorafifyyotipracassingmeduthes, samel asdigitalrignal protessing @¥83si ng
nodul e. Thus, .for ample, the filter nodule 18 ma a cascaded filter
ar r angenent m%‘f‘&eﬁ?sa"@ﬂﬁm‘t‘mﬁﬂeb%%&f% ’@gﬁf ?W%régégﬁpd@%i&t% i tself
for further pIRFESHIIS19 %% h sing nodule 12
to 20 and 34. [0010 %ﬂ?h‘%%%ﬁ&% e ?ﬁl\}%ﬁ%ﬁ%ﬂlﬁl%ﬂg{é@g}?ggz@\%ﬁ?h reference to
processing intdi@nhattedsetially vizeadaiapdth@2fvokith &f arfaiiegl ined rigpdi 0 stream
it is however to be appreciated that the invention may be applied to the
processi ng oforfiguraphevheteis dath inssfjuentinlp sommynicated frprhanyding t al  vi deo
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numer al s havallowe eactsadude 12 to 20 to communicate data with any other module 12

to 20 connected to the data path 22 as described in more detail below. In one

emBodiment of the invention, the data path 22 is time division multiplexed

wherein a routing controller controls communication of data between the

various modules 12 to 20. Further, it is to be appreciated, that the modules

12 to 20 are merely exemplary modules and further modules (with the same

or differing processing capabilities) may be included in the device 10 and/or

any one or more of the modules 20 may be removed and, for example,

included within any other module 12 to 20.
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[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



indicate the:same or simlar feature unless otherw se indicated. [0012] The
devi ce 30 includes a DSP nodule 12, a delay nodule 14, a sanple rate
converter (SRC) nodule 16, a filter nodule 18, and a m xer nodule 20 that
are substantially simlar to the nodul es described herein before. Further,
the device 30 includes an audio nenory transport nodule 32 and a digital
audi o i nput output (I/O nodule 34. The audio nmenory transport nodul e 32
comuni cates via a bus 36 with an interface nodule 38 which, for exanple,
may formpart of a bus of a conmputer device (for exanple a personal
conputer or PC). In one enbodinent, the interface nodule 38 includes a
bridge 40 anddabmtoﬂﬁed}itd)paihlmmyheemv@ ashasource peodessing mhedile)j gk 40 to
a conventional, PC bus, 44. The di gital 1/Q nodule 5 34 may receive a di gi tal
audi o i nput aﬂaeE@WN&@P@P@S@I&E%%%18&9€mthqtdsgnprqs?ﬁ§ tile dagaymed beas i n

t he case of t el ce 30 include at ath 22 whi ch
serially int e?geo“?] %tﬁrg%tm%gua%prqﬁss%nh ?L 3135 eST18§13] The data
path 22 of thﬁlﬁﬁﬂeqztéﬁohﬁglféaﬁﬁgﬁo@&gé@d%%I%HM&éﬁ%de%fenpl ary form
of an audio data path or audio bu and a processing control path in

t he exenpl aryoperationfa propessiatppinedubs® #R20 hay define dotiotesiice &al h t he

audi o bus 46 and_the paranmeter bus 48 are arranged _in a ring configuration

wherei n data Pestimtismhresessingrapdalen Tt‘lms fmrepc@wle,rsh@éhgsmgluh@mm@g 12 to

20, 32, 34 in;a tinme dlﬁ%? onrrutl g ri ous nodul es
L5
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(e.g., a DSP). B ISdrsl celr(:rfg(?]ﬁsege]ﬂtﬁ;)ggla%n%ﬁ% gr&%%glﬂ%ggﬁgfé@% P@téﬁ a transport
b@fo whi ch priesding esodate X tePhahd @dnput er via the |nt erface nodul e 38

he audi o nmenory transport nodule 32 to the processing nodules 12 to
0010\i Although, the invention is described with reference to processing

a digital media stream in the form of a digital audio stream, it is however to
be appreciated that the invention may be applied to the processing of any
other digital media streams, for example, digital video streams or the like.

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

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

- module 38 includes a bridge 40 and two PCI-X bus interfaces 42 that
interface the bridge 40 to a conventional PC bus 44. The digital I/O module



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

(i ncluding, for exanple, the audio bus 46, the paraneter bus 48 and the
transport bus 50) the device 30, in certain enbodi nents, includes a routing
controller 52 (see Figure 3) which controls the routing of data al ong the
data path 22. In particular, as generally indicated by reference nuneral
‘54, in one enbodinent the routing controller 52 controls the routing of
data to each processing nodule 12 to 20, 32, 34 via chip select lines 56
and address, wite data, and wite enable lines 58. Each nodule 12 to

20, 32,34 co ' . dat.a. .routin ontraqll. 52.via read data and
acknow edgen?iyn%e%ﬁ%géwfs% dlgﬁéloael#g@&?ﬁgmi}cp?ﬁog ‘@%ﬁl&‘ mé%]rﬂ ?"?)tlpluggogli defi nes
a host i nt er hagRuaicel! Yobin thelchbd oStHRCNRRAVS AR GICRRRE Gk t hat

i nterfaces the various processing nodules 12 to 20,32,34 of the device 30.
For exanpl e, putte22 whith segialigrihtentdratecEXhorayodidoei 23, 32 at p4 sel@ct that is
hel d active until an 6 acknow edge signal is received froma sel ected
processi ng modUP@L3 Thegdatg patls?? ogthe dayieme) inghsies sanediadasa path inrtge
controller 52 dec

d h . Si,ani fi t kit t add d, in
response theP@?%Pﬁﬁgi%gf%?’ggg%hg}ﬂs%%%’étﬁg? ag ég@g@ogggﬁmggﬁiﬁts egn '

processi ng Np&kk8] Jdh 9 t1%P, | gﬁgﬁ' ' . tail bel ow,
each nodule 12 to éa% 32, 34exma Ia%gcfrlaf/()f%g)co e&t@ﬂgh?%%ﬁ?lﬂg | east
si gni fi cant bmbsdihetthbotioidiesuaido bas 46 thdtthaparamsétgnbhis ¢Bate drhanigddy to

identify the specific nodule 12 to 20, 32, 34 to which data is to be
rout ed. [ 0018}a Tig copfigpraiion wherdin datoiscesimunicateddietwegn the vatieess a

comon et ac B3 SRe kAR 146 2355 AR S B RIS 350,
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readi ng data and providing acknow edgenefits to the routing contraller 52.
[0016] | n onbe snitedibeanéeromadudes withotit requiting tHaSkatand bk eodfed through

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

transport bus 50 which interfaces an external computer via the interface

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

modules 12 to 20.

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

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

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

controller 52 (see Figure 3) which controls the routing of data along the data
~ path 22. In particular, as generally indicated by reference numeral 54, in one

embodiment the routing controller 52 controls the routing of data to each
-processing module 12 to 20, 32, 34 via chip select lines 56 and address, write

data, and write enable lines 58. Each module 12 to 20, 32, 34 conunurﬁc'ates

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



interfaced to the routing controller 52 in such a fashion so that the DSP
nodul e 12 has access to registers and random access nenory (RAM provi ded
in each of the nodules 14 to 20, 32, 34. In particular, as shown in Figure
4, the DSP nodul e 12 nmay communi cate with the routing controller 52 via a
data bus 62, an address bus 64, acknow edge lines 66, wite enable |ines
68, a request line 70 and a chip select line 72. In order to access

regi sters and RAMthat may be provided in the nodules 14 to 20, 32, 34, the
DSP nodul e 12 communi cates a request via line 70 to the routing controller

52. The routi roller en_acknow .ed the request., vig, the
acknow edge Pﬂ%é&g%a 5@%%’(21‘ g?&%‘%%?rro(ra%%gg{égiazdfpd%%slsg}gamoﬂy?%t%@, .
execut ed usi Bg, 3dhanandicesodite ,n@%héaéuéﬂ%_eoméné%z dQB4éS tldmpgodi ments in
which a sanple rate tracker is provided Within the digital audio I/O

nmodul e 34, i sigmificaak biis béa hosterddresdand) ihrespomse tirgetos gaherakdser cHig t her eby
provi ding access to registers and/or RAMin the 7 nodules 12 to 20, 32. In

one enbodi nefelectithat gnablesige selgetedi nroressing medule 12 @b 3834 A% t he DSP
dule 12 | te t i i d i val ent
T host " pr ocascERath AbleSigATRey. Ruf MBI 1710 20 R i edlhr Ty "
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be sorted. For exanple, the“routi contro 52 may first route requests
to the DSP neignifecahPtherélentd wlehtify gangyleeificahedided@iker2s, 3pRavbdelichn t he
digital audiqQ I/O npdule 34 and, finally, to a host processor. 1In one
embodi ment, €l ig&ybesoednas two base address regi sters, one mpped to
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provi des processing modules 12 to 20, 32, 34. However, each module 12 to 20, 32, 34
includes a dedicated read data and acknowledge bus 60 for reading data and
providing acknowledgements to the routing controller 52.

[0016] In one embodiment of the invention, the DSP module 12 is
interfaced to the routing controller 52 in such a fashion so that the DSp
module 12 has access to registers and random access memory (RAM)
provided in each of the modules 14 to 20, 32, 34. In particular, as shown in
Figure 4, the DSP module 12 may communicate with the routing controller
52 via a data bus 62, an address bus 64, acknowledge lines 66, write enable
lines 68, a request line 70 and a chip select line 72. In order to access
registers and RAM that may be provided in the modules 14 to 20, 32, 34, the
DSP module 12 communicates a request via line 70 to the routing controller

-52. The routing controller 52 may then acknowledge the request via the
acknowledge line 66 where after the requested functionality may be
executed using the address bus 64 and data bus 62.

[0017] In embodiments in which a sample rate tracker is provided within

the digital audio I/O module 34, it may also be interfaced to the routing
controller 52 thereby providing access to registers and/or RAM in the



“audi o channels that are tine division nmultiplexed. Each processi ng nodul e
12 to 20, 32, 34 may have a fixed output tinme-slot allocated to it and a
programuabl e or variable input time-slot. Thus, in this enbodi nent, the
nodul es 12 to 20, 32, 34 may al ways output data in the sane predeterm ned
time-slot to the audio bus 46 but receive data in different tinme-slots
under control of the routing controller 52. Thus, as the input tinme-slot
associated wth each individual nodule 12 to 20, 32, 34 is programabl e,
data may be routed between the various nodules 12 to 20, 32, 34 in a

fl exi bl e fashjon: [ ' tajl

identificati %lr? &%g?aty ésﬁ'pgﬁg?%e_ E?élﬁ}ugrgth?r}efrf%[%%%%gruqqg?%%egtszo, 32, 34
Wi th which thepieb@Ersthehe DSP @638k B @d drid MBoRINeEHIMRELe tridk@rsipannel
identification bus identifies a source processing nodule 12 to 20, 32,34

and a t ar get pryvided)dsresiivalenipioduest progssuydictessdPusing 20 irs8yma4irstnc| udes a
list to identify data sources _fromwhich data is to be processed. However,

it will be affsVedPEICEHY pehame nEloseverhiie fegupsts pridue btherpainedime theent i fy
rbods ment o FEREe AP s i Sinpl ¢ ahe foitide (ool RTINS i o qar a)

enbodi nent s, evi‘ce ["ows ;

to be comunidgiaé esprls@NS thB HSFUGAURLE, HRerfio @iefsaﬁ{eﬂlagate%?d&bﬁ rates (e.g.,
sanple rates set by the DSP nodul e 12). For exanple, 1n one enbodi nent of

t he i nvent i oprovdd@birbikefdgitelhmndioll¢Oanotlitteed4sdrad, Sirmily, topa hustdedcessor. he
audi o bus 46, In thjs exenplary configuration, the audio bus 46 may then
support sanpifeonegmodimery, the dryicadl, baseaddsgssoiegistersy onee- sl ot for 48

kHz, two tine- our tinmp-slots f 92..kHz, .and ei ght
(i e-shots 1aroas L0 <R e Btaphef o Bielihyo BB BEEh i8R o
time-slots i ﬁaghﬂé Ve Bind @I usBPANd, HHE a8 HARE 8L SisRirs haFRiRWh&edd ©
avai l able at 96 kHz, 1024 tine-slots available at 192 kHz, and 512
time-sl ots atoghavainedbteenaitregBerk bnd thémsies bbaveliigr on whitle thepdavéad 30 ed t hat
- the nunber of )
is provided.

[0018] In one embodiment of the invention, the audio bus 46 provides
audio channels that are time division multiplexed. Each processing module
12 to 20, 32, 34 may have a fixed output time-slot allocated to it and a
programmable or variable input time-slot. Thus, in this embodiment, the
modules 12 to 20, 32, 34 may always output data in the same predetermined
time-slot to the audio bus 46 but receive data in different time-slots under
control of the routing controller 52. Thus, as the input time-slot associated
with each individual module 12 to 20, 32, 34 is programmable, data may be
routed between the various modules 12 to 20, 32, 34 in a flexible fashion. As
described in more detail below, a channel identification bus may be
provided to identify the module 12 to 20, 32, 34 with which the time-slot is
associated. In one embodiment, the channel identification bus identifies a
source processing module 12 to 20, 32,34 and a target or destination

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

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



time-slots for each sanple rate at any given tinme during operation of the
device 30 may vary and, for exanple, situations could arise where, for
exanpl e, 3348 48 kHz tine-slots are provided, 204 96 kHz tinme-slots are
provi ded, and 85192 kHz time-slots may be provi ded. However, the various
configurations (e.g., bit-rates) or nunbers of time-slots may vary
dependi ng upon the functionality to be executed by the device 30. For
exanple, in other enbodi nents programuabl e operating cl ock frequenci es may
be provided. . For exanple, clock frequencies of 150 MHz, 175 MHz, and 200

MHz nmay be Bﬁ%eq‘?&'eﬁtﬁﬁ.fat:%ﬂrrﬁ%f%Bg‘iid&ﬁifggitgrag&%%é%es?ﬁ% 409614028l O S

respectively owever e appre hese aré nerely

exanpl es of Bpeyuencies and tine-slots and that they may change from
enbodi nent to enbodi nent. Thus, in one enbodi nent, the nmedia data path may
i ncl ude a t ot al[0A18}darcertain embedshmts,thardewmmﬁﬁralbats digritabdata (dgt,a at a
plurality of differegnt  bi at es V\/nereln um of, nunber of tine-slots
al 1 ocat ed todéﬁtaﬂaﬁ @6?*35 FFé{’e E)‘PIHF%HI}‘?‘%E@F‘ %P gﬂﬁuﬁ@ at differing; g

nunber of tipge-: t [ npl e
rates, such as Leolta% @sg{ %‘éﬁhﬁ g‘ﬁggg‘%{@}@]ﬁz ’%ﬂéi rr?uol%le%%?'é%e%? rout ed
via the audi endembARlimest SR ihehitie, QO%)bﬁfféxec}ﬁmn@lchﬁ" tirfleRidt afhat
indicates to a receiving nodule 12 fo 20, 32, 34 that a new valid sanpl e
is to be ret pr@uddd@nthgandmbubfiﬁ dmnﬁhltﬁeexem}daq mna‘lg;ﬁraﬁon meaudml ng. \Wen
an arbltrary sanple r (such as the 44.1 Ier

cormuni cat edPy$ 40 Py BlSHPBHEtSEH*PIQWE§ Hfauﬁi‘éﬁ%’*gﬁ%b}(/%l qegti gtorqes hi gh,
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ALtROUGN | 1 0N S0 Font Var L AD] & Sarbl € 12t So. hny b Compun! cated via
t he audi o butimegslotstin the givertsemiesordg 208 comelmorctime-slots are available
at 96 kHz, 1024 time-slots available at 192 kHz, and 512 time-slots are
available at 384 kHz. It is, however, to be appreciated that the number of
time-slots for each sample rate at any given time during operation of the
device 30 may vary and, for example, situations could arise where, for
example, 3348 48 kI-{z time-slots are provided, 204 96 kHz time-slots are
provided, and 85 192 kHz time-slots may be provided. However, the various
configurations (e.g., bit-rates) or numbers of time-slots may vary depending
upon the functionality to be executed by the device 30. For example, in other
embodiments programmable operating clock frequencies may be provided.
For example, clock frequencies of 150 MHz, 175 MHz, and 200 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.



control data at a fixed sanple rate (e.g. 48 kHz) that may be i ndependent

of the sanple rate of the audio bus 46. [0022] In one enbodi nent, the
audi o bus 46 comruni cates audi o data to be processed by the various
nodul es 12 to 20, 32, 34. However, the paraneter bus 48 includes paraneter
or processing data which is used by an associated nodule 12 to 20, 32, 34
to define the functionality (e.g., algorithm of the associated nodule 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 nodule 12 to

20, 32, 34. For | &y bUg; gg;@ P cat e
filter paranet 2@22@0 tcﬁe ﬁ?‘?‘qe)reaﬁn%%tf’eé@éé an%?%gq?ag’gsq‘g%%\ﬁgﬁm on
paranmet ers t etdridard afd.¢ kit-bd, engoby edrhafyrigded or 8uted8liaYhe gadie bug 46he
nodul e 14 that defines the period by which the digital audio will be

del ayed, andusgonindicatos bit (e gusvalid bispthed indieates baa re¢eivingdeodule 12educe
any processi t he paragneter data shoul d be

s in the. devi on 30
provi ded to g@gﬁaﬁsgiﬂ?c&r&%g&&g% sdg beyetipveg orgpxiragiedfromythes ¢ he

time slot | (g r I H; 0,20 is to
output * pr ocacai FECH: R b e, WHEE I BB R (e dfy |

bel ow, 10 pakdimdaefipldahe) isscopRiiitatal ¢/ the autitebRadaBkiahe fesaan?)&rgo a
particular processing nodule 12 to 20, 32, 34 prior to the audio data

arriving at wvhbd bifris baglsithegraspddiive m@dube Pio 22 32334 miag acbeptahdidataus 46.
0023] In one e di,oent of the_ invention, audio data communjicated via the
Eiudi o] bus 462F ¥ '“&r ﬁ%F?S'F‘ﬁEEQ‘F(Y larﬁtﬁQﬁSaP f&hwdcliq Hytae2hPecikison) .
Any- nodul e r i fi:xed- poi nt fornmat
(éng fi xeglfl?)egl ﬁ{a}agﬂgsiﬁrréat?h ?%ﬁ%%é@ﬁ%ﬁ%%lﬁf %%gga%ge@onver sion to

.and from f| oat i[0g21) Alkodgh FBdne ARbbdRnéR G M SMmpRITAR thay Bef i ned to be

in arange of -1 to +1, any hardware conversion of  the fixed-point format
wi || sat ur atemimunicatad vipothetaudid bes 46tdie parameterdivddSirhay comnyenicate

Accor‘di naly, cotnkherol data at a fixed sample rate (e.g. 48 kHz) that may be independent of
the sample rate of the audio bus 46.

[0022] In one embodiment, the audio bus 46 communicates audio data to
be processed by the various modules 12 to 20, 32, 34. However, the
parameter bus 48 includes parameter or processing data which is used by an
associated module 12 to 20, 32, 34 to define the functionality (e.g., algorithm)
of the associated module 12 to 20, 32, 34. Accordingly, the control data may
thus control how the data on the audio bus 46 will be processed by the

ﬁ“‘-q-' !

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,
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m xer nmodul e 20 may be used to scale any digital data that is placed on the
data path 22 for any processing nodule that perforns fixed-point

conversion so that the conversion lies within the range of -1 to +1. For
exanpl e, in one enbodi nent of the invention, the sanple rate converter
nodul e 16 and the digital audio 1/O nodule 34 nmay process data in a fixed-
point format and, accordingly, scaling may then be required by the m xer
nodul e 20. [0024] Referring in particular to Figure 5, reference nuneral 70
generally indicates an exenplary data path interface provided in each

processing. Rl el Ak 2dic A i ol bleaBlag) B, APRLERLAL R P the

data path ace e provide er protessing nodul es

that may be ﬁ&gﬁn%@n@dﬁmdmt@%,f%B@;?)@i(ﬁ*%.ﬁ:l'i@aﬁj&ﬁbid?a%a%i&ﬁg%@@mmi cate via

the data pa en the data path 22 includes a nmedia data path in the
form of t hepaoutssingusodifie 12 tp 2035 8it wip thentudid bpadh. i n t he form of -t he
paranmeter bus 48 _and a chanpel identification bus 49, the interface 70

may i ncl ude i nd{023]1agmeesrkodiment of thegnganien.qusie data compiwnicater t he dat a

h 22 i h i ) i dul 1 20, .3 34 .1
P eoai ng. Vi the dofPEHS be & REO55R AR ORAE ol bfmaCeinife gBisith gt a
back onto tharfahddart placel oﬁﬁl%gﬁﬁggzma 4188 in) QGixEd if'uffo%avi ded in

each processing nodule 12 to 20, 32, to process the digital data,

recei ved vi a(epefizedtpoirtvasidi®), may thechkoredaived toigenfdriea panwereioarts recei ved
via the parameter bus 48. The functionality of the processing |ogic 84
di ffers fronfh@dinmeioatingmeint forpat. A thpiixed-printjpupatisidefnrdge beim t he
e 0 S AT LA Bl LU Sl Eora b BT
T, LT AL Bt el ot cytitopd 0O Agibmygptd
channel i denmikércabiole Hunayi e waad to beale any digital data that is placed on the

data path 22 for any processing module that performs fixed-point ‘

conversion so that the conversion lies within the range of -1 to +1. For

example, in one embodiment of the invention, the sample rate converter

module 16 and the digital audio I/O module 34 may process data in a fixed-

point format and, accordingly, scaling may then be required by the mixer

module 20.

[0024] Referring in particular to Figure 5, reference numeral 70 generally
o indicates an exemplary data path interface provided in each processing
L 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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paramet er data provided by the parameter bus 48, is read by the processing
| ogic 84 as shown by |ines 86 and passed on or returned to the channel
identification bus 49 and the paraneter bus 48, respectively, two clock
cycles later (as shown by lines 88). However, audio data provided by the
audio bus 46 may be either passed directly on to the audio bus 46 (as
shown by lines 90, 92) or be replaced with processed audio data fromthe
processing logic 84 (as shown by lines 94 and 92). Accordingly, the data
path interface 70 may include a nultiplexer 96 that sel ects between the

data receive [ ' J . . P ta r ived from
the proc essgg)e?ﬂ!(i)%ltec& f‘}@)ﬁf@%lso%&l%%% ngggé&r‘{ale%‘ u{aﬁﬁ%%?%eggﬁsi% Iﬁgdﬁ%&?ﬁ’tﬁ) 12 to
20, 32, 34 30,82 34 ReprdcesObik dREeARRt,NecePAd v the dudlidBusd8,in34 and it
receives data, the processing nodule 12 to 20, 32,34 may nerely pass the

dat a al ong t haordameumith dhe pgrameétery receivbe vieettte parametsiing 480diHee 12 t o 20,
32, 34. Accordingly, the data mnmay _be passed on sequentially until it
reaches the fuiicgonalitoetdbsiprecestingilegic B4 differsdromamodule tormggyle. For

appreciated th hg dat a passed. al fo art qgf..a stream of nedia
data that iséﬁag%lﬂée’ %}eo@tgggﬁg%}gslﬁﬂce%ﬂgg,fﬁ%;%ﬂ%we38 m?yrggfé%%fﬁ’ @G r ol data
may be passegf gi&3de kD HFPAMAPH BlteRY X Prolddoidd ]loﬁ%f@rih'tﬁg_séﬁgﬂ’@f&té cular to
Figure 6, an exenplary configuration of °~ the data“path 22 is shown. As
ment i oned aboweerten noodule b achydefine & hempl@rataitenyeatdr, 22d soohudes the audi o
bus 46, the paraneter bus 48, and the channel identification bus 49. The

channel i dent i 1922 ilpsheerobadiment depistad dn thedraveingsdbachansels t hat

g the charisrREsfg Hitdndheb T ARt Rt b BolE e IR er i

i $7to be ap Pp%h?ét&ddathgﬁbvﬁ%H% perameedr hudes! isfesll d tﬁexpreaes%gvi ded
for the audi'o bus 46 and the paraneter bus 48. For exaﬁpl e, enbodinents
may be provilbgit &has diown by liaesl86 abd padédaml ot returnmat anthieehahnel 48 each
have their own channel identification bus, In one

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

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

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

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

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

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

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

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

S _ 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'pa'rticular 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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enbodi nent of the invention, each channel identifier is in the formof a
hexadeci mal nunber generated by a counter which has its count included in
the channel identification bus 49. [0027] Exenplary paraneter definitions
provi ded on the paraneter bus 48 (see Figure 6) are as follows: Fx =
filter parameters O to 4 for the filter nodule 18; Pitch = pitch of the
sanple rate converter nodul e 16; GPP = general purpose paraneters to be
used by the nodules 12 to 20, 32, 34; and Taddr = delay |ine address of
t he del ay nodul e 14. [0028] Exenpl ary audi o channel or tine-slot

definitions FLLT,. s.froamth ter dule 18

Cor g of artral 22 i iesdpeotgd pRFASIh piSTRs a3  she -
outputs of té}%n%@meﬁhﬁ@étﬁ)r?ﬁﬁé’ 891 Phe @R;H'H{e?uﬂe@mﬁcm Bus YRR} RRIRAe
outputs of the m xer nodule 20; DAI digital audio inputs fromthe I/0
nmodul e 34; aumnnﬂamllenaﬁdmmamdqmwfﬁbbﬁmtchanﬁﬂb ay timeslots provifl€Daf] | n one
enbodi nent of the invention, as nentioned above, the |east significant

two, three, e masunetsrbssdB andeheichanesls pﬂ@mﬁ—fript%momd@h@athmucb@ used to
identify th f 20, 32. 34 ted with
parti cul ar  (PRERS P ERTY, 18 do PRRRBI ﬁ%}szthftﬁ%fm%rﬁ? PrBAgAERats (e
slot (or tingy 'b%tp%v{rﬂ%?tfoich‘fe S683R B ringg! &)%r 5913%1@48% 34 owns.

However, the st sig i cant ts may be use ntify a]iogl cal

channel or éxamepls) mﬁbwmﬂmmstﬁ@wpﬁdeécawmrémehé badicipideandtie exanpl e,
a filter nodul'e that can process 512 discrete channels of audio inplenents

a plural it ypaanster iisdSreach lavetheir onarehansel iseatificatdon bllﬁghl ome own set of

: %%Eﬁ{ Ipﬁr Zneéocinﬂen% gtﬁé’j‘ l%r‘]re 8}/1,! éja{cpl%hhﬁrslel 1W1ndlgrclrs?1tl e olr}rF(r) E(lj audi o
L )

hexadecimal number generated by a counter which has its count included in
the channel identification bus 49.

[0027] Exemplary parameter definitions provided on the parameter bus
48 (see Figure 6) are as follows:

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

N

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



enbodi nent of the invention that contains such a filter nodul e, the nost
significant 9 bits of the channel identification data may determ ne to
which filter channel the filter paraneters belong, and which filter
channel generated the audio. [0030] In one enbodi nent of the invention,
the channel identification data provided via the channel identification
bus 49 is generated in the mxer nodule 20. As nentioned above, the
channel identification data may define a channel identifier that may be
generated by a counter that runs fromO to 4095 wherein each nunber
identifies, or is associated with, a particular 14 channel or tine-slot.
Further, as nentioned above, in order to ensure that paraneters arrive at
the appropriate pBRCESsLfflitdBeHeSakpll PatdQonFérteBthddfll©ie; tO the time-slot
in which they are to output processed audio data, the data "on the
paranmeter bus 48 nmay be offset relative to data provided on the audio bus
46. [0031] In one_enbodi nent of the invention, software may programthe
ni xer nodul e 20. THM Semmmatonapde pafpatsios themixercoedute 20at a nodul e 12
to 20, 32, 34 requires a certain anmobunt of time to operate on incom ng
paraneters (via the paraneter bus 48) and to generate the processed audio
data which it the W gk QY ' nbodi nents, the
appropriate parang¥grsag%$ﬂ§ﬁgkgﬁggggglng §%§€T35§%R¥%E§8§ 32, 34 are
provided in a tine-slot that precedes the tinme-slot in which the nodul e
out puts the audi o _data on audio bus 46. As different processing nodules 12
to 20, 32, 34 maylaelyTidata ptpuds &em the deley smedulad4t i nes to process the
paranmeters and audi o, paranmeters associated with different processing
n@@ples 12 to 20, 32, 34 may be offset by a differing nunber of tine-slots.
For exanple, a Bl ; i e rate
converter nDdqum%E?ﬁgﬁEE?gﬁélargpggggég?%ﬁ o'E%g¥hg?qﬁ%gﬁg§gggég§%%ided
significant two, three, or four bits of the channel identification data may be

used to identify the specific processing module 12 to 20, 32, 34 associated
with a particular time-slot and, accordingly thus identify the particular time-
slot (or time-slots) that the processing module 12 to 20, 32, 34 owns.
However, the most significant bits may be used to identify a logical channel
or time-slot within the particular processing module. For example, a filter
module that can process 512 discrete channels of audio implements a
plurality of 512 discrete filter channels, each requiring its own set of filter
parameters, and each providing its own discrete filtered audio output. 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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for the filter nodule 18, and an exenpl ary paraneter offset of 20 may be
provided to the delay nodule 14. It is, however, to be appreciated that the
of fsets may differ from enbodi nent to enbodi nent and also differ in a

si ngl e enbodi nent depending on the functionality or algorithmthat the
nmodul es 12 to 20, 32, 34 are to performor execute. [0032] In certain
enbodi nents, it is necessary to buffer the audio data received via the
audi o bus 46. In particular, phase coherency is a requirenent for

mul ti-channel audio data to avoid phase cancellation and image shifting.

.Phase coher epgyhied of u‘%-gl]:)it.eﬁuﬁﬁelb Yt LRHHGA bt iﬁ%gﬁ%-[%top aélig,g g}ﬂ%f audi o

data. A processing nodul e nmay theh process guarartee er ent

audi o from i pardmeiets ublicatihé Aepropridt®ptode8siRg Hhodifle 1o 20,93234;?%101-
intra-sanple timng of data arrival and data processing. It may not be
necessary t ototfeftameslot inhvalnick theyr aedd weipwi proaested andso dbta, trd gathhose t hat
are to be processed. To ippl nt phase coherency, a ping-pong buffer
schene can b8&" “eHaﬁm%ﬁ:Fgﬁs%@Jﬁﬁfﬁ%rﬁ%?ﬂ%,ﬁammm&ﬁgﬂgm%ﬁ audifate in
usage fromwyjtgs.to read. During the first sanple period, the received
audi o data may %e witten to buffer "A" while the processing nodul e reads

from buffer "BOO3UIndneRMBIdmeniBf tHd 18y BRfibE o tiRte %’{}@Pgi‘-qgiﬁﬁ{ @gs so that
during the next sanple period, the received audio data’i Itten to

buffer "B" mixdrenpduledh cBesiofyvaredodethepatdke imtoracboabritethat Atmodule ¢2r t ai n

enmbodi nent s, tﬂﬁ ggga mpdul e 14, the filter nodule 18, and the m xer
modul e 20 nefP 2ha uikgs 8 csriaAIBaRREeLtimeie RPSFAte 68 inFeming e r

ot bu £ er 2o A e QTS AR aelEF by 8] B AT Rern MR B Gy it 1l
GUd0 1t i | out Pt Lo LR Baai s s T et R PR D s of
the channel appiopriaté patametemdfor tpuprocessizgmmdulail2 tord, 33cB4aravhen t he data
path provided in a time-slot that precedes the time-slot in which the module
outputs the audio data on audio bus 46. As different processing modules 12
10 20, 32, 34 may require different parameters and times to process the
parameters and audio, parameters associated with different processing
modules 12 to 20, 32, 34 may be offset by a differing number of time-slots,
For example, an exemplary offset of 96 may be provided for the sample rate
converter module 16, an exemplary parameter offset of 40 may be provided
for the filter module 18, and an exemplary parameter offset of 20 may be
provided to the delay module 14. It is, however, to be appreciated that the
offsets may differ from embodiment to embodiment and also differ in a
single embodiment depending on the functionality or algorithm that the
modules 12 to 20, 32, 34 are to perform or execute.

[0032] In certain embodiments, it is necessary to buffer the audio data
received via the audio bus 46. In particular, phase coherency is a
requirement for multi-channel audio data to avoid phase cancellation and

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

~ period of audio data. A processing module may then process guaranteed
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or audio ring channel or tine-slot equals-the maxi num channel

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

the | ast 18 AUt SORIAEhDOlok] A50R!Rlfr (HIMBHSLpduo, eTbod: rent,

the sanmple r converter nmay wite audio ri adirectly
into its chapdglive fasPesnpRA Off dlitA Akdival'@ldeddty Pré@issing TR Mt MRy Nnot
be experienced. 16 [0033]" As nentioned above, output tinme-slots” (tinme-slots
i n whi ch eache npeassaydphgffendllichatfiels se@ived3@ia3didoubpaids, chdy shasetthat he

audi o bus 46) ar dedi cated tine-slots. However, in certain enbodi nents,
the time-sl ot qoﬁ)e Risressedal e implemant phass cebeted i PRSP HIE PREehr ocessi ng

nodul es 12 t Q. 34 IS I d. thus, the,channel . ‘
I dentificati %C#%g‘é%%%fbfe%%ﬁdf?%gﬁgb%%% ﬁy‘gt@?g?rspr%cgggi ng aﬁﬁ%t%ulz to 20,
32, 34 that {iSagdeGrtnGfARStola8dANRIrthg ﬂ@tfﬁ-s%rﬁu]?l% PRI 1R céifed i dRi1e
enbodi ment, the parameter bus 48 has its inp i me-slots allocated.
Further, in datatmaybemrittémtnbtfert he” mihilerthe pookessing Gnodyle peads fiternd he

par anet ers t{;a are communi cated to the various processing _nodules 12 to

20, 32, 34 vi aP¥eRe ardhbeataipiimaghe butfess mrygrap faction sp s dusing be
s brhar | oniRhd SBLRARG e LRty A QERBSHPO TSR T B0 B2 30 ST 1O

gny ot her one or “nore*pr sSin nasimlar

fashi on, .parﬁmh@hégf@éséiﬁ rh &R ¥add ROkl “a @fcebfif Processi ng
nodul es 12 to 20, 32, 34. n one enbodi nent of the invention, the DSP

modul e 12 caembodiments ghp detayemedslot, thefiltpamadedel8; andthd gnikber eby

~allowng the DSP npdule 12 direct control of the
J module 20 may change or swap audio bu&ers synchronized with their

respective channel processing times. For example, data path or audio ring
input buffers of the delay module 14 may swap when lthe delay module 14
channel equals zero, e.g., when the delay module 14 begins to generate the
audio it will output fo the audio bus 46 when the most significant bits of the
channel identification are equal to zero. This may occur when the data path
or audio ring channel or time-slot equals the maximum channel
identification minus the parameter offset of the delay module 14. If the
parameter offset is equal to 20, this delays the last 20 audio ring channels or
time-siots 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
cha:rméls 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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functionality executed or perforned by the delay nodule 14, the sanple rate
converter nodule 16, the filter nodule 18, and the m xer nodule 20 (or any
ot her nodul es added to the data path 22). [0034] As nentioned above, data
included in the audio bus 46 and paraneters included in the paraneter bus
48 may be flexibly routed to the processing nodules 12 to 20, 32, 34. In
one enbodi nent of the invention, an input mapper in the formof a |linked
list 100 (see Figure 7) is provided. In this enbodinment, the routing
controller 52 (see Figure 3) perforns programuabl e i nput mapping to

flexibly rout ee[ﬁﬂﬁﬁg%sdﬁxteﬁ%ﬂe& QﬁowYé"%iugTH&t title B Kﬂgg@lﬂi‘é’tg'iﬁgguélﬁ ehdh 20, 32,

- 34. In_ use, the input mapper nay traverse a I hput

channel i denF'rdde&Eiﬁg HEdwe 42 ite RO 32RBMoaestite SR eSoridthe kA dUS baS BE)1ee Whi Ch
i nput channel s are witten to which addresses within the 17 input audio
buf fer. In ofledisateddimesntotsf Homevienvienettain embedimerktsdhkitane-sbls iri s used
and the list is .arranged or sortgd i n an or.der of ascendi ng channel

i dentifiers rauchdntadScommuucatad bo anygng of the Brocsering srodules LAl by

arrows 106. R intain f. Lis 0Q. [.0035] The

i nput rrappers%){%?gi}ﬁ %é}éﬁﬁﬁ“%%gh? h%{%smet%@%enﬁﬁg?th%l ??tr%(lgﬁn&ﬁ:sst 100
whi ch may i ngleustetit-tilar Fﬁ*@ébsiﬁg@ﬂ@@hlell(i%tzof 3284&&8@15&8?;43&@51&11@&9119 buf f er
address 104 and appoint it tothe next elenment in the list. The i nput
mapper then datiatan dmetaudie bas 46plt onhembellimeet) the pamnutet bes 45 hamidd

I dentification bus 49 matches the input channel identification field 102
and then wiPa topesslofsallocated dugiher, peeestay gmbodimgntse thmids to t he

desi ted ' | f. t.he lipked |ist 100
131 gnat eq piioee 2 b S BRSNS er] Mt oM Mici B8 RURETC | batied
and the opervdricus priRyssit fdeddserd toldie 3D 3ad thé phrabiftefBYs B8 Mai nt ai ned

inacircular fashion so its last elenment points to its first elenent of
the |inked |Astordggly.arotromdetan datrbeflexiplyerousedi fbaubty onpwif theppi ng | i st

may be automati call vvrd
processing mo

u&éselrb tl?)yZO, 32, 34 to any other one or more processing
modules 12 to 20, 32, 34 but, in a similar fashion, parameters may be flexibly
routed to any of the processing modules 12 to 20, 32, 34. In one embodiment
of the invention, the DSP module 12 can overwrite parameters on the
parameters bus 48 thereby allowing the DSP module 12 direct control of the
tunctionality 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 Iist 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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hardware initialization |ogic and host driver software may nerely be
required to maintain the linked list 100. If nultiple filters are provided
by the filter nodule 18, an additional |evel of mapping nmay be provided to
support nmultiple filters operating on the same input signal or data
provided via the audio bus 46. [0036] The nethodol ogy descri bed above is
broadly sunmarized in Figure 8 of the draw ngs. Reference nuneral 110
generally indicates a nethod of communicating digital nmedia data (e.g.,
digital audio data) in a digital nedia processing device such as a digital

gi data) i | device such as a digit
on-t he dat a BN 5510 BEfer ln SRAIp A ATE (S frchlhy Mo ARG Y5t 1 v 7°

then identif isassedfaridhedit & drfangeSaicdortelUinvint drdeh 6f Aehifiil @anpepCessor
nodul e 12 to 20, 32, 34 (see block 114). The digital data provided on the

dat a path 22idemtifiesctegatdleangf thedhpaieaudiobuffer diddiesal asalndinm bipteroprsovi ded
on the audio ‘5@8 i}% anc}/ or prqcess control data %e.g. par anet er data)
provi ded on i Advoshsq Y My Gantan Ht “deci sion bl ock 116, if

data on the dat t .2 | | at.e 1 Hh & h rticul.ar. Rrocessi ng
nodule 12 to Zdao%gﬂlfﬁﬁ pjflﬁrer{r]fl% ]é%?a aﬁga%eég%%ﬂvgg f!ﬁ{e?lg%e%‘g?q Jf}%t}flg(regrmdul e
12 to 20, 321ist30ivehidRiRAy irtdedethe iapANehArR] fRRNEMRATI 48e iffut ARMEvVer, the
data is associated with tthe particular nodule 12 to 20, 32,7 34 (e.g. the
routing cont beffemaddeshtid antbappding it tohhe nexteclemantin thetlist.oEhe opted to t he

particul ar processing nodule 12 to 20, 32, 34),. the ata (auydi o data
and/ or par an’é‘LaQPe’dgi%"é@lt?HB Ru Channel idenfifies opdhe chanpglt he data pat h

at Ocossi ng. nsraeadiy Bl 89 Bt e B dtanp ) BRL BRI R o
functi onal i t thehBrBtesahd eipdiuildib Mata teceivedtvia BURMEE 40WaheldR8iglAi0 dat a
subsequently arrives, the processing nodule 12 to 20 processes the audio
data to genemputapdichefethdiiess. (Beeeloinpok ofl @@)lirtkedlist 400 desigpaedilged t o
the the next linked list address field 101 may then be Ioaded and the operation
may be repeated. The linked list 100 may be maintained in a circular fashion
so its last element points to its first element of the linked list 100. On reset,
for example, a default input mapping list may be automatically written by
hardware initialization logic and host driver software may merely be
required to maintain the linked list 100. If multiple filters are provided by
the filter module 18, an additional level of mapping may be provided to
support multiple filters operating on the same input signal or data provided
via the audio bus 46.

[0036] The methodology described above is broadly summarized in
Figure 8 of the drawings. Reference numeral 110 generally indicates a
- method of communicating digital media data (e.g., digital audio data) in a
digital media processing device such as a digital audio processing device. As
shown at block 112, digital data is provided on the data path 22. Each
particular processor module 12 to 20, 32, 34 then identifies if the data is
associated with the particular processor module 12 to 20, 32, 34 (see block

114). The digital data provided on the data path 22 in block 112 may include
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data path 22. Thereafter, the nethod 110 repeats its nonitoring
functionality as described herein. It is to be appreciated that any of the
nmet hodol ogi es descri bed herein may be provi ded on any nachi ne-readabl e
medi um  Accordingly, the invention extends to a machi ne-readabl e nedi um
enbodyi ng a sequence of instructions, that when executed by a nmachi ne,
cause the nmachine to execute the functionality described herein. (0038] In
one enbodi nent of the invention, the digital processing device 30 is in
the formof a VLSI chip. The DSP nodul e 12 may be a 32-bit fixed/floating.

poi nt DSP t hajuey {éﬂQﬁdf&ﬁﬁtﬁwéf)ﬁgega&?ﬁletﬂcﬁégﬁs #3%}%'/5?@?{?%% Jontdd1e

devi ce 30 may, for’ exanple, e one or nore o W ng: 200 MHz

internal cl oclata (e gadaticioridatd)gave e ehitieosdrift&@Fusdg h 1200 MFLOPS; 19
the DSP nmay dedi cate i ndependent DVA controllers to access host nenory/ SD

RAM  the del aylOREGuieshawnay dedpivorhlok i, iifodwth odehaylatepafhl®? iandt 1024
nudi o mwer coiastdifh A patOCes pressarfg Thedaidede onbrdi bendhy be
Syl & rate casvarped W Ae AMGLL 1S 0 0 BB A PR el el ccon
order digit ahlorfg theelata paihe2d. If, B6haser, ThE dhe: i3 8ssfr¥atbg vatlPHe partibhRk f ace
for interfacing the device 30 to 100 MHz SD RAM i nterfaces;
module 12 to 20, 32, 34 (e.g. the routing controller 52 has identified that the
data is to be routed to the particular processing module 12 to 20, 32, 34), the
r) - data (audio data and/or parameter data as the case may be) is extracted
: from the data path 22 (see block 118). When the extracted data is parameter
data, the processing module 12 to 20, 32, 34 uses this data to define the
tunctionality (e.g. algorithm) that it is to execute. When the audio data
- subsequently arrives, the processing module 12 to 20 processes the audio
data to generate processed data (see block 120) that is then provided to the
data path 22. Thereafter, the method 110 repeats its monitoring functionality
as described herein. It is to be appreciated that any of the methodologies
described herein may be provided on any machine-readable mediam.
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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four stereo FS digital inputs nmay be provided, four stereo 12S digital

out puts may be provided; four stereo S/ PD F inputs configurable as eight
channel C/ D F inputs may be provided; four stereo S/ PDIF outputs
configurable as eight channel CDF (.r outputs nmay be provided; PLL slave
capability to 12S and S/IPDIF or C D F inputs may be provided; 16

i ndependent confi gurabl e general purpose input output pins may be provided
on the chip; and EPROMinterfaces for overwiting reset defaults may be
provi ded. [0039] In one enbodi nent, the device 30 nay be connected to a

general  purpose mi Qﬁéﬁs@ﬁﬁﬁfHédﬁh%éiﬁﬂefgbﬁ@é&&rbwc&ﬂ&@l&éx@@&aé’@%@'é" e 38 or

t hrough 20 an enbedded m croprocessor bus Intertface. The m croprocessor
may control the dewosemdthorkpSDeXaNpl e, through the routing controller 52
whi ch, accordingly, may define a host interface. External SD RAM connected
to the audio menbryhe delaypoeduleddunay seppent frastionaldeleyi langtheandi n

enbodi nents. In one g%)odi ment, the audio bus 46 may be sanple | ocked at
48 kHz to each procég Ay B AESHSS't 0 20, 32, 34. In one embodinent, the

audi o bus 46 provjd i itad ) .
accordingly, Ito he da;ﬂge %g?%ﬂﬁﬁgg%%gggﬁﬁa@d%a%ﬂﬁéé%m% alllcrlllf))ut

channel s and 256 3zaike#; out put channels. As nentioned above, the out put
channels nmay be predefined or dedicated and the input channels may be
programmabl e. As Treati03Acbanind self rampingparaendger generatorinuaiebe | i nked | st
100 and, in one enbodi I néz the DSP nodul e 12 incl udes 256 input channels
that are mapped to PW@%EG 6 channel s of the audio bus 46 using the |inked

) « the sample rate converter module 16 may be a 256 channel, hybrid
- sample rate converter;
+ the filter module 18 may be a 512 channel second order digital
filter;
* the interface module 38 may be a PCI-X interface for interfacing
the device 30 to 100 MHz SD RAM interfaces;
+ four stereo I°S digital inputs may be provided;
+ four stereo I2S digital outputs may be provided;
« four stereo S/PDIF inputs configurable as eight channel C/DIF
inputs may be provided;
+ four stereo S/PDIF outputs configurable as eight channel C/DIF
_outputs may be provided;
* PLL slave capability to I25 and S/PDIF or C/DIF inputs may be
provided;
+ 16 independent configurable general purpose input output pins
may be provided on the chip; and
. EPROM interfaces for overwriting reset defaults may be provided.

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

purpose microprocessor either through the interface module 38 or through
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|ist 100. In one enbodi nent, whenever the DSP nodule 12 wites to an audio
out put channel of the audio bus 46 in a given sanple 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 sanple
period. The paraneter bus 48 may provide 256 32-bit input/output channels
for paraneter passing or routing. [0040] In -one enbodi nent, any i nput
channel or time-slot of the audio bus 46 (regardl ess of whether it is data
used by ot her nodules on the audio bus 46) nay be available for use as a
sanpl e- | ocke Hbed Bt :ELs n {1 S v | ssi ng
nodul es 12 t%n %ﬂéggea %&@fo_#g?é&@ngryﬁgé %&?Igge@' gﬁ% ﬁﬁ%%dlﬂ)? l)ﬁ%g%ﬁra%a r%B%l%%? he

devi ce 30 f othephasia B, fat abgilvpdiRotiglithe RiRIg oABRIlehb2 adsichocated in

di fferent processor nodules 12 to 20, 32, 34.  Wien an unused output buffer
channel or tageerdingly, maydefind ahostrintarfacar External1a Révsiongectetido phes sed
data may appe‘?‘i} as valid on the acgﬂi% bus 46 in the.  time-slot allocated
for the partfEHPIPCHON HENERAT BrOTHE RABNAPE Prodded ¢ cetbain; 0041] Dat a
witten to '. erd ' b [ [1,1 -thread
dat a passing éé&%&ﬁ%@%ﬁ@&#ﬁ%ﬁ@%@ Ibmétsqﬁg# ‘fi{{ ﬁ?géf%g 1% ic?rgf(g‘ii he

remai nder of att 482 EP A& ISIOCOF NN MU 12 to DRB2VB4. t krfdhe drAB4dimddtys, met hod
and device to process digital nedia streans have been described. Although
t he present thewadio bus haprirddes sdedivaidd\di2tbit inpaftehenvels andspeci fi ¢

exenpl ary enbo be evident that, varjou nodi ficatigns and

di ' i1
changes nay Effé‘)’lﬁfgggfyt? Bheli Wé’aé]i‘rﬂgﬁ}'fﬁﬁ%?{gnﬁwﬁﬁwe 2&@5’?&‘? mput channele
broader Sbi i . o : j 1 cat
409 dr awi ngenid BEEERRAG GafLRY L bdoRES BB Y patprdedfiagfRGE' T 2 O
re str i ctive m@apde prédefdied or dedicated and the input channels may be

programmable. As mentioned above, the device 30 may include a linked list
100 and, in one embodiment, the DSP module 12 includes 256 input channels
that are mapped to the 4096 channels of the audio bus 46 using the linked
1ist 100. In one embodiment, whenever the DSP module 12 writes to an
audio output channel of the audio bus 46 in a given sample period, the
audio data written is transferred to the audio bus 46 and an audio ring valid
bit may then be set for the particular channel during the next sample period.
The parameter bus 48 may provide 256 32-bit input/output channels for
parameter passing or routing.
[0040] In one embodiment, any input channel or time-slot of the audio
bus 46 (regardless of whether it is data used by other modules on the audio
bus 46) may be available for use as a sample-locked 32-bit inter-thread data
channel visible to all processing modules 12 to 20, 32, 34. This may provide
a primary mechanism to the device 30 for passing data between time
‘domain DSP threads located in different processor modules 12 to 20, 32, 34.
When an unused output buffer channel or time-slot is used for inter-thread
data passing, the passed data may appear as valid on the audio bus 46 in the

time-slot allocated for the particular output buffer channel or time-slot.
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Claims 1. A digital processing integrated circuit to process nedia data,
the integrated circuit including: a plurality of processing nodules to
process the nedia data;, a data path arranged within the integrated circuit
inaring configuration to conmunicate the nedia data at different
sanpling rates synchronized with a sanple- |ocked rate, the processing
nodul es being positioned within the data path to process the nedia data; a
processing control data path to comruni cate processing control data between
t he processing nodul es, the processing control data defining the processing
functionality QA% Si8bi ; tr] ller to
route the nedi y%z}gbagﬁd th%{%‘rj%rgégm ngégg)rﬁ%:&g:é@%?ga%cpg#gg%tlﬁ%?%fa pat h
to an associ attedthreat dati pigsitigdube bedntnedigiely Visible b6 all lolled theeRFBEINI cat e
with a device external to the integrated circuit, wherein the data path
conprises a Bledemaindersif the panplecperied iowhidlvit waswiritteat e t he nedi a data

data path 1 icii@aﬁl_ﬁﬂédrﬁéﬁﬁoﬁd‘ﬁ%”%éié5?@3%5@?%5%{ iaabramsfgre
whorein the Ponag el ARoREhHEE B R ANARPRnRLRES AP, 1

tinme-slots  ieférenentd dpecHid) xegiplab @8BSAINEntBREWIR Dedh il thi¥ey SRAAS at e
portions of the data path, wherein a nunber of the tinme-slots available

for each of midififatipes and changtsi mgy batmeade © theseembbylimehtatveithowt each
different sappli r.at e d erej n each processing nodule is _assigned a
fixed out putg%)ﬁqﬁglfﬂnghﬁajﬁ?a%'éwﬁﬁla@ %?BB?O hesinyeptions Aceprdinglyeqr at ed
ci-rcuit of i %{ﬂﬁ.{ . dat i Al gi i 0 bus
tf{ﬁ;t i nter cgdrtll%esg%éslﬁtc e pﬁj@gﬁ‘&r{%fﬂﬁrwgéggﬁgg&m ﬁﬁé@ﬁ %&@eerﬁggé,r wherein

data i s conmihaheakedicaveyagset he ring configuration in a single direction
on the data path between adjacent processing nodul es,
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wher ei n when the source and target processing nodul es are non-adjacent
processing nodul es, the nmedia data is clocked through one or nore .
intervening processing nodules, wherein at |east one of the processing
nodul es conprises a sanple rate converter nodule to convert digital audio
data between two of the different sanpling rates, and wherein a differing
nurber of the time-slots is used to comunicate the digital audio data at
the different sanpling rates. 3. The integrated circuit of claim1l, wherein
medi a data cor €kdpendi ng to different processing nodul es is present at the
same time on the data path. 4. The integrated circuit of claim3, wherein
each processi ng. Autigitaf picteRBgl ﬁfé@ﬁteda&rcb@a&ﬁx&e@ fbd¥s (ﬁil[aoghé i eYéQi ch data

processedciitifielugiag:t i cul ar processing nodule is export e e di gi tal
audi o bus and ﬁfaﬁtyl’bﬂii,%c@ssﬁ%rl{l [b@ rﬂ&s& %e eJagpt processmg rmdul es
is present at jhRnSame d°\91 : The o e?trat CII‘CUIt
of claim 3,

1111 ﬁ ulll es - .
Processor | Jpﬁi a?egéfh gdlgniai? C? 8%& { W%anﬁ §’§Fa FRjO%tZWr‘illﬂe?af a f in
Lhe pep " e are a d tﬂggﬁ§lgg;1l mherelﬁgthe gt E?ateo °
the DSP. 6. nte rated . cjrcuit of clai
portions gf t h‘épﬁ)ﬁfsé (F PRiTol dafpatis to Gampmunigaty BIOGGFSIHE ICON é!@é’dg%WS@s to
communi ca ?F spfre Q{RTF*E“’@FPQW data defming the nrmeégmft@au@iahm t of
claim1, #feasiostat @r%éﬁ}n@%& path includes a total nunber of tine-slots
f or cormunl cat ¥ ytipgeniroter ta remte thyanediafdata andtthe propéssing contrdslatazahehg wher ei n
t he sum othega p apyssedisted proerssingnpédeitaed t o each of the different
ling rat exdigtipl iterfach & copmminicateridibra ddvideienwnsll ot the ifegralbibeitaattegr at ed

)}[iw t of cl awherdin thehdateepath earoprises o phsality of sepdiakepdrfiomsanidoti@etatet O
sel-ecti vethg reodiar datt bareetincadjiatat of e Po@EAFEINOGIES, @B RphrateSorifns bhtheSepar at e
portions duid pathéo datpke thabdjacehhprotidhandailas PejeAes PBfRMindRgtatethadmcigast one
ti me- s| ot dmd bétiveer the afjacearro@Ssingdhodule, dat a path al |l ocated to the
processi ng nodwheéin the routing controller is configured to clock the media data in time-slots
' between the adjacent processing modules around the separate portions of the data path,

wherein a number of the time-slots available for each of the different sampling

rates is inversely related to each different sampling rate, and
wherein each processing module is assigned a fixed output time-slot and a
variable input time-slot.

2. The integrated circuit of claim 1, wherein the data path includes a digital audio
bus that interconnects the plurality of processing modules in series,
wherein data is communicated around the ring configuration in a single direction
on the data path between adjacent processing modules,
wherein when the source and target processing modules are non-adjacent
N processing modules, the media data is clocked through one or more intervening
) processing modules,
wherein at least one of the processing modules comprises a sample rate converter
module to convert digital audio data between two of the different sampling rates, and
wherein a differing number of the time-slots is used to commumcate the digital
audio data at the different sampling rates.

3. The integrated circuit of claim 1, wherein media data corresponding to different
processing modules is present at the same time on the data path.

4. The integrated circuit of claim 3, wherein cach processing module is assigned
at least one time-slot into which data processed by the particular processing module is
exported to the digital audio bus and wherein data corresponding to d1ffcrent processing
modules is present at the same tirne on the data path



sefectively insert processed nedia data into its allocated tinme-slot on a
second of the separate portions for receipt by a next processing nodul e;
and pass nedia data that it receives and that is associated with other
processing nodul es unchanged along the second of the separate portions for
recei pt by the next processing nodulgg 9. The integrated circuit of claim
1, wherein the nunmber of processing mpdules connected along the data path
is configurable, each processing nodule included in the device being

al l ocated at | 8aEhe intveratadmircsil of clpim¥, wiseteinont b€ d@basracaRsih®) molfles The

i nt egr at edigital Signal Prbcasbai(SR) andfthe @itd phthe ofiadudicBRs ProcBsskdiooms] &aat r ol
data pat lin timechsthaiarailiecdisdis @RPro@sel hbBllesdAl@ doftr@lortgassp One
processing nodul e, the processing control data being used by the

processi ng_node) FhetifteRaRq ensuidifQiaiah, 48t hé gbr‘éf% oA iR fAl pgpat . 1L
The integ h&hﬁﬂse@iﬂ&ﬂﬁ%ioﬂfnuﬁip?éxlga Brfdes G IGRichid’ E‘glr ata

8 L ng C

I ncl udes paraneters for digi ta&l Sl gnlzil1 p\r/\gcessl '?h yt tOEgup;;g@; ;§lf]'ggugte)d;![e.
12. The integrat iﬁf.e f&itcir it c"i‘%lm Wheyeig the 11 ? %,)az; i (%?

i er s, Lime st 43 Rath Jacluges aggibnet er s,
east, one ikl 93%%%%%@%% St e
10, wher ej r%{ e gégﬁ?rgw grg‘ﬂ? eSisyaliqe t?jF'\‘ﬁhs‘? dhe diffarens|sespbingous
arranged {%esleﬂ{"ﬂ‘? At Pt rséﬂt?'ty of nodules in the ring
configuration wherein while the media data is comuni cated fromthe
source proces 'in'ﬂlﬁ“H%EFF@"‘{“GIHOE@%}@&'ST%wb@mcmgumdt_é@ isanyfigmel or nore
of the erEessing_ nodul es can add nedia data to or receive nedka data from
t he, medi a dat asqs&tively ggracimediqHata ifortpeopeatiegifrem racirst ofathe sé¢paiae peiionher ei n
t%g}proce@%%ﬁéﬂeﬁﬁbﬂb¢Hﬁ&admahdhmgumkhdhaammmameﬁpmeﬁs$fﬂgfﬁgqmmﬂm,data
each of whaf h dita path shedated éxltheptonessing micdakyy of  nedi a data conmuni cated via
the data pat h, sebatively inseraproodssqirmetis 8itn e anhil@hted a6 dih scdgst bned for
an associ tesdparae patiogrfocesspt by anegiprecctdngihbdifle; ke stream of nedia data is
comuni cat ed. pass media data that it receives and that is associated with other processing

modules unchanged along the second of the separate portions for receipt by the next
processing module,

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

10. The integrated circuit of claim 1, 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.

} 11. The integrated circuit of claim 10, wherein the processing control data
includes parameters for digital signal processing by the processing module,

12. The integrated circuit of claim 11, wherein the parameters include at Ieast one

of filter parameters, time delay parameters, mixing parameters, or sample-rate conversion
parameters.

13. The integrated circuit of claim 10, wherein the control data path is a time
division multiplexed bus arranged to interconnect the plurality of modules in the ring
configuration and wherein while the media data is communicated from the source
processing module to the target processing module, any one or more of the processing
modules can add media data to or receive media data from the media data path.



15. The integrated circuit of claim 14, wherein each stream of processing
control data is arranged to be communicated via the control data path to
arrive at its associated target nodule prior to a source processing nodul e
exporting the nmedia data to the nedia data path. 16. The integrated
circuit of claim1, wherein the data path includes: a plurality of nedia
channel s defined by tinme division nultiplexed tinme-slots; and a channel
identification path including channel identification data to identify each
medi a channel t4 Theeinpdgtinal cirguitobf plads RS i wigrdB Al §Pocedslng ThardiNdRPr ated
circuit ofnchides siedfs offroc&bifg throll dhta el T WHIEH #I8S A GORHE QhtreA@LA PAth to
comuni cahRdialdaresmigicaed viaGhe 8ad fath,QadH s&e@ﬁ%fp%@sgs&lgﬁgfﬁf ﬁ%ﬁ@%' o E.he
oflg Gy by time

control daéstnbiPtop ak BShdiflbd e ' '
di vi si on c@mﬁ{,ﬁi%@(ed ti rre-g gﬁggéﬁg%%dgfettﬁgﬂ% hgth%e Identification path

identifies both the nmedia channels and the control channels. 18. The

i ntegrated cirgyi im1 rei.n the .dat ath includes a transport
bus to COHH%JI’i]Si g};{zﬁe]e 5?%%%%?\5\%“&?%&%&2@? eé'fmr?‘@%b Syl processingehntioh £ rom
the int eg;aeﬁd odﬁl? Qite cRppPuRcaied yia the cantgyl daygeally tq,amive ot tsraspecitek si ng
modul es of *SHEFRE BYPLPL @FoRicr erpcessinganodylgexporting theiraedia data tq theanedig ai m 1,
wher ei n tﬁgaB"I'q}'r ality of processing nodules are digital audio processing
modul es sel ected fromthe group consisting of an audio menory transport
modul e, a di gi toaiThetegtated qrsuifpbicision 1, avhereirptbe datapethdeohudsst er nodul e, a
filter nodul e,?plusityef medidshennely deredrhydimeedivisiod nalgplepedaimersipt #n@ut put
modul e. 20. Thechapedifleatifartion pghinclulingothannel Ientifivatien dath heidemifegacti ed
ci-kcui t i wefig chanpelity thelphirgley stploeessing egdaits.on (VLSI) devi ce. ABSTRACT OF

T DI SCLOSURE METHOD AND DEVI CE TO PROCESS DI G TAL MEDI A STREANS A

di gi tal proceskl. Myc deviraed tivculr obdsEm MR GitRradatiR data PARANMIs a cHAgoEVi ce -

i ncl udes datphathab céymaficaié proessing Gormddh@so bolcRt 068 pockhifgMslivk, tdat a, and
a nedi a dedmropdkta. patthérchdipa $airalith A oRRANUIAAS ASfitdehiRRiAdiviiala bet ween
the procegsipixeDembaRts, WiSkR fle thandBARAIMA RA Rehifties both the media ‘

channels and the control channels.

18. The integrated circuit of claim 1, wherein the data path includes a'transport
bus to communicate data between an external memory that is separate from the integrated
circuit and at least one of the plurality of processing modules of the integrated circuit.

19. The integrated circuit of claim 1, wherein the plurality of processing modules
are digital audio processing modules selected from the group consisting of an audio
memory transport module, a digital delay line module, a sample rate converter module, a
filter module, a mixer module, a DSP module, and a digital Input/Output module.

- : 20. The integrated circuit of claim 1, wherein the integrated circuit is in a very
) large scale integration (VLSI) device.



arranged in a ring configuration. In one enbodi nent, the nedia data path
defines a digital audio bus that serially interconnects the plurality of
processing nodul es. The digital audio bus may communicate digital audio
data in a plurality of tine-slots, each particul ar processing nodul e having
an associated tinme-slot fromwhich data is received fromthe data path for
processing by the particul ar processing nodule. Fig.1l

ABSTRACT OF THE DISCLOSURE

METHOD AND DEVICE TO PROCESS DIGITAL MEDIA STREAMS

[0043] A digital processing device to process media data is provided.

The device includes a plurality of processing modules to process the media
data, and a media data path. The media data path communicates the media
data between the processing modules, wherein the media data path is

) arranged in a ring configuration. In one embodiment, the media data path

’ defines a digital audio bus that serially interconnects the plurality of

processing modules. The digital audio bus may communicate digital audio
data in a plurality of tifne-slots, each particular processing module having
an associated time-slot from which data is received from the data path for

processing by the particular processing moduile.

Fig. 1
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