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wW@2008/182¢ 119 [0001] The present Application POT/US2008/066840

Patent clains priority to Provisional Application No.

80943, 558 entitled "METHOD AND APPARATUS FOR MODE
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| NCLUDI NG MULTI PLE CODI NG MCDES, " filed June 13, 2007,
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conpression techni ques. For systens that carry speech

signals, speech conpressiop F@;ﬁ ["]?ﬁgech codi ng")

t echni ques are commonly enpl oye (3 or this purpose.

Fdd4] Devices that are configured to conpress speech
reI ate to a nodel of

by e actl met ers t hat
H’Eﬁﬂﬂ E ﬂ)%%ﬁ@ tesito pncedme it pudiosigmalsy audi o coders,

voi ce coders codecs, vocoders, or speech coders, and
t he description that follows uses these terns
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der and a decod he encode lly,receive ..
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communication over a transmission channel while maintaiing the perceived quality of
the reconstructed speech. For example, it is desirable to make efficient use of available
system bandwidth (especially in wireless systems). One way to use system bandwidth
efficiently is to employ signal compression techniques. For systems that carry speech
signals, speech compression (or "speech coding") techniques are commonly employed
for this purpose.

[0004] Devices that are configured to compress speech by extracting parameters that
relate to a model of human speech generation are often called audio coders, voice
coders, codecs, vocoders, or speech coders, and the description that follows uses these
terms interchangeably. An audio coder generally includes an encoder and a decoder.

The encoder typically receives a digital audio signal as a series of blocks of samples

called "frames," analyzes each frame to extract certain relevant parameters, and



audi o signal may be stored for retrieval and decodi ng
at a later tine. The decoder receives and processes
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speakers include 120 or 140 to 300 or 400 Hz.*

[0006] Audio communications over the public switched telephone network ("PSTN")
have traditionally been limited in bandwidth to the frequency range of 300-3400

kilohertz (kHz). More recent networks for audio communications, such as networks

that use cellular telephony and/or VoIP, may not have the same bandwidth limits, and it



recei ve audi o communi cations that include a w deband
frequency range. For exanple, it may be desirable for

WG omk/15ppar at us to support an audi o frequency PERY82008/066840

t hat extends down to 50 Hz and/or up to 7 or 8 kHz. It
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pitch pulse of the first signal. In this method, encoding a second frame includes time-
modifying, based on the time shift, a segment of a second signal that is based on the
second frame, where time-modifying includes one among (A) time-shifting the segment
of the second frame according to the time shift and (B) time-warping the segment of the
second signal based on the time shift. Computer-readable media having instructions for

processing frames of an audio signal in such manner, as well as apparatus and systems

for processing frames of an audio signal in a similar manner, are also described.



configuration includes encoding a first frame of the
audi o signal according to a first codi ng schene; and

wepwsdsngs a second frane of the audio signal apCDUS00§066840
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ﬂiaﬁ@arra&fb@fso@emmeaof coding systens. [0014] FIG 4a
illustrates a block diagram of a nulti-node

i npl enent ati on AE20 of audi o encoder AEI O [0015] FIG

4b illustrates a bl ock diagramof a nulti-node
i npl enent ati on AD20 of audi o decoder ADI O [0016] FIG
5a illustrates a block diagram of an inplenmentation

AE22 of audi o encoder



AE20. [0017] FIG 5b illustrates a block diagram of an

i npl ement ati on AE24 of audi o encoder AE20. [0018] FI G
w@a008hi512%6 r at es a bl ock di agram of an i npl emene@t/U82908/066840

AE25 of audi o encoder AE24. [0019] FIG 6b illustrates

¥18tock di agram of an inplenentati on AE26 of audio

encoder AE20. [0020] FIG 7a Pllustrates a flowchart

of a nethod M O of encoding a frame of an audio

signal . [0021BREEEDESCRIPTRON ©ETHE DROCOWINGEgr am of
an aplp:)arat us FI O configured to encode a frane of an
0
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k&t’dpl%c%fdﬂ triggt dlogkogiogpmre Cﬂmaswﬁglfnr%l@fegwgldes an audio

Edduehatto %%ﬁﬁaﬂdﬁ?&&%ﬁf\l@bﬁ?’.” RM 1 O of RCELP
encodi ng nethod RM OO [0026] FIG 12a illustrates a
90631 k F i 2dpriHnstatesarblockpdiegremt aftai pomr RCo G0 6§ stREGEL P

r cod 34c. 071667 6 [ 002 FIG 12b.illustrate
LB To e s & ook dPein b BHO RO ey CHERBAE20 of
NEOIsIdBRCAE [0028] FIG 12c illustrates a bl ock
di agram of an inplenentati on RCL05 of RCELP encoder

RO 1G.oti2 OlusEates altderck dikgrany af egnultihedskingilemgertatiarf AD20 of
an,.i npl ene ion RO 15 of RCELP encoder RO 10.
f%%a?cong&b?é‘ illustrates a bl ock di agram of an
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FIG 14 illustrates a bl ock diagram of an apparatus

ORCELP encoding RFICO. [0032] FIG 15 illustrates a

Wg?ﬂggﬁﬁ%b%gﬁﬁtés%ﬁa?&ggaho& a'ﬁ%@en?gntﬁ%ﬁ%fﬁgpﬂfd{bgencoder
AE20.

[0018] FIG. 6a illustrates a block diagram of an implementation AE25 of audio encoder
AE24.

[0019] FIG. 6b illustrates a block diagram of an implementation AE26 of audio encoder
AE20.

[0020] FIG. 7a illustrates a flowchart of a method M10 of encoding a frame of an audio
signal.

[0021] FIG. 7b illustrates a block diagram of an apparatus F10 configured to encode a
frame of an audio signal.

[0022] FIG. 8 illustrates an example of a residual before and after being time-warped to
a delay contour.

[0023] FIG. 9 illustrates an example of a residual before and after piecewise
modification.

[0024] FIG. 10 illustrates a flowchart of a method of RCELP encoding RM100.

[0025] FIG. 11 illustrates a flowchart of an implementation RM110 of RCELP
encoding method RM100.

[0026] FIG. 12a illustrates a block diagram of an implementation RC100 of RCELP

frame encoder 34c.



[0033] FIG 16 illustrates three exanples of a typical
si nusoi dal wi ndow shape for an MDCT codi ng schene.

WO O®8437286d G 17a illustrates a bl ock di agram oPCHIS2008/066840

i mpl ement ati on MEl OO of MDCT encoder 34d. [0035] FIG
926°7i I lustrates a bl ock di agram of an inpl ementati on
ME200 of NMDCT encoder 34d. [0936] FIG 18 illustrates
one exanple of a wi ndowi ng technique that is different

fob2n Fie wbnilewises betduk gdgrahd bk idpRehchiatibh RCMUO. of RCELP
[0037] FIG 19a illustrates a flowhart of a nethod
sncodriRCHibcessi ng frames of an audi o signal according

[ . : 0 ‘
70RO SRR SRR B ot flion s pr e
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%}cgﬁ MRET (encoder MEI OGO, [0041] FIG 20b illustrates a

o i di agram of an inplenentati on ME210 of NMDCT

B93& dEIG. ME2 G0ust{aB342] bledkGdiagtan i dfl arstimateesngatiohoRk2 of residual
di agra g(g an i npl enmentati on ME120 of MDCT encoder

REIC .rr% 43] FIG 21b illustrates a bl ock di agram of

@Pg]npi@nlamlagﬁa@é@ 3088 raMAFhnappadRs fER AP ERQ g RF100.

22 illustrates a block di agramof an
[08p2eFEnt 46 dstvEast@ SoweinaT ehendiemdervEta®nakdM120 of RCELP

VEL30. 07166 045] FIG 23a illustrates a flowchart
Seodie HABaT R B2l UG ng MM OO, [0046] FIG 23b

[00831SFIG BSilRisiAtec thréd agihdiRObf &6/ diatdidallWinddhape for an
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MIAnE kading s¢hemcpet hod M200 of processing frames of an

PSSP REPLR! UREFEST Mokt QADSE L ISARHLPERH MIP100 of MbCT
crgoldend@mt at i on T622 of task T620. [0049] FIG 24c
illustr ovvch%rt of. an i I emsn{ ation T624

{093 i tol.eﬁ{ @@g%itew Sckdie P, SY P BB N AR A 20! MDCT
alolopignent ati on T626 of tasks T622 and T624.

[0036] FIG. 18 illustrates one example of a windowing technique that is different than
the windowing technique illustrated in FIG. 16.

[0037] FIG. 19a illustrates a flowchart of a method M100 of processing frames of an
audio signal according to a general configuration.

[0038] FIG. 190 illustrates a flowchart of an implementation T112 of task T110.

[0039] FIG. 19c illustrates a flowchart of an implementation T114 of task T112.

[0040] FIG. 20a illustrates a block diagram of an implementation ME110 of MDCT
encoder ME100.

[0041] FIG. 20b illustrates a block diagram of an implementation ME210 of MDCT
encoder ME200.

[0042] FIG. 21a illustrates a block diagram of an implementation ME120 of MDCT
encoder ME100.

[0043] FIG. 21b illustrates a block diagram of an implementation ME130 of MDCT
encoder ME100.

[0044] FIG. 22 illustrates a block diagram of an implementation ME140 of MDCT
encoders ME120 and ME130.



[0051] FIG 25a illustrates an exanple of an

over | ap-and-add region that results from applyi ng MDCT
wWOwRdos®9é o consecutive frames of an audi 0 si gP@l/US2008/066840

EOOSZ] FIG 25b illustrates an exanple of applying a

1M shift to a sequence of non-PR franmes. [0053] FIG
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comuni cations 1108. DETAI LED DESCRI PTI ON [ 0054]
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1T€s4 de in any of the various conmunication systens
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WOSHKFIG. 35 illnsiragest an expetplasf sy ovenap-andidslicgipnvibpicessults from

over. | “Yol.P) over wred and/or-wreless (e.g.,
Shin MY S onBech iR BRAERS Al idnd o
osNNEIG. 25bQA0&atdstanictaBRIFBPlyinpeiREBhidt t8d fknce of non-PR

hereby di scl osed that the configurations disclosed
ffames.-n may be adapted for use in networks that are

ﬁ)@?ﬂgf:{?}@éiﬁnﬁﬁtégﬁﬂo&%@ afty of Je@%e?&de{u(afo ggrﬁrﬁhﬁ§§tion5 1108.
e r ons

s arranged to carry audi o transm ssi
according to protocols such as Vol P) and/ or
circuit-switched. It _is also express|y contenplated
and her eby disclose@ﬁ?@&LEﬂéng%%qE; i ons discl osed

[WR5H] Qyﬂ@rﬁs,t}ﬁ&ﬁ%&gf}gﬁ?§ a?é@rﬁiu@dasf crilR8 ﬂe@eiﬁ%é}mﬁ’gﬁlggd to support

codi ng” systens stens that encode an "au
incegsehmycapang qudity dooug trioutionsrbefwace BR hmheort-PR cadigg schemes

f [ i deband. codi t . . t t hat
Y T UL L
b%la?fﬂnﬁgldm&'n@fb DN seeRAN Gu GOl N ehoRYRddedBereCosine transform
é&b@@-band wi deband codi ng systens. [0056] Unl ess

£3) godingrisehetheby The sorlegiretans deseriliedrbplovgirgndg in powireless
ed herein to j.ndicate a of, its ordina meani nags.
Fe?}eg?ﬁatax F]Ogl’nl’élulél c%ttloen sc}lfs%gl %%n:}ry[%u{/e tgceg%pl(fo&fna %&re\fcéléf{sm&rngﬁlple-access

(DN ") OCRth®Ris IntéFaceX NeSsiedlesoit oW d e, uldldfstoodrby those skilled
other transm ssion nmedium_ Unless expressly limted by . .
int the @ thata methpd apdpprardienlavarg fegturgssas desqtibed herein pgy reside in

brﬂﬂ bf e vaABs Hommunication systems employing a wide range of technologies
known to those of skill in the art, such as systems employing Voice over IP ("VoIP")
over wired and/or wireless (e.g., CDMA, TDMA, FDMA, and/or TD-SCDMA)
transmission channels.

[0055] It is expressly contemplated and hereby disclosed that the configurations
disclosed herein may be adapted for use in networks that are packet-switched (for
example, wired and/or wireless networks arranged to carry audio transmissions
according to protocols such as VoIP) and/or circuit-switched. It is also expressly

contemplated and hereby disclosed that the configurations disclosed herein may be



its ordinary meani ngs, such as conputing or otherw se
produci ng. Unless expressly limted by its context,

wo b@stismee " cal cul ating” is used herein to indi PEX/ESHNG066840
of its ordinary neanings, such as conputing,
&Y41uat i ng, smoot hi ng, and/or selecting froma
plurality of values. Unless e§press| y limted by its
context, the term"obtaining" is used to indicate any
&daptdds foRrghe Niar YarFR@AhA 3D dingUSRtcAS Gad.CHysdrhd1ghat encode an audio
deriving, receiving (e.fg. , .froman external device),
Eraycaey Faage o8 obay fous of fivefkilghgriz) and farypsefn widshapgecoding systems

e .er " mri Si "o ed:i e .

FLETSAS ), oAb MR LA (SRRt Sncucing
ahbkerbaal evigetiagd oodiog eysadnoansl splihbaridewiticbéhd ®dhgsestems.
B" is used to indicate any of its qrdinary. nmeanjngs, ,
[098¢lubinisys erregshy dunitgd) by Ats) o eheolfmt “ysvz’élé t 1sgusegpprein to
{ddic)ate"a%y' of i%%éinal??m@%mﬁ o irfHAREA AP, k@lEof d"mtegl%ry location (or set of

particul’ar context). [0057] Unless indicate
oeheryasetiomhys digedsod on @ wifre, drus opesthtri toomsmissam medium. Unless
apparatus. having a particul ar, feature.is gl so. .
Bl P AP B PE diocEmE Seema R Gt KAV yindicate any of
A03tABAYSERMM! SudhandcothBiRingesrS@thervafdpaYcidh S AlMSHr &pressly
of an operation of an apparatus according to a '
pasited dwl #@s cooteki, gbe deinpricsleulating wxpicd shdrgini ot wdiety ey of its
dlld% Ca! oSr’neeaainr@tshOl(ij g %(E):I’Iolrl(ljtllng? tcluaa[n agr?lloot%lous and/or selecting from a
ontiyUrativen P%na vice'v 553. F&r ex%n‘pnlge, Ul BsEHe

pluetlepbedhlodsharmesexpatily tinfied dgutsecoafextfh@weth Oobtaining” is used
encoder having a particular feature is al so expressly

fonindisgEecrnyoridissendgwey mcapinps$uel ahotrdatdg deringenegeinge (¢-8.,
anal ur, L r

PaEELR0ENE (LR A GRS 81 3 41 YN sorase clomenc)

Péretd thel tarm Caompripinieitis aved @ tht pecsentpdesasitioni antlestaded, it does not

di sc| ose a net hod of audi o encoding according to an .
a&@ﬁ&g%ﬁ%r LERFIY QF APFBHOTSanth < foEE \%e}ss@f?dd POBSEY sty to indicate
gﬂgﬁ @sg?l"aﬁﬂa%] rﬂf&{nﬁlgg, qﬁﬁﬁ‘&iﬁ% e @aspso{%} " Q15 Biscd oflOf Wﬁ'f‘ and (i1)

so be understood to I ncorporate definitions o
t & nnequal tovB3ll (i Bdpipespriakeain the partiefler @moed). Wi t hi n t he

[ wher.e such definitions, appear el sewhere jin
B DB enitdi Sy e et ARIGREPF R BRI ob A apparatus
h&ask Apasyl L batdfeisUIRAci gt 8IChanded M YiskRsdanatBod having an
system't hat includes at | east one encoder configured

wnlogoveifeasurg (Ardarec ofrsahENd @8y disclogdicoofsingengration of an apparatus
aQssi b aft.er. one or re. pre-processi oper at i,0ns
AR BBl i Gt S RAPSFS SRS AP BLiRRGe method

aperdig @yn @abgausanfigaReiodi(ag decoder). Conéiagipl€dinteds indicated
produce a decoded representation of the franme. [0060] .
aideyipg sapyadisglopye ppfcan audip gpeadice daving| & grgiralasyleprg is also

by @t | & 2908 oh MR 8 Sflogous foat
5 T JEUR LDy FrShap ARV Sl o
(anidt wcd Qeoy) fand uangd discoswoamfnirc atidio vincedee sskyrdmg to a particular
radi o access network that i né?l udg.s : .
configuration 1s also expressly intended to disclose a method of audio encoding
according to an analogous configuration (and vice versa).

[0058] Any incorporation by reference of a portion of a document shall also be
understood to incorporate definitions of terms or variables that are referenced within the
portion, where such definitions appear elsewhere in the document.

[0059] The terms "coder,"” "codec," and "coding system" are used interchangeably to

denote a system that includes at least one encoder configured to receive a frame of an



a plurality of base stations (BS) 12 and one or nore
base station controllers (BSCs) 14. Such a system al so

w@emensi2bey i ncl udes a nobil e switching center POBTH20085066840

coupled to the BSCs 14, that is configured to
PHt%rface the radio access network with a conventional
public swi tched tel ephone net Wor k (PSTN) 18. To
support this interface, the MSC may include or

e s h S8 pE QBT BfteBd R oMrhdtePrévBbcassgat @Ml,onmluﬁﬂfl a9 bsreeptual

as a translation unit between the networks. A nedi a

yatehtiag and/or ether filfeeer pperaiitiend pheqrigspending flegodpg configured to
I%rd a?dec%H%chre ?‘esg#tgtfloq{c?frﬁle Fﬂé gsm SS' on and/or coding

ni ques 0 conver etme
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al so be conf ured to perf d tream_ng
Fla i gydbor g Acydtey gergril eﬂ@la urglpg of mobile subscriber
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are coupl to t base statio 12 via bac
h phﬁdlty“ﬁlﬁbad@@&t&hﬁﬂ I(BS) hbsndmlya dnefnomrb‘alsg staeah mntmhlpdetSCs) 14.

B0 T s RAP P Ao S e 5 o o
theepsels! et kiR Bf ¢ re%ﬁ 3} | jaRsradd, thBSERiol 4ccd®GctPork with a
and nedi a gat eways any, is also referred to as

comventaeat neblier %Vlfchp@mﬁéqghoaa@hmmls €PN 1HnTe 24upp0rt this interface,

ﬁ]ﬁ\i\ag 3 eollfllsl é | nCl lélr(%vels gotmrlnegfgc’:atlt W e%t Qr ag hich acts as a
Fiueéghojr Conpri i ng a ormlglficgt W

ﬁ:ﬁ]ﬁs@l’ﬂm @flt BBtvadh RO hepRdrRE.€dA | Meda pg’itdv*d%/uisaéonﬁgured to convert

direction radially away fromthe base station 12.

btwveemaificyent Jormatte Buchietstdafcrambyransmpsiog andipb cedingrsclniques (c.g.,

?o”éo%@gﬁ%e&?efen %P(eie&%t)s‘i&ﬁ ﬁﬁﬁ@&’&' 8?@1’5’1@1‘3 VoS V%i a? Qndlﬁlay also
vant ageous to sup ort a p|

bé cémi@mﬁhwpaﬁmgnmﬂm Sreaibligz ﬁniCBDISEEmICih(Hs @ho a:aﬁc&d:ltamjn dual-

and a frequency, assi may be referred to as
EBRAUHATAENT (0 ESew BpF sHgimes TSP& S 156 CRahto the base
&%m&%sﬁ Wb Bhii@Ryll 1FRYS afk %@Ek@ﬂpﬁﬂ%thé %Bi%%h{eﬁgto support any of

Al'ternatively, "base station” nay be "use
savdud tkngwh ontefhens ivdhdliegt ¢.geBl/Tlo ATMSE,1RPR ftamnRabay, HDSL,

R BT 3Dsty; ah el Rnyt TR s BiaGurE ST SnE WS b, and media

gaw\emysair'&lﬁzs B/ rdp@rddab Qs rigdhaftfucagecel | sites. The
hobi I'e subscri ber units 10 tygy ically include cellular
HhﬂéllloEacrbeb@@ riédtiogokhediapREranly Behudetat [capasie) sector (not shown),
/ 0? 012 ot gﬁ Sgﬁg grém dér\%/ﬁ:t}]ognall,r%%g nsat %arna]tnsan%enna gom)[ed in a particular
a@mbhl ﬂatiballySiWety BrodDitlic bAscBRitidM q|2ud@Q%1:rﬁﬁlYIelw edth sector may
i nternal speaker and m crophone, a tethered handset. or

FRIBRISYSt AT MaTe | apie8a% f@p@akréﬁy ARREPHPR T JfisBniase etajion 12 may
tof I
BT BANE BL)acs 0 I GEAEPS BRAACTOH ARRuch biifiinhes.  The

eac

mcr one adset
moarRachpe aff es setod a:mdl afiequaicy arsipomtitemaynibe rafirmed ta as a CDMA

HELSLON B bhe, BLetogun protiocal g promigat ed By o civer

subsystems (BTSs) 12. Alternatively, "base station” may be used in the industry to refer
collectively to a BSC 14 and one or more BTSs 12. The BTSs 12 may also be denoted
"cell sites”" 12. Alternatively, individual sectors of a given BTS 12 may be referred to as
cell sites. The mobile subscriber units 10 typically include cellular and/or Personal
Communications Service ("PCS") telephones, personal digital assistants ("PDAs"),

and/or other devices having mobile telephonic capability. Such a unit 10 may include



Interest G oup, Bellevue, WA). Such a system may be

configured for use in accordance with one or nore
woegositsngs of the 1S-95 standard (e.g., |S-95, PCSHBSMN8/066840

| S-95B, cdnma2000; as published by the

¥dfYcommuni cati ons I ndustry A liance, Arlington, VA).

[0062] A typical operation of IG he cellular tel ephone

systemis now descri bed. The base stations 12 receive

setistetial SPMRES And I hikrsphen@l & tdth@al HRh8scoforfade® that includes a

subscriber units 10. The nobile subscriber units 10

g}e@kqfoqqulu@gqm@lop@(@ghcmgsgahqngis@} it hafreless headset that includes a

rexer n i
SRR BFonETER, PHBLSE hid s e FRED YRiriHidh o he
sitiatisiog a M2rsi@nelf thb Bluassthtprorgesl ails Eprd)rﬁulfgé)tred@WdEﬂ Blwt@th Special

BSC 14. The SC 14 ovi des cal | ourc cation
LyierestSyorptBe adéz?r% %uq%wreahlalﬁy 39 Comffﬁevifjdf% 5% Werccordance
QiANERE TR BR: %rs%d?lftof‘ft‘ﬁ@%f% Qﬁh&‘ﬁ&”gﬁggsqs @%atl*s%% IS-95B,

12. The BSC 14 al so routes the received data t
MBE2060; asubhishmddyi e $cledainmuoicationsdodushy Pslhamecéslufgmn VA).

f th the PSTN | arl t he PSTN
587 Pt rioR o s Ter THEPRORE SYoeh Ton g aBicr Desks The base
Whiidhst PercBIES sdid of YhUeER 11k dighalk ﬁ@l‘ﬁt defl oft gLiRARMscriber units 10.

stations 12 to transmt sets of forward |ink signals

The mebde afbspmbirivaits L sterdopductingitelsphiane cplDe3}the comsmynications.
a cel |l r teehon stem as sh Fl G

Eflch rqyersg dir lfl gctelveé ba{) 4 Ig%vep goc & tsglém\;]\ﬁl tl?:hlé_‘ a)r%cetsseqa\xlthm that
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traffic i snageneral l'y routed between nobil e subscriber
eadl trgsonyoy rdlogatiaay tandn anobplity k drangeqracn e fypstiRnaiy,( dngjuding  the

grcﬁyskﬁla'tﬁn %?tsg\ﬁ)r Enéc}*‘é%%@ %{Eﬁa%’] nstte?tfolﬁﬁtlb %%E?g g@&%g YLoutes the

ta serving IS COu
gsﬂé@\%ﬁylaﬂaduttm Mﬂihrléptzvhd:htp}otnhes pédikeial dattmgrmt'\mm‘skfor interface

SORCROPOT Sk | SO FST0Y Thap e G N st VeSGa. s the MSC
MR BRES whith @B qBEﬁgﬁ léﬁswlﬁcﬂ L {‘urﬁ’ %Bﬁ‘ﬁﬁqhé %Qseoﬁﬁﬁts l@atto%ansrmt

network and the radi o access networ k. Packet
sets ofofokw@d Imkysigmblsdo bess Dﬁqmbblrhfembsdlheounm:l(hde a Iocal

loFl o BBl et b BIRR DR o e o ddCnek fgwicalso be

COnNEd toRstfpost PRAkWOSWtchad Sad colBiiBickiion. t AkedhownN® FIG. 2,
network, etc. A user terminal connected to network 24

nmkebéata POAC 18 geaaptaéim @@Wéubﬁweﬁa nmémlgowscrd@npumterlo and an

%%)% %kﬁg&c é"’ ei%:? {‘ P%%ICC ngtwfge\élrsr%c 4 %ﬁl‘ll%%tnﬁetfusmg a

ﬁ’zio&yﬁdaad seﬁ’{ﬂmg n@d@(mfﬁyﬁlmhﬂ@ caqﬂécaw aﬁgdt@@afwro%f bonnected to the
Tokyo, and the Wi and DS (N ntendo, Kyoto, JP)),
H??&Fb@at& ﬁyt\%ku J@e HRAN G240 dia 18rse 838 tAgue B 6Tore Packet control

ql;?f:égﬁj wWik¥h Q th%Rfe' (Ql%roqqn R BIPH InPact as a link between

or ot er conmuni catl1 on usi ng one

tharpaclpslt dutaaetveork wat tiesradol decesSuetwoak t Badkiethddta nawork 24 may also

Q ?rlng e?nefalpedl tnot 1enrc[]uade a local area network ("LAN"), a campus area network
("CAN"), a metropolitan area network ("MAN"), a wide area network ("WAN"), a ring
network, a star network, a token ring network, etc. A user terminal connected to
network 24 may be a PDA, a laptop computer, a personal computer, a gaming device
(examples of such a device include the XBOX and XBOX 360 (Microsoft Corp.,
Redmond, WA), the Playstation 3 and Playstation Portable (Sony Corp., Tokyo, JP),

and the Wii and DS (Nintendo, Kyoto, JP)), and/or any device having audio processing



speaker and m crophone, a tethered handset that
i ncl udes a speaker and m crophone (e.g., a USB
whandasyq or a wirel ess headset that includesP@r/US2008/066840
speaker and m crophone (e.g., a headset that
d ni cates audio information to the termnal using a
version of the Bluetooth prothbol as promnul gated by
the Bl uetooth Special Interest G oup, Bellevue, WA).
Sipabilidy ayS bR TERYoNPguEANDI BPp@d attblepiddnicycall dredtR@h@aemunication
call or other conmunication as packet data traffic
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sipokl| smoq- (' d@@\/l;e)rl,es (31) mpﬁaijeddlmig dnawiedoﬁrarﬂed) doe trditgenission on a
si gnal | so nder gone, ot her, p pr ocessi ng
%%mam%te@l Phinfle kjf‘o% arireh optigls alllde/%waﬁwss s@jgpunications

ﬁﬁkh)r’[Q 'aﬁ%u&ﬁdﬂf&@d%? 'qu‘lo PRLAE Bg(ggler ngl’lf hﬁ‘&lgea%jﬁ&rode a received

er filtering operations. I tional
wérsion 00 we opcodadcindop seigadli 2 amiytobynrjeslfzc; ran@dreypaniding output
audi .o enqs% 6 AEl O An instance of audio signal Sl QOO
PRy E esent a conbi nation of anal og signals

Emg Aud® GARHUIEA0DYepAReRET &Y fHaldp %g@ghq g ) ad rt@f)tured by a

ave been dlgjtlzed and quanti zed.
mmrgghqnai dwt fag peant dlgﬁgﬁéra@é QAEM(Z@d of aaepré@mhe oméln eaxief various
S nge recej RS ance
{;hogfs 1 VIVI% lél . auﬁi qicha gHa se éat%on (;Ir’glgﬁi, compan&ed mu-law,

610AT-1@6'DOTKH $ignal Iﬂﬁdy&ﬂﬁ‘(ﬁhaﬁ%hﬁld@fgoﬁél@ﬂ@@ré&p@ﬁ@dsm@%&raﬁmm in the
transm ssion on a first instance Cl |
prsher Aden digHalcdnimaied S@@@m&easuppli%&wm r@f%i:ﬁa@l Apighking, and/or

?tfhetalfﬁfe ng e&p%g?ﬁ fon§D gddﬁ‘f&)ﬂh% %gc%ge %tf(?gfraés.y'cﬁ Zdaﬂ’e'f%gg C{nay be

0 decodeca recelved Versi o
performed within audio encoder AE10. An instance of audio signal S100 may also

represent a combination of analog signals (e.g., as captured by an array of microphones)
that have been digitized and quantized.

[0066] FIG. 3b illustrates a first instance AE10a of an audio encoder AE10 that is
arranged to receive a first instance S110 of digitized audio signal S100 and to produce a
corresponding instance S210 of encoded signal S200 for transmission on a first instance
C110 of communication channel C100 to a first instance AD10a of audio decoder

ADI10. Audio decoder AD10a is arranged to decode a received version S310 of



encoded audi o signal S210 and to synthesize a
correspondi ng i nstance S410 of output speech signa

w®Ad8/1520067] FIG 3b also illustrates a seconPCT/US2008/066840

instance AEl b of an audi o encoder AEIO that is

%'P%nged to receive a second jnstance S120 of

digitized audio signal SI QO ald to produce a

correspondi ng instance S220 of encoded signal S200 for

thodasdThSdEb @rgn@nsal(smpmﬁ nftieki2d Gecoerkdfbnding instance S410 of output

comuni cation channel to a second i nstance AD Ob

greeglusipwrl 340@der ADI O Audlo decoder ADIOb is arranged
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. BTS B bed ab
SEA AR TRE ot s7h 450 R RS et GG T SiaeeoS420 of
sﬂggp@eedﬁlﬂléaangyod)e i mpl enented in many di ffer ent
and audi o encoders AEl Ga and AEl Cb may

[Mé&]aﬁ@é@ efcodpif ﬁeﬁléntamdnwdenm@delr othl@b (amﬂady, audio encoder
gﬁqﬁggﬁ% t';/i\g 9 dﬁcLolncter \MDZI%F aug:%)t% u\?\g& 90ge{hﬁ AUk an gmaaét}osn device
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BRI HEY tQrENRRLS, mad gptereBdRT SRR S (srdseadsd gbetrawith reference to

Ei(% tla’clndsf‘mg 8§sc§g?cgﬂer%délfhl§ %%ﬂh 3%16‘ ?rﬂeqfh Pefnéenged in many

rames of erel n eac rane
q:bllffedi&ﬂt eva‘yls,nﬂdi awdib encaferss AlfpOe and WH 19bsaay 68 ihgances of different

aIIy i.mpl e as . a nonover| appi ng series
ﬁlaa@tﬁt% %fggv%w. Fodr é@ eskikRyS8 @P%Hede&Pd%{ ADI0 may be
ﬁﬁ%@ﬁ@ﬁte@fm alaﬁlg &eﬂ $8yC %ha afdi8 &Hﬁ{) %%owm%ﬁ P0b may be

'ude segnen one 'of nore nel ghboring franes in
uE@nmwgdﬂﬂﬁThﬁ1mm&mgmumbnanfamwi¢xwdgnﬁDl&re typically

UG, A B0 Bty o° Pemiihf Shlsfsr RPIP) HBEe b Rigttaliotes of an

hitBo fSi BB as A Eé@geoft HRmeR I VinfRr A88PARERIH CadheM8Ncompriscs a
five and thlft%;flve m | liseconds of the audio signa

p@detaﬁ@ln@d fowrnfert of t seonthesndr dbiss amzﬂSess uswalﬂxh lmpém@nted as a
I%nqveﬁaalfp%?ﬁlgene& ?ﬂglou l(l-: an eraﬁlon IT? pI‘OCGSSlI‘rl]g ?. rarne 81‘ a sé{gment Of a

Xanpres o

frﬁlﬁhb Yaleo t&lledad subifFinic) Yndyi ellbd HROQBESgmINtpoe ahé yr ﬁiolre nelghborlng
frames of ~an audiq S|gnal have the sane | ength, and
framepithits fwe Tl diames ©f aeydisysignpl taﬁ%twaﬂlwcshpla renough that the

S8R G5 HGSETURSALET LD LRSI bl R oy ovr e
framuni A (ffal’ﬁef tyaivelly eagtdpendato bx&wa&e v adé Bhirty-five milliseconds of
the audio signal (or about forty to two hundred samples), with twenty milliseconds
being a common frame size for telephony applications. Other examples of a common
frame size include ten and thirty milliseconds. Typically all frames of an audio signal
have the same length, and a uniform frame length is assumed in the particular examples
described herein. However, it is also expressly contemplated and hereby disclosed that

nonuniform frame lengths may be used.



13 [0070] A frame length of twenty m|liseconds
corresponds to 140 sanples at a sanpling rate of seven
whpiodhenve (kHz), 160 sanples at a sanpling raP€r/v§2008/066840
ht kHz (one typical sanpling rate for a narrowband
%g(i 'ng systen), and 320 sanples at a sanpling rate of

16 kHz (one typical sanpling Fate for a wi deband
codi ng systen), although any sanpling rate deened
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silent for about sixty_percent of the tipe. An

DG Tt AedRRdh SU R b %’pfﬂr t@%upiaawu |applicaiign| pay, e S Another
I

T S R e e D Bhect EoELC1 Y, BB and further

Exaamees hcladoothEr mtmssn dfe ram (Eﬁfobm l%lSQdihzl tot3l8&t kidnnt ai n

ack rou d noise or silence (."inactive f s").
R 5 s St Pl S R et S dolc AR call, cach
kb%ﬁk&' ﬂcsfs%ﬁnfor %Gh@ﬁx@ﬁ&&rﬁflﬁ/tﬁé tidd ARt ARlid en&®ASPUS such an
active franes and inacCtive frames. For exanple, audio

appdisaieon AEl Oswally be comfitused ta dibtinguisls dramsnent thi tagdio signal that

ower, bi.t.rat enc an .l naective
%%né%n tsgeeechco éheal{ nlngoc b ())n g agtl R?IPGSITEf o grg OIF U Fdio signal

thastdnddth enfyWackedingd ﬁcﬁ@@&ﬁﬁleﬂ@ (@nh@tlxlésﬁarﬂd:sf'f ellt &l bBidksirable to
rates to encode different tyf%gs of active frames.

In
Huplpmenfeadio qnearer A k0 toame diffpagntsadigg neadep %l/yr bit rates to encode
0 f i ni v, p
R ﬁg@fé %Fld n%@n%fee;f&% §‘b| tFB? aetfxglélﬁie' a%ld}’q eﬁc?&de? EE?@ may be
andodentad td v fewantiss (i.0c lalld‘eer]]iﬂ.raltn)tts cp&xde fan allmnve frarne than to
eighty bits p r frame, and forty. bjts_ per frame; and
Hﬁw@sa%lfve M- arle o At ey dgpirabler i eheivuencorsicfEUE to use
H{fﬂ%i@ﬁ bht%{e'é 48 eﬁéd&feecﬁfferl%h{ @rg&?%f Eétﬁléefran!lék e R réta&%t lower bit
l'ul ar tel ephony syst especially systens t
Fﬁt® maryplbﬁ amleowvtlh I:mpkuyr:aln fer afn@tacsd cph@)ml% raitively less speech

%g ol § ﬁarn EB{[ gl & o%?ljlgll?lg:lgltsgcf {?ﬁ qnﬁp t i glfliagles include 171
Eﬁﬁp@imﬂﬁe etgh%ssltg‘ I%Nfral%et aﬁ@t&@ BifsepeRfifanet ﬁﬁ@ Eia%@blésoof bit rates
rate, uarter rate," and
C@h@lhtﬂb{ used & encpé@ g}@@m\re\/@qyes 1p3@d@};1xtqen ﬁ’ﬁ? p@efrarne In the context
audi o _encoder

ofe cel'iuqar ?elﬁglron}l salsteau qfes opemal@ sterns %ha%sy cyoméaéfla}lt with Interim

ctrve f YE ong" o

Staﬁﬂz&ﬂe@S) 0y Qt@SprofH‘aﬁg&t%ddbfl ftﬁé eMdlecopP@aicipnd Nedusee A55001at10n
frames of voiced _speech ( e"l%ﬁ geech representl ng

QBRI Ol by 2 SMHHSETGATE esedor bit Fatesase akﬁﬂ a%ferred to as
Lepresen be © anmes of

uf‘rél\E/1 3?% edh%%gag%h a%{ &geé pge%@%q% e p?ageéggetrsﬁ%cé glryf ricative
pou21d)t, manbe ﬂemb& fof ambio-cagelec A Hl0ftorchasifosacheacgve frame of an
w(ﬁ% Imgg%lt%% gnggiﬁ ?eléf%%l rc]igff %Qtﬁ;é;}g%e Iegeaélfflepe%% trylf;rerse {11121; 1nc(l)1{de frames

of voiced speech (e.g., speech representing a vowel sound), transitional frames (e.g.,
frames that represent the beginning or end of a word), frames of unvoiced speech (e.g.,
speech representing a fricative sound), and frames of non-speech information (e.g.,
music, such as singing and/or musical instruments, or other audio content). It may be
desirable to implement audio encoder AE10 to use different coding modes to encode

different types of frames. For example, frames of voiced speech tend to have a periodic



desirable to i nplenent audi o encoder AEI O to use
di fferent codi ng nodes to encode different types of
wo ca@srs29¢or exanpl e, frames of voi ced speech PETNUS1008/066840

have a periodi c071667 14 structure that is long-term

(1., that continues for nore than one frame period)

and is related to pitch, and 14 s typically nore

efficient to encode a voiced frame (or a sequence of

steicted thdtambsnp-tdfh Mc. MO EbMBUBP EE hi@tth@N68188ma period) and is

description of this Ionﬂtern1spectral feature.

Bldppite Pitsh. kit Bobirirglioaes ¢iiicicntiéo cosrdeek ciciesd frame (or a

I | "¢ " ,. .. .

TGRS i UPINEE RN Ao o s ons

{criRRPe}tral kv e Exhmpis sofandhi qualddg vedes anodsde csdetdxeited linear

ot her. hapd. usually | ack apny significant |ong-term ,

Efﬁglffl%l GELP 3r BIOtOfHPE ARV den%m%@ﬁl Wlbg and prototype pitch

?ﬁmd' PPF'G}. 9N RAGAA b LLEHH iﬁﬁéﬂ@sﬁrdrﬁsngn %ec&ﬁé%n@gﬁally lack
at does 'not attenpt to describe such a feature.

hini seniéxaittlenz-tarmespectpal dditotei amd @t MEdiP 'epcoder omey be configured to

exanpl e of . such a codi node. Franmes of nusic usuall

SR RAE e SetiensTes Schotiey Bioce (Bifales ais BhmRG geseribd such o

RARREENITRY cR§tc AUMbhIpicaRtibR (BNEPAY fshereclahidI®sf 6@¢h a coding

residual s of LPC analysis operations on these franes '

woideg Brames leddniras edually eonddinusiiteras ofi sidergoistanepnand an audio

RS 0P B B! SR BE M SC TS (BRrRUEY of LeC anaiysis

b et @il dnCSIeNRarhéA SInG ranethyPGRSAd. or ©Qihdkoidaldie@omposition such

encoder. AEI O, .or a correspondi ng nmet hod of audio

ghe dONHE, OhessitsetrripiEe e duel CxEmRlgts anodiedmprlebased on the

j .nat | ol 8 «codi ng nodes (al so
%%ﬁFE@Q&%%g?ﬁ%&ggﬁ%ﬁ%§&§;N@g$T2Xanple, audi o encoder
par3) ragiobencodpl ARRO @da tcorrespending uhéthodbé aGEbRreoti@agemay be
for frames containing. voiced speech d for i
REIREPHG FPa?e_?%t L glé?[eﬁ%t PQlFlg’tné“NEL%%ét_éﬁ@ﬁén@ geding modes (also
R o fAE A Y RSB HATE IneBtr SO A LB Smfenitnted to
sehe fl-fae CdPeschemaddi Grafmesamegaiheggvaicddngdeach amyl for transitional

t ai nj [ . At ti I h .
S BT EDP sEiines tos fettss O Reintse iy ofsed Spimh i sighth-rece
NeLPs&hemb Ubl ifRtiec PRAISCR)IT fiRrat MIDRAS tic IR fdr" @iBSc audio

contai ni ng voi ced speech, especially for highly voiced
fremees (c.£ 00 Majudingli Gawat odertainibzO masichl soAlfernatively, such an
{mﬁler%gl?tgttioend of GudidP R . eMélIOplrn% btl)et cg?naftﬁeu%({ & 5@ gflh fuq{-rate PPP
offe "Or nor e codrl ng ‘schénes, ‘such as fuli-fate an

bohlefrerfat &t 16Est Borae fierRs camdingig ¥aibdd spateh, @ftcially for highly voiced
guarter-rate PPP schenes. Franmes in a series that
TA®FYdes a period of stable voiced speech tend to be

BSOS SR SHEIG B b v s o
vachhafUbncaon atore eadihg sklxssespkuch as full-rate and half-rate CELP schemes
and/or full-rate and quarter-rate PPP schemes. Frames in a series that includes a period
of stable voiced speech tend to be largely redundant, for example, such that at least
some of them may be encoded at less than full rate without a noticeable loss of
perceptual quality.

[0075] Multi-mode audio coders (including audio coders that support multiple bit rates

and/or coding modes) typically provide efficient audio coding at low bit rates. Skilled

artisans will recognize that increasing the number of coding schemes will allow greater



perceptual quality. [0075] Milti-node audi o coders
(i ncluding audi o coders that support nultiple bit

wo 210845a06/ or codi ng nodes) typically provi de BET/U810081066840

audi o coding at low bit rates. Skilled artisans w ||

PdeYgni ze that increasing the number of coding schenes

will allow greater071667 15 f1%xi bi I ty when choosi ng

a codi ng scheme, which can result in a | ower average

Bedibll@y @heloNS4RIZ,a @i dgmh@% Bwhibh theredulries loWer @0t p@bit rate.

schemes wi || correspondin I ncrease the conplexity

Howsyer, améngase an lthesw@@ho Tedingaicheraes will eompipARdingly increase
f an [ S

fie HRILAR, SRE AES4EF Sl O BT BN EE M on SPavailable

sqhemicl ueddh gnpbivenyystanmehbe dicxaspbethealvaitabid $yst’ﬁhd&sources and
odi ngftechnl gues are described in, for exarrpl e,

t SeCifiQo sighalgenvigpment n ¢ Exqrapies WARNAE pogenFad @ge‘rsélmques are
EQ%B% in, 80 ckBmbleSTU EUPLLGaKHOB 908400 R4 7 ]\9§IUABLE RATE
entitled "ARBI T RY AVERAGE DATA’ RATES FOR VARI ABLE
SREECBODERPING,'0076] i GU.8a Pulligstiomt &. a 20000k71931, entitled

ChEBEM s B A B st o BTG R e Fias -

gﬁbﬁCFﬁﬂ ZPiIRRGatds RIS HfaYrath Of afrﬁﬁlﬁemgdbcﬁﬂlﬁéﬁentatlon AE20 of
Oa-30p. Each of the p frane encoders is configured to

aufbo daceder rAl). adospdirng ERO laclrléfsSp@aodmg gbainpgelpgtds, 20 and a
B P B LRI PSB! 8L BEAR SRR porgeort o

sRjol€ baFandaortitly &PH r&be@ﬁz@lo@dﬁl@(}ﬁﬁdﬁ aﬂ&%@oﬂﬁ’lgss%hﬁﬁé selection
t he desired codi ng node for the current frame. Cod

siepd psodispe by spding seRgMasadestese2ois nivpdyter entioba pakitaf éplectors 50a

LREsELd BliRde d‘f Eé‘e?‘? @ftféads%feci fhe %@%:lpe ecoglhg hiddd Nhefcfu?[%ﬁt frame.
at a sel ecte rate. IS NO a So tvvare

Codinpaclenagel etoe @()aﬁaycnisoolﬁe aumdiigorcene od&rolﬂ@@latr&yd fm encoder

the codi ng sche i ndi c t|o to direct ro
085 B CHBCREes o Tt ratnd iy ‘g‘é rvgare ghfjrmware

hﬂ;ﬁ&m@ﬁkﬁ%@@f AR @r@}l&@AEQ@ niagyus@ Qe éda%gl&ﬁeﬁg 1@&1@altf69 to direct
for selector 50a and/or for | ector 50b. Two or
thoo8ew bify exdchijiorofto tome drr ammh@fncfbdwr ﬁra@@add&quechaynct hiait esuch an

L t t
EoAF ARl TobntrisSb et frafof B Sl b sy g dosisatag 0b. Two

beSbt (pHAIPG]IPofthhE fﬁ%ﬁﬁ%c@de@lﬂoaf Wp &by bieheBémeedisRGcture, such
schenes, such as a hi gher order for speech and

mfncaé,@é@t@mf kRGeectiingnt vadwes; (n@aﬁthlw eorffr galn@istp Papdiico e regult having
(51 tferrggt odr Y fo? i éraltltocrodn[% eg:osqllcg %ssc ng 0 ger i Q speech and
y I nc es an pen oop deci Si'G
h&atpee&affame§thhﬂ €orl ingutitvc ditaetice) fndasrandIrC fwidasl @nerator.
deci SI on re%?rd whi ch codi ng node or schene to
K8pTly Coding easf?gecton%ostym@m iBcjugdes yppragrlpgp decision module that
[
SO BT L AUES £0:06 Kaafol L i o o
scheoreo applywo the frame. This module is typically configured to classify frames as

active or inactive and may also be configured to classify an active frame as one of two
or more different types, such as voiced, unvoiced, transitional, or generic audio. The
frame classification may be based on one or more characteristics of the current frame,
and/or of one or more previous frames, such as overall frame energy, frame energy in
cach of two or more different frequency bands, signal-to-noise ratio ("SNR"),
periodicity, and zero-crossing rate. Coding scheme selector 20 may be implemented to

calculate values of such characteristics, to receive values of such characteristics from



or nore different types, such as voiced, unvoiced,
transitional, or generic audio. The frane
web@sasRdcati on may be based on one or nore  PCT/US2008/066840
characteristics of the current frane, and/or of one or
¥ previous frames, such as overall frane energy,
frame energy in each of two of® nore different
frequency bands, signal-to-noise ratio ("SNR'),

9&Y bRt biher ARAUESIT-40ERS ScBder AER0, fHHrdirng Bediedalucs of such
sel ector 20 may be inplenmented to cal cul ate val ues of

thWP&Erpmm@t qragoretashar epedules of# deaiceghatgpelpdes audio encoder
er 0 f

AR e Gl SRR P A MarlRL 6 FA08on TRV IR qomparing o
ezhaﬂs ac neghiidecst fuchrm dneacaristiote aahishol dvdiuk @ddof camparing the
device t i ncl.udes au oder, AE20 (e.g., a
mapnifyds rfltaéil%“pﬂ’?dﬁ ych &rhaguﬁf waan@reéh%lééfa UCcat i on may
[0058]UHBe GRHRREH BEiGol ﬂ{oldﬁle%%;nﬁéJ{H I) sSMGR Bt rate at which to
characteristic to a threshol ue an / or conpari ng
tivedemgmirtade Trima actradige torths e of ywkecte theoframe contains.  Such

t hreshol d l.ue.. [[0078] The,open-1oop decisio

Ry Gl g e P e by D" SRB e RaRer S1e i BRGS0 configure
8RGO Sfc A PADLD 4 bdodE haRRsiA6 A TrinT¥ht lathi dHee blt¥Re (@g full rate), to
speech the frane contains. Such operation is ca

encad abuaveigedelrame phy lowarbit retedmsl, ejuaiter gy, dnd to encode a voiced
ﬁrgr%l g blll e1ntt Q ?Cdo ﬂ:ﬂllg%u%{se (a udi,o alfe I‘I?lg de{ aAe%%Qn trg?eoqj €8 afull rate).

TRE Bik Iaté @el@ﬁ@@ﬂﬁ a%j’artlktﬁl‘ll@lf%ﬁb hER 8o abpealdk{ﬁ%léh biiferih at & desired
quarter rate), and to encode a voiced franme at

éwr@gﬁtémﬁd p dewiredinatteranad biteratgs overal Seripnefclyarges Githigh may be used
i eﬁglgﬁré g 'd%:sn[eﬂta%er(ag% Hit ’r?t?J la#d/&aﬁlg)mt rdfd %el@&tgd Ecgr:] rgxrf]lous frame.

or a rame ma I'so
p0T9] Coding rsbhferm sdAcad@s2( edy aﬂmrl&gmﬂjemeﬁtad & pafadﬁsh tcded-loop
pattern aof hit es over a series _of franes_(which
%{»ﬂ%é@%@% ip avkgab%‘r 9T THOFIRFASHEFS BF SRR PP T qx%na@s‘e are obtained
/
ert‘é} fﬁfl o}oggtl“uﬁlgénsc%afggeﬁﬁﬂgqgi t@genf Rbp %el@ét@?( 'CQME%Q&Q%. Performance
m@ue@sethmemaydaepmwﬁmdalncﬂhe@é@ed{b@m todinedde Girsixemple, SNR,

B BGE e SieodRersrimoy uph s (i PEncetr g iR diiion error
QRan-ARP SRRl §hhedqERdL fbnSSKRRMmpRaIdkOGIBNERIAERSR! BSrceptual
that may be conS|dered in the closed | oop test

SNBI @mbnom@m@d(@mﬁﬂ -eorregRN t@Nqunrcelme@& andrpastnfrfémsowarigeasure of

coder (g
statrloonrarl uan o'?n ?Ct(l)lﬁmgﬁ&féd%ﬁase q i ﬁtllrni)ae%m nte k?Rcalcfﬂate values of

aral dliat&d%rﬂtﬂ@nfw Z@’:Heix@nvaﬁwg ofpRIcE %ﬂﬁﬂaaﬂerlﬁiﬂg fréfibne or more other
normal i zed cross-correl ati on between current and past

mogpes of audio prgeder ARA. and(pr Bnisesiv'y valogy phgudiciiapsteristics from
sl (ﬁ‘q‘&ﬁr; e ofilr TRAURS off TRLGIE Mo thelfleS ?lhcﬁb' lsf?(go%ely ﬂEE@ .ol fa cellular

suc racteristics, to recelve values o
thephacd)edf e ipeEfon‘nna;'mm aneswt faibrbelost hédrresiotinabse, dic bit rate and/or
audi o encoder and/ or to receive values of su

EHREEOLT ey ibe s %q%aﬂqt%ﬂ%e Bt insreecide e rRFlFeguabty- agxamples of
ngyédcl%oﬁ r@&ssiﬂ%ﬁﬁ&g%%é&@' Qla? ReRAeE AEXQo (SaBtain ache quahty of a
cellular tel ephone). If the perfornmance neasure

balable-mtd mmdsmoddt wadlqeqodth@rdmdlesqrﬂmeé lanI;iT/SorPatent No 6,330,532
entitled "METHOD AND APPARATUS FOR MAINTAINING A TARGET BIT
RATE IN A SPEECH CODER," and in U.S. Patent No. 5,911,128 entitled "METHOD
AND APPARATUS FOR PERFORMING SPEECH FRAME ENCODING MODE

SELECTION IN A VARIABLE RATRE ENCODING SYSTEM."



codi ng node may be changed to one that is expected to
give better quality. Exanples of cl osed-I| oop

w@b@sssRdcati on schenes that may be used to naPCit/EE2008/066840

t he quallty of a variable-rate nmulti-node audi o coder
%ré described in U S. Patent No. 6,330,532 entitled

"METHOD AND APPARATUS FOR MAI N’TAI NI NG A TARGET BIT
RATE IN A SPEECH CODER, " and in U S. Patent No. 5,91
fo08@SFER4LLilI@dratVRTHHEER ANRAARITARATYRNERHBERFORM NGdio decoder
SPEECH FRAME ENCODI NG MODE SELECTI IN A VARI ABLE
ﬁ}?ﬂﬁehﬁr\l@@gpﬁ@rsdfmﬂemce@ﬁ?%@mTznw@é@}ldlm ggnad 300 to produce a

f o}

LA G BehBl SRlC BRI Al R AR RO s coding

schesic idetceoroaded aydiralitsi @@ﬁlfraﬁﬁﬁﬁbcbdef@ﬁ@dﬂ@p aecoders 70a-70p
correspondi ng decoded gudlo si gnal g o decoder
mep e enfigered to ceyenPAY &H@neéwa%ftr%e grdigengepgr #E20 as described

%d‘breagﬁcthythgt ?Janfer aBadesRisy %n}%ﬂreaoﬂ) d&%ﬁ@% that have been

Oa- 70p be configured to correspond to
am@ddda by ftn‘meaelm:hodele&@odlad SAERD 5wodﬁsmoreb(@dsaﬂﬂg\ml) of the frame

uch that fra coder 70a,is configured t e
ool Bhath filbe Bie Robmls bt Pt acufier BBY configurable
adrdify ANa sct\WP d8¢odeB NP RRE®dIB tWaRlel) 1Pfuchh@sd, iidame decoders
decoders 70a-70p may share commobn structure, such as a

sypitdide] Brlmiamltyem then¢dhgiquad Itl@yawdpogemgrateotha &eitatyfn signal that
gXeC(l:‘[Odﬁld esLE eF1§ Ffjl{er o:ﬂe)?oid gea{h%edsn,goéq% 10 %lﬁ cP 10 &ecoder AD20

typexllysesol dc@aaes pr@tf'lltbﬁ tHRX G bc&ﬁﬂg@ﬂedstogﬁl@bes% hﬁboded audio signal
excites the synthesis filter to produce the decoded

atl & sedysalquantization desedem- A2 empPizag | 9maﬂn§ érequencws and/or
t

RS RSP SE R P COOLLOULRE 0 RERRESA, i

{relugles alhi,to dmmldalsADQﬁ @e.f on ralhilaf teleghang nes 1ﬂ¢1ddd)z[ dlgltal-to analog

attenua .Spectr val | eys) and npy al so .i nc] ude
%‘H‘é(ﬁft?fvé 3 Ce@ﬁweﬁ andhargnged do PFP&‘PC? AR pes Sla%aah fsom decoded

QRGO BNl SR fof- aogtgut ) &I?EEL.T? ¢, stpgélﬁvP " GhorHRMid H&ﬁsﬁg@er and/or

a digital-to-an g conver DAC") confi gured
almahgedmnnwpk@ﬁumﬁ\ﬁﬂﬁmaébogngp@ﬁakmﬁmenﬂdéc@dedcenmyamobe
qlo SI S400 for outg to an ea;&}e e, S Sﬁker, ional
‘?n al?faf%mt VY UEEr el BF RN E PG %P‘E ¢ fgleg signa
(g aﬁl%éhd/gb%@&dhz@ﬂd}p W84/ aﬁfmﬁmloﬁﬁyéf&% it RUGIplidd deMieGek and/or
may al so be configlred to performone or nore anal og

prsdeexi ng operatlons on the anal og S|gnal (e g.,

[Olﬂhf]ebloa] & le,lli%o (f ecltor 60 3 dlaﬁfggur?a) 0 18u182étre of %Bglg%] JcBeme that

I's app € ] ac rans

E&ebsp@m&ctterme datrest GranR0of ScedVd ghiésRdd t audid gt 683@0 The
codi ng schenme that corresponds to the current frane

RRIERPINASY) cadipe dlgrasi g peshng mosloanayrhe adisaterh by &t @rmat of the
ﬁg %ngiﬁllnﬁﬁ g@]%ﬁleac{égﬁlc%r 6‘%)085&1 9c %Bgﬁglﬁ@c)f téo setlfcﬂ‘q{ f':a"ilé ﬁgtea}’on or to

receive a rate indication from another part of an apparatus within which audio decoder
AD20 is embedded, such as a multiplex sublayer. For example, coding scheme detector
60 may be configured to receive, from the multiplex sublayer, a packet type indicator
that indicates the bit rate. Alternatively, coding scheme detector 60 may be configured
to determine the bit rate of an encoded frame from one or more parameters such as
frame energy. In some applications, the coding system is configured to use only one
coding mode for a particular bit rate, such that the bit rate of the encoded frame also

indicates the coding mode. In other cases, the encoded frame may include information,



frame. Codi ng schene detector 60 may be configured to

performrate detection or to receive a rate indication
WO e@si150206 her part of an apparatus w thin whi cPCEUS1008/066840

decoder AD20 is enbedded, such as a multiplex

UBt’ayer. For exanple, coding scheme detector 60 may

be configured to receive, frof the mul ti pl ex subl ayer,

a packet type indicator that indicates the bit rate.

Alchek Rakt ¥RIng¢, or GRSt Bs, IpdradEntidRt efet ddifpnddyade6rding to which the
configured to determne the bit rate of an encode

framges epensicdnSush infr@atien &t edlledsycopding indgre may indicate the

Conllfigéll?ldé g ]?Ipc'%égp rﬁlfcﬂi n@rg: ‘tay? Hl%lC%ﬁ%%Q%gﬁ%stfleﬁ% {rRvalid for other

paysibleeddadg Moles).at e, such t hat the bit rate of the

oded f I di cat t.h d I th
H)gg@slglq r@a@ﬁ%’t%é%ganlf e?xgllfpé?e‘éswlp > C 5 Ing Sgchrgr)neemdlcarl]‘uo(%l prgcriuced by

%&flﬁ’g 08 h RN et 60 1158\15%11 &8 c@r?trcﬁ S Of s@For® @OQ‘%@ 90b of audio
Its, that 1dentifies the coding de according t
tdviod br ABéO ftar satectione anmog éldmeslmchdarmﬁ Qa-7yt.i bns (etbd dlat a software

ed a |nc i.nde C t he codi de
S ety JRBRmeatiPa an e dseblts SRl By iRe B8 BRGe scheme
laadatibs® td BMadt itk fl% &Te&@éutﬁﬁsﬁ '0913 Sr %ﬁ&h&%ﬂ"ﬂﬁg §fme decoders, and
[0082] FIG 4b illustrates an exanple in which a

thet! |sw§1 s hapisnienthitionthayn npr sulisiedarbynaleglifergsdedtem®0a and/or for
eFf ect 60 is used to control a pair of selectors 90a
and Job "of audi o decoder AD20 to sel ect one anong

fogsTeFIE cRdRlustratlaa DRk didgrim dTaineithpl&aént@iciOAEDRIOE nlllti-mode
firmvare inplementation of audi o decoder AD20 nay use

piko eaendey Adeethat insdideatimplemestagiopedeat b of &@\m@fencoders 30a,
S@? Cjt th%rbx'él%p ]il %n%l@&gleSBn 9 oF Q&%ﬂ;é %ﬁ%m%%%@%? 50 1sa&glﬁgured
at no nc

such ntation my an anal o
foodissegedt (abtn% ﬁaﬂfed Jodr avidéo s%ahle 8100 fBMD.indddiO8 fﬂarﬁésG Such an

S5a illustrates a, block diagramof an inp|lenmenptation
%@z@ﬂ%lf 1S AHOr §T ) GO 5, s iBnacteron A Cgﬁ]é]lg %CH?% gelsctor 22 may
Eﬁﬁ{&l@d' f&nﬁlcl??%@ g %gge Oefctltfft@qi%te@{b‘f‘)dle&se;a le, 3&)@11 r%sscheme
Int I's exa e, an | nplementation 22 of coding sche
mue«mb?rmz;@bc sotdigmfrcbncvroenpltt@ tdinayivapad shdiag tscheeef sedarten signal
f |03| na Sl OO.f Such an
G PtieD R gt dig e Reliciter 4TS TanRaalodh 320 and tow

FRAn &AL TEANRS MBI aBRE SEE@Ton2e IABM VR ErdnflbIRFBEL BXh)t & vice versa.
i nclude a voice activity detector. For exanple, codi ng

brthesmxaggice dtcoroding mh«;m@éelmmuswﬂbmow:eddwwdmg scheme selector
zi N edvf% ngro? (i)lgli)féglen%pons 538 592%t Ifo lect(?'n %|Oat { 1%0% that each

or ac Ive anes (I ndi Catl ng S rono

frﬁﬁh%f anidiodainaB3a)0 Brdcédw byahe kélagtd vee ﬁﬁl@l@ﬁctwe frame encoder
ééndl cati n sel ection of inactive franme encoder 32b),

2 Gitoe GEF R gnoqdgriand dnastispripme cpepsice d2h (feg- st NERR cncoder).
FAMACL LA\ RGeS R B GReT Rl T2
dabawhdraseb 0@ pnd Ob nwue bhariatristiac bf the energy and/or spectral content of
the frame such as frame energy, signal-to-noise ratio ("SNR"), periodicity, spectral
distribution (e.g., spectral tilt), and/or zero-crossing rate. Coding scheme selector 22
may be implemented to calculate values of such characteristics, to receive values of
such characteristics from one or more other modules of audio encoder AE22, and/or to
receive values of such characteristics from one or more other modules of a device that

includes audio encoder AE22 (e.g., a cellular telephone). Such detection may include

comparing a value or magnitude of such a characteristic to a threshold value and/or



frame of audio signal SIOOis encoded by the sel ected
one anong active frane encoder 32a (e.g., a CELP

wep@edenys and i nactive frame encoder 32b (e.g. PCHUNEBL$066840

encoder) [ 0084] Codi ng schene sel ector 22 nmay be

€0Ri gured to performvoice activity detection based

on one or nore characteristicy of the ener gy and/ or
spectral content of the frame such as frane energy,
ot mgt Qren@h tuﬁ@tdfoa Ch&M" ih, suefir @Ha@u&usnosgeg:t kdldtive to the
di stribution spectral tilt), and/o
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adioecodr AE22, nd/ r to re el ve val ues of such
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ggﬁf%?gpﬂﬁi?g%%hﬁg)f Such detection may include
[ﬂﬂ&i‘] aAnphenimEbmentatiomafendinglechefe selebtoa 22 is configured to evaluate
aracteristic to.a threshold value and/ orQ7166
ﬁ]&ﬁaaﬁgwr?é tewrw&bﬁﬁeaa%eiﬁhﬂ o R RSN (Ge- 300tz to 2 o)
ghphaggie fﬂe&ﬁén‘éy (‘tﬁn& (e.gl & RHILME 4 RHENGnPREGRHENS thdtARB)rame is
to a threshol d val ue. For exanpl e, codi ng schene
wertest id rthezglenﬁyvadee Eorepptybansdistiess dhanl (alematively.arng gegpter than) a
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P H&a WP’I&PR %% kHz) and to indicate that the frame
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[0087] FIG. 5b illustrates a block diagram of an implementation AE24 of multi-mode
audio encoder AE20 that includes implementations 32c¢, 32d of frame encoders 30c,
30d. In this example, an implementation 24 of coding scheme selector 20 is configured
to distinguish speech frames of audio signal S100 from non-speech frames (e.g., music).
For example, coding scheme selector 24 may be configured to output a binary-valued

coding scheme selection signal that is high for speech frames (indicating selection of a



averaged over two or nore franes. It may be desirable
to configure coding schene selector 22 to classify a
w0 e@ses12%6 Nng a threshold value that is based oPCT/US2008/066840

information froma previous frane (e.g., background

$dP%e Ievel, SNR). It may al so be desirable to

configure codlng schene sel ectbr 22 to classify as

active one or nore of the first frames that follow a

§pcatts iffahi@enicBd @ UBHicO sisdhgied CHIPCAdoasn) aalily® fof abBSpéh frames
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gndisafig sslectighosy a@rbsm@cls tr@me RPN 3%(? tseeh 28 3y MG preeder), or
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ﬁﬁl{hismcmeddow&w isclecteth ane iamohg dpsech uthine: @mowe}zc/aaamon-speeeh

Fﬁ@?&&%od@z)ﬁ% SEUERAaSE bmsgf?:lqa}gﬁaldﬁs b ALY AE2S of

SAs aab&Ick SAER4 mt Einéltiéle%szﬂp REPIH UBpRAHRFIos BABASH §idech frame
t he magni tude of a change in such a characteristic

¢rcoger, ScaindapWMDEd impéenpangatiodidrig of natm@peepb framecteneedss Bed.
}/()?}g%eFI(JS u@ohllﬁlstraagsl g'b?oc‘kl (ﬁagrarn ofb % {fr)rlgp/ ernen(%a long L%Ega tf rnuritl-rnode

evi ous

Sutb@ eadodot AEQ@H@S 1nc1Malle§ hnp’[&ﬁﬁeﬂit&tlme}ibl Dzd,l Bd@tﬁf af frarne encoders
i -state nodel such as a hi dden Markov. npdel)

%%é@]i 30¢. 80 Indhiappnenlet %@WW@@%@ ceging é@lileémﬁ selector 20
R cgﬂﬂgltn@{i ?@Hgi%gfg Yo gg’bﬁ. ggdlé %@ﬁs ¥ C]ﬁ?%taﬁ QbRed eefcﬁ dﬁ%gfé]pd speech,

to control tors eac rame
madtii\a: spegeial an8l €90- Sp@ec&nc(ideid claymﬁbnmoaerhey:ﬂoedaasﬂbomnma @r more
eech. franP encoder c and non-s m

aracterlstlcs the energy an or spectral conte t o the frame as mentioned above,
may include comparing a value or magnitude of such a characteristic to a threshold
value and/or comparing the magnitude of a change in such a characteristic (e.g., relative
to the preceding frame) to a threshold value, and may be based on information from one
or more previous frames and/or one or more subsequent frames. Coding scheme

selector 26 may be implemented to calculate values of such characteristics, to receive

values of such characteristics from one or more other modules of audio encoder AE26,



frame encoder 32d. FIG 6a illustrates a bl ock diagram
of an inplenentation AE25 of audi o encoder AE24 t hat

w0 pBasiegs an RCELP i npl enment ati on 34c of speecPCT/Ds2ve8/066840

encoder 32c and an MDCT i npl enentati on 34d of

$df’speech frane encoder 32d. [0089] FIG 6b

illustrates a bl ock diagram ol an | npl enent ati on AE26

of nmulti-node audi o encoder AE20 that includes

hipdeeRtatt eRkies 3D such26haraddistidlfroff odd enBioNEMEL hddules of a

30bh, 30d, 30e, 30f. In this exanple, an inplenentation
devigst thebichiges apdipeneadee A0 (E@-i scadlphritglgpliancy.oln this example,
| fy C oudi . | < ,
e Tl e ATSRo Aot RUARA 1Y I ANHARE 0:RBP 26 B used 10
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of a device that includes audio encoder AE26 (e.g., a .
gecirumar Speh apfishibption pft Hickyeisaplse calleha clirfiugecy envelope” or
8 b S I : codj
P S T A T B N RO 6 r a frame may
bl odifeedne ¢hrar sndB@alengtBlicpercting bvathegmeticul araoweingf scheme used to
audi o signal SIOO js encoded by the sel ected one amng.
FI08R e PORITEPUNEIIEIMS 2@113@. geodes /g 0pmgy br apaigagn e pinclude
{ pRGELEEY) Yhat WAEAREERd ft6 2B RNROI& 034 ant fues int
ap%gEEEP egrgggtg%rg%,% nciln?!;gﬁobeel%ﬁ&i?jl rgrre e%?oggfc 03%,61 aeﬁeollrgba tes mio a
parket, swah thatghe sieeydouheat, 8Rlropieenty. of the papketr @respdEdRo the particular

SfGterond oEgHt doh I At 16 BrERoRREpGBruAion B audio
d&od&s AIDIOMmeki ch idpleREh©e8 ReNEtRde fa adRicREtihend@Usion) that is

signal may be reconstructed. This set of parameter
ceptigased tpicparhteythe patlof pesmeparciatugh fiont otheninfermation din the packet

823 05360 B BPORE: 1B dl,FIRuL on of energy wi thin
e ‘frame over a frequency sSpectrum Such a

piost)r ANRULUd® Dlodres@l asS a@dis cercalidred FA0" fsr §@1eaNe Yeonfigured to
envel ope" or, "spectral envel olge" of the frane. The
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[ rrapl ement e({j tP i ncl ude . .

at a corresponding frequency or over a corresponding spectral region. One example of
such a description is an ordered sequence of Fourier or discrete cosine transform
coefficients.

[0092] In other implementations, audio encoder AE10 is configured to calculate the
description of a spectral envelope as an ordered sequence of values of parameters of a

coding model, such as a set of values of coefficients of a linear prediction coding

("LPC") analysis. The LPC coefficient values indicate resonances of the audio signal,



a packetizer (not shown) that is configured to arrange
the set of paraneter values into a packet, such that
wao bwsaszeq format, and contents of the packet PCT/US2008/066840

correspond to the particul ar codi ng schene sel ected

Y0Pt hat frame. A correspondlzg i npl ement ati on of

audi o decoder ADI O nay be | nmented to include a

depacketi zer (not shown) that is configured to

slspaané® "foh@asel ofn pRkAIRIQncnR! dfeBPE rBTidevalues is typically

information in the packet such as a header and/ or

pranged rasuenh @ iTRPIST estqrenang d@gmydlﬂ\nemé@ron@ﬁ clsgépplemented to

o4 at?%ge%g Q/]a c§he ﬁﬁ c?eﬂtsc‘ of ¥P e?l@{; tioh & dl&ﬂ§ e‘f‘hé Bumber of
alcul'ate a escrlp on ofa sSp ec envel ope of

Eacdifiei csvahurs o d&rsedls$leH6&tlﬁf“omk Uefsthe [JPCS@HBISls and examples

' audi o encoder AEIQ i s conflgured to

| emrent ati ons g

mpaeaie Al of ger b8 sé’i%%%é‘ss% riRgt D d@haydip (@coder of a
b&ﬂhﬁ%‘c%x{%%@[&'(kﬁdﬁd& Dbl MBI el g ?fmél% %&19,%&, Ahtdten, 12,
correspondi ng frequency or over respondi ng
$hedt 24128 gl Th. One exanpl e of such a description is

Ao A s e PGt o TPy Safin GRS EncddE! RR10 i typically
bdmig%f@ln{cﬂﬁhﬁ’ﬂﬁlt tRUAEQ PR AT a @Eéc@al neQd AeHo8d attPansmission
cal cul ate the description of a spectral envel ope as an

dra(ﬁlélﬁleld quenfired dernpfe. & adsupms osmopanalinss arte corfrespordidg fapkup tables

ngeboﬁr gl & w%rrqln%o{] l’él\é? Ibﬁges,lsa g?gfdlél entdér %Eéa to calculate
@@@fa‘fllmcewefﬂ@éme@luemﬁi g&rth t'h@tstﬁ{ﬂﬁﬁ@ Q§an@1'&ed Bﬁicﬁa‘ﬁdy Qsuch as a set
signal, 071667 22 also called "formants." An ordered
ek alapt of dmeLmected epaiisci’ERPs Val-0Bs ynitgpse awchral pairs ("ISPs' )
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RIS R QR CLfSc) Qe A SUALRRPRAEL Ao
em:eﬁén AE0t magrales beetdrdiguiadnte @effﬁﬂnmc&mt st mire dibgrbprocessing

of coeff|C|ent val ues in . the set so called the
ORI RIS, Hichragen Bﬁzse?pé%vyﬁgg@mgawth%ﬁ%qrg@ rerafiony pp ¢hy ordered

Qerqqgﬁce%ff ﬁﬁe§8§0%¥§t‘s§)n%ﬁd ? hahigesh Py an audio

encoder of a communi cati ons Ice (such as a cellular
10894 phosmene caseh,uddescoption of x speatgihtenvctlepa ofl 2 fraf®, al@®jncludes a

4. 28, a 93] ..A devj ce that includes
kB PR i M aroh R AE Frahbe o 08k Pt affiyed sequence of
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efficiently, such as a set of values of |line spectra
grding rpedegpard) for| sgrae YIRGT: cadivg swdey)r Al dasqription of temporal

RS R T SR
decoder to excite an LPC model (e.g., a synthesis filter configured according to the
description of the spectral envelope). A description of an excitation signal is usually
based on a residual of an LPC analysis operation on the frame. A description of an
excitation signal typically appears in a packet in quantized form (e.g., as one or more
indices into corresponding codebooks) and may include information relating to at least
one pitch component of the excitation signal. For a PPP coding mode, for example, the

encoded temporal information may include a description of a prototype to be used by an

audio decoder to reproduce a pitch component of the excitation signal. For an RCELP



encoder AEl O may al so be configured to performone or

nore ot her processing operations, such as a perceptual
wowioghsizog or other filtering operation, on theECDUS®IEE6840

sequence of val ues before conversion and/or

§Uatti zati on. [0094] In sonme cases, a description of a

spectral envel ope of a frane A so |ncI udes a

description of temporal information of the frame
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Varlous epe%l%[s of a,%)%r%g enhe‘nta? op- ol? &(ﬁo encodgrgs p n?a&o%ng) 58 nbodied as

nore e eXa

d@a/bt: fhor$ camf)utmd(ecgr mﬁﬂgﬁ@niﬁalbhﬁlg%ﬂe&yr ®brd &84y8 programmed to
el enents, such as transistors or |ogic gates, and an
BYCCHITENE 08 MR RIS OTRUERSCS AHINGHHTOBY aéﬂ@ Hled Grroggspess”), and any

L R
eomputsr.  oBucbmpaueat r afhor samd applics for the clements of the various
implementations of a corresponding audio decoder AD10.

[0097] The various elements of an implementation of audio encoder AE10 may be
included within a device for wired and/or wireless communications, such as a cellular
telephone or other device having such communications capability. Such a device may
be configured to communicate with circuit-switched and/or packet-switched networks

(e.g., using one or more protocols such as VoIP). Such a device may be configured to

perform operations on a signal carrying the encoded frames such as interleaving,



may be inplemented within one or nore chips (for
exanple, wthin a chipset including two or nore

w@hiopsj729dThe same applies for the various el eneit/ESWH8/066840

an i nplenmentation of a correspondi ng audi o decoder
AP, [0096] One or nore elenents of the various

i npl ement ati ons of audio encotfer AEl O as descri bed
herein may al so be inplenented in whole or in part as

P86 ofiftion coflinkN&tdruetreeith @UIMRNERHng 6f xasiWhde layers of
on one or nore fixed or progranmabl e arrays of | ogic

a¢tepEnpetocel e aBthaingt dy P&P@ §4mp2000p edidaitpn of one or more radio-
Pr:é(gl.f g_%%?gﬁ&‘ghﬁd/gféﬁgcg éejelng%grs g%/nsﬁdrgl }%g&%,s@?eo%%% Bt more modulated
eqrfibisoatt ochappelci fic standard products ("ASSPs"), and

appl i tlon specific integrated circuits ("ASICs").
5%? % ariQuy rlsments| inhirtaplsmenitional evdion g?qog%f o010 may be

fdfided %ﬁﬁ’ﬁj § rde%%% (Porn”ﬁzl c@lhfi@oP ‘é‘vu%[@é@ B RhuARaB8R, Uch R £ cellular

conputers ( nes I ncluding one or nore arrays
mﬁapgommedthblodmmhetvmg)mhmonmnmaﬁens cemab'ﬂ'ﬂjqu 8ncdles defice may

‘t)rrbtu ggltré(gro (éq;gllﬁl%lgllcgt% lgh ch L gg\glﬁ%ﬁg dlbeé ¥v1tched networks

(e’@' SRNbEIdoMinbRl FrotdiBlsSABR a$ Ve lP)C CSHéHtaedeVRre may be configured to
conputers. The sanme applies for the elenents of the

p@rfqraugpqrﬁmne marat sagtiacb nerrpihg sheorcedeh faaien gicamd@mterleavmg, de-
PR S Sy B REhatEted TRH %, Bl or mor
Wyéﬂ@ldf ndtvet@N ipestoédd (e W, Beibract AT OP/ 1P écﬁﬂleﬁ@@O) demodulation of one or
communi cations, such as a cel I ul ar t el ephone or ot her

BOW BeIgrEoNuRICE (ORE' 0 Gyrean opaes! SHE G pHI Ari TEGEPtigh ¢ Qe or more
ABYLGRAEN P GoRlhaMpd to communicate wi th
clrcult-swtched andl or packet - swi t ched net wor ks

[0091g It i posiploier aic oomercpelomontslod as imipleaseniévioR)af anIohencoder

B3t Bl g Mmoo HroR DB, 48 Mstucton that are not

hf@é&l ll%@a\fédq% QK ]t@@?atlgﬂ J—fuﬂﬂgtéﬂﬁhﬁﬂlfs %VQA Htthﬁp reﬁ@cﬂignﬂ) another
errof correction cod I ng, cod one or nore | ayers
olberatmnmfrd(depmﬁ Qrmglste(xeng)vhlclEtHﬁmppeiatusT{:Embédded It 1s also possible

dul ati.on. of, one or r adi r
fol e pr a?%% TS ok 87 e elon SRt Ao SRR LERG g ptructure
HNQnhol Y J‘?\@Ués@&ﬁ%e& & ERLR p@m{ns@f eHRNIBlespdndfREh different
The varlous el ements of an inplenentation of audio
demeuterat diffeonirtigcher schef nsleertians praguigd depéréant tosksgorregponding
ni cations such

? glff%henWefemen’? ar‘%ccfg erent tnnei1 Ol an arrang%rnent G e?ectm{nc and/or optical
e onhe or Ot evi ce conmuni Cca

d@@@@l pdrfoyminpueperaticis vioe Qilﬁfayntbeleﬁh@ﬂffs | gUiffdrehO times). The same
conmunj cate wth circuit-swtched and/ or

pcetios g chernie bk Yarieusy Implgarpigtignteobr priFeponding audio
Qéc%PQICRb% 8Sliﬁ|'bn@3s Ie@m 1§u§ r%gc%%hl%ese@%r BB and frarne encoders
configured to perform p%ra on a signal carrying
Bhwe3@nendedplenened susds ad idatrudtiond eavngegl, to execute on the same

depuncturin
pro%essor E gother such example, coding scheme detector 60 and frame decoders

70a-70p are implemented as sets of instructions arranged to execute on the same
processor. Two or more among frame encoders 30a-30p may be implemented to share
one or more sets of instructions executing at different times; the same applies for frame
decoders 70a-70p.

[00100] FIG. 7a illustrates a flowchart of a method of encoding a frame of an audio

signal M10. Method MI10 includes a task TE10 that calculates values of frame



convol ution decoding, error correction decoding,
decodi ng of one or nore |layers of network protocol

W@ 200g/15728¢ hernet, TCP/ 1P, cdma2000), denodul at PCRUSE008/066840
one or nore radio-frequency ("RF") and/or optical
€4Pti ers, and/or reception of one or nore nodul ated
carriers over a channel. [009%3? It is possible for one
or nore elenments of an inplenmentation of audi o encoder

HErftdristibead dReribd dverE,Buoh hastesgyoindeorapbdtrul OhdiestcSRics. Based
of instructions that are not directly related to an

e dicatdlaated velnes, dpkaFBiQscledy g rodingschenk (¢-&) as dagribed above
not ion - ' r. syvstem i ' h

SR B SRS AL o AT Uk T

oiodeethenfearhs acfording ittrphe saedtal talin@bclrudi @ genaodstribed herein

AEl O o have structure in ¢common_(e.g., a processor

W&Ed@%@é@n@ﬁ de JPEO%FHP%‘?}S“%‘FOI%%Q&%? PE%%’GWd?’Q?ngé to produce an

Sidobes el RARRLSnAltadl TESS §Bierhtb B Sacket 383t iBEludes the encoded

Instructions executed to perform tasks correspondi ng

framdi f¥lethedtM &0 ermyntcscatfigdiddf @rgeniteretedet, crmodarach in a series of

rrangﬁgent .of . el ectronic and/or optical devices
%@?‘F% 1hguYpsiedth ons for different el ements at

ﬂiﬂiél@[ﬁ@&yﬁiéaﬂrﬁﬁ%licaﬁbﬁ o 8EmpRRIch@8oh OF nicliRda10BIMH Srbf of logic

the various inplenentations of a correspondi ng audi o

demente (c.aDll@gic gatepie conlignred tmpiréormee myre draarame, or even all of
el ector.20 apd fr encoders 30a-3 a i-npl enent ed

8 GEPES b RE M EC P hes Pos R ot B B hEY ato ve

BAFTEMPiteg s 86do (d.4), amobhiiors s oL ¥R Mttdns); @eibddicd Gh aN®mputer
detector 60 and frane decoders 70a- 7%§ are i npl enent ed

0
BOgEEr Hresfuct (Bsgr QBE 05 MROTA rdaiingferree anedie sutheap diskhlash or other
@%‘ﬁg%{g@ﬁnﬁéﬁg% 'carﬁwpseﬁ{icdmgatogqgﬁg){% fcgﬁsg, %rQSP&{S{ R readable and/or

I npl ement e nore se
ofccumablertiycd maclsinexeg.ub icogpater)dnélhidingnn arjapges lodgibelcaans (c.g., a
applies for frame decoders 70a- 70&. f[QOloq FIG. 7a
PIOCERSPT MIEOPECFISEIRiAFACOBFOlEr it BT i tCeiio Manging). The tasks of

5L eﬁgntﬁﬁ‘%rﬁb‘ﬂﬁl@thgh WP E) mifl QsoMetRAE My RELUEES ofle such array

task TEI O that cal cul ates val ues "of frame0/71667 25
ohawdloher ilsthass oatlbe soplchedtaiiboy; ghe saskh nmy Eenperfprmed within a

Banetfos b0 Ton Frabn iRt rossh of 3icelMET BB Bareier Lbedyice having
§RhGeomenitfRms icbge;bﬂappvsudm 4 Rcviet /EBNBE cbXid@éd &Y Sommunicate
L{Vggl enment ati ons of coding schene sel éctor 20). Task

Ocieqrtotveitched earid/ einmpacket-ovithng notvwoiks deRectweg one or more

co ingS schems\;% .,as des ribeﬂ he({ein with .
Profeso Such.”as” Vo Pg For CYaliple,, such a deyiec, ma include circuitry
eference to various 1 nplenertations o f Ve "ehcoder s

a3t to treccpreaaioddaranggzcoded frame. An optional task
TE40 1gener ates a packet that includes the encoded

OMRFIGethdisirte sellodediastim ghiraipparagys, Fi% drhiseepnfigured to
éﬂ&gﬁg %?I%ﬁle%ﬁ aullioigifal.' gﬁpe&&tug FRIER 1R hfgn St tfculating values

of frame characteristics FE10, such as energy and/or spectral characteristics as
described above. Apparatus F10 also includes means for selecting a coding scheme
FE20 based on the calculated values (e.g., as described above with reference to various
implementations of coding scheme selector 20). Apparatus F10 also includes means for
encoding the frame according to the selected coding scheme FE30 (e.g., as described
herein with reference to various implementations of frame encoders 30a-30p) to produce

an encoded frame. Apparatus F10 also includes an optional means for generating a



[0010I]In a typical application of an inplenmentation

of method MO, an array of logic elenents (e.g., logic
w@2108457206 configured to perform one, nore thaPCDO82008066840

even all of the various tasks of the nethod. One or
#0PY (possibly all) of the tasks may al so be

i npl emented as code (e.g., O or nore sets of

i nstructions), enbodied in a conputer program product
?zﬁbk@t tha® 1 @lcs TRY Encbat@ i@ BBA). MedparaditbChl (Badi tk&onfigured to

| ash or other nonvolatile nmenory cards, sem conductor
PRAPEE Yachrn gsseriest f framesipithg apdiesignabl e and/ or

I

Efg?@b‘frngg It;&g@@?f o@?c’zﬁ%ltd{eaﬁg%t(og aPR cedlﬁgrmﬁgon%é %%c'gna% alfldRegLP coding
saheme [ ACES $aplenEharion @ﬁtarRPIPI cefdmgoschemb ethe fpitoh fperied &t Stimated
machi ne). ' The tasks of an .inpl enentation of nmethod MO

PREF SYLY Bampert SHbfEN Gy USRS & HER SHEAHOR [PDSFItY Blat may be

E‘&l@éﬁtﬂﬁl bdsgdt h{eﬁﬁy%e Qésjﬂ%lg' t%pée%fe% r{h@hﬁ@@%wﬁl&m A ®w at the
eper ormed Within a devic rel ess

bcmmlum aahé¢ oame ustbfmsnca T,3ep|1¢alh Idaznsmntsl of pHoamee wito atbfimmes include

ot SB00R B2 BURF Cr B LE S SPREE Brgebor BB crpping
ﬁlbrﬁ%ﬂet ofSY160REApRNGAAE), FAGKELaMe! pBedanRl W KiSe subframes per
g., using one or nore protocols such as VoIP? For

mmﬁt g, ﬁsygcﬁﬁ -ampds/ Ny vARppitC  ubdie R UEﬂrl@QTS@l’ﬂp ¢ frarne) It may
FRPBRLEA © BRSE S ARRRD ATl SRAOPHY Bl o o
bi%o1§ Qﬁlﬁh Qi rpmht Il eng ogﬁcmciéﬁtﬂﬁig @ftclarﬁrqlﬁu@ @t Werdheen the pitch
Appar atus Fl O i ncl udes neans for cal cul ating val ues of

eatiERAEIOB NRAREY dh9 RitdhaxripgiTntespeiptea so Bigepesa avdheic delay contour.
Eﬁ%cﬁl ?]%)ol ftidt 1‘3 35 érgélg]@& or S?a]%‘éﬂl% Bg%@f?fgo 2515'50‘9 Bﬁra%éésfrequent
fEE20 eb@se@bcomd tohethﬁalwuip&t)e@k ﬁﬁﬂrfﬂéﬁhq(lﬁltgbaSISaSG g., at a subsarnple

d th ref .
[P LNt 307 GG dUHTNY RelfchRicsel BYRG ) dgperbed in the 3GPP2

At @%Oﬁ'l@@fe%&eﬁd%ﬁ'a\d&*ﬁ g(?f’gcgﬁ%lg%lo lisk r&“sﬁﬂih@ﬁc H&%r contour that

rane according to the se ng sc
(se ephi-tiass desrsanipdell. helgpinally tthe ripfeep@atom ti® a/dmcausr bilinear
i mpl ntations o ncoders 30a- 30 0 pr.odu
Rk dn ftie” Do AT Riet A BEE S L BT e hnbge BHEPofifon fltrs
ePLh@R&! siRANS tdcBhiqd&NeA apR Nehdafy’ 18R M2 udhagk RtCELhmis typically
i ncl udes the encoded frame FE40.  Apparatus Fl O nay

ewmtgugdr edcncode ritronhs aata@H tafe ar Helf irats, ehhdugam@splmerttﬁ@ns that

aud| ; gnal L Q}OS ical i Ienentation of a
gﬁ a otHer ra‘ﬁs UC arter rate a@ﬁ
codi ng scheie stch as an ng schene or a

[o1 041Dk RERNEGRLtinG6usOfitoh JBRRUE @ﬁthﬂgnliﬁdéﬁf&mdshﬁaﬁ t413B undesirable
period is estimted once every franme or subfrane,

e%lffaf?gs #epias dMzEsg. fat %Ypl%ﬁﬁeﬁr%ms@ thorefake, ffapaphe desirable to use a
&ﬁ{s{aﬁk @{t%hol%agﬁ%ﬁnn ) hrgﬁ?ﬁfrgr?lﬁ ds%glj[cﬁl ! a%r&pQITyct§ ‘O'Jt?elt Qfstant pitch

Ion wn owat t oundary o
petrloiiu bf ntiarsubffympe dmlundiryi siTypabfexanplesnd suthoa technique use a
Ss%?lzigr%n osrn Isg(i:llerl{geeof pitch periods that range from 20 samples to 40 samples (at
an 8 kHz sampling rate) which repeats every 40 milliseconds. A voice activity detection
("VAD") operation as described above may be configured to distinguish voiced frames
from unvoiced frames, and such an operation is typically based on such factors as
autocorrelation of speech and/or residual, zero crossing rate, and/or first reflection

coefficient.



three subframes per franme (e.g., 53, 53, and 54

sanpl es for each of the nonoverl appi ng subfrane of a
waemsasmpé e franme), four subframes per frane, BCTUS1008066840

subfranmes per frame (e.g., five 32-sanple

$dfYver | appi ng subframes in a_160-sanple frame). It

may al so be desirable to check/ for consi stency anong

the estinmated pitch periods to avoid errors such as

ol 650 ANBR Végdghg RiHeaR @QUDRICIY.P) Pctfolms fai fhnk i Cof the speech

Between the pitch estimtion updates, the pitc eriod

pignglnt by Hop dtetvering oatiebon wishnst4ly e@leaiy”%r@f duedification,”

&lffetﬁnlt & %rsﬁ{ﬂ*saatré g@plfgayco }a?ffé%gﬁtfsgérggﬂj[s ?Pth% signal such that the original

Sanpl e-by-sanpl & basis or on a tress reque%wnt ?e.g.,

gmer ilasieao ndtvadent featugess afrphee pigasl (@g.e pitcle qudsaet) bashalered. For

(e.g., at a subsanple resolution). The Enhanced )

CiAe| 16 MRyt e 5%5@16(@ EURCWRIRY & e e that He pelpperiod contour

. r . a f . .
s I Hal e et oyl of PR Shift 36 Sypically
vitbinsthaphegt. ofTy it ahillljsct drels iposiéivp db at ficenmilfis@ohdneemative. 1t is

or.bjlLin i nt.er pol ation, and it ma er f ar,ned
Boisab s ad ot Rer o e Pitodiidr todtn B FDERg fygher than the
g%@E&H‘ SlonSlUbS #hg, bedbatBUEto Azo?@cﬁ&%ir%gthé §J28if8ns$ BE the@®rmants.
LP i's typically configured to encode franes at full
Hawevar ithal £xprassty;, cantemo pigp Iherebpt dis¢losed thatithe arrangements
SR Al 0 R MGl Bl LR Bl S

W dohfigie@ teadify aBpessigause undesirable artifacts
such as buzzing. For unvol ced frames, therefore

it
YOG E mesibe gapected thag he besh Aetudntwild bR qbé%in%bbw:mqﬂifying the
re T ' t t
AR ST AL LR S i e B R B sampe-

by-aarpplesbasfs subl eonmmedsinigyued wsparaligs seghoeran ddnthe residual (e.g.,
sequence of pitch periods that range from 20 sanpl es
f@%&m%sﬁﬁﬂ%pwgs)an 8 kHz sanpling rate) which
FRG 8V ¥ 4tOs M Lid BPHSesidhaY BLHR ﬁ&‘a% YA fter bei

g@?@@ti on (" VAD"% opern?taigon aessuﬁlgscri be ab%lté1 rr)a?/ndb% er being
toriwgpedkth & omddtht dedgutettowoiveedfofmalde s Inf thoyrexanvde,ctbd intervals

ranes, and.s .operation is typically based on
bSRET terarssk e s to bR Bl it PSR ands or
[09 9487 UBhtinubRE QvaFhiAg Shidd beabs copta@iondlly Steds®fe! RCHd Pfuctical in
coefficient. 071667 27 T00105] A PR codi'ng schene o
petaple, mardiyd, penlttanemsand/ari bastonapwergd gibplieasiogpe eldigrefore, it is
signal . t hi | -War pisng. gper.ati o which.is al.sq ..
B Bt gl ROELP o ol B e BB Ml ip@difBacion of
thieeeddpll ibgdiniOstdftinleegmbnts @ tRntesidod] shbie tait giRalmEne Bf the time-
that the original tine rel ations between features of
sIHE 1y p(@tﬁiant pEop e,acbist:gmepﬁ lﬁplg@élgh a‘[.rlé expicay e a_ont.p@plated and hereby
OB et e TR A AR Aol TR P AL Rlng an RCELP
sty ntheetARc epéddeh -thperis adnfigmed uo . mddiéy waspeectosighhile or i toemodify a

shift is typicall . : .
res{dual, usmgyc%n‘gnuou)s/ warping). Such an operation may be configured to modify

the current residual by shifting segments so that each pitch pulse matches a
corresponding pitch pulse in a target residual, where the target residual is based on the
modified residual from a previous frame, subframe, shift frame, or other segment of the
signal.

[00109] FIG. 9 illustrates an example of a residual before (waveform A) and after

piecewise modification (waveform B). In this figure, the dotted lines illustrate how the



within the range of a few mlliseconds positive to a

few mlliseconds negative. It is typical for a PR
wepmsdsng e. g., an RCELP encoder) to nodify theCT/US2008/066840

resi dual rather than the speech signal, as it nmay be

4d8%'rabl e to avoid changing the positions of the

formants. However, it is expr@%sly contenpl ated and

her eby di scl osed that the arrangenents cl ai med bel ow

%10@{ SovaeirPbaatis ceitted 36 M AglitRn eslagsieto {he.@st,ofaRe residual. It
LP encoder) that is configured to nodify the speech

Biay hs| de&[f@tbq@m the dengily obeachygsemerigot ieakesy ﬂilén s pitch period (e.g.,
I

SEALHAE-ARA) 0068 S0NER B B DB ey s b

et blerre @rfm@nme‘gﬁﬁﬁﬂ edyrdaisanipdre obaﬁ“rlﬁg at plbc)h pulses (e.g., to confine

npr essi ng andi ng segmeng resi dual
%1@ sgemend hefip §t%‘% WorteEsy pelnsa }ﬁhe TP ] FIG 8
gﬂﬂﬂﬁkrlﬁ%&%vlwmgém& Brfoc@dlfrg i g 198(1@55%6&66?%%%%5@1%‘[ that

ter being tine warpe snoot
i:rmhtdem pitvlapdfotatmoBplled ”$ant ﬁaewé)'r}:ﬂ)m extanwl¢ of seuckl ah gperation is

SrelRchit FOUORbbiag) PBoAE T har ging Tty BETY C-S0014-C

f&éﬁ@ﬁee@t d0RR&! Witich NfeBiis vsehér@b;bﬁloef@ﬁétb& 3ly ﬂefermeta@,bi@example
enbedded, real-tinme, and/or battery- power ed

Appilbathcdas. madiSedsonple (ot thesfirsb pemedified abmplsy impelected as the

LP or .ot her.. PR encoder erfor ecevms
et Eaf M RE T BEFG PR EPu IR by T sy, aperation
Sardhlae tHeasir@hedubiumb rédidlal fdie mneudtbe BhifteB e b, BRSNS pitch pulse
i s constant across each se%rrent (although it is

Bxpregios) of the ﬁwmﬁmeafthéuhaé pret kasy nefdfaed) sad seth e qndeof the shift
g%ﬁ%&%@g@@tﬁ‘t e{ngﬁﬁ% ﬁ (It:lg(gjvéar thaASslePrng rtﬁés cgﬁgmuﬁlhﬂﬁle shift

or ot I's conf

frogieS, sueh dpedmhshsft @made seterctibw opaxdiibry (adrmbsadluaht opasitiogs of the
cont i nuous r pi ng ?uch an gperation nmay G[‘ , ,
BiSATYiguraedit o .pf%?e &) du tp?ré%rrrt?aaﬁe%‘gﬂ stimpy jqig a single

ts so that each pitch pul se matches a
corresponding pitch pulse in a target residual, where
foé1 1 Armatewriﬂsrhddiﬁbatiw maeteldredlyp'tcbdéy imdidm's agopastiaiutal match the
froma

R VbS] R contie) KB spalet b G T oSy described

BXQRbE 4qf1 63 "(}?ﬁ'éldwlto l@qfocz; 8f (H@GE'&R@Y dBothineAnd S0 £1C referenced
pi ecewi se nodification (waveformB). In this figure,

@wedwhmé@ecrtmes higteby srtqoamath@\hiytr OPLGETADES m?ﬁhls example
to the ri elati
%%neerartees e% target r?] é(?urazg)?/ a%tgllevmg the rnodlégla éeesslﬁﬁ]l%ag k ﬁl fplreV1%)1r1]s subframe

frﬁﬁhgat Biuf@ér a@d@ﬂfhp‘pﬁ@fﬁem tht Qlchg doﬁﬁa‘ar {h@nad dscibddcin section 4.11.6.1
that each shift segment contains no

such

{6 9t59|8f1th6 & B deshmgnt §e0014C Fﬁf?femf‘%&b%e Fdueh sgsfien 1s hereby
El‘BP@ro?a\f%{‘B SERPRRL %”Q;Qaﬁﬁpffé) F P GeMhbIkNeheBhaRhing operation
pul ses e.ﬁ., to confi

generates a temporary modified remdual by shifting a copy of the selected shift frame,
determining an optimal shift according to a correlation between the temporary modified
residual and the target residual, and calculating a time shift based on the optimal shift.
The time shift is typically an accumulated value, such that the operation of calculating a
time shift involves updating an accumulated time shift based on the optimal shift (as

described, for example, in part 4.11.6.3.4 of section 4.11.6.3 incorporated by reference

above).



t he segnent boundaries to | ow energy regions of the
residual). [00110] A piecew se nodification procedure

wo y@Basi2bey i ncl udes sel ecting a segnment that iPCT/US®E8/@66840
gitch pul se (also called a "shift frame"). One exanple
#%&uch an operation is descrijbed in section 4.1 1.6.2
(pp. 4-95 to 4-99) of the EVRE docunment C. S0014-C
ref erenced above, which section is hereby incorporated
[p1r2Fer enge sias ABmeXeHeecurldtpi redlhayl, tHeepleddlise modification is
nodi fied sanple (or the first unnodified sanple) is
adyieved by applyineethp sgiresppading calewlated wina shifit ne Segmpent pethe current
F%/ﬁ(&ale ﬁﬁmk)fares&tbo fs 36 INEhi ﬁ%&gﬁ ' Bl %&ﬁﬁl@fe' of g&c%aE GR&dification

e current s rame residual Tor a pulse to be

sihdriticadis (des@@ibed timeechion €t1 16.4 ¢fp. pul (8¢ off theaE VRGI dytumiknt C.S0014-

the subfra t hat has not yet been nodifjed) and sets
Fﬁefeéme%fag&?e VWi gectipny qf%tl’ya’cn@CQ@Of%e‘{ he rErenes ghapexample.
T i%algp hRe tinfd Eﬁiﬁf haTs VHRYe SRRt i YA @{1&1 i fehe _modification
frames, such that the shift frane selection operation
paaclsel s pertemied op erratalatns oigh¢rhtbapittecemipdiag rate. In such case, it
nodi.ficatign procedur e perforned.several tinmes .
B e 0 DR Elrsort 15 ARG tat s riing aF My rosidual
RiiRec edl lﬁ{t&}pbhéﬁbﬁ 3hdtyad Itdat 0€BiliRBarARREFRN RN, WAidKBhENbE BErformed
residual to the synthetic delay contour. One exanple
vfing gechoranogpetahassrinicspadatgny filisssion anoghee syitablatcghnique. 3
-99.10,4-101) of the EVRC docunen 14-C ..
8710 1 dd WEIEIR, 7 D BB PRHEE B FEB HisPdiggrio0
BtofEhEEeH ¢endsl @hfiQYRANPh €e.gThh REXEAPRhFlcHRARLSH 88 tadk TE30 of
target residual by retrieving the nodified residual  of

DiEhog o u¥lctagr ik MBO findvdes apigsl BT 18 hatraalsmlates ¢ residyal of the

c e: . i bed in.secti 1
g e AT Py R R LR B Pt ahdio signa
(veliiel emgebe pbop@ccssbd)c Budeas iandiol SgitdrSH0Y. | Taskr ROt Gtiedypically
by reference as an exanple). In this exanple, the .
H%Rl_eq‘??lﬁﬁg pErcatde gnlinganaredtdien SotBa o & Wplypisiopgration and may

| : : " "
D g B E PR iy O SR B VAL sy i CLSPY"
¢ avkr BT Hi iney abe tinwbete dthe prerpon@operatois fSidday @wiad madre perceptual

and. t.he target residual d calculating a tinme shift
Baeating w PheSben fRsPEdnpwiOine i'me shitt is

fowPi 4 MckhodaRMVAIGDUATSS ah@Gd¢ad WRk RUSH thiadaldulBes a synthetic delay
operation of calculating a tinme shift involves

epdenti ofghagudiocignal. st wek RT3 thifi felectsas shiftolamap&om the generated
opti mal  shi S, descr.i be for. examl e..in pard 4.1

RGP 3 B Lk B8, ARG Ethel Rl PRETR Bt PRl eteced
shipVIERImD Db 8lay? Qo1t0] 22] aFask RASH tig infddifigsan®sidialt dfethe current

current resjidual, the piecewise nodification is
Hamp dord anthe paieylated tinlgeshifbr r espondi ng cal cul ated tinme

' S f r I esi - 1h
Sl T TRORL & hRp A o, B AR R 19, of RCELP
erddinigcatthod RM100. Method RM110 includes an implementation RT42 of time

shift calculation task RT40. Task RT42 includes a task RT60 that maps the modified

residual of the previous subframe to the synthetic delay contour of the current subframe,
a task RT70 that generates a temporary modified residual (e.g., based on the selected
shift frame), and a task RT80 that updates the time shift (e.g., based on a correlation
between the temporary modified residual and a corresponding segment of the mapped
past modified residual). An implementation of method RM100 may be included within
an implementation of method M10 (e.g., within encoding task TE30), and as noted



operation is described in section 4.1 1.6.4 (pp.
4-101) of the EVRC docunent C. S0014- C referenced

w@bwsas5729hi ch section is hereby incorporated bRCT/US2008/066840

reference as an exanple. Typically the time shift has

%9l ue that is fractional, such that the nodification
procedure is perforned at a r&%ol ution hi gher than the
sanpling rate. In such case, it nay be desirable to

apikyar heayt dNMBgRNilEtheritd (40010300 ERe) i BrdcdiEigiratto Perform one,
the residual using an interpolation such as |inear or

BIOrg fhameng, 9f évwlg@ﬁ tbﬁVMWﬂSéWﬁﬁ?%éﬂ%@& ormed usi ng

BRI 1R RABEoT Pudet, BB Ot G5 ol Ephudh JECRIN6Y ReELr

framachasder Gica Erebliadr 01 0(REkLdce acesidng g%Mn%r R10 configured to
accor ding .to_a_gener al confl gurati

(e.q,, an RCELP
FptatgeiEsdyad A B curskt framd(cas b?é%cﬁ%la%%? anglgpin ggeration) and a
%\ﬂl Lo HE! dé%?at?‘r REG KoffuRd t%actalc%ﬁ{té:h” fﬁtﬁ iAddiKs &Mr of audio
of the current frane. Task RTIOis typically arrange
$ignarleﬁ:1é)i0v(e ga maopbedusoi aaldmegﬂmplt@mmmmmw Emcoder RC100 also

p ¥ g@ﬂﬁ )ef : §eg$«:p29{a€agt%ghqo g@ lssl%%:t%g]y}tafci’ame of Othe current

Férs@l%lchltﬁﬁb aeflicARulatd:RE0) ccfﬁﬁ%hﬂéa'@ cOREhALd ARt (BY. to update

be confi 1gur ed to produce a sét of LPC paraneters such

the tllmﬁ éh based a3|n mﬁm@)rmusa@lf rd rFaduel RENG amepyidaplsmodifier R50
ther cessi tions

%n%Jl ulreer o, FI)Itlodl geﬁ%cﬂlgl g dine t8t hhséuﬁ%ne %thﬁnﬁegg to apply the

eperlatd ang. sh[fgfblajﬁknw érafe FVIdOR) thiS@richsdndd estha sluatsﬂﬁarne)
RT20 that cal culates a synt hetic _delay contour of th
EOHITOFKG gl illugtratgs g boekod lﬁ&r@m abp dmplegentsfipn RG 1a1r9e0f RCELP

Er{cl%ﬁ&t Re 196 r’tﬁcrttahl%ﬁldE??h é}ltétﬁﬁlk 4% that %hlft calchllator R40.
culates a tinme on information 1ro
Eelcalatoe R &hirctudes al’ms‘aﬁﬁ‘bdﬂ“&kiaymdmitmap‘pm &60 @nfigsied to map the

RT50. t hat difies a residual of the current fra
pediipdgpsidyse of edupdpwusubiirmednithe synfhstie ﬁsfnepeé;oumf the current

[ [ I
SRR 3 SRy R AR TR FRE B o Qe

tenqiomiesnminﬁ@dmlselnelrhaatd om tHeTs¢Rectefd ﬂhlftrﬁragh; fd a time shift updater
R T2, FoBb A TR LTS bt

FHeblehpORary InddBed YALMAL 'a%dd£|céMe§)%HHﬁgrse%ﬁleh@ 8f GhY M@pbed past
subframs a task RT70 that generates a tenporar

rodiffedewsidesl dath (. e, o e acemoewcl mlﬂo may be

krnepqamztntgas corr%%)%g@‘)lglg%loc{ﬁi e(j rs] gasf,\agsipﬁ F Eo %r?es and or instructions

fo? @ik Edugidn 9 Hnd WamROPrazcSOrs. €8 mﬁilltd-lnlitgie?e@g(ﬁ@lﬁtsuﬂf ast aﬁiﬁlo encoder
ma ﬁed past nodified residual %vpt npl. enent ati on of

fles s rRynsrICE R€ Pugndar R AP ar a 1ma1ﬁn@ﬁ@ﬁ%ttheé¢9f and in

h LR B9 R0 R ¢

%gc no%gggslMé%&%O a‘bgvvgeé %ns g’r r a€ 0 }ﬁ%{ﬁgfgl-:%g%%eﬁa@% > Tesidual
fenceptor R bimayght dmyedmmith frame@ntodpus thdt 4ro cpefifoedrtopeform other
coding modes.

[00118]FIG. 13 illustrates a block diagram of an implementation R12 of residual
generator R10. Generator R12 includes an LPC analysis module 210 configured to
calculate a set of LPC coefficient values based on a current frame of audio signal S100.
Transform block 220 is configured to convert the set of LPC coefficient values to a set

of LSFs, and quantizer 230 is configured to quantize the LSFs (e.g., as one or more

codebook indices) to produce LPC parameters SL10. Inverse quantizer 240 is



nore than one, or even all of the various tasks of the
nmet hod. [00116] FIG 12a illustrates a bl ock di agram

wo@ooansizepl enent ati on RC OO of RCELP franme enchdBEUSB48066840

Encoder RC OO i ncludes a residual generator RO

€0ffi gured to calculate a resjdual of the current
franme (e.g., based on an LPC Hnal ysis operation) and a
del ay contour cal culator R20 configured to calculate a

sotifighedd © sheliay oot astoded 1.8BgidnsihgnRkntSledd K@ p@rameters SL10,
based on current and recent pitch estimtes). Encoder

rd ooeates Fapsiemuddacka 230 st cqnfigicds & @btedr Ragt of decoded LPC
-QUr C .

FATH AT REL S i AILAL) SATp S0 AR SO (o ctd

syl Alk@) ehat is@nfipidet a@rding té thewjpdatt decbel LPMreosficicht values

based on a tenparary nodified residua

I and a
Prseeatudid iendl eyl Osy Progues yuk-BY r?sag%éﬁfw {geidual generator R10
[ I ai%& i t ty ' : q. a
{Ilﬁg %gfé) 3 | at e%rg%liﬁ?rde agfw(?r? 1t%gt {oongny: ?tg%né&%%g %1 %éé&rdegl‘? tl%)gel for the
pdrtitulecappbsgomds to the shift franme). [00117] FIG 12b

0L T i e el e B e Ao FOTERIEt Haime fo i next, a gap
b BB MALd R0 f4Re 8buddafEvb&Rbéd thedhFrahed, aRd @ may be desirable

Cal cul ator R42 includes a past nodified residual =~ '
fra ppreduaRe®@ddn R 5§ unr debkiRol Sthto reprat avelinitipert of ¢l sl ipfhis region
the previous, subfrane to the, synthetic delay ¢ r
by pREREPY el e, BRPoe el BIS Tl RabEh la® BR, gy method
BeN@0ab eford¥n0 ntcdifiddondkiadal tt® a Gafrer ﬁ@tg@, A al SOURG & denerating a target
nodi fi ed residual based on the selected shift frane,
esidlual tojbheissthin perfipyenance? PROVisd ATodHifelan pepcedure gndperesidual of
: e) t ' r i,Qn: -
E Bl B PRI st d BBk}, B AR T 0L Shfl' @ hime shi
caculaspBAdi(ag., e gae miodificd reeidnalppathep RHD) oot fimedhift calculation
resi dug)l . Each of the elenents of encoders RC OO and
e Rit4 (?r%ytoolé‘ali’ﬁiﬁga%]éﬁ@ée)-by a correspondi ng modul e,
el Pf(}.alﬁeﬂlugtffatésog'b@o&a&ﬁ%raﬁﬁgf 8 iﬁlg\l%h{eﬁ&iibﬂriﬁcf(ﬁrof RCELP
execution by one or nobre processors. nmul ti - node
enodderRSUh that andudesenodders ABdTiatayesidal utieffen R90 and an

R 2af i SR AP bnhrbote e Be0 Mt & SRiRiisdds aapts the time
ifttage dRHafo haABE fRREBE@Er K. FIG. 28 iilfisahicd 8RSt Bhigram of an
RIO may be shared with frame encoders that are

foemguinGen RS 198 rafoRGEDP Heeodidk @ ) moat RCHIGH e1@HeFRE110 that
13, 111 ustrates ock~di agram of an..inpl ntati op -
By 47 b Py 28 REp Sy AT RinsBPup AR S Bl i resicuat

aRappdPR GANBAYS tenfivedd 0 r&ckdycabd s uiodifiddarcsiahat Wiloat Buffer ROO.
set of LPC coefficient values based on a current frane )
W01 EIG 14 ifusiratey adpiock dingeamp phamb prpskatBEF | QO for RCELP encoding

fi t P j €]
GERLAEH 39 h0uf0 KR (08, 38 CELPIRREBU L means Es0 o
ggatatguF BY). tAppgeeunt RE G iheludShsicds. fgr geresatmgen @sidoadrRF10 (e.g.,

cofgpook 101 cps). L oupr oduce, LRGPl AL ERSaT . by perfonming
linear or bilinear interpolation between a current and a previous pitch estimate).
Apparatus RF100 also includes means for selecting a shift frame RF30 (e.g., by locating
the next pitch pulse), means for calculating a time shift RF40 (e.g., by updating a time
shift according to a correlation between a temporary modified residual and a mapped
past modified residual), and means for modifying the residual RF50 (e.g., by time-

shifting a segment of the residual that corresponds to the shift frame).



3 1 configured to obtain a set of decoded LSFs from
the quanti zed LPC paraneters SLI O and inverse
wa e@sgsneen bl ock 250 is configured to obtain aPGEUSINS/ 066840

decoded LPC coefficient values fromthe set of decoded

A whitening filter 260 (al so called an anal ysis
filter) that is configured a rding to the set of
decoded LPC coefficient values processes audio signal
fo 03] TR phodifice aRiduRC ik egpidal SOt Resduatal a ﬁxed codebook
generator R O may al so be i mpl ement ed accordin any
erHabutipas foy thed excHEEoB usignab| fer fthe cquienty aticc ulFae. 15 illustrates a

f [

Egzhlléag‘gto A Oﬁ éﬁh?ﬁﬁi}\g%tﬁ to‘gaﬁ guge )?ttcl?&ng H@thé!i‘ ’41100 that
e¢Rideapddidynad el tatuppoe dnokanl @pyrabeﬂi V\Eesk Rmeo s&urpﬁg the adaptive
frames, and jt y be desirabl |duaI modi fier
?S&%b%?k {&skB FQTE’ZS‘H ?%?‘P@ﬁe%\tcoleﬁ OgrfI‘? dﬁ%ﬁ ofXCftpigons sigaal) from the

RN g I
L T R, PR e Uy Y o R Rt il o LPC
syotlstsoridter bescdwaithe edrang $PGuakcftooend Vblués‘ terthe( wag)ed A4SB #o obtain

sou for nerating a et resi du sed.in

B G ot R e Bt n ottt apf desiadria nae® an LPC
§ﬁ§1&é§%aﬁlt&f bdsBE oRUIRS QAWRRE LPTapRIfici@UChIdesbidl thercubRMt modified
be arranged to provide input to tine shift cal cul ator

R40lugletagobtainpa p@ag‘@ntnmddfﬁeécremégaldlnaﬂhe rmepsetuaRgopaigr  ftomay be

%%mb%.lilgb;tas%a%"g%ﬁg %aal‘gc i ﬁ tg ta'pg an L%glma %}Pr{?h 8 filter that is

Hasa@ A sef omelgm@hwmlfﬁ@éhtmﬁ a@fdem&’ foneea@fle, in section
OO that includes su resi dual buffer

ﬁécb 4a51@13ai|1'8i4ﬁ?)|41§|% af @@.3&?%!?4%@ dpwme@m $01d¢ eefprenend above.
f
FAR1 0 & SO0 R Rk R GBIyl Lot o ot

a lthngst foatths faxebl codkbadika@FaBi' ))ﬁeaaafh iand| tegke RITAB Y QﬁrfEﬁihs the FCB
15 of LP enc der RC105 and RCELP encode
f%é‘t% tppofaiythe BB porttifpiean ‘Bftg%ﬁ’fcﬁtéPOIR%ngnd“éWte‘l above, an array

bﬂfblg?cna@ﬁl@ﬁtk g% % R%u 3 aat@@%a{@g E(ﬁﬂf%ﬁre{det% ﬁ?ﬁ%gﬁ@f)ﬁﬁre than one,

R60"that 1Is 0 receive f1ed
oesicdadlof theomarious fasks ¢Dis iPBhRhjaEbGOf Mtholdl R0t es a

di agram of. an_ appar at RE for R(EE; codj.n
@p?&%ﬁ%a lglﬁl Igﬁ(éﬁ g(p(glil% ﬁ}lc‘jﬁ e Lag?nclgﬂeslz&% E‘i@’ (flngg scheme
gp d1P! anedH; ﬁe@f indRAN Eﬁaﬁlp@ﬁfm@maﬂmabflau&b%coder AE25) will

par at us F OO i ncl udes means for generating a

tyeudatiy atIISORFIi:l@dQ eng or neme mpm&(“é%hlﬂg Ing aeignps nsh fipnoise-excited
1gea%u rea LR | (f‘N%ﬂDa}’ which Sgryg%ca é c{ B unVXwQ(? rfrao re%n( % d spoken

r or I near ween a curren

mqaflew) Qud fmrﬁeshthetst:d)rmheanly Appiafralings ndikd. OOthtrsexamples of non-
i ncl udes neans for selecti n%ma shift frame RF30

Bg;]ﬂl&: qu,up% selangaeinelude trepto eswvefﬁ%ﬁgtemﬂlatlon '1%'\7&9['”)’ and its
PR Rl BobIR AR b RGP PEP T BB P e for iahly
vengbframys. mdthich IaecR(EHSH’ dodihg achdne irapgietd encode a frame of an audio
signal, and a non-RCELP coding scheme is used to encode an adjacent frame of the
audio signal, it is possible that a discontinuity may arise in the synthesis waveform.

[00124] It may be desirable to encode a frame using samples from an adjacent frame.
Encoding across frame boundaries in such manner tends to reduce the perceptual effects
of artifacts that may arise between frames due to factors such as quantization error,

truncation, rounding, discarding unnecessary coefficients, and the like. One example of



past nodified residual), and neans for nodifying the
residual RF50 (e.g., by tinmeshifting a segnent of the
wo e®sdsmbe t hat corresponds to the shift franme)POTLSHTFS/066840

32 [00122] The nodified residual is typically used to

E4PYul at e a fixed codebook contribution to the

excitation signal for the curtent frame. FIG 15

illustrates a flowhart of an inplenmentation RML20 of

REELP @atedidgm¥eishednfHED difaétei dsinedesnstsiel (IMDAT") coding

tasks to support such an operation. Task RT90 war ps
rr1ﬁdapt|ve codebook ("ACB"), which holds a copy of

P8 RGP AN g s
arvoldansicnirdesha fonldpeschbaseds. OFort dxamply, Itl&ﬂAdteE’@ed Audio Codec
goeff|0|ent vajugs .to the warped cﬁ to.ohtain an 9?
GDouts otPertficg hdn phsc elélﬁ%?tloél'é Pﬁgan%%aore ady ptpndardization
@s@&@ﬁtbﬁat@m LG RYRLRRS éoﬁﬁﬂlgs%n E' _ mkﬂtelﬂ%tﬁ 0§99, also
PC coefficient values to the current "'np |f|ed
kesidaaMPES-6 BadidniseandDC8htodmpdichemd. Begioduial3 (pagtshe 145 to 4-

Do e RGBTV ey ST PR bGrieRE bESY AREERS another
MIBE T ®dRRS &R, and ehis Wectl dhhedbl-Ricdrpshichch E‘éference as an

val ues, as described, for exanple, 1n section
axamrge.(pp.MBCTscodimngisciene @ﬁchh@ﬂ@@fu@@ EYRECIH ér@qmmpy domain as
n%c()toi;rlegon C é rugfg]t \rl\grglﬁle¥ %1%19 %ég Sl&é‘l kh %glﬁ'gggrael i§ ﬁgsaetdgﬁ glapltch period,

b @ bﬁcﬁb BpFropidtd &r eneddih$ Sinfrink eﬂuﬁ@ deld@stker (ikGEEs)of sinusoids.
search, and task RT130 perforns the FCB search to

8124l ﬁnt MEGERodisgtscheyne juses b chepsding siindeny dhat cxgpmds over (ic.,
ﬁé g}/@% Vtﬁore n@écruﬁ q{arﬁegg' %orel 1?595 Sieré%h Df M, the MDCT
a configure or m orfe, noré

pﬂmancasri\ﬂ co@fﬁoeammbaleﬂ oafant MpuN@HIMLgaanKsOmﬁ featurs of an MDCT
%gfle nt ati on of Lhod RM 0123] A nodern

B BGtRforg: wyatidhiomst t entaqna B ViR exicadopgr one or
ﬁl%hieﬁ%né Boltindari@s Q\f?ﬂb{ﬂtglnéﬁé%lﬁﬂﬂe' Wbt Bgtr%rﬂsform coefﬁflents needed
[ enentation of audi o encoder AE25) w il typical
EDI @prasmilth@l enaded dranrenr heo suECHL By erbaghpmgg csxdhmema ahused to

t.ed di cti "“NELP"), ..whi ch i
ERoleh MR RIBAS At e En BRGCRLRA uhiokg PR Lol kilmehowever,

5 ﬁis@&{tin‘{lﬁﬁ)ma@rh@llsé [@ﬂﬁs%oﬁ@sfpbn@lﬁ%c%édae@ flayhebackgr ound

noi se er "exanpl es of non- LP codi ng schenes

[QQJ;m@éICpPa@ompmhe M€ dronrifistaarpoiabé @’ﬁ)rQSSﬁWS ) and
its variants such as prototype pitch period ("PPP"),
which are typically used for highly voiced franes.
When an RCELP g@di ng schene is used to encode a frane
of an non- RCELP codi ng schene is
used tdxq; odeggi&gg? ghg frame of the audi o(l2ghal,
it is possible”that a discontinuity may arise in the
synthesis waveform [00124] It may be desirable to

encode a frane using sanples froman adjacent frane.
where

h,(n) = w(n)\/% cos[ (2n+M L\g(% ” 1)7[} (EQ.2)



Encodi ng across frane boundaries in such manner tends

to reduce the perceptual effects of artifacts that may
w@eiosasies ween franmes due to factors such as PCT/US2008/066840

q7ant|zat|on error, truncation, rounding, discarding

0iificessary coefficients, and. the Iike. One exanple
of 071667 33 such a codlng sch¥he is a nodified
di screte cosine transform ("MXCT") coding schene.
204259, An . MM cade FancioRONR) iiS tybidkly- RRce@TionNs: a window that
scheme that is comonl y used to encode nusic and ot her
sedisfisy eﬁhc h ceralitiats . wFGT) +e)xa(m§1 M) =tlhe(axdv anldet] thadiPdncen-Bradley
Codec "AAC'), as specified in the Internationa

ation for Standardi zation (ISOyinternationa

?2%@*@@ FE S A Mo Tioptiaf B R Shoressod asi oy
codi ng schene. Section 4.13 (pages 4-145 to 4- 151) of
t he 3GPP2 EVRC docunent C. S0014-C referenced above
descri bes anotger~ MDCT codi ng schene, and this section
IS hereb&n}neo deéké& ﬁm)reference as an exanpl e. Iﬁ53)
MDCT coding s e encodes the audio signal in a '
frequency domain as a mixture of sinusoids, rather
than as a signal whose structure is based on a pitch
period, and is nore appropriate for encoding singing,
FB#Si £.0,and . ofIer, WHeld W @RS 08 (Rl MuRedidst MISOR 263riRnts and x(n)
MDCT codi ng schéne uses an encodi ng w ndow t hat
ebettlemllsl cte‘qsedted(samelcs overl aps) two or nore consecutive
anes. | engt h of t he MDCT produces M
@88% FIG. elrﬁ glu@fé%teﬂ oF %eemn%w%fyw §1§H§R1§%1 wigggw shape for an
'Fr&)dﬁfg( %&GMQCI ﬂf?éj'vﬂgdoc\g r@l@? &/Hﬁfle%‘ﬁgﬁes kR PRALen- Bradley
It allows transform w ndow t 0 extend over one or
owrdgid, avmg beeupctased@s wi t hout i ncreasi ng the nunber of
transform coefficients needed to represent the encoded
frame. When such an overl appi ng codi ng schene is used
to encode a frape\that is adjacent to a frame encoded
usi ng a%@Rz@béER?lschene, however, a di sconti nuity(lERy)
arise in the spondi ng decoded frame. [00127]
Cal cul ation of the M MDCT coefficients may be
expressed as: where071667 34 for k =0, 1, . .., MI.
fdre) £ wRCIA/QRvIREY) = Bindicates dld ﬁ[rsﬁ@hﬁﬂé €0tht oubent dramiendow
that satisfies the condition w2(n) 6 (al so
E’Qﬁ"ééstsﬁéwprmﬁéerﬁ%feadheWE&Tthﬂd@ﬁf) 8 1@@6;9231 ergpge the current

SEPESSARAT A T, gL B R G0
reoenived NBEMDOETWindberg wod tocéntpde the previous frame (frame (p-1))
has non-zero values over frame (p-1) and frame p, and is otherwise zero-valued, and the
MDCT window 806 used to encode the following frame (frame (p+1)) is analogously
arranged. At the decoder, the decoded sequences are overlapped in the same manner as
the input sequences and added. FIG. 25a illustrates one example of an overlap-and-add
region that results from applying windows 804 and 806 as shown in FIG. 16. The
overlap-and-add operation cancels errors introduced by the transform and allows perfect
reconstruction (when w(n) satisfies the Princen-Bradley condition and in the absence of
quantization error). Even though the MDCT uses an overlapping window function, it is
a critically sampled filter bank because after the overlap-and-add, the number of input

samples per frame is the same as the number of MDCT coefficients per frame.



are the 2M decoded sanples. [00129] FIG 16
illustrates three exanples of a typical sinusoidal

wowrmdosr2shape for an MDCT codi ng scheme. Thi s RETUSA08/066840

shape, which satisfies the Princen-Bradley condition,
#e°’be expressed as w(n) =sin - (EQ 4) | 2Af J for O
n <2M, where n = 0 indicates’he first sanpl e of the
current frame. [00130/ As shown in the figure, the MDCT

Wo SIS Or7 aUBIRckrdtes entedtedibfanCof b iplch@iRitich MEBO®bf MDCT
has non-zero val ues over franme p and frane (p+l1l), and

framgeneadar 3¢d. 2 Rpvidwa izgratatorRd 0 mpaTbasondsured 0@ serssefe iy residual
GRS MR R R BSH MARR i  132 o
geerion Vial Lied , tharsd;RAze EMBCT dotwrdaw 8360 Us-€dircorppratetidy reference
P Shqed T ohe. HadbHeRone BUDoRBY WolOBABEY! dp gencrace the
gé‘égiﬁglggggg UndubitBed Q?ﬁ [@Pﬂﬂﬁ&eﬁs 18 MIRHMoAEHRBC ARt includes

FI'G 25a trates one exanple of an
ongehapatorg- el RCEHR encedeatRE EXUlabd MPEh apaidgir AE100, residual

w nd 4 and 806 as sh in FI.G 16. The
syarark R g o b e ier Rn D et & By St R s tpptore
tol0®32] Eﬁéb%lfep!’l\ﬂEﬁﬂﬂ a@b'iﬁ&ﬁd&eﬁﬁ agbCITeRRAgk! BSY ItR& i(sY‘éb%ﬁgured to
w(n) satisfies the Princen-Bradley condition and in

tHeulatb M6 ofcfticianisi(zgt.i aspordmgoto) an ExmassidrofeghX(he as set forth
NMDCT .uses an overl appin i ndow_function, it is a

diveiie did Do driseder TP @Yglsalﬂ@éuﬁ@caaa%ma?& 1280 e s configured o
?l‘sf)%ﬁ%atﬁé ABadeherfiientY ?%(%&E d Coi(zjc?%i?éo%éd RE&iddal dBRal $30.

e sane as the nunbe I clents per
Quamtezc) PBO6MaB be [00fBurkdItGpeddan ifhdtast ratieg of BIDKCK coefficients

B O T A e Fapfirc o

pafasNefadiotial heodi®si SaMDST NostteRhisZ QlinsPGpproximate  function
paranmeters (e.g., quantized LSPs, as described in part
gomputiank as describad.4o1 gxapiple.He "BaPromNRAtydbereh Pulse Coding of

RoEP Eae s 0 PRk At il & RSB BRRH  ypgtions.” U. Miteel et al.

[KPE [QASSPI 2007, 9pNEL8d & LD®, aes irdpwat 4 0sisng suétipnant 3 dLthe 3GPP2
]Iig’lgl(gar aneters. In a multi-npde coder that includes

Aegiment 6004 #-(Rieposted Be refrenesorbayg: Mocshown in FIG. 17a,
Se Sl R s b U PR O MR gSe iRl civocr

i mpl emente
siotulet D4@ thet QO E3ifj gurnt ad eslciMEcQRcaligosanndtLtasd am MDGhantized
nmodul e D20 that is configured to cal cul ate NMDCT

SPRJ . ek grccupp i anyexmassion oo,
[ooedyTesorde quaR! it 8ty BBdedifidle {oSp&futinl GO operation on audio
signal S100 rather than on a residual of audio signal S100. Although LPC analysis is
well-suited for encoding resonances of human speech, it may not be as efficient for
encoding features of non-speech signals such as music. FIG. 17b illustrates a block
diagram of an implementation ME200 of MDCT frame encoder 34d in which MDCT
module D20 is configured to receive frames of audio signal S100 as input.

[00134] The standard MDCT overlap scheme as shown in FIG. 16 requires 2M samples
to be available before the transform can be performed. Such a scheme effectively forces

a delay constraint of 2M samples on the coding system (i.e., M samples of the current

frame plus M samples of lookahead). Other coding modes of a multi-mode coder, such



process the MDCT coefficients to produce a quantized

encoded residual signal S30. Quantizer D30 nay be
weonsiigeed to performfactorial coding of NMDAACT/US2008/066840

coefficients using precise function conputations.

Nf%r natively, quantizer D30 nmy be configured to

perform factorial coding of MSCT coefficients usi ng

approxi mate function conputations as described, for

exampipe RARLP, NIV ICOPWI exidior IFEG tadd inyadicall |c§‘oﬁ|f_‘|1_%ﬁ&@ti R@ dpbrate on a
I\/DCTCoeff|C|ents Usin rOX|rrat|on 0] atori al

shonter idelas  congiraing (etgel Mg%anmles ofj fapurreptsiEme by, Mpp M/3, or M/4

873 BRAR 3Ry RGOl B8 Bl SE, OBVRCTB, Avrw)
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9&&9 %9% tha{ i sQﬁl% lea nosﬁl)ggal%" ?cﬂ'tc'n%ﬁﬂj s%tgﬁ@l r[ftpﬁczglons that may

according to an expressi or' x(n) as set fo above
raquiECa tlia)lsmiﬂtﬁf)ﬂaaeﬂnclludestbﬂenmsstp pmdunapadketsdaea ipriddohiar rate.

R Rl s B B i i ay be applied
BN Mgkt d28l¥$i,$n bﬁac%k kireStuhEtRsh ifv(ihg 8MEQHaR in FIG. 16) to

resonances of human speech, it may not be as efficient
alérw erleekdihagyl ndervalrthet isfsheier- tbpieéé hins ﬂ@rmlrtsaéarcdxawle shown in

b jllustrat a bloc am,of
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of audi o signal Sl QO as mgﬂt [ 00134 The standar

Q/{B@M olrethisagchyigierfexaspleneiwrhich apg described wapsity £43.2)p. 4-147) of
f

RANA L, O df MOProTEVRC ShPlifeh S SOOPER, MBlSRp By roforonce

a:bmst rad nin df.S2MPedicpliies Mo 2008/0021 19, symsitledn (SYSTEMS AND

MRS aroRMEBIE G Andaalal SRETEA T fine sassociaTeD
SHGEO ANS &Hﬁﬁ) &Gy RCREBCTNG owP %\é%mé'ﬁgé Qhdf JE ith zero-pad

are typica configured to operate on a shorter
mglmnsr(aﬁ hing(he (M- l,)/ﬂ\,/l adnplrdssapffi¢shéhec BrmmmtBIfadb:neccpllduB)n One

TR ateh BTy Tl i < kit S RN ng

bet ween codi ng nodes is performed automatically and
may even occur several tinmes in a single second. It
may be desirable for the codi ng nodegasoff such a coder
to operate at the same del ay, Qéé’c‘F for
circuilt-switched applications that rray re uire a
transmitger 7 hat Mnch ydes t heMéndoder s roduce
packets at|aLparti Qul rate. @013% Flﬁ 18
illustrates one exanple of a yj owfughg[tlgn w(n) that
mdy) be applied hy MDCT nodul {e<g———+r pl ace of
the function w(n) as illustrated in FIG216) to allow
a Iookahfad terVﬁM% |s3$herlter Lhan+® In the

parti ctifas, I'e shown i n sn< >
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FIG 18, the | ookahead interval is M2 sanples |ong,

but such a technique nay be inplenented to allow an
wae@stsaeey | ookahead of L sanples, where L hasP@mnys2008/066840

value from0O to M In this technlque (exanpl es of

MHPYh are described in part 4,13.4 (p. 4-147) of

section 4.13 of the 3GPP2 EVQ@ docunent C. S0014-C

i ncorporated by reference above and in U S.

Publ i catjsonz No. 2008/ 0027719, entitled "SYSTEMSAAND,

WETISCDS MEDhEHrsusp oo sue THTANE RAVE /AS Epthe first

W TH AN AUDI O SI GNAL, " the MDCT wi ndow begi ns and ends
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satisfies the Princen-Bradley condition. One
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¥1£“é%¢e‘5) P10 K- ?Pérfﬁlf b Hordiar g 650¢H 7, and is zero
techni que retains the perfect reconstructlon property
ék@wmﬁeaﬁhﬁ&ﬂ@ﬁxehnquan&hpation and nunerical errors).

is noted that f he case L =M. this
f"@h?ﬁﬂlb?ﬂn} e o el infiedengR wng wpm%%qcﬂ%% gdhepgs, it may be

Eésﬁ‘abl%% Rt {hgf th% @?ntﬁ@ﬁ?w&v 1s%mmuou% abss the ffante boundary

I's zero 2 2 el sewhere such that there i's no
@t\/\elmlclame c[lmﬁmeﬁjdmmmadmwnchemfm e Recoditpamodantl aunkms-PR coding

PR .and non-PR.codi ng schemes, jt may be sirabl e
BRSETY THArThHe bRERE SR ARFEPb DT BB GBRSodnE scheme to
IR Ssel 8l fiimden BRYIRE@NY, atd Wk WRsitdbee €IpFRe FRA ceptually
nmode switches froma PR coding node to a non PR co

@I@th (t@nsmp@ detyees él_)o.se Aclm@ﬁm fodenaiely e ptieh mryod that SPans the
| %unc()iﬁ {S)eré‘.\gverc?%rggere Cugar:i%ne% fS Latie: §11|1(} 22110 u%?e?g%llpar}zg ¢, Niy! gnefarcr)lay bIE unusually

PeFcapisil bychshnatshyifch dSideh PR ebﬁltnmeHR todise seeheBRy cause an
Unf or t unat el a pitch period that spans the boundary

prstible sHclg or ethen @ﬁqoz@aulm drthe derpdad sightle giddationaliy, %Srr%‘éi above,

| , C t -and-

TR BR Dt Ehbthe A OBHe & TRl oAl Gl o8y oifberlap-and

addivid dewcthiat kxtondsodvee coniesativet firmuaes, ytnd fit tnhe bd eleeitdde to avoid a
n Additionally, . as noted abo a non-PR codin

gla%gﬁén ey é]&‘g‘ea P{er paundatyr befween, Oée g@fg@ﬁa}twasfr%esaﬁt may be

Qé/s%Bl%HHQH&@QQSéQ" th{%é%ghﬂ{e &ffé@ﬁ‘&&e@‘fﬁ&n&%éﬁﬁﬁg foVie time shift
frames, and it may esirabl®e to avoid

applied by the PR coding scheme.

[00137]FIG. 19a illustrates a flowchart of a method M100 of processing frames of an
audio signal according to a general configuration. Method M100 includes a task T110
that encodes a first frame according to a PR coding scheme (e.g., an RCELP coding
scheme). Method M100 also includes a task T210 that encodes a second frame of the
audio signal according to a non-PR coding scheme (e.g., an MDCT coding scheme). As
noted above, one or both of the first and second frames may be perceptually weighted
and/or otherwise processed before and/or after such encoding.

[00138] Task T110 includes a subtask T120 that time-modifies a segment of a first signal
according to a time shift T, where the first signal is based on the first frame (e.g., the
first signal is the first frame or a residual of the first frame). Time-modifying may be

performed by time-shifting or by time-warping. In one implementation, task T120 time-



change in the tine shift at the boundary between those
consecutive frames. It may be desirable in these cases

wo e0osnsli2zby t he unregul ari zed frame accordi ng tRCT/H82008/066840

tine shift applied by the PR coding schene. [00137]
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processing frames of an audi 0% ghal according to a

general configuration. Method M OO includes a task TI
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dne hislBmantaORE tadki PIROMBYcishiFtsutle stghalt gl mbling thatMire segment
values in order to performa fractional tinme shift. In

tnyerepr bapkMare it SMiche. ralglver i enatheresogaepsof Hie frame or audio
ST Rl RRF 00,08 TS0 by B0, ALLRRSAEL R sampis

vilecd inrosdersappifem adaotiahiahgmicahifhelnvalbther ahpl&émamedtion, task T220

novi ng anot her sanple of the se nt (e.g., the last .
HRRPYEDS BiF speant Batsdveth &%“Wﬁgﬁ%{%e Ude Spet an1apsratiopgnay include

%g]gh% Weles ekt td Qﬁg@?]coﬂ:c@% B 1&ahpd, Qgﬁ?a@%ﬁéé?%ﬁ%:ﬁay include

hat {1 me-nodifies a segnent of a secon
aovmgdinggpatmpla dfetheisaemeiti (B1g., The fine rsempleg as@rding tsitgmeadlue of T

i s, based on,the seco frame . 0., the second signal .
P PRETSACOMF PaRE e RBEmbTad the PReSEEN s YRe having a
agilde 168 SRR th&Bl@ARMALS PN, FéraskamiZL Qadkd MB26 oyt Sme-warp a
the segnent by noving the entire segnment forward oOr

Fawkwarahdrrseginget By mappingdt &1 p\gerespoadiogHene seivehthaphas been
thhe fr r . audi i gnal ) . r di Q the val ue o .
WGl BE AR R BHEP o RS i oy FReb ot 4 455 81 o nowrive

valiele6 T, in vhilel cdse threvdlqy 6ff B nidyast deefiad zédore tisdhéddt of the warped
anot her inplenentation, task T220 tinme -warps the
&eHIBht based on the time shift T. Such an operation

'ﬂj‘g#dg@ﬁé %Wﬁﬁ i (80 'ﬁﬁ%ﬁ&iﬁ%gnﬁxgﬁdﬁe HQh A second signal,

xanpl=e, such an Operation nay
or the segment may be a shorter portion of that signal such as a subframe of the residual

(c.g., the initial subframe). Typically task T220 time-modifies a segment of an
unquantized residual signal (e.g., after inverse-LPC filtering of audio signal S100) such
as the output of residual generator D10 as shown in FIG. 17a. However, task T220 may
also be implemented to time-modify a segment of a decoded residual (e.g., after MDCT-
IMDCT processing), such as signal S40 as shown in FIG. 17a, or a segment of audio

signal S100.



novi ng one sanple of the segnment (e.g., the first

sanpl e) according to the value of T and novi ng anot her
wgaawphe72e0d t he segnent (e.g., the |ast sanpl e)P@IUS2008/066840

value havi ng a magni tude | ess than the nmagni tude of T.

¥dP7exanpl e, task T120 may time-warp a frame or ot her

segnment by mapping it to a cd?%espondlng time interval
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igtigrealcytaten tigeshifliperetng fonpmatehietwosy thewslesigdhihaf figpe and a
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du[lng encodi ng of 00142] FI 19b

fi f
P[00 A5 v cEreR 1SGRR HAR? St | Dot Bk B D1 3 T140 that
Pé‘séﬁé&lk&f tha$fevibusli@sil ﬂzﬁltH% cﬁ:l%rn | nftﬁ‘s KAST&g&s%Jﬂiaébove it may

es thetine shi base ormati on from a
b@demhle fof ara RGP msﬂmgss.cbfsmam@ gelmnaih adgsrgtteesidoai tyi mapping the

nost. rece ane As dj scusse
B i T B TR RGP SR o 4l WesieBt dbls? R EEnaRbe curren
tpraenerate a target residual that is based on the
nmodi fi ed residual of the previous subfrane and to '
WAl taney be td'r:wb%mf ¢ondiguisr bl g 21 O tan timgtshHt Pt sesemd signal and
the sel ected?§ fra and a corre

ft on S nt .
PSR BEIGCe Y sttt Tl R Rl MR ERAF Bhoogine the

targe
$dcomd hamk. @or ararhpip) i€ ﬁﬁ@ttﬁtde@mab'[é fok4ashkf T21@sts applyltBe time shift T
that includes an inplenentation T132 of task T130.

tptdR residiml of gheygean E(npa%)qu_qme apghplso to any portion of a residual of a

subsequent frame that is used as a lookahead for encoding the second frame (e.g., as
described above with reference to the MDCT and overlapping windows). It may also be
desirable to configure task T210 to apply the time shift T to the residuals of any
subsequent consecutive frames that are encoded using a non-PR coding scheme (e.g., an
MDCT coding scheme) and to any lookahead segments corresponding to such frames.

[00145] FIG. 25b illustrates an example in which each in a sequence of non-PR frames
between two PR frames is shifted by the time shift that was applied to the last shift
frame of the first PR frame. In this figure, the solid lines indicate the positions of the

original frames over time, the dashed lines indicate the shifted positions of the frames,



maps sanples of the previous residual to a del ay

contour. As discussed above, it may be desirable for
W@e0RCERB codi ng schenme to generate a target reST/USZ08/066840
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corresponding | oo and a ap reg
Rethnaeopdriteonf mayras: vzl rhzlp@n@iﬂne ssgmérit tval detny cﬁmﬁimr For example,

such an operation may include moving one sample of the segment (e.g., the first sample)

\){I%%bﬁle etn%re segmen{ f%)I'WElI'd or

according to the value of T and moving another sample (e.g., the last sample) by a value
having a magnitude less than the magnitude of T. For example, task T120 may time-
warp a frame or other segment by mapping it to a corresponding time interval that has
been shortened by the value of the time shift T (e.g., lengthened in the case of a negative
value of T), in which case the value of T may be reset to zero at the end of the warped

segment. As noted above, time shift T may be the time shift that was applied most



consi stency may help to avoid degradation in the
quality of the reconstructed audio signal. For

wex@spir it may be desirable to use the sanme PCTES2008/066840

shift value for both of the frames that contribute to
%H®%Yverl ap regi on such as an MDCT wi ndow. [00147] FIG
20a illustrates a bl ock di agr"alm of an inplenentation
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glig ﬁle Cs Jm @Eﬁ%ﬁ%ﬁo%ofs%&ﬁnggaetpggde lgé ?1 M{)ﬁﬁ‘ en%%ﬁer ME210,
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t hat has been shortened by the value of the tinme shift

ffa RPO. | engthened in the case of a negative val ue of
h. t
o IO Ee SRR et Ir B Ehn MEER 8¢ MDCT
sivotitr MIHTY the ihbladés MOshilﬁchtiMOdﬂs P! Netke 1nJect10n module
t071 4 1 recently to a tinme-shifted seg by
dwpﬁfgglge% DrSLIEND HOtsR Oy AR AFsd 1 lemenys £ Sitiniied encoded
fggﬁﬁlalr §%ﬁﬂt Sﬁ@dﬁfﬂﬁno& g’i‘ RGB! Ak nt: r??m%é" éé% ba)éc&rdmg to a

codi g sc ement ati on” of
@nhmdeer ap\Eb©Cribbdin part |4Lﬂc$e75 (p bl Eherft etiiond.13fofRBEBBPP2 EVRC

d d MEl 1 d MEl 10.
Ak 8 D06 oty 0 Wt Bty mathT i eBsPRrgon may
ﬁhp}eaé atdio mhkgufb?exredﬁ%g tﬁ@@%@ﬂtldﬁ' & totab aftifhéi§ttﬁaﬂt1ﬁ§y occur
i npl ement ati on ME210 of MDCT

a bl ock diagram o
éwmmew&%@ngeﬁ&@deﬂdwmgswwmes an |nst ance of
Ldﬂgﬁ)éﬁw élbelrl Tt'}/alltg)s cksﬁle%raingn ed drtnglerne ation CME){S(? of MDCT

dPoYEY Grar

et f ) ednadddt MISI30NAdlu&R S foﬁ:ﬁarﬁ@hqﬁiaﬁb odulcad6l enfigured
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®r H@f%gerpmtgaér\@ggm@ p%lovg—ifr@ﬁllaqncyﬁﬁmaafm regions of residual 51gnal

B SR L o AR LR LT ccion .15

efh ded 2GPMEXNR C edvconhent (SZESZ)DGM@ync@kmatb@ byorefé¢rgnoeedbovo) and a
trglragt ctlele%%hgsoldlngoidlelpe 15%? IC(()jI‘llJ gureci tq nraelrno%g (t)he perceptual weighting (e.g.,

according to a technique as described in part 4.13.9 (p. 4-151) of section 4.13 of the

3GPP2 EVRC document C.S0014-C).

[00151]FIG. 22 illustrates a block diagram of an implementation ME140 of MDCT

encoders ME120 and ME130. Other implementations of MDCT encoder MD110 may

be configured to include one or more additional operations in the processing path

between residual generator D10 and decoded residual signal S40.



buf fer R90. [00149] FIG 2l1a illustrates a bl ock
di agram of an inplenentati on MEL120 of MDCT encoder MEI

wo 208t5mp6 | ncl udes a noi se injection nodul e DSPCT/NB108%066840

|nject|on nodul e D50 is configured to substitute noise
¥0P%7zer o- val ued el ements of quantized encoded residua
signal S30 within a predeterﬁﬁ%ed frequency range
(e.g., according to a technique as described in part

o1 I m3a4itldSftesof f16@€EHdrosf 4 mkehddf oft MO GICBRDIMYRCframe of an
docunent C. S0014-C incorporated by reference above).
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[n%%%ﬁgtl&hgf RS TERG 0P eﬂ{odt ?11 lgire{hoﬁgﬁf\/ﬁ OF) Nt ud®% task MT10
occur ua I ne

uring underno e I ng o e resi
ﬂﬁegér[emzm:s [1@951&@[ foff Ghe Batne] | Tagk tMAL @ S$s @pkﬂaﬁgl@rﬁhw @Nteceive a

an inple don 30 of MDCT encoder
%ﬁ%d’éra Wﬂg%{] PP pEe é Whigh pagy; b %H{ﬂw%f@?%SSWB/E BHE %s@ldlo signal
SRy | aRke Mo H@rtggﬁiyﬂyp%ﬁféﬁ{eﬁé ¥eind 'eneg liakar Freglzcgon coding

[ owfrequency for regltons of resi si gna
("&Pg.") amdysoy dpangicmoami ey ha confeguasd tdneprodlud@eadsdt of B parameters

disB e e KB dor BobathyS mabiofien e dlovbyt processing

patforts QuEBRL ord QR M@ﬁé&eﬂf@ﬂ%&g@i@ ARQR: oBHef ﬁﬁeﬂiﬂ% operatlons
renove the perceptual q | accordin
S.

tﬂgbmmdd*dl\/ﬂlé)@emﬂm 2 th a13m® r@pdlfms i@]g)en@fated residual.

ection f t t
Fooe  hfedtchslont ud R gl%fngﬁi‘lf%a e Sl B Ame-shifeing o
sagaie@ﬂem@t ﬂe@ﬂud‘YE%an@fthé@ﬁfﬁeQd&gﬁeﬁtr ﬁbnk/ﬁazﬁ ek Md1220ording to
Clher | ement ati ons of MDCT encoder MDI | O may be.

eh Such ak pperatigphmay Anghgdeaintsapr atingnspmple values in order to

I
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2 rpOOID DYy tinhdSvaddiay & hd:gmsdﬂt af é& mmﬂhai\mmrdn e tane shift T. Such

nmet hod . of NDCT e codi ng rane of an audi o signa
Wmté‘?ﬂ:@@& eomépRj’é& a}ea%eg@sﬁtftpg?miegw eontew: %or exmple, such

M)Qgeﬂam?ﬁ % | ﬁﬁlﬁ@'?n&ffmé AR kaﬁﬁ?@ S hERE gnt'\('e%) the first sample)

cludes a tas that generat€s
a@ordiugio thé velne of il aumd momaﬂwlhe@samplte)(plgc &lid lystasamalmg byl a value

. i daudi p_si gnal (whj .
g Thediie L By T ERRRAE et Be Piseic ahitinéthuay sppticd
MB5Ordcently b Galilk-shifRidesmatead blCa ipRC |cbl&iﬁ§ achéi€ %d/or the value
prediction coding ("LPC') anal ysis operafion and

may
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O6DREEDL rdh@@dlﬂ@ nevRIdgVIi1 0Q 2R M C T @hb®ling mkthediIMBI100, task MT20
operatlons [00153] Method MM QO i ncludes a task MT20
A elspibesonBened Ksstersdingomedicd desidus sigagl S20 to a modified residual

buffer (e.g., for possible use by method RM100 to generate a target residual for the next
frame).

[00154] Method MM 100 includes a task MT30 that performs an MDCT operation on the

time-modified residual (e.g., according to an expression for X%&* as set forth above) to
produce a set of MDCT coefficients. Task MT30 may apply a window function w(n) as
described herein (e.g., as shown in FIG. 16 or 18) or may use another window function
or algorithm to perform the MDCT operation. Method MM40 includes a task MT40
that quantizes the MDCT coefficients using factorial coding, combinatorial

approximation, truncation, rounding, and/or any other quantization operation deemed



In one inplenentation, task Mr20 tine-nodifies the
residual by time-shifting a segnent of the residual,

worewsngr2dhe entire segnent forward or backwar dPCT/US2008/066840

according to the value of T. Such an operation may
PH&tude interpol ati ng sanpl e values in order to
performa fractional tine shit}¥. In another

i npl enentation, task Mr20 tine-nodifies the residua

Bitablen®r WRpRigla? apSaEsh. B thish&afmpsd, eHetlodMBBEG0@NsOtiACudes an
time shift T. Such an_operation may include napplnaw
quantized
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ue resul ting host recent -up
ac atray batepdc tlemenshiefet, 1byic aaie®) mayll‘tregzoﬁﬁgﬁr&é to Ipprfamn one, more
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m?gw@ﬁe?ﬁ S o tjothe REEPYS %ﬁl@o‘bg] tﬁ HFPé‘?‘H{n PVt exsedRgvhich method
1nﬁﬁ§é%qh{b%n'i@?ﬁahf6% MM ERof E&%ﬂﬁ)d'\ﬁg@l Oﬁ%d%&ﬁ’oc@ﬁM 100, Oremdual

configured to store tine -nodified residual signal
tédmdatmml task RIT Fesindluadidiplifdoseration gask Mol Opoegi dhkes matlons in

od RM nerate a tar dua f.or th
oh ey mex QTR AT A st o st RlionCr gven be
hﬁﬁ&ﬁgﬁéa@§ﬂ§saﬁeMB§T operation on the tine -nodified
r esi ., according to an expression for as set

fﬂﬁiithKbo§ét) iHpstratesd acllogk ghagram appefatic iMREQ) for MDCT

%;%Z)C %I%'glgggl fg%%r{e?ﬁ B éuda 0 \Qfgﬂglo(!’ ﬁg%rﬂcl\/[b%g %ﬂﬂgrggrﬂau%?f means FE30

oRyppasaua AN eApIWrdi’tdQMF M)OthlQﬂe@@eﬁisg@f igbiviating a remdual of the
gerforn1the MDCT ogperation. Method MWMO incl udes
ragR FFb(ceghally RRIEMETRERN m&emmqﬂ%@ﬁ‘tﬁfrwérﬁ@@s G@M@@d above).

{A?gérgfu's %F‘f@@ uﬂglaclie%%pdtﬂ Ol Iﬁé n%ﬁﬂ%@?' fifat e‘ﬂ@rated remdual FM20

ncati on, roundi ng, and/or an gquant | zat i
Gper ayi m:mfodmﬁrgeaimmﬁ&meﬁ&tmnn ctfaﬁalsle M'620 tak eiepcar‘ttedcahoae) In an
In this ex

?5@?%%@% o of ggasting am%%ﬁ%@”?ﬁalpd% wcgmlﬁlga%%mfs of RCELP

BRYH AR Rrab VO] RRRIAIDUT Sfcdditls AARKLZRE 100, means FM20 may
coeff|C|ents to obtain a set of decoded sanples (e.g.,

alse dvleohonﬁgumdatn seorprtmn@dlﬂedrreaéudangﬁab&ﬁ tatmm)dlﬁed residual
155] mentation o

PR o T PR AR N BRUAATTcOdp AP e casigual for the
Wbt hfrmnsﬁcoﬁpmathaaiqﬁw%o anduRs meimd f&bgmfomﬁﬂg an MDCT
array of logic elenents EE | ogi c gates) e
epfiftiguee dha Bmgenedified @%edua MB G tpapbtainea S@rOfem lcpefficients
%ﬁ%ﬁ)‘? Ré?éﬂé@ﬁg ahqgllﬁen?efntattgﬁ ({ﬁg&ong3'(:)oa{s Rs&RG eib%ve) and means
for quantizing the MDCT coefficients FM40 (e.g., by performing an implementation of
task MT40 as described above). Apparatus MF100 also includes optional means for
performing an IMDCT operation on the quantized coefficients FM50 (e.g., by
performing task MT50 as described above).

[00157] FIG. 24a illustrates a flowchart of a method M200 of processing frames of an
audio signal according to another general configuration. Task T510 of method M200

encodes a first frame according to a non-PR coding scheme (e.g., an MDCT coding



M O i ncl udes inplenentations of both of nethod MM QO
and method RM OO, residual calculation task RTlI O and

Wo e®sds@be generation task MM O may share oper ap€DIS20081066840

conmon (e.g., may differ only in the order of the LPC
BP&tati on) or may even be inpl enented as the sane

task. [00156] FIG 23b ill ustthtes a bl ock di agr am of
an apparatus M-I OO for MDCT encodi ng of a frane of an

Shdne). SITARIRITH1 6 &f. mcthBd MAZT) ieAddesrRndcabnd fraffe dfe@BSaudio signal
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nodi.fi ed resj dual n i.fi ed [es ual .
B yesh Thf shemsgs Gipiss aed ByRappiba G ks g entiv firs
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HE?d%ﬁiuﬁDgeMBﬁ Da0Nng $hbenMAIG: oghf | Howedcs, {iMé(TSQe Bay also be
by perform ng an |$I enentation of task M40 as

H%&l@mPlHé@I tabt@v@r}no parsaemenivel @clegoded irpradusbids g., after MDCT-
A o RS0, 28 pPSREY S S0 M RO B of sudi
mgszkl W80 as descrl bed above). [00157] FIG 24a

illustrates flowchart of _a pethod M200O of ocessl
fO0L3ML I e i ef%mﬁit@tng wgﬂsg@aawmgt s thy %?%‘FH y girEggfe entire

8 Wraht P8 baki rdTﬁ]tQHQB @%[ﬁ@i@e Wgﬁ)otﬁé}cs%gﬁéntaof the frame or

I'Tst frame according to a non-PR coding s g.
arduMS@ﬁala @chomayﬁg 166 viduesafhEn8)ich FragperatGiOmay mthtd@odterpolatmg

e PG, Eo0GePR B AL fdbRam (enging fABfer spplemgntation
aglane) tmfleo'@a%]the-r @ééfne-f@ B8scins dama@sisabt. aSIﬁcﬁrﬁl@ @peration may

that tinme-nodifies a segnent of a first sign

webde dnerp@mgotha segnett to arfslayrgoptour., Fah éX?énltlh,eSUfih ra9t0perat10n may
IS based on [ rst (

gﬁcglﬁg jmoving one rpsei of?tﬁg rs]e%gl}snti Siyihe ffrsthafrn ielg &ccqrdmg to the value

bhe ahd hﬁ)&fn'fgr a&hﬁﬂ])er sdniple BEthRsagmbt,(c ighehd Haﬁ%aﬁﬁpldﬁ by & viatue having
a val ue g[ the | ast updated value) of an
&8@8%‘!“5&1@@ h?%eéfrﬂgfltmc&‘so cl cul at ed during RCELP

ﬁ)@f&ﬁﬁ"g& ’P§206¥n£§ ﬂggor{f{é%treﬂoes?&g% fif&niddiSld sflﬁt‘?am?o b Buffer (e.g.,
to a modified residual buffer) for possible use by task T620 described below (e.g., to

generate a target residual for the next frame). Task T520 may also be configured to
update other state memory of a PR encoding task. One such implementation of task
T520 stores a decoded quantized residual signal, such as decoded residual signal S40, to
an adaptive codebook ("ACB") memory and a zero-input-response filter state of a PR
encoding task (e.g., RCELP encoding method RM120).

[00161] Task T610 includes a subtask T620 that time-warps a second signal based on

information from the time-modified segment, where the second signal is based on the



the audi o signal. The segnent that task T520
time-nodifies may include the entire first signal, or

w0 b@sasyaent nmay be a shorter portion of that BCTIS1008/066840

such as a subframe of the residual (e.g., the fina
&Ubfrane). Typically task T520 tine-nodifies an
unquanti zed resi dual signal (4§g}, after-inverse LPC
filtering of audio signal SI OO such as the output of
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-
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hersoedndgtama)esponse fllter state of a PR encoding task

Py FeCiTaRe TSRS 4N RO AT BN KOGk TOR. Task

shonalcliRRS @dsudusk Nfa30M®hd Aapd 5@@1&@ 8f kHBmEBAbdifi&H segment to a
segnent, where the second si is based on the071667

deay sontaur b élmaa@o cpignat. heA% gtS@Wder |a@m if mayhlee deseighlg for an
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% g%?%ﬁfg%ﬁﬁa? tHat SEGED b thdreBURGSHFhe Ard? @ﬁ}n-ﬁ@ELf) ﬁrgme, including

the time-modified segment.

[00165] For example, such an RCELP coding scheme may be configured to generate a
target residual by mapping the residual of the first (non-RCELP) frame, including the
time-modified segment, to the synthetic delay contour of the current frame. The
RCELP coding scheme may also be configured to calculate a time shift based on the
target residual, and to use the calculated time shift to time-warp a residual of the second
frame, as discussed above. FIG. 24d illustrates a flowchart of an implementation T626

of tasks T622 and T624 that includes task T650, an implementation T632 of task T630



[00162] In one inplenentation, task T620 applies a

second tinme shift to the segnent by noving the entire
w@aegsas29¢ or ward or backward in tinme (i.e., rePEL/US®O8/@66840

anot her segnent of the frame or audio signal). Such an

BP&tat i on may include interpol ating sanple val ues in

order to performa fracti onal*@ime shift. In another

i npl enentation, task T620 time-warps the segnent,
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portable communications device such as a cellular telephone. Such methods and/or

apparatus may also be implemented in infrastructure equipment such as media
gateways.

[00168] The foregoing presentation of the described configurations is provided to enable
any person skilled in the art to make or use the methods and other structures disclosed
herein. The flowcharts, block diagrams, state diagrams, and other structures shown and
described herein are examples only, and other variants of these structures are also within

the scope of the disclosure. Various modifications to these configurations are possible,
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n@gmabgﬁmbmonMpﬁeﬁbnted in |nfrastructure eqU|pnent
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contrguratio
cornbmatlon thereof demgned to perform the functions described herein. A general

purpose processor may be a microprocessor, but in the alternative, the processor may be
any conventional processor, controller, microcontroller, or state machine. A processor
may also be implemented as a combination of computing devices, ¢.g., a combination of
a DSP and a microprocessor, a plurality of microprocessors, one or more
microprocessors in conjunction with a DSP core, or any other such configuration.

[00172] The tasks of the methods and algorithms described herein may be embodied

directly in hardware, in a software module executed by a processor, or in a combination



wel | . Thus, the present disclosure is not intended to
be limted to the configurations shown above but
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executable by “a machine 1nc1ud1ng an array of logic eclements (e.g., a processor,
microprocessor, microcontroller, or other finite state machine). Thus, the present
disclosure is not intended to be limited to the configurations shown above but rather is
to be accorded the widest scope consistent with the principles and novel features
disclosed in any fashion herein, including in the attached claims as filed, which form a

part of the original disclosure.
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tint aciiads al teansseias fl2Dedlramdeeiwbr 1 620mnaludes a transmitter 1110 and a
receiver 1112 that support transmission and reception of data between device 1108 and
a remote location. An antenna 1118 of device 1108 is attached to housing 1122 and
electrically coupled to transceiver 1120.

[00178] Device 1108 includes a signal detector 1106 configured to detect and quantify
levels of signals received by transceiver 1120. For example, signal detector 1106 may

be configured to calculate values of parameters such as total energy, pilot energy per

pseudonoise chip (also expressed as Eb/No), and/or power spectral density. Device



part of the original disclosure.071667 49 [00175] The

el ements of the various inplenentations of the
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processor used to execute portions of code
TOMATSISOODANBIED ISk f ferent el enents at different
tinmes, a set of instructions executed to performtasks
corresponding to different elenents at different
times, or an arrangenent of electronic and/or optical
devi ces perform ng operations for different el enents
at different times). [00177] FIG 26 illustrates a
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comuni cations 1108 that nay be used as an access
termnal with the systens and net hods descri bed
herei n. Device 1108 includes a processor 1102
configured to control operation of device 1108.
Processor 1102 may be configured to control device
1108 to performan inplenentation of nethod M QO or
M200. Device 1108 al so includes nmenory 1104 that is
configured to provide instructions and data to
processor 1102 and may include ROM RAM and/or NVRAM
Devi ce 1108 al so includes a housing 1122 that contains
a transceiver 1120. Transceiver 1120 includes a
transmtter 1110 and a receiver 1112 that support
transm ssion and reception of data between device 1108
and a renote | ocation. An antenna 1118 of device 1108
is attached to housing 1122 and el ectrically coupl ed
to transceiver 1120. [00178] Device 1108 includes a
signal detector 1106 configured to detect and quantify



| evel s of signals received by transceiver 1120. For
exanpl e, signal detector 1106 may be configured to

waealsnsave val ues of paraneters such as total BCEDS2008/066840

EB|Ot energy per pseudonoi se chip (al so expressed as

, and/ or power spectral_density. Device071667 50
1108 |ncludes a bus systen1ll§% configured to couple
t he vari ous conponents of device 1108 together. In
addition to a data bus, bugrsypgsm 1126 may i ncl ude a
power bus, a control signal bus, and/or a status
signal bus. Device 1108 also includes a DSP 1116
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on the time shift.

2. The method of claim 1, wherein said encoding a first frame includes producing a
first encoded frame that is based on the time-modified segment of the first signal, and
wherein said encoding a second frame includes producing a second encoded

frame that is based on the time-modified segment of the second signal.

3. The method of claim 1, wherein the first signal is a residual of the first frame,

and wherein the second signal is a residual of the second frame.

4. The method of claim 1, wherein the first and second signals are weighted audio

signals.
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claim1, wherein the non-PR coding schene is a

B R e S SIS SRS URT 440, s
iSRRGt hiafTot ebdAEScheRR! f Orm ng a nodi fi ed
di screte cosine transform (MDCT) operation on a
10. The method according to claim 1, wherein said encoding a second frame
includes:

performing a modified discrete cosine transform (MDCT) operation on a
residual of the second frame to obtain an encoded residual; and

performing an inverse MDCT operation on a signal that is based on the encoded
residual to obtain a decoded residual,

wherein the second signal is based on the decoded residual.

11. The method according to claim 1, wherein said encoding a second frame
includes:
generating a residual of the second frame, wherein the second signal is the

generated residual;



resi dual of the second frane to obtain an encoded
residual; and perform ng an inverse NMDCT operation on
wa@2@sgsmbe t hat is based on the encoded resi duaPCT/vS2008/066840
obtain a decoded residual, wherein the second signal
V9%Yased on the decoded residual. 11. The nethod
according to claiml1, wherei r153sa| d encodi ng a second
frame includes: generating a residual of the second
framesubsbgicai 1 Jahitineeaiuliysin sdgnicht bhc gecmaaigl, perforrmng a
resi dual ; 071667 53 subsequent to said tinme-nodifying a
Begiisdt digmete fesige denfosn gvaratiopexn Be rachgfatedniseidpalencluding the
t he generated
e S R G T L b
obt ai prodocieg e sceadcasiddd dtametiade Porothd ehogled resgdiand
encoded frame based on the encoded residual. 12. The
nmet hod of claim 1, wherein said nmethod conprises
ﬁi.ne_ “Fﬂé I {M’on%rld '\xﬂgretu? SQEIHI %&ﬁd@coﬁlﬁfs%s tlﬁle%ﬁgﬂﬁ tEJ.CCOI'd.lI‘lg
of a residual frame that fol t'he second frane
tonthe iencashdit,a ss:gglnaﬂ of a®sidTdef et dvoaithef fatloais hclsecond frame in the
lh‘E ei n said nmethod includes tine-nodifying, based on
Opighd- shift, a segnent of a third signal that is
based on a third frame of the audio si gnal whi ch
follows the second frane, and wherein said encoding a
$dcondh¢ mathediafclaimels vderdio sail mptizodnipiufipsedmetingastifying, based on
%il 3% éﬁ1ﬂ22?§%gﬁl§ﬁt(?f : I)mf B%anttlc]jea %Vs%gc’ie%n W& r‘% gc? \fv %}%agf the audio
\Agﬁﬂ%@lﬂﬂ)llbhzlslﬂﬁb sb@Bfrsme, hd The nmet hod of cl al m 13,
erein the second_signal has a length of M sanples
and t WBCHCHT yaid nepdie aecond (fesmm lmclélgeavp@f forpriegsa mgdified discrete

d :
AR ABC 96 Ao, U RS A FRLELHRR o e e
odif@) shmartpbitceéconiend dédnindgsilgnal , i ncl udi ng the

ti me-nodified segnent, and (B) not nore than 3M 4
sanples of the third signal. 15. The nethod of claim

#13 \Mf'ﬁé icthddnst c‘iﬁﬁf)[@' ﬁﬁ&&ﬁlth@ @&oﬁ? %ﬂgf fﬂasoef le%th of M samples

les and the third ’signal has a
staimhbdsrdsagmhlhhea EnpthsdiM speplesraming an I\/DCT oper at| on

i ncl udg1 CI ng a. set MR& coef fll [ enta t of M
i s ba%8f® EHte B¥ AT AT BHCS P ucmg a set o
MIst v @SéfﬁMeﬁt%WHhte@ vafedtdie As)emogaqlp%smhe sdcRRd YA itdiRling the

ti me-nodified segnent, (B) beginsS with a
time-modified segment, and (B) not more than 3M/4 samples of the third signal.

15. The method of claim 13, wherein the second signal has a length of M samples
and the third signal has a length of M samples, and

wherein said performing an MDCT operation includes producing a set of M
MDCT coefficients that is based on a sequence of 2M samples which (A) includes M
samples of the second signal, including the time-modified segment, (B) begins with a
sequence of at least M/8 samples of zero value, and (C) ends with a sequence of at least

M/8 samples of zero value.

16.  An apparatus for processing frames of an audio signal, said apparatus

comprising:



sequence of at |east M8 sanples of zero value, and
(C) ends with a sequence of at |east M8 sanples of
waene/1yabae. 16. An apparatus for processing fPEIES2008/066840

an audi o signal, said apparatus conprising: 071667 54

&s for encoding a first frame of the audio signal
according to a pitchregul ari z?"ng (PR) codi ng scheng;
and nmeans for encoding a second frame of the audio
Si gnameanc Ardéntgding & fRanfriiRe Gdihe Gaugieh eiFRal WERFEE to a pitch-
the second frane follows and is consecutive to the
fagpkerizigdRB) pedingechgugi ®dsi gnal , and wherein said
nmeans_f e LISt ' 3
U momBr, ERERE e B sLdnd b EBE el SRR ol 10 » non-PR
todisd schcgoal that is based on the first frane, said
nmeans for tinme-nodjfyin eing configured to perfor )
one alBRGI Wy LrorsHpme igfﬁ o‘tfﬁéniébwcwettﬂéﬁ? fvgtf{gme in the
glﬁgggi agcding to the time shift and (B) time-warping
t he sggrrént of the first signal based on the tine
shi f t wheneth whidr gicans &0 ene@ingg faoffirdti fremeodefugengneans for time-

B0 bised g o B descomeihar s dienend dhld oo on the firs
ARk hard RdisToPtihe ndifyifpeodihg &inf%h%ﬂb pedbiehn YREEBOI: (A) time-

sai d nmeans for encodi ng a second frane includes neans '
stofting the seaichy phiie fivalsieame acqonding tavthedimg shiftand éBirtime-warping
f a seco st agnal at .is.based pn the second franeg,

il Bemg RR i) fondh e o RERGE SR AE Docong 16

per f ovheRALsadd BREny M} tideModilfyihg hReghhie Fadirenignd id frfigured

second frane according to the tine shift and (B) .

10 GhangmE PPTHEOR Pler RiEhmBthte ofthe spemeatishdivsiteyAratheypitel pylse of the
£ ift. 17. The apparatus of claim 16, wherein

?ﬁgs ng%&gl gnal is a residual of the first frane, and

wher eivhetche ssid casahssfog reakodiag & saeshdUuadmofindlinds sacandfor time-

fr . 18. The apparatus of claim_16, wherei he

FORGY i isst B dimgnald, & peerne Qﬁ@e@&%ﬂdwsnﬁitéﬁdﬁ ased on the
B B A g i (IR SR e amon
¢/s) cmk-ahifmg theesegineet sfhthf tsedradeftaron a¢avkdingrée thentithe ofiaand (B)

R e S A BB SR WL ot
16, wherein said nmeans for encoding a second frane

17. The apparatus of claim 16, wherein the first signal is a residual of the first frame,

and wherein the second signal is a residual of the second frame.

18. The apparatus of claim 16, wherein the first and second signals are weighted

audio signals.

19. The apparatus of claim 16, wherein said means for encoding the first frame
includes means for calculating the time shift based on information from a residual of a

third frame that precedes the first frame in the audio signal.

20. The apparatus of claim 16, wherein said means for encoding a second frame

includes:



i ncl udes: 071667 55 nmeans for generating a residual of

the second franme, wherein the second signal is the
w@emsnsmed residual; and nmeans for perform ng BCT/US2008/066840

nodi fied di screte cosine transform operation on the

§ef%r at ed residual, including the tine-nodified

segnent, to obtain an encodedY esi dual , wherein said

nmeans for encoding a second frane is configured to

pr odugRams RegeRdaaiRCoeRMubr 8NbhcBasdd fRiind, Rehcedls @ktesteond signal

residual. 21. The apparatus of claim 16, wherein said

irehnscresited iepdughend yi ng a segment of the second

si gha - :

i o e, RRPARURER, A oddifTRr ety oBEREh T8k Rpkifion on the

falctaydbresidaals mchidthyf thameimodified stpahant, 30 gbtain an?éhcoddieresidual,

apparatus. of claim16, wherein said ans for

time- wiaaqefrw% eads JRi ARCadingya %degma Agcopfigured to produce a

G OOAC i lbTETRARE ncoiBeRdigaf, Lhe i me shifl, a

segnent of a third signal that 1s based on a third

frame of the audio signal which follows the second

ame,  and ereln sai ans f.qr encadi ng a cond
Pl aneThEEAE PRdHET|6oTRars SHHGS St MegTving a segment of
HeSeESIRiERS ISN@ntib ARt tiMc(MIE Tk cQRBIAD tRNtIAY hif@ a scgment of a
w ndow t hat includes sanples of the tine-nodified

yegivelmis: fofme that dlown theagedondhirarde g1 i§aanhdio spRal. The
apparatus of claim 22, wherein the second signal has a
| ength of M sanples and the third signal has a | ength

of. M ThORhRBatuSHITCINVRE T & ivhesélh daiteddass F@timefdodfin@ G RBment of
MDCT operation is configured to produce a set of M

f/ESPDd g éﬁ ‘éﬁ]tﬁguquia‘fp ti@?-ﬁ?@s@u, _te AN the $igﬁp$l)é§, ppegment of a
T R S -

frmechngli gnal . 24. An apparatus for processing franes

of an audio signal,_ said apparatus _conprising: a first i
Fr ameVBRESTE BSHS 5t Frepditty errcapd frameiindydes fagpas fgr performing
Ehﬁsoﬁlﬂéﬁ BisSieD sixf%ct?é%{sgirﬂlgg\tmcér& FHPE&Bbﬁ e &rigddW that includes
(PR) coding schene; and a secon ranme encoder
somflegefrthdtime-reod baesaneataddhd scaoml ofd thive smpeliso

signal according to a non-PR coding schene, 071667 56
wherein the second frane follows and is consecutive to

vhe firhshpfakai®of dlaitD®2, wherein the second signal has a length of M samples
and the third signal has a length of M samples, and

wherein said means for performing an MDCT operation is configured to produce
a set of M MDCT coefficients that is based on (A) M samples of the second signal,
including the time-modified segment, and (B) not more than 3M/4 samples of the third

signal.

24.  An apparatus for processing frames of an audio signal, said apparatus
comprising:

a first frame encoder configured to encode a first frame of the audio signal
according to a pitch-regularizing (PR) coding scheme; and

a second frame encoder configured to encode a second frame of the audio signal

according to a non-PR coding scheme,



audi o signal, and wherein said first frame encoder
includes a first tinme nodifier configured to
wao eovwsAse6 fy, based on a tinme shift, a segnentPCf/Us2008/066840
first signal that is based on the first frame, said
PiP&t time nodifier being configured to perform one
anong (A) tinme-shifting the ment of the first frane
according to the tinme shift and (B) tine-warping the
segnefheRin theesctdbdd fram FBROWH AR OdhsbhRive itoBhS Mirdttframe in the
and wherein said first tinme nodifier is configured to
ahpgiend, sski tion of a pitch pul se of the segnent
rel amﬁgre s A8 Qtefralﬂé gﬁﬁpo&lﬂllﬁﬁuc%s 1 Iﬁst t'lff1§ ?ﬁlﬂ&aéonﬁgured to
and erein>sai d secon rame encoder 1 nc
smeanetlifyi, bescdugi 4 tieie shiffal gument dfoa firseegamicdhityis baseglath the first
n the me shift, .a segnent. of a second signal tha
rgmsa%ﬁﬁ@htlmﬁ én%dé%%frmﬁggr%mégu@m p%f%%hanet e (A) tme-shifting

{H%dée%fn%ﬁt 5el kH%gﬁféP rﬁfah&uéc%gr(ﬁ& Rﬁ FHeOfifk %‘ﬂfft AHPNBY) (tr%;e-warpmg the

tine-shifting the segnent of e second frane
mgumndohgetﬁmsttstwakbamd emtlfettummjni(t B)ndt i me- war pi ng t he

5o N T TS e apfth s Copaye 10 Rt T gpution of a pitch
?ﬁlg@@ﬁthw dgi\nén@%él@tml to @hothB&pifchpalselof aErirs@ighavhagei n
he secon is a residual of the second frane.

26. Théesppsaidserondfragicainerder, ingindased second tiicrrgedifiprconfigured

agtgl’gl?gltl d1§1n§£sséfiaornethm§ln%hth§$elagéj%O ?] nas'g?onfdr aThhat is based on

#RcRESTd fragk uded secohd Mnds Rlotitfics defig! @inﬁrgm%@rtf)l;gubﬁﬁ dn@ among
calculate the time shift based on information fr

(Astigeahifang et spmgny ‘Pfa‘il?é se¢rad fparee agresding éo fher%me shift and (B)
e e 00y i S ABRAC Sl c1 0

resi dual generat or conflgured to generate a reS|dua

f th d fr wh t h
Sener ThEIRBLRURA ST DRI HTEL ey BB og e frs fame,

M PRRERMTHE M s ggﬂ% Qr&g{‘ Wl GHHE gefctoﬁ d R@fdcor m an MDCT

operation on the nerat ed residu I ncl udi ng the
time-nodified segnent, to obtain an encoded residual,

' d i fi d t .
I oaudBe aPuudng? Shiouh e Baded S Frdftsigare weighied
&ﬁﬁég@ﬁM&O71667 57 29. The apparatus of claim 24,

wherein said second tine nodifier is configured to
time-shift, according to the time shift, a segment of

reegil;ge %ppa,%{tusa ?ff L&HF 24 I'Q)v%erem salg\ﬁ%st a%leseen%ggg nflélgctims d time shift
calculator configured to calculate the time shift based on information from a residual of

a third frame that precedes the first frame in the audio signal.

28.  The apparatus of claim 24, wherein said second frame encoder includes:

a residual generator configured to generate a residual of the second frame,
wherein the second signal is the generated residual; and

a modified discrete cosine transform (MDCT) module configured to perform an
MDCT operation on the generated residual, including the time-modified segment, to
obtain an encoded residual,
wherein said second frame encoder is configured to produce a second encoded frame

based on the encoded residual.



30. The apparatus of claim 24, wherein said second
time nodifier is configured to tine-nodify, based on
wao bh@susires shift, a segment of a third signal tPE/UBR08/066840

based on a third frame of the audio si gnal which

¥dPYows the second frane, and _wherein said second

frame encoder includes a nodi¥ied discrete cosine

transform (MDCT) nodul e configured to performan NMDCT

operation over a w ndow that includes sanples of the

time-nodified segnents of the second and third

39.gnailBe apparatyy ef glgpa 24t wdesin sdidiserond tinghmodifier iheonfigured to

f

BAERA Re e Mt tim R D Serlh AL SIREN o (g fbf Bilows the

pocid fraghe liethesaudiondigrglir ed to produce a set of M MDCT

coefficients that is based on (A) Msanples of the

second signal, including the timenodified segnent, and

ﬁ@) nq’ﬁe 2%521%‘&15‘ ancBMh @45@@{91[6?115529& sERBA I FhodifRP& configured to
. ut er-readabl e medi um conprising 1 nstructions

mtmnfmodme hasedenuhe drieyshit, progmsstorf acthird mgnhkethptrlsdnem a third

o: encode a fir fr of .the a 0 Si accordi ng
hiing SE iR Rt b o R s el and. onaods
a secongrefd aaRl QEcdne fidl @n&ldePahclagso adintdificd thcrete cosine
non- PR codi ng scheme, wherein the second frane fol

aebforen OREAundrde configecds torpsrformameMDEE pecratiefi @Ver a wmdow

t?hagmcluéiasa ng amples (%rfe% d tlsal g dlp %egﬁlteh%ogtl\l@sle]gg Se%nedfnthlr(rirggnals

exec he” pr 5CeTSof

i nclude instructions to tinme-nodify, based on a tine

shift, a segnent of a first signal that is based on

$he fiTheppmeraiweol daimy30.metareis theowrsondsignatdiana dgngih of M samples

hﬁkﬂh%h@%lgﬁﬁhé{i’ g‘&]f(‘)fM@éﬁl ety 38”8 to time-shift the

segnment rane a cdr I'ng to the tine shift
and (BhenenstsmchD:(ﬁB rhodul¢ e -ovafigurect gospodestt aodet tdfeM MDCT
ift, andQ71

first. si ased on the t| 67
frsi@fﬂﬁs g@%tds A%Ar Qe A b M sqgp %agﬂﬁoﬁp? i sie E{d%f the time-
ﬁloﬁiffe%ltsegrh%ﬁaénd' (;Bg B ot RA] A l&s%focﬁélﬂﬁ’l% nal.

position of a pitch pulse of the segnent relative to
anot her pitch pulse of the first signal, and mhereln

idinstruction when execut ed cause
S A LRI SR et XSO 20 S hen exccuod by
b BRICEYBE ERRS tHeDrédciByi®@di fy, based on the tinme shift,
a segnent of a second signal that is based on the

seconendodepelirss Ghele ioidhe gedip orenak eccordveg trdipitgh-regularizing (PR)

coding scheme; and

encode a second frame of the audio signal according to a non-PR coding
scheme,

wherein the second frame follows and is consecutive to the first frame in the
audio signal, and

wherein said instructions which when executed cause the processor to encode a
first frame include instructions to time-modify, based on a time shift, a segment of a
first signal that is based on the first frame, said instructions to time-modify including
one among (A) instructions to time-shift the segment of the first frame according to the
time shift and (B) instructions to time-warp the segment of the first signal based on the

time shift, and



i ncludi ng one anong (A) instructions to tine-shift the
segnment of the second franme according to the tine
wahioBtisased (B) instructions to tinme-warp the sSPOES1009666840
t he second signal based on the tine shift. 33. A
pHod of processing franes of an audio signal, said
nmet hod conpri si ng: encodinng&irst frame of the audio
signal according to a first coding schene; and
encodiwhgreth $£6dRSIcEBAR (@ kintdhRodifdia0scgh@nalbf aciat dighgl include
to a pitch-regularizing (PR) coding schenme, wherein )
RBue R fricangers PPEiPBH AL atteh PYscefibe sermapé relgiviere another pitch
[ jon.t audi o signal, and wherein the first
%%%?%@£égﬁgﬁgﬂy§g§1non-PR codi ng schene, and wherein
sai d eheedi swid mstructiins fwhaciewihae kxba s dt dao®:- thi girdogksdg to encode a
based on g first tine shift, a gnent. of a first
geghaframgdpclpde wagugiionh tq H@efm@fy, pasgehon thg fige shift, a scgment of
L1 ORIRAlif Y et 1 OAaQ?d B RS ATRNGarké) safd %ﬁﬁ@t’l(&lts' Stime-modify
the segnent of the first signal according to the first
inchelirphorid amoog (B) instmetiowsr i igeishdt fegiwemenodf theesecond frame

first signal. based on e first tinme shift. and

tiier G BF drBnaniens () Debuiine R AP dh SEment of the sccond
SibAR vARdl JithBamek@ed on a second tine shift, a

segnment of a second signal that is based on the second

frame, said tinme-nodifying including one anong (A)

%ﬁ me- hrh%th{)(g 91; é}rggessgfglg nq%l%%els %Ig aré Eli?(%l%% %fggl (,j%a%éi %%%od comprising:

ccordin
ti me- waoRingG: filefrSRYTRME a0diolshiPaPRCoRIhSlogdlst f@sftcRBme; and
the second tine shift, wherein said time-nodifying a .
encgat 2 gecondsisaan @f $heyaudio) signal geeordmantgi s gitgh-regularizing (PR)
111 f a pitch pulse of the segnent relative to
gﬁ%@%ggﬁggtch pul se of the second signal, and wherein
t he sebtomth theneecedd frome Sollasedndis caofsocuriatitorthé ifiosn frdnee in the
%%Pe-nnquied segnent of the first signal.071667 59
o §igBalniiidhod of claim 33, wherein said encodi ng a

i StyhERPt Ak uBaho RERENC RG0R-U ERfineRReRlEd T am

that is based on the tinme-nodified segment o
firstwbemgmabaid ancbdimerdimnt famnd ieredmi thge-ancsleyorgd bhsednan a first

.ncl ydes produci ng a.second encoded franme that |s o
et G RRETER B ot R CBanEost Ohhs dagniiime. said time-
fodiFing  Betudiipe ot o Of A C kitdclohd&ng WHE T REmchih 8f fthé Srst signal
signal is a residual og the first frame, and wherein

tgverdieg o thostigghaime shifh and Bl wane-whrpitg: theessgmgnt phhe, first signal
based on the first time shift; and

wherein said encoding a second frame includes time-modifying, based on a
second time shift, a segment of a second signal that is based on the second frame, said
time-modifying including one among (A) time-shifting the segment of the second signal
according to the second time shift and (B) time-warping the segment of the second
signal based on the second time shift,

wherein said time-modifying a segment of a second signal includes changing a
position of a pitch pulse of the segment relative to another pitch pulse of the second
signal, and

wherein the second time shift is based on information from the time-modified

segment of the first signal.



36. The nethod of claim 33, wherein the first and

second signals are wei ghted audi o signals. 37. The
woredokosr2according to claim 33, wherein said  PCT/US2008/066840

time-nodifying a segnment of the second signal includes

€4P%ul ati ng the second tine shift based on information

fromthe tine-nodified segmen§9 of the first signal,

and wherein said calculating the second tine shift

Bacl UTiRS ni¥EHREIOTQ i3 3t vierdRdidid estodp@ehitst Bhmt hecldddks Sroducing

signal to a delay contour that is based on information

# fiBihenended Sepgdhdtinbased 9B thertiacmadiing sseweninfile figst signal, and

cl ai - ' ' j ' ' se

corr ol At SEL FhBaffy & SEGANSahi Rk bridiohBaetedRg tncoded

frampltles ivhased detheainas-yodiditidfst@derntes ildsatbondadighavher ei n

the tenporary nodified residual is based on (A

sanpl es of a residual of the second frane and (B) the

Birstohi Hﬁtlﬁ)la' Jticlainds3 Wﬁr&i’%‘iﬁb@ﬁrs@ﬁg&ﬁ% R9edi@1af bAIHD first frame,

33, wherein the second signal is a resi dua? of the

setwhetcinrthersscond signiles eirgsidal of the seonddiafgi ng a

segnent of the second signal includes tinmeshifting a

first segnent of the residual according to the second

86.me $hé frlethodE cWAMSI WheRintnBEkHQdd SQwRE 's%ﬂﬁl:s are weighted audio

calculating a third time shift that is different than

sigealsecond time shift, based on information fromthe

ti me-nodified segnent of the first signal; and

time-shifting a second segnent of the residual

az.cor Ghd ehctitvdt dtotdimg & Elhie 38 hivhére7dbd inROnddifyidhe segment of

nmet hod according to claim 33, wherein the second ]

thiegaeand sdgngl incdydey gplcplpting thesseeoihitime Rt bagad oprfoanption from

[ A= LEvi the second si gnal

@%éﬁ%@gﬁiﬁngééﬂ}%‘??’ﬁgwa %I rgﬁal’gdfélgnent of the residual

accor dhagirt eaitlhealagatorgdticl sezosditirhe shifd indiedesi map@Eingl the time-

nmet conprises: calcul ati athird tinme shift that

n@dgfeﬁfsegr@?ﬂt of flE fiFhe ol o h ATk GRneH; it lgga@g&ndﬁ&mﬂon from

aferdmtaon fromthe time-nodified first segment of

the residual; and tinme-shifting a second segnent of

the residual according to the third time shift.

38. The method according to claim 37, wherein said second time shift is based on a
correlation between samples of the mapped segment and samples of a temporary
modified residual, and

wherein the temporary modified residual is based on (A) samples of a residual of

the second frame and (B) the first time shift.

39.  The method according to claim 33, wherein the second signal is a residual of the
second frame, and
wherein said time-modifying a segment of the second signal includes time-
shifting a first segment of the residual according to the second time shift, and
wherein said method comprises:
calculating a third time shift that is different than the second time shift,
based on information from the time-modified segment of the first signal; and
time-shifting a second segment of the residual according to the third time

shift.



41. The nethod according to claim33, wherein said
ti me-nodi fying a segnent of the second signal includes
worzppitsmscanpl es of the time-nodified segment PET/UR08/066840

first signal to a delay contour that is based on

PHPSr mation fromthe second frame. 42. The net hod

according to claim 33, wher ei ¥ sai d net hod conpri ses:

storing a sequence based on the tine-nodified segnent

of the first signal to an adaptive codebook buffer;

and subsequent to said storing nap%jng sanpl es. of the

4Qapt 1hemedwdrsemdmgrte elaim 3 3awheicythe §paond signpkis ajrgsidual of the
ipfoormation fromthe second frame. 43. The

%%?ﬁ%ggggt%¥%ing to claim 33, wherein the second

si gnalvheim saig stirderadodiffyinghe ssgmormdoff thenssconddigrfk imiludes time-

sai.d tipe-nodifyi a segnent of the second signa
?h%@}n@&e‘@g‘t %e&@-ee\éqf&ﬁ%@%tdﬁ%l eeQidygAP th sceprd Wmg shidt, and
Vhath safD S8 Einpris@l d net hod conprises time-warping

a residual of athird frane of the audio signal based
on i nf or matdlodatingmthifvetime shifivdepasdliffesntthah tif sdched time shift,

econd.frane, erein.the third.frane is nsecutive
B AR ialBHlon e e Fhoddise o LRgRsn oGS Spfaat ¥

et hod accapdisAftih®a S¢@dnMsS3nenMoe iRl Bsillitg a8&F@AE to the third time
sygnal is a residual of the second frane, and erein
ghiltd ti me- nodi fying a segnent of the second signa

i ncl udes cal culating the second tinme shift based on

(A) information fromthe tinme-nodified segnent of the
fiir st TBé g@lodadofdBlg t00¢1QiiM8S, Whcrkomid HgcrasdiBad aGkgment of
the second frane. 071667 6 1 45. The nethod of claim
‘g@’sem@r agnpl ipdugsR r@@murggsagl@ﬁ@sh@f the tEmg-modified segment of the first
' : . ot .
A oY b e e AR R P U o o,

noi se-excited linear prediction coding schenme, (B) a

nodi fjed discrete cosine transform codin chene, and
t&) alpy Brdoggecrdperiorikim 36 ¥ pEFReF et FRMREYsE e,
46. Theifehheghbe 6hRHMBn3Re MRENLEHRicl RENAN OPFE AR B%nal t
schene ?gga H@ﬁﬁ??e&édiscr%t% cos?%g tg%nsforn1co In natioan
sdApere codeBookThieffareartibd accordi ng to clai m 33, wherein

ol 1 BB Papkl YRGBT BT 1S Aog Pl fuffr to
2 deiay coahr ht it BeschiiohShfofthagh frém A @lbnpfragBcoded
residual ; and perform ng an i nverse MDCT operation on

a signal that is based on the encoded residual to
Q?.t al ppd m{%ﬁ%ﬁ%l%gorg%gtg %%Jitg 3%\%1%'61@1 t‘ﬁg %ecfolnﬁ Ss}gngf i ra]larlesﬂh?al of the
based on the decoded resiaual .
second frame, and wherein said time-modifying a segment of the second signal includes
time-warping the residual of the second frame, and

wherein said method comprises time-warping a residual of a third frame of the
audio signal based on information from the time-warped residual of the second frame,

wherein the third frame is consecutive to the second frame in the audio signal.

44. The method according to claim 33, wherein the second signal is a residual of the
second frame, and wherein said time-modifying a segment of the second signal includes
calculating the second time shift based on (A) information from the time-modified

segment of the first signal and (B) information from the residual of the second frame.



48. The nethod according to claim33, wherein said
encoding a first frane includes: generating a residual

w@booBhe7206 r st frame, wherein the first signal PGI/UR®08/066840

enerated residual; subsequent to said tinme-nodifying
1&¥gment of the first signal, performng a nodified
di screte cosi ne transform opetati on on the generated
residual, including the tinme-nodified segnent, to
ot ai Tha l’ﬂn&lﬁtﬁp g2 d1ai8S3 3 Udhcreianlle RO@UEIA GeBerhd Sk relaxed code-
encoded frane based on the encoded residual. 49, The

et dingar Qe diptia) ¢adling sshangaandyinagreingihg aen-PRrooding sgheme is one

M A SIS LT MRR N6, BSRR 1 g,

Essanetramycdrvd esdipg achuehdgna (€¢ta prbtdvpeodaddfetn dmtS@b&itien coding
C%Ei ne transform (MDCT) coefficients that is based on
MOsBepl es of the first signal, including the

ti me-nodified segnent, and not nore than 3M 4 sanpl es

of the second signal. 50. The nethod according to

¢6.ai MBS mathet of mlaime3F, iwk;etreisi GualonhiS cadingnghbmofis M modified

a es an secand has a |l ength of M

I Ries a7 om8 50808 SR 1 oar d encod ng a 11t
frame includes producing a set of Mnodified discrete
cosine transform (MDCT) coefficients that is based on

47 seqlibamethet! azmréialgﬁcb eliniB cihqran seidcdngadiag Mfg@trfmn@sincludes

of the first SI ¢l u thet

segrreﬂ?r%mfné%g Bedi r%ﬁevét 'y ese‘%Sln an ?e rm["?ﬁf adéfj pgration on a
siphiest thd iz fram¢ad uaamaaﬁd:neé‘aedefeﬁauw ddd a sequence of

at | east M8 sanples of zero value. 51. An apparatus

for ppotasdnhy mvaiedBETarceian ongi vgil thas i kesereem g encoded
Peggilaﬁl'é'o'ﬂ% TRaDRA PLidnceding a first frame of the

according to a first coding schene; and
rreans%areneﬁhecﬁidqtmgnal 1sbamdd)nfthatm~odéd tderlualudi o si gnal
according to a pitchregul ari zing (PR) codi ng schene,
wherein the second frane follows and is consecutive to

hpe f Tﬁ@ﬁlefhroﬁ%% er‘éqg cAHABY, whahal aldaé?lgo%m%s?frﬁ fEA& includes:

first coding scheme®is a non-PR co
wher egenesading avesidsalf afrthe fic diang, avhereirs thef firahwgnates thetegenerated
glns for tinenodifying, based on a first time shift,
nt of a first signal that is based on the first

f r arresutﬁ,@q&nnﬁﬁghsd fidfe-mbaEy AR A :fe%hféﬁt BEHHROAiEOBizh AU HEMorming a
to performone anong (A) ti msshl tin

modified discrete cosine transform operation on the generated residual, including the
time-modified segment, to obtain an encoded residual; and

producing a first encoded frame based on the encoded residual.

49. The method according to claim 33, wherein the first signal has a length of M
samples and the second signal has a length of M samples, and

wherein said encoding a first frame includes producing a set of M modified
discrete cosine transform (MDCT) coefficients that is based on M samples of the first
signal, including the time-modified segment, and not more than 3M/4 samples of the

second signal.

50.  The method according to claim 33, wherein the first signal has a length of M

samples and the second signal has a length of M samples, and



the segnment of the first signal according to the first
time shift and (B) tinmewarping the segnent of the
wo poostisedgnal based on the first time shift; aPdI/US2008/066840
wherein said neans for encoding a second frane
PH&tudes neans for timenodifyjing, based on a second
time shift, a segnent of a seond signal that is based
on the second franme, said nmeans for tine-nodifying
bei ngwaemrfi gl edcddin@ear fidf MaaReindeg pfolcing a set of M modified
time-shifting the segnent of the second signa
diserstedrenine Fansherns é ) rorffiginiptthaintg pbaspd on a sequence of 2M

i me- i : f i . .
RS ERY T MRS Bl o, SRS NG PR it
tdgmeentigB) bydingwith asgqmnte of atdeseMoR darsplgnad zeirs value, and (C) ends

configured to change a positjon of a pitch pul se of
PHE 2SEgHERe 0? i least YEs %n%lﬁ%?%w BEeh pul se of the

second signal, and wherein the second tinme shift is

based on information fromthe tinme-nodified segnent of

fhe f Ansippangeddr. pré@&ssiipéranppaf at usliofigodlasand Hethod comprising:
wherein the first signal.is esidual of the first :

f 1 ame S ORRRFRE  HE B F@H‘i‘P YarhafedEih i o Gt coding
tdemseqnd franme. 071667 63 53. The apparatus of claim

51, wherein the first and second signals are weighted

audi omspgnfor snceding Thescaiph dracwy the codidi vignal gicedrding to a pitch-

51 mherﬁgﬁ%?qhd neans for tinme-nodifying a segnent of

?ﬁgbg%@‘ %n%%sﬁﬁ%Fudes means for calculating the

seconghticietihicténdaamd fonows bad IREOMBc e tthe first frame in the
ti me-nodified segnent of the first signal, and wherein
3liQ sigadingdk or cal cul ating the second time shift

i nclu . ' : g | £ segnment
of 1 e P e T RbgHRRAICAR i Toh SRl b e A e o
on i nivheneat iseid ficoam tfhre caewiomy af fiasrefralb. indlndes means for time-

apparatus accordi ng to ¢l ai m 54, erein said secon
FioHaY a8 ascqd an B%gg_gl%s ORI A ‘%‘rﬁ%@ﬂ@@i Hha W@gon the first
fhimk hﬁ%id%@ﬁ‘%qoﬁfﬁgg%di% lﬁ,{é‘t?gz&ctﬁﬁigﬁfeéﬁo EHO 8hyY arnongd(A) time-

modi T1ed residual, and’ wier nporary nodifie
stefingutht segmirasgdhofirgtAjgrebaplaedingfto dhe @sitduad stoft ande(B) time-

second frane angI% t he L'rs ti e sEth. 56. The
ApPAEG S CHBE PO Jhols el bita on G ESLmeshEe &tond
si gnalyhbRir s4i8 SheB! fopfenkbing &C 9dnd rfddiRe iRMGHMNBESIsNfor time-
sai d nmeans for tlne-npdlijng a segnment of the second
BiogHzingi Based on a second time shift, a segment of a second signal that is based on
the second frame, said means for time-modifying being configured to perform one
among (A) time-shifting the segment of the second signal according to the second time
shift and (B) time-warping the segment of the second signal based on the second time
shift,

wherein said means for time-modifying a segment of a second signal is
configured to change a position of a pitch pulse of the segment relative to another pitch
pulse of the second signal, and

wherein the second time shift is based on information from the time-modified

segment of the first signal.

52. The apparatus of claim 51, wherein the first signal is a residual of the first frame,

and wherein the second signal is a residual of the second frame.



configured to tine-shift a first segnent of the
resi dual according to the second tine shift, and
wob@sasncai d net hod conprises: neans for cal CRCHUB2008/666840
third time shift that is different than the second
YA shift, based on informatjon fromthe
time-nodified first segnent 3 the residual; and means
for tinme-shifting a second segnent of the residual
according to the third tine shift. 57. The apparatus
according to claimb51, wherein the second signal is a
pesi dlibg appargthe of sladmdd . ralrrEcin ghel i end &@cgmg genda e weighted
[ 96ioLipRs modi fyi ng a segment of the second signal
i'nct Udes means for cal cul at i ng the second tinme shift
based on (A) information071667 64 fromthe
time-npdified segnent of the first signal and. (B) o
B4 or AT PBRITH RS ACORENE B PRI oM BERE) SHEL BivanY ok fenc-mgdifying a
r I q . .
R s R E L PmE L 1 Phey MHEL o Be e hift based
ge ndomatiog feont theitohuamodifictsegrhemt of tierfanesigwhemdi n t he

first signal .is the generated residual;.and .neans .for

ber £ OMRPRGY Sitkobts B GMGEF bt 1o SRRl i Sh By A udes means for
PREpiaL tRNtiAR-hABiSE fehahedr iRSHidHfbnalitd &l M NEHAE that is based
time-nodi fied segnent, to obtain an encoded residual,

ah thfoimeation Arovaihg spemddrdnes: encoding a first frame is
configured to produce a first encoded franme based on

the encoded residual. 59. The apparatus according to

§5.ai nThd appaatihdtofdigs {0 ¢18im 54,9Mreildsidaet@idie HiftNk based on
sanpl es and the second signal has a length of M

g geprgon hetvetherasinessal enmapreds sement aad mamales jqfsg temporary

r [Wale means for producing a set of Mnodified
gﬁoggﬁgtrgﬁé%ég,ﬁaﬁg transform (MDCT) coefficients that is

basedwhoreM thanghgsargfmodiBed resglualsis ased ,oni(Ag sardplogof Hisesidual of
time-nmodi fied segnent, and not nore than 3M 4 sanpl es
glPSF‘F%ldsf{?él&?n@ds(iBgﬁéﬂérS‘B .efi*Hg- appar atus according to
claimb5l, wherein the first signal has a length of M

sanpl es and the second signal has a length of M

§@npl €b¢ appadatwhecoerding & dame&dhswhaorinethe ockiond sggnfl sst residual of
Irarre ir}xr:l udes, neans for producing a

he second trame, and

wherein said means for time-modifying a segment of the second signal is
configured to time-shift a first segment of the residual according to the second time
shift, and

wherein said method comprises:

means for calculating a third time shift that is different than the second

time shift, based on information from the time-modified first segment of the residual;

and

means for time-shifting a second segment of the residual according to the
third time shift.
57. The apparatus according to claim 51, wherein the second signal is a residual of

the second frame, and wherein said means for time-modifying a segment of the second

signal includes means for calculating the second time shift based on (A) information



set of Mnodified discrete cosine transform (IVDCT)
coefficients that is based on a sequence of 2M sanpl es
wokishs299 i ncl udes M sanpl es of the first si gPeld/PS2008/066840
including the tinme-nodified segnent, (B) begins with a
¢dfilence of at |east M8 sanples of zero value, and
(C ends with a sequence of A4 1 east M8 sanpl es of
zero value. 61. An apparatus for processing frames of
88mate titheSh@difikd scpdciht BEhE TRstGOMAL Arkd (BY infrrhiticht fréh AEresidual
encoder configured to encode a first frame of the
alithr sceomngf@meaccording to a first coding scheme; and a
second frane encoder configured to encode a second
frame of the audio signal according to a
p8.t chThegppaitug aogrdiRR)to etudnng , schvedie,sQidLidbahs6r encoding a first
erein the second frame follows and is consecutive to
TARCfRG44eSs rame in the audi o signal, and wherein the
first [ ' ' : :
wher el o g P R SsROR (L R SHORP 0, pignal i the
potidteeresicoalf agired to time-nodify, based on a first
time shift. a segnent of first signal that.is based
on t hRCRTY & RFERBIES 4 Fodifipd AT Svky fTABIORR;GRgration on the
santdtaHFRIuLIO i&ﬁjdﬁ&}{ Re ARE-AGBIR d (Y médt MRSIYtdih aA nédRd residual,
Segnent of the first signal according to the first
funp shift and (B) timewarping the segnent of the
first %im%pnal ic?%?e%gs & etnhedilili ras% %%rg}% SIQI fItlﬁ 3080 produce a first
wher el'iosal oS ECEHY F'r AV ERoddr "FACI U a8 & e CORT
Ehddeediraling besedoanthé groaed tidubine- nodi fy, based on a
second time shift, a segnent of a second signal that
i's based on the second frame, said second tine
difi . C
e AR pERLO, RABLALEE Hal? SPRRHOER L ATRAR ADa tongth of M
sqaeckinaghé¢ secohé sigaddias a iéngeh sfhivif samaied, nid)
ti me-warping.the segnment of the second signal based on .
t he sBCEWH 191 9ECEht 11T, C0GH P%ianﬁ@aﬁé’im%é’&% steags for producing a
R YrNI8hodificf AMLIBUE&Eh RaiRRD g\/@cﬁﬁsdo%ffﬁ%n%f tHat N 548d on M
pul se of the segnent of a second signal relative to
sangtléreof dict st pighsk infludihg the tiowemsdifindliscgraend, winknei more than
%%s@&&gnd fI me shift i s based on information fromthe
Ve SHNFT 91d0C S¥RENE Yt the first signal. 62. The
apparatus of claim6l, wherein the first signal is a
residual of the first frane, and wherein the second
80.gnallh¢ epparates hehgedingfo elhien Sécwherchyrthenbirsteiznalrhes a length of M
aphal aa%nlgisthg gec%h&l I 'mnag]h’as ‘M?e%'gﬁ{ O l{/lhs%mfpiers,s a%ndand second
Si gpnaﬁ s are"wel gﬁltge audi 0°=si gnal’s.
wherein said means for encoding a first frame includes means for producing a

set of M modified discrete cosine transform (MDCT) coefficients that is based on a
sequence of 2M samples which (A) includes M samples of the first signal, including the
time-modified segment, (B) begins with a sequence of at least M/8 samples of zero

value, and (C) ends with a sequence of at least M/8 samples of zero value.

61.  An apparatus for processing frames of an audio signal, said method comprising:
a first frame encoder configured to encode a first frame of the audio signal
according to a first coding scheme; and
a second frame encoder configured to encode a second frame of the audio signal

according to a pitch-regularizing (PR) coding scheme,



64. The apparatus according to claim®61l, wherein said
second tinme nodifier includes a tine shift cal cul ator

weonBitgzeed to cal cul ate the second tine shiftPOHERESH0L066840

information fromthe time- nDdlfled segnent of the

PiP%t signal, and wherein said time shift cal cul ator

i ncl udes a mapper configured (RY) map the tinmenodified
segnent of the first signal to a delay contour that is
basedwasrcimniher J¥Bdh D fraft FBNENE ab® ¢ BéhstEAVE -6 Ghé First Thne in the
aeﬁgratus according to claim64, wherein said second
pydiesighalf and s based on a correlatlon bet ween sanpl es

of th l

odi O eRRgy Areondl AR TRO FR I todhd GHBAEAS, -

r esi dudbreirs shiasast framé /&hccsdi:lﬂ'phdﬁd@fa airs[tetﬁhd uaddifér ¢dmigured to
second me and the first tine shift. 66, The

3@5:%41& %aieé&ndfr ﬁ@st tigregh éﬁt %egme%h%f 2 ﬁﬁsttsrgéla%%lebﬁdoased on the
) rﬁ%hle' §a1@ fﬁ@cst'n{:iéJ d! ertﬂ%ﬁl ?’:ggrefdrt@g{%rfoﬁﬂ%n%%&ﬂ NA) time-
sai d second tine nné) fier |s conflgured to tine-sh |§
shiftingsthe segmentofahe tfing sngslil doairdiag dortié Aigstttond Keft and (B) time-
second tinme shif

VaTOT e ST ok i bRe oB et B RIG 8 e

shi ft whBRln §a8d dbh&mente dltadertiR@ueRcadond MeShbditier configured
based on information fromthe tine-nodified first

@etgn@moddﬁ' based pa <isderld, tinag shifihe sednrens af @ S@@@é signel thet is based
%%termuﬁﬂconfl ured t.0 t| con

ft
cysseqng frapme, sat g&onéi time mo %f‘?] IbF]ﬁlfng i} gur %Ferﬂlé)}le among

@)‘Bt@@{@;ﬁffﬁﬁglﬁleas‘e@ﬁfeﬁt BﬂtHeQie%rﬂi Mﬁﬁﬂ ,acedramngi o th@ 8econd time shift
second signal is a residual of the second frane,

and
HrEmDitimes wripinghe serragief tsdreeandrsignat bisgd en she seﬁ%nd time shift,
shift ﬁ@tlfeﬁlu a‘?& & d:oﬁ&’ %E‘rk)gﬂ{)ﬁ eIt R c%ﬁh%ﬁ't]fe?g(ﬁ] c{leﬁ%e%e[ﬁ)%ﬂﬁj)n of a pitch

time s ase ormat’i o

pulseoddicf sogehcaegfrentcald digrenl frelatte & grahergriedh(Mse of the second
|nfornat|on fromthe residual of the second frane. 68.
*H@idﬁﬂaratus according to claim6l, wherein said

firsthERIPHRNGOSIRS titnB Ghie &Sha g@d E)ﬁthé)%htl(gﬁ ﬁ%fnaﬂlg time-modified

configured to generate a resi of the first frane,
vagereat of thhéirdtisrgsal. si gnal is the generated residual;

and a nodified discrete cosine transform ( MDCT) nDduIe
configured to performan NMDCT operation on the

gﬁner Fh&Gppalith Fodlain 61C WREdMY tHe TR sit digRt NS84 of the first frame,
ment, to obtain an encoded resi dual, and wherein

whereinghe sqcane signdldslaresidiabofithe genoad frtamep roduce a
first encoded franme based on

63. The apparatus of claim 61, wherein the first and second signals are weighted

audio signals.

64. The apparatus according to claim 61, wherein said second time modifier
includes a time shift calculator configured to calculate the second time shift based on
information from the time-modified segment of the first signal, and

wherein said time shift calculator includes a mapper configured to map the time-
modified segment of the first signal to a delay contour that is based on information from

the second frame.



the encoded residual. 69. The apparatus according to
claim6l, wherein the first signal has a length of M
wa200pligr9@nd t he second signal has a | ength of PO/US2008/066840

sanpl es, and67 wherein said first frame encoder

PH&udes a nodified discrete cosine transform (MDCT)

nodul e configured to produce @ set of M MDCT

coefficients that is based on Msanples of the first
65.gnafrhe hffratdd Agotdigs td dEinB4ivihiceein SeideRind tand siitis based on
nore than 3M 4 sanples of the second signal. 70. The
appaektion bsbresndiamplesool thei mapned sasercat gng wamplep af a temporary
[ I ngth of M sanples and the second signal
ggﬂgdlren%fa% a!g? M sanpl es, and wherein said first

f r amewaaeodbe téinygdragesodificdetisiduelds dhsedroat(d) saspleeof a residual of
transf orm (MDCT) nodul e configured to produce a set of

mewdé@&q?@i@&e jbime hifased on a sequence of 2M

sanpl es which (A) includes M sanples of the first

signal, including the tinme-nodified segnent, (B)

begi n$heaparaus ecpoehoe toflasn 6l ewbéreln! tBe sequpl sggnef iszeresidual of

al ue, d (C),ends with a sequence of at least M8
ﬁlﬁr‘?ﬁ?oé@af?ff“ezéﬁ)l% val ue. 71. A conputer-readabl e nedi um

conpr iyhbRsth §a EdcdRd kaRsm¥iikiehis Mg N g% G4 tiRfd-dAYft @ first segment of
processor cause the processor to: encode a first frane

e rediduad aetionding gtk seevvdtignadift.cnd first codi ng
schene; and epgcode second fra of ;1 he,audi o signal ,.
2ccor SAgT s ARESul RGN B ikl B S hERe st

whefreieht thhethseceind timagkftf Rlstdv® inditiehatidon GRS e UinhdiotiPied first
the first frane in the audio signal, and wherein the
sqgment elohie igpidieh@he® i s a non- PR codi ng schene, and

wher el i3 id E]G%Bﬁélj Bl QM G&ffﬁ,ﬂf\eﬁ t§ )fﬁ?eu%h?ﬁ a%?cﬁld segment of
processor cause the processor to-encode a first frane
theatudierl aeriding td thashitdtime seiftnodi fy, based on a first
time shift, a segnent of a first signal that is based

on the first frame, said instructions to tinme-nodify

ENCl ughy ggﬁ%?ﬁuég&%gdiﬁgyo LA BYCHhGBR he s&éoﬁﬁ'sf?ﬁ?ﬂaf %s 4 RSidual of

segnent the first signal according to the firs
thicrsecasldi ffamapold (pByreimstid secondimetnpodifiereneladgs a three shift calculator

se nt, of the first signal d gnt frrst .ti )
SRR R Sso Pe P B Ot maron Fom the time-
AAAIEQo YNt DI ECGRE SiPhal GAYSE) RS niAkiBR EDHPIhetr&si@RE 8Ffhe sccond
a second frame includé instructions to tinme-nodify,

framed on a second tinme shift, a segnent of a second

signal that is based on the second frane, said
instructions to tine-nodify including one anong (A)

b&1St r UaE hspasatlLadcbitengStol didimt 1€ wherein said first frame encoder includes:

a residual generator configured to generate a residual of the first frame, wherein
the first signal is the generated residual; and

a modified discrete cosine transform (MDCT) module configured to perform an
MDCT operation on the generated residual, including the time-modified segment, to
obtain an encoded residual, and
wherein said first frame encoder is configured to produce a first encoded frame based on

the encoded residual.

69. The apparatus according to claim 61, wherein the first signal has a length of M

samples and the second signal has a length of M samples, and



segnment of the second signal according to the second

time shift and (B) instructions to tinme-warp the
waeegseimof the second signal based on the secPeMUS1008066840

shift, 071667 68 wherein said instructions to

PIAY- modi fy a segnent of a second signal include

instructions to change a posiQﬁon of a pitch pul se of

the segnment relative to another pitch pul se of the

s/86RM0sasd givakramandcode iiluict AensREaNdisért@¥rosit tlandférm (MDCT)
based on information fromthe tinme-nodified segnent of

mRdule opfigyregntg) produce a set of M MDCT coefficients that is based on M
samples of the first signal, including the time-modified segment, and not more than

3M/4 samples of the second signal.

70. The apparatus according to claim 61, wherein the first signal has a length of M
samples and the second signal has a length of M samples, and

wherein said first frame encoder includes a modified discrete cosine transform
(MDCT) module configured to produce a set of M MDCT coefficients that is based on a
sequence of 2M samples which (A) includes M samples of the first signal, including the
time-modified segment, (B) begins with a sequence of at least M/8 samples of zero

value, and (C) ends with a sequence of at least M/8 samples of zero value.

71. A computer-readable medium comprising instructions which when executed by
a processor cause the processor to:

encode a first frame of the audio signal according to a first coding scheme; and

encode a second frame of the audio signal according to a pitch-regularizing (PR)
coding scheme,

wherein the second frame follows and is consecutive to the first frame in the
audio signal, and

wherein the first coding scheme is a non-PR coding scheme, and

wherein said instructions which when executed by a processor cause the
processor to encode a first frame include instructions to time-modify, based on a first
time shift, a segment of a first signal that is based on the first frame, said instructions to
time-modify including one among (A) instructions to time-shift the segment of the first
signal according to the first time shift and (B) instructions to time-warp the segment of
the first signal based on the first time shift; and

wherein said instructions which when executed by a processor cause the
processor to encode a second frame include instructions to time-modify, based on a
second time shift, a segment of a second signal that is based on the second frame, said
instructions to time-modify including one among (A) instructions to time-shift the
segment of the second signal according to the second time shift and (B) instructions to

time-warp the segment of the second signal based on the second time shift,
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wherein said instructions to time-modify a segment of a second signal include
instructions to change a position of a pitch pulse of the segment relative to another pitch
pulse of the second signal, and

wherein the second time shift is based on information from the time-modified

segment of the first signal.



