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Dosuription

0011 Thisivvaniion reltasio s gl seradingfrausive
ing minthad and appaaton, 8 Cols reoohding AUpRIEing
and & duby sesding apparsies. Mors paaticulady, i e
s o g oty semlingdroraiving msthon and appanaes
COOTRIaCIOr aeling anY i siing Ul S OE raeeRe
ing apparalus &l ¢ dula sending spganaiue

[OOSR Wik orovenant in ihe leehnigse of Qo
ReRsEng WHRG signaie oF sprech sigrala ar in the digia
it i the Seldof Wedkrsing
OF DRI i has becoms possitle U realize
sarvivas of diatnbating dhgital dala, suah us videe on da-
arand (VOEY o musls on demand RGEG.

RON3 Lp o now 39 an sxanpis of sarvice stnfigu-
athyg O Jumisting digitel date, & ac-calied guab Ripe
sarvide i3 baing offersd, it shinh the mosiving sitds
apooitio & particuiar puans IS Rast side ever e v
st and bt wddch 10 o oids olioves da falling
wrecder e paory o s duls base by veauantially ranse
Tor e retrivvad date v gtesainv o he mcehing sida.
{0504 Huwenr, in-the conventiunad daby tanemise
sfendmoaplicn Sygtorg, tore hucks v A0 reae x systan
of sutomaiosdly csenioadg date of the rese ndorme
T, gt on sads o publioied ondy of e, on e ranep.
e s, For exsymple. e sonvantiong! MOB sy
Hery, thaws laoke & oystnem of teseninaoing dida on aew
mesioa! ournbien G the oxeopticn sidy in the oonven
o BAOD syntam, e Ok & sestem oy peonitting
he reonption side o awich bohveon the oW pusiy o
fradiipdiony s i high pusiity regrativaion G das an
aaw musionst nembam, It addition, tha opswantionsd
ROD Sy iamt a0 Oy Hha 8 AN F whieh s
payy fen unasveplionally Jor dula asguisiion, (aths
srilray, e e ot baset known 1o ould 8 systentin
whinh & purdion of 8 raewy musioal nurmdiess i Read o
il and s s ey only the Tes o s cusvidwe which
Feys suitend 20 bis o he BRing o oules i sonuio the dlatn
ins e never reosiont numbey & s antisty

oS Risthooieran oest piihe prieant invantion
o peovicdans dilx sendingrecsheng sops i which re-
Shme e show-gogonba problvas,

[OO0R] i s another chiot o e prosent wvanion 1o
provide & dale sondigytecaiving meivel whinh rae
Suves e alve-deseritad prohlams,

IORT] B v st another (ject of s prasantinvention
By pIOVEKD 8 ORt resoplicn spewraive wiich resnivee
e aibovadasaribad protiens.

O8] s yel anothar objscl of tha prosent vassdinn
1o provdae 8 Sala sending Bpeanatin which reasives the
shova-dasoribed problams,

OIS Aonordingiothe prasent invention therg & pree
vidad @ dats awddingtecaiing appamaius mohading a
Hirst storsge wnt haiding Slurt gdata oy MDY & res
trivval it for redrioving he ula sloved bR s sloe-
agaunit, & Hral sendingfraceidng unil tor sanding data
itrewsd by e rotrioval und, and & sevond sending’
renaiving ual ior moeidng he dale sent from the Tt
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aaradngtaosiing wil ¢
mation fronrthe vesr The feat sondingfonsiving enitve-
cabves e ragiest infprmationsent from s aserio supply
i rosaived roquns risvad @it
The seocnd sengingfraceddng unit has a deolsion ust
oy chseking whatnge o7 not s sent o e et sand
nyreelding Bl is Sala newly attredinths first sorage
anil and & second altrage il ior alorng daty aand from
e st savglingfrooaddng il i the resulis of chwpk by
Wi check wilt indnains that he 388 & dela sioead in
e ot omgn unit.

B Acsording tothe prasentineantion there salsn
providend 2 daly reoaiviig appardiug instuding ¥ send
ngdrenshving il i racsiving dalzsent ramahost sltds
gdavica ard oy senabyg the requasl ndorvaation fsyn thy
G20y i e sl Aty dwdne, & Slurags unit for staeing
rsvaiad dhiln sad By Ne sendirptacsiving wt and ®
sundralyy for chacking whathor o a0t e sord dal i
418 Ny SRorsd i e host widd davig, 1 Suntraling
wapsing s sen! daty o e slord i the slorags andt §
e resdly of ohaeok nohws 1 Mo st daia s daty
nevnly slored By the host aide deine.

RO Accordiog tethe ppgend rvardion Wisye & abs
pevviden ¢ dule sorndivgyensiviag method ralodbg e
stops of oty phera! date sored in 9 B Qorage
wnd hased o e ronuest nfeovatr rom 8 wonr send
o8 hnat sids device, sarding e relreved dela fow
oot widp dovige, chesking whather of rof the st
ity i daby naswde sorsgd in B St sltengs ol ang
Afeing the oo Ss in & 2econd staage wt i the -
THNAT St Sevioe i i ragiiin of Chanimingtion: MYicER
that the sant dals i dal nawly stored in e first sipeags
gnit.

{00IR]  Scconding B the presant invention thees i ad-
dittonwlfy providad & fvis sending appavatus ehuiiig
& slorage snl having plursd dal stored thersey, 8 -
efed st Jor relrieeingy chelnadorad i the slotage unl
sy e et Bloamation g ths vy cantaine
ing datx wpecifving the uwr's interdion e makes g
s sent ham a terninad side Sevige et g wondiny’
reneivirgg unit hor sensfing the okds mtioved &y e re
ievalard Ths senning

reiont nfommation: sl e e use 0 sond the e
stend Infomnation Wi raraeal snit. Ths seeslingis.
nobvieny Gnd swinhes hn sonding madn 1 ihe tenrinal
sitds davics of data ratrisesd by e retoiaval rdt brsssd
oft gata apiing the User's indention o make pay-
marts for tha equast inforrmatice feom fhe user

REIS] Tha mwasiiy will ba fusther desoribiad by waiy
of sraviple with refarencs W e aacompanyng drave
gy, iy shighe

Figet shows arvoniive sincturs of 8 data sandingd
eneiving systo embodying the prosend nvention,
o) & povtabin saningi Yades ot s JeiR relsving U
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Fig. % s 8 bloek dingram showing an Hostathe ol

ot sucters of | dam sendihgtateiving systen

Figot shovws an ownmpie of s formal of daby sy
fromn & daty serdng appaatus o s d e
SPPAARLS.

Fig 8 v a towahacd o hastialiyy he prodessing by
& vialy sonding ApNAMIes; & N8 reiyving Jevics
Aend A poviatie fenioat device 1 oacs the designa.
ot of nove Mmesing nurde e I oomaived i thy
Sata desigration nfomiation ol iy et FiofnEy
Hon asnt from the porialda tarming! daviss 1o the
e aviding sepsmties and for flstathg an ey
ampie of swiching the sound Qualily of he naw mie
alosd nunber dag warstonned by e dody sendling
gppastus i the ala reonivig supsrstus,

Fig & fo w towehan for Hustnmting e prandssing
auriesnts ofthe dats sevaling apparahus, o relay
g apparaiiy 3o The goable teraingd dawdos i
s T daty sonmingg sppandns exscilve & push
ype gorvien

Fhy 7 & s dagaanenatio visw showing s acamgle
of setiing a0 fosounting leg ko the msieal detg
storssd iy a hard dise of @ hard Qe drive,

2 I ¢ porspactive view for fustraling thecase
of spprednoing new sl number dat resdied
<t e hard gise it ihe podalis Reminsl devios.

Fig B og How ohaet Hustraling e playback
DrOCRSSTIY for naw rnusieal numbas data

Y

Figoil e & perspentive visw fof Sustading the por-
abterbereninad device assesaing the dala sending ap-
Saval s WRBDW ompioviag fe deds relaying devies.

Fig 11 15 % pOEpaciiey viow showing e alteawive

sfruniure of the dete relaying agpatas
O] Fetorrng R o Sranings, mrefared embond
reavas ol @ ol sendingtecsiving Sppaatus seoceding
2 e prose nvenike will e sapiaiosd i dotsl
I0I8] 0 the dela sencdinpraceiving ARparaing, s
pizdemd in g Howing smbxeadirend, Ui sesuvas tha
resie dala s st Boms dals sending aupReales A8 &
host sids devies U a dale revaving apparatus a9 ! e
minat sidh devics!
{018 A dala ssnodbigfensiving avstans 1 of ths
prasent pyenlivn, shown o Mgt b8 systen for s
caiind musivon-demand and & dala sending davics B
A terminad deviceon the servoy akie i ponanctortover
& sormaieaion rehvork 8 o s dala reniving dovieg
4 The dals recaiving devios 4 s mads up of & daly
faying Covine  ardd 8 poriaide teaial dedts 8, 88
wsar sits Wwening! devies, delachubly conranted o e
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daia eplaying davics &

BOTY Specificadly, pach latend sudans of scasing ot
Hhe ponabls lerniwl devics 4 s baded oy 8 mountig
portion ¥ Yoo a3 stratons o caahy of thy dta -
Sawirg davies § for sleddricaily and machanically e
sonnooting s dats relaying dovies § and the potisble
tormiral govios 8. That iy, with e Ualy sendingfrocaie-
g wystam 1, the dala sanding devics ¥ iz connanten
LN TR CONTREHEARon AWK 3 R e JIR reigying
davios & and s deia relaping devics & i qonnsotad o
e poriails vmingl gvdiss § I infroannscting ihe o
8 aendig devies 2 ang tha potabls lenninat deviss 8,
DB Tha dala sw o davica ¥ s mounted al, oy
Franple, & SRR MANAgentent cantre o the side ol e
aavar and srehanges duia eonceming the acenunting
e paeforning prasel ascouanding o w used The dsta
rSRying devios § ross e rogusst infoemudion fromthe
gartahis Jonrinal dovies § us ey sxpiained, 10 send
1Y relayad blonnaie 1 he BN seoding Sedns 2,
whie redayivey s diste seat i the shla sewling se
wion @ B e e rolaped dats 1 the podadin terning
devinn 8. Thedata relaying devide B s mounsted on kiosk
whog &l | raleay station, & stnvardenee o, & puldic
Jefaphons box arst n bama. The poriabde tevaingd e
g § by owned S saoh pesr andd g rorlabledavine
parpaiont e fransgoristion.

R Arthmugh ondy ong dolix relaping deeine § and
ovs poristis termingl doviee § sre shown in Figd i
gonvaniense in Hesteation, 3 plundlly o oate alaeing
sevices § aot g plondity of porbible toreting] devions §
HECONNISOTEE QUSY I SORNTENEHN nRIR F g
aarver side gala sending devics B,

RN For P Qooenigvation natework 2 and an aoe
enunling coranunination sebwork 10, IBHDN v R il
SR Ntk i peadd, Aol B prasend el
ment Hustisiss wn sonbodimend by whish the sormmunt-
waation rashacak & and e dels vendiog devics & ars o
apcton Dy wired canreniian, such A Wil 8 Owamush
oation oxbile ar an opliond Hwe, the winsd connssiion
may b roplacndd By raslic oy wicsieas somnaation. s go-
ditian, aftough the comvmnicalion nebwark 3 and the
duln relaying Sevion &R sty oovineang by wirsd
DOrETRGHIN, BUCH 4% wih B OomTunisation elie o an
sptical e, wirslose onanolion, Sueh o over A iy
FOULE, MISY el bioused Alsn, it e S sendingde-
aaiingeysiem 1 dela nmemissihn fmom tha s sand
By shion 8 10 Wi Onta ronelving Oevice S may tovig
& oowmunition yredur, smpdoying @ bewdinssting
aatsiiita, withou! ampkoying tha comenurioaion neieol
Shy awired cormeutiin. § the hrvadcasting salsile s
ussd, tha sommunicalion petwork D e uasd iy sanding
T ronuaal bdormegion, 84 Bler expisimd, from the ge
{a ragsiving device 4 fo the dats sending devises 2.
BOEY Thesorveraide data sondhgdovice T racaivas
he roguast inforaadian, s inisr axpiained, samtiomthe
dots relaving devics 8 ovar the communination sebeuk
R0 rotrivve e ralovant ANa Dased ot e ooy
saquast infpenation. in addition, the duia sending devies
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2 tansters thy refrisvad didta In » praset sysieny var
e sorunenicstix reheok 3o the data rolavigdoviee
& mepdior ¥ iw leminalidevies &
KO Roferhg 1o Fin g, this daty sondihg dovdee 2
inoludas an indariagd T oonnanhed pvar B oo
mprieaiicn nubsork 3t e gate safaving oovies § oy
Ualg Seaahn sad [eoaplion, 8 RIGe-CHpacty hant dise
arsy 19, having phurat dulg ama, suoh 88 Ml mar
i, g 8 as reoving pronessing
3 iae tatuiaving rele o s haed dsg
srray 13 The vodh steriing Oavics 2 i Iniudns st
agoouning processing unit 14 for acocassing the so-

conrding aornranioatiot neiwork 13 fo garfny preaat
aeeating for the charpoghis user and s contolier 1&
for contrailng b daty sending devies € it g sxiively
IR} The bteduachy sl 11 e aunnecied over the
comnnination nabwork 3o hy oiin maving doves B
Wrnosive e roguogt nlonvation serd fony he povtabia
Tevninut doviee §0eh a8 T Skt deaignation piuaia-
o o e user 10 ddormstion. The intafacing uni 13
SO SRR Anch v ek datk, duputed by e datn
redelanedng proonselny unl 18 au inder sxpdaines vigthe
cenirdgatiun natetrk 310 e daln e iping dovice B
T sbova-rordionsg apeatios of Bs bsrianhyg ud
1 ave sxeunlad on the bases of the contebsigoals semt
from the controlier 18
RIS {othe hard discuray 12, theee are stored dala,
SR an mushad data & earious gonres. guide by musie
G oty aclio data e pampeness dala vihe ard dine
ariay 12, Hhiore o gored sl dalx congorning the
DU NESIES LMoY, tolerred is hengn 88 New musiost
rgmiher dEin, Along with an appended ideniifier, rlarad
I NATRITAA AW TRl Gida idantiRar THhE nsw mit
vical mugatet dals rwans vaming! dula within g proas
e parind an om e date on whieh | iy it on o sade
only of e, such ua withir one monih, The speeifiad
dedioiiicn of the now musiosi susher deta s sppaaprt
sbady chotenvaiovad o roniified o the Bt sioe:
OURS]  Ths duls radriseing pracsssing undt 1 Breosives
e request nidenation o e ponakds woreing de-
vise § reoedrad by e intaefuaing ond T, ovey thasone
ol 18, and eldoves idievard data o e aumurans
O Horss, JUoh S muskal numbarg, sinrast inthe hard
dise aray 12, bassd on this raguast informstion. Tha
Uia ratrieving procsesing enit I hss s oy or frahe
sdant dafs sinags and rewds cut the rarisead data fram
thehaaldisr sy 12 oy tnasiend sitexgs thovein. The
data refrisving proveseing el 1% el sarcds the et
shwad it e mamory I the interfaong unt 11
OIS} The dabs relviaving processing unit 13 absocan
g oudt oy e msstou! numbar sata frony the hard
siee arey 12 by retdnding the nnw musioal ramber e
Bliar Thv abova-dssonbed cparalicn of the duda rettiae
ing prodcssing ol 13 i podonmed o the basiy of son-
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S pigngls o he controliar 18,

{OIY] The seccunting procsseing unil 14 ransives
e roguest nloaTiatin Tom e porais el g
iy 8, reoaived by e Refacing unit 11, via e ontw
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Wi recabved roquest informaiion, white oxaciting prosst
acsouniing for the chargendis uses
BUER  The sontroller 15 has o sarding ooning! peo-
grars for parading mnskoad dain retavant iy the reosived
saqguast rformation 1o he daly readng devivs S o e
Dasis of e renusal Intermation: s Tram B portalis
terinal devive § vin the Qe relaying devise Sand the
eommunioatinn nehesk l, The gontniler Haontpia the
wiarkacing i 11, haod disg avay 18, Sada relriauing
procssing sl 13 sod e accHaing processing st
is 2anting oouitio! prog
walks the vontiolisr 18 contals T inter-
Taclny it 11 s it thy rogasst infonnation sent frum
Hhe porishin lavning devics € via the dite miaying da-
wise ¥ and the conmnunination reheork 3 is rensved and
aan W e cunbroliny 18, The eontrolier 15 transiantly
storge e e informaion supplisd furm the wer
RO IR 1Y W R0nd B st irdranstion e s ety
redrigsing provessing sn 13 argd o e sostuntihg
proovssling wal 14
B The contilier 13 sxsculss Bw showds
sovibast rafricealiasedon e dab doskyatias inforna-
iy o B reoceent oxguee infavnation R raad out the
cadeimvasd catee foover B Bosrgd oo gy 1210 slons the
Ais dravdently i the semosy o e daln mldeing
geconssing en¥ 13
B8] Theconiolier 19 refere 1o o peer I rdormee
ton o e revshead anst nlovenation ke oanirol the
dala relieeing mosemng unt 13 and e imordachg
SN YT e thad e ORER transinn iy airadd B The momony
of the i minsving procssaing it 123 9 sent o the
tariading Unll T an et raad ol o e sy
i ot i the dals ralaying devios 8 1o whish s canneat
e e porkubde tarvainel devien 8. In s roarnes musl
cal deta iy sevd fom the okle sanding Savics 2o the
pentable i decion § i ihe prasent daty sendingd
meehing systam 1
BEGED  Inthe sandivg sosiral praayramealithe contesliae
15 i seaovablod 8 pogeaen o offening 3 se-nudian gush
Iyps sareios e {8 subyontine. The grogran oy offesing
S GUSH YRS eIV INCHSHY & gona-Daal sonding
proxenr D sonuentialy soncing musicaidta v o gt
sl ganes 1 the poriabie tormingd devioe S hassd on
the ganre desigriating Rormation used ity designating
he specilisd penre sant T the portabie lnoning! dey
vipe &
fOREIY i thes pengeen o ofimriogg he pusty s sae
ey, s s avsembiad he new musiasd nentey
Sundvigy progea Tor sequantialiy sending only e naw
musical nurahey dals fo he portably lemiinal device 8
vased oy e now rasioad nuntier pey infdanation
fromy tha poriabls Terninal daviow 8 summanding fans.
for onde of now musiosd ey dats. The contrd gpas
alivds parformed B Ihe eontroier 18 in offoring thess
push type servicss will be axplainad by dolal subsse
QUBSTNY.
{ORS4)  The dale sendingireoaiving aystany 1 of e
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prosant smbodine wser the prel
T and aonds data on ihe dely packal besle. The doee
mad of sach s pachal sont fom the dolr sending de-
vice 2 o the daly recehdng devien A s ek g penatin
weindy resio date as mab dada potiinn R comprassed
with modilind BOT as iscloend Iy axample it Japee
reney Laying-Qoar Fatent HO-1080ER o Jxpavese
Laping-Qpan Patant M2 008008 and iIn witich & new
: rpanhey flag of nunvher 1D iy gppended Wy
pompresesd daty, as shown i Pigd,

FOOSR]  The new mssioad romiber fag e 8 Hayg specily-
ing whether o me the musie dala a5 vompresead daa
e naw rraasiond numbe aredis agppandsd as & haso-
o Ry cach gdute padkel. The ransy B daly oides,
Tor sxanple, Muss gentg, s of fhe perfenmng salist
oF e e o he vannion auvnher By using e dela oy
nal e shown i Fig4, Plers ¥ oaussd ne roovanisnng
i B dals sondingfeoceidng sestem 1 wantin crendle
Aty I e feorn the daty Sonaing Sewdng F e dain
reasivig devics $ over e broadeasthg sateliis v data
v QOr D QOOOIMO0S WD HY push sysient

{O508]  Refarring io Fig R, the date relaying deviea §
fchados sn intetanig ini 31, 8 hard dise aray (BN
[, & suedouly mamony PO Y 8 awaken-antesg
rearery (RARE 28, avy opsraling o unf 98, & dispday
st 28, a0 Intertneig (F) Ul 37, s charging un 28
st @ coaprofier 89 comprived of A micaNcomgeisr
Trose slenenis are nfermormecind pver & bug 30,
ROAF]  The nsriaoing e 31 & onpanaeiad vy oo
munination neheork § 1 e dal soring doviee £ 1o
TSNS G s Troe e el acnling doving 2, The
racsived dala i florsy iransiantly i ths RAM M. inthe
SRla reiaying cevdeg &, 3 loimingd 2le proviiad s e
13 o) 8 CHAING SSIVER Be npioutps erodnals o the
intaraning Bl 31 serves 8% a1t puidutpu Teemingl of
s inleriaeing usit 1

FOOORT Vs hawnd clisoadrbos 38 nohadee & e e, et
s, ool reosheed daia unsinrdly aterad I the
FAM 84 fv rouordad under ooniral by the zontroliar 88
RO o tho ROM 83 i@ stanxd B rolsy tontid pro-
srany far controliey the aperaiicn o the dals relaying
dodend, 6 e oRs relayieg dadine & e seaolisr 88
raste ot the rolay contrad progrant slead in FON
2F ot he conatinant dermanis of B duin misg-
gy dewkie &

O] The RAaM 22 iraoesanily siven tha dats sant
fomvihin dads sonding oot 2 over ths cemraunieation
rspacek & This R&k 84 fransiandly stoma the resquesat
ivfonmation sent rom the portable wminat devins Sovar
he ¥E 27

0031 An achuting npul und 25 sends an sohastion
gt signal 1 e contmiler 28 ared has & plosslity of
antuaiing butions 38a, as showrin Fig 2.

O] & olsplay unit 38 has & keid drysial isplay
govics and iz peavided on e iop of thy casing, av
ahown in g 8. This display wnit 28 dispys he actaty
I BN signg! rom the fotugting It 25, deia e
aaption alatas frorn the dala sending devics Zorthe gy
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russt nlnemaiion from the podatds tenninal devics 8.
PO The iF &7 B Ingmd oupad intedacs ky the
poriabla iaemins! devics & sl s comciad 1 the ¥E
F1 ot the ponable tormbnal devios § © ecive the o
rsst hformation om e poriebia termsinagl devics Svig
s BV QF e R EF sands musioa! data sent from T
dns saniding doevies B vin i 31 o the ponahis tavningd
S8 Tha #F 3F of te dide refaybyg devics §ang
Hhe FE 31 ol e pariabls eoningl deviee § provids
shectical conasction batwsan the dair reivying devioe
St e fonahis vninaldevion 8 vy terming! 27g o
e side o the dala relaying device 5 and vig lemninal
Fia of tha poriahble lsamial devics § oovmeaiad i thy
§F ¥ and FF 3 reapentively ssshiwn in Figs Sand &
B Thachwrgng unit 23 s usad oy oharging & bat
Ty 38 o the poiahie lmdaal does & Speciiically
with e dats ralaving devies § hobhg aeelvally son-
srontod 36 the portaile lonvdesd davive & hat s with tha
riakin rning dedoy S hadng iadiad B postion o
Buee shatta relaying devine &, @Y opitput el $8u ol e
ORI W D8 {8 DUrRaciont W S ingt teraiond 33%
of ey hattary 38, as howrin Figs 2 snd ¥ 1o supply
e Suirveot fen e ohargiog unl 38 ke e baiteng 38
urider sanirol by he sonbudhr 38
048] The combrolias 28 roncle cut and axendss the
rekyy covtnd progesnn stoved B ihe RAM 23 e pantrol
the raspective Movke gs denodbad shove.
B Reloringio Fig 3 the ponabis orminai davice
§ inohadon an pharises $FTET @ haed disoaleen (MG
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Vehicle Computer System with Audio Entertainment System

TECHNICALFIR
This brventige relales o sodio endfedtuinment systems for vehis More

particudarly, thix tyvention relates {o 1 vehinke comypster sestom that imploments an sudic

cuterfzmment systany

BACKGROUND OF THE INVENTION

Maodorn velucles are typioally equipped with several independent slestronde

wiost modern vebicles have g xound system and a sesarity system.

Most tate model vehiels ave alvo construsted with & diagnostic systeny {
prrformanes of the vebicles engine, transnission aud fuel systeny, and uther components
{1996 or later for UBD T, 1993 or later for OB DL In zome recent models, vehisles ars
being syuipped with & navigatioe system that fncorporates @ global post Moning systom
{CPS} reveiver 1o receive signals From o satellite network for somputing coordinates that
ooate the vohicle over the surface of the carth with rogard to lenginuds, latitude, and

e

altitude.  Ceollabr conymunivations svstems have also been added to vehicles,  These

o

cranamuiontinns systerns enable the vehiels driver or ocoupant to transact telephons calle
frony thewr veluele.
While these various slectronios systems have proven usaful to vedhicle uaers, there

is 8 drawback 1o that the systems are varelated and fncompatible.  Bach spstom smplovs

[

separate proprietary dedicated processovs or ASICs {application specific intepratsd

eiveuite ] which execute incranpatible proprictary software. Wa veliole aner would Bke

to add & security system 0 hindher vebicle, the owner must purchase an ontire security

system trom cos of the vondors and bave i customarily installed. There 1§ ne way o add

SUBSTITUTE SHERT (RULE 28)
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"i'i"’l &liiﬁ‘ Y sien of

LS Puiost Apphiostion Ssviad Nesmber (8564358

wole Computes

5

Systerm,” which was flled ov November 29, 1995 in fhe names of Richard Tt Beck

L

Mark M. Mosller, and Willam Wong, deseribes u vebicle computer system that is
capatle of ftegrating these diverse and soparate systems a8 well as offering & goneral
puspose eomputing platform that allows for casy axpandability, The vehicle oot ey

syster provudes an open hardware architroture and supports an open platforny operating

The open platforny operating sy

tor supports omitiple differsat appHoutings that

3 3

10 can be supplied by o software vendor, For tnstance, the operating system oun suppit
applications  perfalning o onlortainwent, navigationm, copyMiications,  securiy,
dingnostios, and others,  In the preforred tuplomentation, the apseating systery s a

mulittashing operating systom capable of coneutren ty nsng muliipls spplications.
RN - 5 XY

This mvention f directed to the audio eutertaioment system implemsied by the

P
%5y

vehiols compnter zvsiam,

SUMMARY OF THE INVENTION

Thia mvention conceras a vehicls computer syxtam, sud mre particularly, the

1

audio cnmteriyinwant aspects of the system. Thy vebiole computsy svatem has three

A modules: a2 support wmadule, & somputer module, and faceplate modile,  The sappott

module i formed s part of 2 statfonary base unit of the housing that resides in the

vehicle dashbosed or other location, 1t bas s own Jogic unit that can be popleroented i a

N
X

ategrated siveutt (ARIOY,

fleld programmable gute amuy (FPGA)L application sp

custonsized processer, of the ke, The support module also hay an sudio stgnad processor,

35 sk as an audio digial signal prog

K3

s {DEP}, which perforns the signal processing fiw

audin data,

SUESTITUTE OHEET (BULE 28
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The computer module oan be v separsted modide ataohed 1o the o gt modale oy
iy funcrionality integrated inte the support module.  The vomputer module has

processor hat runs an operating systens, The computer module and su pport modele ave

unterthoed using & mulit-bit bus, such as 8 PO bua, The fae eplate module v detachably
commected fiv the support module. The feeplate module bas a logic wait of fts own @
comtrod @ display and a keypad, sond optionally s RF transesiver such se & oolhdar phone
aind @ twoeway pager. The fiweplate and support modules are sonnested uatng a high-

spoed seriad conneotion

o

he andio cnteriannent systent s primarily supported by the Jogiv wnit and sudio

LRGP of support modude, The support module can acconmodate raultiple audie sources

such as U player, CD changer, AMPFM tuner, avxiliary 1, miliary two, CrHnpRiSr wave

cutputs and 2 misrophone. The suppiat wedule tecsives the duta from fhe sources,
processes i the audic DSP, and cutputs the data to fhe spesker systam or other

destination, such as & USH pevipheral or myernory in the computer module.

ay

e support moduale Joglo undl hay e internal addrossidata bas struchue that s

o}

independent and separate from the infernal bus of the computer modale, This logle anit’s
bug functions as the poriphorel communicasion pathway so tat diats from the sudio
sources ean be provessed without hutervention from the consputer modale. For instancs,
sl of the awllo sound gonvration, processing, and ouipst can be handled throegh the
suppat module while consuming mindmal processing resourees of the computer module,

Acvording to an aspect of this Javention, the sudio entertabment system angroys &

st of ping/pong buffers moan PO memory soupled fo the intursal addresaideta hag

Toda

structure of the suppon module’s logis wnit to tonmgs

rarily hold dety being commuaicated
rotwsen differont sudio devises. The logic wnit has direst womory access (DM 14) mirants
assoctated with sach of the sudio devicss o designate particalar stotage arcas of the VO

menory W hold dats recotved from, or fo be sent to, the assoniated devics, Awdio daty ie

exchanged trough use of a mupping overloy tochuique, i which the DMA cirasts for

SUBSTITUTE SHEET [RULE 28
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o audio devices read sued sertie 1o the same smemary buffer, While one DA cirouit is
ifling the ping buffer with sudin data frons ome dovics {eg, an AMFM ey, CD plaver,
ste., the other DMA cirenit is reading data from the pong bufliy to ougaet to anwther

audio device (e.g., o sudio sigaal processor).

Aecording fo another aspeot of this fvention, the sadio entertsinment svetem

processes the digital andic data ot an hutornal senpling rate (o, 441 EHx) determingd

¥

raty derived frowm g 48MH2 clock and o software adiustabls divider

2

by a master ofs

regivter in the support module. Do helng transforred frony the buifer o the sudic DR

¢ sampled at this vate, Howsver, an audio soures device pparating

#x own clock signal may weits awdio data into the memory bufler af o vare that may not

sxacthy mateh the oot DMA clock rate. The audio extonatament a

stem safhwarg

adiuats the divider register to manipudate the master clock rate 3 the CODED In order 1o

synchronize the data write and read operations ints the piag/pong buffer,

Agcording to another aspeet, the songuter system provides an sudic manager AF

{application program interfice) to enable applications runeing on the computer o contral

paci

N g

the various audio sources without knowlng the havdware and fmplementstion detafls of

P

5

thee wncderying sound syatent, Different swBio devices and their drivers control different

fmotionaiity of the aadio svetony, sud aitzation, volume controls ard sorround

b
b
A

,,Cfc

sowd deceding. The audis manager AP wansfers zalls made by the applivations o the
sppropriate devios deiverfs).
Avather aspect of this mvenfion comverna 2 teshnk aue o handle volse date

recaived from the mizropbone for input 0 2 speech toen guifion aystem. The speech

stierasoes pioked up by the ndorophone are ssmpled at the 441 KMz sampli

supphed by the O However, the sproch recognition aystem employs 1 3
satipling rate, sueh as 2 significantly slowsr 11 &Mz ssmpling rate, Ruther then add a
separate A/D converter for sampling misrophane data (which would add

RDEP converts tiurophone data from the higher $4.1 ki sampling rate to the desirad {1
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Kz The syster makes ues of an AP (serial poripheral interfies) of the audio DSP to

normal fow-pass filtering and dewn sampling on the data stremn sad then wes the S8 o

sensd ot e waorophone data bask out at #s new 11 ke sampli cked with

e piggybs

1he messags dvsam.

BRIEF DESCRIPTION OF THE DRAWINGS

The same reference numensds we veed throughon the drawings to reference ke

somponanty and faures.

Fig. 1 ia o dragrovamatic tostention of o vehicle crmputor svstam,

Fig. 2 ix a dingrammatic Slusteation of the vehicle somputer s terfhond with

mudtiple axtemal peripheral devices,
Fig. 3 ds » block disgrems of the vebicle computer systers aceordin WO ang
implementation having 8 faeeplate module, & support modide, snd a compiter moduie,
Fig. 4 ix s block disgrant of o loghs vnit and andio DSP inylemented in the support
modals of the compuater systom,

Fig, § v a block sHagram of & menwey sccess cirowit that mpe daty froun

%
k7d

povipheral devices nio a plagfpoug buffer,

g 6 1 1 block dagram of s master dlock sdiuster cironit.

Fig. 7 is @ blosk diagrant of 5 bus arbiver eirouit,

Py 8 shows an audio softwargshardware imerfioe srohitocnws.

Fig 8 i a functonal diagnen Slostrating sudio dat How s an sudio ager

Figo 10 15 @ blook dagram Hlustrating wee of an §F} port fiy sxchange voies date

P

betwesn the sudic DEP and Ingie unit,

DETARER BESCRIFTION QF THE PREFEREED FMBODIMENT
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This myvention i divected to sm audin sechitestare for an audio emenaimuent
systern, Aspecis of s invention ave particniarly well sutted for veliicle sntorainment
systerus. For purposes of discussion, the anlio arnhitecture it described it the comext of

2 vehivko comyputer sysient.

2

Fig. | shows & vehisle compoter system 20 acconding 1o one implenatation of

this inventicn.  Veluole oowpuler systom 28 Bas & cenmrali

various externad peripheral devioss, including an optiona! monite

N
3

a vehizde disgnostie interthes 28, speakers M, & vehicly baster vy 3¢, a backup battery 33,

2

and antennals) 34 The cowputer 22 e assombled in o housing 36 that @ atzed for

R

moavting i vehicls daghdward, sinalay for 8 conventional antomedils steves. Profe

P

v
the housing 36 hes a form factor of # single DIN (Deutsche tndustry Nownen),  Bast, 3t
prsuibly could be boused ina 2 DIN unit or other spenial foom faotor for an OBM.

The cormprater 22 rans an open platform opersting system that supparts maltiple

apphications, Ustng an open platforny op cevating systent and open soanpoier aystem

architecture, various software applications and hurdware peripherals san be provinged by

independsnt vandors and sibseguently nstalled by the vebicle waer after purchase of the
velncle, This is advantageous i that the sofhware applications do not need ta be speoially

configured for eniquely desigued embadded systenss. The open hardware architsotire
predorably vuns o mdtissking operating systom that smploys a goaplicud user fnterfacs.
One preferred operating systent is the Windows U opersting syston sold by Microsoft
Corporation. A mulitacking sperating systerm allinvs simalansous exsoution of wul tiple
spplications,

The computer 22 includes 4t least one storage deive that permits the vehicle user to
dowidoad progesms and dula from a storage medim, In the Hhuatrated pdernemation,
the computer 22 fus 8 O ROM drive 38 which reads application-relatsd CDs, ss well ag

musical, viden, game, or othor fypes of sntertadonsnt ODs. The OD ROM dn

porforms a dual vede of stow

satertaiprment player,
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Samsung Ex. 1220 p. 2867



WHHENIMHNE o

optional 357 doppy diskette drive 40, an sptional soiast card reader 42, and dusl PO ¢
{ {Ek ik :

sockels ov comopect Hash 44 which accept BO card types L U and I (formerly

CIAT cards} or Compact fash cords. Alse, o hard disk drive {not shown) can he

weiuded on the computer 22 for storing both application programs and wer dats. & DVD

3 (digital wideodisk} plaver may also be funcluded in the computer 22,
The storage drives are msnriesd 1 o base unif 46 of housing 36, The base nmit 48
is constmutedd and sized for mounting in the deshbosrd. Optinnally, this base wait may he

removalde in the same fashion as » laptog computer from its asseciated docking station,
g

i o~

This igh-ond optioe slfows the user 1o tabe M velicle somputer to Bis home or office to
The housiag 36 has & detachabls faoeplate 48 fhat is pivotally moanted 1o the font

of the base anit 46, The faceplate can be rotated to promit sasy and conventent sovess o

the storege drives. The amtiee faceplate wnit 42 behaves as o wultifinetion poriphera!

i3 Faceplate 48 has a keypad 32 and & grapd display 54, The diplay 54 i

praferably o backBt LOD having & rectangelar amay of pixele that are ndividually
sefectable for (Humanetton s display, The display cloment i & medinmeresohution, bt
mapped display system havisyg at Iast 10,000 pixels, In the deseribed implomentuting,
the amay of pixels hus o size of at least 64 vertical by 256 horizontal pixels, The

2B operating sestem of base unlt 48 intevacte with faceplate keypad 52 and freeplate display

34 aw peripheral devizes when the faceplute §4 ix attached to the hase modulg §2.

The faceplate 48 has @ st botton 56 that provides the Soniliar “Stan”™ fGnctions

of & Windows brand operating svatent. Thy faceplate 45 also has a porwesy ftton 38, &

IR

four-position actuatir 60, an “onter™ button 62, an “escape™ bution 64, 8 “holp” button 66,

3
Lo

@ “mene” hatton 68, and a vodume contral gt 70

The computer 22 has @ gpoech recngnition systen fo pesmit the user to vesiatly

enter commands g frog Snvivonmmant. These vaice conpnands can be
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pred

wsed or controlling reost operating msdes of the veliule computing platform, as well ae
for comtrolling apphications running on the compiter. & vedow gt port 72 connented
with the support modele sy prefortly be mounted on the visor or other locations 30 as
fo sptirally prok up veder inputs for entry o @ spoech recognition system (See Fig, 3L
The computer 22 also supports an YDA (afrured developers association) transeeiver port

74 mounted on the fooplate 48 o transmit and receive sdatn and progeams using infrared

the vehieds user oseris o €D

Tir load an application or duta wavto the computer 2

ar ofher media (1 the application 15 not aleady omtained on the hard disk) o the

sppropriate drive and the operating system downloads the application or dats therefrom.

P

on process o be antomaticatly haadied by the sporating systent or with the

assistavee of command dnput fom fhe user i e fvm of ke ayed sequences on the keyvpad

.

32 or verbal instructions using the volve recognition device,  Another tnchuigue o los
dafa or applications o tranafer dats with other covwputing devines is theough the we of

fhie DA tmseoiver port 74, or the wirsless [ntornat Buk

z

$ ST . Fen o MY ~a 55wy ~
In yeneral, the vebicle computer systom 20 can by used to Integrate mulipd

vohisde-rolatend syatams omo one spen platform hardware and software archifecture, For

Y

mstanse, the vehiole covaputsr

A0 can serve ay a mnlmedia ontertainnent sysiony,

a navigation syswwn, & communications sysiem, @ sesurity svstomn, and n diugnostics

yatann Moreover, the vehicle computer systum 20 provides additinnal functionality

S8

traditionally assoctsted with desktop and laptop poonal computsrs,  For jnstance,

vehiole computer syetent 20 can support addresy book applicatt madl programs and

appointmonysohesule applivations. Furthermors, the vehisle conysiter systeny 20 can be

< - “

onfigured 1o oporste 58 a sevver to othr s sompating units i the vabicle o distithate

gawmes, video movies, and the ik o passengers,

fo

Fig, ¢ shows the computsy 22 sceording to ong implementation of the invention,

S

Lomputer &3 hae three primary modules: s Seeplate module S0, a support module 82,
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and 2 computer module 84 The somputer module 84 s operatively connested to the

¥

3 o~

support module 82 via & multt-bit bus 88, n the preforred buplersentation, the maiti-bit

b i a POL {Peripherst Component Infervonnect) bus. The support module ¥3 and

faceplate module 31 are interconnected vig a highespeed sertal buerfice ¥R that supports

AT

e
53]

e

3

high apeed, senial daty comrmadoation,

The support miedule 82 3s alse comnsoted 0 8 unbversal serial bus (1ISFY bub 50

via o USB senal IF conmector 920 The USH hub 80 provides sonnestions many

mple peripheral devicos include the OBD
(L Board Disguostic) system 28, the secwrily sustom 35, pavigation system 94, 2
wireless Hnk 96 o the Intemst, o COWROM changer 95, & TV wumer 100, and wser YO
davices mch a9 2 joyatiek, keybomd or @ mouse 102, This USE hub 90 could be sepante
as shown i Fig. 2 or ftoould be integrawd inte one or nyoe of the USH peripherais.

Fig. 3 shows the threr modalss of the vehicl compiter 22 more detnil. The
support mesdule 82 resides in the typically stationary base wdt 46 {Flg. 1) that is meaasted

1 the veliele dastiboard ov other conveniont location. The sappant needule 82 inclndes a

logic anit 110 which s responsible for facilitatng conununization mmong periphers]

X

devices, establishiog & mester andio cloek sigoal used throughout the veliols computer
system, and coordinating the cntertainment fmetionality of the computer aystem. The

iogic unit 11 can be implomented ax an FPGA (Beld programmable gate ary). It s
noted that the logic code S an FPOR v developed using @ havdware deseription
language, soh gs VHDU (TEBE standard 1076 1903), and can be ree comnpiied for an ASIC
{application specific integrated clrouit) architecture, The ogical wait 110 can Rt be

e

wplemented a8 a reicroprocessor, & RISU {reduved ustructon sof computing) prosessar,
orather provessing devioss.
The support modale &2 has soveral hardwars interfhces. A LUSE ntwface 112 3¢

™YY

driven fromt the POL bus B8 and proeides the interconnection o the varlows USH

perrpherats shows In Fig 2. & separaw hub may be requirsd as shown. i some of
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i
ther sttached peripherals do vot incorporate one and wore USR peripherals than suppagted

X

directly by the support modele ave attached. Ax nptionad VGA sor other high-tud {graphive

rontroller 114 16 provided on the suppert madule 82 o drive the nptioual display 24 {Fig,
o The VA contralier 114 v also driven from the BCT Bus, An IDE controller 115 is

Ay

also movided in the seppor! moduls.

It 13 noted that the USE iuterfice 112 and VGA controller 114 could he
incerposated Inte the Ingic anit 1100 An ATAPLIDE interfacs {used to deive the OD-
ROM or DVD playen), anst @ PCL interface are inplemented as part of the Togie wnit 111
For sapporting higher bandwidih video spplicmtions sush as multiple video soreens, &
P13 interface could be added i the svetem ansd driven fom the PO interface av

meorporated I logle unie {1
The support madude 82 also tnehudes an mnlio signal processer 116 to perform the
aend provessing algorithes whish may juclude: sound eqnadivation, digital crossover,
bass, treble, volums, surround sound, Daolby pra-logic ™ ACS3 and MPRG degoding,
15 Thy auwdio signal processer 116 alse drives dipital-toeanal og converters for a six chamsd
audio ouipat {nof shown). The audio signal processor 116 is praferably implemented 8 2
DISP (digial signad provesser), such ax a Motorola DEP36000. The support module alse
nchudes an ARMEM tuner modale 118, & GPS (global positisniiag systom) chipset 120 1o
snable satellites navigation for longitude, lathude, and sltitude ncasuroments of the
26 vehivle, and ome w more sadic analoguo-digital convertes and digitad-to-anakog

converiers {or “CODEBIRTY 132

R

3

A tast dasa 140 memory 130 Bantions saa b igh-speed daty comnunivations buffyr

betweeen the serial periphersl devices. The fast data memory i 1 oreforably implemsonted

e high spred SRAM {statie random access mensery) with high spred ping/pong bo s

A& 132w provide hig

pad

spred uffering and “plagponging” of zudio data or USR data that

minimires processor tateraction, In the preforred implementation, the YO msnwry 130
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gote as a fast dals wemory baffor, which accommusdates dma exchangs ANORY IRARY

A

d

The tseeplete module 0 resides on the detachable fioeplate 48 (¥
faceplate module S s connected 1o the support module 82 through a connector that
facilitates wasy detachability of the faoeplate 48 from the main heusing 36, The thoeplate
module R0, through the desachable comnecior, comanunicstes hi-dirsctions! dats fo e

support module 82 by means of the high-speed serial interconmect 88, The faceplate

moduie 3¢ includes a logiz unit 140 that can be buplemsented as an FPGA, ASIK, or other
device, The feceplate mustule 89 wlso meludes a keypad 52, 2 diaplay 54 and an HDA
port.  Additenslly, e fieeplate module 80 contatas a slot for an optional phig-n RF

tramepeiver 144 such a8 @ vellphone, twosway pager, or poini-o-paint spwead spectravg

the compuler module 84 resides in the dashbosrdmounted base unit 46

and nchades a nrocsszor

B

s

2 the form of 8 microprocsssor 130, such as s Infel® X8G-tvpe

nucrapreossser. When plugged in, the computer mndule ¥4 45 connested o the PO b

&6 to commmumoate with the sapport module 82

The mueroprovessor 150 nue Windows OF operating system from Microsoft

Corporstiont. The opeeating system is stored in ROM 153 or flag

e

ey 154 of the
support module. The oompotsr moduls §4 supports any variety of applications that the
vehele user might desive. These applications ean also be stored on the ROM 152, flash

ey 154, DRAM 156 or on u removable stovage medium {not shows), sueh s a OD-

ROM, casseite,

s Flash memory, BOCand, hard vk drive, or floppy diskent
Additinaally, user applicstions may be downlosded from an options! wirsless Intemod
sonnestion.

Ry

The computer module R4 Bas & PO-Card interface 158 which inchides & PO-Cied

socket or Compact Flash used 1 suppon t9) (O SNTE mRmOryY,

hard disk dvives, medoms, RE wanscaiv

s, astwork adapters, ov other PC-Card
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peripherals) The conynster modiade 84 alen has av optional smart card interface 150 that
seorpls smart candy v sinular integrated civoust (I o

A waore detailed explimation of the three modules in the veldcle vomputer system

s provided tn oo-pending LS, Paterd Application Serdal Rumber OV/S64,386 sntitled

5 “Vebiple Computer Systeny,” which was filed on November 28, 1999 {n the names of
Richard D. Beokert, Mark M. Moeler, and Willian Wong, This application is sesigned
1o Microsoft Corporation and Is focorporated hevedn by veferenes
The logic wait 110§ configs yg“ with its own multi-bit bus structure that s
separate from the bas of the microprovessor 130 of the computer module 84, The logic
0 unit 110 and wicvaprocessor 130 aro mterfaced using & buy, such as |
coufiguring the logle wnlt 110 with fts own internal tas, the fogie anit 116 s capable of
better performing s tasks ndependent of intorvention frow the mforoproceasar 136,
Sorsover, the imtmal bue of the logio wnit 110 fuwiltatey data commumication between
the audis compraents and other serial devizes while using minimal processing resorces
1§ ofthe mivroprocssser 130,

A detaiied desoription of one implomentation of the Jogie wolt 110 is provided i

co-ponding UL, Patent Application Seclal Mumbse DB/G6R 781, entitled “Vohisle

Conyputer System with High Speed Data Batfer and Serial Interconmeat”, which was filsd

S

on June 34, 1996 i the aames of Richard D Beckert, Mark M. Moslier, Row Randali,

U and Willlam Wong,  This application is sesigned o Micrsoft Cueporation snd &
meorporated hereln by refergnce. The logic chrowiry described in tus disclonire

reprosents another implementation of the logio wnit 110 that is mewes specific saily fatlored

o implormeat the sadio snteriainment

I’ﬁ

YIS

A
1543

Audie Avgliitecture

The conyruter system 20 suppons an awdio entertainment syatam, As noted shove,

2 o

the logic wmt LI0 @ suppoet madale 82 perfonms wany of the funstions for the andio
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i3
sntactabment fystenn, This vention ix divgoted 10 the audin architecture for an andio

sntartainrment syatem, such g

&

that tmplernented in the compaster system 20,

Fig

“5’4
A
s
x,
fory
Z
b
@
o
5

the mterconmection of the logle onit 1310 and the audio signsd

processor 116, snd additionally betwesn the Jogic anit 110 asd other audio CoOmpoents

-

comrolled Iy the TC b, including the CODEC 122, the AMFM wmer 11X, REDS
decoder 170, T this referene design, the awlio signal proesssor 116 i cofigured ax a
DISF fa the RPY {sorial poripheral tnterfice) slave mode,

The logic unit 118 outputs two Y serial digital audin stronms DSPiRY and D8P

o the sudio DBEP G Aw identival paraflel-to-serial converter cirouit creates sach

streamy, The cireuit veads a parallel word from & holding vegdster and placss 1t it an

3
4

output shift register. An TS serial shift cloek (64 x 421 kMa2) that is gensrated sxternall ¥
by the CORET 122 <hifts ot the shift register. The transfer of data fron e holding

ift register is synchroniaed to & master SCLK signal {lef, Akt olaek}
generated externally by the CODEC 122 The LROK sipsal is used to indieate whether
the data is associated with she left or right chamsel audio signal.

The ven sterzo audio stromms arg received at the DSP 118 aver ta® separate I8
wpt channels and weed 1o oall any one of the numerous DSP sudic algoritans, saoh as
Swrronad Soumd. The proosesed andin datz is sent our from the DSP 1S back o the

'3

T

fogie antt 110 over thres separate PY chawels @ o DSPout interfice. The three DSP

o
b
e
€2
s
5
%,
%
£
poss
P
o
=
%

owtput channals el B1 for the Fomt Tofd and fow right speakers, chanasi

S for the rear hefl and rear vight s

et

speators, snd B2 is the senter and ssbowoofir. Fach

sound channel is 20-bit sound aligned v a 32-clock fowme whers the MSB (most

significant bit) corresponds o the MSB for P and twelve 0% follew the lean
significant bit,
A soond sowrce {5 Haked wr one of the DEPhy channels in lome wmit 110 By s divest

&

rmernory aceass (LMA} process of overlaving o pingdpony buffer 2one i the VO TSN

e,

130, Data from g sound source {8 received of & serid buteraoe and transferred 1o one o
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the pingdpong DMA sirouils The BMA ciroatis 172 include @ serial to paraliel

comrverter to convart the data 1o o parsliel fwmat for travsfor over the logic unit’s intormal
biss to the FO mewey TR

An additional feature of this hardware toplersentation is the abil iy o have four

d 0 steren DMA processes all going in parallel Two ausfio sourses, sooh a8 wave-out and

CERBOM, could be fending n twe destinations, such as DRPin sred DRMal. The

3

foreground sadio sowree (& an b plaved st the o

’f:
m

front speakers while the bag

> {(xuch as O nasie) can be played at

the car rowr speskers.

1
Laemeral PMA SMragture
Pig. § shoses a ping'pong DMA civesit 172 @ mows detatl. Al of the pingipong
DMA cironits are variations of the sume baste design. For discussion parposes, s DMA
st for & mone microphone weelve is shows,
15 The DMA oivenit 172 hav o scviabto-parallel converter 200 1o convert the serial

data received from the sesociated sound soece poripheral device fnto a puvallel S,
The paratlel data s placed initlally v« holding rogister 202, When the holding register
202 fills, o sends 3 ugnal to the DMA vequess and prant shouts 204,

»

& DMA address potuter & formed by outpat from two Jogic componergs: (1) a

A strt addvess rogister 200 that containy the upper DIMA address Hoss to Jocats an
sppropriate buffer ares within the VO memory 130 o hold the duts yeseivest from the
holding register 202, and (3} an wp countr 208 that gonerates fhe lower DIMA addrnss
lines for the buff aren. The computer procsssor initializes the DMA provess by writing
an addross pednter to the stant address ragister 206 The start sddress pomier i3 writhey

2% twto the lower address vounter 208 and the upper address ragister 206 simubianeousty,
The upper address vagister poloter dofines the hoghaning of the

19

werpoey 110, In this implonesiation, the Iower address ity in
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208 are used for Cotnparisal Witk the last valid address regivter, The st wddings of i
bulfer area ¥ on 3 page boundary and the sie of the huffer sren is & pro-determined size

enrresponding {0 the page sise.

g

The lower address counter 208 sceesans the spocifie lecation within the designated

wifer ares of the VO wemory 1300 The nomber of bits in osater 208 corresnonds to the

fa

&

aize of the buffer aven. 1o this fmplomentation, the counter employs nine addrees Mg A%
ATG, with bise AD and AT belag sst o "7, The count cutpat by the eounter 208 is used
as & pointer to the epecific location into wihich the dats 0 the holdin ny register 208 ixto by
stored. Omee the dala o vavsforred 1o the stomage locstion, the sountsr 208 ik

moremenied to reference the next appropriste location.
The DMA shrewtt 172 defines one buffer of the V0 mamory, which splits into two
halves: & “ping” buffor and & “pong” buffer. One balf of the buffer reprosents & portion of

the buifer area for a parficular peripheral devics, such as the mons fnput cirowt, s

which date iy being weitten o that devise. Conversely, the nilier half of the buffer
repressnts auother partion of the buffer avea from which date is belng read, say the DRPin
DMA civeatt. The T buffsr zones for the sound souror have the same bo aimng and

end powts as the wone for the TSP data for the DSE, and heucs these 2onss are aiid fo

he “overlaying” me another. While the source iv filing up the ping memery buffer, the

pong buffer is being read oud o the DSPin outpst. When the source has Blled the ping
buffer, 1t begins filling the pong buffer, At the same Bme the DSPin serial cngpat provess
will finish rouding the pong buffer sud begin reading the ping butfe,

The upper addrses Bt A10 of the Toewer address vounter 208 divides fhe buffer area
ity the pimg and the pong bullers, When & tassition of the upper counter bt comus, an

ngorrapt way be generated i the sorrespond ding mtervupt mask s eoabled. Afiey writing

the start addvess pointer 1o the wgister 308 and counter 308, the p o intifalizes a

Tast valid address” register 210, Thiz rogdater s 2 latel that s e aame aize as the {ower
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3

address connter 208, Tha ®

1

37 regiater 210 also vontaing s onable DMA

bit, which is asserted to start the DMA progess.

sog with the tndtal start address pointer, Bach DRMA cyuls

r««&
/
Py
».
,..o..
C‘,.
()?
P

will cause the incrmment by one onit, When the valie & the lower

3 address counter 208 equals the value in the “last valid addvess™ registar 210 as determined

by companttor 212, the lower address counter 208 is reset fn revos andd sn o B8

N

generated. The DMA process then continnss from the beginaing of the DMA buffer,

which is on @ page boundary where the page size is the size of the pingdpong buffer

When the most sigaificant b of the lower addrese coumter makes & fransition, an inderrigd

&

o will be geneeated (G wnmasked) to dofive changing betwsen the ping and pong hwdter

spuce.

The DMA process 38 presset to ccour for byte, word, or doulle-word size data

As an exampls, an DA DMA clvonit employs byte size duta packets (., §
dts) becauss this v the fundamental size of the data reseived,  CRRROM data i

fransforred inword size . 1€ bits) whivh s appropriate for s bus stre. An PR DIMA

[
L

shats s transforred on s doublavword size (Le, 32 bite), whish reprosents one leftiright 16
it data patr.

DMA addross bits AD and AL are vontrslled by the spproprinte DMA oircuit,

= &
Those axe decoded and replaved by the foe-byte selest signala. The lower two bits

0 AL and ALY of the lower address couter are osad to seloct one of the byt selset Boes it
the fransfer is byte wide, The lowsr Bit (A1) of the coumter 15 wesd 1o select the UPRET PRy

3

or the lowar pair of the byte soleet Hnes i the traafer & word wide, In which case, two

bytes selent line will he shmolancously asserted. Al four byte enables will be asserted
for duuble word ramsfire. In this monner, the DMA provess accommaosdates byte, wond,

\

ordoubly word size dits padkets,

In the case of a serial yepeive provess, a serlal date steam received from

pevipheral device i shifted within the serial-to-paralie] copvertsr 200 o form unlie of §

SUBRSTITUTE SHERT (RULE 38
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16, or 33 bits i length, After the appropriste mumber of shifis, the data is transtarred to

vegister 302, The process of tanefiuving dats 1o the belding rogister 202 sets the REQ

N

LWL,

Whenever the holding register 203 {o fall, the ping/pong DMA ewouit 172 will

grab the next audic word from the holding repister 202 and place B in the 1O TSy
& AT ¥

buffer 132 Whanover o DMA process crosses & ping ot » pong boundary, an fnterrapt

,,,

will he generated (7 womesked). This is wue o both the DMA mocess of the audio

bd

source and for the DMA process of the D8Py channel. The reverse isphied that in ke

7

case of u ranmsnnit DMA process, sucl as the DEPING chaonel, when holding regisier &
viaply, the DMA piag/pong cireuit will grab the next audic word from the VO memory

&2

and place € in the holding register,

Synchronizing DMA Provesses su Shared PiagPong |

With seference sgain to Fig. 4, the audio archecture uses the infarrapls generated

=
25
7
[
P
&
e
€2
s
=
7%
g
5
z
oot
Ee<3
Yk

72 8y w e for synchronizing two DMA processes that ars
sharing the same ping'pong huffer 1320 Dets from one DMA cirosit 15 written into the
sharsd ping/pong buffer 132 and subsequsntly read from the huffer to anather DMA

sireuit, Depending on the sudio sowree, the DMA vivouits soay writs and read at different

o

Y

rates. In the deserthed implomentation, the ontput TMA clrounit wess 3 44,1 i samipling

rate provided by the logis unit, However, the mput DMA clroglt may use a shighily

different data rale, For instance, an audio dovies operating under its sawn clock signal and

Y

coupled to the USE cmy write andio data to the buffer 132 a8 2 rate that & nof o Raoily 44.1

Az result, the input DMA clock rate may not exactly mateh the eastput DA cleck

rate beoaose they are rontrolied by different olock civenits.
In the preforred hmplomentations, differsnt thread and devies drivers control the

reading and writing DMA processes of the share

mpfeng butfer, A designer of an

SURSTITUTE SHERT (RULE 38}
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audio source nevds only o sonstruct a devive driver to fill the sharsd buffor at i slocked
Cemsider the following examples. In the first soenario, the writing and reading

DMA processes ave both baved on the 44,1 M3z waster olosk. To Slustrate this s senaria,

3 suppose that thy AMFM tuner 118 s the source of the audio data. The avdio dute output
from the AM/EM suner T8 is digitized by the CODEC 122 and outpt az an FY audio

strvans to the logio unll THN wntt 114 gonverss the IS stoam intoa kof and

vight pasr of 16-bit words and & frst DMA civenit for the AMFM nuer writes the pair of

words o the “ping” porion of the buffer indicated by the DMA polmer, Whike the

i
o

AMPFM fumer deta s being written o the ping wenwry, » second DMA ool s
sinntitaneonsty reading dsta from the correspouding “poag™ portion of the buffe TROMETY
process and outputting that data to the DSPin ouiput, Since both the wiiting and reading

procesass ave al 441 KHz, the toggle between ping and peng neowrs stsfancously i

both mooming snd oulgoiny dats. The interrepts penerated by both incoming and

"'5‘

san be lgnoed, uals

15 onigong tog he compater has seame inforest in the slats {such
as sending it to USEH or to disk})
in the second sconario, the source writes dida b & vate sh ghily differem from the

wmfnenal 44.1 KMz, Sappose, for example, s CD-ROM plaver iz the sowres of the data, In

tor 137 de configured to overlap the CINROM memory

bl
oy

space witlt the memory space of the DEPin output. A DMA chsult 172 associated with
the CD-ROM fille the “ping” memory buffyy with bytes of audio daig plas some number
of wordy of sub-chavoel data, Siomboncously, the DMA cirmult for the DSPin out gt s

reading data owt of the “pong” niomiery bufler ot the 44,1 ¥ mate

P

b
P

at the andio vate of 441 KMz, Al ii‘ & vate, the CIRROM plaver makes o blook of 2352

bytes of mudio dala every 178 of o secoml. When this bluek s seady, the CTRROM

player activates the DMA reqesst Hne, transfiors the block of duta quinkly, wed dsactivates

SUBSTITUTE SHEET (RULE 28
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the Has il # receives the next blosk. The DMA chmil generates an intorrupt at the sad

of the block transfer. As a vexult of this provess, the sudio dia rate of the CI-ROM

ferent than the 441 BH2 mastor clook that dedves the audis DEP

U10 and CODEC 123,
To synchronize thess two date stroams, the software devics drivers use the lagio

wait 110 to mensure the time between the block data transfers of the CD-ROM plaver and

adjuets the master audie alock of the support musdule o makch the CIRROM data eate.

%

Fig. ¢ dlusteates 8 master clock sdjuster civeult 330 hmplemented {0 the logie unit

H The master sudio olock adjuster 230 has o voformes vegister 333, » divide by N

et

sounter 234, bvo omnpwrators 234, two latohss 238, mmd control ingic 340, The two

¥

ol detsrmine the rate st whach date iy being written vt a phy

cosmparatons 234

uffer. The bost computer writes a poiotsr o the Jatohes 238, The potmer correaponds 1o
an gddress ¥ the FO momory 130 of & ping/pong buffer 132, Any operation fhat writes
data i that address canses an interrept to be gonerated 1o the host (i nnmasked). When

the brerapt copurs, the computsr reads the addross position of the DMA process as it i

reading data nut aud based on this prsition, determines  the data rate coming in matches

foocs
%
P

Al going out,

fae

¥

Whin the rates differ, the computer sends o valne o the reference register 232,
Thix valae iy joput to the divise by W gounter 234 gonsrate the referencs audio clock rate
for the digital andio shannels on the support madule. Normatle, the reforence sudio clock
o 441 kHe However, the computer can sebmit a valoe thet sdjusts the reference audio
clock to speed up or slow down the hat the date is veud out in onder to synchronize to
the date rates of incesning sudio streans,

I the software design, oue single shured niemory boffer o be used for pudltiple
inpat devizes fo write data o and for only one output devine 1o resd data from, The

remding and writhng DMA processes of the shaved pingdpong buffer are controlled by

different thesads and device devers, The obijsutive bere is to write u sbusdard puiput

BUBSTITUTE SHEET (RULE 3%
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device deiver w 1 most sudie sources. Th sudio source device drivay s only reguired to
£} the shavad budfor at His own rate.

One alternaiive (0 usiny a single shared buffor among various aodis eournes is o

have wultiphe shared memory buffers for corresponsing ones of the sudio sowrcss. Pagt

X

-

sudio source uses Bs s buffer anid the output devies driver switches smong difforent

input buffore when the cwerent sudio sowrce changes,  The drawbask with thia

implementation s that #t requives more memeary space. In addition, it iz not ncessarily

sasy for the new andio sowrce o notify the output devier driver shout the new sudio-

As meoationed sbove, the writing thread {contralled by the sudio source dovice
driver} is filling into the shaved butfer at the device vontrolled clook rate that is o roe aghly

44,1k saopling yate. I the roading thread Ie alse nowvding at the same olook rate (for

2

H

exammple, radio), there o oo protdens. However, for the peripheral devices (such as OD
and UAE devices), the clock rate will aot exacty mateh.  Sooner o later thers will be
outpul nedse sinee the wput TMA and outpat DMA may cateh up each other and sttt
acressmng the same pingpong buffer seetion. For the mading thread o sdapy its slock
matteh the writing thread, the system emplovs the wiite-notification. fverrupt (which
triggers whon the middie IWORD of the play/pong buffer & weitten), By looking at the
regular read-done fternupts and tis write-notification batorrapt, the reading thread can
adupt s cloek fo wateh the weiting DMAL

When the reading thread deteets the fivst write terrupt, #t can start reading. For
any consequent writs fternupt, it i able 1o fingd oud where 8 i carrer iy reading o the

baffer. From that inbumation, § can nvreuse or deorasse the ¢ reating clock to mateh the

writing twead. When it deteels two read intenupts wi

o weite futerrap, #ooan

auto-stop the opsration,

Bug Arbiter
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Fig. 7 chovws a bus arbiter oirouit 250 that controls 200ess 10 an Snts szl buy. This

fernal bus s used fo dcosas Bony

wen the POLbus DMA oiroutt and fhe FO memeory, The

ptoggles & 2-onl multiplexor I5Y back aud forth betwesn hus

requents roosived from the PO bus 86 sud DMA requests reveived from the TIMA

0 granis the PO bus 88 pne-half

cunit 118 The bus arhiter cirouit

of the available time on the intueeal bus and spreasds the remaining ove-half time among

the 8 DIMA processes, il of which can be sinndtanconsly snabled, T the futare we ma

3

have roore than 8 UMA support.

I the Huetrated sxavple, the arbiter olroult 170 suppors eiglt DA cirosits:

steren, pumo, D&Pout {La, the audio signal provesson), DA seceive, DEPind, DSPinl,

DA fransmll, and fHosplate, cight cirewits share the vomalning onebalf
Bandwisdth 1o the interns! bus, and henes sach DMA circuit ia graranteed one-sixtesnth of
the buy handwidth, Note that the CRWROM writes o VO memory using the FOT
BMA proersy,

When the I-to-1 moltplexor 252 deondes an active request, it stops the togghing

process and initiates 3 bug uycle state mackine 354 for the foic wnits bus, The sctive

request aleo grants the intornal Togle unit bus to sither the PO bus or 1o one of the internal

OMA ctrants ax selooted by a deocoder 256,

A shift register 238 loads all pending requests from the DMA clrouits, The oot

of the shift register 258 s the enable fo g connter 350, Fach fime the shift rogistar 388 iy

shifled, the counter 260 counts. When the output frowy the shul £ vogister 258 dndicates an

active DMA reguest, the connter 260 and the shift register 258 slop. When the 241
nultipleser 252 toggles to the DMA devices, the active reguest fronn the shift reglster 238

hults the toggling and starts & bus eyele for o DMA request. After the conplotion of the

LN

bas oyele, u “done” signal fs generated fo the appropriae IMA cireniy, yeleasing the

DMA roguest Hine and causing the 2] nmitiplexse 232, the shift rogister 298, and the

wnae o 1ok {or the nest active DMA request,
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The conyauter systoms 20 is a fully fonctional, goneral-parposs computer that

ppmls an audio eniestainmeant By

ssigned o suppint multiple

424

audise sources, such as radio, U1, Auxiliary inputs, and CI changer, The audio DS® 116

handles the smamd equalization, swrround svund desoding, and volumeshalaneeSade

"

contrals. The awdio can be played to & speaker system (.., 3¢ speakera} or to any LSH

The computer systern 20 implaments an andio manager AP {spphoation prograns

ped Ry

10 interface) to cnable applivations nunning own the computer fo control the various andia

sourees withowt knowing the havdware and buplementation detafls of the snderlving
sound system. Different andin devices and thelr duvers vontro] different Smotionality of

he andio aystem, such as oquulization, volume controls and swround sound dee eching.

The asdio mavager APL transfors calls yuade by the applivations to the appropriate devies

—
LV

driverds)

Fig. € shows the spphostimeto-hardware arclitecture. The andio hardware 270
forma the fowest Jevel in the mrohitecture, Sn awdio hardware sbatraction laver {HAL)
272 delines & basiv interface faver betwoen the sudio related drivers for the hardwars: 2790
aad the sudie pumager AR layer 2740 Atop the awlo manager AP 274 ars the

20 applications 276, The sudio manager APT 374 Jofines the APIs 0 access and cnutrol the

andertying sudio systom,

The swslio manager APL2T4 hay fve core components: andio source contral AP
278, waverin and wave-csut AP 280, surrounnd sound desoder AP equaiization APl

284, and volumerbalance/fade APL 286, Diifferen APIx conmrs! ditferent aspests of the

Yt
L5

adio systemt. Together, they provide s convenient APY for the applications 2

The swdio sources ave genesally catogorized into two kinds: forepmund audio

sourens and background andio sonrces. Fovegronnd audiv sources include # compates

SUBSTITUTE SHERT (RULE 38}
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wave Tis {}‘i}t?iif and i'{??‘i.f*iif&»-é;pﬁ‘.{?;ji} LRERD 135, s*ggfgdui i‘i.{i’}(} 313 ig" LOUTeRS &re -nr sed with
achive background awmdlo sowrces. The fweground andie sowrves are controlfe by the

vt AL In contrast, the background sudin scurces include AMPFM tuner, OF

player, anxifiary inpuy, and other sonrcey from the LSH. Baokground sources ave
3 controlled by the sudio stree control APL

Although the sudio system zan have more than mne destination, such as soe i Kers,

¢

LGB devices, sl tho compuier) the main destination s the sposkers. Henow, soy one of

N

the selected multiple audio sourses sventually converze to one andin destination—the

i Fig. & shows how the audin manager AP modules control fhe sudio How PRt

ot

The audin sourae oontrol APERTS is uead to select the bavkground sudio sourcs. It

surves ax the coordinator between the differemt andic appliontions that control differemt

pigces of the audio systern,  For example, whils the AMFEM toner i playing aad the
operator clecty to play a CIY, the sudio sowrse conted AFD 278 serves §o coordinate
15 stoppiag the fuper and starfing the CD plaver. Table § Hsts the functions of the sudin

soures soniral AR 37X

Tabde ¥ Sudin Source Contrad AP 378

Hame Funclion

et

GestRumSources . B

s e total munber of rogistered sudio smurces,

Frovides information on a specific sudio sourse,

RegiterCaliback Rogieters 3 calthack thread.

R

Selects the speeific sudio source to play,
W
The wivedin and wave-oul AP 280 are « compatible wih the WindY Wave APl
documented i o standard Windows AKX, sueh s the SDK fw the Windmws OF

SUBSTITUTE SHEET (RULE 28}
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operating systern, Faor more foformation on these APIs, the reader is divented o the noted
SDKL
The surround sound APL 282 enablos swrvound sound decoding. 1t contains

~ oy

wmember fanctiony to enable and disably S8, set the surround sound dala Ay Hme, and asta

¥ oot e

§ 0 cuvoff Seguency of & subwondir low pass flter. Table 2 lsts the foctons of the

surround sound AP 282,

Table 2; Survound Sonnd AP Y

Nanw Function

EnabdeRSD Enables or Disables the serround sound decoding.
SSDContro] Contrals the surround sound decoding algorithm,

i
The equalization APL 284 changes the equalization settings.  Table 3 lists the
funclions of the egualization APE 284,
Table 3: Equalization AP 284
i3

Name Eunetion

GetEQCans Reostvee  warlons  properies of the  andio
sgualiver,
HQ¥reset Scieets an equalization presst: Pop, Coumtey,

BQBandContral Controly gain, conter Sequensy, and bachwidth
sxf eaeh band.

FilterComiral Clontrals the srossover filters
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The vohumo'bal

ERY
R

nowsfade AP IES vhanges

POTABSHINISH
23

o, and fade. Table ¢

fists the fnctions of the volomebalavse/Tade AP 2SS,

Table 4 Volume/Balsave/Fade AP 2188

Nawms

YohumeConmad

&
W

With r

ne
LK

sudin device drivers for s

dey

f\ saoh

IS8

MName

Hinknown

Wonee

§
3
L5
Fod

1880

WWolume

w5

To play an audio

y
niay 2@
{{1' {as

example, o s G

fersnce ¢ 81?" 0 R

Fuuetlon

e
s
W

Contreds Volume, nu

And wootsy,

balanee, fade, center,

v

i

mavager AP 2 communicates with thi

pozitis via the sudio HAL interfhee 2730 To wenk wig)

i
i

s deiver supports the

stosving set of torfaces Hated

Table & futerfuces for HAL IR

:'Iléf:t’t‘€
{interfhe

¢ used o quory for avatability

frtorfice berwren the Audio soures congirel ARY
and the audio source drivers.

o

Interface for audio equalization,

{uterface for suwrround sound devoding of DRP.

Ingerfiee for volome/balance/fade crusirol,

soures, there e usually more than one device fnvolved.

Far

i flest prepaved before the CI deiver se

AR
A

harod-harffer devic

5
a8
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the sadio data o the shared-buffor, To establish any dependencies between doviges, all
andio relstort devie drivers reglater themsslves and spectfy what devies driver i depends
if an apphication wanis to play an audio sowee, it calls SelectSoures with the

macio sourvs 1Y ue e parmmeter. The audio managey AP desel

sourey and sxdenty the source requested by the sppdization. To deselect the current

N

sudio sowree, the audio mansger AM fraverses through

informy vach sowree or dependent device of its texmination.

it mforns the souree and dependert devices of their initiation

DNP 8P for Micennhane Juterface

The computer systen 20 supports 8 speech recopnitisn sysfem, such 88 5 contred

and command, disovete epoech recognition systere, AN sudio duta, juoh

wtlerances picked up by the microphone jack 72, are sampled at the 44,1 ¥Hx amnpling

"t

vate supplied by the CODEC, However, the speech recngnition system may employ 2
different savapling rate, o the described fplomentation, the speseh engiition systom
empioys o significamly slowsr 11 kM2 sompling s, Rather than add an additional 8D

copverter just for nidcrophone date (which would add cost), the system 20 converts

microphons data from the higher 44,1 ke sampling rate to the desi

One appeoach woeld be o ropord the data at 4401 k8 the sonaputer and atfow

the host compuisr to perfor sampding rate conw: However, this approach i

m
“x

desirable becauss it consumes rexouross of the computer,
& pyave preforred spproach ix to perforn the sarapling tate vonversion s the audia
\

DSF 116 o dn the Jogle nnit 110, However, since the P8 intirfaces are sl dedicsted

clvawhere, an aspect of this invention i3 to piggvback the microphone daty with

3y o e B opomoriiart s e & & g 3 e, S STy AT % 1308y
commandinessage st recetved at the 8P (serial pevipheral interfase) of the andio

DSF. The mictophone data is piggybackest with comrnands fromy the host UPL and sent
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N
it the DEP vig the SPL The DSP perfirms normal lowspass filtortng and down

samypiting on the date streans and then uses the SP1 1o send wut the sievophone date back

¥ N

s new 11 khz sampling rate piggybacked with the message stream,

T

Figo 10 shows the fow of ndoraphone date up o the poiut where it s presented to
the host CPU fir speesh revogmition processing. A anulog signsl generated by

mivrophone T2 is amplified in amplifier 290 and inpud inte the mons channe! of the

%,

CODERC 1220 The CODED 122 digitizes the analog mivroghone stgnal af 20 bt of

!}5

resolution and @ ssnpling rate of 44,1 Kie. The 30 biss sve aligned in 8 32-clock frame
where the MSB comesponds o the MSB for FS and 12 0'x follow the Isast significant biv
The COREC send the 20 b of micrnphone data 1o the logie vt 110 in the PX,

The logic unit 110 receives the serial I8 date aned sonverts & inte pavallel date in

the mono DMA cironlt 173 as shown in Fig, 5. The mono DMA cirenit 172 presents the

20 bits of mone data fo the SPY modide 392, which cowverts the mono data into a 34-bis
BPT serial tnwsaction o the mddic DEP 116 It & noted fhat the DINP 116 pan be
simtianevnsty veosiving two channels of PS audio from the DSPin TX ping'ping DMAs,
for a sotal of three sudio inpat streams, with the movo nudio stres m piggvhacked with the

sorpmandimessage stromms,

The audic DR 116 applies & bondpass filier 294 1o the mono data and then

decimates the Jdats an 11 §3

Cstrsam by heeping oue o evary four filter cutput samples
and discarding the other throe, After pack fourth $PI mono inpst wanssction, the DSP
retums & valud filtered mono ontpan data o the fogio wdt 110, Foressh 441 % period,
a puerophone data word is sent 1o the DSP. However, only after euch Suurth migrophong

word sent does a filtered microphone word some baek Fom the DIP representing a

u"

rierophom: data at a vew sumpling rate of 11 For sash word sent w the DSP, & word 1

retuned. e other words, for cach far words sent to the DSP, the DXP returns one word

-

marked ay Himved dads and thres words marked se invaBad dats,
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¢ 1 moat signtficus biis of the fhered mone data
sute paratiel and presents them back to the mone DMA cironit 172

The monn

gt 172 aaserts & DMA roquest sigual after # has stored two

sonsecutive Te-bit Bltered words in iy holding rogister. The data is transferred via the
S eoultiplexor 236 it a ping/pong buffer 122, When the ping buffer is §lled, an inters vupd
i genersted to the host CPUL A PCTDMA civeuit 206 reads the mono data fom the ping
buffer in VO memory 130 in response to instuctions fom a PCT eovtroller 29%, and
dumps the date 16 2 buffer 200 i the Jocal host memory 132, The speoch rsecomnitin

software 302 rotrievis blucks of the mono data From the buffer 200 for provessing,

1D 1 the bost weiles 8 command to the SPT datas rosister in the fogie unit 110, the 89

e

instorface koo will send this command word to the ausdio DEP 116 wonediatedy following
the rexd microphone dats transaction, Sines the mono sudio data doss ot wtilize the full
Landwidth of the 8P bus, the commandimessage stremn can be interleaved with fhe

mono date. Afier the asdic DSF iy veset, 1t will expent to load $12 (24-bit) words from

P
L¥
Eascd
oo
b1
&
197
i
ot

U port that will contain its exeouvtable program or o program fo load a lager

table progoam. 1o this cireamstance, the SPY control register containg B thas will

disnbie the mivrophone data foed, and enable date writion (o the SPT data port to be sent
dirsotly to the DEP, L thds mode, all data recsived from the DR is igreead,

Althoagh the invention has been desiibed n language sperific o stroctusd

20 featwres andior methodologioal steps, it 15 o be andirtood fhat Se invention defined in

the appended claims i not secessarily Hmited to the specific foatures oy stops described.

Rather, the speeific fostures and stops are disclosad e oxa mplaty fonns of ngpdlementing

the claimed mvention,
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i Avn suteriainment systom SOIMPTIRIE:

a logic unit coupled 1o rocsive sudio data from owe or morg peripheral audio

SOUTCRS]

adhata processor e provsss the sudiv daty

the logie unit having one ov more aadio sowren divett memory acpess {DMAS
circuits assasisted with vorresponding ones of the peripheral andio ssarees, sach sadiv
sonree PDMA cirouit writing the audio data meoctved from the sesociated peripheral andio
FORES 10 3 atrage ary within the dets memory; and

the logie unit alse having 8 duta provessor DA ciroult axeselated with the data
proceaser 1o vead the audio data from the stovags arcs within the deta momeery for transfor
to the dats proceasor.

& An euterainment systemn as rectied in eclaim 1, fucther comprising a

syvolwonization olrmat 1o syachronize 2 faxt rate at widch the sadio source TYMA sirouit
writes the audio data tnto the dats memory with a sevond vate at which the dota procssany

DMA efrenll reads the audin data om the data memory,

300 An optertatnanent aystermn ax rooited e elaim 1, wheretn the fogic unit
comensvently transfors audio data from nadtiple Sforent audio smnves to the data
pracesser for connurrent procossing.

4 A veldele computer system comprising an entorainment systom as recited &

y

g

Aaim 1.

iy

SUBSTITUTE SHERY (RULE 38}
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8 A vehicle compuier system somprising:
an audie date processon;
an FO wenwey

o -

Sirst maory acoess ciroud) sesociated with o Srst data source fo wanstey S

2

)=

o3 oy

aEdio date frorn the Hest dat sowros 1o 2 Hrst locstiveg in the WRIROTY
7 sevonud menwny socegs cirowt sssociated with 8 sevond data source 1o tomaly
second auwdio da frons the second duta sourge to 3 seennd Tocation in the VO memony:
and
a third memory secess cirenit associated with the sudio data processsr to fransfer

the Hrst and second awdie dats from the first and second locations in e FO me Ry 10

the audio data processor for soncuwrrent processing and outpul 10 one or more audia

3

destmations,

6. A vehicde opmpuier systom ae renited o clatm S, whorsin the St audio date

ia ouipat toa st get

(3

f speakers and the seoond sudio data i3 sirmolancousty output to &

sepond setof speakers.

<A vehdels nomputor syslom coaprising:

¥

an audio cutertainment subsystem to play audio dety reosived from one or mowe
andin sourons;

3 commpuier ddependent from the entertalumeent subsysters, the cmmpnter batng
capably ol running one or more applicetion progrants; and

an application program fnfecfiee embodiod on & conputer-readable mediven to

3

define an interface between spplication programs sunning o the computor and the andin

emtertainment subsyster, the application program interfac g having functions that ars

callable by an application program to vonte! the susfio sxtertainment subsysiem

w7
7
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§. fwa vehisle computer systam, an applivation program interface crabodizd on

P ks

8 computer-readable mudium to define an inserface betwesn applivation progeans

mmning on the computer svsterm and i aedio sntertainment subeystem, the applicatiog

3, ey

table by an apphication program o sontrol

progrant iterface having Sevorions thet are
the sudio suteriainment subsystem

% Anapplication progrem {nterface as recited in cladm 8, somprising » fimetion

&

for selesting avoaacio sonvoy,

i@ 18, An applioation progra interface s rovited in claim 8,

3

funotion for enabling and dsabling surround sound,

i claie ¥, covaprising »

1 An sppliostion program terface as recited

funetion for changing soualization settings.
Dl

L2

120 An applivation program imerfice as reciied o olsim 8. vom mising 8

o8

fanction for chunging volame, balance and fade charsoteristios

13, A vehicle computer systers comprising the apphication program imarface a8

A veoited inolabm 8

a memory buffer o tonsporarily bold audio date

& first mernory ancess cironit sssociated with an mudio sourcs o weite sudie datz

25 fromihe sudin source into the vbhafferata RHON
2 sepond memorny aceesy oireuil aserciated with an muda destinanon fr raad the

5 s c@d ©
£

audio data from the memary buffer w the audio destination &t 4 second rate; and

BUBSTITUTE SHEET (RULE 38}
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a synchronization chowy to synchromize the firat rate st which the andie dats is

s the audis data v mead,
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18, A ogyetemoas rootted in olabm 14, whereis

the firat rate at which the audio data is written tnte the wernory buffer is fixed: and

e A veldcle computer systom osmprising the system as reeited i olaim 14

70 A vehicle computer system comprising
s vence iput device to generate analog voigs date;

@ sonveriey o convert the analog volee dwta to digital vedos dats o8 1 frst sanpling

&

@ togie unit onapled o rocsive the Sigitad yoloe data from the converter and fo

(2,

ontpat the digitad voion duta as @ serial stream via u serial periphers! intrface (SPIY;

g awdo processny comnected B vecuive the sorial otvommm snd o roxample the

sdigial voire data 2t seoond swmpling rate, the audio processor returning the ren gmpled
P tad

X

igital voice data as & serfal stream baek to the 8P of the Jogic unit; and
the logie wnl tranaferring the wemnpled dightal voice data 1o 2 sprech recognition

systom for provessing,

0 A vehuele computer systest ae reclied In elaim 17, whersin the convarter

£y
i
72,
joes
£
)
&
2.
(“)
,”L
2
="
P
&
bcs
P
e
o7
[24
s,
by

trst sarnphing rate of spproxirmataly 44,1 k2 and the audio

oy

provassar duwn samnples the voice data o the second sampling rate of approximately 1

SUBSTITUTE SHERT (RULE 38}

Samsung Ex. 1220 p. 2893



WiH B

IS 3 FOTIHH

L¥5]

18 A& vebicle computer system as resited fn claim 17, fther comprising o

memeory buller coupled to the logle unit fo temporantly hold the digiad voive dat adorieg

tramsfiy from the logiv ualt to the spesch recognition systsan,

s computer syatem as rectted in cladm 17, finther comprising:
& memory buller coupled to the logie walt to temporarily hold the digial voice

slads

& first memary 800ess cironit associated with e logie wnlt o weite the veics data

from the logie vt o the memory buffer; angd

P
govg

a secinl memery access cienil assoclated with the spesch recognitisn system to

read the vorew data from the wemory buffer to the speceh reosgnition systam,
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throug sle wstiation dev
ROTHDRITE S withma paasinyg throwgh

Figurs e b andio sourse 3 and the
FransnHasion uwit 2. o souree 3 snd the
tranmnizdon unit 2 are wrranged s one wmt {f ceample, with the tranyraiselon unit &

e
it the poed for the control davics

The wirskes sbove and a8 showstin Flgurey -4 allows

tha Hstener socess fo hig of hee home sudiv system from virtually any distance. The
T8 Hstener it free to move about & without ey paisanee or

distraction of'« headplume cowg vivig To oarry s portsble musie davige,

P hooe audis

into the home audio system

i

Fignre 3 dioplave an alternative simbodisment ofthe
b 3

embodiment, the ramote speakar davice 10 ik rot artay

pe

i the form of n spanderd sudke speaker

s senbodinent of the p

% atandard audio s;:ss—:f.ai:ers 11 The (WA ponverter 14 and ramote wivsless

18 ave prafand

conmmnication device kers 11, while the

v Incated i oneof the gpe

kevpad 13 and, Wpresent, the disphuy 19 are alse prede aaresd oot one ol the

s‘g}ea}\e: 1, I this embodia > 14 socording to te

prssent invaution i ;miiauias'i;-

o
]

o while otherwise away from hoawe.

tnchade, for exampla, an internal muplifier (not shown], The
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s inoorpovaied ¢ pact of acar

sudio systen Inth eakers 11 ave, forexample, standaed

autonobile speakers

i id zmzi dp’ ay 3¢ e ylovated, for onmmple, onthe

¢ LY A sowverter 14 and remote adrcioss

intetior of the car vadiv {6 or othiersise

fse uved o sontrol all of the functiom of

contratiing

CONUROD

many o sodio systamg.
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& owircless speader system, somprising!

£

& transaission wil, he tras SN

an anatog o digitad comverter xdapted Ry sommention o an cuipat ota

ome siedio soures) and

o the analog w

digitad covvenen and

&

4 remote wireless comm
peerier sonnentad 1o the romde wireless

SOTTIITESNRE o

saverter; aod

wdhierein the homs fsdio swres transsaits audio sig

onoaa the franssy

wwhersin the kaypad nals to the home audio smaree vind

sy sorprmdasion devies and the RIS

j5>

ot wirg

2, The wirsiess sp to ofatm 1, wherehy the vemote spe
devios iy arsan ehierah (e revote wircless
g sonverter, and the bevprd are
2. R 1L whersin the spesber v

reynote wivsless connny nisation

] atiéspa sed instde & carvadio of the

gpeaker system acouding to claim §, W
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o
[
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o
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furthsr comprises & comtrod anll, whe
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aacures wirsiass cormminiontion devive connentad o the aoslag 1o

b et

avsrs b v Joayilie bruels
ha remate apesker device ek

wsding:

he remiote wirglem
vog cosrvariern; and

w5y communication devies;

aaiaio the vomote

3 o e home audin sowrne vin

wsrision unit

the ramoe wirsless 0o

Y. The wirsiess sp&akc

L8 and

sormmmieston de Va the digial o ansloy corwgrier, and the Reypad ae

gispoeed i 8 headband of the headphones.

12 The wirslens speakar sysiany R ding 1o olaim 10 whersin the speaker i

dsposed in the Interior of wy automobile, U remote wireless commanication

devicn and the dizhal 1o analog owwerter ary disposad inghide & car radio of

the antomobiie, and the kevpad ia dispeand on e

g to el 10, whersin the transminion

e control wdt is conneciad 1o

$whersin the xontrol un
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fnchuding:

sxvomnected to thy anslog to

fo the bome andio source vid the

3 the trnsyNon et

¥
=
e
3
P
.
1
R
s
&
i
e
ﬁ
-/3
7
&

clann 18, whersts the ramote
the remcie wiveless

oy, and the kevpad are

disposed in a bradband of the heasdphunes

&
o,

dispossd i 1 SE SOMHBUMCIion

devise and the

siverier are dispeosd insiide & car radin of

the automobils, sl the kevpad §s dispoand on & Hee of the aw radiv.

i
b

Samsung Ex. 1220 p. 2962



PR PBRIINES POTUSIRIRM

éﬁ??ﬁﬁf LLAIRS
rrational Burest on

}
Nt T et P
and 18 amendads vemaintd

,/,_
oo
)
o
i5o]
Z
G

YINE ¥
aeiain \\ .«E;:‘f.n\c 3
avigingl claims 1,

3

1. A wirsless speaker systeny, comprising:

3 trenvmiasion v, the trwsaiiasion wnft inchading:

s

an anslog to digitel converar adapled for sonnention to wn s o2

fiome audis soures, and

3 saures wirsdess soramurtestion devise commacted to the angd

2
i
e
L]

digital converter, and
a remots apesker devive, the ramoty speaker devive lacluding
2 remote wirsless cconrmostion devies;
a digital to glog convartey comnected (0 the romoty wiredesg
conwrmnication deies;
1 speaber connacted to the dighal to anslog converter; and
& keypad sonnsoted to the repwote wireless somnurdcatio device
swhorsin the hame andio sourcs tratsmits andio signalé 1o the romete speiker
devipe vix the sammissdon unit, the sipnals being tranemitted «t feast in part via
wdreless nstwarks snd
whersin the kevprd sends comewand signalk to the home audie source vig the
romats wirsloss commagsation devie and the transwmission undl, the coanmnsnd
sgos bobng traneoitted at leagt In part vis o wirsless neteork,

5

3. The wircless speaig

-5

syatern acoivding toalsdm 1, whurein the romote speaker
devive ie arvanped ay headpbonas, and whareln the revoote wirsless
sommunication device, the dighal to analog conventer, and the keypad are

disposed in w headband of'the hesdphone,

sse spraker system aconvding to clxim 1, wherein the apealer i

¥
:;::3
%
.,‘é
-
:’:e_

disposed in the interior of an automobiie, the remete wireluss conununication

& dhyital to analog eonverter ary disposed faside & car radi of the

&
&
3
s
=5
21
T
e
b

suomolile, and the keypad is disposed on & fhce of the car radin.

4
AMENUED BHEET (ATIGLEN

K%
P
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4. Yhe wireloss spesker system serording o ol L shiersin the transmission it

Airther comprizes 8 oovtirad 1nlf, whereln the contrad unit i connseterd 1y the

suares wireless comnmundoation dedes, sod whergn the control it reosives the
cormunand sigrals from the keypad vin the remote wireless comppmication device
and the sxoures communisstion devize and relays the conunand signals o the

fone sedio acuree,

&, The wirsloms speaker gvdtom according to ol 3, whersin the remots speaker
tovios ts arranged as headphones, sad whereln the renots wirslesg

sormmunioation devics, the digrtal S analng sowverier, aod the keyped ave

b3

I

disposad in a headband of the headphones,

&, The wirelegs spsaler syatem sccording t cain 4, whereln the speaker is

ﬁ
#
Z
P

>
%

diaposed iy the intertor of 3o autoraadile; the romote sdraless commman
devies and the digite! to anvlog convenier are disposed fnsids a vay radio of the

o

astomotdle, and the Revpad is diaposed on 2 Fee ol the car radio,

7. The wirgass spesker syatom secording to slam 1, whavely the trammisgine unit
farther ncludes 2 seurce modent connestad i the Sotrse wirdlnge conwrmmication
deviow and wharein the remots spealsr devics fugher inchades 8 ramote modam

connestad to the romote wireless communicatinn devive,

8. The wireless speaker system accurding to dlaim 7, whereln the rerote speaker
devics Is arvanged ay headphones, and whersln the ramote pirgless
suramunication devios, the digial 1o analog comvsrisr, andd the keypad ars

sdtaposad in & herdband of the headphones,

9. The wireless apsaker systern aocording 1o el ¥, wharehs the speaker @

disposed in the fterior of an antornabile, the rerante wirelies vonwramication
device sud thy dightal to analog onvverter are disposed nsldn & car radio of the

antonmoble, and the kevpasd iy diaposad o a foe of the sar vadio,

%
AMENDED SHEET (ARICLE 1
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HEE

& wireless spesker systent, sompising:
s howw malin scurse having an suipay;
& transmiasion widt, the transmisson wit including:
an anslog to digital cotresster conascted i the outpat of the homs
sl souren; sud
g sourse wirdlesy communingtion devive vonnscied to the analag to
digitsl convsrtar; and
2 romate speaker devies, the remote speaier devios nclading
@ ramote wirgless sormminicauon device;
w digital poanalag vowverter somveotad 1o the romete wiralens
cmnmumcation devics;
& spaadier connsoted to the dightsd o anddog convaria and
a kevpad conoected 1o the romots wirsleas commminrtion deving
whersin the bome sadio sourse transuts audio sig
device vix the tranamizion wniy, the audio signals baing tansmitted of least i pavt
v a wireless netwarky and
wheraln the keypad sende sonmand signsks to the home audio anures via

the remots wirsless commumisation device and e irpnsnission nalg, the

conmnand signals belng transotiled at least in past via 8 wirsleas network,
The witgloss speaber syslem aosteding fo datm 10 whersdh the domote

2

speaker devies is arrangad #s headphones, snd whereln the remite wiveless

sammundeating device, the digdal 1o analoy converter, and the keypad are

’;",'c

dispeand B s headbared of the headphoaes.

Tha wirsless speaker wystany aconvding By i 10, wherein the spesker s
ispossd in the interior of sn automobile, the remete wirsless comumunication
devioe and the dightal to analog crnverier are disposed tnside gear wdio of

o

she sutemobils, and e Kevpad is dispossd on 2 fice of the car radio,

AMENDED SHEET (ARTICLE 18}
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18,

1%

Thewireless speaker systexs aceording (o cladm 10, wherein the taaamission
woit forther comprises 7 control iy, whersdy the control unit s conmented to
the souren wirsless onnuranication devive, sl whorain the control wnit
recetves the commuand signads Fromthe Reypad vin the ranote windasg
comwmmication devive and the source sonnnunication devics and relays the
oprueand signals to the home audic soures,
The wircloss speaker systam socording 1o olatm 13, whergn the ramots
speaker devies i arvanged @ hemdphones, and whersdn the remote wiveless
somgnentcation devive, the digits! 6 analog ronverter, and the keypad ave
digposed n 1 headband of the headphoneg,

The wivelosy spraker aysion atoording 1o oledm 13 wherdin the wpeaksr is

iii; ased i the interdor of an automobile, the remote wirnlesy communiaation

device anid the dighal o ansloy converter are disposed Ingde 8 s radio of
X S¥

the sutomobiie, and the keypad i dispossd on s fave of the car raddin

The wirsless speaker gystom acvording 1o clalm 10, whersin the transmission

ynit Rother includes 2 source modem somnentad 1o the sourse wireless

commmumication devive and wherein the romote speaker devicg further includes

& reivote roosden connected o the remots wivele conpnumcstion devie

The wirdess speakor avsten scoording o olgdm 15, wherein the remote
spuaker devdoe is avvanged ax headphonay, sad whereln the remot wirsless

sommuntostion devig, the dightalto enalog comverter, and the keyvpad-ars

dispoaed by 3 headband of the beadphones

el
,

by seivaloss speaker systom asoording to clati 15, whershn the speaker &

&
e
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et
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woy
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e
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oy
3
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3
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%
.
@,
e
%85
w

Gisprssd i i conuyneation

devios wud the digital to analog convanier s désp*&sazﬁ waide @ oarradhe of

the autonobils, and the keypad ik disposed on g fiwe of the gy vadio,
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1B A wirehoss speaker system, somprisimg:
g home sl soures having o transmisdon pnit, e travsmission unit

ntuding:
an analog to diglsd conesalae; and
£ sensroe wiveles eorraioation device conneoted 1 the snalog o digiad
converer; and
# reniote spealey devive, (He remudde speakor devion invlading:
a ravnote wireless conmmnivation deviey;
 digital fo analog sowverter cormetad e the ravate wirshess
comprumontion devive;
& speaker sonented B the digital oanalng someerter; sad
& keypad sormtested fo the romte wireless communivation devise;
wheretn the hoe gudio source ransmits audin dgnals 1o the renote apesber

devine via the tranvolesion uait, the audiv sigoaly bueing fraosmitted &t longt i past

2

wia & wireleds networks and
whersin the kevpad sends sommimnd sigasls fo the bome audio source via the
venivte wireless compnsnivation devion and e fraremission only, the sommand

sigeals being tososendted 8t deast In part vin s edreless mebwork,

30, The wireless sponbey systent socording 1o claim 19, whersln the remots

spertker devise i arranged as houdphunes, and wheveln the remute wiveles

comumunication dovioy, the digiad W anslog converter, and the kevpad are

disposed in a headband of the hesdphonsy,

21, The wirsless speaker system scoording to claim 19, wherels the speaker i
iy POSE A the interior of sy astomobile, the rantote wirslesy commundcntion
devize and the digital o snalog soverter are doposed ioside a car padio of

the aatomobis, and the keypad

¥

s disposad onx fice of the var radiss,

18
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