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BACKGROUND BANDWIDTH EXTENDED SPEECH PRE})ICTION EXCITATION SIGNAL

RELATED APPLICATIONS

[0001] This application claims benefit of U.S. Provisional Pat. Appl. No. 60/667,901,
entitled “CODING THE HIGH-FREQUENCY BAND OF WIDEBAND SPEECH.”
filed April 1, 2005, This application also claims benefit of U.S. Provisional Pat. Appl.
No. 60/673,965, entitled “PARAMETER CODING IN A HIGH-BAND SPEECH
CODER,” filed April 22, 2005.

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

[0003] Voice communications over the public switched telephone network (PSTN)
have traditionally been limited in bandwidth to the frequency range of 300-3400 kHz.
New networks for voice communications, such as cellular telephony and voice over 1P
(Internet Protocol, VoIP), may not have the same bandwidth limits, and it may be
desirable to transmit and receive voice communications that include a wideband
frequency range over such networks. For example, it may be desirable to support an
audio frequency range that extends down to 50 Hz and/or up to 7 or § kHz. It may also
be desirable to support other applications, such as high-quality audio or audiofvideo
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,



[ 0003] Voi ce conmuni cations over the public switched tel ephone
network (R3] traditionally been limted in bandwidth to the
frequency ran%%ﬁhlg%ﬁ%,oo 3400 kHz. New networks for voi Cel’C’I‘/US20061012233
comuni cati ons, such as cellular tel epRony and voice over |1’
(I'nternet Frot ocol , Vol P), rra not have the same bandwidth limts,
and it mayl9985he5n¢ appraa 87 $peediicoding dnwpdvey e¢aling e oamrowbandt | ons
that incl udees WatlehanthiduetaLeh%Y, Y

exanpl e, |§%reray be “desi r%blqegfo ch%ﬁg&?d%n&g%%%ﬁé‘1;351@%}[5]‘%(?%3(}%252%%0‘,%at
ext ends dotke vtidetmod ppectinly &or ensuiple, 7 spreciBsikhid maytbesmyplat sia higher rate

desirabl e cati.ons, . such

or :audl o/ v% 3%1%@8%93081%%?%1%&? é?ueﬂ%‘ff Fﬁ&%ga&{?a‘f% “Qﬁ%i%qtug%‘i‘érﬁay
ranges outmcglafagug&i tbmaejn'lbreﬁ:ﬁi&lr gﬁﬁﬁﬁbﬂts 10 represenOM¥yidExdnarehen of the
range su e a.s coder, i requenci es may i nprove
range SUPDRLL SN Ba3RTEER SO0S, L Dl NSt oL reauane o R !
fricativescaniatRhallpintenBifle thowevérasel Widbhhnk eI @Ref ﬁl@gﬂ&%@&hgﬁao

Hi ghband ext ensi on may al so inprove other qualities of speech, such

as presencBaNEBPCestiRgsyEes @\P&Pm&“% ferappny guptile gag othanambadded r al
energy far 2 h 2
(0009 e B e ot e LR OE e b ﬁ?%@%%@%ﬁéf’
nar r owbandussietich a seséipiaye mex hlsp épaé g an @acce@tvélsdorgb mg:mtraedmhmémdﬁde

the range ectrum [ exa a
speech si gﬁfgf&\fé hglg%cg}ﬁ%ff%\éﬁ% E&%d%g ? %ﬁtgre%éﬁeﬁagoﬁeo%%ﬁ nt s
a{ hi gh fr@m]mﬁ)@n@pomamdméd hatrarmvmmddnm@dd:mjd&cﬁdé&ibqu@stmythbtemly
reconflgursq] &93 8 V\%C,E,jlaﬂter coefficients to represent this

wi deband sT gRal Prowoand & odi ng techni ques such as CELL' (codebook
excited |inear pr ediction) are conputationally intensive, however,

and a wi delf@del CihRhegeroantayo mddmud’epde@i@adﬁr{g&np@l@éﬁ:&hﬁﬂatﬁ%&h@s to
be practi Ctﬁ hE;‘aorS ecpré d q]ol e an ot her enbedded ag({) catl ons,

Encodi ng t H& SNt FPEehaye B"ﬁ’ichIF’ Elit it tesl envlapp s dhile

qual i ty usiuolas Bgdtodhtres b Igmmwdahﬁl@uﬂ a@@qinctr&s@ﬁ; waﬁﬁﬁpmm,yhduag ge
increase in gggdvm dth, Mreover, transcodi ng of such an encoded

si gnal  woulegC b tFBERCEet s EPBPCSPETHEN YDA BF f%WB&trﬁ@'U%}ﬁtqfél‘n‘l gehliand be
transmtt gsbmcﬂi 6F B ﬁ#ﬁ?é&iﬁ%ﬂllwaﬁoﬁwﬁr@&mw ale grEHHHQ %1%%

nar r owband codi ng. [ 000 Anhot her approach to w spee

i nvol ves e%WPléB‘%)P%tilP AyreWandipghileand spect r al envel ope fromthe
encoded narrowband spectral envel ope. Wil e such an approach may be
i mpl ement ggogyit Newla %Qlﬂehfé%feec@%fnplbﬁell?c%ﬂgé’ﬂag& Ei%e@&pcé’ﬁiﬁglkggﬁ thtﬁt p5&d tB?
transcodi ng, the coar se spectral envel ope or fonnant “structureé 67 he
hi ghband H@F@W@ﬁn%worao% ﬁég@ pooslefhsignad g be bdny threuphat nabewbaetihated

accur at el y, A . narr vvband ortion.
[G007] It (rmcrh%g]e SI ra ]itléwlt%w ﬁe@r@%‘% % %@%5?%1 SRRLERIESH Ry such
t hat at Iﬁﬁtlendrbeofrthﬂ: wmmbarmboﬂmgtexmnsmi rrm_helseb@dﬁﬁdbis; fogned anipiy/ tde
sent throua% : ]ﬁovv? rad cha ngﬁt %% as PSTN. channel ) w { hout
transcocl i g% S%IF EEY NUHRET $4%E may-pe F?,r?”é'f?ﬁl:?‘ agpliqagigns
wi deband cach ﬁmﬂ@ﬁéﬁﬁ:&]lﬁlﬂr tﬁﬁ}ih@:‘y&ﬁd Bﬁ)ad@%ﬂ@@cﬁwuﬁ@ En@%ﬁ@f@is%haﬁr@ls.
avoid a significant reduction in the nunber of users that may be

serviced in applications such as el lul ar tel ephony and
broadcasting over wired and wirel &@%ﬁ%ﬁﬂé SUMVARY

[0008] In one embodiment, a method of generating a highband excitation signal

codi ng

includes generating a specirally extended signal by extending the spectrum of a signal
that is based on an encoded lowband excitation signal; and performing anti-sparseness
filtering of a signal that is based on the encoded lowband excitation signal. In this

method, the highband excitation signal is based on the spectrally extended signal, and
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the anti-sparseness filter. BRI EF DESCRI PTION OF THE DRAW NGS [ 00011]
FI GURE | a § ab“%’ﬁ%?&‘l@“&h%a}caﬁﬁddPW’éa%ea@E?&ﬁa sighpebivihis geprgeiss, A¥00

accordi ng figh#aAd BXRAELITEBAaI is based on the spectrally extended signal, and the highband

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

[60011} FIGURE 1a shows a block diagram of a wideband speech encoder A100

according to an embodiment.

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

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

according to an embodiment.

AT

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

[00015] FIGURE 3a shows a block diagram of an implementation A112 of filter bank
Al10.

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



[00012] FIGURE I b shows a bl ock diagram of an inplenentation A102 of

wi deband oder A100. [00013] FI GURE 2a shows Lagr am
of a w de%g(ﬁgﬂ%g%@g h decoder B100 according to an enbog‘l:'r%lﬁ@'@?&g%glq

FI GURE 2b shows a bl ock di agram of an 4npl enentati on B102 of wi deband
speech encoder B100. [00015] FIGURE 3a shows a bl ock diagram of an
i npl enent aliOPBT] AHIGURH 44 shopis bapdwikthapyerage gighe low and high bands for one

2006/ 107839PCT/ | [ 812233 4 [00017] FI GURE 4a shows bandwi dth
cover age o?xaﬁli’iee J%évggﬁél %lélh'bands for one exanple of filter bank

A110. [00018] FIGURE 4b shows bandw dth coverage of the | ow and high
bands for [00181eFIGEREP shayts Handwidth dsapiiageafithe Jow and high bands for another

example of filter bank A110.

[00019] FIGURE 4c shows a block diagram of an implementation A114 of filter bank
All2.

[00020] FIGURE 4d shows a block diagram of an implementation B124 of filter bank
Bi22.

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

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

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

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

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

residual signal for voiced speech.

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

residual signal for voiced speech.

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

that also performs long-term prediction.

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

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

excitation generator A300.



[ 00019] FI GURE 4c shows a bl ock diagram of an inplenentation All4 of
filter bank Allﬁé. 18%00020] FI GURE 4d shows a bl ock di agram of an

i pl ement aY PAVBYT3 of filter bank B122. [00021] FI GURETES2M68123%
exanpl e of a plot of frequency vs. |log5anplitude for a speech signal.
[ 00022] FI GURE 5b shows a bl ock diagram of a basic |inear prediction
codi ng sysitg30] FOGRE R sByR= Bloghdingram dflao dkpleinamgation 8402%20f spectrum

I mpl enent aE}tgﬁd @IA%O of narrowband encoder Al 20. [00024] FI GURE 7
shows a bl 8¢k di agram of an inplenmentation B112 of narrowband decoder
B110. [00025] FIGURE 8a shows an exanple of a plot of frequency vs.
| og anpl i t {9831 oFIGUREdRa steiwsgilgmaf sigmet speoire sidyasipesgeimts [r0B@265mplk GERE
8b shows ap_ex |l ot of tinme vs. log anplitude for a

e of a
resi dual si§ eé:]?r%e(})(r%r\%l(?}“gg%a%%iéech. [ 00027] FIGURE 9 shows a bl ock

di agram of a basic linear prediction coding systemthat also perforns
| ong-t er m fH832Ic FIGERE 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 calculation task T100.

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

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

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

excitation generator A302.

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

excitation generator A302.

1000401 FIGURE 20 shows a block diagram of an implementation A316 of highband

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

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

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



[ 00028] FI GURE 10 shows a bl ock diagram of an inplenentation A202 of

hi ghband efgagRs 8@%@ [ 00029] FI GURE 11 shows a bl OC?&gJ"%QWZ%S an

I npl enment at1 on of hi ghband excitation generator
2006/ 107839PCT/ 1182006/012233 5 [00030F FI GURE 12 shows a bl ock
di agram of _an inplenentation A402 of spectrum extender A400. [00031]

FI GURE 12al09Adts FIrORE 288 shawsrigiappliratien of avindayingfungsion as shovm ipne

exanpl e of FREIRESES &) suBKARESANpERALRLLON. [00032] FIGURE 12b shows
pl ots of signal spectra at vari ous péints in another exanple of a

spectral extensi on operation. [00033] FI GURE 13 shows a bl ock di agram

of an i npl B9aHI aiFI 36 he7s mblgrbdirgramsier andipbmegiation 8267 ofgethan
decoder B200.

00046] FIGURE 25 shows a block diagram of an implementation AD10 of wideband
speech encoder A100.

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

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

100049] 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,

f00051] FIGURE 29 shows a flowchart of a method of signal processing MD100

according to an embodiment.

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

embodiment.

PN
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[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.



[ 00034] FI GURE 14 shows a bl ock diagram of an inplenentation A306 of
hi ghband excitation generator A302. [00035] FlI GURE 15 shows
flowchart T rm%ﬁﬁwzﬁ;}%el ope cal cul ation task T100. [00036E]CTY£[IIS@Q§I§@1¥S3

shows a bl ock di agram of an inplenmentatyon 492 of conbi ner 490.
[00037] FIGURE 17 illustrates an approach to calculating a neasure of

periodicity of highband si gnalDEBOILEDOESCIRIPTEORE 18 shows a bl ock
di agram of an inplenmentation A312 of highband excitation generator
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gener at or A302 g0004&/] FI GURE 21 shows a flowchart for a
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i mpl enent at él:févﬁt F00%0 1060 BRI (BitCRr Setodl). P ehadkaatAREkes of such implementations
include embedded coding to support compatibility with narrowband systerns, relatively
eagy allocation and reallocation 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 (ii) “A is based on at least B.” The term “Internet Protocol” includes version 4, as
described in JETE (Interet Engineering Task Force) RFC (Request for Comments) 791,

and subsequent versions such as version 6.

[00059] FIGURE la 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 o encode narrowband signal S20 to produce
narrowband (NB) filter parameters S40 and a narrowband residual signal S50. As
described in further detail herein, narrowband encoder A120 is typically configured to
produce narrowband filter parameters S40 and encoded narrowband excitation signal
S50 as codebook indices or in another quantized form. Highband encoder A200 is
configured to encode highband signal S30 according to information in encoded
narrowband excitation signal S50 to produce highband coding parameters S60. As
described in further detail herein, highband encoder A200 is typically configured to
produce highband coding parameters S60 as codebook indices or in another quantized
form. One particular example of wideband speech encoder A100 is configured to
encode wideband speech signal S10 at a rate of about 8.55 kbps (kilobits per second),



[ 00043] FI GURE 23a shows a di agram of a wi ndow ng function. WO

2006/ 107839P 2006/ 012233 6 [00044] FI GURE 23b shows_an
applicatio O%&Gé%%%dow ng function as shown in Fl GURE ngjsgg)ﬁm%zzss
subframes of a speech signal. [00045] Bl GURE 24 shows a bl ock di agram
for an inplenmentation B202 of hi ghband decoder B200. [00046] FI GURE
25 shows avihabruidiadanbenrs usedifapassphent filen pABIGtest S4 adisarmied peech

ol oment at ik D19 oF dET By o 1o BT EFe iR el

schemati ¢ diragewm 0. an i npl enent ati on D124 of delay |ine D120.

[00060] It may be desired to combine the encoded narrowband and highband signals
into a single bitstream. For example, it may be desired to multiplex the encoded signals
together for transmission (e.g., over a wired, optical, or wireless transmission channel),
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

P multiplexed signal S70.

[00061] An apparatus including encoder A102 may also include circuitry configured to
transmit multiplexed signal 870 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
redundancy encoding), and/or one or more layers of network protocol encoding (e.g.,
Ethemet, TCP/IP, cdma2000).

[00062] It may be desirable for multiplexer A130 to be configured to embed the
encoded narrowband signal (including narrowband filter parameters S40 and encoded

narrowband excitation signal S50) as a separable substream of multiplexed signal $70,

£

such that the encoded narrowband signal may be recovered and decoded independently
of another portion of multiplexed signal S70 such as a highband and/or lowband signal.
For example, multiplexed signal S70 may be arranged such that the encoded
narrowband signal may be recovered by stripping away the highband filter parameters
S60. One potential advantage of such a feature is to avoid the need for transcoding the
encoded wideband signal before passing it to a system that supports decoding of the

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

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

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



[ 00049] FI GURE 27 shows a schematic diagram of an inplenentati on D130
of delay line D120. [00050] FI GURE 28 shows a bl ock diagram of an

i npl emrent aYPAAAE%8S of w deband speech encoder AD 10. HQIOF3906/0F28URE

29 shows a flowchart of a method of signal processing MD 100
according to an enbodi nent. [00052] FIGURE 30 shows a flowchart for a
met hod MLO@araewemmnd isiggalt$90ahligrvbod devedtr. BJ00 @GOG ke GtiRfecBdshighinmg  a

FI GURE 3 | BoARERE TR SR PR I o BT BRI 590 BPseietino
M200. [ 0006idoded foRbh3Rd stvasorbsifa086H a6 hrofitde nigRiah@s:MI®QoacEanrdi Ng
to an enbocei}igarnr?pr]é,'narrgwband 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 S100 to produce a wideband speech signal

S110.

[60064] 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, 550, and S60 from multiplexed signal S70. An apparatus including

. decoder B102 may include circuifry configured to receive multiplexed signal S70 from
a transmission channel such as a wired, optical, or wireless channel. 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).

[00065] Filter bank A110 is configured to filter an input signal according to a split-
band scheme to produce a low-frequency subband and a high-frequency subband.
Depending on the design criteria for the particular application, the output subbands may
have equal or unequal bandwidths and may be overlapping or nonoverlapping. A
configuration of filter bank A110 that produces more than two subbands is also

{: : possible. For example, such a filter bank may be configured to produce one or more
Iowband signals that include components in a frequency range below that of
narrowband signal S20 (such as the range of 50-300 Hz). It is also possible for such a
filter bank to be configured to produce one or more additional highband signals that
include components in a frequency range above that of highband signal S30 (such as a
range of 14-20, 16-20, or 16-32 kiz). In such case, wideband speech encoder A100
may be implemented to encode this signal or signals separately, and multiplexer A130
may be configured to include the additional encoded signal or signals in multiplexed

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

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

Al110 that is configured to produce two subband signals having reduced sampling rates.



DETAI LED DESCRI PTI ON [ 00057] Enbodi nents as descri bed herein include
systens, nethods, and apparatus that may be configured to provide an
ext ensi on Y& 209418 wband speech coder to support transtHTEE2H14/0638 or
storage of w deband speech signals at a@jbandw dth increase of only
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herein to in |cate any nary neani ngs,” suc
gener at I ng sigamid3ge [Lewpasagllifer i fltdrs widebdndwsabask signalifi0eo bhs atseleored

d nd _cl
not - exe! uaLGrRaIHEY aibatd e hERERL EIETS0 ks e e Bt 18R
i s used tophandiselted aph-fafqueicy sabtﬁh&asycanmtmgﬁabaﬂmm Hage frlde: cases

i A is equal ased on at least B." The term
(|Zu er net pg%%éarrdmiiﬁ%ﬂﬁaé@d‘%?@%%iac gr&gsb%él@mss@aﬁwaﬁqsw be
(I'nternet EQRIEARBHELAS el@ftwHRIuE REs &7 ﬁ‘foﬁﬁﬁﬂiﬁeﬁoﬁr@%ﬁg@x’m}ﬁ:@ceg #d, and

subsequent versions such as version 6. [00059] FI E |a shows a
bI ock di agFHRRIETE ralewl ghedayiprss é’é@@ﬁc@ﬁ@lbﬂ@r a depped drcmrtimmriacteroedn by

Abodi nent an@f'M fd
s peec h si gne{fwlﬁ%&r ﬁkgzsggﬂgﬁﬁg&?(g and’ Si %egwl%l%e&ﬁ &%ﬁgﬂ%and
si gnal 830 domaanwmaﬁ@l lisewiselmdughls 2@ sagphanfaicpfitechiripasns gaké according to

nar r owband narrowband (NB) filter paraneters
840 and a ﬁlzétg%%m% B&?na?i‘ o0 alégo:%gnal 850. As described in further

detail herein, narrowband encoder Al 20 is typically configured to
produce nar[ﬂWhWUREtBé)rshpw abhick d'&g@aﬂofam@neslmodiag implementhiéomdB 122

For m *H onSEhEE e BP0 B0 PR doh P S meNeg e HrONRe LG

ggg accor d'gag (dgﬁ, bynfens- gmrﬁr%mnﬂm en e@piadtmga%ag@w@%saﬁ% R%ﬁphisgﬁltde@ neGiighal
to produce hi and codi ng paraneters escribed in
further det’i qpsﬂ’é&%‘?ﬁmzﬁ |tﬁﬂ%égﬂl€’é’ﬁ%‘6}6‘aélﬁ PROE (78 1P LR RYASEShT i gur ed

t o produceyhicgianstampri 190 PRFAIBHAISmBRY: A% FOHeBRKsi ENEKERPardl 1 N
anot her quantized form One particul ar exanple of w deband speech

encoder AlbEhpass &Far | G filsss the vayrerind signabisat wheebighkangmartiog1Ghat a
rate of ab
SR ORGSR R SR B R BB AR ot pgnal 110, e

2006/ 107839P 71012233 8 wt I ng use
nar r onband ifiplemnentatiens axfdecadsr BUL, Eilet benic Bdetis canitgmibskin grasiuce & weigbred

nal 550
oo ool AR SR DR A SE e gl R 500
nar r onwband caowlathd i hightlarsi @oades BROG. 0A @osfi gugdtion ol fﬂstb;rlmahBlE@thaex arrpl e,
t be d dt | t ded | s .t th f
{r anani o GrEpRSTmote g g Rap etd SB Ao oo FELeas ¢ r ansm ssi on

channel ), or for storage, as an encoded w deband speech signal.
FIGURE | b $0068] Zakd otrke ﬁitagrlammeﬂ mo 13phgnpitaldntntied0 2 fifte Wnpgland

it I MEGAT R K e T

rein)jf![ |t Slt Ie)c<)2 éég‘?g@d oi@%@@de@ RtleR 190 BAN B0 hiy IBfve BANAERIRK 8isRifflaliPbiRpad
transitron reg10ns between stopband and passband. Likewise, the frequency responses
of decoder filters 160 and 180 may have symmetric or dissimilarly shaped transition
regions between stopband and passband. It may be desirable but is not strictly

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



[ 00061] An apparatus including encoder A102 nmay al so include
circuitry configured to transmt multiplexed signal 570 into a
transmi ssi ¥ BMAMABP such as a wired, optical, or wrel RSEULHEINP3
Such an apparatus may al so be configured to performone or nore
channel encodi ng operations on the signal, such as error correction
encodi ng ( dighpass filiee3000Mavé b earBORYEIN hstnghpagyriediiBg) Indsd/eRimSE OF
det ecti on g]_r‘modi ﬁ%ﬁ\ée' . f%d i.C redundanCé‘r encodi ng), and/or one or
mor e | ayer &GO arlkgglﬂpo B 160 Sqiarrauedtagire mirgrdiise (QMTTPle,
cdma2000) . i@Gae2bait 11078¥0 hevislest sahd @oe%ﬂlﬁerﬁyistﬂif&?éﬁﬁﬁéﬂe‘zg@ to be
configured to enbed the encoded narrowband signal (i ncluding
nar r onband 5i I Ber paraneters 540 and_encoded narrowband excitation
si gnal S50V} T g b penylh o wrashiilser 14D hes fpasskand Saginsludesbe such
that the emgafladsTRrheuRANRd0SIA08, DBY RShERNS B 13[:561 gfggﬁﬁéﬁ%

It al "S70 such as a

i ndependent |y of another portion of multiplexed sign
hi ghband af8ad ép shogiustatise bangwadths plowidebeadspesch pighal S0 mesdwhamhagnab70

may be arr K .S I y b
evover od oocnatBlld ol B SNEBUEH ARGH AN 00IRY o of .
pot enti al #wsapirdgdarakaspleh, vadétead speech Sgitad SHV basth dahpling exte §f0I6 kiz

transcodi ng_t he encoded w deband signal  before SSJ it . to a system
that supportEBaBBaPHI ar FRECHSYS SABANEC Eoghal O LT e md nstroRhibr «
decodi ng okighhies2bihghb eaieblingrhic 00 8 k10 QR EBkenkih SHBucay t&npbonBhie GHthin the
diagramof a w gﬁbﬂ%%peech decoder B100 according to an enbodi nment.
Nédnowband &&&64 b 's configured to decode narrowband filter
paraneters 540 and encoded narrowband excitation signal S50 to
produce a [MD780Q6(hERXSINPCTIIIN20064 A8k &hc%idhifidaanbaney Bigae thd 8P

H ghband decqder B200 jis confjgured to decode hi ghband coding

par amet er s SEEEe oRighbrpdsienal Tnlras shpyantr this example giay S ghigined 8eing pased
on encoded M@Fas@wtxein@,oem% 5 phdsOmha S A0RkETA 50 sultPa RIsQ LSy Be BsgiaRd

signal 8100. In this exanple, narrowband decoder B110 1s configured

t o provi de 9sdFe bapanplinadeictad kbl byidgwasanggdos ths fHiegtragd! bee frger 0B200.
Filt b 1 i 2 i i 590 d
hi ghband S {*Vé"’r?af‘%'fé 85‘?5{1%‘? 3’&‘3‘3‘_&@ %Oﬁgﬁﬁﬁddﬂ_?%%‘%@%ﬁf%‘% w0,

L L g B R

W | X .

Sont L aur eq BEEoahaRisR0 ShwE kg vt ok PR E5EP Wb ks ler Suse v,

mul ti pl exed signal 570. An apparatus including decoder B102 may
i ncl ude ci [I71Y o donfiegubedxhoplcet EIGERBYb] thp bepee dnd logeabubbZtisheam a

transm ssi gn_channel such a Lred, optical, .  or. wire|less channel.
Such an appafes %ﬁ%?,veﬁﬁg,g@ﬁg%? feﬁﬂnecg%tﬁgtoﬁel%F %%‘ﬁ ec@?y!?f&" e
channel deegifbaindsigRey. a4 hpnBa@rkidieS T gnakhis 1@@3@5& SHtaif @ ks@fzld ON
de{cOdi ng (ggg , te-con_pati bl e conyal utional decodi n,(tg) and/ or error
det'ecti on AEEBHF ﬁ?}ef(léf)@’?l,h EHsehaRd PR ddn bsHEy ITduER  F39g) 1T man Be Aesirable tr

mor e | ayer gdake e LMAInRERLOF Rty 0 CodhOthfiRe the rilEtdask d
cdrma2000) . éOOeOGS]%I%fI tger bank Al? i l:‘ilfg i 1d to %}ﬁ?yerﬁg{ﬁ}?%put

_ _ 0 i's confrgure
si gnal accéb/di Aych @ @emsiont wivalhenag bh exascies top¥prlieatls r¢dyge theequency

subband an Walare] ﬁghll%ﬁ MPQ i i

criteria fg?rﬁ?ﬂg%églrch ul'a %gpp |g§9fx§r§‘ﬁgt% ﬁéelb%glts %ﬁf{ﬁers]sﬁ%r%g%gg}n%?ﬂﬁave
equal or upsgtmld chagddoet frsthamnchgmai0 be3. 6 kEe vathpirtigssaf informmtienl appi ng.
A configuration of filter bank A110 that produces nore than two

subbands i 0 | . | e, .a.1ilter bank y be
configured ﬁ!togb%lr %rgﬁﬁgjcgf nltgang‘ér:e? Iﬁ%ﬁégﬂ}g)\?\% an gqlﬁg'{;&bc%té oMt m?ﬁgcoif @% e
conmponent strawsdaceky @eLigrayicrophge: deliaveatiade oo loudspenkanprsics i ppatiabl20

(such as the range of 50-300 Hz). It_is als ossi bl e f ch a
filter banf?SP%’SBgve&@?ﬁf?ﬁﬂ?w f@‘&éeﬁfgaékéz‘ohbtgsgxﬁvml%ofg%@ﬂﬁ%ﬂﬁfgﬁe
hi ghband spgfish 8f #iii@baniipédst @i oG ANPONRReEn TAna 8 ERJUENGNcIERAGEHBDOV E



WD 2006/ 107839PCT/ US2006/ 012233 10 Filter bank A110 is arranged to
recei ve a wi deband speech signal 310 having a hi gh-frequency (or

hi ghband) PF8P2I6AY74Hd a | ow frequency (or |owband) port PERUSHI0GHER33
bank A112 includes a | owband processinggpath configured to receive
wi deband speech signal SIO and to produce narrowband speech signal

520, and a ducodddanghaprabessitylpakimsiendiigtipad fier Bk @awbseRand 5—

speech sig 0 roduce hi ghband speech signal S30. Lowpass
filter 110 %#ﬁéﬁ%gagaégﬁﬁd speech signal SIOto pass a sel ected

| owfrequency subband, and highpass filter 130 filters w deband

speech si griabos| Qntsonﬁa;apmmeﬁﬂah@cs; Sidvidighmiovedipaeyenubbsngs aHagause
bot h subband si ?nal s _have nore narrow bandw dt hs than: w deband speech

si gnal 310, *ameIerof SAFHRE allawa dordhguper p éyrragrandpr adrghpass fgier having a
wi t hout | osgn@fh fdﬂBﬁroFFEEthx@BverQEiﬁ\ﬂﬁ% hesucla?fﬁte&segyg?&amﬂeagaw{;ésm

rate of the |owpass signal according to a desired decimation factor
(e.g., by rlessompgtasamdly ssmpfext tnal/osilgfrasiicelngl dstaytlessl ftsrnvyits slrpppes sr

with averag n‘él@%ﬁ‘“&sg@lﬁ% q@ﬂ@%ﬁgﬂhgﬁha%pcoad t%%‘ﬁ &st gﬁlﬁv REher

sanpling rate of th ass si T red
deci nat i on dicedties (wk@x@l@ﬁﬁ? ]:atﬁb @ﬂRFnc,’B khag Hidtes of sihxhtac kzrddr mgtriama sﬁhoah

correspondlng% ﬁ tati n B122.of filter baj B lea | er 150
o eages RECEE AR Bk Pt Bhor i Gnatsin Sy b a6 fps bR paonses
fZelr o- st uf LI wigicland lﬁﬂusby’lngilnl :attifadm n@rfﬁiﬁ?&eﬁak)mpl\;&mﬂﬂnﬂgﬁm&mfgiohé 6f mdR0
ilters t nal to S..on an ortio to
prf/ event al ﬁgg?ﬁﬁﬁrsm f §ésm85@é‘a]z fé?""’f ¥R ?@8@&@?%3% feit gf’guse
rate of hi odtamedr 5t Gal whdGotRdrdfaghiasay fiohf @ udiBdle, WiIBESmhPE:

upsanpl ed signal to pass only a highband portion. The t'Wo passband
signal s ar STPRERNISQPHREE & BaHSFRdpdatimrpmispelen signal S110. In some
i npl enment ati ons of decoder B100, filter bank B120 is configured to

produce a Wap@if) edverlafpiak of élﬂjbﬁﬂua BBRS E’@fﬁgotﬁ 'bgz'ﬂéiln oP T afld Bt fiGh1R
or nore wei ghts recei ved and/ or cal cul at ed band decoder "B200.

A conf i gur dhitgaaydead tolfewer ydiie Bfaotstiegduced @}mmge@ldﬁ@raée&sn@ﬁcqahb
band f
passban S'%@k%g%@ﬁ%aﬁ@w oBhaL %gorewe@otﬁ§kocﬁzg°&f19e?é32§e dabrbbBiR

110, 130, 1 be 1 enente as a finite-1npu sponse
(FIR) filt eancoder aéQ&(lfor wfemplet,e wavpiohmeedﬂ)sm@md@pMlﬂﬂ)lcrﬁsmslmglrcqua'ﬂw
frequency r Spons ilters nnetr iC

or i soi m VRO R Eso B SRLY of by PEE P el o P A RO R B

passband. Ldskesdizan tktelpesfeﬁ@q:tfeﬂaggnm&ﬁpms £k oth eaeq@esvidibg s wridpor

beaeh SRl Rl e e S £

strictly nqg@g%eyrg%n | owpass filter 110 to have the sane response

as | owpass filter 0, and for WD 2006/ 107839PCT/ US2006/ 012233 11

K, [00075] Moreover, overlapping of subbands allows a smooth blending of lowband and

highband that may lead to fewer audible artifacts, reduced aliasing, and/or a less
noticeable transition from one band to the other. Such a feature may be especially
desirable for an implementation in which narrowband encoder A120 and highband
encoder A200 operate according to different coding methodologies. For example,
different coding technigques may produce signals that sound quite different. A coder that
encodes a spectral envelope in the form of codebook indices may produce a signal
having a different sound than a coder that encodes the amplitude spectrum instead. A
time-domain coder (e.g., 2 pulse-code-modulation or PCM coder) may produce a signal
having a different sound than a frequency-domain coder. A coder that encodes a signal

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



hi ghpass filter 130 to have the sane response as highpass filter 180.
In one exanple, the two filter pairs 110, 130 and 160, 180 are
quadr at ur e ™R ZHO7PY | t er (QVF) banks, with filter pair BOKUS2HEH12233
havi ng the sane coefficients as fllter1:pa|r 160, 180. [00069] In a
typi cal exanple, |lowpass filter 110 has a passband that includes the
limted PSpidduesgeged hﬁﬂﬂg 8diifdrdriz squmd than aldoderhRar@négdesm Bighsl withkdty a
FI GURES 4a_and 4b. sh reI attrl ve Eﬁand dt hs_ of V\A%gband sz&gech si gnal
i & stenal

SIO, nar r ofBEFEERGH 3l qRY ?ﬂﬂle’éﬁhﬁtr%f’o di fferent

i mpl enent atdp@é‘&@ﬁta@éﬁﬁdfﬁis@ﬁavefo&nbxﬁyfbréﬁucé Qﬁﬁﬁpﬁ@faﬁinﬁw @f‘fcr@ﬁ%@m&tﬁm that
wi deband speech signal 510 has a sanpling rate of

(r epresent FRE § ?I@Efﬁl’élﬁ]c‘if’d% P SPrrRageswising Rltar h%ﬁvﬁ%@éfpdf%@m?@ TeRiqustE |

and nar r owRaned heNalapPiRl siibind HAMRhd RnH8hGt 8 %@b@;fﬁ ting
frequency corrponentsavmt |Sn t he r%nige of n0 t‘g ﬁz %g'%c]%ﬁ?% t he
exanpl e of mmmmeenttmbmsmtmlsynhefsnzcémdebmmm bet ween the two
subbands. A hi ghband signal 530 as shown in this exanple may be

obt ai ned u

ctch o casS0FEF AMGRERGRIE fil Binit Bt oI ANEpidt Ghabbliy ' 1,

by downsar rsbdnsgs arh eftén tsed e shbbanghiathniyues sheicfilars of uwwtablSietnt dmst

operation red

conput ati onéﬂdfql c@nﬁ%ﬁe??@f%ﬁ?%# %1 men%hg% eseg‘fnngdégrgfnat @ﬁ@ﬂﬁeﬁ%gk at

signal, wi tHe emm/der isfmnhg&sd)m’tdeaﬁﬁnﬁmgr}dfxdamﬂegr& sihdiasinnget Bicakkeled inlthis Hz

WIthOUt Ioss of fo 71 e alternatlve exanpl e of
F(GURE. 4b, SomaPeria QRIS e Qeeneerr S S AR gAcasts ) BO0Fer | a,

such t hat ta ;?] 160 R 2 bpplichtidroin 4viidizthé Sighlte Sontstadabiichobfosibpand

si gnal s. band S|qnal S30 as in this_exanpl be obt ai ned

using a m f?&%@ﬂ?ﬁﬂv% rihe Bigerhanks, as the gistoinn may I@dg:e7t¥¢ effectivengssefdhe a
case, it W&was%nééﬁm@ﬁbﬁe&yo Fo? 1é Q?plﬁﬁﬁ&ls'd@ﬂ:ﬁb@& Rerbf lxclh&y Gody

downsanpling the filtered signal actor of 16/ Such
oper at i on, mﬁﬁ@hntmsmn@mtp@@em@ a& VeHilaw bidmatesy Ase@imee@h@e of the

i gnal - 1Y ASTBRERYE oY a@pocdtiolEls IRERREAAPRIRLAN Ml b 0%
kHIZeWIhE) E?gt%mom&inpﬁgﬂ: %%ndBtggdg?ucb@l&@ﬁ&] of IMHE fﬂtypbanﬁ!(;: mhagigded fo { e
i cr ophone SR asng 2ol Sis T efe Onml e RS o d et e

response Oyeds (&.Iggofzérqqu@?ﬁormamﬁfeﬂcbﬁsf@lriz;mlzm t he exanpl e of
FI GURE 4b, the portion of w deband speech signal S10 between 7 and 8

encoded i IR OERoRAl & dfPaay i sRT oo PR ST PELF BN ot
passbands géreept@aly 6hmifldizo SRR@riginat SgiditBut which actually differs significantly from
' the original signal. For example, a coder that derives the highband excitation from the
o narrowband residual as described herein may produce such a signal, as the actual
highband residual may be completely absent from the decoded signal. Use of QMF
filter banks in such applications may lead to a significant degree of distortion caused by

nncanceled aliasing.

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



[ 00073] In sone inplenentations, providing an overlap between
subbands as in the exanple of FIGURE 4b allows for the use of a

| owpass an¥/OAARFPhpass filter having a smooth rol | of FCHULLOG 02233
over |l apped region. Such filters are typ#cally easier to design, |ess
conput ational 'y conplex, and/or introduce |less delay than filters

W t h shar pancareledslimicgwabirs. Faspensksdistbitioheraicdadimnye Sdhtdrpf a

transition regqgions t nd t have hi gher s l.obe i ch may, cause
abasi ng) t Hﬁﬁgﬁﬂﬁ ‘?Tg t té?lwﬁ)‘?ngbe”rndtﬂgf 3’ g%BtWPIFB jeeiongble
Filters ha\thd?lgilﬁ&%bﬁtﬂaﬁ aé&téﬁe@flarf Q13k 8NGe IBMalak 50 ahdve 1189 | npul se
responses which may cause ringing artifacts. For filter bank

i npl enent a ng one or nore DR fjilters, allowng for a snooth
rol | of f ovéb“@ﬁb%@i"r%ﬁﬁﬁ@@m%ﬁ ?nfiﬁ%wfoféﬁ%ﬂ‘efﬂmé’a@see@mcriyreilalt@(bi?o or
filters m%@aﬁ&ﬁ&%h@l&vﬂaﬁﬂ%ﬂ?ﬁig%ﬁ pathpa@ﬁxke bHﬁl{stAﬂ'O ﬁhelzw’[aj 8@
belrrportant to ensure a stable fixed- 0|nt | enent at1 on 61 %
Over | appi ngowiguseshipdavissperirothst ae gmpi@miymnéqiﬁgggaa@ffmmmgﬂmgnf
ghband t halyd b LGl Onfetiiihe FIOLLS il chBhanbLAUEEE ANLAR N e

and/or a less noticeable transition from one
Mor eover, tphit @ﬁ)dlmcigtbefffeqcsremgsporﬁse oéthe bighdart @irer detegps tN-Z204E frpto the

exanpl e, a way th increas fre . For
exanpl e, C(?amnat %ﬁﬁ’??’e& BI{CHXGSR%SBS%LSAW%%SS& %‘3‘31’ %@%c VAHOUS oy
bit rates, eﬁﬁmﬂes @ﬂﬁlmrbmmﬂeqummm ahis bealegraipas fogl £eundl200 $12GH
cases, providi er f.th ubba increase the guality
of reproduégamagé%ﬁ ?FX*Q %Eﬁg §0qsﬁqa5 %ﬁgﬁlwﬁsﬁe%mﬁﬂaﬁeoms]
MoT eover, @MasdfFmvEs daamgtemﬁm § afdl b&¥Epral SHBGRhIEsE! Bk rp&rcfema{ owband
and hi ghband that may lead to fewer_ audible artifacts, reduced

al i asi ng, &NGFRF a%th@S%leﬂélP?V@e%Péﬂfiaﬁ)aﬁf\%fpw%?@@fﬂ?om one band to the
other. Such a feature nmay be especially desirable for an

i npl ement afoopso] M A SAARAESI0YPRGARAE BHG bafk &Qms&ﬂy&y Bihap defsigoder
A200 operate according to different coding nethodol ogi es. For

exanpl e, dioperaiianstas dbairaigd t@@ﬁ{%‘é@a angyAbpn evarabstegegn dbsexample. sound
quite diff SIGDke 48 sHORSE boBRkiaBREP I%ﬁ.%ﬁt%ﬁ&l APDVE ARCLLIL ADO 4" ™
of codebook 1 ndices nmay producé S|gnaF aving a differen sounJ

t han a coderriothmsta femimdés%qﬂfvaleamﬂmglmda fﬂpaug anmdavmsampm;g olverations

t1 me- donmai r.(e.q. sec ation

o otuee . SfRs S S fuermdtalth, S8aR80%, TRGHME B Qhe SRR SRSl BY

coder . IA Cﬁdplrameﬂitaﬂiorﬂnﬁpﬂe&s&r & m@g apd/bhmay SR &ﬁ@ﬁf&ltmdmnﬂfblédk@ of
spectra ve ecorres ondi ng resi nal ma

2006/ 107838‘?&?[?% $34mple, nefiogpl %qk*ﬂaﬂgﬁwje%%ﬁeﬁf)@?éhﬂ
sound t han o?erﬁt‘ilﬁ@ lof Bé%a@iﬁ@qam 1 98 @maitdid B 7(1&&%@%@@{&%@‘@@ 4on
of the spec envel ope. A coder that_ encodes a signal as

r épr esent atii® ﬁpeeFalurﬁ\scr%é%ﬂrra#% m@ybeammteé@ymlﬁmmﬁém ﬁi@ﬂaéWﬂh the
different ?&%Bﬁ hﬁ 3 e%g%uep r?]ell "SJNH(%'S%Q,'&HQS alfe g [%fé\%l%’]eﬁs Ch a%3S5Re

using filters aV|ng S tlon regrons

nonover | apppagalstigiagdseraiun heglst ipldamenadras plovgids filkdreopligiatd b shape
not i ceabl e trans tion, be t he %E)P_bands in the synthesized

wi deband s#&r?éﬁ“a %FIPHBWHH PPE¥r banks havi ng
conpl enentary overlapplng frequency responses are often used in
subband t e¢d0OBL] Eds nGRIE thaf &d 4 @hSeRE e Wi sga@aﬁrefv&éal @peraB@S thesome of

t he wi deband codi ng. i ppl enent ati ons de cribed herein filter
bank at théPeéH%&égigﬁléar@owabﬁ%"% TRVSISE e%lebéw&leg'i QRSFAOBHIH %;/F@&P@é apg

al i asi ng te@&esp&xd@@g&eb&&m{} Hefaenﬁgﬁe&éceeaﬂfg E@@(}L‘?ﬂﬁ %%h%mk at the

decoder. Such an arrangenent nmay not be appropriate
appl i cati onXQIﬁﬁnvmz@hratqarék@D@ﬁdbscnh@dheselenw@nptﬁnf@umd tapodnce ohighband

d d h
of oot | vengeg i TRt SO AR e IR A Spe B MReto e D" il




[ 00078] The anpunt of distortion caused by Qv 9 aliasing nay be
reduced if the affected subband is narrow, as the effect of the
aliasing i P18 0 a bandwi dth equal to the wi dth oPCHHE208UHRRAA.
For exanpl es as descri bed herein in whitzgh each subband i ncl udes about
hal f of the w deband bandw dth, however, distortion caused by
uncancel ed [600823 im@tmﬁﬁdjsham adloch dibpgimi 6f adniplep@entatiof BiDe offighabnk

The qualit the naI | so. be affecte e. location of the
f requency ty%?%éﬂ?%g? ﬁuﬁ n \?@“@6’6%9%(‘)‘??@5’%&#{5%%@5@@ %&%‘3@ 14

uncancel ed opkiaf6AsNBingGGHfiss oﬁm&m@meﬁlr@sm@hﬁg Qhll bﬁh@r s;se@ﬁioﬁsi Figef bane
center of a w deband speech signal (e bet ween 3 and 4 kHz) may be

nmuch nore &bj24 éw%aw@cwﬂa{ﬁvm% pa?rﬁm@wnttbﬁdvgl&@e% fhgt eyemsesasimdge of
the signal o&:@raﬂon aﬁﬁ%ﬁ’n&i k’tngr'{ééﬁm?ieoﬂqa7fﬂler Whid tﬁéﬁc&@é@%seﬁsfﬂﬁ; Rer €

filters of filter e strictl related to one anot
the | O\Aband‘ﬂd dImthgqmatmlq@&tcmpleﬁﬂfqr bméfrBl%rﬂkS@ ipcludes anteh B2 imthe be

The. over | afoy vaCare PRESHRd tndlch SQIRSHBE he HiAE aTin AR HboMICT,

subbands asuthiltets st aptenal amﬁmetehaoptmi intIuded. Vithe é'htehhﬁpgﬁhcemne‘mXSTEMS

uhi ch the. PAERaCRE ARELRERaE 4TS AR SERRCHMANA R PN D, O

hi vari ous hewaifl Ago@by Dottt 05053 Kindihd&} sdadibadl dBEZBtion MAHi@vartatng
ranges from around 200 Hz to around, 1 kHz. The %%&3 of about 400 to

about 600 B TETRRPSPERiaRsmts of Ragiian BnRlemenigiops P

efﬁﬁ ci ency aﬁ&%@ﬁ%ﬂéﬁﬁlﬁk’ﬁ&e%@é@ﬂﬁ%ﬁb lBreREe Particul ar exarrpl e as
nmenti oned above, the overlap is aroung 500 Hz. [00080] It may be
desirable to mi)l ement filter bank Al112 and/or B122 to perfqorm

oper at i ons (%083} |Negiorherdiencrden A JResimplereiedascordingdg @ saipresfiligianodeor
exanmpl e, FI ﬁ#@#coﬁ@s &b ﬂ'gét &hebliPGlnAl hs'i@f)aa@bﬂ;f pﬁﬁmiefgi’é &@?ﬁgs&ﬁﬂe%l&} g of

filter bank Al11l2 that rfornms a functional "equi val ent of highpass
filtering éﬁhard@wﬁsmmgth@b@m@s iheriissquibed flter tg praduce fynthesized

i nterpol ati Cﬁﬁ% an
i npl enment atr?dg?]dl{r?ggﬁ e tg)%géﬁg%dsl gn an 9&&%5%%%{4%;}1?@5%%&%@
functi onal ebchp@of(afspd:ang lsrgnalnd]horpemi(sdEt chuoacterica rlﬂpk egectrhie:nsdnm
functional bl ock may be u dto erformt erati of decimation
to 14 ki ARSRECIREETEOf e ropubeb Rt R e C R Bke e oo S8 1
rever sal Oreﬁé@telaoﬁams EurieipEaMme @ turbys aek bf prpthérgestshich Sifiieal with
the function el! or the sequence (-1)fl, whose val ues alternate

bet ween +1 8#fdicients: The spectral shaping operation may be inpl ement ed
as a lowpass filter configured to shape the signal to obtain a

desired ovep@isd) FRIGURE 5t0:pR8 SR exz{Jﬁ}]QQBﬂd basic sorcofilltetarthgimas aﬁapphed
consequence of the spectral reversal operation, the spectrum of

hi{ghband sitgAedingaighe spepiselsnyelepe o maget b epks2h AFhealsTRE ncoder

and corr espaRdiAg 2 8GR YeknidRYs Mg GaRkias @ﬁltéf%ﬂééﬂ:bﬁ‘cﬂhg’to e gpe@aqarml e,
hi ghband excitation generator A300 as describ hérei n” may

conf i gur ed spenduvetapesical diitigneniypically 2P meseslom ‘gh@qmg f8liez @ﬁlﬁmle‘ém o has
a spectral 'a}éal&ﬁé’&f Erggcéo%ré}}or filter) configured according to those filter parameters

removes the spectral envelope to spectrally flatten the signal. The resulting whitened

signal (also called a residual) has less energy and thus less variance and is easier to
encode than the original speech signal. Errors resulting from coding of the residual
signal may also be spread more evenly over the spectrum. The filter parameters and
residual are typically quantized for efficient transmission over the channel. At the
decoder, a synthesis filter configured according to the filter parameters is excited by a

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



WD 2006/ 107839PCT/ US2006/ 012233 15 [00082] FI GURE 4d shows a bl ock

di agram of an i enentati on B124 of filter bank B122 that perforns a
f uncti onal W&@P%ﬁ%t of upsanpling and hi ghpass filterPREURIYHLISNns
using a series of interpolation, resampki ng, and ot her operations.
Filter bank B124 includes a spectral reversal operation in the

hi ghband t hatnd. éflersgrthests Bltarid @ypicaibesatipond ashave biansfedfunétivn thaagmpee,
ina filter._ bank .of the,epcoder fs ch_as f| ter bank Al114. In this
particul ar 1%ggmfgl1 e tranpfep o ot Y(h%‘?”é’%g &1 udes notch filters in

t he | owband and hi ghband that attenuate a conponent of the signal at
7100 Hz, al[00088YIFISURE 6 siloine ableukaiigpirh onabasayichpieedtaioh Aezionc! uded.

The Pat ent cation MVETHQODS, ., AND APPARATUS FCR SPRECH
SI GNAL FI LT@%BW@ %fqnf’%‘%ff %ggﬁ\f/ks this AR rAdinepoRIRASITEEERE, (LF ) padis
addi ti onal Hemeddplensticate sﬁe&m &ifvel o?!a 8t ﬁe@ﬂa\ﬂbﬁn& nd 82R0836 5 Phet Bt BARPL S
of particular inplenmentations of banks and B120, and this

mat eri al | $refigtioplPeasfisinni g wefﬁeneaﬁs eﬁ@eaﬂ-poig@@srj llﬁé&)b olseanalysis
encoder Al i t
R e R s i
descri be a newlseieof caefflicieB)s baimge:xlchlab:ﬁifmasﬁ Gaat. Theafrarde parisl is gencrally a
descri bed fiIt r to uce theS| epr tion of the in
speech si gr?g?o kel ﬁ%hgg e&%er?%‘ﬁg é?l%ﬁaqg' i%t{orngliy 8?‘FV of a
speech si grakmplE mmﬂkgcbﬁmmemm tOEIGOE&mphis st asqalﬁfphg@?teameﬂwe In
represent resonan vocal fract e called forma Most
poteh Codehe Conand P mebi e (035 B it paIats f st oo
of " par anet ebeffiskaid t@ShdrididrRe tiedBihir beithfe of G0N 88 ImiftisE3InE fakhes MAWS an
exanpl e of a basic source-filter arrangerrent as applied to coding of

the spect r &lsogeedhle primmiement ismabiels Bogpalro oeess fiv ipw sigapleas poemissof
cal cul ates o%ﬁﬁ? frR;ameters that characterize a filter

correspondi ng t e speech sound over a period of time (typically 20
nsec). A whitenin rﬁ?@fl |ter (also called an analysis or prediction

error filtdP9086hfegnplzes a@é@ipmaﬂ@etc@nﬁg%@éomlwh@m Aresch fsarpw es
the spectr £ i ng
whi t ened s%rﬁgcﬁy ?%’ﬁg ga%@f'?@g?g %@gga%%%s ?Zd ‘gir?llg!r)\ailn-gan%&i%ﬁ #OE
| ess vari amemplnoh Hamearsyg wimdow). eftecdelysib amay ke be perfjomztt ospreewindow
signal. FErr fromcodi ng,0f the resi nal .may al so
e opr ead 10 BERHG B4R ABo et Vot | R pRrHhaFE and
resi dual arsgmmmo((algl §-2Qifamich zied 1ff1ﬁcrlu®fsfﬂie(ﬂ efilisecoail Smirediacly afek ahde
channel . At _t S hesis filter d .accordi 0
Che 1111 er o5 Qrobaneriond SETELE BYPesigra [hAbet LR EC e SR 1 o
produce a SyRiRsiHES oV@E SteastiRd friRe). X PO adalTsReA6dule MBypicall
2006/ 107839PCT1US2006/ 0122 @é o Wepioally
Q configured to calculate the LP f11ter coefficients using a Levinson-Durbin recursion or
"' the Leroux-Gueguen algorithm. In another implementation, the analysis module may be
configured to calculate a set of cepstral coefficients for each frame instead of a set of LP

filter coefficients.

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

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



sound. The synthesis filter is typically configured to have a
transfer function that is the inverse of the transfer function of the
whi t eni ng P9 1%8¢¥197$380085] FI GURE 6 shows a bl ock di agr aR¢BFS24064422333
i npl enentation Al 22 of narrowband encoder Al 20. In this exanple, a
| i near prediction coding (LPC) anal ysis nodul e 210 encodes the
spectral erilet epgfigéntnarhdebanc: cbffitfntsPRG-a6-ati6 ehlued; ithinft®@ake spectral
prediction L_Pz ﬁﬁgff'.ci ents Sﬁe}. g_ . coefficients of an all. - %)ol e
filter 1/ AP USkpeand{mmytence speeHpbirGapsnaien (SFsyriudsae ysadin el
signal as GEPal Sfstedd f_o@w&@&wmﬁ;ﬁ%%ﬁR—W&Bt(ﬁdépﬂ%%Mﬁﬁiat&f _
coefficients being calculated for each frame. The frame period is
general | y Visebandycesizer THpiraly a trslorgbatwesn g sepeof ERFter eebfficierieand a

| ocal |y st at,i . e ] 1) L j nt
o 360" samep LeiBhatne BRS¢ ESRTRACEAATP! G pibdinfic bisd AN SpRAMIRS
anal ysi s nodebededd130sinedndh the treabierm is abiaveasibleavigent afort en LP filter
coefficients to characterize the fornant structure of each

20-m | lise r . ! S| . i nal vsi s
wodul e to foORs @ftacrzab b ErBPPRN b Goerhl (B AIE R TESANR Y2
[ 00086] Theodlifiaieyiiepresmtition), may ndreowhand eguded 122 iaoalfigredith eutpartht es

of each frape,di.rectly.. or the sanples be wei dfirst .
according to% O&ﬁﬁﬁ%ﬁé%ﬁpﬂﬁﬁﬁ]e "?Wg@dgﬁ‘éﬁgg@etgg%}&nﬁ.}@ MATRETGE
The anal ysitgpitaily indlsdes hereqor fidntirg oY eicodesthOBput $Rek aé S Indé:0R", t han
the frame, such ag a 30-nsec w glggvsg This wi ndow may be symmetric
(é.g. 5-20- BICPARHDE KOs Py Lt CPgEL8ok | | i seconds i mredi atel y
before and after the 20-millisecond frane) or asymetric (e.g. 10-20,
such that i[00088T |Askesn inEIGIURR 6, MarrbwbindsacaiRes 197 akd gerlRff6ete8ual
frame). An LPC analysis nodule is tégi cally configured to calcul ate

the LP fil tipaliydmsiies parvhzed signal Speheaegin whitming filise 264 (2 called #9e
Ler oux- CuegHARsiabGREAERA erld? FARO LR doARLEER Mcaldi o thd '8 g{e@afsi S

nodul e may be’ configured to calculate a set of cepstral c Icients
for each fcasfcienis: &utisafarticulas exaple.pviiitening fillen(f0Fis snplamented GCOBR]
The out put . d~si.ani-flca aW th
rotati vely T2t B TECH Rt Sl by Aub SEHER” bR B L e
filter par dymptatlysonteinpeaeppabylindriant ififormetionadelid speechrfraneq kiech as long-

difficult to quantize.efflici.ent .and are usyal | i nt o anot her
repr esent aitqrgﬂsft'rugﬁg%eg g %Ch%‘ % p%%ttlﬁ 3& rﬁ%stfeEf%%i E%E%TOWB& %H@ RAFAISIGTS |
frequenci es40L Quantizef DT0 if vadTiduzalith @lcdl g AQaRHbd EpYesOREIR d¥dhis tidukie
exanple of FIGJRE 6, LP filter coefficient-to-LSF transform 220

t r ansf or s StRE 18BQUIBH 2p prgoded parrQiiand pxoiatiarssignal 895G R ACYARINET ng set

of LSFs. 2119 BRDbRs QREcthb CRABRRR it bRB&esQhe inPut Wlor as an index to a
2006/ 107839PCT/ US2006/ 01223317 filter coefficrents include parcor

cad éf fi ci encemrespaRfling weiqreniry inatableor codehpele ahtenatively sush as@antizer may

| SPs); angl.i.Qm t L ; , I in
the G ( G5 oAb St flord PRAHAREIASS, bich e volioh iy R Berdpih
Mul ti r at eWdshednzingl)y at detadecodey prthat thyn wirieved bwrstriyst seian sparsetodebodkP
filter coeffici.ents and.a.corr ondi n et of LSES.Ii r.si.bl e
put - emboa RS 2 an FiePaRE T BRIt e o athuts CRL SRR B on
t he transf exdnatisn Hdar pRdRSH N colidel outh a6 BGOP2 (THRO8S]erdda Phitd2ship 30

is configu uant i ze the set of narrowband LSPs (or other
coef fici enﬁs%&é’gé‘?ﬂeglt\{zaﬁ‘ﬁ}ﬂ? RateCHi5Fr owband encoder Al 22 is

configured to output the result of this quantization as the

nar r owband [GG0DOE Nt ip aéskaBleEbiSnaprdbarRligitoder M1A0td Zkrate/tBb 6Adolyd | ncl udes
a vector quantizer that encodes the input vector as an index to a

cor r espondPRECHRAEE SXCIBHPR §iEnH a5cqraiBe & BF sawRibling Riameter values that will be

available to the corresponding narrowband decoder. In this manner, the resulting
encoded narrowband excitation signal may already account to some extent for

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



[ 00089] As seen in FIGURE 6, narrowband encoder Al 22 al so generates a
resi dual signal by passing narrowband signal 520 through a whitening
filter 260 %g%(%ggled an anal ysis or prediction errorPQVpﬁﬁwynfﬁét
is configured according to the set of fiélter coefficients. In this
particul ar exanple, whitening filter 260 is inplenented as a FIR
filter, al tdrowmble tORougvkete mhilchiog Slterapinglteosae cosfitienTinlaesiies wdll aé

signal wll Y. a Rt ua I or for

the. speech ¥ HHBlE TR iekeE kst PR R Bl o ohOPRET ATRL o) P h T hop
i's not replimeewigeshtizar wdaquhaizeh fardolveinduaimgaiatnsetdrd 040, Dsathil Fefiltet 70
IS conflgureﬁgto cal c Ialtgs a %Uﬁ@tiz d reﬁresegtation of this

resi dual si“gHaFeR'or FB 0 Znapg e depuding 47 @%R@FQSH?]?%‘?%%’F@%
S50. Such glgr@REidas, bydigadet ¥f doBEICHEARSs aseu@&&&fﬁ gaARiteh Yy fHRA%60 to
encodes the input vector as an index to a corresponding vector entry

in a tabl e BeperaipHisrpvnual pigndthaids %F‘}Zed%&Harélz i zer may be
configured to send one or nore paranetersfromwhich the vector may be

gener ated qoupon] @ahlemgrenteh@nsﬁsca%ﬁewmafaﬁéodem@zé &E'&bﬁﬁﬁﬂecﬁﬁom

storage, as in a sparse codebook nethod Is used in
codi ng sché&Ng@a®easpdsd nareebandiescitpippsigna) ééB bzzs kde@n&mnmne@mmg adeirof

di ct hi 2
PURC ( Enhasodo Aiess iabinh: Aciine o bl shin ar 1PH Bble8 b b B P 2
nar r owband hemewehed epd@igr MZ@maE rigd be hﬂh{éeremwgctaha}atem@anmedxm tation

nal acc r values . that. wll
aa bl gornRald ot SR b uRBL AT asi@r g Pt gpabror
the result Bm:gn;ﬂegmadedvbam’remm&mmzemﬂnaboﬁtgusedgnaxbe mﬂlm‘taérbé&ﬁﬂ,ebook
account to_sqne. extent for nonidea tle met er val ues,
uch as qu g %P]E é({ g%lﬁraéq, éqﬁesp d L Eﬁlv S}glalfﬁz COI' 1ng o acurrerlit set Of
S ‘ﬂ@&’b”vr

2006/ 10783 %6 %akb‘i’a&a@j @i aﬁs%lel;&he 86deb6dM Weciod a0Fihicd Wi thd1gendiitddRitingD

filter using the sane coeffjicjient values that will be avarl abl e at
t he decodeftat pest prichenibe erigipalaarewdindsigngliaso iy aperosptuahy welghisdF| GURE
6, inversegghantizer 240 dequantizes narrowband codi ng paraneters
840, LSF-to-LP filter coefficient transform 250 maps the resulting
val ues back to a corres ondi ng)é@et of LP filter coefficients, and

this set of00982F ﬂ%ﬂ@ﬁt sshows gdiaskidingeanel apimplementadian B4 17 pf Ragiowpewt t o

generate t |
P 00001] *Somg e e e 10 B A e R el B0
conf i gur edthiacasalte alkseitod Lels) detiL iz ta-bRVEientoefivienbtransforsi 3P0 dtangbindy

identifyin o[ S es the
resi dual sig.‘g;f%% %?r}?%%%taorﬁq by Qéeﬁ%%n?‘g&g(etx % fe\’h‘{%ts'rdrt% dgger?c%g"erre A5
may al so be innm’seeq!mntlmi 240 and iransfoine258 of nandwizmad enideeA e2R)aliverse Of

t he residual si wi t hgut act ual | r.ati t he resi dual al
For exanpl uartiafl AR B HeP Ao Bt P Fepaia oatad
nunber of eRARREOKYLEEOr Baded cHERERIA: QodEiEMS BRNAHrAEY baN D EASEIidAREnal
signals (e. according to a current set of filter paraneters), and

to sel ect iﬂg% r@ﬁa‘éb@tsiksw@e%léFrlt@rs?é@éwgh@&ewwwh@éd@éﬁ@rsgpeép ahenal

t hat best hes defn I
per cept ual I%J}%\‘S/eﬁﬁ%t ed %%#rxgl:lér%% fﬂ%g%%dz)i}é@ u%éEdgg géeﬁgg\/\lgy %HAB?Iomﬁowdb aagr am

of an i npl exastatiert $igmpl BEQZCQwrdlnatcrtbwmwuze@ﬁae:rcosﬁmantSItmpmdgee

dace, (o aNRpAEAY RS0, ALRAARS et RO BRI Rl £ o
320 transf exdimtibhegnabB80 tothighkend ehcodbr A200, evhich@edsfit wi derivs thethighband

exanpl e, as descri.be ve.with reference tp inverse quanti 240
ona L1 ahst GHAEBGUABT SLAT AP YRS AP PG 0 A SRR ~ 340

dequant i ZegelB@! ARMRARAL BEDIEUR] 105hg R coBtgrédiol ?ﬁ'@ﬂ&@&idﬁldﬁﬂ FnfoMAARch

excitation signal S80. Based on the filter coefficients and
nar r owband taiEhtaad denedss B thagelaten ky the IERTEP 28 pighd syush p§ sheatral 80

pitch gain and lag, and speech mode.




WO 2006/ 107839PCT/ US2006/ 012233 19 [00093] The system of narrowband
encoder Alé/% Eﬁg narrowband decoder Bl112 is a basic exar’$ e of an
anal ysi s- by- ﬁ HESP s speech codec. Codebook excitati ont ¢}/ p6/012233
predi ction (CELP) coding is one popul at9fam |y of

anal ysi s- by-synthesi s codi ng, and inplenentati ons of such coders may
per f or m wav@F083 I Tin st gf wrraviand QSJOGQIEHJ,Q’QI and haldw\mlgmduﬂetodapBl Hikans

as sel ecti n i xed. and ad error

M ni ni zat i %ﬁmg%{eﬁ%ﬁ[ J(J)fﬁaz.l afngl&(gjlnf v "Sﬁmp%séspﬁpﬁ%ﬁ C\?/g?cg h‘f §°°g‘peé‘P 13t0g jigear

Q her i npl enelivtiah (OBEP)fodaipds ysd 150'pr1' &y&ﬂlyhﬁ%hayﬁﬂﬁy—@glth@@d@dﬁlgn&ﬂﬂed
excitati on.I i hear predi,.ction é al gebraic CELP (ACELP),

rel axation® Ee’@tﬁ}gle’-‘;)fsu@e‘ﬁd gm lPIE’%c b YRSt Firodinpef theggidual.pul se

CELP (MPH) inchitihg/@6h Sper@itis X Sd1ERn bf 88ALs IR Bkéd M hdb od&)ooks
codi ng. Rel ated coding nmet hods include nulti-band excitation

and pr ot ot FHEr RiNjEzstion ensraliops| aatioppereaping weigHiiRgopemtiong| @ﬁlebf

T e e G L L
( GSM 06. 10)predighion KVMESES ai@bmnﬁELlék@CEbED telaxation GEBHI(RCEDR), (42ELP) ;

E Ihﬁt (C;S nMa'ta |n g 1987%!; E%lec ogrirln%g ke lg%ﬁse@n@a%n é‘%ggoi'fﬁlg%ﬁlﬁi}% H@PE?TZQ

Annex E cogeadictivhéVSELE) dmﬁergl ReBitaiudding JnefibHs dxmﬂi&kemtﬂ%ahcﬁcﬁ&ﬁudm

(o avR) G BRI R R e bie (D Reae, Breveb O e
( QUALCOM V|anélmslbjil@f1ﬂﬁé§ﬁ S s%%n c&i&l Q}chﬁé\ihe Emr(ﬁmm ’M&@ﬂﬁ{unﬁla%sand

corresponding .decoder Bll npl enent ed accordi ng to any

t hese tech §Fﬂ“€@‘ﬂ%§‘suwe)‘ﬁﬁ;\’[5‘ﬁ1¥@m %‘-‘15‘6%@51‘48&11% whichiieet @@*ﬂ“@\ﬁﬁ@iﬂﬁler
known or t ginbg pdeNelapRED P}, B@eﬁz@%ﬁéﬁ&ﬁ ﬁll@at%%@@é&"(E’i‘Sﬂ@%M 66 66}

set of pararreters that describe a filter and (B) an exclitatio |gnal

used to dr Ve (nkenatieself Telrsgmininication Ynicapttodaricl /s ey Hal .
00094] E f

spectral eouuRohErs f bl SR chAh ol 85456 TRUEE MM RREBE asern

of fine haschenie), ted GEkE aﬂagum;aulmm(GﬁMe@{z{E;Bcc&lebsz aﬁdbﬂle%ﬂ\é’@’cuﬂmnﬂﬁch

FI GURE 8a shows a9 t Frix of Si si gnal ,
ey bo SPOHaVBGR odten T A R B Sl fhodiee 5 soth s
a vowel . Tmanb@bmmwoﬁrmgbldﬁ@cbﬁdip@idﬁlgldécéd%tBlﬁ%ﬁaﬁ?b@lﬂlﬁﬂh&it@d ed to
pitch, and dlfferent v0|ced sounds spoken by the sane speake

have diff ePEFAdipSofRNOf depq eehnolegisyer 28y W&?PBE‘FIT W@ﬁﬁ%@@g&whﬂhw
FI GURE 8b ghows oftolbl MBvdonEal ﬂlaplleﬁlteséilfts @@e&m@hﬁasgmalgeﬁbf%afaﬁﬁte%&

signal that shows a sequence of pitch E ses 1n

2006/ 107839FchBR0fBPOM 2@3&12@&09@@@%@ fl ryduisterthe desprdbedditer &r speech

quality may, gdulcglﬁlre<§ g%“um ng one or nore paraneter values to
enicode chardcteristi s fie pitch structure. One inportant

characteristic of the pltch structure is the frequency of the first
har moni ¢ ( $00984k Evereeftaritiee Whitriénadfiltes has remquaskiby yoarsatspedival envelgpe faid vy

th T
nconed aofindindl shat OB, Hondl B8 HALAR AN bbol SRS Bl Yy
pitch | ag. edieeialpy fcrrhoica@speam CHCERH $eeshowrbepecahl Haimdloas exampddef i t ch
d and ded d
Canal s 1+ GTTEl S e 8Rey SE PRSP A ERgR TP £ PO PRREEht Shech
si gnal s fr qpwéiemak peshBakaicture {/i@&@%]tmé\eﬁmﬁjﬂé 1ss¢1gt@ako ﬁtw At Bffbisht C

relating to the pitch structure is period ICIfh‘é i ndi cates the
strengt h ofoicebsayadyansken &y the sarpe epeaker may hay ffe%trfegnaqt rEudEg BE t o

whi ch the signabitdrSsiefufRNIFGOREMBINA PRS- do;fl‘ﬁﬁ ﬁlmfgelsxarmé 68804 8
of periodicit re zero crossings and nornalized ‘autocorrelation
functions ¢ jgnabhat shaive iatsgquense ofipiich pdsdsimlticat ed by the pitch

gain, which is commonly encoded as a codebook gain (e.g., a quantized



[ 00097] Narrowband encoder Al 20 may include one or nore nodul es
configured to encode the |ong-term harnonic structure of narrowband
si gnal 520WOMEHEEH in FI GURE 9, one typical CELP par aBtHHPOMAN2FFEy
be used includes an open-|1oop LPC anal ygi s nodul e, which encodes the
short-term characteristics or coarse spectral envel ope, followed by a
cl osed- | 000005y -Coelinp gificicnaytandior speattyGiatityshagies inedehseh bensing @se bhe
fine pitch or. har m)pi C 1st rtucturde. The short-ﬁer, characteristics are
encoded as F9F PEAURERY T IR FPL ghajacieristpsofghs Bifchh sEHSPE. (s BPPEat ar o
encoded as chabttesstic@f tRYyIRACI&Se S6E fragueRty 6thé Akt BitehoRict @R 8RR the
For exanpl E’r‘ [%ar%o and encoder Al 20 may be confi Bnur d to out put

encoded na SRS Bhiclk isdirirallysn theangerad Gihte E%QHF-n'Ehiﬁdes one
or more codphakidied é‘ysfcal(lﬁe&odecﬁasftﬁn%(ﬁ%%@&iﬁd?&ﬁiﬁd&rﬁgﬁéﬁ fﬂ%g R, also
d al ues. el &t on

adaptive codebook indéx) and corresponding gain v

of this qu&RdedAbeipitddrssEin pitchdeg inflicatheths anmbetnd seimplesindualpitsh periid
(e.g., by gyapld %&% -1.Ng ch 1 ngi an

cal cul ating sg{gk%\%g?%ég%a ncodéﬁﬁ%éjg?%eﬁ(ﬁgé&%él%%h% ?cﬁéiggllr é(fér%r}a 4so

i ncl ude i ntspealers sanddn hafe larger pitch 1ggsahant sppehwizvath dom fevdalecdpeskpat at i on
may include calculating a difference between successive pitch pul ses.

Mbdel i f I - di | ed for. f
vor 1 e ponai 93038 it B ShEHGMNE TRna G (R RRR MR AT ang
unst r uct ur edhich iMBc2e0lE tRRPEOHTE hiBRH006 SHIAAB DA of ROWORE, tAB degree to

i npl enent at i, 0 f .narrowband decoder B11Q,accordjng, to a paragigm as
stfown i n Fi OSBRI L PR TR B Pi O BRE e

si gnal S80 zto chisginbamdl hemakiRd aBid0Gradtiafuidiond QUUCKSH! Pesddidi§itd also
(pitch or a%ﬁni C, St uc,ttg{e) [\}@s been restored. For exanple, such a
decoder nay® HEIAEHIYSUT BT 8o MRS cRIRReMh shepdek a3 ¢ eadeberkgagnisis-880
as a dequaq{lgﬂi@gdy@bﬁi,@ébc@f,om_ed narr owband excitation signal 850.
O course, it is also possible to inplement narrowband decoder 8110
such t hat ?@5 and decoder B200 perforns dequantization of encoded
nar r owband [0V dtarrsirbandenepdas s 20 anagiircinde 998 oF B\RFaRaddscqontismed o

si gnal 880 " aHR; LB 1 p oder
A100 accor g?({rloggg%q ]énépg?ggli (gm éﬁﬁgﬁ%\?\éﬁbi n F%%géq%%pﬁ%%hﬁiﬁ%“@ggoder

A200 may bEICURE|%onedpical CRlR paradighdhat sray baysgtindndistantopemlepd P8 as

duced b - ' ' ing..filt th
hords. nar ERUATAORL S BCLRARE Siolelilin oo e
nar r owband eevedepeafollowed by aalostdsiobp tpingaerch wadictier anARGH stagt, avtdcteaicodbisng

the long-termstructure. It is desirtahle, however, for highband _
encoder no8 1% BR et ot erin b Sub st ERRSIS ot e SHHd G

i Rf or mda_t | 0Bodftieientyianll tmogge@igwg&aﬁyﬁéﬁig Et?%ﬁ@bddg@@ﬁﬁgegg@%mﬁ?t&’@ s%d}‘;at
t e codl ng ar ters . oduce 1 g an encodaer may alreaay
adcount toagB‘FFz‘qEé&?@ﬁlp"F’cgﬁmnéqﬁf @égml% magowband gagoder A deQvaay bnconfigived; ¢
may be pretesapheniRied ?m@&b@aﬁﬁ eROGRIL LA /80 1Pa fo?ﬁqgé;tgédﬁfées BA¢ &%é\ﬂ@nd

excitation signal 880 fromthe sane paranetrized an quanti ze
encoded naf® idisgelersitd Bredspdabapk BEex ansl ancadaptivsisoddhpokintiekind

speech enc gﬁlcﬁ)%? 1R . i his nore
accurate cg céruS at| gaé%“?%lﬁ%t. ﬁ%%%ﬁggg%&gaé%grr Spb @B@%@?ﬁ? bed

bel ow. [ 00040®4Hand acbeiunl igndl ¢e. P araqmetigzes 2¥Pataydhandciekctizesichéndices
short-term and/or .l ong-term structur f .parrowband signal, 820,

nar r onband?® cE%a(l)c Z%nnﬁlsgﬁl YAlNFS), 8%%185 ogél?eﬁ%&f“é{m?}%ﬁ%@ S%d?"l?gq ate to
ot her char agérpolasén sf fiichpesiombanavestrg!) alhidhdPeraibe sRY URhide TalcWibiigda
may be sui }i&glé%x qﬁ%nti zed for outpu byM}g/i dleband speech encoder A100,
mey be inc °& eHgeR FHEosTale Biigitser) Moge g AfipePRg- ST AGugre may be
out put t ed 3RRAERER i¥med EAHRRARMIRNE AFRSicAZPOHBYhidh fsqy@@alg%ﬁgeq%%ﬂdt 0
cal cul at e hi ghband codi ng paraneters 860 according to oné or nore of

t hese addi tpdmaiurgdar aneters (e.g., after dequantization). At w deband



dequanti zation). Alternatively, highband decoder B200 may be
configured to receive (and possibly to dequantize) the paraneter
val ues di r 881 3006/1078890101] | n one exanpl e of additional nBECT/USWeHH2233
codi ng parameters, narrowband encoder A}20 produces val ues for
spectral tilt and speech node paraneters for each frame. Spectral

tilt rel at ¢godvs] tAiei zmontotﬁaémaaécoeee@t%cmﬁr tb B paRdERIRANd
and is typically re resent ed the quantized first ]g I on
coef fi ci entShO%fr“ 8r1@é!ct>e§eefm!1§ed tp hétpgp@mu@an@wmtgmmmb&&é@

with incr e@t?gﬂagnct ELI8ET00 aﬁgﬁtre @g%ﬁ&tﬁ@ ke b %%tﬁo% s&l?c%&fgjcrgatgm

is negatlve and nmay approac nvol ced soun ave
that is ei toherrebtored, Fsuc}ramtﬂratsudhmedebodastnaryé)hlcemigmw@afptn ﬁmfmtbancs
close to zer ner freq%ﬁgnm e uch t.hat. t he

Or

first refl ¢ 1ta618n81§3$l |agﬁt f %ﬁ%e v?fs of SACHYEY N ﬁXC_ll_ff'Elon signal
[ 000102] Spe&soh oumdﬁse( aisalse pbdsﬂnb 6QingleR@nmRE@bhittidezades B 100 etdheratt he
current fr%rr%ﬁre (? éaszgé ed of unvoi ced speech. This paraneter
may have a'tf S\ ae] ﬂ‘@nﬁ'f’a%roge?@ﬁ%?%“@ﬁmg@ﬁt%?rbi ty
(e.g., zer @1gﬁai®mltag§md%%%aﬁu&eham' sihnaPSWl, Or voice activity for
t he frarre such as a rel ation between such a neasure and a threshol d

val ue. ?@@r i,mpl ement ati ons,, the sgeech node paraneter. has one or
nore ot her PLdn e imp{gimeniationf pudehand ppegeh @CP%?Y(‘!’@OQ@C‘E%@R@F%M
noi se, Or RataliASisdhORn REFIEERE 91 hiSKiEad BN AMOA SR SPEESR fisured to receive

[ 000103] H ghband encoder A200 is configured to encode hi ghband si gnal
S30 .accor di lrfgiarfr@wsza@%orcaéuqn gigns} asediced by thg shcrreteémn@lams enwhiganinghi s

filter bei Py -Telelcls]

FIGLRE 10 ohsna o o R R e o e 3R e 1 pana
encoder A2@arro¥ibandi escmmsgualed htgilbpldcmioerr 4268 befara aatoding)thb dong-term
codi ng par hb ilt neters. 36 and
hi ghband g%ﬁé ctv[‘E lgg %ﬁ%%ﬁ%ﬁ%gﬁ(ﬁ’@@ﬁi%ﬁ)@%%@h Ko g@'é‘gﬁle
derives a higbbbad chxmiel ﬁi’e:sﬁlﬁe Sdacgﬂi@thtd lfo%ﬁ;itgoﬁ(; ﬂh@ﬁﬂrﬁ%&é&ﬁmﬁ@@ﬂt@%&bﬁmﬂ
excitation Si si s. nodul e 10 produ a set

par amet er \F‘ﬁ‘l’%@@%ﬁ%ﬁ“@ﬁg é‘é@f‘ﬁ%%ﬁﬁ@%@@fﬂrﬁ% &%@bé%en@f’g‘ﬁip&%and
si gnal 330.mdyhideitysachair t&wnﬁicx@éﬁ@f@h@n1d@dﬁﬁl&§’§t‘tﬁat@%ﬁﬁﬁloﬁ‘23fﬁud i may
configured to perform LPC anal ysis to produce a set of LP filter

coef fi ci entt§ Prederals éor highhad ercopergii9 el resprffrart regowbandrxgitatipnestimel i on
filter coefdsh@lofithe Eﬁné}gfxm&;éﬁ%& Q{dmréﬁ&u%@é}&t)géﬁgh%ﬁ@ : dxc Pt é;'napsb%tve

filter coefficients int®o a correspon set o ote
wi t h ref er &30 do boouipitlbysyideland apeeclﬂ@mowchltﬂﬁaﬁktﬁ oot @dvantegk pEihis

rodul ¢ A210,, V0, 2006/ JOTEAOPCHLLISEOPRLONRRES, 43, A0l Lamafor m 410

may be con ure sroicoerticre
coef fi ci entbslowand/ or coefficient representations (e.g., |SPs).
[600104]Cpant|zer 420 is configured to quantize the set of hrghband

LSFs (or o e e ti h, as. | SPs

i ohband ofSHeFRRAbEOER pal FRUGS Bl BlaBRit W ApaR g idros PR
quant i zat i gttu@sretohearbdvgiiund m@nﬁtl Szoeﬁmmbamaér&baer%t@a mayysbduge Gtamticz er
typically ingcl uges E vect or quantj zer that encodes he i ng)ut vect or

as an i ndeX?ugs Raislaede oHKa FhrjRSiaBhicy Ot dAT YL SL

which may be suitably quantized for output by wideband speech encoder A100, may be
included among the narrowband filter parameters S40 or outputted separately.
Highband encoder A200 may also be configured to calculate highband coding
parameters S60 according to one or more of these additional parameters (e.g., after
dequantization). At wideband speech decoder B100, highband decoder B200 may be

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



[ 000105] Hi ghband encoder A202 al so includes a synthesis filter A220
configured to produce a synthesized highband signal 5130 according to
hi ghband eXQ 14¢/1%##9si gnal S120 and the encoded spect r aPCEHS9DE@2233
(e.g., the set of LP filter coefficientg) produced by analysis nodul e
A210. Synthesis filter A220 is typlcally i npl enented as an DR filter,
al t hough Fldaqamhﬁmapt AlbaRsve gﬁ}hgﬁbfﬁﬂ dé@odé?ﬁd{ao By Be Qﬁ{ffgh{%ﬂlté‘fecelve
exanpl e, synthesis filter is inplenmented as a sixth-order [inear
aut or egr es SPHEDSFPEP de‘ﬂ‘{ﬂ)@%m@]emﬁﬁmé[ﬁbeig@ﬁ%ﬂ?actor cal cul ator A230
cal cul ates one or nore differences between the levels of the original

hi ghband sn[aewo1ﬁ§%n@%n§piasﬁﬁﬁwoﬁ@k ﬂh@@@ﬁﬁ%o&n@'}ﬁim&%@? 115190 hggl Ty a

gai n envel ope for frane. Quanti zer , e |np enent ed
as a vect oﬁnm@ﬁﬁlli(épmﬂh% vahjevipe speciia ﬁlﬁﬁﬂdtspﬁﬂéhmdcasramater&fdemmo a
correspondi th

Vol e or vafdael Skt Bfltilees b e LR B B s £RAU0L oM b i

A202 i s cortppicuilyeepresntrdthyube qlkmtrzedsf”nkttreﬂﬂcnbﬂnc&fﬁpiamt iFZbﬁmbﬂnfoii:sd

hi ghband galn 071 an i enentatl own in
i GRe 10 efhisn b Rictiml ogiey oo vl ks e ST vE PGS AR or
coef fi ci entrsfldctioncedtatiyaiisnépaaid & dA¥OappAacial 1. entaatunvickdugdEHva kI ONn
of hi ghband encoder A202 includes an |nverse quantizer, and inverse

transf or m CBATTGLEYS Fidherdieb duhthy the fstrllecsion coefigisrids Flosmiotrmpand
filter par %h@&seﬂé%gaa ?Bche Berchts SsubR @t By ikl fetiestidy éée%me%@?s o'sﬁlve
arranged to receive the decoded filter coefficients instead uch an
alfternati v éng mayigeieadit +hay support nore accurate cal cul ati on of the
galn_envelope by hi ghband gai n cal cul at or A230. [000108]In one
particul ar [oANR] HeeAbdShio mfyalv%mﬁ?g%ﬁo&mﬂldma&@%ﬁ&egﬁb@uﬁa{tmt or
A230 output a set of six LSFs and a set of five gain values per
frame, respeRresenis|vpiced gehnvoingd speeoR. dﬂban@a@merem@}' baveof bingre valse besband

signal S20 Jray e

frame. The eare?ﬁﬂ%ﬁﬂ?&%@ﬁsﬁ%@%m@%ﬂ *E 9§%%0§%£k@]@&#%%n?%hkm
2006/ 107839@(66/5@32@(1’6&%2@%& thes amiaﬂhoatbeMegm sdchequenticesd ashreshotdhat
hi ghband caodi ng at .a l order m roduce a si,gnal having.a
Conpar abi & TBlBY dBiotr HEtlarPT R e FRERRS 1 utvs 2 B ApER s
order. A t ypitgab iridiqateaibdds 3tichoas silénchog btk pbuedAGieE br AZRLsiteRYbebReen
configured to outgut 8 to 12 bits per frame for high-quality

r econst r uctsilEHFedRd Faiged et al envel ope and another 8 to 12 bits per
frame for high-quality reconstruction of the tenporal envelope. In

anot her parbesioB e gRtentRheder ARV S iconfigekd 16 eAeble hihbi Sorit §3¢  Of
ei ght LSFs per frame. [00Q109] Sone inplenentations of highband

encoder A200°UFBE &P BPTIRAdSh Hifldee Grcltivarer Bisdilieabrina based Arfhe

5120 by ge o} I gRelRRAY WhEGURNCY
o nponentsQ§%%EH§%m§M&%a §§3§9§?%ﬁ§ ?he no??gﬂgvyégﬁgggg%gdlngﬁto t he

ti me- donai nmehwn@pen 6207 af highlsad dnaodemd?005ha is ermfigbed anpirodites & seron
s1 gnal’ 580,01 g LONANY 3100k 830rmcitinl 8: G A GhaBeRROGHTRA N

may produce a equ unvol ¢ owever
be desi r ablhéghibewd gamn taetbrs B60bd 3ighthaod exaietomgmestaAs00sialdsy khghbanml C

and cons eq%%l Eah%n siag\ﬂael Ss.[%?ro%eénlcg édcna;':sr%\rw a(l:ntduexcitatlon signal S50. Analysis

module A210 produces a set of parameter values that characterize the spectral envelope

of highband signal $30. In this particular example, analysis module A210 is configured
to perform LPC analysis to produce a set of LP filter coefficients for each frame of
highband signal S30. Linear prediction filter coefficient-to-LSF transform 410
transforms the set of LP filter coefficients into a corresponding set of LSFs. As noted

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



[ 000110] H ghband excitation generator A300 is configured to generate
hi ghband excitation signal S120 by extending the spectrum of

nar r onbandéEx¥PYHI$38n signal S80 into the highband fregbEHES20peIBS3
FI GQURE 11 shows a bl ock di agram of an hgpl ementati on A302 of hi ghband
excitation generator A300. Inverse quantizer 450 is configured to

dequant i ze agopatifoiar 410Wha td wxhpirad iodide SiheP@efitdadht kas @ Q%ﬁﬁral
narr owband excitatjon si %eaf?%%o Spect rum ext ender A400

confi gur ed cp%h&egah@gi/gc ﬁfréalleﬁ%maélﬁ{‘%ﬁcﬁedsgﬁ)gnal 5160 based on
narrowband excitation signal 580. Conbiner 470 is configured to

conbi ne a r[mimthﬁ@aramrsaionﬂg_&@d Bldanty thoies 6f enanat 8Fs 4R0uRNd a

ti me-domai n envel ope cal cul at ed é envel ope cal cul ator 460 to produce

a nodul at e§OHEFER! EpRHraLatignAych Py aid higiband epqodes 4% cenfigtted to
har moni cal loyaxieRae of i an%o nggfgﬂ%g%agﬂﬁ?@ﬁﬁma %ﬁy&o to

produce hi ghband excitati Sl gnha ne exanple
spectrum e)qllefﬁt#elr typisaidy mslud@ﬂrﬁ Yeguor quiantiserpbatfeocaveaths eyt vedtorf a6 lad imigx

operation Lr nd excitation signal 580
to produce g?%o%ﬁ%%cﬁ‘?%/me‘:io{ %gp &j gﬁgf‘cqﬁggo% Spectral folding may be

per f or ned b()’/ zero-stuffing excitation signal 880 and then applying a
hi ghpass fil0Q6PSHEghkendiencodbieA202 ds 1n¢1ndamhiéﬂsieﬁmrpl229 copigired o

ext ender pr.o har l.ly. exten d si nal
60 by s pintmePs SAMdOA Eubha Rl A CEoRBLIRAL fiiplorfl k1 oo
thteh 25 hi @timtm}‘ the egchewsmcmqﬂmmbpu(g Igf dld sgg%itmﬁltmbéﬂfmien@?px}ogmbed
wi‘t h a const an re nc, ect ol di ng
and transl 3’% agaly Fﬂg@g‘%ﬁ§ S &?Q&twcéﬁ%l &t Puhose
har moni ¢ stIME ki dhgh FIR ngRAlchBtieHiSnayl didd Hehﬁe@rmglﬁaﬁlcuME%ﬁp
structure of narrowband excitation signal 580 in phase and/or

frequency. SEYResisEisAR20 iisplomentrsis asbh-pidetlincar aytepratiessiveailfesg peaks
that are not generally located at nmultiples of the fundanental

frequency, [Miobumgwoaﬁatgm FhdrEIMtcRRPH200 cAGIbEREESor Hork Rferences
reconstructed speech signal. These nethods also tend to produce

hi gh-fr equ@ﬁweﬁﬁ’ﬁ%‘ﬁﬂ theneriginal highbend:s apab$ 30 anssyehesizediighband signal

characteri Ied at 8
e ot basgp§ & splRPEUES cnREGR IS SHERINORADE +TNHER AT o
nar r owband 11911}@1116311311 ena wogwrajualﬁ%r tmatencodes &imnplittvtaetter orannedeariengy,
such that agn_exte ded at ed ect

S al
fol di ng or "spé eerT ]Ijg?’ercgor{s at {'oh g fa?dcgﬁ&ﬁ‘rﬁ r’r%@%“%"%‘ﬁ&ﬂ%%%m e
above 3400 sj:%ﬁy{n@@ﬁhlga’iﬂ efehope, mﬁﬂxﬁ@!ﬂmdﬁncg&m &I?BE is@nfiguired & eapdtyhe
ext ended si 160 include ntif on nor e fundanent al
frequenci e$ 8 Fl %‘B%B%\%P&lméﬁ%fﬂﬁﬁ? ﬁ%&r}%ﬁ%rﬁgég% and generating
har moni ¢ tones according to that information. For exanple, the
hdr moni ¢ sl[oamov]me a@fm;aamamldnadslsbdsmsingnemw b@tﬁé&ﬁrfﬁ&t anpgrd by

t he fundanent al y foge I i.tud hase
i nf or mat i oﬁna‘lﬁ?gt“h elvﬁ%leécﬁ’i?ﬁ?%??‘ie%ﬂ“ #“”ﬁla@ B%ﬁ@”glklﬁ 2[2351 68 a&%‘i‘i@ﬁ“ﬁ"t or
A300 gener %?ﬁnﬁntﬁﬁérf@ﬂlgﬁ}ahdf cxﬁ%&&ﬂm ifd1geahn fleRe Q@fﬁﬁi@&%d}lﬁ\%ﬁg

f undanent al equ itude (as indicated, for exanple

e o I oo do B P Ger SREHs P lEhby s BaEa BT nal
h th
s Phase: ool Rl 1alAL L ARROR KO ok 08 U0k Duc hRUPIRS e

qual ity eech nm e acce
[ 000114] Acomfﬁbmntearstdadnsuﬂmm almmmm arsmgem@lt m*agauzepoa ﬂmg labamate

excitation _signal se-C W t rowband
excitati onC@ﬁ%atb?ne%tgﬁ?/%egnF’ﬁvg?%&bﬁglf’ﬁ% c#gaﬁb?att‘}:i” at%l cgut phase

di scontinuity. A nonlinear function nay al so provide an increased
noi se | eve[ﬁﬁﬁéﬁ%emd@@dﬁem&reﬂmﬂeyanhumnmmﬁm AZ/]/Diaﬂthigﬁhﬁiﬁi dain bbby

nore naturagl,.than the t fre i roduced
ot hota SuaR8aBpta s aFIF btk g A SRR e oS A eabs, GPTy DD
that a wideband extension of the narrowband signal S20 may be achieved with only

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



WD 2006/ 107839PCT/ US2006/ 012233 26 cli ppi ng. O her inplenentations of
spectrum ext ender A400 may be configured to apply a nonlinear
function h¥QWE/We¥Bry. [000115) FM 01W 12 is a bl ock di BElESR00F012233

i mpl ement ati on A402 of spectrum extendgy A400 that is configured to
apply a nonlinear function to extend the spectrum of narrowband

excitation e&bﬂl’h&h1g38f¥qu&&&@r@ﬁb@ﬂ1aﬁﬂighﬁaﬁd6&ﬂﬁ* S 186 1P BHASARRY Froduce a
narrowband excjitation signal 380. It ét desirable to upsanple the
%p

si gnal suf flErdRving %C@mﬁawfo}ﬁ peEcepuplial wrovainefceding afp lebar REC

nonl i near f t
upsanpl es tws%g%mm?ﬁgﬁ%eg%? sc))}# %g{eblagﬁgﬁgag‘%s%npl er Snﬁé&e%to

conf i gur ed °ttpubBEd B} bitstiiee fraps é@fﬂmgfh@abpmemnsmtm of érespsttnat émﬁ@pe bl

i nput sign S esllt functi

cal cul at or %é%lg&?gséogo %ﬁ'ﬂé‘lﬂ% forﬂ h‘%‘/l iy & Cr?flfufluecg{lo f’ttﬁ%?ei %18”‘{32‘5’3'
upsanpl ed $i gmaher pﬁteu}an&:emtpla lamdybwmbageAalo binguts b sed dfteRhvBEFseper
function over other nonl i near functions for spectral extension, such
as squari né’, ®s t hat energy nornalization is not needed. In sone

i npl enentations, the absolute value function may be applied
efficientl iﬂﬂmogjﬂbnmpmlpgmmmaabﬁajﬂhmwﬁtﬁmﬁbm A0 aftf configlied BIRRb@ICe
Nonl i near g‘{Eh&ﬂ} n calcu[ %@ %‘ al so b configured to perform
an anplitu dg"ﬁ Aty s ?ﬂﬁﬂeﬁ e &3 IPBPIF?SIg'?&]EﬂYiE%I ighbasd| .
[ 00011613DgwhsaeP ketp &ﬁﬁtslaﬁdﬁﬂﬁﬁﬂuﬂ&hﬁdulh@n%ﬁ §:35MbRal LR @R ﬁ;ﬂa@h}nx
extended result of applfy t he nonl i near nction. It may

désirabl e 1‘18?133&(% deprtiarargybandsigal $4b prmowand sagitatipn ﬁlg@arhsﬁg or
operation %naﬁsﬂt?SWhﬁg sﬁcﬁ%%%@%sé&a}ﬂ&héﬁ m }‘?xgﬁﬁ’&%&ﬂ{) eyresults

ext ended si gnal ore reducing the sanpling rate (for exa
reduce or é&rdmaosaed syindy howewsrit mpy thrbelﬁyS@hlelfnmcwktounﬂng)wselt may

mor e Chan e g My SUEOTR et dukRe) B Gt R RRER el e

signal spectra at various points in one exanple of a spectral
ext ensi on OHE¥M K4 1tGghbans exdtatiregdneripny?0) ismafiguied td grmestidgliiendss t he

various pl t he ect f on a

narr owbandg*eétgflg ?%‘(‘)&n %é?g Egvﬁ?g%ng %?0?60{%31 el?aﬁ‘é e%%ﬁf"? Efﬁ?%hspgr

si gna: 88?1ma§1ebﬁg1baiétpﬁathﬂdrabge &;IGarmzml gl,hfomewmck dRlgedm 6£Iz|)n shows an
exa e of .the exten arter a I catl nonl | near

fun (r:r}[) i on. %‘h‘g&gf%ﬁﬂglg’ﬂ&?’?cﬁﬁtﬂ% é)g?r a‘T"B%ﬁ@s ﬁ’r"PllS? gpangiger 4o is
this ex armb@;ﬁ t@@é@ﬁﬁfiﬂa @%6@&%Bﬁbériﬂl%xb!i%ﬁ sfgﬁﬁ%ﬂ8¥1ddhé€t of

hi ghband signal 330 (e.g.,. 7 kHz or 8

2006/ 107 839?’@"’1@9@6@‘6”3@92 signal $§0. Spectrum ex%ender A400 is configured to produce a
harmonically extended signal S160 based on narrowband excitation signal S80.

7,

Combiner 470 is configured to combine a random noise signal generated by noise
generator 480 and a time-domain envelope calculated by envelope calculator 460 to
produce a modulated noise signal S170. Combiner 490 is configured to mix
harmonically extended signal S60 and modulated noise signal S170 to produce
highband excitation signal S120.

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

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



[ 000118] Pl ot (e) shows the spectrumafter a first stage of
downsanpling, in which the sanpling rate is reduced by a factor of
four to ob¥}HOHI0E¥eband signal. Plot (f) shows the spBET/FEINEIRBE a
hi ghpass filtering operation to sel ect jkhe hi ghband portion of the
extended signal, and plot (g) shows the spectrum after a second stage
of downsanmigKi@nd (dJ%.,V\hh @PsabipBng SRk By hﬁﬁ@ﬁaﬁudﬂaﬂiﬂps%xﬁtﬁnaﬁ%&w of
two. In one particular exanple, downsanpler 530 perforns the highpass
filtering reing sigadly stage of downsanpling by passing the w deband
signal through highpass filter 130 and downsanpl er 140 of filter bank
A112 (or ot[peeri2] s;;es&ﬂrf@@ir%rana%ﬁdzm ﬁ@ﬂdd@%aﬁ'ﬁo LBARCHGENed O
produce a spectrally extended signal having thé frequency range and
sanpl i ng r aignabrwhvisg hivmeaiositgatare ig dgcortipoo s vojhnbe prginthagpenic prucpiret

(g), downs | f [ j i S a
reversal of i ﬂggg%%gte?{%%%ﬁ@@@ég%kgﬁg%@gn#r erré)g%npﬁggg o)
conf i gur ed methpdsrthay producspagnels dbvihig peais gt ap apbgananmllp tochted asinghiales of
Plot (h) s result of applying the spectral. flippin eration,
wht ch' may 08¢ BeRrBr R dtssensdl Eribh i SRS aoleingrfBen e FRoc i on
el " or the zesidgaal dpebch IOEETHE Hetodd 4185 BAd © (R6duse Bighifieqaasty- 1.
Such an operation is equivalent to shifting the digital spectrum of
the signal 145mPFHes PRRYE HESA AR REeng yonal eedqcirisiioso MereoverDepalspdt ed

that the sapery gghil i saﬂn‘PEdlaﬁs QB Bht HaHIRY B ) inftfe tHAB 3400 Hz, the
downsanpl i ng and spectral f |pq2| ng operations in a different order.
ag

THe oper at | ¥nPST WeCLB aRpATToPaa ercaiptierovensh Pl Ay corigin Aiftlegrme energy,
configured [ ki b @ 2 diYe 5X4padgd

si gnal havigrlllghPﬁgéﬁsjgﬁrr%{d?%%@?Agtggﬂ%%@%?ﬁﬁﬁéﬁr?d Si 8%%‘131 fEJ,%’I%»,oi’f%e. T kHz)
[ 000120W notrandlatitroeperation|masr have aksecitibodabord 2400y be i npl enent ed
such that one or both of the narrowband and hi ghband signals 320, S30

has a spect . g{]ﬁmﬂ . 4t : , 1S
encoded andfoggic%&%%gﬁeﬁgﬁﬁgg @fr%]é%%%r} yr g‘%g@é’eﬁgtefn gér:dn%l glga%ﬁg??ﬁd;mém@
spgc; r aljl y iﬂa\tﬁfyiagdna?agclarfgmcltamenet frb@akcxﬁi@?labeﬁ'bard daeiltarh@n@@plltﬁi%oi n
wi deband speech sign .ln such ca . cours a_spechra
e . =
It wou Ehashit dture @ 1S3 i & Olfarsdt ) a
spectrally reversed for m_gs W%JI Igg%lzilf The, vari ous tasks of,
upsanpl i ng EereHIALRRS WithArer mé(iesa% phasg pifarmation; 470 qrRRhtation of

per for med by -RNQE bXMiEX bEREARS: M%eﬂamep@hﬁ%mcw &derRd sizghalanged in
many di fferent ways. For exanple, FIGURE 12b is a diagramthat shows

the signal ‘egseder tefndpmentsliseqrendnandismplitnde srindisaion Fe esrmpleshyetbe r al
t s a4t .
el o i U FOBRLISHRSHRG it 221

frequency s across the various p shows
t He spect r unitbharoovebapst angitaton signad SBO\omederethe iqnality ofiths irggnliing e®@ded| ot

(b) shows the betr afte i gnal 580 has been upsanpl ed by a
SR ity SRBL

factor of t¥° Bt S ¢

an exanpl e of the extended spectrum
after application of a nonlinear function. In this case, aliasing
t hat may oc@001i4)Ambslitdaghmctidr meybengted & ¢reatae bighbed excitation signal that is

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

(also called fullwave rectification), halfwave rectification, squaring, cubing, and



[ 000122] Pl ot (d) shows the spectrum after a spectral reversal
operation. Pl ot S(ﬁ}iﬂ shows the spectrumafter a single stage of
downsanpl i K 2806{143F3%h the sanpling rate is reduced by BCFEHE8G018333
two to obtain the desired spectrally exgended signal. In this
exanple, the signal is in spectrally reversed formand may be used in
an i npl emendlippingn Odfier irnplbinaneki®is ob settnda QRtewtr 0P e erweffifirghand
signal 530 in such_a fgrm, ’£g00123 The spectral |y extended signal
produced by?PRETA RRERFA FUACHPR B REPEMPSt or 520 is likely to have a
pronounced dropoff in anplitude as frequency increases. Spectral

ext ender A40801150HICAEE & Bpatddkaliagia b alipldddhtaATA4REepdcauper f or m
a whitening operation on the downsanpl ed signal. Spectral flattener

540 may be EAAFGEFITS FRANEBTHIQRRA K R BORPEERIGHGD Sheterd Basesetry of
perform an pdapbhyEeMthdBNiRd ORE"Hish@Pler 511 @ cHFH ké&%b%&saﬁﬁ@gpl e of
adaptive whitening, spectral flattener 540 includes an LPCanal ysis
nodul e confriagawbend exciationsiseeeSH. Jemapbe desirable fq ypspmpledhe sigiabnt s from
t he downsa ' -? - : . confiqured
o uni ton TR g AR Mauhl ek BERREGRPANAL Tk fffudih LY

i mpl enent atpadivslao ExapgEe tupsampieont HAdpsanpl@Ghe sighal g adaudn af eight.i Gpsamipler
whi ch spectyal flatteper 540 operates on,.the spectrall ext ended

ol gnal bef oT0 RRXHTSSHDEEPT eRsTOrn B s r ROk e Feib S e PRt
A300 nmay beignapheITeRbed filter fuihp wsul.aNohitieatfubyticvdaarked 520 s oked
agﬁhighband excitation signal 5120. In sonme cases, however, usin

ol y & har o APEXERgT MRS RIEEPTIP GHaipsHEPIER DERAl g b RERIA FOYATTI6A Ohly
result in apdiitlesafitfifcieh Sver bR AGMIIHRA finctohd o Yhe tef exBRRA NsubiS as
generally |l ess pronounced in the highband than in the |ow band, and
usi ng too rigENingaisthicectsy porEalirdionds nofaeedegh busranedplanantasians ithgnal
can result } QME‘E i ! . i o
noti ceabl e d|bgqlgtf;'eec )f‘é‘?gﬁgﬁ‘é‘ y};?gﬁﬁlgg%ffcz&gﬁggég@?nﬁ%%ﬁbﬁﬁé #he sign bit of
[ 000125] Entradh seamtls Nomingafuhctipherinlatot S2hmap hlsh be bdrdigdredie perdtrinom

generator A300.that are nfigured to mx,;harnoni.cal ly extended

si gnal 516(?%%% eé‘”%linéé’% eélﬁ%mp?%lsorgﬁ%c\%ﬁn %{tﬁlf(%%%lg"i]l, hi ghband
excitation generator A302 includes a noise generator WO

2006/ 107 839P@IVI6R200ma6HR2 330 R odBirthiatdovasanmpid (hgupetrallp extemiid casul
random noi se signal_ 1n.one _ex I nQi Sg . at or 480, i

confi gur ed ‘%@P@gﬁlﬁﬁ@%mé‘hﬂﬁe}rth§g$’aﬁ géayyfi ?‘F%‘%ﬁ@?%%‘}%%ﬁ?ﬁ%? Qg perform
si gnal, al tdwumpask filiefintespeldiiph ey®Nical HBREd frogueney bAIYS giadpediefig not
be white and may h_ava? a_power .density fhat vfgries with frequency. It
may be desiSBrEd fighal heforge the sropling rae (BEexagS: futedica % aeifput
the noise S«ﬂi&ﬁﬁ% oPSorfh H@ﬁgysﬂﬁiﬁn@aiwg@t iQRayAledbd Rafkatild forst at e may
be_duplicated ai the geco er. For exanpl'e, noise generator 480 may be
cdnfi gur ed dosvnsamplat 530He refyre be spgpling rals immeer Bampnei séagec f uncti on’ of
information coded earlier within the sane frame, such as the

nar r owband gy PANSeS %&n@ LOWRan k@t i on
si gnal 850.[5?%1:)181%6] Bef oraggggi ng mﬂ‘gé%?ﬁ?%%ﬁ%@nﬁi&gm ly Selﬁfﬁgﬁgéeﬁ

si gnal S16Mmnetehampland s spastiileatonkign aperpiwdwbed thefrogwprny sgelpéythe same480

may be anpl j.t - i '5?19%- e

appr oxi mat eagrq‘é%%ee@'ﬁg%@lgtgé%@f Ehz%(}?%‘f]s t%é\"/%c I mef g?c %é@k%ghggé?a&ﬁal
520, hi ghbasditgiognignabSi0, Riatr(bjshoes thespattiat aften sighg 1580 h88Bsen apsampled
har noni cal |y ext ended si | .S160. As sh in_Fl E 11, hjghband
excl Lat | on Wererat oo aB0 2R (R PUOEs e BRE RO FRITCLF Gim A% o

anpl i t ude- nRAIEALE of B Aokl Rle&SFuidtdA PR (DAHSAGhbY¥pdtahsa g elepalsTleABE)
according to a tinme-domai n envel ope cal cul at ed by envel gpe cal cul at or

460. For exahiF exangiedippasshene extagdspe the P AL atsy dgutofhighbapd sigpal
arranged t og9Ga eﬂﬁﬁd}%tl&%. of noi se generator 480 according to the
ti me- domai n envél'ope cal cul ated by envel ope cal cul ator 460 to produce




S170. [000127] Th an inpl enentati on A304 of highband excitation
generator A302, as shown in the block diagramof FIGURE 13, envel ope
cal cul at or Y'Y anged to cal cul ate the envel ope of Pﬁ'lé{pﬁ%?ﬂ‘?f‘i:lé?:”gy
ext ended signal S160. In an inplenmentagton A306 of hi ghband
excitation generator A302, as shown in the block diagram of FI GURE
14, envel ofi®0t18]PL0t &)chowiSle secanmalfigedfitsostegd afulosheantiiimgcinwelicpdie of
narrowband exgjitation gi | 880. FEurther. inplenmentations_of highband
oxC1 tat | onsGERIBESHE RO by HACTSE o if CEe RO R ea e St BROlQE 1 o
har noni cal i spade@tierths 8 ihghphss FleHn 26524t HnRG sdiect kipaaiivand patioh bethe
narrowband pitch pulses in tinme. [000128] Envel ope cal cul at or 460 _may

be confi guPEanded S?%?‘lf: arhplah(ee tpatsdhresPea En Aliergrod siee SEHOVIARDInE
I ncl udes air?@ﬁfcﬁﬁle%famgﬂpé ARIGS redl HtoSHONR. dn bhOWERANAr esziamgie,o f

exanpl e T100 of such a task. SubtasK T110 cal cul ates the squar

eag hI S grrp:c éownsamp@rﬁﬁapyfmnsgh@ﬁghmﬁﬂaﬁlwgec; eavord spge ofslowosasepling bgo
xci tat | onberiEHR RO S Aen Kieh il plekt T sy P o it

produce a batuehid(opbtheguiarmcks\wakantises ISybigabksaficAOspesd) oo pedace a

snoot hi ng operation aon.the seqguence of squared values. In one
exanpl e, s GIEHERY FA70°4 s QEME (T ERUGT AT e SUBRES 1 Pf 2P he
sequence asigAsd3ng to the expression yQz)= ax(n)+ (1- a)y(n -1) ,(1)
where x is the filter input, y is the filter output, nis a
ti me-donain i , and a is, a,snoothing coefficient havin val u
bétween 0 WORTESTs Biibelerin Tk TR aoutoblirng B Bttt Sebdl afons o
fixed or, if)cadiedd feRERAIFYS spaFRhRAENHA dxatpleyaywikampiba i iaisaccor di ng
to an indicatjon of naise in the input signal, such thatgg is closer
to 1 in theouflsedde peomy? spectipldipning ereratipnondhg fighahellor ¢ v agpsult
noi se. Subbagledid30e3pRabRipBing SP&hod, WlichiHACEd Rifolfe FRE USRI SLOT
t he snoot hed 'sequence to produce the tinme-donmain envel ope.

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 m, 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
U one or both of the narrowband and highband signals S20, S30 has a spectrally reversed
form at the output of filter bank A110, is encoded and decoded in the spectrally reversed
form, and is spectrally reversed again at filter bank B120 before being output in
wideband speech signal S110. In such case, of course, a spectral flipping operation as
shown in FIGURE 12a would not be necessary, as it would be desirable for highband

excitation signal $120 to have a spectrally reversed form as well.

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

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



[ 000129] Such an inplenentation of envel ope cal cul ator 460 nay be
configured _to performthe various subtasks of task T100 in seri al

and/ or par JTEZE i on. In further inplenentations of PEERSHIGY2233
subtask T110 rmay be preceded by a bandpgss operation configured to
sel ect a desired frequency portion of the signal whose envelope is to
be nodel ed frequamlty asald Reha angacoks Be 4akdds pldt€) 0R1GR] sicothawectdPof dhe

configured to m x, harmni cal lL.y .ext.en siLgn 5160, and nodul at ed

ol 5651 gn&TAT3Ee §f RETHTHI CLe ST SEOk T PED) SHo it e B ghct signa
| npl enment atgg0Rgs en GEEAPMT by DRCIFRYT RO, PRHE)BHE@San EHQmHRXATN Siterldld
cal cul ate hi ghband excitation signal 5120 as a sum of harnonically

ext ended siSBivaRIAEH RpNGatRNNT 2 n0Bknge fusetian. dh &Ns Ggprliasing thagmay occur
i mpl ement aty R Ko eLRRINSEs #90..0BY be configured to cal culate
hi ghband exc?{ea?gl gn S gnaFSIngSB%s a wei ghted sum by applying a

wei ghting factor to harnonically extended signal 3160 and/or to
nodul at ed AEE2KIGAA) shawy Bespedtua alfes ag Tewmsal pperatieny dHotfe) faws ng

factor may fepEahillA-ediRfedl dohBsulibing!in WA il Ldifilg A0R oY De

a fixed value“or, rnati vel¥, an a Ve value t calcul at ed
on a franmetdpcéd nefastor olibfa mmbtdyths dbsfired wpecraldy sxterjdddeiz8dl] HFhEURE 16
shows a bl %%k iGa[géaim&ﬁf. an ic%gerreegét g&%on 4%2 aofb conabi net 4@0 té}t?t
is confi gure%m?o’ arett at'e Rt A0 CeX I A O A Sﬁgﬁ 1843 grg§mgntaton
wei ght ed swhhighbdndrenomdee 2R0Y whichenabeskes highbdndsidnal $60dnruehd fied noi se
signal S170. Conbiner 492 is configured to weight harnonically

ext ended si 60 accordi.n o. harnmoni c,, 31 ighting factor 80,
e et ot e IHERAGEA) Btehithen QRN RRe & v don!Rhd M 8P RREr 70

f ?ct (r)\r 519®shIiI€HD3dtot}QV@FIbﬁhhbmﬁﬂeﬁ abaott i@m}npl&taﬂé ?gréiqhgﬂﬁrﬁn@éa%@sl. aﬁ(sjpeatrsﬁ um

of the weighted signals.. In this, exa e, conmbiner 492 includes a

wei ghti ng FAEP AdGY dnpliden d spastyal faienaroan 6P EgiRddA PEEOTELR Whitening

har moni ¢ wepaatib'éh haebeh Mﬁ?ﬁl le8t8al VREEHRE K RTBA6E 66 :

[ 000132] Wi ghti ng factor S(_:al cul at or r%560 may be co_nﬁ‘ni ?‘ur ednff%g%g_m

cal cul at e Reifeit # figed whiteying apegion aptoFedorTd et adapting whiteningiensratien. Ina

ratio of h I,C. Q) i i Ltrad~ on
O e R R G S s e o
produce hi ghgnisimeside tenfigureddd galanla@h2er afdodrdiler eoaffidierds Gbmithe noni ¢
energy to naise _ene imlar to that of highband-signal. 330..]

sone ) mpl enSHTEr g o afrh gl Sais i IS T P sienly

f alct ors 5186ordAftd tgb& dba:ffﬁ:cbb&t eﬁh?gmprgdieﬂrgﬁmfz of g%c&nmr?t@ﬁaa%mm ers
relating to eripdicity of narro Si 5 or .of the

nar r owband TUL FTHEFIATS i WaGR KPR LHAERTOAD RPSIARY B e SERCALrode.
Such an i npken@atsddnaPhefee doRhetdiagsbact or cal cul ator 550 may be
configured to asssi gn a val ue toljharm)ni c weighting factor 5180 that

i s i | h i in, f | g, d/ i
i gher val dbtaelEeang Breoh i i 08 1o eop B R e
signal s t h%ﬁm‘i@ﬂieaﬁ?Eﬁ@ﬂdeﬂ&?@@ﬁfﬂ%@ﬁlgﬁbar{d@@ﬁﬁﬁhk&nﬂtﬂgb, In some cases,

i npl enent ati ons, weighti Qfg actor calculator 550 is configured to
cal cul at e hawewss, ysbie avdy abarmenigellyertendgd sigaal op s highbandirsitatinn

wei ghti ng ' Ladl. el t V.. Of
hi ghband sﬁ%ﬁg}m g%ﬁgﬁﬂﬁ%g%dgﬂégﬁhg?(@cnﬁwévg %E%O?%é%%tatﬁgrl%gal cul at or
550 cal cul atesuirad imthiedighbaghthhmgp thabkwoban§l8d wamg téremnebdiarmmmical ue of

t he autocorrel ati.o oefficient.of .highband.sigpnal S30 .t he
curront 1 v et i€ g inend bihuch s L30T Ou ARy ot Bty
over a seamgly beapgeialhabtiteable il gseech dglalyfrah famte fjeblkdis.| ag and does
not include a delay of zero sanples. FIGURE 17 shows an exanpl e of

h f length. It |l es that. i tered about
ol ay of - oR0pER e Riiee bl PR Rat Oebibal SRUEHOT RRRRHE Ao
|l ag. [ 00013} hkColfruldd @l B HhANECAN efiadddl seonal S B00HRES n@RPHGACHAL N

shown in FIGURE 11, highband excitation generator A302 includes a noise generator




WO 2006/ 107839PCT/ US2006/ 012233 32 over a search range that includes
a delay of _one pitch lag and does not include a delay of ze

sanpl es. [WM&‘% otﬂf‘?ga second stage, a delayed frame is ]é%ﬁgﬂ”?ﬁfql%’d?’by
appl ying the corresponding identified ¢gelay to each subfrane,
concatenating the resulting subfranes to construct an optimally

del ayed fraé%éthaﬂmbmﬁgmﬂaipm@daarrmhﬁnomm g ohaetamPIéShBQeas t he
correl ation coeffhgden v&en t he original ﬁﬁe & h(? 1E)tlmally
del ayed fr ABSTai0R 480 15 (pRiglredioproguce g V@%ﬁ“@ﬂ” HPICHEVBIATARUEA at or

550 cal cul afigl, ARkdwRA It omed 1ﬁ?ﬂantaft16ﬁ§ Bk nbitSQ RS nadt @Y B dURe Ald Mk
maxi mum aut ocorrel atjon coefficients obtained in the first stage for

each subf r difé® 2 PapeekBHb AP RioREeOVItEPGRIEhd! PaY P Aetabledornobie amatnay
al so be confsogybeehrdriQuiagh But gﬂﬁh&%geeél m@e@mﬁl &cefﬁ eﬁo%wérpehaﬁg
conbine it with another valu to cal culate the va or harnonic
wei ghti ng fsate mey 51 deplicptod ot1tb6 Hieaoderm Fob exatds. naist seﬁewtow@@gmmheg
factor calc 5 I I

n ghband si SAaP RSB ud ofHof sl @ TRARHIfE b BBl cqusa |
the frane iearlor héthin th@sammﬁrmm @uch dsalie ecambhal {iNeripghiersgs sabmror

cal cul at or 550 be, c nf| red. t | cul ate a nmeasure of

peri odi ci t deﬁaéﬁ%‘ﬁ??d‘ &t %’Iong@ﬁglagggt)rdi ng to a relation between
anot her i ndi cat or of periodicity of the current frane, such as pitch
gai n, and d000i2é63Rudbd bemlpusixed with hanexral) extenied gighalri] 60 ahd oindom noise

calculator 550.is.configured to perform.an corr onoeratlon
oh. i ghband B RLRRSEI6Y GRS Erieerep Fabe b Tl o gave § g
adaptive caiebaokveRpataf appiexinaes tweﬁagy ﬁi@ﬁibdu@i dveld ﬁﬁle&)f‘ﬁ&&tbkﬂba(ﬁfi

nore than 0.5 alternatlvely at | east . .I'n anot her exanpl e

wei ghti ng fsab320; hiehband;signab S, P@T%Wiiaw@aow PEBranhapmonically

aut ocorr el ghiHRePRSIAEIAN Q@sﬂ&h&ﬁﬁmg@%gﬁﬁd @iﬂﬁm&@éenfefa?dfﬁ%oz
having particul ar States of speech node (e.g for voiced

signals). linclodests combivet 47Rsagiighieg i mmlﬁvd&:@b@ﬁatathﬁnomalma&pr@@ced by
configured =11 ng ng

ot her stat e&sog)so%% gérgtg%ﬁsdjn% an%&;ﬁﬁ g‘Pedsserﬁ %g"lgg) ef:ﬁ%ul%?ﬂﬁémﬁ?o‘r’gb
[000137]Enhmﬂmhmnﬂé0|Hmhuﬂnmkmcmﬁmnmvmﬁhmg@nmaghmmswdﬁsm&mgnmbmg
factor calcul ato e. conf ured cal.cul at.e wei ghti.ng
factors. accbPRF R e I AHERb T Gt et res b of B A Aebee Lo

peri odi ci t Yenvéiope QiGN EDY ShveldpatalbulRbesoont ptddace Mayullred a6id dign ed to
assign a higher value to noise gain factor 5190 for speech signals
having a | 8-pitch |l ag than for speech signals having a small pitch
l'ag. Another such inplenmentation of weighting factor calculator 550

i s confi guredoRyiEieh %ﬁkﬁﬁnt@u&?ﬁgw 6f REhtaRd BfthEdr geneifatoMAdeDaR @hown

s;{),eech signal $S10, or of Fﬂ} band signal S30, accaording to 33
in the block diagram of FIGURE 13, envelope calculator 460 is arranged to calculate the

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

lacations of the narrowband pitch pulses in time.

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

frame of the signal whose envelope is to be modeled (for example, narrowband



a neasure of the energy of the signal at multiples of the fundanental
frequency relative to the energy of the signal at other _fre

conponentsw({%f)@ﬂiog@]g' Sone i npl enentations of w deband sﬁﬁyggz%gﬂ@%@ér

A100 are configured to output an indicabion of periodicity or
harnmonicity (e.g. a one-bit flag indicating whether the frame is
har noni ¢ orexpitatioasizoai 80 do Asmtbninally hetepleti 6ignglel 160 plodiratucanatdrence of
nmeasure of periodi.cit I nicity as scri bed herein. In one
oeannl 6. - EEPE TS Sp Bl R St SR RERE A0S it HavpTied

i ndi cati on styoaredwili@u e osexam@led buldak WA aFHicyve Figghlotdeg kA wpiss filter to
calculation, In another exanple, such an indication is used at the

encoder andPOFEINEREAETOIFIRS N EABIESI0E a val ue for a speech node
paranmeter. [000139]1t nmay be desirable for highband excitation

generator A302 to gener at e yhghbanys @xd)yeiion siggal S120 such that
the energy of the excitation signal iIs substantially unaffected by

the particul ar val ues of weighti ng{ factors 5180 and 5190. In such
case, wei ghtheryr fsdbe Blterdenubniathedilvs outelyn e tonHpgeindetexoansad isal at e
a val ue for %fH%“&lo%ffY&. Jig [ i i
factor Slgosrr%or 1to rece‘lin\g}g&éLi’c%L%&%/atﬁ%ﬁ?%?nﬂds{'ﬁ%cgﬁh%ﬁﬁgﬁéo%wgg

el enent of deeifielsandmaydofised R2004n Hnchative ideidmentaiovahaebd afaptivee ot her

Cvvnotse) 2 Sitss ¥ REREIGH! e ¥ B THEL 88l i e SR Yo 42 or
S180 and Wubsesiee vbnddetdnd globerab Or5 iDHia0presthdecofmaist Vv ShiytaskViEli30happlg a
factor cal cul at or 50.% b@}configjg{]hed tQ, sel ect, acco dig?erto a
val ue of a_sﬂ\é?r?&?ﬂt nefon i fa %@D}P_&? t%srﬂ%ﬁﬂf‘ fREnE BPOCEbTSHE, a
cor r espondidaghabiéhvalpelg a plurality of pairs of weighting factors
S180, S190, where the pairs are precalculated to satisfy a

constant-e tj o such as expressi on For _an i npl epent ati on
of weighti ﬁﬁ&ﬂﬁréﬁﬁch SRR RE BB SPYPIOR %ﬁﬁmﬂé@ Spahe copt giged t
observed, tp¢EbeRtheUakib@Ssub@SkstAEIR NG00 WeeHitdnDd: bAGHQ Tashis?0 1h ARGE:
fromabout 0.7 to about 1.0, and typical values for noise weighting

factor S190mplmsatatiprsAtiass 100, subtsk BHG maxbepreadpdby # hisidepespereliohs

of wei ght i ngnfAGLPlo LRk &fﬁéﬁh@ dI?fBé i QO6h
accordi ng tonaﬁger soison %?&egﬁpr es il(l) ( t hat %lgwngﬁ?%e%gdaa%%%?%}feng
to a desi r edodstedlesuiches theirghee ohg—bdtimeen har noni cal |y ext ended si gnal
S160 and nodul at ed noi se signal S170. WO

2006/ 10783%&65%%9@{1&3@8 %s%oﬁﬂgured 10 mix harmonically extended signal S160 and

modulated noise signal $170 to produce highband excitation signal $120.
Implementations of combiner 490 may be configured, for example, to calculate

‘é\ highband excitation signal S120 as a sum of harmonically extended signal S160 and
modulated noise signal S170. Such an implementation of combiner 490 may be
configured to calculate highband excitation signal S120 as a weighted sum by applying
a weighting factor to harmonically extended signal S160 and/or to modulated noise
signal S170 before the summation. Each such weighting factor may be calculated
according to one or more criteria and may be a fixed value or, alternatively, an adaptive

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

10001311 FIGURE 16 shows a block diagram of an implementation 492 of combiner
490 that is configured to calculate highband excitation signal S120 as a weighted sum of
harmonically extended signal S160 and modulated noise signal S170. Combiner 492 is

configured to weight harmonically extended signal S160 according to harmonic



[ 000140] Artifacts may occur in a synthesized speech signal when a
sparse codebook ne whose entries are nostly zero val ues as_ been
used to caﬁv%?gg?/ O%ﬁe quanti zed representation of the rggi‘lgﬁzgpqmlzzss
Codebook sparseness occurs especially smhen the narrowband signal is
encoded at a low bit rate. Artifacts caused by codebook sparseness
are typic aIWejfglmimgﬁctq:rQIBG,db ovelight riodwlazd doise gignal $3%0 hacordhoyte ndiskHz .

B th tter t ut t - hi.gh
Because S BR Ea IB0 S ol bl AR gt
[ 000141} EnhwiigﬂtmE@aﬂmQh e ext A€ FBRbAk amsmﬂﬁdela laGVeRgHtiE g Cactdricalchtdr

gener at or 0 that re onfigured to perf nti-spar seness
filtering. %38@9@099 Ogli’aéfclv@na%z@% ngq’?tqf%g‘éﬁ‘&ﬂ%%vﬁgh&@ﬁz

of hi ghbandygxadivgti on generator A302 that includes an
anti-sparseness filter 600 arranged to filter the dequantized
narrowband excitation signal produced by inverse quantizer 450,

FI GURE 19 $PUS2Veiehting fgriagrasalaier 09 mindtesvphigued rrajeyiele weigkingnband

excitati on raenekak®ind S aEMHmF Reh BdGsd ?a‘éio%&‘hhmﬁ)%r c%ﬁf&ﬁ?t% nfoislafc&{te;ﬁoo
arranged to filter the spectral extended signal produced

spect rum et bighbandaacitation SBORES 120 Epiowemalepit oy b@udagraélﬁfgt ccmbmer 492
|
| npl ement aty, gfbdﬁ@’e%ﬁ {Han HEQJ?&?E’:%Q@‘&E%%{S {oHAvEF I ,?)tfﬂé.m@t%gcrzentg%gtt% pise,

i ncl udes an ntl-sp r'seness arrange
of conbi nerenek@§ sttilap taodietce highlphizhsighat %30t Iatsomn inplgmahtaB8aBEf welghting

course, i | io .hi gh d i i on n t or 3 t hat

S b | sl Plat R0 Sheie i R Ss S8 b0 88 ARBHILEERE i, e
e G el LTS s 1o
600 may al I8B¥E g sighalngus He O% SRferh medd: Syc *exanpl e,
after any of Ieﬁfénﬁh@ﬁ@ﬂk&g fa&8salcaBidor B0 GnHe cofifi SREFl WApeX L Ansler

A402. It is expressly not ed at anti-sparseness filter 600 may al so

be used wi tt%hmﬁwmglamg&a@fﬁl@ﬁ%ﬂmﬁw’s@@r@haﬂm PiAG02aith AQr e5aPlsr m

spectral f
TD0014s] Aol asSBREhidhe: [ S uBise WRiehflhe DBIGFBIVOEKARARMPecch

phase of i tsignalapiuan foi yricdd speegh sigvalapl e, it nmay be desirable for
anti-sparseness filter 600 to be configured and arranged such that

the phase ﬁ@?dgbgi}ﬁ P%r %Et@ﬂ&%@@ﬂ:{ng%&& d ufa%%ga}sécggg%ﬂéd to

ot herw se tine
desirabl e foalcul‘ateevahes ;ﬁmrﬂmﬁnmﬁc anightigpacteel Bsanflior heise @0 Qhting fetor 8190

spectrally fla uchtht ni t.u ectr the fjilter
SPonal i s Atotnp TR merTEE o pi Y bt HERs R S 0 n o St PR
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frame or subframe, where the autocorrelation is performed over a search range that

includes a delay of one pitch lag and does not include a delay of zero samples. FIGURE
17 shows an example of such a search range of length n samples that is centered about a

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

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

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



One effect of such a filter may be to spread out the energy of the

i nput sign it is no |onger concentrated in on

sanpl es. [g%béﬂgyﬁg%ifacts caused by codebook sparsenesgégﬁgkﬁgagPPy
more noticeable for noise-like signals,3where the residual includes

| ess pitch informati on, and al so for speech in background noi se.

Spar seness WFpf sarrahyrapge ibudngledts @ daley iof ere mteh Argandsloesasinsludsa delay of
excitation hase -termstructure, and indeed phase nodification nmay
cause noi siness I'n voiced signals. Thus it nay be desirable to
configure anti-sparseness filter 600 to filter unvoiced signals and

to pass at [088LSIsgrfecansstags, sidaiavet Srameiteonstrutaddryapphing v oi ced
signals are : | i i yant i.zed

O o S EARAGKEA Al LUl ity ARGt
quanti zed florststinef dnaptimally delefdd ftams) a)d ¢dhafating hetmse weighngfactor

Cwnr v t 15055 He B BB BEE R tioR BisPh B PiBisel Same B B obipal vetayea
anti - spar sefi@ss Thialfirelier@l@mati e, Goizhtigifacidr E0clatbd $90 ddRVbtR BdmsRiNds

(e.qg., as indicated by the value of the spectral tilt), to filter
voi ced soyn‘ﬁ%‘g@w&ﬁaﬁtﬂ%s (38 AP GYATRES o HrePEWHm e Reipdon coefficients

(al ternati vetyinedQthedirSdiAle fh@Bh blBrabBl E8PRIEnMALIDF wellhdnPEREW Se
to pass the si gﬁnal W t hout™ al teration. [000144] Further

i mpl ement atGERtesH 58 may s desendaged jo)seade thegorrpladoncpstiicignt.indiepioe
filters th 0, L f P AWyl

rréldi ficati gér?ng}ri]gllgg g%ﬁéqﬁipugt ﬂg%\i{%%ﬁt?éfﬁges f'oP’__ n su{(?h‘pégggg{g factor
anti-sparse¥@ds filter 600 may be configured to sel ect anong these
conponent filters according to a value of the pitch gain (e.g., the
guanti zed 3'6}(['?' r %ﬁﬂﬂ 55%1& R Aum
phase nodi ?ﬁgéa%i onmgggﬁggﬁgb%sfgﬁé r rgﬁglz a%/altt&r%g)%f)govxgirl&%%tgé galér;n'l
val ues. An dfipetiedieityt efthighband signdl iS38 palyse cassswherk b @resé@0 ofrpgrialicity in

include different.c onent .fil s that are.conf.igur 0 ify the
phase over g1 q?gé)gg’ lsgfmc%l%aéeéf‘ Eé)(ﬁ ﬁ’éar?@e’s%é@fﬁf‘ﬁ R;?&%gﬁuﬁ%gg’ (gmpy Pt er
configured cfoﬁﬁgﬁldcﬂ' foydcaf;dilﬁt?dﬂ mssu@a/ha’rpeﬁoaﬁfid;edsf Irﬁglﬁﬂhl(ﬁﬁlglyal 1530 gfbo@ﬁng e

i nput signal_ i.s use or frames hayin ower, pitc ain val ues., = WD
2006/ 107839PEFPLEIHEYY @f%g{gg@tqreém%ﬁﬁwf Q&e&%&t%mp@p%a @& it eany

t he encodedigReReshold GG, . Inidhe BRMMAE, vibdshitih @ PdctorcBlbulbld® 55@LsiconBekdesn
the I evels of the highband and narrowband portions of the synthesized

Wi deband s d@é@ﬁn §11 gwawr&i%@nmm@ém_s thig]éi?anti giznalat30jonlnif ghedramgy ydich
wi deband s ﬁf@g,'tﬂ%ﬁaat?@c .dgﬂb(ﬁ%%lnt drQtk ﬁa?ro@zbﬁtﬂﬁ%&iﬁ@zh) ﬁég\é(%)aﬂ@%f Atre
y hi'ghban par a S

represente codail ng et er
than 0.5 (alternatively, at least 0.5). In another example, weighting factor calculator 550

{; ' is configured to perform an autocorrelation operation on highband signal S30 only for
)' frames having particular states of speech mode (e.g., only for voiced signals). In such
cases, weighting factor calculator 550 may be configured to assign a default weighting

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

[000137]Embodiments include further implementations of weighting factor calculator
550 that are configured to calculate weighting factors according to characteristics other
than or in addition to periodicity. For example, such an implementation may be
configured to assign a higher value to noise gain factor S190 for speech signals having a
large pitch lag than for speech signals having a small pitch lag. Another such
implementation of weighting factor calculator 550 is configured to determine a measure

of harmonicity of wideband speech signal S10, or of highband signal 830, according to



S60a, hi ghband encoder A200 may be configured to characterize

hi ghband sg’,‘gjﬂb R38eby specifying a tenporal or gain en

shown in FI REG'(lO, 9hi ghband encoder A202 includes a hi%ﬁt@%“ﬁ@?ﬁs
factor calculator A230 that is configu?®d and arranged to calcul ate
one or nore gain factors according to a relatign between hi ghband

si gnal 5302 giasusy v thegresBachihe ises at mplyples obthe findamepfabisequergyplativhce
or ratio bgfye & tB0& FH1 8808E: 28 Shealss over a frame or sone
portion thereo%.ﬁbr% ot he?gﬂi rrp?enrenétaa%]?cgﬁg Bf hi ghband encoder A202,

hi ghband gai n cal cul ator A230 may be |ikew se confi ?ur ed but arranged

i nst ead t o[0081138] Pame ipplemgpiptions o) widshendypeeshdneryier 6199 ans canfigured to
time-varyi b-01: . j iz R J

excl 1ot | on P apEahgoR o KERM R RN N IR RO AR e
[ 090146] Théhetfempds hirmenizalr epelsanobninpasedrathd psciaiasindier awpipaoine 586

and hi ghbang_signal 530 are.likely.to.be.siym|ar. Therefore ncodi ng
" gal n envl BN R TR Ra Ry e ettt i Monf bR Gl 8 e
530 and namidebbadsbeechaietader BNOG Lgs &lis H8Raf@rtoaosliginahn ceritdaduch as
therefrom such as highband excitati on signal A S120.0r. synt hesi zed

bl ghband SPEIEAERSE) CHRIIR Gontras g Semind S en FEgHien 19t Sbodi ng
a gain envehaer ﬁwde&aéﬁn@ﬂcmh&%@%ﬁoga eciBRiodd PardmbeRi Cal

i npl enent ati on, hi ghband encoder 02 is configured to output a
quanti zed index of eight tqQ twelve bits that specifi five gain
factors fofOWTAM Timeife depithun 107 e P ARIpA eierdct AP0 Rt e or A230
may be conjfudmatxERaidR kigQhIB 108 sich BRI erefdyoftiad dxoflatih siynbRisk t hat

i ncl udes one or nore series of subtasks. FIGURE 21 shows a flowchart

of an exanpitstanggly weifegehbuthe pariculanyaless|of weighting fclpay Hl8PaAna 8 19Qrng
correspondi %Hﬁm I k i i ghband
si gnal 830%:}%5% %}?Hﬁ esgﬁag%?]?églﬁg%thgsgg}g#a %%%&eggi%@%ggg%ﬂ%mb
cal cul at e himnosimeregleingdhctohl 30er fergpisa sierghting fcroa Fd80 (fr tq teeeive such a
respective_sigpals., For ex | t ask be .
configured V%S d @fa{nc%‘if &R ‘gtﬂgrneg%filn% §§%§%§aglrahe§§b%fi %‘59@& Eﬁ;‘}! teosqeeg)1 °f Haeiue
sanpl es of farhke sthapesgtiting faudf scesrding Taakexp2a6ion akabulsat es a gai n
factor for the subfrane as the square root of the ratio of those
energies. In this exanple, t?Sk T2§0 alcylates the gain factor WO
2006/ 107839PCT/ US2006/ 012233 Wimas ) tH&aguaile rddt of the ratio of
the energy of highband signal 530 to the energy of synthesized

hi ghband si l,.S130 th bf . [ 00 | .t be, desi rabl
OB el o0 ST, e MU BRI ot 1 ©

cal cul ate ek fl.es; ! 1 g tion.
T ORE 25 SRFLEHEIERES LA ARLERIRRL Oithiife LltoP MBS R T
factor cal colfiguiaioselsdkt, F2OEGingTaskama obapejndidity soeaswi frfdhw ewgrentisgne on

t o._hi ghband si.gnal 530, and.task T215 j 4 WM j

Funct Pon ¢ 8 SfeREsF SRR Geth TR 2 PR, Sreelsd B ARERAIY BB D0,
and 222b of510@K&re2RO paitsndle piRbAcdatbEtd saticfy hlhenseaneegdrgy ravib shdieas
respective w ndows d task T230 calcul.ates _.a gain fac .for. the
Gubl r . aSRPREIAh T B JEPBRER AT ST KRS BT SPEF g1oE a0 BBTho] |
may be des ieli:ﬁ@isﬁmt{g) R RBieYved, Wolepyiing férugheRdwkizatn OMeiol 8PE) rafgacent
subfranmes. For exanple, a w ndow ng function that produces %al n

factors whifiem shept bé tEpet b8, and typicad yelpesier Beise WeishtingfaetasS Fairpnaeo
reduce or i i kb &Y i oh i3

i ghband gaih oo GE QUo7 ORREUEABm SR SE beighin SR OF L AERAG 350
t r apezoi daknayibedondgued rpéiasacesdisng dma vépioFp sgign (2)i thatwhinodifiethe

i nd | h,of th ' '
111 seconde ERef R e bR RE FehyeRy e PR L PR g 100

function t enéaebuletd hbiee fibva S3phf ranes of a 20- mllisecond frame.

O her inplenmentations of highband gain factor cal cul ator A230 may be




[ 000150] Wthout limtation, the follow ng values are presented as
exanpl es f@/o RaEicdsl ar inplenentations. A 20-nsec fra

for these cases, fsghough any ot her duration nmay be usggci‘/ﬁsﬁ&%i%g
hi ghband si gnal sanpled at 7 kHz, each3frame has 140 sanples. |f such
a frame is gb@ into five subfrarres of equal |ength, each subfrane
will have 2 CLS AR ITRT idryathedzsdsneswA SieRelRTReDRESP S8 Cadeboot e

42 sanpl es (ﬂh@@hos%‘éﬁtrfés Hﬂe%@ﬁ?@er%‘vgﬁ@é) apRh 8Bl Rickt th@ﬂgﬂng{da”e

has 160 sanples. If such franme is divi'ded into five subfra

equal | engtTPnPff’@a@ﬁO% obfie sesidugl. | Fodeback sparsenanpicents espedialipievhen fidow as
shown in FILGRE

i npl ement at'i onsb raﬁgg&déga&sm bﬁfﬁw qﬁtigagﬂﬁs%ggggﬁ%debf’ OK Sparsensss

possi bl e f e aglcamm@a&mﬁmaﬁﬁmwsaﬂﬁﬁcﬁﬂﬁﬂMe38d—Izr’r1ﬂeea&EBtlﬁ'IHuﬁﬂn0f

hi ghband | cul at d diff t
gain 1 act oot 5P vl bbbt o Fere P BoRE S ol o

bl ock di agrmﬁb@hleaﬂtnenﬁgmﬁmt ation B202 of highband decoder B200.
Hi ghband decoder B202 i ncludes a highband excitation generator B300

that is co duc band eXCI on signal 3120 based
on narr O\Abg%ﬂéiﬁ%l df‘g‘ﬁ& &Ir'efﬁ ’ggﬁ‘m’?%tﬁ’é‘ﬁﬂ ﬁéﬁlﬁﬁ‘?dt"ﬁ taHgp eenegatefA300
syst em desitg atWhfigsed B @idan dn@XpirteibisINea g5 SFRITNE B3O wbInG

i npl enent ed, according to any of the |r'rEI enent ati ons of hlghband

exci t at i on GAERER gt ¥t Rigeeniitiog Add 2 op Bighband erpitativy geresatpy AT that
dZﬁLrabl e tifthdR R BRAEp AR M, Qdtaabd 00 fﬂt%f‘@xE%lE&H theaﬁ E@ ye the

response as the highband excitation generator o

encoder of efiﬁléatlﬁa signemreducedlll ingersy graativer BEQ aHKERBA LD ehet%ﬁrﬂbld@c od er
B110 |1

oxoi t at 1 on oAbt AR AR ABhbA BT RRR ST RERATS,
gener at or B30ddemay aﬂuesyanthmaréiﬁbeﬁi)& anrangmho\ﬁaenma lspmhalmyie)emmﬁeﬂ aiighain

nvor se quAR I LR gn et ot kR 0 RSt Mearbaaan

excitation 1mpgmhtaS&OA316 oft I gltlaB® BB oD Refalr ABBR m\t\hﬁnﬂesﬂﬁ@@ﬁier
B110 to be inplenmented to include an instance of anti-sparseness

filter 600 Sa?fﬁfaﬁ@sef&tes 804 pranged fofdltey Shgunsiit ohepmningr S kheroducsibishbansh

si gnal bef @&idtibn 's%nélr!ﬁg@ b céhrRAfhAWRaNtiHY BE ﬁ@%aadfekéﬁa%n g&ﬁpatas
filter 330. %8001 1l nverse quantizer 560 is coifigured equanti ze

hi ghband fi4 ﬁhaéaelah@@ é@e@@@&oﬁm of FinBlemgatAions, A&Oé apd ééﬂﬁ @flthLlSFs)
and LSF-t O, 535S g
transform t urg%%):ifsﬁ? nt o Igllggl%t% TA I teé%&%ggcilﬁzaﬁg 96]1;‘15%#15\%9 é)]f‘ereby
descri bed abpresslydlisdlosedf Antspasensss fltee 69@1&,}11 alst bz emrar40 wathth sipe@mmi orm

mont  oncd SORURS AP St Eneah el o PeEme R S Eag s

coef fi ci entspdctrantbxamdecetda di 1€Ekprﬁﬁmlﬁ:8t&i’th&tdnﬁ%§méﬁw$ filtdr 86 mafraio be
used. Hi ghband thesis fiJter_B200 is confi d to, produce .
synt hesi ze eHF%ﬁ%&hﬁ“@?‘ﬁ%ﬁnoﬁﬁ%@a?w e e@ﬁ%ﬁé}ﬁ’abﬁ%t@?ﬁﬁraﬁa&%
5120 and t Rgech@t tr@klafibh, e hale@Rifdxtingibhs. For a systemin which the

hi ghband encoder i ncl udes a synthesis filter (e.g., as in the exanple

of encoder descri bed above it may be desi rabI e to inplenent
hi ghband s ;&ﬁﬁl%é%l@“r%?ﬁ{%?e%%@ 5{08 DRRRE GPﬁféB%%dn@ aiteisthe pagse e@thmpﬂtt he

sane transk x%half YRF e;ta@ple 3mAy 6 deSHH RS bitti-bldrdeRbss fﬁt@P&bbﬁ%hEFgg@Péa

decoder B20Z al so includes an inverse quant’i zer 580 config
dequant i ze and gnEad sxga|ﬂrrﬂtﬂlxcnh@a?esofman@mﬂwcglasngnab%mon@tanéd:mdmtor 590

(.9, a8 Giherwise more evenly distributed, over time. It may also be desirable for the response

of anti-sparseness filter 600 to be spectrally flat, such that the magnitude spectrum of

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



WD 2006/ 107839PCT/ US2006/ 012233 39 nultiplier or anplifier)
configured ged to apply the dequantized gain f e
synt hesi ze hlog 02%2 signal to produce highband signal gﬁ%ggﬁ%%dr]ﬁg?
case in which the gain envel ope of a fBane is specified by nore than
one gain factor, gain control elenment 590 may include | ogic _
conf i gur ed 1t EPApRINeG aten GHiRIST léar bryng a trensierfanghion preneding isr the fallowing
possi bly ageqegidd9 to a wi ndowi ng function that nmay be the sanme or a
di fferent wi'hdow ng function as applied by a gain calculator (e.g.,
hi ghband gai n cal cul ator A230) of the correspondi ng” hi ghband encoder.
I n other inplenentations og{hi_thﬁﬁhdz”dqc@defz‘%zoz, Egai n contr ol
element 590 is simlarly c f qur gy put” ;50 g anged”i nstead to apply
t he dequantized gain factors to narrowband excitation signal S80 or
to hi ghband excgitation signal $S120. [000154] As menti qoned abagve, it .
may be desi{qngisHiEctas s afiferoray Redaaprsadeu thepnetgd of therpri gisealee deat tdhd
hi ghband deggagigkr ffichtratdiinbalyregaamaRt | zed val ues during encoding).
Thus it nay be desirable in a“coding systemaccording to such an

i npl ementation to ensure the sane state for correspondi ng noi se

gener at or s [DPIASEERH canseribacraibogie mrarssness e ligomagBceaplgfor noise-
exanpl e, hi e‘ﬁ% (WX ?ﬁgﬁ) : :

i npl enent atli;&g?l%?rggf e %:%%fr %&@gﬁ%gﬁ?&? at gﬁgﬂ%%@?(eéggg S? Fﬁde&ﬁ%e?gén
gener at or ibackgreimdapisen Sparbenesappicaltyrcanses fewayariifedtoin catasevdye thoded

wi.t-hin the . fi

por i on' tnaragtion i En el araliild, BUORR il Hod B A LEL SadBolingd |
portion thémeatdd sigal0 Ihnp Gneaydhe desirablato cohiégue antt-spaesesese filteh&0 to

el enments descri bed herein . antizer 230,. 420, .0or 430) .may be
cont 1 gur ed Tt pRBts sepra et it SURioRE aie sigtns i Pey e o
such a quarninvaied sBald tre @b iEtFAbylado® SHEE kaif (Lg. Qla@ize€ haredwband
codebooks based on informasni on that has already heen coded within the

t ) dy b .
same frame FFPHREOIRPPHEHBNICATRATE! WA Fup-Guagtred E‘Et FitGRBRPCEItsRRe | .
Such a t echipdiq8ode)P &8 ok Bodti RY irfdRRtin & sReSALn FOGkeNHaref fikiCr Bty at
the expense of additional codebook storage. [000156] As di scussed
above wi t h upwhehwifcincregsing frgqueney. RRs] gnplgmengations ebai-apsapise fiierount
of peri odi ; L Q. Si j enoval
of the coa?ﬁg gta{se%g% '%F%%%%%él?ﬁ%ﬁﬁ%(?gmﬁgﬁ Cg%gggﬁ{es\i%gdr?g)?t 20.
For exanpl epedttaktilte i filtez ivoked) saindsredernctba pidhngain s dgloencibreshold oelghl vy
periodi ¢ pulses or, spikes over 1ipe. c tructure. which.s.
Pypi cal |y eRees Ry Fen i e FlepaltFopt RUFOMdmstl b et oo
speech si gnattmut ARkgishat i on of a quantized representation of the
narrowband residual WO 2006/ 1078391' CT/ US2006/ 012233

o

] [000144] Further implementations of anti-sparseness filter 600 include two or more

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

for frames having lower pitch gain values.



40 signal may include encoding of this pitch structure according to a

nodel of eriodicity as represented by, for or
nor e codeb%ﬁg{ 8%8157] The pitch structure of an act ug‘?‘nﬁ%@i‘%"d%%

si gnal rray not match the periodicity n8@el exactly. For exanple, the
resi dual nal may include small jitters in the regularity of the

| ocati ons d 0Q148] H@i aeshraigfeprasiuctiancdf theraroded epetich signelel naetbadesirable for
successi ve I I

structure |ds?é }aﬁ{; b%%"?rg&re é%ﬁ adcrf tﬁ#ﬁ }gjreagcri gﬁr?%eg Hl&/%&%ﬁ oé %? oSyPQ] Sﬁ%:eed
codi ng ef f ivddenoy spepGOG TGRS0 bergphidargmthat mcﬁhsomgmai mdmme@mgd@ r

Al 20 are c igured.tq performa uIarrza of, .t

structure E%}B @?ﬁ%ﬁgﬁ SB%F%‘VS@’?WWEW& 3’ lBgtl%BgF‘gJﬁ%?mﬁ%rﬁore
or during @seathighdbidencoddr AN00GhdHeWosBgrediowtbmgten: ragreahﬂv@nﬁlm
war pi ng in _the encoded excjitation sjgna For exanple, such a

encoder mayPYFECEIHIS afemRarat o %aéT}"éE’FIOB? A% #homp is £1G dloahféhlﬁnééaqoé@
of war pi ng A%thhdfﬁieﬁﬁhgghbaﬁpPﬂﬂfﬂcf@)@C&l&ﬂ&HﬁA%O HBY @c&ﬁ’fgtﬁ?eﬁ a‘rl@larran ed o
wei ghtl ng and/or error mnimzation criteria) such he res ting

exci t at i on cgicylaisione pr meks gajn factoss akerdingde r@irthndw@az@e@rhrﬁhbead Denat 53§ .

Regul ari zat CELP
encoders ca ?@g%ﬁgég{éh déo%lgjgcf?%g {?ﬁje?%?engre e |on f LP)
encoders. [c6@E5O] thANWR@Ehﬂs evgademd cs soxyrp pettibh ﬁlemmﬁ,f hguh@d to
performthe_ti hi.f t |ft
oy be a aerRyPREPR SRERe R RAATAD b Red B beteleT p IRl

mt_li secondiepis bbnﬁ@redajm ammges 1maeraatd qalou&rte thd gmmtrdslbge deoordingital
audi bl e discaontjnuities. Jn s nment at i uch an encoder is
cont 1 gur ed 3¢ SSBFyEHE R s Resban gt oD sl SErpan i eton
wher ei n eaGlhpnhy S8R Gighbait] &:@MRidnSsipal e, by a correspondi ng fi xed
time shift. In ot her I npl enent ations, the encoder is configured to
apply the r zation as conti nuous vvar such t hat
a frame or @@fﬂf' terapQal gy an@érlerrwéwée 3%@&3@ SeBand hightagd
cal l ed a pig I__@Ql $30akEHE YO be dllﬂllﬁlomeﬁéﬁﬁ@%né(ﬂn%agﬁﬁ efkR sk e & HabeddnS.
Pat . 2004/ 0098255), the encoder is configured to include
atine warmrﬁ@twmbtheenéneme@sm&%ﬁemémargw@mqi exjlatignhtignah§8Q (e ashi f t
to a percep} te the
encoded exc%rg?l t(ri%ﬁrgﬁsa{rhg%glﬁgl F%&%ga}#ﬁgﬂ%&co er ca c%l()g?g@e%&é%coded
exci t ati on hghpaed sigieh8130) wil ganaallzednem fftpiran thap edcodingh gareerdelvoeler

dequanti zes, t citatiQn SI nal t o.obt xclLtati.on
i gnal t hacerd T BER A EiebBio R e Wi BT BRR e S
decoded 4lém2t1@tﬁnfgu@ﬂ&b olithutsa @ahmimﬁﬁxﬁiek h&:gﬁrrta twﬁwbmhd&bayﬁésrfate
was i ncl uded | encogr ed excitation signal by the regul arization.
Typi cal |y, &8 ?ﬁ”iﬁ R He®Beci fyi ng the regul arizati on amounts is
transnmtted to the decoder.

[000147]Highband gain factor calculator A230 may be configured to perform gain

factor calculation as a task that includes one or more series of subtasks. FIGURE 21
shows a flowchart of an example T200 of such a task that calculates a gain value for a
corresponding subframe according to the relative energies of highband signal S30 and
synthesized highband signal S130. Tasks 220a and 220b calculate the energies of the
corresponding subframes of the respective signals. For example, tasks 220a and 220b
may be configured to calculate the energy as a sum of the squares of the samples of the
respective subframe. Task 1230 calculates a gain factor for the subframe as the square

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



[ 000161] Regul ari zati on tends to nmake the residual signal easier to
encode, wh es the coding gain fromthe long-te

and t hus bg@s]% smou\’/%\réal | coding efficiency, generally w %@1852%9&/&5%5
generating artifacts. It may be desirald7e to performregul arization
only on frames that are voiced. For exanple, narrowband encoder Al 24
may be conf#sgh ategoeliof the rawe of the eeessy rgneh.baefi signfd 57 fethe haargngl a

| ong-term S%}ﬁ?tﬁ%%l%(ﬁli Mgmg \S‘iﬁﬁgger?i#egéﬁ%ﬁm It may even be desirable
to performregulariz tlon y dn - subf rames that incl ude pitch pul se
energy. Various inplenmentations of RCELP coding are described in U S
Pats. Nos. W0¢BB]1eRyPrIdesijahledpr kikhband gein G2 @8RBI RESY tabalcdnfigites.

Pat I I

i ﬁpl exﬁt attrt)é?fgmg%q%té%%g%gger éﬁ%gﬁ%mﬁg tto%ew’éﬁ angzﬁ(ﬁ C@grrl'i %ﬁ% e

Codec ( EVRGhpwas fldesiart difestich an ﬂiqﬂanmmﬁmrmao ioP gein Fanthrstleylad@s@sk BR000N
TIA) 13-1 the,. Third Gen t hi t GPP2

(Sel ez:t abl e%&g—a@%ﬂc %B?S Elt{@ % I on &?@%@@I %;{0 %“Eﬁﬂ?lé?élgau 021

may cause pipp Héﬁﬁ&safrﬁwﬁd%ﬂ@b@:%oﬁIﬂﬁﬁ@xﬁltﬂ@ﬁdﬂhghﬁ&n&@ﬂgﬁﬂ g1Be. hi ghband

excitation js derived fromthe encoded narrowband excitation signal

(such as a ‘SIRtRmMItcRs trfafgd dr depliats dpernd 2k srlerlatatizrensreies il Eigband
speech decodgle B0 hdoddend Bisk {I‘§3(5j@£du‘fa@és aoéhn{ 2200 ﬁ)rttl': bRENLP %ithe
signal, the highband excitation signal w T generall ave a

pr of i | e t hatquius refitof Breatito ofithrenengies. of t he ori gi nal h| ghband speech
si-gnal . In other words, the highband excitation signal will no | onger
be synchro BRaR ] A
m sal i gnnem %ﬁﬁla&ﬂgdﬁgggﬁk{i ﬁgp%§ ed ﬁ%?ﬁ‘aﬁgb@%?’?’ gﬁl?ﬂg%%{sa%%ﬁa
and the ori Sglbﬁemeﬂuf@h peameple povinfowing rﬁ'aichﬂm?latmé@es e&eifworpwbi@hem
For exanpl r

provi do 5 ot PAErRE8 Nelo ARG} b BBl oy I s b e
confi gur ed subframeh, rf[gone)e}tdr@lé ihighdandoguirafretoe cacudatbr AZ30d chtftpmrddte apply

| hband h .. As d
i ghband i GREEZEG SEaTd T Mgk R arE i T p T RbEE B adow
percei ved gualligsyeact oﬂthetvﬂﬁé?d}éiﬁﬁk stbfeber ) GReElRecngNBEIGURB08E tvkhe

m sal ignment in tinme may al so cause inefficiencies in gain_ envel ope
encodi ng. A% apeheatign éfithh"oWQOW’élgéWEF i a6 of the fivg sybjranss afp 3¢-

bet ween th i é?o@avgig@dmtéa MH%WQE& R Xt 3

S80 and hig t%g%g&{slggaﬁ% S30 : encog}lng t1 n ga%voté %]B@th?A@%?hay
hi ghband si kprrehfigediodipply Wmdewmelf@!tchons haemgdeﬁﬁerctﬁ@yeﬂwrmémdml
envel opes, i

conpar ed to@ﬁﬂg@t&%ﬁ%&?ﬁﬁéﬂe % er}g(\"}e %ﬁa% |rec“gF1 Mmp’\%%gg% @ﬁ%‘lr}g%ged
nar r owband eyaiteaichbrit Siafroalosdilse fc&gm Imp]emnlt,aud)mwﬁngrb,and bais factor

nar  owband LA 1 PGFele4ss e kIS e e O et

fluctuati ongbir@méeppittan aiffanisi gie s againie tb mlaeeulﬁﬁ&m of Biffeed engths.
efficiency may drop. [000165] Enbodi nents include nethods of w deband

eeor di g (080} WEhof TimRoh bt DR Ey Aot e PESRUREM G SR e

nar r owband axgdulR i BmeAtaicHs. APDI-£84d Pdmedid sk et tﬁtfses,ag@b a!tﬁédgﬁ%y
i nclude inproving the quality of a decoded w deband s eech si gnal

and/ or |nprfﬁbqrrﬁ7§1aﬁﬁ’én@ﬁﬁ3péﬁ dipr a highbandpignal wempindand ki each frase dpe .
[000166] FI {#gRE, énco A ?%th@ﬁ‘ﬂﬂh&ﬂhﬁfﬁ\%@ﬁf?ﬂh&@f@@%@?@%hoélacﬁ‘Dlo of

wi deband speech 0. Encoder AD10 i ncl udes énent ati on
Al 24 of narsubmmulbhm@dérsam\plza anﬁ&te Wwindew g sfgwnemﬂmr?.ﬂmwﬂi be 42

regul ari zatl on, dur. i cal ¢ f t e a
exci tati on & ]eglwl or'ﬁg%glﬁégé Saﬁﬁ%dv\% g@ﬂé%%;g aﬁi Al I
configured saeleﬁmde palividedine five snfbfranén‘ ofteljeal RaighP eacphiefhend aill uys 32

di scussed above. .
sampﬁ:s, and the window as shown in FIGURE 23a will be 48 samples wide. In other

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



[ 000167] Narrowb and encoder Al 24 is also configured to output a
regul ari zajjgPpefahsesi gnal SDI O that specifies the degr '
war pi ng applied. For various cases in which narrowband gﬁlgg%zgédlﬁ?zﬁ
is configured to apply a fixed tinme shP$t to each frame or subfrane,

regul ari zati on data signal, 801Q may .include a series of val ues

i ndi cat i ng "BRERRIPRR %fﬁlga}ibaaﬁ?r&%ﬁgﬁa‘élﬂa%?%ﬂ edercopiisnghoimedger val ue
in terms oliffaAs fadthd tbi SREAHSe 0Pk fraQEE Other tine increnent. For
a case in which narrowband encoder Al 24 is configured to otherw se
nodi fy the éi rTE scale of a frane or other sequence of saniol es (be.(?.,
by conpr es WSS HFECHRE2Ahouna blogh disgiamptan smplemepigtien BAYZ of highban
regul ari zalgb@ped B0V, TREHIRAA bR B 1B a'}f?@bg?@?%#grﬁr{) %ﬁ@:‘&{bﬁi 8380

| -
description of the nodrfication, such as a se
par anet er s thaf i condgyserd toi produse highbans| escitation signblaf130 dased damakb@Yands

configured LV r i .subframes _and .t o l.cul ate a
i xed 1 e il g S50 BERer b o Gy U o AB S R ol idhaf

si gnal SD16xditatiore penemtdrtBI06 nhdyrte isiplebtenmtacotiding @ angag theligglenmniatioss
frame of the .encoded . parrowband sjgnal,. | : . .\ s .

2006/ 107836@@#@%66%%@ Sensialer %@o‘%ﬁ é‘éﬁ%éé\g%%{ﬁav ety Eiscdssiebledp o
i ncl udes  aimiglemynthigtdabdl 2RiteedH degeiard BBO0 &M AR sthe FRbedsE aP @t | ONS
of hi ghbangigzlgeech signal 530, accordi ng to del ay anpbunts indicated

by an i nputighpyidsxcitation sepdaferch theishping eacasey i bnprripiacndive ghuem.
S30a. In tBecRRHRIRDRROWE ! G ' |

configured t% time warp hi_gﬁgag;ﬂdl speé%ﬁ?ag? nglxn%%é(%ﬁgl??:zo%gg}ﬁfgmf%detdhe
war pi ng i nBREQRAgd pycitaggn pignal S50 howeden i 105 aases ERhgnd excitation gererater |
the sane a j ' . a.%e@@ ' [ m

narr oMandggg@hagP?gﬁ SI g’ﬁ‘%‘?‘){@g‘b&@ a soallédp:p c#g%%tsﬁfﬁqﬁaﬁe co‘?fgespondi ng
portion of nirgitsaddeedertd hl (singmatd %8 Mndhekeandnesalqusitizer dinfigaadko t hi s

exanpl e sh |ine D12 s_a, separ at | enent from hi ghband

encoder Mg%i’aﬁ?%%ﬁ%dre Binﬁnp?%%@ﬁteﬁflf%ﬁg S’%ﬁ?ﬁﬁ ﬁﬁ%gﬁwsﬁ"se fa?r anged as

part of theartéwahadetodac®i@rto bk QEEMSItEdItd iheladd apha s ol b BfurRhess

hi ghband e ﬁOd r. A200 ma%(l be cqnfigured to perform spectral analysis

(e.g., LPCH ?Faﬁ%\%rf&‘}ge&fm fer e e g Erigd spertian sigps defogminisng

to perfor mdphi® ManBkBSTnieabhraduaPasaly 38@nal S30 before

cal cul ati on of highband gain paranmeters 560b. Such an encoder may

i ncl ude, Lfr g%fpl e, an jnplenentation of delay |ine D120 arranged

to perfor MU MYErsGAPEItRe: S90ds sqrigured 42 dequarsizeiahbansd filkas apameters er

par amet er sg&fim HASKIPR fofhese@éﬁiﬁﬁ),%n@iSF-_@c‘!»‘@Pmr SdeBi@dnt %ﬁsfﬁ@% S0 4
[

descri be a spectral envel ope t hat is msaligned in time wt

exci t at i onissPghgiredtpionsipgn tedditivdniay seh of diled g ifasnthdorsaanpluased
accordi ng i i f j ) | enent s
stitabl e fgér}""g%%l @?ﬂ%@{%ﬁ%&f e’%u&r‘%W%S%éﬁ%Aar Di n‘% ﬂ%%%ﬁ%ﬂ?%ﬁ%ﬁ% hi ghband
speech si gnatovgéaod ercordercXi2®) By otbielimpleieniati k28 mentiohed dhoné,i differedt t 0
read hi ghband. speech,signal., S30 from.a ffer..according to the

ool red o1 ABTIGHRpae (i SRS oer it R s SR el g 3P5A

i npl enment amapbe A2 FOghbaed egniliesia €i1BXLRL0 1§ abnfigueddt6 peodacsHinthetiged St er
SRL Shift ﬁ,egli)ster Rl is. a bﬁ{g{ler of sone | en%éh in that is

confi gur ed™® al“@é’ép Acehiding e pighband FHABR pisPRce AP auhip pEST iter

hi ghband sgRefdientd. Hala sHstbn id %ic}{@ﬁé&ﬁéﬂﬂﬂn& encREM3hcib®salsyhRAN filk )e sum

of the maxi mum positive (or "advance") and negative (or "retar

time shift&-&0seths gpiople efencogerymdp2isiescibpd ehnvehit mhayrbetdesirabdd toe nt to

be equal t . | i gnal. S30.
1000171 Dol B T e g8 Syt e o0 i el oA TE, Bleae

hi ghband sirgpsfer fis@0en)fas trar syntiphfsder.l ocati on OL of shift register SRL
The position of offset |ocation OL varies about a reference position

(zero ti mepgqf i AGSR flblfbe 5203 o FMITENn b dTBe Rabhfifer 380 LG4 5S

dequantize highband gain factors S60b, and a gain control element 590 (e.g., a




WO 2006/ 107839PCT/ US2006/ 012233 44 configured to support equal
advance and retard limts or, alternatively, one limt |arger than

t he ot her W04 Wa3%a greater shift may be perfornmed i nPEHES260d2283 on
than in the other. FIGURE 26a shows a particul ar exanple that
supports a larger positive than negative tine shift. Delay |line D122
may be confiugiiRgot An nﬁ@@e@snmaﬁ &ﬁ%};gx? ﬂ@édeauéﬂtﬁ@d EAE BRAM R0

on an out put bus w dt for exanple) 000 A re ul arization tinme

shift havi Hi§ snthessdiughband sigeal éo prgvcedighbandwignal § s aivase o adieh
audi bl e arti efg%&tc?wbl'agiﬁft ﬂglglgﬁ%g?ﬁﬁ&f@ Igor-gx%céﬁllel ncgoxnggﬂ b i\l of a

regularization time a narr coder
wi || not exicewdt P0imeay inclutié bgmwdﬁgursimrapp}yahe gdie factometoghe fesgective

i ndi cat ed ar.i. ion.data siagnal 10. will be. limted.
Honever i oS REER 8RR B Bine TR hat o R ST v 8 e
co 3; i gur ed dﬁremgmmmgm?fgnmslamiad Bt gaimtl)cslﬂﬂtéﬁ(s &l mguaﬁalmlﬂi tive
and/ or negat|ve [ ti or e to obserye a tighter limt
than that CHPYYEHA %t‘ﬁgb é‘ﬂgﬁéﬂﬁé Cfe[o%t?ﬂ?%]’ﬁp lemRptatigls of
shows a sc 'ﬂ%ﬂﬁéﬂdcde&b&gfﬁm QhinddntrBIR@REN5 Y s Qinildbd4oRfigHed B 34 | ne
D122 that includes a shift wndow SW In this exanple, the position

of of fset PRERMEE HKteetd tq ply thedegnapzedigaindpgtess twmvbas@wxwa@mu@pﬂl

FI GURE 26bg g@%@gﬁgﬁ@eﬂcﬂaﬂgﬂﬁéﬂgﬂwuffer length in is greater than
the width of shift w ndow SW delay Iine D124 may al so be inpl enent ed
such that the width of shift wi ndow SWis equal to tn. [000174] In
otther inpl S0 s gramtionrd @9%|ima>dlez®3ﬂ@l%f@r¢tagmﬂ1§@mn@stme|m the

hi ghband s time
hitoe Fi OOy SEL anefghind b oF B R A RSB AR o
D130 of deba;wdinlgheTfmzi:)mahh@ dasnelblade&cadwg @ttemtacccegmgtcemhsm and SR3

configured nd S ee nal

Tone Son 50 hRehEgcto 30ti8 b oL AR ke 2BREEile Rod BtneRiis o Fipfbina
r eg! ster dSBﬁcNa?oxSﬁﬂn“etatdrF@BGO eiid iERB) azzseexaﬁhpgg highbend éxeRatiohi gfghergiﬁnrsf

i ndi cat e 0 a . regyl arizati on_data SI i ft
regi ster Sgéo? §“CL%§® Lﬂ"gl?ja @%QGW%OB&W&PC Clﬁﬁl é?ﬁﬁ'fe of the
time-war pegoid ﬁ&ﬁ‘ i$4 8&3imin3He funE@Q%Zﬁgnhﬁmhf&ﬁeQ@rcbﬁé&Wﬁ&nmee

shown in FI.GUR shift register SR2 includes a frame buffer

portion FBF2EAL- & Eféméfgbaaéfﬂtmwﬁtt@réﬁ4fbgaﬁmammﬁlfepf mdfrspeqde$R3
i ncludes ap %&@ﬁg@ﬁi&ﬁﬁm@?ﬁ%ﬁ%@%%Egp?rﬁﬂn yég ce buffer portion AB,

and a retar er portio engt f advance buffer AB and
retard buffer RB may be equal, or one nmay be | arger than the other,

such that H0§1850ae osmiore ofi the eyaatienry efthe Pampnis desspbadheeein from, quantizes
WO 2006/ 105%3 %E@Ur L@@)C}Q@ Qélo?c%ﬁgured to perform classified vector quantization. For

{ example, such a quantizer may be configured fo 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

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



45 other. Delay buffer DB and retard buffer portion RB may be
configured to have the sane length. Alternatively, delay buffer DB
may be shoMEH¢HIRIretard buffer RB to account for a tPEEUPHIGHIREE
required to transfer sanples fromfranggbuffer FBL1 to shift register
8R3, which may include other processing operations such as warping of
the sanpl e%ir_%kaszf%%%aheé afRding ot Biif pitchadh&hR ac&ing kO hbAG ot Tordshigrm
exanpl e of GURE 27, franme buffer FBlI is configured to have a |ength
equal to tIpatiodisityasaenptesmicddn. for giaseme oap ghapresedebacks.anot her
exanple, franme buffer FB1 is configured to have a | ength equal to

that of ano@mﬁ iteh stRiERPaNsh Snth i dSAQignhlmay il 16AGEhe JelidHcilyl ne

D130 may be configured to include |logic to apply the same (e.g., an
aver age) dehede!l exacty.| Fasgpimplveibe sfsidyalsigngbmey mghidg gipll giters methgy | i ne

D130 may al i.hecl j Y :

i th val ued g ob BE 0B SR BRey Bialifar AT SRR Bheoptind
AB. |In a fustheulsesianffitase sshindtiexaciyiegoad andike stragiuteds natrfuitgragotir.t Ghese
recei ve val,ues.of. h Q only via frame buffer FB1, and

in such caége@’éwsh%ﬁzg%%ﬁgé %@31'56%%?1%3‘ logic to interpol ate across

gaps between successive frames or subframes witten to shift register
SR3. | n ot He#0158]8 cemeeintpidmemnsionsief rayrolvbael ddt8@r AP0 be wofifurgditced t o

perform a warpi ng operation S, es fromfrane buffer FBI before
PeTting ¢ heRrbon SReble peiootape BRE ety vy Reely i ddhRG o v P oRS
descri bed hye feguhlaRiczebi @tingdajuantageta br BPIAYrwideQRQARS 1t admpyivdeme

desirabl e for del aeglpline D120 to apply_a tine war i s, based

0 A i ng that
on, but is WapPingdteranded gxciiatign i Ry eXpoples ’?“ég &) n‘i"B@‘JP%PF‘?% ation
data si gnalqoﬁ?éﬁéd fol e dBEordth et R RRB altul Rk QG ode @ﬂfv%gil%f in @ifhe (e.g., according

i mpl enentation” AD12 of w deband speech encoder |, that i ncl udes a
del ay val udonappemoprerepmel weishing radapparminmigaton i) sirhdbetts map

ol ay val uas BRGRb Ao SRS H AP rtalbG e RISt 0 TRPPed
kit et g vtk gl oty et s
;Bm i ed byb%ﬂ@mﬁg? &Sa?oegﬁ%*eéiréfbea%?“%@gfb%i@%ééﬁ J’eogglt%b evol ve snoot hly

over time. Therefore, it is typically sufficient to conpute the
aver age nar{i0o¢159han RIORE Pt bder aptppicaly doefigived wuistioamtts: thue wagying @ ane

of speech, d.to, shif carre ndi frame_of hj

si gnal 330 %gEtb‘fe&fnﬁegShﬂ% ?P}Fglwgﬁgﬁ%y Qn%%d%f%ragggﬁ %8%%%?ﬁ%§§§ys
val ue nappefeghiikQolaFe® @ﬁﬂis@iﬁiﬂﬂ?ésﬁiveﬁdndﬁd i gualin vaner sgetiif td heid
subfranme del ay val ues for each franme, and del % line D120 i.s

conf i gur ed auEibkp@issPipEticsdn S06 HDTBIYBISRA 8T B 7T P9 456 Bured to
cal cul at ed #g;ftﬁg G ghRridatflih G PRRBAIsH thshibAehedin BAGITRAMorShBfR@he 830.

| ni_ot her exanpl es, "an average over a shorter period (such as two

subf rames, warpkdbY a edrrespendinaiixeditinge shifh garoths implgmeatgiensaibe egoder is

frames) may ?efhgl &2 chftifhob % Mggﬁﬁcﬁoa?sﬁua{a@ge i's

a non-int eg@%ﬁggﬁhg&%&iﬁgﬁp %ﬁgﬁg(lie({ngag a\faﬁtllje Onap%;épr 110 ma?/ be

confi gured fane aundfrihe isedrped dosomling inp@ieh conters éalsaotallsd apltesirtiettoye

outputting pt to deldye! I8 Pedin U.s. Pat. Appl. Publ. 2004/0098255), the encoder is
configured to include a time warping in the encoded excitation signal by applying the
shift to a perceptually weighted input signal that is used to calculate the encoded

excitation signal.

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

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



[ 000179] Nar r owband encoder Al 24 may be configured to include a

regul arization tinme shift of a non-integer nunber of sangl es in the
encoded naMbWPEWASRxcitation signal. In such a case, iPCHH§ROp12233
desirabl e for delay val ue mapper D110 49 be configured to round the
narrowband time shift to an integer nunber of sanples and for delay
line D120 togippfbaal tHie ekkibicihe Siﬂ'ié%r?ih% figlay thahivehinaindedsineredncsignal
330. [000180].In sone i np) e%rgyg\t ations_of w deband speech ,?n_coder AD10,
the sanpl i FECiF4PR&EERY DY AhG (R ANERIOpe CEpical Vg RRINIEDGUSM PR YRS Hitd
speech si gnadu330APYnEinkd i€ frandnlltSteIEAR6%r, del ay val ue mapper D110
may be configured to adjust time shift anounts indicated in

regul ari zation data signal SDI O to account for a djfference between
t he sanpl i néPHaLIReepirizgtiondwsa fmakrelae Fesidugsgnabensier Brenqage, vhisand
excitation:si : i gﬁgﬁg :
del ay val ué Prg]gggetrh §%€%8Q%a§@8§k@g%‘ggur ed ?gﬂog%g%tggf%g Sﬁﬁgﬁg%mﬂbg
amount s ac ctfidkney, geoerally sithoutgknerhitngsatiforts.nlf maytheslesirableoneegam i cul ar

exanpl e as tioned r i i I
B ke AP RBERY 8 B LR POELE R Sl o bt S SATRIEE, |
case, del aymaytlewenfigppeto diff Only shosofrfunggoredbiranenilaving layoresietm stmdidre,
anmount by 7/8. | nplenentatjons of dela al ue er D110 may al so be
cont 1 gur od P BePlst MESHEnt s RSB HaE o P e

ih nt eger - E ggg?ﬂéﬁtjﬂes?m]{imﬂ?c% Iﬁﬂcﬁ@ullséléﬂei%)at\?%ﬁg_ i Qﬁ@l.&ﬂ@ftiﬁt_idn@ Bfaglgﬂ_l?%ﬁdihged
er.ei n. In further | enent at i ons, ay Li i s .
Cant1 gur od HoocstsiR B Hath Mo RO AEeaR A S FISGE Brob R
sequence 0fU._§?‘15H€.|ﬁ%}l.(lﬁ‘ub@.%oo@lﬁo%@?(ﬁ&%isﬂ"@ apj@mgimagxeﬁl@ﬂtaﬁmwdi ng
anot her portion). For exanple, narrowband encoder Al

4 may be
conf i gur ed REEFeeddersringlnde the Fohaneed Yeziable %ﬁégﬁﬁq{gvﬁq&)aasfcéﬁ@ﬁ%iﬂ such
as a pitch ; i r L1 585 ] O ~Hat a
o nal SoLG Sy Rl ARly ool (Pl TN S A b el
such as a $arinethip®rejesdBSPPARtlatabiMbdenéodod@qSMEY). i ncl ude | ogi ¢
configured to warp franmes or subfranes of highband speech signal S30
according t I j I
mapper Di10OPOETABEH R b Bl P LERE BloBic 235 o IRk
functi on bebaeen whichshapighbaad ekcitatidd ishieghdbion sipemcbdedingraivb880 by
delay line D120. For exanpl e, del ay,val ue er 10
conf iyg ur ed SEERHEQR Sigpak é‘m 8 38?&% F‘ﬁc}@%‘yld\?n%pnﬁégee% 8’6‘1’%? %P@oanfjh e
Ilﬁncti Oni _ evgi@gbaelgls chaé_:déﬁeﬂgL\gﬂgb;.?Dh?@ it detivdiRn fofn 5 anplvespeddiinl) tirr e
en applied by delay_line : O tine warp one_or mnor.f
cor r espondighbrpdierciiataen gt Wihawewly WP‘Q%%%‘%B P%‘)g‘é%@ﬂt 1§ F%f?é?nt &g that
[000182] FI U3 BoMBuds HLAGHARL Th ol NACYELHACxOlarioh Snal
and spee

W?{,pi ng a highb ch signal ‘according to a tinme warping included
in_a correspdimgiloegee he sxehionelis wifibte eriginel highbaehspsegnignal Task TD100
processes a w deband speech signal to obtain a narrowband speech

signal and GofteaiLanGERARG BhdNhveol 8o %i&baﬁﬁﬁﬂ%@é}g@ﬁ&ﬁe

configured ter t eband speech using a filter bank
havi ng | owpaignahhighhvingrspeesh signhltrerscausa semeralpreliennspieaeanrple be werped

filter bank.A110. Task '11)20 n . j.gnal
nto at | ediEra e mERater fl St SRIOEEEpb YR, BRNLPINAIR RRARRG REETT
of narr owbagydihbdis fiker thaiacmifign:ed addvedieg tatbe dltergnrameiranek teced fait e
signal and/or . filt paraneters nmay be quantized nd, t he .encoded

nar r owband cg%gggéhlgﬁ{)@#épﬁ%ﬁglgaﬁls dkﬁyWM%lg‘eﬁmé?mﬁg?‘ﬁ%ﬂf%g’?EWy as a
speech node.opafPaRiIE artifReKhA @R e BleSRrdelvell YLy af thé Becoded WidaBardn t he
encoded narrowband excitation signal.” [000183] Task TD300 generates a

hi ghband ex@eetchtsigal si gnal based on a narrowband excitation signal.
In this case, the narrowband excitation signal is based on the

encoded nar)ayRAaNtheSnGhl BlideainH i Rhy 2166 ERESinBGicledcidl inl R8SénveRGe

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




48 [000185] Ot her inplenmentations of w deband speech encoder A100 are
configured to reverse a tinme warping of highband excitation signal
S120 causeWdAP0HIFFfe war pi ng i ncluded in the encoded nBEFBY9E2233
excitation signal. For exanple, highbaggl excitation generator A300
may be inplenented to include an inplenentation of delay |ine D120
that is CORhVlMeE O hRrovRafd ¥eith@eHNi Glal B8O Aigibadd ﬁg_@a 330.5B) bRcdMing
mapped del ay val ues SD10a, and to_ apply a correspondi ng reverse tine
shift to néirzinenyalopsef thahishhans signal acsordingdp grelptiandeavesnilesy tunt

si gnal bas i : i . i

hi ghband egégxll a%iiegﬁa&s%’nagﬁng%é%%fo %Téi%lltl:ﬁ?? ereslj\?\na%g g%d S agéedctﬁ
encoder i mehebgtht gainsnvedgypesrectinfWien the enapdethoaniovhand expibtersigpésch
si gnal SZOréan

hi ghband h_Sj. | 330 i ] f )
ot her - s TTRES MRPETesS R Ce R By Rar 430 PR gl A
r epr esent abkiweenhartoWwbaghl bacithtisp sigh1l S80 end/dkhipead aipdalss 30inghyranst

excitation_signal. Such an._inplepentation e configured to

bor T orm ¢1 ABCHE i e A PED B oS S ardhcHaE eHEerEs S 9eoy s
include a time warping in an encoded hi ghband excitation signal,

acc o(r:I did ng t{m}u;ll\/gﬂﬂ(’jnmi idhtd Bbhatie ﬂ@thb?s o Eﬁiﬁmnd@pe{abmmdﬁﬂmﬁmgeﬁcgm he
encoded narrowband excitation signal. For exanple, the hi an
oncoder ey RS OhA D SHEME R AL SEOTBE 4G » kb BRI MANGF O el ay
val ue mappehrbdbdfliAs ef8asd ARRA VAL Slctatiddigrdl Pt SvaRdods@f aiipl Y a
time warping to the highband residual signal. Potential advantages of

sich an opeareiitqds inclusielimaeovinsytee exalinteferecedsd stiehgned sreeles! mrad AR PR
resi dual si -lp! behiLhs J5Bky Qh%@ﬁ;‘éﬁ? it pt hesi zed narrowband
and hi ghbaﬁ%ﬁls%lglen%c %ana%yg. [00%18 As grrblen?ﬁgﬁ)éd above, enbodi nents
as described herein include inplenentations that may be used to

per f or m entiRUHEAITBGHRARS shap eblack dlagemmek nimplemenigion AR whdivand
systems angd .fe\sﬁkgao'agr Mtﬁgﬂ}og&ér Aﬁﬂlﬁ&&@s%ﬂimﬁf&?ﬁﬁéﬁor{ﬂ 246190B80Hand
codi ng may BI'S0 serve to differentiate on a cos asl s between chips,
chi psets, dewders]2Gihdl iscomgumst th petiami regulniizhtion durisggaiadationiof He

backward co Lhilit and, t.hose kNg_narrowba t

Suppor t foﬁﬁ%ﬂﬁﬁtﬁ%}”%@gieﬁﬁ‘t@? ﬁgggig:gg'ego%eexra%l irlléplﬁ%govgq%g%g{‘)cg d%;jlé?ﬁ n
conj unct i onnayi Belvoafifiged Mcattiing 0rons upporetdf tig: ROBDRplemetitainns disdusaed
system nethod, or apparatus according to such an enbodi nent may
support coci’PPl‘ge'of frequency conponents from for exanple, about 50 or
100 Hz up to about 7 or 8 kHz. 49 differentiation may usually be
derived by [00167Bartdwiagd eficoliéoNl e alp@edrifigited o ovtpitexdegulltighibadsta
support may_ serve as an enabling feature in, speelg/ﬂtsgl rgeco nition and

ot her machisig@al H ¥l Brepssiiiehtbs gprecdiipmearing@apUrd. SPE VEus £35S

alf} omat ed QI GEn MBUbaRAV¥ Gatd QD430 zuRHEOARAY & %8 fmPEIRR LS Sdch Frame

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

narrowband signal.



[ 000189] An apparatus according to an enbodi nent may be enbedded into
a portable device for wireless communi cati ons such as a cellular

t el ephone WO PVYWEFREl digital assistant (PDA). Alter natTGEUS2006012283 an
apparatus may be included in another cggmunications device such as a
Vol P handset, a personal conmputer configured to support Vol P

conmuni cat l[mm&]@mdabametspwck eﬁ@dbﬁ@@@mtlugwedbléﬂzﬁmim doatiepbe C or
Vol P comuni. cations. For eXSé%phpgbb an ap aratus according to an

enbodi ment 2HEPCHE IR RFEAR ANCIREEF (?Igném%% afcording tp delay amounts
comuni cat gty menpPaRaRdid\GodRe Bniemearpﬁmg%agp&a%gﬁﬂ%@@ In

such a devi ce may "al so m%lﬂude such features as analog-to-digit

and/ or di gﬂheeqxamaleashawwlmgﬁ oilayfing D4 gRiscenBigndio tine wem t ry f or

f f
D epoeoh ShBByd spbdh aPEy Rbofileh anihfine RIRARAS, 1 OREHAN ARE O
and/or r ece;gnalcﬂiD]@f It hechondmer, sipesemh asiogmaf nn{eompﬁ@}halt tvaé micluded in

I tl t t.ed d I t hat t I
ontl o be’ SEEAEIRRGY BRahhT fPa Sop i Hile BPar oMt iihgirgdoticay
in the U Sof Righdindispsah sigatl S30etde alidgis. G0hetah BR%kxangleGB6 P dol9Omeof
whi ch thi sa?ggl ication ¢l ai ns benefi Such eat ures include renoval

of high-en a%?‘?@?t%‘fle’?ﬁ‘&rffonaﬁlﬁg‘ﬁnéﬁ%‘ﬂﬁ% Bl i other iplemeniinand
and are subshkanhé BlibyisaBeRRd Js@%bfﬁ%h@ﬁﬁ%@ﬁ&r Such features

i nclude fixed or adaptive snoothing of coefficient representations
such as hi %ﬂ&lg% LSFs., Such features include_ fixed or adaptive
shapi ng of Fygherdmglementatiops Qf@é&?@ﬁ%daﬁm%féfzoewﬁﬂ@%ﬁlﬁmd to
repr esent abk@éi @é&&l@ﬁmyﬁf@g maﬁa@ﬁ,ﬁ%ﬁﬁe ah\%ﬁpwﬁl Helgdfsheed

adaptive snpot hi ng a gain envel ope, and adaptive attenugtl on of a

gai n envel §g@ang mﬁgmvmewmspé@@b@gd ppassle pignaliS3A beforg w@u@é@u of bed
enmbodi nent I t to
ke or - us De R Al iGe 3000, Sudhh REIBPRAZ B ol Bl B
enbodi nent smplemepoiiei & delaydind 1138 agemged it pgfarmahplims warese nIInschher ein

may be applled tQ ot ment s .as |l . For _ exanpl.e,.an

erbod ment CHey Hode o BHERE el Brpe RS PR brseatf wE AR S ah Bvarmeg
circuit, aS1gﬁa1(S3DGmHytde€@fﬁelag;pécaial envefopb thac Blufichlight dindfine with highband
appllcatlon specific |néegrated circuit, or as a firmware program

| oaded |nt8mﬁgﬁm%89%t§ﬂ 'storage or a software program | oaded from or
into a data WO 2006/107839PCT/U82006/012233 50 storage nedium as
machi ne- IGWV@MHmcSJ&Qbr@@dﬁd@ﬁﬁMcd Asbidiyith anp caidaatioaldreogry an

array of %c el enents such as a m cropraocessor or. other digital
si gnal pr o@ geptgnd pptage sleaeniasuitaioiongy! vaghaderisg thee \aﬁvgagroavawns

storage el y 0 {
I R e e e i o

(random access nenory t)
1S,

( r{ ead- onl y repdhighpind spaephovigiel S3hirpmebuifer accedingdp gherdepized time shi
magnet or es ,

di gk medi u%ﬁguc zggI!lgd%ngaa iif g%n%ﬁ%?é%m{l :?’?: gﬁﬂgﬁﬁaﬁ@%éﬁﬁ?mﬁ%’%ﬁ \I,("}g?élﬁ
shoul d be ri@etist twhidtoa slnft Imgﬂﬁersﬂﬂlr chifcegister 883 em)bwffdra)ﬁ seaglengbde,

machi ne code, . bi nar nmacr code 0 e or
mor e set s St idatameC R v bRiTES o BT Qe bl SR bt

| ogi ¢ el enephal, S3anThenylue Hbedqal toom lakt theain eXkasplagBaunh POIIR2br The
various el enents_of inplenentations of héghband excitation generators

A300 and B3Hangs yRWaeE2tEedet dptam bme SRHR PRFUBRRE e It IO CORYHEHAnd
speech encegdehe M0y (3808 SRBEE ﬂaﬁﬁ@ ePEBEraRBEQP h@ﬁaﬂ@mgmal S30.

i npl emented as el ectronic” and/ or optical devices reS|d|ng or
exanpl e, on the same chip or ampng two or nore chips_in a chi

al t hough ol¢817H elnydinaEie? inanfigired & euipytithe Bt erped gk RFElpignal 302
cont enpl at g‘a H}ﬁfsg{ioﬂ?froﬁ O, 6B R oiler SRE hTﬁé‘p&ﬂRﬁ’Jc@%ﬁeﬁ@éﬁh@ﬁ OL

inplenented i n whole or in part as“one or nore sets of instructions
varies about a reference position (zero time shift) according to the current time shift as

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



51 characterize a spectral envel ope of the highband portion. Task
X200 cal cul ates a spectrally extended signal by applying a nonlinear
function t &¥O28YYAEP derived fromthe natrowband porti ofCT/FER8R6/0(2230
generates a synthesi zed hi ghband si gnalgaccording to (A the set of
filter parameters and (B) a highband excitation signal based on the
spect ral | y cenfigmelbtd sspmymidquallalsincd ehdibtaa liit of, @ftera@aly) RO UREARGer

(B “encr oy B0 G EF HBF b6l FORT AN e et afmchomn m e
[ 000194] FI GURE BIGUIH 086 stawk lagwkiatat exingle mgﬁggqrw%qgrgefr%%&{@r}%i ng a

hi ghband excitati.on gjié?nal accordi ng to an_enbodi nent.
cal cul at es "88HYF B stET | Welaxlinsdabed Bapraonfguras i gutpi one pombiersemples
function t et RRBIAIURAAELXCHLBLIHRD Wik leyed from a narrowband
portion of a speécétl:J sig%gl . TaE‘E YZB% t%ﬁr}glle%}&?ﬁ!ee\jhar noni cal | y extended

signal wth a nodul ated noi se si %nal _to generate a hi ghband
exci t at i on [Q0AAIA regylayipation tipeshiiiravingrd weogrhtade ofgnors thestdfow M210 of

generati ng ! i | i I i not.her .
o ment " aay o ey Saf b ARCOICH gt rARRY Hedueggiude
ti me- donai Af @ meglagpationdiney thifihgs pesfoemed gya parsrwhahdrencefleroh E24amilingt t he

nar r onband ! I OS] | e har i.call xt ended signal .
Task Y400 et afos AERHAD. e U8 olff SRRt B toehle e harte
envel ope t sigpal@Didevillive linmitkd| Hosdverpit sy be dodded if QR0 L85 F:QRE 1132
shows a fl?ﬁﬁgﬁrt of .a mii\ hod M30O a.ccorgi ng to an enbodi ment, of
décodi ng a™hi BUHPHEET IhRose B Koy on timeshifign shehosityapedier
portion andegafiee Bir@liba@dr pomiglQRo othesk a4kRfr Iiﬁl?t%ha\fﬁtﬁaﬁmﬁgéed%g thd I ter
paraneters that characterize a spectral envel ope of the highband
portion an8EovRardgRcogsin factors that characterize a tenporal

envel ope of the highband portion. Task Z200 cal cul ates a spectrally

ext ended  s{apORY3]PYGERE!26b 86w IRALLRRAT adiMAGF b Oméht ] HLyed
fromthe narrgwband portion. Task Z300 laééner at es% synﬁcgg?izzggﬁdaw

hi ghband siBhal2ategneiiges ahiff KindowesS Weln bis expmpley the gositien efaffsend ( B)
a hi ghband | E cﬁﬂath & ded si gnal .
Task z400 lr%gﬁﬂa?iegﬁ%%l e%\% F?g‘é&@‘f éﬁéﬁ@%&%ﬁ% zZe éhiga Bard afe i
si gnal baswhichihe bidfes engdim ipairentérabanches widdoof extamlidey $Ws KelZABR: may

i ghband s oear b eade e Rb FrE Sl B ARR s dRetdg SR el on

signal derived fromthe narrowband portion, to the spectrally
ext ended s[0§A8T4]In ahertimplenghtations, dxley bt DO is confiuredad wire higkband

synthesi zeg, 0l ABA G A e V0 F008 O TEIOP TS BP N2, 52 o

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 $30.

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

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



[ 000196] Enbodi nents al so i ncl ude additional nethods of speech coding,
encodi ng, and decodi ng as are expressly disclosed herein, e.g., by
descri pti oM BPI/H$Xct ural enbodi ments configured to pePEHPRAAYHR233
met hods. Each of these nethods may al sgsbe tangi bly enbodi ed (for
exanple, in one or nore data storage nedia as |listed above) as one or

nore sets othekNBElayBEif@TSE bRAGERI BuffiiPoionREE KLY BOLehiipyred tHREW thE
rocessor,

I ncl udi ng an arrggg1 of logic elenents (e.g.,. a p

mi cr opr oceS&@F len _cr”t%'&?ﬁﬁt%_ Vel ey bytfepbRanat hefnprerdhan etarhlarfen &P to
Thus, the Re&x@for h AYRHALAAI le§uilRic b §AASEDIe £B8 frAl hiltfh: B8 14D St
enbodi nents shown abovée but rather is to be accorded the w dest scope

consi st ent Tegigter e whidhisapinelydewtbensoessitpencrations sich ek veeming of thny

f ashi on her, ' ' e . ed clains as filed, which form
a part of £ eﬂlg‘??%&r?%?dr%ﬁ%st!ép}g?&fg%%}%?!aAl VS 1. A nethod of

generating a higﬁsand excitation signal, said nmethod conprising using
an el ect r o9@01deln dw exemplercf FIGUREE 7S fvtrhe biffey BB tis confignedat hng aa

spectral ly e ' [N tr.a nitud ectrum
of a first lé%hn%q‘gﬁﬁ?t‘ag ?gbrbeg%emgé (%)fﬁgé{r? ag%%%"agéggﬁ‘a@r oW ﬁﬁ‘%@%’ ?ng on

si gnal ; anduffer Fr Riconfiamnéd todpes skagheqhdlltd thai sfpnekuldraecsmighdbaghal
that is based on.the encoded .nayr d excitation, sj |, wherein

el ther *(A) HEEl D RS0 eaiTa P LSS b 1B b oLt e e et anply
signal or (R sabdede.bi, b5 bvesd @D adlay ® dB3eBHAE: oF alfRS\H th bekhi&ad.dDelay line
perform ng _anti-sparseness filtering, and ,

_ D130 may also include logic to average values from frame buffer FB1 with values to be
overwritten in retard buffer RB or advance buffer AB. In a further example, shift
register SR3 may be configured to receive values of highband signal S30 only via frame
buffer FB1, and in such case delay line D130 may include logic to interpolate across
gaps between successive frames or subframes written to shift register SR3. In other
implementations, delay line D130 may be configured to perform a warping operation on
samples from frame buffer FB1 before writing them to shift register SR3 {e.g.,

according to a function described by regularization data signal SD10).

[00017711t may be desirable for delay line D120 to apply a time warping that is based
on, but is not identical to, the warping specified by regularization data signal SD10.
FIGURE 28 shows a block diagram of an implementation AD12 of wideband speech

- encoder AD10 that includes a delay value mapper D110. Delay value mapper D110 is

configured to map the warping indicated by regularization data signal SD10 into
mapped delay values SD10a. Delay line D120 is arranged to produce time-warped
highband speech signal S30a according to the warping indicated by mapped delay
values SD10a.

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

subframe delay values for each frame, and delay line D120 is configured to apply the
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signal to obtain the spectrally extended signal. X
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 S30.

[000180]In 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
sanpling 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 S30 is sampled at 7 kHz. In this case, delay value
mapper D110 is configured to multiply each shift amount by 7/8. Implementations of
delay value mapper D110 may also be configured to perform such a scaling operation

together with an integer-rounding and/or a time shift averaging operation as described

herein.

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

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



6. The nethod according to claim1l, wherein said generating a
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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 TD500 applies a time shift to the
highband speech signal that is based on information relating to a time warping included

in the encoded narrowband excitation signal.

[000184] Task TD400 may be configured to perform a spectral analysis (such as an LPC
analysis) on the highband speech signal, and/or to calculate a gain envelope of the
highband speech signal. In such cases, task TD500 may be configured to apply the time
shift to the highband speech signal prior to the analysis and/or the gain envelope

calculation.
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signal S160 or highband excitation signal S120.

[000186] Further wideband speech encoder implementations may be configured to
encode narrowband speech signal S20 and highband speech signal S30 independently

i 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
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]1 As mentioned above, embodiments as described herein include

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

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



56 15. The method according to claim1, wherein the value of the
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apparat us conpri si
£ implemented in a chip or chipset for a communicatjons 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]1t is explicitly contemplated and disclosed that embodiments may include
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

PN
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highband LSFs. Such features include fixed or adaptive shaping of noise associated
with quantization of coefficient representations such as LSFs. Such features also
include fixed or adaptive smoothing of a gain envelope, and adaptive attenuation of a

gain envelope.

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

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



a spectrum extender configured to generate a spectrally extended
signal by extending at |east a magnitude spectrumof a first signal
that is ba®&d08ioa#s?encoded narrow band excitation si gnBCT/USM06/@RR33
anti-sparseness filter configured to fiJter a second signal that is
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an array of logic elements, and any combination of such examples.
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[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 sarne chip or among two or more
chips in a chipset, although other arrangements without such limitation are also
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). Itis also possible for one or more such
< elements to have structure in common (e.g., & processor used to execute portions of code
corresponding to different elements at different times, a set of instructions executed to
perform tasks corresponding to different elements at different times, or an arrangement
of elecironic and/or optical devices performing operations for different elements at
different times). Moreover, it is possible for one or more such elements to be used to
perform tasks or execute other sets of instructions that are not directly related to an
operation of the apparatus, such as a task relating to another operation of a device or

system in which the apparatus is embedded.

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

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



23. The apparatus according to claim2l, wherein said anti-sparseness
filter is configured to filter the second signal according to an
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excitation signal according to an embodiment. Task Y100 calculates a harmonically
extended signal by applying a nonlinear function to a narrowband excitation si gnal
derived from a narrowband portion of a speech signal. Task Y200 mixes the
harmonically extended signal with a modulated noise signal to generate a hi ghband
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.
Task Y400 modulates a noise signal according to the time-domain envelope to produce

the modulated noise signal.

[060195]1FIGURE 32 shows a flowchart of a method M300 according to an
embodiment, of decoding a highband portion of a speech signal having a narrowband
portion and the highband portion. Task Z100 receives a set of filter parameters that

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



29. The apparatus according to claim 28, wherein said mxer is
configured to cal cul ate a wei ghted sum of the nodul ated noi se si gnal
and a si gn3o6et0783® based on the spectrally extended spgmabooeierssi n
t he highband excitation signal is based on the weighted sum 30.
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gput signal over a second frequency range that is wider than the
flrst frequency range; and



to use the selected filter to filter the second signal. 59 34. The
apparatus according to claim 33, wherein said apparatus conprises a
spectral flattener configured to calculate a plurality of filter
coefficients based on a signal to be spectrally flattened and to
filter the signal to be spectrally flégtened with a whitening filter
configured according to the plurality of filter coefficients, wherein
the signal to be spectrally flatten @E ;@i one anong (A) the spectrally
ext ended signal and (B) the highban S at i on si gnal . 35. The
appar at us accordlng to claim 21, wherein the value of the spectral
tilt is baseh ¢v methad offdeneraiinger tiglhands exibitationosign
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wherein either (A) the second signal is based on the spec-
trally extended sxgnal or (B) the {irst signal is based on a
result of said performing anti-sparseness filtering, and
wherein the highband excitation signal is based on the
spectrally extended signal, and
wherein the highband excitation signal is based on a result
of said performing anti-sparseness filtering, and
wherein said performing anti-sparseness filtering of the
second signal comprises deciding, based on the value of
a spectral tilt of a narrowband speech signal from which
the encoded narrowband excitation signal is derived,
whether to filter the second signal.

2. The method according to claim 1, wherein the second
signal is based on the spectrally extended signal.

3. The method according to claim 1, wherein said perform-
ing anti-sparseness filtering of the second signal includes
performing a filtering operation on the second signal accord-
ing to an all-pass transfer function.



39. The apparatus according to claim 21, said apparatus conprising a
device configured to receive a plurality of packets conpliant wwth a
version of the Internet Protocol, wherein the plurality of packets
descri bes the encoded narrowband excitation signal. 40. The
apparatus according to claim21l, wheré#n said anti-sparseness filter

I ncl udes decision logic configured to decide, based on the value of a

pitch gain pa ter her tq.filter, the second slgnal 41. An
appar at us for‘{ gﬁ@rmatﬁgctaﬁcgmdmg texelaimibivdiagean said pesfspanat us
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second sugsq;na based on the spec- trally extended signal or (B) the
first signal g sTRasgfbibdaccording to claim 1, wherein said generat-

ing a spectrally extended signal comprises harmonically
extending at least a magnitude spectrum of the first signal to
obtain the spectrally extended signal.

6. The method according to claim 1, wherein said generat-
ing a spectrally extended signal comprises applying a nonlin-
ear function to the first signal to generate the spectrally
extended signal.

7. The method according to claim 6, wherein the nonlinear
function comprises at least one of the absolute value function,
the squaring function, and a clipping function.

8. The method according to claim 1, said method compris-
ing mixing a signal that is based on the spectrally extended
signal with a modulated noise signal, wherein the highband
excitation signal 1s based on the mixed signal.

9. The method according to claim 8, wherein said mixing
includes calculating a weighted sum of the modulated noise
signal and a signal that is based on the spectrally extended
signal, wherein the highband excitation signal is based on the
weighted sum.

10. The method according to claim 8, wherein said modu-
lated noise signal is based on a result of modulating a noise
signal according to a time-domain envelope of a signal based
on at least one among the encoded narrowband excitation
signal and the spectrally extended signal.



result of said performng anti-sparseness filtering, and wherein the
hi ghband excitation signal is based on the spectrally extended
signal, and wherein the highband excitation signal is based on an
out put of said means for perform ng i -sparseness filtering, and
wherein said neans for performng anti-sparseness filtering of the
second signal includes neans for deciding, based on the value of a
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of filters having different maximum phase modification
angles; and

using the selected filter to filter the second signal.

13. The method according to claim 1, said method com-
prising;:

calculating a plurality of filter coefficients based on a signal

to be spectrally flattened; and

filtering the signal to be spectrally flattened with a whiten-

ing filter configured according to the plurality of filter
coefficients,

wherein said signal to be spectrally flattened is one among

(A) the spectrally extended signal and (B) the highband
excitation signal.

14. The method according to claim 13, wherein said per-
forming anti-sparseness filtering of the second signal com-
prises:

based on a pitch gain value, selecting one among (A) a filter

configured to modify a phase of an input signal over a
first frequency range and (B) a filter configured to
modify a phase of an input signal over a second fre-
quency range that is wider than the first frequency range;
and

using the selected filter to filter the second signal.




| east a magnitude spectrum of an input signal; perform ng an
anti-sparseness filtering operation on a first signal to produce a
second signal; and 61 determ ning whether a value of a spectral tilt
of a narrow band speech signal is in a first range, wherein the first
signal is based on an encoded narrowbafd excitation signal derived
fromthe narrowband speech signal, and wherein the input signal is
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zero. and,,iqing at least one of (i) encoding a highband speech signal
according to the highband excitation signal and (i1) decoding
a highband speech signal according to the highband excita-
tion signal.

17. The method according to claim 1, wherein said per-
forming anti-sparseness filtering of the second signal com-
prises deciding, based on the value of a pitch gain parameter,
whether to filter the second signal.

18. The method according to claim 1, wherein said method
includes using the electronic device to obtain the value of the
spectral tilt by dequantizing at least one narrowband coding
parameter.

19. The method according to claim 1, wherein said method
includes using the electronic device to obtain a wideband
speech signal by combining (A) a narrowband speech signal
that 1s based on the encoded narrowband excitation signal
with (B) a highband speech signal that is based on the high-
band excitation signal.

20. A nop-transitory data storage medium storing machine-
executable instructions, when executed by a computer, per-
forming the method of generating a highband excitation sig-
nal according to claim 1.

21. An apparatus for generating a highband excitation sig-
nal, said apparatus comprising;:

a spectrum extender configured to generate a spectrally
extended signal by extending at least a magnitude spec-
trum of a first signal that is based on an encoded narrow-
band excitation signal; and

an anti-sparseness filter configured to filter a second signal
that 1s based on the encoded narrowband excitation sig-
nal,



wherein the highband excitation signal is based on the spectrally
ext ended signal . 45. The nethod according to claim44, wherein
said perform ng an anti-sparseness filtering operation includes
performng a filtering operation on the first signal according to an
al | -pass transfer function. 46. Thé’met hod according to clai m 44,
wherein said performng an anti-sparseness filtering operatlon
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put of said anti- sparseness filter, and

wherein said anti-sparseness filter includes decision logic

configured to decide, based on the value of a spectral tilt
of a narrowband speech signal from which the encoded
narrowband excitation signal is derived, whether to filter
the second signal.

22. The apparatus according to claim 21, wherein the sec-
ond signal is based on the spectrally extended signal.

23. The apparatus according to claim 21, wherein said
anti-sparseness filter is configured to filter the second signal
according to an all-pass transfer function.

24. The apparatus according to claim 21, wherein said
anti-sparseness filter is configured to change a phase spec-
trum of the second signal without substantially modifying a
magnitude spectrum of the second signal.

25. The apparatus according to claim 21, wherein said
spectrum extender is configured to harmonically extend at
least a magnitude spectrum of the first signal to obtain the
spectrally extended signal.

26. The apparatus according to claim 21, wherein said
spectrum extender is configured to apply a nonlinear function
to the first signal to generate the spectrally extended signal.

27. The apparatus according to claim 26, wherein the non-
linear function comprises at least one of the absolute value
function, the squaring function, and a clipping function.

28. The apparatus according to claim 21, said apparatus
comprising a combiner configured to mix a signal that is
based on the spectrally extended signal with a modulated



62 filtering the signal to be spectrally flattened with a whitening
filter configured according to the plurality of filter coefficients,
wherein said signal to be spectrally flattened is one anong (A) the
spectrally extended signal and (B) the highband excitation signal.

49. The nethod according to clai m 44, >%herein said method includes
using the electronic device to obtain the value of the spectral tilt
by dequanti zing at | east, one narraow band codi ng paraneter.. . _50. The
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30. The apparatus according to claim 28, said apparatus
including a second combiner configured to modulate a noise
signal according to a time-domain envelope of a signal based
on at least one among the encoded narrowband excitation
signal and the spectrally extended signal,

wherein the modulated noise signal is based on an output of

said second combiner.

31. The apparatus according to claim 30, said apparatus
comprising a noise generator configured to generate the noise
signal according to a deterministic function of information
within an encoded speech signal.

32. The apparatus according to claim 21, wherein said
anti-sparseness filter is configured:

to select, based on a pitch gain value, one among a plurality

of filters having different maximum phase modification
angles; and

to use the selected filter to filter the second signal.

33. The apparatus according to claim 21, wherein said
anti-sparseness filter is configured:

to select, based on a pitch gain value, one among (A) a filter

configured to modify a phase of an input signal over a
first frequency range and (B) a filter configured to
modify a phase of an input signal over a second fre-
quency range that is wider than the first frequency range;
and

to use the selected filter to filter the second signal.



decision logic configured to determ ne whether a value of a spectral
tilt of a narrowband speech signal is in a first range, wherein the
first signal is based on an encoded narrowband excitation signal
derived fromthe narrowband speech signal and wherein the input
signal is the second signal, if the d 8i si on | ogi ¢ determ nes that
the value of the spectral tilt of the narrowband speech signal is in
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(A) the spectrally extended signal and (B) the highband
excitation signal.

35. The apparatus according to claim 21, wherein the value
of the spectral tilt is based on a first reflection coefficient of
the narrowband speech signal.

36. The apparatus according to claim 21, said apparatus
comprising at least one of (1) a highband speech encoder
configured to encode a highband speech signal according to
the highband excitation signal and (i) a highband speech
decoder configured to decode a highband speech signal
according to the highband excitation signal.

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

38. The apparatus according to claim 21, said apparatus
comprising a device configured to transmit a plurality of
packets compliant with a version of the Internet Protocol,
wherein the plurality of packets describes the encoded nar-
rowband excitation signal.

39. The apparatus according to claim 21, said apparatus
comprising a device configured to receive a plurality of pack-
ets compliant with a version of the Internet Protocol, wherein
the plurality of packets describes the encoded narrowband
excitation signal.

40. The apparatus according to claim 21, wherein said
anti-sparseness filter includes decision logic configured to
decide, based on the value of a pitch gain parameter, whether
to filter the second signal.

41. An apparatus for generating a highband excitation sig-
nal, said apparatus comprising;



53. The apparatus according to claim51, wherein said anti-sparseness
filtering operation is configured to produce the second signal by
changi ng a phase spectrum of the first signal w thout substantially
nodi fyi ng a magni tude spectrum of the first signal. 54. The
apparatus according to claimb51, wher 89n said anti - spar seness
filtering operation conprises: based on a pitch gain value, selecting
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wherein either (A) the second signal is based on the spec-
trally extended signal or (B) the first signal is based on a
result of said performing anti-sparseness filtering, and

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

wherein the highband excitation signal is based on an out-

put of said means for performing anti-sparseness filter-
ing, and

wherein said means for performing anti-sparseness filter-

ing of the second signal includes means for deciding,
based on the value of a spectral tilt of a narrowband
speech signal from which the encoded narrowband exci-
tation signal is derived, whether to filter the second
signal.

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

43. The apparatus according to claim 41, wherein said
means for performing anti-sparseness filtering of the second
signal includes means for deciding, based on the value of a
pitch gain parameter, whether to filter the second signal.

44. A method of generating a highband excitation signal,
said method comprising using an electronic device to perform
the following acts:

generating a spectrally extended signal by extending at

least a magnitude spectrum of an input signai;
performing an anti-sparseness filtering operation on a first
signal to produce a second signal; and
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determining whether a value of a spectral tilt of a narrow-

band speech signal is in a first range,

wherein the first signal is based on an encoded narrowband

excitation signal derived from the narrowband speech
signal, and
wherein the input signal is the second signal, if said deter-
mining determines that the value of the spectral tilt of the
narrowband speech signal is in the first range, and

wherein the input signal is the first signal, if said determin-
ing determines that the value of the spectral tilt of the
narrowband speech signal is less than a minimum value
of the first range, and

wherein the minimum value of the first range is less than

zero, and

wherein the highband excitation signal is based on the

spectrally extended signal.

45. The method according to claim 44, wherein said per-
forming an anti-sparseness filtering operation inclides per-
forming a filtering operation on the first signal according to an
all-pass transfer function.

46. The method according to claim 44, wherein said per-
forming an anti-sparseness filtering operation includes
changing a phase spectrum of the first signal without substan-
tially modifying a magnitude spectrum of the first signal.

47. The method according to claim 44, wherein said per-
forming an anti-sparseness filtering operation comprises:

based on a pitch gain value, selecting one among a plurality

of filters having different maximum phase modification
angles; and

using the selected filter to filter the first signal.

48. The method according to claim 44, said method com-
prising:

calculating a plurality of filter coefficients based on a signal

to be spectrally flattened; and
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filtering the signal to be spectrally flattened with a whiten-
ing filter configured according to the plurality of filter
coefficients,

wherein said signal to be spectrally flattened is one among
(A) the spectrally extended signal and (IB) the highband
excitation signal.

49. The method according to claim 44, wherein said
method includes using the electronic device to obtain the
value of the spectral tilt by dequantizing at least one narrow-
band coding parameter.

50. The method according to claim 44, wherein said
method includes using the electronic device to obtain a wide-
band speech signal by combining (A) a narrowband speech
signal that is based on the encoded narrowband excitation
signal with (B) a highband speech signal that is based on the
highband excitation signal.

31. An apparatus for generating a highband excitation sig-
nal, said generator comprising:

a spectrum extender configured to generate a spectrally
extended signal by extending at least a magnitude spec-
trum of an input signal;

an anti-sparseness filter configured to perform an anti-
sparseness filtering operation on a first signal to produce
a second signal; and

decision logic configured to determine whether a value of
a spectral tilt of a narrowband speech signal 1s in a first
range,

wherein the first signal is based on an encoded narrowband
excitation signal derived from the narrowband speech
signal, and

wherein the input signal is the second signal, if the decision
logic determines that the value of the spectral tilt of the
narrowband speech signal is in the first range, and
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wherein the input signal is the first signal, if the decision
logic determines that the value of the spectral tilt of the
narrowband speech signal is less than a minimum value
of the first range, and

wherein the minimum value of the first range is less than

zero, and

wherein the highband excitation signal is based on the

spectrally extended signal.

52. The apparatus according to claim 51, wherein said
anti-sparseness filtering operation 1s configured to produce
the second signal according to an all-pass transfer function.

53. The apparatus according to claim 51, wherein said
anti-sparseness filtering operation is configured to produce
the second signal by changing a phase spectrum of the first
signal without substantially modifying a magnitude spectrum
of the first signal.

54. The apparatus according to claim 51, wherein said
anti-sparseness filtering operation comprises:

based on a pitch gain value, selecting one among a plurality

of filters having different maximum phase modification
angles; and

using the selected filter to filter the first signall.

55. The apparatus according to claim 51, said apparatus
comprising a spectral flattener configured to:

calculate a plurality of filter coefficients based on a signal

to be spectrally flattened; and

filter the signal to be spectrally flattened with a whitening

filter configured according to the plurality of filter coef-
ficients,

wherein said signal to be spectrally flattened is one among

(A) the spectrally extended signal and (B) the highband
excitation signal.



