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

may have spectral energy far above the PSTN limit.
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speech coding technique (e.g., one configured to encode the range of 0—4 kHz) to cover
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SUMMARY

[0008] In one embodiment, a method of encoding a highband portion of a speech
signal having a lowband portion and the highband portion includes calculating a
plurality of filter parameters that characterize a spectral envelope of the highband
portion; calculating a spectrally extended signal by extending the spectrum of a signal
derived from the lowband portion; generating a synthesized highband signal according

to (A) a highband excitation signal based on the spectrally extended signal and (B) the
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[00012] In another embodiment, a highband speech decoder is configured to receive
(A) a plurality of filter parameters that characterize a spectral envelope of a highband
portion of a speech signal and (B) an encoded lowband excitation signal based on a
lowband portion of the speech signal. The decoder includes a spectrum extender

configured to calculate a spectrally extended signal by extending the spectrum of a
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exanple of filter bank Al 10. [00020] FI GURE 4b shows
bandw dt h coverage of the | ow and hi gh bands for
another exanple of filter bank Al O [00021] FI GURE 4c
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[ 00024] FI GURE 5b shows a bl ock diagram of a basic

l i nea iction coding system [00025] FIGURE 6
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[00015] FIGURE 2a shows a block diagram of a wideband speech decoder B100

according to an embodiment.

[00016] FIGURE 2b shows a block diagram of an implementation B102 of wideband
speech encoder B100.

[00017] FIGURE 3a shows a block diagram of an implementation A112 of filter bank
A110.

[00018] FIGURE 3b shows a block diagram of an implementation B122 of filter bank
B120.

[00019] FIGURE 4a shows bandwidth coverage of the low and high bands for one
example of filter bank A110.

[00020] FIGURE 4b shows bandwidth coverage of the low and high bands for another
example of filter bank A110.

[00021] FIGURE 4c shows a block diagram of an implementation A114 of filter bank
Al12.



[00027] FI GURE 8a shows an exanple of a plot of
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FI GURE 13 shows a bl ock diagram of an inplenentation
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excitation generator A302.
[00029] FIGURE 9 shows a block diagram of a basic linear prediction coding system

that also performs long-term prediction.

[00030] FIGURE 10 shows a block diagram of an implementation A202 of highband
encoder A200.

[00031] FIGURE 11 shows a block diagram of an implementation A302 of highband

excitation generator A300.

[00032] FIGURE 12 shows a block diagram of an implementation A402 of spectrum
extender A400.

[00033] FIGURE 12a shows plots of signal spectra at various points in one example of

a spectral extension operation.

[00034] FIGURE 12b shows plots of signal spectra at various points in another

example of a spectral extension operation.



[00043] FIGURE 2 1 shows a flowchart for a gain
cal cul ation task T200. [00044] FlI GURE 22 shows a
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cal cul ation task T200. [00045] FI GURE 23a shows a
di agram of a wi ndowi ng function. [00046] FIGURE 23b
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[00DSDOSIGUREQRECR adloovebar fercmemyeiope arlagaien @k 4H00-
i mpl ementati on D130 of delay |ine D120. [00052] FI GURE

S ck di.agra . 1a8bh 992 HPGmBther
0035 B BB e RS R M e SR BRI EbpE%3 §Pi0
40 flowchart of a method of signal processing M OO
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[00041] FIGURE 19 shows a block diagram of an implementation A314 of highband

excitation generator A302.

[00042] FIGURE 20 shows a block diagram of an implementation A316 of highband

excitation generator A302.
[00043] FIGURE 21 shows a flowchart for a gain calculation task T200.

[00044] FIGURE 22 shows a flowchart for an implementation T210 of gain calculation
task T200.

[00045] FIGURE 23a shows a diagram of a windowing function.

[00046] FIGURE 23b shows an application of a windowing function as shown in
FIGURE 23a to subframes of a speech signal.

[00047] FIGURE 24 shows a block diagram for an implementation B202 of highband
decoder B200.

[00048] FIGURE 25 shows a block diagram of an implementation AD10 of wideband
speech encoder A100.
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DETAILED DESCRIPTION

[00059] Embodiments as described herein include systems, methods, and apparatus
that may be configured to provide an extension to a narrowband speech coder to support
transmission and/or storage of wideband speech signals at a bandwidth increase of only
about 800 to 1000 bps (bits per second). Potential advantages of such implementations

include embedded coding to support compatibility with narrowband systems, relatively
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encode wideband speech signal S10 at a rate of about 8.55 kbps (kilobits per second),
with about 7.55 kbps being used for narrowband filter parameters S40 and encoded
narrowband excitation signal S50, and about 1 kbps being used for highband coding

parameters S60.

[00062] 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),
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alamplement abh N Ay hdePharfdviiaili eR@fion signal S50 to produce a
narrowband signal $90. Highband decoder B200 is configured to decode highband
coding parameters S60 according to a narrowband excitation signal S80, based on
encoded narrowband excitation signal S50, to produce a highband signal S100. In this
example, narrowband decoder B110 is configured to provide narrowband excitation
signal $80 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.
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coder filters 160 and 180 may have

ses o
F@tyn’ﬁmkrAblajs arfprgadrip repeivg agwdpb@dtwmvb|8tg17@h§ 10 having a high-
frequency (or highband) portion and a low-frequency (or lowband) portion. Filter bank

A112 includes a lowband processing path configured to receive wideband speech signal
S10 and to produce narrowband speech signal S20, and a highband processing path
configured to receive wideband speech signal S10 and to produce highband speech
signal S30. Lowpass filter 110 filters wideband speech signal S10 to pass a selected
low-frequency subband, and highpass filter 130 filters wideband speech signal S10 to
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hlglgp $ ﬁE 130 to ave the same response as highpass filter 180. In one example,
the two filter pairs 110, 130 and 160, 180 are quadrature mirror filter (QMF) banks,
with filter pair 110, 130 having the same coefficients as filter pair 160, 180.

[00071] In a typical example, lowpass filter 110 has a passband that includes the
limited PSTN range of 300-3400 Hz (e.g., the band from 0 to 4 kHz). FIGURES 4a
and 4b show relative bandwidths of wideband speech signal S10, narrowband signal

S20, and highband signal S30 in two different implementational examples. In both of
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[00075] In some implementations, providing an overlap between subbands as in the
example of FIGURE 4b allows for the use of a lowpass and/or a highpass filter having a
smooth rolloff over the overlapped region. Such filters are typically easier to design,
less computationally complex, and/or introduce less delay than filters with sharper or
“brick-wall” responses. Filters having sharp transition regions tend to have higher

sidelobes (which may cause aliasing) than filters of similar order that have smooth
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from a sinusoidal coder. In such cases, using filters having sharp transition regions to
define nonoverlapping subbands may lead to an abrupt and perceptually noticeable

transition between the subbands in the synthesized wideband signal.

[00078] Although QMEF filter banks having complementary overlapping frequency

responses are often used in subband techniques, such filters are unsuitable for at least
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esign Adlsr may al |l ow reuse of functional blocks of

| ogi c and/or code. For exanple, the same functional

[00086¢ KTteeymdaent ub digtokorPeibed 1 QVEE ARBIAhANSe Rftuced if the
ecimation.to 14 kHz and decimation to 7 'kHz as shown

affegteg sehlapd ixnarrpre as fhecaffeat ofrthe aliasing is hiaritediton bardwidth equal
[ | £l ' t i w t.h th
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unggiseled ghesirg ericytsb divd exagplal diS8gionsreatacemenethe center of a

g R AT

thahl distbAaidd that occurs near an edge of the signal (e.g., above 6 kHz).

[00081] While the responses of the filters of a QMF filter bank are strictly related to
one another, the lowband and highband paths of filter banks A110 and B120 may be
configured to have spectra that are completely unrelated apart from the overlapping of
the two subbands. We define the overlap of the two subbands as the distance from the

point at which the frequency response of the highband filter drops to ~20 dB up to the



excitation generator A300 as described herein may be

configured to produce a highband excitation signal
wW®iRo/1018at al so has a spectrally reversed for nPCT/08086912231

FI GURE 4d shows a bl ock di agfrsam of an inpl enentati on

B124 of filter bank B122 that perforns a functional

p@fititalienthe Gequired Tdpoig @Nle vaaRaistef dloptd 120 dB. In various
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exsale g menteneg abovs, feayerar SRewh 30 n the | owband

and hi ghband that attenuate a conponent of the signal
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SpasuRl AR RPERHeR §la¥§6 suplenenied 28 o lpwpass &4 igured to shape

th%l% bl &) obtiih YSkYFR Aol HiRk rQpoR@r anet er s Such as
er coefficients. [|00086] IGURE 5b shows an

exarrpl e of a basic source-filter arrangenent as
[09@&3] éﬁlsmoteddmtnagacbnaeneempef;theapecém} edvorsel @fferation, the
e_cal cul.at es
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renoves “t he 'spec envel ope 10 spect Iy flatten
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I encade 1 han I speech signal..
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lter dpar ameters

B124 includes a spectral reversal operation in the highband that reverses a similar
operation as performed, for example, in a filter bank of the encoder such as filter bank
A114. In this particular example, filter bank B124 also includes notch filters in the
lowband and highband that attenuate a component of the signal at 7100 Hz, although
such filters are optional and need not be included. The Patent Application “SYSTEMS,
METHODS, AND APPARATUS FOR SPEECH SIGNAL FILTERING” filed

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



residual are typically quantized for efficient

transm ssion over the channel. At the decoder, a
waybhesss filter configured according to the PCT/U82006/012231

paraneters is excited by a signal based on the

residual to produce a synthesized version of the
taoregined ofspasahs spundeul ditigmpienmdniiaiRing of filtéFank$ A110 and B120,

ically configured to have a transfer function that

al?fi&f%@a‘ie i BeteBY ICROFHEREY EeRUSRt i on of t he

whitening filter. [00087] FIGURE 6 shows a bl ock
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%g 20 n1II|seconds (equivalent to 160 sanples at a
HFSg rate of 8 kHz). Inone exanple, LPC analysis

nodul e 210 is configured to calculate a set of ten LP

[(00B6E FIGORH 553511%%%11%%19?@&}? ‘étb%lb %gu&\l}," %ltgpmgsment as applied
structure of each 20-m | Tisecond frane.
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soyndet ne pytResis flies s awpHy epwiaused PlvoBe framfer netpan that is the
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wth relatively [t n reproduction quality,

by quantizing the filter paraneters. Linear prediction
[0008Tle FIGUBESfG shiomstadlerkediggriuni of al Hasit dmglearentarion A122 of
naei“}cof“llb%ln g}lclzc%le ?26‘ " tHlSSue?‘(lalln le, a ?gear prediction coding (LPC) analysis
module 210 encodes the spectral envelope of narrowband signal S20 as a set of linear
prediction (LP) coefficients (e.g., coefficients of an all-pole filter 1/A(z)). The analysis
module typically processes the input signal as a series of nonoverlapping frames, with a
new set of coefficients being calculated for each frame. The frame period is generally a
period over which the signal may be expected to be locally stationary; one common

example is 20 milliseconds (equivalent to 160 samples at a sampling rate of 8 kHz). In



i nto another representation, such as |line spectra

pairs (LSPs) or line spectral frequencies (LSFs), for
w@@etd78at i on and/ or entropy encodi ng. |n the PXEDF1086/012231

of FIGURE 6, LP filter coeff4cient-to-LSF transform

220 transfornms the set of LP filter coefficients into
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of ure accor I ng fe set
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ncl udes a vector anti zer that e code
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Pl % Bl SOt e s B en ISR Rt g i h s
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excitation linear prediction) and codecs such as 3GPP2
Wid¢tiand) @@dner BypionlyRatranséorarhesveogn axpRef LRANgh eeadticients and a

C(yrraersi)gn%ng SR? of Lgﬁs 18 r?evers1ble but embodiments also include implementations

of encoder A120 in which the transform is not reversible without error.

[00090] Quantizer 230 is configured to quantize the set of narrowband LSFs (or other
coefficient representation), and narrowband encoder A122 is configured to output the

result of this quantization as the narrowband filter parameters S40. Such a quantizer



[00092] It is desirable for narrowband encoder Al120 to
generate the encoded narrowband excitation signha

w@ewonaisey to the sane filter paraneter val uesPCTrEas2006/012231
will be available to the corygspondi ng narrowband
decoder. In this manner, the resulting encoded

typanatlp wishintds e vectbaguamnizad thasdncodss tikd mpakect a9 iR indeR to a
some extent for nonidealities in those paraneter
c%qsgg@n%wrggtra%mtaﬁg%m SHebedkor . Accordingly, it is
desirable to configure the whitening filter using the
[0009E] 2eebéd & FGIUREL USSrdwhiahd WhdddePR 18 2k 88l cEatdd 2 %f!gﬁlual
decoder. In the basic exanple of encoder 22 as shown
sigppl by Garngnariawhand signab$Rd theyugh 40videegingrfiliez 860 (also called an

0 di I t.ers 0,. LSF-to-LP filter
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cdr b Rl Rl By TP TR e AIEREB e fonih AuaBieer may
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according to a current set of filter paraneters), and
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L gpl nt ation B112 o afrowband decoder BII O
EYE@&ﬁE&”&ﬁ%ﬁ@F%@F k@foé%‘gﬁaant i zes narrowband filter
paranmeters S40 (in this case, to a set of LSFs), and
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nagipxbandexcigtionsiendl seeprding e the semerffee panmeter valiupy thaswill be

' 0. of - nar r owb .
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coefficient transform 250 maps the resulting values back to a corresponding set of LP
filter coefficients, and this set of coefficients is used to configure whitening filter 260 to

generate the residual signal that is quantized by quantizer 270.

[00093] Some implementations of narrowband encoder A120 are confi gured to
calculate encoded narrowband excitation signal S50 by identifying one among a set of

codebook vectors that best matches the residual signal. It is noted, however, that



narrowband signal S90. Narrowband decoder Bl 12 al so

provi des narrowband excitation signal S80 to hi ghband
wenwmoders3A200, which uses it to derive the hi ghtEIS2006/012231

excitation signal S120 as desgri bed herein. In sone
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the described filter to reproduce the speech signal.

[Ob@%g@']'le Eys?é?n gf L&t v&ﬂ?ﬁd\gﬁé&cﬁp 19> tahéi hﬁ{ \%@aigrd@g%é?% 112isa
t he "‘coar se spectra envel ope rom narro S gna
bagRExampoofsincankybis yaynthesis specth neddeaGudabavksdxeistionr near
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pr%%tlon {&ITP) coding is one popular family of analysis-by-synthesis coding, and
implementations of such coders may perform waveform encoding of the residual,
including such operations as selection of entries from fixed and adaptive codebooks,
error minimization operations, and/or perceptual weighting operations. Other
implementations of analysis-by-synthesis coding include mixed excitation linear

prediction (MELP), algebraic CELP (ACELP), relaxation CELP (RCELP), regular
pulse excitation (RPE), multi-pulse CELP (MPE), and vector-sum excited linear



especially for voiced speech. FIGURE 8a shows a

spectral plot of one exanple of a residual signal, as
woreapehe7spr oduced by a whitening filter, for a ROI/USH06/012231
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speakers tend to have larger pitch lags than speech signals from female speakers.

[00098] Another signal characteristic relating to the pitch structure is periodicity,

which indicates the strength of the harmonic structure or, in other words, the degree to
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S50. Of course, it is also possible to implement narrowband decoder B110 such that
highband decoder B200 performs dequantization of encoded narrowband excitation

signal S50 to obtain narrowband excitation signal S80.

[000101]In an implementation of wideband speech encoder A100 according to a
paradigm as shown in FIGURE 9, highband encoder A200 may be configured to receive

the narrowband excitation signal as produced by the short-term analysis or whitening
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sounds, the spectral energy decreases with increasing frequency, such that the first
reflection coefficient is negative and may approach —1. Most unvoiced sounds have a
spectrum that is either flat, such that the first reflection coefficient is close to zero, or
has more energy at high frequencies, such that the first reflection coefficient is positive

and may approach +1.
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to a corresponding vector entry in a table or codebook.

[000107] Highband encoder A202 also includes a synthesis filter A220 configured to
produce a synthesized highband signal S130 according to highband excitation signal
S120 and the encoded spectral envelope (e.g., the set of LP filter coefficients) produced
by analysis module A210. Synthesis filter A220 is typically implemented as an IIR
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In another particular example, analysis module A210 outputs a set of eight LSFs per

frame.

[000111]Some implementations of highband encoder A200 are configured to produce
highband excitation signal S120 by generating a random noise signal having highband
frequency components and amplitude-modulating the noise signal according to the time-

domain envelope of narrowband signal S20, narrowband excitation signal S80, or
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of narrowband excitation signal S80 in phase and/or frequency. For example, such
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upper spectrum of narrowband excitation signal S80 may contain little or no energy,
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by a factor of eigh Upsanpl er '510" ma e con
speechpmny vetrhetdeeenipdanypl i ng operati on by zero- st uff| ng
the input signal and |lowpass filtering the result.

I I
RISl SRR BB R ena s

plﬁ@&c@lﬁﬁr@ﬁtwﬂi thadwaowbBgrl atitithe Aldseésehes Rl MembbRGtruéire
over other nonlinear functions for spectral extension,

wilhew Phassqlisroniglity. A nRalincanBingomBrsmalse paeYidnan icrrgged noise
I t , I
lepglqgﬁgeen hﬂ%liiﬂgguéggg Im?rggﬁc% INRI}ﬁ t?rfchec%g Q II'I&% n\éffIrétIqhan the

unction ficie rippi ng
tonhldagh-figqidney dagmorticst produced bip nm]ﬁmis&ucﬁ\h)s"ﬂpeaeﬁ rfoldmg and

S AR T TGy ST TR B P0a ik B89 applicd by
vaﬁﬂﬁ@ Irﬁﬁl@hﬁnﬁﬁ&ﬁ’&%@e&f@ﬁ‘ 8teende? Q0D %c@ﬁ’d@tﬁ@ ﬁpéo%te Y3fde FShction

configured to downsanple the spectrally extended
(afsoxglled fylﬂl“apprqphﬁgattdm hvdfmawm eeastlflfsa,trmt s@uaringf cubeng, bied
sanmpl.e and
o, P R ST TR sl SRl MO TR GRnEG Behie
apply & henlsRectunalidyhexicnendnsi gnal before reducing the
sanpllng rate (for exanple, to reduce or avoid

oL TR 1235 Bt asin 2 e cwsutation Rz ebsneRm
eﬁé}aIHEIlr Jéﬁgo Jﬁggrdgﬁflg%'eﬁ td m g ﬂﬁnl%e@gﬁnﬁchgrggyg%x?%nﬁgﬁ%) ctrum of
nareowbaud epaiativs signald3td. d@mamppler 610 & cpéigoredlto epibtam’]ﬁé on

o o%vrb%%d g)r(IdltaWCIn s1gna1I‘$e80]c rIte I%IéI.}? Bg ﬁesn‘a Ieetolu?)saImpele the signal
sufficiently to minimize aliasing upon application of the nonlinear function. In one
particular example, upsampler 510 upsamples the signal by a factor of eight. Upsampler
510 may be configured to perform the upsampling operation by zero-stuffing the input
signal and lowpass filtering the result. Nonlinear function calculator 520 is configured

to apply a nonlinear function to the upsampled signal. One potential advantage of the

absolute value function over other nonlinear functions for spectral extension, such as



across the various plots. Plot (a) shows the spectrum

of one exanpl e of narrowband excitation signal S80.
wWOk@b/1¢1837 shows t he spectrum after signal S80 PEEUN®E6I012231

upsanpl ed by a factor of eigit. Plot (c) shows an

exanpl e of the extended spectrum after application of
sqaating)lis theaenek ginodrimatizatiindt nbthecddb Vil sbhe impieidntations, the

after lowpass filtering, In.this exanple, the passband .
absQiugmypdug ‘yngtion way be awgleeqk%ﬁ@yntfx by $irigpingog Risatpe the sign bit of

eash 90@ble S3nlifed funcliol 'Elélcgfat(?(i ﬂr?gt%ﬁasyt %{algglg%(%glh gftedlto bEorm an

shows™ the spectrumafter a
angplindawptpingof theupsaingied drespsetrgdlyi emtended sighal. r educed by
a factor of four to obtain a w deband signal. Plot (f)

t he spect nafter a highpass filteri
1030 B PR FBREL T Zoh oy R SRR Selt b e g extended resut
ofeappBistetie Sbgi@ar fididdo! BimdyBe ERRHEe FailoSRASSHPINS RS t¥¥erform
a second stage of downsanpling, in which the sanpling

a bapdpassdilieggg Oreratign tp selast d desirediijgguency hend opthetspeciradly

one |
SR sfena SN6IS BRIl (B SR FGr Mo RS Buce or aveid
ali(‘jabiaag\mir de{:m:pmbff{jygm;:;ur?x_tzilnt:e;zﬂugiglga)'k g/tllpai gls?ibletdefirhab]?&foand
ownsa (0] | er an or o er
dog’fliﬂ&l@?ﬁ?égé B)rfeawfﬁtbﬁ SAMPIRE 13f5 [ppRere hal es8Rse) to

produce a spectrally extended signal having the

[0D0 ENETGYREANE & 28idg@aial ﬂﬁ)_\xfsﬁth@si?ﬁal @%)&ﬁ‘@%‘ﬂ Jar$duRknts in
S30. [000121] As may be seen in plot (g), downsanpling
ongrexemplerifgripagsl skignsipn epryakion. vhgreothe ffejuangy seale & the same

. j ' | |
R e TR e
exoila!ll'm siign’atl S8R0.t Bt ?j)g?a?f thiel spectdip aﬁé’i?;‘_i@aﬁs \%\Eheﬁwhﬁdéﬁ upsbampled
a ing the spectra i ppi ng operati on, ich may be
bypf&%ﬁvﬂf ﬁgalgg‘y Bt € oS D, «gﬂm S S
appliBRioA of LB ARG %ﬂﬁgoﬁf Plot '@%) MBRS heVBbURRn Q%téﬁpgﬁ%s% filtering.

etween +1 and -1. Such an Operation’1s equliva
Inghis fexamplet the paisandadxtepis o themppbr frévpead ghialt df highbend signal

u doypi.n by a distance of p, It is noted that
Siﬁ%§%§§ﬂé¥%%%gﬁhghay al so be obtained by applying the
downsanpl i ng and spectral flipping operations in a

[0001X03PR0 te) GKSlRY the T tiRBeAfadriaCiSt gt IBWRLAAAiANH Which the
downsanpl i n o be configured to include

. rm a S - . .
SApPIHHFAE rﬁgfegl&eéﬁb'@i factar efgfont t%ﬁqtaym éxtidelpad sigingh dflot (f) shows
' t ' L a ' iqn £e.q,
&8 e B RIBP Bt ol PR et BpfePy dne
exBh26d sigyalpand pipt @retivecths spdetiuhedfted B 8echdBaigh 06 Howhempling,
. N nrqﬁband and hi. thgqﬁgi nal s S20, S30 has .a
in it e FRpplmE atedd dedGed Pd MY B avpuin oe Rarliguer axamele
dods&nples 580 A I i
r es er ES df o?éranﬁﬁglrﬁd [ slgglgéeggtﬁ ?g IF%/&?ESVG 2@5@%&%&9&3&8 ar ampling by
pagsing the widehenBsizdabibfomgh hidipass filter 30 and downsampler 140 of filter
bank A112 (or other structures or routines having the same response) to produce a
spectrally extended signal having the frequency range and sampling rate of highband

signal S30.

[000121] As may be seen in plot (g), downsampling of the highpass signal shown in plot
(f) causes a reversal of its spectrum. In this example, downsampler 530 is also

configured to perform a spectral flipping operation on the signal. Plot (h) shows a result



wi deband speech signal Sl 10. In such case, of course,
a spectral flipping operation as shown in FI GURE 12a
wowewhdoiset be necessary, as it woul d be desirabtBUSNG/012231
hi ghband excitation signal $k20 to have a spectrally
reversed formas well. [000123] The various tasks of
of WRPBAY thB Gpedhdl ﬂﬁ? faltlﬁﬁ Which nfeRaetpedongsd Bﬁﬁiuﬁﬁ)lymg the
operation as perfornme by spectrum extender A402 nay
sigre] ewthfthgfimetiomad” aorthe gegiende (Fh)ly whodehHatues pltoayts beﬁmen +1

e, FIGURE 12b is d|a ows .t he
andsdC D a7 OUGHATLS SpBARE ToRTHADE Hi el sprearogt otihé SHgnal in
th8 lﬁ%aﬁér@y d@ﬁltaﬁlrw DBisQRES G, OR is MG Brat B8 k8 B8R Gay also be
scale i 5 the same across the various plots. Plot (a

obstivekby heplyipe @terdﬂwr@amph@ @besmptéald'ﬂpmag ppebEers in a different
g lthtlons S80 PIo o}p& V\@thes %Cnt) dt
or P&W&P“ %‘E‘P%%%%“ UPsa PRYS B4 acP oy Copenrec o
intN@e rdShidplif€lo SHRME spetuKfrRlcadaf sifhte hevwhe fadmpling rate of
spectrum after application of a nonlinear functl on. In
hlghﬁ@dé%]é SH) (e dhat may occur in the higher
frequencies is accepted. [000124] Plot (d) shows the

[Oﬁﬂﬁ:ﬂ] MY MoRlitBbve itRLGINkR/A 116488 %"’lbo b%tlh@'[bméo k& subf dhat

ows the spectrumafter a single sta
orpowretngf thegarrawbandianf highbasdsighaln §20, 6&36 has alspwméyj rdpprsed

fogggz gﬁ-@g)glté){t aﬁﬁﬁer Qaﬁgmqlgnlésggﬁ%fj gs ﬁdccgf § he sggcitrﬁllly reversed

foﬁﬁeéﬁd i9 |s%)éétr'éﬂy fveRed hedifatAller Ak B9 20 $fbré Peiff output in
enent ati on of hls]% band encoder A200 whi ch

Wﬂgg@é%@ééphﬁl@ﬂbﬁhﬂ) gHel casgoofjgeussgchspectal fhpping operation as
Q e j
kIR FRRTIE FRFAIAIERL A8 o1 Hla L AAHGN lapnc
emttamuﬁgm Sde®@poidve iaspectillytrentesealSofm aqwerlcy
i ncreases. Spectral extender A402 includes a spectral

f er 540 conf | edto rformavvh
m@b@éﬂ% MARYS {35ES at&wgm&waa Agwatamply 86‘% FéPeC%al extension
oper@idnSRerfofdBYspRerER @&ieﬁ&é&@dﬂn@fﬁé &8iRgardd 28%rranged in

whi t eni ng operat’ion or to perform an adaptive
mahy diéferang vape rEarleaamplenFHSTd&Echb s adlags@atn’maesws the signal
adaptive whit.e ectra at t r 540 includes
siEpah Aol bR o B8 SRRl b aRT bridiah BRHFSHE plre the
fréqiehcy sdalesik teaable actB it Vakion ;Flb& oy E pdHdME dhSirgt@hm of one
and a fourth-order analysis filter conflgured to

emmnl@ﬁf RO VdARH aFCitatien ﬁlﬂpﬂgg 8@0 Hlofdbbshopisthe snegiipm after signal
r
558 BB SR LR or AREPRUB SN HFb B the gyignded

spepeuatafsr applichiteonsqgfentaniihéar fendtxend éalthis gsa alipehg theat may occur
. dgwglrsggn%er 530. . [ 0001 6] Hi ghband excitation
I8 BISREIO e NSRRI PCt RS Ipl enent ed to out put

har noni cal | y extended signal S160 as hi ghband
[(mmat]@ldt Qi) shb@s @He s%é@tg.lm hlerSPREATEForsdl BPEUEIN. PISE @9 shows

only a harnoni cal extended signal as the hlqhban
thegpeatamm afteramingle stage of downsampling, in which the sampling rate is
reduced by a factor of two to obtain the desired spectrally extended signal. In this
example, the signal is in spectrally reversed form and may be used in an implementation

of highband encoder A200 which processed highband signal S30 in such a form.

[000125] The spectrally extended signal produced by nonlinear function calculator 520

is likely to have a pronounced dropoff in amplitude as frequency increases. Spectral



result in audible artifacts. The harnonic structure of
speech is generally | ess pronounced in the highband

W@ b@e/107831 he | ow band, and using too nuch har neei/US2006/012231
structure in the highband eégitation signal can result
in a buzzy sound. This artifact may be especially

exBAUECEADS BiclulesS R §[t?éét},alsfilegféﬁér35_4for QRtiEeRB e psPRakekhitening
[ 000127] Enbodi nents i ncl ude i %errent ations of
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to _m x. har i cal l Xt ende i.gnal it h- i
ety Aol I B R e Bl Wby Gfteion. mma
padiEdteirakanpRIFAdhitbleustd fni g Sicstalgtnenat 10 idd0ddshat LRG

configured to produce a random poi se signal. In one

anglysivphedulnennsigugisie calcalaterpist P5Tos fltereacéidcienss fradliee
oS B EH LR A8 I ATANG AGIRR 03 e senal
acoedthgnotthdye cobfificeenan dthayinipdemseratjposef spheirsintoxtdnidet A400

_varies wth frequency. |t be sirable for noise

inglofie Felralings ToVBE Sheab nkaret 6‘?(281866%&35 o e spr iy

ex3diiRakioAsl rerde etk @td $30f unction such that its state
may be “duplicated at the decoder. For exanple, noise

0Senerat_or 480 may be configured to Qutfut the noise
(080 H36d Highband deqitafipn aensrater AJPmay ke dnplereaicde perut

coded earl.i it r - h
PR S0 ARl TR some cses,
hdvadveWeREnEX s hirdioniallg egreatedShghal pOMe h2ghbBed excitatien ngy

m xed wi th harnonically extended sjgnal .S160

rePulh AR SR e T DEHC TGy D dnErE gl 190
profdurfeed ﬁi‘ﬂh'hﬁ%ﬁﬁ@?ﬁﬁ |il@¥h%qo&/%aﬂ&\é%d%sitn NESIRNBA Rarmonic

envel ope that™ approxi mates the energy distribution
stoncaure i the highbasd exoibaomsigna) cah 13210 in hbytdysound i ‘Bimis krtifact

S30, wband itation. si | S80
TRLPRBTIFERY PeRteniten “Brcghale el agm RIS AT F1 cLRe
11, highband excitation generator A302 includes a

[090 07 | BRiboditRekORkivab iiapleh@nffphd sfidehtrad ekéiatioh generator A300
noi se signal produced by noise generator 480 accordin

thaparg copfigiirerdieamix kanpenispldy exender siangl HIO0wilep apise signal. As
ul " : i :
SRR 20 Rbp GRS SERERLASS0 AT s sencror

Ag0uthptls coffinaed ® gedereat andetB Goie signali rig ohoetdneple, noise
ti me-donmai n envel ope cal cul at ed by envel ope. cal cul at.or

SORSERLPISH 015 ARRIEEUEHIQ PLPEHEC RoinEeY AL fFFay ik BRsLdqr gyise

sigﬂal,aﬂtﬂog?lll ﬁﬂ&géﬁglsp@ésinﬁﬁgfbngfthem&ﬁ%l Rl dorbé Wfﬁite and may

ener at A302, hown in the bl ock diagramo

h#le@RE et Sensinywbitopdes with fiteghancy 4 0may badesinable dor mpise generator

ulate the envel ope of harnmonically.extended signal. .
480105 Prfigi oS pfion ST s e A B o
stlﬁzlégﬁJ%gE%upﬁ%&%d abhe YD | Forldr@mBlep fkisél p@@fasn 480 may be
configured to dutput the noise signal as a deterministic function of information coded
earlier within the same frame, such as the narrowband filter parameters S40 and/or

encoded narrowband excitation signal S50.

[000128] Before being mixed with harmonically extended signal S160, the random noise
signal produced by noise generator 480 may be amplitude-modulated to have a time-
domain envelope that approximates the energy distribution over time of narrowband

signal S20, highband signal S30, narrowband excitation signal S80, or harmonically



envel ope cal cul ator 460 is arranged to calcul ate the
envel ope of narrowband excitation signal S80. Further

w0 pgbaemsst at i ons of hi ghband excitati on gener apO¥/USB0R012231
may be ot herw se configured,;ho add noise to
har noni cal 'y extended signal S160 according to

exlie(ﬂﬁé)& él%lj‘\‘a? SQBOt A€ sRE&WH RVBRITIR Pi11 Cli gMbHnd K citdtidn! g¥Berator A302

Envel ope cal cul ator 460 may be confi gured to
inghededs arovneines H7@ lcoplégured tnﬁrmht@dﬁ a@dalat%tbk neigggignal produced by

ncl udes erie bt
b GREHARE T8 S ERaNE B 8 ohEe s Rl Bpslope
calthlald} 468! T} atLp1t honia g0 afaydrdmpiamamke ©fa thbEiplier
frane of the signal whose envelope is.to be node| ed

arianged iexxastp :ﬂ@ ouﬁwtroé\n@aﬁ gersreit 430 tnsoxdinghiar thefmejomain
enbeal gg gah %t]@éf bg Xh OGS a]%ugeﬁ&l @gg}%&#i %()Qﬂﬁ‘f fibise signal

square ues per orns a
fﬂSUDOthlng operation on the sequence of squared val ues.
In one exanple subtask T120 applies a first-order IIR

[0@&;@ > fl | to L h&%&l@%@%ﬁ g %%?cg{a% %el\t}é)g%tfogﬁéog »AS shown

1ntt11fheblf)él& @hﬁérahﬂﬁi‘FIGU’RE $3 téﬁ@elﬁ)bé tAEu1M6E PE0 is diranSedto calculate the
time-domairn index, and a is snoot hi ng coeffici ent
enlvalvbmgl karvenicelly extendad sterB! &h@ 1in anh@pfeawéat@m AP of

B ARS8 B3k S o 10
enivelop8 calodh©a 6@y eﬁ?fangéd ﬁﬁ:aldilletté’l&lelenpchlbpeSd)MQW’tmud bxcitation

that a is closer to in the absence of noise g$
signab§ay- Ferthyr gnpﬁnteﬁ@tle%@felﬂgl@aafl exgifation gsaeaﬁfggz\ 43¢y be

otﬁ‘é}%%e RoSEHA Sad 28ke fo bRl eﬁ&ﬁl@d% |§16@facé$lﬁ1ng to
hed §equence to produce the tinedo
loenioab optheNAGOWBAGd Sichhpudges impimenent at i on of envel ope

cal cul ator 460 may be configured to performthe

roB a3y Tl 40y Pt SR eio R e Shyelpagaploutation
as'd (&XR thatiRtiaaks Aidries BRYIHRRKP! BRRURHE 18)%hewbandpaiat of an
operation configured to select a desired freguency

mmp&a BHWLS suplea éasgn Subiaplot bl Genlatlypethe sagase peeashdamply, of the
R S A SRR R RO RRL o At

e)@ﬁdtlcm)ﬂ a2 1S8d of hirseonidaliy akteﬁdéﬂh g1l S 6@jLo rédugbbaeghence of
excitation S|gnal S120, | npl enent ati ons, of cBnblner

squatsd valpeneSATs HLA0RsTiongs & SpaRtng OReEAtioR|oR g peguence of
cﬂl'a&la%ﬁfés e 6ﬁeaéxaﬂ%lcs LAk ﬁlz%Oa gﬁesaa S4bRfer IR lowpass filter to
ar moni cal ext ended si gnal é) and nodul at ed noi se
t}mlsgpmhceSﬂc?Ordl@mhanxprnqsimre nt ation of conbi ner 490
may be configured to cal cul ate hi ghband excitation

signal S120 as %)(igxﬁe;g?(tn?g(fyg’ytz%_ziﬁpl yi n@l)

where x is the filter input, y is the filter output, # is a time-domain index, and a is a
smoothing coefficient having a value between 0.5 and 1. The value of the smoothing
coefficient a may be fixed or, in an alternative implementation, may be adaptive
according to an indication of noise in the input signal, such that a is closer to 1 in the
absence of noise and closer to 0.5 in the presence of noise. Subtask T130 applies a
square root function to each sample of the smoothed sequence to produce the time-

domain envelope.



a weighting factor to harnonically extended signal

S160 and/or to nodul ated noi se signal S170 before the
wawwaeissn. Each such wei ghting factor may be PCT/US2006/012231

cal cul ated according to one f nore criteria and may

be a fixed value or, alternatively, an adaptive val ue
[000@31]SEcIE A ﬁl‘;ﬂl&h@ﬂ&l@(ﬁh &f drivalBe bylchlb@®iB6@may be configured to

subf rame- by- subfrane basi s. 0001335{ FI GURE 16 shows a
pesfaseichelivergpussibRskerofitagk EYR9n setiad andoppyallel daghiene rinfother

0B B! L4104, IBRI SFE A Ghpin

caifignedd tS&ﬁ@ctardésn‘adiﬂb@Ieeldy poitiva of tigrugnab¥hbse delipady to be
492 i s configured to wg(gght har nmoni cal | y ext ended
m@ﬂ@ﬁ‘él“@l%“hﬁé@lﬁedﬁf@ Zhar noni ¢ wei ghting factor
S180, to wei ght nodul at ed noi se signal S170 according
[0001 3R CRbiRi-4bd ﬁgl&nff%ﬁéarto 4R arrARFcdlg eQtenBsd s1gh£|§1@0 dnd

excitation sig as a sumof thé weig
n@ﬂglmﬂsxomb rslgnhl &17&<tarpp®®ce highbamrbex citgidon fngmal @é@oa

ht I el t fi
R EhBi e b e goRav R fen Sty g Eal”
hipBbgHatdxoFationGi g@fal S180as z[ aﬁﬂbsﬂémwmoghy extgndecdi@ial S160 and
cal cul at or 550 ma_)/ be configured to calcul ate

mpdilgtedingise sipaby 5/ 0s1815h 48 dnpleosniatien ofirembiner 4903y Ped
t

ot fedih SHREARIN En B SR Blork S SN0 h B B rying
a defghtiap Ifzﬁ:tcfrao heandriicedly ek&EhdedsignaBiée ahdd/ghtvamddulated noise

ex it ] nal S120 to have a.ratiq of harponic
SIEEI90 bELoHoIEaCBEG)- Eath Tigh WesERSLAOrT i b aHgHlated
alofiAg toDHe-or fibrS @R rila MRH SR Head fi QIS affe IMCAIBRLARELY, an adaptive
factor cal cul ator 550, weighting factors S180, ]?19

valpethabiscalcatagad caca:framlpﬂvg/ -frame pesubiramerhy- Splé)ﬁam@tb@sls
relating to a periodicity of narrowband signal S20 or
n
L e R L e s B A

49@thiaois configutbdtioodal @fible ﬂpg\hbblﬁi eeithii@digthl S02@ 884 gRighted sum of
val ue to harnonic wei ht ing factqor S180 that is

hm&aﬂy §HRERdedignad SHeQ and @lafiwatefi aPise Kighpl 2L 7Oa it prafringrg92 is
9&1 18 “l&%h ‘Eﬁrrﬂ&L&ﬁlyt é?(t&f]ﬂla& ﬁgiﬁ‘ﬁ' sﬁ'&b'aa&)r& 4o B%rﬁ?]t)% c

unv0|ce speech si"gnal's than for v0|ce spe
wmgtmg ﬁactqr(&le(l,’iﬁ]wm ghtondsthﬂatcdmlm P (Sil 6 sccoveing b naoige

tor cal tor, 550 is, c gured.to ca te
Pl et SHPh i 6 i erRep R oS! Sk ra sop gitne
weBiheHats ghalst af HaE expkdfle aontinkr92 i leeIBaRdiEiRin@ factor calculator
g&rl odicity of highband signal S30. In one such

tapissoniigirghtd ericulaie hammaendt weighting 580 Sd&0 eud neiss weighting
fcor@qg?c wei ghting factor S180 as the maxi mum val ue of
Thé “autocorrel ati on coefficient of hi ghband si gnal S30
for the current franme or subfrane, where the
[G001 B4]0V ¢ightérig faotor salpsiafod 5A® chag\be corfigaed titvalcuhge welphting

factors S180 and S190 according to a desired ratio of harmonic content to noise content
in highband excitation signal S120. For example, it may be desirable for combiner 492
to produce highband excitation signal S120 to have a ratio of harmonic energy to noise
energy similar to that of highband signal S30. In some implementations of weighting
factor calculator 550, weighting factors S180, S190 are calculated according to one or
more parameters relating to a periodicity of narrowband signal S20 or of the

narrowband residual signal, such as pitch gain and/or speech mode. Such an



i ncludes a delay of one pitch |ag and does not include

a delay of zero sanples. FIGURE 17 shows an exanpl e of
wa@ewh/1a783ear ch range of I ength n sanpl es that P&I/US2006/012231

centered about a delay of onmg pitch |ag and has a

wi dth not greater than one pitch |ag. [000136] FI GURE

1Iﬂﬁlembﬁ.@t1@hme1 giirgxfacipl ealofla@h 650 elay dpROMRERd b Mg value
ghting factor calcul ator 550 cal cul ates a neasure
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sigids that doovaiedapeash scgmafsf i ci ent s nmaxi rrum i's

identified separately for each subframe. As msnti oned
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cal@latt Rehiegfor Aatheday wefghBfs @acte Az and bP RIS WEI g'hﬁn & factor S190
second stage, a delayed franme is constructed by

acgprsiing 1o MpasutenTinesipdietty 9§ hichbend signall S3@I Eyonegugh chample,
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far bf r ations wei ghti ng
d‘?ﬁ%?f:%e?’necpé gﬁh glﬂmaggdv oélgg gha&?ﬁlf’lp&ﬁ}l? "to scal e
the correlation coefficient, and/or to conbine it with

[0801336] SIGUREUE, alicsho@ds @uleaamphhﬁ aﬁ@hé&%p%ﬁiacﬁ af WAIbhGveighting
hting factor S180.[000138] It na e desirable for

famf @Nﬂllﬁ@f pal eddpulatgs a greasye ob B@lq%mtyacrféwglﬁzaed signela%i%ria
se\%%rap?cﬁ%&q & htﬁ)fstgfagg tﬂ@ 9@1’? t%f n@%’éﬁﬁ r0}3’1& rrllélﬂrlﬂgé%? §ubframes,

ere a presence peri o ICI
argk the dmliag éori widélc&keadtoanelaammsﬂfﬁmems ghkimgn fiacentfied

cal ¢ tor 5 may be configured to cal cul ate a.
I TR T —
0WRE GREALN fhnke th%t frf%llﬁfek Qﬂeﬁ?to‘f‘%ﬁﬂg@&%@ Ghd H&Q'n%ﬂngfudg delay of

periodicity of the curren such as pitch gain
zegmsaraplehr eshol d val ue. I n one exanple, weighting
factor cal culator 550 is confi gured to perform an

[Oﬂﬁiﬁﬂ{ % gflc%}la &Q%@ q{?ﬁi 68 ?ra%% is (%lh Frch ﬁg%?ﬁ’a}\y,lé’g%g & gglog K

ccgfuspbrmlﬁn d 1lfl€nttfwdr detdyao éa&lﬁﬁjb&uﬁie) cdiRsteRatingl there8hiltiip k€bframes
5 (alternativel at |east 0.5). In another

toé%?ﬁﬁﬁw‘cé an GRingaY driaved drasne. and ealeulpting Isasmom§ V&f‘é&htlf@tfﬁ@@f
ST RGhE QB AL RLRGH BEAIeLR Wi kAR MARRAMy delayed
si gnha only rame avi ng particular s es o
frapeebha fupitier {leerative pméighting facoir caldulaiog 680 sjlculhtes haredonic
weighting factor S180 as an average of the maximum autocorrelation coefficients
obtained in the first stage for each subframe. Implementations of weighting factor
calculator 550 may also be configured to scale the correlation coefficient, and/or to
combine it with another value, to calculate the value for harmonic weighting factor

S180.



cases, weighting factor cal cul ator 550 may be
configured to assign a default weighting factor for
w0 e@are7sbavi ng ot her states of speech node andP@T/US2006/012231
| esser val ues of pitch gain.33 000139] Enbodi nent s
i nclude further inplenentations of weighting factor
[00@1&4]1@11@ bo&Qirbhaforal & gy fagrf €4lciilftof 5@t @l dilate a measure
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frgnqi?s I{;};{Via Lg ?BQS i sﬁgecﬂ%&ﬁ u(r n H)?%/S(d&ec? Qltg{iglg In such

or ‘anot’her neas erlo I Cl

cdﬁéﬁ mtgmmg;faasr GeColES0 hey 6 @nfﬂgﬂre@ﬁﬁ ask@np Hﬁaula weighting
correzpondlng wi deband speech decoder Bl OO uses this

fapton fordtamess hagingsiher sates oA spessl made gnd/en lasses yaljes ghpifdhgzain.

factor calculation. In another exanple, such an

[0001139] fhiRRihétdeRidaFudie 1rﬁﬁ'l€ﬁlgﬁtrat131'ihd$f%el gaaRd8E ol Slculator
cal culating a value for a speech node paraneter.

53(opetiate ponfigrasd toecatbakite whigbtifpfactursg) mgnﬂngmhamcm@ﬁtlcs other
ener at or.. A302 t.o nerat e hi hbadexctatl n_si a

g DE R 8 pel RO BN F b SR e TRl 2 p b R

ccﬁiﬁ%&feﬂrtb lagdi g1y a Hizaél vded ndike fbﬁa faaiot 59l fui syeRkch e@n@ﬁs having a

ghting factors S180 and SI9 | nsuch case,

loggsi rgt@hulmgtf% QrpeRshl seﬂnabsﬂ@wmwcﬁmaéypltﬁé lap nAnefherewich o
R f i
ofchay@bniieitf bﬁM(&ﬂ)@ﬁ(ﬁQEeﬂf sigimd iShey oredf éxlf@fbhnd)ﬁgﬂ&l@'}baﬁtﬁiordmg to

encoder _  A200) to d ive a vaI f or the
a spyre P%@efeg%rtgw ﬁg}nnﬂaplgﬁo sehs rfaadguespt é@aufavgy{relanve

tor{ﬁé BRAdy ﬁﬁ%@ ndl egt’otl(e%}reﬁﬁ@kgg bidyu ¢ denotes

har noni'c wel g Ing facto d V\hgi se denotes

noi se wei ghting factor S190. Alternatively, weighting
[QOQM(HSormllnmleme@tatl@s@Ohwgdeb@dd@nmhgﬁmp@@brtﬁdOﬁ@lr@mnflgured to

o&é&toz{ndll H]%?té%& penoctlllclty or B %Hco{‘%'(g Igt { oh =6 Hh glr];d?catltnh Shether
the frame is harmonic or nonharmonic) based on the pitch gain and/or another measure
of periodicity or harmonicity as described herein. In one example, a corresponding
wideband speech decoder B100 uses this indication to configure an operation such as
weighting factor calculation. In another example, such an indication is used at the

encoder and/or decoder in calculating a value for a speech mode parameter.

[000141]It may be desirable for highband excitation generator A302 to generate
highband excitation signal S120 such that the energy of the excitation signal is

substantially unaffected by the particular values of weighting factors S180 and S190. In



or subfranme, a corresponding one anong a plurality of

pairs of weighting factors S180, S190, where the pairs
w@e@opomaal cul ated to sati sfy a constant - ener gRCT/HS$1006/012231

such as expression (2). For qgn inplementation of

wei ghting factor cal culator 550 in which expression
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nmodul at ed noi se SK@m@Mm$i¥Okadbel42](Q&tifacts may
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of highband excitation generator A300 that are
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fromebogas] anatnt 0.7s Crh&ampisndntdtioas ob6WBightingfiged chloulator 550
filter the dequantized parrowband excitatjo [

al
mpy beleiteupsA iorRperaleacqariing tperversen oﬁ@mﬁwgiﬁg@ mpdified
oSl 12050 sl W ARGAER RO AR Meslibihar st

arginhodidad senesignli31/6r 600 arranged to filter the
spectral |y extended si gnal produced by spectrum

- A400. FI GURE 20, sh | ock di i
OB PAAE B PRy Sstemor SRR e b e IR GaRER GBI book

(A8 QAokd@MtribNsk WSSy 2BrodRlies s Yeae e dfth khletlakQfe quantized
arranged to filter the output of conbiner 490 to

represenietéornofghe ssitluek (Fadebpeinsparsgness osaure esrepialy yhsa the
na'tr};]nc')g%beagg E{%ﬁ%feig ?ﬁ% oQieg gt g ﬁ%ﬁg ¥a%a(i ﬁ}g}}@%&t? ?r%‘%g&r]rgg ab@bobr ngarseness

ures o tations
ar@3PAcARUASIOEeriididin e dndaicouranonly aboye 8fkHz. Because the human
i npl enment ati ons A312, A314, and A316 are contenpl at ed

eaghgs heifes tneaesneda 3 higher frequegcienhese atfpcts mayDepoe e,
ng&g 151@¥n Ab30s1ig,@r ranged within spectrum extender
A4OO: Al

or ex e, after any of the elenents 510, 520,
530, and 540 in
[000143]Embodiments include implementations of highband excitation generator A300

that are configured to perform anti-sparseness filtering. FIGURE 18 shows a block
diagram of an implementation A312 of highband excitation generator A302 that
includes an anti-sparseness filter 600 arranged to filter the dequantized narrowband
excitation signal produced by inverse quantizer 450. FIGURE 19 shows a block
diagram of an implementation A314 of highband excitation generator A302 that

includes an anti-sparseness filter 600 arranged to filter the spectrally extended signal



spectrum extender A402. It is expressly noted that
anti-sparseness filter 600 may al so be used with
WO pbaomsat at i ons of spectrum ext ender A400 t hapCpEsioos/om2231
spectral folding, spectraljéganslation, or harnonic
extensi on. [000144] Anti-sparseness filter 600 nmay be
onf i gur { @ﬁgaoio dHo%slaIstk @b of akior
pro %?gﬁlé?gﬁ?&%géagggég@piggﬁe or anti-sparseness _
impflérhérRiiti H0Q3 t@ofid gltmnfliegcitatidn gaukraior 4362 thas irshuden a8 2Rire
phase of highband exgjtation signal .$5120Q i .
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excitafln si gﬁal Ey0 2% Qoﬁge,qﬁ%le'i@ma@iof@bf figeban@smeitgafonlenerator
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nt1-sparseness filter 600 to be spectrally flat, such
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not agppreci ably change e
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be to_sprea to t f 1l k@ §Pmay al
sptfab g AT i DS B nd R BREnSs GG GtPmay also

be SRV iESimplOROIAGInsAftspéanisextendee d4D9 thao getowk spectral folding,
sparseness are usually mare noticeable for noiselike
SP%?@H&F@@“@EéF@“FH@”Fngaﬂg? i ncl udes | ess pitch
i nformati on, and al so for speech in background noi se.

[000A 34 BERLSFrdeNBisGter 600 21458 chelRIre@td alfen Ciiesphiase ofiseiaput
where the excitation has long-termstructure, apd .

signal ded epdragle, irouiyfticclasirable forgnte-apATEeneas ier0D tp he configured

oi ced .si gnal Thus, it . i > j

ond g S Sl e YR e BRG] S 120 S AL, o

otiRpflist enR@sEendy diseifiteds over tined. dethagialpodlesieviratho{ar the response
alteration._ Unvoiced signals_are characterized b a £

of ufivsparsegssyfilias 608 g be speshelly Bef ﬂ%ﬁrtﬁ%ag%ﬁlaﬁﬁg“ﬁ’ﬁsé%c um o
cpOc ' i e, S ak#aeks filter 600
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is pesleibmted ai mdalt-atdsfgtea hayieg b tahsferfaetibpeaccheding t the following
or tilted upward with increasing frequency. Typica

exXprgd¥ietrent at i ons of anti-sparseness filter 600 are
configured to filter unvoi ced sounds (e.g., as

i ndicated by the val u Bheggpegtral tilt), to
filter voiced sﬁmnﬂs—i%gigihejfgfggngaid3is bel ow a
threshol d val ue (altdrihfivel {0

088t greater than the
threshol d value), and otherw se to pass the signal

oYl LARQUbr @lch &redter Ay HeQ0Q4R1 hutrihdedergyrol @BRIHuAkigasSoahat it is

anti -sparseness fil'ter 600 include two or nore filters
nd loageraoacantiafedgu oely a fowrsaweledi f f er ent maxi num phase
nodi fi cation angles (e.qg.,

[000145] Artifacts caused by codebook sparseness are usually more noticeable for noise-
like signals, where the residual includes less pitch information, and also for speech in
background noise. Sparseness typically causes fewer artifacts in cases where the
excitation has long-term structure, and indeed phase modification may cause noisiness
in voiced signals. Thus it may be desirable to configure anti-sparseness filter 600 to
filter unvoiced signals and to pass at least some voiced signals without alteration.
Unvoiced signals are characterized by a low pitch gain (e.g. quantized narrowband

adaptive codebook gain) and a spectral tilt (e.g. quantized first reflection coefficient)



up to 180 degrees). In such case, anti-sparseness

filter 600 may be configured to sel ect anong these
w@ovpoersst filters according to a val ue of theP@i/U81906/012231

gain (e.g., the quantized a%aptive codebook or LTP

gai n) such that a greater “maxi mum phase nodification
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spavsaglakrafiiter $0G medy AP30C UG e SORPPISE Blied (Bt AFegqrigared to
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SRS bt iyt s e
cohti glie@tttmediepthe phaster b M@cﬂﬂaa"mquqmyrralml afuhainpnt A@8d is used

may be |i kew se confi gured but arranged instead to
fOR:faﬂlI@Qﬂfa?‘Wélalﬁ‘é’%@f“r’il SR ¥Be according to such a

time-varying relati on between hi ghband signal S30 and

{ et SRR PEedhi @B RAOMAay be desirable for
[0@;1(‘:1:7 %gﬂlrgqéqrﬁr%ﬁs%%%f 0061548]T eetesgrf%%r al g}r,w?el %Sg)es
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ignal S80 (or i gnal_derjved therefrom sych as 0
SG@adhglabmd@nmdeameﬁ D@Wdﬁa:pn@gg i chapaiereihighband signal S3
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cobTia GoR TRoRRBI BT AecpRine e e Be SR highPind S8R s30
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at or configured to %erform gain
energies of the two signals over a frame or some portion thereof. In other

implementations of highband encoder A202, highband gain calculator A230 may be
likewise configured but arranged instead to calculate the gain envelope according to
such a time-varying relation between highband signal S30 and narrowband excitation

signal S80 or highband excitation signal S120.

[000148] The temporal envelopes of narrowband excitation signal S80 and highband

signal S30 are likely to be similar. Therefore, encoding a gain envelope that is based on



factor calculation as a task that includes one or nore
series of subtasks. FIGQURE 2 1 shows a flowchart of an
wex@apds3T200 of such a task that cal cul ates aPQEUS2006/012231

val ue for a correspondi ng gﬁbfrane according to the
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[000151]1t may be desirable to apply a windowing function that overlaps adjacent
subframes. For example, a windowing function that produces gain factors which may
be applied in an overlap-add fashion may help to reduce or avoid discontinuity between
subframes. In one example, highband gain factor calculator A230 is configured to apply
a trapezoidal windowing function as shown in FIGURE 23a, in which the window
overlaps each of the two adjacent subframes by one millisecond. FIGURE 23b shows

an application of this windowing function to each of the five subframes of a 20-



[000152]Wthout limtation, the follow ng val ues are
presented as exanples for particular inplenentations.

wo@eAemser frane is assunmed for these cases, aPeTosmyhe/012231
any other duration may be IL‘llséed. For a hi ghband si gnal
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milflseged g B prpngrenY f e B ioP Bl ar 4230 may
be WnPURWAARS aSt19 Winddwilit EuidorSRawhd diffesend Bvesupiplesisdwardior

For "a hi ghband signal sanpled at 8 kHz, each frame has
diffe@0t wintoheshapesf (egucpctaneas, Hamanng)dba ma e symypetrical or

subfra .0f . equal f i : 2
osyBUREL. T Ay S dme R Sche o AR iR D
caldBatsAAREH M AR fighteded hpply idiffdremerindewingsunciob$ readifferent

of any wwdth may be used, and it is L%\fen goiaif | e florth
subframeaiitiren frame sAd/oF fjagkah tp igelvde & o5 Ob FIIRSTY '¢igths-

be configured to produce a different gain factor for

gﬁ&llt ti8n,[th&fBRowli PP PAaeR] 4t frddntedlassdxanplea for
[OOQ??&W [ ag?g{r?ﬁtfa(; an i rrr?l elonée)nt at i onﬁgZOZ of hi ghband
partedlarierplBa0atidtdsg Rb2hthsdefrone is Beoned frr(thage §asgs, although any

hi ghband excitat, nerat or. B30 t . o b FHi&Sh
OthFBg‘HF‘B%’??éy f Jtia Sf%r gj‘égektbg{"? 31§nésgli *gn g{@é}i Z 3‘1’%35%’3 qto neoe
140 kS AN Gu@XLhirkidé isafivisied fiab fi$8QubfRepsndieqapl demgitheach

particul ar system desi gn choices, highb o tat.hg{é42
subfemes wilohavB 28 Gamales 7ad; the WaHSHt BShWR it gfﬁcﬂlgﬁﬁoﬁér‘(‘ﬂ)

the il ' - ' | LRI les. If
e R e e
sudhRARER Rt viledinbafide sobtiates iob nqupd fregtt, oachBBbame Wil have 32

th : t he_hi d i tat ] :
TR TR SRS kR R TR
imgﬁeé ﬁ@tiogg SAMBEATTRAPRAME HACRAREd Bind& iekén possibleafol: yin

rrorm dequanti zati on of encoded narrowband
implepienativoof bighbaid g@i0calaideioy 4230 tnbaessiiziwdde PHdYRbANd

.excitation ner gt or B30 be i.npl enmented to
diffesent; g3 ﬁ&ﬁ"?g%ﬁaﬂbs g?f)g??rag'ﬁle'si gnal S80 from
nar r owband decoder Bll O and need not include an

© [000YS8THIGUREDS kE®ls £6l0tk diageth vhardiegpleméritateoneb0echighband
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gilt fficient : i
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B&alsedfarrowband decoder B110 will typically perform dequantization of encoded

narrowband excitation signal S50, however, in most cases highband excitation generator
B300 may be implemented to receive narrowband excitation signal S80 from
narrowband decoder B110 and need not include an inverse quantizer configured to
dequantize encoded narrowband excitation signal S50. It is also possible for

narrowband decoder B110 to be implemented to include an instance of anti-sparseness



narrowband encoder Al122). In other inplenentations, as
nmenti oned above, different coefficient sets (e.qg.,
weepstiomB7 coef fi ci ents) and/ or coefficient PCT/US2006/012231
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[000156] As mentioned above, it may be desirable to obtain the same state in the
highband encoder and highband decoder (e.g., by using dequantized values during
encoding). Thus it may be desirable in a coding system according to such an
implementation to ensure the same state for corresponding noise generators in highband
excitation generators A300 and B300. For example, highband excitation generators

A300 and B300 of such an implementation may be configured such that the state of the



exanpl e, such a quantizer may be configured to sel ect
one of a set of codebooks based on information that
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warping in the encoded excitation signal. For example, such an encoder may be

configured to select or otherwise calculate a degree of warping in time (e.g., according
to one or more perceptual weighting and/or error minimization criteria) such that the
resulting eXcitation signal optimally fits the model of long-term periodicity.
Regularization of pitch structure is performed by a subset of CELP encoders called

Relaxation Code Excited Linear Prediction (RCELP) encoders.



war ped by a corresponding fixed time shift. In other
i npl ement ati ons, the encoder is configured to apply

W b@onersst ari zati on as a conti nuous war pi ng f uPCT/U82906/012231
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desirable to performregul arization only on franes

that are voi ced. For exanple, narrowband encoder Al24
[008)63dhe sngadguealerlates empiaodethexcitehon sighel dhaids wgularized and
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st gnal’s. may even be dest raple to pert orm
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pul se energy.. Various inplenentations of RCELP codin
oupRt signat hup sghibs thesampypiying\drlay tatrgas inglydegineing ﬁn@%ed
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reghlaR@EldR aonomtsisitmosmded thtelbebaleced Vari abl e Rate

Codec (EVRC), as described in Tel econmuni cati ons

TR KR B e en Bl e caiidlislBbosneR il mpicn
ilMfhdees\Re e6tahig £alYMom [HRAIS&imPaéetbraat ®hy boosts overall coding

regul ari zatj on may cause problens for a w deband
eifigicaet enerally Withehi gemeratiag Atiagisank maydietdgsirae fosperform

re ﬁfairi%ﬁgmf Jn‘?glgfé ?rgm%g ?1{0%]9 .J%?Jeﬁ?%@ﬁ%ﬁa&@%‘g@%ﬂg%aﬁ& %g:;%her Al24

such as a m 1 ncl udi ng wi enco
mAl GOcaifiunedibshift oslyekess frhees de sulBtamids haling aflong-tetm structure,
n froma tinme-warped t he hi ghband

Eha %’/3{0;3 ﬁg§%1§1f§| MY $YenGe ﬁig%bf%/t%@#@% TequTZgHeR Pply on
S e R el o SRS R prs RO coding
argidgsrabed in U.S. Pats. Nos. 5,704,003 (Kleijn et al.) and 6,879,955 (Rao) and in
U.S. Pat. Appl. Publ. 2004/0098255 (Kovesi et al.). Existing implementations of
RCELP coders include the Enhanced Variable Rate Codec (EVRC), as described in
Telecommunications Industry Association (TIA) IS-127, and the Third Generation

Partnership Project 2 (3GPP2) Selectable Mode Vocoder (SMV).

[000164] Unfortunately, regularization may cause problems for a wideband speech

coder in which the highband excitation is derived from the encoded narrowband



will no | onger be synchronous wth the original
hi ghband speech signal. [000165] A m salignment in timne
wheiosaensst he war ped hi ghband excitation si gnal Perts0be012231
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probl ens. For exanple, the warped hi ghband excitation
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i npl enment ati ons di scussed above. [000169] Narrowband
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d
regul-arization data signa at specifie
tlwsgmfgmcfof tihrghbaed gpeach agmﬂiae@brdlﬁj to @ émeovapiasedudat in a

c?r[rgggancﬁar L O\gﬁFcP Pm{%v%%glgﬁxé} lr‘?ﬂ s1gnaf) nlgotgnl%la? gd\}a%ta?ggg l)fy su?:h
methods include improving the quality of a decoded wideband speech signal and/or

improving the efficiency of coding a highband gain envelope.

[000168]FIGURE 25 shows a block diagram of an implementation AD10 of wideband
speech encoder A100. Encoder AD10 includes an implementation A124 of narrowband
encoder A120 that is configured to perform regularization during calculation of the

encoded narrowband excitation signal S50. For example, narrowband encoder A124



or subframe, regularization data signal SD O nmay
include a series of values indicating each tine shift
W@rmeno783s an i nteger or non-integer val ue i n PEY/IS2006/012231
sanples, mlliseconds, or sg ot her tinme increnent.
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encoder . [000171] Furt her inplenmentations of highband
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delay line D120 is arranged as part of the highband encoder.

[000171]Further implementations of highband encoder A200 may be configured to
perform spectral analysis (e.g., LPC analysis) of the unwarped highband speech signal
S30 and to perform time warping of highband speech signal S30 before calculation of
highband gain parameters S60b. Such an encoder may include, for example, an
implementation of delay line D120 arranged to perform the time warping. In such

cases, however, highband filter parameters S60a based on the analysis of unwarped



to hi ghband speech signal S30. For exanple, delay |ine

D120 may be configured to read highband speech signal
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shifts. FIGQURE 26a shows a s4hemati c di agram of such
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[0901 pHIDelnyling k22, is p@rpfl iethigl @yput [tmqﬂc]a,nped hi glﬂaand si gnal S30a
fr{)%galﬁl (ﬁfSF?E)Eét? (.t)L W s rE%_Btjgf"gRP.g The g%gﬁ) F 10dRidn oL
an a e ar

Isecon cause a acts In
véries abewtacetbraicg pasitiod [mr@ainbyhﬂ) eccading to te ctnf‘reﬂt time shift as

A o P S ST, B R e
cc'irﬁ%ﬁ e%cﬂ% DF@U%( ﬁﬁ'a{)&cﬁlah&ddn@g&t%fh Phitk 894 t%'rartg@él% Qﬂle qil%@larger

[Tmte However,
thde ¢he @tled suck theha gestes slﬁlftrmabebfaperfomed biode dloec:ben than in the

onf 0 ose a n . time shif n
PR BRI b shoRar S By il g ot Ty B e
négame@ﬁﬁfevsﬁlfa bélaPtiss DD hia t&%ﬁr&%@&d tdm ©hnBYor hitge samples
nar r owband encoder) 0001 5] FI E 26b s ows a

atsctiiamidapending gn aﬁp@mubwq wmdﬂe herRxappl). D124 of del ay
line D122 t hat |ncI udes a shift window SW In this

(92 7PY 1k DR Oyl gk Aha Bl Bfmfle iy 416 | o
rm]algctmr?ng? ndgz Ic%&;sb lagdlgta:fwafmfacﬂsem g‘taefdem)dai Shgreht 'éyp1tzﬂbyrthe magnitude
of h EBlRA AT (e HE 8 PAHESA b Ao nA Enog el AN B Sor

efd?cls'@h f&p nﬁlhsEcQﬂ@§7§J:H fl‘lapﬂhg @ne s'ﬁﬁ‘tseﬂﬁﬁﬁéﬁ rb? RSgul&lela¥n data
line D120 1s configured to wite high

signal SD10 will be limited. However, it may be des1red in such cases for delay line
D122 to be configured to impose a maximum limit on time shifts in the positive and/or
negative direction (for example, to observe a tighter limit than that imposed by the

narrowband encoder).

[000175]FIGURE 26b shows a schematic diagram of an implementation D124 of delay
line D122 that includes a shift window SW. In this example, the position of offset



speech signal S30 to a buffer according to the desired
time shifts. FIGQURE 27 shows a schematic di agram of
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LGB LR P Pl S col NS st o
tht Rahe (&g bas 8ebrage) delay to all subframes of a frame to be shifted. Delay line
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 hi ghband 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



on, but is not identical to, the warping specified by
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[000182]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

sampling rates of narrowband speech signal S20 (or narrowband excitation signal S80)



at 8 kHz, and hi ghband speech signal S30 is sanpled at

7 kHz. In this case, delay value mapper DIIOis
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example, task TD100 may be configured to filter the wideband speech signal using a
filter bank having lowpass and highpass filters, such as an implementation of filter bank
A110. Task TD200 encodes the narrowband speech signal into at least a encoded
narrowband excitation signal and a plurality of narrowband filter parameters. The
encoded narrowband excitation signal and/or filter parameters may be quantized, and

the encoded narrowband speech signal may also include other parameters such as a



[ 000185] Task TD300 generates a hi ghband excitation
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cﬁﬁnamded signal S160 or highband excitation signal
S120. [000188] Further wi deband speech encoder
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encode narrowband speech signal S20 and highband speech signal S30 independently

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

excitation signal. For example, the highband encoder may include an implementation of
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frequency circuitry for transmission and/or reception of the coded speech signal.
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cliainad hrobefif. | Sull featumd aptludeaemopdtdihigh-ofergy yabia of short duration

envel ope nd,adaptjve attenuation of a gain envel ope.
oRBEG IR tha R BRER HrE sBhLRr L B o Hon HeSthnog uch
fRARGNFRAE Hixéd oPIRYH ACENSANRB P LErABYNPRpROht Sk s8¢ as
in the art to make or use the present invention.

highbangsSTsp diueh deptireninclude fied or adaptivé shaping efmeise associated

RS G DE P P TIEH BT SE S SR

irekalsixed oandpaibe eingeihing dEy daeh ¢nvel Pepatidedaptivedafechusion of a
i.n whole as a hard-wired circuit, as a circuit

SUBSRYYMEat i on fabricated into an application-specific
integrated circuit, or as a firmware program | oaded

[000193]TA8 148k &hk bfessh R AOSF RE déscibld ABGH AR olvgﬁg &4l
fromor into a data storage nedi um as machi ne-readabl e

erpbtreanypectonsbiledie thepri tognakeoir ushthegresentt iakbdngiony Vamious
array..of logic elenents such a_m.croprocessor, or

Al g HsE o PLRTRRGR BE o anTie ReSGBRE heSprrgrwed

hérefdi iy beyppdied ao@EF @ibefimsihte badell e FerNBiingls Waknddiment may
sem conduct or nmenory S\Nhl ch may include wi'thout )

be {mplementedhinparhes i@ Vool e hard rRapd(dirghid oan i e sonfiguration

- . . fl 0

PEERE o U1 RLIRTRERE o A0 'L oMo

loptebiatciamigdatite Ftryge @ra saftdiaskpropainisadedciora®r to a data
magnetic or optical disk. The term "software" should

Sts@%a Mediuay %@a‘flan?-ﬁ%a%alale C%‘;ﬁa P qodg beingdustiysiigns executable by
A ARGUGI6 i AiEn hRga & ' igitdl STPARS i

: macr ocod%l, m cernocode, gny&gﬁre&%érqs@fn%rr(gﬂ‘%?tl%&% rs {BMRf frocessing

urib o llecndada stofage meatdiune tmayrbs aprae@y tof Blosagh yleamensy sualy aof

| agi c, el enents, .and, any .c inatiaon. af such exanpl es.
sorfs it Ty «Shn S S0 oSt nSHE Bt RaM
(rhhdhbasdsexnembal) ROM ge@d-aﬁ@rrﬁer&&gg 288/dr BAGOR ARghband
encoder Al OO, hi ghband decoder B200, wi deband speech
fegigelsaiaic, mpgivtorgsigtive, @epnindobpessich ovphrsetcharBe OB mery; ¢ren disk
L3 : NLCy: r t.ical deyi
e BRI L B R AR R e agt e pgersood
todnclinde souedd qagle] assemblpilpsehge @de@ugHing®édi( binary code, firmware,
arrangenents wi thout such limtation are, ]
MAFTOEB M FRIBF ACe fLY EHFPTIROTRSFE OB PesiNaRnes ob st etipng gxecutable by

aPRPAY 18 8ic TS, bAPABER Bt of such examples.

[000194] The various elements of implementations of highband excitation generators
A300 and B300, highband encoder A100, highband decoder B200, wideband speech
encoder A100, and wideband speech decoder B100 may be implemented as electronic
and/or optical devices residing, for example, on the same chip or among two or more

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



whol e or in part as one or nore sets of instructions
arranged to execute on one or nore fixed or

w@e@gnenssabl e arrays of logic elenents (e.g., PCT/US2006/012231
transi stors, gates) such as_pmi croprocessors, enbedded

processors | P cores, d|g|t§1 signal processors, FPGAs
(fie

progr anmabl ae rr,ays

contaBplicCh Tt SaE e P of U o BPGHE 25 beHaplegepied in
whoofPdih ?ﬁtt hOBnSHaabiel setsi oThRABE & elahged tb&‘e)(ecdté oh ®n@bsMore

possi ble for one or nore such elenents to have
fixed puprograsmable amasrof (egig clemgnisroge 80¥s(Te galeD S&S‘(lé%%t e

ortions of 0

i bie P e SR SO ERRD B LD Faifl e igbe ST
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ele%entse& %Q%ff éeatl'l.ﬁf[ﬁ@ §p chmBh . gr Qg}oc‘éés@ﬁQed tN@R@éﬁY@ﬁoﬂlbﬁs of code

Oor one or nor ch elenents to be used
cotresppﬁmhg rtcndltfmdm elemeassant differant tignessese 0binsirnetiang @Kecmﬁ@ to

e e AT St AL R B s ccn
of @REA&iL R/6f oRticdENdve&s ?ﬁr@ﬁﬁhg Gpérativkyl foh diffeeend RloatcntsUs

I's enmbedded. T000195] FIGURE 30 shows a f | omchart of a
differeitatnas). GForenyenidis mgstible for aneins anase pich egmenis inbeised to

h POLLI QN of
PR BHERR hs FRGF ATR o0 T B
opeakieh bathe Jpparalk, suth b btk reﬂaﬂi@mtmb’ﬁhet beration of a device or

characterize a spectral g(gl ope of the highband
sypiemtin sruichthe Rpperefys sAnekaddeds a spectral Iy extended

signal by applying a nonlinear function to a signa

[00G195YEE UL 8D SRSy MR FIbRRANEE PREM0AM10T28KoXERE to an

generates a synthesized hi ghband S|gnal according to
enfbiyliméne, efencading i highbapdipartren of & spaseh elgylalahamn@mmwband

oo h B s e R ARl b 8
chﬁraﬁﬁ:h@é h epechal sRebpe o 18 glg)ém@ﬁ)oftfd)@ Miagh 200 cflotlkico a
(D energy of a signal derived fromthe narrowh
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oS FEOPn  hSERTOT M L4 AIRERE FEEbATL & i 3LcoRdhe to
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unction to.a narro excitation. sSi
SPe Y EANS BB 1368 R CRPUILEE s SBimrPrdr Qe Py 4G relation

o 0) €028 e uhan R gLl e eegt gLkl daed fom
narosittaad partiosi gnal . Fl GURE 31b shows a flomchart of a

met hod M210 of generati ng a hi ghband excitation signal

[ogfi 6] HEORES12BE0EL nETRAGL OB fefndE N0 defSifing 3 Hibhband

excitation signal according to an embodiment. Task Y100 calculates a harmonically

extended signal by applying a nonlinear function to a narrowband excitation signal
derived from a narrowband portion of a speech signal. Task Y200 mixes the
harmonically extended signal with a modulated noise signal to generate a highband
excitation signal. FIGURE 31b shows a flowchart of a method M210 of generating a
highband excitation signal according to another embodiment including tasks Y300 and

Y400. Task Y300 calculates a time-domain envelope according to energy over time of



Y400. Task Y300 cal cul ates a tinme-domai n envel ope
according to energy over tinme ofone anong the
wo200600433nd excitation signal and the harnoni cetT/¥S2006/012231
ext ended signal. Task Y400 g?dulates a noi se signa
according to the tine-domai n“envel ope to produce the

dul at ed 97LEl
SRR e D Y
Tas YAGE fdtmated a Mok Rivhd] fooitdigtoahe ﬁm&pibﬁmlm sivgigle to produce

havi ng a narrowband portion and the hi ghband portion.
theTaedulzedapisesignales a set of filter paraneters that

characterize a spectral envel ope of the hi ghband

tighhze a
O ICIATE s Elo A o s omh £oanag i,
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nonl i near nction.to erlve
PoraR B gionr ok 2108 s AEQOrEE) hifmeters e
chﬁ‘a&@ﬁi’&gsp%bﬁﬁl@nvé‘l‘éﬁ@ bEHhB BidtBahdPortibe ab@h sétfof foint factors that
paranet ers and @thband excitation si naI based
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spé&&llg %ﬁ{eﬁﬁ@@ﬂ gneﬁ O‘Th% 7 102400 Bodllfie$ RS cal dlpLf BB dptthesized

d excitation signal, or to the
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copfenat coaPRY sehepun s e e PET DR B FRERAASO
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perform such net hods. Each of these nethods nay

poamcsn tcb@letsaq:@naﬂwx@n@@hslwl(tp dhe kighbasdexcitafionseengh Oxtn Be
g? %éh nedl as |listed above) as one or nore

Syggrgs 1g ns readabl e and/or executable by a
machi ne |nclud|ng an array of logic elenents (e.g., a

[0P0 SFERBOiniEnGy 4 incleds adldltlmat eectards 106 k}b@ch ccm:hng;tehecpdin g, and
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the principles and novel features disclosed in any fashion herein, including in the

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



t he hi ghband portion; calculating a spectrally
ext ended signal by extending the spectrumof a signa
walesosners3t rom t he | owband portion; generati ng BCT/US2006/012231
synt hesi zed hi ghband si gnal _according to (A) a
hi ghband excitati on signal Based on the spectral ly
t [ l.cand (B) the plurality of filter
vagﬂgﬁgigféb&EﬂJScalculating a gain envel ope based on a
rel ati on between the highband portion and a signa
basgd on A hrtdoawdanebdded 4 highband. poftiéh 6 dpeeciagignul tiavigg a
to claim1, wherein said calculating a spectrally
lowlangrnpsdonsinghihe hisbhpnd pesdonspidipsthed ePBPLEPHRE r um of a
signal derived fromthe | owband portion by applying a
nonlcelvekuting apbiriloy of filtehpargmefiersl thatTharpkisrige & liprfiral envelope of
ccpordiing to claiml, wherein said calculating a gain
thegl?f@g]{’ac?gé%lﬁéo%ased on a relation between energy of the
hi ghband portion and ener of .a sjgnal .based on the.
oasAR B eisBRrney BN B bR TG R Cr R of 4 ignal
deWDEd bt BRI AN pBfiRhi N @ gain envel ope is based on a
rel ation between energy of the highband portion and
ene L%Ylelgﬁn %Q SymHES A% %%Qn@%gm ABCbraingNGlA) 2highbaRE dRftation
of eec rocessing, said nethod conprising: ~
sigpahbasatl ion gheaspactgiilyamdendzd signaliand (B) tealurblityed fidigr parameters;
| owband excitation signal; generating a synthesized
anflj ghband si gnal based on a hi ghband speech signal and
t he hi ghband excitation signal;_ andcal cul ating a .
pl urcalquiainge g3y WVFIE%’E Gas&d%a%hsﬂ? Bemisen fhgdidndeaion
anpgﬁggbgﬁgéﬁgn%ﬁﬁ%%@aﬁdS&ﬁbnﬁnd a signal based on the

nd excitation sighal. 6. The nethod according to
claimb5, wherein each of the plurality of gain factors
is based on a relation between energy of a portion in

ti f hi . ghband S| !
cor e porthTi By TR e B erdRa BNl storqraty

extenAba Bign Sc@intpaisssx t&id@ipathe spectrifoiied frod datweadrfdim thetlowband
claimb, wherein said calculating a plurality of gain
portaen by apRIpAE Rinoakneas fenghiaR fhle s188rkral ity of gai n
factors based on a relation between the highband
speech signal and the synthesized highband signal. 8.
The nmethod according to claim?7, wherein each of the
pl ural i t yTlf mehivd according to claim 1, wherein said calculating a gain

envelope is based on a relation between energy of the highband portion and energy of a

signal based on the lowband portion.

4. The method according to claim 3, wherein said calculating a gain
envelope is based on a relation between energy of the highband portion and energy of

the synthesized highband signal.

5. A method of speech processing, said method comprising:
generating a highband excitation signal based on a lowband excitation signal;

generating a synthesized highband signal based on a highband speech signal and
the highband excitation signal; and



factors is based on a relation between energy of a

portion in tinme of the highband speech signal and
wep@ngy78ef a corresponding portion in tine of PEEUS2006/012231

synt hesi zed hi ghband signal . 9. The net hod accordi ng

to claim5, wherein generatﬁﬁg a synt hesi zed hi ghband

sign j ncl udes generati t he synt hesi.zed hi gh .

51 orateolslied R dReT e Bdnh o Ot T ARG ighvand
spRlcH skt 3hdof sibhd] basedRArBERIWIaRd BRtiiaved sfgnamn t he

hi ghband speech signal. 10. A nethod of decoding a

hi ghband portion of a speech signal having a | owband

portion and the hi ghband portion, said method

co I Si ng: by : al kt T -

et char s RERGL icaRufe B AAELE Whn gt B P RIERRY BF gain
faqofstis basedind aaehltioh abtiveyn edergpoia partibois titdeadf the highband speech
_characterize a tenporal envel ope of .t he hi.ghband
SO SRR TP NG DL B 19° Bk SRRSO uihe dgyvband

: I the spectrumof a signal that is based on a

eﬁgfgﬁ%oé]%}(ci tation signal;generating a synthesized

hi ghband si gnal according to (A) the plurality of

filter paraneters and (B) a highband excitation signa

bas on t,he spectrall. ) [.gnal.; : .

rmdaqat in eamatglloﬁ a%cr?\géel?{%gge(&%?rg?’lcwj‘gﬁésr%ﬁ% ﬁféls%zﬁ]%(lja Uﬁligéil%%rﬁgty of
oSl BRMrs eaaprisds oglctlatiidepRialitabf gain dictgaibasdiantorktion between

The et hod according to claim10, wherein said
the hishbing spsechesigie @9‘? tel Symé‘??tléﬁiﬁ]olégh@ina sk onpri ses

extendi ng the spectrumof a signal that is based on a

| owband excitation signal by applying a nonlinear

function to the signal. 12. The nethod according to )

cl ai 8n 10, Thvhmethiod aseirdingtaiclhian 7 nghereigaianh ehihe|pbpality of gain

i hcl.udes nodifyin ccordin 0.t he rall f [
FoptEe 8 PERE R S OT RaE G0 sperey mL bt ip Th il drole RghBRidtpecc
signat afidBherb ot a bSrrddpsREn©portibe il G @ thevyaitiesikéditighband signal.

Signal, the spectrally extended signal, the highband

excitation signal, and the synthesized hi ghband

signal. 13. An apparatus configured to encode a

hi ghpand [ : -y j :

port o angt PRERARteARE FEEHR SRR DRy o QY RREed
hightsgmidi sdnadinchnleapaleysing timgjuthesizehhighbaretsigml bajed windhe

a set of filter paraneters that characterize .
g P AR B, PHERY Ghiaiei PoRBRaisS e e Clgern e pghband
sperdigeen. configured to calculate a spectrally extended

si gnal by

10. A method of decoding a highband portion of a speech signal having a

lowband portion and the highband portion, said method comprising:

receiving a plurality of filter parameters that characterize a spectral envelope of
the highband portion and a plurality of gain factors that characterize a temporal

envelope of the highband portion;

calculating a spectrally extended signal by extending the spectrum of a signal

that is based on a lowband excitation signal;



extendi ng the spectrumof a signal derived fromthe

| owband portion; a synthesis filter configured to
w@emenenss7 a synt hesi zed hi ghband si gnal accor dPeyUSm®06/012231

(A) a highband excitation g%%nal based on the

spectral ly extended si gnal d (B) the set of filter

paraneters; and a in factor cal cul.ator figured

cal &CE@ER Sga%ﬁSlé%@fagB‘baéﬁk%’édﬁa ﬂfdé“% {%@gﬂwﬁ@aﬁy of fier

| Wetb 12650 gl Ha1aLdd @NthaRPectrally @Rhded signal;

pm:@%%?z%@(?zg Iomﬁgﬁgm%ortio%.l4. The appgratug g
andaccording to claim 13, wherein said spectrum extender

is configured to extend the spectrum of a signal

der imoddlafing mghineenivelapanfithe sytthesizadyhiglhiahg isigyalaccording to the

nonl i near function to the signal. 15. The apparatus
Plugality pHEHY 14081 ai m 13, wherein said gain factor

cal culator is configured to calculate the gain

envel ope based on a time-varying relation between

energy of the highband portion and energy of a signa
baséd. onThamethndnsaerdig toickim 105 wheresn s arlayladng a spectrally
according to clai . el ej [ '
oG PSRl cReh a5t e B 4B Nuacig blfed on atowband
ex@nvieh ep@alsaplang a nbhlieay imyiiogtorthe sighan bet ween
energy of the highband portion and energy of the
synt hesi zed hi ghband signal. 17. The apparatus
according to claim 13, wherein said gain factor
cal qyl at gty infeteSUdcOriREk ol Paifed (F Whategn §4i€ n@uMiting a gain
envel ope as a plurality of gain factors, wherein each
encflopeniacipkles mbdifyingfacgeridingfta dheoplyrality efagain fagtprg, an amplitude
rel ati pn .between energy gf, a. j ' j - .
oV b ahe b ER up i Pl £ 4 BF ok Bleititn sgna,
thPPebirflly dxteddedsignhl, tHrehighbahb esdimeion bigghlh amilthsisgnthbsized
'18. The apparatus according to claim13, said
highbead sigoal- conprising a cellul ar tel ephone. 19. A
hi ghband speech decoder configured to receive (A a
plurality of filter paraneters that characterize a
spectral envel ope of a highband portion of a speech )
si gnal amh ¢Barans emtigded tb enssln@ heghbiand ppyieongif grsgeech signal

b; | owband Li f t.h h si | .. i d
haggegdenbghiian ot fe nigsDeed betiaR. SREEP el i o
I | at trall t ended si . t endi

AR R AR s T R R
chh&@%ﬁ%a@%&%ﬁéﬂv@ﬁ 90 nighayabbRRns il ter

configured to generate a synthesSized hi ghband si gnal

e SR B Pl Bl e apdn,

ion s
extending the spectrum of a signal derived from the lowband portion;
a synthesis filter configured to generate a synthesized highband signal according
to (A) a highband excitation signal based on the spectrally extended signal and (B) the

set of filter parameters; and

a gain factor calculator configured to calculate a gain envelope based on a time-
varying relation between the highband portion and a signal based on the lowband

portion.



spectrally extended signal; and a gain control elenent

configured to nodul ate a gain envel ope of the
wagmshesszed hi ghband signal according to a plRCEDB096/012231

of gain factors that characterize a tenporal envel ope

of the highband portion. 28% The decoder according to

claim 19, wherein said spectrum.extender.js c [ .

o ldt erthelBHSBE SEFUHIBRo EH AP gAY CBRBL PSR LS RnaEL i
con e b S B L B e ohar
appBee4 tomigetofuatiéimio 1B sighadr ei n sai d gain control

elenent is configured to nodify, according to the

plurality of gain factors, an anplitude over tinme of

at | east one anong the encoded | owband excitation

si gl , theapph@eisratdyirxbendad 3sivpaein sadgaihifgidanattulator
excitation signal, and the synthesi zed hi

i conlgmaed toaalouTeo eSS e LAPe BRHY A Ge A HE B R LPRIT
enegg%/:,lg% tﬁ?a b}%}l iy rogiior? Lﬁ%{%h}f@% érrca‘? Bal JneRSTowARd PORIE.

er nd an a

16.  The apparatus according to claim 15, wherein said gain factor calculator
is configured to calculate the gain envelope based on a time-varying relation between

energy of the highband portion and energy of the synthesized highband signal.

17.  The apparatus according to claim 13, wherein said gain factor calculator

is configured to calculate the gain envelope as a plurality of gain factors,

wherein each of the plurality of gain factors is based on a relation between
energy of a portion in time of the highband speech signal and energy of a corresponding

portion in time of the synthesized highband signal.

18.  The apparatus according to claim 13, said apparatus comprising a cellular

telephone.

19. A highband speech decoder configured to receive (A) a plurality of filter
parameters that characterize a spectral envelope of a highband portion of a speech signal
and (B) an encoded lowband excitation signal based on a lowband portion of the speech

signal, said decoder comprising:

a spectrum extender configured to calculate a spectrally extended signal by

extending the spectrum of a signal that is based on the encoded lowband excitation

signal;
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a synthesis filter configured to generate a synthesized highband signal according
to the plurality of filter parameters and a highband excitation signal based on the

spectrally extended signal; and

a gain control element configured to modulate a gain envelope of the
synthesized highband signal according to a plurality of gain factors that characterize a

temporal envelope of the highband portion.

20. The decoder according to claim 19, wherein said spectrum extender is
configured to extend the spectrum of the signal based on the encoded lowband

excitation signal by applying a nonlinear function to the signal.

21.  The decoder according to claim 19, wherein said gain control element is
configured to modify, according to the plurality of gain factors, an amplitude over time
of at least one among the encoded lowband excitation signal, the spectrally extended

signal, the highband excitation signal, and the synthesized highband signal.

22.  The decoder according to claim 19, wherein said gain control element

comprises at least one among a multiplier and an amplifier.



