SYSTEMS, METHODS, AND APPARATUS FOR HI GHBAND EXCI TATI ON GENERATI ON
RELATED AP [0001] This application clains be ' f US
Provi si ona 5atx&2gpl No. 60/667,901, entitled "CCDIN%g%hEm%@&HZ”
H GH FREQUENCY BAND OF W DEBAND SPEECH1" filed April 1, 2005. This
application also clainms benefit of U S. Provisional Pat. Appl. No.
60/ 673,965, entitled "PARAMETER CODI NG | N A H G4 BAND SPEECH CODER, "

filed April 23YSTBEMSFMEDTHODSANRMARPARAIIGS FORFE GHBANDoON
rel ates to signal proce55|3£%gﬁg GROUND_[ 00 Vblce comuni cat i ons
over the public switched t Nave traditionally

been limted in bandwi dth to the frequency range of 300- 3400 kHz. New
networ ks for voi ce conmuni cations, such as cellul ar tel ephony and
voice over |IP (Internet Protocol, VolP), may not have the sane
bandwidth limts, and it nay:$ﬁgﬂ§§m15¥?T?é%F‘ HREsMt and receive

voi ce conmuni cations that inc an requency range over
such networks. For exanple, it nmay be desirable to support an audio

frequency FARLE T h’étapékﬁﬂ@ﬁ’aélwﬂ?f& B Y. P ravieipa Paprpgl N00§0/867| Az,
It may al sg,hrqdesinmel ﬁgﬁq? pw BARD OF FR§1 7
Vi deo con ere

high-quality audio or a ncing, t nay have audi o
speech conﬁbdvﬁnﬂlr&ﬁﬁkéﬂmuﬁwhdaonhboEhadﬂmmdhaﬁIPEW%memmﬂ§htB@@D4]

Ext ensi on o]

Frequenci caCrey ST AR e PO RE el ﬁ‘?@ﬁ?ﬁ\é&%ﬁ%ﬁ%ﬁwéﬁﬁ%ﬂm. on
t hat dif f eCOMBRYY RdfAprd @) 2088. such as "s' and 'f' is largely in the
hitgh frequenci es. H ghband extension may al so |nprove other qualities

of speech, such as presence. 14 oi ced vowel nmay
have spectral energy far abo&iﬁfﬁgﬁéggéﬁﬁﬁ#ﬁaqamy

[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 3003400 kHz.
New networks for voice communications, such as cellular telephony and voice over IP
(Internet Protocol, VolP), 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
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audio frequency range that extends down to 50 Hz and/or up to 7 or 8 kHz. It may also
be desirable to support other applications, such as high-quality audio or audio/video
conferencing, that may have audio speech content in ranges outside the traditional
PSTN limits,

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

may have spectral energy far above the PSTN limit.
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[0007] It may be desirable to implement wideband speech coding such that at least the

narrowband portion of the encoded signal may be sent through a narrowband channel

£,

(such as a PSTN channel) without transcoding or other significant modification.
Efficiency of the wideband coding extension may also be desirable, for example, to
avoid a significant reduction in the number of users that may be serviced in applications

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

[0008] In one embodiment, a method of generating a highband excitation signal
includes harmonically extending the spectrum of a signal that is based on a lowband
excitation signal; calculating a time-domain envelope of a signal that is based on the
lowband excitation signal; and modulating a noise signal according to the time-domain

envelope. The method also includes combining (A) a harmonically extended signal
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of said modulating. In this apparatus, the highband excitation signal is based on a result

of said combining.

[00011] In another embodiment, 2 method of generating a highband excitation signal

includes calculating a harmonically extended signal by applying a nonlinear function to

e

a lowband excitation signal derived from a low-frequency portion of a speech signal;
and mixing the harmonically extended signal with a modulated noise signal to generate

a highband excitation signal.
BRIEF DESCRIPTION OF THE DRAWINGS

[00012] FIGURE 1a shows a block diagram of a wideband speech encoder A100

according to an embodiment.

[00013] FIGURE 1b shows a block diagram of an implementation A102 of wideband
speech encoder A100.



4 [00014] FI GURE 2a shows a bl ock di agram of a w deband speech

decoder B;ggzaﬁgggg{ng to an embodi nent. [00015] F'Gugggéﬂmgﬂgﬁﬁgﬁ

bl ock di agr-am-o n i npl enmentati on B102 of w deband s

B100. [00016] FI GURE 3a shows a bl ock dli agram of an inpl enentation
Al12 of Lghb b A110. [00017] FIGURE 3b _shows a bl ock di agram of
an inple ﬁ‘ﬂ 2 phays & Reckhsmam pbo widehewd gedh decimier Ba0& hows

bandw dt h geyMeimas aRbmibb&nlegw and hi gh bands for one exanpl e of
filter bank Alll%.g [ 00019] FI GURE 4b shows bandw dt h coverage of the

| ow and hi gh _bands for another exanple of filter bank A110. [00020]
FI GURE 4c [gﬂ%ﬁ BIGIYRE Rb ghoyy et dizgram op peimamementaionML02 of fviddbhider
bank Al112..,EQ0QALddFREHRE 4d shows a bl ock diagram of an

i npl ement ati on B124 of filter bank B122.

[00016] FIGURE 3a shows a block diagram of an implementation A112 of filter bank
Al110.

[00017] FIGURE 3b shows a block diagram of an implementation B122 of filter bank
B120.

[00018] FIGURE 4a shows bandwidth coverage of the low and high bands for one
example of filter bank A110.
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[00019] FIGURE 4b shows bandwidth coverage of the low and high bands for another
example of filter bank A110.

[00020] FIGURE 4c shows a block diagram of an implementation A114 of filter bank
All2.

(00021} FIGURE 4d shows a block diagram of an implementation B124 of filter bank
B122.

[00022] FIGURE 5a shows an example of a plot of frequency vs. log amplitude for a

speech signal.

[00023] RIGURE 5b shows a block diagram of a basic linear prediction coding system.

[00024] FIGURE 6 shows a block diagram of an implementation A122 of narrowband
encoder A120.

[00025] FIGURE 7 shows a block diagram of an implementation B112 of narrowband
decoder B110.

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

residual signal for voiced speech.



[00022] FI GURE 5a shows an exanple of a plot of frequency vs. |og
anpl i tude o, {%ﬂiﬂ?ﬁCh signal . [00023] FIGURE 5b ShOWSG%EBFaﬁfﬁﬁﬁE .

di agram of  a aS| C linear prediction coding system

shows a bl ock di agram of an inpl enentation Al 22 of narrowband encoder
Al 20. [00025 FIGURE 7 shows a bl ock di agram of an inplenentation’
B112 of nalO8¥HaAETERE S8showl a0cxafrpbod 6lpldtoliRE v8dos Aowktudnfoeanpl e

of a plot k;dheals S nplitude for a residual signal for
voi ced speech. %2%%6%1%%%%% SeT) US20061012234 5 [00027] EI GURE 8b
shows an exangle of a plot of tinme vs. log anplitude for a residual
si gnal for[098 %]eHI@TgﬁE(thhows a block diagram of a basic linear prediction coding system

that also performs long-term prediction.

[06029] FIGURE 10 shows a block diagram of an implementation A202 of highband
encoder A200.

[00030] FIGURE 11 shows a block diagram of an implementation A302 of highband

excitation generator A300.

e [00031] FIGURE 12 shows a block diagram of an implementation A402 of spectrum
extender A400.

[00032] FIGURE 12a shows plots of signal spectra at various points in one example of

a spectral extension operation,

[00033] FIGURE 12b shows plots of signal spectra at various points in another

example of a spectral extension operation.

[00034] FIGURE 13 shows a block diagram of an implementation A304 of highband

excitation generator A302,

[60035] FIGURE 14 shows a block diagram of an implementation A306 of highband

excitation generator A302.
[00036] FIGURE 15 shows a flowchart for an envelope calculation task T100.

[00037] FIGURE 16 shows a block diagram of an implementation 492 of combiner
490.

[60038] FIGURE 17 illustrates an approach to calculating a measure of periodicity of
highband signal S30.

[00039] FIGURE 18 shows a block diagram of an implementation A312 of highband

excitation generator A302.



[ 00028] FIGURE 9 shows a bl ock diagram of a basic |inear prediction
codi ng sysk8@hds gl so perforns |ong-term prediction. ( RE
10 shows a gl ocﬁgﬁlzagram of an inplenentation A202 of r#gﬁﬂbgg%eﬁhg
encoder A200. [00030] FlIGURE 11 shows & bl ock di agram of an

I npl ement at | I ghband. excitation generator A300. [00031]

FI GURE 12 iﬁ‘ﬁ\a&ﬁﬁ@%@&gw & R1o6K diarame) e peplemeneHOMAG 24 of higiieod r um
extender AdQ8:atibPEGBZkorPl4RE 12a shows plots of signal spectra at
vari ous points in one exanple of a spectral extension operation.

[ 00033] FI hows plots of signal spectra at various points in
anot her ex @1%5)6@1{@&9&8?"& a Block fopgm of e implennntaliond31g of-HigireEd 13
shows a bl @ﬁitagb@?glﬁf‘gt&fAm' | npl enent ati on A304 of hi ghband

excitation generator A302. [00035] FIGURE 14 shows a bl ock di agram of

an inplenmentation A306 of highband excitation generator A302. [00036]
FI GURE 15 E‘f?g\ﬂ%] AIFVBEA ahews pHloyphasifort sie celetlatinnateskoF200ask T100.

[00043] FIGURE 22 shows a flowchart for an implementation T210 of gain calculation
taslc T200.

[00044] FIGURE 23a shows a diagram of a windowing function.

é’ _' ; [00045] FIGURE 23b shows an application of a windowing function as shown in
FIGURE 23a to subframes of a speech signal.

[00046] FIGURE 24 shows a block diagram for an implementation B202 of highband
decoder B200.

[000471 FIGURE 25 shows a block diagram of an implementation AD10 of wideband
speech encoder A100.

[00048] FIGURE 26a shows a schematic diagram of an implementation D122 of delay
Iine D120.

[00049] FIGURE 26b shows a schematic diagram of an implementation D124 of delay
Q line D120.

[00050] FIGURE 27 shows a schematic diagram of an implementation D130 of delay
line D120.

[00051] FIGURE 28 shows a block diagram of an implementation AD12 of wideband
speech encoder AD10.

[00052] FIGURE 29 shows a flowchart of a method of signal processing MD100

according to an embodiment.

[00053] FIGURE 30 shows a flowchart for a method M 100 according to an

embodiment.



[ 00037] FIGURE 16 shows a bl ock diagram of an inplenentation 492 of

conbi ner : ] FIGURE 17 illustrates an approach
cal cul ati ﬁ’ggé(}({ﬁgg@g’fe of periodicity of highband si gnaIPCg%?OOG"W“

2006/ 130221PCT/ US2006/ 012234 6 [00040f FI GURE 19 shows a bl ock

di agram of an inplenentati on A314 of hi ghband excitation generator

A302. [ 00Qaaqs4iIFBORRE 81 :sdhows a AoBtinekiods agihamhMECOancirdink esraint at i on

A316 of hieﬁ@b%{ﬁ xcitation generator A302. [00042] FIGURE 21 shows a

f1 owchart FHPE Y4 n cal cul ation task T200. [00043] FlI GURE 22 shows a

flowchart for an inplenentation T210 of gain cal cul ati on task T200.
[00055] FIGURE 31b shows a flowchart for an implementation M210 of method

M200.

[00056] FIGURE 32 shows a flowchart for a method M300 according to an

embodiment.

[00057] In the figures and accompanying description, the same reference labels refer to

the same or analogous elements or signals.

DETAILED DESCRIPTION

™

[00058] Embodiments as described herein include systems, methods, and apparatus
that may be configured to provide an extension to a narrowband speech coder to support
transmission and/or storage of wideband speech signals at a bandwidth increase of only
about 800 to 1000 bps (bits per second). Potential advantages of such implementations
include embedded coding to support compatibility with narrowband systems, relatively
easy allocation and 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.

[00059] 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 IETF (Internet Engineering Task Force) REC (Request for Comments) 791,

and subsequent versions such as version 6.

[00060] FIGURE 1a shows a block diagram of a wideband speech encoder A100
according to an embodiment. Filter bank A110 is configured to filter a wideband
speech signal $10 to produce a narrowband signal $20 and a highband signal S30.

Narrowband encoder A120 is configured to encode narrowband signal S20 to produce



[ 00044] FI GURE 23a shows a diagram of a wi ndowi ng function. [00045]

FI GURE 23Ryghaiagsam application of a wi ndowi ng functio <SRN
ELGURE 23a ?o su%frames of a speech si gnal . [00046] FI %S&E‘ Z@ é\ﬁovxs a

bl ock diagramfor an inplenmentation B202 of hi ghband decoder BZO% f

[ 00047] FI 25 a bl ock diagram of an inplenentation ADIO o
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26b shows a schemati ¢ dj agram of an_inpl enmentation f delay Tine
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processi ng w4 8csanch Agnd1 %584 ;%fé{ﬁg 'hié%%nd 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 $10 at a rate of about 8.55 kbps (kilobits per second),
with about 7.55 kbps being used for narrowband filter parameters $40 and encoded

< '_ : narrowband excitation signal 850, and about 1 kbps being used for highband coding

parameters S60.

[00061] It may be desired to combine the encoded narrowband and highband si gnals
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 $40, encoded
narrowband excitation signal S50, and highband filter parameters S60 into a
multiplexed signal S70.

< [00062] An apparatus including encoder A102 may also include circuitry configured to
transmit multiplexed signal S70 into a transmission channel such as a wired, optical, or
wireless channel. Such an apparatus may also be configured to perform one or more
channel encoding operations on the signal, such as error correction encoding (e.g., rate-
compatible convolutional encoding) and/or error detection encoding (e.g., cyclic
redundancy encoding), and/or one or more layers of network protocol encoding (e.g.,
Ethernet, TCP/IP, cdma2000).

[00063] 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 850) as a separable substream of multiplexed signal S70,

such that the encoded narrowband signal may be recovered and decoded independently



[ 00053] FIGURE 30 shows a flowchart for a nethod M 0O according to an
enbodi Mentyq 2dosk %254] FI GURE 31la shows a flowchart f o 8BikekM00
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filter parameters S40 and encoded narrowband excitation signal S50 to produce a

narrowband signal S90. Highband decoder B200 is configured to decode highband

coding parameters S60 according to a narrowband excitation signal S80, based on

e

encoded narrowband excitation signal 850, to produce a highband signal $100. In this
example, narrowband decoder B119 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.

[00065] FIGURE 2b is a block diagram of an implementation B102 of wideband
speech decoder B 100 that includes a demultiplexer B130 coﬁfi gured to produce encoded
signals S40, S50, and S60 from multiplexed signal S70. An apparatus including
decoder B102 may include circuitry configured to receive multiplexed signal S70 from
a transmission channel such as a wired, optical, or wireless channel. Such an apparatus

s 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 erTor detection decoding (e.g., cyclic redundancy decoding), and/or one or more
layers of network protocol decoding (e.g., Ethernet, TCP/IP, cdma2000).

[00066] 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

lowband signals that include components in a frequency range below that of



[ 00059] Unless expressly limted by its context, the term

"“cal cul at ivpg200sh3048€d herein to indicate any of its org F@%%W 1223
meani ngs, such as corrputl ng, generatl ng and selecting Troma P

val ues. Where the term "conpri sing" i %used in the pr esent

oper at | ongrapierfafiniPsed Qo3 R et SDEUaln il Fraoabs Bapon i 1
ordinary mkerbaagso bé &ﬁiﬂgdteﬂ@oﬁ GuceAH8 r frloke ddBitichalefiptband Gighbls aad (11)
"Ais based on at | east e term”"Internet. Protocol" I ncludes

versi on 41¢ &QE’QPT‘%&HW&@%@H@Y(4“1&?@?‘??&&@@51%8@’?1%%“%39 (eshsp RFC
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6. [00060] FI GURE |'a shows a bl ock di agram of a w deband speech
encoder A¥RY baele@kmen@dﬁ@e@ﬁdemnnb@nawlslS@watblanwmtﬂﬁpbser A130

nar r owband 4 g par AR ARG LA et SRS IR et g

Al 20 is c@gﬁm@j’ﬂé@lgtas emmtﬂemartrom\)vband SI gnal 520 to produce WO
2006/ 130221PCT/ US2006/ 012234 8 narrovvband (NB) filter paraneters 840

nerein, nr e AGEREC T PO B ot ARDEERRFST AR b Dlec BRUE

narr O}A,bgg A 10 taets qoaﬁgurecﬁk garprocﬁﬁ@ t\amdxbemmhgmm&rm(gt \manda]} @nmlh%&atﬁg g
si gna S.C i_ndi or. in a r ant | orm Hi an
encoder Agﬁ Pg&c‘gﬁﬁoéfﬁr@?a ° BRESHR "] 418%’:%1?8& ﬁf §1§’§@ vigadiging to
i nf-or mat i @8qudnce m@ﬁ@maﬁarpbmﬂaaﬁdaw&@hdneﬁ(c&u@mhdﬁ@ﬁuéxo Hrediaee
hﬂghband ﬁ%g%}}ﬁg terg\BSGO As desc in further detail

her ei n, h%& gcg@?ml BECSINE PG 08 IWG E?rff’?%‘(?r‘e@d?aé‘ §Peah signal

hi ghband Smhﬁtgtog;:é&fé@hﬁr&&ﬂﬁﬁg spdck 98N %08, dnﬂ@'tﬁ@x%aﬁt[ proBesBROLAET
quantized form articul ar exanmpl'e of w deband gleech encoder

A100 is cePfisgirdda r@f@lveﬁeé@?@n«}wm%ﬁanaéﬁé%ew fglpg%zpe £bb9éltj speachit e of
about 8. 5% 559%%0( ki %Q stieP €10 ﬁl?e(fé)@ﬂi)eb srpg'ec i %10358 V\%
nco arro

used for narr owban ter paraneters 0 an
exci t at i otpvefigaedncgsdbanth dnféblehpasaflkb]cﬂs’%wéﬁersgmd@wd fpaechnéigied &iﬂ to

codi ng par 0. 061] i t he
encoded nabP BBt B Rl bndnEr B AR B B P For
exanpl e, bphrrompaiiwidds tﬁaﬁd«zzﬂ@mtgeeqﬂi shanal RED, elediodlegling gidlcan boget her

for transm ss i , or wireles
t r ansni ssF"‘cﬁf ?ﬁtﬁﬁﬁw xteﬁ'i"”’?@ﬂ"alé’? fﬁﬁ@mgtéo % féocf@%%ﬁﬂt@peech
signal . FkidjRing rﬁte?dﬂ@\/ﬁoﬁfi@s ighal db@gaiaptd d@ied aa&@mtfaétblqe 5%92 of

wi deband speech encoder Al100 that includes a_mnultiplexer Al3

conf i gur e& R RHIHIANE H e Bemsbag PRI RFRIrS e vaRes varRsbded

nar r O‘A’banﬁo@ﬁé%kﬂ;@ér' 199 h%b\%@}edﬁégth nhghhasdnd hibhSis B?ﬂ%ﬁ?&o%ﬁ 360
nto a multiplexed signa : 0062]p An apparatds 1 nc Ing en oder

A£02 may an@gerudqer%cmaﬁ@ufacto; configured to transmt nultiplexed

si gnal 870 into a transm ssion channel such as a wired, optical, or

wirel ess 'FIG%@% oRPRBlodk Bia Y ot c%?rh%lﬁ:nﬁl‘ﬁgfnjfxﬁﬁéﬁgtﬁﬁ& ﬁ?izf orm

one or nDre channel enco 1 ng operatlons on t as error
correctionf @H@‘dﬁnh@l(l@ Ypsampderd 5@ m‘sas‘-bhfesamhvgtam diomalowbambdind)

and/or er 's8h Fedgr:)r L8] @tu?in 1%%% Pé\gluglc’atng%’ é%:ﬁg?esé%d&l g)%%agsyfﬂ?e?‘igﬁi hﬁg‘;

and/ or oné o a er s
Et her net, ﬂWhﬁ’plsdd:@ﬁﬂ@@ﬁass o{m@&ﬂﬁ@baﬂcﬁpomn (be., deﬁevabbleasfngb

nul tiplexer A130 to b figu t o ed t coded owband
ST onal (1 oo P RIS LS (i A B B R gL Qe
narroWoan@l d@p@sstfﬁ&f@suﬁmmle ?@dpl@ﬁs@aﬁ@%é@&ﬂﬁa E4RBANIGRMAR The
mul ti pl exed signal 570, such that the encoded narrowband signal nmay

be recovelEAPaRPRdsEmalsars herepumarchio fyrm wideband speech signal §110.” In some
implementations of decoder B100, filter bank B120 is configured to produce a weighted

of

sum of the two passband signals according 10 one or more weights received and/or



WO 2006/ 130221PCT/ US2006/ 012234 9 of anot her portion of multiplexed
signal S7 hi ghband and/or | owband signal. F ﬁﬁg&g
nultiplexggég@§ﬁ§%2g7o may be arranged such that the eﬁgg‘e kﬁm34
narrowband signal may be recovered by $tripping away the hi ghband

filter paraneters. 560. One potential advantage of such a feature is
to avoid tﬁg[%\‘ll@féabf’g}ghp?"acﬁ%%ﬁﬁ%‘)@-hé caplaguaiPnat ddsabrnkdtlgRahat pef or e

passing it ch@bmeSMdtalnt B pAURROLERICEGRE chEeblatdae nar r owband
signal but does not support” decodi ng of the highband portion. [00064]
FI GURE 2a i@oa bl ock di agram of a w deband speech decoder B100
accor di ng POl Erpivef the RltersNdPr BRp Ve 13 fbmaks inplamented warfnigumedlseo

decode nar EWBRARIRIR) hf oA ARSI AllforR0 %ﬁﬂ?ﬂté}gg{g%ﬁ%kﬁ%nd

excitation signal 0 to produce a narrowband sigha

decoder B20®PPesesofrincgdarddtcrsol 8end i) mhyhtyasimmsttiony dissiveitrely shape8 60
scoor 0 B ALENPSRNErL oA B SRR S0 DTGER AL EOE.

narr owband excitatfron sign
I n this exafrptedenidterolifcand 136 coydrveBlhindtsc codifsigilatostapediranitide

narrowband exci tation sign 80 to hi.ghband. decqoder, .B200. . Filter
bank B120 i"&'¥E %“beﬁPé%’ﬁ%’%@ﬁﬁ%%@“ﬁa#%%ﬁ%@%ﬁ%ﬁEFt 588 SHitdVhi ghband
S ibg nal 8 %P&e&e@z@y ﬂﬂ&tﬁﬂ)a‘f@s ﬁ&tdenalnd hﬁ@el&cdan@ir@ahsef‘a% mx%a[sgﬁﬁﬁi]soﬁn@ﬂ%h
2b is a C i agram of _an i npl enentati on B102 i_ deband speec
decoder Bl %@%Ff*&?&?ﬁa%@é@“&ﬁﬁéﬂ‘m fersbqr‘é%%“'rrh@ﬁﬁ %&ﬁmsau Fepersamplsduce
exoded Si gnak® RO paidd0, BRFaROB0f 180 d 1l akitaRir€ X8 oS e 2OMET Bankan
appar atus incl udi ng decoder B102 nmay include circuitry configured to

recei ve nulvtithdilisgagir $1QdaP haviog thespneceffigients assfiliss raldpthdfOsuch as a

wired, optical, or wireless channel. Such an apparatus nmay al so be

confi gur ed (han70E 1 Q% yPiQMEx BhplBNbRpLHARAAN10 AeCPFBhinARES &ichRBSheN t he
signal, such as error correction decodi rlg@( bl

e.g., rate-conpatible
convol Ut i o cd ESEH foge DM Brizds 2ddecend SRbieddkiig. (IOYRES dgc! i o
redundancy i ; : : s Ofcne ol
decodi g { 418 86 ClfiiauP SaidhuiRE of kBl s R B SuP R e R R 20 1
i s confi gurSf, dnd hfghbrmd sigmal iSP it tvei diffferbntamplemgntagonad exargés. tin bathaf
schene to oduc | ow-f requ subbhand hi gh-frequen
subband. ook HEeRal el e S o o Bath SRR ERHEDF 6
appl i cat i orzeptebeéntiag fieyiernsy bbapoisntyayithivathe rage af 0 @ 8 KHe)y) uad ndanduadlt hs
and may be over i ng or._nonoverlapping. A caonfiguration of filter
bank A110 tH&g 4@%&@ %mH]Hi?era{f’rPgﬁ 1‘?1%6“@ BuRg feﬂ‘éeq‘ﬁb’§8mﬁ?f?§fsb’71@?n‘i%8r
exanpl e, sygtrearbditd § @Hzhank may be configured to produce one or nore
| owband signals that include conponents in a frequency range bel ow
t hat of

£
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[00071] In the example of FIGURE 4a, there is no significant overlap between the two
subbands. A highband signal S30 as shown in this example may be obtained using a
highpass filter 130 with a passband of 4-8 kHz. In such a case, it may be desirable to
reduce the sampling rate to 8 kHz by downsampling the filtered signal by a factor of
two. Such an operation, which may be expected to significantly reduce the
computational complexity of further processing operations on the signal, will move the

passband energy down to the range of 0 to 4 kHz without loss of information.

[00072] In the alternative example of FIGURE 4b, the upper and lower subbands have
an appreciable overlap, such that the region of 3.5 to 4 kHz is described by both
subband signals. A highband signal $30 as in this example may be obtained using a
highpass filter 130 with a passband of 3.5-7 kHz. In such a case, it may be desirable to



WO 2006/ 130221PCT/ U82006/012234 10 narrowband signal 320 (such as the
range of %90%15% is also possible for such a filter bank to be
confi gured" P& 9o e one or nore additional highband §1Caﬂ¥§lz‘§’6/f”r?é:t“
i ncl ude conponents in a frequency rangg above that of highband signal
330 (such as a range of 14-20, 16-20, or 16-32 kHz). In such case,

wi deband spaeiacélthemrqdmg r@tﬂ:®@7kﬁybbdoivﬂ$lh@ﬂiﬁgltlﬁdﬂtefbd@ﬂ§@dﬁy b bictor of gnal
or signals p te | tiplexer 0 may,.be co yred to

i ncl ude thég/zdgfl%] A&/iera@ﬁ ’o‘?rﬁﬁgl E'i%&ﬁﬁf?xfi??teg @¥§° “Hyﬁ’ﬁ{ut:?fheexed

si gnal 370 cérep@ationalcodnie@siof RlrthePlobdsginy ope&%}% 6h i SHBE A ek a
bl ock di agram of, an i npl ementation Al12 of filter bank AI10 that is

confi gur edpfsébaﬁ‘ﬁﬁﬂﬂééd?%t%ﬁl?ﬁﬁ%ﬂgﬂ0§%91%{5§Hﬁéﬁfihﬁ@t lpwcnidefarsatiop! i ng
rates. Filter bank A110 is arranged to receive a w deband speech

si gnal 310[deavinm @ty‘@icﬁﬂ‘ufnﬂ% BN pHoRlc BingtiRaaddn, RAE bi RABredtdhed
| ow-frequency (or | owband) portion. Filter bank Al12 includes a

| owband pr 8@’@9&‘?%@ 6af11ﬁ" rgigTPhefifrand t@%ﬁ%@él%@%ﬂféﬁhhcmr@@hal
310 and t O;RpQAH G HYMARMSRERE n 20A0

pr ocessi ngrpgth COI’ffI gured to FECEI7Cg§I\;\AIQdﬁL pﬂéec gnal 2;%0 and
t o producepditighbbwificbadspeechisignal S @%twqéoﬂ/ﬁaé § kifizlis eot mdlﬂda‘dl ihther s

wi deband s RASS ue

and hi ghpags ? gﬁ?@%@%%ﬁ@#s g’t‘)e?g%ﬁglﬁ)p%gsc l(l?\sl‘yl-l%%g" aéyqo pogg
sel ect ed hi7ghdiraadidendkiBubband. Because both subband si gnal s have
moy€e narrow bandw dths than w deband speech signal 310, their

o or a1 o Onsl, RSl RS, SRR ALt A0 W88 Biam

si gnal accexampigof HGARIe4h albovsdecihratd d lﬁwpase lanc(/ec thghﬂmﬁs fiberomiing a

sanpl es of the, si | apd/ or .replacin swlth rage l.ues),
and” donnsaBPan ok BieSiriteat, Felon, SETLaT i el Sr o et
hi ghpass Sl@@&imﬁﬁﬁﬁhﬂl%nﬁ;ﬂeﬁﬁ@d}bﬂhuﬁl&ﬁb leg€ldgl@cihamEiice withGheier or

[ 00068] FI QURE 3h shows a block diagram of a corresg%ondl ng

i npl enent at MBS TepPentes) Fliershavinepharp rangidonseiens wadtq hve dighels t he

sanpl i ng r ahe106ds (ﬁfﬁfch(i‘x\{%@sesdhgﬁﬁé) tﬁgpfﬂ(e%s & smﬂ?éf o%@éi‘%a% hifef dnf@erand/ or
by duplicating sanples),” and |lowpass filter 160 filters the upsanpled

signal to pd SOHﬂEyrsdlaw@%hﬁﬁ tigpHHeoREIORS Fay asehpiedorsimpilse aespomses

Li kew se, 8,@&@1 7 apﬁlaa 'n{}%:

signal 310 angﬁw H%earglg”%c o] ggp@le?ters é%%@%’%?@é‘%&%n%gﬁ%%
pass only ﬁRfﬁil@trﬂgahWipgrfdm anmooﬁhmllbﬁﬁ@vpahsb‘amldpimdgng’bsnmryenadixeuhe use
sunmmed to f and .s h Si n 511 i ons
of " decodar OB B o FREE RS REiEk 50 20Rer s e B BT ERBEE B g e
sum of t heihpstapaeshanea sigBdixsdpoemoimtbiagerdtaioane or nore wei ghts
recei ved and/or WO 2006/ 130221PCT/ 11$2006/ 012234 11 cal cul ated by

Conbi nes. noiach geq s e SRR e oo nbne i EEp o i Hhoana

that may lead to fewer audible artifacts, reduced aliasing, and/or a less noticeable

transition from one band to the other. Moreover, the coding efficiency of narrowband
encoder A120 (for example, a waveform coder) may drop with increasing frequency.
For example, coding quality of the narrowband coder may be reduced at low bit rates,
especially in the presence of background noise. In such cases, providing an overlap of
the subbands may increase the quality of reproduced frequency components in the

overlapped region.

[00076] 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



[ 00069] Each of the filters 110, 130, 160, 180 rmay be inplenented as
a finite-i onse (FIR) filter or as an

infinite- |‘?r§g+0§§£0?2€ponse (DR) filter. The frequency reg SRaRE g3
encoder filters 110 and 130 may have s¥#metric or dissimlarly shaped
transition regi gns between stopband and passband. Likew se, the

frequency PRE5BNEEansHfonfarsqae banidte Sewtixs0Suaicn fegoramyy brasseeasimet ri ¢
or dissim h&&ﬂab‘le?&%%&pﬁcm f‘nb%%ﬁﬁﬂh&?c?\a&ﬁ& '&exSAPibba@ﬂquyg%?gnd
passband. It may be desirab I's not strictly necessar

| owpass fi Freeeer1AZ0 apetria/esceoldingsa difforag p@sgmalshoﬂmiwas stTIekimple,J.GO

and for hi v res e i

ficer 150 RSl REnfdlds by Wfol NEp e (5RPONRTuASHY, BESRS e
180 are quemhodtser gaecﬁralrenvelcﬁpelm etre TOMIEDT ctmmbﬁbk inditds Iﬁa‘yl préducpalisigndll0,
130 having,the s effl ients.as filt a 60, 180. [00070 In
a typi cal %(Vé%?gi% 35%) @Iatcé’perlﬂiﬁ A H’ﬁ&%’ 98 spagEE iRRteadd és
the |im t edmPdbMalrasger @fg.,. 303408 Hbdftich oer'M cB@éi}ijff gﬂ?clgcet 5931é|na1

kHz) . FI GUE%ES 4a _and 4b show re| ative bandw dt hs of speech
si gnal 510083§ 3 SSERE Sy Hin admgengyiomagisdad %F@q%rhasg@mi% A sgnal

different {viRl.oomeatatioN St thEXMIRAGRvebit SRl sl

exanples, w dgbéa%dgégeech ﬁégﬁ 5186 hgbs a tsa%mh?]@ﬁ% te &L}ﬁ%gg{%ﬁi&y
(r epr esent PI9gugeray b@l‘”@@ﬁé‘gﬁéﬁﬂi %ouml thann cotier thainpeedes 2 6gnad vBthidh) 3
and narro (r.epresenting
fr gequencym%g%%ﬁ%tgjtﬁgdf\}mé% F%@ ﬁgver &%el(r)lﬂ%tgeng&l?%z ;éiaﬁfl(ﬁs 71] In the
exanpl e of reprasuREiont itshvavefoims mw pswcginc &1 cEpit hevieg laaipffdlentwemml thirethbwo
subbands. i naI sho n tth .may be

bt ot ned uliPRsAARABE0002 i S Alesn I A B By BBl g
such a casé¢f1nemona\;er]lapp1dgmbbadiﬂsena}dcadaduﬁebmbtaa:slapﬁdepmguy AdtRedide 8 kHz

by downsa t n b Such an

oper at i onng q:%ﬂqffg éﬁ%%gg%‘?jégi%%f{%}@ @‘%ﬁjﬂf{sﬁg\éﬁce t he

conput ati onal conplexity of further processing operations on the

si gnal, Wi [00WTv &lthbeghp@iErTirg barke hgying compleedths ovangingffrduéeyd kHz
w t hout | oss of info mat | g0072 [n the alternative exanple o

FI GURE 4b, feﬁﬂ‘élsﬁsp‘iiﬁf’ %Pn'dFe W ehaI HQFPI%?JEPB%?%PéOW&aFtap
such that tdige 68é @meaﬁncﬁeo&r%qnﬂe&léﬁtahgnmﬁfﬂe@ﬁ@kem Ao ﬁ}ﬂ&%ﬂﬂat
signals. A highband sggnal 0 as in this exanple nmay be obtai ned
using a hi ﬁﬁﬁa%%de¥ is|cpaitgurgbtogreate %Slﬁaﬁg@aﬁwmofsﬂlswg thpgis cancsled in dee

case, it rﬁ?ng t kHz by
downsanpl rﬁ%h%gﬁ ?ere teg?aénn%ﬁﬂgy a actgl%rlns%?éll)ﬂ %g%eqlgﬁ%%h&b%

oper at i on, apppRrietivy abepmicptent e dvbich B¢ gendl ircarsd sjgnifichnt gmoung of
conmputatio f h SSi s..on th

oi gnal PJT&!J. o\?%%itﬁégnttasfsf% g.\[ﬂ&s gg thQ Eg&?t?o%tlﬂ% %g@;egﬂeéﬁ] };weanegs eféh%
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FI GURE 4b, the portjon of w deband speech s S10 between 7 and 8
kHz is not C‘?@W%’é’d ¢ prigipd signalodiel tagt ??a?fQ@Fﬁ’étP”ﬁﬁélﬂ‘ﬁ payiead texanpl es
of hi ghpasgncfahéé]_&i'ah%%g have passbands of 3.5- 7.5 kHz and 3.5-8 kHz.
[ 00074] In sone | npl errent ations, providing an overlap between
subbands as |n the exanple of FIGURE 4b allows for the use of a

| owpass antiV8Y8la Adrigiepal appcﬂetr@?ayrbﬁ\fﬁpwg%edstmmw BpyIgiesized egnal Hat is
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highband residual may be completely absent from the decoded signal. Use of QMF




[ 00075] Overl appi ng of subbands all ows a snooth bl ending of | owband
and hi ghbgpg y lead to fewer audible artifacts,

al i asi ng, anéé or aﬁlaess noti ceable transition from onePEg&"g%{%gmtzﬁsé‘

ot her. Moreover, the coding efficiencyldf narrowband encoder Al 20
(for exanple, a waveform coder) may drop with increasing frequency.
For exanpl &lterdsaksig sgelatnpligatisis miag laad te ovigaifidans dagee nﬁ@asfbﬂlon@dmﬁcédy at
| ow bit rat I 3 nol

such cases” arair ez, Agbllidhs GHIPORE Bhor SAHERHUI NG Bopi
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than a coder that encodes the anplitude spectrum i nstead. A
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spectral eRvEpeird disging ﬁéﬂ%r?@@p@h@lp,ﬂgﬂ@@gﬂ agaled spagilke cemviey obe oduce a
si ghal hav [

wiith only Wg%}% %%@at@ﬁ%]&%%ﬁggggea%?ga gﬁ{\? %%)ggﬁﬁ%% eﬁo
encodes a &agdatoramélatwnsmmmm%ﬁihe$131$al\(vageahmmﬁri@£z)produce an
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monover | aph S0 Ayie e feto A S P or s O e Bl S0Py el

not i ceabl eots amodiet, |thmlob.®a:rfémﬂ hlglé)ascﬂ,updimmfiﬂtenbarﬂcs Aslyﬁtah@Bﬂz(éxmay be

connl ament &7 eirahs BBV st BREn e e she SR SRR Suatprpipe of

s Ebbang E) eﬁigrtwq gasbanam CWafdbflﬁeeﬂh_S owdriap dNHe rt‘babklllﬁuaﬁ@ras e dlﬂﬁliﬁeffﬁlﬁ{@e of
t he wi deband codi n enent ati ons erein. ilter
bank at t h8YBh¥JHes ﬁhg%eaﬁlﬁwzﬁsew BP @?&&Pg fQFeéFFFOﬂ’F &%‘rﬁ%‘@‘é’é}‘%f
al i asing t Baht ét%vkﬁ&ﬂﬁ@'fﬁ@uérﬁy?é%?mﬁ%f 88 RRANLA B1eEMNEEp S tol Do UBP 3 Karftus
t he decoder. Such an arrz]i(egerren i?nOt be approprl ate for an

appl i cati oRxamplesatdter hankeh HiPaandion Bii2G; this ayeglap Fanganifrommeund 260 Hz to

di storti Onafbﬁhﬂ\?‘ﬂllﬁt iV Ed E%fa&ﬁpi&ﬁnoﬁﬁo&%@o ﬂh%ﬁr&%@%n@ﬁesfrﬁﬁgce the
effectiveness o cancel I'at1 on propert e
applicati orusd@é%lmmm(toﬂmg@fﬁmmma Bmijpaermmahgnmmieemhtcaa p@:rmsular
configured_ to at 3V o a consequence of the
vgry | ow bf”t‘amﬁggsrl%%ﬁmnaeggé dhgl ‘éegigb lslraggﬁdksgﬁé{zt‘o appear
significantly distorted as conpared to the original signal, such that
use of QVFI#I081E it henkesdasayble &ajahpﬂamemnﬁhﬁdmhledlm pE o) 22[t0 0078 n

Addi ti onal | @ cod b i ce a nt hes zed

& gnal °t naebéraltpt B8 Bl SERAMEP Gk BB R RUPGPRRIE i o
actual | y diFiGERE 4sisiowd 4 6Rbk HMgafafdeflah ﬁ\ﬁplembmhmi ASiporailter bak £Xarhite,

a coder that derives the highband e ion fromthe narrowband
resi dual §’e’ac%‘§'{§r31f5’é‘awﬁélre§i’°‘wﬂr?ﬂ B?%’(?Gs(? liegpgand @‘Bﬁé‘?"gh%oﬂe%o%t ual

Blsghg?nd r %&hgu@énég%ynﬁap%ﬁ&{ ed8inylid a8hatdO ld HBerdpeREBrk. Hughah -

1mplementat10n may be easier to design and/or may allow reuse of functional blocks of
logic and/or code. For example, the same functional block may be used to perform the
operations of decimation to 14 kHz and decimation to 7 kHz as shown in FIGURE 4c.

The spectral reversal operation may be implemented by multiplying the signal with the

Jnsr

function ¢”” or the sequence (~1)", whose values alternate between +1 and —1. The



filter banks in such applications nay lead to a significant degree of
di stortio y uncancel ed aliasing. Applications

filter baﬁaé&#’y}gr cally have higher bit rates (e.qg. ové’rw@fiz‘tl@g%grygr
AMR, and 64 kbps for G 722). [00079] The anount of distortion caused
by QW ali asi nq may be reduced if the affected subband is narrow, as
t he ef f ect SR¥FUR ﬁhamma WwsrAgnineay| hedmplegnenigd as béﬂ’\‘dmﬁ&jﬁlirtﬁr@qu%ur@dotomh@e

w dth of t B8 Rk P e BER Gk bed herein in which each
subband in?ﬁg ?ﬂ abo&t S? ?R{ﬁ?ﬁﬁéﬁ&‘é nd bandwi dt h, however,

di stortion_caused by uncancel ed aliasing could affect a srgnrfrcant
part of thE08BFnHIis natebthgiasl 4 qopsaguenchef Biegpettrahngyersdl opetgomtifeect ed by
the |l ocati j.ask ng
ocour s, Fortegmm st iehbEERaYS AR RE, e e A S s 3R
speech si gqatesptmdglg,deb@iwrm b8 camfiigutedkddz)rdimgly. Fer axeipledvighband

obj ectionab] e _than di st arthon,tha curs n ar e of, the sj.gnal
(o oot abovsTahfgptiabdtiona gietfhe (et el B balibufealh ofacte Epihidpd,
QVF fil teremﬂaﬁom.ﬁglatssr:tc;:mhwalgoataataeﬁeotﬂupﬁcee@mhﬁr, t he | owband and
hi ghband paths of filter banks A110 and B120 may be configured to

have spect a | ete r el at rt from rl i ng
ot he't vo @URHARIEOREGE BT S0 brk UFah i ShPmene e & il B8, e
di stance f Bom2 thaepepfdimié a Aincidbriat laqmtr@eﬁt bEp@Rpnd aﬁﬁiﬂﬂgtﬁﬁsﬁﬂtdnhg

hi ghband filter draops to, -2 to the point a

fr quency PREFHSNE BSIBE 2 poEes O Wﬁeaﬂ@gtﬁq SRSy dt%}le@@‘a@ﬁo“sl e PPRus

anpl es oB194 {cRdeDAECHsE %&eﬁaﬂcﬁlﬁé&atﬁi #0the h@hﬁarﬁi"tﬁﬁt' rB¥rdcR ARG/ OM
around 200 Hz to around he range of about 400 to about 600

Hz may repPREaHm %Pél’é'@‘mﬂébﬁoé cxqppiedp p fltréttw@& af hegnepgleerich @ ERenparlad
per cept ual A%t@%*tﬂﬁ?ﬁmchﬁr OB PE L ﬁ%l@%é@ﬁi& &é@ Erf hR&Q@h @bove,
the overlap 1s arou 00081 may esira

i mpl ement  fdvibized afbblnkhbﬂmdZhaaﬁf(tb’lmr&telaximlporwnp@frthmlgndpé’ﬂal()rl&;slﬂamgh

L L TR A SRR T PR B

bank A112 mﬂcppsrmmmwﬂsm smmm[t@rmmsgmagméd: ltering

o e R AR DO 58P BesihnfiSte: ot Philiss rotingon

my be eask®fespoisdl@s elead GF phrtibMir latﬂtsmxlfaﬁuﬁseofqﬁzet bk 140N 8 landBoBK S
of logic and/or code. For exanple, the sane functional block may be

used to pe?‘ﬁ%ﬂliﬁrﬂﬁ@?féb%ffeathydﬂ@rmfa@ééyFF&%IF’%HQ to 14 kHz and deci mati on
to 7 kHz as shown in FIGURE 4c. The spectral reversal operation may

be inpl emepdepgap Waidlybardd shobder W00 EipMmeteldicsdi@in i bdute-fikdr mdkl
the sequence (-1)", whose values alternate between +1 and -1. The 15

ctral sHEbPHGItHE? BPRoResrRsimal 35rd) & At of Beramsters th%r\rr}ﬁa‘é@erarfﬂ%rnd
con i gur ed fﬁo? aomfgnét e vEchQ QE&hBec?ﬁ}?é?%é qu&vaegyathts&éd ter
response. 082 i'S note that as a consequence of "t he spectral
rever sal opmr@ttmmn oftth@mspte&pwqhmgmal LGB shys at :8Bwl¢ of s weerd ed.
Subsequent r may be
cont 1 gur ed “SRLGRY RaPsrt P aigpdl, 15 8PS (APGERIEEE B el SR0SART T
A300 as desqmsbﬁﬂedmammomy voel tmmtfan@ameealiletdcfopnammrddoa speeghbatmck

excitation si na 51%1 t hat al so. has _a spect rfa I%]rever% orm
enco R0 3t leaxt this coarse spectral structure as a set of parameters such as filter

coefficients.

[00083] FIGURE 5b shows an example of a basic source-filter arrangement as applied
to coding of the spectral envelope of narrowband signal S20. An analysis module
calculates a set of parameters that characterize a filter corresponding to the speech

sound over a period of time (typically 20 msec). A whitening filter (also called an



[ 00083] FI GURE 4d shows a bl ock diagram of an inplenentation B124 of
filter bar\g l?%n%ﬁ &ﬁpt perfornms a functional equival ent P%&“%P‘TQO?BB%“W
and hi ghpasg P{1P%H ng operations using a series of interpolation,
resanpling, and other operations. Fil tlgr bank B124 includes a
spectral reversal operation jn _the_ hi ghban;githat reyerses a simlar
oper at i on 2BdY§ee edetion yEr flgg spnligurgdacgordingte frope e Prranieltanc oder
such as fi band, ' {3eh @e SEXRANPTIR redulthigdiniRask
B124 al solr%ﬁrllc E:Sdes ﬁ@%%ﬁm%eih({bfté?&sp%fﬁﬁ{y}lﬂe I ovvbasﬁ%ﬁand hi ghp’{fﬁ\{& t hat

at t enuat e signaldaisonelind sopsided) hes dpsapneagy anpobuHpss VAHEKHEHR SSF i | ter s

e L

herewi t h, sinbbmmeyis@ocketaddb@d5tenly ok thtspecinidi. t Therfdier garsweieptandn and

figures relati to.r onses ,of e -part i gul

| ol cment TS BRI AR B AR AP e Bt e el Aty g
her eby i neRsqRE,atgHthbys fikfrepengred {0068 to Nar filmnpanthernco dartedb?@ i s
i npl enent ed accor di n&gt&é‘?%ourc -fil te]i m)gel t ha% enc.ode]s th& i nput
speech si greapl baseq ay thy resiqualijo proguge a swhesiad vergion of thg OHgmaT §aeRdh 5 g
(B) an exghiad. i Pk Sh@bal fikéral ty?fchﬂ?@orﬂ@@red@@ BéveRaehnklet fttidrahpriotkce
a synthesi zed reproduction of the 1 nput speech signal. FIGJRE ba
shows an dxeavss & the trensigs danchan oldhs ¥hEgagkle speech signal . The peaks
that characterize this spectral envel ope represent resonances of the

voeal traqposdy] BicTeRk kksvd oo geralvR$ b bagiepeflefiatiaton Areade at
| east this coarse spectral structure as a set qf Ear t@-ﬁ’ suajh.as
B RE T 3

filter coefaopbantencofgroidl] Irfheysmemsls. & HRRAS PEAICH BHE
source-fil g&m@ﬁ{%ﬁs&&%e ﬁﬁct&?ﬁBﬁ\ieﬁ%e%@nm{ﬂﬂﬂdM@&I@O%@@@éﬂcﬁﬂinear
rowba al S20.

envel ope of nar nd sig An anal ysi s nodul e cal cul ates a
set of parmeditios(LPhacetftienta bt propBicients afpp allggteridies dferhg Tho2nahusts

speech sound.qver.a [ ' . j cald . j '
Tl ter (o800 gd RpidnEgoclEedihe MRyl B £kl pf5inbReiabpinf bl SR
conf i gur ethedcep biltoesfidients buisecalduldtet fopeachieier The Enmegsriodis gepweliy 2l
envel ope to spectrally flatten the signal .. The.result]i i d
si gnal (al E&od&VF iﬁg?ﬂ'@s“'ig(ﬂ‘ﬁ 5y %ea?Pch%cgtoelgﬁg?cg%}y 5%501%%{}%#@%%&%
variance afduipk 828inallistn@NEqEiealtitan 16teangslésgi nakmmsipgaet of BiHa).. In
Errors resulting fromcoding of the residual s:_ggpajlé garn% g%rtso ﬁgﬂt
spread norencesremple, bYeanglpas medee ¢ihis C?ngLF?qu chlateist ¥ &0 ki filter
resi dual a§o%f%c¥8{ S diMraBidand e bR su@biubecdrendh J0-aNE8Hcsad RAnQVRIEs t he
channel . At the éecoé‘er, a synthesis filter configured accfor d'%%%l})?
to

the filt eralpapessidlestodmplementcthe aeplysis rmodiie)iorogsssibe inpHt figmel poes
produce a syn i ersion of the original speech sound. The

synt hesi s ??ﬁr{agﬁgkéiﬁlf%i cally configured to have a transfer function
that is the inverse of the transfer function of the whitening filter.
[00086] FI [B0RE7I6 Thbenalysis nbdikmey by penfigsreddo pradyze tremsmelas of s JHmR 22

of narrowband encoder Al 20, ' 4 ; [ hEAhfetib®
codi ng (LP%reCé]]}i’(’;ﬁ’ryt &% kcjjgurlm}é')l %1%‘1:] %ggﬁgsﬁc‘ﬁ%&ﬁgpegpﬁ g cmgjngel oﬁe g? '
nar r owbandeginga/a AAmag windet). dhelanalpss mpy eldd bt puforpe®pvas §eTind®dr ent s

e.g., coefficients of an all-pple filter 1/A(z : IS
fodul & ¢y plRehi i e e et aRR At o O-gisgru iRl his Fie f A b2
nonover | appjAgheficaBRS5-20i5t &hich tiewistides fhecaeflfisecineln irambdiately before and
calculated Tor each frame. The frane period js_generall.y. er{lo]%
over whi chafteighe 2Qrimilliserapd FRmEXHEEYBECES (e 1%% Y tg?té%i“%ﬁg?s)}, © Bie
common examplanise2f, B bt hasagngsukouinmieRae daisamiesyal a
sanpling rate of 8 ?—Iz I

one exanple, LPC analysis nodule 210 is
conf i gur ed confignadtiolcalcalats theLP Sitet eortficrents ysingra leympp-SJughip &ecqision or

characteri z& (16, i) gl GnGtheSRpnkAtib | he GRARR thécMBmay be

is also po e he anal ysi's np e to process the



WO 2006/ 130221PCT/ US2006/ 012234 17 configured to calculate a set of
cepstral iLcients for each frame instead of a set '
Q’?SE({GF@%P%@S] The out pu ?r'[% 82({0%"‘)13%4

coefficients t rate of encoder Al 20 € reduced
significantly, with relatively littleléffect on reproduction quality,

by quanti zi the filter parapeters. Linear_prediction fi]ter

coef fi ci eﬁ?’g‘%éﬁ% teepleyis 456t e’fr%aﬁwf porEiicieres & 8#31 fyanag iastgadeof gty
mapped i ntdepiREetd epresentati on, such as |ine spectral pairs
(LSPs) or line spectral frequencies (LSFs), for quantization and/or

entropy encoding. In the exanple of FIGURE 6, LP filter . )
coef fi ci erﬁ?c'lﬁgél ﬁ"éE opiPY Ot RROYsT %\11%91@%?%3 frd sigppticantly,pvithy iefaiiyely

coef fi ci e éﬂ‘ét:tooﬂ?reg%ﬁ&%Q{Hﬂiit@?bﬁ@an@iiné—é%%ﬂte HebeBRELiRaONE
representations of LP filter” coéfficCients include parcor

coef fi ci emtastictiop §ltar eagliicientnarg giffiedt tojapamiiza efficindy aap aectuswgilypespped
(1SPs); and.i ' ' : j are used
' the contT @R e e SAUERNAS (LT oL ind e ERL

( Adapt i ve fieghancieatleSWstidbaquinticaice end/Tygpiropy ¢ncodingr antktexamplevfeen a
set of LP. fj r f.ficients an corye ' ) of Es.i S
reversi bl g&d}m}tﬁ 6é§%§8{eﬁﬁ%? Clg?tg%g‘ls%ctfaﬂlgém? %&%ﬁi@%‘&% t %fﬁ‘lzf 1(1'§‘°“cr)der
Al 20 in whkbeficiehe ifito arsfrespondiag sa bf LERE Gthé] emewb-bhotdpreaentations Y0P 89]
Quanti zer 230 is.confjgured to quantize the set of natrowband LSF
Cor ot her FEEFIsY: P BEF Bt QENGITE R AARo NHLF A BB RS |
C%ﬂ-f igur egaair@(IQP@)PA:lﬂi i@ thes Whéctaf frddibicidd UBSHs), Zafidtodte agedtih the GSM

nar

rrowband filter paraneters 540. Such_a_quantizer typically includes
a vector dtthel Sstem %M%@W?%@“P%M&?ééd%‘V&MWH@& to a

cor r esponaiREnaastQlec €M pikallyh RadsRih®eeet Q9RO 0l 1ilcP AR iciS aREN 1 N
FI GURE 6, narrowband encoder Al 22 al so generates a_ residual signal by
passi ng naemespbedide sitgih ASFsEoeraradnt embpiinenis plgo frclude implgmentatang
call ed an i . 2l GLi i : i.s..confi gured
ccor di ng TatHe! ALY isRiRc) Bk Ao Rholly bk HlRb oo O

exanple, whitening filter 260 is inplenented as a FIRfilter

al t hough [A008%p| Questitca2B issconfiguiad Suaisatizsdbeiset PhpasrawbsndiLSFs (or given
will typically. c i er I j I

speech’ | r aemiERb R BER SPGB Rob ANk o Chlfitly Bliphlfe ¢
not repr esedfted thinquakivaidnce def nadbebapdilampiremsteB4D0. Qualnt quatiz270 i s

configured to calculate a guant.i zg repres ntatjon of thi si dual
SHGISIBF 1Rt

I r
si gnal fortyﬁﬁ?nﬁd{l&%\ oS AnEHHTE AUATRAE S0 SR IBSRT (R Beﬁtosfiaaﬁ%n%g% % Such a
quanti zer doypipeallihy vedi6l 4HlSn @ kL Q0depdst | zer that encodes the
i nput vector as an index to a corresponding vector entry in a table

g T AR e L e N

V0. 2006/ 1302415 T4sbid 82064 B:hAd28allsP0 through a whitening filter 260 (also called an
analysis or prediction error filter) that is configured according to the set of filter
coefficients. In this particular example, whitening filter 260 is implemented as a FIR
filter, although IIR implementations may also be used. This residual signal will
typically contain perceptually important information of the speech frame, such as long-
term structure relating to pitch, that is not represented in narrowband filter parameters
S40. Quantizer 270 is configured to calculate a quantized representation of this residual
signal for output as encoded narrowband excitation signal $50. Such a guantizer
typically includes a vector quantizer that encodes the input vector as an index to a
corresponding vector entry in a table or codebook. Alternatively, such a quantizer may

be configured to send one or more parameters from which the vector may be generated



dynam cally at the decoder, rather than retrieved fromstorage, as in
a sparse 0‘98@29&%0%& hod. Such a nethod is used in coding schenes
such as al gebrai'C "CELP (codebook excitation |inear pre(}'l qua??fm?fﬁ?f
codecs such as 3GPP2 (Third Generatiod8Partnership 2) EVRC (Enhanced
Vari abl e te Codec) .Ee%gowl] It is desirable for narrowband encoder
Al 20 to génargically Hdhetreadradaiisr henirirry el liem SSeTREh 2 ingheplarsa sedsboolng
to the sanBethid Sukh RAANRLShseMah U&End Jaﬁemé@ dubh Qsealgebgﬁé eiph @ ({e&ieb&ﬁc
correspondi ng narrowband decoder. Inm this manner, the resulting
encoded n&FeigAlion fideas pradichion bandsiogersisuehens 3§0FE {ByirdCernsuationt RertsemiEp 2)
ext ent forEm@gﬁﬁ%&Ei\%a'gﬁ égdegjararret er val ues, such as
guantization error. Accordingly, 1t7is desirable to configure the
whitening filter using the sanme coefficient values that will be

avai | abl e [890%1hdt iddevithble fonnartraviisad ersodocain@0do gneeric tdenciled? as

Codi ng par Sar ey e B 4o fAR Rl A0S AE AT e A R s

maps t he ragsildbid toghevminagsonbimglnatrowbandaieceisp dindhin ghasedr, bt rédiltiigl t er

coefficients gnd tvggs set, gf c.oeflfi ciairntq.} IS Ltgjj?ed to conf% ure
whi t eni ng T8 PIBRBP NG CUHLPA signsl ey, Aleady AP ot (i Rgpas signt

quant i zed royidgalaRt inz@bseaCamdt@0AMEY, sRNER guail-efEdred] MRSordingly, it is
nar r owband, encoder 20 are confiqgured.to cal cul ate. encoded )
har r owbandi°BROI G EPRHERES bR avhitesine Bifes wingthe samesostiicicatipyesdhatatill e

codebook gl Mlesat ithalecRRE! HME 6heSetahpie Tshebddt AS2ONAhowhin FRSUNOL 84,
however, that narrowband encoder Al 20 nmay al so be inplenented to

cal cul at e TBvegsameptirer240gnapydiresnartonband ¢aden g nasdnapiers S49.dnai-tovkiR Rt
actual ly J I j I : ande
encoder Algbggﬁﬁ%y %%‘nggﬁlesgzé galtcgég&gﬁg%gmﬁgg) aé%){ggg{):%%fg%g&o{ég%ct ors to
gener at e ddter esblacietiingnd tng $ob of cetficidngaiabised(te copfiguscebitahingyilten 260 to

current setené)rf

fialt r I.S to | ec he codebook vect or
associ at e Wi ?tﬁ ﬂjt‘%rgggueaﬁglrgggg%ﬁsl? %unagﬁyet%ﬁé’tqu%glsz?r%e@éches t he ori gi nal
narrowband signal S20 in a perceptually wei ghted domain. [00093]
FI GURE 7 JA0M] £doiedoipladicatptians ofnaamwbanl canedst AflRO areBoiaRgwéd to

nar r owband degcoder 10. lnverse,. quanti 10.dequanti zes narr owband
oL i oot Hirn PR G iR e A0 B RS SR o
filter coebli¢iivknEctds &insbest Makles the sssRiual sighal. HeisliSksl, haWeves tsgt of

filter coefficients (for exanple, as described abpve with reference
to i nver s&3HQARE P?‘I?&éig%‘rggragﬁé’fib‘?‘ CERES }%mmsmé%od_er
Al 22) . | nugpe@nfuan b e kesRhdl SAMYARhdE QSMBS e@uﬁaﬂgtﬂee@i@lﬂa&i?@.m
540 to produce a narrowband excitation sgf?na S80. Based on the

it

filter coekrmplectrmvaaer snepruwbiZAanasisicraiiguse ©itgnanumpgy of codebook
2006/ 13022 LRIGH 1L'SER0RE Otk dnah SAfhosiBAl S HMRADG, AVARS I, birtchfdet 130

synt hesi zes narr and sig I'n ot hér words, nar
synt hesi s flier parmgies).iand toseldcytheeddabools pestarasdorigtedveipiethn gereoattrbaighal

excitatio i I accordin ti I .
coeffi ci err#”g£ b%%?’%artchggghg Oﬁlg%‘nra!)n fﬁ%@%ﬁ‘gﬁ? ggﬁ%éﬁ%ﬂé‘%ﬁ%& ! é%doder
B112 al so qamowni.des narrowband excitation signal 580 to hi ghband

encoder A200, which uses it to derive the highband excitation signal
S120 as d | n. I n.sone...npl epent ati ons_.as cr.i bed bel ow,
narr owbaniﬁ@gd(?giglp%amﬁﬁf %%C %laﬁrl gﬁ?e%lhlqpéerﬁ?ni%t}oaeﬁjl g‘(‘%ié’iffl?%%‘%t?and

i nf or mat i afecdder Bl yh banesdended 3B2A6quahides hetat@ad fidet pedarmettss G0 dind
signal, such as spectral tilt, gitc?_gggi n a ,Iag(, nd ag(gech node.
[00094] THESEHE O 6t offattsoRBARa AL EdErT MeAsciem F SRHPTOAIARPSEEES der
B112 i s a R@BkPs @Rt 6f Piter 2PeiBBRhiY $o8 chiinpdy| A BREHBeSHDBOE Witk AdGence
Codebook excitation linear prediction (CELP) coding is one popul ar

famly of tadeiepsiqyasizeritand diansfowmelPHOT rarrawbandl cBfeitr alfdhdnumsesuch
coders may,peESP880 WRUSTRE ARG A SsRihalshar €81 Ylaucd MAdigaga such

excitation signal S80. Based on the filter coefficients and narrowband excitation signal




20 [00095] Even after the whitening filter has renoved the coarse
spectr al eggghgn&u?[om narrowband signal 520, a consid Cﬁﬂlgmﬁ f%%

of fine harnonic structure may remain, especially for Sice %g .
FI GURE 8a shows a spectral plot of onel%xanple of a residual signal,
as may be Eroduced by a whitening filter, for a voiced signal such as
a vowel . Th&0,perpwhiend syrtherds filies 3vD syishesizennariivdandk sigpdl $9Ds Iv ehert ed t o
Rave di 1 erors® Fstibal® LAt R MEE SPOsRR b MR ARTEYRRE o TR

FI GURE 8b stvitagorasiphaiSselawaidingtodhe dﬁquammdﬁl‘r@ioeeﬂﬁﬁ‘cmaucth peoduesi dual

ot 1 oi ency T Br SsR O arr Mo PIE7 eht et B e Bhe or
nore par anei{gktivesiges ssetcﬂﬂglmﬁd eftRdacA B, §hict sis@fit fohRripé ihefm ghband
structure. QOne |nportg %%}nga teristic of the pi tch structure |s t he
frequency Bfcligfien fizpalp Lihs 5 et dnporaeRLempiRipaRan detpribed

f L eque?cy) b%mml @ﬁrdtw%ahcy@éceaéﬂmm@n g% cbtﬁf"gﬁed)tfo pﬁ&la@?d%%nlakszomb&ont |
characteristic is typic encoded as e inverse o he fundament a
fr reTg uency. to@hlglaivaeﬁldpexale%M?ﬁh;eﬂaﬂea@dthemgrwhaeg signgy> sngl z%ﬁleé@alttﬂfe
nunmber o g gL{iod and may be encoded as one or

nor e codeb%ﬁgn#ﬁgmggggqﬁggﬁch g@gnals fromnmal e speakers tend to have

l'arger pitch |ags than speech signals fromfemal e speakers. %00097
Anot her si H08P4k Fhe astear pirarewibandercadertd 2219ed prresrband degoder BliZgs a

peri odici t%amé"@éaﬁ@lé Sfda'n%ghgﬁs B?g%rﬁﬁv\%%E&R%ﬁ)d&ch%aﬂ@gd&%k&tﬁ%ﬁ Gl e

ory.-in ot her wor ree e signal 1s harnmonic or
nonhar noni pl:edimon (@lﬁlli‘;)aiod:mgch @I@twpslaofan}ﬂefrqf oudlydig-ly- ayrehez_sercodmgms@ ngs
and nornal i z8 ns S i

al so be i ncﬂ1 %%@On%toﬁgm% iC cef'rns LAP%&,&? %M%c%lﬁ?fgﬁé P%ngegg as a
codebook gmcmdﬁ@ @mla opereﬂme [:H) mamrbmaﬁl apdntie feoonl ﬁmm(ldgaaapt)vc chORO6K,

Nar r owband encoder. A.20 ma |ncl$} e o.neu%{ {1 modul es conpfigured to
encode t he FOHGRRIZATHLRTERICRS SRV ETRAT DGt VRN IMRIPIHE8S - g %?F S20. As

shown in FlidBReRatiR)OF hiyadyeaby- %ﬂ@sﬁ@b&ﬂg B Alix Bk cRBidAS REar
i ncl udes an ‘open- lOOE LPC anal SI s npdul e, which_encodes t he

shor t - t er mPeedistiae Vinkesbiic CRlaF GACELRDe felatptiohGELY FRCEER): Feelel by a
cl osed-| Oogulrwﬁ;eﬁa&sﬂ*%m@%&m ﬁkemy@msasmgecm%ﬁexa%qﬂe& t he

fine pitch'o structure. The Shorf-termcharacteristics are
encoded as pfediction (¥8BEF) codimgt Relatadcbotling rhetirgls instude chdti-bendeiciatiass ar e

L L

encoded n alanajy\ﬂabyLsmtmstsa;péanh cadegn alcludb o‘ha Ers (Emopeanl’iléeﬂecbmmhmtha‘somn e

CgSP ve. couenag PABETA ekt BERRY i e gete ot
I cul ati ompedr p&éw@oaqaﬂLP)z &t CSWahakbauaaeebddcNETBRGSINDGED); the
resi dual quantizer 270) may include gvi ctin @i?ﬁ?e

i ndi ces anﬁ@ﬂrﬁéﬁ%ﬁqﬂh}&%{wm}ef%eﬂ Upisabtiriigrdotl-§ ks

may al so i Rghdidge E@tﬁfeﬁﬁi ﬁﬁﬁdﬁfﬂ)@ﬂ%oﬂﬁc%%}Iﬁflgg@éﬂﬁ@-dﬂ@é{&{ ﬂhﬁﬂpleVH%bééE'
operation nay include calculating a difference between S‘&S{ESSIVE

pi tch pul seshemeydhe Gﬁgl otapti yremplginge (@M ANIR) eeders apd thed& Vi sEBVEY f or
frames cor @eﬁg&gnspga&ceumgg@des RYUARR M MBL B8 ated, $0BHEEY, ).

noi se-1i ke an
Narrowband encoder A120 and corresponding decoder B110 may be implemented

according to any of these technologies, or any other speech coding technology (whether
known or to be developed) that represents a speech signal as (A) a set of parameters that
describe a filter and (B) an excitation signal used to drive the described filter to

reproduce the speech signal.



[ 00099] An inplenentation of narrowband decoder B110 according to a
par adi gm in FIGURE 9 may be configured to out nd
excitati Oﬁ?g?@ﬁgﬁzégo to hi ghband decoder B200 after t%grri”g%’é"-t”&g?%
structure (pitch or harnonic structuréy has been restored. For
exanpl e, such _a _decoder -na¥l_ be configured tp_output narrowband

exci t at i oRVUVFhFivesgherdle FniedRminisr PEFEY e Bf COTSeHETHR AT RAR ST and

excitati Ogmgbxgﬂﬁid s2RA1 S5, a GO RBabld dmdusit f R HROSEHB sRudfe kil SHRAL
nar r owban ecoder B110 such that hi ghband decoder B200 performs

dequant i z aspeoially foremiasd steashr FETHRA 82 hovistaapedr! Blogplaanessagnple obpt ai n
nar r owband_exci i.at ;0 i ; : L | f
W denand SOA SEHOR 5 3o it b AR Fbrthe I ET R AL IS
FI GURE 9, vbivghbEtrobecindiodamnctA2Gdsibimin this esample garekittdtio pitels end/diffetent.

narrowband excitation.signal as produced sh -1e IS
or whi t eni'B§°F FPHRES SPkED g?’ ﬁkers%gwg‘?erﬁ%aryrh%)é glﬁ reéiﬁggo (g{rit Sk%tg&r@fln%tsbe
conf i gur eqihiar@ubpstbudtiies. FGUREDSNdho®X 6 et dopmhis pignal antexainpig o audl a
encoder A200Q_before encodi ng the Igﬁg- herf’n structure. It is

desi r abl e rehdibvanal tha shayhisapAce A3 B PUESDH ¥ r ecei ve from t he
narr owband channel the sanme coding information that wll be received
by hi ghbardoshat attelin B280ienspaid/di bdech halicodanbe pateasmitbgnsingoodoced by
hi ghband encoder A200 nay al ready account tI SO extent_far

noni deal i t/P@%§ PRFMeRAV2INRT GreRaRde sharastpriptics ¢ tﬁﬁ?“ SUNCIIFG 415 1 BPPE ARt

hi ghband engRder:RAA0hd SitdhaGansl itk rRaldmeybaine fex thinfdnioflss kgl theS80
fromthe same paranmetrized and/ or quantized encoded narrO\éyBgnd

exci t at i orfusdageratal fBguansyh@hishipipicay Ritkrewasrrididadhl Bacddisr A100.
One potent | | bBthERhRlaAehid] B4 | g ation
of the hi g%hgllgﬁ%g%tgcr%%&g%atﬂ reégﬂgg%%o%ég%%%g%t bel ovexl/. [QOOC%STQJI n .
additi on tailpathapitiels. (Mhapitdhiag asicates the nurdes ployamples inPrerRifch period

| ong-term structure of .narr | - qul@aﬁgdﬁ&ﬂ%geer Al 20
may  pr oducBIFEP RIS Sgch\frﬁgrtg C?%T%g@temtﬁgjg%t Erer&gh racteristics of
nar r owbandspsalgRatendRhavd hege pitelt lagsthan MBe@00GIa1:30@2 fRCT 582006/ 012234
22 which may be suitably quantized for output by w deband speech

encoder Al be included anop j - DAL ters
50 or out PPYHcenBer SE oo Rper i Br R e PAEBEebls EFabRLET

conf i gur edwheh alieusaiestnghaddd eodimgstpatasret, ér sth&6eords dordgereg @ o
one or nore of these additional pgramet e(L][s (e.ig. e %f LeL oferiodicity are
dequant i zawhich fhe signaljs REFEANC STRBRFTFRIC, J&i° BAEY MRS ShBE Gt &F
B200 may bg. 6 oRtdigey &6 nbinilBehmbcdRRtpRRRIRSERI(NAl R SPeriodichpnmgwband
decoder B110 (e.g., after dequantization). Alterpati Vﬁ%ﬁ’opgggig band

decoder B20Oindigpted &y hpitchgaise whih i@ 1y ene98584 B9 ©g. 2
dequanti ze ﬁtqqfe t directly. [000102] In one exanple of
additi onal a%atéltﬁg%% d c%gflyn%h( ar %IITE'[ ers, narrowband encoder Al 20

produces values for spectral tilt and speech node par(f ter foC{) each
frame. Spef0088] Nempwpaidansgdar &1 amay SONe PHEOKHRR %?W%’i%‘? Se

over the Passhand ilithehs photRlf bl ERanenban final 60 wanbhaed [ 1 st

reflection coe nmost voi ced sounds, The spectral energy
decr eases WGEURES: peatypiegl CRERpab g that olay bh ased indudssrag opersioer&lon

coefficient is.negative.and r 1. . i nds
have a speltd¥i Iflﬁ‘glfle’i"g“%i‘ ?Wgﬁ sftﬁeg{%? R%%?W%ﬁ%%? %%‘q{’l?é?éét g?%gct i on
coef fi ci entpietope] PEEWE@bT 8csedloop Amgiammepredieigyaratysisisgie.fwhichuaaedess,

h th he fir refl i on i cl i itive an .
Zggr o;c ﬁt +§_heefine pitsci or I?ann%%itc s?ructﬁr%?%e 8 o%{}tterm Schzggc?tertisncse ar% egco%gg as filter

coefficients, and the long-term characteristics are encoded as values for parameters such

as pitch lag and pitch gain. For example, narrowband encoder A120 may be configured
to output encoded narrowband excitation signal S50 in a form that includes one or more

codebook indices (e.g., a fixed codebook index and an adaptive codebook index) and



[ 000103] Speech node (al so called voicing node) indicates whether the
current frgpB.dARsSpeNts voiced or unvoi ced speech. Thi £54
may have a binary val ue based on one or nore neasures of perrodicCity
(e.g., zero crossings, NACFs, pitch g&ln) and/or voice activity for
the franme, such as a relation between such a neasure and a threshold
val ue. | n enrtsaponfling|eaiveiiuesi balsulationeofdbis gBantrsliePIas M eas one or
nor e ot her i, Ad Fm;,q, LESneR

noi se, or %é%"?}é’%sz %elg&ghﬁgie%%%fe@ sl @%@g%%?%?ged ssgféegtﬁ?gcéﬁgﬁ Bt

[ 000104] Hi giizaledlaing sutbrva@® 0Encodingof thgpitel strustsn s elshiighidend si gnal

530 accordi tQ. a source-fli r » M exci ' .this
filter beiRErpidioR oA Btk Dol wTRHS I wllch Bodrdfortie) hhiaR Sﬁﬁﬂﬂt@m

FI GURE 10 gilfemwacebdokemmksudteagvapixafpuins. i vipdedimg of tieilomg-#20 Atrodturh inglylband
encoder A200 .th LS configured to prodyce st.r.eam of. hi ghban.

codi ng. par S tor bBaS Shotediient aisiint SrepHFo s doBaTte sy
hi ghband gaisfué@etior s 560b. H ghband excitati on generator A300
derives a highband excitation signal 5120 from encoded narrowband
excitation_signal S50 Analysis nodul e 1 roduces .a set of..

par anet er @P%SAPHQP&EWH%%Q 85‘?%“’?’%1 @%@%‘E %&?8 BFROL{inR o @ pasadigm as

hi ghband  siigRalin SEOURE kbl Se faflsied kodutpit aakbebandbatiyaion signeluwse th210
is configured to perform LPC analysis to progu,c a set of LP filter
coef fi ci enhighbasd degndsr BRYNeftes therlpRisHR AraqtyR APIc8 s hagmoesrusiuE has i on
fifter c Oe?%én@és%}t:d.t PorleRbmbleafiRh QTdR HdOmby B@&jnﬁﬂgﬁ%lc:itst@ @uArg@ttnaﬁBwbﬁd

filter coefficients into a correspondi ng set of i not ed above
Wit h ref er exnitetiorosignd SHQ psa Aeyantized Ygsign af encaded nawbar exgialiopsignal
modul e A21 - 'ga%% E Sl BF 1 PLRR khat
coeffici engm;l'gafsgo(ué.eg&?ss%gorpgqséié% tgg[)é?l [ %Iftg%g angi/eor “Coeffici _er?t

r epr esent ahighted(decgler BR@Pgdrforfnd ded@s]zauaof snzededsp@rowbanthercitafioned t o
guanti ze the of hi.ghband, LSFs (or ot her,.goeffici ent

repr esent a?%ﬂ%gﬁ%ﬁb@gnfigﬁg’??n%gaﬁa{t%‘)ﬁﬁ%%dg Sé'ncoder A202 is
configured to output the result of this quantization as the highband
filter par 8001603 S6B@lefetiticn of vadibazbspetonpinceder yh 100 etapddisg ®w avect or

guanti zer that encodes t ' vector as.an jhdex .to a. -
cor r espond Pﬁr@d‘\%’cﬁségo‘% lqkﬁld[ﬁé?'gbt 1};\%}%@‘“%?“8 8‘3&%@ e RS R BB H OGRS
encoder A2Q2 @he@bhiidxdifondiGWnidieedused by the shAR2Bmeanifyiigur ehitdning
produce a synt hesi zed hi ghband si gnal i

S130 accordi t 0. hi ghband
exci tation fliti’ﬂg A ot wordsnpRrEadapd ERsedy %I&g@garyj:{e Cé’ﬁ{)]glffﬁ%é) c(“gp”éﬁ“’ t he

set of LP fi ifdri6] ) edlcdiér Anad Y&ibse dHB6HhSthe2H-t
Synt hesi s P%%@ang%g%&%ﬁgh?%?ggﬁg@gﬁﬁpl cém&*%t ed as _an DR f?l ter o

al t hough Fatrictpiee fitin tlesitablashaveayer Fosdighbangseugoder i 2490 frecrive fram the

exanpl e, synthesj It LS ] : i HH] ald near
aut.or egres ngﬁq%t%#nef%%gf#%@rﬁ %ﬁﬁ%@g&%ﬁ%ﬁ%ﬁ éjtgj%d? A230
cal cul at es deawlenB20M) sechcthitftes eniigspalratoire protigedibaéghband enchéer 208 nal
hi ghband si gnal 330 and nt hesi, z hi ghba i t Ly a
gai n envel d%é' ab’@‘? % rECY g%%vme(iﬁ%f 7é P"aﬁg%‘%fﬁgﬁﬁ tg%%nfgéﬁﬁfebni %ﬁsgﬁn%{r? ed
as a vect OrpeGudahblé €sr Hiflddane BadesA200ao reputiruvecowbasd exvititmeigrab a
correspondi ng vector entry in_a ta{ﬁl e or.c deba%jél,1 qu nt‘irgzest ttohe.onal
val ue or valSudomhestpgpagmetizedan Oréiﬁm%%‘é?co Wd‘ﬁ’ﬁg LD
A202 is cordy i e Sitlolleraf 100hIChePotntihlzal irRapea$ this

hi ghband ggsgggggltgg?%%é%%%aflggglw] In an inpl er,reqjﬁt ation asﬁgs,ho in
FI GURE 10, appreetieisingoré pdcueate padodation of fhedigiband gip Bekys 200 issqived or
coefficients J\\; om anal ysi s nodul e A210. An alternative inplenentation
of hi ghbandj%nc'oder A202 includes an inverse quantizer and inverse

transform configured to decode the filter coefficients from hi ghband
filter par #8018 3ns6dHon anphrametptsitiat ehasectesiza theeshpg-tery anglfor Agneerermy

arranged to,recel ye Lhe deadedold Lh&5wband encoder A120 may produce parameter

values that relate to other characteristics of narrowband signal S20. These values,



WD 2006/ 130221PCT/ US2006/ 012234 24 coefficients instead. Such an
alternati r ment may support nore accurate calc k: I he
gai n enve?ﬁg%g(;ogéﬂﬁ?lghband gai n cal cul ator A230. [000103 ?}r?lsgoﬁggfn&
particul ar exanple, analysis nmodul e AZ20 and hi ghband gai n cal cul at or

A230 out put. .a set  of s?:'iﬁ LSFs %nd a set of five gain val ues ger
frame, resPUchmA¥ PG suiRBHIYPREGEIAoR R R AN o i &kershipesh @rodasd 1A pilisand

signal  S20nemiedn@GhENRbwWHah D RS phrRhse 8P dikhpRakepsdliigs Per

frame. The ear tends to be less sensitive to frequency ‘errors at high
f r equenci e3ightandipneedsr ARPY MY Algo be apnitpuead ta calelate bighbrrtbeodingy pr oduce
a signal @ S I f-1: ﬁ% n odi ng
at a hi ghg%y LPCeor gfg&%EAt %ioglglog:ﬁ%p%gﬂ%%? g?*%%nagg |é{?gs\é@'g"gﬁ%oder
A200 may biequanizatmm)edt wolcbatdmptedd decodb2BBHIQ, dighband deander BAO0 may be

hi gh- qual i I struction of the .spectra nvel,o nother 8 to
10 e peiohE RN 2 Balneler S PRCRA Ao SRR h o e R B
envel op;a. dequaniahiiver). Q&E?lhwﬁﬁﬁ@b@rﬁlieeodeamogﬁialﬁ b%dﬂ@r@%&&@e(fﬁ%pm S
a set of eight LSEs per frane. [000110]. So [ enentations o

hi ghband e‘lﬁg%a%?*%ﬁé’@g‘%‘f%ﬂ% ﬁ%éﬁ&%ﬁm‘t ”ﬁﬁgﬁ%‘gp hi ghband exci tati on
signal S120 by generating a random noi se signal having hi ghband
frequency [oo02NRIUNS eRatblaopadditichal mpbuibatd adidpiRriedtse, migWwbhnd
according to %qhsg&bne-donair epvel ope qf nar r owband si gnal S20,

nar r owbandPERET BrPIRresYaluesis sPestrabii nskReecl imyis P s teryir Feehs uc h

a /noi se- bapage. "SR tIBYiaRE asie 8h AL M HRtsBedi@fsivERpé Q{rerliﬁﬁé&is%gd and is
sounds, however, it nmay not be desirable for voiced sounds, whose

resi dual s PGk ERICsSRIHHENHBM feaniipel ishsBertion cosfiirignte Fopmestiwiseddi ¢
structure. ILahha ' I; 00, fei gur ed
to gener atsg[J ﬁ%gﬁ%ésln)édﬂt excl tfgértﬁ%hiei@gﬁgpn%%g{gg%ag?{%h%cﬁgmt? ﬁlg ﬁsr%ect rum
of nar r owogHectorepefficicos s¢ggHae agBOay sppeoach el hMysbenvdiced sopadnbaye a
range. Fl 3 i i fati 02 of

i ghband oterrar Bk eind dih 36ch, HhARE A BncAlby ABBIEPAZNGEM 453
conf i gur edhds anate gueagy athéghefinemnebendesn such ohdd dredirgxefildcibn osefBcignad p&hlet o
produce narrowband exci Eati on signal S80. Spectrum extender A400 is
conf i gur ed™ 0%t BRIREN &L har moni cal Iy ext ended signal 5160 based on
narrowband excitation signal S80. Conbiner 470 is configured to

conbi ne a [AOLIFIEetismods Givalcalleherichethobiy) imdicBes voleuniet BHeaturdBiramd a
ti me-domai n_envel ope cal cul.ated b _velm%gg cal cgﬁlqat 0{}?1460 0 pr%duce
a nmodul at egPRETERYEFeG 05 E1Ad SPesshbILAISP tep 08y SAYS Y binaT gt

har noni cal dyodrensde thegdugR p&@ﬁi@t}gﬁ% Q&b%&g&ﬁn@é} INYECTS, it gaiid 4Rd/bO

produce hi ghband excitation signal %
voice activity for the frame, such as a relation between such a measure and a threshold

{ value. In other implementations, the speech mode parameter has one or more other
states to indicate modes such as silence or background noise, or a transition between

silence and voiced speech.

[000104]Highband encoder A200 is configured to encode highband signal S30
according to a source-filter model, with the excitation for this filter being based on the
encoded narrowband excitation signal. FIGURE 10 shows a block diagram of an
implementation A202 of highband encoder A200 that is configured to produce a stream
of highband coding parameters 560 including highband filter parameters S60a and
highband gain factors S60b. Highband excitation generator A300 derives a highband
excitation signal $120 from encoded narrowband excitation signal S50. Analysis

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



[000112] I n one exanpl e, spectrum extender A400 is configured to
perform a 6§96is/1ddz2f Ol di ng operation (also called m rrQGrR&) 0082234
narr owband excitation signal 580 to produce harnonically extende
signal S160. Spectral folding may be p& formed by zero-stuffing
excitation signal A S80 t hen appl ying a_hi ass filter to retain
the alias. Ofﬁﬂggfﬁ%? ﬁsva@%ﬁn{:ﬂ e r@%@ﬂ‘% Rt SR Reoge Ho1e srergered
to producehRFERRILEal Anlys tepdate%isoNF PHIRD chHSBRS kbt irame of
transl ating narrowband excitation signal S80 into the highband (e.g.,

vi a_upsanphiErignd sisnahiEy. dynesupedighientiter spetiipicnt-@-leBhsamsforni4l8quency
cosine si gpgl) %%éédlﬁﬁ&%@éﬁfifeﬂésmﬂhggcﬁﬂgﬁ%ﬁcﬂﬂﬂe@&ﬂé‘pﬁié}%@éﬁ may
ed sl gnals ose nhar

produce spectrally exten nic-structure 1's
di scont i nudwse withirefeteacotd agriysik modnledhd endtranstiror 220pdnatyaismowldensi2 10

exci tation_sjgnal .S80 ,i hase and/ ar frequency.. For anpl e uch
et hods et aiea e aR B RGBT Eopeiontse By ERapier)

| ocat ed at caetfidiénpd)@nd/ef codificiéni petadrethidgdnsf(€.gqIBMEY, which may cause
ti nny-sounding artifacts in the reconstructed speech signal. These

nmet hods al t Q. pr ce high-frequency harnonics hay,
innatur ar | 08 G0t i PAIE el RRERE W PN e s BB
sHiZ g naIh nayccb&icsaﬂm;eebeﬁﬂa’;i&, st ﬁg‘SP%,md Mgﬁbh@ﬂaﬂa@@éﬂ@ﬁ?ﬂ icdnfigiired400

, the upper spectru nar r owband, exci.tation signha
Cont ain |1 b B gt ShiBis gy aten rint A ghpeas RO ISR S0 R &t ed
accor di ng §@ndzGRAGLAR indl0dediaRBCBF qBReLE ik eddoaiish@inpOiveoRe hdd fexTaY
have a spectral hol e above 3400 Hz [000114] O her methods of
gener at i ngtoeORSHRBLINZY eait BRTYER 243%he coda®eki ncl ude i denti fying one
or nore fundanental frequencies of narrowband excitation signal S80

and gener at?oﬂ%d]ﬂﬁgﬂ%ﬁﬁ&edc@ﬂ'ﬁ%m%ﬁb%dhﬂiﬁ 8 s{iitadsis! fife WOBY E&figutedrio
exanpl e, the harnonic structure of an excitation signal may be

char act er i Peduisa yRthesigerhizahend Fignal Sd 8@ accprdingiotmehbang excitaba sianghe
and phase i i i t ati i J LON
gener at or igiocg;{ng?rl\ée%%f) gﬁd@%ﬁgdri ?r%‘%}ggg g F‘Fg g‘% fen 5 Z‘E’ ﬁs}%eg E%ﬂ%ﬁ%%%ﬁ%@%%@ on
t he fundanenaezlysismodidn Ay 1 nSyngrepis ifilteda23tis tymehlly amplgmefited apxulB| e,

by the pit | an jtc o). Lcal ended
of gnal |s. piers EeRRE PEA b B lors BB ARG ob UEed T RRHERS i)
however, t hetlgpelfilicy AQRO ishimpleariiet an g sidtheadadirepemtdregrassivediltebe
acceptabl e. [000115] A nonlinear function may be used to create a

hi ghband exgi i si gnal .that | h scqoherent wi th the. narrowband
ool tat  ont TN HFEREREER HR b bBaBE AZF0 CRTHHE ettt Bt

di scont i nubétWe7xﬁhE®fEﬂelsrtﬁlaﬁe drighed llli(ghbaiiﬂyi@hlsﬁlﬁmhfl\symesm&dhfghbﬁﬂis;@l' al
noi se WO 2006/ 130221PCT/ 1182006/ 012234 2 eve et ween

high- f requé mhga?(ﬁé’rﬁ gl eW‘?fod?Fl Qré]i}FdéafP% W&err?éBeWm}E %Pt han t he

tonal hi ghififieQU@BE ¥s NAciR HuafizBr eneciePiheTRih a8gosiieh mex spect r al
fol ding and spectral translation. Typical nenoryless nonlinear

functions EeFERSPARAINHECCES SR ipblg 9F peslsogkaprantigss the vaweoorlehect r um
ext ender Ancl : o)

Ful Lvave 1 SoeiyREtEBil ORcRppAnIh R Bobir AODOR (RLBRCER ot e
and cli ppi mgult Of théz qianpiatior as bichtond sein fagses S6UM ext ender A400 may be
configured to apply a nonlinear function having nenory.

Spoct rum ol (oG i pfpERafsie! REAFR MRGURIT STRAR G 240K

function t erengednalrdckize tpditer couffidienisiromwbapsls modile #2100 Anialerabtivg80.

Upsanpl er 510 is configured to ups e_narrowband ci.t.atign signal
SBo- Tt ey BE e pE fnd e R T G R PR B B kR ) T

m nini ze akiAgomgcsiiRarednpHticodt ihemilef cdefficiditntrom Gighbindiltdr @arametersone
particul ar exanpl e, upsanpl

ei ght. UpsaRPt&pd suisease wyat r %géﬁgff?@@q?leﬁ%gw@ﬁ%egﬁhﬁ Béﬁaﬁ{ &ﬁ%or !




[ 000117] Downsar apl er 530 is configured to downsanple the spectrally

ext ended nrggYbds1z22PP! yi ng the nonlinear function. |t peRisBRiso12234
desirable for downsanpler 530 to perform a bandpass filtering

operation to sel ect a desired frequency$?band of the spectrally

ext ended si |. before. .redycing the sanpling rate (for exanple, to

reduce or ﬁ%ﬁﬂe% Frﬁg‘?ﬂ'gg‘é‘a‘ aé"cf"?‘ieﬁ‘ﬁiffwaﬁ%ené‘??t IWERPRAE TR gedurate ¢ may

al so be deghcakish dran %@Mfe&@l@e hPBadCoab EHIGRardNg2fANMPl i ng rate in
i Q118] I%R%%lgrg&i

nore than one stage. | s a diagramthat shows the
signal spectra at varioys points in one exanpl e of a_ spectral

ext ensi on g@ﬂﬁ%ﬂ% fpe Eﬂ%‘?‘%gteﬁ@n}"]@eﬁ?ﬂ]é’ﬁé ynodulg) 4210 and ﬁ@hg enfesaircsalpslaterhe
various pl abse ofilplia {ebf SROWEs hites SPEECH e rwal&@%e 2021 thétive%'f such

narrowband excitation signal S80. Plot (b) shows the spectrum after

si gnal S80 theas wiebandprdensirined theynagropvhendaignef S gAY be Rhatved withohtyws an

exanpl e of axt, s

S oo0n 1509218 FEY “%%’g%g‘t %%H%S% e‘?e::a%‘i‘?%{\%gnmé’{s less seneitive L= FEASt i on.
Pl ot (d) shkows at high $pacdnciem sath tat ightpad soding 4terlowd.Pd ordehnsy prduplae,
t he passband ends to th er. f.re it -of ..hi

t u ency. i hhand si,gnal
530 (oog. - Mg hReni e RSy et ene foospid et R
af Ejer S Li b&ie]f.SAagﬁcﬂEmglemmﬁm JtJ)ﬂT@ghbhm MSG% Az‘g)e i) Hbll doﬁ%gdr@d fbfi S
reduced by a tor. of four t ain_a w deband si_gnal . ot
Chowe t ho Sfeuts tiizisar® ot SonESo b o PEt oreetel Qurbed aathe
hi,ghband penéth@rs Bf12tie pext-anded hx?hgjﬂﬂkty ré0dstRicbn b6Othe ShgItal R lope.
sﬁectrum after a second stage of omsarrplé&g%él%tl n which the sanpling

rate is redakdhes pagicraE exndy: 2pipsis Ppdwn PRLsPaPt Of gigpl-EE's per

downsanpl ef,330 perforns the highpass filtering and second stage of
downsanpl i ng by passing the w deband signal through highpass filter
130 and downsanE)I er 140 of filter bank A112 (or other structures or

routi nes haWWEtSemedmpteneatitersehighbayt agodes A208 gecaopfippd oarediged
si gnal havi §ﬁ'n‘p'l. t e . i ghba:

si gnal 530.h[$18%%§%%{t%5%%a se segnéé ?%ap ot "%‘gk?“ hglrggnmggarlrlglf“?ﬁ'@ﬁ%ﬁbatnﬁe
hi ghpass sifigaedncy howporientspind ampliide-medelsting the neiss signal facjording fyetbe timm
In this ex | e, downs ler .530.i s 0.¢C i t o _nerf a
spectral 1 EORBrea anRe G s s RSB bl BRSO LT, | o
appl yi ng t héhdmerdigal S80.1 Phila gudpatoisibased ndthahmanprodecepeiequenareshiby
mul tiplying the signal with the function eft: or the sequence (-1).,
Whose val UGS EPRFSEAESPNENT ILEALAL befeSula on KeigTRPRT o s

equi val ent @il did havglly Aantbn@ dndlcosp@ehil AanefsolB @efibda sdudnite.t he
frequency domain by a distance of 7C, It Is noted that the sane

result my S 2 obt ai ned by appl yi t.he downsanplin nd spectral
TR s e e R RN e
upsanpl i ng aREhieh sEANEIA0BY cREndBY thalspetl FQBkb@birRitxteation GligHd &30
resanpling to obtain a spectrally extended signal having the sanpling
rate of hi dreakchightyndfregumey enge. FIZURE J1 shows a block diagram of an

implementation A302 of highband excitation generator A300. Inverse quantizer 450 is

configured to dequantize encoded narrowband excitation signal S50 to produce
narrowband excitation signal S80. Spectrum extender A400 is configured to produce a
harmonically extended signal S160 based on narrowband excitation signal S80.
Combiner 470 is configured to combine a random noise signal generated by noise
generator 480 and a time-domain envelope calculated by envelope calculator 460 to
produce a modulated noise signal $170. Combiner 490 is configured to mix
harmonically extended signal S60 and modulated noise signal S170 to produce
highband excitation signal S120.



[ 000121] As noted above, filter banks A110 and B120 may be i npl enent ed
such that woee®fisdei h of the narrowband and hi ghband si 30
has a spectrally reversed format the output of filter P%gm?%?&%%??s
encoded and decoded in the spectrally #®eversed form and is
spectral ly afégqed %%ai n at filter bank B120 before being output in
wi deband sB@ 15 Qs s ampleosPefia Grianden 8400 reoplignredto perfope aspagiral
f1ippi ng opg#iag bRatasm (m@@meumﬁb%%nk%ﬁowgﬁd%x&%tioggﬁgﬁfmﬁf y, as
o]

it would be desirable for highband excitation signa ave a
spect r al | yPiodyesrhaagoriepinextendgd signal S50 Gpeatep faitieg veayibepstiomsiddyof

upsanpl i ng,aRn« IM@ i r t ' r.ation,.as.,.
per f ormed %)f/fggtpect umﬂeﬂx(%ngg%g{rssﬁﬁ g%n%yaﬁhlgﬁ?oaﬁﬁgﬁ %?%@R%ﬁ(g}%ér?? ghr?gag%s'i n
many di f f ebesnothsagsamplie speskampxésndéil AA0REs d@ilighsddo gicdgeetmmhbatallyhows

t he signal s t i i nts. i.n_anot her .exanpl e .of ectr al
ext ensi on 8%%?%?5%% S\}E@h?ﬁ‘%&r&& gﬂﬁ@h%“%"é’f éiniigx?%go%sa‘%ﬂgéﬁgﬁ%t he
various pl bighbanRl(@f., ¢ia)upsduepliigifbitove@destoiulipiaftoneite X asmiat Slequency

nar r owband excitathon signal 580. Plot (b) shows the spectrumafter
si gnal 580°%HY SH#¥8H upsanpl ed by a factor of two. Plot (c) shows an
exanpl e of the extended spectrum after application of a nonlinear
function. [000118]Speaskpoldud Al thgshiiat meBydsaagrodtetspiRilgBREnded
frequencies i § accepted. '%00012315@60t (d) shows the spectrumafter a
spectral r LRposg HOFUCRIEGES depnitngRevihde hamapic sfrucgure

singl e st agen@lowdasRRidnNGmal S30MAIphiketahe/os BERIchHY FRtRahSle @dced
by-a factor of two to obtain the desired spectral I%]éexten ed signal .

In this exBpicds meyprodpegriagnalsdaying ppakes thah preyiot sspsradlydodagndrat mudinksyof be

used i n ang i i € i ocessed
T AR En ,uﬂicﬂ%m&%@%i@%ﬂ?ﬁ%ﬁ%&%l g{eext ended

hi ghband signal 530 in Such a form™ [0001
si gnal pr ottgewstiupipd speach sigeal. These misthede albe iphd topro8®e high-freduehsy t o

have a pro ff i it e i_n Ses.
Spect ral cltRaEs B8 e RTB At Bl oA Mo BTG B gur e
t o perf or nPATMBighelnhayghecppapidiad A kil buhindiimitsdivploadors itigmed400 Bpehe r al

flattener 540 nay be confiqured t.o . per.for fixed whitening

oper at 1 on BFPSE SPOgIR Y RREHTH v 8B HE T SEghes S A T O g

par ti cul ar sigKaiee ke eftndd RhhVRn¥aitel @fioRng SRepkétadl filliak beRkira40

i ncl udes an LPC anal ysis nodul e configured to calculate a set of four

filter coeffis3tionPRerpiinenkaveGviReERPIYe2kavgR4P0 HAad a f ourt h- or der
analysis filter configured to whiten the signal according to those

coef fi ci enfgpo1{d]0&ter }ﬂ%ﬂioﬁﬂ‘@ﬂé&%ﬂaﬁﬂ%h@hoﬁi@ﬂw &enaex bighal &1 68 gk ncl ude
configurations in which spectral flattener 540 operates on the

spect r al | yidentiyingene o1 grea fupdamenni fsairaipriaramoyhand egoatos] signghtiind
exci tati onmgﬁgﬁelgg%h@%ﬁilcmes Ao ARl BTRRRrh iU EBNL gAY cal ly

extended si gnal band excltation signal S120. "I'n some
cases, howeyraonicpgieiyredilay excitatippraignal aialy pe charetielingd diy greafundesnented
hi ghband exci i AR <) I LAl j fa i.C
structure f(;rg é%egée‘}e{égﬂﬁ% Vi’;lehnazﬂkf lftihglenzfngg’gh%rut;?fﬁ%%dg éld%ﬁl?lm{egle}ﬁ%?%%%% OF han
i n the | owhighbahd eacithtios gagratonAiicdenbratess himnaniazllg exiendadrignhies 160

Tay bo. espEEr ot P RER BomnCp B e GRS BT S o Bter o

29 pitch lag and pitch gain). Unless the harmonically extended signal is phase-coherent

with narrowband excitation signal S80, however, the quality of the resulting decoded

speech may not be acceptable.

[000115] A nonlinear function may be used to create a highband excitation signal that is
phase-coherent with the narrowband excitation and preserves the harmonic structure

without phase discontinuity. A nonlinear function may also provide an increased noise



[ 000126] Enbodi ments include inplenentations of highband excitation
gener at or y¥gQfhek5ak, are configured to m x harnonically

signal 5160 with a noise signal. As shown in FI GURE 11,@?@2@3@%234
excitation generator A302 includes a n¥ise generator 480 that is
configured t%tf)rodu e a_random noi se signal. In one exanple, noise
gener at or F80 BeLVeeh MghslirBaneyd anRemcs hirhiends 1o agund mase p@itabthan the
pseudor and@anIekts freicabtharndhich SlahcddrhythdiRds isiB] '

noi se si gnal neged n%{ Eg white gllr?d mayyhave gspomaggﬁgg%gf‘)?{/ﬁ%f&lg

vari es wi t fPerrddizasiayon. | Fypiralmermoniess nerfinearfionctions thet meyer gtplied ¥B0 t 0
be confi guygdut oy : ' ' a determ.nistic function
such that its st a@gﬁl %%H%E%(%%F?%gf% Sé%ﬂ%'l[r ‘%@8 m g%%gé? .bsﬁ%iev #ﬁﬁ“’é{"n
noi se genetaisosrlleBRlimaye tvetifixatibn)ghalBrhve occifitqitn, squeringicelEngigaal as a

determni s{;ic.fu ion of inf.ormation coded earlier wthin the sane
frame, s ucﬁip‘g’éngf @h?\ral?nlp ge\ﬂ?g%oﬁnc?ftsg?wﬁg’r e&ﬁ%‘?ﬁ?‘é“@@ﬁa Bfigwise Ried
nar r owbandapgkea haitlinen: fah@ivalhabh®mehR9Q127] Bef ore being m xed with
har noni cal | y ext ended signal S160, the random noi se signal produced

by noi se e .ampl it ude-nodul at ed t ave a

t?/rre- dona?ﬁ)ﬂg%@ﬁg?%%@@ ﬁgt?yaagﬁ?lﬁé}?%‘? a‘E‘HBSISWE’FtSS’P”dﬁg%@‘?fﬁB?thW over

time of nastendbandoGingnialogRredtd gfi[lﬂ?ladxoﬁliilﬁﬁﬁfungtﬁﬁh toRRfeh@WMeapsirum of
al ly_extended signal S160. As shown

exci tation. signal ,S80, .or ,haa;gg(giﬁ [ ]

in FI GURE 11° aﬁ%B"a‘ﬁt&‘f‘%‘k%g‘i nUBRRRle o Is80DEYRE IURPE&TRBIe conbi ner
470 confi gherRevHaRd 8ElalibnidEnalBe | Ry bR achabReo 8hARRle @k sgHaed by
noi.se generator 480 according to a tinme-domai n envel ope cal cul ated by

envel ope _(:%WE@F@{Y&P Bz asiag apeyl appliedioniof dre nentinesafunéor. iplogerent ed
s 3 T s adones e BB 0 6, i

according to the tine- envelope cal c
cal cul at or>Wemay e pmbigurcd tpuforattecupseingkn sompraion 83 Zero-dui¥fifg #8Jingun an

i mpl ement ag; | l.ah citat.l on.genperator A302,. as _shown
¥ the bi oorpd belte MR AR S HeBlibaR BT Hhaspt 0gs fpRRe
arranged tto applyculcatiredr fimctio @l thpepsaimpledrsignai. Galel poteaK tledadi o fal
S160. In an imple ation A306 of highband excitation generator
A302, as sﬂ%ﬁﬁpei ﬁ%nﬁ%(’?ﬁﬂcﬂtﬁpﬁ?ﬁ épﬁﬁﬁﬁﬁé%@?“é‘ﬁb@ﬁ%@“c%cb @ at or
460 is arrapgetk, iheadneiyabandliRei @Y aboReded 1A 35HhOWIAGHe RN fnk akd ON
signal S80. Further jnplenentations of highband excitati on generator

A302 may b@seRkeraiiedancionfmayhegaplics cilicienbi estirpinepninariag Heysign bit of

ext ended si.gRa 6 j t te t itch
Pl Sos it o o SR D g Rt b

conf i gur ecarpplitpéa Werpmgani thernpsdrepled eipeciiadlyiesiendas segmehisk t hat i ncl udes
a series of subtasks. FIGURE 15 shows a flowchart of an exanple T100
of/ such a foaekt7)5URLERI 530 iCRhALRE BPadwlf of
t he- franme ng@ th_é si gnal whosé envel ope I's t%rﬁglg%rfcle)s g%%agi?%?'g?@gsﬁr%tl e,
nar r owbandofeapplving the nowingarfhin@iee. Hrmayherssirabdd foy dewnsengbd 580 grgerform
S160) to p. . . Of red.values. Subt T120 rforns
2 oot hi ni g BSARL GG g SRR B8 R ene THO S o Sl
exanpl e, sexitraisd sighd Gefipptededngatht saaplingy der(fdex droplpas seditd dreavoido t he

sequence according to the expressipon n)y = ax(n)+ (1- a)y(n -1) ,(1)
where x i s™HREEFT ??ré“rpmloﬂ gen 9‘”?@3‘{)1%&%%} It may ?Jlg? é%fi‘?(m blFi&a

ti me- domai @ovinsg@yler amtoafemeaae%aaﬁﬁﬂig g 16 oedé tah 6nd sthayvi ng a val ue
between 0.5 and 1. The val ue of the snoothing coefficient a nay be

fixed or, | rpnative Jnpl enentation, . be adapt.ive according
to an indi@gf’%ﬁg&%iié’émi ghEn f fh"“@i%%%g‘?ay gReeRa ?th‘}éflo‘é? RANE ihser

to 1 in thenealkeRPRArafspOHaPaktHRdn GbOEEEN, el tBe FrlqdechS RERISIME 8arRl
noi se. Subtask T130 applies a square root function to each sanple of

t he snoot MRSEOSS Erpueries platsp Pt (i ehewethe srrstrummd one evfrmlopfaanpebai3o]
Such an i nplRERHN AIaPSe®  PIGMEFIHORE HRALEMhA HerdhBa Y RS L&A A&

by a factor of eight. Plot (c) shows an example of the extended spectrum after




[ 000131] Conbiner 490 is configured to m x harnonically extended
signal 31 | at ed noi se signal 3170 to produce jhi

excitati oﬁgg?gﬁg?&%ﬁzo. | npl enent ati ons_ of conbi ner 496%%9@5&2234
configured, for exanple, to cal cuI ate 7fghband excitation signal 3120
as a sum of ar monical | y _ex eng S160 and nodul at ed noj se

si gnal S176%F %ﬁté(ﬁ" i H‘ﬁ?@ﬁ%‘ﬂi‘: )%ﬁﬁ,ﬂ?ﬁgﬁpe%@n ABST [ prpasyHlteringr ed
to cal cul anethisieghingRothepaisbaid sxfengs @ﬂﬁé uppbZfe@Rndy Hﬁt%?h%ﬂba%‘d@l i
appl yi ng aﬁ%@' ght i ]glg%f actor_ to harnonically extended signal

and/or to (e ~gnal S170 before the summati on. Each such
wei ghting factor may be cal cul ated according to one or nore criteria

and may be[000iiNeht &) shewOthe spdchBmngki a/ﬁ}svstamf%@a&dﬂ;ﬁmg%%aﬂﬂé I's
cal culated on a frame-bhy-frame or subframe-by-subfrane basis

2006/ 13022&@@#%@3@9%/6@11@2@1 agactornfdaus 29 otpigiarEdaleng Kigwel. Fld |(fa@kows
di agr am of t ed
to gal cul a?g@ dﬁ%%ﬁ%%%lh g??%%ng% gﬁe gﬁah?(g(g)d%gﬁlae h\?\@{b#@%%ﬁ%%ﬂg

har noni cal We@@ﬁe@e}da@i Rjoials) 066 twemmrm@wdemdsags D@Mﬁsﬁ'ﬂlﬁl@lg,

Conbi ner 4 ext ended s

S160 accor gﬁﬁfgﬁ? ﬁl%%gllrnﬁ%%rﬁe %e o g‘%{:ei%n%é' afhf;‘il(l‘ct %%8@/ Ol%eop%(i gaﬁ Erl at ed
noi se Si gndd:w&hﬂ@lemé&@pdfmg&sm Inghpeg ﬁl&ngganm@cémbitmge @H%nsa&{pﬁngﬁ
out put hi ghba,nd heXCJt ti.on s naI 0 a f the fg@léq:

o onal s TRRERE aR ki Ykohl AR FEBssr Ref BHEnE SR &

caﬁ cul at or bﬁﬁtﬂuﬂ%(br otaemmﬁmgssroed)uh@esqﬁbﬁglt}ad QrRaEFondes toRbaRkanNY
factor Si fqg, noi se wel ht i ng ctor S190. [000133] Weighti ng

factor cal ﬁH?Fté e"é@@e‘ﬁﬁﬁn dayighhedisragey @“@%\P%?%@F@nﬁéﬁ%ﬁf ]FIB'@P&HCI
factors S1§9na8dpS190 according to a desired ratio of harmonic

cont ent to noi se content in hi ghband excitation signal S120. For

exanpl e, i desirable for conbiner 492 to produce hi ghband
exci tation @%Bsé"i&é’dmﬁ@%\?@téﬁ SYRsanPlingetthsn highease sigyal skpwion plot

energy si nh gdusés ﬂebé}%ai%ff1t9bﬁ@§ﬁﬂd1§ﬁlﬁ'@hm§1%0doﬁﬂ§aﬁ%530 is also
i npl enent ati ons of weighting factor cal culator 550, weighting factors
5180, 3190cqigutes|te nerierata speeisH diipnina everniien en theoignabailairis) shoss a result

relating t whan I

narrombandgfr%gggﬁtéﬁﬂglsﬁéénxﬁﬁfpgﬁg f)éa}s pI g'g%hglghs’r}\)@%%?%éed?geecﬁplw§the
Such an i npipeaenithahé Hincidn vt ghirtiewgqieacd (11)"caheddvatues albhihtdBitwEs +1
configured to assi gn a val ue to harnonic_weighti %2 factor 5180 that

i s proport P¥hal 39 Pﬁépﬁﬁ?@fsﬁﬁqlﬁderii&?s@%aﬁﬁ}e@gl Fesrumet fesiggal i

hi gher val g tlegudRly I6muRi 1Y algtgncfe%%()ﬁ @ﬂ&@a fn@f thi BMRL ﬁ:@lﬁt SRR be
signals than for voiced speech q 000134] I n ot her

i npl ement aPbtained bynepRyving tHe doa@@mp mmae@ mp@al fEpming epesdivhg ur differcot
calcul ate

vl oht i ng § ae o AR B Sl g b bAu ARk REI Ry AR P Lopg 8 o

hi ghband singhul ré&8@plingtoarréris a sfecedbrgteadedegmphbavige fhactoplingake of at or
550 cal cul at i i ght.iLRg factor 5180 as the maxi num val ue of
t he aut ocorg Eﬁala aﬂ%@fqé?ge?]gﬂj{z)'of hi ghband si gnal S30 for the
current frame or subfrane, where the autocorrelation is perforned
over a seafdfi2dAgeoctciaboveniilierdhasksaA Ul g BI1R0 ang bpiihpleneaigd andl tiitnes

Cuch & seaPtPTRhGY Bt FERGERTA Camprasebnarde S8R R dhnenae

del ay of of@mpit t}efbukpa@ offillerbask A1Y0,H dhcoddd g8 ﬁé&ﬂéd e sepealR e edised
lag. [000135] FI GURE 17 al so shows xanpl e of anot her approach in

whi ch wei gftingRdis spestrabbyreyensed %ﬂal%élﬁerd?ae& B4 2@ Befgrenleing QuepySfn
periodi ci t yiftbhatt GREANEE3] §DR). 133Rhichse, of course, a spectral flipping operation as

shown in FIGURE 12a would not be necessary, as it would be desirable for highband

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



32 several stages. In a first stage, the current franme is divided

into a nuniehoRfisiepframes, and the delay for which theg . cnes12234
autocorrelation coefficient is maximum,is identified separ atzelﬁy For
each subframe. As nentioned above, thé&“autocorrelation is perforned

over a se e that includes delay of one pi.tch |a nd, does
oot i et odaid oA S e R g S i Relnd RSl e s Soesta e
del ayed f repRiibSaRipiheCheshebivurd BREYIeR 840D 812 OF COENRRA 4@ abrégRtii i ed

del ay to each subframe, concatenating the resulting subfranes to

const ruct BHYSHEERITaYs dETRrarmpier BYEIRE heb 64 R hng shersroniignal
vei ghti ng (a61,0k V%ﬂot%g gé’iﬁtstiﬁﬁn&ﬁérre%ﬁ{ﬂb%f‘aEESE%&BI' &te@fibn ?gérrtﬁ‘{ﬁcg?wh&@ the

original frame an optimall'y delayed frane. In a
al t er nat i Viesquensiy geels isghd sirecrasathekaeusmlasoPloh(ad shavtsdbe spgetmpnoEone -

wei ghting f r . AV-el a t ' r N
coeffici enet}@% t°£.§%§°3”?%§d? ﬁ% 1:8{121 aét% fé%e%&@é%%%@%%.aﬁ%?& )
| npl enent a&80dmns bah uwedinglied iga faatt of tvealRiok (e shows 50 exvanplabSibe eended

configured tg scale the correlati.on coefficient, and/or to.conmbine it
W th Snot ERetod gt e e oAt e Tk rar rabidir e GRY Pt
factor Sl 8@ thd M1 &éfRnbRYishecaesi rabl e for wei ghting factor

cal cul ator 550 to calculate a neasure of periodicity of highband

si gnal 530 i.n es ere a presence_ o er i.odici. LN ane
i s otherw @@‘ﬂzﬁ]ﬁ%@g OViE Sjpe %’f&tﬁﬁﬁéﬁer\ﬁég%ﬁa; ﬁeg'eﬁs%lcc{pg’fahé%l %lﬁf %F%rO%SO
ma% be conhi gueetin bftecadieglt hge 6 dgasiniingf inpeicioti eirhylirgfrakiighband
signal 530 according to _a reI%o bet,v&gsn anat her (#%dlca.}gr of

peri odi ci tipdened blha facipnad hvo jq oian the depiredspeitially egianded SiERal 40 1if eshol d
value. In %ﬁlp@(@lm@fg‘ﬁal VB QBTG rbReded ForbPdraUhal 9 usb®(r dnSmpiienatioed
to perfonm an autocorrel ati on operation_on highband signal S30 only

i f the fraefdtighbend engodaaiAR00evhich proprssed digibrNbESIERA BB BXSUGRRA OB t he
narrowband residual) has a value of nmore than 0.5 (alternatively, at

| east 0. 5){0011{24?1‘1%[@@&%&%%58@ 0fbinntad b eblincaAfunti il lculBR 526
configured to performan”autoconel ation operation on_ hi ghband si gnal
S30 only fisdikely dmbaveaaprpnaynprsrdrppaif mramplifnde ¢s BraueperbRreatsge Spetgl |
only for e j I ol Qlwiahgy! at or
550 may be&é%nngﬁ'%%%gh? %ese?s F%ﬁ’gga%%? g%@t%%‘%?ﬂ%&?&%t J‘Ftﬁf 01r glf rames
havi ng ot hegersioatoasheafovapaeaplhd sigdd. Spetto} fliteseetOvwednbesoofigysed ioh

gain. [000138] Enbodi,nents. i ncl ude further inpl t. .

wei ght i ng ?ﬁ%@%figﬁ&ﬁ?ﬁg og%r@u?%%#o Bf eo%oaﬁf@gﬁ%ﬂ%ggglogérﬁ%@é Ina

wei ght i ng paaéiexaapieod bgtivowhhariag sgrcirst faenate indites aLPCn

addi tion toa%’e_ri odjcity. For eé}ir%e, sug; an ir@l &msn%)s iog@may be

conf i gur edanadysisdagdyle confierre fo CAlFWALe # 8Pt RBTUE ISR SOCHINIE TE] 86 £ or

speech si g&@k&ﬂg}éhﬁ%nﬂ and 3 fh@tiDerdey dnelysis @tet dvafighhed teRaRaehths signal s
ag

having a small pitc . __Anot her such i npl enentation of i %%6 ng
factor cal espedingtosige ceelfieipnt.ghenimpenatiaion RESPECIER §XFRISH

hannoni ci ty, Qfs %rﬁ%ﬁ%@n?ﬂf\ﬁg% #e%ﬁlﬂaéérgr 588 oftatt @hReRscshignal 530,

according to a nmeasure o ergy of the signal at miltiples of
t he fundanexttaded bigedefiry doetsamples 58 t he energy of the signal at
ot her frequency conponents.

[000125]Highband excitation generator A300 may be implemented to output
harmonically extended signal S160 as highband excitation signal S120. In some cases,

however, using only a harmonically extended signal as the highband excitation may
result in audible artifacts. The harmonic structure of speech is generally less
pronounced in the highband than in the low band, and using too much harmonic
structure in the highband excitation signal can result in a buzzy sound. This artifact

may be especially noticeable in speech signals from female speakers.



[000139 Some inplenentations of w deband speech encoder A100 are
confi gur edvboous@ei an indication of periodicity or haeFRRyEREHE24
(e.g. a one-bit flag indicating \/\/nethgéI the frame is harnonic or
nonhar noni ¢c) based on the pitch gain d/ or anot her neasure of

Cor r ospont e ARERMA el AEAGHPRERE R Rellund R dRBREI RIS 0 By

confi gur e tlean mpmnﬂgmmtommmonmlghkten@e& saptab$ 1 60akidud adisogignal.NAs

anot her ex | e, | catl i s used ncoder and/ or

docoder | HOR BTSRRI b ot suSti A iEuih i senaatt:

[ 000140] | ygoena: keofesiréad| pi’ocfd@é ahdzﬁbﬁaﬁﬂse%ig%hlt ah bfde0aipes, abe A302 to

generate hi ghband excitation si %B S120 such that the energy of the
¥

exci t at i ofCRTYARFSQ i§ cafisatedrie PE) ity Eeneyvhie resedgsandopcifisgy
val ues of wahghkidigh Ir?&ﬁé}rzﬁpbgﬁﬁgtaa% t@gase s!lélqa?H@ela n%t”l&,ewhﬂ\;eélﬂl%éy‘g

factor cal cul ator g be configured to cal culate a value for
har noni ¢ M*i’egmm\ﬂfg dﬁmfﬂ@hatsm voith fresuenyi Jemaebedasiralle fargwise S81gToT or

to recei R bt Entighids ] ORI AR% B ANOLBEFLRTR 1[.}{?]1[08 Jﬁftﬂﬁ%nd

encoder erive a va actor
accor di ng stam mtﬂy bx@urpbissedat thmddmoéa Eﬂm@}gamplq, ﬁtmmgmejamrﬁspma}zaﬁ) 2 =

1, (2) where Wan not es har.noni c vvel 80
Who ve. defBUEATRoP u R R RbRR AP ACY eetSE A P a e Sl iRl | ng
fact or calemleﬁtvamnﬁﬁé)samwrm amhfasgwxactowﬁarszbﬂﬂeﬁparaﬁﬁw&hmdm a
va{lr"“ue of a i,odi c rreasure for tsae current frame or subfrane, a
COTr esponﬁpgfbie ﬁ@mé eﬁ“ﬁf‘ﬂ’?é‘ﬁﬁ)§ f pairs of weighting factors
S180, S190, where the pairs are precalculated to satisfy a

c ]gnst anth Qﬂ%l?ﬂBeﬁ&&@ei;ﬁgﬁa’flxﬁBwﬁxmﬁ@ﬁic@imy é}ﬁéndeﬁ:@[gnﬁﬁlﬁmhﬁmﬁmﬁhbm
of weighting factor cal culator 550 in |c e SS
obser ved, Si&pp}Reaucsd py aaise 6?neﬁaqrﬁgﬂ' mﬁE 0961869% %%t? % Yhge

 r om aboUtgofhadh &iReRPOMat é‘ppﬂ)xnﬁﬂgs ihyeh&g} dz‘éﬁibﬁﬁ&x 6\% tlﬁfélcﬁ RaddiRl Ng
factor S190 range from about 1 to about O.7. n'%l enent ati ons
B

of wei ght isiga¥ byghb%d@wnakw sEOwhepd pECiiagbef wml §80 apemipally

2006/ 1303 SR KBS AR I ERIORE LI bahS RO BRleaidazo
wei ght i ng ﬂuﬂtdmem:oinbmﬁi(b@jnﬁgure&tceemhddu@ﬂgn@ﬂatéli@()lomdlmmwtalce@iby
noi se sign

o;se%%ggator 480 according to a time-domain envelope calculated by envelope
calculator 460. For example, combiner 470 may be implemented as a multiplier
arranged to scale the output of noise generator 480 according to the time-domain
envelope calculated by envelope calculator 460 to produce modulated noise signal
S170.

f‘ww\-.

[000128]In an implementation A304 of highband excitation generator A302, as shown
in the block diagram of FIGURE 13, envelope calculator 460 is arranged to calculate the
envelope of harmonically extended signal $160. 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 S80. Further implementations of highband excitation generator A302 may be
otherwise configured to add noise to harmonically extended signal S160 according to

locations of the narrowband pitch pulses in time.



[ 000141] Artifacts may occur in a synthesized speech signal when a
sparse codebook (one whose entries are nostly zero val ues) has been
used to cAREM4LY2 e quanti zed representati on of the PEFUSEH/012234
Codebook sparseness occurs especi al |l y3ahen the narrowband signal is
encoded at a low bit rate. Artifacts caused by codebook sparseness
ar e typi cd0001 20 Eselopecdiladitar 468 rhayntke cniigwed tor penfivsh lay eatmbope c3lcldaion

Because t he_hupan. ea as_better . ti i on _at _hi ghe

Froquenci 682 A RBLFRIaR Leplh hEG IR SERRE T 867 bRttty nband.

[ 000142] Erkadpleants of fich udek SpbiedETdtckRRkied thdbggibanehch xamblabf 08

gener at or A300 .t hat, %@e configured to e%%§g¥1anti-sparsene%$

filtering.FRCEIRE T8 HBGE BV BPRER repegp Of O APRIS) RATEMOAES on A312

of hi ghbanrgd:igxich kahhigR0ee AShRhRAINSAendeh Q?gnhlm%g}jt%gar&ﬂlce a sequence of

anti-sparseness filter 600 arranged to filter the dequantized

nar r owbanddéated Yaaso fubleghbl 20medfguretistgpthing epaaticn mayihe seapenes of

FI GURE 19 I L a } Dkl } and

excl tati onlganor i B AR s RO B REE Rt SR AR 6Bl MRG0

arranged tte feiqhiense acdoedinptoche edprsssiont ended si gnal produced by

spectrum ext ender A400. FI GURE 20 shows a bl ock di agram of an

i npl ementati on A316 of hi an Ht akl,on_generatpr A302 that

i ncl udes an anti -sparseneglsc%f i %%@‘ng%"t)g@aﬁged tgﬂfi | ter the out put

of conbi ner 490 to produce highband excitation signal S120. O

c&r%_se, ;hMeewef itatthﬂimfs'npﬁt, b ?ia_lfﬂmflowpmms_td Wnegﬁgfnafmdwk ?ggﬂsphﬁt .

conbine the features. o ny of i nmentatio an .1h the

Features Groaipasioeticiins biees o Chatht o aRs deimboliund

285“ enpl altcedﬁgﬁdt Dene by gi&@?xﬁgﬁdnwﬁh?ﬁb@immdﬁgdﬁonigg% seemﬁf sovef i | tler
may al so be arranged within spectrum extender . for exanple,

after any_aﬁ‘l"orfhﬁg t‘é?‘éﬁ’i’gﬁf‘%onsq@,‘ns?sfgt, 35@5‘? 81 =%1ﬁ]®thiah“ 558581 9rh 18 e nder

AA02. It i BsbeisiielanBIdRsk th 03t in WY prefoReY FFaRASS Shbthdler136@Ppmy al so

be used with inplenmentations of spectrum extender A400 that perform

spectral fsanaip ppt fuisien fogach sagipds ol the froghediwawpne to madusadicdhme-

[ 000143] A%Baﬁp%gl%ggss filter 600 nay. be configured to alter the

phase of its 1 nput Signal. For exanple, it may be desirable for

anti-sparseness filter 600 to be configured and arranged such that
t he phase [600230Lhishiad impleincrintiarofsnyiene BIEpBIGrSOP gy dricoRieggurstto

ot herw se : i i . )

desirabl e lg'g?s? %é%é%%é%%&%s]?& tetlzﬁsg F—lg%%%%h@g OHJI ter fgég%ﬂf gﬁ Euert her
spect r al | yimpleatentasivohoftthdt T HORssubreginT1 deais peprecaded b a bil@pass operation
2006/ 130221PCT/ US2006/ 012234. 35 the fil.ter sign is n .

op o) Al RRE Rt AL eSSy Do 813 fiet] doteerfbpe isgbs ¢

i npl enent edodedasuchlak tRaaseldf BtekIthavi ng a transfer function
according to the foll ow ng expression: Fitz - 0.7 +1-4 0.6 + z-6

[000131]Combiner 490 is configured to mix harmonically extended signal 5160 and
modulated noise signal S170 to produce highband excitation signal S120.
Implementations of combiner 490 may be configured, for example, to calculate
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 $170 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.



1-0.7z4 1+0.616(3). One effect of such a filter may be to spread out
the energy of the input signal so that it is no | onger concentrated
in only a We#Pl4s3kes. [000144] Artifacts caused by coddbdgie2006/012234
sparseness are usually nore noticeabl gifor noise-like signals, where
the residual includes less pitch information, and also for speech in
backgr ounqoeRis2EFIGIPRE 96 8BGSs 4 Ypticdihirymad s aspltmematiar 492fd combiner
cases where the excitation has |ong-term,structure,..and indee hase
o 11 cat 1R ks coalisaen i e REfbpE rRuibY S 12 Ra VERRE PR BF
desi rabl e {,0,6RMily@ufeRdaN ks BAGARGESuldd RliseGRal H1701 IGoatbintnved sed
signals and to pasSs at | east sonme voi ced ngﬂﬁis mﬁthou% al teration.

Unvoi ced siogfigired wrweighidiesaenrglysdtendedzsigng R0 paTgnIc
quantized paLLaRLANG. SRR V8 1&99@9&%&&5@@@@7@ 28RS & ndidel t
(e.g. quantiZed=first ref ectron coeffici ent) that is close to zero
or positi veeightingifector $ipOaambieouipal highhef exdtetipmsizng SLEG s Hyun pfthed
upward wi t h .increasi.ng,frequ . | 1 at

anti - spar 3\3?115@55 ?15?%1%?1%6]6%5%&§bcﬁ%5?? 1'tn gﬂ?%‘%ﬂ%@{ﬁ ol %%C%?Sbaéﬁs
(e.g., as §3dharas emifigyretihe calatliate hafndnivews gleigrfadton $180)and nois¢ weighting
voi ced sounds when the pitch gain is below a threshold val ue

(alter natif?étPQ,Sl%)ot greater than the threshold value), and ot herw se
to pass the signal without alteration. [000145] Furt her o

i npl enent afgoOTER] Bieigiihjz fap@rcalenzgs 550 mbg be 69digiredito ddculete weizhing e

filters that are confi ed to have, differe 1. .
méli}fi cat i BB §‘n@§9€6 ,accﬁﬁg?%mfé]ﬁmﬁegd%oe%h éﬁlgg%%gig?lse content
ant i - spar sgnggihahd bicghti&OARY 1 0@ m?@ié:@ple,éﬁhnwbesééﬁéeme mﬂ@bhﬂ%&ﬁ
conmponent filfTers according to a value of the pit ain (e.0,, e
PN tmiptics B EBGUMRIGR= s Sephl SaD s have pare HEReriohF ehfefiondts |
phase nodi Eﬁa%%f 20 ARIE of BiMEAM sf@kl $I0amR Sorheithilgmémumeins pf weighiaj n

I

val ues. An ementation of anti-sparseness filter 600 al so

i ncl ude di fdcar edtuletonpTherrigiting fastess §Hiy Shylare sHFHIEET AFOFEEHEFE ¥ t he
phase over nore or .|es RSB ed 4 SPehr dthigs a filter
confi guredmtO(SC%%ﬁl?tjc/r%tr 31% Eg%&:e%\[}%?ﬁ'}g W de{r%freq%ﬂenc(é range of the

i nput si gnahrrdwhand eshidual sifnaAmesh mepiich galhewd/er srieedhmeds: ugaPRes. 36

[ 0001411 For accurate reproduction of.th L |
may be desPPRSTENRRM ‘?f[l‘%‘gglgﬁ S cgﬁ&cgﬁé@ﬁ%@%ﬁ?ongﬁlﬁ% 0%%%%a%%déand
Barrp\/\,piandt@%ﬁ@msy@ghﬂﬁlgqa@mﬂgelsﬁazg?wﬁodma i thppisabhg : am:,@mkmml@o to
e simlar to that in the original wideband, spe i.gnal n
addi tion t enédfosigeetighf higheieYadfido 2815 8’5’@8@%@“‘8@ g%ﬁ%@%‘b‘g’h‘ﬁ%&%’ﬂhg
par anmet erssgﬁgg agif@mggasgg&gq%ﬁa@zoo may be configured to

|3hband signal S3

characteriz by specifying a tenporal or gain

envel ope. As shown in FIGURE 10, hi ghban ncode .1 nck a

e band oA IBgNR sfes AR oIRGB A e @ e g ao g SREEER

to cal cul aleAng QTR :Gabilc hagheASHBGEOLEl Ag/d: aoks nelgtingicibes i@en

hi ghband signal S and synt hesi zed hi ghband si %{ml S130, such ?es a
‘a

di f f er ence wcoriagiio: beewsenf pavedisisphhisabapd sigpdl o 1L PRfiaFLe

frame or sone port. | arkidR Abiteis: ko hs gbband
encoder Mo‘ﬁ?lglﬁ}nﬁ%cgﬁrdé agcg‘?aﬁ&{?éjloéu Cg%%rgﬁAZSOicsrﬁa%g}%e%I i kewi se

confi gur ed {aatimamnahged thastaatektiorcedeffidicnt of hipkbagd signalmp@Iferhe current
according to such time-varying relation j i | 530
and nar r owbEHee %‘)@Bﬁlﬁ?ﬁf”%ﬁ%‘? éﬁ&ﬁw%ﬁe{i‘%{rﬁ A %ﬁ%@gﬁ%ﬂ%@éi ? g??grr?ﬁ%f?tg%al
S120. [000 liﬁz}adégmqien@rm@hagit&ﬂmg hapéss abt indudomdaaydofoxsi seapleon FEFRA|
S80 and hi ghband signal 530 are Iiég}[é% t(%lbe sim I@rs. T‘{lggeq{te(%% ahout a
encodi ng a Yasheweay exspre phaichiaged g0t lengaf SEPRS BETREIF T Siband
si gnal S30 j i@t etk tHa80nd pitchdagi gnal deri ved
t herefrom %@h@éﬁﬁgﬁﬁgrﬁ&gﬁ?ﬁati on ggbi@gnal 5?2%1 Cor %ynt hesi zed

hi ghband si gnal S130) wil | ener al | be re efficient. than en in
k %OOISS]FIG 17 alsg shows an égcample%? another approacgi inw cﬁlwexgh He"9

factor calculator 550 calculates a measure of periodicity of highband signal $30 in




[ 000148] Hi ghband gai n factor cal cul ator A230 may be configured to
performgain factor calculation as a task that includes one or nore
series of WHBPMERE2I F| GURE 21 shows a flowchart of an ®KAMSRWNZEP of
such a task that cal cul ates a gain valye for a correspondi ng subfrane
according to the relative energi es of highband signal 530 and

synt hesi zegvbiaDduRR dinsd @dedtade] 3R .cutad keamé 20divind ird? 8 RukBbif lsatirentds e
energies of the correspondi ng subframes qf .the respective signals.

For exanpl &4 thedslay topwhichibe azﬁwrm@y%@oeé%ﬁww@aw isafeatifiet e t he

energy as @psuiofor LR SM@SA%eﬁme§metﬁe %toédh%la&i%ﬁ@%oi’xﬁed
subfrane. Tgsk 230 calculates a gain factor for the subfrane as the

squar e rooevest s¢aneh nangs balghclpdrsedetayof gheritchilps Kl doegneirptlede a deddy of
T230 cal cu%&&gﬁn %Ee gain factor WO 2006/ 130221PCT1US2006/ 012234 37
as the square root of the ratio of the energy of highband signal 530
to the energy of synthesized hi ghband signal S130 over the subfrane.
[ 000149] I t [&9&;:36&@ alesonditige, 4 delayrddraneriscepatractediex enpldng Bel at or A230

i ndowi ng. FaRar gk ERPALAEy Bl WL RRRRAL R RARRI A Wokiind

wi ndow ng unc oWs a
i mpl emrent atd constii2éh @ftingdlyrnlefaged frame.ahd vdlatlatorg taasbnid 2@EhtifgtkioT215a

|| i ndowi ng funct i hband 530 15
2bbl | o5 ¢ noraERdhd ratiion sotrne oo i MRl radd oo DR bRhERD {ode
S130. | npl ea®et Bid RABer2i2mat s w2giing factoa skeu2id0 85 (aeutcu2 A hacabiel| at e

t he energies of the respective vvlngfogs and task T230 ca%ﬁcfyl ates a
gdi n f act oiveiesiing Relos Bkl sl ayeragh ﬁWI@%ﬂ{tO%‘R afian PARHGeSs ¢ he

ener gi es. [Q9RdPRIthd f1f§'tiyta%§‘fo§j edhlsabr@nd. q@mhema@om Aok aAGt | on

t hat overl aps adjacent subframes. For exanp a w ndow ng function

t hat produedenlgar 50t Besbsgrméiguied o %ﬁéleélﬂf‘p‘fqn@EPUPﬂ cegilieiorly i iRid
fashi on may, Jﬁﬁh@ﬁ’vﬁ hd %Qf(aj&eﬁveﬁﬁe, gg ehéhn s B Rk Rt HainHRE \A@fgﬂn%ﬁ%@nes :

In one exanple galn ctor calculator A230 is configured to
apply a trap&koi daI wi ndowi ng function as shown in FIGURE 23a, in
whi ch the wi ndow overl aps each of the two adjacent subfranes by one

mllisecon b

function t g() eacﬁtﬁgaﬁ% de? 1?2\?/’%\@203&% ?@%é ﬁﬁ#dr gglgggt(ﬁ gl?cﬁo\s@gjgg% ?nrg%arsr%m :
O her i npl efrp&ﬁodtcxt@nﬁhl(ghbdmﬂgtgmahﬂﬁtgmlmmf%m@rhem wateacoef preigdicitpip be
configured _to. apply.w ndow.n ctiQ

peri ods an&edffmgeﬁﬁ ¥@F@’H§e gtg&l g B es legﬁl@n dﬁ%mﬁﬁ&laﬂ?}’ﬁ(ﬂ)xﬂﬁb%
that may beosjpurelts baiadlatern oot pe:ﬁmiﬁmtyldf hlgﬁbaiquabsaﬂ dzcerdfngrto an

i npl enrent ati on of highband gain factar, .cal cul ator 30 to
cont i gur ed e AJSYFR FRABTORECHIP c%ﬁi’t{w Gtent B Pt rpich zain

subfranmes whj RitResfolivai®, aNehedxatle, ﬂ'eifghﬁzﬁ'ﬂ?fa&t@r ba{mimdlesﬁ)ubw@geﬁedc@é
di fferent I'engths. [000151]Wthout |im tation, the fol| owin val ues

are pr esentedorsanguenoeletinepesaiion e nshband et s A grly dhde framo§ gl c
frame is a gb c?d&]]ﬁg/é &r%gﬁ aiglof ﬁﬁ‘ﬁ%o@ﬂ%d%%al)%ﬁ ﬁtvhlﬁél of%b!rebe

used, For sarrp ed at , each frame has
sanpl es. | fthfsnibfh(aaeﬂnamwky iabledit @i Qe dn ml@r f::‘ian'@l% st ghiing Sactr c@q@aﬂor 550

| engt h, each subfr

B GURe SRR BEpeito A bt AR g g B b berf RS oD
at 8 kHz, eagfes ha\aﬂgpdiaaﬂéﬁ&t&aimpmh nioﬂe sa.g:h)rﬂy fomwoicsd sigvdlsie dn smho
five subfranes of equ | engt es,
and the wi rfa% % T ?&fﬁ dRlep %"3&%‘} £ty lﬁ“’&g‘!f“r{‘g
ot her i npl eqRptBE frabs ha$ﬁxlgfdﬂ@é&r§ﬁue@fof @wcwmddemnmy ld3servakes ofpadh ini S
even possible for an

[000138] 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



38 inplenentation of highband gain cal cul ator A230 to be configured
to produce a different gain factor for each sanple of a frane.

[ 000152] FI¥RE3H28hows a bl ock di agram of an i npl enen®SE{USAOOEIB2340f
hi ghband decoder B200. Hi ghband decodﬁg B202 i ncl udes a hi ghband
excitation generator B300 that is configured to produce hi ghband
exci tati onys| e n QMR L AN AR BRI BT BRomEAREh S8O.
Dependi ngq%‘%&?ﬁ?%g%?gul r syg%nemhdg\;}?gn (_:hgi c_egg hi%hbar]d

exci t at i onmplmrentation oB3¢ighting/fatier ¢alpilasors)p ésicaadigured thdeterminmy medsutehe
i mpl ement ati.ons of. hi-ahban it ati d |

her ei n. T;IO ihc C|n§/°1try t()fi%éé)e glgtli rgﬁégfheﬁén oa?lg%’r(gﬁgﬁé}ﬁéﬁﬁflgﬁ%ﬁ%}g&%&%ﬁﬁﬁ%ﬁg
gener at or BaeQuikef irwaecighef dantenabapaitsesas thd fantiargdnod fekqeetcly tdstiven
generator of the highband encoder. of the particul ar coding system
Because ndP M55 Ogg@&%’raleﬁf’i r\f&eﬂ?enﬁ/fﬂng%ﬂ“fe Sper f or m dequant i zati on
of encoded narrowband excitation signal S50, however, in nost cases
hi ghband epo013a13om: igpheiataibnB3DRidoryd beetipi@dant B drocodipaiedeo
narrowband excitation signal S80 from nasrrowband decoder. B110 an
ot not | HEMGER Ao S BOGS RO DETORGH (i fete D) TR iR aTeter

encoded nahé awRanctha@x6lit 8t h@hath@ie)baRd@n thd pitch galnSMdRR abbthdrendadire
narr owband decoder B110 to be inplenented to include an instance of

ant i - spar s€megedigify erdrmeerCiti aslea@tbet Berrint fRpng ey AT PERINS

harr O\Nband?/ﬁéﬁalnh deBR asdoARAB 1 VALY Bid ihdibaRioh WP EnficRrefinper-8WR8R as
sg{xt hesis filter such as filter 330. [000153] I nverse quantizer 560 is
confi gur edwtightdedacien dakaldtiogh damdother exapplpaugivet Widicaliyois upedatihf s
exanple, tg - 1.0 i r [ Clent
transform ??gde? g@@‘%‘?ﬁ%ﬁ%@@%@%‘%@? %g}t {1%'6‘1[%!‘—%8% a(})éngét%gt of
filter coefficients (for exanple, as described above with reference

t o i nver sel000E4] it may be desiwhl for highband sxdB0owgenseatorgvididria sesedieler

Al 22). I n gther i t (W AL f.f t
coet 1 ci orfteaapg bR EOF AL AL s30T R chilng Oy FERUROh SBFIRE,
r epr esent agubsmasialle ugaffectedRy) therpyrtibdaabes oHvejghtinpdfaciprstdiS€8iasd $190 dn

B200 is confjgured .to. produce. a esi zed highband signal according
Lo hi ghbantebiiF ur SRR SIBH TS Com AiR P P AR
coef fi ci enfmoliewedshBing FRM:19 sBt £ nbidewhigatafacioe S tander td eedividash 8

synthesis filter (e.g., as in the exanpl e of encoder A202 descri hed
above), i tvates/reye sigeage oa BREhyr Slomagf AT 5‘%?83?{&%% ?‘Hg@i deriyg ¢ t’f’g‘r‘e
B200 to h : ; Sa416n §dcansfer function) as
t hat synt ﬁ%&glﬂgb??e??g?ghﬁﬁég&%%ﬁ%?}?geﬁo gonr&grrpl ifier) configured and
arranged to apply the dequantized gain factors to the synthesized

hi ghband signal to produce hiWhhanH <Pgpaf =$100(2)For a case in which
the gain envel ope of a frame is specified by nore than one gain
factor, gain control elenent 590 may .i ncl ude, | ogic co?ieig ured to

apply the yhem Waskofenoies hapaonie wsibtingacelBFi0a0d SV uip SO Hoise
o ndowi ng. PeidinReat s, AR afRy R RRaG AR e hband
Dl et At R e eodar B202 gt o cont rol el enent. 5an s
sirrﬁ‘i larly ébﬁlﬂ?ff@ma@cm%&ﬁpqngin&rqnﬁﬁﬁ’éﬂg?H@f"é‘%ﬂc’f?ﬂﬁuéﬁ VoiEhRg Btﬂffaﬁgg’z ed
gai n fact oksog, qqh?@%%gg?g%%%%ﬁt&% s3li@Pabonseit-SferbPraibghdrend

excitation signa As nentioned above, 1t may be
desirabl e txpredstoai(®). thee as impleweniniéon of veighting fistasalclatos e ingfich

hi ghband decaoder g, usl ﬂﬁﬂ I - / Ed fNsRdi ng) .
Thus it na&x%%sglé’leigi%r]g ?F’e?‘@l{ercli ’ @P{%gldl nggzéﬁlta@?n&ééé‘?%%gﬁ%ﬂt t!(())pgbch a
i npl enent afioarboat Ehsudbeut he, mdngpistl atleesffor ndgrwegpingdasigr Hidi0genge

eampt o, R bR TR b GUReI AP BTE D AR D0 Ry Sl fitar 550

may be configured to operate according to a version of expression (2) that is modified



[000157] As discussed above with reference to, e.g., Fl GURES 8 and 9,
a consi derabl e armunt of periodic structure may remain _in th

resi dual sYg@A¥e13¥2Lr renoval of the coarse spectral eﬁ\?gﬂ%@ﬁlp}%ﬁ
narr owband speech signal S20. For exanpie, the residual signal may
contain a sequence of roughly periodic pul ses or spikes over tine.
Such st r uctttopdingvdl £desired basplingaddiyhting/batvedn hanpinically exenddpameg 169
likely to occur 1n voiced s G signals. Calculation of a quantized
r epr esent afP Woﬁ?atFﬂéoﬁ%FlﬁB%ﬁ residual WO

2006/ 130221PCT1US20061012234 40 signal may include encoding of this
pi t ch stru¢somsljRcened inﬁlig' dcBurdln ARgethesiled kgsach §igﬂiamv\ﬂﬁﬁ ln@gired todeBsdlk
represented by, for exanple, one or m;re codebooks. 000% %lla}l'he pitch
structure &PnEHhosE ERIEPS ?féﬁodﬂ%{zergl‘@]ﬁ hﬁ%liﬁeﬂﬁfedrﬁf’@ﬁ lefedho@rantendei t y

model  exactdyfesefifiorfsaAP}Bidubin @dd@&o@%ﬁ&se%h&%bur%é@ebﬁﬁ& Walen gl |
jitters in the regularity of the |ocations of pitch EFL” ses, such

that the dinstreyieand signelie ercoded ateslombit plet é\ﬁtlﬁﬂﬁﬂs%l@eﬁi RY gogehaplesparanc bt
exact |y eaipl o BB MRsSIENEIIE nlcindBlcuittiol Ry gb%gy%%% HRE88e the human

|rregular|t|e to Teduce coding effici Sone
i npl enment atehos bcﬂterMaIerreWbamm at higheiefireqnéeies athesegomfacty mag detentper f or m

a regul arizat.io t h structure by applying an adaptive tine
war pi ng tonf)hcé Elg Hﬁg’l‘ hg)%?%re or during quantization, or by

ot herwi se including an adaptive tine warping in the encoded
eg/m tation {m@ﬁajﬂmlﬁdimmtaimph@; irgplemerdatican obldghbard px¢itation géiegaieret 000

| ect or (%%at%ervm S %gu%géogm%{l rge%eé%f ég ﬁg}ﬂﬂhﬁg 0B b ok

according t uat wel gh /or error
m ni m zat i Qilegedn b4 mipleamhatiohaﬂwltzhﬁ hfgﬁbaﬂdtexm@hengeﬂtaﬁtnnﬁi%@ﬂ taal

optimally fits the npdel of e i clLty riza

pltch st 1 udPIFdeS AR appiEGTeRess fﬁs?g 0 il et tepataredibas
Rel axat i on &oiiof%zhiigfodicB@BY inReRE fedntitdt 46RCEICRYRE N0 @H@#Sa block
[000160] An RCELP encoder is typical Im configured to perfﬁgrb‘%ége tinme

war pi ng as d#eraaaptn Wl?m%aﬁéﬁl*ﬁmﬂﬁ ighpydexeiiation spgratg
ranging fr q &ﬁdefs%ﬁva{ﬁ'l E%d:feﬁemﬁér @@(géﬂfdnéé‘d ﬂo(hh%r fre\WpBidally s,ﬁe@dya%lgm

positive, 'S us y varied snoothiy to avoid audib
di scont i nui gro@sed bysotmemieriehdaretOft FEASRE () ghovegp @ﬁ@lﬁ)@égfai@f an

configured .t Clﬁ1 %elﬂgeﬁLa}QS? Rgléggfﬁ %iﬂé%&&&ﬂoﬁ E%n%ra%rw 4 nfmg&cﬂe's 9119 antt-

wherein ea I'S War p y a correspon I xed
time shift.sphRer@id@itericOpaaamptiat fibershe mmp;t@ﬁcmdlmnené@octopfngmlaghhaod

ly th | t hat
afrane or reg%%q Pl T Do SRt Gt Atk R e R o tilabl
(I;al I eg\p aI pi Itlég{nul thgt%g%}%gg% %gﬂgfbss;?ﬁﬁy AR En{e@tagons mm@é?.dtmeﬁth thT, uU. S.
. u e enc | gur e 0, | ude
241 e war peAgEe A T GReSTERERE K3 L gh a0 TS freaUH T A TEHPY
tO a perce é:dg&?ésh aWelosdt %d-%%k%ne%b%néﬂ soohiady did BeSR@nsa Wlie Yheatemt he

encoded excl atl n signal. [000161] The encoder cal cul ates an encoded
excitation sitepdeat A%%tfonegamplgmfmr ﬁlz}e@lf ighelermerint1G 840 BRgdh¥Odecoder

dequant i zes the, en 4Rk P 1 RRL AR @sef@tépmo%a 50
si gnal t hat °B° |§%1P§e’§9€%gé%?hfégéz)@ Sﬁlll‘e/ gecoéeéﬂp ecﬁ sig }pﬂ
decoded be used with implementations of spectrum extender A400 that perform spectral foldmg,

spectral translation, or harmonic extension.

[000143] Anti-sparseness filter 600 may be configured to alter the phase of its input
signal. For example, it may be desirable for anti-sparseness filter 600 to be configured
and arranged such that the phase of highband excitation signal $120 is randomized, or
otherwise more evenly distributed, over time. It may also be desirable for the response

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



WO 2006/ 130221PCT/ US2006/ 012234 41 out put signal thus exhibits the
sanme varyi na del a% that was included in the encoded excitation S|3gna
by the regiPdt2¥Eton. Typically, no information speci B§riG20p/a12234
regul ari zatl on am)unts is transmtted B9 the decoder.

[ 000162] Regul ari zati on tends to nmake the residual signal easier to
encode, whithfiltanp! Sgredistriveagodiatdy deinped. rooné Senlpd) gnti-partdpeedilet 600
and thus boosts overall codin ffICIenC neral Wit hout

gener ati ng I%Wﬁﬁ?nﬁ%’?%faslap aﬁ?ﬂ?‘s%fél Ry nsf% PR ArRordins fodhs Pllerde
only on fraspssdidiat are voi ced. For exanple, narrowband encoder Al 24
may be configured to shift only those frames or subframes having a

| ong-term structure, such as voiced signals. It may even be desirable
to performregul arization Y= %tb?ra@rééthat i pgl ude pitch pul se
energy. Various inplenentations 1@»f0’ECELH+cm@g fig are’‘described in U S
Pats. Nos. 5,704,003 (Kleijn et al.) and 6,879,955 (Rao) and in U S

| pi ot atPHAECE ACED RS AT H G TCY Fe “ERRAECH P Bl ft s

Codec ( EVR@b,lomsr chdsattiabedn ohly bgk@Gampuii cat i ons | ndustry Associ ation
(TIA) 13-127, and the Third CGeneration Partnership Project 2 (3GPP2)

Sel ect abl e Vocoder (S . 00163] -Unfortunately, regularization
my cause 6{)@%?1%%%8? 03&%63‘#3’03 neSH FErSY va%/f&ﬁ“’?ﬁg?é{’% o
exci t at i on ks sigedls,widd the msidugl Reolaoskaeks rpam iﬁ%ﬂﬂdo@&ﬁﬂ bRb FRpsecy Al

(such as wi deba g‘c\?g der A100 and w deband

a.s stem inclu Dg
speech decod gr‘B‘I’é(‘)‘?‘se Téareﬂe?istt@l %@lcﬁﬁes Videate
signal, thexki#bBRandosX &rhdtrh&res hmaheewphésem@hbﬂ 2%@{13@ nalbﬁess
proflle that is different fromthat of the ori gi nal hi ghband speech

si gnal . | n iveieed sigadss Thupi npaydistsigpisrbiode icoafiguemanii-gnassenesp Flterf90ltonger
be synchr ongus \Wotddd Ei%ﬁalg b o Aks Aw&gtgsgﬂﬁ @@%gnﬁé gabyr 4090641 A

m salignment In tine tween the band excitation signal
and t he or iiverkd kigedibem chapaeiteddygriaw pﬁdygam(cs@ qsmpéharmwjiah@rrs

For exanpl g, l%tg’% WarRed gl n)ganla%ng %?h#géé% an%z ﬁrst eflecti nco%ﬁﬂlept)

provide a sui ™G0t E8VeEXCit ati on e3|s
confi gur ed tmemiche n@zdro ot pasitivel indicathag mpebteai snx@m;reanite@lﬂaitro@ nitéhe

ori gi nal d. speech sjgnal t he synt hesi zed

i ghband (BRI Wy csRR e HORar b1 Sykel it S Buvetsees il
perce| ved %@'a&édﬁnﬁéur&d]ﬁa ﬁl%@@ﬂﬂﬂcé@s@@x&ﬁmg Sé)ﬁﬂaiaatéﬂﬁ?ﬂie va[&Q@ﬂh@] The
m salignment in tine may al so cause | neffl ci enci es in t?lgpl n _envel ope

encodi ng. Aﬁe%h&ﬂ@owefdteama%d sopngdpyvhen the pignh gain is brlew2 hsskeld yglue
bet ween t hg,k&RQER! not greater than the threshold value), and otherwise to pass the signal

without alteration.

[000145] 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 L TP 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.



42 envel opes of narrowband excitation signal S80 and hi ghband si gnal
S30. By encodi ng the gain envel ope of the highband signal according
to a relaﬂygﬁmﬁggﬁébn these two tenporal envel opes, an'?ﬁ@#%%@@ﬁ?ﬁ
coding efficiency muy be realized as cggpared to encoding the gain
envel ope directly. Wien the encoded narrowband excitation signal is

regul ari zeqo0g146RRoe ficcutatd SpRANEEInAlritiR end8dedRBecoR sigeME malite deszrable for
m salignnment in tinme between narrqowhand excitation signal S80 and

hi ghband si®BmaHo Batyesmipe leyglseof the uehiband grknaugwapirerartions ofitkayamasizesd n
factors S6QRqemndsseed ﬂ%‘xa@fsfw(ﬂo%%f@)fo H0R thd &@g%a@%de%q@@ﬁge B8 \ighal

i ncl ude net hods of w deband zgeec encodi ng that performti war pi ng
of a hi ghbat: érp@@éwnép gﬁmctr BOEPPHEs representadhy hmb@mhgomm&paermwn a

correspondi
advant ages Sro@ %ﬂ%ﬁ nﬁg%{:% ncl uaﬁ%cclo}1 Lilr‘?&r:té’ é‘tjaﬂza Igg%gbggn%}esggded
wi deband s ﬂ:efe:pd:mf?yngmahmamd! mrgalm@welwpm gAs Stevafif FEGEREVL 00highlnmhr£ l&gccaler

hi ghband LE QU 5 hl ack di f
e SoA D R S AR e 25 302 B B B AR 8"
i ncl udes art;alctmte&meat ﬁbtwgmﬁﬁ%r@éccnﬂrﬂgamwdim hihbend $igdal 630

encodad narh BRI e R STaEe] Sl 6Be: & BsfrarhRoIES RSP Band
encoder Al ZefiRy 0@@1@@@6‘@%@&!& aderaqmﬁd:hr@gmégomﬁ ti@RfedfDNEotBér t he RLELP
i npl enent ati ons di scussed above. %{00168] Nar r owband encoder Al 24 is

:1{50 conf i gipiaengtionql hishhanpdenspdstiA2aei ehtyat gais calpalrtospzel raybe
eci fies UfiRwiedbstuta tut ARl Mshdd @cp&&wu@ﬁc thg%n\éﬂ{r&@#bsac@&%ﬁ% thN
whi ch narrowband encoder Al 24 7 s confi gured xed tine
shift to easbhi hmnﬁamngsr@btm@h@twecre@ahWﬁ zmmloﬁ?vO@ad aa@wmﬁ eRptEGoRray
include a sg h time shift anmount as an

i nteger or r%la'?%r??%g %ﬂgﬂ%\&ﬁéﬂg 13%%Csarrpl es, mlliseconds, or
sonme other tine mcremant For a case in which narrowband encoder

Al 24 is codﬂﬂwweﬁ@nmh]wﬁlspesmmﬂn‘rwbm@ ex¢irption sighd S8 and highlandor
other sequence . ' Q (3]

expandi ng. anoeher BEIRIERy by Rer e BIIPRORREs PR BRI y5m
may i ncl udea mlation bﬂﬁf@@ﬂdgﬁl@ndegaﬁhSﬁDlaﬁﬂnﬁioWHmdmdiaﬁbm:aighairSBOscucah as
a set of functjon paraneters. In o rticular e | e, narrowband
encoder Al Zsagqaggegggeﬁ o ﬁ%choﬁsxhl%ﬂ@“? PeUFHens Fﬁ”@fgﬁbeoé S?ﬂgffsfzﬁﬁgs and
to cal cul atiggmbahd éﬁgﬁlsﬂﬁ@ Wil Igﬁaﬁerﬁ@i bERER Bidiér: Blaf@ncligdla fdidtnvelope
regul ari zat on data si gnal 10 indicates three time shift anounts

for each r epsedenlyephie stgmak $R0- dp @ SERGH HERIPBRIAHRE- Rishbapd encogsr

[ 000169] W dehand .54 feﬁt@@ﬁt@gﬁ[ ﬁ@ﬁ&&:ﬂ@x%%&h@to@%l&ﬁ)ﬁbté 8t dgtdfles ﬁve
configured to advance or retard portions of high d speech 'si gnal

530, accor déamyfaciorsdfet eaph frpgnt s i ndi cated by an |nput signal, to

p oduce ti me-war ped hi ghband speech signal S30a. In the exarrpl e shown
in FI ARE 2 og%ﬂ%hﬁana 2l 300t SaGRRE AHeRtay ) doniBurs@ EPpdeahRand
speech si gnal ccor |n to the warping i'ndicated by

regul ari zat factor Mt@ngmaltasslﬂlalmcludns enecy Ireae PREICS Ofﬂ@ta:‘ewlﬁiﬁml of
time warping tha uded I

Si gnal 550 TevaRas“ER| Hoap f Gl RO P AL N M ACHARE AP for e,
speech si gnedrebiading ofeananakysling toﬂietfalat]gﬁheﬂetgm g bl sgmi\hSBQjaiday

i D120 . .at |, L hi,ghb A200 h

| ol ement at PERES G GRS SE0N 2P s T AAd a2 e ErRers G R LR
encoder . [ 0Q0{iHnbiAG lsisiarh ¥R eHERR Eih\@'bﬁgnﬁf Fhahhamtt, eRrROzE aﬁ@@iﬂ)brmy
be configured to performspectral anal ysSI s f)*%'ﬁéﬂLPC anal ysi s)

t he unwar peerahbgeardigered predenla fiemers3es Ay e $a8FS AL the s mpis B??Wﬁ
of hi ghbandxgg}gegﬁ\?&uﬁ gne! TR0 dé% chchafé@B‘lébEB"ﬁdt ofthe Qﬁtﬁﬂ%‘”ﬁé ﬂ%qﬁare

par amet er s Suc an encodér may Inc or exanpl e,
i mpl ement at foohofthe thEb af thosmeneRES0 Inthiseewle, @Sb@ﬂﬁ%ﬁmﬁlﬁés Bbﬁ ﬁ@l‘l factor



[000171] Del ay line D120 nay be configured according to any

conbi nati on of logic elenents and storage el enents suitable for
appl yi ng t@2¢€dpt:2Y time warping operations to hi ghbak§T5amem12234
signal S30. For example, delay |ine D129 may be configured to read
hi ghband speech signal 530 froma buffer according to the desi red

tinme shift s thelsGuErcbar thes of tseaeryior biglbaursamaD3GiGhe dfrgy o
Line D120 that includes a shift regl ster

i mpl ement ati op D1 I
SRL Shift F%F@{Z@éﬁg%aq%se 3hotFeevepthe setEEMeengt h in that is
configured to receive and store the tit nost recent sanples of

hi ghband s 16649134 gapbe &30abid i WEHDHRT dain FaStop BAla1atbPABS0 {o%scfon%g\ﬁecﬁ um
of the maxi NU%']‘JE%SIIIVG (or "advance") and ne!gatlve (or "retar

tinme shiftdlfar ﬁbW%enngleWOIH@gé%ﬁ gﬁ”@?“@heﬂ@fmﬁ nto

be equal t r | 0.
[000172] Delggyﬁleéll AR o buch cifenithiBUb T2 AT pd;‘ft(aj n b8 ?‘%aeﬁatﬁ’l“% T2,

hi ghband silgHal21Saeapliss sindovwing lmctwlotoamghbﬂnct}_lg@ﬁ Sémamﬂ taskgl’?ﬂ;ﬁ‘rer SRL

(zer o ti me ORgp I Bt RE Ry ek 3 By B FB S0 P05t o™

by, for exdmplementaggusldpa am:t 229 od &tsks 230gnad 25D chﬁ:ula@%&)«mérgﬂ@eomaz

be 44 f d d | f
A or nat 1 varge PR S R PR E B o b e el o7

shift may beuapefobosiiteeiratin o elergiet i on than in the other. FIGURE 26a
shows a particul ar exarrpl e that supports a |arger positive t han

t i t b f d t
AR D S S Yore e L s
exanpl e) . [sﬁlﬁ‘ﬁhin?e@] Forf eghipRy b Hasdowing fufgticehhdt tprdiavésngirofasRenilitid@apf

nore than fe Ilisecond caus udible artifacts in the
decoded si §ﬁa Vi QY eF P ¢ %%@Hw PP reduce. e AV dscopidppityibgiveen

shift as p@ﬁﬁf&ﬁﬂ&dmeaaxmpreouvgﬁxsm%&%@&& cﬁicaﬁtdﬁnplds'o nsoéon@gﬁl%ﬁ% SpleW

mlliseconds, such that the time shifts indicated by regularization
data si gnalt@przoidal Windgwing fetisg as Flevia FIGUREridg. ipevidelsthe sdndow such

cases for delaysbifes %Zc%otaaj\?@&lt%grgfgp%ﬁ %g dnd ﬂuih OnE ﬁw AL €

on tinme shifts in the positive an ative rectl
exanpl e, t @nepisrijan of this yimdawihg frinctierarathheftthe ﬁnmmbﬂaﬂnys d;ﬂve@O—

nar r owband 0 74 .26b.sh EITB.tI o}

an i npl erren %i&%ﬁﬁ% % %?I‘?e e gle%él fie Dﬁfﬁ gﬁﬁ%’td %ta%%alcul% ‘%3% may
wi ndow SW bk nortfieugedax appily ezmddvﬁng)ﬁ;smﬁammaﬁﬁg diEﬁ‘emt ovedlap peddsGhd/of
limted by i, f vvlnd SW_ Alt FI 26b shows a case in
whi ch ¢ ho SR Nindest SRR 8- e i e D e P IEHE 84 nclow
SW del ay lakyremédiddd. Iﬂié/al@d) H65se folRh BiMath&atfd R highBind 2én M@t h of
shift wi ndow SWis equal to_in. 000 }fl n ot her inplenentations,

dél ay |i ne cigglator éi’«%wrhegcaﬁ@alrﬁé W%Yéil SyERACEHS bawstisnsgadiffamy t o
a buffer acegtgid gmm éﬂﬁmel @ﬁd]&%x b EBe nbiude snlﬁk&%oﬁ&fﬁﬁﬁmn%ls

schemati c di agram of such an 1 nplenentation D130 of delay |i1ne
that includes two shift registers 5R2 and SR3 configured to receive

and store m%éﬂ?f@t@éb@ﬁa\%@r@ Higl folmping palpepare prgeentyizy examplenfor gur ed
to wite apbfang: { léhg?lftz&i%ﬁ? Ix%”ihﬁe'e fﬁfaEne 1?&'5@5@({ fo%gé &s?%'alftﬁou

register sk accor ing to a tinme shi as i ndicate P exanple,
r egul ar i zatthendutaticn IsasgbialllseaDEGraﬁ@hﬁmdsggalsmpleém‘z? kIsIz,cn@cﬁ frguu:hed; as

a FIFO buff n out ed_ .hi
[000176] I n tgsa?na%t %ﬁiﬁ"}l%f r\’i\tnm@li"g %ﬁéﬁgﬁg’gﬁmﬁﬁ% ‘?’18 |ster
5R2 i ncl udesbfaanier\mﬂmmwm ermplé)sr Tand)tme FBidoand showheirfIGAURE 232 Wil 42N

DB, and shift te includes a fra uf fer portion 1-132, an
advance buiS?IEPle ’g’rdfsi 5ﬁr955§% W@*ﬁﬁﬁp&dﬁﬁngf‘%? g”r E‘F‘?B{]6 l%s ft
| engt hs of saghviahesis Elﬂlrfuie@rmtﬁ%\r@@gbﬁﬁﬁe%rcﬂe feﬁ %cﬂ&)bf%e&%@l@!ave o

one nmay be | arger than the other, such Iqbeater shift in one
samples, and the window as shown in FIGURE 23a will be 48 samples wide. In other

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



45 other. Delay buffer DB and retard buffer portion RB may be

configured to have the sane length. Alternatively, delay buffer DB
may be shot PSP retard buffer RB to account for a PCREISRHEBI2IH
required to transfer sanples fromfrage buffer .14131 to shift

regi ster SR3, which may include other processing operations such as
war pi ng ofimpl‘a-,amﬁmm{ e&u@lﬂfa@d gaistcalcslger KA3G ki HetconBgirsd ey prE&RRe a

[0001771I he exa °:tf RE‘ﬁzg frame buffer H31 is configured
to have a4 ‘?{81 [P %{Pr Be? SPOBE AL Pame of hi ghband si gnal 830.
I n anot her exanple, frame buffer FB1 is configured to have a | ength
equal to t[MlSﬁIPIGD]RESZ!bs‘}:ibm tﬁcklﬁli@hhﬁﬂﬁ:hxﬁhgsmmen&%ﬁn B202 3ﬂﬁ1@h1§aa& e,

(o5 an deeanayd, dieatdsedider Babd nchide penpar Gri e BF Berbernad
Del ay |i th@lﬁ&nﬂ@Me@k&ﬁoHﬁ&' tugi@;aﬁ@mcﬁaﬁc@l SPMRT S %aéd@ﬁneﬁfo%hﬁd ame

buffer 1131 with values to be overwitten in retard buffer RB or
advance bureigtionsisnsl$el- Mepenring exappraculaniveiem dogies cheicsRyehmpdpe

confi gur echglgauog%&&e\é&o VBbaPRaPhe 1&&3@&1@&% 2L SRR §§19y mhé/ms{ 1&@&&{5%3

buffer 1131, and~in suc case de i ne D130 I'ncl ude 1 ogi c
i nt er pol atd h@hbmsisexgagmn@nm@n%%mw@dhmmﬁ picagy ffis émrsble to

witten t (?l S I f ! t hI r eﬁ%&%;{()l[%%? g!:lﬂ:re%r%b() t(grﬂil\%r{ﬁéléﬁg&é r%&)%nsedﬁlt line

D130 may ber con to per g operation-on sanmples from
frame buf fléghteii e;tmﬂ:ﬁmxmgmxammg thethéghbtral eziuodlar of élgl];rﬁi‘t&nlasaﬁin@gsmtem

according 1o a funct e re zatj on data_Si

S0y &' [ odkPade ST e EL BT Eep Y wh P AR E R e S e Bt R B e o
time War Pigrotvbaid dx8itameibnans50) ubwéver, iDnokitt@ndsintghbatdexcithitonhghiog
specified %/%regul ari zation data, signal shows a

bl ock di ad? trgeaRshiP SCPOR ﬂm@%?%&%&g& ﬁ&“gﬁgg &¥%ncoder

ADILO t hat ﬂa%wgfﬁﬁde@o&%mm\éﬁa H&arﬂaﬂm&d@&rﬁtﬁve@hﬁmuy@c@@ﬁgﬁm@r D110
is configured to map the warping indicated (i_;el;egu arizati on data

si gnal SDIdoqnaitise ereppetnatevdypnd srdiatorsiehS Sl ylsoneesiPeder i s

arranged tg n Q,Eg @P@ {5%%85 I'ng
to the warpi név%%c%gé%&?%ﬁ@wﬁgmgﬂé el ay vaﬁﬁﬁ% Z‘E Og 6@%&%#
time shif tfileppdod emlad@gzd tdrtﬁltaraha'@queémw&anmlib@omg@:bbédmms

evol ve snoot Ther are pically sufficient to
conput e tHBP‘%\} 8&150‘?5 afn?% g%%sr?lte uehygs ?‘%telg%alp{)»rll ed to the subfranes
during a franme of speech, and to shift a corresponding frane of

hi ghband sﬂﬂﬁ&lﬂ?'] Imhgna@uzﬁiﬂﬁereﬁéﬁ ¢r dinfigurtdtot deisardive hmhband| fiiteo pgawetets

cram e S5\l ELLE TR0 U8 0 KRV SRUL B9 g S 00

D120 is copfbefpued th @rafgipiny tHelTESFs 4o a set of filter coefficients (for example, as

{ described above with reference to inverse quantizer 240 and transform 250 of
narrowband encoder A122). In other implementations, as mentioned above, different
coefficient sets {e.g., cepstral coefficients) and/or coefficient representations (e.g., ISPs)
may be used. Highband synthesis filter B200 is confignred to produce a synthesized
highband signal according to highband excitation signal 5120 and the set of filter
coefficients. For a system in which the highband encoder includes a synthesis filter
(e.g., as in the example of encoder A202 described above), it may be desirable to
implement highband synthesis filter B200 to have the same yesponse (e.g., the same

transfer function) as that synthesis filter.

[000154]Highband decoder B202 also includes an inverse quantizer 580 configured to
dequantize highband gain factors S60b, and a gain control element 590 (e.g., a



cal cul ated average to a correspondi ng frame of hi ghband signal S30.

I n other exanpl es, an average over a shorter period (such as two
subframes, WOrR WAL a frame) or a |onger period (sucKCAIISEARE/012234
frames) nmay be cal cul ated and appliedzgln a case where the average is
a non-integer value of sanples, delay val ue mapper D110 nay be

conf i gur egndiGpifed YranpliFRrVanbiguled atdarAigederapplythedequintimiphie fadxet ar e
outputting it to delay |ine D120. [00(}11%%] l\?r,r oéﬁlrb,?fw(? ﬁncoder. Al Z%may
be confi gikeetynthssizesdiighhand sigag) e Brofyceiighvapd signa milPY- 59T af 23R -1t ger
number of E@ﬁ%ﬂ IoBe bP£ 5806 Q0GR hPHBANH eSS §2010r, Fafitdhiroll N
such a caée, |t&r§r§1§@%e desi rabpgmf or %I)el aifM ?/al uega?r{agpef%%?lo t,?:) be

conf i gur ecleament 5ray ineluda togiedsaiiaued Feapy the gig faghors it %&Spm%er of
sanpl es ar}sgbifré%%esg és@i%})J dggcgrdgfgég Bﬁﬂ%ﬁﬁﬁ%ﬁﬁ%l{ ARHSAd h8BuRd Ul 1O

hi ghband spéec gna ome I npl enent ations of
w deband spieeit vendodeg fuliclion as dpplishypd gaiy calenlaior @fe.Taghioewband speech

signal S20 and hi a speech signal,.S3 di [os : S,
el ay val GECHASBAL Ao ay SR g Pode eyt ot iy fpoReae
anmount s i ndétvahedecblerB20A! gl Z@itioDeletleait$o8 iguimilaBDidhfigoredbuosnt for a
di fference between the sanpling rates of .narrowband, speech signal, S20
(or nar r oviFEREEdEREFAI4P PBﬁyél??g‘#g}‘a"é’g 8%‘5?‘4??59%%8‘”26@% lt%’ioaglﬁlalwo.
For exanpl &g feb RyhbabuRcilBRe%nds1080.my be configured to scale the
time shift anmounts according to a ratio of the sanpling rates. In one

particul ar_exanpl e as nentjoned above, .narrowband, speech sigpal 820
P sanpl dOM BTA Eomignad Rb ORI Op CERR O AR D PP ST EA ot 7
kHz. 1'n t hi;SmGas ncods! AY HYaibbed ARBRS e R18Pudiss eapbitied eduésaiumat i pl y
each shift amount by 7/8. | enent ati ons of del ay_val ue rrar{)per D110
may al so baceding) JhteH may iE0lR 18 3 CRURE SESIM ATOBHRE R UEhEL oget her

With an | ”%@%én&ﬂ?@%%%ﬁtﬂé Sl 12 cBfsbbn@NEAAG BACARS! Ml @baRD

descri bed rern. urther 1nplefrentations, delay |ine D120
i s confi gueseitation gehdratovs A80GadiB3P0t Fer exameles bighbangfexgittioy gENeHHOBSt her

sequence of I . Q.0 I i W9

another - poft0GHR ERgIT sikiramiboRATRIAGT G o8 Renfiatd B, BRCLEKBRRE

confi gur edpdig: et i8 4 deerfrigjsticafuhataniof infarmtivd alrepdy ¢o ® theamech
@9 ialrepdy codedt within ths

as a pitch contour or trajectory. In h cas I i dat a
si gnal SDI BARa{E-§-RARFLe ‘ﬁgﬁ rr"@éﬁ‘?fﬁ&f ﬁjé)c%feas oftl?%‘ﬁﬁlg%% d{(ﬁgﬁéoﬁﬁ%ti on,
such as a ggtovan®lREBELESnal 850 ofi€p@iion the@oD120 may incl ude |ogic

configured to warp frames or subframes of highband speech signal 830

according to the function. |In other inplenmentatiaon del. Y .
A P@@P@&f;ﬁ%@{;ﬁ;ﬁgﬁgﬂ%&% %%Y%E;iﬁt:ﬂf
unction 48q i - isp et qaiughraiio r by
delay Ii negD@fg{.)’ c{r:g!ra@e%ﬁa&?n%% e, ! grlegy_glal ue mapper gll(g1 Be a
canfi gur ed exanpalsed agwEnEEs oY hesrafigrardlp 5915?&% 0 E&%}Pg?%d& PHs PR

; tPon, : _ S . o bishd
unction ggg@%ﬁ )t/h\g?hégeduﬁ%gl Gi2h Bk dAw iR a0k FEAEM #8 n are

then appli I ne O to tinme warp one or nore

cor r espondichantlrardies inthe bighbruhebennsi. Suchiiasiaiays &adsnllyipgvides Gsgpased

[ 000183] FI GURE 29. shq fl a rhaiks thod 100 of tine

war pi ng a KP ﬁ%ﬁtﬁlﬁlegc aeéﬁe%ﬁpﬁl\r{l\%%gé%é&ﬁﬁ%&?o a (tn%[%e war pi ng i ncl uded
in a correspondi ng encoded narrowband excitation signal. Task TD100
processes §00014Ehsntiscsped abowiwjtialeferance by aign Féﬁﬂ&ﬁﬁ%\/\?@éﬁda gQpsiderpble

signal and a hi ghband..speech signal.. E be

confi gur ed 3§UFEQ tpg?oqlﬁgt ‘H&Hﬁ%cﬁ&g%%ggﬁegglégna S?%ns?li %%éfé %i I t%{m%ank

havi ng | oWRasse aRetrdlieg@sStdrh hivesehand spdeciasigeal SRApFermamale] G residual
filter bank A110. Task 10200 encodes, t he narrowband. C i

into at |easf§nalame-5h%0@erélaaﬁ%ﬂu?m§§ﬁﬂl%%ﬁe?8 SR8 %frf’gﬁégﬁ‘?f?m%l %?91 ity
of narrowbanddiel ffich RAG BB Flefatedid gien eosipetinBriiebandaeeidietd on

signal and/or filter pafameters may be quantized, ﬁnd th enco%e
speech signals. Calculation of a quantized representation of t ua

e narrowband resi



E000185] Task TD400 may be configured to performa spectral analysis
(such as an LPC anal ysis) on the highband speech signal, and/or to
cal cul at e MO3%6A3@AV el ope of the hi ghband speech si gnalPCTi$2006/813234
cases, task TD500 may be configured taoapply the tinme shift to the

hi ghband speech signal prior to the analysis and/or the gain envel ope
cal cul at i crgnal 2y iBC06¢ GRO2DERETILISRA QG EGDLR A8brdi8g fDHNLE of Brigasrm

i npl enentati.ons, of w debg&ﬂ) s)ﬁ%ech Pgncoder Al100 .are, configured to
reverse a PETRERERS STIHG CBECY otth SFPRS OFF S P8I COFgRks 5120 caused by a
time warping included in the encoded narrowband excitation signal.

For exanpl[@)01681Ghbaitch sxehirabf anacgehesidtad sigh200aymyt nhech thpbaimnsigd t o

include an _inplenmentation of delay l.ine D120 that is configured to
receive r ‘?Xiagtg)f'i%ﬁeﬁ?ﬂl es'gaﬁé du@lﬁﬂ%"“‘ﬁ@%ﬁ‘ﬁ%@ sy ffes @ tes SD10a,

and to appéguldicg 6f the feansHsng tHepiRh $lsds, SR Mt te difaltes bAWBANDccessive
excitation, signal 880, and/or to a subseguent signal based on it such

as har moniPEal Pyisesin 8 Hawlg 48§ potaractly sauad andhthg laatere dxeqtaaite waulsy. ghhere
S120. [ 00QA&ffarfikt fhE ko MudehathSpReGRyencoder i npl ementations may be
configured to encode narrowband speech”si gnal 320 and hi ghband speech

si gnal S30 ind&%gnde_ntly from one anof her, such that hgtghband speech
si gnal S3800MS2venedmplssncatatiopy elrerpyPIngsnetden Al 20 assarafisysetior al

envel ope apgody E'h%ﬂﬁﬁﬁﬂio%&&&ﬁ%oﬁ@ﬁé&t&%& aﬂpﬁyﬁag aﬁ'ﬁd:%?gf@!? ggg%%@&g{b may

be configured to gerformt.l me ‘war pi ng of “the” hirghban

S i><gnal . orthq rgsidudd befarser dunal gyentigatiqnger Wysothiréeinclading srcadpdvettinghband
excitatio L. I QL r L I i

b S T A L R S
exanpl e, tchefigvirghtbaeldctenotderisenaicilaie b deeaof warpingie itnat(¢.gnawbrdie ay

| i ne D120 ,and/ or del ay val.ue. per , D110 as described herej at are
cont i gur edb PE St pErte il PR Gh o s R ASinh P onGiigh B
Potenti al resitmgteaciesion kigauicdptiaiile pieytad notelioh Wngdemiprdeitli ci ent
encodi ng Qf the hjghband resi dual jﬁ%r}%'l and, a better match hetween
the synt he$BFREZAVAR CHRBHIERES Hiogh _ bgﬁé&hﬁ%ﬁé%@i’@l}%ﬁ%éﬁ%@é] As
ment i oned rapQVGon CHRAUNBA L F1e85PH@8EH RE®IPFERIoBedsNCl ude

i npl enentations that may be used to perform enbedded codi ng,

supporti ng conpatibility with narrowband systens and avoi ding a need
for trans BNIE&A@SEBP@?WF ity el oRieBr o maLform Ui tisker yaepipg as an

di f ferentighsi@fnd HFEITHARIS sRELNBER zp&'lz{%z%an%“ﬁ% 8RlaFewdRHIsE&Ids

and/ or networks having w deband support wi'th backward conpatibility,
and t hose negativade afew eilbsarandapnstive. 3o itys usaliy vaiedisootiliglesand codi ng
as descri - her.ein. al . .0 i t i ni que
For supportr b i eRitess 53 QP e EerkdlofiE al A ) orfuctid nBgh BT
accor di ng dpplyshctegalarisatioodn apirtewinyfashipp erheregoeich dranfe dr sa@fuerdy

cdnponent s [rom, | or exanpl s ghoul s 80 06 d00, HentRad B AROUoden¥ 8

configured to apply the regularization as a continuous warping function, such that a

frame or subframe is warped according to a pitch contour (also called a pitch trajectory).
In some cases (e.g., as described in U.S. Pat. Appl. Publ. 2004/0098255), the encoder is
configured to include a time warping in the encoded excitation signal by applying the
shift to a perceptually weighted input signal that is used to calculate the encoded

excitation signal.

[000161]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



49 differentiation nmay usually be derived by a human listener from
the particul ar context, highband support may serve as an enabling
feature i r?"’@ﬁ@%@?ﬂz?]ecogm tion and other machine inter prPETASPYH012234
applications, such as systens for autdmated voice nmenu navigation
and/ or autorrati c call processing. [000190] An apparatus according to
an enbodi metput sipnal beis enhibidsithe sim¢ varginp delepilaewdeincinded trthakiceties s
communi cat | o suc S ne_ or. per.sonal i.tal

assi stant f—‘%ﬁf’n SIUP?l%Iy “Efe@a#a{z‘za %Cﬁy%ﬁeﬁ@ rgjsau%ﬁ’aﬁgy’flgg}%ded in
anot her CQ&Qﬂmizﬁ@dnmm\dmﬁsrﬁl&moaﬁe@ch@rP handset, a personal
conputer configured to support Volt' comrunications, or a network

devi ce co to.route tel ephonic or, Vol.t', communi cati ons. For
exanpt e, ANEEEat GurRitndeids 16 AR b el crareh Ay BEot et ed
in a chipigprovkd e eddih@paia FRANKY MngatinORSIORY ktPhuPeRARVBLIILBARAgt he

particul ar irH;p(g‘l i catiop, such a device may al so include such features
as anal og- Ay &ea?mgﬁH’F@P“tcﬂeﬁ?rﬁ%gEtrBfaﬁtﬁaPéﬁaY&S’rﬂ?é‘F@l‘bW nstfoEn speech

signal , ciggiirdzhiorf &y BE hAkiHAg.B WPkid 'Fb@%k&ﬁbl@ﬂﬁéx@&b%d&&ocﬁr anah
processing operations’ on a speech signal, and/or radio-frequency
ci rcui t ry mayrberconfignied il shift aplal nse framesarisobitanesthauing adewt-tspe speture,
signal. | 2x%p

enbodi nentqg&gn%yolc%% de a%t(ﬁ%}év %Béljg%esgmj ﬁﬁ?ﬁ%ﬂ%@%ﬁaﬁ%ﬁ%l&)?ﬁt he
ot her f eatsubfeanaditicd frodwld piteh phlse ehegey. Fifmusuqﬂaherﬁaiqns APBCELPNoding

Sdeh 1 bat (TLERERIIES SR Nt o ORGP B A SR C87 54 BT 0 at § on

t hat occurU.Brd . hepphi jobhaaﬁ)dd,/anﬁmas €K swebisdt ant |M1dtiy1gazhphﬁienn‘aﬁmm dfh e

nar r owban h feat ude d

Coet 11 erCildishaad nclidome Botatkea Lt e in b oRE B B O e
i ncl ude f l%&do@ﬁluﬁﬁa@@ﬂs\zﬁd@ﬁ@ms@@naﬁfon (DiA9 €S- 299,06 AeEThivd Géheration
guanti zation of coefficient representations such as LSFs. Such

features dla8BePHRPrRies! 2i(REET oy SehrgtibieiNedesYRrsten GBTOF a gain envel ope,

and adaptive attenuation of a gain envelope. [000192] The foregoing

pr esent at i [gu1gB] T 1EREAY, lr@gﬂmﬁmma%&ﬁ% %@bﬁﬁﬁ\fb@eaﬁegarﬁ@ﬁéucﬁ any

person skilled in the art to nmake or use e present invention

Var i ous nos@fgriig whichike highbadgacigiipn & deamedkirep shgsmeedayi namoyhand he
generic pr r

enbodi rnentegd?igdsn%@%f18 (E%ﬁ%ggﬁ% %arﬁ%yn%%@?a@ﬁgﬁtéegﬂeﬁ gglltllrgrp 0earirllgnt ed in
part or i rwivikiehe spescladérarer BﬂQOédDmtocmdpnvmnefromwmctwacmﬁslgm dtei on
fabricate | i, f e [GHl a
firmr e prEBrR PR e R 5 aSRETy Hhls A BhPBIAERAEN a1l A
program | aﬂd@bﬂgirmhhxghbamitspeahd;@al mm&ama&mmm&ﬁsﬁ @@2&1’334
50 storage‘wﬁedlumaﬁ Evne read bec Ué:hc deblng

i st ruct i oS BEIRRESE AhTRCHPIAR % 05‘5’“? Rbapt weg ch as a

m croprocessor or other digital signal processing unlt The data

st or age nE{QOMNBA TR yidad gﬁlli’lex&l’lﬁ ayneQdetveeen t}agar@ddﬂgﬁiaﬁd sutiati@ssignal and the

Stati o RATEENBERTRE CHESh B3 CHRENF( Loy, oy e BRARGE
flash RAMpigtland @.:(oﬁt@@érﬁﬁgﬁsﬂ& z%@ﬂ%&@ﬁz@&%hbM&bld)s\é@ﬂ:b@xmﬁﬁbﬁ/f@@ c, or
phase- change nenory; or a medi um such_as a magneti c or opti cal

di sk. The yeilgsis %%ﬁttmﬁ@onﬁmﬂacmua@éh%ﬁ%@af@ He PiiEhsicd dipneiae
code, asse&%ﬁ h@ﬂ%haaqge&QQ%gm L3611 R G yntREPRK Vi FHBGS sx%ﬂaﬁ paar e,

macr ocode cro ny ofe or nore Sets” or sequences o
i nst ruct i cvstagxaditadtitackythaineduce the pefcelvednealisy ehtbadecodeddidghand

conbi nat i osrfmeoC s1gnclh exanpl es.

[000165] The misalignment in time may also cause inefficiencies in gain envelope

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



[ 000193] T he various el enents of inplenentations of highband
excitation generators A300 and B300, highband encoder A100, hi ghband
decoder BX@200fieBand speech encoder A100, and wi debaRETABHEGH 2234
decoder 8100 may be inplenented as el ggtronic and/or optical devices
residing, for exanple, on the sanme chip or anong two or nore chips in

a chi pset en@lidpadutiarisband atfdiangeimal SsoMidogibasd signdliSE0 BY eardbdaize

al so contenpl ated. One or nore el ements of such an apparatus may be

i npl ement & ga# SYBIoRe 8f the highhmd signabaeorgingip F‘é‘ggtécf“sb WesniResE B i ons

ar r anged E&ﬂ;ﬁ%ﬁ%ﬂ&ao&@ ANGciBhise TERd fBety Iﬂiﬂ%ﬁéﬂﬁ‘é@ la@ cHhigsaReisio Of
| Ogl c elenents (e. g., transistors at es such as mecr oprocessors,

enbedded prerdingsbe gain ppvedencatirecity. de%n thg P@?rﬁ’é?d Proressd prcitatmignal is
(field- prQ r o

St andar 6 SSRIERE o R @ UBton A LS b ARRLL S ARARARER e

Ci rcui ts) betweei saradvetmng essitaibe sifgeal S80 encrighingd signelf38neayenats to have

oo corr AURBRGTRGS perea Fru R GERERrSEE. R PEFR LR,

instructi ons executed to performtasks corresponding to different
el ements 3000d66FEmteaiméritsrinslude meﬁmdsamﬁwad@jﬁné apeeoli emlodmigrtion perfamd/ or

optical devices erfo tio for. di.fferent el ene at

oFEf erent HieRapRER f BB RN slelitr it p iR P EF LR B

el enents terbRonEag eﬂd@:d@ﬁﬁirﬁfvfﬂaﬁ@&%ﬁa@fn @gmi:mceemiahmvmges otﬁfsuch

instructions that _are not direct reI %%j d 8 |on10f t he
p{;ar at us Meshpds ingdndg iF’EECR"“’fgetP%lﬂ‘ﬂaﬁ‘é %ﬁ EjfjréfY1 %’6‘8 Slg'?a YN ce

or _syst eminBrofigdfie LiiRicABpar almgmmwgmawemeowﬂ FI GURE 30

shows a flowchart of a met hod 00, according to an enbodi msnt of
encodi ng a hband ortion of a_ speech |gna havi n ar.r
portion ar[ﬁoq YR amshe s @ bk degam o Lﬂ 853%1%50 o

filter parg g@h%ﬁ&a&hﬁﬁoo %&B@uﬁf)‘i(ﬁihblé@es@n&ﬁ@!éhfeaiausmmh&ma@%wbmi
hi ghband portion. Task cal cul ates a spectral ly extended SI gnal

by appl yi regcedenda Ry thabis cpuﬁngsxrﬁcbﬁ@ PeBomn KEuiaETatien doiag calFiaHoniof the
R e o L

accordi ng 6 et o I'ter par anet a hi ghband
exci t at i omayi ignahfipaseédecondinhie @pecmow dfyheRCERE elaplsmgmmmﬁa%k%%hoo
cal cul ates,a gain envel ope based on a relation between (C) energy of
t he hi ghba'ﬁl?a %orti on and (D) energy of a signal derived fromthe
nar rowband portion. [000195I FI GI.JRE 31a shows a flowchart of a
met hod M2Q00eK6STsnesvetiand gneodar 4bdbindlse xaifigatddasn osipghategaledantidn dgat o

an enbodi nent YlOO ca ates..a harnoni ca al by
appl yi ng a“%}\?}gi{z tFRGHEE h"}’?%f’%[e%o%tgﬁ g@@@éwpgi%%%/tlgéfvﬁggga&ggp

de ived frgmcRnaeswian anebdpOA L2408 caifigarespe epily atf:gaﬁhm’&amﬁt th’BﬁHb frAmee s
t harnoni cal | y extended signal w nmodu ed noi [

gener at e aOTHPBEEH deskaize i F‘glwgglg &ﬁé’ad[?fﬁe‘é‘??o 2 %ng\ﬁ%%t
of a net hod MAAQ <Bfc SERAE A i ibieBerdbr abRANMShL¥Aid Altb@fk Fisgiplks,accor di ng
to anot her&gﬂn/t%)odlsnetnt I ncl udi né’g? asks YSOS and Y400 Tas s

Y
cal cul at esmilisecomdsdersams oy EM§pecreaeebr Bprpasoingid ‘%F‘P?Bd%f
one among }hgy 1?%54@%@%@ @@%&%fgé‘ﬁoﬁﬁy e scaBde b lﬁ%nﬁ%& B} &edhdide of

ext ended signha tes a noi se signal according to the
ti me- domai ameiesde.gpby t:mnpnemim@mletmmmddu Expanding ahetbergiogiral..

[ 000196] FI shows a. th an
embodi rrentreg‘ép)ﬁnﬁailc?aé‘? ﬂﬁmémﬁls ;Sﬁﬂdfodg tllﬁ(gﬁ”&% QOITA%eec m&ﬂjnlggﬁf@m

a narrO\I\lbaﬁlddﬂ@ﬁldn(;)mcﬁ@ﬁlatséte}flﬂlhr@ti&apuiarpﬂeml @fnone'&aasﬁcum%am;éc,el ves a
set of filter paranmeters that characterize af ectr nf,z Io eé){ t he
i ghband pORTGRMARRORAIop CGRE e FIE A e Eipuize el o
tenporal epy&lape rRkd filke sﬁilﬁ%{a@daﬂ sﬂﬂfahieomi sk re%aﬁgzﬁainqm{aaigw SD10

spectral ly extended signal by applying a nonlinear function to a
indicates three time shlft amounts for each regularized frame of the encoded

narrowband signal.



synt hesi zed hi ghband signal. WD 2006/ 130221PCT/ US2006/ 012234 52

[ 000197J Enbodi nents al so include additional nethods of speech

codi ng, en¥8dP1kg392&hd decodi ng as are expressly di scl oPEd/USH06H012234
e.g., by descriptions of structural e di ments configured to perform
such net hods. Each of these nethods nmay al so be tangi bly enbodi ed

(for xanmlgbo18s1waReaRE o RBFelaha. S0 B A08IRHAA S Eh AR AL a9

one or more sets of instructions rea e an execu
machi ne i nedvigaéerng retardaportiops of higbrnd seteehreighal 36, goordimgnd delag ambynts

' oce ' .rokl.er r ether fi.ni st at e .machi .
Thus Pt ho Rftned By ok AP B0 6 brodbbe Rnd SampetifBatd fhformeth Stk I
enbodi nent ﬂlcshmmpieahmxﬂnmﬁmmgelhﬁlimfm?ﬁ) 'ﬁ@:@ﬁigﬁ?gﬂ tblhi@né/wdﬂﬁs'[ scope

istent, Wy th.the pr.ingiples a noye eatures disclosed I n any
Fashi on hePehtnd eR e SPh SEoce e Flbh o TP He i oF RIS or m
a part of ¢iBealgDigi Deduch bdah@SHEame Adold: Of MBe walpin WIS AOHCIfed in.

generating a highband excitation signal via an audio coder, wherein
the audio fé*t?aéffdg eERY Pk cptiqnesignal ki giso applisdde thespuesbonding potiodi o

decoder, apthigibaAdslicLcIfQL8E 536 Bldrd RARSS. gﬁﬂ@@h%i@ Yxample shows delay line
D120 as a separate element from highband encoder A200, in other implementations

delay line D120 is arranged as part of the highband encoder.

{ [000170] Further implementations of highband encoder A200 may be configured to

| perform spectral analysis (e.g., LPC analysis) of the unwarped highband speech signal
530 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 paramefers S60a based on the analysis of unwarped
signal S30 may describe a spectral envelope that is misaligned in time with highband
excitation signal $120.

[000171]Delay line D120 may be configured according to any combination of logic
elements and storage elements suitable for applying the desired time warping operations
to highband speech signal $S30. For example, delay line D120 may be configured to
read highband speech signal S30 from a buffer according to the desired time shifts.

;:!WLA\

FIGURE 26a shows a schematic diagram of such an implementation D122 of delay line
D120 that includes a shift register SR1. Shift register SR1 is a buffer of some length m
that is configured to receive and store the m most recent samples of highband speech
signal §30. The value m is equal to at least the sum of the maximum positive (or
“advance”) and negative (or “retard”) time shifts to be supported. It may be convenient

for the value m to be equal to the length of a frame or subframe of highband signal S30.

[000172]Delay line D122 is configured to output the time-warped highband signal S30a
from an offset location OL of shift register SR1. The position of offset location OL
varies about a reference position (zero time shift) according to the current time shift as

indicated by, for example, regularization data signal SD10. Delay line D122 may be
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signal SD10 will be limited. However, it may be desired 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).

[000174]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
location OL is limited by the shift window SW. Although FIGURE 26b shows a case in
which the buffer length m is greater than the width of shift window SW, delay line
D124 may also be implemented such that the width of shift window SW is equal to .

[000175]1n other implementations, delay line D120 is configured to write highband
speech signal S30 to a buffer according to the desired time shifts. FIGURE 27 shows a
- schematic diagram of such an implementation D130 of delay line D120 that includes

( two shift registers SR2 and SR3 configured to receive and store highband speech signal
530. Delay line D130 is configured to write a frame or subframe from shift register
SR2 to shift register SR3 according to a time shift as indicated by, for example,
regularization data signal SD10. Shift register SR3 is configured as a FIFO buffer
arranged to output time-warped highband signal S30.

[000176]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
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the same (e.g., an average) delay to all subframes of a frame to be shifted. Delay line

{/ o D130 may also include logic to average values from frame buffer FB1 with values to be

- overwiitten 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).

[000178]1t may be desirable for delay line D120 to apply a time warping that is based
on, but is not identical to, the warping specified by regularization data signal SD10.
FIGURE 28 shows a block diagram of an implementation AD12 of wideband speech

¢ encoder AD10 that includes a delay value mapper D110. Delay value mapper D110 is
configured to map the warping indicated by regularization data signal SD10 into
mapped delay values SD10a. Delay line D120 is arranged to produce time-warped
highband speech signal $30a according to the warping indicated by mapped delay
values SD10a.

[600179] 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 shifta
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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In such a case, it may be desirable for delay value mapper D110 to be configured to
round the narrowband time shift to an integer number of samples and for delay line

D120 to apply the rounded time shift to highband speech signal S30.

-

[000181]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)
and highband speech signal $30. 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 $20 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

P

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

herein.

[000182]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 S30 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
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[000183]FIGURE 29 shows a flowchart for a method MD100 of time warping a

highband speech signal according to a time warping included in a corresponding
encoded narrowband excitation signal. Task TD100 processes a wideband speech
signal to obtain a narrowband speech signal and a highband speech signal. For
example, task TD100 may be configured to filter the wideband speech signal using a

F
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filter bank having lowpass and highpass filters, such as an implementation of filter bank
A110. Task TD200 encodes the narrowband speech signal into at least a encoded
narrowband excitation signal and a plurality of narrowband filter parameters. The
encoded narrowband excitation signal and/or filter parameters may be quantized, and
the encoded narrowband speech signal may also include other parameters such as a
speech mode parameter. Task TD200 also includes a time warping in the encoded

narrowband excitation signal.

[000184) 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 rejating to a time warping included

in the encoded narrowband excitation signal.

[000185] 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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0 from one another, such that highband speech signal S30 is encoded as a representation
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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

mafch between the synthesized narrowband and highband speech signals.

[000188] As mentioned above, embodiments as described herein include

implementations that may be used to perform embedded coding, supporting

o
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compatibility with narrowband systems and avoiding a need for transcoding. Support
for highband coding may also serve ta differentiate on 2 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
a$ 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.

[000189] As mentioned above, adding highband support to a speech coder may improve
intelligibility, especially regarding differentiation of fricatives. Although such
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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.

[000191]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
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highband L.SFs. 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.

[000192] 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 inio a data
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to include source code, assembly language code, machine code, binary code, firmware,
macrocode, microcede, any one or more sets or sequences of instructions executable by

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

{ [000193] 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
contemplated. One or more elements of such an apparatus may be implemented in
whole or in part as one or more sets of instructions arranged to execute on one or more
fixed or programmable arrays of logic elements (e.g., transistors, gates) such as
microprocessors, embedded processors, IP cores, digital signal processors, FPGAs
(field-programmable gate arrays), ASSPs (application-specific standard products), and
ASICs (application-specific integrated circuits). It is also possible for one or more such

elements to have structure in common {e.g., a processor used to execute portions of code

T

corresponding to different elements at different times, a set of instructions executed to
perform tasks corresponding to different elements at different times, or an arrangement
of electronic and/or optical devices performing operations for different elements at
different times). Moreover, it is possible for one or more such elements to be used to
perform tasks or execute other sets of instructions that are not directly related to an
operation of the apparatus, such as a task relating to another operation of a device or

system in which the apparatus is embedded.

[000194]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
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[000195] FIGURE 31a shows a flowchart of a method M200 of generating a highband
excitation signal according to an embodiment, Task Y100 calculates 2 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
harmenically extended signal with a modulated noise signal to generate a highband
excitation signal. FIGURE 31b shows a flowchart of a method M210 of generating a
highband excitation signal according to another embodiment including tasks Y300 and
Y400. Task Y300 calculates a time-domain envelope according to energy over time of
one among the narrowband excitation signal and the harmonically extended signal.

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

the modulated noise signal.

[000196]FIGURE 32 shows a flowchart of a method M300 according to an
embodiment, of decoding a highband portion of a speech signal having a narrowband

portion and the highband pertion. Task 7100 receives a set of filter parameters that

y P

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 2 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 fo an excitation signal derived from the narrowband
portion, to the spectrally extended signal, to the highband excitation signal, or to the
synthesized highband signal.
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noi se S|gnal by nodul ati ng a noi se sigpal according to the

ti me-domai n envel ope. 29. The apparatus according to claim 28,

wher ei n sdﬂ@ﬂlﬂV}Feﬂbmihmms ém/mbhlﬂeasﬂchticmat mmempmchnuﬁhgmcaﬁng, aed
har noni cald Y qﬁXt endeétl Si 8&1 - (gg rat a or di nq to claim
27, wher ei F TH (ffer&‘% 9sedbireiy esggtﬁp oSGy ’85% t%lﬁtu %lr esi dual
of the | omﬂbbémwam:ysnmrréd mperfonﬁluchmahcﬁl@pﬂﬁ@i $f3héve GRYtiHde thaly Q1selbdi M
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signal, wherein the harnonically extended signal ased on t
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21, said Hieba qﬁacﬁﬂlgpr?msn@lﬁ%r&&ltllweﬁﬁon 1§h§ﬁ%ﬂ§ed 0. b%%ﬂmggg?o the
apparatus according to claim sai d apparatus co ce
conf i gur edmbedimeatsshown abwelhuataatlteylsdﬁ bp acckeied thaom;ibat aCIIpeWDnd‘istalt thh
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attached claims as filed, which form a part of the original disclosure.
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34. 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
describes the narrowband excitation signal 60 35. The apparat us
according to claim21l, wherein said aﬁgaratus i ncl udes a hi ghband
speech decoder configured to decode a hlghband speech si gnal
according to the highband excitathﬂé%bg and a plurality of filter
paranmeters that describe a spectral ope of a highband portion of
the speech signal. 36. An apparatus co rising. neans for

cal cul ating k. Aanmeth(adlﬁbf/ exicradoug chepicitagon sighahvaa
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modulating via the audio coder a noise signal according to
the time-domain envelope; and

calculating via the audio coder a weighted sum of (A) a
harmonically extended signal based on a result of said
harmonically extending and (B) a modulated noise sig-
nal based on a result of said modulating,

wherein the narrowband excitation signal is based on a
residual of a speech signal, and

wherein said calculating a weighted sum includes weight-
ing the harmonically extended signal according to a first
weighting factor whose value varies over time and
weighting the modulated noise signal according to a
second weighting factor whose value varies over time,
and

wherein said calculating a weighted sum includes calcu-
lating a value for one among the first and second weight-
ing factors based on at least one of (A) a value of the
other among the first and second weighting factors and
(B) a desired value of a sum of squared values of the first
and second weighting factors, and

wherein the highband excitation signal is based on the
weighted sum.



37. The apparatus according to claim 36, said apparatus conprising a
cellul ar tel ephone. 38. The apparatus according to cl ai m 36,
wherei n said apparatus includes neans for decodi ng a hi ghband speech
signal according to the highband excitation signal and a plurality of
filter paraneters that describe a spe%iral envel ope of a hi ghband
portion of the speech signal. 39. The apparatus according to claim

Pactors |5 sabdlimIelGa aersTai ptelaithd , Wherelgom AMALPRHial s
accor di ng ¢81¢! extdnidin rﬁ?hm ﬁg?ﬂg@flata'ﬁdlﬂqh@ﬁ?%ﬂﬁ@@ﬁ fiorh
cal cul ating a’ ti ge-dongli n gnvel ope Pgnal that is based;on the
o owband el QLG BRI OANP RSHRMR SRR RarN A188Ake si gnal
according t o3t e imethod according to claim 2, wherein said applying
a nonlinear function comprises applying the nonlinear func-
tion in the time domain.

4. The method according to claim 2, wherein the nonlinear
function is a memoryless nonlinear function.

5. The method according to claim 2, wherein the nonlinear
function is time-invariant.

6. The method according to claim 2, wherein the nonlinear
function comprises at least one of an absolute value function,
a squaring function, and a clipping function.

7. The method according to claim 2, wherein the nonlinear
function is an absolute value function.

8. The method according to claim 1, wherein said calcu-
lating a time-domain envelope of a signal that is based on the
narrowband excitation signal includes calculating a time-
domain envelope of one among the narrowband excitation
signal, a narrowband speech signal based on the narrowband
excitation signal, and the harmonically extended signal.

9. The method according to claim 1, wherein said harmoni-
cally extending includes harmonically extending the spec-
trum of an upsampled signal that is based on the narrowband
excitation signal.

10. The method according to claim 1, said method com-
prising at least one among (A) spectrally flattening the har-
monically extended signal prior to said calculating the
weighted sum and (B) spectrally flattening the highband exci-
tation signal.

11. The method according to claim 10, wherein said spec-
trally flattening comprises:

calculating a plurality of filter coefficients based on a signal

to be spectrally flattened; and



dormai n envel ope to produce the nodul ated noi se signal. 41. The
apparatus according to claim40, wherein said tinme-domain envelope is

a tinme-domai n envel ope of the harnonically extended signal. 42. The
apparatus according to claim39, wherein the narrowband excitation
signal is based on a residual of the ddw frequency portion. 43. The

apparatus according to claim39, wherein said nmeans for cal cul ating
the harnonically extended Si g]at b| ncl udes means for performng, a
Q

linear anal ydildening shesigna s peotradhy dlatiengicheidhreomw hitesn-
har roni cal |y extbbduie Al gures e BREhe Etle %‘%‘T o rlcflier
signal .  44. Thectippaeatsys according to clai m 36, mhereln sai d neans
wel gt ng-t ackbr 3 afeonosl Aecirlibe Ho Glathl ™l o Safd SRS Fmon
751 o oo st bt ol o
Cal oul ot ealyiedEniohe bkt Ghoy Hhifah encoded Spaech stanalus
according to B?’[‘iﬂé‘ﬁwﬂ*ﬂ@ﬂ%@céﬁdﬁlg%ﬁéﬁﬂﬁ 1NeilEpsIn said calcu-
lating the weighted sum includes

(A) calculating the value of the second weighting factor

based on a parameter relating to at least one among a
periodicity and a harmonicity of the speech signal and
(B) calculating the value of the first weighting factor
according to the value of the second weighting factor.

14. The method according to claim 13, wherein said param-
eter relating to at least one among a periodicity and a harmo-
nicity indicates a degree of voicing of the speech signal.

15. The method according to claim 14, wherein said
method comprises obtaining the narrowband excitation sig-
nal and a pitch gain value from a quantized representation of
a narrowband residual of the speech signal, and

wherein said parameter relating to at least one among a

periodicity and a harmonicity is the pitch gain value.

16. The method according to claim 1, wherein said calcu-
lating the weighted sum

comprises calculating the first and second weighting fac-

tors such that a sum of squared values of the first and
second weighting factors is substantially constant over
time.

17. The method according to claim 1, said method com-
prising encoding a highband speech signal according to the
highband excitation signal.




means for calculating a tinme-donmain envel ope of a signal that is
based on the narrowband excitation signal; and nmeans for nodul ating a
noi se signal according to the tinme- domain envel ope to produce the

nodul at ed noi se signal. 62 46. The apparatus according to claim
45, wherein said time-domain envel ope3d¢s a tine-domain envel ope of
t he harnonically extended signal. 47. The apparatus according to

quant | zed 1 opl BsSrRAUISIORE ACHRFIBRBANICIATALais %A TR BOGL COR-

signal to gqitisimgtdecodingwhahizhbandationt 1@mg®ﬁlt}@1@P@awh Gig naln

val ue, and MRS iRSR) thBHiPHB A 'SAt8n' Setlal' 78 a SAFATR 912
filter parameters that describe a spectral envelope of a high-
band portion of the speech signal.

19. A non-transitory data storage medium having machine-
executable instructions that when executed by a machine
cause the machine to generate a highband excitation signal,
wherein the machine-executable instructions cause the
machine to:

harmonically extend at least a magnitude spectrum of a

signal that 1s based on a narrowband excitation signal;
calculate a time-domain envelope of a signal that is based
on the narrowband excitation signal,

modulate a noise signal according to the time-domain

envelope; and

calculate a weighted sum of (A) a harmonically extended

signal based on a result of the harmonically extending
and (B) a modulated noise signal based on a result of the
modulating,

wherein the narrowband excitation signal is based on a

residual of a speech signal, and

wherein the instructions cause the machine to calculate the

weighted sum by weighting the harmonically extended
signal according to a first weighting factor whose value
varies over time and weighting the modulated noise
signal according to a second weighting factor whose
value varies over time, and

wherein the instructions cause the machine to calculate a

weighted sum by calculating a value for one among the
first and second weighting factors based on at least one
of (A) a value of the other among the first and second
weighting factors and (B) a desired value of a sum of
squared values of the first and second weighting factors,
and



periodicity and a harnmonicity is the pitch gain val ue. 48. The
apparatus according to claim44, wherein said nmeans for cal cul ating
the harnonically extended signal includes neans for performng a

| i near anal ysis operation on a result of said applying a nonlinear
function to produce a spectrally flat¥ened signal, wherein the

har noni cal | y extended signal is based on the spectrally flattened

si gnal . 49. _A net hod of ,generating a highband excjtation,signal via
an audi o codethexgiar ¢ ihigﬁmd cKetattonpsignal ars hasad o8 thean
audi o encoder, v@&g{f%@ﬁﬁﬁoder, and an audi o codec, said nethod

I'hg )

conprising: calcl vida'the audi o_coder a harnonically extended
signal by applyi dhe datai steragenmednino aceoydangt et claibast®,on

a narrowb cl.takion_si deri m: -gé ue or {4 on
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i gnal accor |ﬂg t.0 alse ond wei ghting factor ose val ue varies over
time, andSpgech signal.
21. An apparatus comprising;
a spectrum extender configured to calculate a harmonically
extended signal by applying a nonlinear function to a
signal that is based on a narrowband excitation signal
derived from a low-frequency portion of a speech signal;
and
a combiner configured to mix the harmonically extended
signal with a modulated noise signal to generate a high-
band excitation signal,
wherein the combiner is configured to weight the harmoni-
cally extended signal according to a first weighting fac-
tor whose value varies over time and to weight the modu-
lated noise signal according to a second weighting factor
whose value varies over time, and
wherein the combiner is configured to calculate a value for
one among, the first and second weighting factors based
on at least one of (A) a value of the other among the first
and second weighting factors and (B) a desired value of
a sum of squared values of the first and second weighting
factors.
22. The apparatus according to claim 21,
wherein said combiner is configured to (A) calculate a




wherein said nethod includes calculating a value for one anong the
first and second weighting factors based on at | east one of (A a
val ue of the other anong the first and second wei ghting factors and
(B) a desired value of a sum of squared values of the first and
second wei ghting factors. 50. The n¥t hod according to claim 49,
wherein the nonlinear function is an absolute val ue function. 51.

Th t hod di t | aim 49, _wh [ ' th '
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based on a r ow f requency portion. 55. The net hod
accordi ng to @amenvsbyparealeiatet donfigied telealeslateancduaeiday a
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modul ating a and excitation signal; and

a second combiner configured to produce the modulated

noise signal by modulating a noise signal according to
the time-domain envelope.

24. The apparatus according to 23, wherein said time-
domain envelope is a time-domain envelope of the harmoni-
cally extended signal.

25. The apparatus according to claim 22, wherein said
apparatus includes a dequantizer configured to obtain the
narrowband excitation signal and a pitch gain value from a
quantized representation of a narrowband residual of the
speech signal, and

wherein said parameter relating to at least one among a

periodicity and a harmonicity is the pitch gain value.

26. The apparatus according to claim 22, wherein said
spectrum extender includes a spectral flattener configured to
perform a linear analysis operation on a result of said apply-
ing a nonlinear function to produce a spectrally flattened
signal,

wherein the harmonically extended signal is based on the

spectrally flattened signal.

27. The apparatus according to claim 21, wherein

a sum of squared values of the first and second weighting

factors 1s substantially constant over time.

28. The apparatus according to claim 27, wherein said
apparatus includes:




noi se signal according to the tinme-domain envel ope. 56. The net hod
according to claimb55, wherein said tine-domain envelope is a

ti me-domai n envel ope of the harnonically extended signal. 64 57.
The net hod according to claim53, wherein said cal culating the

har noni cal | y ext ended si gnal |ncludesﬁberforn1ng a spectra
flattening operation on a result of said applying a nonlinear
function to produce_a spectrally flattened signal, wherein the

har noni cal | yasxeswebapei galeulaiaracen figurad tepealenlate A timenda-

signal, and whepeif éﬁ{; Ecéfagl S gﬁh’i ecﬂszngOB%lrS%gl 6?}]@? Haf {Oof'

perforn1ng a linear pre |on anal¥si’s_operation
sai d appl yi ng bamllemmm(sﬁg . The nethod accordi ng to

claim 49, wherghSofid eo'fﬁb'iﬁ%r'é'ﬁhﬁgﬁred to produce the modulated
noise signal by modulating a noise signal according to
the time-domain envelope.

29. The apparatus according to claim 28, wherein said
time-domain envelope is a time-domain envelope of the har-
monically extended signal.

30. The apparatus according to claim 27, wherein the nar-
rowband excitation signal is based on a residual of the low-
frequency portion.

31. The apparatus according to claim 27, wherein said
spectrum extender includes a spectral flattener configured to
perform a linear analysis operation on a result of said apply-
ing a nonlinear function to produce a spectrally flattened
signal,

wherein the harmonically extended signal is based on the

spectrally flattened signal.

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

33. 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 narrowband
excitation signal.

34. 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 narrowband excitation
signal.




calculating a value of the second wei ghting factor based on a
paranmeter relating to at | east one anobng a periodicity and a
harnoni city of the speech signal; and calculating a value of the
first weighting factor based on the cal cul ated val ue of the second
wei ghting factor. 59. The method acedrding to claim58, wherein
sai d met hod conprises obt ai ni ng the narrowband eXC|tat|on si gnal

a pitch gain valu roma quanti zed r.epresen atlo nat r owh
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36. An apparatus comprising:

means for calculating a harmonically extended signal by
applying a nonlinear function to a signal that is based on
a narrowband excitation signal derived from a low-fre-
quency portion of a speech signal; and

means for mixing the harmonically extended signal with a
modulated noise signal to generate a highband excita-
tion signal,

wherein said means for mixing includes means for weight-
ing the harmonically extended signal according to a first
weighting factor whose value varies over time and
means for weighting the modulated noise signal accord-
ing to a second weighting factor whose value varies over
time, and

wherein said means for mixing includes means for calcu-
lating a value for one among the first and second weight-
ing factors based on at least one of (A) a value of the
other among the first and second weighting factors and
(B) adesired value of a sum of squared values of the first
and second weighting factors.

37. The apparatus according to claim 36, said apparatus

comprising a cellular telephone.

38. The apparatus according to claim 36, wherein said

apparatus includes means for decoding a highband speech
signal according to the highband excitation signal and a plu-
rality of filter parameters that describe a spectral envelope of
a highband portion of the speech signal.

39. The apparatus according to claim 36, wherein a sum of

squared values of the first and second weighting factors is
substantially constant over time.
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61. The nethod according to claim60, wherein said tine-domain
envel ope is a tinme-domain envel ope of the harnonically extended

si gnal .

65 62. The nethod according to claim58, wherein said

cal cul ating the harnonically extended signal includes performng a
spectral flattening operation on a re8ult of said applying a
nonlinear function to produce a spectrally flattened S|gnal wher e

t he harnnnicakLygﬁHéended signal is based on the 2ﬁ§Ctr ly.flatt

si gnal

and
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41. The apparatus according to claim 40, wherein said
time-domain envelope is a time-domain envelope of the har-
monically extended signal.

42. The apparatus according to claim 39, wherein the nar-
rowband excitation signal is based on a residual of the low-
frequency portion.

43. The apparatus according to claim 39, wherein said
means for calculating the harmonically extended signal
includes means for performing a linear analysis operation on
a result of said applying a nonlinear function to produce a
spectrally flattened signal,

wherein the harmonically extended signal is based on the

spectrally flattened signal.

44. The apparatus according to claim 36, wherein said
means for mixing includes:

means for calculating a value of the second weighting

factor based on a parameter relating to at least one
among a periodicity and a harmonicity of the speech
signal; and

means for calculating a value of the first weighting factor

according to the calculated value of the second weight-
ing factor.

45. The apparatus according to claim 44, wherein said
apparatus includes:

means for calculating a time-domain envelope of a signal

that 1s based on the narrowband excitation signal; and
means for modulating a noise signal according to the time-
domain envelope to produce the modulated noise signal.

in
ned
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46. The apparatus according to claim 45, wherein said
time-domain envelope is a time-domain envelope of the har-
monically extended signal.

47. The apparatus according to claim 44, wherein said
apparatus includes means for dequantizing a quantized rep-
resentation of a narrowband residual of the speech signal to
obtain the narrowband excitation signal and a pitch gain
value, and

wherein said parameter relating to at least one among a

periodicity and a harmonicity is the pitch gain value.

48. The apparatus according to claim 44, wherein said
means for calculating the harmonically extended signal
includes means for performing a linear analysis operation on
a result of said applying a nonlinear function to produce a
spectrally flattened signal,

wherein the harmonically extended signal is based on the

spectrally flattened signal.

49. A method of generating a highband excitation signal
via an audio coder, wherein the audio coder comprises at least
one of an audio encoder, an audio decoder, and an audio
codec, said method comprising:

calculating via the audio coder a harmonically extended

signal by applying a nonlinear function to a signal that is
based on a narrowband excitation signal derived from a
low-frequency portion of a speech signal; and

mixing via the audio coder the harmonically extended sig-

nal with a modulated noise signal to generate the high-
band excitation signal,

wherein said mixing includes weighting the harmonically

extended signal according to a first weighting factor
whose value varies over time and weighting the modu-
lated noise signal according to a second weighting factor
whose value varies over time, and
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wherein said method includes calculating a value for one
among the first and second weighting factors based on at
least one of (A) a value of the other among the first and
second weighting factors and (B) a desired value of a
sum of squared values of the first and second weighting
factors.

50. The method according to claim 49, wherein the non-
linear function is an absolute value function.

51. The method according to claim 49, wherein said
method comprises encoding a highband portion of the speech
signal according to the highband excitation signal.

52. The method according to claim 49, said method com-
prising decoding a highband portion of the speech signal
according to the highband excitation signal and a plurality of
filter parameters that describe a spectral envelope of a high-
band portion of the speech signal.

53. The method according to claim 49, wherein a sum of
squared values of the first and second weighting factors is
substantially constant over time.

54. The method according to claim 53, wherein the nar-
rowband excitation signal is based on a residual of the low-
frequency portion.

55. The method according to claim 53, wherein said
method includes:

calculating a time-domain envelope of a signal that is based

on the narrowhand excitation signal; and

producing the modulated noise signal by modulating a

noise signal according to the time-domain envelope.

56. The method according to claim 55, wherein said time-
domain envelope is a time-domain envelope of the harmoni-
cally extended signal.
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57. The method according to claim 53, wherein said cal-
culating the harmonically extended signal includes perform-
ing a spectral flattening operation on a result of said applying
a nonlinear function to produce a spectrally flattened signal,

wherein the harmonically extended signal is based on the

spectrally flattened signal, and

wherein said spectral flattening operation includes per-

forming a linear prediction analysis operation on the
result of said applying a nonlinear function.

58. The method according to claim 49, wherein said
method includes:

calculating a value of the second weighting factor based on

a parameter relating to at least one among a periodicity

and a harmonicity of the speech signal; and
calculating a value of the first weighting factor based on the

calculated value of the second weighting factor.

59. The method according to claim 58, wherein said
method comprises obtaining the narrowband excitation sig-
nal and a pitch gain value from a quantized representation of
a narrowband residual of the speech signal, and

wherein said parameter relating to at least one among a

periodicity and a harmonicity is the pitch gain value.

60. The method according to claim 58, wherein said
method mcludes:

calculating a time-domain envelope of a signal that is based

on the narrowband excitation signal; and

producing the modulated noise signal by modulating a

noise signal according to the time-domain envelope.

61. The method according to claim 60, wherein said time-
domain envelope is a time-domain envelope of the harmoni-
cally extended signal.
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62. The method according to claim 58, wherein said cal-
culating the harmonically extended signal includes perform-
ing a spectral flattening operation on a result of said applying
a nonlinear function to produce a spectrally flattened signal,

wherein the harmonically extended signal is based on the

spectrally flaitened signal, and

wherein said spectral flattening operation includes per-

forming a linear prediction analysis operation on the
result of said applying a nonlinear function.

63. A non-transitory data storage medium having machine-
executable instructions that when executed by a machine
cause the machine to perform a method according to claim 53.

64. A non-transitory data storage medium having machine-
executable instructions that when executed by a machine
cause the machine to perform a method according to claim 58.



