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N FIELD OF THE INVENTION
[0002] This invention relates to signal processing.
BACKGROUND

[0003] Voice communications over the public switched telephone network (PSTIN)
have traditionally been limited in bandwidth to the frequency range of 300-3400 kIlz.
New networks for voice communications, such as cellular telephony and voice over IP
(Tternet 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

T,

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.
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SUMMARY

[0008] In one embodiment, a method of signal processing including encoding a low-
frequency portion of a speech signal into at least an encoded lowband excitation signal
and a plurality of lowband filter parameters; generating a highband excitation signal
based on the encoded lowband excitation signal. The method also includes encoding,

according to at least the highband excitation signal, a high-frequency portion of the
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[ 00013] FIGURE 2a shows a bl ock diagram of a w deband speech decoder
B100 accorq] enbodi nent. [00014] FI GURE 2b sho | ock
di agr am of %g(gg?or%]@?gﬁent ation B102 of w deband speech eﬁ%gﬁggzo%%{%gsz
[ 00015] FI GURE 3a shows a bl ock diagram of an inplenentation Al12 of
filter bank A110. [00016] FI GURE 3b shows a bl ock di agram of an

i npl enent ati on B122 of BRIEEFDESCRUBION OFOUIE DRAWENKRES 4a shows
bandwi dt h coverage of the |ow and hi gh bands for one exanpl e of

| ow and ni GROBANFEGHAR BRI RO, PRRG R SHPOR B 107

FI GURE 4c sdvowsding thhoekbadimgniam of an i npl ementati on Al1l4 of filter
bank Al112. [00020] FI GURE 4d shows a bl ock di agram of an

exapl e of QIR GG b s P8 ey of B ehodk AT ENRMEATE,

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 B10O.

[00015] FIGURE 3a shows a block diagram of an implementation A112 of filter bank
AT10.

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

[00017] FIGURE 4a shows bandwidth coverage of the low and high bands for one
example of filter bank AI10.

[00018] FIGURE 4b shows bandwidth coverage of the low and high bands for another
example of filter bank A110.

( [00019] FIGURE dc shows a block diagram of an implementation A114 of filter bank
All12.

[00020] FIGURE 4d shows a block diagram of an implementation B124 of filter bank
B122.

[00021]1 FIGURE 5a shows an example of a plot of frequency vs. log amplitude for a
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.



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

codi Nng sys8%hes/187s6$90024] FI GURE 7 shows a bl ock diagr
I npl enment ati on B112 of narrowband decoder B110. [00025%%&@%0]8%32

shows an exanple of a plot of frequency vs. log anplitude for a

resi dual sb%nal for voi ced speech. [00026] . FI GURE 8b shows an exanpl e
of a plot WPO4IBIGIRE [ shovandbbloelugiasieof ah frarlprenipticar; Bhiz) ofmgrovnnded
speech. [09Q24]. FhFURE 9 shows a bl ock diagram of a basic Iinear

predi ction codi ng systemthat also perfornms |ong-term prediction.
[00028] FI GURE 10 shows a bl ock di agram of an inplementati on A202 of
hi ghband ef982dr FISSGRE 85 dlyomain crrepiRe! 4 plos Aloirdugnay Scilegdmpgrdmidf an

I mpl enent a}eisfaﬂaléfg% f%ﬁv&&&ﬂ%@%. excitation generator A300.

[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.

P

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

excitation generator A300.

[00030] FIGURE 12 shows a block diagram of an implementation A402 of spectrum
extender A400.

[00031] FIGURRE 12a shows plots of signal spectra at various points in one example of

a spectral extension operation.

[00032] FIGURE 12b shows plots of signal spectra at various points in another

example of a spectral extension operation.

[00033] FIGURE 13 shows a block diagram of an implementation A304 of highband

excitation generator A302.

[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 calenlation task T100.

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



[ 00030] FIGURE 12 shows a bl ock diagram of an inplenentation A402 of

spectrun1a%bga%ﬁﬂmé§00. [ 00031] FI GURE 12a shows plots |
spectra at various points in one exanple of a spectral ng{(g,%@?@%zsz

operation. [00032] FIGURE 12b shows pl®ts of signal spectra at
various points in another exanple of a spectral extension operation.
[ 00033] FI 0081 IBIGIFRFE7 Hlupraesandiparpeeihiosaloglatingp mendii eftnegRdiggoel of

hi ghband ci.tati.on erator A302. [00034] FI GURE 14 shows a bl ock
di agram o%ﬁ%bafl%ﬁgg%%ﬁ ation A306 of highband excitation generator
A302. [00035] FIGURE 15 shows a flowchart for an envel ope cal cul ation
task T100. [0ROBRISBIGUREUREhoLE adtioskstizersn € &0 Bimieprentgtion A 2 of highband

| npl ement aéﬁcﬁgﬁégg%ng;atogg%i.ner 490. 6

[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] FIGURK 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.

[00044] FIGURE 23b shows an application of a windowing function as shown in
PIGURE 23a to subframes of a speech signal.

[00045] FIGURE 24 shows a block diagram for an implementation B202 of highband
decoder B200.

[00046] FIGURE 25 shows a block diagram of an implementation AD10 of wideband

o

speech encoder A100.

[00047] FIGURE 26ashows a schematic diagram of an implementation D122 of delay
line D120.

[00048] FIGURE 26b shows a schematic diagram of an implementation D124 of delay
line D120,

[00049] FIGURE 27 shows a schematic diagram of an implementation D130 of delay
line D120.

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



[00037] FIGURE 17 illustrates an approach to calculating a neasure of

peri odi Ci &Y % | and signal S30. [00038] FIGURE 18 Kk
di agr am of 24 %%ﬂgkbnent ation A312 of highband excitati %E‘P}gﬁ%%@?/g{zgs‘ri

A302. [00039] FI GURE 19 shows a bl ock ‘di agram of an inplementation
A314 of highband excitation generator A302. [00040] FIGURE 20 shows a
bl ock di agpenfldfFIGURERS shosns pdtovwsharpafismethodh pigignshdrossssing M 519

generator A302. [00041] FlGURE 21 shows a flowchart for a gain
cal cul ati &’ﬁccfr%ﬁ[t%%ﬁmt?‘gﬁlﬁ%ﬂ FI GURE 22 shows a fl owchartgf or an

i npl enent ati on T210 of gain cal culation task T200. [00043] FI GURE 23a
shows a difagoszh BIGURBBO dowsndldwshat far. mdleguMA00 RCBIRE 123 shows an
application bof .a wi ndow ng function as shown in FIGURE 23a to
subf ranes Gf ofirgglech signal . [00045] FI GURE 24 shows a bl ock di agram
for an inplenmentati on B202 of hi ghband decoder B200.

[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
M200.

{ [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.
DETAILED DESCRIPTION

[00057] Embodiments as described herein include systems, methods, and apparatus
that may be configured to provide an extension to a narrowband speech coder to support
transmission and/or storage of wideband speech signals at a bandwidth increase of only
about 800 to 1000 bps (bits per second). Potential advantages of such implementations

include embedded coding to support compatibility with narrowband systems, relatively

-

easy allocation and reaflocation of bits between the narrowband and highband coding
channels, avoiding a computationally intensive wideband synthesis operation, and
maintaining a low sampling rate for signals to be processed by computationally

intensive waveform coding routines.

[00058] Unless expressly limited by its context, the term “calculating” is used herein to
indicate any of its ordinary meanings, such as computing, generating, and selecting from
a list of values. Where the term “comprising” is used in the present description and
claims, it does not exclude other elements or operations. The term “A is based on B” is
used to indicate any of its ordinary meanings, including the cases (i) “A is equal to B”

and (i) “A. is based on at least B.” The term “Internet Protocol” includes version 4, as



[ 00046] FI GURE 25 shows a bl ock di agram of an inplenentati on AD1O of

wi deband der A100. [00047] FIGURE 26a shows h tic
di agram of%agg&&lgﬁp gér)rent ation D122 of delay |ine D120. [Pgaéﬁéﬁ%g%z@ﬁ%

26b shows a schematic diagram of an in®lenmentation D124 of delay |line
D120. [00049] FIGURE 27 shows a schematic di agram of an
i mpl enent atebarbeDIBIETET (TuletnayEi girveriiy POk Fowe) REC (Request for Comments) 791,

2006/ 107838RCT/ US2006/ 012232, 7. [ 0 ] FIGURE 29 shows a flowchart of
a met hod o?ldﬂ‘é,sr‘%%?e“&’%f lggss?%]éai\/{ffrggrg&accordi ng to an enbodi nment.

[ 00052] FIGURE 30 shows a flowchart for a nethod MLOO according to an
enbodi ment[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 520 to produce
narrowband (NB) filter parameters $40 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

{ B configured to encode highband signal S30 according to information in encoded
narrowband excitation signal $50 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),
with about 7.55 Kbps being used for narrowband filter parameters 5S40 and encoded
narrowband excitation signal 850, and about 1 kbps being used for highband coding

parameters S60.

[00060] It may be desired to combine the encoded narrowband and highband signals
into a single bitstream. For example, it may be desired to muliiplex the encoded signals

together for transmission (e.g., over a wired, optical, or wireless transmission channel),

fw .%"\.

or for storage, as an encoded wideband speech signal. FIGURE 1b shows a block
diagram of an implementation A102 of wideband speech encoder A100 that includes a
multiplexer A130 configured to combine narrowband filter parameters S40, encoded
narrowband excitation signal S50, and highband filter parameters S60 into a

multiplexed signal S70.

[00061] An apparatus including encoder A102 may also include circuitry configured to
transmit multiplexed signal S70 into a transmission channel such as a wired, optical, or
wireless channel. Such an apparatus may also be configured to perform one or more
channel encoding operations on the signal, such as error correction encoding (e.g., rate-

compatible convolutional encoding) and/or error detection encoding (e.g., cyclic



[ 00053] FI GURE 31a shows a flowchart for a nmethod M200 according to

an enbodi 54] FIGURE 3 | b shows a flowchart
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[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
narrowband signal $90. Highband decoder B200 is configured to decode highband
coding parameters S60 according to a narrowband excitation signal S$80, based on
encoded narrowband excitation signal S50, to produce a highband signal S100. In this
example, narrowband decoder B110 is configured to provide narrowband excitation
signal S80 to highband decoder B200. Filter bank B120 is configured to combine
narrowband signal S90 and highband signal $100 to produce a wideband speech signal
S110.

N

[00064] FIGURE 2b is a block diagram of an implementation B102 of wideband
speech decoder B100 that includes a demultiplexer B130 configured to produce encoded
signals S40, $50, and S60 from multiplexed signal S70. An apparatus including
decoder B102 may include circuitry configured to receive multiplexed signal S70 from
a transmission channel such as a wired, optical, or wireless chanmel. Such an apparatus
may also be configured to perform one or more channel decoding operations on the
signal, such as error correction decoding (e.g., rate-compatible convolutional decoding)
and/or error detection decoding (e.g., cyclic redundancy decoding), and/or one or more

layers of network protocol decoding (e.g., Ethernet, TCP/IP, cdma2000).
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[00067] FIGURE 3b shows 2 block diagram of a corresponding implementation B122
of filter bank B120. Upsampler 150 increases the sampling rate of narrowband signal
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whi ch eac hﬂ%??&?i’aﬁfgfe?ﬁe?qti‘agﬁscagﬁfij]ﬂefﬂa%yé’{f’cﬁﬁ%sﬁ8&%%’3aso@ﬁ Wt h,
however, dpighidhll kARivERMEREe S3mplBCHNGSIne fomlthaddcodedaditall Wdefof VB
significant part of the signal. The quality_of ahe si_gpal .mag aldslg) be
af fect ed Dbijlterfhanksge seGhappfatiopprpy @aﬁmi}g%‘a??&t RESTC QAT LPypp gaused by

uncancel edu@ah%%grhgi Qﬁ%urs. For exanple, distortion created near the
center of a w de ané speech signal (e.g., between 3 and 4 kHz) may be

much nore objectionable than distortion that occurs near_an, e of
The 'si onal (10874 Thamsver ot Ererion-ausiy AME FEre i aieal 1oL ne

fillters of .a QMR bbddil nRARK a81HR Bl tlelalibsih@isathiled tOR GGl equal t he
| owband an I ghband paths of filter banks A110 and B12Q nm

conf i gur edta the Widte of e subhand nHer expapled pgpleasdie] heagdp yehach F"R’%F‘f‘do m

t he overl appi f ﬁ{m | : the two
subbands ag&l]‘}%gs %]Iog{ lgag%% 7 %#1{%? e pg?‘yﬁ?ﬂg? évh%éﬁkﬁ%rgtﬁ?%%ﬁae%y
response ofiddnesld ajfakiapdotlillaffest agignpsaptpart2d thesigngl. thetgaliyof e at

whi ch the frequency response,of. the .lo i r 0 dB.
I'n vari ous SERUMRYSLJE £§F&°§Py§§niﬁca&ﬂ§%)%§%f %L'}elnkg%ﬂ thﬁllsghlgl\j/felr%l ap
ranges from@meatalReRgldecdra Barenadplt, dstartiod hreated nepe tif ceatsoufa 400 to

about 600 Hz may represent a desirable tr of f . bet ween codi
ef fi ci ency vadrbandbireash signal Gt el .a“Pﬁ‘%EFSH}S‘EPF?%\gﬁE}OT%%A% aable

ment i oned DQAVEsoriBE tHAY S8cifihehSarPed@y BEkh5 Gigndiize. f DAIROY KEz).may be
desirable to inplenent filter bank All2 and/or Bl22 to perform

cxarl o, FIOR Srt 108 BOBFORU TN bt O DORCHEACSEY BIAILa of
filter bank Al12n&hat 100End Q0ELLATRABRET b1ISRABRIA 2B 2nd B120 may be

s configured to have spectra that are completely unrelated apart from the overlapping of
{ the two subbands. We define the overlap of the two subbands as the distance from the
point at which the frequency response of the hi ghband filter drops to —20 dB up to the
point at which the frequency response of the lowband filter drops to -20 dB. In various
examples of filter bank A110 and/or B120, this overlap ranges from around 200 Hz to
around 1 kHz. The range of about 400 to about 600 Hz may represent a desirable
tradeoff between coding efficiency and perceptual smoothness. In one particular

example as mentioned above, the overlap is around 500 Hz.

[00080] Tt may be desirable to implement filter bank A112 and/or B122 to perform
operations as illustrated in FIGURES 4a and 4b in several stages. For example,

FIGURE 4c shows a block diagram of an implementation A114 of filter bank A112 that



15 perfoilus a functional equival ent of highpass filtering and
downsanpl ipg 2%}%7%#' ons using a series of interpolati opcrfRSAER2NI.
deci mation, a ot her operations. Such _an inplenentation may be
easier to design and/or may all ow reudé of functional blocks of | ogi c
and/ or code. For exanple, the sane func}i onal gl ock ma%/. be eust?% to
per f oi m t hesriopes afineienebearialsnia M HIiang D AR HERHARLYSH TS 7
kHz as shoym i : %-ﬂ‘ﬁlﬁ ' SPREMLE Aleci@ViEn, 20l odRLSRIrARs. MRYchize

i npl enent e ' 41Sr?llﬂastlpl ??p%au;gﬁ’gmsi gnaF with the functiﬁﬁ e S&l or the
sequence (rplemaditive maylheessicn 1o devign WA mRRYAHOW TeUR L funchona é]ﬁ@?tqfal
shapi ng operat | i f bk hdd 16 PRFgihed
to shape tW@‘C@%E&B‘%o%ﬁﬁ%@lﬁg‘a&esgﬁlF Z@Cge%a?g%a?}%?}a ter r.esgonse.

[ 00081] |t opesativt ebddchidtionso a4 kiinsedidesiteationfio 7 Wz spesvindp HEVBESS|

operation, the spectrum of highband.signal i S .
Sibs oqueni TopeeaE SrieHPL TR B e RRACNe? PLasa T ANE EStma e |
confi guredyacgear dingl ¥ . EQlRLATPY Swhdik 9lib@nttefMGitettdean-1gadet abe

A300 as deSCI’I%[ed her el n y be configured to prOdﬁﬁe‘? a%gﬂ ghdlgagg
exci t at i onsgEcaahabd@epersinn radysts implementeg 8t & FATRESS JHRF SPYLFTICP fpere

[ 00082] FI %Jegfgz%pﬁosﬁgfa\{\%%??s%g%mg#ﬁgérq_ gfisean i npl enentation B124 of

filter ban ornms a functional equival ent of upsanpling
and highpass filtering operations usi ncg a series of i nter.glgltati on,
resanpl i ng [0008H] Gtisected fek at 4 cysequEndetcd theapatrabe st ORFIFH Yy 0P

spectral T uel 88l (OPEEAI] 8l 854 e P-0hD A blbA! ofceiBRs BT g

operation ECTEFY eXanple, In afilter bank of the encoder
such as fi lgh@espbadiig ddcbder thay tiehvionfipared hesatdinghie Bargkenple; Hgdangank

B124 al so includes notch filters in.the | nd DoRRE 2 hirdband
attenuat e éxﬁ‘éﬁ%BﬁWatﬁ?A%@easﬁreacﬁ%Fd{é?rg]?f%, a#t?\oggﬁ such %ﬁl ters
are opti ongl  @finRREM 9100 the alsd bhsgdctrallyecRaee farmAppl i cat i on
"SYSTEMS, METHODS, AND APPARATUS FOR SPEECH SI GNAL FILTERING' filed

herewith, Attorney Dock 0505 i pcl ude b L - i otd nd
figures rell4098% %@%&ﬂ?@@ ag’#‘c& drtg%aﬁ’f gfs%nfaig%!f&ftw?lg%b%?q%_& f?ﬁér%n@
i pl enent atd oSy Apefrbidisef fub@nsl AbbQleane uBlaplingnud highpasritterigal i s

hereby incorporated by reference. [00083 rro nd r {.S
i npl enent edopretionsiisig & $rigs QUTICERALFIOP S & a:ﬁﬁ’ﬁﬁ}er 8‘%2%?3'%’ F@!gzllg)a#%ut

speech sig ; RATERLEH & théRihisd cidt bevemed 4 sitgler and
(B) an exc?ﬁg%%gﬂlﬁégsgaﬁsg?%%gwdri ves the des%#tged filter to.Pr%ng(ce
a

a synt hesi zegbratepre derfarived, fof exampls, iipufilterhanicof 187 GRFQrcr ey e
shows an ex i &N¥aLoRsk 8f 28a15PReRHessiddalilersiinahgpeaks
t hat char acgﬁ%‘g@q{lﬁi‘pgﬁg@gﬁ)@éﬂp énlve]f%pe represent r eson%%%es1 hof ﬁ he
vocal tract jaaen@sel idgitaed taateantts 2 cviypenesiridedsigend al 500 f. althoug
4 such filters are optional and need not be included. The Patent Application “SYSTEMS,
| METHODS, AND APPARATUS FOR SPEECH SIGNAL FILTERING” filed

herewith, Attorney Docket 050551, includes additional description and figures relating

to responses of clements of particular implementations of filter banks A110 and B120,

and this material is hereby incorporated by reference.

[00083] Narrowband encoder A120 is implemented according to a source-filter model
that encodes the input speech signal as (A) a set of parameters that describe a filter and
(B) an excitation signal that drives the described filter to produce a synthesized
reproduction of the input speech signal. FIGURE 5a shows an example of a spectral
envelope of a speech signal. The peaks that characterize this speciral envelope

represent resonances of the vocal tract and are called formants, Most speech coders



encode at |east this coarse spectral structure as a set of paraneters
such as fi fficients. [00084] FlI GURE 5b shows a I a
basi c sourdgé%qﬁﬁp@rsg arrangenent as applied to coding o%cﬁﬁg&g@ﬁ’ﬁ%ﬁizal
envel ope of narrowband signal 820. Anl@nalysis nodule calcul ates a
set of paraneters that characterize a filter correspondi ngf_ to the
speech sowndodwetieast thierparsk spcttal pruciurg pi @egt p{paremetsesych 3 TliST t eni ng
filter (also.cal|led an analysis or prediction error filter)

confi gur e HEEE P ng to those filter paraneters removes the spectral
envel ope to spectrally flatten the signal. The resulting whitened

si gnal (al[§008:a| FIGHRE Seshossah pxdraple besbastatenyy-Taistarangemer $s applied
vari ance and i.s easier to encaode | gbaral i | .
Errors resfcPiAge &‘Sﬁ?e@ & &8\‘36 ?i@gggé%}lgiusg# %?%tﬁaj?égrrlga% E'}IIE% e
spread nor@1R¥RsRldseORardnkers pactharnteriZhefified doerespoadiagtt &e speaoi

residual are typicall, antized fqr efficient transmssi r the
channel . A&Oﬂ{l%é"edéé’ﬁﬂé?? tH“"si}}ﬁl?Félgi THSeE} ég?w 8?{??%{;&%&2%%%%? glgﬁg to
the filter,RRLRMRLRURLLS cRNGile tohligded h@balingdrasiede Giltet freamaas dual to

produce a synthesized version of the_origi nal spee soynd. The
synt hesi s feiroyesthe spectfpieaxglpre @ ERISH %N%%F%J%h%%&%iam? Rtas wRlied | on

that is thg,li ! | @05 REs hansvindenéRgrfd | ter.
[00085] FI SN G o 13fk) AR GTenCriaAd @05 ko ¥ i ol ement ati on Al 22

of nar r owbarddethentherorigimabspeeeh sigiab Brxaapisselting fomfogme ok digiresid

codin LPC) anal ysi ErnsRe
nzirlr oalogands%?agﬁéﬁy%%ea 1%%& @gfe%g/]p ﬁpi%ﬁée}g?e §p#rgedi ct ?%%ﬁi(tir%ayﬁﬁﬁﬁg ents
(e.qg., coefdsidahlent spohllpquantivedfot effifiehttonsmisfipn pyer tihehappd| P51hs

nodul e typi, cal.l rocesses_the inpu i | i fy o
nonover | appregen » RYREST e cofiguiin dsordifE B e i s Rlercited by 2
cal cul at edgike41 vaa@nfiheEidud e plotiaee syethegrkd wersimnethd drigisel peaerlvd
over which the signal may be expected to be local tat] . Qne
comon exafPing. Tge Qﬁlﬂiﬁs’rslfﬂ@é@dﬁfg%ﬁ]@’é&iﬁi&%ﬁ’c&%}’a{%& lféﬁ% g‘srr%?lglg maé% 1521%
sanmpl i ng r aterQfr fekidtifed AnQRA EXRMiRninkPBeanal ysi s nodule 210 is

configured to calculate a set of ten LP filter coefficients to

h teri t he f t st t . of 20-m | | i ot
<l S0 poSHI0BPL FEGURR e ARG iy & AL BR AP D RAAT he

I nput si gn%%r@@bﬁ#%ﬁé&&?f&@io.%%k SRR aflFreaESediéRAQ8aing THRC pmalyyisi S
nodul e may be configured to anal yze the sanpl es. of eac(ﬂ frame,. ..
directly, amoduhell§znpides thrspedyel Grvrlghe efnamopemdagy] dfhef 4 5t §f linear

wi ndowi ng fungti o r , i ' ilterT A (AN ATl yaRY
al so be peff %Bq%é);%eggwx&%%"tcﬁeaf?ﬁ%& Pg?ly\éélrlg?ﬁlgﬁeﬂ he(_ ]:ane, sach
as a 30- nsegodtdugpialiyiirosssyds titomputaigniles aerss\ahweRqvedagringiramespyity a
sych that it includes the.5 ml]ise ' i wer
The 20-m | ITe8GEHIOF R B esa iR PN BB, ShEmOpaRicty gtany

i ncl udes t hRrib@sVer Whidh thé kiged engeakpdcied tpbeiredingatianaryepne MRMMEC

anal ysis nodule is typically confiqured to calcul ate,. Ldvie
coeffici ent%‘%leﬁgz%nl@ﬁcﬁ%‘ér@%Y%%%mr &9@?@?@% s élaggart%ﬁfxg g@g&%n
al gorithm [lnangtherpd FREEAbALE DIV is téifigardlty silsulapdubief tenlDhblter
configured to calcul'ate a set_of cepstral c?e%é@i e.tﬁts fr@r eacti ifrarre
i nst ead of wefisientstocharpgtprize thefopmt siratie of ¢ plseong a5t it e
of encoder Al 20 etk SiaBdis il RaRtth ¥rockdstthe ihphtatdnvEdsya setidstdfe
effect onr Spor%ocﬂgjﬁg itgﬁn lglggllﬁty, ggﬂauanti Zi %g the fi Fﬂt‘er par amet ers.
Li near predbetlepying frher. coefficients are difficult to quantize
efficiently and are usually mapped into another representation, such
as line spe i bR nBPGE FPdnalyh6 BaRGHRS of daB fhme
for quanti z@iolhgéq gﬁ%gnza%)&}esn ?S‘?é‘%ﬁ%%’ln"éﬁ?ng'.%l n _tnheﬁ'exa |té of Fl GURE 6,
LP filter caieddlycirend sairplds Siaythearmsghiedfisacoringss amimdowies Gastignfqrp

filter coefficlonts.|nto 8:SheTRONMMAL 8 adf bR H8F 2 window

that is larger than the frame, such as a 30-msec window. This window may be




[ 00088] Quantizer 230 is configured to quantize the set of narrowband

LSFs (or g&p%%ﬁg@g{i cient representation), and narr ov%ﬂ%ﬁ%ﬁgﬁg

Al22 is c i“gu 0 output the result of this quantization as
narrowband filter parameters S40. Such7a quantizer typically includes
a vector quantizer that encodes the input vector as an index to a

cor r espondiymgetreceq: 560t yudhrihat itiagndes e Totllisrsonds ippodatdy kiogasd | n
FI GURE 6, narrowhand. enc r ?IEHT% . ef@ A i by
passi ng na‘%%é@ﬁgﬁﬁm fsﬁ%oé'ﬁ q%%ﬂ)ﬁ% ug Ehacﬁlﬁi %‘Z%?%Sa? {}ﬁgﬁggﬂ?gg%gﬁgﬂo
cal | eg an maillyr']s&bﬁxd@bf nk?d?cecﬁihgframﬂ. oxn EPC wealysig Mﬁdulb'ﬁtmpiﬂﬂi}’gur ed
according to the set of fi r..coefficients. In this-parti

xanpl e, B ddes tags TE Fiaiateh t-ie Ll b pGtn o

al t hough DR i BRLLRBE: ARSiHAY Itdishebienplaahtatibh| te nedjdiuabddé gapbe
will typically contain_perceptual |y |%ﬁqrtaEt i fier mat i on oif tgefLP
speech’ f r aspafizeee i edculain g 6% OhrepsitticogHE R %ftelafr'l\b £15° BstERth oF 3 98501 s
not repre%ﬁa&gromfoand filter paraneters WO

2006/ 10783 S2006/ 012232 18 340. Quantizer 270 is configured to

calculate a quantized representation of this re i.du?.l ig‘g I g%vel
out put as DRBHCEGHPE A AHCTEREF AP Y DP gl s el WU Y o
typi cal ly §;clkHO83n3ept6Gicbn GHARS, b7 QharkiBRt iR EIREQEratdRRerd. Mitidar vect or

as an index to a corresponding vector entry in a Eabl e or c debooﬁb
Al t er nat i vpieictisnditeraoeffigienisze diffipylt pauaptifs Gliciens SdaniFugihe M ehor e
paranmeters. fro ' : r ErA9R8S @lsed) shinerbsakl y at the
decoder, rﬂ’tt%&él}%h%@%%e ??S%}%}rg?aeéggﬁcfﬂfarswggorage, as in a sg%rse codebook
met hod. Sugrbqueneies (LSiFs), Sorumentizatiorcadi o gnisepyeneeding cli thsexargiaitai c

CELP (code Cj ion Line LGl GPP2

(Third o ERSSRE L‘g?lﬁtﬁ‘é?‘jfmcbe”%o‘%h‘f@ﬁﬁ‘?nzgﬁq@ggﬁiﬁ SEEE gﬁctgﬁec) .

[ 00090] |t cheFrislems madh eof@poning @nELEFs e Ottwd one-ii-0@ repregparitiont & lithe

encoded narrowband excitation si |. according to L i |

par anet er iHpTResTiciRRts jFlp el’?écc’é\?g&ﬁ%ﬁ?%ﬁ?% al‘teﬁ'ga%oo?a?%gb%ﬁ%ﬁ%%& sbéfrl

nar r onband ,GecOERS: ankiimhbitmcH BBl frdgtidicies SIFL), Mbichnendedimie G8iband

excitation sighal "may al ready account to so EA nt. f%] .

noni deal i t (@lobilrSystsoster prabiprEoamupiatins) A@@c% &P&H‘? JPSh error.

Accor di ngl Y, iFlganir:i)Scoc!l%ai gﬁ!:eﬁlyta%aﬁ%l I githBer &t WHLD eiebeffididneyandai ng
e

t he same coefficient va s that w be available at the decoder. In
the basic exaepbeding se ot bEBy is Avemitie byhawhedimenty digrnclyde jrppjgpengations

quanti zer 240 %g u dgﬁg’fﬁ%‘gﬁ%%@?ﬁgﬁgﬁ irQ&rQB]E%HﬁBﬁtre?ro%oi 1SP-to-LP

filter coef¥f s the resulting val ues back to a

correspondi ng set of LP filter coefficients, and this set_ of
coef fi ci ent[80088] Wemitizay 230 i dogligwedsi quertizeghe sef elerarmptranglyier dphe

t residual gsignal that .is.quanti ' It 1Roe
 ipl ot aGPBRERGE RS SR e oA 2258 ooty kB
cal cul at e epsMdFthingidntinitimchs eheaiatawbanl fifey parkmeBos 5{5*?@ iSyelhe fYapfizey one

t of codebook vectors that best nat |
AR i o e L A SN

be i npl ementedsdadmalvesthRéryan s orzedetoer esent ati on of the
resi dual signal” without actually generating the residual signal. For

exanpl e, narrowband encoder Al 20 may,be, confi d,t r of
codebook vel®PHd %s«‘@@ﬁ%}%@%r?ﬂé@é@m%"‘iﬁﬁ?gsﬂ% a%zi&a%a{égg?% g.,
accor ding 9o, GYpERAL riftbwBindidriEs20Bio0HPs Shiiningiller60 gelieoslled ke
codebook vector aSsocifated with the generated si%nal hat

t
mat ches t h eamaisisiyion atediction gwggﬂﬁ]@pr);m%apo@ggre gecprding fo] ?ﬁ%IOPgﬁ%i ght ed
dormai n. coefficients. In this particular example, whitening filter 260 is implemented as a FIR
filter, although IR implementations may also be used. This residual signal will
typically contain perceptually important information of the speech frame, such as long-

term structure relating to pitch, that is not represented in narrowband filter parameters



19 this case, to a set of LSFs), and LSF-to-LP filter coefficient
transform 320 transforns the LSFs into a set of filter coefficjents
(for exanp 8,2003518‘73%8%“ bed above with reference to |nv@|‘:§gfsa({?§{m2?¥er
240 and transform 250 of narrowband ed8oder Al 22). Inverse quanti zer
340 dequantizes narrowband residual signal 540 to produce a

nar r owband4ex Quaatzeon7&is goafig b8 lto cBasled a@juamtfred fapresentaiteredffthis resiiusl

and narrowband_ excitation al .58 ter 330
synt hesi ze%g”ﬁgﬁof 8oBUS eg?%?%g%a%%\ﬁban bxm i Onghg%ﬁlgﬁy%%@?ao %m]; £

synt hesi s }itd18rinsdl 3@ siasre6@p b gutadhdt encs:amm ﬁiphyvesftapEamﬁaﬂemwband
excitation signal 380 according. to t| zed. fil

coef fi ci erfOEesRONHNG YELRF Wﬁ%\%ga&ﬁlf‘ooréjf’ger? emﬁﬁ’rﬁ Yo u&@(‘?ﬁﬁ@rﬁy
B112 al so &%&%ﬁ@%&%ﬁ@%&é%hﬁaﬁ%ﬂe&fﬁ&hm tRBRectd? nitiydRhamndated

encoder A200 uses it to dérive the highband excitation g naI
S120 as de@wamb@ﬂy nighe fierodemrathprthap AesTieied Aom Torage, 48 fewere edrbp

nar r owband decod g { QcR L ONGER R EHI P @8Rbook

i nformati on h|§L{g 1%%&%11%0 19%9&5 %Hklllg@erecat es tomt he na(rQrovv%%nd
si gnal , sue:;dmtamnspmaxtpradmiﬂqnl) and pidectsuctnasPGRRE (Thigd Generatigreeperpae)
[00093] T em of arr n ncoder Al 22 and narrowband decoder
B112 is ahﬁgé‘y"cé a%ﬁ‘b \gggtag:g ?/C 1 s-by-synthesis speech codec.
Codebook excitation I i near prediction (CELP) coding is one popul ar
famly of EIO&!)(MSItSsdﬁ;&églafdrmsHGWbmlenngeaﬁéﬂQ toppeeeranitle ¢06pdedof such
coders may perform wayef orm ncodi. gych
operati ons®™ %@‘@@Pgﬁ’{% HCHSY f'i VAR d P gl];n% %a?])‘?éeff h%%ga]bﬁ?‘?/égq%% 00ks,
error mni mazlaﬁlehep@:&@'@b@:ﬂﬁg narusvband qlmndm*piru&xis mmnghtthemgsultmg
operations. Qther inplepentations of analysis-b .0di ng

i ncl ude mi KRQdekRarioRPARAHSGIARYY SRR HAE £ yfﬁoﬁtﬁ? Oa?%aﬁrrﬁéﬁ?c CELP

(ACELP), r ﬁ&ﬁa@ahhémn %Epﬁl@%’fe?)lalués?ﬁiéh as qlmrkh&&loﬁ)eﬁbf aAmmm@gRPEm
mul ti-pul se CELP (1VIPE), and vector-sum excited f%nearv 81% f\%gﬁ?n
“on

(VSELP) codésingble Rwa!@ﬁ@érectb%n»‘%er%% Pl gsip thefa@e fefitrena
(MBE) and ggﬁﬁgfg?sggfg@e@@rmth@ﬁa%fc@mﬁb@ﬁer(cewrmm% B@owrﬁ?ﬁ&'mbw 6of

st andardi z -synthesis speech codecs include_the ETSI
( Eur opean Tielerse qnaniizenc2ili deneangzesmdapabandroding prametss\b 40, LAF el E Idihec

(GSM 06. 10) ich us Ak (BRI,
{he Govi enhafegRrRopa P mHEe FEALPERAb OBPE i7t CFEhires

(1 nt er nat i gmat cobetcRa@yadintadet ofcokfficients istsad tasaifigaresvhilsniag diltgp2p0 to
Annex E coder; the IS nterl St andar 1l.c s for 15-136 (a
time-divi S|8SIPPT?=‘FEF}FFE?1%“?‘;E‘§8%1§ é*h%lﬁlgt}mgﬁjﬁ a(%ﬁ?d%%pti ve multirate
(GSM AMR) codecs; and the 4GVTIvi (Fourth-Generation Vocoder) codec
( QUALCOWM |[mp®’oﬁieﬂﬂxpleﬁmﬂteﬁbﬁ@ﬁ naffAybarNiancaiabAMZ0 amcorfigur t20 and

correspondi decoder B110 i 0 i of
Chese P oohiraRugieRcota maRgv B BB e R E oD iy R aRREP G Ak 4
known or t Q:o@@aogﬁ‘ﬁé‘dt&@%@c bédd alatdhePihe Eidual sagnspéemhmmdgwevas tl(aA) a
set of paraneters that describe a filter ang%é%galcﬂgﬁexmt |§1on si gnal

used to drinegowhendasedar Bddl mayiase be §pPIEHFY es?)‘é‘éag i gnal .
[ 00094] Even%?!etnﬁ& 5 Bl &R anafl bvﬁth&ft a&@ﬂ 8’ SRBaHg thaeekdral gnal. For

spectral envel ope f om nar r owband sig consi der abl e ?L,i

of fine harammpke sanctsrd:taucrlean Axmanwbeé@p%@%é 105)1598@%?1’%&0@%0

FI GURE 8a shows ectral [ f sBedi@SE dHd H%hgga@(l)f,
as may be p‘f%f?ﬁ%%&e 725 CRT Pé’ﬁ‘?lﬁég’# ItSi orsqg%vgl ced %I gn;l such as
a vowel . Thﬁltdi?ﬁﬂaﬁﬂte@s)ﬁdﬂ‘dlmkﬂe@ thei csaddﬂ:ioek wwtwm@c@@mlethb senesated @gna o

tch, d dif t d d k.
Rave i {1 crAtbopGRHERF (8 FIEROABE HiRe SER o2 HF PR PGl

FI GURE 8b shqwgna tine-domain plot of an exanple of such a residual
signal that shows a sequence of pitch pulses in tine.

[00092] FIGURE 7 shows a block diagram of an implementation B1 12 of narrowband

decoder B110. Inverse quantizer 310 dequantizes narrowband filter parameiers S40 (in



[ 00095] Coding efficiency and/or speech quality may be increased by
usi ng one Qr _nor ranmeter values to encode characterisii e
pitch stru@?&?%‘.’ﬁagi i nportant characteristic of the pipt%é‘ﬁfszqo%]cz%{}re
is the frequency of the first harnoni d9(also called the fundanental

frequency), which is typically in the range of 60 to 400 Hz. This
char act er i taisicasel ® etwpofdéﬁsy aph LS8 detLESilieheoeffigient sanderm B FUNEPERENt al

frequency, t&ahgf%@?q 3,5, ﬂéﬁ?er%o%fﬁcmhtggfgr Jﬁg’lp% LE E ok BGed g*/&@itﬁ?efér@fce

nunber of pitch peri e enco as one or
nor e codebEGkverdRdusier Bioemd transigmalso cﬁfmarmwhmei expedek ésrl@Z): dneerteo have

| arger pitch | ags than speech si | s. froomf e she r 96]
Anot her  si gsatizes G40 dequant ?P%Tqvggﬁﬁeﬁ’ém?lﬁl g@ tf’c?ﬁé) ér(gc uor‘%b%gg
peri odi Ci t yqidkinCiraNEHC A R8d sh@e HlteLABITIRicdEs ainﬁﬁhahawbiﬁiﬁll excisdtion siguale

or, in other words;, the degree to which the mga{iﬁ Q%nﬁlmc or
nonhar moni &30 nmow@apiiémthqsw&ﬁ%%ﬁ‘ EygesipE AT erd sl HEssi ngs
and nor mal {, Qﬁ]gn&teg@ﬂnémgtlg OREk A Shoudishagh kiowbmy

al so be in |cat pitch gain, i s conmonly encqded as a

codebook geicitaien ag]gqal S8Qasaemdingsd tm@wéedcfééré lseBKCigai 1) Profes097]

Nar r owband der Al aahd dt
encode. t ne™ DG Re PR o L e B i 020 A

shown i n FkQuRFoPsigansse M1gfﬁiand:§hd@depra¥%)@l which hees iftayetiee the Bighband

mcludesanoenlo C apa

short - ter nF’f:“H %?‘E‘H%kfocis ‘%FC%J gﬁ%rg sg%g m"\,‘]‘}kpg%%e: opgggsf ftobv?gd by a
cliosed- | 00BelL@NGartNbEPERAH&TE 100 redydeycsnfigistdigerovids aﬂdatmehu@smatm
the fine pitch or harnmonic structure. The skh % term U%Q aﬁluﬁtl cs
are encodedp ightgnd desoderaeQ0 thataplates (o hemerY 4an( gop e Tt ? eristics

are encodeglt NRbMER. fQH spcRAREEr s such as pitch Iag and pitch
gai n. For n% e, nafrowband encoder Al 20 may be configured to

out put encoded narrowband_excit at 550 in.a f
i ncl udes on@00S3] e aySEHbRABIROWH3 H?li a‘irg:‘n]%& gn?rf&w%ng%ﬁgﬁhlzﬁ%x
and an ada%%ég@xaﬁﬁﬁ@m&kanh Heen)-Bndesoinsennend pdgaick exeitaiien lineas

Cal culation o uanti zed representation aof 't rovx/o

resi dual smgerfacttlo@éCE;IP) dogingianeg papplap faglyr Rl pal s E&éyrg Scf—?cctO Wﬁ Weh

i ndices and cal cul a | T5RE Qe I8mPénchBRig BE tehesdualjct ur e
may al so i H@Pﬁgﬁnl n{)er po %ﬁbgﬁéo “prtch prot ot;gpe avef orm whi ch

operation mudlﬂgkmﬂ@pmahmwlaalsﬁnrgma ofl pritfies pRgeasaprodeorls

tch pul Model. f L bl ed f
PP g S e A AL ot o = o

noi se-like lmnwﬁ%bhmmagms{b@&mmmamgpmmw ersitefiomineabwband

decoder B110 accordi n r

conf i gur ed predigianddE dr"?’ g@%&%iﬁgg’fmm @%ﬁgﬁﬁ?ﬁ%%land
decoder B2 Oﬁﬂ&f dxEhatlolerPE)) ﬁmﬁ@gﬁﬁsé CELPR tmﬁ) (am veoromhaeighieer
structure) has been restored

h d
confi gured predioiem(SEAZ) Pmn%glrétﬁgé‘?dé’ﬁ IBF@%‘%‘%HQ&%%% d%ang BRafi
dequant i zed MEEP L %r&Bg?E%@'@fgnﬂﬁf SEMRARPORS bddig, Bk asipRalf siShdrdifd
I'e

t
course, it I npl enent narrowband decoder B110. such

that hi ghbamhlyigelgdﬁmt}Bﬂ@@pqgér ¢asleprsineiadpihn Bl 2 htHUeePest Telaeqypagpications
nar r owband XCI ¢ g@#mﬂﬁt L%‘r@i\% fl.ﬁISIQItB che?;t{b%w $190) 9%3%%3%&%&2@@}1&%

si gnal S80. enentation o w’deband speech encoder
A100 accor dij hﬂ@r F@dﬁmp@(mmg mhagm enrancad 1 GURDdG FETYHBIMPoS S Sber

A200 may be confi gured receive th nanr al as
pr oduced byﬂtﬁétnwﬁfmﬁl& };qu%ﬁté F \Qﬁ%ﬁglgﬁf‘){%?%%“g‘?ﬁ%
wor ds, narrQuang. RNGRESH SinderdyBy 1 b@ieeg)ﬂa.f ISgtLBGs(d tinge-divtspmtmultiple access

Wb d t at | to highb A200,. b di
the I ong-t eiéh%;@?aée?%sﬁ Srpveseinus o AEh s ApppeAeSn e N
encoder  A20Q; 4 0. F 666} ¥fe /P PBd:D QDAL OMNANALERRBE) Sah Dtegada) codi ng

Narrowband encoder A120 and corresponding decoder B110 may be implemented




22 approach is nore accurate cal cul ation of the hi ghband gai n factors
S60b descr [000100] I n addition to paraneters

character |‘?§%??162181158§0rt termand/or long-termstructure P&F"%‘?ﬁ?“ﬁ@%%d
signal 520, narrowband encoder Al 20 m&d@ produce paraneter val ues that
relate to other characteristics of narrowband signal 520. These

val ues, whicchrdingytolgey siihesglitainelagins.ioz ey qstbwr S@cﬂCb wbdibg tmhmé@mmsqhexec h

encoder Al ers
540 or out%ﬁdtwt e %gggé@fégg%gﬁgﬁ%gn%g%% %ﬁgALa%/& §{%"B Grs hat
confi gur eddasmtmedﬁkﬂxaﬁ@(ﬁn)aghbatnﬁonmgmﬁgxsmhﬂoanﬁrbﬂfesie&ﬁmeaﬁﬁaftdl ng to
one or nore of th se a d|t nal paranmeters (e.g., after

dequant i zatPyee ?SW speech decoder MOO, hi ghband decoder
B200 may be configured to recei ve the paraneter val ues via narrowband
decoder Bl00$4. Bven et te vaimghiag filtzahias wﬁove&tﬁeafoﬁﬁb ispsetryl, enhélgidoad

decoder B200 e configured.to.receive to .
dequant | 2oV TENOHPANEHDE D VAPUECSF PROPYY! TP BNTOLE SHUBHIEIERBe. of
addi ti onal es?@élﬁlmﬁﬂdc&%b mamtsarsﬁowmgge@mw o€ BEOS@fnph 2@

produces va ues for spectral tilt_ and speech_node paraneters for each
frame. Spetefidap! signph ag @P&P%waiwém amfﬁémaffﬂfﬁhémsap\@&e#éagn@w@} Hife

over the paspdante fkthdicSsub¥RtLCAtibY if ﬁ@éé{%ﬁﬂle‘%ﬁ' réited RGiGH IRk TR | ' St

reflection coefficient. For npbst voiced sounds, the spectral energy
decreases VRiet soppdseaekandyfhernerosakes men havehiferpet fpsim@t stpusturesdik on

coef 11 ol Nt BEAALLNEA AT BPRFAACIHL ol BRLIBY 8] SaluRa S o

have a spectru I's eit at t I rst ectlon
coef fici entesidsalcigpskihtichees o sequendeas phidhr milsaar gpe.at hi gh f requenci es,
such that the first reflection coefficient is positive and may

approach + 0

P cat o5 [BOPREting oRRAE et S e be M B O R R enc o1

speech. Thimrpparangtemalualo énav@ Calatmpt&astgcswatha@ztbhﬁelﬂ:ttwﬂ Oneinggortanr e

measur es of erio zer 0ssi Ng;

ond or vor CURSTiRGr Y g fsepf S e RIS e T (e R e,

a neasure amdadedthirfesiaics), wlidhes t}ﬂpibaﬂf/ ethe rangk ef®NioatD0 @1rs , THihe speech

node paraneter has one or_ nore states to, indi caai nodes such as
3 e droshifip

si | ence orc%%ok"d?s%ﬁd}'ﬁ%”é’e@m?ﬂe RETSe; o Hhefip BFER 4138

voi ced speggfdd the pitch lag. The pitch lag indicates the number of samples in one pitch period
and may be encoded as one or more codebook indices. Speech signals from male

speakers tend to have larger pitch lags than speech signals from female speakers.’

[00096] Another signal characteristic relating to the pitch structure is periodicity,

which indicates the strength of the harmonic structure or, in other words, the degree to
which the signal is harmonic or nonharmonic. Two typical indicators of periodicity are
zero crossings and normalized autocorrelation functions (NACFs). Periodicity may also
be indicated by the pitch gain, which is commonly encoded as a codebook gain (e.g., a

quantized adaptive codebook gain).

[00097] Narrowband encoder A120 may include one or more modules configured to
encade the long-term harmonic structure of narrowband signal S20. As shown in
FIGURE 9, one typical CELP paradigm that may be used includes an open-loop LPC
analysis module, which encodes the short-term characteristics or coarse spectral

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



23 encoded narrowband excitation signal. FIGJURE 10 shows a bl ock

di agram ofwﬁgo%gg;&gﬁnt ation A202 of hi ghband encoder Aﬁ%@%{%ﬁé&%t#%

configured a stream of hi ghband codi ng para

i ncludi ng highband filter paraneters 860a and hi ghband gain factors
S60b. Hi ghband excitation generator A300 derives a hi ghband

exci t at i onthsfigapitchit 28rnfioninstextiod skhesher-taapaharaeiedstica eiegncwied aafiltaso.

Anal ysi s nmodyl e A210, produces sef. . r

charact er i Cfgﬁltcheéltss %dctth? gqng-e %%%(%ag{eg ?t Eqﬁ %@g%%sa}s \géﬁilléﬁse%é B&%ﬁte{s K3
parti cul arasgxanplgend ahel ysh.SForedarhple ARiOwbandmbdey W18 niay bp ecrffgumd. PC
anal ysis to produce a set ﬁ)jf Pfilter c ﬁof.i Ci ent%I {:i?‘r ach frame of
hi ghband siPGHPUt esgded names; ﬁ%ft%ﬁ}t@toﬁl& P 285 Pripgifesoge porore

transform éb@l@b&o’k@ﬂtﬁ@é@r@%, b RS EddeBfoklifidkizhi ef atehé tqiebsuksndax) anca
correspondi ng set of LSFs. As noted above with reference %&eanal ysi s

modul e 210coaepondingsrivy Yriues 0 CalgHatqpsyt dhis grantizeduspssepiiion O theansf or m
410 may Dbe, ﬁé&@fbﬁ%{"‘fe@ﬁuéﬂ' #ﬁﬂe%,%?hu&ﬁ‘ﬁ&f 370h 1Y iIRQIR séiBetfhe sudRkEAl
18) "and/ or coef nt

coefficien I Ci representations (e.g., I'SPs).
[000104] Quelrvaiczkating 2@hiveluge NEicgding @f the piemsiricise mag aseincgiiehi ghband

LSFs (or of ber ¢ %%%%%%:jtglq rolic%%f%ﬁ;?agfg O?I{l)ii Which %?&?tﬁcﬂlsméﬁﬁﬁlde eflating a

hi ghband el e1r on out pu e result of this
quant i zat i diffe@acd bewkinghbaasvd pitchenlspariMnidliog of B60enz-Sue brectuemay bg er

typically ingludes_a vector antizer.tha des. 2 v

as-an i ndeﬁlséi%eﬁ%ﬁgﬁ?‘@%‘boé??ﬁ?oﬁ‘émgé%{l%\’rmcg ﬁts éefg?’ﬁ%é Iﬁ%ﬁgcagpag%%ég%%%
[C{O_OlOS] Higahamgdencoder A202 al so includes a synthesis filter A220
configured to produce a synthesized hi ghband signal 5130 according to

hi ghband excitation sjignal .S120 and.th n !

(e.g., theﬁﬁ’gﬁﬁomﬂﬁpk?‘ﬁ‘ ion BaaFrogPa %@0%3?%33%3%%§%‘/ﬁ§’!€a%@ rrgsdul e
A210. Synt hesisinfRIGURE 9AR20Pbé Sonffigpict & dutpitnptrewemiiedcitsion sighdl B30 to
filter, although FIR inplenmentations may al S(z be used. ln. a ture) h
particul ar h@i@b#ﬂﬂldé?o@yﬁﬂ%%ﬁt% te; IpREserTASBYF IS P‘ngll Oéﬁ%‘?‘ﬂo@bc $giotyre) has

Si xt h- or def,.di;B88%Eq ARbLOHBIHRS §iick @ dbéddeehay bOORLRElHghhpndagalband
factor cal cul ator A230 cal cul ates one or nore di fferenctfs bet ween the»

| evel s of thmtagen gierliSShgynBeaantizrg HeriosgbengrieRATONE IS G TERAL
si gnal Sl3ggé?o§pﬁﬁéé # é%ai%&si%‘ésEﬁﬁ&néﬂfnaﬁbﬁbﬁd%de@@m {ugR thaé30,

whi ch may i mplenen as*a vector quantizer that encodes the input
vector as afghbadicdectder B260 perfapoe deliuagtization of enspdadypnarawhandgariation

codebook, quantizes the val ue or val . irf ying the gain envel ope,
and hi ghba%@“&#é@&%?gtﬂﬁld?rﬁ%’g%‘bn"f"f’lg%llré’géig?‘%%?gt put the result of this
quanti zation as highband gain factors 560b. 24 [0001071In an

i mpl ement afoN99hIn ah buplementkid@UREiddand speethesnicsdelr iA 100 pecapdigg fog

arranged to receive, the.fj ef.f.icient i A Ecei
10, Yan airetieg: FoeoTn BRI B A e s R et

an i nver se mgigdowband afttaiicivesttad pradistdbytheshér-gumnedalyss deelitsinghe

filter coefficients from hi ghban& filte ar anet er 86(89, gng in this

case synt hésies i qud wo rete coded tilter

dHies. T Qthea ORI BRTSHb4P SRRERE 4 70 BBaT O D RIS R T

coef fi ci ent 5L RBhRALcitRIHRRiAA Bhi bR dneEdeR N200 BERIHncHEYS B PygFterm

nmore accurate calculation of the g(?l n_envel ope b HI ghband 8alﬁ'€

cal cul at or st@@ore. [0o0eOBPlenh@Ryeh ST EbraT eré’i?g‘ﬁp%@, t%??ﬁ?‘y"%fr Tiddul e

A210 and hi gRBaRch Lol leGHl@bOlind BRI Pt RiBRLreQhvealy Hgibmand a

set of five gain values per frane, respectively, such that a w deband
ext ensi on afectdee BAAD, rsovibtacths basting pasREetera prasiucesidry églbandprcadeg AP0

el even addi tional ,val ues per fr . . ; - e :
sensitive tB2¥ ?ﬁﬁ%ﬁ%ﬁmétrtga%e %}{%ﬁlfogrﬁlla d g%%}ee%lg{l}g?f&saﬁgﬁqnhgﬁmhﬁt ghband

coding at ad fufetaBie for Bighbai ¥ngaiedA2s ta reiogsiaict rmawbgndexso At sgrak
perceptual gquality to narrowband coding at .a higher LP o . A
typi cal inp? & S@We&ﬁraﬁi@&fﬁgﬁ?{ﬁ%{@g’@f&gd 8%%}—; wgg%%% i é%?dg%gr{alo

S50 to be output by wideband speech encoder A100. One potential advantage of this




output 8 to 12 bits per frame for high-quality reconstruction of the
spectral enyel ope and another 8 to 12 bits per frane foqr, high- ity
reconstruc‘?’?&?}“ﬁ?mﬁe t enporal envel ope. | n another pa%f:i'r%?@?ﬂﬂgiz
exanpl e, anal ysis nodul e A210 out puts2d& set of eight LSFs per frane.
[ 000109] Sone i npl enmentations of highband encoder A200 are configured
to producempbiogtthiamebre aeduta sxoulasiogwatheBighbanzaiefreiost $40 dasaikediom

noi se signal having highband frequency conponents and

anpl i t ude- | ating the noise signal according to the time-donain
envel ope of narrowband signal S20, narrowband excitation signal 580,
or hi ghbandoeioial adS3en Whirkeetsisclnt shanaitgze eshdrtrienhod/oarignegediuce

adequate results for upvojced nds owever. i

desirabl e Wt%?gé’@ﬁfog’gmgna\y\gg@ga?%"é’?@ﬂgg%c’dgl}%i%ﬁg ﬁ&h%%&r%am%ﬂand
consequent { R rsiRE Tt HREd cmdliaetcfﬁgtrcu of mwb[aﬁmgﬂan]szcﬁi ’@hﬂgamdues,
excitation generator A300 is configured to.generat i

excitati onwgicbﬁ&lly b5fE@%Q@FWP%@HW%gYé”f)%%’??‘ﬁ?ﬂes& ??g??%%gg%’d’l ay be
excitati O“in§fl?8 SBOnE Rhfokiad Rirehankiét squenayp@a gepardI BURE 11

shows a bl oc Iagram of an inplenentation A302 of . 'gﬁ)a d

exci t at i onHighherceanopdss090 rpay @éca@f%ﬁdztér"al&%mihégtb ‘?O@iﬂged to

dequant i ze, encodedRarf MRRRSRXGIARL b0t 8L S5 RralRtchy @ afer
gn .

nar r owbandPEXETtation si pect rum ext ender A400 |

0.l
conf i gur eddéquapizatade A¢ widshand sreath decedear &18%@&11‘3@%113‘38@%@2@9% b8n

-r owband itati ' | : / 2 25
Cani ner  490n ERBUh P g S R S e ey e at od

by noi se geagfatiAtiodBQianhtaely ightuoddéaodenRA0ope keoatigredie reipive

envel ope cal cul ator 460 to, duce a nodul ai oi se signal S170.
Conbi ner 4%Rdipesgff9 éﬁ‘%ﬁ)&ﬁpﬁmﬁlﬁ@%ﬂﬁﬁ%ﬁ%&]gxtended si gnal S60
and nodul at ed noi se signal 3170 to produce hi ghband excitation signal
3120. [ 099%1dgitol i enceexpipdfaddsipad nauowEntendieg PA4DOE!SS n@gfieadr ed

to performa spectral foldi operation.(also I ] i n
nar r owband C8SQEeY éﬂ?‘b?img?ﬁﬁé{&%%%%r TPSC'?B??&HE?E‘% S%eggﬁnlﬁlﬁlg% 2P%Ig}&g{?tfen ed '
signal  S16Q,qp %?)cht?éi iftQLigeBE tﬁamaFeomé §eeEdEnbsloperver Sib phishang and is
excitation signal” 380 and then applying @héﬁ&g{ﬁss filter %o ret ain
the alias. typicabyoepresenteddyphequagiecdifpsipsiiaet 1G0T PSR EOATTGur ed
to produce harfiop| Edassh GRkncAh6ig Muqsmeg, st dhyt the first
transl ati ngsoﬁ%érggtg‘\%\ggéﬁg&eﬁfgg?g%i 0?1 Si gnanlC 380gi n?o te%e ,hé&hba&%&e. g.,
vi a_upsanplifgtiboodiieidntiy negativé pidireataperragh th HOBGHIPART SHT fty
costhe si gns?)!agtfmn that is either flat, such that the first reflection coefficient is close to zero, or

has more energy at high frequencies, such that the first reflection coefficient is positive

é _ and may approach +1.

[000102] Speech mode (also called voicing mode) indicates whether the current frame
represents voiced or unvoiced speech. This parameter may have a binary value based
on one or more measures of periodicity (e.g., Zero crossings, NACFs, pitch gain) and/or
voice activity for the frame, such as a relation between such a measure and a threshold
value. In other implementations, the speech mode parameter has one or more other

states to indicate modes such as silence or background noise, or a transition between

silence 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



[ 000112] Spectral folding and translation nethods may produce
spectrally extended signals whose harnonic structure is discontinuous
with the oVP3PIaP™8e&r noni c structure of narrowband exciPCA{USEN8124Ha]
S80 in phase and/or frequency. For exapple, such nethods may produce
signal s having peaks that are not generally | ocated at nultiples of

t he fundangpd®l nhkermiaaeycitaibh 6lanatRFIEERE a0 showsya slodndibgrgmanttan f act s
in the reconstructed speech signal. Th t hods. al tend to
produce hilgmlerrreeau@h{%%g%aﬁ%bhaeé SRPgET fﬁ%@éﬂ?ﬁﬁ%‘ﬁnﬁﬁ%ea@o grto‘?l%cr? g TEHal
character i@%}@gmd B89\HafamdRes S5 RcRdMNS i hbiGl fler PRymBRrsSIG0Rland at 8
kHz but ban mted t0 no nore than 340Q Hz, the U@BEI’ .spegt.r.um of
nar r owbanchightend gaih éagtoss G @s@mﬁyxwﬁ%swe{aiqrﬁ ey aéﬁ@if)ﬁv?
such that &Qit%%}%x% gl%l%b?{b%{ oRBBES BLBFLARCARCHLRA sl RaBS 5D eGlal3ls

fol ding or™sp r translation operation may have a spectral hole
above 3400mbimle pOTDErbB}cer herof patamoiss vaResdhai shasasterizeribs TRSAFA gRYS)oPe

{1 equenci G TRIONE T ERRDARD Eisdgﬁ%'%l%%’%{%ﬁ%?%%iﬁé&ééﬁgﬁﬁ?ﬁéﬁm

har moni ¢t @RRFuRCCPC dhdlgsit ® frbditce anétarf fRtfiloncoafbrienss cmphad, frangpeof

harnmoni ¢ structure of an_excitation signal Qe nhged by

t he fundanighlgnd Flg%%@éﬁc VW%‘Q%‘F%‘@?OW@%% c%er‘f“%ﬁ%?%&l} g g‘sgﬁga&g%gg H 16

i nf or Mat i Ofxy ARt HRTsed STIFEHRA a4 STioRN® inth 2 ghrbapohdixgdct at L8Fs. gemetedt or
A300 generates a harnonical |y extended signal .S16Q.based on the

i E(n.darre Nt akbove st apfespeie 2ankypis Wé@leﬁi‘ém? %%ﬂé‘g O’r”&ﬂﬁéﬁ%%%d%’%ﬁw
the pitch bh 840 8 B 53 tb he JNnr edTTiciahd stséx penetedalsi gnal
i's phase- c%ﬁg?rée}%gﬁg% 2006%1_0%83§SCT/ US2006/ 012232 26 with narrowband
exci t at i onceiffjeiedts)38dor prefsient renrerenigicnsi®-g- 6i-St-he resul ting decoded
speech may not be acceptable. [000114] A nonlinear function may be

used to cr i . i ; SirGnathelsBedt heehphasESRbestsat
ﬁ?‘&’gg@ gﬂgﬂ%@% 8 ¥6aiALddAD g e hég

with the n excitation and preserves the harnonic structure
Wi t hout phasafficiereemesentationy: sugh 33dBPs)nadhighbard ¢rsad aﬂ%@nbg'&‘? e an’
i ncreased nol se, | ey 23803 REMDY FIRF PRELSEss S6DA Chucheands
to sound nﬁPté’uﬁtg?@P@#Ofﬁ}%&?ﬂ%ﬁkﬁaﬁtﬁl h-f.requegagy_ har moni cs
produced byusetzhagsicalyahcladesspector ghanfivirdhat gnepdes t©p et giotor as an index
transl ation. Typical  nenoryl ess. nonl.i near ctions that may be

appl i ed by QaFPEERONGHS ‘@ﬁfé’ﬁfﬁw Wr?stg%l? Og‘%élgﬁb?}m ext ender A400 i ncl ude
the absol ute value function (also called fullwave rectification),

hal f wave rgea(1D5EEEIRAd esapdar ARAP, alsLibéindes amputhedis i 220 cppiggured to

i npl ement ati ons of spectr xt.ende 00 e ' - ply
a nonl i nearPredpse & FHPesiEHH ﬁ’%l’ﬁﬁé’r‘?ﬁﬁ?af ?@é&iﬁn@iﬁ &@%&?ﬁ&%ﬂg} %%%?

di agr am of ﬂ@oiaﬂ@ilhg'éﬁélid@a }gﬁy@uﬁﬂéﬂ?d@lﬁe (@ Re Cltier dotofehi? g]’n&:t@pefﬁmﬁotﬂ Wadﬂieé
caonfigured to apply a nonlinear fungtiaq 0 ext the spectr 0
nzr r owband @@mﬁg’éﬁ medulsiAdH Al SW?SI@%&QFS@H &pysm%’e ?ngegiratéé{{ﬁg

upsanpl e nagf QUAARCGLGIRIikRlchAaEbM ALy B80be dskd MRYa peticiésicranple, t 0

upsanpl e the signal” sufficiently to mnimze aliasing upaon .

appl i cat i onsynfhetihBlterc¥d20rietmplempried & siythroplsalipegr ?ﬁ*‘f&%ﬁ&ﬁ?ﬂl}é&%ﬁ‘iﬁ e,

upsanpl er 510 upsanples the signal by a factor of eight. Upsanpler

510 may be (GaR (IR %Rt R EidiotRS ATl g 0peDanbRiyences
g |

zero-stuffi put Signal and | owpass filtering the result..
Nonl i near f bsiwtdnahe leatls of tie origBa0hiplbapd pigna) FP@ a0¢ Sma*ﬁb‘Fiﬂ %igﬁ%ﬁﬂia pigndl
function to_the ups | ed Si t hider gy 3 @d%8aphe t he
absol ut e vaﬁi@tf’ﬁﬁec?fafg%r%mgv%kgg%fgfgrﬁ% |he§r funct i ons f_orjoi ectral
extensi on, ghgEmaReSQUAkEL0Y quansizribdt earedegie PHEACoZ &t ApdE%stofot

needed. I n sone inplenentations, the absol ut f t y be
appl i ed ef f FRTEPRAGRENFCISF PRI AJ2IF O%T"té)is ‘%Oggq%taﬁg%"g i%ben e e

sanpl e. Nonkingans iHinGii @Relopt, arl algiband28cotay A20Z chefigioet toguipstihe o
perform an aﬂrrpl i tude warpi ng of the ugg?arg?ol egﬁo%r spectrally extended

result of this quantization as highband g IS



WD 2006/ 107838PCT/ US2006/ 012232 27 [000117] FI GURE 12a is a di agram

that shows the signal spectra at various points in one exanple of a
spectral &XPeWsilyi3%perati on, where the frequency scal ECTASIHE0122 e
across the various plots. Plot (a) shpws the spectrum of one exanple
of narrowband excitation signal 580. Plot (b) shows the spectrum

after si gpg@o1A6h hesnplasmidtpaasph@d FIGURECI0syndfesieififat A2 st (c)
shows an exanple of the extend d_spe‘%trum af.ter @??\2?56‘%' Q ogﬁvae
nonl i near afrgirget toveceips e filtgy c %&A‘E‘tst VIR | 5\/51;
filtering; . i d ¢edasehandu®y befdsrst Quinkigeripp iverse
frequencynfl#l%n%ﬁg?mﬁ@%% sig{e\?f{} 530 (e iy ’

: ngs 7 kHz or.8 kHza}n.
[ 000118] Pltbsféms) catigursdtt decoge tedilier erefiigients from bighbingfilteg parameters
downsanpl i in.which t j ' educed hy daohactiny of
four to ot?{%gé’r?n%mw%éecﬁ%ensgﬁ%’?ggg}tw%%)oﬁg %n%g%ows thet spegtrum arfter a
hi ghpass febéffieichisdgnsapér Sbdhom dltormstveatangéreeti M SapRPriForeieswIdge t he

ext ended si |, l.ot h r a second stage
of domsaﬁﬁﬁﬂﬁ@?ﬁ f?fr}g%g?l?: ﬁn%eiog%@b%&%azﬁgﬁ%‘gé@e%ﬁd by a factor of
two. In one particul ar exanpl e, downsanpler 530 perforns the highpass

L O e e Tt [ eot, ank
Al112 (or OtHE© “?Eugfftﬁféié Léﬁ’gta%%g Feﬁgggﬁ%%ﬁ\é\gngﬁp%g%fsgne _’rrgsf)gqt}lsee)?g]% 0
ARt Pty ol S
sanpling rate of hi and signa . . 0

( d;m dogm sdlevep |aii¢i§30%ﬂ vVilHges BeF %ﬁ‘&_ﬁs 3}31% Y &%H%S gﬂ%%%iﬁssisgﬁ%f%ﬁc’ T‘?@Ek@gﬂs gs a
reversal of s ﬁ%}p@qﬁ]eﬁ&esl Such o8 hEKBAA ceding evaBanit@ordsBaiay prodieo
configured to performa spectral fli p%ngﬁgger tnl on 'On-ath% ﬁée&% .
Plot (h) sﬁgl\@éh@/m%mmp%ﬁbl%%f%q‘ﬂ crvat df°Pih[5‘5| Y8 rati on,
whi ch may b pef ﬁ@gcgﬁga Vﬁ(‘gﬁtfoh%'fﬂigﬁﬂan@%ﬁc&hﬂﬂﬁ% Whi Be ¢digigtueaasd i on

ej" or the ségue n se val ues alternate between +1 and -1
Such an operpttisan 12 biteperifuaiedit high-qeaity racABSIUREOTRIR Specte) SRYSIORN 28

the signal int quen I: D i dral ShvBlebhed
that the S Bult Cies Srs Bl fophRaRnRr et i
downsanpl i Bgenafer feealaakahlcppiahgisopeulet A Viouimitses @i of GedAsTopefer .
The operations of upsanpling and/or downsanpling may al so be
confi gur edf®®ei ncl ude resanpling to obtain a spectrally extended
signal having the sanpling rate of

[000109] Some implementations of highband encoder A200 are configured to produce

highband excitation signal S120 by generating a random noise signal having highband
frequency components and amplitude-modulating the noise signal according to the time-

domain envelope of narrowband signal $20, narrowband excitation signal S80, or

AT

highband signal $30. While such a noise-based method may produce adequate results
for unvoiced sounds, however, it may not be desirable for voiced sounds, whose

residuals are usually harmonic and consequently have some periodic structure.

[000110]Highband excitation generator A300 is configured to generate highband
excitation signal $120 by extending the spectrum of narrowband excitation signal S80
into the highband frequency range. FIGURE 11 shows a block diagram of an
jmplementation 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.



hi ghband signal 530 (e.g., 7 kHz). [0001201 As noted above, filter

banks A11Q _and B120 may be inplenented such that one or both of the
nar r onband¥ AW Gfband signal s S20, 530 has a spect r aFFy/USE0EPREH

format the output of filter bank A11®5 is encoded and decoded in the
spectrally reversed WD 2006/ 107838PCT/1JS2006/ 012232 28 form and is
spectral | yCombimes4t iagaifipusd t6 cdinine bammkdoBiR0e bighdrendreea gy avikput i n

wi deband speech si.gnal S110. |In such case, of course, a spectral

f1i ppi ng Ogeé@g{qrgﬁgggégﬁmgopwnﬁ@ﬂge ‘i@%ﬂ%&%%ws@%eﬂﬁ%@%‘é%w, as
it woul d bgrodesidmasdi@atéDhioikd GFRRHTI0E X inttidd: 200 & SRdurelddaik0 have a
spectral ly reve_r;lig formas well. [0001211The various tasks of
upsanpl i nghararigethnedenses sgea 64 sadmetdyiaied asisesigred § L dhemardusn as

perforned ByhsRAckEHRLEKRAYG0A402 may be configured and arranged in
many different ways. For "exanple, FIGURE 12b is a diagramthat shows

t he signal sgectra at varjous points in another exanple of a spectral
ext ensi on WIEFERIMe sxpmple. PRETIR exerdse 94Q%iscentignred e psdipin aspestel t he

various pl @fiding BheRhtidndhisS BAKA n&iﬂsﬂﬁag@tﬂ%ﬁ@vg@%& ARLA 26 o

narrowband excitation signal S80. ows the spectrum after
si gnal S8opieducehaanonipmpicadednjenal § Hkk Sipewtal folding Rlagbe peforsivdly an
exanpl e of 1€ . ' -] L i pear.. .
Functi on. Tro SRR REH! oD Syt AL Thb s P S B Tas.

f requenci eb dnsthac eepipdd spdcO0DEI R Arci400d) caligwsd thprodpedtarmonicdiyer a
spectral reversal. o Lon. Plot (e).shows the specitruma .

SRngl st aguer R TP RepetmlY ikl Rerutiid FRITH S EERL SR isf g
by a fact okighbande gl Giaciptaipling fellchedibyeshisfeatismividy a exisendedpsngnal .
In this exa e signal is in spectrally reversed formand may be

le, t
used in an®%y S@?@ﬂt ation of highband encoder A200 whi ch processed
hi ghband signal S30 in such a form

[000112]Spectral folding and translation methods may produce spectrally extended

. signals whose harmonic structure is discontinuous with the original harmonic structure
of narrowband excitation signal S80 in phase and/or frequency. For example, such

| methods may produce signals having peaks that are not generally located at multiples of
the fundamental frequency, which may cause tinny-sounding artifacts in the
reconstructed speech signal. These methods also tend to produce high-frequency
harmonics that have unnaturally strong tonal characteristics. Moreover, because a
PSTN signal may be sampled at 8 kHz but bandlimited to no more than 3400 Hz, the

upper spectrum of narrowband excitation signal S80 may contain little or no energy,

Py

such that an exiended signal generated according to a spectral folding or spectral

translation operation may have a spectral hole above 3400 Iz.

[000113] Other methods of generating harmonically extended signal S160 include
identifying one or more fundamental frequencies of narrowband excitation signal S80
and generating harmonic tones according to that information. For example, the
harmonic structure of an excitation signal may be characterized by the fundamental
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



[ 000123] The spectrally extended signal produced by nonlinear function

calculator 520 is likely to have a pronounced dropoff in anplitude as
frequency WREMWeAYEE Spectral extender A402 includes aPS§HEStH0¢P12232

flattener 540 configured to perform a2ghiteni ng operation on the
downsanpl ed signal. Spectral flattener 540 may be configured to

per f or m a WijiReownhbiEsdchaipemal $8nherevien tipeqdatitymfalre @eldig degoded

whi teni ng operation. In a rticular exanple of adaptive whitening,
spectral ﬁP%F%r‘mB%aqcﬁﬁgﬁﬁes an LPC anal ysis nodul e configured to
calculate a set of four filter coefficients fromthe downsanpl ed

si gnal anqo@o1figLs hbnldeaeimaalnysite vbéd tereatantipighane dxdimtiomsipeh tahis
signal according to those coefficients. O erse%%g&aeﬁq%nt at.i ons_ of

spect rum &% prepBith s puaRb TG SR IHPR T ONE QW& &Ikt

flattener 40, PRGEAIRSAAuENEA SBRGkEE AN 0] rmgx@\hmai inbefRd foise
downsanpl er 530. WO 2006/ 107838PCT/ US2006/ 012232 29 however, using

only a harlewhbeakpyhighifequuey bugwaics aehichiends lguparmese oo hsn heay
result in k€ ' qgm . j k13088 Ank S
general ly tﬁ%@?%&(ﬁ%&# e |%mg{§0£?%m%§th? ﬁgénb%%l ﬁg t%ﬁee | ow bg_na, and
usi ng t oo speatial transhmionc Typicalabemaeyless nonkndat finbidons test ey eiappliesitynal
can result i.n a buzz ound. This artif I ;
not i ceabl evafjﬂu%lﬁg’g?ﬂyrg%ﬁlﬁf)fsslj? ‘Lf.t(r)"lrrni‘l }{et?r%dleggé%de@élgfggths&g&ﬁlhtglvhﬁe function
[ 000125] Enfared icarsatfalli e rectiicktig) srifivaad feotificatibn iggaringnelibinge prcat i on
generator A300 that are configured to m x harnoni.call .

sitgnal 5168PRINgh ChrdrRlemengH S.O?ﬁ%ecgwfe?‘ﬁerﬁ‘@@r%‘yf’f"%ﬁ%‘%ﬂgﬁﬁd
excitati onapgwﬁ@nﬁearﬁrmohm@ﬁu@ﬁ@mamoi se generator 480 that is
configured tTo produce a random noi se signal. In one exanple, noise

generator 480 is configured .t roduce a, unit-vari it

pseudorand@ﬂ{’wg@mggﬁa P@?}@E@ﬁmio a%{:?é?m?% < {O?ao\t%?%ﬁg‘u?lhe

noi se si gnalieIBeA40PhaD8 cWiti duedad dppTRy nblitR acfupaivarto eemsd thy spdeatm of

varies with frequency. It ma% be desirable for gé)%s(ﬁ% ﬂ‘\ener@t or 480 to
8 BEBEFh©

be conf i gunasthvibgn@exq@tion Henh §PeeURPAGRET S4% 1540 PSR f unct i on
such t hat h%r?og?&agg gxdgn%o,ggggﬂ @F@_CRB?&SJ belediRiBledet le thokiggdanpl e,

noi se gener e configured to output the noise si]ﬁnal as a
det er m ni stifficibuthctoinoinimize alismgnpen eppliesivadf gropbineaffRiion. tRengame -
frame, such as .the narro ' Ay cRdad
narr ombandpgsﬁlfl?ra‘at}ﬁaglﬁ{esilés%%g%géa)d 6@%@%%@?@ %%?[ﬁg n‘il%gdg\%,t h

har noni cal kyo exy badedigaiginaperBitithe tpsemphngioreraiondy zeioguefing theduped
by noi se generat Qr 480 . be anplitude- modul . .

{1 o dona NEGH BN R HATO g R e SO TS TP B PR pontiegted,
tinme of nagy MRAREoMineAFuIncHRA to the gbhaiptbdsigan| Om3ibtential adywitagedf the
e>;citation si'gnal S80, or harnonicall xt ended signal S160. Aﬁbshown
i n_Fl GURE 2hsoluig gﬁa%lmo%%?%?ﬁhwoaléﬁ%r %@PO%%@"ZSPF%H? FHESY EER6T ner
470 confi gggmngggméﬁ&%ﬂﬁ&&iaﬁ & obfecded. SK s6ing RaplepeAEtieRthby

noi se generator 0 according to a tine-domain envel ope cal cul.ated ]‘gy
envel ope cabwmiitavape AgOtiorney bxarpirdelicisRlY REFTIANDS REyesBE thhTiEhEhted
as a mul tipli eram%ger. %&gﬁe&%&%@h@ iLiSoLsHoHLy ffo ROlchtgted & RifREm 480
accordi ng t%l}she I me- domai n enveff1 ope cal cul'ated by envel ope

cal cul at or a4fpfintde vty oftheroprainpleddr sprct el sérgerdpd Srd.

[000116] Downsampler 530 is configured to downsample the spectrally extended result
of applying the nonlinear function. It may be desirable for downsampler 530 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.



[000127] I n an inplementation A304 of highband excitation generator
A302, as shown in the block diagramof FIGURE 13, envel ope cal cul at or
460 is arr4RguE197%83%al cul ate the envel ope of har noni caPCYy/US0eH G
signal S160. In an inplenmentation A3067of highband excitation
generator A302, as shown in the bl ock diagramof FIGURE 14, 30

envel ope g@d{ﬁ!’ﬁ PHCURESDali$a éfa%@ﬂgﬁﬁ shewchtk €1lghﬁts§edtﬂaelt enioak ppiatsf
narr owband exci'tation signal 80. Furt her ment ati ons. of hi ghband

exci t at i opngermEe ofa mgtzal FEEPNBEN SREFEIOH; @@I‘g@ﬁ%@@ﬁ@ééﬂ sgade i 4P Wﬂ%s eto
har noni cal L%Sfﬁg% gg}gi?qg $eg By é}ﬁ%ﬁﬂ%@étﬂ&x bCorleQEAhHIR RS n&tfowthed

nar r onband & in tine 8] Envel ope cal cul ator 460 may
be config wxelthtmm S@ealf%ﬂum (@mhéwmbé SEB&FT@E?I agter %ﬁﬂaé§8%h%sd3§ﬁn pprapmpled

| ud f
exan o TR0 BoReicre PSR g Adm R P D Rucd At bl O
each sanpl a@pﬁl;fatlblﬁlef { nameaffutdiens Plpn &) shvvosthe sppeietmpéier lowpessifitering.

del ed (f and t at
nar mon cal PSS BIRG ST GTHRG Srg § B aped s Rttt finbend sgmal

val ues. Suboaek , Tk2R Rendffenns a snoot hing operation on the sequence
of squared values. In one exanple, subtask T120 applies a first-order

BR | owpass_filter to the seque COI’dI n - I Qn;

PR oy, oot 6 g 3R sy Aicral i heb R A E B Bl )

the filtergoiiR¥tate B réducad by MExcte BRioNr toubean a suideband s greel sHipbtthshoys

coefficient having a val ue between 0.5 and 1 Tge j\é%hu% of ‘otnho?the
réot hi ng ‘besperirenafer %lhwhpa%@it?we@ewwﬂ forelent B PRI RY

i mpl ement agj; é}ﬂsd bﬁld%ﬂ& %} 48w BRepeliae df@r asedond btagd mfoimmﬁmmimge

in the input S|gn at ais closer to 1 in the apsence, of

noi se and wmlvagdrthe @araplsng lﬂtetlﬁ@db?eé@éf rderterof fgps I ong patticeler Fpseple,
i &wﬁ@dl ling b
0L R Syt et

sequence t. |n envel ope. [000129] Such
i npl ement apisoing dfe mdvmndpgna]ahmuglah:@hpmfymdﬁo @@d downsaERleE 449 6f filter

performth S sks_of Il el
fashi on. ﬁ M lﬁi ‘i’tﬁfﬂ Zﬁlfﬁ?ﬂegt f%)oﬁlgn%syatgl gl @%S%?g{so%’rgrﬁganay be
preceded by peBiriBNEkRagsd PRl akiiag thedrehigoy exhge end @Irrgrlmg sateleBhiglignd
frequency portlon of the signal whose envelope is to be nodel ed, such
as the rangéndf38-4 kHz [000130] Combiner 490 is configured to mix
har noni cal | y extended signal S160 and nodul at ed noi se signal 5170 to

produce hi giypa A@,)gg@i@;tge@;nmsplgr@j d&&ﬂﬁmphtmbfeﬁhehtghpasa signad fshesgndyi phetr
490 may be conflgure

for exa 0 calc hi itation
si gnal =~ S1200 &8vsas atRYFBR 95l B ooy i W@W@ﬁeﬁ ﬁmgpegﬁtgm%g
nodul at ed 28}’%{% e?tg%@}foé;zgpecgqup Ag bﬂj@itﬁ;lﬁ&iﬁttﬁé :ugml oPlot (hiyblhavesra 4ok
I gute

be con cal cul at e hi ghband excit t|or11f5|g({1€ Sljf E)n i &
ugly ght ed s wifeppyiapgieyspergral flipping operation, which may be performed by muliiplying

signal with the function ¢™" or the sequence (-1)", whose values alternate between +1
and —1. Such an operation is equivalent to shifting the digital spectrum of the signal in
the frequency domain by a distance of 7, It is noted that the same result may also be
obtained by applying the downsampling and spectral flipping operations in a different
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 may 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



WO 2006/ 107838PCTI US2006/ 012232 31 a wei ghting factor to harnonically
extended signal S160 and/or to nodul ated noi se signal 5170 before the
summat i on.W%a?%’l%"@% wei ghting factor may be cal cul at e®CAEEHAEHIRE o
one or nore criteria and nay be a fixed value or, alternatively, an
adaptive value that is calculated on a frame-by- frarre or

subframe- %ﬁ%&{@g@c&aﬁg&@eﬁeae 13 4 filfel GAIREB 126 befoowbeing bttpcﬂ«ndl agram
of an inplenentation 49

of combiner 49Q that is cgﬁl%
cal cul ate Wiﬁ@}-‘rﬁbéﬁ@ﬁeélkﬁiﬁaélsll% 1y sYpusase; £5 BOWEE: 4 SRESHY LR ngﬁﬂ?%?on as
har moni cal ﬁ@ﬁg& $3008h1a RHOR ﬁé@é&s gl Qe BOH-ablb G6iei g
Conbi ner Zfb% 'S contigured to wei ght hig?rmnl cally extended si gnal
S160 accorettitaionsighal $hahite hawsiagedtisgy reversed fognge Wello wei ght nodul at ed
noi se signal 5170 according to noise weighting factor S190, and to

out put hi g@ﬁlﬁ?ﬂ ﬁ{%cx}aﬁ ét%ks%f gP%gnrpﬁﬁégn@&vﬁlsﬁHﬁﬂr%f oftalt@edtRl ghéRtbn

signal s. exanp conb 2 includes a weighting factor
cal cul at oropafioh Iaaperfcmnc@hﬁ sppotren extsndal AGP M br sPREgTed 40 agiangeddn

factor S180 ANd=ngLse. weLdDLI0fi] 660ka 200 . FARGATRE AHORE Lbau

factor cal’CHiPat to c te weighti 231
factors SlgRctand vad&l p@ﬁﬁ@inchnnmet examplbad aspetirbaiansion opetatiphvdere the

content to noise conte in hi nd .exci,t at
exanpl e, i FeavgIRIERlgaLh ?éﬁ?%acf‘gﬁsqﬁowoﬁse?loﬁgg%@@ 1%}ggut(}:l ggﬁﬁ?’g %Egne
excitati One,}léhﬂJf@(!wt fntﬁﬁ]faf}birg eﬁaﬂﬁlt())@ s{jgm ssoofmm@u)mmwsmerspeogym adtensigend
r simlar to at o i and sign
i %I g?/re nt ab$bias been wrspgaler By aff%?’ﬂ?f%‘gl %8? (;?%}0“@5'18 ex%?la o Fhr?gex ey s

5180, S190g Eﬁurﬁ%ft&’éﬂ gﬁ&%oﬁ%gghgﬂlﬁﬂaﬁfﬂn@mﬁ Bf thi¥a e, phdsarghansay occur
rel ating te a periodicity of narrowband signal S20 or of the

narrombandnrthshtghaifmﬂpgwaﬁswwéﬁe‘és pitch gain and/or speech node.
Such an inplenentation of weighting factor cal cul ator 550 nay be

confi gured ml?ﬁgcgﬁﬁaﬁhy@é B shQ Al RPA @e%ﬂgahtdagoﬁeaﬂmr P51 &6) shdvat
is proport ona the pitch gain, for exanp and/or to assign a

hi gher val te spectruoi @@P&@H@lﬂﬁtﬂ% of é@W’éﬁWﬁ% “f meh HRFGEEREE FEeEh
signals t ha%gﬁ% g%agﬁg oPRRGE RpialPRe Pésueé 9&@&@ extedhded §i8hal. In this

i npl ement af¥ I'ng factor cal cul ator O is configured to
cal cul at e ¢rirtsls, tﬁ@mgmltsrmmpe;cn\aéy gﬂvbnsethOﬁa@n@mash%S@éna%FmPiélFl%auon

ht fact t t
hi ghband  sicbhiarbwsonend Sa00 SR Hoeagy Be b Sl RGPS ot o

550 cal cul ates harnoni c weighting factor S180 as the maxi mum val ue of
the aut ocompeiiasi e spaehly extentedsfgnti myodvasdbsiophiatar SIBLPD Palﬁlﬁétor 520

current frane or subfranme, where t aut pes f

over a searthk§nifuve PleOT\OHPﬁe c‘j‘é%P"gIEla glinB@t%&Jf: & %%&?’ch&ie ag a d does

n%t i ncl udgyandg! M02Ghc1Eds @ spéviial Bsttendd ﬁ]ﬂ&&lﬁgured to perform a whitening
operation on the downsampled signal. Spectral flattener 540 may be configured to

perform a fixed whitening operation or to perform an adaptive whitening operation. Ina

particular example of adaptive whitening, spectral flattener 540 includes an LPC
analysis module configured to calculate a set of four filter coefficients from the
downsampled signal and a fourth-order analysis filter configured 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 8160 as highband excitation signal S120. In some cases,



WO 2006/ 107838PCTI US2006/ 012232 32 17 shows an exanple of such a
search range _of Ieﬁgth n sanples that is centered about a delax of
one pitch %6mﬁﬂﬁm as a wdth not greater than one pit@ﬁTﬂﬁamwlzmz

[ 000134] FI GURE 17 al so shows an exanpf® of anot her approach in which
wei ghting factor cal culator 550 calculates a neasure of periodicity
of hi ghbahgwsvegnaingda0y a harmevieally exstnagesigndl ps te highbindsexgrjetiontthay
current frang.is divided into.,a nunber of e del ay
Cor whi ch oG in g o (R BB Shecfie SUBHRTE SR 507, 17 2
separ at el ydRun@ach tHeHiHbarEthaA thel nmdtindsing tod iecteharmouicr el at i on

is perfornmed over a search range that includes,a dela ~.on jtch

| ag and deEEctgHn fhedighbandexgaptiln sgn W&e?ﬁﬁlﬂ)ﬁggz.zy[s%%il%ﬁ ?fgga%{second
stage, a liSeabRRS ket 8chAnratR il gpebkes.cor r espondi ng

i dentifi egﬂﬁﬁp{%ﬁ agh saubf raﬂrre, c%jnacatrenati nggpt he resulting

subfranmes to construct an optimally del ayed frane, and cal cul at}
o ol e Bo WA b asest noRdo Rl e isat PLh R e Bret Brer ot Been
the origi ngl; Jfd {g&eét&m RRhbiedlyexdabaygshal & adewith Anéisé MghdIeAs

alternative, weighting factor cal cul ator 550 cal cul ates harnonic

wei ght i ng shewh or FEISRE 4%, haghbandexsdfation seppratondRPAinsludet HRYPT &g %n
coefficien tal ned | I, Eﬁ?{ﬁ f O af Ak Rns BRIKAEB0]

| mpl enment a‘#@&%‘s Isocf'onv\lgtlnjgﬁﬁ ﬁgd@g&sr %r}d%ca C?Jel_sg%ﬂor _55{)1 may “al sglsg_e

conf i gur edgeherage 4B@istcoefigwed ©lpaoduon a soifadiasice prhite ByeEAerAndoEn BYFfbi ne it
w th another value to calculate t : [ L G 4n

f act or 818%@%@35‘1%]1? pt Vl%%n%léats@rg%%’?ggg%%gﬁv%ﬁg %39 act or %

cal cul at orn8Q po@et@insity ttevatienwis fequonty. pié miap i desisablstiotnaisetagnerator

signal 830 only in cases where a presence of peri.odigi [ fo ame
i s otherw ¢¥ @%’Eicefgf%‘&?d tPSPtPE&ﬂalﬁ'BB ?SI%? ght F?Fgg)m%“élg %@n%% ncsﬁflg{}%trlftsr%o
may be conf@ulgthe dRp ek tefleodeR AR eRarble 1oise gehheritby 48 mby gghband
signal 830 according to a relation between anot her indi cataglr f

| (0]
peri odi ci t gonfigureado eufpwidhe naisesignal & Adpterminisicdpndiap qEmErpasop fadsd

reshol d
value. In gﬁﬁer%ﬂﬁp][h%’s pghki feh heat Qhr&d a8 FigbiOfaridlers S40 atf/ogur ed

to perfornman autocorrelation operation on highband signal S30 only
if the fraseodedmarmiwbgad excitetian signeh&5Bidapt i ve codebook gain of the
narrowband residual) has a value of nore than 0.5 (alternatively, at

| east 0.5) {qolg'fz@%f‘%%o@%eiﬁg‘ﬂ]%h%th"lﬁhﬁmi&@@ kel sigal s1doatierakih idise
configured performan”autocorrel ation“operati on_on hi ghband, si gnal
S30 only f eignélpacdasediawinaise graemios dBtimay baaplityde-mpddaid °@dmg-
only for vaiced signal % LN LG ef @RE OF nbRkbHh@AL O
550 may be d%‘ﬁlpie&ﬁagw tf’ f aggrscf%%&% tﬁ%%%?ﬁytae%l ghting factor for frames
havi ng ot hefgnait WK ghtfand pEaslS30Derosbatdrxciigimsiznabb ik ot bprmenically
gq,l - extended signal $160. As shown in FIGURE 11, highband excitation generator A302
” includes a combiner 470 configured to amplitude-modulate the noise signal produced by
noise gencrator 480 according to a time-domain envelope caiculated by envelope
calculator 460. For example, combiner 470 may be implemented as a multiplier
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

S170.

[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,



33 [000137] Enbodi ments include further inplenmentations of weighting
factor cal 50 that are configured to cal cul ate

factors ai@%@fg%&s 0 characteristics other than or gv\%}ugfegﬂoﬁasz
periodicity. For exanple, such an i npdlenrent ati on nay be configured to
assign a higher value to noise gain factor 5190 for speech signals
havi ng a bmmepammhtora@) tshaangedito exbadait theiegrrlpre Hanraybandsraifatiop t ch

| ag. Anot her h ment at i o 550
o cont i gtieed S Hudhe Hrneg e 8 b b T Bh G A
speech si gatwibdénfigtreato kﬁdgfmihamﬁih&ngnmhllﬁ@@endad ignadiS1g0 baponlimetasur e
of the energy of the SI% gl es of the fundanental frequency
rel ative Q?a%/ o M0 a”cdd%tcgi’ %f‘l1 4+t her frequency components.
[000138] Sone inplenmentations of w deband speech encoder A100 are

confi gur e@mzﬂﬁlpélbp@éhldtﬂuﬂtbmt)lnﬁwbefcomjrﬁtho(pbtfynman Jmanempﬂ ealéulgtion
(e.g. a one-bit flag indicatin th rmoni ¢ or
nonhar mnﬁ%?t%léété‘&lm@h’df’%seﬁ‘ﬁ%% gtgiﬁﬁ g&%ﬁgﬁ ?‘ﬁ%? ﬁﬂ’@%éaﬁtrg%f
periodi Ci tyafife! "I@G@ BNiuch b YasRS SElRsk1106 dalb@hes the shihr®bfeatlk fai€of the
correspondi ng- wi deband speech decoder B100 uses this indi gat on to

conf i gur e frames dreatignghwheresnyalonkds rite mefeled (o exaapleiase
another eXaliisn %’tdﬁ%s%r bt PRudiiel S B16ONS pRAREIRTq aa@é o

decoder in calcu a speech node paraneter.” [ 000139]
It may be sqesid edites. SDbtaﬁq '@mamfm@s@ca weaothing eReratioaon thoxsgence of

geCIe{ at ?Ogl 8%‘55“ tat' ?Jsﬁg%? &&‘é?aiﬂ% dePAREDE %ﬂyﬁﬁéﬁghe

y un he particul ar
val ues of th\ﬁseghéncegcdomih@tosth&aﬂes&nd S190. In such case, weighting
factor cal culator 550 may be configured to calculate a value for

har nmoni ¢ wei ghting factor 80 or r ! wei gh ng factor 5190 (or
to receive such a val ue frygr "sf‘@@aé@ oaﬁséa elt)her ment of hi ghband
encoder A200) and to derive a value for the ot her wei ghting factor

accor di ng {ig:&PiQRPHREShANR, 156 @l fakr wbamzmme d()Mdlnumck:x) @d=lis 42)
wher e Whc, ""oni ¢ denotes harnoni.c wei i?%}f[f or nd W,013
denot es namnethies @Qﬁﬁ%@tﬁé‘é?%)?vﬁi@wtw ey‘"‘3L él%ﬁn?'f’ Bt or

cal cul at ore 3RRY S HEREA BLLMh dienhalERiploaGRao] Rly b@a@pma ue of a
periodicity neasure for the current frame or subfr

cor r espondicnerdorgso ambwiésatioppinoiseiin fedrpub signa. BiEh \W@F & Fﬁ‘ilﬁ’?ﬁr foddp dhes
5180, 5190, wher, n%@g a1 G5 R1Es ﬂrtﬁé:@%geﬂl:@& mreo Sﬁ@ttaék?f‘}ﬁoa&pphes a

const ant - e?}i’érrby rati o such as expres an | npl enentation
of wei ght i fgafeacsidimatiah caitaah emmlﬂs of tha swhotbtd mp?ree & pRdyce)thg time-

observed, éc}/rgl gggwe%l ues for harnonic weighting factor 5180 range

g’ 10001291 Such an implementation of envelope calculator 460 may be configured to

perform the various subtasks of task T100 in serial and/or parallel fashion. In further
implementations of task T100, subtask T110 may be preceded by a bandpass operation
configured to select a desired frequency portion of the signal whose envelope is to be

modeled, such as the range of 3—4 kHz.

[000130]Combiner 490 is configured to mix harmonically extended signal $160 and
modulated noise signal $170 to produce highband excitation signal S120.
Tmplementations of combiner 490 may be configured, for example, to calculate
highband excitation signal 8120 as a sum of harmonically extended signal S160 and
modulated noise signal $170. Such an implementation of combiner 490 may be

configured to calculate highband excitation signal 120 as a weighted sum by applying



34 fromabout 0.7 to about 1.0, and typical values for noise

wei ghting factor 5190 range from about 0.1 to about O. [

i npl enment zlYﬁ?E)Wg’i%’%s\Aei ghting factor cal cul ator 550 nayzgg%gﬁ?‘f?lé%ﬁ;ed
to operate according to a version of 8kpression (2) that is nodified
according to a desired baseline weighting between harnonically

ext ended sivgighting6foran tanmohidady extewisd signali 68 land&orQ mdypteram)se

Artifacts m r.in _a synthesized speech .si wﬁﬁ& e
codebook (S%ﬁ’%l %@E’Sfoéﬁhﬁs %‘%E%n'n%ascg Imf/&lzvgeflgh tvﬁlé‘%ée%é as %Je%%ﬂhdz ed to
cal cul at e fhpdapanbiczadnse prire aidibpbe ofixdchelueas] disatativdpdasdanive
spar seness occurs especi al I% wheg he narr.awband s'éﬁnal bi Sq encoded at
a | ow bit “eledhat & qalquiptedson.a faaey E’?Wd’éﬁ‘ﬂ%@?b rEEheds "aYe typically
gquasi-periodic in time and occur nostly above 3 kHz. Because the
human ear [ge@MEFIEUREIIERhSWSObIGEK dingrain df ag eplefesqtimridled combipsre
artifacts may be nore noticeabl e@:&g tge hi hband.>§[g§)0141%. ted sum of
Enbodi ment490ithat is eaalievast énealtdats Bigabanf ehiGRom HEPH 07T 819 SRiehEh &1 A Por
A300 t hat oﬁ%{i%! SHAk §iSnAP 81 §0PAH rAdHulatRRRASeNSEES 170l Cakibirgr 498 ISURE
18 shows a bl oc iagram of an inplenmentation A312 of hjghband

exci t at i orcogEperatoveigiirmpricaliyreicndrksignl 3HG @ng&}ngé?,h%gmflﬁ ter 600
arranged to fil1 e I 8 ehtaador@he & il

pr oduced bvelg%%n@%é(ggﬂ%%%f ﬁ)zu‘g? él'ﬁt 0. HE?J&JT%YEXQ%%%I%V\B a bl o%k di am of
an i npl enewtightingfadB18198% at tglvipttihightend sxqieHoyigel 3140 st %ﬁéﬁf

i nel udes an .anti-spars ss_fillte e culator
pect ral | yIERPENTERAE, SHAT Prottca By o APHED &bl Blensios e
20 shows as4y Meks Cordipnesh to baleulat pdremerveightong fA3W6S 180 and geipaneighting
excitation_generator A302 that includes an anti-sparseness filter 600
arranged t BCrr LY the out put of conbiner 490 to produce hi ghband
excitation signal S120. O course, inplenmentations of hi ghband

exci t at i on{@ensy]HaghtingFektbhatcuanbhmay he cdrdigniadde catulatnyveighting

i npl enentati ons_ A304 and A306.with the feature : f :
i npl enent afackusS kP nd SA@Q&?CO%]EE R Sléqﬁera%%%{%grr%?%? g %%ﬁé" ore oilltem
expressly g aehinedsoitiibh sgharssenens ckirh lefit @ berdgsirabls Gortvemaineadffed

wi thin spectrum extender A400: for_ exanple, after_any of the elements
510, 520, Bapoduedighbond excitpeen s SlACen et WaHs of Rt syEe Bt

noted t hat cﬁ‘é}gg sRRE 258E hidhbiR si BR0s 3R YN 8bi8O ik etisstions bhiweighting
0] (0]

i npl ement at’i spect rumext ender A400 that perform sggct r al

fol di ng, spetdrcalculatans0.avdigningdrctora Sh¥hSEo0xe eplshiaRd 2f9EERY P one oF

Anti -sparseness filter ! el A Psidhd 800 b thase of

its input STPRBIANESE %@gg%@l’%&?r@g%%w esiT asl;?}e for

ant i - spar seaes®bird readusb8ignil psuble acpitrhigginrand/or yyBech mode. Such an

2%06/ 10783%2&2&%%%%81? éto \]rv"gizggt%nggfgctor calculator 550 may be configured to assign a value

to harmonic weighting factor S180 that is propostional to the pitch gain, for example,

and/or to assign a higher value to noise weighting factor $190 for unvoiced speech

signals than for voiced speech signals.

[000133]In other implementations, weighting factor calculator 550 is configured to
calculate values for harmonic weighting factor S180 and/or noise weighting factor 3190
according to a measure of periodicity of highband signal $30. 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



and arranged such that the phase of highband excitation signal S120

is random_zed, or_otherw se nore evenly distributed, o i
may al so B0 WSS e for the response of anti -sparsen\ggémﬁﬁlr&?%lﬁﬁ%oo

to be spectrally flat, such that the ¥dhgnitude spectrum of the
filtered signal is not appreciably changed. In one exanpl e, ¢
anti - spar 3pgisss i dxtieple®BBudhs: sepmch eangn pblgngil naAmRICH hehiscepipred gpout a

having a transfer function.accordi fRLLAW g, expressi on:
H(z)--O.7d§la¥9£1°?5’.%t$§gagla- _hﬁayviﬁhﬂgt_%%}%?%ﬂ Orl%)e effect of such a
filter may be to spread out the energy of the input signal so that it
i s no | oNngero18eYREUREALfedsd shown ky exenfriswfsantheapprqaoh GnWaTh AFtE it s

caused by codebpok s seness are usu ' 8 ;

noi se-1 i kéﬂ%ﬁ)@%&f&#“&ﬁ@?éc P]Fltgs ?glg‘!as u%ﬁ"’ﬁ%‘ﬂ%ﬁ% _ ée%bgﬁ%? ch S0 n

|t nf or rr}a][ i cggveraqglgfag_qg affﬁgtts%ge,&tﬁ@cqrfenbﬁmhgfs\i\cilﬁﬁqndlemmmm@pap’%%@é}ﬁes:
ypically causes fewer artifacts in.cases. s n has

| ong-t er masg thecdelavdor yhigh thgwERgoprALE %ﬁicfﬁngig'?? %ﬁt}&rlrrgléé:ffz%ﬁgsfgg

ggit S| ness ggﬁarxtgiycfs o oSh GilEkasne. T GeritiondtBabobe, ttesitacabitlationiseribingdr e
| -spars

ess‘filter 600 to filter unvoic signal s _an t
| east soneovena eetthoirgedha ingledes gdelay PE?%Hl%ﬁ?agﬁﬂg PEt %nl%lg‘}rﬁlglag @13,? 89
characterized b 18 | ow pitch gain (e.g. quantized narrowband adaptive
codebook g%ﬁr%?a hd a spectral tilt (e.g. quantized first reflection
coefficient) that is close to zerg or positiv i_ndi ﬁatitﬂg a spectral

envel ope t[#0135Infd mordrstftgelftéﬂaﬁﬁ\fﬁlﬁﬁiquﬁmimﬁ@rbé’aaﬁp 9% Féquency.

Typi cal inpl enentati.ons.. s SPREGBABS ScontAtbikinS O ransingonbiraussed
to fil terngﬂVB?%lgl gslg%%gg&gg%?&glzgi ndi cated by T%e val g o{ the
spectral tid donstricoad optinenliyvdslayedifremerd cméﬁlrtabéﬂﬁ?ﬁlﬁwﬁtﬁﬁ P 1%bel ow
a threshol d_val u al t er nat i yel B shdngelohfigsipddiayed
val ue), angl¥f ?’f’é‘g‘?ﬂﬁ(’%ﬁ%nﬁg%fég&eﬁ%beg?%ﬁgfee@m{ﬁ%ﬁtgﬁalat er aeio?on. %001441
Further i npheRent ftiiBsalRinatnt,iwasging Gves salpilpos FSGECYHe IR %0 or

nore filters that are configured to.hayv i X ; e
modi fi cat i oreighiing Estor S180 as PAVEEET %‘l‘]’ﬁ g%%%’é% il ?ﬁ?éf*g‘%

anti - spar Sgﬂf%%%édfiﬁ bk @5t 6QQc fRR%adiesubRnhe. Jhipdednatives ebweiahtingdaditfese
| e

conmponent rs according to a value of the pitc Y ot he
quant i zed adaplaiov 55¢ meebl6o eé?nngFF@%é‘éF ‘i,th%ﬁcbrf;??ﬁtwgg O%%S{régé?%c?wrroaxi nmum
phase nodificati |- SaMS & chiBklat: iR RS IcFaMiangohioweighing Edstogai n
val ues. An ?W%}ngmﬁgﬁog%&o? ant ic-sparseness filter 600 may al so

i ncl ude di fd18oent conponent filters that are configured to
[000136]1t may be desirable for weighting factor calculator 550 to calculate a measure
of periodicity of highband signal $30 only in cases where a presence of periodicity in
the frame is otherwise indicated. For example, weighting factor calculator 550 may be
configured to calculate a measure of periodicity of highband signal S30 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 autocorrelation operation on highband signal $30 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 530 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.



36 nodify the phase over nore or |less of the frequency spectrum such
that a fil gr C nfitgured to nodi fy the phase over a w der frequency
range of t 2?%@8 83%ignal is used for frames having | oREFBROERIZEE n
val ues. [000145] For accurate reproducB?on of the encoded speech
signal, it may be desirable for the ratio between the | evels of the
hi ghband 48D162Enshwidzmehtgiocit dofvsthef implesnestationed waghting dedbenvdlcglatos c h

i gnal S1 be simlar. to that in.th ,
S onal SR B b Ry By i PRl a0 SR L.
hi ghband crgi ¢9n pai@IEL@ESodEEHA, Fonegdues duenaddpienAlCionmay he

configured to characterize hi ghband signal. S3 specifyin .
tenporal GPRESITH ORFEEHHRIENGAS 69\/’5\01??18&}5? mglgélfoﬁ F%Blbﬁgnag%@’(y%a
A202 i ncl ygles nAcHihg AR RS sgddch sfolelk Ahvis@h Gubiabiedh 142 3ndthatsubls
configured ang arranged to cal cul ate_one or nore gain_factors

accor di ng implementation PloweiBingdariontalvieTP 58 iRl eySd Il By 18P Ed
hi ghband S#%@%kongcﬁ%f M&&%Fn@%e@ch%g@a%ﬁn%m oKiahd 8RB 19BER B8 to
e Sl gnal s ver a

energies o rame or sone portion thereof. In
ot her i nplamenttdf drsnafzylof tielsiand] & mudiddes R2glun¢dnesmbed frigqeparnrelative
cal cul at or 30 may .he i kew [ arranged instead to
cal cul ate t?ﬁ%e 6&3{%}{0@ éf%%lgat&ﬁ:%(r)?rg ﬁagf%o%gpl?g t% time-varying relation
bet ween hi ghband signal 530 and narrowband excitation signal 580 or
hi ghband 0601381 wme isipimmadntEid200f Yidognd 6peEhie cncedprok K0 ashyaifigpesd tof

) oaband At Canal S80 A .
o be ot m st o et BPe R BRa Y RfPamghity B RLaBR e A bhiRty
rel ati on bgtwess idliaghbsiodr sinpamhorhd Gaseddn il pichigaindiméioc anchdr omeasirg nal
S80 i gnal. derived theref h, hi ghb itati

S gnal | 5120 ReRoUg P BRO R GreseS hgRE TRl SRR be
nore ef fi CiyeRbaddiBskch A6EAENZ10D B8d thisandicdiopeo basigdreanlopentiohighhand

signal S30. In a typical inplenmentation, highband encoder 02 is
conf i gur edweighting fgerer eRlEHAiRD %én?th"cféf%mﬁPleeﬁ%@]ﬁfm Pgcate ’\?élsagz‘? ghet hat

specifies éﬂc}ﬁger%ﬂ%%&ﬁéé}'ﬁcgl@ﬂa Gy afdedh®a speO0Adde] fatdngidtand gai n
factor cal cul ator O may be configured to performgain factor
calculation as a task that includes aqne or nore serj eﬁ of subtasks.

FI GURE 21 H981291% mdydralasirabledpr highkand gi¢iEtiqn genegor 3 SPTHEHE t hat
cal culat es,; hgzﬂlid%xé/i%ltinl?a ii S320 QIchanR BB, s bAmRBs RRaliing Lo the

relative enérgies o signal 530 and §Knthesized hi ghband
si gnal S13gubsthatily @alecterzy the oarticalpryalues of whighiénmliegpesS 18P ap¢a190. In

correspondi ng subfrarnes. of {h i i LSto dalilaRXAMMSror

t asks 220a3ua°ﬂc?a?2881g P fl%%%%%%%ﬁf%?%%@aﬁ%ggg\gt e the ener gy as a

sum of t henseuaicaseigtini iectadin8D es farhotsheeighting factor S190 (or to receive such a
{ value from storage or another element of highband encoder A200) and to derive a value

for the other weighting factor according to an expression such as
(T’mennonic )2 + (Wnarse )2 = 1 ? (2)

where W, denotes harmonic weighting factor S180 and W, denotes noise

weighting factor S190. 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 S 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



WO 2006/ 107838PCTI US2006/ 012232 37 respective subfrane, Task T230
cal cul at e%},]gz&gljl&sggapt or for the subfranme as the squar ?c’fﬁ@%ao%lﬁ%ﬂe
2]

rati o of those energies. In this exanple, task T230 cal culates

gain factor as the square root of the3atio of the energy of highband
signal S30 to the energy of synthesized hi ghband signal S130 over the
subf r ame. fpOO0MEUE].7 tot aboalyl Beand sawigeh pleestior ndisegraiehitPed aiter YL tyee

cal cul at or. _A230 e.c Lg . L Hes hes
accordi ng hipg %O\ﬁt (%(ljgovﬁbr? g anghl%gln : ﬁgﬁ%%én%?\gﬁgﬁgﬂ;ﬁﬁ%&m%ﬁ?%?
such an i mplyesesifduaito badbteatcagding td avtrsion oh¢xpmssion () tha sxmgdified

Task T215a applies wi ndowi ng function to, highb i : nd
{ask T2LoBecpre B e g ny SR e B R L S b R iz S160

hi ghband si@Rrbuaddfeist Apha®end.ati ons 222a and 222b of tasks 220a and
220b cal cul ate the energies of the respective w ndows, and task T230

calculates _a in factor for the bf r ame th uar, o f.the
Fatio of IMDIIRATHIES TEEBASPrYTRReR D aaF P B § oaasps o defbok

W ndowl ng (fainGhdseBntkiBire BURAY 2426 valdps) GedTbees ubidrtansisulatecle qeatiyelde, a
w ndow ng function that produces gain factors whi Ch@g@% ﬁe %Qpl ied in
an over | apepreentaampiohe miuRle (PApPokSRSResH OCGUS CPCHS L SATT Whi t y

bet ween sybi LNy «idddl RRGcRKANR Bw v @ik AREF6@IcAusbaBY 06dcbodiCipattmns
A230 is configure 0 apply

~apply a trapezoidal w ndow g(g—h{ nction as shown
i n FI GURE a@Seypickily pirischeriois inimecd 66 mesdy e 3 Aot E‘flg’@%nt
PP ames S iRl ddd REAN o Rl R RRR Sl als, adficaBRbeaigon Of

this w ndo unction to eac ve subfranmes of a 20-
m | | i secongtit¢adiben @ Highbandpl ement at i ons of hi ghband gai n factor
cal cul ator A230 may be configured to apply w ndow ng functions having

di fferent a@@fﬁfg&%ﬁfg@gﬁg %n%@gé %zghéﬁtsﬁ&@.tof Hggﬁg@w a%a%%ﬁ gétRrdlor A300

rect angul y symetrica metrical. It is
al so possithhtenrd esnfignret pperfremt antiisparsafessilemingn HY 1B glaqvesra block

cal cul at or _A230 to be .configur t Q.appl i i i
f uncti ons @waw#é?mle@%?mgl%ﬁ%@ﬁ%d %rc {at%e%?r%g‘?%ep ng(?‘igl rame to
itﬂm ;deal sui_haahaéaeasul a%ﬁ—sgﬁrﬁérﬁéﬁﬂﬂter{ée%gﬁ:hfged tdxaf&m]dmumm%q arnoivband on,

e follow ng values_are presented as exa artic r
i npl enent a@xc%ntsqn sagr@b?rﬁé‘g@dﬂ%!é}ﬁ@fﬁegu@&@w@- ?@?{T@ﬁe@gﬁg‘gggé@% t hough
any ot her ' : §A3 f06f HcHbaghbanetic gnakios A3PL edt at 7
kHz, each @?@%ﬁ%%ﬁ%@éﬁ% es. If such a_franme ?S‘TQ%I Vi deq&j into five

subfranes flegual antiewpeseneseRlisr 600 Brrangsd tofilier tpppectdly exiepiedsiengh g

the w ndow a eﬁgo%%%gﬁg%@ﬁﬁ@@owﬁbm APe153TRbREK Wl Siom 2

hi ghband spré’ a , each franme has 160 sanples. |f such
frame is dingpieenthtidnos3 6w highbfudensiiatish sepgraor AEPgthAt inglydas a8 3BT ar ne
W have B cagss 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. Ttis 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



sanpl es, and the wi ndow as shown in FIGURE 23a will be 48 sanples
wide. In QthenchiRienentations, subfranmes of any wi dthpﬂ?{\’.‘s%wbﬁ?ﬂ’
and it is even possible for an inplenentation of highband gain

cal cul ator A230 to be configured to p¥oduce a different gain factor

for each sanple of a frame. [000151] FI GURE 24 sh%\(/)\s[;‘ 2Sl,bl ogk .d%ﬂggr am
of an i nphmhmmgcc@mhmme@mﬁh@}wd&ée%w S1800> 1 A GIBAT e Ebder
B202 i ncl y Ehuf Rhanbang Rxeidal bR HaR0aakonsFRORsERAS fdrSieeghgur ed

to produ08 excrtation Signa 120 ‘based on narrowban

exci t at i onf sitgiatseh@® filtRefdridiba gpeotaltiiatsaeh fhatiha magyisedewperbidmg

choi ces, hi ghband.excitation e e L0

accor di ng%:leglﬂ?ﬁ o }‘?GPO% ﬁ%ﬂr%%@h %}}%%ér’?s%gg Qef'n gég%@ﬁt&@?ﬁ%&%%ﬁﬂ 6_00
gener at or ;A30fkramtieschiangdsdwitee havingy pirsirifyndion aecodiveg todhs flipwing

i npl ement hi ghband excitation generator B300 to have the same
response &SPEHE™Hi ghband excitation generator of the hi ghband encoder
of the particular coding system Because narrowband decoder B110 wi ||
typically perform dequanti zati ap-pf ;encgdeg-harrowband excitation

si gnal 550, however, in rré&tz)fﬁ—hirgwmxcit@i on generator B300
may be inplenented to receive nar Taband €Xtitation si gnal S80 from
narr owband decoder B110 and need not include an inverse quantizer
conf i gur ethieariepfanti z altenandedo npreadow drecenesgyiof Hreiinpit SiggHaP BEE 18 | ¢
is al so possible for narrowband. decoder B110 to be inplenented to

i nel ude arfq!ARgesAEReeRat piqn?ypgﬁge%g’gg’f&fi lter 600 arranged to filter
t he dequantized narrowband excitation signal before it is input to a
nar r owbandoeynishagirscts édub@r bysudboak sparbeness a330uall000ESRlipeRbisfapnoise-

quanti zer 560 is copfigured.to.dequantize, hj ' iyl.ter ers
S60a (in tHesigREnphee eofe%{d%ﬁgim ea{Q’?FP%S"? I%fﬁ%?q?lgﬂ-{ﬂg%ﬁ f?l%?)té%?%
coef fi ci entact el Q48 BRrskese Bfcalpcmdestiowtratifabio imeas¢renlieBFaei nto a

set of filter coefficients (for ex | e, ,as described above wt

ref er ence xithtinadias dongdamt F%@F“f%@ég g‘%ﬂed[ Ehélﬁf'sWB&ﬁF‘r%’@ R ésfer“ové)aﬁsd
encoder Al 22) o3 RLBeTLidPLAFBOAkHLNB % coAfighR ki epestnabidiler 600 to

di fferent coe]1 ficitent sets (e.g., cepstral coefficl er];t[)is# and/ or

coef f i ci enfilterepreisehsigaloms tp pay at lepsspamye yeigedsaenalsatithonf YeRaicn-
synthesis {ilter, B200 | ' e Eh@siazedbitidghband
si gnal accﬁf’?ﬂ?lﬁegd Y3 %%%B]gag%&éé%gétggﬂog’nﬁgﬁ%gﬁ %1%%ﬂand_ the set of
filter coehddpfivenidebodiogain) asy aspaviralitiliviige huantiescHizgtisterdion Aecsiernt)

includes a synthesis filter.(e.Q,...as i f r A202
descri bed ﬁ%ﬁ%’&é\}oﬁe {4} 2" Boél'%'gslgg%%tfng atsge%[%g?rg)érrg%? ltrﬁf %r%gﬁlgﬁgsnt hesi s
filter BZOg?\g,%dn@ﬁﬁng@@siﬁgaﬂa%ugﬁ@pd}y@'ﬁal(imp@rnentdtiengafmﬁtspaﬁ@lﬁaﬂrfﬂtef
function) as that synthesis filter,. %ﬁo 2006/.1@7%3@5’}%];/8933999&912232
39- [ 0001530 mgisanherTerkiodiisr v APUES (181 TdBLCHR PhVEr 26  quant i zer
580 conf i g‘é,éécﬂaftﬂ degyanthize halbans wapithfantiobdoSathestmidivaugai n
control el enent 580 (e.qg., a nultipl iq(ir ajr amplifi eré confhlguregll and
arranged t dalteppitiyelyheot deagica thap seedthepahiold ¥R o GRETVISE ARASE HES1EDEd

hi ghband Siﬁ@ all“h%r Ogduce hi ghband si gnal 5100. For a case in which
the gain e ﬂﬁ%pe of a frane is specified by nore than one gain
factor, gain control elenment 590 nay include I,gqgié conf.i giljred to
apply the Jeooi4firibesinpienenations pletijsparsaisty e § QTME‘SE ¥ pymore
accor ding 14,2 MOION GG hiRkifiiial: iBRindR phite nfdtatin dulh(ég) ent

wi ndowi ng f n-as red by a gain calculator (e.g., hi ghband
gai n cal cul atwensdda@eshf Intsheh case.rantispastinags ieg ABRMAY bneadigred (hsdicher
i mpl enent ati ons of hi ghband_decoder.. , [ in &. € MR LusPPed S
simlarly %quleﬁsgaoxg\mnepgﬁigerf; 5%8%1(11’%2[%%?3%% OF 3“5%%%% géntl Eée§(jqugnt {7ed
gai _nt f ?_ct or ﬁaﬁ@““’[@%ﬁ?gﬁ@? %gg?gjzbl,aﬁ&}am&it e 22 g xsscgrnom phesetmhegiifiestion angle
excitation signa [ . nmenti oned abgqy e
desirabl e tis usstfar ﬁamﬁ'ﬂwé/a}séowfa&lég ig?fntvﬁﬂé‘e%i‘g‘hﬁnaﬁ%’g%“ﬁ%{é’é‘é@ X%tgd

sparseness filter 600 may also include different component filters that are configured to




[ 000155] One or rmre of the quantizers of the elenents described
herein (e. J zer 230, 420, or 430) may be confi

perform clvggm ? vect or quantization. For exanple, ggﬁﬁgzoéﬁgﬁh zer
may be confi gured to sel ect one of a 8@t of codebooks based on
information that has already been coded within the sane frame in the

nanowband nedtifyriks PT@HW‘CW mqaie eHessif e EaqEenCH SPREID, Sieliha afidighni que
typically f
addi ti onalceﬁﬁ) e%le%k st @qa fggéé%%é?é Esea%%ggﬁasnggg? %é@éﬁﬁ)\%\?ﬁzﬁ ifhsed

ref erence fbmamasglaymEII@ﬁEGCBgandﬁlQ?S a consi der abl e amount of
periodic structure may remain in the residual signal after renoval of

the coar Se[gédiﬁgfsﬁo?L,cq%Pa%gleg)Pq%uEﬁ&rBf%Jnema@ SRERAR, ALAHL %%%m&&r

exanpl e, ere contaln a eque oug
peri odi ¢ pht zas bennWesqntHeésvem/c&’rtha hzgtdzan@am}nasnom@mcup@uomf@kﬁ aysthesmed

typically rel.at es like

W b006! L edapETree Bl 10b B aggmlg%eec “é‘itg%% ghdl i e GEl
quanti zed g1@pesRIM@ toQAspedtral Be/elbpe ﬁm&bﬁ-miltd’d&s,d higlﬁtlan& c@mg pmeters

i ncl ude encodi ng}of this pitch structﬂ $cc rdin h1 ?}gf'

| ong- t er m ¥R lhgnbtand gnceder ai0IagHhergnpgure EE ?ee glb g
codebooks. . QOOANTLagpBl A BPash Edelopt cAOEhoh 1aqt@@RHE§h@uedndSen@:raﬁf
may not mat'ch the periodicity nodel "exactl For_ exanpl e,

r esi dual sAYdnclngsp 2highbaad saipdactorjcaleplaiog A 5%0 thRbls capfigussd %ng? a&ﬁn&eﬂéo
&iat ions Qf. E tfl?‘?loﬁ'qtr%rp .l:uﬁ? ors H&Brcﬁrbﬁ% B8 l%t@%%gkﬁﬁﬁ&\@gﬁhl S30

cessive pi ses rarre are not exactly equal and the
structure anl smm:hewdtf@hbegmﬂmal STHb sechias pdifiarencr of esiobetieer dier educe

codtng of et ety d Q0USH.S0, LIl STEALALLAASALonas sband encoder

orm a reg ation o pitch
structure @jplmationgoﬂﬁgHﬂaﬁtnaodenAm hwghlmndgamaalcnbtqré‘éﬁﬂm bpef or e
or during uantlza ion t.her wi se .i LVe. fime
e ping RGBSR BRGrPRERR G gharc s Mt S RE Rk b
encoder may;che tﬁqﬁ:ﬂ\fdrﬁﬁé edaticd eeles hlg@bar@tslgaam:ﬁmndaﬂaﬁuwmm cacitheign ee
of warping in lime (e according.to _one or nore perceptual

wei ght i ng sigepl §80 é?hléﬁib%flﬁﬁ?ﬁaﬁalﬁ Fléﬁ?‘?léﬂ?q eria) such that the resulting
excitation signal optimally fits the nodel of |long-termperiodicity.

Regul ari zaggoalitndiehipBrad bhvetd §@fﬂa&o%£ﬁ&ﬁxﬁﬁﬁxdﬁ)&1@a§$ﬂﬂ%ﬂ highb G P
encoders cal |l ed Rel axati on Co Excited Li nglpr Pr edi ct.i on

CELP
encoders. §1ng@ $89 iﬁﬁlkRUEE#’eé%@&eTh‘?f%fqeyﬁFe g¢ WP’E}HP%%&%@@& PBrm
the time varpi Om 5 h%‘i‘.%&fd éfgnal bERaritafrbwhalll ek cidtwR sBRbfgs0MBYa be a

del ay ranging conds negative to a few m || i seconds
p05| tive, a.gnlahdtnvesi therefapiny sugh p @Eh@ﬁém“hﬂa?oﬂ Heoa) §il 20 erpgnihpgzed

S continu hghggld s g}lafﬁfﬁ%P ik F ekl g%& RS ettt aleRDERLE rcal'n%nveiope

nflgured tron 1n a piecew se fTashion,
wher ei n eaeﬁseﬁbammoﬁgmm signa SBE. hmtpgdalbmpbmmahelsmmwnﬁpd@éd

hift. In oth | n
apply t he ARORiHToReFLIp SSbd bRt Bte aEP R AT R SR B

a frane or &HQ&&@gﬁ)rlegc}y\ﬁmed according to a pitch contour (also
called a pltch trajectory). In sone cases (e g , as descrlbed in US

Pat. Appl. Publ . 2004/0098 | ude
a tinme war ﬁ@%473ﬁi$h%n ﬁ%é@ﬁ‘gr&h‘ﬁgf ;Agﬁ E’iaﬁ 5Fmb app ?r%%rg} %aé%s hi ft
to a percepid@chduMBoOR £Ask MatihciSignat of hee sesesugadothdks CEIGURERE t he
encoded .
shows a flowchart of an example T200 of such a task that calculates a gain value for a
cotresponding subframe according to the relative energies of highband signal S30 and
synthesized highband signal $130. 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



excitation signal. [000160] The encoder cal cul ates an encoded

excitati Oﬁwé&gp@ﬁémié‘at is regularized and quanti zed, a@@T;Ulggmg@ﬁQger
dequanti zes the encoded excitation signal to obtain an

2006/ 107838PCT/ US2006/ 012232 41 excitation signal that |s used to
synt hesi ze the decoded speech The deco si gn hus
Sxhi bi 15 upeoameaER iR aPA) ORI HERLHEd SoRee 38 St
exci tation,gigaal ra@?’oit {16sel SBHstR! ﬁztaislemnpﬁytaﬂcmzomlcamas M cOgaiedation
speci fying the regul arization anmounts is transnlgigd to, the de oder

[ 000161] Regtheamizraroaof thenato efghneneesydh dishandsignal S3Qiwahe enesy:
encode, g&%&i%%ﬁ%ﬁ%ﬁﬂ diaqg%@?‘%egg{e@u@fg@ﬁg the | ong-term predi ct or

and thus b S oV Ing efficiency, generally wthout

generating artifacts. It nay be desirable to erformre uI arl atl
only on f ria6@ksihatay &e desjvsb é@rhlsié}an%g%ﬁq@mh‘laﬂamﬁgﬁ% 24

may be Conbl gl sl oAlbiks kAR hAWAIRing ﬁmcﬁaﬁreﬂdmmm a
| ong-term gtruc ure, ol ced signals. nmay even be desirable
to perfor nehvegulflawichat ofomcoam impemesion 7se of g?e\l@ fackrs celadatinm aHk s e

ener ment ati on r&nd wedsipn U S
pat s Nos. TR AR5 ORETR Ejopaie G el B PO, BRERICRASH
Patl Appl . afpuls the %ﬁﬂéﬁ/ﬁﬂ%ﬁ@&uﬁd{mﬂmwnﬁtesmd Bightixi sighwd130.
ementations o te
Codec ( EVREYPIRHSSE PEEa oA el S A A BAL  Ade  ER eh et i on
(THA) 1 8- 12¢yecattvwindBwd Hink thsEanes adlbdiesRagdimencainifqr thy mbﬁrame 2s (1I8GPP2)
Sel.ect abl e I\%de Vocoder (SMV). [000162] Unfortunately, regularization

may cause W@mféwfﬁ}éﬂmﬁoﬁf@é%qﬁ@e%peech coder in which the highband
excitation is derived fromthe encoded narrowband excitation signal

(such as aj (ﬁmﬂ%mmﬁmetﬂém@aﬂﬂewﬁ@p@mdmﬁwﬁ@fmﬁadmat ArA8psadihceritdeband
speech decoder Due to its derivation f

signal, t heuuﬁxagwba‘ﬁ@r exRpleat WHowIng fHPCtigp that ’%ﬁ&?eﬁﬁﬂ?@ﬁ‘é@fé L ‘fl“u e
profile t h%t épslwg'n{ &"F&Feﬁta fa&cﬁfﬁ‘sl?@@ha?helb@?reﬁﬁéegir@&bldfﬂl@bﬂﬁﬁﬂdy speeah

signal. In wor ds, band” excitation signal will no | onlg(er
be synchro mojﬁﬁmws th mrfwxamp]gl lmghbami ghin Saciprsplealaipr SY5R & CO“FS‘E?

I t I
g]n?iat Ihgnglr3 géﬁah%OIArquH‘%W&lgs b etnﬁ ag’ na n%@ﬂﬁﬁ%a%ﬁ%ﬁ@ﬁh@ﬁmﬁbﬁ'ﬂa

may cause sevew
For exanpl @yerldpe exvraieist thiogkxaerd swoframeaby one willjrgbndyel] MPWS

pI’OVI de a suitable source excita S at is
conf i gur ed 2AEERIICET POk IS HRAFYIRE Ctb%lrtg é%‘eor%)sﬁ%e}‘?r%ll@ I%Lgf %rgo? he

ori gi nal highhand d$RERE DiEdgMplemeAtitsiof ighband duin faytnt tréilaterA230 may

hi ghband signal nay contain audi ble artifact
pe?ce| ved nggggpnf@gur%/ﬁ torapBRlYJEBGINAE (i na’g%ﬁxavmg ﬁ1f["ercnt£ overﬂlp p%nécﬂeandfor

{ 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 inio 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 kFz, each frame has 160 samples. If

such frame is divided into five subframes of equal length, each subframe will have 32



speech signal. WD 2006/107838PCT/ US2006/ 012232 42 [ 0001641 The

m sal i gn in time may al so cause inefficiencies in in_envel ope
encodingv%@éﬂwgﬁpﬁgned above, a correlation is likely ?§U8§?@@DHZ£
bet ween the tenporal envel opes of nar3®wband excitation signal 580
and hi ghband signal S30. By encoding the gain envel ope of the

hi ghband simpled, andt thevdindryy 2shawn it BIGIERE Béa widehe 48 ramples wade: dppdieal

envel opes, _an increase,Ln codi LGl i

conpar ed tBPERERENTY: TREGST & agl g \?g(lfltfé E@y??ﬁlé%{%d Q\%héevﬁﬁk ?‘%ﬁ)gani?i ded

nar r owbangmgkichtatiorost gtgnad giis calegatbas 23w, belromguaed totphddsice a
correlation_may be weakened, Th n%]sfali nnent in tinme between

nar r owban &g EaniTadoop R SEBRE ShH AT hband si gnal 530 may cause
fluctuations to appear in highband gain factors S60b, and coding

ef fi ci encyooma$1 IGDRE DOMGSh bloek didpraendfsniimplengetatiet B2ekofdfighbadéband

speech encodi ng_that_performt] I pi f. hi ghband speech,shgnal
accor di ng epcs B0l FRhpIGroEr BRI ABebatd SR e SREaRes 00
nar r owbangn£XCidnAki@f iShhdde hi FPLRIExcAicAdIMEL SIPBDaH cdliRitowbirdods
include inproving the quality of a decoded w deband s eect]_é%{lpgﬂgl

pe.

and/ or i nmseitation sighal B0f Repeing o the BYHFIGSYFPRHISSIRR CPaTes:
[ 000166] FI , i il P Sk pRineNBLiBn Of
wi deband seg%{%ﬁ%ﬁ%gﬁﬁfBiol%?f%nic der%%%%@%?ﬁﬁmén i r_rppilﬁgj_anent a?i on
Al 24 of narfhighbaniexetiaiueaengh20ABPhas described heiginr dypicallpi is dspifgble to
regul ari zation duf. at |
o tat | onmeregial hisBGmEEHL) LRl pA05 (FRERIRCARTEPORIL e | be
conf i gur echigithand ealgtidoganmtaiof thehehbind dneodRCEL e ipaysicelarending ypgM-
di scussed above. [000167] Narr nd, .en [ i i ed
to out put ec?‘ésﬁd‘la%f)‘f" ad ﬁ"‘ff&?i?@}”g‘r\%{? gé%i%er‘t%ﬁéf&é%gg%aﬁaggpﬁég%gr ee
of time waRicRBamPilcitetbn S0l $30, however as amst aasasthiighbambenctisttvarggnerator
encoder Al 24 is conf ipgured to apiol%/l a fi x%d t.j me_shi f1§ é? I%ach frame
or subf r anB300BgPerFRIRGTERS 1A ATEVE PARATPAEBERTIEYN PR 282 M85 er i es of
val ues i ndi.cal /e &‘&%HTEB 18 aﬁJli‘%léeH BFRLRte #8indbrst iR configupat tont eger
sanpl es

value in terns of np , mlliseconds, or_some other ti rtna
i ncr enent . degoentize caended pangiend At tpERbRE 8A ol &l 3sihle Nt i gur ed

to otherw se modi g Y. LBG 811880 5 Hyfernt@ b iRATRIQn iNARE oSAMUPRRENSS
sanples (e.g., by conpressing one portion and expandi ng anot her.
portion), fikgudoanirzadedonfiltaftos deainsized payraatbapberriteagn sigme befaredt is
correspondj ng, descriptiaon of th I ' such as a set of
function p’élpgtrfgtaé‘ragf)%ﬁ%oﬁxﬂthﬁ%sf 1]itécpt.% (glrésce@%%p e, narrowband encoder
Al 24 is configured to divide a frame into three subframes and to
cal cul at e pODLIthveisreuattizét 56065 capéighred trhdaanantize Sigbhand{gter parameters

' E{g ulariz ag i6(5)an(i3:(1j %Esaex%%ﬂ?lto ass[e)t c}ﬁ.SFs), and LSP-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.



WD 2006/ 107838Pa/ 1182006/ 012232 43 indicates three tine shift anounts

for each regularized frame of the encoded narrowband si 68]
W deband SpREVR & der ADL10 includes a del ay line Dlzg)%@@jlr%%qoéfgl?e to

advance or retard portions of hi ghband®speech signal S30, according

to delay anounts indicated by an input signal, to produce tgf,ne-glvar ped
hi ghband Jpeasksa]Highhaid (836kar BROP alsinelrdepsndnrsaantizerp el JREVEEEd iy ay
line 1)120,is configured t i I [ shesghssi @ala S30
accor di ng 468‘1?‘"%53 &)&ﬁ%ﬁ“ﬁgga%nﬁ%%%%’?ggﬁ’ggd?égﬁﬁg???ati on dat 6g%:iagfnal SD
10. In sucGhulEBR&aST amplifierd asrfigaratiant awinged feappéy the deguantiged pGeIs iRled

i n encoded narrowband. excitation signal. S50 i I a i :

correspond‘fﬂﬁéyrﬁl%ﬁs’czre‘é)ﬂlgsga%s ]gth&)r% 8%%1 %ﬁngﬁ%ngggobgpﬂodr%qzﬁca\?%g? s.

%AI t hoEgth HL aig)ggvggd,@ szzagaé@negg ls;&b)tiﬁieﬂ De n{altaﬂlaamsaga'mfmmx @iIETCQREht) -

rom hi ghband encoder ,. I.n other | ntations del.a [ 1)1

i s ar r angedement58¢ mayfinglyde 1ngig ﬁ%@re@ﬁgmg&e[%&%%sq%h}%ﬁs F Hfe

i mpl ement agdb?rgﬁwgfp{,@iﬂ? Q@dﬁgdiﬁgfb%@ﬁlgi&fﬁg fiRYioR Gatoay bgtheasime or per f or m
ysis-(e.g.,

spectral ana C anal ysi s) of the unwar e]giéﬂliaﬂ%gband
speech si gaiffereig@iralorinadiupaionads apRliefbY daais; calsulgror ?-éh BE8ch
signal 530 hefare Gy hatd i Sdr. PRRER 1B HISmEEMons BACh
an encodercﬁgi}&%%?%dagﬂ (groggs g%ﬁ%ﬂ&gﬁﬁlﬁﬁgl e‘rr%_nt ati onﬁ%fmdel, a; l'ine
1) 120 ar r anghbaridalepaiet BROA, tehim contel cisarept HP) is pvnikay sortigesd W Snever

hi ghband filter paraneter 60a | Ex kAN Redhi

si gnal S30 aﬁgggeaggs&qagg%apﬁ %8@??“%@%%&8#%%%3%%%@?#%&i gned iﬂ%
titne with Rigbbandgiesad bajton $gghd120S120. [000170] Delay |ine 1) 120
may be configured according to any conbi nation of |ogic el enments and
storage el epen sui tabl e, f.or applyin J 1 i MAGRHRY
operati ons | Q?lfi%gbrf‘dﬁ‘?fﬁm%de@(?ﬁe%{)lg?%?e %ﬁ%ﬁ%@ﬁéﬁﬁ%ﬁg@éel aly |ine

ble2 ? nmay b%gg}@m& aiéb@eﬁ ahglﬂgﬁbﬁlgmegﬂbﬁ@ﬁ%w?}}%bﬁ deiepmtiredohies Hega
uffer according to the desired tine shi.fts. Fl : a
schemati c dheqsingh Eﬁ'lu%l&&"i‘yéﬁdF%ﬁ%ﬁ%ﬁ?%‘i‘?%Wsma?gg%“%ggF%@%? ne 1)120
that incl uqf%?leﬁleﬁﬁitigﬁ td QiSRS saRlstaBof torfesgisiingrnoBREenaatarsbhuhighbandf
sone length tn that 1s configured to receive a sé]oret{,he einQra{B?sSt
recent sanyxeitatioh ghivgyhtbesrP95ad BA0Q| BifgKampls: hl%&@“ SfLEITHS

i $equal

to at |east,the f | RO hiyV6e dfigli@d v@haRit theastde of the
negative (o’?”’tdbraé@;ﬁrggﬁff%&ﬁg S JPlfg]tjllght 0 blg_?s{uppqrtg‘éd. I t%gg .‘?&a
conveni ent doie geheratalsueletaministigdumsionpf népropion YRgEnc g"l fhe sgpe
subframe Offrar}llqeg et.)ge},nn%n%l Qz?c{fil?e:%%Mm%r%@!r%%%ﬁﬁﬁ%é&%ﬁ%@é&&w2

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. Such a 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



44 [000171]Delay line D122 is configured to output the tinme-warped

hi ghband sj | a froman offset |location CL of shi ' SRL
The posi ti%%(%Q@?ﬁ@%%set | ocation OL varies about a ref e?éﬁ@gﬂ%%@?%slzon
(zero tinme shift) according to the cuffent tine shift as indicated
by, for exanple, regularization data signal 5D10. Delay Iic?e 1212 may
be confi gupexh signaapBeictladeuela aigvinsd epssentreneidhs papordapy residua
alternativel one Jlimt l.ar 4 DR shh@uRtREdis b eda fdatl R 1GHaaker
shift may Sb%’)‘ﬁplg?jf%l?f#gaeécr?d% g)?gilgrélct iSon 3[1 e?n irn ?hea1 ot her. FIgGURE 26a
shows a paketibdititpas repasgukeal Hyhfr esamploops campbreregeeboelsi ti ve t han
negative tine shift. Delay line D122 nmay be configured to output one
or more s - g il R ndYRat @E Beridd¥it
exanpl e) . aﬁ@@%@]epﬁcbéguﬁt%g?)g%?l on %e?{reriélgigh@f% al\}i n aﬂa mglgni tudey of
nor e t han modewkdatly] Foexangk, thayestaksuegalinap inslde sl gitters imthe he

decoded signal . Typically t magni t ude of, I i i j :
shift as ﬁéﬁlﬁ?wgﬁ'ﬁao%uﬁﬁsr &29\%@% PUIRS §&P tiﬁéﬁ@%tﬁd%%ﬁ%ﬁ%&%}g%&g@ ew
mllisecongden B-ﬁ}éésﬁntah?émé §1e nbi exectBhiqhileni di stattec ibyoraiakemiazaThese
data signal SD10 will be |imted. However, it may be desired in such
cases for @epagritigsiendie soducecHigYHFFYred to i npose a maximum |imit
on tine shifts in the positive and/or negative direction (for

exanpl e, tfg SM@Re nbledbitgionk bfhdrrowband édvatieri AR0sedcdnyigetad to
narr owband encoder). [000173] Fl GURE ZG%ShOE? a s%herratti ccﬁim%?lr am of
an-i npl eneprrfringrrepigazagen ghihg piteh StucEeDY IRNINE MAGHLS HSRiPe

witndow SW gl n.d& by i DOSbE | @By 6iheatkeRtiubingahiadaptitk tirs
limted bythtekr%%swsvﬁlﬁ?eﬁ&\?\;gﬁdovy% V. Al t hou hyFI GURE 26b shodvvs a_case in
whi ch t he wafpire inllengchdddexpisation sigpady FOh&H™PHe SYRDARIFEICE R £° wi ndow

Shl el 2y a3 (B oP bRGHE IBLENPAIRA oFualhikPalibde oy dididia

shift w nd6W s equal to nt. 0174] "I n other 1nplenenta |ogs,
del ay | i netdd@rinsore partépgual edightingwid/es ehoyminimizaspeedrria)isgrkibaidsd to

a buffer according.ta the desi.r oy | | Bdichows a
schemati c a%saﬁwaﬁg‘afrﬂg%ﬁiﬁ“ ﬁpd%%?}é%%arﬁ&%&%%gkﬁ %Eglgéyﬁfi ne D120
that incl ugesuihmetishof pitdhagheirrs pGRImantly SRBscofGEJ agodass ¢adleei ve
and store.highband_speech sjgnal_ 530, i 30 is configured
to wite aEfegaéﬁ%ono@o‘E’Lﬁi@%tﬁqitg‘??r(?ﬁ?‘gﬁopgﬁbﬁé}i?@rgd% to shift

regi ster SR3 according to a tine shift as indicated by, for exanple,
regul ari ZagbmSM@Reﬁgp 2hcdaBYi8 typShillf tonfagiesitte perBRB ths tmerfargog evkras
a FIFO buffer arranged to output ti ng?vva Fed hi. h’%an%t@«%vgﬂﬁjsec%ﬁg WO
2006/ 107838Rative tisEoba}- GHiTs ame saifimy fsc{”ﬁ{ If‘??é‘g% Priedul ar exanmpl e
shown in Fl egc? a fSPiillisdcBRsSosiveRad itRchsueies vaict smosthbubfagoid
portion 1-13% and a delay buffer portion DB, and shi t_reg.ste&tSR?,
igﬁl udes a dudthbeeditnohfinvitigro Te Feme PB’i?mf‘d\*Ft’é’H%éH&bmtﬁE‘F? IS$6PYFOR” RB,
and a retar dPR'%Eé %%B%Eéﬂoﬂ'?n F&ec%@e 1280184, ReheRin edM @GR dpwibfRmeAB and

retard buf @& e equal, or one may be |arger than the other,
such that awgpehbescatrspending foved tiiershift i Io @thies IBRIGTHH RS RAFPLH the

gb
other. Dela uf f DB, and re . f i oRSushi gur ed
to have theéloggglgeﬁéqﬁﬁp}y%gﬁggia%&o\?‘g% f/t% %&%ggé ﬁ%??’grfﬁ%)gorra; be
shorter thapuhebanethub fewarRRl dcoomingaonpitflogontour (alse daHeds pigh tFasgAY e d

to t f I f f f FB]_t [ ' ;
whi ch' may | ROPBRERSE Kob- Br6eBRer iU SpERat PE T AR BB ERF e epder

sanpl'es bef g5 .5t-0%AGR110 a el Warpiagirbthe encEBE excitation signal by applying the
shift to a perceptually weighted input signal that is used to calculate the encoded

excitation signal.

[0001601 The encoder calculates an encoded excitation signal that is regularized and

quantized, and the decoder dequantizes the encoded excitation signal to obtain an



[000176] I n the exanple of FIGURE 27, frane buffer FB1l is configured
to have a Ie;(l@th e%ual to that of one frame of highband signal S30.
I'n anot he"@XBHH783 frame buffer 1,131 is configured t SCHEREYM gt h
equal to that of one subfrane of hi ghBand signal 330. In such case,
delay line D130 nay be configured to include logic to a;f |y the sane
(e.g., an avenrge)gndehays tedad synthebize thewlscasled speeetnsignalo B@d@?ﬁiiefdt ed.

Del ay line D130, may. al sp..incl ude | ogi ane
buf o FI PERCR oA Beaninet B BeriPint by BEFhAP Ry RN, bed
advance bufxtratioARignkbyaehé ighheiratiexa Mybieallys b frtfomeios seacif$RE theay be
configured tq recelive val ues of, h(:_l hgaad ﬁiﬁgnal 330 only via frame
buf fer 1- F85ulaBzatop AMQYRIRIS TREFMHE %S/ti’ HEP130 may include logic to
i nterpol at e across gaps between successive frames or subframnes

written toposlidiREQUEHESN SRR to bk tHeeesiduapbignd siskiritoasodelattagh | i ne
D130 may be configured to perfaorm a wargieggﬁ oper, tign(és?n sa Iﬁs from
frame buf fiEwrewsiiarotBesaiprTeT Hy lotesir - '“Fta“‘f‘gb‘F PPs R
accor di ng gmc@ng%&;&m Wt khefuby akieaw. af ndpbd @Rivale 6o saraal SD
10). [00017//]1t 'nay be'desirable for delay |ine D120 towgg lﬁ a tinme
war pi ng t heeeulesizdsien edlyom, frasegs thas argoricedeFer SamPleonarife 1&0 g Al2d
speci fi ed oy i BRibBrambd (¥R 28nshiamstactidtepck
di agram ofgé%gg%%eﬁ?g%@gﬁq [‘Sf%%éggﬁ\%igggband speech e_ngoder ADCiO
that incl usled aa voietdsignadd. Temapnpyserbe Bedoblete pasorymicgdlafgahisd PUPPL0 | s

configured map .t he [ RI Fndi e I i.7atd t i@nal
SB1 O 't o HEDBER. Hr g1 Ga Pt FhERl e R sERh TRl
produce ti pR-dessrpedidighPandNapsedh06s @eln 530knd ®TP &5 R andia

war pi ng indicated b | ues 10a.. .. :

2006/ 107835@#U%§@%@@2W§%E%50@f%ﬁ§5 f%%rsr%“g\slﬁ‘ﬂl‘%m%‘éaﬁoﬁseﬁf by the

? ﬁr r O}Abandgmmaewmla.e t&m&@f ; hed \Biabl RaweCalro EVIRE), av describevn
erefore, it is typically sufficient e the average ..

nar r owband Teleagmepnicationp Flduasy ﬁﬁgoﬁﬁgo%bﬁfxf ﬁﬁﬁ} 8’@1‘% {gﬁﬁggﬂaeg%ﬂ%?

speech, a”?’afn‘?erﬁ-ﬁ}%%og&tQ%GI@SZ?@%&@QSMM&&@KMM speech si gnal

S30 according to average. I n one such exanple, delay val ue

mapper D110 is configured to cal cul ate an average_ of tHei1 sgbfrqtma
del ay val u&eO62] (ademinpickricsulinaating By (apird Piofs f adGATIaga et o

apply the %8‘.{1@%% @ﬁﬁ:ﬂ t@evlﬁ%@gﬁd £iB60% B RATEm thefehagtRd afmbighband
signal S30.Tn other exa es, an average over a shorter period (such
as two subfexaitation signali{sich aph sstdm mvhidingrwidehapd srsecth@icred ‘”?@Q@Hd as two
frames) may .he cal cul ate [W=To IR FTaTE- IE Whghe waiRdavaseae i s
a non-int ed‘éa‘%‘aﬁlﬁ%‘a’eg}? éeé%%%@?@ﬁ%‘?%&“@é%%“ﬁﬁ%%‘eﬂr D110 rmy ilg%

conf i gur ed Highbeadiadituien siglalieilt genenlly heegeinaprofitr thefis dffspnegopdiadr e

ouytputting it to delay. ]ine D120. [.000179 A e may
bz1 conf i gurcééi“’c%‘g“??hﬁéahang SP%%%FW%‘ZE?P%#‘F?{% SEI E%ag?%ggﬁg%ﬁl teger
nunber of saNA.AEndeRbE HiBcRBAAGashE briginalidehduad spabdtorgmel.gnal . |1 n
such a case, it nmay be desirable for delay val ue napper D110 to be

configured to round the narrowband ti shift,.t LNt eger o HATReS 1hof
sanpl es ano[‘]?%ﬁﬁ‘%lné?higf‘??@mﬁi BletbStwfﬁ'gﬁv W%edrh6%1 r]?%g%&p;}ﬁrre S lﬁé‘t tothé)
hi ghband sp&gehl §i8pald speih s[pRAGASMabise osel profibmsreRdrakaopls, thé warped

w deband speech encoder AD10Q, the sanplin rat_e%} of narro anfloéspeech

signal S20 kiglbanil grbitation sl SR 8P NPT BOWTRA JUIHPIOPCe PR RHRK % dses,

del ay val ue jg{ﬁ{g - - 8re8 QRS- @HE RARS Al@FatiSietdrb erastel fiiom the
anount s i ndca Eeaghllt%t?l%giu arﬁ?zgti on da%a Si gnglqj_ SD10 to aqgr%kmt for a

di ff er ence diginadighblrel spasnblsigngl. réxs etsswf, theaynibodrsddishbantfiesns fal s20
(or narrowband .excj.t.ation,si i Bfhs RE&RBd Si@bald S30.
For exanpl ec,ongaé‘il3@@5?’&%”%%%@%5%@%@3}%6@qg%}r?i gured to scale the
time shift geeeidignadiccording to a ratio of the sanpling rates. In one
particul ar exanpl e as nentioned above, narrowband speech signal S20



[000181] In further inplenentations, delay line D120 is configured to
otherwise nodify the tine scale of a frame or other se

sanpl es (é’?’@?‘?%é?/"s%sorrpressi ng one portion and expandi ngaiﬁ’ﬁ?%g’%””
portion). For exanple, narrowband encdder Al 24 may be 47 configured
to performthe regularization according to a function such as a pitch
cont our OrobERIAETHOR¥alignmestinhineasey alsegubeaintfigendss @LpR SVERES SDI10

may i nclude a_correspondi descripti.on.of, o0, ths ag a
set of par@fediag.sis %ana]ggg‘gp‘lﬁ %%Or%ﬁ nrlrsg%/]‘eirl}]ntglegggﬁ og%hc con iogqred
to warp frages,Qiorakkbnamaesciotiohkighi®sd aapbebbandisgnal S383E v0e o8 ng

to the function. In other inplegentation el ay..va 3110 is
confi gur edthe gaia@gy@g@,ofél@dpg}b&g‘gglﬁ@ aF%’ﬂfﬁHg th e ﬁ%%%{%ﬁ eP %rtglai t is

applied to_hi &6 hcsdagnalcoS30 emcidte) amy be palifti28 cofpared to
exanpl e, dtéa%}‘ggg\?a uIeoierﬁgpgerc 6110 na 9be confjgured to .cal

cul at
or nore detrpdingltheesiremoeiogs digectly. PHSHRFRICPSH NAERY a“tﬂi&xﬁ];%/a oﬁlsf%m?

i ndi cating _a hunb of i ISedcen. apphiiedpiaverdéer dyel | ne
D120 to tiW@u@g?ﬁ?é%“ée"g?’%né%{g?eé%%gg@o}%di r%@franes or ?E%framas of
hi ghband spaeetn lsargmbncsa&itaﬁmw&fmnd@ aahegRal 339 FEREHEPt for a

met hod MD 100 of time war.ping.a hi b icRESORE) B@pt 0 a
time warpi AYCPHANS HPFH 1@%‘?@&%@%?9@ %ﬁg’gdgggé‘%gg'?ﬂg\?\%anygﬁ yade

excitation signal. Task TD100 processes a w deband speech sigpal to
obtai n a ngsravsiEAbospeechndidmabthadichfavifebghbaneacispieedine BiREPRAI™ ™ For

exanpl e, task 11)100_nny, pbe .conf £ 1 : %,ﬂ%’ Rbraed mpeech
silgnal usi HepeavFPngLF gﬁéﬁ%ﬂ‘?ﬁ@?cﬁ %#ééa/gagééédé%é& ﬁii{nél%pass ilters, such
as an i npl QERABhdiRRe@bdéd dduebhatéxcAdiid. sigak KPoTDEigRdapEaRFE O1 ¢

narrowband speéch signal ipto at lea e

exci t at i on mstlesisncils EPRVIREdRS ‘W‘H@? Osftr?a(%F d\?%ggiﬁgétf ?@%ﬂg?&ﬁ%@%lngdé?r&

The encodqulg?qu@/mgg@icgﬁ@}i SdobRR aSigidand getdléorldpel t er paraneters may
an

be quanti zed, t he encoded narrowband speech signal nay al so

i ncl ude ot her parameters such eech. node . par $KdebRRP0
al so i ncl ude80ks6] FiRdRE2HEHe Siaﬁ’?‘iogé[? gL R OV\%E?%%%(lgi-E?at on

si gnal . [003%;&%];1!; - 2080 Ou. g8 par ab esindlubésghiiapibmexietion il dhokiagvband

based on a harrowband excitation signal. In this case - wband
exci tati on aicodralAlR8 thizaiscgnbgrreh® I@Ff@%é%“ﬁﬁ‘?? Hee %%}%Lﬁ?ﬂaot%ia&gﬁll%

signal . Accordi tQ : | SHOL eG4, abir@vbadil gnadder AbZK
TD400 encod@?og%g‘aﬁogﬁ%rgn%@@%gggﬁgn?i?r?glqja?nto at _least a ﬁl urdal i tstOf
hi ghband f i fhebe paifanetecerdifpto eearpiass of the RCELY Amplemgytapans ciscus
configured to encode the highband speech signal into a plurality of
quanti zed LBFEY®- Task TD500 applies a time shift to the hi ghband

speech signal that is based on information relating to a fi. .Wad'a%i ng
i nel uded i njgdoesAMaadetamancalch ddd4 @@éﬂ%@@ﬁﬁﬁ%i@@ﬁ‘%ﬂ?amg arizauon
5

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



WD 2006/ 107838PCT/ US2006/ 012232 48 [000184] Task TD400 may be
conflgured to gerforn1a spectral analysis (such as an LPC anal ysis)
on the hi §¥bH 1 ¥BBEech signal, and/or to calculate a gﬁpﬂﬁm‘y%é of
t he hi ghband speech signal. In such ca&®es, task TD500 may be
configured to apply the time shift to the hi ghband speech signal
prior to tHeicaivaryes dmephiftgmorns fopeneh @ﬁvléw%éwmqf@heaw@@sd [ 000185]
Q her i npl EM%H\A? j0f wi deband speech encoder A100 are configured
to reverse a tine rpi ng of highband excitation signal S120 caused

by a tine vvarg included in the encoded narrowband excitation
si gnal . Fol008 éﬁi%héebanﬁgmﬁ@ah@cesi@imm ispludesrieletaydine ABG0 cavfijeuised to

TPl erent Cttnafled ASLUAIGARTPHERBHAAbLAN b I8h el S BAR0 Rl ! S

configured to recerve Tegulari
val ues SD10djcagddytan zm:mplslgn&i toqmcmsqmmelwagpadéw@bsm speatfh s$griat 83020 In

wband t 1 | b d
on 1+ sucht e Rk A R e il sp g kD™ 7
exci t at i onhightynl sp&]:ﬂ &gnélmJaS&]ﬂﬁug tdmpe ebiadaBQ B¢ edruRE AR data

i npl ementat,i o onfl ured to encode narrowband speech signal
$20 and hi as&ﬁ%@"@ gw theseyme RIS G EE I“gﬁll?l%%ab%s BABHeR,

such that Bﬁcﬁah&ﬁﬁ‘ﬁroﬁﬂﬁﬁ&@xo@ﬂaﬂé@&gﬁ@@ﬁﬂ 8 AR0GEpIRM t@%le%oh@ﬁfoﬁ&ﬁ@b@ﬂubﬁn

of a highband spectral envel oge and a hi ghband excitation sig

Such an i npf kgkhndspesab sigyalipé0 deferg ?g@a@@ Péthprghribis grampla sbwsmeifg lipp
the highb aﬁﬁ%ﬁ ﬁ;s"\é %gﬁxlatesélgﬂédt froff hiktithald gxfd'oﬁéﬁﬁdenﬁl O Plteffng?ta%@ﬁsp' ng

in_an encoded hi ghband excitation sign according to mat 1 on
rel ating tdela}’tlﬂqﬁl%%wmﬁ@&ﬁﬁpweﬁhﬁm@h@d@mwed nar r owband
excitation signal. For exanple, the highband encoder may include an

i mpl enent aFI @Tﬁﬂ%uﬂﬁ%r%ﬁpie%ﬁtaﬁa%%f ﬂ@%ﬁ‘fd e‘ﬁ@{)&y A\iaél Hay %Eg&ﬁ%u%]tg as

descri bed hereirn t ate configured to apply a tine” war
hi ghband r esn@uaﬂpegtra@; mﬁlysimt&rﬁﬂchana%wm&thgemwmedstugihbaach qu@eh agmab n

i ncl ude no i e hi I d a
bt t o o S70 fid ookl AR Aeberldle B b bhiinl L HeBP0 ] $36 RetBle SR 8O0 2.
:5| glnalds. _ [ﬁilgﬁm]g%m pmmetemcsdombmeb aneﬁdmdnme;ninfsluas, fd:eesm;npnb ddhaem hgrei n

i ncl ude i nent at i ons e used to_perform enbe ing,
oo o PeERE R St g TS Regnee R S )
for transceshcsGowSvRPaskbaha i ;%lﬂzbﬂéiéi's se@a By 3y SR ped

differentiate on a cost basis between chi , chi psets, devices,

and/ or net WERNS A MAYHFSHIgSsaprArakenypiope ¢ wm%@%@p&%m@ﬁbwnﬂt Y,

and those Bavi.Ag, Bighdi@b@nd support only. Support for highband coding
as described herern may al so be used in conjunction with a techni que

for supportin WO 2006/ 107838PCT/ US2006/ 012232 49
[000170]Delay 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 S30.



| owband codi ng, and a system nethod, or apparatus according to such
an enbodi upport coding of frequency conponen for
exanpl e, %@%‘%09@%8% 100 Hz up to about 7 or 8 kHz. [Ogéi@%%%u%z
menti oned above, addi ng hi ghband suppo to a speech coder may

i nprove in pgibjlit eci al | egardi.ng. differeptjation of

11 cat tvestSORy{Hels ik 38 PrecaRennts W ALGHT iy s waerd PBLCHER A WY o
hunan | i st g6granfdrRen 1b&RicAD biGcHifelegiE@NSRX Théh@RRAR oS RatioBY,
serve as an enabling feature in speech recognition and ot her nachine

i nt er pr et at 5 2BPPRITeEEnERRos iondFPTe STeyRIfE Aecordne RUbYARITEHIT FEE afenu
navi gat | oniaRdicalbyaklt SRRRUIE 1 Rhari ARSI A% SDIOOBER) L pAPPALALY'S

according to an efbodi nent may be embedde nto a po vice for
Wi rel ess ceenfigniedde senportsged adwnge yel ieiatdlimitedr pltesmeatively, prerlgoinkiger
digital asgj P ' . [ . he

i ncl uded i ﬁ{agtrt\%ﬁ%ér Sg@ntrhrﬁlﬁ% %g%ti&%&r}isfy%éw% el%gouc Egig&%%{fg%t%%ﬁfﬁyggﬁ a
per sonal cotiputGURIhE6agphnes a patisuippormpdahd? sogront ailagdr positiye ten a

net wor k devi ce confi gur ta.r t el.ephoni c Vof _

Commun car Mestee Re B, Had s a8 s R0 e tefla it brosor rasts stfmiene
may be i nphengné eikpemlige ehiPoudsut ©hs REER, fhxagpkRmruni cat i ons devi ce.
Dependi ng upon the particular application, such a device nay al so

i ncl ude su t.ures as_anal og:to-digital and/ di gi tal.-to-anal og
conver oi on P LI eERs R B i et e Rk SR 11 cat Yon
a gd/ or ot hefillisé@nad mpy 6466 Siditdle ORicicalih GitSdeodded sHREC AypRhlly thle magRidr

r Qio-freqUﬁncy circurtry for trapnsm ssion and/or receptjon of the
coded speefh? EeyREFationdBreIgT 29 Retiosmeddy 3 paTTqwPapd FRoeRTII A28 vk mat

di scl osed thatq & e diBRbadd Rh g kedenAekOhalRed bR oWlatitht@AYa@Ne Or
nore of the other features disclosed in the U S. Provisional Pat.

Appl s. Nos sigB®/ B8P, il bedimrited0 FoPs Y6t mel basdrtited imsush apss fardelay hine

cl ai s benegf;i ' - [ : tegh- . S
R L
absent fr omegatize daeationtiion exangue o blesatverdighien binitdbarf thatedhposedbgdlpt | ve
snoot hi ng of _coeff.icient representations such as hi ghband LSFs. Such
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[000174]1In 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
$30. 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.
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paraneters ;shiw a non-integer number of samples in the encoded narrowband excitation signal.

In such a case, it may be desirable for delay value mapper D110 to be configured to
round the narrowband time shift to an integer number of samples and for delay line

D120 to apply the rounded time shift to highband speech signal 530.

[000180]1In some implementations of wideband speech encoder AD10, the sampling
rates of narrowband speech signal S20 and highband speech signal S30 may differ. In
such cases, delay value mapper D110 may be configured to adjust time shift amounts
indicated in regularization data signal SD10 to account for a difference between the
sampling rates of narrowband speech signal S20 (or narrowband excitation signal S80)
€ and highband speech signal S30. For example, delay value mapper D110 may be
configured to scale the time shift amounts according to a ratio of the sampling rates. In
one particular example as mentioned above, narrowband speech signal S20 is sampled
at 8 kHz, and highband speech signal $30 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 pérforrn 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
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[000182] FIGURE 29 shows a flowchart for a method MD100 of time warping a
highband speech signal according to a time warping included in a corresponding |
encoded narrowband excitation signal. Task TD100 processes a wideband speech
signal to obtain a narrowband speech signal and 2 highband speech signal. For
example, task TD100 may be configured to filter the wideband speech signal using a
filter bank having lowpass and highpass filters, such as an implementation of filter bank
A110. Task TD200 encodes the narrowband speech signal into at least a encoded
narrowband excitation signal and a plurality of narrowband filter parameters. The
encoded narrowband excitation signal and/or filter parameters may be quantized, and
the encoded narrowband speech signal may also include other parameters such as a
speech mode parameter. Task TD200 also includes a time warping in the encoded

narrowband excitation signal.

[000183]Task TD300 generates a highband 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 TDS500 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.
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that is based on the encoded narrowband excitation signal .
{000186] Further wideband speech encoder implementations may be configured to

encode narrowband speech signal S20 and highband speech signal 530 independently
from one another, such that highband speech signal S30 is encoded as a representation
of a highband spectral envelope and a highband excitation signal. Such an
implementation may be configured to perform time warping of the highband residual
signal, or to otherwise include a time warping in an encoded highband excitation signal,
according to information relating to a time warping included in the encoded narrowband
excitation signal. For example, the highband encoder may include an implementation of

delay line D120 and/or delay value mapper D110 as described herein that are configured

ro,

to apply a time warping 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.

[000187] 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



55 10. The method of signal processing according to claiml,
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fr Sm the r %@dﬂlﬁé}jﬁ%ip%nﬂ%t:@orﬁhg B enfRliment may be embedded into a portable

S device for wireless communications such as a cellular telephone or personal digital
assistant (PDA). Alternatively, such an apparatus may be included in another
communications device such as a VoIP handset, 2 personal computer configured to
support VoIP communications, or a network device configured to route telephonic or
VoIP communications. For example, an apparatus according to an embodiment may be
implemented in a chip or chipset for a communications device. Depending upon the

. particular application, such a device may also include such features as analog-to-digital
and/or digital-to-analog conversion of a speech signal, circuitry for performing
amplification and/or other signal processing operations on a speech signal, and/or radio-

frequency circuitry for transmission and/or reception of the coded speech signal.

[000190]]t is explicitly contemplated and disclosed that embodiments may include

.

s and/or be used with any one or more of the other features disclosed in the U.S.
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.
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portion.  ferrpelectric, magnetoresistive, ovonic, polymeric, or phase-change memory; or a disk
medium such as a magnetic or optical disk. The term “software” should be understood
to include source code, assembly language code, machine code, binary code, firmware,
_ macrocode, microcode, any one or more sets or sequences of instructions executable by

an array of logic elements, and any combination of such examples.

[000192] The various elements of implementations of highband excitation generators
A300 and B300, highband encoder A100, highband decoder B200, wideband speech
encoder A100, and wideband speech decoder B100 may be implemented as electronic
and/or optical devices residing, for example, on the same chip or among two or more

chips in a chipset, although other arrangements without such limitation are also

PR

contemplated. One or more elements of such an apparatus may be implemented in
whole or in part as one or more sets of instructions 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., a 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
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signal, spectrally extended signal by applying a nonlinear function to a signal derived from the
narrowband portion. Task X300 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 X400 calculates a gain envelope based on a relation

Eaa

between (C) energy of the highband portion and (D) energy of a signal derived from the

narrowband portion.

[000194]FIGURE 312 shows a flowchart of a method M200 of generating a highband

* excitation signal according to an embodiment. Task Y100 calculates a harmonically
extended signal by applying a nonlinear function to a narrowband excitation signal -

. derived from a narrowband portion of a speech signal. Task Y200 mixes the
harmonically extended signal with a modulated noise signal to generate a highband
excitation signal. FIGURE 31b shows a flowchart of a method M210 of generating a
highband excitation signal according to another embodiment including tasks Y300 and
Y400, Task Y300 calculates a time-domain envelope according to energy over time of

. one among the narrowband excitation signal and the harmonically extended signal.

e
A

Task Y400 modulates 2 noise signal according to the time-domain envelope to produce

the modulated noise signal.

[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
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that is wWap@efhshthstd ™. With respect to the speech sig i,ng
to a time-varying time warping, and wherein said appar Q?E?Sg@%{z?jges
means for applying, based on i nf or mat Pon rel ati ng to the tine

warping, a plurality of differe ti shifts to corres di n
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hi gh-frequ y “por e apparatus according to claim
22, said appamatoube speoipallysixtrgrded sighal,up the highbeprhexsitation spepal, preo the
appar atus accor.di o cl.aim 22, wherein said neans for encoding a
Iowfrequéﬁ%@e_ a’i‘im% figured to apply a tinme shift to a
narr owband resi dual according to a nodel of the pitch structure of
t he nar r ovibe0idsiEbatiiabnts alsc inshee edditiorhbmethodefdpersh codibaregcoding, and

excitation, si [ i.me- shi i
degocglqg zlas are eypp?rgs%g' d?srélc;[sgg héréilrlr,e e.gs.,hEIJJ cﬁe%g‘lﬂ?j%hg 8%"4%&@&&163' dual .
embodiments configured to perform such methods. Each of these methods may also be
tangibly embodied (for example, in one or more data storage media as listed above) as

one or more sets of instructions readable and/or executable by a machine including an

ifﬂm\)‘«

array of logic elements (e.g., a Processor, MiCIOProcessor, microcontroller, or other
finite state machine). Thus, the present invention is not intended to be limited to the
embodiments shown above but rather is to be accorded the widest scope consistent with
the principles and novel features disclosed in any fashion herein, including in the

attached claims as filed, which form a part of the original disclosure.



25. The apparatus according to claim 22, wherein said tinme-varying
time warping includes different respective tine shifts for each of at
| east two consecutive subframes of said signal that is warped in
time, and wherein said neans for applying a plurality of different
time shifts to a corresponding plurality of successive portions in
time of the high-frequency portion is configured to apply, to a frame
of the high-frequency portion, a tiqeAmIsft based on an average of
said different respective tine shlfts 26 The appar at us accordlng

Set “of par anbt & ngefh3d ¢F 8RR R cENSTAL] SRR BTt P

hi gh- f reqqmﬁbmmm cﬁaalpsif‘dwf@ﬂl@wmgraats WﬂﬂllﬁW'd@V‘E@that is
plurality Qfn bt RP gidBqlshbich signals:
encoding a low-frequency portion of a speech signal into at
least an encoded narrowband excitation signal and a
plurality of narrowband filter parameters; and

generating a highband excitation signal based on the
encoded narrowband excitation signal,

wherein the encoded narrowband excitation signal

describes a signal that is warped in time, with respect to
the speech signal, according to a time-varying time
warping, and

wherein said method comprises, based on information

relating to the time warping, applying a plurality of
different time shifts to a corresponding plurality of suc-
cessive portions in time of a high-frequency portion of
the speech signal, and

wherein said applying a plurality of different time shifts

comprises calculating at least one of the plurality of
different time shifts to account for differences between
sampling rates of the low-frequency portion and the
high-frequency portion.

2. The method of signal processing according to claim 1,
wherein the encoded narrowband excitation signal describes
a signal that is warped in time according to a model of a pitch
structure of the low-frequency portion.

3. The method of signal processing according to claim 1,
wherein said encoding a low-frequency portion includes
applying a time shift to a narrowband residual according to a
mode] of a pitch structure of the narrowband residual, and

wherein the encoded narrowband excitation signal is based

on the time-shifted narrowband residual.
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4. The method of signal processing according to claim 1,
wherein said time-varying time warping includes different
respective time shifts for each of at least two consecutive
subframes of said narrowband excitation signal thatis warped
in time, and

wherein said applying a plurality of different time shifts to

a corresponding plurality of successive portions in time
of the high-frequency portion includes applying, to a
frame of the high-frequency portion, a time shift based
on an average of said different respective time shifts.

5. The method of signal processing according to claim 3,
wherein said applying a plurality of different time shifts com-
prises receiving a value indicating a time shift applied to the
narrowband residual, and rounding the received value to an
integer value.

6. The method of signal processing according to claim 1,
wherein said applying a plurality of different time shifts is
based on information relating to a pitch structure of the low-
frequency portion.

7. The method of signal processing according to claim 1,
wherein said method comprises encoding the time-shifted
high-frequency portion into at least a plurality of linear pre-
diction filter coefficients.

8. The method of signal processing according to claim 1,
wherein said method comprises, based on information from
the time-shifted high-frequency portion, calculating a gain
envelope of the high-frequency portion.

9. The method according to claim 8, wherein said calcu-
lating a gain envelope of the high-frequency portion, based on
information from the time-shifted high-frequency portion,
comprises calculating a plurality of highband gain factors
according to a time-varying relation between the time-shifted
high-frequency portion and a signal that is based on the
encoded narrowband excitation signal.
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10. The method of signal processing according to claim 1,
wherein said method comprises producing a set of parameter
values that characterize a spectral envelope of the high-fre-
quency portion prior to said applying a plurality of different
time shifts.

11. A non-transitory computer readable storage medium
having machine-executable instructions describing the
method of signal processing according to claim 1.

12. An apparatus comprising:

a processor connected to at least one memory;

a narrowband speech encoder configured to encode a low-
frequency portion of a speech signal into at least an
encoded narrowband excitation signal and a plurality of
narrowband filter parameters; and

a highband speech encoder configured to generate a high-
band excitation signal based on the encoded narrowband
excitation signal,

wherein said narrowband speech encoder is configured to
output a regularization data signal describing a time-
varying time warping, with respect to the speech signal,
that is included in the encoded narrowband excitation
signal, and

wherein said apparatus comprises a delay line configured
to apply a plurality of different time shifts to a corre-
sponding plurality of successive portions in time of a
high-frequency portion of the speech signal, wherein the
different time shifts are based on information from the
regularization data signal, and

wherein said apparatus comprises a delay value mapper
configured to calculate at least one of the plurality of
different time shifts to account for differences between
sampling rates of the low-frequency portion and the
high-frequency portion.
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13. The apparatus according to claim 12, wherein the
encoded narrowband excitation signal describes a signal that
is warped in time according to a model of a pitch structure of
the low-frequency portion.

14. The apparatus according to claim 12, wherein said
narrowband speech encoder 1s configured to apply a time shift
to a narrowband residual according to a model of a pitch
structure of the narrowband residual and to produce the
encoded narrowband excitation signal based on the time-
shifted narrowband residual.

15. The apparatus according to claim 14, wherein said
narrowband speech encoder 1s configured to apply a different
respective time shift to each of at least two consecutive sub-
frames of the narrowband residual, and

wherein said delay line is configured to apply, to a frame of

the high-frequency portion, a time shift based on an
average of the respective time shifts.

16. The apparatus according to claim 14, wherein said
delay value mapper is configured to receive a value of a time
shift of the narrowband residual and to round the received
value to an integer value.

17. The apparatus according to claim 12, wherein said
information from the regularization data signal is based on
information relating to a pitch structure of the low-frequency
portion.

18. The apparatus according to claim 12, wherein said
highband speech encoder is configured to encode the time-
shifted high-frequency portion into at least a plurality of
linear prediction filter coefficients.
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19. The apparatus according to claim 12, wherein said
highband speech encoder is arranged to calculate, based on
information from the time-shifted high-frequency portion, a
gain envelope of the high-frequency portion.

20. The apparatus according to claim 12, wherein said
highband speech encoder is configured to produce a set of
parameter values that characterize a spectral envelope of the
high-frequency portion upstream of said delay line.

21. The apparatus according to claim 12, said apparatus
comprising a cellular telephone.

22. An apparatus comprising:

means for encoding a low-frequency portion of a speech

signal into at least an encoded narrowband excitation
signal and a plurality of narrowband filter parameters;
and

means for generating a highband excitation signal based on

the encoded narrowband excitation signal,

wherein the encoded narrowband excitation signal

describes a signal that is warped in time, with respect to
the speech signal, according to a time-varying time
warping, and

wherein said apparatus comprises means for applying,

based on information relating to the time warping, a
plurality of different time shifts to a corresponding plu-
rality of successive portions in time of a high-frequency
portion of the speech signal, and

wherein said means for applying a plurality of different

time shifts is configured to calculate at least one of the
plurality of different time shifts to account for differ-
ences between-between sampling rates of the low-fre-
quency portion and the high-frequency portion.
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23. The apparatus according to claim 22, said apparatus
comprising a cellular telephone.

24. The apparatus according to claim 22, wherein said
means for encoding a low-frequency portion is configured to
apply a time shift to a narrowband residual according to a
model of the pitch structure of the narrowband residual, and

wherein the encoded narrowband excitation signal is based

on the time-shifted narrowband residual.

25. The apparatus according to claim 22, wherein said
time-varying time warping includes different respective time
shifts for each of at least two consecutive subframes of said
signal that is warped in time, and

wherein said means for applying a plurality of different

time shifts to a corresponding plurality of successive
portions in time of the high-frequency portion is config-
ured to apply, to a frame of the high-frequency portion,
a time shift based on an average of said different respec-
tive time shifts.

26. The apparatus according to claim 22, wherein said
apparatus comprises means for producing a set of parameter
values that characterize a spectral envelope of the high-fre-
quency portion upstream of said means for applying a plural-
ity of different time shifts.



