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QUANTI ZATI ON FOR DI STRI BUTED SPEECH RECOGNI Tl ON
Woe@hd72988 t he | nvention The present invention BENESZI04/§03419

relates to the field of distkibuted speech recognition

5 systens, and nore particularly relates to

di stri buted speechCLASSIUANITZATIOMIPORY bandw dt h

comuni cations and wirel ess comruni cati ons. Background

of the InventigMUBUTID SHMEOH RECPASSTIGNI Mobi | e

phones the wireless service industry has grown into a

mul ti-billion dollar i | k of the

revenues for Wrel ess glfi\s;oltfc@%e rogltlggrs 10 (WEPs)

or T patsenf irveniserb gedergilyl ehses Wsthsubdld ofl dBRbedspdech ecognition
pendent on the

to run a successf ul twork is
systefis angymese Peicpaly rﬁﬂw 1R it %ﬁﬁ pRECER FrepgnigigR forgnarrow bandwidth
mﬁﬁﬁﬂ&ﬁgnshﬁ%l'\{z‘ﬁlelésslc'ofﬂrﬁ&?catlgﬁsndw dth. To this end, WPs
are constantly looking for ways to mtigate the anount
|nfor rratl on thaBaclegrbumheﬁtltetIﬂdemtnr t he network

ai n| a hi It service ta
b&@? ot el FaerrmotntdFitisfes Lo e s industry has grown
into %%ﬁbﬁeﬁllfdiﬁ@(ﬁ% 11'1cﬁlsﬁr§‘e T%%ll@@ﬁtfl%%VéIﬁlgs !fd}dW%[e\és Service Providers
Speech recognition is used for a variety

(WSEsporiginete drosn avhscyplianisc . supipra ‘é&&éﬂm Blelht}atovuun@l sagepssful network is

dep% at thuo::n:thve\:h uagbry bf %%\91%9 Po% O\Iél d %cgiggrs oyer %ﬁrgeﬁpg %fﬁaé’mg a limited

bandvaidilpi Eotthiyf erdll, OMEPs et &bntstlaﬁtlwwcﬂil@@ $ordﬁt(‘y§@) mifigte the amount of
reci pient's nane i s recogni zed usi ng. spee
infopreatiogthati is frapsraitted euen the setviork while @%@@Wa high quality of service to
riber and the recipient. In another 20 exanpl e,
Subsgﬁp?rgr information (411) can utilize speech
r eRegaitly, apedch fee@@gmm dad hﬁjoyai”reu@fesﬁ in nlec iwdiedik sebrice industry.

om a subscri is atte g.to place a call. As
Speégéemwt@@d@ Hﬁ?qe & agAnAY o asings T SHE < Fei gample, a wircless
servic@ FbREbY ca b%tﬂrbﬁﬁ{e@%@%esggéh diECRAGRM Whob{ BRRubBGer speaks the
arisen as an energi ng technology. DSR refers to a
namé pé rreeedpiknt of anhilghto théwirblest davecee >Zlfhearc¢1pmnt sinain¢ fserecognized using
spee, i%e@%ﬂ@%ﬁ%% rgl:](%a 13 ﬁlﬁﬁ{lttg{lj getﬁqgrll thre s ts?{ébe]r ! 13({1: ﬁ%ellegllplent In another
exarﬁquf@&ki PiYoAR&idn"@ 1 PREAENidcSpHoedH ie’c@fmﬁ&{ fd %b%gﬁ%e ikename of a
speech recognition systemare perforned by two
remrd@lﬂft@ raam Epﬂ%@@%@l ifcptieiptisg & pleesoa edlk.f er ent | ocati ons.

per F)«Lsecc lreé/d%n%tﬁ)%f % 21%: athé éan)&e & ﬁ} ngﬁelggsoc% qnélérgfc’y, Distributed Speech

e Wwre

Recak@wti are(D SR)chak laﬁseﬁﬁdstaﬁrdmdf@ﬁg mhiubl@ @y SR eSersits a framework in which
éerformed on the back-end, 1..e. y the wirel ess
the Isaingg ©eraskey pae fhe PRYRTEFRGagRi den E%‘é‘@éh of 8 eBefshiEengnitipn system are

iR O SO e A QUSRS of o s

recogmitins agdt¢rorase perférmedibyi ﬂward1ffemht1p1@sessﬁiganﬂm rao pea mfferent locations.
I
Spe%ﬁ%ﬁ%?%ﬁe@ ugg |§g qgg}sotnal;]rggersgsls pgrsfgllrrtle LS on &he ont end, i.e., the wireless

device, and the pattern recognition process is performed on the back-end, i.e., by the wireless

service provider. DSR enhances speech recognition for more complicated tasks such as
automated airline booking with spoken flight information or brokerage transactions with
similar features.

The European Telecommunications Standards Institute (ETSI) promulgates a set of
standards for DSR. The ETSI DSR standards ES 201 108 (April 2000) and ES 202 050 (July
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standards for DSR The ETSI DSR standards ES 201 108
(April 2000) and ES 202 050 (July WD 2004/072948
weERONANE2e04/ 003419 -2 2002) define the featurBCT/US2004/003419
extraction and conpression algorithns at the
front-end. These standards, however, do not
2002)ndefiotiat Eatpe eiratiezoasd rddﬁ’tp'rdsmoﬁt algdréthiact- ﬁlﬁdﬁont-end These
which nay be inportant in nme applications,
stanglgrdsy| howeyety dpgat eI DO SFRPS ARt g @aﬁ@@aﬁ which may be
1
oGRS SRR ehe AXashdt by NS IE SRR bve o
released by HTdo ieptendthe dbevb atkd ada(ES20e 108 asd ESr2AL 050, respectively) to
In th cur ent st andar ds,

. .l anguage reco nltIO

ity Bt S B! S g e SR SheI 2 B o,
U r 3RSk t &igebnt %ﬁﬁestgﬁ’&lfdseqﬂe afe@tuﬂé% ﬁ%’t dib e&&ﬁe&ﬁ compressed, and
Cepstral Coefficients (MECO) 2, and

trangrotted ite i bicktdnd dre d&d\dehﬁrequncyd“gapmalmw&crbemt(MFém) Co - C12,

RIS 6 Pt o el G35 ARGRRP 10 s or 10

t1mdsq5?ep QaRAad! dntthe pi«@?ﬂbgalﬂ- orl the REteHERLsthRREIORLY G redPohshto the Work
and class (or_vaiCi nl% %{I nformation are al so derived
r

Ttenpsodeseraled aliovahepitgh ASSNOL (VOHFIng) Tadamation arp alspederived for each
5, SR o 0o S RRSES by P oy amout of

infomuationt ket net twaiskiideail bgoﬂlﬁu'WHSlessaddee anel thandweikh and consumes
Thus, desirabl e that the representation of clas

addl&ﬁaalpbanéﬁwgﬁhnf ot iltos slesigdle dhiathe Eprossuiafion eof flass and  pitch
1nfoﬂﬁ§{ﬁfn HeQis lﬁSﬁl adthg gé iblE ﬂt&dkpeel keéﬁtﬂerbnsrafeelsaz coders,

he normal p act| een antize the pitch
| nfiosreath oodean thet Itmmabplasisca Iraf beeratoi antsephe attell inforhmation and the
der s ced" cl.ass,is represented by a e
clas? GROR SrpargEisdn sogieg oS nan kY BN SPTONnEH ey zero pich

valuB¥,edd, Cihi WEixeMEbEitdti FO0@Ear MBdietd ?\/‘[ED?%1 bbfr, \Eﬁl‘éﬁ 'i@lrhe U.S. Federal
Standard at 2400 bps. Unfortunate e miltip

Stalldyliﬁle@ 2690 bbas §Té1§0rpmtﬁd)$ dhe fogtiplén é’P@S(Dé nldesgs pmmdhfcutéhe extended
stangait{g q(l:l}rg r}ﬁcgergg% aalglﬁualr ﬁ%fl%%ﬂ&%lo?l:tgﬁrtgm%gel{t? £ c&eéage& bandwidth to
trandrhif, Qhéralbzfmﬁfon‘ﬁhgmef ore a need exists to overcone the
pr oblems with the prior art as discussed above.
Surkhgiefore g neeberiphy dne Yaerns: thepraplemnwib o prigreet agidijpussed above.
t he present inventi ystem method
and conputer readab emﬂrfiélgf mﬁﬁi%‘bgu‘g"‘fu zing cl ass
[ nﬂinreﬂm iroaccardinge tith thefpoesent inoentivh, disdiosed [sﬂa s¥steraimethod and
e nt of. the present invention, the ne on.an
compﬁ%mgﬁql%ﬂleswabEcwuﬁlgl%%%%m EPaREsadgR \}’P galin of audio. In
an éﬁi%dﬁﬁ‘@ft Wl g éﬁegeﬁﬁffﬁfeﬁﬁoﬁ hcﬁe %&@1‘1&1 01-'[ '1@1 ﬁ‘i%lﬁﬁgoﬁ YrblEing system
I ncludes determning a pr'tch of frame an
incledgh gedesting gudiocoderaptwingep fegenel ﬂug stukie) piThe mehod Higther includes

detel['rﬂlalgn% %Y\?tg S)f ntgﬁ I ] Stl}éf:glg\ép {ugﬁ %ﬁcl@ GWP irel%)g%gr?tmg the pitch of the

franiéetvﬂfefﬁnﬂlanﬂrs’ﬁ ol srdofaltid endit A8 an WAGIRIIR Hifd. CITRS Sméthod further
one of at |east two classes 30 indicating an

mChid‘?él deferninggo? elaps ehtie framee adweraim thecdlass §s pmylpe@pf pigleast two classes
t; h t | ud

i S P RTS8 i, o o

furtter amude&hemanmﬁ@e codeword representing the class of the frame, wherein the

codeword length is the maximum of the minimum number of bits required to represent the at

least two classes indicating an indefinite pitch and the minimum number of bits required to
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codeword length is the maxi nrum of the m ni nrum nunber
of bits required to represent the at |east two
wWeb@g®®948 ndi cating an indefinite pitch and theCHUSI00003419
nunber of bits required to-\A 2004/ 072948
PCT/ US2004/ 003419 -3 represent the at |east one class
reprdseli tha ki REst@nd efakNindRatihg 6 defidifepifiht Cihedyidhtahé tigd €188 of the frame
of the frame are represented by the two codewords. In
are repigeenad tiibe tvreertewsrds he present invention, an
in 0 r i ] g AN .
| DR AR I S cBlon, BH3RBLAh B8R ing systom fo
quantizivigo plagn énfbamnation &t @itvh ngfoamdiien afdavdaptinciudes a microphone for
frame of the audio._ The jnforpation, processing system
receivifig didio MikianteNIs A s plae §P‘BﬁalT%B ieRedin Rrgsesting System further
incliRel & BiofthiNG oflal AbrbSds @ fol NRetdrF@IBg NP GALE WA taR@ #hd calculati
e codevvorgg regﬁae@ent%%?}g the pitch %f ﬁhe frame, wherei ﬁa cwatng 4
codeavoird regrescotiegwiiadpitetl of thentrrmat whemin aifivste¢adeimoed yrluehndicates an

. he digit i g]al. processor ﬁf Hrt er determ nes .
1ndegp§esglt%1r %ﬁeélgﬁ ’ %&Q&?Sﬂr . T gptggglnp%a g S 8?1 gleoframe, wherein
the Missli€aSY ohd\OF £11855 BF0 C1AKES dhdiBdingMin! iRGH iR Pih Rinll @B least one class
~ and at least one class 10 indicating a definite pitch.
indicpting o giefigite giitghal The odigdalopignalr presessemlfemihent eacates a codeword
codewor.d representin S 0 |

reprSRAEERE, AP PERGT R PSRl ERSelont O peePs LSl of the
minififi atimoeér & Bits reQredrte deprosane fHees egdst twieclassel @rbdating@n indefinite

. classes indicating an indefinjte pitch and the o
pitchyng the ApiRee mugbeht bity wgUireklp tepres@) theswreast gae glass indicating a

deﬁrgfeﬁjziﬁhg Egle ?)Ltg’? %rlld #d icfé?é {)ﬂge ?ram@%é fég Selted 69 the 10 codewords.

ass o rane are represented by
t h&ht woefered \wmbddimehls dhéhepprefent iedndoackd adringgedust hecause they

resent invention are adyantageous because the serve . ..
servi 9 Qe i IRTL AR (i HETIERIE BITRIHOROY o g unications

1letvdg?l£.ofﬁ'i§ti§ BUheAYIET belat@ %Hﬁhﬁ@éa!ti@ﬂﬁwt@’@ﬂéé’%&&esg Tinfed Bandwidth. The

_ beneficial because conmmunications networks possess -
bit daivinigh ede hanslaliedtihto Mhakinglbmpres haridngdtharaileblanfor avggnt or additional

i nt o maki.n re_bandwi dth avail aple, for current or .
substTE 1 o SHfoduRrBbrb iRt s POV E® ppeBeRt TTBKERGH in network
perfRhRtesd R0IBreas ih RBMAMSIERAbNS qualief. wor k 20

performance and an increase in conmunications quality.

Bri ef Descri pti onBokef Deecrimtion ofdbe Prayvinesi s a bl ock

di am.|]J : | ' ' s

BT A Ll IEIIRE K 5l 9 LU BB comiin
accokdifig pr £pefdrrddrentbotirent oFtHa présehSingerdi®hai | ed bl ock

di agram of a w rel ess, commupi cation system for .
di $161 b pdctae Wpeledierapt B MiTes SeRBgicAgoR sysiem for distributed

speeBh ficB gllﬁlgg]& 9%969&1{1%%1% P]{%%eﬁeﬁ%nﬂfoﬁﬁﬁé}ﬁ of g‘ézgéé.eﬁﬂnvgﬂt@n. 3

IS a C I agr ustrating a wr device for
a WiGed éss bioohmiiagramtillusirating sit eirelassodavitienigr tovigeless communication

referged enbodi nent of..th resent jnvention. FIG 4
syst41a Sceopipg 0 HPERGTIRR SIIUURFTOR s it BYeHSRge of a

W e edsis devlose digrdin till8strafinb &la@S Sxchahyd 6€ aPRR¥leselevice with the
30 FIG 5 is an operational Tlow di agram show ng the
wiretpge paavice grasidarbut ed speech

FIG. 5 is an operational flow diagram showing the overall distributed speech
recognition process according to a preferred embodiment of the present invention.
FIG. 6 is an operational flow diagram showing a class and pitch quantization process

according to a preferred embodiment of the present invention.
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recogni tion process according to a preferred

enbodi nent of the present invention. FIG 6 is an
woep@raridsehal fl ow di agram showi ng a cl ass and PCT/UR2004/003419

quanti zation process according to a preferred

enbodi nent of the present invention. WO 2004/ 072948

PCFIGIS2 04 bIdAR 4lifram 4llisbi@ing thecoavditionkl st alidcativons for the class and
[ lllgglglt rating the conventional bit allocations for the

pitch QUAREIZalol PTRFSSEh quanti zati on process. FIG 8 is a
bl eeds. di /g am)%ﬂ lthetdndtilingrating Bl thidk ilQ@ﬁBhQ%r fu&er cfa§§ and pitch
class and pitc antization process according t

quarpizeti@y predese lab@ntding i a pfefertael qurteslamentiof Vergresent 1rﬁrexﬁidﬁs

9 C are n operational fl.ow gram.showi n .
AEI‘ﬁ%rg& £ an&u PP SPeAHoRYs dow: %&ﬁgp’r’fﬂ g*hog s "alother pitch

quar?iz&h & }I'Sr%gesg ABQAIAE ‘?6 a ﬁfeférfb% PR AENt oTVIRIY bRt inFbiionl O

is a di agram of "an informati on processing system

us &Gy 1100 r1s g rhib@mhagwrg af prefieformatiantoéassing syfstenheuseful for
. nE, Lnyent [ { QN 10 The present
lmpl%l\%}étﬁl% 0 pe egf:ecor Odl %ng 0gﬁnpr Ii')geeﬁ{rle eréh%Odl ment ,

advant ageousl y over copeiled Des@ipiod th the prior art

by effectively reducing the nunber of bits used in

cl 288 Prpst iBvention, agOrdng| thea dpisEytsde gmbodimagns |advantageously
oveﬁ?@#@;‘fgmﬂ; em%ﬁﬁ’%hg%vr\g)rk f%réf% 12\{(%: gﬁtﬁeglgggée fi ber of bits used in class
qualfﬁzamxgnlas wuibbe disc{RSRNn decaildretbwng to a preferred

WO4)m=.\nt of the present invention. FIG 1 shows a
Inet KTVIE8r ver or wirel ess service provider 102

OpPet@Lt i RYaUlodk BREMA ﬁlulsgétmg"ﬁ‘ ety SR TBL BhiSribilted Speech Recognition
server/wreless service provider 102 wth clients 106

(DSRh@bcmﬁBng tna pr@ereaﬂmubm@nentwff thdpresqt ésention.(léntlishays a network
resents a. l‘k C uter syst

Sel'V?lngli brvdléeies SSLVICR PO o 'mlioghitw%ri]ch connects the

servePIREIER! Servifd pi(Wi@éfng?l%h dh@nt@ foer sid @0@0% et smBd¥ment of the
network 104 is 20 a circuit swi tched network, such as

preserh énveahpn & lSet wpf@sem@wg@ﬁmrk CW Rys(t@%‘mt)uch includes a server 102, a
netwfa‘!rl{ ?(M‘%id élllﬁ n¥ COI%EL%FI@ %ﬁ@}é é‘? ik vvoquﬁ{sg ergﬁoo&’ %%116 hl? %emork 104 is

a c1fc&ﬁt\Aﬂ3kath1éﬂAl‘d)etw@rup hsuels ztsh eheg IRmbﬁb SavRENTElepRorRr INea&k (PSTN).
| ocal area networ l}lg a tel ecommuni cati ons
g

Alteﬂ@flwwh% Petipyk dedsi %%ﬁck@ﬁwe)tfsh t‘é(%af lek% F@gfched network is a
Wldé"ﬁreﬁv%ﬂﬁrrk (WAL AESs g‘l g&%@tlﬁt\éﬁle d&lg 194 Lérea network

w red network, a wr Ss netvvor abroa
(LANQta/\tetdcommmlqauom ndstwoﬂomrﬁnyrmmﬂnnzmonl of théebdviermbntioned networks.

In ali(gge% %Errf%lg {]}ﬁmee S%g%rir 2125 oafl \rzlv%cﬁi& glg‘g%qrco %&Yellr‘e&s'srﬂd I}%%técfrg a broadcast
netwboH&SD a f&nGto-pdiBMBkorkonMpat i bl e PC workstati ons running
t he cr osoft W ndows 95/ 98/ 2000/ ME/ CE/ NT/ XP

opkr deifing esqlmdmntm@ isenvess 0 Zcaniphe epwiputen aliinty 1 @hedVERS comprise
one gl Iglppeﬁ%eg%cgngg C%X1 Ll (PDCC§ (er é’l nﬂél{)lgor compath{)\iwi”(‘,D orkst[atlogs running the

Microsoft Windows 95/98/2000/ME/CE/NT/XP operating system, Macintosh computers

running the Mac OS operating system, PCs running the LINUX operating system or
equivalent), or any other computer processing devices. Alternatively, the server 102 and the
computer clients 106 and 108 include one or more server systems (e.g., SUN Ulira
workstations running the SunOS or AIX operating system, IBM RS/6000 workstations and

servers running the AIX operating system or servers running the LINUX operating system).
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30 equivalent), or any other conmputer processing
devices. Alternatively, the server 102 and the
weeovplat®us cl i ents 106 and 108 include one or nRCEUS2004/003419
server systems (e.g., SUN Uira workstations running
the SunCS or Al X operating system |BM RS/ 6000
W [Tk Sdr@thed némisstimeste oy eths pmm‘mit nigvédinAl EI(}J pBr&pfesgnts a wireless

comwgnsystg:@eéng};) [mssmer \éx?p@l—r 2 rngg@@u 5 @%W@l@ gsi!gyv%ggfq% %ears\%//lsrgless network 104

and SHRALL H@ﬂ&esolf%t tﬂﬁ)ugﬁ §98NThk RISk %%m’éﬁﬁ)wa ! B £5efkBgeneration
a Wreless communication system Fudes a

analog nmbl:ebsplmmﬂenecqo raosdcded-gdiBRaticm digitel mobile phwoes kkerti®4 or a third-

and wi 6 through 108. The wirel ess
gen%r‘ré}i({ﬂ\l\fege 8@?%2 lj%onﬁ P16t - generation anal og

ol Hifs él’ﬁ@&ﬁm%ﬁtr WeGRireldssSREPHL- l©ﬂ G@ﬁ #obfIB tpﬁb]% hévork, a mobile text

nmobi I e phone service or a third- eneration

mess$aging dﬁgtceg@prgn‘kea mgyr n@txxf@mlgm tlgeelnlm rthery; theh¢agmmunications standard

o ARG o 30 LT TECIRE o BMBEEAL P, T

DlvmgeMuIItQﬂMd@essO (TIDN@A)I I(Kl@balFSﬁtétﬁrfortMGblle Commumcatlons (GSM),
onmuni cations standard of the wirel ess network

Gen@tfal Ppekset Ratlie Sszyiee (HYRS).drreananey Ql@m@cl\sig&lpé@émss (FDMA) or the
Ti

ke R s ot G4 Piofi BRE By bt hari P Byt 6o 108,
whidRaate mdbéle phoes( BRRBEssagimgaigeicey hBhdhickl cn’mlMIbIt'sJ pzl@rs, beepers, or the
like Access (FDMA) or the Ilike. The wireless network 104
XC-supports any number of wireless devices 106 through

108, thishikbodfntORE | WirBBANS&wick S¥lovIiRE SRE) ﬁﬁhﬁﬁyl £&8rver, which
handhel d conputers, pagers, beepers, or the |ike. In

compm% oelnmancrre MersonbleCoinpeatess(®Cs  fovg. CBMr@wmhmatleZPC workstations

ronlf S5 BeR L BhcopeS Do g TR E TP Sastink s, Macintosh

comP@ekSadin® B Mad 08 dp@rating sHMt€h OBOE FunMddR¥VB INUX operating system or
5/ 98/ 2000/ ME/ CE/ NT/ XP operati ng system Maci ntosh

equlzé@ﬁ%t%ra@ymmhwﬁ@pm% PrgessOB Gpégeat iimgnafen enpoddment of the present
1nveﬁll['5}{] 'ﬂgl% ee?’xl;bg SHANI%S? gﬁ@%?&q’ﬁﬂw 0 (91{6 orqﬂ&evsgltlv%pg})sten% (e.g., SUN
Ultrze mdita[’(mm rlﬂfmlﬁg‘lﬂflerﬂmﬁlﬂlbr AIIK\@Bfaltmg syitblﬁ SBWMVRR/6000 workstations
w rel ess ser VI ce_provider 102 is one or nore server
and sGIvEEEInEEythe PN BYSHHR kSt WY BHIURRgthe LINGIX operating
MCB or Al X operating system |BM RS/ 6000
wor kstations and servers running the Al X operating
sy stsemplamed @bves, DIRureficrap & IﬁarrﬂeWNﬂb(inaplemhtthm@ature extraction and the

system.. As expl aj.ned ove, ers .0 .a framework
pattqHh SehEbHof AR B A 6PveRk FEOETIORT SHIFTE A digaBpisin 10e 1 the featur
extrdcB6R ARl tHeQmhiRRY feb SISt p@iSRESGHe 5RO Ricb bR ¥§dteMare performed
are distributed. at is, the feature 25 extraction

by teig diffament paecessing Imaltﬁcf@ ihwe Kitffﬁrgﬁ dedagings. ofpeciiwallpetbe ffeature extraction

processcig ggrst{)%e br?y @getgqn pgé; ?\gﬁ?lg 54 eX{cegirllég Shd rH)S and the pattern
reco@lﬁﬁﬁn fprgazkd 3, périemke ayuie Rxklend] é. gn byP4 @&®8S of $he wireless service
performed by the front-end, e.g., the wireless devices

provalss 1834 H catgFReX{TIEtipmPOseH, a8 éeré@mesi. @hihsrlirndsad by the wireless
dev19ﬁ%r1f08 HE%@MS Hgk%npé}ﬂﬁ g%@ager Ktfftvelfly. @ server of the

I"'ess "sérvi
FIG 21is a detaﬂed block diagram of a wireless communication system for DSR

according to a preferred embodiment of the present invention. FIG. 2 is a more detailed block
diagram of the wireless communication system described with reference to FIG. 1 above. The

wireless communication system of FIG. 2 includes a controller 201 coupled to base stations
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provider 102. The feature extraction process, as
perfornmed on the front-end by the wireless 30 devices
wa®m4ar®48.08, is described in greater detail bRCDWS2004/003419
FIG 2 is a detailed bl ock-di-agram of a wirel ess
conmuni cation system for DSR according to a preferred
202, @0 osid®. B additinp theseintlessrooamhirdeatioh | s@ste ofFI&. Bk énterfaced to

detail ed bl ock dia ft I '
an eKigEP PSS ATBUED HAATPIRF dHEREGe 105- Pl ks bEeRIPES Jipredl3, and 204
individid 5t 273.1%8§R§%81‘061%a5f Qdeég)g%% 80 Rela F@are?a bAedibE Ssu%scnbser units or

cont coupl e ase statitons WO 2004/ 0729
trans€ivEISISR 0.0 AiD:34 Hovicesp 120 2nd 208, (sendl@R04. The widelessi devices 106 and

108 | GACP ROUIE BECRaRs 2V D s AR S SO aication pRpifeo such as
CDM)&t?vaﬁ@et:ﬁp@ Gies basesst ati ons 202, 203, and 204

i ndi vi dual lé support portions of a geogr aphi c coverage
ar €he gongrap pn@vsnaecs @rdaper thenwirslesy comrranméwewetem of FIG. 2 is

aividgtipeblobEyTele T B4V u Y rddPpd BBt oo dR. 205, ne

204 &dlst teBiBed2@ZherdR s cal deli’l%) U WireRsE @Wbmﬁtir@wnhm the wireless
protocol, such as CDVA, CDWMA, . GPRS and GSM The

compEBigREPhFEEnveeHy e p&rt@alaéfcekl SEVRT pbite BYMEBhReTTacs fPoFeeeive and
E [ r
van PSR, B Bl S, ROBLRATOB T Sl s 20 s
its pﬂﬁ@ry é’élBserm‘rd an(ﬂﬁnﬂrelead 6@1¢eei(@hzscbeﬂoseh@r @04 aasts peinhary cell server.
Wi rel ess device _operating wt

Profgiabl Sowiresst g ko csllsyeEyRr i@ prsidrs, spikp b st cqrmunication
mter?a% lin®&hY Hirelsts ichRundnldAREY sﬂ(é@éner f@aﬁlaﬁgr ki€ %ﬁn\@Paﬁﬂon the signal
transmt operations wthin the system For exa
quality pB¢eswudiestioesidtl teascaa Wirslessdavic2(ad aspartloutar cell server,
server

pr | nar\%]lrégqlsldfﬁyfe g&ov’eﬁ Er}&rle\émqégr;o%%%eggr\élgﬁl\c} éﬁzeagions maﬂ?le coverage area,
a haﬁ’d sfredratini-over Wiay Bk 8R6csdaYit6 AnsBbEEdISsetvéreivhichefethen function as
that provides the best comunication int erface into
the nrm@arwcdé Beger coniakise éﬁ‘i’léﬁ nwgt)@rﬁpmlanmﬂnlsggnaksrﬁ@n base stations

servifinge s ERERAE R T Btne I8, BB e W b B tanc.ofr

purp6&s| Bediv&r moABortngMheeedity d€\d BensiiNes sipatMeem a nelghbonng cell
varj ous geogr aphic locations in the coverage area,
servifa e Bielesy JRURR A0 SROHEYYS Bhe Harwulst $olop caﬁ%ﬂlrf@rm%tm associated

with$& Yﬁﬁsmlﬁg& ggnﬁeﬂgsquﬁﬁﬁr idHBR! WRRh R Cgh%@lecé?f 5T Yis 88! Lource of the

server nitors conmmuni cation
transsiiggedbigndlr om base stations servi Ci ng nei ghboring

ce od erm.ne the nost app. ri Wse
ek o SBlogh st Hbanie & Mok g one SRS cpRimunication
sy: ste% aRodrifRSHy § tRGSt@RAboIAUM JINBE PROLH ﬁﬁfeﬂﬁeﬂ FIG. 3 is a more
server, he wi'rel ess device also nonitors the

detailedabloi tiagrang of arwitsdese devite daseribod “a@)ste&reuce do Bias.hl and 2 above.

e . transm t.ted. sign qui i fy which
PG, SpREE P Sl s STt Bl MGF R L 1tk dmnqient of the
preséiit Gii@éntion] Ghe Jvitelesd ddvivek108 agharvd-Wayshdiat tdp@bR of receiving and
wirel ess device for a wirel ess communi cation 25

transgly&tr@rﬁaé@c@mewgv signals gy er & commuaiBien fapmebindgsa communications
prot: o?§1?<{111t as Fl(ffbdl\e/l% $1 Igseg}g Jdegal 1f‘e‘ijes? ldgﬁ%e 106 operates

I'agram o d Wt erenc
undelr mhé:d:&rol of anﬂnﬁol&b@@& which switches the wireless device 106 between receive
and transmit modes. In receive mode, the controller 302 couples an antenna 316 through a

transmit/receive switch 314 to a receiver 304. The receiver 304 decodes the received signals
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FIG 3 shows a wireless device 106, such as shown in
FIG 1. In one enbodinent of the present invention,
W b@4i29¢8 ess device 106 is a two-way radi o capeabis2004/003419
receiving and transmitting*adio frequency signals
over a communi cation channel under a comruni cations 30

and PfoRides those detbdre sigab,to BiNdNtrOIAS 02CARSraasm BB de] the controller 302
wi rel ess devi ce 106 oper ates under the control of a

coutlesihe antrapa Ho thppngirihs Miviiehelh the tgpsnaftes3l devi ce 106

be roge

¢ nd TEERRE 1Y B W Bl BE RecchyBy KRS R Ruotions stored
n rmammgrﬁllol r ?Fheist/c&e<$ undhchti@bdintinde a seighb@r cdDheastitement scheduling

ec s the received s als WO
2leoritin, Yipmsns SHE LS omHG0s 25" 1ot Bl g emp e edapscess memory
RAﬁﬁC Qﬁ?aﬂné 'r&lf&l%h? atéc@sst HEmESIFeALS lor 32tikd. NALHAGSHbdule 311 provides
the controller 302" coupl és the antenna 316,

t1m111g1 rrrfougtatnohéo g ¢anitroBa4302 fo keep tracks of timed eSdits. Fhher, the controller

302 S50 e S mORRAR Bk 1o BPERTOI W rhaY pocB e goheduling fo

neighb& RH sbist fratfshdieidhsiang trdfi@nited £618HE8RIe if®lhation.
measur enent scheduling 5 algorithm Menory 310 is

FI ¥ékenrpengighbor gelh arcappamens| i s¢hedulsdibe yecerveh d o wderibs control of
the ?ﬁﬂ%ﬁ%{(%ﬁﬁ%onﬂgﬁ%1 t{ogrlzgﬁ r@e?\?egss 312d '}E&?&% a( D@Mveg r51gnall quality

indi¢atdrO (RBQDO MRS QI ¢ikitc303t genbars Kﬂoﬂ ﬁ@lakﬁeprdsmﬂmlg thé 31g11a1 quality of
tlned events., Fur%her the controller 302 can . util

the signals trapsmitaddnheach sreritorih qeflscrviereBachdRRREsignal is GPIW@’é‘ﬁfl to digital
infofh @0 B ars GIARSIOL ﬂgltélcbronv&?e'r gb ?)?A\hde?ﬁ{s ut to the controller 302.
transm’ssi ons and transmtted co code I nformation
UsmgOtthxhoracmm plilraratior | andntha susceimtat récsived reeghal eldahﬂylmdlcator the
|ver under the control troller

er e%%ﬂggﬁgteﬂ%ﬁnﬁ% H@rmB%IaPp@Qpé@r@lé‘%Br P é‘?r"%rsto yise as a primary

cell sér%‘r%ﬁé%%aﬁ&-@@ﬁg nédddryy indicator” (RSQ). RSQ
circuit 308 generates RSQ signals representing the

Si grekssgu élZ(i) 1my FHE. 3 perdorgisgiaalons fungtiens sucbdmtﬂse fions attributed to

distrgrgélt%f %reg rechﬁl er V cgtheaf}H g%sa% aqs tagf]? &O‘éﬂ ({/%%/18{1% gndlbodlments of
the g Eﬁfﬁﬁﬁﬁ’ml@ﬂ&h@r&o@és@w EdiBIGNPUE at nglBer6@REITO Bbre than one
02. 15 Using the color code information and the

procgisen & pedarmiag dhsaeksslegmibed gbene ty i ndi cator, the
I m‘iﬁ%@ﬁﬁe@@ e%ﬁE&@ $ﬁ &frn1nes t he nost approprlate

or ce serve o use as a primary cell server
\/\hﬂGh«amda blotk idtagnan édesataing Bitaercltmpe 32@ wireléds@evige 106 with the
erforps var.i ou i ons such e fu ctlons

wire $ SSIBICE éHOYléer 2;;1 Ef(%lﬁ Bd g]ﬁéee@ﬁ?{gllletéis }a(gﬁtm of a wireless device
106 qgs%ﬁf)écp@ﬁh ‘réfe%@é‘%oeﬂq 1cRef ghd 2 BEORW-Sohft Hhd ﬁHl%tlons that are performed

nbodi nents of 20 the present iInvention,
at thp mocdss deviG2006 are BlsG.sh@win.s FEG. Sri slnglws apzvmiwshmoo  Ofrenéthe wireless

6921638‘? ki spph gfb&g‘f"%f%{f@ 15p¢§]{§ ! ept{)%sé%%é Si%pé ?kg transmitter

312 bf @ekvifkl g Uayité hd)@%brsmwmﬂuq@ta exchange of a wireless
device 106 with the wireless service provi der 102.

FI & one embadimsné of dheaprceent pirveokow)i thg emless devigier§oealsp includes a
mlcrgﬁl}{% Cee4042é>0 ]rggel\‘aﬁg %ﬁ&f?)ei’oz Il’ﬁe {reiec%l%reg NHgict 204: sc\ﬁlela J}f)rc?crggsed by the

ove uncti ons at are
processor 320. Among the processes performed by processor 320, the class and pitch of a

frame of audio 402 are quantized by the processor 320. The class and pitch of a frame of audio
402 is embodied in at least one codeword that is included in a packet 406. The packet 406 is

then transmitted by the transmitter 312 via the network 104 to a server or wireless service
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at the wreless device 106 are al so showmn. FIG 4
shows a wirel ess device 106 and the wirel ess network
waem4/oz9eh as shown in FIG 1. Al so shown are PEEUS2004/003419
processor 320 and the trans@i-tter 312 of the wirel ess
device 106, as shown in FIG 3. In one enbodi nent of
providlaf'3 102, G%Btprbwé@@tdfqmanﬁﬁﬁg W ﬁb@Sﬁlddlﬁth@f d Genel gfoaudio 402 and
includes a 30 mcrophone_404 for recejving audi o 402.

genefﬁﬁl@graé@é’i"t\ﬁ)@é cadayrosd atedeseriheddn gisatss dsi@d deloy - t he
PRES]O 0 t f d
pr oces§o¥ gﬁ °pg g afj[sz)gV gc{r%gé:rpl tgﬁovpiﬁé e ;Trsgeﬁeguo istributed. specch
reco@litibi0 pﬂ&%sﬁ@@ccﬂd{agttbzaed)rdffyrrem &Irﬂmdmﬂ;ocrf ®20preddnd invention. The
class and_pitch of a frane audi o

nb
operatipng} flpw digergmeof & é@eé\ﬂﬁl?ﬁc‘isﬁg‘? Pyogessn e ﬁd’ afllﬁslrp% gB?:fE‘&’fnmg feature
extra%ggn 0 ﬁ%oﬂﬁfgga%i F th§ rdcB& af t‘h@ g%lt diefirQ¥sstBBvice provider 102, of

transmtter 312 via th network 104 to a server or
perforinied pamns eacvgmeomﬁl" 16 0p¢18ti @8 SloRGTADSR0VATICD 34gins-vgith step 502
rovi der processes of quantizing the cl ass
and flowys fﬁr‘?"gﬁ teB-gB?ame of audio 402 and generating at
| e bte®B04CAREMRAL 166 BocdRS B dhot frafiéiBivtich t6lehd@kdrver 102. In an
bel ow. " FI 5 is an operational flow di agram show ng
embodiment wheilel thel systern mﬁt dg. ¢ pertesenty @ vatgass %W%ko%’éb@s described in

cor 8L Jed; f s
1. 2E 5 8 BRLEL G50 B Pl IBHIESRILi g icion
404. ORPKtC irSsté S0 HaceiRat 100) pﬁbc@édsetﬁ tpedfOfm f@f[urp ekfrmtmnnm the audio that

feature extracti on of incom ng audi Q ang i}mlg{ oces
was zgceivied. Jiepipse eefFaclipp dndudesdhe W%r&lzﬁ‘il%f) Bitc clggs Values for one

ﬂamger Ay %{t%@%&? égl dLREBENIih! QaterTB&a p(?e'i&)p' ofpatnef WAWess network
lagram o begins wth step and fl ows
embﬁﬂlmﬁt, lity step FXoethe E'p@ébesslan 3§0e(ped5Em Et)lref wirélesst det@@ 106 proceeds to

recfel ves audi.o for transm.ssion to the server 102. In
perform fe 8

YyreriBatinnat thiudd e systemof FIG 1

r eR{ &3F 308, ﬁle"\ﬂlireﬁﬂ £§6 ﬁ&?etréﬁ!% acket8fa eiﬁclﬁﬁﬁ% rthdefkrddled features for
FIG 2, in step 504 the wreless device 106 receives

transaision #0de sewer FI2G Dat) padkat generatiooph dessribeDin grigist detpihbelow. In

e SRR B PO Sen SRRl e P L BERAES v pctc

406 ehidaed 1he RxirfgéIesrdsh ety an kicg 3t 0,0Me @flelﬂlll)S,fpra&féds to transmit the
class val ues for one franme. Feature extraction i

data geekst ibthe sprve @t larthe wiitglass beitvewk cinhodipentin P30 the transmitter
312 B8 RV%EE&%@@?Q ?@ %[B%Q ds fonc S tﬁ% ggfagﬁacﬁét St%%e %ﬁ%less network

ess v ce roceeds to
provids bosetvdraap wiewilesantwork 104, t he audi o 402. In step

508, the client 106 generates p t dat clu
t h&l @R photibe sqrea Paecaivss the P%aigh&fg% SO %e/&ﬁll f@diﬁgqg@ew step 514,
the % ]]laét)ﬁ RRAKE r&Sﬂs@fu@f 'tH%nadd% g&‘s%ﬂrdnbﬁg r{jg@keg rcﬁ@i etn step 516, the
etai ePovv. I'n t

W rel ess network odi nent
serv&t kqa OBk epesich &toegmtldmbasﬁd dh0iBe gecket dite seatisted fp?zm kleet client 106.

It el ey PGy BB PGS ot e P S server 102

recei%§ﬁ%tdattap dRBt KR MBf byl Rrelds AN YOG R/l HSst8 tS\I\lD rke wireless service
ouren? in step 10 the transmtter 31

provwletr oF sersenfE?i precefdﬁtqﬂem@ugt the apdig hesrdion the dg@tp@cket 406. In step
5 16,&@05@%65648'&%1%@%% tovider : e%%% Oﬁﬁtpvé?troﬁns QIKG%XIll ge% gl? tioft $h364 on the data

packet 406 received from the wireless device 106. In step 518, the operational flow of FIG. 5

stops.



10

15

20

30

In step 512, the server 102 receives the packet data
sent by client 106 and, in step 514, 25 the server
waom4prmeeeds to reconstruct the audi o based oOPCT/H82004/003419
packet data. In step 516, tt® server 102 perfornms
speech recognition based on the packet data received
III. f r Dud Peekel Ceationl 06. I n the wirel ess network

odi in ste the wirel ess service provider
o?%Serv st@EWHF'@£1§é§H?he dat a packet 406 sent by
Wi 12 HRSSr gséé'lsc %Q@eﬂ&%edllﬂsﬁts%adéﬁé (in gl*é%%dﬁsé % §¥stk Ttems WI-030

sServi ce rovider or server 102 proceeds
and Méle@391 thecilass ifer weiding) hderetition fothe ﬁt&ateacapatalkaefoud, @6ssitila values: 1)

step, 30 51 t he mn el ess serv r_or server
non 358t R JR KB I A Fof) HELRE bt HEataieed, and 4) fully
voicB@C FBbse 4Bt VAR 48 el defall ﬁw\i\defdeihﬁﬁﬁvcﬂ@a‘(ég%ﬁeé- Q¢ vbided (including
step 518, the operational flow of FIG 5 ‘stops. WO

the mﬁmwgmﬁws@@m) wezpl@:d (irgluding themaixad Paickéand fully voiced

ctssf P>} Yo o8 MR TR 4R BB B DB RER ine e
are foie BBssWaliksOo rapdsail aﬁ)cBQ)b.lts tch® réraeat fof viesi THS pitch information
information for a frame can take four possible val ues:
for aframe; cappigke g ¥pfue ranging figm abew 19t shewgr8saapissi Je, quantlze pitch
n
o1 680ty Pl RLEunar ol Bl £88kg e rer
122 pﬂcﬂegmesee repneﬂent/dekbits(dan crd:prebenglza veduezon- speech and

0|ced classes and voiced (includjng the m xed
e aREFRd ymbefimsyt @egsegefen Tev%@fgm i B comiining the class

1nfo1‘n5‘eftf%'ﬁﬁ8 'tﬁérbﬁcﬁrmf?)ﬁﬁatfl&? Uke br’c'a 8&‘ frim &S MOLTBY hyroneed eane of the 7-
since there are four ¢lass Vvalues to represent and
bit pigch somrdmh@dbmro fcodewordl foesxaniile) ipiusahtoiindicatertitat the class is not
frane c ran about

vicl (87 gt 520 PGP, B0 MR8 ot i

coddwdh@ ar8tuk@ntof 1Rpreodiift diAFaBM piteh alucf s WLl Q9 &le Mﬁlrﬂﬁﬁon that the class
bits are nornally needed since there are 122 gltc

is vajegdy@s., eisherapixedapiced ar fullybicieedyad hplaipy enseaftthe Zebit pitch codewords
0 of
i ey R ol S R PR g IR i g cess i
V01cﬁxi t Chndeghi@ttiypbh®elassieishioty peficibiitaoBeare R Bigdtydsnong the two
ol lows. One of the 7- 15 bit pitch codewords (the
not ‘éqwedzeé%%e%&e\bswenff@ﬂ sexhpne oy eiced glgstes) amﬁidar@%ngethe two voiced
classteg' @t tﬂ%ﬁv E}ﬁﬁie SofdRl aﬂ@ﬁﬂ" gdvog d%iasse% ther non-speech
unvol ce e remal ni n non-zéero 7-bit pitch
c o@”hmmbttsbeimw shmdommememﬂ@s@hblt pitth eodemtor¢valabs arell 1+b8 codeword

as l1.as the, inf r n at t e cla i s voiced
valugusg 1o iffopleichygad ot BtmBfonge HospbRa ogve, That i 5.
onelRf Tyhe 7- bit puﬁmtcwiﬂe%ﬂis 'nd'l-Qﬁtt@lﬁsst@@&evJolP@
class is not voiced while the remai ning codewords
| th SV N o =% A 0~ V= W o ) BRP-Y - <SSO X A WLV T 0 I o ¥~V W (‘nncoﬁllonf | Aoy
Oc%aﬁ%hblt IS n@m15uff|0|ent to reﬁnve the
ﬁup?y anong t e not voiced classes (i.e.,
betmﬁ@ﬁanon speechll-ae@ unvoiced cl assg¢s) and anong the
two _vojced _classes (i.e., between m xed-voi ced and
f uMiyedsepiee cl asBEEY¥COThe tabl e bel o shows one

ggg@@%§%85d7 bit pifch,codeword values and 1-bit

Thus, in summary, according to the present example, the total number of bits used to
represent the class and pitch information is 8 bits. This is opposed to the 9 bits that would have

been necessary to represent the class and pitch information, if the class and pitch information
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val ues used to indicate pitch and class information,

as descri bed above. 25 C ass Type 7-bit Pitch Codeword
wda2iun78keass Codeword Non-speech all-zero 0 UnvDUSEO4/003419

all-zero 1 M xed-voiced neddzero 0 30 Fully-voiced

non-zero 1 Thus, in sunmary, according to the present

had BXcaPhitizéd eegagitélly (ﬁlenﬂelblt@formltch aiﬁieﬂ—bité for eprsgsentabove). The
t he class and pitch information

penaliy syegd o ak b scltsmesis thak onR G th%ul/%f% p%éw#&e&@% peen used to
1ndlctafé élgﬁrlﬁ%‘?’gﬁl@gel *zﬁﬁ% e P%}%?\g: O%ﬁ%g%g%&dgoﬁ orlel cddB&ord, this has

ass an nformati on
Very IH@Td (ldﬁ&&&gg‘nﬁlﬁlﬁﬂﬂﬁmpack@nhhdadwmuy gfipit¢h qtmﬂtisaiimr ately
.e., 7 |tsfor tch.and 2-bits fo S.. .see . .
SbBlFe) Erereovepmant o b dhpBIEst Che S R Agtization process
acco%cgﬁé f(ﬁy ?réféﬁe@émﬁ&ﬁm@%fﬁh& chseRdavarda. as @ﬁ%oﬁﬂe@ow diagram

cate class infornmation. Because of
of FI@I Gaﬂd:pzes timei moocvssame chitnto$, 06 dewlpdng pﬁfpls alrrhslaswe)rfmatlon and

and | nifi ip ur ac
gene&}trln&e %%%H%‘ik? entgng%ﬂa)salge Ef(g & g%sgp ?1% e(t)zﬁ\f the steps 506
and SOBEf BIG.S410WhE Gp éraﬁbr@a?z FlotNdiapiaht bf HIRN bag:rhs QMthptgr 685 and flows
accordlng4to a preferred enbodi nent of the present

diredtiytestep6A4. The operational flow diagram of FIG 6

gleﬁalc%te 6{){{] %ﬁx? 5196%?%?6 czﬂnltllgteg ltﬂeﬁg{chlzgﬁxe oqfthé: Ql!l(ﬁb”éﬁé{tg&%g received. In

ass | nNrormna ratin

the gﬁél@@% nétﬁmﬂeseﬁélhpla@ ehdogiarant, 1|171| @ep ®0deger Whl@]ﬁsﬂ; nlevibe €106 (more
etail the steps 506  and 508 . The .
speca‘v@rlmthe REICF PO psgr%rrﬁsarlew@o@ qrécgr?%%s e hitclvaye of the audio

402 thrécle Vlg:q‘rl p%%htlz Yoo i %&RG% th8 GHeRP 1@@$erfoms pitch

ent ates the pitch value of the audio
quaritllamion/\‘Med eg dievigtth Watue dftike widiel s enmetamplk 7ebae pﬁﬂaqhyantlzatlon 18

TR TR T N -
deviddf06 Gfoemb ﬁftﬁ?‘ ﬁéﬁﬁzﬁidn%sé@&ilﬁe Qftch heuabeine audfd2obhat

was received vra m crophone 404. "I n step 606, the
cl [restep 108, ﬁercﬂ]@nhtoq)p@ﬁmmsclwanﬂqui@mmf tha sedioontnt siep 610, the

al ue of one 1-
ctie el S RE Y Bl y 88 GoBIAB s B¢ iR oot voiced
categ¥riy i, @SétHéEhM\@-%}keeeﬂJ@Ia‘éé BEGAvoitdd S48 I6GHE, rebilile oﬁ\ltHeaie&S'ﬁnnatlon of
device 106 perforns ﬁltch guanti zati on based on

step §il 0 ehpostivee t]@gn qoptrohtlave tyeep OlA. df gﬁ et of e d@rqngmatlon of step

f on of the audio. In step
610é%%ggﬁieﬁkﬂ%ogdﬁﬁﬁﬁéﬂé%#%?ﬂbnes whet her the class that
wagn etepcel2atteel cliants1@pséH& pisclotoddserd dd a/pre(deﬂne(ﬂﬁltch codeword
cat egor ei t her non-speech cl ass or

indiGaf 86 9 Rl FolHECIESHNREOBY (i HEPETHl Sap b e elassg figme. In one
exaﬂqzlgﬂ | Elﬁe\ﬁ@ 10%3%?56%%7‘%%&')%{1?' gc}/&\sx{og%% %loér?réesné;tgte :}ggdeﬁned pitch
codewioed nnthtmgla Iﬁdnaswedzh)c]sasse(pr lﬁny@med rq:l@t; épn@l 2In stére614, the client 106
sets egkrent wor to 1ndlcat€ the (Hass o(tja no{ V01ced &8RS e%forly (e d @1ther non-speech
class or unvoiced class) frame. In one example, the client 106 sets a 1-bit class codeword
indicating either non-speech class or unvoiced class.

In step 616, the client 106 sets a pitch codeword to the pitch value generated for the
pitch quantization performed in step 604. In one example, the client 106 sets a 7-bit pitch
codeword to the pitch value generated for the pitch quantization performed in step 604. In step

618, the client 106 sets a class codeword to indicate the class of a voiced class category (i.e.,

) either mixed voiced or fully voiced) frame. In one example, the client 106 sets a 1-bit class
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i ndicating a not voiced class category (i.e.,
non-speech class or unvoiced class) frane. In one 25
wexaapr®48 t he client 106 sets a 7-bit pitch coPEMOSTHOL/@3419

all zeroes - the predefinedlpi-tch codeword i ndicating

a non-speech class or unvoiced class frame. In step
code@bAl ihdi€atilg eiffier LAfked SEdifedd cRkase RuUgevaics Tcmss; ndinc afiep 620, the

the class of a not voiced class category (i.e., either
Opﬂﬁbﬁmkﬁ@@éﬁTq@lﬁﬁgp%r unvoi ced class) frane. In one

exml £4s § R ? fé}gmjlﬁéstfaﬁhg tﬁ? dolehtil 9% zﬁﬁgﬁﬂﬁfsq“or a class and

i ndicating el ther- non-speec ass or unvoiced cl ass
plthBQuszSﬁ(ﬁp pfilt6ss. tHi@. @l shemts theGseveh Dita mptesdsntqut&thmmdtlzatlon 702.

to_the |tc val ue %Hperated for the

h .
ThHSq&%%Ppszsa@t ¢ GHUBCAT FE PO PUYHPCTiod daifeo e g of audio. FIG,
7 alsB @ﬁo&é ’rh fwdllg@s r%?xt%en@ classbdlﬁanﬁkattfblﬂ 702048WO it fdsbiBR values are used

ue gener a for the pitch quantization
to repesémrthe dlasmoféd)@pfr:ﬁ@ﬂof hdigt Epur €ades meieéilnccémonﬁpsech unvoiced,

i S0y SEIBLF Bt LS8 8 g i v v
reprefsé'lllt';ﬁtc}{%& BRks Jaﬁf@ahohﬁmﬁ@@f(ﬁ)éﬁﬁ'@aﬁ)e dragdiel i ent 106
1-bit class WO 2004/ 072948 PCT/ US2004/ 003419

- 1EIG;o&em dlockdliegrann gllusiratieg the bitdalesiatiers &raths elass and pitch

quantu]%tﬁﬁcf{r%lggsg?aggér% ;{]Qf?‘etf edGé‘ﬁ% (ﬁﬁllgnt gpﬁfé%&&ﬂ? knveh@%K. FIG. 8

shoWs| the Bt ﬂldcﬁ@oﬁshﬁr @Dnﬁs/ et pidtabudnititatédnl matducg’lfb fh(erplasent invention.

class and pitch quantization process. FIG 7 m%
FIG.t4 &t%%%hsqw@ HItF EFFesSRinpILch; q%ﬁtl%ﬁﬁ@ﬁtaogat%‘ﬁe%zof g 128 possible
valugg %@Ha%lé r%\lzlfglgﬁg g%ﬁo}{gone ?Zﬁ%f’dlgf auuge& ?oofe?&%&{t p'?tich genod data of
one ﬁ-limmf mluhb Theoremiatring eEredent ueddaesndjoztn tlazainfamafiod, specifically,

hus, possi bl e val ues are used to. r pr.ese
the R QT AR Lot PRIt £ Wb QUEIGIE faP Ly the onc
valud Qf' 3P 880 1H&‘i¥£tb ¢eds cat@%df?‘i’s ¥191,686k ACkhisHdlye #AIGRE a not voiced

Ther ef ore, according 7, a total of nine bits
classapategosy frats (e pparsmwh slasg hr angpieddadassyudhe |0ﬂmr|1<3ﬁ values of 802

are i ierle B et P P Bnirn B ape oBEFe glgss or fuly

voic@Délagdht ch quantization process accordlng to a
preferred enbodi nent of the present invention. FIG 8
shBlg § Rlso ishewathap eng bib aepresstiscless suapiézappe 8f4. This is a significant
t] I
aaveffif o KARRE AP Tl 0obRIBI (IS Bewolgh Shre used to
ﬁlrtlﬁf)&‘eprbkbme\me‘ clgf of hmel2dnpassiddie el tves pavsdhle akillees are used to
with the seven bits, only 127 values are used to

differbiatesBmngIne BAt YRieS SHARERYY (k8 BREHorHRlaETOrdmypised class) and
of e i
amoff ST P bl b 58 S, oty
zerovaluegd P4 (s u@d to nrdmamcmﬂ@hswledsslamlf 0% oi azllezabr@etsas s?ro value of 804
vaI of 8 used to

oSG S b 05 3 D s SR g e s

indicatd s uﬂinl@ﬁ@ldclas@lﬁg@Z calegeses, ii@a®aluk of one BOBOS RERRA to indicate a
class or unvoiced class). The other 127 val ues of 802

ﬁlllya‘rcécqgis@@ssuﬁ 80hith el zerpss fieedble abere) of harefase.cacgording to FIG. 8, a
ry., f , I,C f
totalvoo & 3 Blis agsrggﬁgecH deepgesgf}tzpqpcghao \(/:\15 q%sﬁ c{uﬁﬁﬁ’za‘ﬁ Vldideg forzgne frame of
audibepresents class quanti zation 804. This is a
significant
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advant age of the present invention. Thus, two possible
val ues, or codewords, are used to further represent

wo b@4orass of one frane of audi o. The two possP@I/ES2004/003419
val ues are used to differerdfi-ate anong the not voiced
cl ass category (i.e., non-speech class or unvoiced

cIBss) smna@@ﬁﬁm(,hmhm ced category frams (1.
m xed voiced class or fully voiced class). Prefer abl

a In /e propesule ferrthg eutended QR stagdards; the PECTPEAL léﬁéfé@ﬁted for each
I u
vl S0P, G009 . 8 ool Bt i poriod
take mbﬂmﬁ,l valu\talanlde rafgeo Iﬁennﬁbcﬁt®49|te abewtdl 40osanipiel aiaetne8 &Rz sampling
unyoi | ass if 802 |§ all zeroes, and a v

rate. o fetstorgothe; Sumstsd DiFh HeeaED Fheet doms, R Gepout 420 iz
Wheh BBAmin g tHleté‘llt hu&tﬁfzgt?én $98&s! RBY BeBABIED: achRQE GE&QIrSDY, i.c., low

cordl n total of eight bits are use
quanttwatrcmmrm,emtowpbltrahe andi mifiuamsss amsi chatine erresd. ues for

fra f audio. 2004/ 72948 PCT/ US2004
°16 & BRRE iy oS  eeaR o S S b g s (starting
wnhfﬂ@er ﬁltshﬁ-aﬁé hende’dd Pﬁfeaqiﬂﬁﬁﬂaﬂ usinper Hits i dl’l&fddemhlﬁered frames are
estimated for each rane and is updated every 10 ns

quantiged upng fibitss Geasidgisd ¢ dipmemairscibeifiveit Tamein & Frapemagds quantized

usm% 2 %ougﬁi 4%%815& lg 1%6{1 t%l i eggﬁﬁltz c@ﬂgﬁ?edf ﬁs?%@ ?[gt T‘ilgs the average

numBdéesbid @er ﬁ’aﬁleerst dixmatHds mbtredpoﬁdswenmy rmm;feSO(t bpendue to pitch
about 57 Hz to about 420 Hz. \Wen performng the
quanﬁ?%téqﬁl%%ﬁfntl zation process, it is desirable to achieve
ac alry @Q&'iréte Enttzaltlgﬁvsc}féﬂﬁqg hgeﬂtfbpﬁ]le%%tpﬁmnﬁetlee‘ﬂamets Out of the 128
rate, robust ness agai nst channel errors.
codewoedsemddblemmicmmorcb’(l d hibe pilesen todawod) 1soused z-tbxt transmitting not

. eyven- nunber the first fra .
voiof, YRR CFF SYoHR B e 1% SO H PeoitEme dh§opRet or unvoiced.
The 9&1%111’1‘1%@@%‘7%&\%@1‘@ Sréfifed B qﬁ&tﬁﬁbﬁ@@ df Bl RS dPiokS - This scheme is

Consi dered as frane-pairs, first frame in a

descfibethin geeiater idstagiuzhomez eT:heuglitqlvgrang% iftosn ahehtt Hetos eleawhd 40 samples is

equa{llﬁglvet@eéjf (élbglferlame @% nﬁu} glgfg)él? ferggﬁés! A tg Qu&pﬂwts ¥ These regions

are chB§eheS fIRN@SorsBustidt levélat Boiofny@niithduRie} theRbir ésipondmg quantized
guanti zati on al one. An absol ute quantization schene is

pitch yalye figrchopen ey dhe memisel egonyiavien leyal igf thepkinepp glompn. The 127
codehd dc?s"\%{edsasﬁéﬁéd aogle% 08 €oC %e‘ﬁ?ﬁ dre(:bns%ru’ctl&?ele%lg 2913 maximum
codewo use

rd) for ransm tting not
quamaat&gmrmrwlﬂﬁtmsl qﬁaﬁmmﬂe@@ isiabeut,0.8%. i nd| cat e that t he
i ced. The remaining 127

frame is or uny
coHenbE 94 é}llgl 156S, a@éf%?rpritgtl gRAntIzation éc}kﬁnteclﬁ used a majority of
the H@E' oﬁow-wérs rRA0e BB it s1t9§c§091§'(*2§ Ehbfn gihet?iteetrabﬁeﬁﬁbtv) an absolute

ove. The pitch range from about 19 to about
unaMnescheme ieglsaubed. dforithe diffarentiahgudntigatiart mme a reference has to

1 d.th d
be s RL B8 Thectilitdth Mhbv ot daout AR S piit YRS value and the

referGfde @me (Igt MRPe asﬁrsltha\t@w UBe rdtid@ e fRSRRind) Bsh BI@intiZ&d Although
I tch ue i s chosen as the nearest reconstruction

the qw@zed pitethperiodh eb thedpresions firmee proyides dhie Wssidrosgible reference, this
fram.%srﬁé}gp& leznnf s b2 N el lésg %atjeégryr(? 80%ﬁhér%ﬁeﬁnvou?e\&eérsﬁﬂly voiced).

Therefore, the quantized pitch period value of one of the preceding three frames is selected as
the reference. That is, the differential quantization of the second frame of a frame-pair is
performed using the quantized pitch period value of the first frame of the frame-pair or either

of the two quantized pitch period values of the previous frame-pair as the reference.



quanti zation error with this quantizer design is about
0.8% For the odd-nunbered franes, a differenti al

W@ @an72238 | on schene is used a mpjority of 25P€TES2004/003419
ti me. However, under certainl®ituations (as shown in
the table below), an absolute quantization schene is

al 9a ths eetverside, ih® idtipbttartciot lirait tlmlﬁl@bhga@bhw’f eSRREH®s todan error in
reference has to be selected so that the difference

one k‘))éttb\‘fe derodpd pegh Pé‘ﬁ‘?d Vil Sopihiz Rupess. ovF identiy eatd quastized pitch
Valu%edft %6\?\/0 919(%1; \égfg;fa? g lﬁl%?eggg &Iﬁ%%a&téﬁ ?U{ Eote 5vOts a reference.
Eacllq lahmhutzbquq:amtmd‘d pnmh m:lu@ﬁs telgerdpd e irelisbld. r Eaeh Kiifﬁatéld'edsly quantized
.. the best SS|bIe en this 30 frame nma
5 pichyglug & Yabidepgreiahicr ﬁ?srefﬂaqnéa s 4 fgr ity quaniize 1S hsc@gpmtized pitch
perid®vaRE & thbUirsy fihRIeCHBihe sahltefrafm@fir. { Bficl l’tﬁé‘tp‘lt%ﬁ%enod values of
pitch period value of one of the preceding three
nelghbmframes efeegamnerhllysclogehio aaelﬁ etlenceitchTieatodi @,luﬁtst‘rmar the reference

nt i al th econd
valuf i 15 o i B TRt Far e By PO Pelgfince are comrsly
quari?ized OUhy ghatRizefior le@elb thdsbn ff(ﬁrﬂﬁﬁ‘eﬂéﬁuﬂ RaihtiANBn B8Hdnd¥n which of the
either, of the two quantized pitch period val ues of
10 threg mseqsding guptizedapiich aiafuea shas Heeep eghopem ee . theypeference as well as the
4 948 P,
refeLI%gge éfglﬁrgrpzlﬁ} &Ef ﬁg\gdih?&%ahélsghorv% ]clge ﬁtclﬁ% ﬁ&‘é?(? (?F{lr%or s gﬁd-numbered
franteg agquantized. i N one of the decoded pitch period
val ues. For this purpose, we identify each quantized
pitch value at the client side as being either

ITable ([fy_Q[r unrefi (U to serye:

PC ?gfer ence. (Elgch absol u?gﬁy quant i zedxgtluflirﬁgl\{}% ue i s
0 regarded g9 reliable. Each different|gbdoyutquanti zed 5
pitch value is considefred reliable iff the referenge

used for ijts quantizatjon is the quar@‘twé’é‘éatﬁﬂnt ch
0 period valjggyof the fifgt frame of th
frame-pairl. Since the pitch period val ues of
nei ghboring franes are| general ly cl gduantizetaah ot her,

niteh Nnarilnd vyal yine nAanyr + ha v nf Arn ce \Iﬁl
Pt |JC||\4 var—uotsS—He % tHeE—1C+-E+eH He—alre
ES

finely quantized and pjtch period vaIoié&rential her gway
fromthe reference are| coarsely qug €datioe
guanti zatijon | evel s chpsen for di ffertgnaﬁl a?lo
quanti zatijon depend on| whi ch of the ﬂ%feﬂwnefePQ@D ecedi ng
o~ H hac
L‘Uallll ZCU lbll VClI UCD TaAS JCTTTI \JIIUO L9 I B
reference g wel | as the reference j%#ﬁﬁ?nu?we tabl e
below il Il ystrates how fhe pitch peri Maksesh: of
odd- nunberled frames are quantized. |P(-2) P(-1) P(O
Action Taken 0 O O Absol ute CpantijhﬂﬁﬁnmﬁPGl)O

. £ £
1

1 é':'f:,;ir ;;L’]ge Puaml zat+on 01 Bfferentd %Ifﬁ‘%ltlia Zat+an:
Quantization

Reference P(-2)
1 1U 0 Differential

Quantization

Reference P(-2)

15 In the above table, the value to be quantized is P(1), the pitch period value of the
second frame of a frame pair. The reference value is the quantized pitch period value of one of

the three preceding frames, i.e., P(0), the quantized pitch period value of the first frame of the
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1R O Differential Quantization: Reference P(-1) 10
O Differential Quantization Reference P(-2) 11UO
wordohermoes | al Quanti zation Reference P(-2) 15PCTUS1964/003419
above table, the value to bd4guantized is P(1), the
pitch period value of the second frane of a frane
samd &lame-phire P(-@f,ethe gaantivad péch petidievauant izescephd 6Bme of the previous

period val ue of one of . the three preceding frapes, .
frame-pair, anst Bi-2), threausniizrdipiteh peried Kelge pf the fvsl %ﬂémb?fn%ﬁ grevious frame-
first frame of the WD 2004/ 072948 PCT/ US2004/ 003419
-14 sanme frame-pair, P(-1), the quantized pitch period
valué¢heofabldien sedoornd “OF andicaés that the evirespsndifig divengdd B, not voiced

and P(-2), the quantized pitch periqd yal ye of  fhe ..
cate ity 445 e nele-semﬁ ST RBHEVPFehElsPa £ VAt P st Rigicates that the
corr@p¥Rdite f@fne 19'a Vol CRse Satb iRy ({.Q?nﬁ%d[\%?wﬂr@éég%rffﬁlﬁyﬁeoiced class)

i's a not voiced 5 category Class (i.e., non-speech _
and ¢4 qeantiged pitshaperiod velugser) be psedas agetsfercd." Fonidie dafarentially quantized

hat 1t h carLespanding frame is, g voiced class. . .
Pl A7 ghPyparf CRE RN D b Tadndihy G 6 ity period value is
reliableass Junréi@ld késpadtaRly. zed Pt aliliguedsi Gt B UfiafBeddPitch period is
. Uused as a reference. For the differentially quantized o
incomequgntiahe.callbsovag ear ber “Grvd “Ll and itgopsantaaake adhifeiaee. As initial

. q ti i i u i i . .
condiifaEATHFRE BT, S50 AR U5 vy 54 BBePf., et 100 s
decoqeart.¢.z edrvet t1d2).p&hé ddsti Solilfini mdorasg qwaethenlthe ipiteh , was quantized

t he val ue can be a "Q" or "1" and it dges not_ nake a
absogytely oF dHéaentedlyiand if differepiiplly, thegriSrenge iagewied t hat
P( 3 2 dho T - i
cl VeGSR R e Sthes OIS ofh 6L AR G SHork s pr hen the onty
referendeurvaiue ndiibbles wingiabir Péhe Bol)t ishebeslately gndritizedl using 5 bits. One
absolutely or differentiglly and if.differentjally, .
codFREL U ol HEcalFrahgodSLaid s (ke P8t of a not voioed
cate$drd PBRs AMRe EmBinh! 3V BbFeRbrdPIr8AREY 1 hAfSiz0 _rthé"?f?d'h bid P(1) in a
only 15 reference value available is unreliable
manfgr-sipilapfolthai wsedifon Huansizingdhea mitclz edried valgesobéten-nugrhered frames.
cod rd, .such as.the.all:-zero,codewor LS. used. to .
e SRR B RAFCh RRiTIR 1 BEhuSRET Db uek® AERRLRRype ora voiced
segnfdn@&sfor EoMe hEFAARIMRY fdines OdRWEInESo amBisy etk drOudiuantitivd. In either
t he Fitch period P(1) in a manner simlar to that
case e gLy lnusaitquantivgtion errpy kesHtipg fiogythgise €& opky S5 bits does not cause
5 1 e i ' : .
oy SUFTRACREL G JORATEBIINE S 1MUS0L SFST s ki i
prophgaiva obfdecodiing erests 20ws edlrerplamrlatear sone m scl assified

frames bel ongi to nqQi sy background conditjon. |
ei tVhep the I{I!Sq %%me of a %ram%-pa?r isg of a vo(iced category cfe]lss, then the

corresponding quantized pitch period value is always chosen as the reference irrespective of

pair.

the values of P(-1) and P(-2). According to an exemplary embodiment, out of 32 possible
codewords (using 5 bits quantization of pitch period value), one codeword, such as the all-zero
codeword, is used to indicate that the current frame is non-speech / unvoiced. Twenty seven
codewords are used to cover a small pitch range around the reference value in a logarithmic
fashion (similar to the 7-bit absolute quantization discussed above). Both of the end points of
the pitch range represent reconstruction levels. The remaining four levels are used to coarsely
quantize the rest of the pitch range as indicated in the table. Notice that the four levels chosen
depend on the value of P(0). For example, if P(0) is small, then the four levels are greater than

P(0). On the other hand, if P(0) is large, then all four levels are smaller than P(0).
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case, the slightly larger quantization error resulting
fromthe use of only 5 bits does not cause any
wa@@naiofisgeant | oss of speech quality or intelliptbuUbi004003419
The use of only 5 bits helps5+imt the propagation of
decoding errors as we will explain later. Wen the

fiRbn I Rim@of & #BreRRAkis b8 IR v¥RES 0skeE@/RWBE then either P(-
class, then the 25 corresgondlng quanti zed pitch

1) orPé+2) dsichaabmies the raferengs. dhBesbhcaitesponsisite fadframe ef the voiced category

ctos A S RRA Bl B 3 YE0p Pl iRl S e ormca). e
1) coR@§inhd & a a8CRIBIIIStdgesy Bigsdirhe or Gorgeipbads foanvaited category class
pitch perjiod val ue), one codeword, such as the :
frame bt is aiesliablsd anb Ptr2) Perresgeidstis a vriredagategory clagh, ame, then P(-2) is
current [ - e / j P
cnosGHHL ARG DR AR (2 RS AR MRS qnivain
methbd & _§if3ﬁ1@f.e®he hdf&h@ eodowoads, g ad thei atl-Bo taddwar, is used to indicate
et s bt oS R PR AR e vt 0
covellr £ %Fﬁ it fa(flg@ gﬁhﬁ& Gid &&r{zrﬁ:\é%laﬁle il RQogR R fAchib Wimilar to the 7-
evel s"are uSed to coarsely quantize the rest of the
bit apidlate qumbieatim idisdussed edove). t Moth abe epitcotange etidavalupse represent

ol SR LR e e RiR g S BhafPhmifte et of e
pitch%ﬁg%t.er than P(0). On the other hand, if P(0) is
l'arge, then all four levels are smaller than P(0). WO .
200k Rpe4papiptios20bane cdisfies the meguippapnts Her pequEacy, low bit rate,

frane of franme; pair..i.s . [
and rg[)léglgefss % gﬂlogzis?%é}? qLBflEIZl§§ ﬂ%er};lgﬁpgﬁl)cll gglil:lﬁsggfe tﬁl@tggaﬂ%mbered frames
with 7efi&r 80 ¢Rose!df Y odd-n&abdres pemds with Sbits, amaveahgdt b1 bit per frame is
voiced category class and is reliable, then it is. .
saved HeselP0dets prs seeddy ehb e PRESHBRACGEAGY 15 Y SPHIAEspd. Seven-bit
-2). .. . P(.- > S #:0.a: i . .
sl TTORESAGNLE K0 BTBkqHe GasuE Rt vl
for e ﬁfsagfembldif alveiasdrsegmaitlsad fanadnR(ndjy cokgesipd fidemeso Imeither case,
voi ced category class frame, then_ P(- i s... chosen,.as...
the lagle of @cgpasic s DQinaitel 2 _dfj:s gpt p?f@c%)tﬁ% gu@htgs%lrgélhgiﬁglty of the
L e e &t Wi, it Qiffdréfitla®iquaation, the pitch
R e e e s
periddovdlngi eaich art ohtse tidéhecuwfarane viahmners guaptizechmthestaccurately. These

are tﬁ% L{: d gl?ébgl%g%qcﬁlp%ﬁgé P{Hf@%éiﬁ%k%&ﬁ@r?@‘é@a{lg Sa %ﬁc@gﬁ‘g Farther away
fromV bk YEfeldhc@ vhRE &k bR B pfodabilin afd b quantital ¢dagsely. 1Once again, the

bit absolute quantization discussed above). Both the
largquierioh il thegaanheptipn] afdese agluss dsrot CPé’@é‘n@@Z‘@R?@i”@ﬁ significantly affect
| evel s.. The.remaidin ' re used to coarsely
the %]é'ﬁ’tqrilgeﬁ]lggnﬁt sotfc&(la 1%? (iﬂesé'u%tlg{{ gés%Flgnge. The above
gggﬁtrbié éﬂéﬁal%gti&g htﬁ Nfe fp’iééeﬁf iiﬁ&ntigne if dynitede msgpidisllltﬁﬁymg differentially
[ icy, low bit rate, _ and rqbustness as, foll ows.
quar@@g«htprg:%ngem% xﬁy'lvfeé haspé‘iz]pq%e Vag;lu}ggregpblfz ge%ncljl% by us1trllg ;-%¥t absolute
VAo GE & bhflable or th
quwg%gg%ﬁ]u%?g r%ﬁéégﬁ\a}mmtéﬁwgﬁ%te sf gén%ag&er afgeﬁof V511]l %i t abie on e
onlypeferbiicemealics asaiobit, is wereliall@O0 Hoirtexappie, sovsider. that situgtion where a
ame_tinme, accuracy is no rom sed. Seven-bit
o561 HEBei R LY AT Bh S A 1) SO0 A e of channel error

situdﬂgﬁq?pﬁ DAOSIMEE AbkRfiel that thOBits Sort&pendipite #Md faméPfollowing the
the first frane of a voiced segnent and for sone noi S}/ .

erastnae Hgvo aen freceifed. cdrrectyt hdrihe diget, frame of the frame-pair following the

erasures is a voiced frame, then there is no propagation of error at all. This is because the first

frame is always absolutely quantized (using 7 bits) and the second frame is differentially
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the lack of accuracy is not critical and does not
affect the quality or intelligibility of the 20
w0 e@enzatict ed speech in any significant way. RET/0IS2004/003419
5-bit differential quantizatlben, the pitch period
val ues, which are close to the reference value, are
quam@i!z!émIléliﬁ%3 the! plahigfedairtpatied yaludbesie: fiRt Gambes igleference. Also, the
probability pitch period values. The pitch period
folloying ames i 8ot dgpendroy syl thgggsediiragmgst he ref er ence
vajug. 3 & %}mg WP 5%?9#0&& Yzat%g&lyatﬁfss,qﬂéﬁtth@ Egcond frame cannot be
coarsely. ce agaln, the larger error in the
decodedpbiraalyl milewfit ihalse avialt wesced scategbryc tlags. c@hisandecmmse the second
not significantly affect 25 the qualjty or . .
framp’sndich jvglusicopidhaxe be 1;5%@3%1@3; @ aei\b%%%ﬂil.e qEapiized pitch value of
one &f A qgs?‘efa@@d g‘gﬁp% he rPERASA! I MYELEsE e eftof hi¥ $18Fadd¥ed to the second
rdentifying differentially quantized pitch period
frame dibliresing shar hsuadsl e and unrel i able and by using 5-bit

ab ut e. anti.zati on .f oy ‘odd- nunbered franmes .
b firg HEEe 1€ 355 e efGeorValios, Jim PAoTropropfstion ccases

beca@l the' @hBIANAGRIHKHHBA F¥Rich PR ths fidfies |fbladilifg trOthird frame do not
exanpl e, consider the situation where a 30 nunber of

depend anmshepetiases frames ddencarest s decelveid Srame-paiefofewing bmerasures. If the

. type of .channel error i tuati [ .. cha
hird @055 ' o AP PR oy et Bich 0P b 2y e R AR Vet of the ot
framb @hh ®BisieechiTally decvdbd Bécdisy # e havebainwbdolatly gaddtized given that
If the first frame of the franme-pair followi ng the . )
the fptzandythisd fiames g5 fegnat varsd catsgeryidhass and thepgeond frame is unreliable.
. r .
he1E3AP L2 BERE ) bl e D0 s L SoREEHER. AR 44 e
two fngled aehseweind frane is differentially WO 2004/ 072948

PCI [ US2004/ 00341 -16 quanti zed usin he quantized
oi SERTEH g 51 e BFIA R FTPE 1 Shbted HGR oriod Fiite of an even-
numb&EE BRGE (d!.ﬁ' B0ranlfif bif Qllrbl%)("'c'lé‘x? ptdABRE {otd Bred %ﬁ%gfat most. In

on any of the erased franes. the first frame is o
additomoanyv eiraeth tet dgodyd eitals perivhenluchel secddduintenel frame (due to
dcaq}got bg)[ deqodedt cortr%cit %nltess it is also a not
randouy LTS BYSTIPIERELE O THY SHdB%ise the second 5
fr angs. soRi togh aval 9@ Seudd dpemtiobdenoti tiagremntdhabing another pitch
quanti zed using the quantized pitch val ue of one of .
quantifetiona grocessasedrding e daprofeted anbedimept phitke present ypgntion. The
kL r toat f l.ow :
operfiiul 37 BEARF TG, O, B8 KT Reniths M pritesg "l cient 106, of
calcwiatigopitch iafoxmation fogné femel gadieraping palgal paoketee@seMiting the same and
because the quantized pitch _period values of all . the
contmuingswith diensi Hyme-hElGsh Pfd OB aada Cdlssere m pprg dpfaf dhgsteps 506 and
508 FPF{@rSaSﬁ% eBdoRalXiow Bﬁg% Ef"ﬁ sy 9%?9@2&5& @Cfﬁe%ﬂﬁ'vpi% Ltep 902 (in
olTowng the erasures. 't the third frane is 06f a not
FIG VA ) foatsatjecily o sigs904. hen t he quanti zed pitch period

val ue of the fourt fr an be successful l.y decoded
L3 e R R BTSSR o) PRt e,

In tHeh@freleddotvbkSsmBoMmbMR| [rfstbp 0B SthekBreRiss AeviBé 1UQI(FBEL specifically,
category class and the second frame is unreliabl

e.

the pEhegsedroi2d, oft wizelessrdsvicplOphepdeulans thel pishivalpetdidhe pedio 482 that was
of .one or re :paj I Saceases after .1 fr

receffpd ffEmbartong Al IS U TR B i o A Brent rame

is arl Bvdnher SlRCABRE. [F tiehefR bOthe\RtdimiiioAHTRUPNO04 is even, then control

flows to step 910. If the result of the determination of step 904 is odd, then control flows to

step 905. In step 905, the current frame is an odd frame and thus, the client 106 proceeds to
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nunbered franme (due to randombit errors) can
propagate up to three franes at nost. In addition,
w@eon40729¢8 i n the decoded pitch period val ue OPCHIS2004/003419
odd- nunbered frame (due to-l¥andombit errors) can
propagate up to two franes at nost. 20 FIGs. 9A, 9B
find @MdadRGuate @efRfenep gfadid onatliliel fow diif@enitan pifoRVjuastiamieh ek step 906,
pitch quantization ocess accor ding to a preferred
conteriplomsiARigetly fo &tm%&&) mRention. The operational
fl
or 6 ﬁ’évsets 99%2%&§‘Tnltzen : ?Lrgcé‘m %Es calpggﬁl gﬁﬁtfﬁﬁm{ ﬁa%ed on the pitch value
of thmﬁlm’mmtlncmlef eXanphe W-blanibsolqerlmchtqdagtlmtldaha peafokrdd, as described

p e g the nme an conti nu t he next
aboyey pipeihoF léélessgﬁtwgr% ot Breeiott #EB Do onisclge dyce, HS performs
Lafgponal fl ow
absog%tg gft%}?ng%nﬁﬁ%&ﬁoa%&ﬁoﬁfhe?t& yalue gglﬁlﬁgﬁ% ?{gz'st op 902
(i tn step Q129 diedt 10®@eeds dipitels thgleWQrdstb ghe 90¢h vhlne erqrated for the

absolita pisth Gpaitiation, pPtariics P reb ST0m 1§ B GRetar B sBbnicllp sets a 7-bi
pitcle BRRKANE RS thd ﬂto‘ht ©uS Beherdt &t foM th€ hB®Iutl QYick Quiihalib® berformed in
speci fical | rocessor 320 of wirel ess device

step ?(b@) Incsterc 91 %(Féscqnﬁr@ Bowe Hireadlyde stsp HHe Imsiap 8140he piteix quantization
e Y/ h t 04
L R I LT

ev&nstep 90d (B bAFEG. 918, donerol ﬂswk tiredtlyt foesteled ET. ni&tp 007, the client
904 1 s even, then confrol flows to step 910.

e
106 FiﬁteFWé‘esr whiher the ofase of thedFam s mmedatgly @r@@e;shlm)ﬂlewwré@oframe “07 is
t t
of theRftel ¥ty (108" Be.! BixeAvBRed Yres b AR ARIAI Il Notg ghat in FIGs.
9B d &€k e]mkscmnmaﬁ@agﬂeﬁgmm RETd L&Wﬁmeamedmﬁy pienetling frame
an adequat e reference fr me to_uti

[1Ta%tl a’ (13
0" & 98¢ ent ¢ St BrYE Hm&EFQW %Qf?CGanI n%? er} g%cramecoﬁ @gfl the frame
1mmfeH1Q¥é§y ﬁﬂefz&ﬁﬁé Yral@ “S3eR AR (B Binéldsult 8Bihe dbtchfRtion of step 917
client 106 perforns absolute pitch
is P@uﬁam; meat Gomfrobdlowd torsteph40pi Hcthe vedulieof the detesmmatipw of step 917 is

v B A g 0 5, B30 56 HEPE 3t rvions

ﬂanféeidl\l@bﬂftnﬁﬁbﬁﬁlsgﬁ@tan adeqBite PreRléhcet REmYI oeli885 4@V dRerential pitch
106 perforns absolute pitch quantizati on based on the

quanbizelédn. val ue of the audio 402. In step 912, the client
10 )
; orﬁl ?t%é@ZZ,st% ltcijghtcl dégger ﬁbl{aeg t&ﬂz%g}eip g%ecaaéé?éﬁnen%en ok % 89 the voiced

catefbk§) clak$ (ien aniexd miiiced clhkbaor(ﬂﬂlﬁmlcacoﬁla@t $f te Yeshltlof the determlnatlon
pi tch codevvort% to th? itch val ue g%tnerat ed for th
of i 92 istRossivectier GomEal o dn stsRPESr Hethe rosultof glteec&twatwn of step
|
27 /18R, B Sl 01 o 0 ihesi, 8 8 Bl whevr
the picht duenefkfrarhe A3’ wadatishhitelp qhamizeﬂl dfshediest bt thebdetdemination of
903..In s 916 ( , .contro) flows
step 935 3t BT tasiopo DD A0T R 1 e 3497 1f s el Ghipe Stsgmiition of step
928 faleBhtid) @RenWoaibEAOWIR HpPSD). Oﬁl sféﬁe%@r ﬁﬁ&:h‘ HTEH d’éteﬁjnﬂnes whether

precedi ng the current franme " of the voi ced
the pisgheyelng of| Germe (‘r2” was rdlff@rantwﬂyoe@armrzgi gn@ris frelighfe (that is, it was
dluc\écu u%ﬁg tqﬁ%lr iZz?% a}ls 1t1<|9e tt{l al?l‘:llF ?ﬁ%le&%,te?y P%ggc}lg%c}%t ﬂ‘?he result of the
deteinfinmis af eley Qﬂ%ﬁeﬁbsﬁg/ef f@fEcontrol flows to step 940. If the result of the

determination of step 929 is negative, then control flows to step 930.

In step 930, the client 106 proceeds to the previous frame to continue to seek an

adequate reference frame to utilize for differential pitch quantization. In step 937, the client
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"0" is frame "-1", the frame inmedi ately preceding
frame "-1" is frane "-2" and the frane immediately
wee@eotonyy frane "-2" is frane "-3." If the reRCl/USWN4/003419
the determi nation of step 918- is positive, then
control flows to step 940. If the result of the
106 dat@RiktdFhb08sr B hBROFdmé S-37NeaFtthy &oidel Qﬁte@@f}i cleds (i.e., mixed
flows to step 920. In step 920, the client 106
voicesk Jesseatsiufly viokred jshase). olfho esnlt pfdhe detersmnrtinneot gor 88k is positive,
then ggl?t? g%gﬂfst@lsli% E?{Oh nl?glbé; 1&3 ¥ ﬁqetge'térﬁlﬁ%ttwﬁ 5 ét/ep 937 Js negative, then

conhf'éﬂ ﬂl@f«ﬁs td QfepdBi2er Biep @&O\Iﬁhﬁ\tshdifectlheo @te@S%OO(fC)fdfaﬂfé} 9C2énd step 942
the voiced cat egory class (i.e., mxed voiced

of
ﬂOW&fha@%lyaPsime9|59(DbpﬁElﬂ3 Cass). If the result of the
e I t S s+l nt,0 52, it
{1 B 330, @) oDHIC €, Falol SRRSO i ep 952 it I
deterofinad Ehat 26 aB&jhatesrefimgadei fvane hiebeendtnd forf diffasentiallys gegutizing the

currq%ﬁ g'élallet QS’tIg %Fel?,?é%éf ﬁ]l‘gr%ggllgl L%g ]iggg d%ﬁgféﬂt ngcﬁv]uan 1za%on based on the

pltchqyaﬁﬁ‘é bE &R addio.t B och&eidiipief 5 bﬁeabg&hferﬁﬂdﬁa(idaﬁﬂzﬁfon 1§ tefformed, as
IS positive, then control flows to ste

descnh@i slwgel tInghe whrelage metwrrk @mbodm@ﬁnt,smeq@ep Qg@ the ereless device 106

per R SO0 B AL R P RA DR R SR s 5

the ElfRFE06-%ts Wasitclli EdRORL itdlthy pﬁb‘lﬁﬂialuéegierﬁfhded Jor the absolute pltch
reliable (that is, it was 30 differentially quantize

quangifgfionafesiosRned 1 193¢ aleonemraEple treyligntcldsdeg To)t Plch codeword
o B8 P9 el ERSTLRN) o Rehltip ien o5
r el kiep 60 (@ ofIBIGI 9 Nedritoh fmﬁvssdlmtlg% step @6Patinveep 962, it is
then control flows to step

930,.t he .
dete%mm@%fhaie@ aé@%@&%@fﬁ@% fﬁ%ﬂ%ﬁ@b% OrRGAT eI feentizing | the
7 r
e R R
referehctmgl the\&&rﬁﬂ'ﬁd/réﬂ@@é@ frﬁaﬁé’/ DS E0/20p34 Dbit dlf%relmel pitch quantlzauon

o SRSl 50eLEd el 15 2 308, B 55 s B Bhoia o o pc

Va]_ué géﬁéfaﬁ!@ kaHe aiffestial bftcﬂ QenfiefidhtpePorh®in step 966. In one example,
determnation of step 937 is positive, then control

the (ﬂ]lem/\g)ﬁt gotsst é@tgﬂ,@h cpfleword to @@pltchofalqer&eng@i@rﬂqr thet diffgrential pitch
Igl S e% g 61ve then control flows to step
qua Zilo &51g5 Iﬁ directly to step 960 (C) of FIG
9CLagep 516 @hé?éo%troﬁﬂf){v@‘dﬁeéﬂy ek ky/sttp 985 €GP GFAG( BA. dh step 915 (E),
FIG 9C. In step 950 %} of FIG 9C, control flows
contgil flogits| djrecidy & @sp §5%. I pier Pit the pitch guaniizatien progess@gvances to the
f been found for
nem%eea[r@%?‘?g%q ;ﬁagvgtdlﬁ‘%ﬁ'ec g t{]g@a@%rb?%nt frame "0." In
st €p 95Bevictveofdrioertrt 106 perfornms absol ute pitch
quantlz at.ion_based op. the_  pitch of the auydio. .
e Bhissep raotaton: FinseicreRioton (BHELG, dhede S, dfefigmmunications
stancﬁ’a‘%ﬁ)f chli@qs 1S disHn dRRChdthech ﬁQﬁ’\éﬁeech MnliN@hvide@! §28ch frames. Both
networ nbodi ment, in step 956, the wirel ess device
classb@re cpmnhmdr@gdbsmdndtladlpawd hyquzam pitcht pesiodbaded Avhaddional 4 bits
are é%%r val ue of . the audi.o 4 client .

A @ntfp? ok Ben Ve (o B0 g PR e when

a frd¢ id BEHRDEAELH @at@gotry Rtlas6l Y& By inZikkd QBicRe rcfrqﬁlr?d/olldd:d}st dihese 4 bits
956. In one exanE the client 106 sets a 5-hit pitc
identi §yenieing in differen ands of speech spectrum. The pitch Value is quantized absolutely

using 7 bits. Therefore, there is no bit saving in MELP, such as described in the present

invention.
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to the pitch value generated for the absolute pitch

guanti zation perforned in step 956. 15 In step 960 (O
W@R00R0R94OC, control flows directly to step 96RCT/US2004/003419

step 962, it is determ ned I%at an adequate reference

frame has been found for differentially quantizing the

CUlHh @PC-{0 pBtheP teiedoﬁnﬁhﬁ&tlgﬁ@staﬁcl@d)c 7i18Rtard 8&d to indicate a voiced

perforns differential pitch quantizafion referencing
category qlage dtante and nitshe rldweceare OArastch period éevelsmél%levsls tised to indicate
It Iy d,
that: ggfgrgl{hbﬂ%ﬂf?llgg{\%e a%? o%ucfllgtn g%@ c%{i' ca't Iagslgl‘é a —s%eech class and

unvgitéd blasdeywonty the deh@dphatlf-ﬁaﬁﬁ % aiﬂlﬁe g;@it%ﬂ &Ia@of'}o blabsh @1 e., mixed
differential pitch quantization perforned in s

voicpeh clige apd Awkby Boiced plassy (o ntondy theskist half-grapet is quttﬁ% v01ced category
0 P, e

s OSERUd HP NBLUBBEUE Rl Sty s snd o

unvdi&ﬁi cdtegsy ehs@?ﬂPC‘e Hedes ot distihguisis aiong did yoibmicéatégory class (i.e.,

betvigel R PTG B PG e) Or OGS B Layatobd FRISETY Bhiss e, between

the ﬂl%@eﬂt VA A ﬁ[l?%fb%d %@éé%?eaf hb ‘f)résjaﬁt m%éntfb%xéxt&fd@'@c 10 with the
and the control "flows directly back to step 9

introdaotieeiofonfpeesh amndtmllvwccdlelamxe@ﬂﬂm nodtvpisad r;atngcay class and mixed

voicg SPGB Lok LR o Eigen non- <peech

IV. angxempRire BEplepesahiods ames. Both cl asses are conbi ned

together and indicated by a zero pitch period val ue.
An Thadireseah anvention cen 3G epekizads By hfigvarpy sattivare prce gembination of

hard'v&%?eo &E@Ed%&‘hﬁ @hérﬁ]? 11@6 tl%lg. &k #V%fllllbf of %fét £r AE %%@em according to a
zZero, 1.e., whels “& frame is 6 e voi ced

prefetabanf@ligent ofithegrevait d@antion, faglibyerived GEH)Gs. 3’]16393% 49B and 9C, can
bits, .identify icing in dlfferent bands of _speech

be reghieed iny ﬁ]ceqfr?élza?{ s hlovan QB COMEWRh EYSSER LS @ﬁt&byted fashion where

[
diffdSit rg’iené%ﬂg ges X | Y%ﬁtﬁﬁﬁerbo:néfégtﬁ{? CBP%ﬁfeé% E?stﬁlfﬁsv\ﬁmy kind of
comﬁﬁl@ﬂ$}&7€ﬁ948r (Ftﬁﬁ'n’ dpﬁ@r@ﬁx&/aﬂﬁ}ﬁédlﬁ)r caering nut REndhddnistdrired herein - is

el a 7. bits used to

suitgd f CERTER OYDIEBER OF HTBAIEAE) OB Sl Bha Eprgpurpose computer
systekR &fifh £AE6m eﬂ%ﬂo bf, Qhch SRl 0aRd a%dleﬁe\!&ﬂt&l ¥8Reb1t the computer

i ndi cat e ) both half-franes are of thé not
systero seddthatat @a;cﬁwowltmet@md%descmmﬁsap@ech cl ass and

unv,oj ass on| th second hal f:f i s _of

e o B e el b o R, ekt tTan 3o Riputer program
prodaid(ih blints Y04 @1@111@8 @sisderaf 182), OHidh édieprises 8l the features enabling the

hal f-frame is of the voiced category class

implepspiation of thpanathodsnigscrbad hergin, sanésvvb@hm@ﬁntlﬁ@ied in a computer
systéﬁ? alg %glectg 8?[%8 gt ﬁlls?esrﬁ?tﬁgﬁjs t@@m ﬁ‘l?%]e OF o1 élter program as

0ES no |st|ng
usedcmtth@ pregentliasshitidn Jrﬁllcateskmtympfemom 1ﬂmﬁ§¢dhgaﬁlgb god©bCRstation, of a

|.asses) or anpng the unv0|ced catego class (i.e
set. QfPHBHONS FLTRFS dRICHSP IS BRI TN g fpraiogy pgggeégl}lg capability to

perfdite aPpeSieiar 'fﬁl‘{&ﬁh' ﬁﬁle?xélﬁz@g S drPSielOci 5“11 L B&n10f th followmg a)

i ntroduction of non-speech and unvoi ce asses un
convierrtom tst anogher dehguage gods o Inmtagioanahdb xegroduciiaeh :adrfferent material

fo fully voiced classes under the voi ced category
| asses.

A computer system may include, inter alia, one or more computers and at least a
computer-readable medium, allowing a computer system, to read data, instructions, messages
or message packets, and other computer-readable information from the computer-readable

medium. The computer-readable medium may include non-volatile memory, such as ROM,
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V. Exenplary Inplenentations The present invention
can be realized in hardware, software, or a
w@oooioreass on of hardware and software in cli eP€BUSDE$/003419
108 or server 102 of FIG 120A system according to a
15 preferred enbodi mrent of the present invention, as

FlastO@emiotR edisk Ariké ﬁﬁemdi?r GD-FAM, 9Bd aihr Yermarrat Eit@rage Additionally, a
realized in a centralized fashion in one conmput e

compiyestrepdablsy mpdaual Ry inglyde: & oxawRlee Nolakiler torage ﬁ‘ﬂ@r'@rﬁu"*M buffers,
el S .4 0s t

cach& n%'rrg&&r sys e%%&aggaﬁ{( %uﬁﬁéfﬁ{:ogéﬁpu@ 85@%%%5@3%(1& medium may

com;ﬁ'tsb %n@ﬂfb@-rréddableadﬁmﬁl&’doﬂ or a cangiyoiry gtatwineﬂ]lnﬁl smjhfusdsnetwork link
descri bed herein - . suited. A typical nbl nat i

and/csta REERArBioERge SofEdR @ WER achEoTk e avigl <SP UAShBYE: [ that allow

gram t hat, when

co e oA S oput e
SYElGem &g ha thhedk idiagoem rifes Mputdresymawsﬁﬂeﬁmrﬁrr@@nenﬁng an
her ei n. . An enbodi nent ent I nvent.j can .

embesfiaghsl GRETRIBH N RRo o TR CRRE B LGS k0 i more detailed

repregéﬂtﬁEHnSoP—Qﬁe&moéoﬁldamk 384 \éshell(i@i Y %Bm@ﬁﬁprslyﬁ@lﬁ of FIG. 10
al features enabling the inplenentation of the

mcludm dm;ads ngi@'s Erodeesdrd; enadi as prensssoni Thewm%@wd]élﬂmuﬁﬂamected toa

com GRS n BRSPS B s gg eevord

Vanétﬁseébfivsfhré féﬁlb@ﬂﬁﬁﬁfﬁ@ ateN¥RBtbedNin fReine &ifa‘.ﬁlsa@;y:mplary computer system.
expression, in any | anﬁuage code or notation, a

Afters gradipg ﬁflrﬁsfl?SG@P‘il@h gt il dseae ppPaERiste & PSSR & %QWWg skill in the

el RO SRS A ATPRRLL b Loap R 3k comput

archibetilte0f t he follow ng a) conversion to another

| anguage, code or, notatio ctlon
di ThesampuiptiatmyFan Beludep Spl%ydaﬁ%fa’f% f&@y@l %‘55?{%95 graphics, text,
and +tﬂ§tj dﬁgaeﬁ'oﬁlrﬁlg Eorfthiuflica &ﬁn%stﬂ?:ﬁﬁe QQ@? r&fom @'Tﬂnﬁstbuffer not shown)

mput er-rea e nmedium al ovvlngacon'pu er
for dspblyem the dlspbamnddtoao Ths ccrmmttemrstenndscsagbsies amain memory 1006,

sa ackets, and ut e d
prefaF G RO rORFERE Bhiin SR Pk LI G0 PP ofgmemory 1012
The SEUMRHLET mERBEANDE? MRAI HIRTUABY fdrNEdatfige, WO RanioHiak idrfe 1014 and/or a
menory, such ‘as ROM WO 2004/ 072948 PCT/ US2004/ 003419
removaigle Riterage WeiNe r1@16,urepkesmtmea feppy yiskohiron magaetist g drive, an
nt st orage. I r a
Optlcﬁggngn‘iﬁ%y |t[ncl e er:q‘oor ex SEO% %ey dn@e 1%? gﬁg&% %?@g%ﬁ%r rites fo a

remo¥8b]BAMragaiidie 1 G138 1nCaaﬁ1hﬁldﬁW6ﬂr1§nomrld tl’i@de\llﬂﬁfhlgmmmut}t ill in the art.
Furt hernore,  the conputer-readabl e nedi ym

Reme il sigtage SREUOLS - Teaisera TP PG R R ERCfS gy aniial ¢ig pte-, which
is redd ¥ é/e?l{ﬂe Wehil,S C?ﬁ/ S B g@f el ddVe Pornd/Qr w"ﬁﬂ et %Eé%lated the
Intertace, ng a wre

I nc StWork or a Wireless
remavebleGtdeage dnrt 1®1|8I inviudes camput@russhls somgeaneding Iswilg stored therein
information. FIG 10 is a bl ock

Com]b‘ftﬁgﬁoé?ﬁa&?a@g‘?} it er system useful for inplenmenting
any Ql@giﬁﬁi%e%b&ﬁmteﬂﬁ eres%%ﬁdabn‘ﬂ%ﬁdr?nwlfr}ﬁaﬁ YadieChther similar

systemof FIG is a nore detailed “representation
meargsf fog |allewirng Q@ﬁpl&ﬂ@plﬁb@&namt afbervimstruq@ns Thde doadedtinio the computer

systenY éuc@ meanlg Imaty 1nc(:)1ude for example, a removable storage unit 1022 and an interface
1020. Examples of such may include a program cartridge and cartridge interface (such as that
found in video game devices), a removable memory chip (such as an EPROM, or PROM) and

associated socket, and other removable storage units 1022 and interfaces 1020 which allow
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10 includes one or nore processors, such as processor
1004. The processor 1004 is connected to a

w@eosnridesmt i on i nfrastructure 1002 (e.g., a  PCT/US2004/003419
conmuni cati ons bus, cross-o\VHr- bar, or network).
Various software enbodi nents are described in terns of

softwite San@X@AP kALY (EARRHEE frot The RBmoviblee§iofa@adind1642 & the computer
description, it will becone apparent to a person of

systgndi nary skill in the relevant art(s) how to

i n he invention usin er _caonput er st e
R e N R e T T
Conhauhitdtiohsideteffact 9pR4aVallos esdfaaes ka@8ddthab Beoormasfted between the
graphics, text, and other_data fraomthe conmunication
compyer s¥te cndr extamabdedgess r Exaaples aincopumyrigations infedoge) 1024 may
. r i a i i T . .
iy A0 R0 R 5o 0L ek L g R R LT fpgatons o,
PCM@Edslot ackcesd, aendofywiRAMl daanchnsfeyred voconnatmidgions interface 1024

. d 1012. 0 Th 1012 . )
are Seﬁg Eﬁ‘@{ é%g,gn%?yﬂhgiﬂawﬁy ﬁ?a for Eé%sfﬁr?lgf %r%anﬂang?%ﬁzwagneﬂca optical, or

o5 P RS el 81 1. G At

providlesktodyomveyniedtions TiterfaeentiZdbiie as¢ammyeicatidngepatl) (ige., channel) 1026.

. reads .f and/ ar ites tq a enpyabl e st orage .uni .
This el {048 e Mok o st pl il drhsinen b S Ay ber optics, a
phoriKidel a &4 hBhE link, RATOV R, @ndoPb@ecdhithimiéMidhs channels.

represents a floppy di sk, nmagnetic tape, optical disk,

et & thisieaumens thetorma dowypwerdoragiam @adive, bycomnmbraishiele medium,"
“ - ive. 101 | iated th
mai R AT Uk B ool PR RRRESA R Cll R s, ety ot o

med B suciR gemaich eoRaMios gné keoadark ednedrt 10¢DTptibesble storage drive 1016,
sof tware _and/ or ta. In alternative enbodi ments, the

. da : !
a hardedigh ingfalchdnpayl digy drijay 014 andggoaeneess amapter progrm products
3 I er 1
e it e R cPRRCH P S, TSR MRt meciom
allowsmtheicouiputte systan texadplat, imtmeinms anksagdsarragessage fackets, and other
1022 and.an Jnterface 1020. Exanpl of such
compERFABAHS PG LR e Qo Al fsativn dPF gewputer-readable

medlBUCIbragahpdd, mh@URiuho ﬁﬁnﬁ%@atﬂ@%eﬂ%%ﬁﬁ ras@Floppy, ROM, Flash
renovabl e nenory” chip (such as an EP or P and

menwsy,oPishit duves otiary, SAUROMeand ethey gigrmadnd rshgregeini it gs useful, for

1022 .and interfac 1020 whi,ch al | ow 2004/ 072948.
ex /E%Z 61}?})613%1[%151%31_ 100, FP%@% X aag\? %)ng%u% ems?ructlons, between
compiitdN §§serie d Huit@einidie, THRNEbHFIE-8iRbRIMetint ndH2 dothfrise computer-
t he conmputer, system The conputer system may al so
readabe ipfeemaionong fiaasifary ftate medimy sechy apa network link and/or a network
- i [ ' t e
e FRITHPRARE Q08 BH05E: HHERSPL UL SPLLIRGS, ARS8 e s
computterenddblelafornesionExanpl es of communi cations interface
1024 may i ncl ude nodem a network interface (such as
anCEMRE ﬁ@roga%ma)@% celahermtey GHEOhMNGIC) F© SEEREMAMAIN memory
0063 la8l/0R N GRY: rfiory S9h fanar r | Beceived vi
! cgm“n?ni cgti gﬁys n:‘?ént%r face 10%(}{1%{)%%%}}(%2”@%?%1% b Feceived via
commiugealianswhiteoffaceny0de, $wh exapyke pregremss oviien, executed, enable the

comgllltgrcgyys ity %telrf%i‘m othte Ifgﬁlu‘es Vf the present invention as discussed herein. In

particular, the computer programs, when executed, enable the processor 1004 to perform the
features of the computer system. Accordingly, such computer programs represent controllers

of the computer system.



ot her signals capable of being received by
comruni cations interface 1024. These signals are 10
w@e@niotmds t o conmuni cations interface 1024 vi aP@I/US2004/003419
communi cations path (i.e., -@annel) 1026. This
channel 1026 carries signals and may be inpl enented
V. usCogclwsibe or cable, fiber optics, a phone line, a
cel lul ar, phone lin an RF_ |ink, and/or other

k . .
cofhbarenepesific embadigcats hthenpkentigabratbect Hisqlsers those having
ordiﬂa%ggﬁ?ﬂtiﬁ thd5eP gsfi{l‘ '{ﬂl&@‘%mﬁét c éa?lrb'eurﬁg&g s Jg% ?%ééfﬁc embodiments

ne-readabl e nedi an conputer-rea

withoetddepatting feonu stecspirt ané sespe! dfithe afventidno THeSscopeofths wevention is not

as main nory 1006 and, secondary menpry 1012, . . .
to by &bt gﬁ%@f?r%g}e tht SRRGIfOABPOGMRA | [T RITRoF: 1ip defondpd that the
appe@éd ik csVet Y8y 4Rd 41 sBAapHliRmS; mbBBREHGRTRM 8fibodiments within

program products are neans for providing software to
the scoe efdhpptesent sysnon. The conput er - r eadabl e medi um

al .the cqnputer systemto read data, instructions,

e ézﬁpwﬁggsage packets, and ot her
conmput er -readabl e i nformati on fromthe
conmput er - r eadabl e nmedi um The conput er-readabl e 20
medi um for exanple, may include non-volatile nenory,
such as Floppy, ROM Flash nenory, Di sk drive nenory,
CD-ROM and ot her permanent storage. It is useful, for
exanpl e, for transporting information, such as data
and conputer instructions, between conputer systens.
Furthernore, the conputer-readabl e nedi um may conpri se
conmputer- readable information in a transitory state
medi um such as a network |ink and/or a network 25
interface, including a wired network or a wirel ess
network, that allow a conputer to read such
conmput er -readabl e i nformati on. Conputer progranms (al so
call ed conputer control logic) are stored in main
menory 1006 and/or secondary nenory 1012. Conputer
prograns nmay al so be received via conmunications
interface 1024. Such conputer prograns, when executed,
enabl e the 30 conputer systemto performthe features
of the present invention as discussed herein. In
particul ar, the conputer prograns, when executed,
enabl e the processor 1004 to performthe features of
the conputer system Accordingly, such conputer
prograns represent controllers of the conputer
system WD 2004/ 072948 PCT/ US2004/ 003419 -22- V.
Concl usi on Al t hough specific enbodi nents of the
i nventi on have been discl osed, those having ordinary
skill in the art will understand that changes can be
made to the specific enbodinents w thout departing
fromthe spirit and scope of the invention. The scope
of the invention is not 5 to be restricted, therefore,
to the specific enbodinents. Furthernore, it is
i ntended that the appended clains cover any and al
such applications, nodifications, and enbodi nents
within the scope of the present invention.
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What is clainmed is: WD 2004/072948 PCT/ US2004/ 003419
-23 CLAIMS 1. A nethod on an information processing
W@ yaemfior quanti zi ng class informati on and PCT/TR2004/003419
i nformati on of audio, conpriZig: receiving audio; 5
capturing a frame of the audio; determning a pitch
of the frame;, cal culating @Lagsgyword representing the
pitch of the frame, wherei'n a first codeword value
L. i ndi owthed @nannm@fmmqneprpeesemg syeteBy for rduantizing lckgs indprmation and
n the class is any one of at | east
p1tcl{1\}£o%1}a§§g8£au§8 SNYCEE ng an indefinite pitch and at
I eaédelﬁﬁgeaﬁl@ss indicating a definite pitch; and
calculating a codemord representlng the class of the
frﬁﬁ@unﬂmé%@ @dsword length is the maxi mum of
s required to represent the
at Ffég@%ﬂ%&%ﬁ%g&ggémlﬂhdl cating an indefinite pitch
an dalbi:nletmrg ai codewotdniepres@aitingi ths pitelg uf tledfrivae,r ®heremen first codeword
at | east_qne. chass indicating a definite pitch,
ValuiS“dM?é‘?sé}nﬁn HISINER and the class of the frams are
r eﬁEt%ﬁﬁHﬁr% kel/asé be tﬁe"‘f?arﬁ@ q@l’{@&gsthe flass bse éifhzﬁfleast two classes
claim1l erein I f the dodeword represen ng t
indlcpatmlglanmdeﬁhete pricimend atdeliscateadasa mdwaiimglardeﬁmtppttdh and

th d f th
| nafeuaiag Soffprd AR It HliSs B 26 Bmen dtestif T codeword
lengﬁﬁ1s| thgl@fdxhii® dof the Minidfind nuhber ('SﬁeﬁltLOQq@ﬁrecP{oaﬂeE}e%ent the at least two

wherein if the codeword representing t EItC
clasgep apacatingdingad kit petel pid the npiniretm numbar o latsa@ql@mrta represent the
r the franme indicates one of
atb%ﬁgnggﬁgégs%a%%%agwggérﬁﬁgﬁcating a definite pitch. 25
4. whaesingtichadh ahd tHeadlaks 3f thelfened die tdjeesahtel ®@3he fvicodewords.
classes indicating an indefinite pitch includes a
non-speech class and an unvoiced class. 5. The method
2. Of 1L 3hdhdd o r@ﬁfrﬁ N ifeih i B 'E%hé&&éipfeﬁfe‘éé&}rggthéga 'Of the frame
is any one o ient conputer and a*wre evi ce
indistashanamdefimtpitch, ttleslnetha (imdaewcﬁﬂ répredinéingehdrcldsbf thediame indicates

5, .wheyein the audi ertai.ns to speech. WO
one Qﬁ@aﬁbf%mo e@? q%s%ﬁeﬁlxn@@m fint piteh. The met hod of
claim6, wherein a frane duration is fromabout 20 to

about 30
3. The method of claim 2, wherein if the codeword representing the pitch of the frame

indicates a definite pitch, then the codeword representing the class of the frame indicates one

of the at least one class indicating a definite pitch.

4. The method of claim 3, wherein the at least two classes indicating an indefinite pitch

includes a non-speech class and an unvoiced class.

5. The method of claim 1, wherein the information processing system is any one of a

client computer and a wireless device such as a mobile telephone.

6. The method of claim 5§, wherein the audio pertains to speech.
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mlliseconds and consequent franes overlap each ot her
by from about 10 to about 15 mlliseconds 5 S. The
woreiohotoed claim 1, further conprising: transnmP@T/USIP04/003419
the codeword representing th#pitch of the frane and
the codeword representing the class of the frame to a
7. Sermermefhod AS¥ LIRfQrarBkhe@Binps TRARS dGtioN Sik EMdrhOdbout 20 to about 30
quanti zing class information and pitch 10 information

millifecenddi #nd eonpsaRent ngames AYEIPprsheother hyedionyiahgut 10 to about 15
. o, and a digital signal processor for capturing a
mlu?#géﬁ@sof the audio, determning a pitch of the frane,
cal cul ating a codeword representing the pitch of the
frage, wherein a first codeword value indicates an

8. i nddweimthed o dlaim Ldurths SoMPHENE ¢l ass of the frane,
wh Wal¥ e L Shqa eqf hath |
ol i 6 SRl SRR LR PR, oERE. i and the codeword
reproseatiog desclasndf thetframge @ a efer.ni t e pitch and cal cul ati ng
a codeword representing the class of the frane,
wherein the codeword length is the maxi mum of the
9. M NAARYRHAREE Rockisths tRMshT &F RaliBELSent WIBmAdtion and pitch
~ least two classes indicating an indefinite pitch and
information ofi andio, pempasingf bits required to represent the
at aI e%sc} one o(;,,I éaseisv.i ngi(ﬁgti Eg a definite pitch, 20
V\hernéﬁﬁpthﬁ% j|E)| R a1 he @f'ass of the frame are
I e dgieN sBshabprobégort B cemaen®s tameldt.thd hgdib dederfhinga pitch of the
processing systemof claim9, wherein if the codeword
framep Gpls8latng agodewardoeprasensmet the Pitela 96 theGrmst whergin a first codeword
vahig B} b ekl phOR ol R0 M of AR RERE) yRGeh Wi oass i any
one cifas dest twd ictatdsnigdeatingn ae indzfinie pittlc nd 256 143kt ofidrelass indicating a

i nformati on processing, system of ¢laim 10, wherein if .
defipyie PH@ SHorRaLEH | Pgsaeﬁﬂef%r& CHECSSPERS (RsF Clapfe Of fhgrgame, wherein the
codb A1 Qai RS i2thd §hdRinkhie thf@ B%lﬂitghﬁl? nﬁﬁ%e@@ﬂﬁ\‘.@fe@uimd to re%)resent the at

representing the class o rame |1 ndicates one o

least hweo glasjeeasdicging @l aslsfinitalpitet ambthe mfinnin supbercdf. biBOrequired to

12. The jnformation processi system of claim 11,

reprfieat (et (e SaF ClasBEeioE  RRRE ! cat i ng. an
| NAeekdth tR Mich@Rd KCA1a @F iR PR HPegHbschtedss B fv@Podewords.
unvoi ced class. 13. The information processing system

of claim9, wherein the informati on processing system

IS A Li . ) SS i .
10. Suc;ﬁx% alg%gl%%@ n @Fﬁ%ﬁ%ﬁ@? Bé\gagﬁgﬁ /\xg?g%ﬁg% B co%%\\(/o&fs representing
the PIECH dIFRO Bdme QRdidRes ar’inddfniteTfiRh] ko thedddewop] @passitig the class of
system.of claim 13, wherein the audio pertains to
the fppae glicatepone pfh the; 4 degstigio; arssriBisadna v @gefinip mfch.
claim 14, wherein a frame duration is fromabout 20
to about 30 mlliseconds, and subsequent franes
11. ov ditleapfosmetiompiveesshg systom a@bdait 1Q wiereih ififeutodt®ord representing

the gftclhl olﬁﬁé: 321%% indicates a definite pitch, then the codeword representing the class of the

frame indicates one of the at least one class indicating a definite pitch.

12.  The information processing system of claim 11, wherein the at least two classes

indicating an indefinite pitch includes a non-speech class and an unvoiced class.

13.  The information processing system of claim 9, wherein the information processing

system is any one of a client computer and a wireless device such as a mobile telephone.
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16. The informati on processing systemof claim?9,
further conprising: a transmtter for transmtting the
W@ owemnm9ds r epresenti ng the pitch of the franme BCMUS1984/003419
codeword representing the clZass of the frame to a
server. 10 17. A nethod in a distributed speech
14, r eThg@iiftrneitios pedoessing fistemedfdanc B mhesdim e audecsrtainsgo speech.
audi o; organi zing the received audio into franes;
quanti zing audio pitch information for each frane,
wh
1. (LR oGy tliaotln) o Aol NGRSl fom sbou
20 taq ahmut|3z)emillhsetcoindw ahdl esbhsequant figues toveilap eadthasther by from about 10 to
b 1% t|o for each franme, wherein the quantized
a Ouél Fﬁ‘o frati on for each frame being represented by
one of a plurality of quantized class val ues, and .
wherein one of the plurality of anti zed pltch
16. vallhe mfmawgn mw@ssm@lsystsm ﬂﬂnl@lat %qﬁmb@rwgmpnﬁlélg
quant | séwt‘lel T ogell&?%gﬁ%lhé ord r%areeean(f je theuggﬁ?haég 8208 ame and the
codeﬁ@&@ﬂé@feéenﬁﬂgethéldﬁﬁﬁ¢f2tﬁ§1ﬁﬁina$§a‘sc&|vbl€ for each frane
bei ng sel ected fromone of the not voiced class
category and the voiced class cat egory. 18. The net hod
17. O AShEHER & afihAEIopCONDEL BTy SRR Y AGH Bhmb e
one codeword I nclu R quan Itch informti d
quegttiviaechudal; ass |nfor mat i on for at | east one frams.

19. The. mei hod of C‘:ﬁ(?l m 17, wherein the quantized
cI qeganizing fhe Fegriveda Pﬂr}iﬂ@a@&ﬁng represented by a

I 3 E{Hﬁtﬂv\r%%gd; gigc;h Qllf(glﬁ’lalf@ﬂ Yot ERh k& RIRSEA thO §Barzed@biudio pitch
information for each frame bemg 1epresented by one of a plurality of quantized pitch values;
and

quantizing class information for each frame, wherein the quantized class information
for each frame being represented by one of a plurality of quantized class values, and wherein
one of the plurality of quantized pitch values being reserved to indicate whether the quantized
class information for each frame is one of a not voiced class category and a voiced class

category, the quantized class value for each frame being selected from one of the not voiced

class category and the voiced class category.

18.  The method of claim 17, further comprising:
providing at least one codeword including quantized pitch information and quantized

class information for at least one frame.

19.  The method of claim 17, wherein the quantized class value for each frame being

represented by a minimum number of bits required to represent one of at least two classes.



