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BACKGROUND

[0003] Voice communications over the public switched telephone network (PSTN)
have traditionally been limited in bandwidth to the frequency range of 300-3400 kHz.
New networks for voice communications, such as cellular telephony and voice over IP
(Internet Protocol, VoIP), may not have the same bandwidth limits, and it may be
desirable to transmit and receive voice communications that include a wideband
frequency range over such networks. For example, it may be desirable to support an
audio frequency range that extends down to 50 Hz and/or up to 7 or 8 kHz. It may also
be desirable to support other applications, such as high-quality audio or audio/video
conferencing, that may have audio speech content in ranges outside the traditional
PSTN limits.

[0004] Extension of the range supported by a speech coder into higher frequencies
may improve intelligibility. For example, the information that differentiates fricatives
such as ‘s’ and ‘f’ is largely in the high frequencies. Highband extension may also
improve other qualities of speech, such as presence. For example, even a voiced vowel

may have spectral energy far above the PSTN limit.



t he wi deband spectrum For exanple, a speech signal may be sanpled at a
hi gher rate to include conponents at high frequencies, and a narrowband

coding te y be reconfigured to use nore filt i.cients to
represent t %Og&}\%ﬂﬁband signal . Narrowband codi ng techﬁ#ﬂggzggé{]g%?as CELP

(codebook excited linear prediction) &e conputationally intensive,
however , i{)]&éi { deband CELP coder may consune too _nany processing cycles
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SUMVARY  FitRPEES 1 @ﬁ‘é‘dé B&i ment, a nethod of generating a hi ghband
excitation signal includes generating a spectrally extended signal by

ext endi ng [0006] SPaGiHerPpRSach 164 @RBAnd slih cbeindASBRePBABoAGARIET | ovband
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portion of a speech signal generally cannot be predicted accurately from the spectral

envelope of the narrowband portion.

[0007] It may be desirable to implement wideband speech coding such that at least the
narrowband portion of the encoded signal may be sent through a narrowband channel
(such as a PSTN channel) without transcoding or other significant modification.
Efficiency of the wideband coding extension may also be desirable, for example, to
avoid a significant reduction in the number of users that may be serviced in applications

such as wireless cellular telephony and broadcasting over wired and wireless channels.
SUMMARY

[0008] In one embodiment, a method of generating a highband excitation signal
includes generating a spectrally extended signal by extending the spectrum of a signal
that is based on an encoded lowband excitation signal; and performing anti-sparseness
filtering of a signal that is based on the encoded lowband excitation signal. In this

method, the highband excitation signal is based on the spectrally extended signal, and



filtering. [0009] In another enbodinent, an apparatus includes a spectrum
extender configured to generate a spectrally extended signal by extending

t he spect 09(?/105}%:? gnhal that is based on an encoded %%@3@6/@?%% ation

signal; and an antri-sparseness filter configured to fi al that
i s based on the encoded | owband excita&tion signal. In this apparatus, the
hi ghband exci tation signal is based on the spectrally_ extended signal, and
the hi ghbé%l 2P a?fqltaﬁorwgwérs Qagedpaaggsultof psriompipg antbpparseaess
anti-sparggegss filter. [00010] In another embodi ment, an apparatus

i ncl udes neans for generating a spectrally extended signal by extending
the spectrumof a signal that is based on an encoded | owband excitation
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anti-sparsepgess filter.. BRIEF DESCRI OF THE DRAW N 00011] FI GURE
| a shoa/s 30 ﬁﬁ%@ksl%a;tgﬁtd%g%ﬁﬁggn\%%cfgﬁ%iﬁglkg‘%’@@g ﬁxcgﬁg%é‘gn%%b&lsaccor ding to
an embodi mppratud, AR bafd EXIRGdisi SAPWDagdRnAEKspdE Rl BeRfle Eflenal, and

i npl ement at i Qr}mﬁxl 2 of wi deband speech encoder A 100. [00013] FI GURE 2a

shows a bIEcRE Fremreion sensl Bdrsdenap cutoyt ofdhe arti-spriseoess fiflez or di ng to an
enbodi nent. [00014] FI GURE 2b shows a bl ock diagram of an inpl enmentation

B102 of wieiebenth as@eeehbeMeRACEn BphRiths ihd@RE Mleahd /B5e 'ngiaows a bl ock
di agram of an | nplenentation Al1l2 of filter bank A1I0. [00016] FI GURE 3b

shows a bFRReRal exiendad signal byierispding te apscbrmsi2zigopl thpt is basefankn B 120. WD

2006/ 1078 %@&%}, : GREs i.dth
cover age 2%0?%{0%%9(2%@ g %laalr%g{é&)%}g%\%%?s exar%%%e&gﬁ% F‘?fﬁ? gnk Al 10.
[ 00018] FEiguREhad ks tebedwn tha acheded lowbavdbexagaionfsignae It thiv apparatus ghe bands f or

anot her %f(g%gg‘lld%xc%aﬁfo'n ls}g%l i? Qsléd '8‘1'1 th]é%pectrally extended signal, and the highband

excitation signal is based on an output of the anti-sparseness filter.
BRIEF DESCRIPTION OF THE DRAWINGS

[00011] FIGURE 1la shows a block diagram of a wideband speech encoder A100

according to an embodiment.

[00012] FIGURE 1b shows a block diagram of an implementation A102 of wideband
speech encoder A100.

[00013] FIGURE 2a shows a block diagram of a wideband speech decoder B100

according to an embodiment.

[00014] FIGURE 2b shows a block diagram of an implementation B102 of wideband
speech encoder B100.

[00015] FIGURE 3a shows a block diagram of an implementation A112 of filter bank
A110.

[00016] FIGURE 3b shows a block diagram of an implementation B122 of filter bank
B120.



[ 00019] FI GURE 4c shows a bl ock diagram of an inplenentation All4 of
filter bank Al112. (00020] FI GURE 4d shows a bl ock diagram of an

i npl enent A 4 of filter bank B122. [00021] FI q,@E,U an
exanple o ‘%ﬂﬁngééf frequency vs. log anplitude for a sp%@%ﬁnglgnal

[ 00022] FI GURE 5b shows a bl ock diagram of a basic linear prediction

codi ng system A%{00023 FI GURE 6 shows a bl ock diagram of an

i mpl ement d09UA1 ATGRPRE 4ashpws hindvddth epvaseserof fredow apgbrgmn]an@f@;m 7 shows a

bl ock di a .Egggﬁgﬁigmk%qqat ation B 112 of narrowband decoder B 110.
a

[ 00025] FI ows an exanple of a plot of frequency vs. |og
anplitude for resi dual signal for voiced speech. [00026] FI GURE 8b
shows an dReM8i FIGIURE 41 Bowe bandwidtheoveragepf sireplowtand dighdrands for ity al

si gnal fOrexXr%oi%%gfiﬁ?reo%ﬁPAIEQOOZ?] FI GURE 9 shows a bl ock diagram of a
basi c |linear prediction coding system that also perfornms |ong-term
predi ction. [00028] FIGJURE 10 shows a bl ock diagram of an inplenentation
A202 of hi[ge0I8h FIGERE4beshoR@ 8 Block AR@2E offenGiREnthtasihn g 14 obfilee batk agr am of
an i npl ene tion A302 of highband excitation generator A300. WO

2006/ 1078 CT/ US2006/ 012233 5 [00030] FIGURE 12 shows a bl ock diagram
of an inplenentation A402 of spectrum extender A400. [00031] FI GURE 12a
shows pl ot[@0020] SFIGURE 4pstoivs @ bidck \digtuef dinplednentation B 12X afflke? badk a
spectral extension operation. [00032] FIGURE 12b shows plots of signal
spectra at rious points in another exanple of a spectral extension
operation. [00033] FIGURE 13 shows a bl ock di agram of an inplenentation
A304 of hifgizandFIGRRE 38hb@B af) SN 6 2 PASILE freh (6B 4%. 168 liuddfophovs a

bl ock di agram of an inplenentation A306 of hi ghband
speech signal.

[00022] FIGURE 5b shows a block diagram of a basic linear prediction coding system.

[00023] FIGURE 6 shows a block diagram of an implementation A122 of narrowband
encoder A120.

[00024] FIGURE 7 shows a block diagram of an implementation B112 of narrowband
decoder B110.

[00025] FIGURE 8a shows an example of a plot of frequency vs. log amplitude for a

residual signal for voiced speech.

[00026] FIGURE 8b shows an example of a plot of time vs. log amplitude for a

residual signal for voiced speech.

[00027] FIGURE 9 shows a block diagram of a basic linear prediction coding system

that also performs long-term prediction.

[00028] FIGURE 10 shows a block diagram of an implementation A202 of highband
encoder A200.

[00029] FIGURE 11 shows a block diagram of an implementation A302 of highband

excitation generator A300.



excitation generator A302. [00035] FIGURE 15 shows a flowchart for an
envel ope cal cul ation task TWO. [00036] FIGURE 16 shows a bl ock di agram of

an i npl en%ﬁ,g(%,ﬂﬁ?fg% of conbi ner 490. [00037] FI GJREP&%[B%JR@@%{S@ es an

approach to calculating a neasure of periodicity of hig hal S30.
[ 00038] FI GURE 18 shows a bl ock di agram of an inplenentation A312 of

hi ghband citation generator A302. [00039] FIGURE 19 shows a bl ock

di agr am of[(?d.({ﬁo} %@@#ﬁ&%@%ﬁa%ﬁh diseragy of mdmalementation Afholywaerum or  A302.
[ 00040] FleddRier2a0ophows a bl ock di agram of an inplenentati on A316 of

hi ghband excitation generator A302. [000411 FI GURE 21 shows a fl owchart
for a gain calculation task T200. [00042] FIGURE 22 shows a flowchart for
an i mpl endf03] SRCPREOL23heyas plois oF signal spesha at wasious poinis if owozksplElcBURE 23a
shows a dia%?éc%‘lléﬁte o pdaubhg function. WO 2006/ 107839 PCT/ US2006/ 012233
6 [00044] FI GURE 23b shows an application of a wi ndow ng function as shown
in FIGURE 23a to subframes of a speech signal. [00045] FI GURE 24 shows a
bl ock di ad0¥R2t JHGHRE 12bisbonesiplatsiodpigmd epecyn ahvagiouspeintsdesmdiear B200.

[ 00046] FI %E . e? ram of an inplenmentation AD10 of
w deband espe 8%15%?1%%%&%%8‘8& %}8)847] FI GURE 26a shows a schematic
di agram of an inplenentation D122 of delay |ine D120. [00048] FI GURE 26b

shows a sd0MFdt IKGHREG o w$ a hleck djskenedftaatimpleni@i@doroA30kofhightandie D120.

[ 00049] FI 27 shows schemati c di agram of an inplenmentation D130 of
delay Ii ﬁggﬁﬁﬁgﬂeb%ﬂ%fmﬂ GURE 28 shows a bl ock diagram of an

i npl ementati on AD12 of w deband speech encoder AD10.
[00034] FIGURE 14 shows a block diagram of an implementation A306 of highband

excitation generator A302.
[00035] FIGURE 15 shows a flowchart for an envelope calculation task T100.

[00036] FIGURE 16 shows a block diagram of an implementation 492 of combiner
490.

[00037] FIGURE 17 illustrates an approach to calculating a measure of periodicity of
highband signal S30.

[00038] FIGURE 18 shows a block diagram of an implementation A312 of highband

excitation generator A302.

[00039] FIGURE 19 shows a block diagram of an implementation A314 of highband

excitation generator A302.

[00040] FIGURE 20 shows a block diagram of an implementation A316 of highband

excitation generator A302.
[00041] FIGURE 21 shows a flowchart for a gain calculation task T200.

[00042] FIGURE 22 shows a flowchart for an implementation T210 of gain calculation
task T200.

[00043] FIGURE 23a shows a diagram of a windowing function.



[ 00051] FIGURE 29 shows a flowhart of a nethod of signal processing MD100
according to an enbodi nent. [00052] FIGURE 30 shows a flowchart for a

met hod MLQQ as&argiong to an  enbodi ment. [00053] FI GURE-BHee 3a
flowchart for a nmethod M200 according to an enbodinent. F%‘zog@?ﬁﬂ GURE

31b shows a flowchart for an inpl ementfati on M210 of method MROO. (00055]
FI GURE 32 0 art for a nmethod MBOO according to an  enbodi nent.
[ 00056] |rﬁ‘?‘f%fﬁﬁ%@lﬁgﬁﬁmﬁﬁ%ﬂrﬁ@&wx%g‘ga@@ YR8 (Rctiqnns shawin ef er ence

| abel s r el mGURE 234 k6 s HRiXBie® bf L el ements or signals. WD 20061107839

PCT/ US2006/ 012233 7 DETAI LED DESCRI PTI ON [ 00057] Enbodi nents as descri bed

herein inrcn&ﬁl%g systens, nethods, and apparatus that may be configured to
provi de a LAIGHRE 24 showa a blogk disaraghies amirerierasntatipn &f highbagnsni ssi on

and/ or st @cager phogM deband speech signals at a bandw dth increase of only
about 800 to 1000 bps (bits per second). Potential advantages of such

i npl enmentations _include enbedded coding to support conpatibility with
nar r owband009get &HgUREISahpwe b plock disgragl ¢fgoamplsmeataton AR1P of widebandof bi t s

bet ween t nd hi ghband codi ng channels, avoiding a
conput at i Eﬁ%??%ﬁ@%g&nfsﬁoge wi deband synthesis operation, and maintaining a

| ow sanpling rate for signals to be processed by conputationally

i nt ensi ve [({d2] FHGTUBERGaghowa schematid Q&8 jof kinlngdementgiond312? df delay ed by

its cont ext t&& term"calculating” is used herein to indicate any of its
. ine D120, ; ) ]

ordi nary meanings, such as conputing, generating, and selecting from a

list of values. Were the term"conprising” is used in the present

descri pti ¢#0d48H FIGURERS) showdoshematic dixgrhm @ awinysementationId R4a¥f dejagr at i ons.

The term 1A gi @ased on B' is wused to indicate any of its ordinary

meani ngs, PAEHE% ng the cases (i) "Ais equal to B' and (ii) "Ais based

on at least B." The term"Internet Protocol" includes version 4, as

descri bed [00049EFFGURB 2rshews Esgicthats diagrahas kn maple@entiida 10 Bomfeglayf or

Comment s) . 791, and subseguent versions such as version 6.
) line%IZO. 9

[00050] FIGURE 28 shows a block diagram of an implementation AD12 of wideband
speech encoder AD10.

[00051] FIGURE 29 shows a flowchart of a method of signal processing MD100

according to an embodiment.

[00052] FIGURE 30 shows a flowchart for a method M100 according to an

embodiment.

[00053] FIGURE 31a shows a flowchart for a method M200 according to an

embodiment.

[00054] FIGURE 31b shows a flowchart for an implementation M210 of method
M?200.

[00055] FIGURE 32 shows a flowchart for a method M300 according to an

embodiment.

[00056] In the figures and accompanying description, the same reference labels refer to

the same or analogous elements or signals.



[ 00059] FIGURE | a shows a bl ock di agram of a w deband speech encoder A100
according to an enbodinent. Filter bank A110 is configured to filter a

wi deband gnhal S10 to produce a narrowband si a

hi ghband g‘lﬁgna‘% g?@ Nar r owband encoder A120 is config(r(‘}l?h%%%gmgﬁgode
narrowband signal S20 to produce narrg@wband (NB) filter parameters S$S40
and a narrowband residual signal S50. As described in further detail
herei n, narrowband encoder AIETANLEDDESCRIPHON i gured to produce
narrowband filter parameters S40 and encoded narrowband excitation signal

S50 as cod band .encoder
A200 is Eﬁﬁ %Upglgb?ﬁ%gﬁcog%cﬁ dﬁ] eﬁeﬁld%gﬁgi%a OSF cfgﬁam% A5 or mat i on
in encodedthaﬂmay bmhmrﬁ:@memm pmtvideran sktgnisidn tStiairowbmﬂhpe@;hftbgé&b@ peRdi ng
par anet ers scribed_in further_ det ﬂﬁ) her ei n, hi ghband encoder

A200 i s tyHFllsaPﬁsiPncaB oF §rage of Wideping sheash Siggp At baadaidiy insieaseaioals  S60 as

codebook i pghue 880 Br1000 bA @I BEr s66RR]. | Ptshtial 4K Bhtaddd Of a%tlmﬁuhﬁﬁtaﬁ&%fm' e of
w deband speech encoder Al00 is configured to encode w deband speech

si gn;all S10ingludg epbedded poding torsupp@beaamsE iRy Wigh nasovhapd s:@msd;elatm‘fy
2
006/ 107533 0y fHLRE00R! R or, & ik HOHRBOHE o s RS 15861c O

nar r onband I'ter paraneters enco narro excitatPon signal
S50, and ablombeld, akhdmgtae]ong)umsenhllfyontethghmdebhndcsylith:gus gparasioetaads 560.

[ 00060] It ma .he desired 11:0 cogc%) ne th odedj[b r owband and hi ghband
signals i ”ém5$ﬁ VESHITR e fs}gBPlsé&%%P%eSS YrFQEPPBE‘“a%"% red to

mul tipl ex mmsﬁemdﬁ?dnﬁb@ﬁﬂgﬁmuﬁ&get her for transm ssion (e.g., over a
wired, optical, or wireless transm ssion channel), or for storage as an

encoded eech nal GURE hows a .bl.ock_ .di agram of an
) ded W fighaRdyaRecch <L Datin s Ge e Bh B ACHEPLSIne if Yoo hfBs 1
mul ti pl exefdh@Ang 8ffid SUIHaL) hoarGRRRRe ad RnfHavk rgénérathﬂgeﬁnd%feeﬁﬁé #ém 540,

encoded narrowband excitat’ion si gnal 550, "an hband filter parameters
S60 into a2 lighef velpese)¥hers therietm mpﬂﬁmgbﬁppedqn thmmfaseat desciiptionadd ng encoder
A102 may a!:l% S'H(Elbé&qx%t gic,rllﬁ 'ott}(e?f eﬁ‘:ﬂl@ﬁﬂs gyggegatfo(ﬁs. ’i“ﬁeaféfrm‘ 1%&&[ RA Exgd si gnal
S70 into a ahsm ssi on channel "such as wred, o , W'r el ess
channel . SueH taindapeanpbfiiss odinas meanbes.docihdiog thed:aﬂe@ @ éAfmeqmaDﬂodB”or nor e

channel enco g ra on._t, Si error correction
encodi ng ( %ndgf i) ‘?é@ea ‘{t‘dh%j‘fai El?’ % S‘JP egﬁgﬁroéwebd?’ﬂﬂﬁlesé'ﬁﬁ}%‘l & ror
detection @é%@ﬂﬁddfiﬁl T EF OnterreY Bhdificering Task Force) RFC (Request for Comments) 791,

and subsequent versions such as version 6.

[00059] FIGURE 1a shows a block diagram of a wideband speech encoder A100
according to an embodiment. Filter bank A110 is configured to filter a wideband
speech signal S10 to produce a narrowband signal S20 and a highband signal S30.
Narrowband encoder A120 is configured to encode narrowband signal S20 to produce
narrowband (NB) filter parameters S40°and a narrowband residual signal S50. As
described in further detail herein, narrowband encoder A120 is typically configured to
produce narrowband filter parameters S40 and encoded narrowband excitation signal
S50 as codebook indices or in another quantized form. Highband encoder A200 is
configured to encode highband signal S30 according to information in encoded
narrowband excitation signal S50 to produce highband coding parameters S60. As
described in further detail herein, highband encoder A200 is typically configured to
produce highband coding parameters S60 as codebook indices or in another quantized
form. One particular example of wideband speech encoder A100 is configured to

encode wideband speech signal S10 at a rate of about 8.55 kbps (kilobits per second),



redundancy encodi ng), and/or one or nore |ayers of network protocol
encoding (e.g., Ethernet, TCP/IP, cdna2000). [00062] It maybe desirable
for nmultiplexer AL130 to be configured to enbed the encoded narrowband
signal (i W 4464/8as38arrowband filter paraneters S40 andp@ngHIRM12288 r owband
excitation signal S50) as a separabl eaqsubst ream of mnultiplexed signal S70,
such that the encoded narrowband sign may be recovered and decoded

i ndependeny. . j 0 | ti.ple i 70 such as a
i ghband iy ibeth 75508 SEing abod @Ppdlovbind R PRSP o 3 570" mmy
be ar r angedrrewbindteheitatiph eigesicseahd abantridwipa being igpddbr hiphbahe co@eover ed by
stripping aw%é thggpighband filter parameters 560. One potenti al
advantagep@fzl % feature is to avoid the need for transcodi ng t he
encoded wi deband signal before passing it to a systemthat supports
decodi ng §6006DE It may boddsaeditoiogibile theléncl@ainafteivbanippAHigbasPdpg of the
hi ghband portion, [00063]_Fl GUJ 2a is a block diagram of a w deband

g R ] RI%F ) g .
speech qe@38é§“¥§1 BUeATE of i rigmp ot B1Y BriedrdiultiNiex tvamapdpdaignelier Bl 10
i's confi gusgshet ﬁr%ﬁmﬁsmﬁ(@rg@,\é&aﬂ&iwﬁ&, lo &&1,%%%%@&%@@%@3%&@139@

narrowband excitation signal S50 to produce a WO 200
PCT/ US2006r brameae, § angnewsisd andebsndyspebchsimnal. FIGRRE b showddiocdR200 i s
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Ethernet, TCP/IP, cdma2000).

00062] It may be desirable for multiplexer A130 to be configured to embed the
encoded narrowband signal (including narrowband filter parameters S40 and encoded
narrowband excitation signal S50) as a separable substream of multiplexed signal $70,
such that the encoded narrowband signal may be recovered and decoded independently
of another portion of multiplexed signal S70 such as a highband and/or lowband signal.
For example, multiplexed signal S70 may be arranged such that the encoded
narrowband signal may be recovered by stripping away the highband filter parameters
S60. One potential advantage of such a feature is to avoid the need for transcoding the
encoded wideband signal before passing it to a system that supports decoding of the

narrowband signal but does not support decoding of the highband portion.

[00063] FIGURE 2a is a block diagram of a wideband speech decoder B100 according
to an embodiment. Narrowband decoder B110 is configured to decode narrowband

filter parameters S40 and encoded narrowband excitation signal S50 to produce a



| ayers of network protocol decoding (e.g., Ethernet, TCP/IP, cdnma2000).
[ 00065] Filter bank A110 is configured to filter an input signal according
to a split- band schene to produce a | owfrequency subband and a
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band scheme to produce a low-frequency subband and a high-frequency subband.
Depending on the design criteria for the particular application, the output subbands may
have equal or unequal bandwidths and may be overlapping or nonoverlapping. A
configuration of filter bank A110 that produces more than two subbands is also
possible. For example, such a filter bank may be configured to produce one or more
lowband signals that include components in a frequency range below that of
narrowband signal S20 (such as the range of 50-300 Hz). It is also possible for such a
filter bank to be configured to produce one or more additional highband signals that
include components in a frequency range above that of highband signal S30 (such as a
range of 14-20, 16-20, or 16-32 kHz). In such case, wideband speech encoder A100
may be implemented to encode this signal or signals separately, and multiplexer A130
may be configured to include the additional encoded signal or signals in multiplexed

signal S70 (e.g., as a separable portion).

[00066] FIGURE 3a shows a block diagram of an implementation A112 of filter bank

A110 that is configured to produce two subband signals having reduced sampling rates.



anot her desired decimation factor. [00067] FlI GURE 3b shows a bl ock di agram
of a corresponding inplenentation B122 of filter bank B 120. Upsanpl er
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Likewise, upsampler 170 increases the sampling rate of highband signal S100 and
highpass filter 180 filters the upsampled signal to pass only a highband portion. The
two passband signals are then summed to form wideband speech signal S110. In some
implementations of decoder B100, filter bank B120 is configured to produce a weighted
sum of the two passband signals according to one or more weights received and/or
calculated by highband decoder B200. A configuration of filter bank B120 that

combines more than two passband signals is also contemplated.

[00068] Each of the filters 110, 130, 160, 180 may be implemented as a finite-impulse-
response (FIR) filter or as an infinite-impulse-response (IIR) filter. The frequency
responses of encoder filters 110 and 130 may have symmetric or dissimilarly shaped
transition regions between stopband and passband. Likewise, the frequency responses
of decoder filters 160 and 180 may have symmetric or dissimilarly shaped transition
regions between stopband and passband. It may be desirable but is not strictly

necessary for lowpass filter 110 to have the same response as lowpass filter 160, and for



[00070] In the exanple of FIGURE 4a, there is no significant overlap
between the two subbands. A highband signal S30 as shown in this exanple

may be ob%&gglﬂ:’%&ng a highpass filter 130 with a paﬁ?ﬁﬁégk%ﬁz({neééég kHz.
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[00071] In the alternative example of FIGURE 4b, the upper and lower subbands have
an appreciable overlap, such that the region of 3.5 to 4 kHz is described by both
subband signals. A highband signal S30 as in this example may be obtained using a
highpass filter 130 with a passband of 3.5-7 kHz. In such a case, it may be desirable to
reduce the sampling rate to 7 kHz by downsampling the filtered signal by a factor of
16/7. Such an operation, which may be expected to significantly reduce the
computational complexity of further processing operations on the signal, will move the

passband energy down to the range of 0 to 3.5 kHz without loss of information.

[00072] In atypical handset for telephonic communication, one or more of the
transducers (i.e., the microphone and the earpiece or loudspeaker) lacks an appreciable
response over the frequency range of 7-8 kHz. In the example of FIGURE 4b, the
portion of wideband speech signal S10 between 7 and 8 kHz is not included in the



of afilter or filters whose poles are farther away fromthe unit circle,
which may be inportant to ensure a stable fixed-point inplenentation.

[ 00074] OxgbhaiiRbRs Of subbands allows a smooth bl endi Rgrafsdopipasnd and
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especially in the presence of background noise. In such cases, providing an overlap of

the subbands may increase the quality of reproduced frequency components in the

overlapped region.

[00075] Moreover, overlapping of subbands allows a smooth blending of lowband and
highband that may lead to fewer audible artifacts, reduced aliasing, and/or a less
noticeable transition from one band to the other. Such a feature may be especially
desirable for an implementation in which narrowband encoder A120 and highband
encoder A200 operate according to different coding methodologies. For example,
different coding techniques may produce signals that sound quite different. A coder that
encodes a spectral envelope in the form of codebook indices may produce a signal
having a different sound than a coder that encodes the amplitude spectrum instead. A
time-domain coder (e.g., a pulse-code-modulation or PCM coder) may produce a signal
having a different sound than a frequency-domain coder. A coder that encodes a signal

with a representation of the spectral envelope and the corresponding residual signal may



the encoder is configured to create a significant degree of aliasing that
Is canceled in the corresponding QW filter bank at the decoder. Such an
arrangene be appropriate for an application,j i e signal
incurs a g%%@?’il@g}ﬁt amount of distortion between thept?/lUﬁg’P&@zg%%s, as
the distortion may reduce the effectivéness of the alias cancellation
property. For exanple, applications described herein include coding
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fromthe rates (e.g., over 12 kbps for AMR, and 64 kbps for G.722).

[00077] Additionally, a coder may be configured to produce a synthesized signal that is
perceptually similar to the original signal but which actually differs significantly from
the original signal. For example, a coder that derives the highband excitation from the
narrowband residual as described herein may produce such a signal, as the actual
highband residual may be completely absent from the decoded signal. Use of QMF
filter banks in such applications may lead to a significant degree of distortion caused by

uncanceled aliasing.

[00078] The amount of distortion caused by QMF aliasing may be reduced if the
affected subband is narrow, as the effect of the aliasing is limited to a bandwidth equal
to the width of the subband. For examples as described herein in which each subband
includes about half of the wideband bandwidth, however, distortion caused by
uncanceled aliasing could affect a significant part of the signal. The quality of the
signal may also be affected by the location of the frequency band over which the



poi nt at which the frequency response of the highband filter drops to -20
dB up to the point at which the frequency response of the |owband filter
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For exanple, .the same functional block may be used to performthe
oper at i onscoBfigwe fohave amrsthfharmmamlycfe%?lﬂta@ PRt frem haqerlappingRfan i n

FI GURE 4cC.the Em‘?su%gﬁﬂfsr e de?i\‘x@ E%@ve@dﬁf@ﬁé% siBYanBSad tﬂphﬁfﬁﬁ&t 26 96
mul tiplying the S|gna with the function e/’ or the sequence (-1)"
whose val uwtat whic éheefrqﬂe@wmp@nseaqﬁdmhlghbmbﬁlt@plewrtai—zedapp twtheper at i on

gg%/a:)ﬁ engiem re loveraf?ﬁqlu’r%wx Oéggsog%s}g‘g%gggg?x %)%)m;s;%n et h%ﬁ:‘{ gggl atO

consequenoxamples hifilqrdatk Al1G mdhréi‘ilzo,abm os¢riapirangel &onsq:temtdrﬁﬂlmmfto hi ghband

ot 1 espondrged e L SRk AP BPERT coB PRy oRLr SE5aHE o, i ghband

exci tathﬁrz@@dTﬁb@W@énMﬂ%eﬁﬁcx i bedeied] einBothBess. bm&erpfaneuraed to produce
a highband excitation signa 120 that al so has a spectrally reversed
form WO XR38BPleayBsotienees gg‘ﬂa@’@/oﬁi@:}@»am&@?%@ﬂ FI GURE 4d shows a bl ock
di agram of an inplenmentation B 124 of filter bank B122 that performs a

funct i onal[ogsse ieh@Pbe aéSIMae@@ﬁhplaﬁe@ﬁﬁeMaaE m&@ aﬁd/bltpmzrte pef@figl ations
using a series of interpolation, resanpling, and other operatlons Filter

bank B 12@6@&@&?@@&%&@6&%@%%@%@ in geveeal Stegesi wor tramplghband t hat
bank
of 'the: endaduREA shoBR EbEL Al B bR el ARG bl A1, PO

filter bargerfBrni2fuattimal equiuatbaSofrmghplassfﬁlteheg and dbwmanpllxtgmkmmﬂioﬂsnd hi ghband

that attenuate a onent .,of the a
us%gasenes rﬁ) terpoltatlon, resampﬁngg gemmatlon and other operatlons %ch an

implementation may be easier to design and/or may allow reuse of functional blocks of
logic and/or code. For example, the same functional block may be used to perform the
operations of decimation to 14 kHz and decimation to 7 kHz as shown in FIGURE 4c.
'The spectral reversal operation may be implemented by multiplying the signal with the
function e/ or the sequence (-1)", whose values alternate between +1 and —1. The
spectral shaping operation may be implemented as a lowpass filter configured to shape

the signal to obtain a desired overall filter response.

[00081] Itis noted that as a consequence of the spectral reversal operation, the
spectrum of highband signal S30 is reversed. Subsequent operations in the encoder and
corresponding decoder may be configured accordingly. For example, highband
excitation generator A300 as described herein may be configured to produce a highband

excitation signal S120 that also has a spectrally reversed form.



such filters are optional and need not be included. The Patent Application
"SYSTEMS, METHODS, AND APPARATUS FOR SPEECH SI GNAL FILTERING' filed

herew t h, %&%H&% 9Docket 050551, includes additional 98%&1%'&(19&/5195%33“‘1
figures relafing 0 responses of elenments of particul ar inplenentations

of filter banks A110 and B120, and tHhids material is hereby incorporated
by reference.@[}OOOSS Nar r owband encoder A120 is inplenmented according to
a sour ce- {009 : 44%8@%@?&&@%%%@@5@%@@@% filertepk a set
of paranetg{® tﬁﬂ%%rf&%?scéﬂugaicﬁkafécfuixﬁfen?%psa(n@ﬁn%%@ﬁ%hb@s%'fﬂ’t imd gnal that

drives the described filter to produce a synthesize reproducti on of the
i nput s peeasrasionghesing aedeRe! iBterpolasion, resamplingysng otifer gperptéans.r Hilter bamkel ope of
a speech sj .ac | ' .envel ope

Fepr osent FEAdhclpdedd sBRASEsvH3l PUARGE e et P PEEHHER HERKE. s
speech codsgesmtior acpaiformed, |fenedamply, & cfilesr benksefahd erbdatsuclcdsifiler Banka set of

par anmet er s, suc s filter coeffjcients 00084 | GU b shows an

exanpl e onglllng?}BS E%?‘ﬁ@'—el"P‘F‘P r%ﬂéﬁrga‘ﬂb%}%l S°d§llagi§m°_§g fﬁi% B ng of the
spectral egwshfadBighBaid @At H8FhpoadH of A sial #3160 MRMUHKBugtcal cul at es
a set of paraneters that characterize a filter correspondl‘%to t he speech

sound oversugh flers et aptional gad pesdmiot b ngludesl. e dptenpApplicetion Tgr FTEMS:r (al so
cal | ed an VBRSO, S5 ARPAR LTI RORISHICH SIcNAT RN diggcor ding Lo
those filter parareters renoves the spectral envelopée to spectrally
flatten thersvignalitorneh®ockeat D503 Tginaludessadditionalidgsraiptiom hsbfigraed reliting

residual) has |ess er d thus.less varian and s | efr encode
Lhan the dP PRI efaanas el g Rent Bl Bf Rueiiaks s AT IR, ne
residual midgmainateRivl i8he@bp trctipofled baeRegvenl y over the spectrum The
filter paraneters and residual are typically quantized for efficient

transm ssi g r the channel . the  decoder, a synthesig filt

con gur ed DY ey tee erors A Ll s dEplemete eopathemsatronpie mefna
based on tihg ensdestdlingu®s e@ldbigﬁ’al@s fest N6 BiaPdesOfibd MEIteRh@i nal
speech WO 2006/ 107839 PCT/ US2006/ 012233 16 sound. The sg/nt hesis filter is

typi cal | y @oan ppiteen vignah habddves thadeseibed filet to produpee synthesized j nver se of

t he transf i bs i ' Ehows QAR hniE! faShows a

bl ock di agr‘ré i %@ggoﬁglgi%cp‘# %eéwn%ﬁt?%}n 15% gf nar§r o%gﬁ‘éjgig:ﬁc%]der A120.

In this exangbps ofa dpeevhaignpl. éltieqealorthy charngerizZeMT) spactiblgiveloperodul e 210

encodes the oneetl 8l S Y heR%oR AN RRRL. B9 e o3k OF 1 ne@r
encode at least this coarse spectral structure as a set of parameters such as filter

coefficients.

[00084] FIGURE 5b shows an example of a basic source-filter arrangement as applied
to coding of the spectral envelope of narrowband signal S20. An analysis module
calculates a set of parameters that characterize a filter correspohding to the speech
sound over a period of time (typically 20 msec). A whitening filter (also called an
analysis or prediction error filter) configured according to those filter parameters
removes the spectral envelope to spectrally flatten the signal. The resulting whitened
signal (also called a residual) has less energy and thus less variance and is easier to
encode than the original speech signal. Errors resulting from coding of the residual
signal may also be spread more evenly over the spectrum. The filter parameters and
residual are typically quantized for efficient transmission over the channel. At the
decoder, a synthesis filter configured according to the filter parameters is excited by a

signal based on the residual to produce a synthesized version of the original speech



prediction (LP) coefficients (e.g., coefficients of an all-pole filter
1/A(z)). The analysis nodule typically processes the input signal as a
series of nonoverlapping frames, with a new set of coefficients being

cal cul at eqyd 9osseresy frame. The frame period is general byrRisadd€hiz2d over
whi ch the signal nmay be expected to be locally stationary; one common
exanmple is 20 milliseconds (equival entl6to 160 sanples at a sanpling rate
of 8 kHz). In, one exanple, ,.LPC anpalysis nodule 210 |s_configured to

cal cul ate S&ug%tT*eﬁsyv@ﬁQEﬁﬁ?w pr@ically grrdiepeer doyhayveradranpisr Sinption t%ét is e f or mant
structure jaergAGiheQadifer kiRB6PBENE WAEning filtdrS @l SO possible to inplenment
the anal ysis nodule to process the input” signal as a series of

over | appi % frames. [00086] The anal ysis nodul e may be conf iq%gr ed to
anal yze t H80 6 shtt & Plaiediagipmet  bysic rplermentafionp)h 22 akay be

wei ghted f}] | ' g, : : I Hamm ng
w ndow) . %ﬁgggﬁ%cga%&g] ?o Sean 8@9@& %ﬁ%ﬂg@r@uéﬁ %fdﬁté%%@@ﬁ ﬁg%]ysﬁss | ar ger
t han t he fmedmde 2Hlernicodes tie POctral envelope ddnarrohiand signa SROmmY sétof lingammet ri ¢

e.g. 5-20-5,. C hat..i.t .i pcl udes. t he m Ll on [ iately before
vt o't o bridieSosLpY fotendicnst (8 Sortictelf of o Wb B VAR 1 Bhofhebisicn 1 nat
it incl udegodietybRally prblesidslthé BpeOsigial &fa dehes drmRa6eHIABpihE BEREs, with &L PC

anal ysis nodule i|s tgypl cally configured to calculate the LP filter
1

coef fi ci erfted sekphrgeticents heingralsylardior each framen The frame genied is ggnemilyquen
al gori t hm_. Rl E G Al ' 'cHBP!“ DY m

confi gureope#‘gdgg?cu gr%ﬂggglgget ﬁeceggesctt%dgﬁbgg%%y?%?%nts’ g? eacﬁ?f rame

i nst ead ofexampletis 39 miilHsecbndst (equivalett td Hilsamples pOOG@WinT hase ofi8 pHle). Mat e of

encoder A120 gmy..b L gl £icant lo .t hirelatiyel Li.1l e effect
on reprod utk i%‘%x’%fﬁ’g’flig(? glﬁ%gsgs %?Ja A[ )Iiizoﬁga&}f@r eﬁ:tﬁt’ £ aekrnﬁ%tg f 5%%%?“5& ﬁfterfear

pr edi ct i orcobfficients t6 orirhdtenizenhesfoanant dirfidtire of éach Q0amidlivecond fednie, diient |y and
are usual ::é mapgzgd | nto anot her, representation, such as Jine spectral
pairs (LSPES0 ResSiple fp rapjerpent the analysis moduiedq Propesedhe npyg st 35785 Bn and/ or
entropy ensgfhging frimdshe exanple of FIGURE 6, LP filter
coefficient-to-Lﬁ: transform 220 transfornms the set of LP filter
coefficients into a correspondi ng set _of LSFs. Qher one-to-one

repr esent d00%36d e auplysiprmdols/m: nfrgured IS20als70the saynples of such frame
coefficiens 4 e : P - b ;
i ¢ ¢ ance i SghEy U SaRBlee fay ESIahfthlcccorly W £ RdBhiE AR i oo
(1 SFs), whixetnpky 2 Hamedng windhw). GEM an@lgkie baly aBp t penfémredMybr 4 window

Comuni Catthgtqg ?arg%man e(f?‘aqgé? tS1llc Cas 4 Enllgeg%v?ﬁdow. This window may be

symmetric (e.g. 5-20-5, such that it includes the 5 milliseconds immediately before and
after the 20-millisecond frame) or asymmetric (e.g. 10-20, such that it includes the last
10 milliseconds of the preceding frame). An LPC analysis module is typically
configured to calculate the LP filter coefficients using a Levinson-Durbin recursion or
the Leroux-Gueguen algorithm. In another implementation, the analysis module may be
configured to calculate a set of cepstral coefficients for each frame instead of a set of LP

filter coefficients.

[00087] The output rate of encoder A120 may be reduced significantly, with relatively
little effect on reproduction quality, by quantizing the filter parameters. Linear
prediction filter coefficients are difficult to quantize efficiently and are usually mapped
into another representation, such as line spectral pairs (LSPs) or line spectral
frequencies (LSFs), for quantization and/or entropy encoding. In the example of
FIGURE 6, LP filter coefficient-to-LSF transform 220 transforms the set of LP filter

coefficients into a corresponding set of LSFs. Other one-to-one representations of LP



W deband) codec. Typically a transform between a set of LP filter
coefficients and a corresponding set of LSFs is reversible, but

enbodi Mentyo3h3Redsse! ude i npl enentations of encoder Al’??’}fg%"%%}; he

transformis not reversible without error. [00088] Quan

configured to quantize the set of narrBband LSFs (or other coefficient

representation), and narrowband encoder Al22 is configured to output the

resul t of fikgrsoeffisientsiealydspagesr copficients; dogramatratiol vabies;gamittmtce spectdl0.  Such

a quanti zeg,; ' | . | ZEr d he i nput
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generates g,.residual Lgnal,. b ssi,ng narro Signal. S20 t hrough a
whi t eni ng ?’i‘@? 8?‘3586“( :‘fygbcaié%#%%?%{ﬁ‘b SASTELO Bﬁ%&P ICIGAS@Pd Br filter)
that is coeriegpundthgascsiBRRgs feverkible, BiRtlen®bditiehts lso ikEdef ipledthdtion this
particul ar exanple, whitenjng filter 260 is inplenented as a FIR filter,

al t hough HpE SPRPACE Ad AP #t WBiGR thediansfoap isneot reyergibleTwitkont egpidual si gnal wil |
typically contain perceptually inportant information of the speech frane,

such as | opgesgjeQiartizE i0us @orff%&%ﬁit@@u&ﬁ_zé)ﬂhé 68t of hipewiadd Qs (R BEEPEN ed in

narrowband filter paraneters Quantizer 270 i's configur
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as encode of ' p )\ . h niizer .typically
I ncl udes %ﬂ%@@%gﬁ%ﬁ??@(ﬁﬁ& *‘1% e%%gieféﬁse?g%r a?#%ﬂst %@@85 aggm’gﬁel?/ndex to a
cor r espondiypigalizeintindesetecior ignamizérthitenardesthe éipnokecto¥ak @n ek wed y, such a
guanti zer ma ured t end gq}e r nore paraneters fromwhich the

be. fi
vector may® ngoélﬁlél%%%tl er’&’ﬂ?’ﬁﬁﬁ?ﬂ’iﬁ?’f" §°%fe decoder, rather than retrieved

fromstorage, as in a sparse codebook nethod. Such a nethod is used in
codi ng sch@ft’s] sAckeensn BIGIERE 8] warObehd cood 1R2 aBY ghiicditbOdrekidngar

redi ction) a codecs such as, 3 Third CGeneration Partnership 2
PURC ¢ EnneE oy B SE ham e aiga a0 HoBEub Y i re g 200 ainaraiog an.
nar r owbandng iggEPreéﬂeﬁQn @orAREY tRSs ddABgERE Aslethin R tﬁ@MQF‘ﬁltfiGCLgat ion

si gnal accordi o the sane filter paraneter values that w

avai | abl e qosfficicatse dn fispastienlarexaapleoviteningddico 360 is implemented pmaFER , t he
resul ting 1 it.ati ' . . .aliready account to
Some. ext orit P GGG FERRRRA R sl e Thel Ani oy B 0
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18 desirant e hRcRRlHE %o i, Ha & 50! AeldnteaTh niSomShntt MieS fimemdicre. | C1 &Nt
S40. Quantizer 270 is configured to calculate a quantized representation of this residual
signal for output as encoded narrowband excitation signal S50. Such a quantizer
typically includes a vector quantizer that encodes the input vector as an index to a
corresponding vector entry in a table or codebook. Alternatively, such a quantizer may
be configured to send one or more parameters from which the vector may be generated
dynamically at the decoder, rather ‘than retrieved from storage, as in a sparse codebook
method. Such a method is used in coding schemes such as algebraic CELP (codebook
excitation linear prediction) and codecs such as 3GPP2 (Third Generation Partnership 2)
EVRC (Enhanced Variable Rate Codec).

[00090] 1t is desirable for narrowband encoder A120 to generate the encoded
narrowband excitation signal according to the same filter parameter values that will be
available to the corresponding narrowband decoder. In this manner, the resulting
encoded narrowband excitation signal may already account to some extent for

nonidealities in those parameter values, such as quantization error. Accordingly, it is



avai l abl e at the decoder. In the basic exanple of encoder Al122 as shown in
FIGURE 6, inverse quantizer 240 dequantizes narrowband codi ng paraneters

540, LSF- t‘g(-)&‘%dlwsgge_r coefficient transform 250 maps 5@2/5@?@%/“25539 val ues

back to a corresponding set of LP filter coefficients, I's7set of
coefficients is used to configure whitldning filter 260 to generate the
residual signal that is quantized by quantizer 270. [00091] Sone

i npl enent adssiEhle 9rcontigyre Msameiteaing didter usingthe saree easfigient valyes hat willibeul at e

encoded najmMeRinEadhlia! 1Pthe thid Hampiorhobdle AlbS ¥ B0wANE) @ set of

codebook vectors that best matches t residual signa s noted,
however , tinggrse quantizenB4t dequattinge narruivb@ndrending pavarbeteds 840 nSfFtoskiP fitter

cal cul ate | represent atjon of . the residual signal w.fhout
actual |y g%ﬁgllré%ﬁ {ﬁé]%?cﬁg’ ‘ﬁ@éﬁ%ﬁgﬁw fg?ug%% ‘;ah\’f’?)sa"kgt%’r?ﬁFg‘c’,poﬂcgpg %Lﬁ encoder
A120 nay bfgltes oodfiigienite,cintl Ghibi &t ofcovtfidieits 0 useiat ebefdare WRRSIESHilkR 268 RLT at e
correspondi ng synthesi zed sjgnals (e.g., according to a current set of
filter par et r,eSIQH%le@ais‘gPtéEﬁ“@H@ dRgyiRer Ukt or associated with the
generated signal that best matches the original narrowband signal S20 in

a per cept Upbo91] VB inflemehRatithof 1:8008241d dnbcddRA 120 sRVMafsuBE Rk di agram of

an inplenmentation B11Z of narrowband decoder B 110. Inveéerse quantizer 310
dequant i zedlculgie Bapdadanarowbeand gxsitationsignal SOy identifying encameng asetof set of
LSFs), and, =1 Q- | Gl t & f forms  the LSFs
into a set og?:ﬂ%fo F?%%&Sfé%%?)?{tg% g%tggs{hﬁeg{rguglx% 'el?fsgﬁsog%lg}s]é:‘%%géﬁ a<r’§1bove W th

r ef er ence narnowbandemsedey 20 immyralsd 40 impldmentadsf catouladsHquentinal r owband

encoder Al22). ver uanti.ze 0.de nti zes narrowband resjdual
o onal sagelbeepllERE s <HRALEH wihiu AR bsnoShnn B Bl Bl oban | he
filter coeixhinplepiir®wband ebdeiER0dnBxeicomfigRed ®igeahumb&bf codbbermband
synthesis filter 330 synthesizes narrowband. signal 590. In other words,

nar r owband” eﬁg‘?{;ﬁtﬁ S11°5AP PPIESPORLIRE fyathegizrg; W@de-ﬁo acoeding 193 Sﬂr@ﬂtasﬁ_b‘)f
narr ombanqilte?F&mha%fsg%a S5t BRRoABEOE HchH abRdciala v&iﬂfv’%@ ggieg,ﬁéh 53%4 er
op | S90 owba r

coefficients roduce narrowband si gna . Narr eco B112

al so pr ovithadesianateheh thedriginabnareombend siguph 820 Ba0pereephiali weigittedncoder A200,
whi ch usesdomah;to derive the highband excitation signal S 120 as descri bed
herein. In sonmé inplenentations as described below, narrowband decoder
B110 may be configured to provide additional information to highband
decoder BZ000%2hFGIREAT gowsa Hlbwk dizgran vbanithpbéngmsdtion B1dD oAsarsweahd al tilt,

pitch gai ndeg(pcgr h?ﬁ) I%Qeq'ses t?a%ﬁgerg?g Séquya%zég l(l)aeréo%v Z\gg ?ﬂtg%TalraLrﬁztgg %9 11% 233
this case, to a set of L.SFs), and LSF-to-LP filter coefficient transform 320 transforms
the LSFs into a set of filter coefficients (for example, as described above with reference
to inverse quantizer 240 and transform 250 of narrowband encoder A122). Inverse
quantizer 340 dequantizes narrowband residual signal S40 to produce a narrowband
excitation signal S80. Based on the filter coefficients and narrowband excitation signal
S80, narrowband synthesis filter 330 synthesizes narrowband signal S90. In other
words, narrowband synthesis filter 330 is configured to spectrally shape narrowband
excitation signal S80 according to the dequantized filter coefficients to produce
narrowband signal S90. Narrowband decoder B112 also provides narrowband
excitation signal S80 to highband encoder A200, which uses it to derive the highband
excitation signal S120 as described herein. In some implementations as described
below, narrowband decoder B110 may be configured to provide additional information
to highband decoder B200 that relates to the narrowband signal, such as spectral tilt,

pitch gain and lag, and speech mode.



19 [00093] The system of narrowband encoder Al122 and narrowband decoder
B112 is a basic exanple of an anal ysi s-by-synthesis speech codes.

Codebook gx§ B&gﬁ&ﬁg,llnear predi ction (CELP) coding |§ /Rﬂgﬁr famly
of anal ysi s-by-synthesis coding, and inplenentations 5F suc ers may
perforn1maveforn1encod|ng of the residfal, including such operations as
sel ection @W entries fromfixed and adaptlve codebooks, error
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i nt er pol at mdndeWidh apecitions askeiogOnast eﬁﬁne§framcfﬁ{red lad®@8daptive codebooks,
thesis s eech codecs i ncl ude t he ETSI  ( European

anal ysi s n
Tel ezommn%/r@égrpﬁlﬁgzat‘gf’& SraHQRs. fndaripergertyal csighting Ppsratinsc Qzes ( GSM 06. 10),
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(Fourt h- Geedictimi (MSEILB}:cxdhmg, rﬁelaxammﬂ(g@mmwmmwwaaa egkitaBon Di ego,

Nar r nd en oder 0_an rre di oder B 110 may be
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codi ng teCefmaryh@@y-s@mhﬁsf@Eechlﬁbﬁm 1ﬁ1ﬂudthéJErSiE(Eﬁi®9ﬁﬂTeléJ%ﬁhmﬁ% ifReNt s a
speech si naI as _(A) paraneters that describe a filter and (B)

an excit at¥t Sé’l‘?&‘lt“t@)c@%w fPB rgie podsc {@Wdl@s]@ﬂ,l"de@‘ psef residuglexciteshr oduce t he
speech si gighrp récﬁ%ﬂkEﬁEdP?Qh@@ﬁﬁfen%%eﬁ"ﬂl fl%fy éaﬂ £GsMBe bGTeed the

coarse spectral envelope from nar rowban a consi‘derabl e
anmount of HUn@Enteraatinnal 'Eelsctonmnmmcra@omﬁ}}mméstmda:d lb&bb’s G‘:ﬂZ9yAﬁrmR Bvoi ced

speech. S t exa l.e of resi dual .

s !Dg nal , as gdn%‘hg% EﬂPgsﬁjcgtan ) éﬁ/ﬁ"& %‘?{ggﬂggﬁ’e yisign {PBF UplefCessinal  such
g?t gh vg\é\abkaen?'i)ﬁhaasﬂ\odde@usé mummté ??goken?gd;/détc %\ Eh 2 ;rre S peaiglr%ﬁr;g; ath gSet °
di f f er ent FEETRHAR %59949:@& P%@Cﬁ@bf&&qwcw?r@wdéqn&@%&‘\) FI GURE 8b
shows a tiNBrRaRd ShcBiQIA D 48 c%&ﬁ&lc&‘ng%cédé? 8190 nfa§ Bk BHipemeigal that

shows a sequence of pitch pulses in
according to any of these technologies, o r any other speech coding technology (whether

known or to be developed) that represents a speech signal as (A) a set of parameters that
describe a filter and (B) an excitation signal used to drive the described filter to

reproduce the speech signal.

[00094] Even after the whitening filter has removed the coarse spectral envelope from
narrowband signal $20, a considerable amount of fine harmonic structure may remain,
especially for voiced speech. FIGURE 8a shows a spectral plot of one example of a
residual signal, as may be produced by a whitening filter, for a voiced signal such as a
vowel. The periodic structure visible in this example is related to pitch, and different
voiced sounds spoken by the same speaker may have different formant structures but
similar pitch structures. FIGURE 8b shows a time-domain plot of an example of such a

residual signal that shows a sequence of pitch pulses in time.



WO 2006/ 107839 PCT/ US20061012233 20 [00095] Coding efficiency and/or
speech quality may be increased by using one or nore paraneter values to
encode ch istics of the pitch structure. One inp
characterﬁgﬁgﬁﬁ%¢ﬁ%%e pitch structure is the frequencyggiﬁﬁﬁgwgy%gt
harnoni ¢ (al so called the fundanmental20frequency), which is typically in
t he range 0,400 Hz. This characteristic is typically encoded as the
i nver se of[%ﬁ’ﬁ%?fé%%%fﬁlfw%f? &pregh quglisyymay e insgpateddygisingtonk @y,  The
pitch | ag mp@ipastn®ter ViResHoERBSdethariABRIES of bbb, RGhd iQfhordtd May be
cRhu3FERLESof o B Rk, Kot Bhonfil

encoded as one or nore codebook indices. Sp na romma

speakers t&gtrctenstifafdhe pifchstrughredsithe figquenhy of thp iest hawiapiralatso alted the mal e
speakers. 20096k fA@& i q!-ﬂl! eristigar.elatingto the pitch
structure flu£Sl peri ofie I n)@/ﬁf W\?\’}ﬁ?c l%%?}rcfg[ﬁ%es a{'ieeéf;qortgﬁ@ ﬁrz]'o?h‘[she har nmoni ¢

struct ur e ahatacieristirt ik eypicatly dscodedias tHe fnvee dbhihe Wiidameithlefretjugivd] alke har moni ¢
or nonhar noni T pical. i.ndi cat ors of riodicitfy are ,zero_crossings
and nor mlqa@gcgthga\{l@b)éér Lefﬁsﬂt%ﬂa% Wﬁ@f‘f%ﬂ@ n@ﬁ&g—_gf)s_am P Iodieich peigd al so  be
i ndi cat ed d nidyeeRintéded 88bfb oriibre BodeBoQOHREY. X5 é&%@ﬁﬁls%nagﬁ&deb%k gain
(e.g., a quantized adaptive codebook gain). [ 0097} Nar r owband encoder

A120 may iSReakgEsdensie have lerger pitghdagsebarcepagahgianels from femmabsopeakerse | ong-term
har moni ¢ structure of narrowband signal 520. As shown in FIGJRE 9, one
typi cal bO9% " AR sighaE chiB¥eR licteRngd & : i,PC analysis
modul e, ﬁqhﬁnpodes St e cshorte- term g?gar gﬁf@ﬁgﬁggﬁggpﬁﬁé@ spectral
envel ope, Wiith indisdtenhestrengil efithe bamonisrstructarernrpinettiec wionds, thedbgres ® st age,

whi ch enc i i [ ructure. The short-term

char act er ﬂ’gﬁa&h%g%g;léﬁgo eohfég)sr g?ﬁlt{%@ac@gg %ngﬁalmd&?”é%% FHAUFBR Gt er m
char act er izstd eyessage ashoadetizeasauicabtie stidndonish@(PAEFS). PetdliciBemp) 4isd | ag
and pitch.gain. For exanpl e. narrowband encoder A A120 e configured to
out put encbgd‘écgcaﬁ%iﬁ?yo\ﬁﬁgﬁgl it qqlgﬁorgﬁnaﬁ%enggled%aaoﬁg% 83hte-gric| udes
one or nDIqantiedeke tobeasSgA): 9., a fixed codebook index and an
adapti ve codebook index) and " correspondi ng gain values. Calcul ation of
this quantj representation of the narrowband residual signal (e.g., by
quanti zer [%9] r@q@é%mwé%nﬁé@ﬁwlww qng @F Ewse madescgonfigiisd fhg such

val ues. Engasicite Bhe tdih Hakhéic Sthicuft f Sr¥badd Sehal 9?(5.3,51§shoivd?xti rpol ation of
a pitch prototype waveform which operation may" I nclude calculating a
differ encﬂ@%&ﬁ%%@@k@ﬁlﬁﬁpv‘ﬁm thatinsayde uhshiotludey anfopeindodpd®E t er m
structure . i espondi ng to unvoi ced speech,
which i s ta)g%ﬁjs&gﬁogﬂh,é?@éfgﬁ?gés éﬁ%&%ﬁﬁeﬁf&{mac eTistics of coarse spectra(i

envelope, followed by a closed-loop long-term prediction analysis stage, which encodes

the fine pitch or harmonic structure. The short-term characteristics are encoded as filter
coefficients, and the long-term characteristics are encoded as values for parameters such
as pitch lag and pitch gain. For example, narrowband encoder A120 may be configured
to output encoded narrowband excitation signal S50 in a form that includes one or more
codebook indices (e.g., a fixed codebook index and an adaptive codebook index) and
corresponding gain values. Calculation of this quantized representation of the
narrowband residual signal (e.g., by quantizer 270) may include selecting such indices
and calculating such values. Encoding of the pitch structure may also include
interpolation of a pitch prototype waveform, which operation may include calculating a
difference between successive pitch pulses. Modeling of the long-term structure may be
disabled for frames corresponding to unvoiced speech, which is typically noise-like and

unstructured.



unstructured. WO 2006/ 107839 PCT/ US2006/ 012233 21 [00098] An

I npl ement ati on of narrowband decoder 13110 according to a paradi gm as
shown in E y be configured to output narrowba ' Lgn signal
S80 to hi‘ggggﬁﬂgﬁgoder B200 after the long-term stru?gaﬁé%(’@ﬁzé% or

har moni ¢ structure) has been restoredl For exanple, such a decoder nmay be
configured to output narrowband excitation signal S80 as a dequanti zed

ver si on of [08928]dAd implemenistieitiofmasiowhatdaiecedeg BAL0 a®BBling¥o aqaradigm ai t i s
| [ . Ok h_ t.h i ghband
Gecodor pots nds FIIBRETRL BALLAMIERID CRARTGIEhatd Dxailn HIRY ssLe! 0"

si gnal S50higkbant dedadenB2000aftea tid lenpstetnd birveturs (jgteh lor B@thon]c300&8Ee) hias an

i npl ement ati on of wi_deband speech engoder A100_according to a  paradi gm as
Shown - DR GBI GHCD e ST Ty BB GERTa LT B, ve T he

nar r owbandex@&tidnidraNS &l ANAdeqamtRéPAYESTlofBAco I nahebaddesk B 'sbgﬁius or
whitening filter. In other words, narrowband encoder A120 may be

conf i gur edS¥b Yiropise. it walsopepsitasuimplanaent narrqvdnnd depeder B Osughthaind encoder

A200 bef or ' - t L , M “however,
for hi ghbaﬁﬁ%ggéd%rqe%éj 1%81% Pé%%%gﬁ‘;z?%@n #ﬁgcc}dﬁgpp?f\’/ﬁga?fg egﬁ{a‘{lﬁtﬁ%l t he sane
codi ng i nfogmahS5ditv dbivt nawrdwband exaBondghab$8hi ghband decoder B200, such
that the coding paraneters produced by hi ghband encoder A200 rmay al ready

account to x1.e for ni ljti.es in that |h-ornmatio Thus it may

be prefer a%lﬁgﬁfior ﬁ%’i‘ﬁ‘ﬁ%ﬁ&%&t&gﬁ% Sg‘gfdefl@&gp?egﬂ ?%cggﬁrs‘%ﬁ?catcc?fg’tnlgg%and

excit 3;) io gpmdjgmlas oS if MG}JRIEEQ, h’gﬂbang&ned&t Aiza(gdlayibgémgﬁiggtba% 'teZﬁide encgded
nar r owband_exci tati Qn si gnal, 50 t out put W an peech encoder

AT00. One BEREFIY and St PA NS ProAUCed by dr AOR TV BB WIS

cal cul ati ofitef Ik SiBer W& HFoBBINA chesdePA 520500 velesEizhRA% oltphtayy [ 000100]

In addition to paraneters that characterize the short-term and/or

| ong- t er m nastovherd gxsitaiondgnabisdughbard epsaderd00 batore enspding thedergiermA120 may
produce paganRtert: iRk . g{,%)br LSL of

nar r ov\,bangg Sl g%\élngé%%&@ﬁeééé@%\g’%@&b% ?%&ﬁ%ry e tgg‘%ctgg ?{/()hgtgl%nt i zed for
out put by nurcebambiclmprd the sanecdding AfQthatiomthabwill bevetaivkelcbyaighbgnd he

narr owband, fil ter, par ters S40 or outputted separagtely. _Hi and
ooy 2 Aotssodet B0R SRR oSt Berneld Broded B E Bt Hioseh A
par anet er s;m3pilread$ Acdinitdo kémOBReR ForhReAftict HEHS: iARthAtAN ahuPRLBEL €1 S

e.g., after
(e-g be preferable for highband encoder A200 to reconstruct narrowband excitation signal

S80 from the same parametrized and/or quantized encoded narrowband excitation signal
S50 to be output by wideband speech encoder A100. One potential advantage of this
approach is more accurate calculation of the highband gain factors S60b described

below.

[000100]In addition to parameters that characterize the short-term and/or long-term
structure of narrowband signal 520, narrowband encoder A120 may produce parameter
values that relate to other characteristics of narrowband signal S20. These values,
which may be suitably quantized for output by wideband speech encoder A100, may be
included among the narrowband filter parameters S40 or outputted separately.
Highband encoder A200 may also be configured to calculate highband coding
parameters S60 according to one or more of these additional parameters (e.g., after
dequantization). At wideband speech decoder B100, highband decoder B200 may be

configured to receive the parameter values via narrowband decoder B110 (e.g., after



dequanti zation). At w deband speech decoder B100, hi ghband decoder B200
maybe configured to receive the paraneter values via narrowband decoder
B110 (e. g.w 2006/ 107839 PCT/t1S20061012233 2 ntj.zation).
Al ter natlve?y, ﬁ&gﬁ)}and decoder B200 rmay be confi gur ed%f"gﬁggo@g&béﬁ (and
possi bly to dequantize) the paraneter 22al ues directly. [000101]In one

exanpl e of additional narrowband codi ng paraneters, narrowband encoder

A120 pr odudessantizetien). Adiernapiealy.raghbeid decadrd BEAR sly bewdefipuediveteive for each
frame. Spe | e spectral envel ope over
t he passbaﬁhaghﬁwyk&ghaﬁﬁ thg Jg%rﬁ%ts{;‘%%%éa{ge& he quanti zed first

reflection coefficient. For m)st voi ced sounds, the spectral energy
decr eases [0001011coneasamplefof e@ﬂi’émmynarmcbhnd Mngﬁwam&tem,tnarmwbht&bt i on

coefficien Y n nvo ounds have a
spect rum t%%toéergﬁ%ﬁ O&c% \?agu%‘giﬁgﬁ ﬁgt?lpﬂﬁilsl’?el\é?‘ aé't‘:‘?‘?rﬁ) TESEr ti ci ent

i s close tframer Specnil tilh@hitens meenqre@y tmtspévugherfvemaev&ltm asSBaad addigt t he
first reflection coefficient is ive approac% [ 000102]
Speech nod&PE ll(f EPEESFItRADY, Be grang ?ﬁi%ﬂ’éﬁreﬂ?ﬁﬂ‘loeﬁ?%gcmtmémoﬁ%@l@dr rent frame
repr esent sganghs e sBéctMeré!r@E&Ec%a?e@ Sith Jé?éa%m%effeﬁﬁ%‘?r su@ﬁ‘%apﬁ\é‘?ﬂﬁ bi nary

val ue based on one or noré neasures of perrodicity (e , Zero crossings,
NACFs, pi t ¥eflegionepeffinigniis negesive enchmey sppraach ot. Most lim/awed s@mdhhza/s aa
relation b n, ot h

i npl enent aﬁ%%trﬁaﬁﬁ%tﬁeﬁaﬁ #%lﬁtg%g? gﬁé%hg&h%cgefﬁgwg lsr%)ls%too%eﬁ Pr st at es
to indi cat kasnmatesnesgcét high fse:quenmes arch iiac kg ifinstnellaeton eoefficien id padniet | on
between silence and voiced speech. [000103] H ghband encoder A200 is
confi gur ed™CdPBHEBEE R hband si gnal S30 according to a source-filter
nodel, with the excitation for this filter being based on the encoded
nar r owband[06a1i2] &paeanmsdg(m;do caliddGdiiingl Bodd) dndicatestwieeter ieagfrantfimean

i mpl ement ati on A202 of hi nd e ler A200 that is conflgured t o produce
a stream GPERFIEhYRGTE CE Y %@e%aa?egﬁe& DABRSE FAY HaYRy IH"f“é{W%‘ﬁGaﬁFFll ter

par anet er sonddraitfe n@hﬁ%@%ﬂ‘ er%'ﬂld?t yi(@g! 868 crhfRgs, N‘A@l‘*‘@ e%éﬁl b bad/bon

generator A300 derives a hig excitation SI gnal S rom encoded
narrovvbandVCémctlalﬂ fmtf@lfgqm S%@S aﬂ@l@uoyld:egﬁeem@nh EmpEIE @d@dhmd@lda set of

par anet et Vsl o, GlALnSRALAGKEIY, 8 ith ARRCHL Ao BINE RS, nl dHgNDaNd

si gnal 530 'S pa |cu ar ex I'S” confi gured
to perfor nstaxmoamhéayesinsdescsum axhilecedr bmkgmfmxﬂ Roike, lok @ trafsigdif betwesnt s f or

each frane
I%nce and voiced speech.

[000103] Highband encoder A200 is configured to encode highband signal S30
according to a source-filter model, with the excitation for this filter being based on the
encoded narrowband excitation signal. FIGURE 10 shows a block diagram of an
implementation A202 of highband encoder A200 that is configured to produce a stream
of highband coding parameters S60 including highband filter parameters S60a and
highband gain factors S60b. Highband excitation generator A300 derives a highband
excitation signal S120 from encoded narrowband excitation signal S50. Analysis
module A210 produces a set of parameter values that characterize the spectral envelope
of highband signal S30. In this particular example, analysis module A210 is configured
to perform LPC analysis to produce a set of LP filter coefficients for each frame of
highband signal S30. Linear prediction filter coefficient-to-LSF transform 410
transforms the set of LP filter coefficients into a cotresponding set of LSFs. As noted

above with reference to analysis module 210 and transform 220, analysis module A210



hi ghband signal 530. Linear prediction filter coefficient-to-LSF transform
410 transforns the set of LP filter coefficients into a correspondi ng set

of LSFs. above with reference to analysis no
t ransf or m%g(}g@%g%g?gysi s modul e A210 WO 2006/ 107839 Pd%@éé’é%‘%g‘g% 23

and/or transform 410 nmay be configured®3to use other coefficient sets
(e.g., cepstral coefficients) and/or coefficient representations (e.g.,
| SPs) . [ 00GM(nt pramyiemn f 1bmaybocqngigaesd ko wperothtr cosfficienttsets ée.gheepsteal of

hi ghband LgEs; Q&ESA%@SIWB %nft%e%%eg%h%%o%ggﬁege ion, such as |ISPs), and

hi ghband encoder i's confi put the result of this
quanti zation as the highband.filter paranmeters S60a. Such a quantizer
typi cal | y [0001040@sandizer=t20ds capfignted requantize the st of bighbdnd LiSHs (or orleet or as an

index to trespondi vect or ry,.in t.abl e, or debopk.

[ 000105] Hi ‘%‘?@%ﬁe&‘?é DR, S S 15, e bignfang egg,qﬁﬂﬁégﬁ iseopREired920

conf i gur edourgut tiereshilce this §yatipaRinze thehigivaad gl fgnalerdd S6020ueK di ng to

hi ghband excitation signal S 120 and t he_encoded spectral envel ope (e.g.,

the set ofduaptizer fypigally Hictudes p ¥entenquantizatBalencenes Mg NP veCctaANENgRA 1 0.
Synt hesi s tBh'cbﬁE%f%ﬁ@i%%ivécu?rYe%rg?ﬁl\bébge'HP:cS&EBB&l@d as an HR filter, although
ns

FIR i npl enent at i y also be used. In a particular exanple, synthesis
filter A220 is inplenmented as a sixth-order |inear autoregressive filter.

[000106] HOBKENE1zhband enerdenA202 plseingludes vorpthesia filten A22sconfigured toror e
differenc goﬁﬁgh‘b@gﬁgeﬁﬁﬁ hﬁ%@@s&%{a% 5% Rbdr n@% h%hmaeagitzﬁfog @J%%alse’o and

synt hesi z sign 0 specifty~a gal n envel ope r the
frame. QuaSit20zed the3Bcodetlispdvtralenivelops (erg..aheset eflL Rifilter oveffictats) prodticeder t hat

encodes the input vector,,as .an,index t . correspondi ng vect entry in a
table or c aaé’ﬁg’ﬁlﬁ mo?ﬂ%ré%@eﬁ PWSSl%ﬁft(ﬂéﬁ@ﬁl tXP’ﬁ@lgy %?@E%B?‘g‘iﬂ Hgn gai n
envel ope, faeg, dihetidhrm iﬁ){?l‘dﬁfbﬂfatiéﬁﬂﬂayi Sscinisb@Umnetpdri@cu®itteRithplehe  result of
this quanti zation as hi ghband gain factors S60b. (000107] In an

i npl enent aYPBAsinElter g9 1s impleragnted asq sixghqrdee inaar putpregressivofiltsts  ar r anged
to receive the filter coefficients fromanal ysis nodul e A210. An

al t er nat i Vipo0 108 PR AN ainctef caliul iR atB0 AR eERE oALS2mbRUikdERe@n | NVerse

quantizer and inverse transformconfigured to decode the filter

coef fi ci erhetvegendira levels pithel origineldighbandsignab 830 argloyathesirad ighband sigeddse
synt hesi s {4 L: cel.ve. |l ter
cgef fi c: en‘{lgb}t(ﬁg e@iﬁgg@ﬁfﬁ{%%;%?&g%g%f"?vguélrﬁ}ztgagjgdﬁ@ﬁ%%%@]%upport nor e

accur at e iamplementidiasn vedtot duantigir thaeencedsspie: nputhieglobaysdh igddxtoaal cul at or
A230.
30 corresponding vector entry in a table or codebook, quantizes the value or values
specifying the gain envelope, and highband encoder A202 is configured to output the

result of this quantization as highband gain factors S60b.

[000107]In an implementation as shown in FIGURE 10, synthesis filter A220 is
arranged to receive the filter coefficients from analysis module A210. An alternative
implementation of highband encoder A202 includes an inverse quantizer and inverse
transform configured to decode the filter coefficients from highband filter parameters
S60a, and in this case synthesis filter A220 is arranged to receive the decoded filter
coefficients instead. Such an alternative arrangement may support more accurate

calculation of the gain envelope by highband gain calculator A230.

[000108]In one particular example, analysis module A210 and highband gain calculator
A230 output a set of six LSFs and a set of five gain values per frame, respectively, such
that a wideband extension of the narrowband signal S20 may be achieved with only

eleven additional values per frame. The ear tends to be less sensitive to frequency



[ 000108] I n one particul ar exanple, analysis nodule A210 and hi ghband gain
cal cul ator A230 output a set of six LSFs and a set of five gain val ues
per frane jvely, such that a w deband extensi r r owband
si gnal SZBV%@E@@%%CN eved with only eleven additi onaPaygI%ﬁ)gQ&ﬁe? frane.
The ear tends to be |less sensitive to28requency WO 2006/ 107839

PCT/ US2006/ 012233 24 errors at high frequencies, such that highband

codi ng at rarbayhighdreguargiesqyeiich Bhap Higbband coding ata lomal/A G grdgr meypeadads 2

per cept ual ; e n@?a& y\ﬁeq%g I i [ rder,. typi cal

i npl enent astléuégh%}f“y%%& an%)?e co E%P%g'%ﬁﬁ%‘g&g@%ﬁhégr%e%ﬁlgg&Lgu put 8 to
12 bits peorddrr smgypicelintplapentptioh of hightemdestadacA2@mey bé dumfigmedts al envel ope
and anot her to . bi t er, frame for high-quality reconstruction of the
t enpor al e%@*%gﬁ‘é .ligﬁt%p?i P i h-frality Wo@ﬂﬁtﬂn&f ﬂérﬁ? gn ﬁla'églAZ 10
out puts a #etheP8 ti Dbits PeBfrmB &dr hight @iBty EERRE%bn SOIR téipir@BaMd1asd, ons of
hi ghband encoder A200 are confi %gérhéd t()}"produce hi ghbaﬂ?]iftlH excitation

si gnal S 1B@neerRaEiGuiarehynRleARAYERMeERls A2 guEnts|a80t ofgight LRBLPR
frequency gggponents and anplitude-nodul ati ng the noi se signal according
to the time- domain envel ope of narrowband signal 520, narrowband
excitation signal S80, or highband signal S30. Wil e such a noi se-based

met hod nmayl0PQ1Ma]Rensimmderaensatioas of highbandencoder\ 200 dusemfiguted topredece, it nay
not be desji: VOl ﬂﬂgﬂ [ | Le. har noni ¢
and conse(‘?]ﬂd‘élﬁott‘;l (;e%cgt\r?té&{s)%gr%qggl d?"’é‘%’??%%f%?@ﬁ ng#%ﬁ%ﬁ&’? ﬁ?éh@%ﬁ%‘d

exci t at i onfrgeaeyzbmpoddfandamplinfde-gurdethiting thgewise aigealricghbiag th the xigiet at i on
signal 5120 by extendi t he spect of nayrawband. excitatjion signal S80
into the tf?’&?%b eﬁpgaﬂlgw%agﬁag}aﬁ Ig%ﬁﬁo a{iar@t‘?éﬁ%a%ﬁnﬁllgﬂﬁlgggi %gram of an
i mpl ement atigihand\Ggdal SBoh Wil anch £iciiet tibdDRctloNBER bRIduASRquatd eilfe
quanti zer 450 is _confi ﬂured to dequantize encoded narrowband excitation

si gnal S5 cfor ‘_B‘Vﬁff“éé geunds, ¥eAbih Y éQ’c}?et‘&ﬁiir% for yoiged 55380‘.13_: whaser r um ext ender
A400 is coplihgil £6 ubfrp hatditnk elﬁad cgﬁe&&%&lg@a@@oﬂfé%ﬂgﬁg stdgpel 8160 based

on narrowband excitation signal S80. Iner 470 1s configured to
conbi ne a random noi se signal generated by noise generator 480 and a
t i me- dorrai [B0MAQHTigheand gixeitatian aehepforehinl is panfigared ¢ aensrateighand produce a

nodul at ed | ' 7 NeJugel] O ' . 1 Q. 1]

nar moni cal o ep SRy 120 ot SRenfBP Bt or i SR BRrch By

produce hhighhaltightexd ftegbénon rangg NBIGURIER 01 shows a block diagram of an
implementation A302 of highband excitation generator A300. Inverse quantizer 450 is

configured to dequantize encoded narrowband excitation signal S50 to produce
narrowband excitation signal S80. Spectrum extender A400 is configured to produce a
harmonically extended signal S160 based on narrowband excitation signal S80.
Combiner 470 is configured to combine a random noise signal generated by noise
generator 480 and a time-domain envelope calculated by envelope calculator 460 to
produce a modulated noise signal S170. Combiner 490 is configured to mix
harmonically extended signal S60 and modulated noise signal S170 to produce
highband excitation signal S120.

[000111]In one example, spectrum extender A400 is configured to perform a spectral
folding operation (also called mirroring) on narrowband excitation signal S80 to
produce harmonically extended signal S160. Spectral folding may be performed by
zero-stuffing excitation signal S80 and then applying a highpass filter to retain the alias.
In another example, spectrum extender A400 is configured to produce harmonically

extended signal S160 by spectrally translating narrowband excitation signal S80 into the



[ 000111] I n one exanpl e, spectrum extender A400 is configured to performa
spectral folding operation (also called mrroring) on narrowband

excitatio i 80 to produce harnonically extende 0.
Spectr al %66‘?’3’3& ybe performed by zero-stuffing exc?FatlonL/gl%ﬁal 880
and then applying a highpass filter t®&etain the alias. 1In another

exanpl e, spectrum extender A400 is configured to produce harnonically
ext ended shighlend %d.80 viaypsgrepling dollowedrbamsultiplicagomwrth o wbestaht-Eegienay i on

si gnal S80 ésnte% tnfaﬁ WO 2006/ 107839 PCT/ US2006/ 012233 25 hi ghband (e.g.,
Vi a upsarrpf Hb 18Y owed by multiplication with a constant-frequency
cosine signal). [000112] Spectral folding and transl ation nethods may
produce sp{O01E]Byecaal fohlimglanddiagsiation métheds thayrprodiice spactrally extmdicé

di sconti nuous ,wi he oriqgin icC str ure . of, narr.o

exol tat | onSgnn bt fadfi APl A bY oBemalnatRnre

et hods mayf pirdbeRd SicR@dnSsi Sglgin@ﬁ@dé%n&/ﬂﬁfrecﬁfeﬁcyﬁfﬂor@%ﬂpl& shbh | ocat ed at
nmul tiples of the fundanental frequency, which cause tinny-soundi ng

artifacts methodemay arogucs signalsdavigs Pewks ﬂ@it @Wé!"t genqga&lé{ Iopsted GHEIPIES of end t o
produce hi H‘mm ong tonal

characteri g{éif{?{s@&\gapﬁe%daaé becgicglz?aﬁtyrﬁﬁslggﬁrm?s gnal ak%lﬁshgrrpl ed at 8 kHz
but bandl i mcomstiutted qmednslgndhimssmmalsco tead tqnppémceém@cﬁrmmmyf nar r owband

excitation,signal .S80 ma ain |itt] ney, at an

ext ended s Pﬂﬂg)fm& Qﬁgg%ﬁeé%n%f ”@g?’ §rHS tpngl eha('s)ra“é}]%ugﬁ' Ei\dgﬁéaveﬁg%gghsé Eect ral
transl ati ORSUNe{gakl @y E@sanip@ad&mt 3 pdat lﬁmﬂhﬂnﬂécbtoafmmﬁre 8603400 Hz086113]

O her net hods of ggnerau n m)nl cal,l gﬁ@ended Sl g‘ﬁ? 5160 incl ude

i dent i fyi nYPRSAEPES ’ﬁtﬂféal’F‘&‘ ?‘ﬁl?PmP Flgé’a ey cgptam AR E¥ i t at i on
si gnal 880 suc‘ﬁr!ﬁiat a8 @)@téﬁ’de'd@ﬁgnﬁpéeﬂ'é’ﬂateﬂ abcdiBig AOCREA Bolling bhgfectral§ or mat i on.
For exanple, th har moni ¢ structure of an excitation signal may be

char act er i newlmnpn@ammm@spembm@we@ teHRer with anplitude and
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gener at or Rdrh¥én@ X POGH-e8 b Is180 Hefhde based on
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pitch | ag aledtifyirgsine gaimoye funddnessgal fmwmapﬁoﬁﬂmmbwmémdl
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qual ity of a?ﬁ%enpr\é%ﬁpmnﬁze%eagacorﬁgé thé)‘qnw"rd b§§ g%xcagg’ a\éfée [000114] A
nonl i near thutAtnicrub@ke dr@nwsafhub@s@mmagbachmamwbym fuadaneemtzdi gnal t hat
is

frequency together with amplitude and phase information. Another implementation of
highband excitation generator A300 generates a harmonically extended signal S160
based on the fundamental frequency and amplitude (as indicated, for example, by the
pitch lag and pitch gain). Unless the harmonically extended signal is phase-coherent
with narrowband excitation signal S80, however, the quality of the resulting decoded

speech may not be acceptable.

[000114] A nonlinear function may be used to create a highband excitation signal that is
phase-coherent with the narrowband excitation and preserves the harmonic structure
without phase discontinuity. A nonlinear function may also provide an increased noise
level between high-frequency harmonics, which tends to sound more natural than the
tonal high-frequency harmonics produced by methods such as spectral folding and
spectral translation. Typical memoryless nonlinear functions that may be applied by
various implementations of spectrum extender A400 include the absolute value function

(also called fullwave rectification), halfwave rectification, squaring, cubing, and
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filtering . ' [ f Dy : Qi tigured to
appl y & mobly MeLpe P Rts PERim kbR Aok igh BY 88 telBng B ik

advant age sifndl hed loxlpag filteeing tHewresultu Nonlinsar funetiomtaimtatoi0iineandighigdct i ons
for spectral extension, .such as.  squarj IS 4 hat  ener ornmaljzation is
not needed!© 3PR ysao?%‘lhfl?ﬁSIﬂ@’r?éﬂ? g’[#‘%ﬁég,ampl’?ggiggﬁls(glﬁtp 16 ﬁﬁ?@?’ﬁ?’ﬁf}g’? 8 nay be
appl i ed ef fiseiu@Ndlye PyctiohlovBiRdthe mehlitcheRhititgs fdtepsdt@hediedsionf suckash sanpl e.
Nonl i near function cal cul ator 520 nmay al so be confiégggred to peyform an

anpl i t ude SEvAPNgds Bt anEEEY MOTERHFRERN I8 polgsedad: dn pymetRicrgentatigng,ag |

[ 000116] Do i f i : déri | idof

ext ended ré@éﬁw eg‘?e @g%fdé‘ﬁ?\whéé’gﬁ%ﬁ%g’é uncti og‘rs\(.nI It ﬁgﬁieﬁddéﬁs/? rabl e

f or downsaegcheampid0 Noolimeer function celduiatet| 528 snayyialsodeicorfigised totpedarm an sel ect a

desired freguen band qf, t he spectral i gnal before reducing
the sanpl i Pfgglétafc‘%wf“ﬁ’gﬁ o&%lg&éqsgpﬁggorrs%a%t}éaély%{eg@%?sggnﬁél i asing or corruption
by an unwanted inmage). It may al so be desirable for downsanpler 530 to
reduce t he[oparpd]Dogmsanen 330nDconfiphad todwvsimpie the Peatlly|erle@iiEeada i s a

diagram t hg% ap%?y%\llvgs thte r1]13111151{egrnt{i‘llncusorxgn.e (i{[ nrléay l%[de\s/i%ﬂlé) H)% dgv?fllls%%lér%?»o to perform

a bandpass filtering operation to select a desired frequency band of the spectrally
extended signal before reducing the sampling rate (for example, to reduce or avoid
aliasing or corruption by an unwanted image). It may also be desirable for

downsampler 530 to reduce the sampling rate in more than one stage.

[000117]FIGURE 12a is a diagram that shows the signal spectra at various points in
one example of a spectral extension operation, where the frequency scale is the same
across the various plots. Plot (a) shows the spectrum of one example of narrowband
excitation signal S80. Plot (b) shows the spectrum after signal S80 has been upsampled
by a factor of eight. Plot (c) shows an example of the extended spectrum after
application of a nonlinear function. Plot (d) shows the spectrum after lowpass filtering.
In this example, the passband extends to the upper frequency limit of highband signal
S30 (e.g., 7 kHz or 8 kHz).
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my be Sedhatal? PaEnEh AR ] Mefiofly 8 M Mitne iU ot Bdlband L IOL LIS,

(f) causesigaalrPersal of its spectrum In this exanple, downsanpler 530 is
also configured to performa spectral flipping operation on the signal.
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t he sequerfeafsed ) revetsalsef isapectramallh ﬁnmatamplneﬂmmamplbr 53 alsb. Suc h an

ti lent to shif t he digit of th |
the fr 'ea’ﬂgh%g,gevﬁ“ it b Seretel bty prepptonith e il oot M Shotar i esul
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oper ati ons |n a different The operatlons of upsanpling and/or
downsanpl isigpalnweigh the $ancien cedﬂ‘ﬁfmrgm gquense (+10G Mhdes vabsaalitrnatg betweebthi n a

N d h | |
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signal s 520, S30 has a spectrally reversed
obtained by applying the downsampling and spectral flipping operations in a different

_‘u

order. The operations of upsampling and/or downsampling may also be configured to
include resampling to obtain a spectrally extended signal having the sampling rate of
highband signal S30 (e.g., 7 kHz).

[000120] As noted above, filter banks A110 and B120 mé.y be implemented such that
one or both of the narrowband and highband signals S20, S30 has a spectrally reversed
form at the output of filter bank A110, is encoded and decoded in the spectrally reversed
form, and is spectrally reversed again at filter bank B120 before being output in
wideband speech signal $110. In such case, of course, a spectral flipping operation as
shown in FIGURE 12a would not be necessary, as it would be desirable for highband

excitation signal S120 to have a spectrally reversed form as well.

[000121] The various tasks of upsampling and downsampling of a spectral extension
operation as performed by spectrum extender A402 may be configured and arranged in
many different ways. For example, FIGURE 12b is a diagram that shows the signal

spectra at various points in another example of a spectral extension operation, where the



format the output of filter bank Al 10, is encoded and decoded in the
spectrally reversed form and is spectrally reversed again at filter bank
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S30 in such a form [000123] The spectrally extended signal produced by
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In a  Partighlieh of HEhAsAfplat ARt Sodkth! ALAG 548 RAGLE Abndhubid gner 540

I ncl udes an LPC anal ysis dul & configured to calculate a set of four
filter coenerﬁoonerﬁxsd Mxttmmg]epermw bnperieam an gdaptive whitening operatiosr fep

anal ysis fi nf olry: t hose
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ext ended Scio%/rrlx%flxm;t’)le& grggal %gg\/n ?&%l-oercrlergggysis filter confi gufed to whiten the signal

according to those coefficients. Other implementations of spectrum extender A400

include configurations in which spectral flattener 540 operates on the spectrally

extended signal before downsampler 530.

[000124] Highband excitation generator A300 may be implemented to output
harmonically extended signal S160 as highband excitation signal S120. In some cases,
however, using only a harmonically extended signal as the highband excitation may
result in audible artifacts. The harmonic structure of speech is generally less
pronounced in the highband than in the low band, and using too much harmonic
structure in the highband excitation signal can result in a buzzy sound. This artifact

may be especially noticeable in speech signals from female speakers.

[000125]1Embodiments include implementations of highband excitation generator A300
that are configured to mix harmonically extended signal S160 with a noise signal. As

shown in FIGURE 11, highband excitation generator A302 includes a noise generator
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anpl i t ude- no t he noi se signal produc noi se generator 480
accor di ng troludes 2 crentrioard7f cenfigurasie amplitedé-modalasharppite signal preduced byt or

460. F | ' 70 ' | [
A ranged ¢ oSekmEreiR Aty rsr e TS IR LAITRe SRRl oidhtle O |
t i nge- domatdlcul @Br4000 Fer 68ingild, abmblinby4 7Onus) leimplaientedat emulifliet o pr oduce

nodul at ed noi se _signal S170. i . . .
.arranged to scale the output of noise generator 480 according to the time-domain

envelope calculated by envelope calculator 460 to produce modulated noise signal
$170.

[000127]In an implementation A304 of highband excitation generator A302, as shown
in the block diagram of FIGURE 13, envelope calculator 460 is arranged to calculate the
envelope of harmonically extended signal S160. In an implementation A306 of
highband excitation generator A302, as shown in the block diagram of FIGURE 14,
envelope calculator 460 is arranged to calculate the envelope of narrowband excitation
signal $80. Further implementations of highband excitation generator A302 may be
otherwise configured to add noise to harmonically extended signal S160 according to

locations of the narrowband pitch pulses in time.

[000128]Envelope calculator 460 may be configured to perform an envelope calculation
as a task that includes a series of subtasks. FIGURE 15 shows a flowchart of an
example T100 of such a task. Subtask T110 calculates the square of each sample of the

frame of the signal whose envelope is to be modeled (for example, narrowband
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S80 or harnonically extended signal S160) to produce a sequence of
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snoot hed S@(ﬂﬂﬁﬂ@?\'eﬁ eproduce the time- domain envel ope. [000129] Such an

i npl enent ati on of envel ope cal cul ator 460 nay be configured to perform

t he various subtasks of task TWO in serial and/or parallel fashion. In

further i HOPEIRecandmplegrentatiokofferyelopaerbtulainr 4P TAYRcoplgsrEeded by a
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modeled, such as the range of 3—4 kHz.

[000130] Combiner 490 is configured to mix harmonically extended signal S160 and
modulated noise signal S170 to produce highband excitation signal $120.
Implementations of combiner 490 may be configured, for example, to calculate
highband excitation signal S120 as a sum of harmonically extended signal $160 and
modulated noise signal S170. Such an implementation of combiner 490 may be
configured to calculate highband excitation signal S120 as a weighted sum by applying
a weighting factor to harmonically extended signal $160 and/or to modulated noise
signal S170 before the summation. Each such weighting factor may be calculated
according to one or more criteria and may be a fixed value or, alternatively, an adaptive

value that is calculated on a frame-by-frame or subframe-by-subframe basis.

[000131} FIGURE 16 shows a block diagram of an implementation 492 of combiner
490 that is configured to calculate highband excitation signal S120 as a weighted sum of
harmonically extended signal S160 and modulated noise signal $170. Combiner 492 is

configured to weight harmonically extended signal S160 according to harmonic
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i n hi ghbantictexealedatpidrOs Weigatingtpsigrs HEP. Fe8 s @lou aEefﬂf”éW WEdReGYbl e for
conbi ner 494, W&Q%&ingitaQBM%%hmmaisgﬁalsza ok3Ptheo have a ratio

of harnonic energy to noise energy simlar to that of highband signal
530. | n someerovipphdresidualisignak sesh agpligihgaimend/qrapeesh modecinchtasr 550,

1000 B v e LSS Ay o

paraneters to a Icrty narr an or of the
nar r owbandiortashéhiaveizhimedactos 8t30 thst ipplopbrtigael to thaghitcl gapderdkamplée. Such an

i npl tati f i ghti ng-factor . qul b fi dto
aati gn . VAU © PTG S e i eg o s ST a0 R Ry Sr e el ¢ onal 1o

the pitch gala ihiPfor $¥REPRech AdtdlsOr t0 assign a higher value to noise
wei ghting tfactor S190 for unvoi ced speech signals than for voiced speech

si gnal s.

[000133]In other implementations, weighting factor calculator 550 is configured to
calculate values for harmonic weighting factor S180 and/or noise weighting factor $190
according to a measure of periodicity of highband signal S30. In one such example,
weighting factor calculator 550 calculates harmonic weighting factor S180 as the
maximum value of the autocorrelation coefficient of highband signal S30 for the current
frame or subframe, where the autocorrelation is performed over a search range that
includes a delay of one pitch lag and does not include a delay of zero samples. FIGURE
17 shows an example of such a search range of length »n samples that is centered about a

delay of one pitch lag and has a width not greater than one pitch lag.

[000134]FIGURE 17 also shows an example of another approach in which weighting
factor calculator 550 calculates a measure of periodicity of highband signal S30 in
several stages. In a first stage, the current frame is divided into a number of subframes,
and the delay for which the autocorrelation coefficient is maximum is identified

separately for each subframe. As mentioned above, the autocorrelation is performed



[ 000133] I n other inplenentations, weighting factor cal culator 550 is
configured to calculate values for harnonic weighting factor S 180 and/ or
noi se wei ghting factor S190 according to a neasure of periodicity of

hi ghband %ﬁ?&bk/lt’%@ I n one such exanple, weighting fagkRk2eabGedsat or 550
cal cul ates harnonic weighting factor S 180 as the naxi mum val ue of the
autocorrel ation coefficient of hi ghbarr'ﬁz signal S30 for the current frane
or subframe, where the autocorrelation is perforned over, earch range
that i ncl Q¥&S sgArehreage Bet laﬂ@dﬁat@ﬁﬁnggn%wgﬁd%%n S Poidndes aom ody of
zero sanpl @§e sdthfRE 17 shows an exanple of such a search range of Iength
n sanples that is centered about a delay of one pitch lag and has a width

not greater than one pitch la 000134] FIGURE 17 al so shows an exanpl e of
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del ayed frame, and cal cul ati ng _harnonic weighting factor S 180 as the

corr el at i ofalewapr 550 el alsnbegoafigeme toicplgitheaorelatipp cophlicient cang(or toval | y
del ayed f : | b Rbdnhi : %qgé | at or 550
cal cul at esgﬁg@%{rﬁ%@l %@éﬁﬁ%ﬁﬁ‘g&gﬁgﬁ# %@X%%@g(gﬂan a\lléevr%%%g{n ~ttﬁfg maxi mum
aut ocorrel 88mn coefficients obtained in the first stage for each
subfrane. |nplenentations of weighting factor calculator 550 may al so be
configured lL.e t.he e Lon.. L Gl Lpe it

wi th anot héérda%%ﬁ@é?aytbc? dé’ gi?ag% %’? Rex}e%fﬂ'téﬁé?%ﬁ&t%@?&tﬁra%é?%lc‘aegﬁega h e{gﬁg@f actor S
180. [ 000136perioticitpyf highbimgdisigabl 330foaty inekghwhag afpaesence af pexdodieityan 550 to

cal cul ate a neasure_ of perjodicjty of highband signha 30 ly in cases
where a pr 8sdREw IBPthB’éle?eg‘ﬂfh&?tFS’r # ‘?ﬁg"f‘rﬂﬁlef %{g@"igﬁ‘if&ﬁéhﬁé‘g ﬁﬁ&%@gf’ed. For
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measure of periodicity of highband signa according to a | )
relation between another indicator of periodicity of the current frame, such as pitch gain,

and a threshold value. In one example, weighting factor calculator 550 is configured to
perform an autocotrelation operation on highband signal S30 only if the frame’s pitch
gain (e.g., the adaptive codebook gain of the narrowband residual) has a value of more
than 0.5 (alternatively, at least 0.5). In another example, weighting factor calculator 550
is configured to perform an autocorrelation operation on highband signal S30 only for
frames having particular states of speech mode (e.g., only for voiced signals). In such
cases, weighting factor calculator 550 may be configured to assign a default weighting

factor for frames having other states of speech mode and/or lesser values of pitch gain.

[000137]Embodiments include further implementations of weighting factor calculator
550 that are configured to calculate weighting factors according to characteristics other
than or in addition to periodicity. For example, such an implementation may be
configured to assign a higher value to noise gain factor $190 for speech signals having a
large pitch lag than for speech signals having a small pitch lag, Another such
implementation of weighting factor calculator 550 is configured to determine a measure

of harmonicity of wideband speech signal S10, or of highband signal S30, according to



rel ati on between another indicator of periodicity of the current frane,
such as pitch gain, and a threshold value. In one exanple, weighting
factor cal o0 is configured to perform an autgefrkshdbia
operatlonvgg(ﬁ (ngnd signal S30 only if the frame's p??&@g gg§nﬂ?e g.,
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ranmet er
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excitation signal is substantially unaffected by the particul ar val ues of
wei ghting factors S180 and S(mmm) (Wuch2 <€pse, (pei ghting factor
cal cul ator 550 may be configured to ca al'cul ate a value for harmonic

wei ghting factor S180 or for noise weighting factor S190 (or to receive
such a where W,,.... denotes harmonic weighting factor S180 and W, denotes noise

weighting factor $190. Alternatively, weighting factor calculator 550 may be
configured to select, according to a value of a periodicity measure for the current frame
or subframe, a corresponding one among a plurality of pairs of weighting factors $180,
$190, where the pairs are precalculated to satisfy a constant-energy ratio such as
expression (2). For an implementation of weighting factor calculator 550 in which
expression (2) is observed, typical values for harmonic weighting factor S180 range
from about 0.7 to about 1.0, and typical values for noise weighting factor 190 range
from about 0.1 to about 0.7. Other implementations of weighting factor calculator 550
may be configured to operate according to a version of expression (2) that is modified
according to a desired baseline weighting between harmonically extended signal S160

and modulated noise signal S170.



val ue from storage or another elenent of highband encoder A200) and to
derive a value for the other weighting factor according to an expression
such as rr nicl / x + (wO0. /a =1, (2) where YBpysaooforpizs denotes
har noni ¢ m%?%%?’?‘ﬁggf actor 5180 and W denotes noise weighting factor

190. Alternatively, weighting factor ¢ cul ator 550 may be configured to
sel ect, accordi ngg}o a val ue of a per.iodi g%ﬁ?y, nmeasure for the current
frame or B0BI4AgITacs pgy PEp BB HiegalvifnA $Pptse Gpdehesk s of
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the narrowband signal is encoded at a low bi't rate. Artifacts caused by
codebook siagreend g8 implewmentyiinnca 13 of highbpndrxeitgingenerator AB0ZMWEt occur nostly
above 3 k C : ti . \ t higher
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[000141] Eereiralionesignal prodihoed by invetse qeattizén 450s FEGUREJIshowis 2klock at i on

generator A300 that are confi ed..t erformanti-spar ss filtering.
FI GURE 18 YReFam of 4p F’B@Rmeﬁﬁ%‘ﬁ‘r‘g#“o‘% hé%%‘bg‘?f{ﬁx&ﬁ%{]}ﬂ“iq’%ﬂ RAJ0E BT ghband
exci t ati oningRAeY @t Ati-spabehebs iter 600 sratiges 1ol el speqdall§ exxesdedfsignhier 600

arranged to filter the dequantized narrowband excitation signal produced
by i nver sePigaused by specrum extondgyid00o FIGHRE 28 showeablogh digeram d@anan

P e S8y PSLELT bR IGR,Wip 1L vocs
si gnal sparseness filter 600 arranged to filter the output of combiner 490 to produce highband
excitation signal $120. Of course, implementations of highband excitation generator
A300 that combine the features of any of implementations A304 and A306 with the
features of any of implementations A312, A314, and A316 are contemplated and hereby
expressly disclosed. Anti-sparseness filter 600 may also be arranged within spectrum
extender A400: for example, after any of the elements 510, 520, 530, and 540 in
spectrum extender A402. It is expressly noted that anti-sparseness filter 600 may also
be used with implementations of spectrum extender A400 that perform spectral folding,

spectral translation, or harmonic extension.

[000142] Anti-sparseness filter 600 may be configured to alter the phase of its input
signal. For example, it may be desirable for anti-sparseness filter 600 to be configured
and arranged such that the phase of highband excitation signal S120 is randomized, or
otherwise more evenly distributed, over time. It may also be desirable for the response
of anti-sparseness filter 600 to be spectrally flat, such that the magnitude spectrum of

the filtered signal is not appreciably changed. In one example, anti-sparseness filter 600



produced by spectrum extender A400. FI GURE 20 shows a bl ock di agram of an
i npl ementati on A316 of highband excitation generator A302 that includes an
anti- spar i ter 600 arranged to filter the out i.ner 490
to producéﬁﬁ?gﬁégés excitation signal S 120. O coursgg&qﬁ%?gﬁg%%ations
of hi ghband excitation generator A30®5that conbine the features of any of
i mpl enent ati ons A304 and A306 with the features of any of inplenmentations
A312, A314is implemanied apsreal-pass &lpn haviag adrasipcivagion assqsdiag &9 thedoliaing ed.
Anti-spars&§ﬁ§§ filter 600 may al so be arranged within spectrum extender
A400: for e anp?e, after any of the elenments 510, 520, 530, and 540 in
spectrum ext ender A402. It is expressly noted that "anti-sparseness filter
600 may al so be used wﬁtqy' |-ed@ntzat | Ofs- Of speg#run1extender A400 t hat
perform spectral folding, éﬁgb%LgyzﬁTh'§b@}%on, ) har moni ¢ ext ensi on.

[ 000142] Anti -sparseness filter 600 may be configured to alter the phase of
its input signal. For exanple, it may be desirable for anti-sparseness
filter 6000nwelfst eflowrh gililtetmayppeitogpreas geidhesenereafshe inpw signakse that itis ghband
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noti ceabl e for noi'se- |ike signals, where the residual includes |ess pitch
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filter 600, ta filter unvoi.ced.si.gnals and to pass,k at. l.east..some voi ced
i gnal s wi Bgalos e eaRsEoey iR Ryt skhal SvaRE LRl HEREHERT by o T ow
pi tch gai Nufdverdwith ieRdasHe drefadnc9MPRpiehl implementations of anti-sparseness filter

600 are configured to filter unvoiced sounds (e.g., as indicated by the value of the

speciral tilt), to filter voiced sounds when the pitch gain is below a threshold value
(alternatively, not greater than the threshold value), and otherwise to pass the signal

without alteration.

[000144]Further implementations of anti-sparseness filter 600 include two or more
filters that are configured to have different maximum phase modification angles (e.g.,
up to 180 degrees). In such case, anti-sparseness filter 600 may be configured to select
among these component filters according to a value. of the pitch gain (e.g., the quantized
adaptive codebook or LTP gain), such that a greater maximum phase modification angle
is used for frames having lower pitch gain values. An implementation of anti-
sparseness filter 600 may also include different component filters that are configured to
modify the phase over more or less of the frequency spectrum, such that a filter
configured to modify the phase over a wider frequency range of the input signal is used

for frames having lower pitch gain values.



adaptive codebook gain) and a spectral tilt (e.g. quantized first
reflection coefficient) that is close to zero or positive, indicating a
spectr al hat is flat or tilted wupward with

frequency. 43‘16’?’261 |rrpl enentati ons of anti-sparseness ?eft er é/@g%)”
configured to filter unvoiced sounds (3.g., as indicated by the val ue of
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as represented by highband codi ng Eararreters S60a, hi ghband encoder A200
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t | | GURE 10, hi ghband d A202
enpor a gﬁgagﬁgg&gﬁggl ﬁgFmAﬁn&pggﬁr‘%E A i ghband encoder

i ncl udes a actor c ator A230 that is configured and
arranged to calculate one or nore gain factors according to a relation
bet ween hi M0E46ITIs tgmabrab3velopesiofnarrowbandzaeitdtion maaicssglagdmghamo such as
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exci tati ONyjehband signal $130) will gcnerally be more efficient than encoding a gain envelope

based only on highband signal S30. In a typical implementation, highband encoder
A202 is configured to output a quantized index of eight to twelve bits that specifies five

gain factors for each frame.

[000147]Highband gain factor calculator A230 may be configured to perform gain
factor calculation as a task that includes one or more series of subtasks. FIGURE 21
shows a flowchart of an example T200 of such a task that calculates a gain value for a
corresponding subframe according to the relative energies of highband signal S30 and
synthesized highband signal S130. Tasks 220a and 220b calculate the energies of the
corresponding subframes of the respective signals. For example, tasks 220a and 220b
may be configured to calculate the energy as a sum of the squares of the samples of the
respective subframe. Task T230 calculates a gain factor for the subframe as the square

root of the ratio of those energies. In this example, task T230 calculates the gain factor



signal 880 or highband excitation signal S 120. [000146] The t enpor al
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signal S130 over the subfrane. [000148] It may be desirabl e for highband

ain facto r I t he bf rane
Iner gl o olooBRH Rl e dodriRic @ aplly B AMMIEE opteh SR SUBBalebg 21101 L 102,
of such alngubﬂpinesrmdéakamnﬂe TaZ\&iihdongeiumubmﬁtgoprdodwdee ghﬂtf:isog%rsmgrﬂ'a&og Tzl'gzk
T215a a es ndow on to, hi nd sign and t as

T ool b Sl i s Ay b e .OEa%ﬁﬁaﬁ%ﬁlﬂal%b &4 S 130,

| npl enent a&dbﬁaﬁleB21%%11@@&1&38mlgibaﬁagdfﬁfaa%eaalanﬂoﬁxm B absfidurddRo apsly

energies of the respective wi ndows, and task T230 cal cul ates a gain
factor foratreezeidpfwindewing fungton agiawe in BSTURE 234 & which gheovindewe ener gi es.
(000149] | u ver | aps
adj acent é\ﬂgj?? 5 i gpi@%&@%éﬁa&ﬁt &Bg}k%[’menay\éw ngmsg%él?i ggé atzgg?% uces gain
factors V\/nhmippimatlon of this wmdowmg function to each of the five subframes of a 20-

[¢)

millisecond frame, Other implementations of highband gain factor calculator A230 may
be configured to apply windowing functions having different overlap periods and/or
different window shapes (e.g., rectangular, Hamming) that may be symmetrical or
asymmetrical. It is also possible for an implementation of highband gain factor
calculator A230 to be configured to apply different windowing functions to different

subframes within a frame and/or for a frame to include subframes of different lengths.

[000150] Without limitation, the following values are presented as examples for
particular implementations. A 20-msec frame is assumed for these cases, although any
other duration may be used. For a highband signal sampled at 7 kHz, each frame has
140 samples. If such a frame is divided into five subframes of equal length, each
subframe will have 28 samples, and the window as shown in FIGURE 23a will be 42
samples wide. For a highband signal sampled at 8 kHz, each frame has 160 samples. If
such frame is divided into five subframes of equal length, each subframe will have 32
samples, and the window as shown in FIGURE 23a will be 48 samples wide. In other

implementations, subframes of any width may be used, and it is even possible for an



be applied in an overl ap-add fashion may help to reduce or avoid

di scontinuity between subfranes. In one exanple, highband gain factor

cal cul ato |.s..configured to apply a trapezoidal | nction
as shown 5H9§$%HR§”23a, in which the wi ndow overl aps gg@ﬂg%@a@%%ﬁtmo

adj acent subframes by one mllisecond38Fl GURE 23b shows an application of

this w ndowi ng function to each of the five subfranes of a 20- mllisecond
frame. O Hewplemeplatioeof kightmngd geih chicylatea A23¢) td be doafigwred taprodicataor A230 may
be confi guy; 0 I N ' f [ gns having different overlap

peri ods ahgéﬁ%?ﬁt gzﬁ‘.%rp*g%‘?‘re fe%%\ggl%g}eé)ﬁgg%}sn%(e. g., rectangul ar, Hanmm ng) that
may be symmetrical or asymetrical. It is also possible for an

i mpl ement 4000151 IHIGRIRE Mashodwy aiblock acigam of @l iaplemtentatid® BA02 of kightsaadf | gur ed

v ane. anagrodt 20 EhBRd oot Bobd BEipR e Bnd Sroebptmoerimgeh |
[ 000150] Wﬁét*i's%ﬂnfi??@?i tbroBioe HighandéxcMidhGishal SR HRkR N REBWbEMH as

exanpl es for_ parficul ar inplenentations. 20-cosec frame is assumed for
t hese cas¥citaiiop Bisngl88n Pepending ondhe autierarrygenalesige ghoifasy hightindhband

signal sa : ; 40 . - frame is
G vi ded | g ol gerpP ROy S AR BRI LR e bk ETE L5
sanpl es, afdighbandvixoitigiongenahond30thasrdessdREd RdainniTypically #2s desaahie s Wi de.
For a hi ghband sij | sa d at 8 k h frame has 160 sanples. If

such framg™P Wﬁ@%ﬂﬁﬁ%@%%ﬂ&{%%ﬁgggﬁw RES3me TesRgPss asdhfch subfrane
Wi | | have hghbadéRelt@fon g@n6raton Of ihe REAVARISenSEHRWOS he phkichiRFcodR Hhtbn. be 48
sanples wide. In other —inplenentations, subframes of any width may be

used, and Hecayse nasaskbasg decqseeBl K} wilkiymigrlbussiom depuntwationsbovedst 2233 38
| Pl eTENt Bfa b ala RLGIBANGRIID, hitvdvl, 3 MbstCAsO oAb AR GOMH AR efittarbe

produce a erent galn sanpl e 0
[ 000151] FIR30REZbesmplemecatelltorskeité sgrowhand exnitatiorpdigmmb 88Gifromn B202 of

hi ghband _decoder, B200. ~H ghband .decoder B202 | ncl udes a hi and

xel tat | o GEREF S Bs Bt O PR SRR R GhaP R ededing

exci t at i onleghatiad endodedthabiasBehdexcit@ion ipalsho. &xiealsabbiblsiognal 580.
Dependi ng on the partjcul ar system desi gn chaoi ces, highband excitation

gener at or "BIOBbadlesrder b | Qtpdivimplementsd & inglude amingtapge afigatisAEPABNt at i ons
of hi ghbang.exs ért?ah%gf‘to @?ﬁétd@%ua‘ﬁ@% rﬁﬁo@ﬁéﬁréxgﬁﬂioﬂ‘gfggglgbgféw gigal ly it is

desirable to 1 nplement highband excitation generator to have the
sane respadnmitesndripavband synitzesid fidteciuchag Biergdber at or of t he hi ghband
encoder of the particular coding system

[000152]Inverse quantizer 560 is configured to dequantize highband filter parameters

S60a (in this example, to a set of LSFs), and LSE-to-LP filter coefficient transform 570
is configured to transform the LSFs into a set of filter coefficients (for example, as
described above with reference to inverse quantizer 240 and transform 250 of
narrowband encoder A122). In other implementations, as mentioned above, different
coefficient sets (e.g., cepstral coefficients) and/or coefficient representations (e.g., ISPs)
may be used. Highband synthesis filter B200 is configured to produce a synthesized
highband signal according to highband excitation signal S120 and the set of filter
coefficients. For a system in which the highband encoder includes a synthesis filter
(e.g., as in the example of encoder A202 described above), it may be desirable to
implement highband synthesis filter B200 to have the same response (e.g., the same

transfer function) as that synthesis filter.

[000153] Highband decoder B202 also includes an inverse quantizer 580 configured to
dequantize highband gain factors S60b, and a gain control element 590 (e.g., a



Because narrowband decoder B 110 will typically perform dequantization of
encoded narrowband excitation signal 550, however, in nost cases hi ghband

excitati orwg%(%g?.}sgg B300 nmay be inplemented to recei ﬁ’ﬁ’,@%@%}ﬁgﬁqgﬁnm ude

excitation sign 30 from narrowband decoder B 110 a
an inverse quantizer configured to defuantize encoded narrowband
excitation sjgnal S50. It is also possible for narrowband decoder B 110

to be i npl Buipherrregplifien ¢auligred andragarged o apply thedloayantiraskanin factorsde 600
n i . L opas : f .
arranged t gekilthQizell AhE | o5 odltf%lé F%%ﬁ%é@ég% |t ﬁi{;a §%fgg%[,%§ ore it

is input to a narrowdand synhthesis er su r 0152]

| nver se qutkAhinenvaleE ofx feavnd is gpecifibdtby nuhee than bha gaih Faghdyagadn Eontdobr

par anmet ers .0 thi xampl tg.a set .of LSFs and LSF-to-LP filter

coeffici ent® ?‘gﬁg&(&# l@édequcgg'ﬁ}%uﬁe rt‘%aplﬁ%th[erggﬁél;%tﬁﬁt?ﬂ?rﬁ%ﬁ%“‘iento a set

of filter abéhibsipenitly eécrditgxammpbadowiag fteacs thaefapbowne sivné br 4 €f erence to
transform 250 of narrowband encoder Al122). In

i i zer. 240. and

bther 1 R v inE AR ine N o i BPRUG GRS BT CACREISE e, MEBER EBRent - oni s

(e.g., cepédldl@dtorc&mhbﬁhe @bﬁéspafm{lg)ﬁigmﬁﬁateﬁéad&@tzl gﬁﬁf ﬁ:g;ﬁ&{pé}hét%g o§ e.g.,
i ghband BB IS con

| SPs) may be used. ]g and synthesis filter I gure o]
produce a Bighttand dpcoder B2i2 Beja senteal glement:398ds slindlgrly corfigytedamtiisexci t at i on
signal S12 ] t i . I kGl s, _For a systemin ich the
hi ghband e%éaggéej‘}ﬁ‘?ﬁ%‘?@é‘@?”a‘ﬁ%{jféﬁtﬁﬁr‘e“s??‘gg%“{‘ et {"(nél.’f&‘."’,i’a‘%‘se’ﬁ%ﬁa‘i"ﬁé‘%’ﬁ pl e of
encoder A2880 ards bighbad eabitation signel 3189. be desirable to inpl enment hi ghband
synthesis filter B200 to have the sane response (e.g., the sane transfer

function) 4 i ilter. [000 - | i ghband coder B202 al so

i ncl udes a@ﬁ?fng\ﬁr Ssgﬂ\é%‘gﬁﬁ Fg%‘jre’ J’a‘%r&y(% ?%’fé‘%@%‘]"?%mq e?fﬁlc?r‘??a}%‘é‘qﬁ?ghband gai n
factors Soliphbaadenadeedind ghbunddecodes W@g | byp&ind deqfantizad VWiietQREHZ 07839

PCT/ US2006/ 012233, .39, mul t.i pAﬁi,er or anplifier) configured and arranged to
appl y the_ﬂ’éﬁ%}‘& i%ﬁ“é%ﬁyr]f’ef sirghledn@go f‘&é?%“}‘h?‘_ﬁ@@‘ige*& SAfh¥band signal to
pr oduce i sphastdbiof @bnsSreADsarfeNiat o 8StResbihdifl e dehBa@Rl i iRl OPE of 2

frame is specified by nore than one gain factor, gain contro ement 590
may i ncl udecitgipnEeasaprsydd Wornd 8388 pFer expmplgahightfand excition gernemtarespect i ve
subfranes, i i i 1 . ion t he sane
o i 11 ARRRR N RE AR ARpl e Rl A b gl el B 0B (C 57
hi ghband gaiise genahtouisatdeterdBQic fodctibh of mformet@oalttadycdied bhmitthe sgmder . | n

e P R e BB B e BRI R PSR ot AnST cded! & 590
narrowband excitation signal S50 or a portion thereof).
[000155] One or more of the quantizers of the elements described herein (e.g., quantizer
230, 420, or 430) may be configured to perform classified vector quantization. For
example, such a quantizer may be configured to select one of a set of codebooks based
on information that has already been coded within the same frame in the narrowband
channel and/or in the highband channel. Sucha technique typically provides increased

coding efficiency at the expense of additional codebook storage.

[000156] As discussed above with reference to, e.g., FIGURES 8 and 9, a considerable
amount of periodic structure may remain in the residual signal after removal of the
coarse spectral envelope from narrowband speech signal S20. For example, the residual
signal may contain a sequence of roughly periodic pulses or spikes over time. Such
structure, which is typically related to pitch, is especially likely to occur in voiced

speech signals, Calculation of a quantized representation of the narrowband residual



arranged instead to apply the dequantized gain factors to narrowband
excitation signal 580 or to highband excitation signal S 120. [000154] As
nment i oned may be desirable to obtain the sa i e

hi ghband eﬁg%&mgﬁ% hi ghband decoder (e.g., by usi ngmélequanﬁdg%ag{/al ues
during encoding). Thus it my be desi4®ble in a coding system according
to such an inplenentation to ensure the sane state for correspondi ng

noi se genesm%myllmlme@nmw ofthisipiteh storstuge arsprding to 2A0! ahlenBsI®.  For

ol oront P BRI R Rane By AR e AN BERRATY D1 % oS

generator is a determnistic function of information already coded within
the same {008%%7]Tke pitch sracummiandctial reeduasigeatmaymot 84Ghdie peripdicity on

t her eof and/ r en d narro and excit S portion

t hereof). @G%gr%)f,a:%?gﬁ) fl . ai agggcrq{%&gs?ﬂﬁlﬂﬁge r%@nts descri bed
herein (e. esgulamgaéftthezleeauoaaef thé%ﬁch Fulsed;3gh thaythd discnedsitgtwead smessexef or m
classified vector quantizati on. ? uéi;anpg% such, a quanti Lﬁ ng@g

confi gur edPiich Rilies &t 2 fame ate not exectlyequabandi %@ci‘é“s’éd“’t%‘ﬁteir% FretPEn t hat
has al r eady, WhlieRodin8 e8R{MBey.r @ae i n the narrowband channel
and/or in ttﬁéggﬁﬂaﬁsggﬁgmchanneo ' %ﬁch ac{ echni que typically provides
increased coding efficiency at the expense of addltlonal codebook
storage. [ (W91E8Poms inplsmprigiensHbayecwhaph epcoper Akdare gonfigugpd to F| GURES 8
and 9, a c € I £ ot he

r esi dual %ﬁ% J‘?E‘L lgnzr%%\l(}gfh %Ftdpﬁwcelg%g% @%Dﬁ}gp%ﬁ §d§ eenﬂ\i/el op 'fgr}om

narr ovvband tiepesidial befgmair dbang quRotization s by otherwise includingan adimjtvaltieny
contain a seguence perl odi Spi i me. Such
structure, W%‘%‘n B?Eéqﬁxf"%/‘at %8 ﬁed%togéupﬁ%ﬁ%%msdﬁeéé g(zdg 9%1%}/’% i kely

occur in V@bﬁ%dred&@%l@dﬁ oﬁbmaﬂh& calcalatad &gr&mf&far;anghﬁnﬁe@giaceq&dmgent atl on
of the narrowband resi dual % 06%@?7839 PCTI USZOOG/OJ%ZB&é 40 SI ghal may
i ncl ude en&eferRs more PHEPUHA! Fetehy U CHOLTLE AR pryera $adhe | ong-term
peri odi city, SR BRSNSk BYtmAIGY fil§ HRTRORI oBRs-MrmPRFi6digidebooks.

[ 000157] Th%sa%?’% 1strué?ﬁjﬂr eﬁém g\lact ual r%m% Iﬁé gnal %dnny not match

t he peri odiRegulgnzahMef pitshatrugtyre lmﬁ%&%by esuﬁsﬁéﬁt@rpcﬂﬁla?d%ﬁ Hed may
|ncludes ltt [ @g;@ ations of the pitch

pul ses, af‘% %déﬂé?% CQJ%(I:‘%E[SI e wee ggié%)te%shg?é\l/egsc pitch pulses in a

frame are not exactly equal and the structure is not quite regular. These
i rregul ari {008359]AmREELP enboder is Gypically ednffiguied teperform the time warping as an

adaptive time shift. This time shift may be a delay ranging from a few milliseconds

negative to a few milliseconds positive, and it is usually varied smoothly to avoid
audible discontinuities. In some implementations, such an encoder is configured to
apply the regularization in a piecewise fashion, wherein each frame or subframe is
warped by a corresponding fixed time shift. In other implementations, the encoder is
configured to apply the regularization as a continuous warping function, such that a
frame or subframe is warped according to a pitch contour (also called a pitch trajectory).
In some cases (e.g., as described in U.S. Pat. Appl. Publ. 2004/0098255), the encoder is
configured to include a time warping in the encoded excitation signal by applying the
shift to a perceptually weighted input signal that is used to calculate the encoded

excitation signal.

[000160] The encoder calculates an encoded excitation signal that is regularized and
quantized, and the decoder dequantizes the encoded excitation signal to obtain an

excitation signal that is used to synthesize the decoded speech signal. The decoded



[ 000158] Sone inplenmentations of narrowband encoder A120 are configured to
performa regularization of the pitch structure by applying an adaptive
tinme vvarpi\g;gzp&/ 0.;89@ resi dual before or during quanti Z%ﬁ% 00(3;0129 A

ot herwi se I n¢ uc}| ng an adaptive tinme warping in the enco ea excitation
signal . For exanple, such an encoder miy be configured to select or
otherwi se calculate a degree of warping in tine (e.g., according to one
or nore pepypyisigak! thios epibiigdheasameonrying delayrthatiwas 2ealydsd intheteaeddadl such t hat

the resul{]ng. exsl ' 'u%\? . trf; Egﬁl fi. . ong-term
peri odi ci t%/’%cr& eg#ﬁgﬁ g‘[@ir% 0 L‘%‘?{’)c Stail%&odétgdﬁgfoge ?%yﬁ"gfh%y a subset
of CELP enmgdiarizatioalainednts Retramxmitiedno (hedecddeci t ed Li near Prediction (RCELP)
encoders. [000159] An RCELP encoder is typically configured to performthe

time warpi n .adaptive.tinme.shift. Thiss tinme shift my .be a del ay
Fangi ng. ©r A0 BReREARLL Bt o Toukd Berbee B or3F FiGogBEMNEE posi 1 ve.
and it is uspaldsthe/@dirgthageh e/loh @iy @redlictatugt it bdbse owdrdlnetdiiges. 1 n
sone i npl enentati ons, such an encoder js caonfigured to apply the

regul ar i zablfisisneh SEneHRIBCRIHIUE BAEANG ALtifigie TEMAY Barirehla PG ubf rane i s

war ped by ?cgﬁfaﬁ%ﬁﬁﬂ%ﬂﬁj c%?)grfgﬁéﬁﬁﬁ’attafer%i&ﬁi Fbr qthxPR:t, B&tovitEh eiteALAA{ANS, the

encoder is “configure pply the regularization as a continuous warping
function, sy he condiguted to shiftonby thesgffamenor sublramepbayingaiongitery stwcwrepi t ch

Gasor! bedt PR LicBhyfall gfhap bR s g0 pD AN BB oh ol on, °°

conf i gur edsibfraines thatiachude pitch prdsepnagy. Natis impleadatitienscftRIBELMcodingnal by

applying the , shift t ercep i.ghted i i | .that is used
0PI B bk soPRENERPL IRk ok AR 5 B B8 0k

cal cul at esyes) pa APEE BubX 80047009825 (KRS eff MRt EiStidgSietiplehdniRnabd

quanti zed, and the decoder dequantizes the encoded excitation signal to

obt ai n an REEEPcadersinchidg the EnhragedVarighle RatedCasoe (IR C ) as deseribpddbded speech
signal . The_decoded 06/ gngtg . si gnal

t hus exhi b??lgu ne“%%%n@ngg‘ggétﬁgxﬁéaé‘%%&?ms 7|9nc u%ggf}%gg#ﬁ%ncoded

exci t at i onPatmgrship Project2(3GRP2) electatile Mode Vppodea(SMV).no i nf or mati on

speci fying the regularization anounts is transnmtted to the decoder.

encode, - wnNENLEA GRSy BR=brRERPHER o R B e R Bl BBe cior ana
thus boost godeyBrwihith G dighPandéxcitationnie derivee fetatht yncotitdwutiondaner at i ng

artifacts. It may be desirable to perform
excitationysignal (such as a system inc?luding wideband speech encoder A100 and

e

wideband speech decoder B100). Due to its derivation from a time-warped signal, the
highband excitation signal will generally have a time profile that is different from that
of the original highband speech signal. In other words, the highband excitation signal
will no longer be synchronous with the original highband speech signal.

[000163] A misalignment in time between the warped highband excitation signal and the
original highband speech signal may cause several problems. For example, the warped
highband excitation signal may no longer provide a suitable source excitation for a
synthesis filter that is configured according to the filter parameters extracted from the
original highband speech signal. As a result, the synthesized highband signal may
contain audible artifacts that reduce the perceived quality of the decoded wideband
speech signal.

[000164] The misalignment in time may also cause inefficiencies in gain envelope

encoding. As mentioned above, a correlation is likely to exist between the temporal



regul ari zation only on franmes that are voiced. For exanple, narrowband
encoder Al24 nmay be configured to shift only those franes or subfranes
having a |\@R3udchhisst ructure, such as voiced signals. be
desirable to per?or m regul ari zation only on subframnes lﬁ%@%ﬁ@ﬁé@e pitch
pul se energy. Various inplenentations 4f RCELP coding are described in

U S Pats. Nos. 5,704,003 (Kleijn et al.) and 6,879,955 (Rao) and in U S.
Pat. Appl . ervglopes clopapabasbasitytiossisnal $80 aad highband signah$30. By envedingt i ons of
RCELP codefs 4hd i L Var : Egp%llg s descri bed
in Tel eco%ﬁ%&%@iﬁ%ﬁ@gmg s@@ Fgogélhgﬁ ( %ﬁgﬁg&f&a{%%edt V‘t%he Third
Gener at i onterrParal ererckipey aRimgrest inZofiRgeFRjenfe ag ba bdatizédaecovparedes ( SW) .

[ 000162] Unfort unat el requl.ari.zation may cause probl ens for a w.deband
speech cod¥P dli"_ﬁ I&\‘ﬁrﬁ_aﬂ#nﬁ’ﬁ@%ﬁ AgerEn &h@? & %’F?‘%ﬁ fﬁaggwgmféaﬂﬂrﬁoa e feS encoded
narr owoandreémﬁiddahgbmeﬁ, it6iB @brre] #1168 An ek ele@ MThd Alidad pientifig@and speech
encoder A100 and w deband, speech decoder B100). Due to its derivation

from a ti neetwesnguerowbanthgxcitatinn signahpiang highbandsignshS3) WARFAURE| | general |y
have a ti | Réde i B oAt I gl hi ghband
speech si Sﬁ‘é@ﬁpﬁé g’t gé’&\}\%?l ?&Pﬁéﬁ E?Céﬁ‘%g’;“éﬁ’gﬁéf?ﬁ% %)fﬁgise?%}nrg%}p@\?ﬁ | no

| onger be synchronous with the original highband speech signal. [000163] A

m sal i gnmrelf00165]1Emhedimentpdrciudetieethods 98 widebgidrasrsh sneqding thafrperfoymal and t he
original hj and, ' . r exanpl e,

t he war pedﬁngﬁiqu g@%@g%@gg?@éﬁc@ nag?&%%&gﬁté%]tg#\egg%%%} gg@ eeﬁgﬁgui tabl e
sour ce excedrebpandingencaded agmdwemd exditative sighdiaPotestiad edfantugesal sacicor di ng to
the filter raneters., extracted from.the .original, highband speech signal.
A a. r sl PEBPRUTEGHE AP Y BE i Qgplse At drogre] e sBER FRodl alr o
artifacts infprévingthd@ffididicy REEangvLllghisat ghif epVelégee decoded wi deband

speech signal. [000164] The mi salignment in time may also cause

i nef ficiengi ' vel o epcodi ng. As _nentione ove,. .a

corr el at | oltopEoaFicE 28 Sichreof e hidmehen FaniER R DAY e g
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hi ghband signal S30. By encoding the gain envel ope of the highband signal

accor di ng ¢nsoder A28 has i qenfigrred ia pesforn fegylarizatipgiusng exGidptlinged thean i ncr ease

0 Sod1 N9 Blchh BN PR R SR T GRS dal  ARSANOAL D, 931 1

envel ope direc en the enc excrtation signal i
regul ari zenlpy boveNignredtabecsdiag to @leat e ofetile REEWR aikplesdntafioms discaskd gnnent
in time

above.

[000167] Narrowband encoder A124 is also configured to output a regularization data
signal SD10 that specifies the degree of time warping applied. For various cases in
which narrowband encoder A124 is configured to apply a fixed time shift to each frame
or subframe, regularization data signal SD10 may include a series of values indicating
each time shift amount as an integer or non-integer value in terms of samples,
milliseconds, or some other time increment. For a case in which narrowband encoder
A124 is configured to otherwise modify the time scale of a frame or other sequence of
samples (e.g., by compressing one portion and expanding another portion),
regularization information signal SD10 may include a corresponding description of the
modification, such as a set of function parameters. In one particular example,
narrowband encoder A124 is configured to divide a frame into three subframes and to
calculate a fixed time shift for each subframe, such that regularization data signal SD10
indicates three time shift amounts for each regularized frame of the encoded

narrowband signal.



bet ween narrowband excitation signal S80 and hi ghband signal S30 may cause
fluctuations to appear in highband gain factors S60b, and codi ng

ef fici encyy gq 06}1[).&;9 [ 000165] Enbodi ments include net hg:d of w deband
speech encoding PRAt perform time warping of a hi ghbal& dSMWEM1253yn,)
according to a time warping included i48 a corresponding encoded
narrowband excitation signal. Potential advantages of such nethods
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[ 000167] Na#igRahBRAS Briveh eqranmrzthe s@n@am@nt@frﬁmgmwmatbatomspwu@d in

regulariz {.

war pi ng ag% ?‘gbg% @yb%%&gt%?aﬁxaf@m%§ heé?"%‘% ?f%g‘?fg ‘?‘5%&24 i's
conf i gur edofttighbapd speectf mgrr:adi S80 bﬁ’omhtnilysm OA ktirutigh fiii @ efampds sioMideRyEne

regul ari zalém{? dat a si %Ea SP10 Cgfi% ﬁlljfgﬁﬁ % series of values | nd| cating
each time 3 AFRURE TR HITpRhighoam A2AP-dp ethey ynplemenations s of
sanpl es,  doldyl 1R ESIP0AS arrBiged N FarIT RS hikAVARd bitoageNt . For a case in which
narrovx/oand encoder Al24 is configured to otherwi se nodify the tine scale
of a frane er se ence of anpl es (e.g. onpressi ng one portion
and ex panoﬁoﬁ@‘é grpengRions 01?]@5@&811 FRCRAFTA2 ‘)?;F@ifbﬁa‘iqn@ﬁ“fg ¢hal SD10

may incl udg Rnd écﬁﬁpﬁfaﬂlsﬁﬁle EGEPC'aHMyQQ o?iheﬁﬂ%agﬂﬁﬂféhb%égrg V\E;'n as a

set of function pararreters n one particular d encoder
A124 is co¥iladteperfamdine wemalgrqfér@sbmdtsoeqchﬁ@abia@fbeémesaladanmf

cal cul ate X (o]7 t hat .requl ari zati on
data signa ﬁbd %Qaﬁlhgﬁ %Jséq({‘fr ésél %Iprr%ﬁél %ng%lh%t Eor%?’m%lﬁ regul ari zed
frame of tihpleereattion of deay ndit2d iaggal to pmraﬁtﬂélaﬂx@ nECli $d&2006/ 012233
43 [000168] W deband, s J: encoder A[%ﬁ Bncl udes a del a g l.i ne D120
conf i gur e, h%)’ﬁlhégﬁg filfex PRramstersi YoRa besed pn Hiermakysis gEBewARIGnal 530,
accordi ng s‘cijghaﬂ??,(ﬁﬁa PaRBHbSa sp e@@dl‘éﬁe%g)gl?ﬂat?s;hﬂsﬁﬁﬁﬁ%dﬁi 68 ith hsnBhRAuCe

ti me-war pe hband speech “si gnal
exc1tat10n signal S120.

[000170]1Delay line D120 may be configured according to any combination of logic
elements and storage elements suitable for applying the desired time warping operations
to highband speech signal S30. For example, delay line D120 may be configured to
read highband speech signal S30 from a buffer according to the desired time shifts.
FIGURE 26a shows a schematic diagram of such an implementation D122 of delay line
D120 that includes a shift register SR1. Shift register SR1 is a buffer of some length m
that is configured to receive and store the m most recent samples of highband speech
signal S30. The value m is equal to at least the sum of the maximum positive (or
“advance”) and negative (or “retard”) time shifts to be supported. It may be convenient

for the value m to be equal to the length of a frame or subframe of highband signal $30.

[000171]Delay line D122 is configured to output the time-warped highband signal S30a
from an offset location OL of shift register SR1. The position of offset location OL
varies about a reference position (zero time shift) according to the current time shift as

indicated by, for example, regularization data signal SD10. Delay line D122 may be



t he exanple shown in FIGURE 25, delay line D120 is configured to tinme warp
hi ghband speech signal S30 according to the warping indicated by

regul ari zag signal SD10. In such nmanner, the AR of time
war pi ng tﬁﬁg?‘}%g@?ﬁ%l uded in encoded narrowband exci tz)tio 9@?’5%3 S50 is
al so applied to the correspondi ng port4%en of highband speech signal S30

bef ore anal %&jgs. Althou%h this exanple shows delay line D 120 as a

separ at e ePTHSHIEIEP SHPAPATT SR advaBsawaptamblipits erpaltsrmasivelyngriedinsibtasger ons

del ay | i netal 3R differ S6chARES | i

[ 000169] Furt her i rI enent a%rga?\%rgg#fgrﬁ%%éb%ﬁfgmel%ﬁrg dﬁgﬁg’qﬁ%ﬁl 1Béheconf I gur ed
to perf or fthef dBEURE 20ashgws & pgrticwar, exiiRpledlmeh Syppost) a tirgdripesitmeaped

hi ghband s : ' erformti war pj ng of hi ghband speech
si gnal SBOR%EQE%%h%a iR ag Sgﬁlg%ﬁw Hﬁ‘éﬁ’ﬁ&% RV OBE{PE*‘@%@@% pleg,ch an
encoder mast atiod (depsndingroneanipuebusawidth, faplegargple)at i on of delay |ine D120
arranged to performthe tine warping. In such cases, however, highband

filter par 60a. hased on .the .anal ysis of unwarped _ signal S30 nay
descri be a@gieﬁngéf’sgugaﬁggﬁ tém?E:l?iﬁh@nwg}ég?%d’fm?ﬁtﬁhﬁ%a\ﬁﬁwh hi ghband
exci t at i onméiligioatds B3 @audeCRObIOIrtifAek aythe H&%dmﬁgndrary{ﬂ@alwé h@gﬁiﬁﬁe

e

accordi ng %to any conbination of |ogic elenents and 5torage nent s

sui tabl e %2 fa@ﬁmaﬁan e shibtsas pedormedby acnappwbandsaceder 424 wilbnoti ghband
speech si of@bedRw FiPlisetorATR i (IE10] niigured to read
hi ghband spee%h s?ﬂgnalseSSQg’Br%’mthgﬂh%y?lersmgtgcord’lte?gwtrp I%Eeéaé%'gﬁ%}l%d time
shifts. FigaRBDGwilk bolimited. sHomevar, iitomaji eglesiredii ssetcdusesrfor dghyElint at i on

D122 of d i ] ' des shift reqgister SR, Shift

regi ster Zlgli%ltjgbg%% gér%l %Pﬁ é%slr?g ag(hné'tnﬁ%r‘ﬁlp?‘htgf’e g'ghﬁg‘r#‘? goeg aﬂ"%;o? ecei ve
and stor e negative dimstionr (arentmplanlobseras a HEGHMIEhaR BRE AnposédiRathe S30. The
value in is eg,%al to %:t | east the sum of the nmaxi mum positive (or
"advance")nagﬁ ﬁrécbeﬁ’f? é)'(or "retard") tine shifts to be supported. It may
be convenient for the value in to be equal to the length of a franme or
subfrane @0%7@M@Mimbw53@chen{aﬂ@@&%rﬂn%‘ |a}§¥mbieﬂﬁnt@$§@Dh§4 Sfadygured to

out put th(ﬁ. t :#mzé\lgr ped hi ghband signal S30a roman offset |ocatron O. of

shift regilliedt23pat inplydes,a shiftivgpdayy SWr I8 &his exsenple, e rosition of pset about a

r ef er ence 1p&@s$ioh OMs {; ' ' Oh i r tinme shift
Ns liA@E8 bl kﬁ%hﬁmfnﬁ%wgw. Aﬂh&%ga abﬁ%fdﬂ sﬁ%?% 5 o ay

as indicated by, for exanple, regularization signal
| i ne D122 gbe Wfedensth orig ggateChinbe 00 athef 8 vindetv SBhfdelgyiiee t o support

equal adva}ﬁczq rﬁ‘zﬂﬂalgoq;ea}ﬁlglelrﬂem&%u&rthat%et v%xrd%act)tj sYnech X/ind(c):\r;/ iisnécfuaf tgr,ger

[000174]In other implementations, delay line D120 is configured to write highband
speech signal S30 to a buffer according to the desired time shifts. FIGURE 27 shows a
schematic diagram of such an implementation D130 of delay line D120 that includes
two shift registers SR2 and SR3 configured to receive and store highband speech signal
S30. Delay line D130 is configured to write a frame or subframe from shift register
SR2 to shift register SR3 according to a time shift as indicated by, for example,
regularization data signal SD10. Shift register SR3 is configured as a FIFO buffer
arranged to output time-warped highband signal S30.

[000175]In the particular example shown in FIGURE 27, shift register SR2 includes a
frame buffer portion FB1 and a delay buffer portion DB, and shift register SR3 includes
a frame buffer portion FB2, an advance buffer portion AB, and a retard buffer portion
RB. The lengths of advance buffer AB and retard buffer RB may be equal, or one may

be larger than the other, such that a greater shift in one direction is supported than in the



than the other such that a greater shift nmay be perforned in one direction
than in the other. FIGURE 26a shows a particular exanple that supports a
| ar ger poS negative tine shift. Delay |line

configured 3}{@{}%%3%1 one or nore sanples at a tine (d?ﬁﬁﬁ’%o

out put bus width, for exanple). [0001M3 A regularization time shift

havi ng a nagni tude of nore than a few mlliseconds may cause audi bl e

artifacts Pther HelaydwidigeBBsangretprd bpfist pastioy RBieayrhegenfiguted todfavathe
| 124 wil |
ot oxcoodm T ARThALycf: APy bRRth Bty B SR RN BRERESR L 04 by

regul ari zaaqcomtdat@nm@mgawMI r@hﬁdw&ansfnesamphstfmm thkma/dauﬁer FB]ttomhﬂt be
desired in_su S to ured t | npose a
ot rom | | TS gy S Ry P ol Bron SRR bt heh s ifibia 08 bt on
(for exanpiamplésheftds sbmage B shifffieBterSRAI t than that inposed by the
narrowband encoder). [000173] FI GURE 26b shows a schematic di agram of an

I t 24 of d 22 J d hift d SW
i s extofiets e Sttt SROSRISHT fame Btk i Sorfedomratl by t he
shift windg tﬁ\%uatf\’td dawmngtﬁﬂ%fﬂ ﬁb@aqygﬁmasaaasﬁaﬁ&her\éﬁgﬁﬁa tf?a?n Qouf fer

Iengthlnls greater than the wd shift w ndow SW

D124
may al so beuf %ﬁﬂéwésu@d@mhqvnaﬂemgﬁeewumhaépf el Sllbframﬁdfiméhm:igeequal to
0001 t f dt
wt te hi g 338 kot dR6 SRR A3 el B lod bRt do SO RGN P 1

time shiftthe sEhAoRE aﬁkvsdagw}siehy teghsibiitaines df afjamertodie smfteﬂ Belay line
| t 0 of | hi ft t
SR and SrE SRR dte B 1 fiel g e St G BEIFR FEICRUR A5 S50,

Del ay | i neovdrw:dfeni if raadfbuffer RB of advahéd tuffer ABarm a@mr&ubiern@m shifiom shi ft
register SR2 to Shlft regi ster SR3 according.to a_tinme shift as I ndi cat ed

by, for ex&EisteeSR3 may be spiiewredia repstvy valughefi ighbeed sigeal 80 palyivia fsgmesRs | s

configure I w band
si gnal 533[)@[&6gg??@@lb%ﬁcpﬁésep(g;atsﬁ?gQgr?’ bg}(gqrr%&%&s}h%l\;\!ﬁo I n % %%8%7 shift

regi st er SRPs beivveerisiscessive frames ensublsamesoritianrio FiBftregister SR eTlnaJyhebuf fer

B advanca biapitonh b ER R B1A0RRY b G RRR Fpaf R ViR TonBREH AT, i e

of advancesabmia‘se"fonﬁﬁammauff@mmefmé veitinfRBenmety shiét registat SRD(e.one may  be
| arger than the ot her reat e hi Qne direction is
Subpor t ed TR AREIE SSEPrEe B B SPIY. a5

[000177]1t may be desirable for delay line D120 to apply a time warping that is based

on, but is not identical to, the warping specified by regularization data signal SD10.
FIGURE 28 shows a block diagram of an implementation AD12 of wideband speech
encoder AD10 that includes a delay value mapper D110. Delay value mapper D110 is
configured to map the warping indicated by regularization data signal SD10 into
mapped delay values SD10a. Delay line D120 is arranged to produce time-warped
highband speech signal S30a according to the warping indicated by mapped delay
values SD10a.

[000178] The time shift applied by the narrowband encoder may be expected to evolve
smoothly over time. Therefore, it is typically sufficient to compute the average
narrowband time shift applied to the subframes during a frame of speech, and to shift a
corresponding frame of highband speech signal S30 according to this average. In one
such example, delay value mapper D110 is configured to calculate an average of the

subframe delay values for each frame, and delay line D120 is configured to apply the



other. Delay buffer DB and retard buffer portion RB may be configured to
have the sane |length. Alternatively, delay buffer DB nay be shorter than
retard buffer RBto account for a tine interval required to transfer
sampl es frguidsAtRsPuUffer FB 1 to shift register SR3, pphizhooBirzisnc! ude
ot her processing operations such as waréi ng of the sanples before storage
to shift register SR3. [000176] In the#*exanple of FIGURE 27, frame buffer
FBI is configured to have a length equal to that of aone frame of_ highband
si gnal 530¢calfHatgeararege te R spaspsondingfrpme plitighhanggenali S0 dhethgipreaprlesy have a

| engt h equg), P\?e‘%%éegﬁ%b Qéhoﬂ@xepe?ﬂéef(%lﬁﬂgs &fdo QbENAANEr hadf @NAramer aldhgsMCh

case, del ay may be configured to |ncfude logic to apply the
sane (e. . perid (avchrasged frdmesymaydeadalculatedfand applieds Ima e3sa Whetedhdavesdgef t ed.

Del ay line, D130 SO .l | 0Q] , f '

buf for FB 1 G PHmTArALRRS B0 el e bdp R R0 Bal e Bnn kAo b o
buf f er AB. tHetvatueftol b figggeemanter of safjldstbefore gutptiting BRBdetay lifweDE2f i gured to
recei ve val ues of highband signal S30 only via frame buffer FBI, and in

bt voon SulBUTRTaREyRrentes 15 kg SRt 0B SRR S yRe G e

ot her i npkgrRibabhMsger d6mbyt df saaplEilid Ahd @ béedaRnbivbardaskclt@tiopaighel m a
war pi ng operation on_ sanples fromfranme buffer FB% t%gfore_ vvr%"{jti ng them
to shift r&ysushacassyiy may by desirabledar dilagyalys manpsHPL1Gie bseriigwetiopy

regul ari zat 4,00 yﬁrﬁbﬁﬁ@ﬁm@%ﬁ)to ah ﬁ%’[&y rg\]r%ﬂe} oﬂ?&ﬁg}gfs a?blﬁ $or’ RPlginbor del ay

| ine D120 %o app time warping that | ased on, t is not identical
to, the waDiR26dp agpbciherevdedtime ghiftde highbindispersh sigodli3Ql SD10. FI GURE 28
shows a bl ock diagramof an inplenmentation AD 12 of w deband speech

encoder AD ' gﬁ&g | : mapper
D 10 is i@r???@grr‘ %cgﬁéf %ﬁ%ﬁ%ﬁ@h%ﬁ%ﬁ%‘éﬁfln |c§% %‘%ﬁ y@%&ﬁ%@gﬁgon dat a
si gnal SD1@atesdfamarrowppeidpeteh aignald20esd 5ighband spedch yignal#30DaRCdiffer. dnr anged
to produce tinme-warped _highba eech signal .S30 cordi to, the
war pi ng i ndvRLEEd: ey e‘gaﬁ?g{ﬁﬁrf&’?‘?ﬁ %Ongﬁl’re Qaﬁbﬁﬁwgﬁﬁﬁnqupﬁe shift
appl i ed by jidintdaan rEpiRaRatiRecein 8D 10) Rinpeind differentebegvecs tHeot hl y over
time. Therefore, it 1s typically sufficient to conmpute the avergg&

peech,

nar r owband stnplingsHies of easiomibae snseqhienslBrd Grazrathand excéta?iﬁnhﬁgaaé
and 1o shi bha fien6Al'sBERRMERA%GIN! SEPeAnpl BIRAMuSRERERDII ORR) b530

according to ?lﬁl S avgr age.” I'n one such exanple, y val ue” mapper D110
i s confi gurenfiguredtalscalé tie¢imershifvanaumes astorting to 8 pdsiorad ithe sdwiphiye wdsuds f or
each frame ’onérjl Bgrtigu llraégtarlnbféeas Pnle%gorlxe% a%gx%f, heg'i’jorweané Qpeggrp slignatl @50 is sampled

at 8 kHz, and highband speech signal S30 is sampled at 7 kHz. In this case, delay value

mapper D110 is configured to multiply each shift amount by 7/8. Implementations of
delay value mapper D110 may also be configured to perform such a scaling operation
together with an integer-rounding and/or a time shift averaging operation as described

herein,

[000181)In further implementations, delay line D120 is configured to otherwise modify
the time scale of a frame or other sequence of samples (e.g., by compressing one portion
and expanding another portion). For example, narrowband encoder A124 may be
configured to perform the regularization according to a function such as a pitch contour
or trajectory. In such case, regularization data signal SD10 may include a
corresponding description of the function, such as a set of parameters, and delay line
D120 may include logic configured to warp frames or subframes of highband speech
signal $30 according to the function. In other implementations, delay value mapper

D110 is configured to average, scale, and/or round the function before it is applied to



WO 2006/ 107839 PCT1US2006/ 012233 46 cal cul ated average to a correspondi ng
frame of highband signal 530. In other exanples, an average over a
shorter as two subframes, or half of a fr nger
peri od (sﬁ‘ghg A?%ﬂrarres) may be cal cul ated and appli %ﬁhs?@@n% se where
the average is a non-integer value of4kanples, delay value mapper D 10
may be confi gured to round the value to an integer nunber of sanples

bef or e out pighbandgpeech signalS3Q\pyideles ling P320. Fayeaampiendelayowebermdappeicoder A124
may be con a non-integer
nunmber bll %’fn%g blé goﬁf%g}égﬁgg %&&%gbe?é%&%ﬁ E%%ltgg% ?%ﬁxldsx%g tghf In such a
case, i t nﬁ;ymcihma dahi deldlyl valuk dndichéing ¢ nuabereof sapples, whichlfe thanlapplmdrb&i gured to
round t he ti.e shift to an integer. nunber of. sanples and for
del ay |i ne&% %pﬁ%atf}ﬁw YR oPooh{ads c??ﬁsé’ggc;wg #arPBS‘PﬁS P%ﬁﬂn% peech si gnal
530. [0001&@hﬂ>dmd%?é&hslrgﬁiu@'gent ations of w deband speech encoder ADI O, the
sanpling rates of narrowband speech si gnal S20 and hi ghband speech si gnal

S30 may dif{f cases val u 10 may be configured
to adj ust tqoﬁ@%hﬂ%‘éﬁﬂﬁgam‘%sa%‘m%éﬁ% o ¢t ?@W@P Oggfqem €3 signal SDI10
to accountp @ spéekch SiRAGE d?&h%ﬂ%tﬁl@@/ bmad idl@frePondidg r owband
speech si gn%}%agzggé( or lr%arroc X(13I tatafpglﬁg@l gnal j S80 eﬂ;glr}d i ghband

speech si gpReodsbmurombandsxsiipian signal. alask TDIEO prosprses Dyidebandyspeech conf i gur ed
to scal e tQ A1t dBbeilaf @WB&H& ngTe%ﬁE%Bﬁ'a'ﬂga%%hgaﬂcﬁ%%&h%#gtaf‘qﬂvo\ga”p' i ng
e a ve rro

rates. ne parti cu ar exa nmenti o and speech
si gnal SZOexammnﬁskwloatmas bk lelenfigunad th ifidfethe oidsbewtspesihgrignlal 834 s sanpl ed

at 7 kHz. }L hi dea per, DI 10 is confi £d .1

ol ol s chitsr R pVAS e bRabe PSR, B el pctBioh SEEGE Rk e
Dllg may aA$e0. b&skqm:md guﬁ&ﬂgimendeaﬂHs%&?a gignet ailto bglesgp@endaded  t oget her
with an |nteger-r undi ng and/or. a t shift ave eration as
descri bed DHEMY e’f"(% s gmal a9d 4 pl tymﬂ‘ﬁﬁ?@tﬁ%ﬁggaﬂg‘i@% PPne D120 is

configure dedc@d&i ﬁb?foWbﬁl?d ERfthtion signaParld/ TRl Andlers ndybR FRatize @ lhET
sequence of sanples (e by conpressing one portion and expandi ng

anot her potheiengpded F@IOV&@Q%H’Q@CII signal o alse incheds odher parametegayeh assonf i gur ed
to perforgggeprajg ué)a?irh&?rt "1%55( B5Q i Wb saatfrﬂ@\?ﬁxgﬂ&dﬁmn&? et P1tch

cont our suc case, regu ari za ata si gnal SD10 may
i nclude a na&fuwlﬁﬁ@emim@sigmd:n ption of the function, such as a set of

paraneters, and del ay Iine D120 may i nclude |ogic configured to warp
frames or ﬁ)ﬂmifﬁ}fgsi 1%30%' nera A aﬁl%ﬁgan}a excitation signal based on a narrowband

excitation signal. In this case, the narrowband excitation signal is based on the encoded

narrowband excitation signal. According to at least the highband excitation signal, task
TD400 encodes the highband speech signal into at least a plurality of highband filter
parameters. For example, task TD400 may be configured to encode the highband
speech signal into a plurality of quantized LSFs. Task TD500 applies a time shift to the
highband speech signal that is based on information relating to a time warping included

in the encoded narrowband excitation signal.

(0001841 Task TD400 may be configured to perform a spectral analysis (such as an LPC
analysis) on the highband speech signal, and/or to calculate a gain envelope of the
highband speech signal. In such cases, task TD500 may be configured to apply the time
shift to the highband speech signal prior to the analysis and/or the gain envelope

calculation.



signal S30 according to the function. In other inplenentations, delay
val ue nmapper DI 10 is configured to average, scale, and/or round the

function s applied to WO 2006/ 107839 PCTI US 47
hi ghband 5@%2@ /lgscédnal S30 by delay Iine D120. For exa%rr%?ﬁfsgakg/ﬁég”val ue

mapper D 10 nmay be configured to cal 48l ate one or nore del ay val ues
according to the function, each delay value indicating a nunber of
sanpl es, WRMORSH Other froplemppipiiens of yvidebendspe¢chreac@icr 8100 ateicpefigiaedtoone or

' f | S30.
1000169] Fi e 8%henh BB of highbinle' RBToR Nend SHAONA BRPE Rl Melifl,. 70
hi ghband smhmbdﬁitgaaxhcoaatmmnd mo&aﬁmrmgnahrmurregamﬂej higlednd n a

correspondl n encoded rovvb CI tation nal . Task TD: processes
SO Geband Sl Ehs e OD P e AR eEera | PR A TR AR SRY o

hi ghband spgephaingiid bontigiked t@’fé&éﬁle@eguléﬁlfuo-BQaﬂ&@gﬁPSD@@o%Bﬁﬂeg‘délﬁ&'
filter the wi deband speech signal using a | ter " bank having | owpass and

hi ghpass f ivelnes-SD10gyad ta pRik alcﬁlEPSQME&ICW@’ﬁe @me shiftite pangewhend axcitaon Task

TD200 enco [ ed
narrowbandggégﬁggt#%rg%%geﬁgﬁ%ghp &f‘& ﬁQ&c aggrromg gf‘?‘?t%gr

par anet er ss1gifdd(Sl6@nnmgmnhndaxaimvibmsigmémm at | on signal and/or filter
paranmeters nmay be quantized, and the encoded narrowband speech signal nay

I i ncl t h h d Task TD200
21 50 | ncl ulieTBeFlm B\ ATGR St hebr R RER AP S R OB 0! on s gnal
[000183] Tasdodd RARSvIgad epeetiesigaal [S20 hixbinghtexd peath sipns S0 aldepageaddiyon a

narrowband . excitation signal, |n this case, the narrowband excitation
signal is GAEERNE GRO e SO Le tgh{)%nﬁirsws%hamalé?@ﬂi eftcrdef! aSiafRRiesenigtieRr di ng t o

at | east 't Be, higAbRGeckiPdvRlobO ki igitand bRSHAioT BUAR. SGOAles the hi ghband

speech signal I'nto | east a pluralrty of highband filter paraneters.
For exanpl énplemsiatimody Wnﬁmémw@i@m@wms@éthpmhha@mad@l speech

signal int p LjTe shift
to the mg alé égé‘g%:l ang%%?@%hé%?{%?g igéridelgﬁ rma S%Etbn%ag{nl hg to a
ti me war pi Ig:ordmg mdﬁﬁdnmta)tmntrlalatmg\mmiﬁnb wmpfrxg\maurdidé]x cheteata»ded nsnr?mlaind ( ]
000184] Task ,TD40Q e con orma ectral_ ana s. (suc
hs o LPC SRR g TR ara e Al pBEeC g St RE fdprefe et e a
gai n envel gpgy Bhe b adaycﬁhl g%lﬁé‘ﬁﬁﬁlbbrfﬂlgﬂ@é destibedlelbit Aaesre corfgire§D500

may be configured to app e ti
to apply a time warpmg to the highband residual signal. Potential advantages of such an

operation include more efficient encoding of the highband residual signal and a better

match between the synthesized narrowband and highband speech signals.

[0600187] As mentioned above, embodiments as described herein include
implementations that may be used to perform embedded coding, supporting
compatibility with narrowband systems and avoiding a need for transcoding. Support
for highband coding may also serve to differentiate on a cost basis between chips,
chipsets, devices, and/or networks having wideband support with backward
compatibility, and those having narrowband support only. Support for highband coding
as described herein may also be used in conjunction with a technique for supporting
lowband coding, and a system, method, or apparatus according to such an embodiment
may support coding of frequency components from, for example, about 50 or 100 Hz up
to about 7 or 8 kHz.

[000188] As mentioned above, adding highband support to a speech coder may improve
intelligibility, especially regarding differentiation of fricatives. Although such



shift to the highband speech signal prior to the analysis and/or the gain
envel ope «calculation. WO 2006/ 107839 PCTI US2006/ 012233 48 [000185] O her
i npl enent gf,j i deband speech encoder A100 are conf. reverse
atine m?‘;{){’%@%’éﬁs s%Mghband excitation signal S 120 cau?ggﬂjgg&gm{z?ﬁe

war pi ng included in the encoded narro#band excitation signal. For

exanpl e,, highband excitation generator A300 may be inplenented to include
an i npl enedifferéntintiaf majchsaglly bé dexived BY ahhmen listenso fibinghe patticWarcootskiy e

regul ari zat i ta si D10 _or e \, . nd to
apply a co&"rgggggﬁ?&%oéé Irgg’zéeernge egsﬁnr%agﬁgg%a%g%ln%c&}ggﬁﬁlgg 3}1 ?gihfmgn si gnal
S80, and/ OkngtRin@infidiPReus Bpplichigoia) subk seeystems fér antoniatabvdiermeni cal |y
extended signal S 160 or highﬁand excitation signal S 120.

[ 000186] FuReHS#ioRiaae/ FoMHORMKLAH PEFESH i npl enent ati ons may be confi gured
to encode narrowband speech signal S20 and hi ghband speech signal S30

i ndependentda188123appaatus BoREhg todi@mboBiatenhing} baatibaidee o 8 bartadle S30 s
encoded as a representation of a hlghband spectral envel ope_and
A

a
hi ghband exeviealor srirclshsipamunitationsiich apt estiuke tlerbangenpeponelsigitahur ed to
performti g?sis%l%@%%hg N&iv gmgglg aﬁ‘?‘gﬁ%&”ﬂ? beSinii8dd inQhoth& Ot herwi se

i nclude a tine g in an ehco exclitation signal,
accor di ng tomimuhizaticsidevice sichis ayolbhandsst,repersangicompiise tendigdredrio t he

i ncl UdEPER TP cRmenEre < Bhory OpYinCciBiTy Ba d PG PR

mapper D116/oe célemahiciiRis. NBsreixamplepdn @pperate afdoglingtd antembofinent may bere
war pi ng to the highband residual_signal. Potential ﬁp\é’an%ages of such an
operation imBlemeReH Y &chip oy Chipsst for A CHBMHCHONS ARV JPRPSRYDS BRIndE%  si gnal

and a bet E Phrticla A&%g@ﬁfow%@hm@viéyﬁwm ﬁﬁ%{d@%dh%@%ﬂa@ﬁﬁlogit@a@tﬁﬂ speech

si gnal s. nentioned above, enbodinments as described herein
i ncl ude i mpd/endigitalttp-enalog ¢rurversiop dbe speselsigenlréicpigy forpmoan®g codi ng,

supporting ¢ NN Y j 1 anged for
t ranscodi n&mpgﬁgaglé’%‘?“‘j”%’%éﬁhﬁdi%‘6%&3%}@?%‘%% gﬁggﬁ%%r‘ %gﬁ)%l’o ng&{ erentiate
on a cost Brguechefrouenior iapsnissiohandée receptitenvaf tiescodedsiieech sigtalhor ks havi ng
wi deband support with backward conpatibility, and those havi ng narrowband

support onl ort for highband, cadin d [ i y al so be
used in cor@{%’rgﬁﬁ eWhtcﬁ{yacof‘%Wiﬁq%ﬂ@%fdéﬁp%gﬁ% %tregl?nﬁoghgﬁgsv\%&l c@%%lr?ng, and a
system netA@dr bdlised M8 Uhe AGH6E GF g otler Satiesalisciosbd i theuts.

Provisional Pat. Appls. Nos. 60/667,901 and 60/673,965 of which this application

claims benefit. Such features include removal of high-energy bursts of short duration

that occur in the highband and are substantially absent from the narrowband. Such
features include fixed or adaptive smoothing of coefficient representations such as
highband LSFs. Such features include fixed or adaptive shaping of noise associated
with quantization of coefficient representations such as LSFs. Such features also
include fixed or adaptive smoothing of a gain envelope, and adaptive attenuation of a

gain envelope.

[000191] The foregoing presentation of the described embodiments is provided to
enable any person skilled in the art to make or use the present invention. Various
modifications to these embodiments are possible, and the generic principles presented
herein may be applied to other embodiments as well. For example, an embodiment may
be implemented in part or in whole as a hard-wired circuit, as a circuit configuration
fabricated into an application-specific integrated circuit, or as a firmware program

loaded into non-volatile storage or a software program loaded from or into a data



may support coding of frequency conponents from for exanple, about 50 or
100 Hz up to about 7 or 8 kHz. [000188] As nentioned above, adding

hi ghband support to a speech coder may inprove intelligibility, :
especi al | po differentiation of fricatives. Al WO
2006/10783 6§ 1 2006/012233 49 differentiati on may Egﬁg@?m@E%Egerived
by a human Ilstener fromthe particul aso context, highband support nay
serve as an enabling feature in speech recognition and other nachine

i nter pret atjopige ﬁ{eaiuhs:@stmwhme-mdablewed@ymmde being stregtigneexeguliable bitenu

navi gation and/or_automatic c rocessin 0 s
aC\(;l)?dl Ing e angy & r%BSl;BP}?EWIPtSﬁH ﬂﬁéq@ﬁ{?é’wlgﬁgwgghgﬁfﬁ%la a?BR)gées\@ﬁn e for
Wi rel ess cpgpuRLeaLd 9B §Hﬁh§uﬁﬁné’yl§e€dﬂdﬁa@bf‘ét@fa(g@hl@ﬂﬁnwlsuq&mssonal digita

assi st ant tern tlvely, such an a arat us, rTE¥ in sft

anot her  ceemicoidiator oesode(yieh maiRchde Wity Bk isHaR dinamic gt corrputer
configured to S5orvP andoPBispRAMGleyi ce configured
to route téﬁaB ﬁ?%s%?ex&ﬁg@mﬁﬁgﬁ@ongyyégrOexasnpl e, an apparatus
accordi ng tféircﬁﬂbcﬁfﬂpﬁﬁgﬁmbmm d@nici p@ymmpeﬂl%wcwn@hmwy’@h?%& for a

comruni cati ons devi ce. endi n n, t # such a
devi ce may mfdEEn F‘W@Iaﬁaé" eie qré’gtf‘ﬁ’? k. ?E ’Iﬁil éOfW sh@\![ﬁg:bh Bl é%%d
di gi tal - t 04@nR| Qg sSREVEIdE] AfertHly RngRpe cbdes ngdﬁhe cc!dierlmum‘ylcydé (flrmwenef or ni ng

anplification and/or ot her si gnhal processi fions. on a spee
si gnal , andﬂ@rocr)éfthnucmﬁ@@qwm?ﬁ OF MIOER fe{S QF S?‘gﬁe ﬁ CzliOBﬁC’éeﬁ'&%@ %9

reception gf e PRIGLARGRC i %ﬁlbma{l&p&ﬂsagﬂéiarﬂp‘iesexm|C|t|y
ose

cont enpl at 64 % rrbodl ments may i ncl ude and/or be used
with any one or rmre of the other features disclosed in
Provi si onal[080392] Pgepiasous\demensopfdmplenatatipns & b @109%@1‘%}*0%’(‘%‘0{% s

appl i cation |a' @gp%qgﬁba{l%e@%ﬁé}Aﬁ%tmgﬁ%naaeéddéeszmy&mﬁfs phdcih- ener gy

bursts of occur in-the high and are substantial ly
absent fro renbds@r AA00 mnb&ﬁdhbaﬂm;i&eclf deaoder 8300 mey helémplemented s AFHFICY e

snoot hi ng of coefficient ntat n uch
featuresgl rﬂ’f‘F‘@H@P‘F‘i @"d"‘iﬁ’r“eé ? qﬁlg tﬂglf%'r&s b J)asso ?a’%’?gﬁm{/asth

quanti zati q'.gx fin ﬁgﬁifpgétcallﬁﬁﬁ H&Wf%ﬁ@ﬁgeﬁieh@nﬁthsutﬁmahhmﬁﬁﬁ'@l arSalsh f eat ur es
also inclu fixed or ada %I ve snoothing of a gain enyvel org icfmd adapti ve
attenuat i omomtemplatghl(hnﬁa@r\f@f?rés]éme{“@@ﬁ&‘@ﬁ]anﬁ’ﬂ?lﬁ‘t BEOPHIPRIFRLESt e i on of

the. descri b]%le 8?3%%%@‘3 BhS of soR s bfiSricBons arranged to execute on one or more
fixed or programmable arrays of logic elements (e.g., transistors, gates) such as
microprocessors, embedded processors, IP cores, digital signal processors, FPGAs

(field-programmable gate arrays), ASSPs (application-specific standard products), and

ASICs (application-specific integrated circuits). It is also possible for one or more such
elements to have structure in common (e.g., & processor used to execute portions of code
corresponding to different elements at different times, a set of instructions executed to
perform tasks corresponding to different elements at different times, or an arrangement
of electronic and/or optical devices performing operations for different elements at
different times). Moreover, it is possible for one or more such elements to be used to
perform tasks or execute other sets of instructions that are not directly related to an

operation of the apparatus, such as a task relating to another operation of a device or

system in which the apparatus is embedded.

[000193]FIGURE 30 shows a flowchart of a method M100, according to an
embodiment, of encoding a highband portion of a speech signal having a narrowband

portion and the highband portion. Task X100 calculates a set of filter parameters that



enabl e any person skilled in the art to make or use the present invention.
Various nodifications to these enbodi nents are possible, and the generic
principle herein may be applied to other e s well.
For examMBE@ﬁﬁ@nﬁdl ment may be inplenented in partmeﬁilsg(%\/\k%f% as a
hard-wired circuit, as a circuit configggation fabricated into an
application- speC|f|c Integrated circuit, or as a firmvare program | oaded
i nto non- volchiradteriztanspagenl envelops@f thedi ghbRiDE-AMR. | DARSGOD LaRIRks kNt 0 a data
WD 2006/ 107839 aﬂ/ USZquGIO 233 . 50 storage nedium as nachi ne-readabl e
code, such CBYEBLFHENdeA Step X@HE’“@)@PBP’&W ungtion torp tignab deriyed frog) tbe
el enent s suenanaﬁbaaqdrpoﬁrdap "TASEXI00 ge%ra% B&YntHLee P@ﬁ %hﬁ‘ﬁbaﬁ&&%&f@

enen such as

unit. The data storag[]e medi um my be an array o ora e e

seni conduct ¢ thesehof Tiltgnpasameteny and B achighbiandy mtatwmslgm based dy tieni ¢ or

Ry or 1 SRR e S AR a0 Sl T Bk e | 7"

phase changéetvweam (G); energyaf meskghbmumﬁbmaM'(M%n@gy@gmﬁgﬁﬂ defived¥oncek di sk.
The term "software Eoul d be understood to include source code, assenbly
| anguage co&@”%ﬂpﬂ 1%ode, binary code, firmware, macrocode, m crocode,
any one or nore sets or sequences of instructions executable by an array

of logic el W9¢]H@Umysmﬂ@fld}ﬁﬂoﬂﬁnﬁ:%ﬂm| gRieratifCH @?Jan&’ he
various elenents of inplenentations of hlbg%and eXC|tat|on gen tors

A300 and 836¥CIaHPRHiEas) &C@F@w@ranmdlw kY 198 calaulptena b@rmomoa&joand
speech encegndeakidd al%g%? a,Fgep Hoﬁ?océ)ﬂjaﬁ'#ov}%mcpe{@%?(n&e%é{ﬂfl enment ed

as electronic and/or deV|ces residin or ex he same
chip or armldgl‘l‘ted(fromam%vbaadppmonnfaspzmlpsgnal 'ﬁéslkt’h&ﬂ)glnnmﬁhes arrangement s

such an appAricleh LBl AR Abifcs gnl o Mpae SUEHRE or *or e

sets of |nsbxmtwmsignzarFE}I@[eE 3t st auflctvchitt oNemethod™M2 0 of gé!&&?ati(ﬂga
pr ogr ammabl (e.qg.,. transistors, gates) such as

. f | t
ni cropr oces E@ﬁéan Z?%ﬁ‘ga&’t?@ di%ﬂglc?gé‘grgg‘g §°S anofhef gmbedimgntdpeluging ragkﬁaYB ®dessors,
FPGAs  (fi elydo@r pakarmvBlbRuMRk & titdeld¥sln er&gﬁg ®acd ?ﬁﬁé ﬁ%héfg? oy&fad dfC

standard products), and ASICs (application- ic intedrated circuits).
It is al so PefsENYIZhe parrayrhand exaiigtien signehandthe hamosically txtensled signalt ur e i n

o i1t or ent o EONFERARE ARIE dRaRERULE Rl shlorihin FRiTope SPEORRECL 0

to perf ornthecasidelapimoésepigndi. ng to different elements at different tinmes,
or an arrangement

[000195]FIGURE 32 shows a flowchart of a method M300 according to an

embodiment, of decoding a highband portion of a speech signal having a narrowband

portion and the highband portion. Task Z100 receives a set of filter parameters that
characterize a spectral envelope of the highband portion and a set of gain factors that
characterize a temporal envelope of the highband portion. Task Z200 calculates a
spectrally extended signal by applying a nonlinear function to a signal derived from the
narrowband portion. Task Z300 generates a synthesized highband signal according to
(A) the set of filter parameters and (B) a highband excitation signal based on the
spectrally extended signal. Task Z400 modulates a gain envelope of the synthesized
highband signal based on the set of gain factors. For example, task Z400 may be
configured to modulate the gain envelope of the synthesized highband signal by
applying the set of gain factors to an excitation signal derived from the narrowband
portion, to the spectrally extended signal, to the highband excitation signal, or to the
synthesized highband signal.



of electronic and/or optical devices perform ng operations for different
elenments at different tines). Moreover, it is possible for one or nore
such ele used to performtasks or execute f

i nstruct :Tg‘ﬂs (ﬁﬂ? §9re not directly related to an opergclt}gfn a’?"’ﬁﬁ%
apparatus, such as a task relating to aggther operation of a device or
systemin which the apparatus is enbedded. [000193] FI GURE 30 shows a

fl owchart of[omme]rﬂmni;dm&@s al@&ffa@hdé mﬁ&.aﬁaethmmqp&%ﬂe@dﬁé RORRLY Elrgj
hi ghband por of a speech Slg’é?da‘i having a narrowband portion and the

hi ghband p St 26 42 PRS0 e N, 2.8y dSporiDRioRet spactarabt ers that WO
2006/ 107839 z e.of the
hi ghband porcﬁglﬁgggﬁ%gﬁf egfé?gtg%é qgéﬂ%sdgeg (ﬁQﬁe% ‘”3%3? by
appl yi ng a riggitinembodied@or exampls, @Bgnmlored@ta stcﬁdge‘medm hhhstedlﬁfow)va{eand

portion. Ta nt ds nal .according to
(%) the set ooy O npieafta St Mkl S KAkl s ettedlipihy Sndihinengiioes
based on t herrag pﬁogllcalelmen&xé gr;d@fboﬁ&s@ﬂ&hcmﬂi@%s%&@m@@nﬁryﬂ@ &GStiergai n
envel ope ba?e on a rﬁ ?r)aﬂﬂ‘é et ween (C) eneﬂé of the hi ghband portion
and (D) energie §ptegnachiy T QB’ETSWHWF‘W?@ s ﬁ’?@dﬁérﬁ@l%bﬂtﬁb@ the

[ 000194] FI Gelbodi#Rns RRWen @bdvk a

hi ghband excitation si gnal(;vagg%?giﬁla@%%@ag%%ﬁgl ngér%% go?ggﬁg%%%‘%h

cal cul at es &eiaingipias éad ngvel Esetnsesdliselosedyinzany Bashiop heseim includingninitime ar
function to ved, from a narrowband
portion of ga%dgg&e@ﬁmg?agg%eﬁx%as}(fb@f‘)éérg‘lg@é%o’?ﬁﬁh dﬁg}, Wi cal | y extended
signal with a nodul ated noi se signal to generate a hi ghband excitation
signal. FIGURE 31b shows a flowchart of a nmethod M210 of generating a

hi ghband excitation signal according to another enbodi nent including tasks
Y300 and Y400. Task Y300 cal cul ates a tine-donai n envel ope according to
energy over tine of one anong the narrowband excitation signal and the
har moni cal | y extended signal. Task Y400 nodul ates a noi se si gnal
according to the tine-domain envel ope to produce the nodul ated noi se
signal. [000195] FI GURE 32 shows a flowchart of a method M300 according to
an enbodi nent, of decoding a highband portion of a speech signal having a
narrowband  portion and the hi ghband portion. Task Z100 receives a set of
filter paraneters that characterize a spectral envel ope of the highband
portion and a set of gain factors that



characterize a tenporal envel ope of the highband portion. Task Z200
calculates a spectrally extended signal by applying a nonlinear function
to a signal derived fromthe narrombang3port|on Task Z300 generates a
synt hesi zed hi ghband signal according to" (A the set of filter paranmeters
and (B) a highband excitation signal based on the spectrally extended
signal. Task Z400 nodul ates a gain envel ope of the synthesized highband
si gnal bas ain factors. For exanple, task Z400 nmay be
configured%?ggﬁbgﬂﬁéééﬁgﬁéIgain envel ope of the synthesized hi ghband
signal by applying the set of gain factors to an excitation signal
derived from the. nar rombeod of perdrathiy,a KighBdne cxpiesionaldnyl, extendest si gnal ,

to the highband excitation signal, or to the synthesized hi ghband S|gnal
WO 2006/ 10¥8BOIBET| US2006/ 012233 52 [000196) Enbodi ments al so i ncl ude
addi ti onal nethods of speech coding, encoding, and decoding as are
expressly discl gsmiath@eei;mptrdl}gextemd digsalrbypitandsngithe spectrunuelzd signal

enbodi nent %h red to 8‘4B$rn1 uch nethoda» Each of these nethods nay
al so be ta&fi HbHYFLEGE ﬁﬁ?@no?ﬁgﬂ e or nore data storage nedia

as |listed above) as .one or nore sets, of instructions readabl e and/or
executabl e by aPRARIRSaprepareanses Aferingiof apiggel thaigis bagadenrehe snqded. |, a

processor, *ﬂk gggaﬁg§ﬁgéﬁaplcrocontrolIer or other finite state

machi ne) . e pres invention is not intended to be limted to the

mbodi h b byt h b
Cro et o e RIP AR LT B oS PR R g

fashi on hekghfl, ahdicl uding in the attached clains as filed, which forn1a

part of the orlglnal di scl osure. 53 WHAT IS CLAIMED | S I . A nethod of
generating a hi ghlg?enl? ﬁb%héi @ 1f5cl!ti9ﬁ‘ i n%%?b%eﬁ%h qusul f?)gmln
generating a spectra tende si gnal” by extending t e sp trun1§f a

si gnal thanﬁ%pmbaseﬂﬁmmu@nmﬁhcoded | owband excitation signal; perform ng
anti-sparseness filtering of a signal that is based on the encoded

| owband exci t at indRresh giedderforhidiz@if the - SpaBRbRFtcEixg iid Bdst®bn SivaRRlofbs based
on the spectrally extended signal, and
least one of a spectral tilt parameter, a pitch gain parameter, or a speech mode

parameter.

2. The method according to claim 1, wherein said performing anti-
sparseness filtering includes performing anti-sparseness filtering of the spectrally

extended signal.

3. The method according to claim 1, wherein said performing anti-
sparseness filtering includes performing anti-sparseness filtering of the highband

excitation signal.

4. The method according to claim 1, wherein said performing anti-
sparseness filtering of a signal includes performing a filtering operation on the signal

according to an all-pass transfer function.



wherein the highband excitation signal is based on a result of said
performng anti-sparseness filtering;, and wherein the performng of the
anti-sparsness filtering is based on a g@l ue of at 1|least one of a
spectral tilt parameter, a pitch gain paraneter, or a speech node
paraneter. 2. The nethod according to claim11, wherein said performng
anti- sparseness filtering includes performng anti-sparseness filtering
of the spectral Sy eiﬁ%ﬁ&g@dﬁcﬁﬁfémg tg clajid , WOErEYSHE PHHRITHBE t2ficl aj m 1,
wher ei n sai ) tt s £ 1 i i rmng
ant 1 -spar senaagey L A e B R g R R L PSR

met hod accenthonigsubstantidiymddifyihetheinmgngide pectanmf tg dgial - spar seness
filtering of a signal includes performing a filtering operation on the
signal according to an all-pass transfer function. 54 5. The net hod
according to claim1, wherein said perform ng anti sparseness filtering of

a signal includgs ch [ tqr | 1 £-hput
substantial l y nodi fyiqﬁghﬁﬂe&dﬁaﬁ@?%gg%%%g(}f E%%]g%%ﬁ%ﬁs@g%{aﬁ qe\e’gﬁghe

met hod acc evhdthayto periokaiantisparseneds frbsetirgofaomignal diang wead ol thg envdretiher t o
perform anii %ar segq?ss filtering of a signal that is based on the encoded
| owband exTYHCT SHCE GRAIE @ wherein a result of said deciding is based on a

val ue of at |east one anong a . spectral_ tilt parameter, a pitch gain
paranet er, and ¥Ns{Ebe FESHEQESHE Aasiding s based gma value bt lsad oRERMENE S cl ai m

parareter, and ’ bl lgestoneir
nar moni cal 15 bst SO e he DsARRR A er G4 RN SRR ERER O0F e

encoded | owband excitation signal to obtain the spectrally extended
signal. 8. The nethod according to claim1l1l, wherein said generating a

spectrally extended_signal conprises applying a nonlinear function to a
signal that is asedTBﬂg}eﬂg’d AShEgHEdO Ich‘n‘;galna’hgs?& 1 egraingrareetillyener at e
t he spect r albyidad b ; ; o8l L

wherein the tno%e;a;%n%{aa?&?m%?ggrllm%%cr?g??)s({egg&gg %@gt ongg Sk%n%ieﬁgﬁgg?sﬁg e

val ue funcon the entbdeddqwhanchgxcitatiat signn)] taolsdaia thespeppaligeftemtzt ispmal.

8. The method according to claim 1, wherein said generating a spectrally
extended signal comprises applying a nonlinear function to a signal that is based on the

encoded lowband excitation signal to generate the spectrally extended signal.

9. The method according to claim 8, wherein the nonlinear function
comprises at least one of the absolute value function, the squaring function, and a

clipping function.

10.  The method according to claim 1, said method comprising mixing a
signal that is based on the spectrally extended signal with a modulated noise signal,

wherein the highband excitation signal is based on the mixed signal.

11. The method according to claim 10, wherein said mixing includes
calculating a weighted sum of the modulated noise signal and a signal that is based on
the spectrally extended signal, wherein the highband excitation signal is based on the

weighted sum.



10. The nmethod according to claim1, said nethod conprising mxing a
signal that is based on the spectrally extended signal with a nodul ated
noi se signal, wherein the highband exc%%ation signal is based on the

m xed signal. 11. The met hod accordi ng claim 10, wherein said m xing

i ncludes calculating a weighted sum of the nodul ated noi se signal and a
signal that is based on the spectrally extended signal, wherein the

hi ghband excitation signal is based on the weighted sum 55 12. The

met hod according to claim 10, wherein said nodul ated noise signal is based
on a result of kddul d0F methodascerding tgﬁéﬂlmal@ewyheneﬁgsancbm@dullaw&mmmgnal
envel ope of | east.. an oded | owband
ex0|tat|onl%?%%ﬁ+gg%%uﬁ%?%%duﬂhﬁ aPPmesﬁ? Eﬁ@ﬁ ﬂ&lnni OIS, H@?

accor di ng tgigahitbaled en atlaadd onehMemk HeRREdER NGvERARKaTAtRE sidla@afPihse Sl gnal
according to a determnistic function of information within an encoded
speech S|gﬂﬁwnaﬂnexmmﬂ9dﬁ&¥ﬁbd according to claim1, wherein said
generating a spectrally extended signal includes harnonically extending
t he spectrum of an upsanpled signal that is based on the encoded | owband
excitation signal. 15. The nethod according to claim1, said nethod
conprising at |éast Cﬂhe meﬁllﬂdf@cérﬂ)ng&p@t&imam yaid hetiodionprishe eheatinal | y
ext ended S|gnal and spectrally flattening the highband excitation
signal . 16!Hempssegng ePCa 0% 1 heetersnipishg Hngtion gjafemstignwithipatencaded,
flatteningg & gggﬁ Ses: calculatlng a plurality of filter coefficients
based on a signaF to be spectrally flattened; and filtering the signal to
be spectrally flattened with a whitening filter configured according to
the plurality of filter coefficients. 17. The nethod according to claim

16, wherein said cal Iat|n plurali filter coefficients includes
performing a |i gé %ﬁ%me&q C‘?fﬁéﬂg)}@lc&‘“ﬁf 1, prhered) spidhpenestye a peeirallval |y

fl attened. e?t@n(%e%l%gn-ghﬁlcf[ﬂtapﬁéjrnﬁﬁﬁ%ﬂg ER@ndife fﬂeaslpg&tflum %9hrgu5gﬁhﬂ)%%i ST i sing

at | east one o
that is based on the encoded lowband excitation signal.

15.  The method according to claim 1, said method comprising at least one
among (A) spectrally flattening the spectrally extended signal and (B) spectrally
flattening the highband excitation signal.

16.  The method according to claim 15, wherein said spectrally flattening

comprises:

calculating a plurality of filter coefficients based on a signal to be spectrally

flattened; and

filtering the signal to be spectrally flattened with a whitening filter configured

according to the plurality of filter coefficients.

17. The method according to claim 16, wherein said calculating a plurality of
filter coefficients includes performing a linear prediction analysis of the signal to be

spectrally flattened.



(i) encoding a highband speech signal according to the highband excitation
signal and (ii) decoding a highband speech signal according to the

hi ghband excitation signal. 19. A data storage nedi um havi ng

machi ne- execut abl e i nstructions describggg t he met hod of signal processing
according to claiml1. 20. An apparatus conprising: a spectrum extender
configured to generate a spectrally extended signal by extending the
spectrum of a signal .that is based on an encaded | owband. excitation
SPgnal  and an 3t - IharsRE PRI B S b T ST ha® that
is based og)th&d thﬁbaddcs\p@@anc&igﬂfeapa&aﬁdi toSthd Rghbath&lchod Hgndlhadhband
excitation Signal 1s based on the spectrally extended signal, and wherein
t he hi ghbakid) dexedingnihaghbgindsrsech sighal sieehrding 4, theltighttand £xgtitidn aignik
sparseness filter; and wherein the anti-sparsness filter is configered to
filter the signal based on a value of at |east one of a spectral tilt
paraneter, a pitch gain paraneter, or a speech node paraneter. 21. The
appar at us accor dpng tA0d#h SofgdPaedMif heVig SACKindRkcusRAE SRARS NI I ter s
configured to filter the spectrally extended signal. 22. The apparatus
accor di ng desceibmgthe methodexf signakproeessing aceopdingémegisnfli Iter is configured
to filter the highband excitation signal. 23. The apparatus according to
claim 20, wherein said anti-sparseness filter is configured to filter the
signal according to an all-pass transfer function. 57 24. The apparatus
according to clapm 20 appera@isttosdridingnt i - sparseness filter is configured
to change the phase spectrum of the signal w thout substantially

modi fyi ng the magpidide-aBRRE E&Hﬂg‘ﬁ‘}e&tB%eﬁér%?alssgegtﬁally}%@?@rQ@@irgﬁﬁllb%f

according to claim20, wherein said antl-spa ness i"ncl udes
deci si on | egfiendiog tife spactewn bda digoildbatib bisee on tao ehedded dowbaidgnaltatidnat i s
based on the encoded | owband excitation signal, wherein said decision
logic is coffflgti®td to decide based on a value of at |east one among a
spectral tilt paranmeter, a pitch gain Earanete(, and a speech node

an anti-sparseness filter configured to filter a signal that is based on the encoded

lowband excitation signal,

wherein the highband excitation signal is based on the spectrally extended

signal, and

wherein the highband excitation signal is based on an output of said anti-

sparseness filter; and

wherein the anti-sparsness filter is configered to filter the signal based on a value
of at least one of a spectral tilt parameter, a pitch gain parameter, or a speech mode

parameter.

21. The apparatus according to claim 20, wherein said anti-sparseness filter

is configured to filter the spectrally extended signal.

22, The apparatus according to claim 20, wherein said anti-sparseness filter

is configured to filter the highband excitation signal.

23. The apparatus according to claim 20, wherein said anti-sparseness filter

is configured to filter the signal according to an all-pass transfer function.



paranmeter. 26. The apparatus according to claim 20, wherein said spectrum
extender is configured to harnonically extend the spectrum of a signha
that is based on the encoded | owband es&itation signal to obtain the
spectrally extended signal. 27. The apparatus according to claim 20,
wherein said spectrumextender is configured to apply a nonlinear
function to a signal that is based on the encoded | owband excitation
signal to generate the spectrally extended signal. 28. The apparatus
according to claim27, wherein the nonlinear function conprises at |east
one of the absoldt e akadepdratye epeonding Heclaigual. wheréinseidiaoh-spameness fibéti ppi ng
function. 29, '.the t ccordi t | ai m, 20, said a at us
conprisingl%qﬂggﬁgpﬁggﬁ%%ﬁgﬁ%€#%35fggﬁgfggﬁ%1%%%fwgwgfm&§w§§§ d on the
spectral | y neydigiigetle flaghidhdewpbdirurd onddulgabied noi se signal, wherein the

hi ghband excitation signal is based on an output of said conbiner. 58
30. The apparatus according to claim?29, wherein said mxer is configured
to cal culate a weighted sum of the nodul ated noi se signal and a signa
that is based oncthe I 1t endad. si . rei he hi and
excitation signgé'isT%ggg r@%Eeﬁgﬁﬁkg?bﬁ?gﬁbgﬁﬁ%ﬂgﬁggéﬁgﬂg %ggg?%gﬁm
accordi ng ticledediderigi9n 16t CorEfugddath Wiecide elhethen® fltes AGANRA] HapTEHak& on
configured to nodul ate a noi se signal according to a time-donai n envel ope
of a si gnale @seded lowbard excitgtionsignadnong t he encoded | owband excitation
signal and the spectrally extended signal, wherein the nodul ated noi se
signal is basedvwirramsaddpusionfogaisdoskgwndito davrdsi based 0182 valiihef adpast at us

according to claim31, sajd apparatus conprising a noise eney at or
cont1 gur od °06 aRep avssirbf RERBEE G LR gt et 4 el st ¢
function @hrahf¥fQ@r mation within an encoded speech signal. 33. The
apparatus according to claim 20, wherein said spectrumextender is
configured to harnonically extend the spectrum of an upsanpl ed signal that
is based on the encoded | owband excitation signal. 34. The apparatus
according to cl 3km Z%G%Sf)egrat%gg&ro? 1}J1gS 1R b(ilwr}geré;'}n said spectrum extender is
configured to harmonically extend the spectrum of a signal that is based on the encoded

lowband excitation signal to obtain the spectrally extended signal.

27.  The apparatus according to claim 20, wherein said spectrum extender is
configured to apply a nonlinear function to a signal that is based on the encoded

lowband excitation signal to generate the spectrally extended signal.

28. The apparatus according to claim 27, wherein the nonlinear function
comprises at least one of the absolute value function, the squaring function, and a

clipping function.

29.  The apparatus according to claim 20, said apparatus comprising a
combiner configured to mix a signal that is based on the spectrally extended signal with
a modulated noise signal, wherein the highband excitation signal is based on an output

of said combiner.



spectral flattener configured to spectrally flatten at | east one anong the
spectrally extended signal and the highband excitation signal. 35. The
apparatus according to claim 34, mhereig said spectral flattener is
configured to calculate a plurality of Pl ter coefficients based on a
signal to be spectrally flattened and to filter the signal to be
spectrally flattened with a whitening filter configured according to the

plurality of fiPPer @3@@?P%?@ﬁ?§m“§9g“B@amT%%‘@ﬁ%ﬁpéﬂéén§ébﬁFHP@@H?%“bIaln1
35, wherei I t t

plurality gﬁégk'terg%h&? P@fﬁ%@fﬂ@i@%ﬁd%ﬁﬁg%ﬁﬂ%@ggeg?%ﬁ?g##gﬁﬁw&ﬁ %@ls of
the signal spatialy spiesdedadignal fladréie tiechigBand Ereitajopaigtalis basgloomdihag t o

cl ai m 20, sai aratus conprising at least one of (i) a highband speech
encoder coﬁ“?éﬁ?ﬁgn?o encode a hi ghband speech signal according to the

hi ghband excitation signal and (ii) a highband speech decoder configured
to decode a hi ghband speech signal according to the highband excitation
signal. 38. The apparatus according to claim?20, said apparatus conprising
a cellular tel édhondhedgparThie agqpdinatueame2drsdidrappratus| ia¢1miiﬁ@,a ss<a1'nd

appar at us co rising. a device, .configured to transmt,.a pluralit

Poekets. conpipi Ciera VutEhue §poRha e grabie tpeciaaraiar SoRt ohe
plurality efsiRarkats of §§1%5§t%§ afbRg ﬂﬁreﬁlemanéwsa&fd ERIthiRh sﬁgm ghd 11f0. The
apparatus according to claim 20, said apparatus conprising a device
conflguredsp@mmﬁyexwedaimgu&al|ty of packets conpliant with a version of
the Internet Protocol, wherein the plurality of packets describes the

nar r owband exci twiieredin tiei rgodulated 4dise Agnalppbdsad us at ot 6f sagd sexeahs f or
generating a spectrally extended signal by extending the spectrumof a

si gnal thattomgishsed on a encoded | owband excitation signal; and an
anti-sparseness filter configured to filter a signal that is based on the
encoded | owband excitation signal, wherein the highband excitation signal
is based on the spectrally extended signal, 60 wherein the highband
excitation signdL. i s Thaspparatus accondihtd claiin 3 hisdideapphratus comprising a noise

generator configured to generate the noise signal according to a deterministic function

of information within an encoded speech signal.

33. The apparatus according to claim 20, wherein said spectrum extender is
configured to harmonically extend the spectrum of an upsampled signal that is based on

the encoded lowband excitation signal.

34.  The apparatus according to claim 20, said apparatus comprising a
spectral flattener configured to spectrally flatten at least one among the spectrally

extended signal and the highband excitation signal.

35.  The apparatus according to claim 34, wherein said spectral flattener is
configured to calculate a plurality of filter coefficients based on a signal to be spectrally
flattened and to filter the signal to be spectrally flattened with a whitening filter

configured according to the plurality of filter coefficients.



sparseness filter; and wherein the anti-sparsness filter is configured to
filter based on a value of at |east one of a spectral tilt paraneter, a
pitch gain paranmeter, or a speech node aranmeter. 42. The apparat us
according to claim4l, said apparatus c%ri sing a cellular telephone.

36. The apparatus according to claim 35, wherein said spectral flattener is
configured to calculate the plurality of filter coefficients based on a linear prediction

analysis of the signal to be spectrally flattened.

37. The apparatus according to claim 20, said apparatus comprising at least
one of (i) a highband speech encoder configured to encode a highband speech signal
according to the highband excitation signal and (ii) a highband speech decoder

configured to decode a highband speech signal according to the highband excitation

signal.

38.  The apparatus according to claim 20, said apparatus comprising a cellular
telephone.

39.  The apparatus according to claim 20, said apparatus comprising a device

configured to transmit a plurality of packets compliant with a version of the Internet

Protocol, wherein the plurality of packets describes the narrowband excitation signal.

40. The apparatus according to claim 20, said apparatus comprising a device
configured to receive a plurality of packets compliant with a version of the Internet

Protocol, wherein the plurality of packets describes the narrowband excitation signal.

41. An apparatus comprising:

means for generating a spectrally extended signal by extending the spectrum of a

signal that is based on a encoded lowband excitation signal; and

an anti-sparseness filter configured to filter a signal that is based on the encoded

lowband excitation signal,

wherein the highband excitation signal is based on the spectrally extended

signal,



60

wherein the highband excitation signal is based on an output of said anti-

sparseness filter; and

wherein the anti-sparsness filter is configured to filter based on a value of at
least one of a spectral tilt parameter, a pitch gain parameter, or a speech mode

parameter.

42. The apparatus according to claim 41, said apparatus comprising a cellular

telephone.



