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WD 2004/ 072949 PCT/ US2004/ 003425 -1 PI TCH

QUANTI ZATI ON FOR DI STRI BUTED SPEECH RECOGNI Tl ON
w@e@wg®7Red er ence To Rel ated Application The prBCSENE2004/003425

patent application is related to co-pending and

commonly owned U.S. 5 Paterni- Application No.

10/ 360, 582, Attorney Docket No. CM.00872M entitled

"Class Quantizat igTdRQEANITZAUION Fogech

Recognition”, filed on even date with the present

patent appli A i t | whi ch

bei ng hereby %mgg@%%%ﬁﬁgﬁg% of the

I nvention The prese i nvent.i enerally.relates to

the field of diGH® E&“S,%t%gé“&%‘gggﬁw%‘m 10

SY 916 BRoscid peteiPApIR A 18 Wé1akd Yo é@b@{%ﬁm SHnshbhiRetedd U.S.

speech recognition for narrow bandw

Pategbfppiiviation Nons0/36@1584, Aétoarsy RenketND cCGMLENS72Maekled (ihdpss

of t.he l nuention, Wt he_ advept .0of [ n bi_|
QuafliB8 PR ERRh AR S RO BT, A pRATEH BBl TR bl pent
appliBatibm, thd édtire fbaﬂlﬁh%sﬁ(ﬁf whieh Béiny herbbe itddtgorstbd biieeference.

revenues for Wreless Service Providers 15 (WSPs)

origi nate from subscr ilffield@hghe Inyentiem a WSP's ability

;8 g?h??’)l, gﬁy&%%ﬁ;nuéeﬂ%ﬂl% t%Si’ﬁOS%EW@%? d?s@rﬂhngd gpeech recognition

servi ce“prov scribers over
systerad, \wnd kndrapangurlyiraiatesdo dixtritsiedisgrechl teco pitio fick, naWbRs bandwidth
are . cagnstantly | ooking for. ways to mtigate the anount
comgpiniGafpRs 3RgYIBHeE KRGS i t t ed over the network

whi | e mai ntaini ng aghlighogiibi i 1abertfnyi Ce tO
subscri bers. 20 Recently, speech recognition has

enjVéyle thesadventss pagetstrad whotélegdwneethei wizelpsschgstiee/industry has grown

. . Speech .recognition is e or variety_.of .. . .

into 2B e T Dty B8 Pebop BedRiares 17 ielcas orvice Providers

(WSPEY viigiflats WRSE EUtREptidR. e NEW Wb MblilityXoSshe aduededdful network is
feature whereby the subscriber speaks the nane of a

dependentpinethe ayplity efasarvicepepvided tajsubscaibsrsouier @enctwenk having a limited
Gl pi ent.; kS [.ecogn) . S C .
von G0 0 SNTRUSR FRRBNARY MRD0 GuSRBRED, piese he amout o

infoSuarthiias trandnittb@ ov@ahP hetiork vhilaRefifteihingba BighukEty of service to
caller information (411) can utilize speech
subsEER@ENi ti on to recognize the nane of a recipient to

Vm@%bﬁltl?fg Qggé'cil beLodritidH heMRhjDE SRcJRbLGE ik %?He’leiss Rervice industry.

speec cogniti o gains acceptance 1n the wireless
Specchmanmgnition iDusdd fob atvadelSpdephlicdienognl sdroiey. DSR) exlaaple, a wireless

ari sen .as an_ energi.ng technol DSR refers to )
service SHRPR (o Srrreriact wub poeerh GALiee i pheisby e Rgeriber speaks the
namBaF b 8EdhiEAT ANl iR tROWIERESIRiced THREEGHicheS ARANAL I 1BEbgnized using
stemare 30 distributed. That is, the feature

Speezlimcagniition anfid calds ritiasted hetween gre subseribso and thesreoipienheIn another
R e R I ——
recipient to whom a subscriber is attempting to place a call.

As speech recognition gains acceptance in the wireless community, Distributed Speech
Recognition (DSR) has arisen as an emerging technology. DSR refers to a framework in which
the feature extraction and the pattern recognition portions of a speech recognition system are
distributed. That is, the feature extraction and the pattern recognition portions of the speech
recognition system are performed by two different processing units at two different locations.
Specifically, the feature extraction process is performed on the front-end, i.e., the wireless

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

perfornmed on the front-end, i.e., the wireless
walewioe294and t he pattern recognition process iBCT/US2004/003425
perfornmed on the back-end, i.e., by the wireless WO

2004/ 072949 PCT/ US2004/ 00342%- -2 service provider.
DSR enhances speech recognition for nore conplicated
servi@sfivileeh BSR @lafemt §ded ddopaitibR st RPored ddmpiRatedNtasks such as
flight information or brokerage transactions with
autosmaﬁd arline hogkias . with esppkero mEreebem i krakerege transactions with

tandards Institute (ETSI) pronul gates a set of 5
simik a*ﬁ%%rreg's for DSR. The ETSI DSR standards ES 201 108

(Aﬂ?liel E20p&n Aeldcdntindfizatdod Stdudayds RBORYe QETSI) gprom@lgates a set of
{ hne at

stangFgh LG e E6ST BRRne GRS RoaaL P LaErikgtoo) 3nd 8202 050 (uly

2002)” ﬁ@ﬁﬂ%) g ?eaﬁﬁ@eécl&aét?cﬁp B34 'dd é&E‘loﬂt %&ﬁhﬁ@% fﬁ@dfront-end These
be m‘portan I N SO app | Catl ons

standaslsgl hqwewew dodadt ih¢oeparatdlspd&h mochstiictiBdatithe ebadeeml which may be

imp g oSO8 FPOE RS, AbEgEuit UEY ] R N0 st W04 have been
releSRE BGIETHAO R {h ¢Hd Hdvatahgabakaen @Io@&ld@s h08%5b0RBbectively) to

| anglage recognition. In the current DSR standards,
incledresprecit ige@nstroeiiom a4 the hackread rewell oo tppaklongehge aerdgnition.

cepli i) bfsat PSR ePRETRl ol MBS S SRRPRE compressed, and

tranbrAgRdith ke Biftckt-éiﬁ, dre aHe:vienElrequencbrqgepEtralT(b@&ﬁcﬁeﬁt@t(Mmq Co - C12,
are updated every 10 ns or 100 tines per second.

In
and hrelogprathasel e figmeraersyx legde d hesealsatiragarg ppeated evesy 10 ms or 100
0 | r
i N e
abowa)thitchaind ridss @ad voicing) dfotrhationtade hloe ddd€ed for eavtl f-am@e dnd transmitted

) js incre unt of .infonnation that is
in a@?ﬁwgrﬁot thé@@yé%én #Fesd hifelfcrdssvire IpRUHedfnsipmation that is
trané@fffel AR5 WIS iR td'e@i@é"ov@@@lgé"hg%rk a-ﬂﬁ %nsﬁrheé §dd1t101?]a1 bandwidth.

desirabl e that the representation of class and
Thup,nit o dedifable thet the repmepratationsof cﬂmanﬂlmtchnnﬁxmhenon be as compact as

ep the pbiit rate.Jow. 20 It has been an ongoi ng
pOSSEI?GIS%F 8%8‘5 % l?eglbﬁggé{ﬁa%plﬂ”ch i nfornation conpactly and
W i iRidtheers &€ bhdoitd MAbRACIBEEsADPitdOIRETHIREASSE ¢ ﬁédﬁ@ztand without

conmmuni cati on channel errors. In general, speec
sacrifisingrocyrace 2 TobNstRess AEXBHtcaninumitatinn shamebelirarsi Wegeneral, speech

voedsfbreles EGRE et Rt Frdles ORRED RegrnbBRas furs. Fodenn

Standagl at TB0@ by) tabsddeelyf uantze pith itifoematidran &8Rore bits per frame. In
standards, it is inportant to keep the additional bit

the EHF@E&@SR stepdarés it ampastast xleocp MCAMMEINBRDIA LT Byp Bepitch and
clas® ibn a@lcﬁ&? E%dlé%le %mﬁl{ﬁﬁt%r%@ab@&%eddpfﬁfcﬁffgfgf%ﬁltechmques
t echni ques has been adopt ed uantize the prtc
has peeni addpﬂed toquantizothepsich geod mfcﬁrrrianb]s ugieg ohlyanigfs pdndisume, thus
. [ I 1 bjt per frame. However, this
sav R LR LIDiyDeG BB Lo Bl R G BRI Zotere S seeigl intorms of

acc@ity, dnARUBIARSStol DafltABABEs, €rrors. Therefore a need
exi'sts to overconme the problens with the prior art as

di dhgreferd aaisen exists to overcome the problems with the prior art as discussed above.

Summary of the Invention
Briefly, in accordance with the present invention, disclosed is a system, method and
computer readable medium for quantizing pitch information of audio. In an embodiment of the

present invention, the method on an information processing system includes capturing audio
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30 Summary of the Invention Briefly, in accordance
Wth the present invention, disclosed is a system
woreiohotoand conput er readabl e nedi um f or quaneCwURLY04/003425
pitch information of audio. In an enbodi ment of the
present invention, the netha&d on an information
processing systemincludes capturing audio WD
repr%@ﬁlﬁ{gog AABrBCHa ke 2 AP0 2T numBefed [ RERNThdhethod further includes
unbered frame of a plurality of nunbered franes. The
calcﬁ@t@rrg)@i chgy phihe fFames, (dsein @ flass itmheneaoics eisedelagsynd an unvoiced
classf TATE ﬁa\afnsef’sea' vbi &dc%le?sﬁ Sa b]?c%ha]?%aﬁpﬁte%f fo?tﬁ/eofreﬁﬁg I‘f’ d}%sﬁame is an even
and an unvoiced IS a vol

numbé¢rad $r,anﬁ apidtacivided ofask, caubdtwdrd effa filselehgtarie calbﬁlalteﬂ by quantizing the
frame is an even nunbered frame and a vai ced cl ass,

pltclb%rbﬁérraaleoabsglu%qu dt thed¥agranisjag c¥el Bymbgered W@oﬁ&l&rﬂh%va@ed class, a

coddwdfd of Blel £ gtylg chlc AR aghaiek: Yramk fof tuﬂ@o&&f‘@ﬁsé $f the frame is
an even nu ranme and an unvol ced cl ass,

an odd uhﬁmbed:ddframh end arwiceld exays Iand sit dfabtcmieaoﬁﬂhelthme demeasgmmediately
a.fr of unv edc SS the fra an o ..

prec i SRR Snieae & COBmROLp SO 1S wiletghby gpantzing the

pitct QiethE fffaﬁf‘e élfﬁf@lﬁaﬂm@i‘eﬁ&ﬁé Pt qu%t%@ ?}htelg of iR deaRBpreSeding reliable
reliable, a codeword a second length is cal culated

framigy wmm ithe rigstt lﬁ;egthpMStgmat@lf thanethe rm@ncu lemizdy. eIrﬁtthglftagne is an odd

enci ng, a_quant arest_pr
nump G TERE B § S8 RS huf e e e SRR B HER Mfecding e
frame @ Aot REaSIECH BEHIwRAG bH the|sEcdﬂaleleﬁgtHﬁ§caISulétﬁd (b?d]uantlzmg the pitch of
nunmbered frane and a voi ced cl ass and each o

the framecebsplutglisdf thenfsamaisanywdg nppbeicd drampeandrangipyoiced plass, a codeword

is cagc%:le{t (gf?cg% c%ﬁ&i? h:jl??f;(lzaﬁxibﬁa ﬁ'gﬁ? %ﬁuﬁfﬂ?gédh%lésgr are
abﬁﬁhﬁdtl@ér)ﬁmﬂo‘duhﬁﬁ dfrthdvprebest aﬂWeﬂddn remnib éreeltib proeessing system for
an. unvoi ced cl ass, _a ¢codewo is calculated of th

d .
quandigingaich dRGERAonIp Ed goediges raicsIPhoRy Sitcentignggudioggpresenting
a nunbeBROHRRE @F@gﬁlﬁﬁﬁ B 0P huh D& @ BRER! ThEViRRi3hen ?Pocessing system

I nformati on processi'ng systemfor quantizing pitch
furthenfrohnias adrgﬂcat s1gna1 ipogceksac fardeBukting erctgsh ofitheffrme, wherein a class is

any Blpcgpgr | n’% &c lréﬁﬁs?qgél ass-l-{]fgtﬂ? rmeeﬁﬁza]r\{?mnceedoglass the processor

calclh@§ 8 PREN GorSHS ﬁﬁﬁib fruid fahe iEl d4A8 Susbeicdiffahe SN Adiced class, the
proceSsor for calculating a class of the frane,

procedser eplsulates| aswdegordany aofest oengthviley cwentediegs dhamitchref the frame

I f fr 0j
absol P49 SEBe b3 dr it LB MR ed oy B8 iR g processor
calcﬁlﬁt@ﬁ& cb&evidtd @¥ et fivenbRgtR dndicAiNg addn@oMaivetdd elads If the frame is an
processor calculates a codeword of a first |ength
odd @yn@e@ﬁt frame gnd e vpiced §last angat deaghane gbdbs thres yramef immediately
f S; V@i

prookqie (56 e 0L W YRR RS ol AR Co BT AR, £ Bbond Lengtts by

quarttizingt the qn‘@hi‘bf i thelifeemid diffeaentinAyrectofentimgod qea:htlzbdlwch lof the nearest

precgﬂag (raqhagg me, nﬂ@egqlg lt}p? Htstre#g%hfflg %‘@? I 2 V%{céﬁ leQ Sff the frame

is a@roﬁﬁqgin%réd‘?raﬁfeaﬁfﬁl b Svdi&ldl @RdsCand Q@chp[)f)‘ﬂfegﬁﬁ’ée frames immediately
cal cul ates a codeword of a second | ength by

precefling thieArame tshet prlinble, &P prdvessor eateuldics & epdawardof the second length by

ref erenci.n ntiz C f the nearet
avarly RGP o0 ot e Bl B, it 1Y 2 SR8 mmperee, frame and an
unvdEeiadl s, theProdebddr s AIALs la&RBEWord!df thdSecbhd@BRgth indicating a frame of

unvoiced class.
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I's an odd nunbered frame and a voiced cl ass and each
of the three franes immedi ately preceding the frane
WO g00ao0t291¢l | abl e, the processor cal cul ates a cPUBWA2004/003425
of the second | ength by 30 quantizing the pitch of the
frame absolutely. If the fraére is an odd nunbered
frame and an unvoiced cl ass, the processor calcul ates
a co@enefette@ienidainano od tﬁé?gﬂ%éhtiiﬁﬁ’érﬁi@hi 42§ advinftasmudbecause they
unvoi ced class. WD 2004/ 072949 PCT/ US2004/ 003425 -4 o
servyfie deredse thecameb 96 biiewted tofrapsmet prde aHprmatiparvenn campunications
. t t .
me B 3 e Pt B s B TR FE5 i i The
bit savirpemaraiteaaklatedSinta ma&m@moféw ibsn(livﬁidﬂﬁ ﬁaﬁiﬂgblegfordb@ﬁﬂmh Sﬁr additional
cQ ni cati ons networks possess |limte andwi dth. The
Subsarlggga\ﬁ higs the ePiepelh s yeRiden Hrevidesi hedh ndk eBAAYRRERtH D network
ﬂﬁﬁgd bnrini bt 5 subscri bers.
Py usFé?ﬁgméggg%%{&ﬁﬁvenﬁPgﬂgg%g@? es both an
i nprovenent i n neBwuefDesqréptiar ofthe Pramdngsn | ncrease in

co ni.cati ons ality. Brief Description.of th .
Or S0P ndsioF Block iderami fllysiatiie S K | g6 Sisiiipyig pecch recognition
accd?8nPRs K pte@érrdd ShBddMERDrIRESeRnt BGEMMN | on  according
to a preferred enbodi nent of the present invention. 10
FI B1G22 issa detadedabloekl disigeasik ol p ajredess epmmumiiqagibn sgstem for distributed
communi cation systemfor distributed..speech,. .
specf REURERh RO T R Cr<d SR ROSER AL ivemion e
pr €$@ns is B\béstki difigrainl Gustdating aawhiklegKddi@gfoa® wireless communication
illustrating a wireless device for a wireless
systerg ppemiding e anrefeyat aphodiment i Hep Rreseat Hiventiqry: ed
e [ t S duyent i ' I -
i e g Blosk WobA Mk BEN HetghiSor'h pirebes aBFiEe wih the
wiretkey s@reicaiptdviddte 15 wirel ess service provider. FIG 5
is operational .fl ow_di agram showi ng the overal | .
i £161 Butedis peeiaiion e@%\@’ngkaf%@ﬁl B HEs thic FEh gisigbed speech

recoBhBbR E)f&@sseﬂ@&‘aiﬂgqfelta éﬁ‘éfef'r@@ eRbESRRh: dUE Blte:s&ﬁ invenfon.®

I's an operati onal w di agram show ng a cl ass an
pi F¢6G. qinm ppertiianl flovcdisgramasghooiod aglase and piteli gnamitation process
enbodi nent. of. t he prese invention..20 FIG 7 is a

acofFBERD PGP R STIRGCRRR S RAEEBROLATT onal bi
al IreGat PN BlokR ideghan ¢lhasatiAf the ddhb&itioaieBlt hAdHatiefk for the class and
process. FIG 8 is a block diagramillustrating the

pitclhieantizatinaupesss for the class and pitch quantization
Pre$8s] fACSshd g 1H1r1§€&%¥1g %ﬁ% ﬁagp gﬂlbcaarig}lsa %%r ttll?ee class and pitch

présent 1 nventl on.

quardpetied prodess atdording it@ g prsRersdioamhitdiaaa tofieiie frbicpbinvaition.
quanti zati on process according to a preferred

enbdas-ndht Bt apdedpr #Semt 9 ploflowrdgagray shoveng another pitch
quarﬁiszgf%?&m ﬂﬂ]pg%g AR REind D b PIRLIRL bR AR SF M NSNS Bhtion.
FIG. 10 is a block diagram of an information processing system useful for
implementing a preferred embodiment of the present invention.
Detailed Description
The present invention, according to a preferred embodiment, advantageously
overcomes problems with the prior art by effectively reducing the number of bits used in pitch

quantization, as will be discussed in detail below.
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i mpl ementing a preferred enbodi ment of the present

i nvention. Detailed Description The present invention,
waecwantiomy to a preferred enbodi ment, advant ageCEE3004/003425

30 overcones problenms with the prior art by

effectively reducing the nuwtber of bits used in pitch

guanti zation, as will be discussed in detail below. WO
L 20@%@?&949 PCT/ US2004/ 003425 -5- |. Overview FIG 1
is a block diagramillustrating a network for

Di §IGi bus adolékﬂeémgraﬁedb@mungm ne(\@@R)fOJaB@ajnbmﬁ@ Speech Recognition

eferr.ed, enbo t .of sent i nvent. Fl 1
(DSR} Gerordi i e i g Bt SRS IGH | GhpWs @ network
servéiO8r %@1@%'%&1&1 pRovilel K opd4tingVBh G nedRIe Cllog, thctd connects the

server/wirel ess service provider 102 with clients 106

serqu‘miqul@@ sarvice peoaddyot2nwith dienitshk06 grded@hit Ih rppemmbasiiment of the

prespi SRS HIERT bl ¥ Rt iR by ith Pl B  sorver 102,

netw®BEMO4 el cblhpmugm 06aBroupth 168.f Inf  tirse BiOOdiRAL, ,thé hétwork 104 is
network 104 is circuit switched network, such

a cirepit PupIched Sisvee STER ephdife HubligoPevicpsTRipphone Network (PSTN).
Alteﬁlg{tl&%lpsﬁl' %@oglétlge %%Wétlg fled Set@ H@Gﬁfetpfgﬁ\ét%gji‘t@ﬂed network is a

tche netvvor s a
widatenmekv AW ANE sath as thichglotgil ditatnet, it jgiveed WaNpa iloat erea network

(LAmNngL)&%%ﬁ%%ggﬁ;g&% g3 aIéTLA N thé&léte tﬁgr‘q[;runl Caltltllo%re]aa networks.

In aﬂ@cﬁ%ﬁoélke?natwlent@%@@k ﬁj4t B Nakded Sethdi®, FSHVAL nkdorlkS a broadcast

a wred network, a wreless network, a broadcast
netwmeltmmtpomt—tqapcpntmﬁtwmd( poi nt network. In the first

08" ot timrre e o5 ooNE nd (6 BBl Sfagic 1668 108 comprie
one GPMRYS Pér§or{aﬁ’@>)n;ﬁ1%rg(BCs|) @%Bmmwhﬁleﬁ@ workstations running the

wor kst ati ons runni crosoft ndows

Micospf SMOWWS@/ MEEE;@I‘HP’ he g OBY&ifgN syﬁygl@b nM@glﬁto sh computers
o4¢) nn| n t h t |

equlﬂﬁlb‘nt@t dreﬁlymwoﬁipuwr AeeSSting déﬁktésc eAltelﬂhﬁﬁm aht mlvyr 102 and the
the server 102 and the  conputer clients 106 and 108
compyer (fdieninéOdrandp @S saelyde anps PbROTEeSHVET SYRPILE t(Eg-28UN Ulira

worl A6k 3h #Jgﬁg Ff%ééj g%%g @(SU?%H% a‘({%‘é@fﬁ ORIk $ /8800 workstations and

system i ons 'servers running
serveﬂs eumdlﬁ(g theek 1A opegatigslysoman sswersansning thei IIYTEh eperhfifi@system).

at | q?quéﬂ{)qcﬁ%ént::géaﬂm Frg%qng?éﬁg@mnglntglgm Lglgpresents a wireless

comﬁﬁﬁf@éﬂbﬁ: §§s'té?ﬁ‘ \§Eﬁ§ﬁ £iudebh Ghirel AE SRS pROVIMeE @b@saswnreless network 104
service provider 102, a wreless netvvork 104 °~ and

and wiireldse ésvml@vl Qbetbrobgh 108+ lghvitdss savesevirp el esK)2sis ravﬁlzségeneratlon
rst- (g ene

analfe A ECIE % R B o iR o FERE BB aorvice or a thind
gendPRIEMELAMIEFatE mdbIOplidie seeme) at i on Inter net - capabl e

nobi | e phone servi ce. ]

In this embodiment, the wireless network 104 is a mobile phone network, a mobile text
messaging device network, a pager network, or the like. Further, the communications standard
of the wireless network 104 of FIG. 1 is Code Division Multiple Access (CDMA), Time
Division Multiple Access (TDMA), Global System for Mobile Communications (GSM),
General Packet Radio Service (GPRS), Frequency Division Multiple Access (FDMA) or the

like. The wireless network 104 supports any number of wireless devices 106 through 108,
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In this enbodi nent, the wireless network 104 is a
nmobi | e phone network, a nobile text nessaging device
wWoeiwories a pager network, or the like. FurthePCT/URE04/003425

comuni cations standard of the wirel ess network 104

of FIG 1 is Code Dvision-Kultiple Access (COW),

Time 30 Division Multiple Access (TDWA), d obal System

e h d@@medoa{ r

i3 Mo SRR SA A LM ROl RO s, o
like.(FDMA) or the like. The wirel ess netvvork 104 supports

an unber, of wi.re] ess. devices 106 t 1
20 i 2eey tupsity dbe Ml agE o8 é”f% l@? mﬁﬁ‘ﬂeﬁ & server, which
com;ﬁlfs‘égl 8fie of Bivire PeRHOALI G&nﬂﬁé’ﬂs qB€Ss) ah dIEMCbr%ﬁﬁiatlBIeS’C workstatlons
pagers, beepers, or the Ilike. In this enbodinent,

runnier BleedEcrosety W@Q@WSVP@’Q B/200YMEHEE(NEP, opetatiag | SY\?Jﬁmc rMaClntOSh

com RS 53 BR8] %5605, SRR, STy d P ihins sy

equiMi@ft 90 bhy Vitie ovmper PRCARBQY ddvicek/ NIaPhapsitaidirnent of the present
system Maci ntosh conputers,running the Mac OS

mvelaﬁms Hhei seyes 9§W§ﬁ%es4:@§éws®mvr¢§r £ e 1S QUK megse Feity gy stems (.g., SUN

| u

Ut YBHS00, i bl & pEoSHNEE s RBRURN R0 wonkstions

and peress munmnlgvﬁnt AN, oﬁeimlngem@m of ssivesd esmiisgrthé dANUX operating
a%;ow der 102 is one or nore server systems (e.g., SUN

systqtk r a wor kst ati ons running the SunCS or Al X operating
SY AL @IplainBVL RS L AR Masrk & akbh@B® oA inaMEicE eVfehtSire extraction and the
running the Al X operating system or servers_ running

patterringecbgitidn pprioas PHg spesyls tasagnitige smm atendisiriapisde Thajssa the feature

extraﬁﬁan ?]Fﬂah g{t{exélrrﬁc?%]&tbodwqﬁm 10018 QB' &tl? Fpeﬁ a%%%ggmgg %m e performed

by t & BFERd pRitesinsd @iMtsalt ewe dFdiéd lllédadonsﬂ&iecﬁﬁzally f’cﬁe feature extraction
feature "extraction and the pattern recogniti

procpsris perermstd ihthe Spuiendres ofisi Wirdesssipyicemml 8¢ énd 108, and the pattern
0
recoBfifiR pIEsY B iRt Rk GRIVEET }"Y st Br 8o Wiflss servce
prov&iet' negt ithe fepuacestction peicksy Breﬂeﬂﬁgmtmeoﬂ thenfrera+edd by the wireless
wi.reles evi ces 06 and 108, and the

deVlﬁF‘éﬁloélaﬁd 19%&%6%‘3{1‘%@{%@%@ t31bele¥ £ or med by t he

ba e S al

o i ais (gl BIFICERUER, Bl 2 RS EORIRIRALYS GFstem for DS
accopding ar mpnbfezrredt drebddimant-cfiilce frgsenh exvantial. e85, 2diewimers detailed block

. 106 is descrlbedln rea det aj elo
disgeieo [ BE parelesa SomIT PP B SV R EFARFOFTE T FaRELeHIG T above. The
w1re$é@£%[ﬁirﬁlﬁfcb96h §¥S$étﬁ BEfRG, @E\i’ﬁclué’éé(?@ etitRAlcl Q08 cBhSIE&d Bke stations
di nent of resent invention. FIG 2 is a nore

202 d?é)Baande’éO%I hncaddltmra@mwdﬁsq tomiedtosssysigineint Eatd isanterfaced to
an eg\}i}épa ggtgzve C“ beq%vw s.telg%}{o%fe LES&E ﬁ(& Gﬁ‘%b aﬁl?e&}/%s 2-556203 and 204

VGt

1nd1ﬁ@1ﬁﬁlly0édp@6rt2&)¥t1§1€buﬁf @dgebgra Ris ecoveRlt Anda cé&ﬁ&mn%oﬁlbsaﬂiér units or
In addition, the wirel ess conmuni cati on system
transrcm@prsz(l Ps Wirplass fdgwises) 1106 294 408 dseccF al D ethfovieless %fi)/@%s 106 and

108 gﬁ%ﬂfg ﬁ\hﬁlntﬁe bggeesrtitﬂ)ﬁg 28@,@03 ,T :91% msl&n%t e@édr&ﬂﬁmg&?on I%Qt%col, such as
CDMA, FDMA, CDMA, GPRS and GSM.

The geographic coverage area of the wireless communication system of FIG. 2 is
divided into regions or cells, which are individually serviced by the base stations 202, 203, and
204 (also referred to herein as cell servers). A wireless device operating within the wireless

communication system selects a particular cell server as its primary interface for receive and
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i ndi vidual l'y support portions of a geographic coverage
area contai ning subscriber units or transceivers

W@ 2008/0729¢# r el ess devi ces) 106 and 108 (see FlI @CWPS20041@03425
wirel ess devices 106 and 108 interface with the base
stations 202, 203, and 204 using a conmuni cation
protocol, such as CDMA, FDMA, CDMA, GPRS and GSM 30

transhiie oﬂ&@tﬁkﬁﬁ%‘ﬂﬁn %Vs%@ﬁle Fﬂr%ﬁarﬁf)let Wb ®IVRRS106 has cell server 202 as

communi cation systemof FIG is divided into
its Pﬂ@gil‘fb pell servere phd wingleiss Hedee lo&hamqﬂluway 204 rasu@amrba}ry cell server.
P:cefI El base. r%&eatl n1S Zofe 203(36 a ed € 2 % fgalvscges c mmumcat1on
HAPEH 1 BUCERY |ICUEP VEIETS. i BT Es Pl PITE

interfddelihtd thb Wl%léS@'C@ﬁﬁnur@@ﬂBH Rigtéthl QDrdEiasilye this Gﬂ/lﬁcd?eﬁd on the signal
particular cell server as its primary interface

qualpty eE PUBMyRGD DGTUY ety 9o POFlessyis and 34»sticular cell server.
t r e E
%gﬁaemglg’relgﬁv({egg;e%% %\Abgtj&}eg tVglgoe ’ \%Bg%gc%ca%ﬁm e coverage area,
a hapd4oﬁﬁaas1yhandldves flay éhic, neaesdal to enether dell sareer] OBidhawilCtHeh function as
server 204 as its primary cell server. , Prefera

, a .
the Ry &l SEEEH ‘@éqq%gé td§V1§e gQI‘Fm@éio@EPul’tl?f’é‘lonﬁf*%\?ﬁd%%m base stations
i i e -
el SERRRGREL S by 5 1o iR, WoLESS, o bt
purpokgs. sBgsidés nngorang the qrﬁalﬂy)mﬁmtremmmcd mggalalﬁsnbetmgrboring cell
a V\fiér eI.efs ev.i ce and a(g uI ar. c seré d
servfl, M §0ERG FPUEE A0 aoBitactn SORTUEL cglobgedpipfortaton associat
with! 136 &lahQRiSted @1ghﬁlletoc(ﬁﬁﬁdl§‘%nﬁf}ﬁﬁhlch%eﬁ‘g‘}iﬁgr 8d1f s@¥er is the source of the
hand- over may be necessary to another cell server,
transppiftehsignall then function as the primary cell server.
’g\ g%ég% {‘ i§ Bgo%ié'd‘fae%rﬁgq llﬁlsglra’r?]i:élggh el Ies(;s eIVP @: f(s)r ?%récless AW munication

systd@tetaidng fohe prefire@RRbOPIM AL Q)frtﬁ&v;ﬁf@eme{nvfeﬁﬂioﬂ] armmaGofsf is a more
rposes. Besides nonitoring the quality

10 of
detalzch sk diagera PhRAATSess Henicn deghbst Mt elarpcede rRl@.s 1 and 2 above.
FIG! ?eshéN\@ gl \Qﬁé‘le%ed’év?c% ?665 QP 5% WZn & ?g(‘r‘v] ?nsﬂfI c;nteeanodlment of the
color code i nformation’assocl ate
preselrtamsmttdnedhes ivgreddss tdevipei tod ys iadend-ivhy mﬂnlochapableg bbaéceiving and
cell server is the squrce of the . trans gnal .
transgpiging-radio Teqhiepai Sl&?é@ ¥ # ICP‘H&“F%F@P% flé’l“if‘%sa communications

protét®Y k& 4OCDRIAV FISVES TISOMTWBIOAb B-M. 1TnS Vatddts device 106 operates
according to a preféerred énbodi nent of the present

undgr e perition of Eleantrdldrs02 whiele swtddtea|t1h®w1rble@&:&e\d¢eag®6ah¢twben receive

d ce. desc d wi eto
and Gty piRs, B b TRES 6 siohel SDEGTE b s 3, trrough 2
transhsit/EROMS stvitclrB& td a rédeivn 808 ModirbdMer Qf)4 tdR6odeBES %&Elved signals
invention, the wireless device 106 is a two-way radio

and prgpides éiose dpeaded vigngls imthe aontipleni30Ri My teasinis nfqdéqﬂilé feytroller 302
coufbsSREkRe* SRR SEPRL IRt coum,

GPRBe oonttsHist 30hepanateethe ssnsiaitie endlLfdOeipeicadding ﬂd»ﬁdﬁfuctlons stored
the caontrol of a controller, 302 which switches th

in TgREY Sd0: (A7 clora EBEPHRIEiNF e A/ BSICHA Geilamensupement scheduling
1gofRHE SMehfdry 866 IR adOHEmoty) BihEPRE-0bihfife 1RQR0150 A0

2 goant enng 3?;6 t hrsou%h a Olbgns mpt /lr eceﬁ%e svﬁ@cﬁﬁgﬁ to o memory

(RAM)y éypminierand0m. actes meueiy(BR/A) odéeddes A himareneduted]] provides

timh%gI gl?oarlmsation to the controller 302 to keep track of timed events. Further, the controller

302 can utilize the time information from the timer module 311 to keep track of scheduling for

neighbor cell server transmissions and transmitted color code information.
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and provides those decoded signals to the controller
302. In transmt node, the controller 302 25 couples
wo b@samoenna 316, through the switch 314, to aPCT/US2004/003425
transmtter 312. The controller 302 operates the
transmtter and receiver ae@ording to instructions
stored in nenory 310. The stored instructions include
a W@feﬁ Q%%glﬂ?)@f Eelﬂﬁ@%ﬁf&ﬁ@ﬁ‘is SRB@M, 'tﬁ‘é}recéilvgxoio4 Bf¥er the control of
Menory 3 l'ash menory, other non-vol atil e nenory,
the qoatrdiden 3¢%; essnitasoeighbe IRAM seldfymamct recaiveorn Sseeived signal quality

indicf T [RSQY Al st on® eotenes RSRE Ry osshinl BREER qualty of

the sighdl Kraﬁ@mitt cavie fHoditorel kil €drvert NEach RBQINifRl is o%ﬁﬁerted to digital
can utilize e time information fromthe tiner

ul e
inforgmption byw@a@alogatetdlgﬁal semediar POy andbprovider g penut de lthe “ontroller 302.

L L

w1rel@s§1@ebv@d'83m6 detbiminesathe messe appropriste meidhbeadeell dvever ec eisy @s a primary
under the control of the controller 302,
cell Sr%‘fﬁrf""é‘% haag- @ff%?eceéaary servers and r ecei ves a

o CAMOESns(BIRH theRSRMions attributed ¢
Ci ?@uﬁé 3%)% gener ;kugé Otné&vlag%naﬁjs ?nespsr esenthl'eng tlons attribuied to
distributpd adpeephaleto gnitidn, desoeibsd gngirestdr datagrheldved Ilbyaleacsrﬁmbodlments of

noni tored.cel | server. nal .is_convert
the e} GRS ARBISTRIT GO B i HGTISSE BIGRRT of thore than one
procssemﬁf&&%ﬁﬁﬁ%%%%%c%@d @sovienput to the controller
g e color code information and the
II. asPotiltetiSpeceReeatndignal qual i ty i ndi cat or t he

ne’r51§l|‘1bo15 BiE Giskty HRkERT 6 § gn@"g%@f RRBLPRE 4BYiEe 106 with the

wirclBEfertiad @r(ﬁfl(flerl 192N ETES I3k Y. nlafe%&ﬁfe@fbl&ﬂ@dﬂagraﬁi 6F a Jvireless device
erforns various functions such as the functions

106 gaserbasuylyraferenaiodiles ] Huk Baboyse Semerd disgfinetics that are performed
at th%ﬁz%r%%k?&&uéenl @& a??%ﬁ{) sl‘ijc%r?' fE‘I(? gfl B¥vs EQ}WY sE Qvice 106 and the wireless

ment' s of resen I nventi on, processo
netwdZ0104) skdtCas showa ia EIGDGJI \lpy cdoassar the pmne&sot Mamhme transmitter

processor for. perforn ng the tasks descri bed above.
312 ﬁtﬁe PSS B%Yl%edl(gpé Vv%e‘eggﬁi ion FIG 4 is a block

di j 8

GeEPERTLRbOMBIRPLE 1 fBicA: SXCRANATHE il HEVEE306 ajso includes »
micrépl@ne 404sfoa remiengletdiv|493. blluciecdivad)mado of02aisvthere prssssed by the
evi 6 de cribed wwth.reference to E .. 1 and .
procgiigh, 0. oS e by HPersSur i o a pitch of a
framt B€ aii6 b2 &% cﬁﬁﬁhé‘e@ b]yQﬁe ?fo@es’%blsm(ﬁ hEWd blask lafrl Eﬁctﬁb‘@!\ﬁaﬁe of audio

wirel ess device 106 and the wirel ess network 104

402 is pstbogisdsinieashom @dewordathgis dpduedaine paskettioe ebhsapacket 406 is
then %%smﬁ%ds &lﬁrt?%ssﬁ t&é e%12 ‘%équn 18%&2)?%\%)61 : rGrISen rgavércﬁmeless service

provﬂfeﬁ&emt TheVi@oEdseds, oft ianiiting lties slaskea CpitchO6f alfsme of andio 402 and
i ncludes a m crophone_ 404 for receiving audio 402.

genengiipgableast g Ca@?}Y@quS@ﬂ?%}% gmaéféé*g% el t he
Pr Pf§S§0is %ﬁ oCPEEE C ass S P& 0\91?1%f BleMBPedM distributed speech

processor an pltc
recognition process according to a preferred embodiment of the present invention. The

operational flow diagram of FIG. 5 depicts the process, on a client 106, of performing feature
extraction of incoming audio and the process, at the server or wireless service provider 102, of
performing pattern recognition. The operational flow diagram of FIG. 5 begins with step 502
and flows directly to step 504.
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frame of audio 402 are quantized by the processor 320.

The class and pitch of a frame of audio 402 is
weniwadi®dd i n at | east one codeword that is i ncPCTEs2004003425

a packet 406. The packet 406 is 25 then transmtted by

the transmtter 312 via the-%ietwork 104 to a server or

W rel ess service provider 102. The processes of

quantstep 3081, e chdrASIH6 AREL RSt &idl(pforatrefrfsﬁl’i@ld?lf toPdi Rrv#P402. I an
and ngeneratl ng at | east one codeword are described in

embgdimaané hees Hicl SYBmood FEG d reelasgntara \m@elp@t nepwark, Shadwas described in
diagr ve [
FIGr % gl{cﬁ)gs%iq}t f(%lﬁwg ?xg{:eé‘gsg dge 188 / Q%’) ﬁece eg %‘ A@er Eeeegﬂ?}. 4) via a microphone

404 e etiieep 506, théieligh €96 Brotdrue vt pdi’fbrmTféﬁur@&traction on the audio that
oper at i onal f1ow di agramof FIG 5 depicts the

wasgeerdedls Fesfirg exirpetion lnelede%ﬂwm@aﬁtpw foiigh @nd class values for one

franfX ! FRGHIL @xt?ffch’oﬂ GO A din g1% tdg{sailpéaS%ss'In e Wfeless network
sérver or W reless service

embpdmﬂemt ninretepp S d drenpmeese@fﬁzo Goe FIGe3ppwatlesndbvitd 006 proceeds to

i a m of  FI.G %ns%th step 502 and flows

per E]’F‘i1 r?ﬁ’f%“%‘?’éﬁ“@éﬁ 2004/ 072949 PCT/ US2004/ 003425
- 9 1h Rtep LRI, BAelidnf Q06! JefiBthted %@cl&:@ Qiﬁfavfﬁéluﬁ ﬁ’ie fe%racted features for
transm ssion to the server In an enb

trangrhigsien tméleeymee 92 Drta@acket gear e sieasnlmedah gsatel detail below. In

c descr.ib FIG ,2, 4n st 504 th

the IR e BHC PoBSGRRF dh SRDR ingis dplid 1P @ohaptes Gata packet

406 \thdudngliheeRBRABE feaft?ds. WAL in stdp STDEMe2WBnt 108 pct&Rtto transmit the
106, proceeds to perform feature extracti on on the

dataggghas 1o HgtserehAg2.r Bt@ﬁwenplesseawlé cakodizuent.dn sien Sl 0 dlesstransmitter
L h S :
512 SRR 188 bl 6o AbEL B3Ry ISP 10l Bt nevon
providr ai kerbﬁi 10%.vid wirkles nétvetkerst. net work  enbodi ment, in
step 506 the processor 320 tin ee FIG 3) of wireless
B

devt 18P 2d¢ BF seeg0% eeipeythe Paskeb data .seltém Gligat 1 ¢nanghy in step 514,
t
e KByt 900, f 1 SUERE IR L A RBENELR! o 51,
server H]?sparﬁmme Bpﬁwhuén@ gaiiou dasetiOsh tha@ad(ep aaﬂaeeCegmddrahltMChent 106.
low. In the wireless

|sdscr d|n at er . det ai_l
In e g B A8 Riment. & ggb 56 h oS sevire o B o server 102
receih@B t1ENeS pAREt m %1199‘9 Iﬁﬁfelesé‘@@wb@ COG M) G iR sex! ﬂh@%nee%ss service

features. Next, in step 510, the client 106, proceeds
provider tor ¢TS5 er] IO&mgceedatmrepemwct hho audhe beead/@r th@@izta packeth96. In step
[ S.. networ k odi_nment
516, hE ShEREs S8 iR s a2 bE® skt Beuiign pased on the data
pacKet 406 factived Goftathe viiadksdedas 106, hhﬁe%[@'tﬁ@%p&@ﬁ%!l Kow of FIG. 5
15 provider or server 102 via wreless network 104. In

stopgt ep 512, the server 102 receives the packet data sent

by , In step 514, the server 102
. r%eelgd8 ?o reconstruct t he audi o based on the packet

datAa I E1rstt@qranﬁiﬁ1oﬂ$te1e1mer ver 102 perfornms speech
recogniti on pbased on t ket data received fromt
G RO Progosals i Chrooyier ASER AR IR (esiRaie it Wark ek W1-030
and W 19(5845 1ge cidig &cﬁ&ﬁé}slﬁﬁn\éhﬁﬁ o QW lcafl rtalgeeonl? bodsitdle values: 1)
reCei ves the data packet 406 sent by wrel ess
nonﬂwph,el &06ilemcd ,ori backgropnd hojset Rk univoiedds sy wmevedi weced, and 4) fully
voiced. These four values can be generally divided into two categories: not voiced (including
the non-speech and unvoiced classes) and voiced (including the mixed voiced and fully voiced
classes). To quantize class information for one frame, 2 bits are normally needed since there

are four class values to represent and 2 bits can represent four values. The pitch information
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provi der or server 102 proceeds to reconstruct the
audi o based on the data packet 406. In step 516, the
WOwe0e/022939 servi ce provi der or server 102 perf op@BUS2004/003425
speech recognition based on the data packet 406
received fromthe wrel ess -dévi ce 106. In step 518,
the operational now of FIG 5 stops. 25 II11. Data
for aRBGKEEanHaR@hnPrhldd raﬁ? 8 trdfk ahduit 181b GHouP NG BBNpRs.t 16 quantize pitch
proposal s for the exTended DSR standards (in response
informmtipp rfr dne framyy e. 93@s 1langprwal®g,4§ bits hee maraedy eeded since there are

i nf or mat i frame ake four
122 Bty o sl oyt Uifce R FRLRET, (00T o
bapk @ihe Upid fateidS BmbadimiéRy @if Ce, ﬁ)r%ieﬂfﬂ me@htmi Qﬁdcofmﬂﬁlil@ the class
fully 30 voiced. These four val ues can be general
inforghagiog aad thetritchigforatiogo PRt PedTameandy sewﬁeqtsbfallﬁys One of the 7-

bit p{tpf? cé&gﬁoﬁcgse@ﬁerhlﬁ{bgo g@&/eg\!'o?& of éﬂﬁﬁﬁ?)ls ﬁ&a‘& ty %d;ﬁgﬂe that the class is not

I'nc e mxed Vol C€&
voicéd d56.ejtherTdofpspedchzer ahasised)nf d?matGMnﬁgrlﬂn aoﬁirzam? ,7-bit pitch
2 bit
codefigpisge i ByFBoR CHFS Pieh oiisa WgH at i nfoption tat the class

is vo\f@eld ) ng Slgltfl%/‘f 618%(%(2 2010{5'(%_ 81r ?ﬂfpf’ \Rﬁcewp 244 oo%%%%he 7-bit ﬁ)ltch codewords

PCT frame can take any
indicatasghatghé class shwdtvoikked tvdnktthcltremziﬁmgamjb\esrds Tmimate that the class is
or mat i on

voieth P Tylehe ot Bitds 2 Wiral Fyreeanl SristinfFigpeen the two

not Wi&d cia%gesm EC’Beth%éIUﬁ&l-E}%eEl? PRESBiceRthsdesPh Eb&RBen the two voiced
represent 128 values. In one preferred enbodi nent of

01&851651@ qarb@mm mingéfivicenh andoﬁllladrﬁmeduc&pgseﬁhe class 5

iﬁ%g?);e! l?eg%vgggvxtgshg I Leh I n ’P{)]ﬁ tE1 ?Oc}eﬁvo?dﬁalg %)and ]t-bﬁ codeword

valu@mew HgidatBtcalahd mmmﬁﬁmﬁ ths de@ribex alsmiee) is used
to |nd| cate that the class js not voiced (i

ei Chest Toph- speech7dit Riphdiedewprd The r &b W%Cq@word
non zero 7-bit pitch codewords are used to represent
di fferent pitch valrdes as well as the information that
t hdloalspssch i S voia@da@i e., either m Red-voiced or
fully-voiced). Th one of the 7- ?It pitch
colfBXeicEd 10 |nd|€'?@§ that the class'is not voiced
Whikiged-D&icEeMRi ni pgh cadewords indicatg that the class
is volced. Consequently, one class bit is now
suFfllgiversed t o r enperze¢the anbi guity belween the two
not voiced classes (i.e., between non-speech and
unvoi ced cl asses) and between the two voi ced classes

(I Tus, iReLMBRRY, HcX@dmgab aRé prRcht fexhingley GieCoth] %hﬂfb%ﬁﬁf bits used to
The tabl e bel ow shows one exanpl e of 7-bit pitch

represelehe elassandipiich anfarmatisingis 8 bitewdhig is appoged tspethe 8 b thay would have

beenI ngésgsg ydopljegr%ﬁe)}%gl‘g%&%sl%tsa%}g ;{]tf ﬁ @[c’fhvﬁ\gjrnd "f‘t:slthg %fa%%fg(g gltch information
had GeelewhirdizedNgopAfeRch.cql 1-bizefer Pitddnmal Cadtsafol <¥8E;0sek above). The

penalty incurred for such a scheme is that one out of the 128 pitch codewords has been used to

indicate class information. Because of the relative unimportance of one codeword, this has
very little (and insignificant) impact on the accuracy of pitch quantization.

FIG. 6 is an operational flow diagram showing a class and pitch quantization process
according to a preferred embodiment of the present invention. The operational flow diagram
of FIG. 6 depicts the process, on a client 106, of calculating pitch and class information and

generating a data packet representing the same. FIG. 6 describes in more detail the steps 506
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20 M xed-voi ced non-zero 0 Fully-voiced non-zero 1
Thus, in sunmary, according to the present exanple,
w0 b@4ozoad nunber of bits used to represent tPET/TBA9$003425

and pitch information is 8 bits. This is opposed to
the 9 bits that woul d have-125 been necessary to
represent the class and pitch information, if the

and 9@@5181:?@0!5 piThE %pbﬂtl@ﬁﬂwalagﬂﬁl Beerc.as'as gghg Q4kh step 602 and flows
separately (i.e., bits for pitch and 2-bits for

dumtwaeswpééé above) The penalty incurred for such a

SR i T b I A A SRR et

the &/ﬁeleﬁseh@twoyle HMBMPREY eabeintht, omestepcbwo K wifldiess [Masice 106 (more
very little (and |n3|gn|f|cant) i npact on the accura

specifically.ttht pepeasror 230 0§ ireles Hedre 60¢)scalavlaiprethgmiish yplue " the audio
r a t

402 611%%\(,3%%5 ?&agggrﬂg%[&?oaﬁoﬁé ?@fﬁer ;Hej g&:g né(% Ot#{% nrlzttlfegf 1P§g)erforms pitch

quanpiz@i@iBasedye itid sitch vhhe Gﬂlbdf aidion®d ofid enanthladi-bitpitelf quantization is

perfm%éugsdgqggég%lsqbt@?ig a t%g ﬁ?&gge%esg Hpa v Iﬂ%@h é]%gi in fstep 606, the wireless

t I 6
oo BT IR s O SRR SRR,

PCIi kiS2 G08/ te3lieht 104 pedorthss@SssofaldaldBionsf thhaudio. In step 610, the

i SR IS T 1, FLS 8, BB %0 5 e et v
cate%dry &, &Afr aan- theéﬁ %fas§ Bleulﬁ’ddiééla dasuar efe debdt 8EiHeQistermination of

hat was received. In the wireless network exenpl ary
step & asiperdtie, them @ﬁl@pl Bows tq step Wil 2-elleths rasli efethe glstefmination of step
5 specifj t r 320 of wirel ess device
610 B gepiifs) {rR piot; Oé”s& SERDIG! e of the audio 402 that
Wak keped12edhy icledtl L0 RO ACpidddcodevosd @p Hpfedetifidl pitch codeword
client 106 performs pitch quantization based on tﬁ
indiqsting b nPEVYEcbFlasTeateseay 6.c. InGRESE S (08 unyoipyd clpisy @ﬁme In one

exan%‘i@ nfh'eza eh?r105 S§<et ﬁ{)’%ﬁlﬁ ;‘@ﬁzp 90%6%?(? ftd %8162&%: Vet gxlréecgegined pitch

€sS netwo In's e Wr
code@i@\{d aelickding menicﬁmpesdpéltassrmquwmcied alaSS) firabms €a snﬂ?p GhﬁE the client 106
pitch val ue of d|o 402. 10 .In step 608,
sets & PlagTROIEB 8T @ P 19 CIass OF aPeLToles S5 RSl ither Aon-speech

classS LRI 51?5%21 fiahlee nﬁn b aet éﬁé nhBesieNh A&l bhepie |cPa§§ codeword

at was ca lated in step 8 is of the not voiced
mdmaanggxﬂnqrnon-speecheilasherum@meépbe&:h cl ass or unvoiced

lass. Lf t f th tep 610
" B e 611 Ge e iERt L0 i RPD SRS Eth e ih yl Batetated for the
p1tcH eeaﬂtﬁzaﬁﬁn béfeorﬁeﬁ% N800 NP bn bRAnpl16 1ei FHeRE UGS kdt&a 7-bit pitch
then control flows to step 616. 15 In step 612, the

codegiord tet the pécls salge gensratedfos derenitphdiventization egdpinskingiepci94. In step
618 Ctﬁ ellent ﬂ 89 Isgtgggcélslsn a8y 89ko \{1(1)&10239 tﬁ:l a%& S \?cgggdy clas1s category (i.e.,

asSs oOr unvol ce ass) rame

eithed IiELXe@Vai(EB(ﬂ or fillheveitéd) Mrandd) Glrseiesexampld)ithe plidri 06 sets a 1-bit class
codeword to al]l zeroes - the_ predefined pitch

codepvoad iBdigatingderhgr mgxed ﬁ@ﬁ@%ﬁéﬁéwrcﬁ%@sveﬁe%%ﬁce@ step 620, the
oper%cﬂﬁ?ﬂf)\';vmlG.l@st%f)gp 614, the client 106

FIG. 7 is a block diagram illustrating the conventional bit allocations for a class and
pitch quantization process. FIG. 7 shows that seven bits represent pitch quantization 702.
Thus, 128 possible values are used to represent a pitch period data of one frame of audio. FIG.
7 also shows that two bits represent class quantization 704. Thus, four possible values are used

to represent the class of one frame of audio. Four classes are defined: non-speech, unvoiced,
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sets a class codeword to indicate the class of a not
voi ced class category (i.e., either non-speech 20
W@ b@g®7919 unvoi ced cl ass) frane. I n one exanpl BCT/URE04/003425

client 106 sets a 1-bit class codeword indicating
ei t her non-speech class or -u2voi ced class. In step
616, the client 106 sets a pitch codeword to the pitch

mixeBh €L RY $8icE@" ThiRfor) dc6dtdMidapFIEay | Ot RV are used to
in step 604. In one exanpl'e, the client 106 sets a

représehi pitcpiand blassgureiipatibntvalies dorpine dframesdfisgdigener at ed f or

th i tch nti zation .perfar i.n, step,.604.. I n st .
oo P15 S Hit R B ERhEEe el AhGRER ot e b8y and pitch

quariti28iiGiepRctRacebtfy @f a ProféréPEmBbEERNC f B@OF¥sdnt iBvention. FIG. 8
ei ther m xed voiced or fully voiced) frane. In one

shoves thgptieallacaions| jor slasy @ed pels quantizptiqn ageqrding ¢ dhapregpnt invention.
A . . o ed o ; o '

FiG, PR WO oL RS R SRUCRUPLARR b, MU YRFRLR 128 posti

valusd ofaslable hh the issven Hitsporlydi2agnhrs biel ussd t@tdppgehtstch period data of

conventignal bit allocatiogns, for a .class and, 30 pitch |
one gamfof 2udipoHiegeraEdas ong luerisdrehe pdigtic siave ipmpalion, specifically,
the AGARRANaR! dafddofH AN | £ 4Bk Hss o T&&%icehzﬁéﬁgslsﬂefélra@oly, the one
val ues are used to represént a pitch period data o
value o€ 802 asml tofindinale glasfcfegory inbhld aersboamd thisavaltevndidates a not voiced

o SHES3S oot 0 UL 8 i MG AR ot
are REd BHRIRateMBIpitd AISESE zﬁff(ﬁcéiieéaité%g%? frial Sﬁé?,elﬁ%d voiced class or fully

~unvoi ced, WO 2004/ 072949 PCT/ USZ004/ 003425 -12 m xed
voicgdelessh and ful |y voiced. Therefore, according to FIG

7, total of nine Dbi are used to repr.es iLtch . .
A Sa80 afin HOEe G kR BirEee & Gt PRLRR 0. B o sienifcan

advantdge oF thé pesehiOfiveflicOr ahus, | thwidSpdsaiblangalibe dRidodewords, are used to
al locations for the class and pitch_ quantization

furthsr gerrssent daco clish @f t@ealipne fodr 3udip. e sd e wosdlplet fadues are used to
. . rvention. F . :

AL B TSRS Ll BE R0 cc)

among émewiced rvaepbdiyditamd-(i6., Bixshovsed blats @efubin vbickd class). Preferably, a

represent pitch guanti zati on 802. ver, of the 128
zero aaﬁlsiog R4 il da il %@I@S%e%fhcleﬁgg it Errlbraress, ety value of 804
is ustd fo MRIMES: AifdUed 51%5%‘38)(5?%%? i Eohs, F‘L‘Llexya'l&doid(ﬁfe% tOél is used to

one frane of audio. The remai ning one value is use
indidabedine aeicd adass iiN 8O ivedll manoess pata aloaloff ype of B84 motsed to indicate a

voi.ced .cl a ategory (i.e., n-speech, class or ..
Aol RISRCAErs o S neALatoss e (I “oe 1 Ghot e Grouing to FIG. 8, a
totalUstedghtDbitsnie @adE1CHPERMAIRAUNM dlskss JfubnTAkO8 VaBRE dihbiSe frame of
val ue indicates a not voiced class category frame
audip . e., non-speech class or unvoiced class). The other
124 val des._ qf 2 [ to indicate the pitch
val Ue osggngépkeﬁz%g?ggggggfrane (i.e., mxed voiced

cl asthe@iogoghls Yor theiegrfldal BSR)stankihi@s, t8e pitslopatiaivs estidbted for each
one hit represents class quantization 804. This is a )
framgiagdiis pedatnd evesy AR wamiadB0 mes mer preerdnt Thegasimatehpitch period can
¢ .
take it fond V10RO 34 ek ol honf 198 280RY £F0 sibfifolioih § 331z sampling
rate.t Vitheppdars) theeestialateelspitvhefraqetcy oanges from about 57 Hz to about 420 Hz.

When performing the pitch quantization process, it is desirable to achieve accuracy, i.e., low

quantization error, a low bit rate, and robustness against channel errors.
In a preferred embodiment of the present invention, all even-numbered frames (starting

with the first frame numbered zero) are quantized using 7 bits and all odd-numbered frames are



10

15

20

25

30

differentiate anong the not voiced cl ass category
(i.e., non-speech class or unvoiced class) and anong
w0 b@4wmsed category franme (i.e., mxed voi cedPCI/ESH00003425

fully voiced class). Preferably, a zero value of 804
is used to indicate a non-sfd8ech class if 802 is all
zeroes, a zero value of 804 20 is used to indicate a

quan'ﬁ‘zé‘(?gsﬂ ks Gt ClcRBSidbrled 80 Frahe-is, B! firi Sk R8Sin @ﬂ‘dﬂﬂe%ﬁﬁﬁ quantized
one of 804 is used to indicate an unvoiced class if

using @ bits smdithe segond famari adfranzd-pair wfquan‘fezaﬁif usggmS bys.udbus the average

o indicate.a full. i.ced cl as
nombed, SER1T BEE s 1§ v SOMERBIGT b autoe: Fgo 4 ok doe to pitch
quanBization 41042l of eight bits are used to represent pltch

and cl ass quanti zation val ues for one frame of au

25AB absdu@ma@mﬁpn seheimsris s&qdefﬁvéthler@\'@méu@b@fsé ﬁan@Sf @rut of the 128
codegvs Isﬁ%\%aglnﬁi]g,o(r) eac P&j Qag,s‘%lﬁ ezel% & d& jef\%gl%sle& fgr tr%nsmlttmg not

voicéd Eatd £ty tcld¥e Snfpghatidg 8 Yo 1n'ﬂik&1teeﬂiat (i1 ﬁ&na fid ﬁdsn—plﬁreblo @r unvoiced.
i B i VA SRS AR T e
t e t C r
descfggout gz‘;e%ﬁﬁ dtggdﬂa o'vgaég% }ﬁzéh ﬁn&é %g)n'ﬁ’? 364 to]?png)ﬁ§bglﬁ Q@D samples is
equafiy tdthdegli@m thezlagamhmmcbmm) infot 12|7s:egiess amib:he Imdpcamh io€ these regions
ccurac tizati.on e a. |l ow

are igred s i mreeblev ol S i BIch gy e SPeponding quantized

pitcP Rf@lﬁl@rlse&&&p%"tﬂg MeaRbt tREnRFREEN Vel ViR Nh OfheaR!domain. The 127
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codemondreraeel assignyd ame-teronat oz g d§7ngec¢n%1i'up§omrﬂd\fd$l The maximum

BB SR Senih B (R 5 i cs

Copst gherdad-mentetalnRarpéy, ﬁf‘dafférbﬁtlafllqglﬁﬁuzfaﬁaﬂi@cheﬁwals used a majority of
frame-pair is quantized using 7 bits and the second

the timgmeHowedes ¢ S@Wm isfuefipnnt (g sBoBi ingths tgblesbelaysan absolute

quantn%?tgogl\slgco %l%lg is & gédt O,El;‘ogtqgé g%fpeg%fag gﬁ%élzétlotﬂogﬁhf%gha:‘ reference has to

be seleetatli soathaD ﬂleaﬂﬁ‘ﬁ%nc5 bAtwezhsthk Lttuerequ fmtnezapitdn peddte nelue and the
Is used for the even- nun‘gered frame ‘éa?Jt of the 128

refe R AN IOT BP4T P%Pléﬂat‘?} EBIOVRSIEE (10 whies) fan b quapfipsl. Although
the GRHGYQS )t%}} Egllsll ftl?é' T e rﬁaﬁﬁé BEhviML thY He&tebssible reference, this

at egor t|on . to indicate that the
ﬁamferraa]yanotsalmys bp aa@h‘cedrclasa\categeldf (1 eTheetherommicdi \mgceﬂzw fully voiced).

e B Bl DM SR S B B s s st s

the ﬁ?é?é‘lfce TiRatPk ! @ dlﬁ@&ﬁtlilr(ﬁﬁhﬁ%h H%ht Gecdd@UErarhd Of a frame-pair is
sanples is 10 equal |y divided (in the logarithmc

perfetoredi using the quatized et pgﬂ@nwlum ef thiedpeli fiarse of theHeasee-pair or either
of thgﬁ%l &Hg%t}?%é %{t h8§r§% Va?u tshe ! e(%qusﬁg ﬁJeH‘ngé gg T ag Hat%:rgfeeg:n%

Car T espon quan

pi AG hhe/ adrii@ dide, ch@&ﬂipoﬁ@ntttb dinfiie HeeFrbpag€ion of ktofsi  to an error in
level in the linear domain, The 127 codewor ds are

one gE heyiecaderhaitel perind YauesheFanthis BEBRL: MFCIIFBKY| @¢Bqgantized pitch
valud RE PRV Bg e‘ll{éa%iﬂg/?fﬂep RebleOR)\Uriihrd bR @B deFRY as a reference.

design 1s a
Each absolutely quantized pitch value is regarded as reliable. Each differentially quantized

pitch value is considered reliable if the reference used for its quantization is the quantized pitch
period value of the first frame of the same frame-pair. Since the pitch period values of
neighboring frames are generally close to each other, pitch period values near the reference

value are finely quantized and pitch period values farther away from the reference are coarsely



10

15

15 For the odd-nunbered franes, a differentia

guanti zation schene is used a majority of the tine.
wWoiowe»E2949 under certain situations (as shown i PCT/H82004/003425

tabl e bel ow), an absolute quantization schene is also

used. For the differential -g4anti zati on schene, a

reference has to be selected so that the difference

quarRRENEERe GitiSatidneBleld Eidd¥en Sorliff&ntRa Guastidaby Gead ohRehich of the
reference value (or nore appropriately, the ratio of

threg méewdwgwmaaaégd pieh belugedws ibeed . chapathesighe 2eferdnee as well as the
refer?;#caen%lﬁ ”_[Fflet E]lepl%hg qlhggtrattelgq%ﬁ gﬁ/e gtﬂ%ﬂé&ﬁ%@ Vgﬁ‘lgsv IOP $dd-numbered
Yy nHo

bes poOsSsI e re erence,

ﬁ‘am@hh‘@)@aﬁk@zeﬁ voi ced cl ass category (i.
voi ced or fully voiced).

Ther ef or e,

e., either m
t he quanti zed

pltch perlod val ue of one of the precedlng three

dalfes 1S

(%ifferentl

ctredas
al 2uant|zat

ref erenc
oh”’of the sec

0 nc(;tﬂﬁ g%‘ll%enm[: " a

0 franme-pair
peri od val
ei t her

0 s
ue of the fi

25 of the two

performed using the g

rst frame of t
quantized pitgc

uadolzed pi t ch
he franme-pair

?%WV@H“MaIue

o Lne previ

of errors

server Sside,

frame-pai
it isinp
due to an er

Hac Ear t hi
o

as the refer
ortant to |lim
ror in one of

NHEDOS A

AV.V a Wl |

exit At—the
t the propagat

.Qmmmﬁamnded ¢

t1 f\ onr\h

perod—val
quanti zed
either re
ref erence.
regar ded 4

Nni-t

éitch val ue
iable (R or
Each absol

s reliable.

N 1 o ~rAanct An
—>—COrtSsTot

SHMEN SAS LN SAVES A ]

t the client
unreliable (U
utely quanti zs
Each dlfferent

ad rr\li

VAL L]

%ﬁﬁéené@l bei ng
DolPrSEiHe as

d pitch val ue

|Eﬁ&mnqm%%|ze

ch al
% 'Jll\.all Va4

used for i
peri od val

nei ghbori 1

frame- pain.

1§-quantizat
ue of the fi
Since the
\g frames are

val 1o o

gn IS the qua

rst frame of t
pitch period
generally clg

T

ft?ua?ﬁ%mn.
al'ues of

déefmn@a%ﬂal)ot H

ar-o

1 pgtch pefrto
finely qud
fromthe 1
PCT/ US2004
| evel s chg

antized and p
ef erence are
}/ 003425 -14
)sen for diff

A LIIC 1§ CI CI CI
Qch period val
coarsely WO 2
quanti zed. The
erential quant

e ey 4
QOdk0iZ 2P0

uanti zati orn
elicnee El(e%z)enc

1o I £
1 WITT C1T Ul !

reference
pitch peri
guanti zed.

has been ¢

B three—pt
ﬂggen as the
val ue. The t

od val ues of
5 P(-2) P(

CUI Ilg L]uallll
ef erence as
abl e below il
odd- nunber ed
1) P( O) Action

PR TR,
lidndit-@fornOW t
ranes are

Refrisnce B(-D 0

xed

or

s of
i on
itch

S
d 30

er,

way
on

es

he

Absotute Quanmtitzation O o O Absotute—CQuanttzatt on

1 Differential Quantization:
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
same frame-pair, P(-1), the quantized pitch period value of the second frame of the previous
frame-pair, and P(-2), the quantized pitch period value of the first frame of the previous frame-
pair.

In the table, a value of “0” indicates that the corresponding frame is a not voiced
category class (i.e., non-speech class or unvoiced class). A value of “1” indicates that the
corresponding frame is a voiced class category (i.e., mixed-voiced class or fully-voiced class)

and its quantized pitch period value can be used as a reference. For the differentially quantized
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Reference P(0O) | R O Differential Quantization:

Reference P(-1) 1 0 O Differential Quantization
woredoenevee P(-2) 1 1U O Differential Quanti zaP@DDS2004/003425

Reference P(-2) In the above table, the value to be

quantized is P(1), the piteh5period val ue of the

second frame of a franme pair. The reference value is

P(-1}, R&e SIH@'Na{f@ etRPhhg hllge th QEdiVAb Whefer Qﬁ’@q@zﬁnﬂz&dﬂ?ﬂbﬂ RAod value is
preceding frames, i.e P(O) t he quanti zed

rehalpieromdnrﬁénlabde whpachizelyi r & P iﬁﬂélcafGStiﬂﬂét tloe ﬂan@tlzed pitch Peﬂod is

‘ h
nco SRR PR BE B £ DERBEH R0 Enct s i

condit{ond) we tabintt bt P er=[ ichPEEY 1=C0)dbd/cﬁ|au ﬁleoéncb&é?r (fLier, glient 106) and
frane of the previous frame- pair. In the table

decodeil (es-oferver 10AMi Bha dastt opheme hadicates cxbribrri Hg prtaﬁ?@w% quantized
absoﬂltéigtor Hﬁfe?ﬁa a lg%cﬁ}% er8+t9a§1§/b¢1 ,‘r%fﬁefen@é)ﬁ‘arﬁg es& class

nvoi ce ndi cates that the
15Wieh ks ﬂ@é&ipﬂ&gecﬁﬁ@ﬁ’emles afe ofod aetdvaitaismtegpte gkassyor when the only

(i.e., mxed-vaiced cla r full v d cl ass
referppeg %ﬂh‘éﬁ]ﬁYai]ébledF tuewha@e Blat B(Lds ol ﬁ’u@‘é”’ﬂ‘“é‘%‘% asmg > bits. One
t
oot 505 R s A Lo e s ot ot il

categ'oife'blaamd Thé ¥miioingritli calewovdsetrbesed trequpnting iheeplthi pariod P(I)ina
[ eis, relia reliabl e.res ctlve

gl s 8 PSR g L PRSCRETRI Gt Sghgmbered frames.

The bﬁ%ﬁﬂ@ §aHRRAtH optionsing! I 6itsi8lcHEseh %;@ﬁlyafo r the @t frdme of a voiced
and it does not nmake a difference. initial

segneoheli for serae nmlaggﬁgdr@amt;abelp(lglmg ta-a goigyy haqh(grcgpdﬁogdition. In either

case (t?l ghghtgyefﬁ V%e}e Hﬁﬂ%zaué[rh %r??f re%;uﬁuggn %Pnr:’lant?% é@@ g gnl?l%ﬁﬁ’i?f&oes not cause

any §iBifipartaBssWeSspeethnduakigtor mbgiRdibiliey.y TRE usd 6f eilgr bigd halps limit the
and if differentially, the reference frame used. Wen
propagasion 9f decogiEcEHI e w Hib §xplpia 1ger.a not voi ced

Qr H,C S y: fer

R
corregpanting qdartsed g1t5h beﬂidﬁ véne is EIMgmhmk,ensiﬂcﬂne acfetches irrespective of

all-zero ode IS used to indic at.the fra :
the VRS ol ok rop o Ae Pegry e i e i PhgOa32 possible
code® %Elﬂ% 5#ifs qlﬂﬁﬁijzah&l Gf'?l ﬁ&loﬁ%hﬁ} o8B cB&L @, ﬁ{cﬁ)as the all-zero

in a ner simlar to that used fof quantizing t
codepiord; Hs pesd todndiahtedkat dhe ewment fiamizeis ednfspegehs. unvowed 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).

When the first frame of a frame-pair is of the not voiced category class, then either P(-

1) or P(-2) is chosen as the reference. If P(-1) corresponds to a frame of the voiced category
class and is reliable, then it is chosen as the reference irrespective of the value of P(-2). If P(-
1) corresponds to a not voiced category class frame or corresponds to a voiced category class

frame but is unreliable, and P(-2) corresponds to a voiced category class frame, then P(-2) is

chosen as the reference. Whether P(-1) or P(-2) is chosen as the reference, the quantization
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The absol ute quantization option using 5 bits is

chosen typically for the first frane of a voiced
waegapmo4or for sone msclassified franes bel oPQI/N§2000003425

a noi sy background condition. In either case, the

slightly larger quantizatied6error resulting fromthe

use of only 5 bits does not cause 15 any significant

methbo@3$ sl P Woﬂﬂh@lch&éﬁv&ﬂs,i sotielab it Al-LérbYooddWerduseugeh to indicate

only 5 bits helps imt the propagation of decodin

that thercorrentaame ishf the egipycited ¢asagery chpgrenl vedyfivesodewerde are used to

of a fr -pair is a.-Vvol C at egory. . .
covef pallGrE chctr oo et Shes i F S R Pl it o th 7
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unvoi ced. Twenty seven . codewords are Psed 0 cover g
and rohustpessias EHlqwn iy arglAas thaPticbReriaf valugs pf jeieyengnumbered frames
with! OGR! dddIb& off Jﬁé Bacgﬁmgﬁér@i I@fnel Yt ¢ bifs, Bhtayv g@ bPl ®it per frame is
quant 1 zation di scussed above). Both of 'the end points )
savedfi.e.t 1RO itt pér scaoge At freesart timecasnstacy it nercompremssed. Seven-bit

The remaining faour. levels are_.us 0 coarsel.y .25 . .
sbsofyi A =g wlivien 5| e R cRYE Rl ol WRLR R if ysod opically
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either P(- 1) or P(-2) is chosen as the reference. If
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3 [ [ en 1§ 1S e :

o RSS2 A 3L B2 bl ok o RSy 1o ain.
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the quality| qr apfelisibify gbthexeconspele Dt a voiced category
cl f ib8R RE -BlschP inkhiRSENs Afnkdte vk efdeh . differentiall
V%gtﬁﬁglﬁr%?&or PE- é% Sies clz%osen ag the r e?er entgg?%t hi_e sy
quantigedt pitcht period\OaREO4A0 72 POT/ WEZTeL 088U DY using 5-bit absolute
quangilgitatl_ichgfol(gso@%ﬂmml hac géd gér%ﬁfgfgg%?egfef ﬂ%?e\é\%tr 12(? I ﬁrlé{ci&tﬁ ué I:?v%ilable or the
onlyCléfdr&ite Vdladmavaifab®yf ist hidehdtle.V Ao eskafmples GOhYdE] B8 Ssituation where a
Tment%;flve_codemords are used to cover a small pitch
numbeinefe framemairs thawe besreewpee hisuis tha raost sgayampipe of channel error
.. f.ashion jmlar, to th - hit.: . ' ' .
s BYRPL RSB Subl i B big LB P ovin i
erastirep hase€ weed rédv@dséorteetly.onifthy éirst. frdine dfethmi faarngpsir Xollowing the
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follolas r}@glfe%%ig fotftdenyOPen et bl Es Mhhgs, > PTts. an

If the first frame is of a not voiced category class, then the second frame cannot be

decoded correctly unless it is also a not voiced category class. This is because the second

frame’s pitch value could have been differentially quantized using the quantized pitch value of
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10 saved, i.e., 100 bits per second. At the sane tine,
accuracy is not conprom sed. Seven-bit absolute
w@raanT2asi on is sufficiently accurate. Five-bPC€T/US2004/003425

absol ute quantization is used typically for the first
frame of a voiced segnent andfor sone noisy
background franmes. In either case, the |ack of

one B tH418% Yords8d R@meCdsi rbicfdbloe. 2l 1180 Nk edlol B¢ ploP8gated to the second
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numbé¥ed SARE (e @%ﬁa&ﬁrbﬁ R0 etk alL tA throd HaBles G most. In

frame-pairs have been erased. This I's the nbst common

additigmearsf eprapméie deqoded PHckinerad i vehier of an @IrRwERkaekffame (due to

t hat o the franmes
rand?ﬁjlstf%‘?mrg)aﬁaﬁé)pgpa 3{531 cﬁ%&ave&gggﬁﬁ?%cel ved correctly.
| f Fibe OAS 9B fahaneCoiret e dpeanienfailow @idg@am Ngholwi®g another pitch

erasures is a voiced frane, then there is
qQuarizafiRi BEQC6T BTCORIRS 0 & PEAfFredTAMBodimegE ok prosent inveution. The

opelgﬁ%ﬁ? flo% aiag?aé? ahgek. U§§| YRR 7€ c{\suﬁ%[}%ﬁt{]elsge%\?b client 106, of

he sec frame is differentia
calcmlaummlntdhenﬂmmaﬁmz &t opk ﬁtahlep@’nermhng aldaen ckétirepricsansing the same and

h f 30.fall
contgy g Q%é}e?a{ g G %Pn BB apd S qeboripeda it g ' eps 506 and
508 bFFRE. o r’ﬂf%ﬁe?atfbfnalafl(%mla‘gﬁn? SAFRAL 6400 K aﬁh@@beg‘iﬂb%th step 902 (in

the second frame cannot be decoded correctly unl ess
FIGi 2A) avddloye Chraqﬁytwstm%@i‘l cat egory cI ass This is

b ul d
R G P Lrs B o GERREIS o R & R dhodBlfre coment frame.
In tHH Wﬁﬂe%@iéﬂ\ﬁoﬂ?f eﬂf@cﬁﬁ@ﬂt/ & 298 905 ,GRé l‘.'@?e@&é/d@%36356 (mlﬂe specifically,

one of the |ast erased frane as reference. In th

the praesssont RO afrwiselessalevise dPayealedates theHdtch a@biedof the amho 402 that was
recefv%!i V?\(/]gln ﬁlﬂ)%e ﬁbﬁlsﬁ{rs?e% dﬁlf thetn:r?leﬁﬂ d’6ddeftérﬁﬁl‘fes @e%er%he current frame

e ory class error propaga
is an:em@r odnleﬁanse If He lﬁblﬁﬂbf #edigpiringrintioardfetepvaddisseveh, then control
the frames followng the third frane do

t 5
flowg éﬁ) éWB %A tihthegiegdbat thedletamitation of stsplétip yﬂﬁe@@m geggrol flows to
stepifgé)g.g?n g@h@o@o ﬂe?’ﬁﬂgf&ﬁt fhiGe §¢ %?H&c? ﬁamlefanﬁhcﬁhé hihd Shidk QUﬁ proceeds to

ot Vol category class, then the quantized
find pint adeqpae irefdronaé demof tot tidideafor tdifferbuteatpitchmuaetization. In step 906,

contécagﬁﬂeasdgq% %Y?asﬁ %Bg%ggﬁée%t must have been

In step 910, the client 106 performs absolute pitch quantization based on the pitch value

of the audio. In one example, 7-bit absolute pitch quantization is performed, as described
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the first and third frames are of a not voiced

category class and the second franme is unreliable.
wab@aefdre, the error propagation follow ng theCEUSH04/603425

of one or nore frame-pairs ceases after 10 two franes

at the nost. Simlarly, it-d8s be shown that any error

in the decoded pitch period value of an even- nunbered

abovfs r qﬁeché GH#14s9 neARIR Biotin®dk OfnSsters 810, RhO REEEsE ddPict 06 performs
hree franes at nost. In addition, any error in the

absoh{léﬁt:l@lﬁ-‘é)dlu(amlmop éaseddm\ﬁm piéchotalugofihiela @r’é@% ed frane
( dj;ﬁ%t 0 p 9 ili ?F@S tc{ner? 10'§I Séss of Bg&cﬁ: g(%ieWo?@ HJ?I Yafud Yherated for the

and

absoRBEpiddH @ratizdtloawetoagsdin sfoM Mgaanet eb@mp;m ttl@ehchent 106 sets a 7-bit
qgquanti zati on process according to a Prefe

pitchoqadsurht Hefpiich dafeessapratadnioe e S0 %Bltclbfgwg?%t&werfmed in
step § @ V\‘fncglte?)gff l%rﬂg?fcloﬁir&?ﬂ i%égdlre%ﬁy@(ggtl @ §: 41 eﬂf s‘?cépsf? M" ﬁqe pitch quantization

process, atln
procd:s@ fadvatmbs torthé next diaenef amdnips caobflats dgecal}dath tqoaeﬂx 803.

RSP D8) LPRGYIE N0, GELCIALIE ML IO PG o e e
106 ét@ﬂﬁﬁnéso\@]fl@tﬁ& 0 cfﬂ@ssoiotile Flafae 1§unéﬁ?ﬁel9ﬁﬁéééﬁin%ptﬁé c{ulréﬂ’b’ frame “0” is

I agram o 9A, 9B and 9C beginsS with step 9
of th¢ |Vmceﬂ: k@eg@A)clann .o | oinsd d’mced clags enfudly epiced4lass)n N,Qte phat in FIGs.

hecllet106calc the ch valu
9B agg é ffeo%ul’l{eﬂ'b AP s %ﬁg{'amq (Jq’ Hg i%;a eellnémscﬁ%tety V%regedmg frame
“0” RNBAAL FEIM thel Marfié @fﬁm%@ﬁtely bfecwding!fesse deviic GradR6 ' mane the frame
speci fically, the processor 320 of wi reless device

immediatelycpreesding Game [ gb fremeyad-lell e xemalt aftheglcippminatign of step 917
is Posit Vgh?negfce)c%eggfgo%s % nﬂe ﬁehoﬁ {1496%u1t dt tﬁ% ?teﬁgﬂiau{np%f step 917 is

nes ether e curren
nega€iVENthex caebl flloarko steh 920e Thesdl 9200fhd ¢lend 0@ pracaadsi torthe previous

of step. 904 is even, then control _flows tqQ,st
framef tor fentirigufor seak ameadgaase FeleERIce nigne §PeH1%4$$ sgljd’gfa?nﬂal pitch
gh,control flows to step 905. In step 905, the
urrent frame is an odd frame and thus, the client 106
pr bcstepl 927,0othe tlierd 186 datbemings evhedice flendassfaf dimendt 627 is of the voiced

eSSy TS el A Ch UL B0, 0 Mo rinain
of stg]% @%%?osftﬁesﬁ@rpc&&fbl fbhe t& Eﬂeﬁ 0bs. 1ﬁﬁh@€ésﬁl@ b theaR&@iiaion of step

anti zati on based on the pitch value of the
927 a;uchgatlvd ﬂlmmn‘ea]aﬂqyl/se‘go sTerb?30. dibstpt28, Bietcdiant 106 determines whether

n nis.perfornme as_descrli 7
e B P 2 U R R 2 B0 TR of
step ©2B Q§I bo&fe, théh SineBl AdNs td BepWuoellpas dali 6©tht Wtermination of step
erforms absol ute pitch quantizati on based on the

928 fsinaghfivaalien conirohRow 9 4o, Tnrslap L9, hemlicphiadctapines whether
the Plgc‘?l tsﬁlgél & Higﬁg h. fo%@%&elle ttlfhgfegﬁdgltrtlﬁgd \éﬁh y§ rgﬁ:{iﬁé 3%1121% is, it was

absol'ute pitch quan orne
diffédddially Queriezecé uﬁﬂtﬁf&endeﬁeh@ frame hmﬂﬁﬁlamy preaedingit). IfBhe result of the

pitch codeword to the pitch valu ener at ed r th
deteppigation ef ﬁtepc$29q1§a9ﬂ8ﬂ9§t them WP@ R PR 8689115 thig gesult of the
deteﬁﬁﬁgtlgilléf &%1929:19 RbgRive [ thOSortiol B6HA Yo §t8p 83@P 914. In

| tc quanti zati on
In step 930, the chent 106 proceeds to the previous frame to continue to seek an

quantt19

adequate reference frame to utilize for differential pitch quantization. In step 937, the client
106 determines whether the class of frame “-3” is of the voiced category class (i.e., mixed
voiced class or fully voiced class). If the result of the determination of step 937 is positive,

then control flows to step 940. If the result of the determination of step 937 is negative, then
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process advances to the next frame and the control

flows directly back to step 903. In step 916 (B) of
WO-R@4/09849 control flows directly to step 917. PCI/ESIP4/003425

917, the client 106 determ nes whether the class of

the frame imediately precedi9g the current frame "0"

is 10 of the voiced category class (i.e., m xed

conthifiRel 1ol AgS 992, Swﬁl YOV ROWE dir€dtyst) stepNOG® (Cat FIR 9C and step 942
FI Gs. 9B and 9C, the current franme is designated frane

ﬂOWSdﬂeCtbh@ sfapat9 (DhosE1Gt Ty preceding frame "0" is
f
8550 i R Rl B ey o,

detefmiag® that 20 ddsqiidi@peferende frathé hak Beerreﬁjmlnﬂ forf diffbﬁentlally quantlzlng the
determ nation of step 917 Opi iposr tive, then control

currgnt diggnet’ §-'shegieron®s therclicpel ofm absoliite giselbgyantizatios based on the
pltcl‘gg%lﬁé ol tl?elZudlg 2]015 oﬂﬁ %:IHQ% 5 eLhsGRM éﬂé:}'xs I]l%l%‘ﬁ?ﬁﬁe&l ﬁtfe?formed, as

eht 106 proc
descpbed Albais. Irrmﬁavrr@jessaretwmrkeemhmdsamk ansteyl @qﬁl,aﬂhe ereless device 106

refere frame t tilize, for, di er nt|
per R RO Y DD TG disnchsRet o e IR, B 405 In step 958,
the ¥fek e S acbﬁcchs cewd:@E the %1tchsva@l§e 'g@ﬁeré‘t@& Cf@fj the absolute pitch
category class (i.e., mxed voiced class or ful

quant@at@@dpqrfmyl in piep Ohe Feend example, the cdrem‘remﬁ sei 4 &ﬂmt pieh codeword

927 IS control.
to t8§pith FRluf Benered Rt HRrlIRaeRERkioh bES iR 5BP a6
negdkiepeott (ENof ONGT o€, tbris fAovss HREtR36. stbﬁ BREPIIA8p 962, it is
the cl | ent 06 det er mi nes whet her the pitch val ue of

determigpe that an aggguatt gezfrrarlf‘eq fjarge At b@@dfounfl ftnhélffeé@érmly gpantizing the
currécrig ﬁ %eerq‘n;) riﬁt %tg $1 e6|b tgé 00?16?1%%0? ep 2 es éﬁ?@ergnﬂgf‘ pitch quantization

refex@ﬁctlﬁg miendtnttfiedatfesdnep frafe8 In snaegaiply,&-bit Bferanial piodh quantization

i peeorBF i SSSHlpet ARovepdn sird 954 Bk U QO P iifh codgsvord to the pitch
Valui)é"?énv\éggtte& gﬁSfeL?{E 'dﬁ{féré!ntflr?J gﬁ I%II% 1 apSe dfo l?@‘ﬂ{ Seph 9@@ 1 Sne example,

fferentia ntize erenced the
the dlieani06 setea ijile;bigchmodmohdrtg thet pitchl valuchgenemsad for dfe differential pitch
an?eterm na tion.of sb&? 929 is positive, then control
quarfizgijen peyiormer) insep the result of the deternination

Of S51EP 9% Iné SorltRY ALY AiredtlIEBhck 9N LR 015 EJ)/\@fFI@ %erln tep 915 (E
930. Iglﬂ st'ep 9§0, t he cllrreent fOG prgceegs to th S ®

contml élmrs@rer:ﬂm@ step ¢ dnin slge 9%, thegkcla quarwata@tegl@am advances to the

fere 0 iI'ze dj rential pitch
nexty élng[ 8 r'{)ﬁlglog/ts Leééjregg'?t?a Stgl? Péﬁ 106 determ nes
V\,he:t her R@hﬁwcdfa&ﬁ)r@&t frame "-3" is of the voiced
cate org/lcl ass (i m xed _voiced class or fully

voitt ixed )EXCigﬂlrﬁoglhElnP@sBleEhcaPnt(h’éEld@t gandapci(p 6ﬁle%ﬁnmumcatlons
s‘c:a'r:rl(?a;rg){,J tﬁég 1‘5 oD ﬁﬁ 11;1 Hon bet%vgﬁp nSH?ﬁéegh ldomoﬁ(%gﬁ%gchgﬁgmes Both

he ' r es rmnation o
classeegmoonmm&drmget%& ﬁﬂﬁﬂdlﬁﬁ&ﬂ)w a%ﬂ'd pﬁmﬁbﬁoﬂa&m An a.(ﬁiltlonal 4 bits
fl.aws ost 942. .Ste flo directly

are g %Ormnfe@gs SEEISEoR heu { léc periof dsgreaier dhay Z;rro i.e., when
a fratn‘i’e &t §Pth%5&blée® cbgdry Q’las@@e gl igb® R’loﬁ:@@ o@tﬁlll?fvoﬁggéz These 4 bits

9C, control flows dlrect oste . Ins
1dent1fy vageingl et differant Handsaf smchdmcrame Tleafmtcamableﬁs guantiped absolutely

using %eglts ngreffcg)rg elref Fs,rr?on%ltaslal/%goilr{%lli’l, ggcﬁ Qse described in the present
invention.
In LPC-10 (another telecommunications standard), 7 bits are used to indicate a voiced

category class frame and pitch. There are 60 pitch period levels and 3 levels used to indicate
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5 current frame "0." In step 956, the client 106
perforns absolute pitch quantization based on the
w@idoaio7293d ue of the audio. In one exanple, 5-bPCT/US2004/003425
absol ute pitch quantization is performed, as
descri bed above. In the w r@Dess network enbodi nent,
in step 956, the wireless device 106 perforns
that: aBS@AthlﬁlmilﬁEb gapt 2 hbtotoibab stefityt d18ssP(iteC notAdpéseh class and
the audio 402. In step 958, +the client 106 sets a
unvoymeﬂcctiaasb vy the seqmd ma{l)fo‘ﬁamalm of femupiged gategeryt ¢lass (i.e., mixed

VOlC?Cﬁ g%gan@mcv%wle K asg o&é?t J_{]&gth %{rgtoﬁ 'i'%&%ﬂag i§ to?ﬂhg§c90ed category

classC Od@ieRfsle, TLPC 1 oyt aidtivghisiesdestweat etk foiced hﬁtegory class and the
absol ute pltch %m$nt|zat|on performed in_step In
unvoigedratrgory dpssof LEG-E0 dyes nelodistinguish W&jﬁhﬁé’@ﬂQGQ an?gory class (i.e.,

betw%%r?ﬁ’orp %ecﬂ FlfBic ﬁ%laséets?1 %@L‘Lﬁ? J uﬂ(gg?éo ?ﬂégo‘?ﬂg class (i.e., between

equa erence rame
the rdixfeﬂ &bfal iaad Ifml}q ueictd zlasgs). h@he PLESErE nnvéntiarmax'téihds LPE-10 with the
step 966, the nt 106 erfor i fferentj |tch
introgugtiorof dmsRece apEpardic @SS%@'&%@WW F86ed GefRih liss and mixed

voicdd AMPrunl FoREE cl%é%%grﬁh&’er RS &Ul&edcgatefgﬁffdﬁés@é pitch

quantization is performed, as described above. In
IV. stEperﬁﬁJaryIm}éemmwmnSl% sets a pitch codeword to the

vaI ue enerated for . di fferenti
G psssEho ARG Fifb e R o, 58Vl igf i combination of
hardWQl% ldl s%ﬁtwail@ﬁl SRS P062108 lor RBédveN 1 @OEEMT. Ot 8 éy@%m according to a
pitch val ue generated for the differential pitch

prequxpémbpétm?ﬁ o,ﬁ@hefpjpmtj invantigre ps deseribehin HGst &P, §#9 9B and 9C, can
be rﬁgr%fcf: On% gﬁ%ﬁra 1%%’\%@1? 1ph ?1%)11%/ c&%ﬁllgt % fe%lg %I X eﬁﬂ)@tfe%l fashion where

diffesdn® Fél&ﬂeﬁts ?I‘@ﬂ Ridks stWealpinteetongoaad icaapien spitaaes Any kind of
advances to t next frame, and the control flo : .
commtere%qeyi KL gPBItalys 9fpieddor ReYTBG B! thpppeghodadescrifed herein - is
h I R
1% MpAER EAShAH Sk e sl o Ay HEL o GRS compt
systeghh stithrc¢angrutdrgtrogrem thatn wdipe being éasmﬂedl aud exaitsip eedivls the computer

frames, Both,K cl asses omhi ned toget her and

systemy q‘géjfl@dt Griss ot s IB?%E‘% %é?ri‘ ie. An additional
4 RintSnboRiRer 98 the Resdiy AVehZd i @mCdI#58e érﬂf)&fdé&tlh Q'&oﬂ@ﬁf&r program
the pitch period is greater than zero, whe

prodﬁcta(neclmtsofoa amel MISi anelcberent &6k yvhmha@)mm“@é@ all thi 5@@@133 enabling the
VOoi ce fully vojc se. 4 bi,ts tlf
impIG QR of i mealalss Sbrioal BiSin ablPuisho Khh, ¥aded in o computer

systd?xh tis Bbléad Uﬁ“r% SutCtHadetrh 2B edsa icahpiited progniimleftds of ddipliter program as
Therefore ere is no bit saving in MELP, such as
useddadhe Pisaent inventien prdécsastany e IeAtioT N amh Iangpegey code or notation, of a
e o T A
perfdheaepatienlad fpidiioh gtk Cdirebﬂ?y ejl Safaaildeli‘het exrebsthusie thet following a)
i ndi cate WD 2004/ 072949 PCT/ USZO%{JE{®03425 20. t hat _
convgsugb‘gqqalwg}er INCHAZS c9fe o Mmofatian, oqee@alue%qrbﬁbq alfferent material
mcl ass (i.e., non-speech class and unvoiced class), 2)
only the second hal f-frame is of the voiced category
cl dssoriputer systimxauay 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,

Flash memory, Disk drive memory, CD-ROM, and other permanent storage. Additionally, a
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voi ced class and fully voiced class) or 3) only the
first half-franme is of the voiced category class.
wab@aefore, LPC- 10 only distingui shes between PEEUS2004/003425

voi ced category class and the 5 unvoi ced category

cl ass. LPC- 10 does not di st 2hgui sh anong t he voi ced

category class (i.e., between non-speech and unvoi ced
com}ﬁﬁéﬁ%ﬁﬂolé’ﬁleﬁﬁﬁf‘ﬁa& 'i}%hiHéV Rir(‘e%dmﬁﬁt e81lfile £rasS sidh £.RAM, buffers,

between the m xed voiced and ful [y voiced classes).
cachd heerponys end tetwerlt cisenitext Eﬁﬂbernm@ 1hevgampuierereadable medium may

i ntroduc |on eech and UNV.oi.& S e
comi RSl o et RGO e ek b ap ] B0 S R P herwonetnk
and/drUd n¥twiek qﬁl@rﬁ&@&ﬁ(ﬂﬁdlﬁg\ dewirth eicwairkasdt € &tielsss Yhetwork, that allow a
classes. 10 I V. Exenplary I nplenentations The present
compuigresstemrio dead wweh prrapytoigadablomiormatien. software, or a

18@%?@&?%?0&%%8{)% éfa?[%}?éy 4 mtégfg‘ C‘%IF%‘? Nfo? lmementlng an

embgili@bet s theeprbadt imventi@f. The cpmpatentsystamestt FI6h, 10&1$ a more detailed
described in FIGs. 5, 6, 9A 9 can
roprepaifionoat cliows ddni#a) 1 Geand eHFbi 0o ﬁﬁ“ec%ﬁb‘ﬁf gystem of FIG. 10

1ncluﬁ?§ss6r?e%r frelpPosddtsS tsﬁdhbié;p‘?gcefsﬁﬁhb@l‘ YEHS ceksRordi O‘Of4§‘§ 8tnected to a
enents are spread across several interconnected
commonipaticer infipstretere LAY (kind communertione bus wsessmver bar, or network).

ancgtgggfwjﬁg ae%@)tpa}nﬁen sa ggegegaqlol% c ar Eg&n@%f Qtﬁt L he t hc%gwuter system.

AfteP el BloOMRY BeRABtGOTiE WaN DeboHb @ppﬁelﬂ @eq @'él%bn Rifrdmﬁl@w skill in the
conputer systemwth a conputer programthat, when

relevigri artfs) loewd éalinaplemenidbe invgntigonting phct P@ll@ﬁ#p‘i)/ls@ifns and/or computer
hﬁy en1such that it carries out the nethods descri bed
ArchlfE . 20 An enbodi nent of the present invention can
al $He B@nﬁuﬂ’@ﬁ%@%&h tdh iAclaoap ldi@[ayﬁﬁﬁgﬂa&m 00 theliokw§idm graphics, text,
clients 106 and 108 and server 102b whi ch conpri se
and efher daefipethe persmenisaiiomig tapichira DEptardEm 8 dragte i not shovin)
S e
for di%?’n‘glu%qletpg %is@fsapgﬁnﬂ 1:626 gﬁe c@ﬁ%‘cﬁ?%&gb étd@ct? stgi@rgrg ?ha!u{‘m%mory 1006,
prefdcatitp dhetonp ragsamen®an RAM) c andube ralspriogindern ascoudaxychmemory 1012.

The fsgq?p@ﬁr e:&%{%}@g}gvg}nt :nggfaiqggﬁlc a%&sg{%le)e(&{)lilessagp dnve f‘d‘Pﬁ and/or a
remd ?fer éi&raFQ RSivk Wmad%rés&ltg%gﬁﬁ pSYAie ARV RehodBtic tape drive, an

ormat fon processing ca y'to performa
opthahmskcdmm dtwn cilicorsnmivelble rstmg@dtlws' 164 6 atadsr freimt wad/onpfvrites to a

v b B RO e SRR R gy e o

Rem@’vﬁlfl@ Et%fﬁge%itqm@'reprfe@éﬂfﬁ a flo WHIE Qﬁag%)éﬁ& @ifﬁbr?ﬂcal dlSk etc., which
include, inter alia, one or nore \mqjﬁuters an

is relaéd‘&t and vBGtenoiepby eempvabimBlosagvedieml 0K | dWi Wil e appreciated, the
remov Q%Eigrrg%es Xm ? 8 ﬁugludgs do(%qﬁ]% er ﬂsgﬁ’lte Hﬁ‘{lé a%laiglﬁﬁgﬁ%ﬁ%eﬁored therein

ets, rconputer
com¢ﬁﬁ%¥&ﬁﬁmﬁWh¢%ﬂHmihe conputer-readable medi um The
conput er - r eadabl e nmedi um may | ncl ude naon- volat|

I
me Fb lfernalien eBodimpnts, Featsqomay myemasy sio1drngy inglisr gther similar

mea%fwz?)@x% g@ﬁ@%ﬁ%@%‘sﬁo E:‘rlg iér@&iﬁcéadﬁg @) bk QB dYintPthe computer

system. Such means may include, 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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conmput er - r eadabl e nmedi um may i ncl ude, for exanple,
vol atil e storage such as RAM buffers, cache nenory,
wa@pa4nexwor k circuits. Furthernore, the PCT/US2004/003425

conmput er -r eadabl e nmedi um nay conprise

conputer-readable informati-&2-n a transitory state

medi um such as a network link and/or a network
softwait emtiada té BeltakREed ini gk Retovable Qbrage Wnitel @3Sto the computer

network, that allow a 5 conputer systemto read such
syst@nput er -readabl e information. FIG 10 is a bl ock

di a c e y m; | f Ll i

an HE b putts PO, PlnsSY METHERNE o QoIRGB Bbcfuco 1024
Consiystieations ifleffaccl Q024 adlowsr efisketaiahé ddats €prigs enhabireh between the

of clients 106 and 108 and_server 102. The conputer
compyiet SYstR @ﬁ@xti@al giﬁ‘ewdegxm% P% (FOFENBERtiens nigriace 1024 may
inchiR nfdde ,rtggtfegvg‘l ih¥Pce (1eh RS %%ﬁ%eﬁ-%&), 'ascomllg%%ications port, a

connect e communi cation infrastructure
PCMEI4gslpt andceaminatc. cSoftwars abd datadransferrod eia dvammumications interface 1024

n rkt. .Varimgslsoft re enbodi nents are. described .
are llllﬁfl%/\g O%‘.flgleq]ﬁ §V ; . E?,yf%]é Smdl&neﬁg%}gc}né%elec%f){l@gne%c, optlcal, or
othef SigHA18 GafdblSoBSiRE tRbIved by ichmMurlical8E RerfRBANSN TheseAsignals are
person of ordinary skill in the relevant art(s) how

provided; tapslomravnicativas iippepes HR4UGR mgcammenicaiimmsurags (i-e., channel) 1026.
. S e d/.or conpute archjitectu . .15 The L
T T 808l SRS L RS RISl G oo optis. o
phoridlfie, & e¢lWAdrdshogé dpKIBRTF 1@ tand/oAbilepdr@musiaitsors cBnee
comrmuni cation infrastructure 1002 (or froma franme

"

buf® B¥is deaumgab\ihg terms FcomRiperagrogiym: mediains p| egynniigrtusable medium,”

< )] £ W | j » .
magfigroad e HOUL end M S I Ry 2o FFEBIckaly rofer 1o
medal ssich anmbindac@oseidvdad gedvaday yncodrs.101Themseadadarage drive 1016,
mory 1 .may jnclude, for exanple, hard di sk
a hag fisk 111@@6%;1%5 iRdpet gk g@"? b aﬂaﬁ siegpls; aHhess PoRBUtgpRgram products
are %@8{8%?2}%6&%% sfoh?v@ﬂ%’ tol{hs Kol u’t’e@’sgﬁeﬂi@g‘f'ﬁé 'cﬁmggflf%g-readable medium

rive, ical disk drive, et The renov
allows theagmputer vpstdr) 16 readabita, instmrteond/ messagést @an¢ssage packets, and other

renovahbl.e storage unit 1018 in a er | own to
compyIGRR AR RYSBRATRPYRaRT FImpHoETrataiG meli B g tter readdble
medfifof)! fdCeithigle, 1Y, inkRBE aRRnic3atAe fh@RBYy, Husk, as"BR@REY,] ROM, Flash
tape, optical disk, etc., which is read by and ]
memgry,t Pish dave ynareerpy §5)-ROM.o pady @thir | Reemanas . stevgga | It ipeuseful, for
reci e. Vv e st uni .
exaufily B b EPorhill o R, 30 oF GUF ARG Hbd Y Ryructions, between
compiiter egstéher dluithegsUtRr caniutsvaregdabld htsdighatraay témprise computer-
alterpative enbodi nents, the secondary nmenory 1012 pay
readphie [pf@En#iTe i 3PNy SHbaAediER sueh ahRripte pnd/or’ a network
_ or ; 4 | ;
inerBlcR B s QS bR O ENNR by (B2 D Sl o read such
computeeradaiit emfetnmtmge unit 1022 and an interface 30
1020. Exanpl es of such i nclude a_pragram cartr.idge
an{OERPF ibde@Eam (@lse seed o ol TGOl Fereq ipgtan memory
1006 3B/ of €L6RMYy BethORPYAD) € OBRBhkr GibSrakRURRYaSséibe received via
EPROM or P and” associ ated socket, and ot her
compymeeldrnse igenircegd02fhi t Sucho2omantdr i megnamsc avhen02xecuteidc tenable the

comgllltlero \é\gls\(g]?n Ztg 0p‘!’alr ozl%gtﬁg fggf\ﬂeg %%Qcﬁé /pg‘)gs%étzgwention 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.



-22 software and data to be transferred fromthe
renovabl e storage unit 1022 to the conputer system
wab@4omyput er system may al so i ncl ude a conmUNPCHRUBZINE 003425
interface 1024. Communications interface 1024 all ows
software and data to be tra@3ferred between the 5
conputer system and external devices. Exanpl es of
V. Conpmimgations interface 1024 may include a nodem a

network interface (such as an Ethernet card), a .
coAdthenighasricoific gmbadimgnts pdhie Anvangon dse bgee disslesed, those having

. Sof g d d [ ' ' . .
ot S SR AP0 T B G40 B BRSO e moimens

with®& depting KdfPihe spieit @8l kP f tied BeétoandNetstope efthe dddention is not
or other signals capabl e of being received by . .
to becensiristade siarefpee it ther sngediciapbpdintase Farthpapae it ds igended that the

V4 ¥ . . | . . .

oppefAd QREE {o0or U SP M Dol Bl RES REGRORn. hembodiments within

the scdprofehe fro2mt owenti@s Si gnal s and may be i npl enent ed
ushﬁ%’mﬁre or .cable, fiber optics, a phone line, a
celhat igclaimsds' | i nk, an RF link, and/or other
conmuni cati ons channels. In this docunent, the terns
"conputer program nedium " "conputer-usable nmedium"
"machi ne-readabl e nedi unf’ and "conputer-readabl e
medi unf’ are used to generally refer to 15 media such
as main nenory 1006 and secondary nenory 1012,
renovabl e storage drive 1016, a hard disk installed in
hard di sk drive 1014, and signals. These conputer
program products are neans for providing software to
the conputer system The conputer-readabl e medi um
all ows the conputer systemto read data, instructions,
nmessages or nessage packets, and ot her
conmput er -readabl e informati on fromthe
conmput er -r eadabl e nedi 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 nmenory 1012. Conputer
prograns nay 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
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of the conmputer system WD 2004/072949
PCT/ US2004/ 003425 -23- V. Conclusion Although
W@ p@aiofioed enbodi nents of the invention have beR®T/US2004/003425
di scl osed, those having ordinary skill in the art
wi || understand that changef4can be nmade to the
speci fic enbodi ments w thout departing fromthe
spirit and scope of the i vENIVM®N. The scope of the
invention is not 5 to be restricted, therefore, to the
1. spécm@thodeqm@m.m@nn@lommosmmmyetem forj guanfiziag qitehy infarmation of
aud1t hce gpﬁgnded clainms cover any and all such
%fpﬁfrfp At¥ons, nodifications, and enbodi ments within
t h&ap%@ﬂllgealﬂio tchesgitiigeiunbeyenirironof ¥patalits Oﬁillﬂh]l?ﬂi‘di frames;
WO 2004/ 072949 PCT/ US2004/ 003425, -24 CLAI M5 A
ne?%l@‘daf@?g anlasnpbihealiime WhEewsa Flags syawener O 2 Voicad class and an
unvo%éﬁrbtlésgj ng pitch informati on of audio, conprising:
capturing audi o representing a nunbered frame of a
pI ifrthd framye df a viodakeslesd, cfalcamstm,g apithlfouthatfiang; a cl ass of

lifg{g gﬁ@e é§v1\g$ %Ye@g}ugg{%lr%sé Lf X yﬁlgeeq ?]fﬁﬁsg cz\?llgulgtl%? E%QFword of a
first fén%ﬁlsby &ﬁhﬁk&h@%é}gtcﬁ of 'tﬁe%?arﬁ@ﬁbs‘bhﬁel rame; if the frame

an "even nuftbered franme and a voiced cl ass, _
c aifdht &winegs an codemonkbret framefand gn unggigechelpss, calculating a codeword

t h f. the f bsolutely; 10 if
or e e b e n s b RiblFt! e ana an unvoi ced

cl gSfe fiGAHeGH halld dumbeRd HMiclandod véided EiassSind £n@ishone of the three
indicating a frame of unvoiced class; if the frane is

framgs invepedinieRbpicealling tedtaards achebls salcelating 2 sadevegrd|of agecond length

by qﬁan%z?nq i’eff% gﬁie éa{rﬁ ff er{ﬁﬁﬂ& %fg} Clwg% d;ﬁﬂ#lﬁged ngelﬁh ocf the nearest

prectding tdliabla)fraaes Whlefdlm'gletﬂitﬁ lmgtl@ i @éatéﬂ’tﬁaﬂ tharecond length;
differentially referencing a quanti.zed pitc

neHrtBs framegs ap gde aprpered fags Adra vrieed dlpisag r?a?}h%P the thres frames
imm%é;hg%%y *)1%@&59%&‘% %%nﬁﬁies?%oétr?l?d;)lé h&1c gﬁﬁﬁg% éoﬁ@@%ﬂi of the s@@ond length

s an ol ced class and
by qeatizirgftht hech dsﬁtheﬁﬁmarabwluﬂelmmmki at el y pr ecedi ng the

a2 ol S e Bl R S cotevento
the s@&ﬁﬂl 14 &8h Yadid#dg 'afﬂa%fflﬁl@ﬁﬁed 8lagh odd numbered frane
an unvoi ced class, calculating a codeword of 20

the second | ength i ndi cati ng a frame of unvoiced

2. cl FR& ‘method of claim 1, wherein an even numbered frame is reliable if it is a voiced

class.
3. The method of claim 2, wherein an odd numbered frame is reliable if it is a voiced class
and the pitch of the frame is quantized absolutely or quantized differentially referencing a pitch

of the immediately preceding frame.

4, 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.

5. The method of claim 4, wherein the audio pertains to speech.
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2. The nmethod of claim1, wherein an even nunbered

franme is reliable if it is a voiced class. 25 3. The
woreaohotoed cl aim 2, wherein an odd nunbered frBOBEUSR04/003425

reliable if it is a voiced class and the pitch of the

frame is quantized absol ut el2§ -or quanti zed

differentially referencing a pitch of the imediately

6. pr?ﬁ@%aﬁoé @ Blairdt - 5, THBerBRl ROFa0E HlRidR ]froﬂi\'h;ﬁfog"to ot BE about 30

i nformation processing systemis any one of a
millis¢conds of engiot end awgessive frames sagieanetiap sacth other dynfndrin| about 10 to
b u&)g%gﬁﬁone. 5. The nethod of claim4, wherein the audio
abo 1§808S speech. WD 2004/ 072949 PCT/ US2004/ 003425
-25 6. The nmethod of claim5, wherein a frane includes
from about 20 to about 30 mlliseconds of audio, and
7. sutbesnsihpd of clumed, fathepc@npsigach ot her by from about

10,10 L T hod of cl ai
1, iR the Aot bR o e o S B iChora That

was calculated to a server. 8. An information

processi ng system fqr quantizing pitch informtion of )
8 audio ,mfoggﬁtgni JTPRFSSING HYSteE r@b heuatizine @gﬁl@ umiquglatlon of audio,
o ﬁy%%% representi_ng a numbered frane of a plurality gf ‘

u red franes; and a digital signal processor for:

c ah anicaiphonge dorc bagswingf atdie reprasantinghee neinherad clrass of s plurality of

ny %ne of voi ced class and an unvoiced class; 15
numpgred frames; is a voiced class, calculating a pitch

f op atdwal §ig@NBrodefsot b frane is an even nunbered frane

and a voi ced class, calculating a codeword of a first

| engt h balcwjatang 4 elasspfithe frping cwhestintshelagsria amy one of a voiced class and

absol uteley; lif- the frame is an even nunbered frane and

an® VS Fl985%5ss, calculating a codeword of the

first | gmeéhainBe £adibaDclass] cadBatitlg Al foLthe Hanses; 20

if the franme is an odd nunbered frane and a voiced ,

cl ass aHdthgt fipmade agnevest nyrpered Hyages PR eyoiced class, calculating a

i At ‘ . N i1l .
BT S S L R

quant i zimipe tirenepist dhewh whsbdredframai dnidearenhvaddddyclass, calculating a
referencing a quantized, pitch of the nearest

or eedstion of Bt et iiealing: dams URBVPFSEengt h i s

greater 'ftﬂ@g*aéllags aﬁ@&@ﬂtﬁnﬁ&é@ﬁ%ﬁne Zad afvoidag Ad80R1 h3efP one of the
odd nun%ere ed c e

rane and a volc ' ass and each of t
t htheee frames immediately preceding the frame is reliable, calculating a codeword of a

second length by quantizing the pitch of the frame differentially referencing a quantized
pitch of the nearest preceding reliable frame, wherein the first length is greater than the
second length;

if the frame is an odd numbered frame and a voiced class and each of the three
frames immediately preceding the frame is not reliable, calculating a codeword of the
second length by quantizing the pitch of the frame absolutely; and

if the frame is an odd numbered frame and an unvoiced class, calculating a

codeword of the second length indicating a frame of unvoiced class.

9. The information processing system of claim 8, wherein an even numbered frame is

reliable if it is a voiced class.
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frames i mmedi ately preceding the frame is not
reliable, calculating a codeword of the second |ength
whgoog0z22949 zi ng the pitch of the franme absol ut ePgT/US2d4/003425

if the frame is an odd nunbered franme and an unvoi ced
class, calculating a codew2sd of the second | ength
indicating a franme of unvoiced class. 30 9. The

10. | NTRE MRYbHAAKRY ?x%%és%hfggsﬁtéﬁ{ %F‘cﬁﬁmcé ayyAeBin WNRUB! hndfered frame is
even nunbered franme i's” reliable if it is a voiced

reliableds &. is W (2 G040182 204 Shepif¢lUsP e At 003 t2G1antiz@l dlpolu or quantized

.. t st f_cl wh
ol RRaRE FRARR pORe PO p i} Bt ﬁ'ez o
class and the pitch of the frame is quantized

absolutely or quantized differentially referenci a
11. pi Thé informptéon presessingesypion of cdpimgS WhRisin he) nformpdion processing

syste;r%n; oa{ngg:nle %g gi;;l%rgtecgﬁl Ht%r e 5 %mefgss &é\%ergugh awg %go%(ll:l'g itéelﬂ%one.

&ssP Sy Stem s any
conmputer and a mnreless deV|ce such as a nobi | e
tel ephone. 12. The informatjqn processing system of
12. ¢| Zheinfarmaiier PEGssHpesyEirm of Japt b, ydhergin }p pertpgns to speech.
13. The information processing systemof claim 12,
wherein a frame includes fromabout 20 to about 30
13. m The Monmiﬁ)anroaassﬁmg systad ofulaimsEl, weherginrme§amrayncludes from about
over | each other. by fro about 10 to about .15
20 5ot B BECS OEic ARDHAFIDYS FHBESEY Quegogasthogier by from
about 18 difbut i hillREcHRAEPr i sing: 15 a transmitter for
transmtting the codeword that was calculated to a
server. 15. An informati on processi ng systemfor

quantizin itch nfor rlslng a
14. SRRe i BT SRR Bt Ry oo R R

fr an@n@hiter R WaddrhitiinOihe Boddeas € that 2Qs tilaiesd (6adBRBS

for calculating a class of the franme, wherein a class

is any one of a voiced class and an unvoiced cl ass;

15. iaf &51?3#0@ qnhza ?re\éﬁgg 9\45&{11‘23%{ g&ﬁﬂ%nfgor tg\ﬂ;lleﬁfﬂ)ﬂa@ti%ﬂ of audio,

comptisither ed frame and a voiced cl ass, rreans for
calculating a 25 codeword of a flrs
quarsans fY ARTIBE PERICEPTERETIPE aﬁélrg)ﬁgf@i f%%rg? gra P%urﬁlﬁfg of numbered
ﬁamfe anme is an even nunbered frane and an unvoi ced cl ass,
neans for calculating a codeword of the first length
i ndinosahs foy calchlating actasuof/ibe dmdecivheisin a £lagshie ahy ameof svoiced class
an oddfg-gyered frame and a voiced class and at |east
and gy unygicediglasthr ee  franes | nmedi atel y preceding t he

f 1 Re HEmESd & 2Bib&1 clARARRakOfor EAEMIRL 4 Pichefof aevhe of
2 if the frame is an even numbered frame and a voiced class, means for calculating a
codeword of a first length by quantizing the pitch of the frame absolutely;
if the frame is an even numbered frame and an unvoiced class, means for calculating a
codeword of the first length indicating a frame of unvoiced class;
if the frame is an odd numbered frame and a voiced class and at least one of the three
frames immediately preceding the frame is reliable, means for calculating a codeword of a
second length by quantizing the pitch of the frame differentially referencing a quantized pitch
of the nearest preceding reliable frame, wherein the first length is greater than the second

length;
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30 second |l ength by quantizing the pitch of the frane

differentially referencing a quantized pitch of the
wWoearnas4pr ecedi ng reliable frane, wherein t heP€T/1S1004/003425

l ength is greater than the second |ength; WO

2004/ 072949 PCT/ US2004/ 0034257 - -27 if the frame is an

odd nunbered frane and a voi ced class and each of the

t hiegeffFaaieeis aniodiBEhdeRIdYTaheaals Reictdelady &1feach ofifie three frames
reliable, nmeans for calculating a codeword of the

immediabiy precsging by fpmmis ppihepliebls, proee fQgf caleidatinggggcodeword of the
: if 1 ' . d f
sec13EHA 6 YoanBifhehe bh dfATRainE BRIREG, MATDCT 20 Lr AT

c odetherfthngd istaheoddanomtdrédfight ahddh aatvoivgl elags; areanofor calculating a
unvQi ced class. 16, The informatjon processi ng system
codgrord o4t speond{pgta indicaling IR OB EESd Fae | S
reliable if it is a voiced class. 10 17. The
i nformati on processi ng systemof claim 16, wherein an
16. oddheunfoemetiorf paessing systehi abtlein f15] whermim an everedumbered frame is
l.a%h)%is .and Ih(f pitch of the frane is quanti zed
rel fLif & 1V9icE] Cldtant i zed differentially referencing a
pitch of the imredi ately preceding frane. 18. The
i nformation processing systemof claim15, wherein the .
17. i nfldenaforoatipy pressssinggsysied of stasm 16 veeyeinrra edd gumbered frame is

i Bl 81 TR Sl S IPURER, SHERAR BB & i

diffetstially k8fcrenbdi @l pitch b€ tiaUdintedesly prdtsdihg fimprech.  20.
The information processing systemof claim 15, further

conprising: 20 a transmtter for transmtting the

18. €O %@Qflﬁpfgrgl?r‘@ar% }Q%J%eééﬁié‘é LA CRiR £ WiRthein %ﬁ% .iﬁoﬂﬁ&tmdprocessing

on'an In n pr ssi ng system’for quanti zing

syst@ah ticimyi orfearf aatiemrconfputaaadi @ witbsxp dedcagich@aptmshilkgelephone.
audi o representing a nunbered frame of a plurality of
nunbered franmes; 25 calculating a class of the frane,

19. Whehgiiffofn sl oc%ef%sitﬁ% gys@é?ﬁ oPE1afn YO wWiRHeif RS 18 HerBhins to speech.

unvol ced cl ass; franme 1s a volced cl ass,
calculating a pitch for the franme; if the frane is a
ass and the fr a multiple of a

voi.ced cl nme nbe [

20. 0 dBEFniution ness iR S o B 13 MHe e SRy of a
fi Bsfank@n@t brangRmitg fhieReddiisd Phds Ghs @hlchiRdfth aRBrvesO
absolutely; if the frame is an unvoiced class and the

frame nunber nis a nmultiple of N, calculating a

21 OSERAA S ok SO B IR ormacin o
audio, comprising:

capturing audio representing a numbered frame of a plurality of numbered frames;

calculating a class of the frame, wherein a class is any one of a voiced class and an
unvoiced class;

if the frame is a voiced class, calculating a pitch for the frame;

if the frame is a voiced class and the frame number » is a multiple of a predefined
number N > 0, calculating a codeword of a first length by quantizing the pitch of the frame
absolutely;

if the frame is an unvoiced class and the frame number z is a multiple of N, calculating

a codeword of the first length indicating a frame of unvoiced class;
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if the frame is an unvoiced class and the frame nunber
nis not anmltiple of N, calculating a codeword of a
wa@ewanmokengt h i ndicating a frane of unvoi ced BPCEHES2004/003425
wherein the first length is greater than the second
length; if the franme is a v@8ced class and the frane
nunber n is not a nultiple of Nand the 5 pitch of

the fhe %&fwa@%n%@m cr8¢l aflll fthe el Alhber! £fiehenai Iﬂgmple of N,
a quantized pitch of a preceding voiced frame so that

calculafing a aeqmmé wfa slee@tgit length indigatingarérams ofownvgicsdicdass, wherein the

frs il b oot foafi T g & codeword of the

seffaRd flagfedikh vdivedasladitdndi the flahe Mirkisdd #0fs ridie thuhipke of N and the
differentially referencing a quantized pitch of the
pitclpeleibe diamy i techapiizadedifippsatiayhrefgencingid quapiead piele of a preceding

VOlC(L(FH‘ Q E @tthl eﬁ’&%ﬁg‘ h%@tﬂ i ﬁtﬂo a?el? Lg\‘r:a{h}{e given by a
s 0, andhatotalzmg enc%t S% ‘? ?

epen "engt

predpfifedhfuh&tichuppi) iof elmb fiihe ensbet a,l da}cwlaimg aswailewf)rd bh’fhe second length
total de ende ce Ien%th of . ft@he r fer nce. frane and f he
by QRERAAE ARGt o e HRRS R ISTRHAI g ErRR G & Blabiteh Prich. of the

prec&ﬂﬁ‘ bgleg@ﬁ?ﬂg &,ﬂ;@ehefer ence frame; and if the frane is
Vo a

i ced cl ass an the frame nunber n is not a
rrutdtalplepermlknw lamgth ofie frafifs vohdse pitdt istquentized mbsaduatelyoss Opand

R 5Pt 5ei G B TERSE PUFE TS HF LA @ sum of

the tbt@tﬂ&éﬂ%n&gncé oty FBe teterbMe BURAMRT the BRAMNBe ¥Rb#Led il ¥8he counting
by the predefl ned function Dén) of the franme nunber n,
¢

numb@rs beiveeen thy faammrei/ﬁ;ﬁ tefofenechisameamdnd | engt h by

Tl e el 50 Pre® dPe R 1t s BT of N and the

pitchd |o‘fQHe Gfanid @aﬁﬂo@ﬂﬁ guddtieed nfiffathtyallySrefgending @Qu&tﬁizﬁ@ pitch of a
the nearest preceding frame as_a reference frane

preceding veisechirags se ifeé iyl deperdsnry bnsthred the e isnefgreater than a value
glve%?ﬁachg Préd%ﬁﬂ?c?gfégfl&?% hQ%xE@meD@ﬁ‘gl%]'lp %gltcﬁfggﬁ% Qddbdeword of the

second ddngthty quratieing thpidchofkid frarme shsdidtelyN, where k is a

predefined non- negative nunber. 24. The net hod of
claim 23 wherein N=2 and k=1.

22. The method of claim 21 wherein the quantizing the pitch of the frame differentially is
performed using the nearest preceding frame as a reference frame so that total dependency
length of the frame is not greater than a value given by a predefined function D(n) of the frame

number 7.

23.  The method of claim 21 wherein D(n) = kN + n modulo N, where k is a predefined non-

negative number.

24, The method of claim 23 wherein N=2 and k=1.



