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Vehicle Computer System with Audio Entertainment Svstem

A

TECHNICALFEL
) This fnvepiing relates o aodio entertsinment systems for vehickes:.  Move

particutarly, thix trveation relates fo 1 vehisle compuster systom that implements an audio

i Madorn velucles ave pleally equipped with several independent slectonic

2%

systoms, For ostaee, most modem vebicles have a sound systen and a zecusity svsten,

Most fate model vehiolis are alvo constructed with @ dlagnostic system that analyzes

purformance of the vehicke's englne, transoadssion sud foel system, and sther ¢

{1996 or fatey for OBD T 1993 or lafer for OBD DL In somme recent models, vohicles are

Iy

that yasorporstes a global posit ioning systom

s
(¥l

being squipped witl 8 navigaion system

SLIVAE IO TORSIVE bifii’ial*t\ rom 8 aatelitte ne TWOrK oy LOMPINY £H0rauaies fhat

¢ vehicle over the surfiwe of the cmvth with regaed to longitads, latitude, and

At

alttude.  Cellular conymunivations systeme have also been added to velicles,  These
crumTIRioninns systemns enable the vehiely driver ov ocoupant to transact relephons calls
23 from thelr veluele.
»

While these various sleotronios systems have proven usaful to vebicle users, there

is 3 drawhaek i that the systenss are nnvelated and tncompatible,  Buach spstom smplovs

sepatate propictary dedic processors of ABKDs {application specific integrated

eiveuite} which execute incrmpatible propristary software. 1 s velicle maner would like

ik
V41

to add & securnity system o his'her vebicle, the ownse must purchase an ontite seourity

k3

Y

system from one of the verslors and have i customartly installed. There 1 ne way to add

SUBSTITUTE SHERY (RULE 28
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security Runvtionality @ an ext

e navigatiod sysient of

LIS, Patent Apphivation Senal Mumber 0 cutifled “Veldels Computer

Systern,” which was fHed on November 39, 1993 in the nemes of Richand T,

Hin Wong, deseribes w vebicle somputer system that is

~

capable of integrating these diverse and sopurate systems as well ax offering a general
purpose cwaputing platfenn that allows for easy expandability. The vehicle compasier
sysiom provides an open hardware arhitsonue and su
systent, The open platformy operating system sapports muitiple differsnt applications thas
can be supplisd By 2 sofbware veuder,
applications  portaining v onleriainment, navigation, cobwnunications,  security,
dingnostics, and others.  In the preforred tupdementation, the apevating svstem s a

mitiashing aperating systom capable of cosenrrently nunving multipls spplisations.

T

Hix mventon jv divected to the audio sutertalament systens implermented by the

vehicl compuiar system,

SUMMARY OF THE INVENTION

This fnvention converns 1 vehicls computer system, and more particulariy, the

aucio entertabiment aspects of the system. The veliole computer svatem has thres

-~

modulen: a support madule, a computer module, and feeplate masdule,  The auppt

¥

module i3 formed s part of 2 statfonary base anit of the housing that resides in the

vehicle dashbord or other looation, ¥ bas it awn bogie unit that can be aplereniad i a

field programmable gate amay (FPGAY, spplication spacific ming grated oiroudt (ARSI,

custonmzed processar, or the Hke, The support modude also hay an sedio sis goal processer,

suulas an audio digial signad processor (DEP), whis h performs the signal provessing fw

audin data,

SUBSTITUTE SHEEY (RULE 28
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WO 9 FOTASOHONISS

3

3

The computer module can be 8 separsied modide attanhed o the s sppnt module or

ft"

iy funchonadity intograted dnte the support module.  The computsr modale hes
procegsor that s se opersting systons. The computer modile and support moshile gre
wrterfaced usiag & wuli-bit bus, such as 8 PO s, The faceplate modile iv detacha sbly
compected i the support module. The thoeplate module hes o logic wait of s own
comtrol @ dHeplay and 2 Keypad, snd optionaily & BF tranvesiver such ue & colfhular phohe
and & two-way pager. The Hweplate snd suppert modules are vommested usl ng a high-

speed serfad conneetion,

The sudio enteriaunent systent iy primarily suppoted by the logte unit and audio

Usuppart modile, The suppont module can acconmodate musltiple audic sources
such ns CD player, CD ehanger, AMEM tuner, avxibiary 1, mosiliary 1wo, CIHRPRIST Wave
ouipts sud } migrophone. The supprat module tecsves the duta S fhe sources,
processes 1t the audie DSP, and eutpute the data to fhe speaker system or othey
dostination, such as & USH pevipheral or memery in the somputer module.

The support sodule Jogle unit hey an internal addrossidsta bus strachure fhat i

mdependent and separte fom the internal s of the compater module,

bus functions as the periphovel commmunicasion pathway so hat dats Som the audio

sources oan bo provessed without intervention from the opppmser modnle. For mstanocs,

all of the ambo sound gonvration, processing, and outpwt can be handlsd through the

suppot module while constming minimal processing resotress of the compater modale,

”

.
-

%

ceording o an aspeet of this invention, the sodio enterialnment system ¢ apovs &

N N

ast of pingpong bhoffers

.
T OAn . i

G

LY mensory soupled o the intesal addresa/da bas
structure of the soppat module’s Togie wnit to tompararily hold dot being communisatad
botwsen differont audio devizes. The logio wiit has direst momory access (DM 2% sareuids

associated with sach of the sudio devices to sdesignate partionlar storage arcaw of the WO

SUBSTITUTE SHEET (RULE 28
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WO SR09 N PO

-3 the same memory buffer, Whils one DMA cirenit is

&

3,

{ifling the puag butfer with audin das frony one dovios (s, an AMEM taner, O plaver,

eto.}, the other DMA oirenlt is roading dats from the pong bufler o on Wt o anether

P

N

audio device (e.g., an sudio sigaal processor),
According fo another aspeet of this wventisg, the sudio ante

1.

processes the digitel andic dats of an beternal sarpling rate {og, 44,

mnn

by a master olowk raby derived fom 2 48MEz clock and a software ad diuatable divider

regivier 1w the support modele. Do holng ravsforred frony the bufler o the audic DRP

for processing is sampled st this rate. Howsver, an audio sourcs device operating under
iy own olock signal may weite alle data Inio the memury ey at o rate tha [HEY B
meactly mateh the oot DMA clock mte, The audic evtenaimment svstem safhwars
sdfusts the divider register to manipulate the mster clock rate i the CODEC o order to
synehronize the dula write and read apesations ints the ping/pong buller.

According o another aspret, the conyaster systam provides an sudin wanager AR

{application program interftee) o enable spplications rusming on the computer to contrel

the varjous audio sources without knowing the hirdware and hoplementstion details o

P
i‘,}
I3
]
P
Le ]
e
el
et
ol
v
b0
X
o
e
prech
o
ps
&
]
o
o
e
23S
P

functionality of the sadio syetom, suoh sy squalizstion,

o)

sowmd deceding. The andis manager APT mansfors calls mads by the spplisations o the
sppropriate devics driver(s}.

Another aspeet of this dnvenhon cerns 3 technigue o bondle voize date
rocoived from the miophose for input o @ speech 1o eogiion sestent. The spesch

4.

sifernoes pieked up by fhe mwiorophone are ssopled ar the 441 ¥R

0y

supphiad by the CODEC, Howsever, the speoch recopnition aysiom om:

sanupiog vate, such as a significantly slower 11 Kie ssmpling rate, Rather than add a

ferophome date {which would add cost), the sudi

SUBSTITUTE SHEET (RULE 38)
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Ny N N SPY Feavinl & e VYO
KMz The systom makes ues of an 8P (sevial peripheral (nterfies) of the audio DSP o

mgayback the microphone dety with commandimessage streams,  The PSP performs

§ \\w BN rw ,,,,,,
nornal tow-prss filtering wud devwn sompling on the data strearn sud then usss the S81 @

o

ata back out at s new 11 KHe sampling rate piggvbacked with

W
7
5
oct
z
St
f;’
=
,,(,
7y
A
=
,w
r.l
P
=
s
s
Pt
ff
23
("}

forence rumersds are weed thronghou the draw ings o reference ke

sormponents and foshves,

]

Fig. 1 a2 dingravomatio lustiation of a vehicle computsr svsteam,

55 & 3 g EEEREN

Pig. 2 i3 o Baprsmmatio s

& =

sudtiple external peripheral devices.

2
N

&

Fig. 3 i a blook disgram of the vehicle computar system aceording © one

1

implemeantation baving # faeeplate module, & svppo

ntw
£
»;
;f
Poerd
t"
y
=
Q,
T
T2
bl
—
oy
Toe
boecd
%
bae
o
pos
=3
s
Fa
o
%

Fig 4 ixa bloeok disgram of a logie unit and andio DSP inglemented in the sunbont
modols of the compater systam.
Fig. § & a block dHagram of & mewwwy access cirowst that maps dafy droen

fevices mio & piagpong butfer,

o

.

poviphery

o

15, & 18 & block dagram of & sraster clock sdiuster sironit,

s s

¥ig. 78 g bloek dwagram of o bus arbiter virouit,

- 8 shoews o sudio softwarshardware fnterface srehiteenrs,

Forey. € g o Hepeiveayn] e : 11 " <
By 8 Bactionsl diagren lustrating sadio datn How i sn sudio my

u’

BRIy

2

P ol fiaone 3 i L N5 3 SRS
Fig. 10 1 @ bloek dlagram Hustrating wse of an SPL post fo sxchange voics date

betwesn the awdio DEP and lngle anit,

B3

DETARED BESCHIFUION QF THE PREFEREED FMBODIMENT
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P
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a
3
This smyventon e divected to s andin srchitesture for an sudio cwteriabmnerd

s mvention ave partontarly well suited for vehicle sntortinment
systerns. For purposes of discussion, the awfio arhitecture i described in the context of
& vehivle computer sysiom

Fig. 1 shows & vebicle compoter systzm 20 according 1o one implemsntation of

s e e S R N NOVVUVR PRI, 7 - S SO Seh e AN g
this tnventien.  Veliole opmpuier system 20 has o centalized compater 22 coupled {o

various exiorna! periphes! dev

v an optional monitor 34, security sensors 28,

a vehizle disgnostic interface 28, spoakers MY & vebioly battery 32, a b ckup battery 33,

T XA T ey S rar L T T et aet < FENDN 3 3
and antennafs) 3 The computar 22 s assembled m ¢ housing 36 that ia aized #

sutlar fo 8 conventional sutomabils steves. Proforably,
wetor of & single DIN {Douische tndustry Morswen), Bug, it

tor other spesal fovm ot

The comgreter 22 rans an open platform opersting svstern that s
appheations, Using an open platforns operating system amsd open compater svstem
archutesture, various software applications and hardware peripherals can be prodused Be
wedependsnt vendors and subseouently nstaflsd by the vebicle waer affer purchase of the
vehicle, This is advantageots i that the sofbware applications do not nead to be speoially
configred for aniguely designed ambedded systems. The open hardware architsohure
praferubly runs @ mdtiseking operating systom that emplovs a goaphica! user interfacs.
One eferrad operating systent is the Windows OB opersiing systom sold by Microsoft
Corporation. A muliitasking sperating systom allows sirenlancous exsoution of mult tipie
spplications,

The computer 22 includes at fenst one storage drive that permits the vehicle user to
dowidoad programs and data from a storage medium, In the Hhatrated pdernemation,

.

the corputer 32 fas 8 O ROM deive 38 which rendds application-relatad CDs, as well as

7]

=

}.

musteal, viden, game, or ot

77
e
pors
o
o
o
St
ot
S,
e
Py
2Py
s
=
%
Eaes

hor fypes of entertainment ©

ol
»

o and satertainment player. The computer 23 bas an

SUBSTITUTE SHEET (RULE 2§
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7 floppy diskette drive 44, an optonal smart card reader 42, and dual PO card

£

sockats ov compect Hash 44 whish accept BO card types L M oand 10 {(formedly

cardds} or Compant Sash cuvds. Alse, o hard disk drive {not shown) can be

weinded on the computer 22 fors

ams andamer datg, A D

{digital videodisk) plaver may also

The storage drivee are monnrtes! 18 3 base unil 46 of housing 36, The Base nmit 48

pag

is construsted and sized for mounting i the deshbosrd. Optionaliy, this hase wit may he

A

rmovihie in the same fadion as 2 loptop computer from iy asseciated docking station,

This tigh-end option alfows the user o tabe Ky velicle computer to ks home v offiss to

serve a8 his portable PO

The housing 36 has o detachabls faoeplate 48 dhat is pivetally mounted to the font
of e base tnit 46 The faceplate can be rotaterd to promit sasy and Convenisnt sovess o
the storege drives. The entios faceplate wait 42 behaves as 2 woltifnetion peripheeat &
the computing plarform

Faceplate

& graplucal display 54, The duplay 584 35

y & backiit LD having 2 reclangelar amsy of pixele that we ndividually

scfectable for Humusation or display, The display oot v & mediumeresclution, biv
Hplay systom having at beast 10,000 pixels. In fhe desoribed implomentstiog,
the ammy of piaeds hus 2 size of ar least 84 vertical by 236 horizontal pixels. The
operating system of base unlt 48 intevacts with faceplate keypad 32 and froeplate display
34 ao peripherst devices when the faceplste 84 is attached 1o the hase moduls 32,
The fsceplate 48 hae o stat bolton 36 that provides the Sonilin “Stas™ functions
of & Windows brand operating systent. The faceplate 4% also has & powsy Iution 58, a

I

foor-position actuatir §0; an “onter™ button 62, an © aseape” button 64, 3 “holp” butlon 68,

enf
Pass)
Rad

g “mene” hotton 68, and & vodume contral uwg

X
The computer 32 has @ speesh recngnition systent fo perat the uetr to verhally

exiar cormands 0 g hands-free, syves~fres envivonmant. These v andy can be

SURSTITUTE SHEET (RULE 28§
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wsed for controlling most operating modes of the vehicle o camputing platform, as well ss

X

for controlling applications renning on the compitar. & veionsinpt port T2 connected

with the support wodule may prefertdly be nunted on the visor or other locations 50 ¢

to sptinally ok wp oo inputs for ety o @ spoech recssgnition s

The computer 22 also supports an DA (nfrured developers association) transceiver port

¥ F e 3 Fiaxer 82 ¥ a3 o NN 3 s te
4 monnted on the facoplate 48 o transmit and recebve dag

Tix doad an apphivation o duta soto the computer 33, the vehicls user toserts 3 CD

ar offer wedia G the application i not alresdy oomtained on the hard dsk) fnto fhe

sppropriate drive and the operating system downlosds the applizetion or daty terefront.
The nataliation provess o be avtomatically handled by the sperating systeny or with the

assistanee of command {nput from e wer in the far of Ckaved seg

At

wEnees on the keypad

O
i
X

32 or verbal instructions using the volee recognition device, Another tochrdaue to load

%

dafa or applications o tranafer date with other cowputing devives is fhvmugh the wee of

the DA tumsceiver port 74, or the wirsless ntornst Bak

: ST 159 ecyacbes VIV IO S o Y ~avr W 3 ” H

In general, the vebisle computer spstem 20 can by used W intogrste multiple
vehisie-relatend systoms omle one spen platfrn hardware sad software archifectire. For
mstarwe, the vehicke covaputer s 2 can swrve as womultimedia sntertainment sysiony,

& nE \*m fHOn 3 ysunm, & compmadcations aysigay, & sevuriy sveform, and m m&‘*nostix

ih
yo

systant. Morsover, the vehiels compuier systom 20 provides addiions! functionality
tredilionally assoctsted with decktop and laptop personal computess. For instance,

vehiole compater syetem 20 can support address book appHostives, eamall programs and

appointment/schedule applications. Furthermors, the vehisle computer systern 20 can he
sonfigured to oparaty 58 & server fo other romputing units in the vobicle o datribate
games, video movige, and the Hie o pavsangers.

Fig. ¢ shows the computsr 22 sccording to ong implementation of the invention.

Computer 33 hay theee primary mod
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the attached peripherals do ot incorporate sue and wore USB peripherals than supported
divrectly by the suppovt modaele are attached. An nptionad VOA nr ofhar & i graphiss

controlter 114 38 provided on the support madide 82 1o drive the aptinual display 24 {Fig,

I The VA controller 114 iy also driven fronm the PO bue. An IDE controller 115 s

1y

also provided in the xupport module.
B aoted that the USH interfiee 112 amnd VOA comroller 114 emuld ha

& O

faes
v,-»

mcorparated into the fogic anit 1ML An ATAPLIDE interfacs {used to dedve ¢

ROM or DVI playery, ansd 2 PCL interfive are fuplersented ae part of the fogiv it 1K

For sepporting tugher tomchwidth video applications sush ss multiph video soreens, a

P13 nterface oould be added @ the svetery and deiven from the POT Gnterface ov
meorporated i lngic ualt T

The support module 32 alse imehudes somntio signal proceaser 116 to > porform the

s processing algortthens whish may jueluder sound equatization, digital crossover,

bass, treble, volume, surround sound, Dolby pra-logie ™ A0 and MPRG desoding.

15 Thy audio signal processer 118 also drives dipital-io-anaiog convesters for a six chanmel

o

audio ouiput {not shown), The audie sigaal processor 116 s praferably implomentec

P2

5

DISF (dignad signad provessor), such as a Motorols DSPS6000. The suppont moduls alse
includes an AMEM ey module 118, 3 GP3 (global positis swing system) chipset 120 1o
snable satellite navigation for Jongimde, Wthude, and altitude nicasurements of Ui
26 vehicde, and ome w owmore audie analogo-digiml convertess and digitad-to-analog

. T O . R “"‘ 3Ny
converiers {or “CODEIR™ 122

ehween the sertal poripherst devices, The fast dat

f{l

A mernory i praforably buplementes
aa 2 high spred SRAM {statle random aceess memory) with high spoed pragipong buffas

&5 132 to provide high spred buffering and “ping-ponging” of audio date or USE data that

s

nunimizes processor interaction. In the preforred fnplem entation, the KO memory 130

SUBSTITUTE SHEET (RULE 3§
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o,
frevs

#0188 2 fast dete womory boffern, which accommodates dmia exchy WPL WROBY Many

The feceplate modale 80 veunides nn the

faceplats modde 8O Iz conneetsd io the suppont

ot Setashabnds af tha Fasoniatee A9 oy +1 % &
facilitates wasy detgohabiliny of e facoplate 48 from the main ho sing M
R 5 thr 3 o N - ; v Vel o3t :
rasdule 80, through the detachable comector, commmunicates hi-dlrsorions! ¢
support module 52 by means of the highespeed sevtid interconnect SR,

madule 80 inchudes a logie unit 140 8

s
)
g
oV
=
L
h¥d
]
foor)
o
[
&
o
Qu‘
joo]
”‘ﬁ
jores
%
:3
,
£y
3
%
&
o
Cd-v
3]
PP
o
e
et
f-a.
%
.,
g
(€
fos
oy
o
’9
o
o
,,,

device, The feeplate module 8 alse moludes o keypad 52, a diaplay 84 and an EDA

sort,  Additionstly, the fcendafe mndide €8 comtying o oot fhe sn catiomal sbie e DR
port. Additonally, te faceplate module 80 contains a slot for an eptional pug-m RE

,.,,'

trmeseiver 144 sueh as @ celiphone, twoeway pager, or poini-to-paint spwead spectring

snmesiver,

T4

< the computer module §4 resides in the dashboardmounted base unit 46

nucrpwecssser, When plugged in, the compater mndude ¥4 i connested o the POT bus

&6 1o covumimeate with the support nodule 82

P PP AR o TR W - ; £ : Y
The muormprovessor 180 nuns Windows CF operating systemt from Micrsoft

Corporstion. The opeeating svsiem s stored in ROM 152 or flash memaory 154 of (e

upport module. The oompeter module 84 supports any variety of applications that the

y

velnole user might desive. These applications san also be stored on the ROM 132, flash

3

™
A

ey L34, DRAM 156 or on & removable stovage medivm {not s sheowny, sueh s a OD-

=)

)

eotier Cuard Flash memory, B drvve. ar Hanes 3
ROM, cassette, PC-Cund Flash memory, BC-Cand, hard disk drive, or fopny diakete.

»

Additionally, uwesr applestions may be downloaded from an optional wirsless Intomes

sonnestn.

The computer o

s

socket ov Conmpact Flash used 9 suppornt

fovred iele e AT e O W 3 3 AT
bard disk drives, modems, RF tamscoivers. aebwork sdapters, o wther PC-Carpd
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13
peripherals). The conyrster modudy B4 alen has an optional st cond Interface 150 that

= R S T I 3
acorpls smart cards oy v

A more detaded expls

i provuded by co-pending 118, Patent Application Serdal K

L&

Vehiole Computer Sveteny,” which was filed on Novembsr
Richard D. Beokert, Mk M. MoeHer, and Willian Wong. This application is sesigned
1o Microseft Corporation and i focorprvated hereln by veferencs.

The logic wat 110 4a arf:s;mgumi with s own multbbit bus structure that e

suparate froan the bus of the microprmvessor 130 of the competer module 34, The Jowic

10 unit 11D and micvoprocessor 130 aro mierfced using 2 bux, such as PO buy 36, By
configaning the logle untt 11O with its own internal bus, the logie anit 110 i sapable of

P

better performing s fasks mdependent of tervention freva the nelcroprocessar 154,
Mursover, the misenal tus of the logie wnit 110 fuoibtses date communication betwsen

the audie compements and other serial devises while nsing mindmal processing 1

18 ofthe micvoprocsssor 130,

oy o
H

A detatted desoription of one implemsstation of the Jogde walt 119 is provided in

co-pending LS. Paterd Application Serial Mumbse DE/GSR TEL entitled  “Vohisle
Computer Svetem with High Spoed Data Buifer and Serial Interconmet™. whivh was filed

ont June 34, 199G in the names of Rickard D Beekert, Mark M. Maclier, Row Bandall,

i3

<0 and Willlam Wong,  This spplicstion s sesipued o Micssoft Craporafi

meorporated hereln by reforemce. The logie civeuitry described in tes disclosure

represents ancther implanentation of the logie wnit 1H

3 that s news specifioaily tatlored

et
17

Audic Arshiftecture

3

The conyarter systom 20 supports an audio sntortainnient syslent, As noted shov

“
<
D)

woumit LI i cuppont modale 82 performs wany of the fumtions for the andie

Lo

ey
4
e

e oy
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snteclaboment gystem, This brvention v dirscted 1o the audio architerture for an andia

st

Y

ewtestainmont syslem, soch as that tuplemernted in the aownpriter svstamn 2

anit 110 and the sudio signsd

y, snd additionally betwesn the Jogic anit 110 and other avdio companents

comtrofled by the FC bus, including the CODEC 122, the AMFM amer 118, RBOS

s,
o

decoder 170, In this reforenve design, the audio signal procsesor 116 iy eonfigered as
DISF inthe 8P {sorial poriphersl interfice) slave mode,

The logic unit 11 outputs two PY serial dighal audio stroams DSPInG and DSPind
to the sudio DRP 116, An identival paradlsb-ioeser ey civeuit creates vach
IG e iy 08 110G, AN wdenliesl paratisi~toeas f CORYeErt iromd orgales s

&

steeamt. The cirealt rads a pavallel word from s holding register and placss it inte an

ot shifl register. An TS sorfal shift clook (64 ¥ 44,1 kM2 that i gensrated sxisraaliy

¥

¢ shift register is syncleonizad o & mas

generated axternally by the CODEC 123 The LROK signe

5

the data ts assoviated with she left or right chnel audio signal.

The ven sterso sudio steoams am recstesd at the D8P 116 over two separats 8

et

npy channels sd wend to oall any one of the numerous

QP sudio slgorithans, sueh ax
Suveonnd Smumd. The proosssed audin datr s sent out Sroen the DSP LIS baek o the

N chavmels g DEPout interfice.  The three DRP

y-v<

fogie onit 110 vy theee separate )
output channels inchvds channel SDO for the Fomt lof aud fone o et speskers, chanasd

S for the reay hefl and vear right speakers, and S is the sonter and sub-wooler, Rach

sound channel is 20-bit sound aligned v a A-clock fomme whers the MSB {mowt
significant DI} corvesponds o the MSB for 'S and nwelve 073 follew the Jeast

A sound souroe s aked o one of the DEPin channels in foms wait 110 by a dives

5
rmervory aoeass (LAY process of pverlaving » pingfpooy buffir zone i the O men 10T
130, Deta from a sound source i3 recaived ot s svrid ftorface and foansferved 10 one of
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Samsung Ex. 1320 p. 2874



%85

Ca)

WAE RWASHHY s FOTARMBRISG

,‘.“;

aratie
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B d

<
et

D

> data o u parslisl famar for trwstor over the g wnit's mtvomal

A3 menway THY

An addisional feature of this handwas irplementation s the abilsy to have four

steven DMA processes all going in pavallel. Two audio sourses, suoh as wave-our and
CECBOM, could be feading i twe destinations, such as DSPin and DSMal. The
foreground wadio woaree (sued s navigstion sysias instruction} can he pi oEr

. c 3

fropt speakers winle the background sudio smurce (such as T nwsic) con be plaved at

ke

the car resr spoaks

BATR.

Pig. 3 shows a ping/pong DMA ciroult 172 @ oswwe desail Al of fhe pingipong

LA cironits are variations of the smme baste design. For discussion puwposes, s DMA

A%

D
e A eivery 1O R 1% T P 1 e vl
the DMA oirenit 172 hav ¢ seriabto-paraliel converter 200 0 pomvert the serial

data reseived from the sssoctated sound soree pepip

wral device B0 a puraliel format
The parallel dateois placed indthally o o hedding rogister 202, When the holding register

202 fills, it sends 3 mgnal to the DMA request and pravt shus 204,

p=y

& DMA address ponster & formed by output from two Jogic componegs: (1) a
start address register 208 that containy the upper DIMA addiges Bnss fo locats an

pec

sppropriate huffar aves within the V0 menory 13 o hold the duts received from the

holding vegister 202, and (33 an wp countin 208 that gonerates the lower DMA addross

hnes for the it

svinter o the stant address ragister 206 The s

counier 0% and the upper agddee

or potnter defines the bogihnning of'

wermmry 110, In fhis implomeniation, the lower address bi
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L
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208 are used for comparizon with the last valid address register. The stan sdivess of the

buffer area f on 2 page boundary and the siee of the buffer wea s a

eorresponding o the

Thelower address oounter 340

butfir aves of the JO memory 130, : namber of bits i comter 208 corresponds to the

aize of the ffer aven. In this fplomentation, the counter employs nine address bits A2

ATD, with bt AQ and AT bomg sst 10 90", The congat output Ty the comter 208 iy med

Ay & pointer fo the loation min which the data W the holding vegister 203 is o be
stored. Owee the date e travsforred v the storags location, the sounter 208 i

giorementad (o reforenee the

next appropmate laeatic

T

1. .

The DMA ciroutt 172 defines one buffer of the 10 mamory, whick splits inte tao

LI P

halves: & “ping™ buflor and & “pong” buffer. One half of the bufle Crepresents & povtion of

the buifer arsa for & particular peripheral devics, sweh a3 the monn mput cirawnt, it

ek data v Radwg o1 ~ 3 R A YYR TN Mo e gl af
which date is being weitten foun that devise. Conversely, the other half of ¢

aenon of the buifer ares &¢

reprosents austher p 0 which dat is belng read, say the DRPin

DMA aweutt, The IO budler sones S the sound sourcs have the saye b cuiuming snd

end powus as the wons for the TSP date for the DSE, and honee these 2ones are suid to
he “overbaying” s another. While the sonrce is flling up the ping memory buffer, the

pong baeffer 1s being read out to the DSPy output. When the souree hs Blled the ping

(]

buffer, it boglns filling the pong buffer, At the sante thue the DSPin serial o uipat process

wffer and begin roading the ping butlee,

53

it AL of the bewer address vounter 208 divides the baffer aren

e the ping and the pong hutfers, When & tansition of th upper counter bit oours, an

ng tmierupt mask ts enahled. Afier witing

SUBSTITUTE SHEET (RULE 28)
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address counter 208, The “lasy valid address™ register 210 also vontaing sn enable DMA
bit, which is asserted fo start the DMA DIOCENS

e

& 3 $ Ty T, AT ey T o vaedt et e Lanene o . Y b I3 b e T
The DMA process beging with the initdal mart addross pomter. Hach DA cvede

will cause the addresy to inorment by one anit,. When the valie I the lower
5 address counter 208 eguals the value in the “last valid addvess™ register 210 se dotormined

o
3
Vot

s
7
Lot

B2
5
b
o
1]

- 212, the lower address counter 20K IS reset f5 veros and an forrant {8
genersted, The DMA procsss then comtinuss from the be sinnitg of the DMA buffer

which is on @ page boundury where the page wize i3 the sizs of the ping'pong buifer
When the most significant bl of the lower sddrags coumter makes a teanaihion, s uderag

o will be gensrated (i unmasked) to defive chunging betwsen the ping and pong butfer
The DMA provess I8 proeset to accur for bvie, word, or druble-word size data

packets. As an example, s HDA DMA cironit em ploys byte stee duts packets (e, §

dts) becauss this &5 the fundamsotal size of the data reseived,  CDNROM data &

3 s

transterred inoword sizes (Lo, 16 bits) which s approprinte for is bus siee. An IS DIMA

Kmmml
Lt

shtst in toansterred v s doublevword stwe (Lo, 32 bitel, whish reprosents one leftivivht 16-

bt data pair.

~ % .‘.\, A ¥ I OA S rees M Bgien d T ea N & e VA
DMA addross bty AU and AL are contrelled by the approprinte DMA cirowit,
USRI ST S ST i veru e aadee b onterrsmia e et brxsen ol g
Those bis sre decoded and replased by he fowr-byte sslen signals,. The lower two bitg

8 (AL and Al of the tower addresy comster ave asedd o seleot one of the bt seleet Bnes it
thy fransfer i byte wide, The lowsr it (411 of the couter 15 nesd fo select the UPPOT Py
or the lowar pair of the byte soleot lines 1 the trarafer & word witde, In witich case, two
bytes slent Hoe will be shmollancously asserted. Al fonr byte enables will e sssered

for double word tmsfure. In this manner, the DMA provess accommostates byte, wend,

o

2]
LA

or doubly word size duta packets

In the case of a serial roveive procese, & serial dats steam recebved Fom

pevipheral devive fv shifted within the serdaltoparaliel conve {3 1o form unils of §,
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16, or 33 bits in fength, After the appropriste rumber of shifts, the data i transforred to

register 202, The process of tansfiuding dats 1o the helding rogister 202 sets the REQ

signal in the pin

Whenevee the holding register 207 i fll, the g & erreuit TR ow

X,

grab the next andin word froms the holding register 202 and place it in the 1O mem

vy

buffer 132 Whenever 3 DMA prosess erosses @ ping o 2 pong houndary, an tuterrapt

will by generated O vnmasked), This is tue o

GA

oth the DMA process of the audiv
soures and for the DMA provess of the DSPin channel. The reverse fmphed that in the

case of & tanamat DMA process, such as the DEPDNG chasnel, when holding rogister s

)

vraply, the DMA ping/pong clreuit will grab the next audie word from the VO memery

and place i in the holding register,

Synchronizing BMA Processes s Shared Pin > Py

. 4, the audio archifeohive uses the intarropts gonerated

pa =

~

v eams for synchronizing two DMA processes that ars

snd subsequently read from the baffer to mnother DMA
cienit, Depending on the sudio sowve, the DMA shagis Ry wie st read at different
rates. In the desoribed implementation, the ougut TMA cironit uses 3 44,1 Kie © arpling

by the fogis wnit. Howsever, the mpat DMA clroslt may wse & shghiby

different data rates. For ingtance, an audis devies oper sting wiader i v clock signad snd

coupied to the TSE cu write andio data 1o the buffer 132 at 2 rate that ia ot axuoily 44.1

W2, A avesull, the fnput DMA clock rate may not exaatly matoh the eastpat DMA chok

rate hecsnse they are controlled by different clock oivenits.

3
':f

erfations, differsnt Seead and device divers contral the

reading and writing DMA processes of the shand pingfeong butfer,
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arideen @ T e e \’E,« Ty A T AT TS| 3 b o 3 ?
audio source peeds only 1o sonsiruct a devive drfver to T the sharsd buffor at i slocked
vafy

£ examples. In the fivst soonario, the writing sl reading

ed on the 44,1 kHz waster chaak, T ik
$ 0 suppose that the AMEM funer 118 iy the spurce of the audio data. The aadio duta oy ot
fromn the AMAEM tuner IR §s digitized by the CODEC 122 snd outpat ag an BN sudio
streant 1o the Togie unlt THE The heglo wnit 110 converts the I8 stream into 2 loft and
vight pair of 1o-bit words and g fret DMA civouit for the AMIPM tuner writes th w e of

e

e the

words to the “ping” purtion of the buffor Indicated by the DMA poluter, W)

e
s

AMFM funer data is bemmg written 1o the ping ey, #osevond DMA ohout

pa

e Fedoy Py ; - P S § ) o
sirmttaneonsty reading deta from the sorespouding “pong™ portion of the baffer P IRemeT

process and ouputtng that dats fo the DSPin o put, Stnes both the weiting and reading

L

processes are at SL1 RHz, the toggle botween ping and peng socurs stmuftaneously in

both meonung sad owgeing dats. The Wnterrupty penerated by both inom ning and

B

15 onigomng s the conyter as some inforest in the dats {such

§ 3 N PR Y I L PO . ke .
in the gecnrud scopario, the source writes dute uwt & rale shightly differem from the

infarnal 44.1 ke, Sappose, for example, s CD-ROM plaver it the soures of the data, In

452

this case, & prgdpong memory hudlr

2 ds configured to overlap the CONROM memory

2 %3

3
ke
e
g5
S.v
2
e
joosy
=
o
£
é
17
?"
5
R
it
145
T
£
4
fe]
]
oo
;ﬁ"
ounrd
s
153
e
o
o
fect
o
Fot
2
654
bred
=
poert
o
Iy
M
£
(GA
=
et
oot
ot
Loicd
gmmins
“d
$od
‘555
' t
’:/
et
ool
<
%
e
<%
ey
—
oo

reading data out of the “pong” nsmery budler ot the 44,1 X tate,

Next, supposs that the CE-ROM player reads sudio data from the CD-ROM &

2 avthe awlo wate of 441 KMz Al iim rate, the CTRROM plaver makes » block of 2.3

of amio dals ove fof @ necond. W

hen s blook & seady, the CDWROM

player activates the DMA rogoest Hne, sensfers the block of data gkl

‘,,;,.

v, s deactivates
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the Hne anil i recofves the next block. The DMA chwult genermtes an intorront at the sad

of the block transfer. As & result of this provess, the mudio dwa rate of the CIRROM

ditferont than the 44.1 kM2 mostor olock that drives the audic DRP

L0 and CODEC 123,

5

To synchronize these two data streams, the software device drivers use 1 @ g
watt 110 10 monsure the tuns between the bleck data transfers of the CD-ROM plaver and
adjusts the master audio elock of the support module 0 match the CTRROM data rate.

Fig. & dlustrates & waster clock sdiuster oivoult 220 bnplomsated 8 the logie unit
e master sudie olock adjuster 230 has a voformnce vegdster 233, a divide by N

counter 234, two oomparators 236, rwo latches 238, mud contral logic 240, The two

corparsion 2038 help determine the e gt wioeh data is betay wriites

affer. The bost computer writes 3 poloter o

X

w fatvhey 238 The potnter correaponds o

2 o ‘ ‘ 1 P
heFaY

an gddvess in the 1O memory 130 of & ping/pong baffir 132, Any operation that writes
data to that addvoss causes an interrept to be gererated 1o the host GF anmasked). When

i

gt

e internapt copurs, the computsr reads the addrmss position of ¢

reading date out and based on this posttion, determines i the ¢
the rafe gotng out,

Ly

When the rates dufffer, the coamnputer sends @ vl

Thix value s wput to the divisde by W counter 234 gonsrate the reforence audio clock rate
for the digital andio shannels on the support module. Nermadly, the reforence sudio clock
v 4h 1 kHe Howsver, the conyputer can submit a value thet sdjusts the reforence audio
chock to speed up or slow down the rate that the datt Iy vewd out in order to synohronize
the date rates of Incoming sudio streans,

i the software design, one single share

A rpemory buffor o be nacd fir vuduple

faput divices o wrile data info and for only one output device o resd data from. The

reading and writing DMA processes of the shaved pingpong huffer are controfled by
diffirent throads and device duvers, The ohjestive Gere is fo write » sbandard ouiput
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devion driver to B omost

o~

radd ey at s own rate.

sudio sowrces. The sudio souvce dovice

L}

One aliernative 1 usioy a single shared buffer among vark

have wultiple shared momaory bud
sudio source uses e o

the currsnt audio sourse changes,

i buffor aned the outnut devics driver

of the mudio souress. Fach

awitches sinong difforent

The drawback with tha

implenentation {5 that It vequires more memory space. In addition, 31 is not necessaniy

sasy for the new andio sowroe to noftfy the output devi
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driver) is flling info the shaved butfer at the s

44,1k sampling vate. I the mading thread i

example,

~

s LIS devices), the ofosk rate will nov oxacdy match,

ouipud neise since the wmput BMA and ouiput DMA may oxteh &

e Rﬂ the same m " NG mmz bhutfer section,

L the svstern emplovs

regalar read-done Juternupts and s writenonfcation

¥
o he

Finwt g en fon $ ¥y o .
adapt s oloek o maich the w

ring DMAL

radio), there fe oo probden. However, fior the peripheral dovice

who spurce dovics

5

> olock rate {(fow

3 H g

such gy OD

i

Sooner oy later thers will be

o cach ofher and stast

cryupt, the reading thread can

When the reading thread deteets the firet write interrupt, it can simt reading. For

writing {

sutosstop the opsration.
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The congarter systorn 20 &5 2 fally foctionyd, geperal-pirposs compater that

DU 8% audio enteriainment 5 ysim

The system 20 18 designed o support multiple

2

ey

sudier sorees, such as radio, T, Aaxiliary inputs, and CIF changer, The sudio D8P 116

handles the smmd equalization, sumound sund decoding, and volumedbalance/fade

contrals, The audio can be played o a speaker system (8., six speakera} or to any USH
chent
The computer gystem 20 implaments an andin manager AP {spploation progran

interface} to cnable appdivations nowming on the computer o control the various andic

sourees swithont koowing the havdware and buplementation detaile of the undsrlving

s dovices and thely duvers vostra] different Srotionality of
the wadio aystem, such as equalization, vohune controls and surround sound decoding.

The audio manager APL iransfers valls roade by the applivations to the appropriate devics

.\

driver(sh

Fig. & shows the applicatimeto-hardware arcldtectre, The sudio hardware 270
Ax audio bardware absteacton laver {HAL)
the susdio related drivers for the hardwars 2790
and the sudic pumager AR fayrr 2740 Atop the awlio manager AP 274 are the
applications 276, The sudio manager API 374 Jofines the APIS to acecss snd cnntrol the
anderiving sudio systam,

The audio manager APL 274 hay Hve cme componenty austio sowree contral AFI

278, wave-in and wave-sut APD 280, surround sound decoder API 382, equalization AP

,.

284, and vohunedbalance/fade APL 280, Dfforent APIs control differant aspests of the

apdio systam. Together, they provide s comvanient APY

The awho sources sre wwo kinds: foreground audio
sourcss and background audio sonrees.  Foreground audio scurces include 2 CLRpgley
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wave file oulput and text-tespeoch sutpurn Foveground audin sources are mived with

s

achive bhackground an sourves. The forsground awdio sources are controliec

%
;2.
bl
b
&

wave-mi APL. In contrast, fhe bag

d andio soarces

a

player, auxibary wpats, and other sources from the USH.  Background sources sre

3

3 controlied by the sudio ssarce control APL

Although the wudio system van have more than nne destination, such as speakers,

UGB devices, and the compder, the main destination is the speskers. Henes, sny one of

the seleted multipde audio sourses sventually converzs to one audis destinstion—rthe

14 Fig. & shows how the sudin managsy AP modules coutrol the sudio Sow P

o (\

The audin souroe control APLITE &y wead to select the hackground sudio source, B

~

serves ax the coordinator behween the G

e

cret audio applications that contrel differen

pigces of the andio system, For oxemple, while the AMFM toncr is plaving and the

]

a

operator slects to play & CIY the sudio source sontred AFL 278 serves o coondinne

3 s \\

stopping the tuper and starog the O plaver. Table © Hsts the functions of the sudn

po
Ly

soures conimi AR 378,

Tabde 1 Audin Sowres Contrsd AP 378

Hame Functian

GetRumSources  Boturns the toigd manber of repistered mudio sourves,

GetSouresdlaps Frovides information on a specific sudio sourse,

s

RegisterCalibmok Rogisters o calibuck thread.

SelentSoures Nelects the speeitic sudis souwe to play

W0
The wave-in and wave-oul AP 380 gre compatide with the Wind2 Wave APFls
documented i a standand Windows ADK, sech as fhe ST for the Windows OF

SUSSTITUTE SHEET (RULE 28}
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operating system, For mors ioformation on these APIs, the reader iy dirested fo the noted

M

The suround sound AP 282 enables surround souwnd decoding. Tt eontains

TN

member functiony to enshle and disable S8, set the surround sound delpy time, snd st a

o~

w-off Sagquency of g subwooder low pass Slter. Table 2 lsts the foctoms of dhe

L5y

surround sound APE2

Table 2r Sarvound Sonnd AP 3%

FaableXRSD Eaablos or Disables the serreaimd sound de suoding.

, - 3
sding algorithm,

The cqualization APL 284 chanpes the equalization settings. Table 3 sty the

funetions of the equalization AP 284

Table 3: Equalization AP 284

Ik,
L

Name Eengtion

GetEQCapy Reomves  varlons  properties of the andio
suuahiver

EQFreset S{’.‘is@r‘

o

szﬁara:mz presets Pop, Coumty,

BQBandControl Controls guin, senter

uf gach band.

FlterCondrel Conteols the srossover fhors
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x, balance, and fade. Table ¢

Tabie 4: VolumeRalsuce Fade AP I8

Fuangtlon

-

YolumeConiral \\mmi\ Solume, naide, balwnse, §
s woader.

With reference again to Fig. §, the sudio mavager AP 274 commramicates with the

gy

sudio device detvers for sperifis devicss vis the sudic HAL interfave 72, Te wenk with

applications 278, sach devies driver sappons the following set of eerfaces Hsted in

Tabile & fnterfaces for HAL 32

MNawme Funotlon

Hihnknewn Drefaalt wterfioe wsed o query for availabillty

o o
i

S interfave for sudio equalization,
{880 tuterface for nurround sound decoding of DRP,

Wohune Interdice for vodumebalinceade cowntrol,

e

o play an andio sowres, there e usually mors than one device nvolved, For

example, o play & €D, a chared-buffer devive I fost propaved before the O driver sends

SUBSTITUTE SHEET{(RULE 38
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the audie daty to the shaved buffer, Ty ssiaddish sy dependencies between doavices, all

S¥e Tty NG P T [ BYR B TN S 2t B 1 g P ¥
aucio relwtod devise drivers rogister themsedves and specty wha devies diver it depands
QL

play an audio sewee, B oalls SeloctSoures with the

The audio managey

sudic sonree, the awdio mansger AP fraverses throw gh fhe ek Hst structore and

fuformy sach sorge Py seleot the now souros,

it nfornes the souree and dependent devives of their initiation.

The i T N T ] . 5 ; -
The compier system 20 supports 8 speech veon gpmiiae syatem, such 88 8 control
¥ ‘A s YN, 4 \ o > b3 b
and command, disorets epeech recognition svsiem. Al sudie dula, . uoluding the spereh

wtterances pioked wp by the microphone jack 72, are sampled m the 44,1 kHy sarnpling
vate supplied by the CODEC, However, the speerh recngaition system may employ 2
o N S fiviey ate & % % ¥ X b 3 g
terent savapling rate, [ the described implomentation, the spesch moogmition: system

enygrioys o significantty slower 11 KMz senpling sate. Rather than add an adfitional AD

converter just for microphone datr {which would add cost), the svatem 30 converss

{"/
o
at
M
L2
4
T
//
(243
e
=
&
(oh
i

microphone duta from the Mgher 44,1 k2 sampling rat

One appeoach woald be 1o repord the

).{
's‘i.l’
z
o)
2
L,
?
7
.\.«LJ
=g
=
.."3
o
p2
=
o
o)
5
ot
T
A
A
©
-

the host comaputer to perfona s

desirable booauss it consumies rexouress of the zomputer,

A& maowe pratorred spproach ix to perforar the sarapling rate vonversion in the audin

DSF 116 or m the loghe unit 110, Howsver, sines the

glepwhere, an of s myverdion 18 to mggvback the wicrophone data with

Foes o ¥ e Roreceived s & i 3 i % s
comunands sains received at the 8P (sental p cob of the andio

wis frome the host OFPU and sent
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o the DEF vig the SPL The DSF porfirms wormal lovepass filterning and down

WAt

sappling on thy data strvany and then vess the SPI 1o send out the miceophone dita back

out st iy new T kHe sampling w

shacked with the mesases shenn,
' A

J

B 10 shaws the Sow of ndcraphone dats up to the polut where it i presented to

for speesh reoognition processisg. An anslop signs! gengrated by
microphone T2 is amplified in amplifier 290 and input fnto the mons channel of the

CODEC 1220 The CODED 122 digitizes the analog nu

resolanion and & swrapling rate of 441 ki, The 20 bits sro slizsed in 8 32-clock frame

witere the MUB corvesponds o the MEB for FX and 12 0% follow the lvast stenifoant bin

B pelisd &

,~,
e
freod
&
-

p
L
o
o
e
{2
22
3
Lrg,
%
s
&
-
=
ol
&
1
=
,J
&
W
o
iy,
=
=
/
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g
uw‘
\o\l
/
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?
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o
g
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ot
=

e

o

o
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- o . ¥
m the IR

Phe logie wat 130 recoives the serial P8 dats and ponveris it inte parailel dats in

T mone DMA clrodt 172 presents the

240 bits of mono dats to the SPY swosdule 23393, which cowverts the mono data ingo a J4-bit
BPT serral tnwsaction o the sudic DEP 116 It i noted fhat the DISP 116 pan be

simltaseoesly weesiving two chavels of IS audio from the DSPin TX ping/ping DMAs,

for a total of three sudio input streams, wit

hacked with the

cormand/message stroams,

The andic DEP 116 applies a bandpass Sy 204 1o the mowno data and then

dectmates the data toan 1] kM stroan by beeping ane of every four Sher saitput saveplos
and disearding the other theee, After sach fourth SPE o mput tonsaction, the DEP

retums & vahid filtered mone ontput data to the fogio wdt 110, Forsach 441 K period,
s mderophone data word is sentto the DEP. However, ondy sfter such Swurth microphong
worsd pent does & filtored microphone word some back Fom the DSP reprosenting 8
microphons data 3t 2 now swnphog rate of 11k For ench wond sant to the DEE, g word

rehimed. It other words, for each g words sent o the &P, the TSP retums ane word

marked ay flteved datas and thres words marked as tnvaBd daty,
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The SP module 392 converts the 16 mot stgnifioss i of the Bhered mone data

suto paratie] and presents tham back o the mono BIMA clronit 172

The monn uest sigral after # hue sfoved bwo

sonssCHive The data is wansfersd vid the

(¥

mdtipleyor 233

¥

: 3 BT A TRET TVREA svbveayis H
i generstad to the host CPUL A PCTDMA crrouit 296 reads the mono dute Som the ping

% :

buffor in PO memory 130 In response to instructions from a PO controller 29%, and
dumps the dats to a buty 200 in the Jocal host memery 1520 The apeech recopnition

software 302 retrieves blowks of the mone data Som the buffer 200 for provessing,

P
e
p
oo
e
%
e
]
P

18 i the bost waltes @ rosvaand to the 8P dats rogister i the Jogie unit
irterfises Ingic will send this cormmund word to the andio DEP 116 inumediaisdy fllowing
the nead ratzrophone dais transactisns, Sinos the mono sudio data dose wot weilize the full

bandwidth of the 8P1 bus, the cpmmundimessage siremn can be interlesved with the

mono date. After the andie DSF fx reser, 1 will expent to Ioad $12 (24-bi) words from

Yot
L
s
s
(5]
-
”
o]
vt

U oport that will contaiy s axeovtable progyam or & prowum o load larger

o

exevatable program. I this oircomstance, the SPI contral renist s bils thay will

o 3

sie the microphone dats foed, and enable dats writien (o the O

o5
.

data port o be sem
diveotly to the DEP, {n this mode, sl data received fram the DAPR g sgnorad,
Althoogh the wmvention hay been desuribe

:d i language specific o stractusd

2B features amdfor methodological steps, it v 1 be undemtood St the iyvention defined in

the sppended claims is ot vecessarily Tinited to the specific foatures o g ops described.

Rather, the specific features and stops are disclosad ss exemplary &

the claimed fnvention,
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L. Lo enferiammnent sysum comprising

& dats memory;

a logie wnyt conpled 1o resoive

eval aundic

RERETLRE,

a datg progessor i provess the audio dalyg

the logic unit having one ov more sudio sowren diveet memory acsesy {DMAS

3
3

cirenits asgaciated with vorresponding ones of the periphera! andio ssurces, sach sudin
sonrge DMA chrouit wiitiug the andio data mocived from the sssociated peripheral aaddio
3OUTES 10 8 dtwnge ares within the daty msmory; and

the loge unit alse having & data provessor DA circull axsociated with the dat

1

procersor o vead the sadio data from the storare areg within the datn moms vy for transfer

to the data processes.

& An ooteriabument system as reclied dm clabm 1, fusther cowprising a
syvehronizsion olrmat to synchrontze o fst rate a1 wideh the sadio sowee IMA sirouit

2

verites the sudio data inte the data mamory with a sexond rate a3 which the date procsssny

DMA oivenl! reads the audin data from the data mon YOLY,

I An optertelnment aystern ag recHed in olsim

. wheretn the fogic usit

comenerently transfers audio datn fom onuldple Sfforent audio siapces to the dals
proacesser {or CoOmTUIIOnt Procossing.
4 Avvehiole compiter system comprising an swortainment sysiom as recited i

S L

{r
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& A vehicle compuier system conymising:

2 frst mamory actess cireul sesociated with o frst data sowrcs o transfer Hrat
5 medio daa from the fiest deta soures 1o a Hest looution i the FO memory;

2 sononwd monwwy Soesss cirgwnt sesociated with & seoond data sowrce to tranatkr

seoond audio data Som the second data sourse o 8 secnnd locatins in the

and
a tird memory seeess itenit sssociated with the sudio data procssent to transfer
W the frst and seeond awdio dats from the st and seconsd Tocations o the TO memery ©

the awdio data processor for concnrrent processing and omput 1o ong or more audia

Geatinations.

8, A vehicly opmpuler system as rovited i clabm 3, whorain the Srst audio data
N

.

s ouipud 1 2 st sot of speakers and the second sudio data iy stmullans cusly output to &

P
$ 3

sesond st of speakers.

A vehiels pomputor systom compriaing:

pas

sy audio edertainmond subsystom to play sudio dats reosived from one or nwove
G audio sourees)
compuier idependent from the entertaivenent subsystem, the covaputer bedng
capably o runming one or more applicaton progrants; and
ant application program ecfce embodied on 8 compter-readabls medin to
define an ttorface berereen spplication programs running on the computor and the audio

38 emteniainmient subyystem, the apploation program interface havi my functions that ars

catlable by an application program o vonteod the susfio sutertainment subsysim,
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8 hea vehiole compater sy ¢ erubodizd on

g oormputer-rendable mudivm to define an tnterface hetwesn application progiams

ES

rumming on the computer system and an sadio entortainment sub sevstem, the applicating

program wterface baving functions that are callable by an application program o sontrd

the sudio suteriainment subsystern,

143

8 An application progrse interfios as reelted in cladm 8, somprising 2 fmetion

for aelest i“ié} siv ancio souree,

10, An spplication program interface s rouitsd in olaim 8,

function G enabling and Ssubling survound sound,

pru.

o An applostion program tterface as recited in olaim ¥, wrRnprisify a

function for changing sgqualization settings.

12, An applicebion program terfice s reched in olsim 8 SOMEMIsing 8

7

function for changing volume, balanse and fide charscteristios.
e 2R

33 A vehicle comytter systers comprising the applicmtio 2 a8

regited inolatm

o A syxtom compnizing
. NN TN YT B R R N AT ae e s 1 3 5 SO 24
3 menory hudler o feniporarily hold audio datay

a st mermory aness olroult sssociated with an audio sonros o write gudio daig

Froms the sudio seurcs ini

2 sepond Memory access civoul aserciated with an audio destinanon o vead e

ne

audio data fromw the meamory buft second rate; and
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i3

1. A wirslesy speaker systeny, comprising:

a frunsmiadon unlt, the trasniission unit inchading:

an zix';aiog 1 digital convertar adapted for sonnestion o an st of 8
fome audic sourew and

3 soures wirslesy coramunicstion devics somected 1o the anadog i
digital converter; and
a remots apeaker devive, the ramots spaker devive inchading
2 ramots wirsless cormouniostion davieg,
a digitad to naddog comesrter cunnecied to the remoty wirdlesg

ation de

3

= Sp&é&i{iﬁ}" connected to the digital to anslog comverter; and
& keypad connsoted o the resote wirdess sommurication device,
wheresin the horay audio source transmits andio signale to the remote speaker
devige vix the tramamisgion unlt, the sipnale being trarsmitted st feast in part viga
reless netwirk; sad
whersin the koypad sends eonwmand signals to the home audio source vig the

remote winsdess commatnation device and Ue transwission unll, the comrasnd

sigoss being trancoiited ot lbagt mpart vis g wirstass netweark:

e

3. The wireluss s aconrding tooclint 1, whorein the remote speaker
dovise ix arranged as headphbones, and wharels the revate wirsless

sommurication deviee, the digital to analog convanter, and the keypad are

disposed in v headband of the hesdphones,

¥

3. The wircless spesher syatem aconvding to claim 1, wherein the apeaier i
diaposed 1o the tnterior of an atomoblie, the remste wireluss conanusication
gevice and the digital to analog ecwverter ave disposed inside & car radis of the

sstomotdle, and the keypad ix disposed on & face of the car radin.

AMENDED BHEET (ARTICLE 15)
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4. The wiveless speaker system secording to claun L whereln the transmissicn ubil
Rarther comprizes 3 oonttrad uoit, whereln the omutrad anitis connscted tay the
soures wirsloss commmunication devics, sod whersin the vontrol unit reosives the
coruvand shgnals from the kaypad vis the remote wireless compunication devies
arad the soures communication devive and relays the conprand signalito the

fone mudio 3mues,

%, The wirgleas speaker syviem according fo olam 3, whersin the remote spesker

tovics s srranged a¢ headphones, wad whereln the renote wirelew

somsnunioation devics, the dignal toanadng sowverter, sod the kaypad are

disposed i a headband of the headphones.

&, The wireless spsukar syatem ac:cs;rdiis;, s claint 4, wherehn the speaker i

device and the dightal to smlog comventer ars disposed insids @ var radio of the

b 3

stomobile, and the kevpud 15 disposed on 3 fhee of the car radia,

7. The wirgess S;}%&k{tx‘ syatem secording to slaim 1, wherely the travsmisei unit
firther ncludes 2 soufee modeny connestad £ the Sourse wirdng conmramication
deviee and whereln the remots speaksr devies fagher inchades & semote moden
conmertad to the romste wircless communicating deviveg,

by

8 The wireless speaker system 3 ety the revocte speakey

courding o claim 7, whe

devics is mranged ay headphones, and whereln the remote wirgleas
sorarmunication devies, the digital 10 analog convsrtsy, and the keypad ars

.

sttaposed in & headband of the heudphones.

9. The wircloss apeaiver systern according 1o claim ¥, wharely the speaker i

disposerd in the nterior of an autcmidily, the romte witelves consrunication

devicn and thy dighal o analog convanter are disposed uslde & car radio of the

atomobiie, and the heypad iy disposed on a fiee of the car radio,

1%
AMENOED SHEET (RIGLE Y
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B A wiredesg sposker system, comprisheg:

p
s homa wadin sourse having an sutps,
& transmission undt, the tranaission unit cluding

3

an analog to digital conesstar conascted 1 the output of the home

el souren; sad

¥

& sourse wirsless commuanintion devive vonnecied to the analog to
digitsl convertay; and

1,
1

e renote apaier devion B

&, U

2 remate speaksr devie
wrainate wirdess sorrouanioation device;
w digital o analag vonverter commested 10 te remete wiraless
crnmunicstion devicn;
& speaher conmected to the digdtad o anadog convarter and
a kevpad conovcted 1o the remots wirgleas commumnination deving
whersin the bome aadie source trangirite audio signals to the remots spesker

device vig the tranemission unit, the audio signals Boing transmiited af least in pant
viz 2 wireless network, and

wherain the keypad sende sommand signals to the home sudio sowree vig
the remoiy wirsless corumunivation device and the ransndssion unly, the

conmand dgnals belng trancodtted at feast @ part via @ wivsless network,

3

il The + socording fo ohdm 10 whereinthe romots

speaker devies is arrangad 28 headphones, and wharein the romoste wiveluss
sommundeation deviee, the dighal 1o analoy converter, aud the kaypad are

3N

disposnd i beadband of e headphones,

Tha wirsless speaker wystem aconvding B i 10, whevein the gpeaker s

S

s
i

¥

ispossd i the interior of mn mitoynobile, the remete wireless conmunication
device and the dightal 1o analog converisr ars disposed inside & var radio of

o~

the atomobile, and the kevpad is disposed on 2 fhee of the oo radio,

AMENDED SHEET (ARTICLE 198)
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3 The wireless speaker sestaxs aosording to claam 14, whersin the transmission

wnit forther comprices a control wml, wheredn the controb it s connentad to

b

the sonroe wireless onmunosicativet devive, st whersin the contra! unit

recetvas the sommumnd dgnads Fom the keypad via the remote windesg
conurminication device and the soures conummication device and relays the

coprnand signals to the home audio soures,

14, The wiveless spesher system socording to sham 13, whevedn the ramote
speaker devien fv arvanged @ headphones, qrd wherain the remote wiveless

slog zonverter, ang the keypad are

digposed It 8 headband of the headphonss,

Sl
(¥ 4]

The wiveloyy speaker aystom according to oladm 13 wherain the speaker is
dispased tn the interdor of an automobile, the remote wirsless communisating
device anid the digital 1o analoy conventer are disposed inslde a car radio of

the sutomoble, and the kevpad i dispossd on 3 fave of the car tedin.

15, The wircless speaker systers acvording to clatm 10, whersin the transmission
unit Buther includes a source modem sonnented 16 the ourse wirdless

conuntsneation devive xad wherein the remote speaker devige further inchudes

3

& renotd modem conneoted fo the remoty wireless connmumcation devics

-

The wireless apenker systeny acoording to oludm 15, wherein the remote

sk

spaaker devdos is arranged ax headphones, sad wharein the remote wirsless

3 h 33

communioston devics, the dgital 1o anslog cowverter, and the kevpad wre

disposed By 3 headband of the beadphones.

2

18 aystem acoording o olabm 18, wherels the spesker fg

5« “

dispused i the mterior of an atomaebile, the remote wireless conununication

devive and the digital to analog conventer ave disposed naide a oar radio of

an

she automobile, and the keypad o doposed v g foe of the var radio,

AMENDED SHEET {ARTICLE )
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1% A wircless speaker systeny, oompnising:
s home sudio Soures having 2 transraisginn nall
ohding
ananalon to Jigted convaniae asd
% seatros wirsless consmunioation devics conmmeoted tv the suslag o dightad
convarier; amd

# vemvote speaker deving,

a remote wireliss conmunication device,

x digital to analog converter vormetad e the remute wireless
congrnication devine;

8 speaker counented B the dgital troanalog converter; snd

& keypas sonnectsd o the remote wirdess communination devise;

wheremn the hame audio source ransmi

s

deving via the runsmivsion uail, the audiv signads baing treaseiited & least n pant

vig & wirdless netwoek; and
whersin the kevpad sende romnand signals 1o the bome awbio source via the
remuie wireless commmsnivation devics and the trargmission uniy, the command

sigeals being tonsmnitted at feast in pavt viw 8 wiveless nabwork.

3. The wireless spoxker system soecording o claim 19, whereln the remote
spexber duvice i¢ arvaoged a5 heudphones, and whereln the reramte wireless
comronicating deviog, the digisd to analog comverter, and the kevpad are

¥on ¥

diaposed in & headband of the headphonsy,

b4
pvs

The wirnless speaker syatem acoording to clatm 19, wherein the speaker i
dsposed in the interior of an automobile, the remote wireless comraunioxtion

1. N

device and the digital 1o snalog cowertsr are dsposed joxide a carvadio o

i

the satemobils, and the keypad 18 disposad on & face of the ear radio

18
AMENDED SHEET (ARTIGLE 18
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