SYSTEMS, METHODS, AND APPARATUSFOR HI GHBAND

EXCl TATI ONGENERATI ON RELATED APPLI CATI ONS [ 0001] This
wappbkildeei on clains benefit of U. S. Provisi onaPCPaB2006/012234
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[ 0003] Voi ce communi cations over the public swtched

t el ephone network (PSTN) have traditionally been
limted in bandwi dth to the frequency range of

300- 3400 kHz. New peiverkp APPLMCA $FORRMUNI cati ons,
such as cel lul ar tel ephony andLv0| ce over |P (Internet
Protocol, VolP), may not have the same bandw dth
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conf ér enci that may have audi o speech content in
ranges outside the traditional PSTN limts. [0004]

Ext ensi on of the ridkdd OFpPHE NVBNTIONeech coder
into higher frequencies may inprove intelligibility.

nthat differentiates
[05 ri ca ?I\;gl%‘?%nﬁ%ﬁ%lafggﬁ n%wq'groccﬁsglrggel y in the high

frequenci es. Hi ghband extension nay al so i nprove ot her
qualities of speech, sSBACKGROENDIce. For exanpl e,
even a voi ced vowel may have spectral energy far above
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desirable to transmit and receive voice communications that include a wideband

frequency range over such networks. For example, it may be desirable to support an
audio frequency range that extends down to 50 Hz and/or up to 7 or 8 kHz. It may also
be desirable to support other applications, such as high-quality audio or audio/video
conferencing, that may have audio speech content in ranges outside the traditional

PSTN limits.

[0004] Extension of the range supported by a spéech 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.



reconfigured to use nore filter coefficients to
represent this w deband signal. Narrowband codi ng
wo e@hans@aes such as CELP (codebook excited |i nPer/us2006/012234
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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—domqin

envelope. The method also includes combining (A) a harmonically extended signal



[0009] In another enbodi nent, an apparatus includes a
spectrum ext ender configured to performa harnonic
wezdioensizen of the spectrum of a signal that i|isPOERESNOEN2234
a | owband excitation signal;3an envel ope cal cul ator.
configured to calculate a tine-domain envel ope of a
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o nd excitation sj I I : I cy
fopHcnarrs el ShEl e TR R Ml IRRE
exRRRTEH i &Rl ey Fandedhlsig @hoivé dina acmiding tetherionsdomain
© signal to generate:a highband excitation s'ﬁqnal1 BRI EF
enpElSpR o nERneforpom fl\k%h{l@mic?fly PF@EJ#S‘E{ £ngl DAL
| f . §Q8RE sihsBased It
U AR B np ool et et P on e
oftsatitiodiilatiirea rin offis apparapb.ahe highbircrexstgnoigngl idisaertion a result
speech encoder Al OO [00014] FI GURE 2a shows a bl ock
of faitroMRIYNZa wi deband speech decoder Bl OO according to
an enbodi nent. [00015] FI GURE 2b shows a bl ock di agram
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includes calculating a harmonically extended signal by applying a nonlinear function to

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.



[00016] FI GURE 3a shows a bl ock diagram of an

i npl ementation Al 12 of filter bank Al QO [00017]
WO-R@cRE23b shows a bl ock di agram of an i npl enePCHUBZING/012234
- B122 of filter bank B120. [09018] FI GURE 4a shows

bandw dt h coverage of the | ow and high bands for one

foi | | GURE .4b s
G S R s R
acesrdinigeo agxarodanafk. filter bank Al 10. [00020] FI GURE

4c shows a bl ock diagramof an inplenentation A 14 of

iJte 2. 0 FI GURE 4d shows .a bl ock. .
WW&Q rwgﬁ\%ﬁm RO SH385H0 61 32 TGRSR pion B (OB isband
spbRBRA8LaFIHFIBE S5a shows an exanple of a plot of

frequency vs. log anplitude for a speech signal.

OOOZSE FI GURE 5b shows a bl ock di agram of a basic
(090164 JFIGI/RBi3etshows & blgick diagyam efan {rogiematafiprGARE? 6f filter bank
ws a bl ock di agram of an inplenmentation Al22 of
narrowband encoder A120. [00025] FIGURE 7 shows a
bl ock di agram of an inplenentation B112 of narrowband
[006370 AEIGUBREGD sh6®9 2 6]ock Id{AgRim 8A ais npismantaguaBRRZ obfilt& bank
B]%Ioot of frequency vs. log anplitude for a residual
gnal for voiced speech.[00027] FI GURE 8b shows an
exanple of a plot of tine vs. log anplitude for a

[00613] ISR URE gﬁ@hox@@ﬁan‘d@i&%ﬁ@o@&ﬁﬁ&&f- thé QR0 & hich BRE 13r one

shows a bl ock diagram of a basic |inear prediction
exgpalerny Higs bank ARYE. al so perforns | ong-term prediction.
[ 00029] FI GURE 10 shows a bl ock di agram of an

. : " 0
O R RE RO Byl 4 RO S, BRREHS! pf RS Ll iR hmother
exABPR afffilter phddaAdi®@xci t ati on generat or A300. [00031]

FI GURE 12 shows a bl ock diagram of an inplenentation

(006507 AGORE G SEWs a block diagram of an implementation A114 of filter bank
Al12.

[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] FIGURE 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.



ext ender A400. [00032] FI GURE 12a shows plots of
signal spectra at various points in one exanple of a

WG p@et18@k1 ext ensi on operation. [00033] Fl GURE RChUSIv0&B812234
pl ots of signal spectra at various points in another
exanpl e of a spectral extension operation. [00034]

oREH ETCTRE e s d RcipPls 37 B PL B VaaRs R AT a

reElu@JB@nwfo‘shemdap&acﬁck di agram of an i npl emant ation
A306 of highband excitation generator A302. [00036]
FI QURE 15 shows a flowchart for an envel op

(009281, FEVBE % shorvsa Wdesk diagremaf paEiORECATPIEiGtiEn godinpeystom
492 of conbi 490.
PRRAP e BRI, CLror

calculating a measure of periodicity of highband
[0802faFIGIRE 1000088 ]a HodBuREerad of howspkmishttikn di 203 rofighband
an,i %@msnt ation A312 of highband excitation
engafler t A302.[00040] FlI GURE 19 shows a bl ock di agram
of an inplenentation A314 of highband excitation

[096303r BIGURAIAZholvdAAddk dradedRiof 20 iplewenatidh @302 of highband
di agram of an i npl ementati on A316 of hi ghband

eXSURHEGNETRLQY tor A302. [00042] FIGURE 2 1 shows a
flowhart for a gain calculation task T200. [00043]

fol
O} FGE ot iy 0 g BT ok

exgérolas Ad0@li agr am of a wi ndowi ng function. [00045]
FI GURE 23b shows an appl ication of a wi ndow ng

robt85¢ FRIVRR: DAL B ol et SR ohe B s grammpte of

a §pettralrexianpioapeiatibhon B202 of hi ghband decoder B200.
[00047] FI GURE 25 shows a bl ock di agram of an

[ ation AD O of w deband speech encoder Al OO
[005[%] (E]EJRE 12b shows plots of signal spectrarl) 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.

[00035] 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.

[00038] 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.



[ 00048] FI GURE 26a shows a schematic di agram of an

i npl ementati on D122 of delay |ine D120. [00049] FI GURE
WQeweabmas a schemati c di agram of an i npl enent BCT/U82006/012234

D124 of delay |ine D120. [00%50] FI GURE 27 shows a

schemati c di agram of an |nplenentat|on D130 of del ay
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exilaton pOREHA] AFIZURE 29 shows a flowchart of a method
of signal processing MDLOO according to an enbodinent

E.30 shows a flowhart for a nethod
[Jggggfﬁﬁ SRO¥RRAPHed R pEOY A imp] @t@mak%lﬁdﬁéughband
edditaM6 8éderdi @ AgpoTet hod M200 according to an
enbodi reent. [ 00055] FI GURE 31 b shows a flowchart for

an |n%“§nentat|on M210 of method M20OO. [00056] FI GURE
[09942]n SHSUREf 1shewa rtflavenhart forea pajnl cAlBOBtiar ok d20@ t o an
enbodi nent. [00057] In the figures and acconpanylng

[(ﬂﬁﬁf}]r !F‘Rt}ﬁﬁﬁ 22t sjﬂgw§ %rfﬁ)v&c% rfg nag:neln{ 23{?%1 atr ef"%ll_oé% gain calculatlon

anal'ogous el'enenf s "or~ si
taElEBQ]}R) PTI ON [00058] Enbodi ments as descri bed herein
i ncl ude systens, nethods, and apparatus that may be

[ tQ provide. an extensi on to_a narrowband
[@gz@izjcﬁﬂé@ig&ﬁ?gﬁ%\%% 4 gha wdovdne B1HghHeR- st or age of
wi deband speech signals at a bandw dth increase of

[00045] BIGURESGH sh&w@&@@?ﬂlﬂﬁtl&ﬁ)bf a?wﬂﬁfow%?%:ﬁﬂ@aion as shown in
0 nt a

Pot enti al advant ages such i npl ene I ons 1 nclude
dédicniirages of 2 epasoh sigadnpatibility with

narrowband systens, relatively easy allocation and

[00644]! 9@@@?4%0@%%%1&?&@@@ gxleanrgi%gﬁé%%@rﬁ&f r{aﬁg%za?f hjghband

hi ghband codi ng channe conputa
ddcnde@rBI00e W deband synt hesis operation, and
mai ntai ning a | ow sanpl i ng rate for si gnal s to be

[OBQ%IGE@RE%S%E%E ta Bcﬁn angmI rt]tar? Prfc’ql)l\e/:renervl\t%)t/lce)ﬁ OAanfOCo%%:/ldgband

speech encoder A100.

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

[00049] FIGURE 26b shows a schematic diagram of an implementation D124 of delay
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 M100 according to an

embodiment.



[ 00059] Unless expressly limted by its context, the
term"calculating"” is used herein to indicate any of

WO t@eas@enary meani ngs, such as conputing, genRCHUBI006/012234
and selecting froma |ist of_ values. Wiere the term
"conprising” is used in the'kresent description and

claims, It es not: xclude ot her el ts or.
roisd) Hicuite S5 araraiiovenis Toga Bitsn 0] &qlee fogn
embB@inkke any of its ordinary meanings, including the
cases (i) "Ais equal to B" and (ii) "Ais based on at
| east B." The term"Internet Protocol" includes
(000563 i FIGURE 34b sheoyesrd fhesichant forqrinplamentaeen M2d0of apthng
h&%ﬁgk Force) RFC (Request for Comments) 791, and
sequent versions such as version 6. [00060] FI GURE
a shows a bl ock diagram of a w deband speech encoder
[O(NSOP FIGURE 3D ghéwes aflowcietioramiethdd M360 abanéindlto 40 i s
configured to filter a wi deband speech signal SIOto
embpd@dé a narrowband signal S20 and a hi ghband signa
S30. Narrowband encoder Al120 is configured to encode
[0V ARRAL ﬁgéﬁleg B&d ac%gf?lpﬁ@ylﬁg gesisnas, evhandefdNRice lidelerefer to
parameters -S40 and a nartowband residual signal S50.
thepgnbesyramialogdus elements hesigads.ai | her ei n, narr owband
encoder Al120 is typically configured to produce
nar r onband fllter PE@@% coded
nar r owband ex0|tat|on S|gna as codebook indices
or in another quantized form Hi ghband encoder A200 is
[06058] | Bmbedintetsess cdesimbhd bedoanidclnte pystenB3 @nedmd@r mdr@panatus

i nformatiqn i n encoded narromband exc
thasgur b SoOBUES RO SUURHg Paranat b Sheth ARt o support
tra?i%féﬁloﬁea‘%id]o? sﬂ‘oi’%[g(e ke tid®hal kpRsk Sighals Bi Qmﬁﬂdtﬁ RERERE of only
I's typicall'y configured to produce hi ghband

abowoﬂ(l@go J8Pba et Gits pecGcanl)c Bd@b@@lkadwmage@@f such lumplementatlons

oA ThARSh 0 cERBRRLL L SIS vt
ea¥y ﬂﬁi@ﬁﬁ@n aReraoctienal bla @tat:enathe abeowbar@l@dthightahd coding

Kbps (kilobits per second), with about 7.55 kbps_ bein
cheasr@és pueidine 2 eummitionplly icnsweardeland Smtbesampeéﬁ&%

R T e Lt O

intehsin@wabefodtagbdiagd réwinennbi ne t he encoded narrowband
and hi ghband signals into a single bitstrean1 For
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in@Rhte @AY of RE oMk ﬁ&%mhgﬁ REEH afssdoﬁﬁbu@ihg rgéﬁéﬂatm? ranfiQélecting from
storage, as an encoded wi deband speech signa FI GURE

a lish of walues. aVibkersdke tqairlag‘p@mpmma nisiugpd Bribe peeses deskrippion pnd
cla)ﬁﬁm%% %ggs 1 excclude 0 e%méktgpr 6&%&&@0 IIHQ fFm>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) RFC (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 S10 to produce a narrowband signal S20 and a highband signal S30.

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



mul ti pl exer A130 configured to conbi ne narrowband
filter paraneters S40, encoded narrowband excitation
W@ 2@nab02860, and hi ghband filter paraneters S6BCT/NEW0&012234
mul ti pl exed signal S70. [OOO@Z] An apparatus incl uding
encoder A102 may al so include circuitry configured to
] 4+ ' 70 | transm ssi
GRS e NG R o
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detection encoding (e.g., cyclic redundancy encodi
coafigpise to mecage hightend sigeal S36facomtingrté infoohatingl inencaiding

. Ethernet, T P, _cdma20 .. [00063] It may be
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desciited ih figrtien dedathenas RMbANG ek ' | i
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b ipl i gnal_.S70 hat t.h
Tof? Dt §alchlar Berhbl FAAG R S0P likogBhR 100 BembidGotun
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70 su a, hi ghba and/ or | owband signal. For
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dddMbahd xS EH ﬂagsroox\ma{bg) ' | i -
Hstri Spi n away%ﬁe hi ghban uﬂ ??@rbé %%gtféﬁshgé%a%&%g
PaproneiersiS&0D- advant age of such a feature is to avoid the
need for transcodi ng the encoded w deband si gnal

r ing. 1t . to a.systemthat supporis decqding.
[ngél? hlgnga rro léélfgtosﬁognﬁbé?é/%ﬁfen(bogggn ‘egmﬁiﬁﬂdt 1@8’@8@1 g‘ﬁﬁals
inofa dilygle bitgtdaan d@@xbmgle, it YMetiesird dIREuIEBIkIheRbEHKsignals

di agram of a wi deband speech decoder Bl OO according to
(OGN ABERTEREIONGrE- RMShA B IgE ctrdisn], Bf wirelepstransnfissiur dgnnel),
orf& H659485 BREAMREW adtahd géﬁe&gégﬁﬁt %ﬁé[)%gg?éndow%nacbqg&d

‘narrowband excitation sig 0 pro
diggram ofiba idplsingnetioS30 02 Idf ghdedand sieecteicoB2OA10®that includes a
paraneters S60

fiqu t o _.decade hi ghband codin
m‘i‘g@f}%‘% 1‘&% g AR eé‘ﬁ’&PWB%ndof%lteéiP@met%s(SflO,wge@d
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(0G06RP A il D AR Sor RS ipRR Gy sontigured o
trapsrod nedtiplexédiefraid 876 e @ rafiérgReibn Shdrdel 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 confi gured to embed the
encoded narrowband signal (including narrowband filter parameters S40 and encoded
narrowband excitation signal S50) as a separable substream of multiplexed signal S70,

such that the encoded narrowband signal may be recovered and decoded independently
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such case, w deband speech encoder Al OO may be
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[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



signal S30. Lowpass filter 110 filters w deband speech
signal SIOto pass a selected | ow frequency subband,
war@ehs@hpass filter 130 filters w deband speeptT/Ssmpoadi2234
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symmetric or dissimlarly shaped transition regions

renpatingernEeopliihnsisaddngas sipdasing satmmgsywm avpeager vabies) ood
do‘hrﬁ a%l%lsltém' lﬁgekxﬁ’ selEdiieas ek a{ng\f/%%gé@@ ?15 11’%? o éh&)g{f s%‘é’x%}j Eu%ordm gto

€ sane response as
andth@’rdeaﬁsdﬁ&chm@ﬁorﬂﬁ&oto have the sane response as
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of fil& RS 190eUdsahpiet BsRmicidabdshe LRhplinkGRe o BBrowband signal
S90 (e.g., by zero-stuffing and/or by duplicating samples), and lowpass filter 160 filters
the upsampled signal to pass only a lowband portion (e.g., to prevent aliasing).
Likewise, upsampler 170 increases the sampling rate of highband signal S100 and
highpass filter 180 filters the upsampled signal to pass only a highband portion. The
two passband signals are then summed to form wideband speech signal S110. In some

implementations of decoder B100, filter bank B120 is configured to produce a weighted

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



[00070] In a typical exanple, |lowpass filter 110 has a
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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 S30 as in this example may be obtained using a
highpass filter 130 with a passband of 3.5-7 kHz. In such a case, it may be desirable to



exanpl e of FIGURE 4b allows for the use of a | owpass
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wavef orm coder) may drop with increasing frequency.
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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
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uncanceled aliasing.

[00078] Additionally, a coder may be configured to produce a synthesized signal that is
perceptually similar to the original signal but which actually differs significantly from
the original signal. For example, a coder that derives the highband excitation from the
narrowband residual as described herein may produce such a signal, as the actual

highband residual may be completely absent from the decoded signal. Use of QMF
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hi ghband signal S30 is reversed. Subsequent operations
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Fﬁﬁﬁ’ﬁE 9, ﬁg\xzé 2ol E%ﬁ(‘g?an‘ri‘ opérgﬂlp[ﬁ&ﬂentatlon A114 of filter bank A112 that

performs a functional equivalent of highpass filtering and downsampling operations
using a series of interpolation, resampling, decimation, and other operations. Such an
implementation may be easier to design and/or may allow reuse of functional blocks of
logic and/or code. For example, the same functional block may be used to perform the
operations of decimation to 14 kHz and decimation to 7 kHz as shown in FIGURE 4c.

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

function e™” or the sequence (1), whose values alternate between +1 and —1. The



excitation signal S120 that also has a spectrally
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coefficients.

[00085] 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



residual are typically quantized for efficient

transm ssion over the channel. At the decoder, a
waymwbhaees filter configured according to the PCT/U82006/012234
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N ML T
exYpRUARLEAHRY Wit w) Thean AR FRY IS beljel®Rhed over a window
that is larger than the frame, such as a 30-msec window. This window may be
symmetric (e.g. 5-20-5, such that it includes the 5 milliseconds immediately before and
after the 20-millisecond frame) or asymmetric (e.g. 10-20, such that it includes the last
10 milliseconds of the preceding frame). An LPC analysis module is typically
configured to calculate the LP filter coefficients using a Levinson-Durbin recursion or

the Leroux-Gueguen algorithm. In another implementation, the analysis module may be
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codlng schemes such as al gebraic CELP (codeboo
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 S50. Such a quantizer
typically includes a vector quantizer that encodes the input vector as an index to a
corresponding vector entry in a table or codebook. Alternatively, such a quantizer may

be configured to send one or more parameters from which the vector may be generated
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[00093] FIGURE 7 shows a block diagram of an implementation B112 of narrowband
decoder B110. Inverse quantizer 310 dequantizes narrowband filter parameters S40 (in
this case, to a set of LSFs), and LSF—to-LP filter coefficient transform 320 transforms
the LSFs into a set of filter coefficients (for example, as described above with reference
to inverse quantizer 240 and transform 250 of narrowband encoder A122). Inverse
quantizer 340 dequantizes narrowband residual signal S40 to produce a narrowband

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



excitation signal S80. Based on the filter

coefficients and narrowband excitation signal S80,
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schehie}; ey GSM adaptlve multlrate (GSM-AMR) codecs; and the 4GV™ (Fourth-
Generation VocoderTM) codec (QUALCOMM Incorporated, San Diego, CA).
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.
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FIGURE 9, one typical CELP paradigm that may be used includes an open-loop LPC

analysis module, which encodes the short-term characteristics or coarse spectral

envelope, followed by a closed-loop long-term prediction analysis stage, which encodes
the fine pitch or harmonic structure. The short-term characteristics are encoded as filter
coefficients, and the long-term characteristics are encoded as values for parameters such
as pitch lag and pitch gain. For example, narrowband encoder A120 may be configured
to output encoded narrowband excitation signal S50 in a form that includes one or more

codebook indices (e.g., a fixed codebook index and an adaptive codebook index) and
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[000101]In addition to parameters that characterize the short-term and/or long-term
structure of narrowband signal S20, narrowband encoder A120 may produce parameter

values that relate to other characteristics of narrowband signal S20. These values,
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[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 S60 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
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[000108]In an implementation as shown in FIGURE 10, synthesis filter A220 is

arranged to receive the filter coefficients from analysis module A210. An alternative
implementation of highband encoder A202 includes an inverse quantizer and inverse
transform configured to decode the filter coefficients from highband filter parameters

S60a, and in this case synthesis filter A220 is arranged to receive the decoded filter
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H ghband excitation generator A300 is configured to
1n@§ﬁ1@ialgptémhAé%gﬂ@ghband excitation generator A300. Inverse quantizer 450 is

,_a

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

highband excitation generator A300 generates a harmonically extended signal S160

based on the fundamental frequency and amplitude (as indicated, for example, by the

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

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

speech may not be acceptable.

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

[000118]FIGURE 12a is a diagram that shows the signal spectra at various points in
one example of a spectral extension operation, where the frequency scale is the same
across the various plots. Plot (a) shows the spectrum of one example of narrowband
excitation signal S80. Plot (b) shows the spectrum after signal S80 has been upsampled

by a factor of eight. Plot (c) shows an example of the extended spectrum after
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of the hl]g$ ass si gnal shown in plot causes a
highhaad signab$3Q (esg. spelder um In this exarrpl e, downsanpl er
530 is al so

[000121] As noted above, filter banks A110 and B120 may be implemented such that
one or both of the narrowband and highband signals S20, S30 has a spectrally reversed
form at the output of filter bank A110, is encoded and decoded in the spectrally reversed
form, and is spectrally reversed again at filter bank B120 before being output in
wideband speech signal S110. In such case, of course, a spectral flipping operation as
shown in FIGURE 12a would not be necessary, as it would be desirable for highband

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



configured to performa spectral flipping operation on

the signal. Plot (h) shows a result of applying the
w@p@ets@k1 f | i ppi ng operation, which may be perPCT/IBI0&§12234

mul tiplying the signal wthyghe function ejnp or the

sequence (-1) n, whose values alternate between +1 and

) oh : e . Al .
(0027 o B B R S ] D Asion
op&Bitiéh &l irfanaed by spectinn éxemiot Ad02 hmty betvens gured ped aranged in

gt ora Yoe p PG GNP IO 1 His s G P e e e
spegc@x%raﬁlm Bt URSABRel BearAfld 694 spRABETRIsiditop¥Bitiod] where the
e con |guP

ed to include resanpling to obtain a
fregpacy sedlé i thx samclectoss tha atridvanlets Pleé (@ahpvs thy spegtempef one

hi ghband signal S30.(e..q. k :
xRS BT et S o ORERR e s
S8B Hﬁ%@béelﬂaxgsﬁﬁﬁle@ by RGh&oPéf tiide Picy (& piMoancnanemplegifhinektended
signals S20, S30 has a spectrally reversed format the

spenttupaftesfapplidatien opamrnligean finciien. ectBiscdss aHade bakgay Aecur
. t.he.spectrally r r form and is spectrally
mr&ée‘j’ég%é eggeéﬁc%esé?exqf%f;ﬁttgg'r bank B120 before being out put

in w deband speech signal SII O In such case, of
[060A233Riot @) Sheed thalspéduuppafiey aspested reversabopsaiign. iHot (¢) shows

FI GURE 1 ul t | | :
herRase B gor b T SR o Caner g s P ey S i
red c%E 8§ fa;féét&yofft%% 28hid O Beafedbitrd§QRIcadbd bignalafi this

asks” of upsanpling and downsanpling of a spectral ]
exemplenticsignabis iaspestraly rqyersed forayansimay be pyedrin a1 f@plgeentation

4 be c [ gured K E i ' t
o B 2B AL P B RS Dbt et
the signal spectra at various points in another
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spec ter signal S80 has been upsanpl ed by ¢
opegationronahe dowensaRipid igdal.s Spsetrabflattsoand bmay be genfigured to

extended spectrum after application of.. i .
e B DR e ERPRARH! AT byd PRRLYRE Shryicp. 1o
pdhi A& exbnBRUTAGLSSvel WhikeaRD bRdral 4R340 iatlufel) ansiRMS

the spectrum after a spectral reversal operatiagn. Pl ot

arfakz)sisshotue edndigspreciorcalenlafa eyt af K gilter sqekfgionss from the

g i . , oL :
e e e S e
ad$tdRiRdhcegoatficidnts. tGihsr exdemématidisef spghamim ¢xgeridar A400
.spectrally reversed form and ma .?8 used in_.an trall

inclygdr eprirEUEL R bW GRERIFY ﬂéﬁ@&}éé ABYBISHAR i spectrally
ALARASRAY BUrGRRMsAh@BA530530 i n such a form

[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.



[000124] The spectrally extended signal produced by
nonlinear function calculator 520 is likely to have a

w@e@aasneed dropoff in anplitude as frequency PCT/US2006/012234
i ncreases. Spectral extendesgA402 includes a spectra
flattener 540 configured to perform a whitening

e I
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our filt ficients fromthe downsanpl ed signal
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carfgE Within tgﬁsm RBRuUED T QB eesl o Enei $40 andlor
ené@%ﬁﬂﬁerwﬁMdL&Eﬂﬁtﬁ)n%%ﬁaﬂ’gggh is generally |ess
pronounced in the highband than in the |ow band, and
usi ng too nuch harnnnlc structure in the hi hband

[0(&1@17%: fbmrbemggmpd vath hegmgnicall yiexiensded signgb¥Hd, therpadom noise
AT hoRE RSB B L YA o AAREE v  ame

dohaf éielops a6 BEstbRihiatsseheEndr g tlaitution ovéraimeof narrowband
generator A300 that are configured to m Sggr nmoni call

s1g@s&%?rﬂaétg banglgnab$a0, ngrrop baney 64‘%@“9? giganl Oe%mm%

exﬂl %Ja}smo 9gRp i Itﬁm@@ 1 %g@aﬁh%&m&%% gemrmg 2302
nol s generat or IS Ccon gure to pI‘O uce a

1nd1ﬁm=d @rvoniree 430 gmﬁi gurddtocamsplﬂu@mbéulamdhsmlg@slgmdmduced by

480 i s con ure roduce a unit-vari whi t
nojse gER3RSh a&h?%s{ RE 04 EE %Omaffhwaf@? Ralsiifizel bY Envelope
calcORLRMBO &b SBsnfId @oRPiree 430 BN b HRBRnRAtedRS ahiltipli@nd
may have a power density that varies with frequency.

amangeday sbade thegiutmib oEndise gensrajer @%h@ﬁ@qdmg todige ipetemain
{ t
enffipet AT By BieRitle RERR 045 oRee Fibplaied pojse sienal

Sidoplicated at the decoder. For exarrpl e noi se
generator 480 may be configured to output the noise
Si as a determnistic nction of infornmati
[0QHE8 Hoth pIST AR e SR SRR BFPeRUot AZD2. as shown
in ﬂ?crl:ﬁQ\% %afn' JetEREURA 77 %B%lépesélaqcﬁﬁgf 860 BA&AFLA to calculate the
narro excitation signal
envelope of harmonically extended signal 5160 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.



[000127] Before being m xed with harnonically extended

signal S160, the random noi se signal produced by noise
w@emenaier 480 may be anplitude-nodul ated to he@BUS2006/012234

ti medomai n envel ope that apppoxi mates the energy

di stribution over tinme of narrowband signal S20,

r‘ .

o S e SR 7 o0 ARl AR R €4 P AL oo SHftation
as FrtdskRiat Ticludes g kbassbfexbtiatlat iIFAGUIEN &S slicws 2B80&chancifudes

a conmhi ner. 470 caonfj qur to a I tude- nodul ate the
e BPISd 190 Gh ¥t GRlo U HD salclifsn ST s airse Cac SHaRla ! the
frahfe & thd SBadl m@eﬁrey@eqpﬁ) sAh6818d B ¥ §aRBRband

cal cul ator 460. For éexanple, conbiner 470 may be

ex¢itapion winakbtBhe rarmomnicalpy ¢xdended signgebll 600 tespradace hrgquence of

out put, of IS erator 480 according to the
safitHEY R SHOURG oD B g Srediing Brilrd fa iSentsnse of
squtRe VAudy. O aE cXmablk AuBhsK Tl 3@ appl@R alfirSiloier IR AOARRS fikter to

an i nplenmentati on A304 of hi ghband excitation
thepeduense @ecordiog to e SXRERHOR n t he bl ock di agram of

FI GURE 13, envel ope cal culator 460 is arranged to

calculate the e Lo of ( h igal |y extiended signa
S160. In an inﬁﬂ%ﬁeﬁggpiag 2§ggpop’high§%%d excitation
generator A302, as shown in the bl ock diagram of

whetd3RBEhd filtecinpetl 9 pahe ltetibiapar n 460time-dvitatngedex,tagd a is a
cal cul ate_t he envel ope of narrowband excitation signal,
smogthingineffidentihaping teiiugchesmeendt-> ARG hodhe Valke Pt deisglvothing

coffFREhEl Hay b 1Y, ift n A HREH SmAORC NG E iy deatpine
actwdingtat omkcatibn bhigoisainr theirgud sightlcuchuhg ess cheser to 1 in the

tinme.[000129] Envel ope.cal cul ator 460 e i gur ed
abieyh B RORATRHETEN i Dt B TETRAGH Shpeie. SHPhok 107G prbliet
sqhd?6 kA @S RioR 86 bR sehpRUIHRS kfootht d3ddEerdce 18 BRYIcAthe time-

flomchart of an exanple TI OO of such a task. Subtask

domainénveldpeul at es the square of each sanple of the
frame of the signal whose envelope is to be nodel ed

l. ) i ' i
O8I oSBT R AL Iy S0 e
peffea giceriohs sehtake of sk Te60 inShinbald/dripatallebfaklions Irafurther

_ snoot hi ng operation on the sequenpce of squared val ues. .
implemgagations pplagk T60fhsuipskri b raabg? isearleflhyat bapyiERss opyiation
cobfABESE, L SRl RS, SES A Lhblr s o
madeted, sudhers thawpugeg ofy3-4skHAhe filter output, nis a

ti me-domain index, and a is a snoothing coefficient

[0@@;51}? ﬁ?rﬁgﬁl‘é ¥50 ig ecgn 1§ur%ec9 tosnn%;ntgan%bnizgﬁy \elﬂleﬁ'c%d%g gntaf'§ 160 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 S170 before the summation. Each such weighting factor may be calculated
according to one or more criteria and may be a fixed value or, alternatively, an adaptive

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



coefficient a may be fixed or, in an alternative
i npl ement ati on, may be adaptive according to an
w0 p@oaa2epn of noise in the input signal, suchp€Tras20a6/012234
is closer to 1 in the absen of noise and closer to
0.5 in the presence of noiseé. Subtask T130 applies a

AFHALACORE 16485k 8%4:8 SR SR bR ehA8oT TOEb Hippiner
49@uzhisadnipilea 1@ biladlnehigibasd wedinpen siahail8 120es adGlgiedsum of

be configured to performthe varjous sub ks of task .
harmaisally stsnied Siantl A0 8B4 BIOCEIALALINC TN § 11Uy Corgbiner 492 i

co{l) i r&[%%%%ﬁ%gﬁ&cﬁﬂf&t&c@mgﬁﬁf’g Btkackbrahfl @RhrRSnic

receded pass operation configured to sel ect
wetghii@gificor $ ¥88q weweighpaodulaed abise kignal H7Al acvdrdmg to noise

weahing E%%g@r'@ﬂto‘,’ i Dot SUHbARS g)%at?i}i% & enAtg80 3% a 30sh of the
Weti?'ftap{i beAd | 1 861RA08E, ShERabr £bGAc1ansk IReighah efhoftR caleulator

stgnal “S170 to produce hi ghband excitation signal o
558120 is dombicaredito atlculate hafmewiatyeightingdactamn§l dPeand noise weighting

onfigured, for exanple, to cal cul ate hi ghband
fa%%g?gn on signal S120 as a sum of harnonically

ext ended signal S160 and nodul ated noi se signal S170.
[069138] Wei ghtipg €4cedi caldutitordfS0amaybhenamfig@drrayalbelate weighting

configured to cal cul ate hi ghband citation signal.
FocBB 188 980 SLPYMGEIOE A LEUBRIIOR e RORAR TP deisgpontent
in %&B%ﬁ%ﬁ%ﬂ Yigfailsg Qé.eﬁoﬁ'éxﬁg?le, 465 Bh@s@ableFor combiner 492

noi se"signal S170 before t'he summation. Each
to proctucenkiigh baridngx cltaigdrosi gnmh $ 1 B todeive airatieof kesmonigiongrey ¢o noise

one or.nore criterja and be a fixed val.ue aor "
engiey shidgh o ara) of hiehheheRenal S e e Guiford of weieptine
fa@of EABatBY 530, WEE%H@& Fakbrk BB, BroBuUlE cAfEated according to one or
basi s. [ 000132] GURE 16 shows a bl ock di agram of an

méneplameterarélain o2 petiodisitsioh arrrepgerndrsignal 82¢ oefitheir ed

t | cul at e, hi ghb Chtat] ' 0
TR SO A LSRR P B,
inpahdngdtRel ofavesghtiigdacbr GlctatolEfthinagbe d@figused to assign a value

configured to weight harnonically extended sggn?l S160
to Aarperas Wgiehgna saciernt 80t hpoRgrtioawlts thegiiish safty, Iofhsxample.
' n@NEhoRd (R AERE TR 199 1BPhBRiced speech
an\f\qg)?g%%fs%‘ %&ggﬁgr&%%g,nogég‘%ggﬁogt put hi ghband 1oec Speee
signats thad farrvoiied spdecBkiMalas a sum of the wei ghted
signals. In this exanple, conbiner 492 includes a

' [ f.act or | cul at.or.. 550 t hat, i '

A T T e N T
calRil AV 41065 for 6h@ionR) A8ighliROREDI SN0 ghd/ongoiawtighting factor S190

cal cul ator 550 may be coniigured to cal cul ate
aogeidiig iorggneasure of periodicity of highband signal S30. In one such example,
weighting factor calculator 550 calculates harmonic weighting factor S180 as the
maximum value of the autocorrelation coefficient of highband signal S30 for the current
frame or subframe, where the autocorrelation is performed over a search range that
includes a delay of one pitch lag and does not include a delay of zero samples. FIGURE
17 shows an example of such a search range of length n samples that is centered about a

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

[000135]FIGURE 17 also shows an example of another approach in which weighting

factor calculator 550 calculates a measure of periodicity of highband signal S30 in



factors S180 and S190 according to a desired ratio of

har noni ¢ content to noise content in highband
we@etiaepn signal S120. For exanple, it may bRCT/US2006/012234

desirabl e for conbiner 492 tg produce hi ghband

excitation signal S120 to hgge a ratio of harnonic
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frﬂﬁasmaefuethexpmdrmivej wl ghfindiagtob aldulaiog 580 caamatels hamminic
such exanp wei ghting factor cal cul ator 550

weidhtns beioe SRR ot %vwe@fﬁhmwpm Ruteqqstrlation; qogfficients
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caMhater 5ﬂﬁlemaym1m be cedfigureditol ssalp ¢hndf arrebation\eeifmiengandfor to

ety ron Qo ety Bepai S ANELS TercorE wFPLRG o

exanpl e of such a search range of length n sanples
that is centered about a delay of one pitch | ag and
has a width not greater than one pitch

(0ot 35]1431 @Ukpiraie éog‘@elghmgfagiepr EXEWPIOE 568 to¢rd¢Hale @ measure

OB L R 008 i) gt 5y o
tho3Rmid1s et rwike Bldagesl. For eaalflplest/elghﬁu@factdn ealculatoz 350 may be
frame is divided into a nunmber of sg»agines, 3Bd thg
cenieagedite palaipr? mAsUEvIRSIOAISIOf Behbet gl énp aprding to a
rél@f&'tnl KLY gﬁ agglﬁglt fntiL Gfbrdf g@ﬂi@cﬁﬁ{}y of tRE cGAGH rRHRS §RABS phdh gai

ove e autocorrelation is perforned over
amd ;sé}adfshhldr\ah@e Ibloa¢ examﬂ)la,d\e@g}atmﬁaatpr odlcyater HHY @h:onﬁgured to

d | ud del 136
pitfons Gevaielige pgrafop ay BlenPragh Bera ST RBE iedints Pbiten
gﬁﬁ QJ: ¥1 08 RSV QoUBSIRNEHiNEF the aRkbwbafd Faia) ha eﬁv’iﬁﬁk of more

frame, concatenating the resulting subfranes t

thamﬁ)sﬁt (rau@matawlm iazst 0.9). dalaagiber $xazmmie, Wt@mf@quﬁl%ator 550

1shc%n 1gure& to per&)rxlltn ik utocotn%[atlon operation on highband signal S30 only for

frames having particular states of speech mode (e.g., only for voiced signals). In such
cases, weighting factor calculator 550 may be configured to assign a default weighting

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

[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



S180 as the correlation coefficient between the

original frame and the optimally delayed frane. In a
wo eoobhar2nl t er nati ve, weighting factor cal cul apOF/USH06/012234

cal cul ates harnonic wei ghting factor S180 as an

average of the naX|nun1auto§grrelation coefficients

obtained in the first stage for each subfrane.
largerpitehniea theni fongpeseh siengmhavipe # sweb piteh [agyAnoger s8¢ may
iAo 8 WML Ao BB SBORCCH IR deterpiye o measure
of hermtalicityl aftve detiemd\sabach sigmal &H} mm nf mghMIglMgmn@ SBAccoerding to

S180. [000137]1It y be deS| e factor
a IE%?}SEII?I O%ftlerrer@w tfghe Niegeh ity %fstB? élﬁg‘mg %?Wrelatwe
eYcy &b stswhere a presence
toﬂ{ %}le cit 1%{ ?Iﬁgpffrr meqlk S rgl?}ﬁﬁrvsvi se indicated.
For exarrpl e, weighting factor cal cul ator 550 may be
[00Q139] m@mnm@nwm@nsaafev@ew@dmeéh @nch@r AP erer gontigured to

o R R L GTRPEERD B | e
th& HeMe @sshﬁinbﬁi& di dbfharaidfic) bhdedeshibd phtohagam and/or amogcher measure

exanpl e, ighting factor cal cul ator 550 i s confi gur ed
of tpgri iarnoemhaawoamtu@é deserifed Bﬁe@pé? 80% BFETgeH GRIFsAPding

wﬁé%ﬁl é%gog% PfIOE) Sesft i@ iSatin(t6 BogiRhite 68 oﬂeratlérhﬁlch as

aprive ain o e narrowband residual)
wagMaigtfectof calmrlatidrh aIn ﬂlcﬁhe(rakaraplﬁaiuch ehyndieationasagsed at the

e e RS U S AR

operation on hi ghband signal S30 only for franes

[0D140T8 nRA el delrale Sdrai Efhadll esdiREch gﬂi’mﬂﬁof A302 to gitkyate
for voicéd signal sf In such cases, ghting factor

highhapd exgitstios §mnﬁ1a§/ Wesughy Hrat gwre@argwfﬁsesqxgﬁa%oru%s% I%
suﬁ‘ﬂtglg%qi ARG by IR pa T aMRY bf‘%&hﬁﬁ% ﬁa%lcﬁé §$8(®knd S190. In

ae and esser values o
su[cﬂ @%S&klghb@fmtcslcumjrwde nﬁayruelmnﬁgmmﬁ emreaimdanemhwffor

wei ghting factor cal cul ator. 550 that_are figqured.t
hasmopig vl Entingifagiey %198(} AIOHPRISSWEIS, LHpg]&c{oa S‘i88 ordo recelve Such a

Va‘flmeaf'r ts&{ré%t/etdr%ﬁ?ﬂkpglé hest h‘?éhb'aﬂd @ﬁj&lidEr 8904)%nd to derive a value

periodicit exan'p , such an inpl enentation may
fob ehecnindrivepiigheoh gtfactas aicgriiag tol ayrexpregsibueuchmsnoi se gai n
factor S190 for speech signals having alarge pitch |ag
than for speech signals paV|ng g smal | _pitch | ag.

Anot her such i npl .m;oaLt) r( Q)fse weil ghtl(ﬁg factor

cal culator 550 is configured to determ ne a neasure of

har npni city of WI deband s ee Si or, of .
whetgHBamer. SPRHEY hasmenicueighti Ct%ggéad@i%mee gengigsgotse
si,gnal .at. mul.t I
et s T Ly e
cirhiBedfth 881B@ NS FRAPRNEVLSS of Mﬂ:]it Sagmure for the current frame
i mpl ement ati ons of w deband speech encoder Al QO a
orsyfrager aeprregponding one among a plurality of pairs of weighting factors S180,
$190, where the pairs are precalculated to satisfy a constant-energy ratio such as
expression (2). For an implementation of weighting factor calculator 550 in which
expression (2) is observed, typical values for harmonic weighting factor S180 range
from about 0.7 to about 1.0, and typical values for noise weighting factor S190 range

from about 0.1 to about 0.7. Other implementations of weighting factor calculator 550

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



out put an indication of periodicity or harnmonicity

(e.g. a one-bit flag indicating whether the franme is
whasogosi2el or nonhar noni ¢c) based on the pitch ge€TUS2006/012234

and/ or anot her measure of pg%Lodicity or harnonicity

as described herein. In one anple, a corresponding

d ee coder uses,this.indicati,o
oSBT O bR Brselins Biriebion ool e iy a5 g sfal s160
arfkPin6&t1akH @Bise kign@®It7er exanpl e, such an indication is
used at the encoder and/or decoder in calculating a
val ue for a speech node paraneter. [000140 1t may be
[O&Q%ﬂ]a‘bm@cwséﬁawcgﬁb@rﬁjss@ﬁ@ﬁtzad sRsclydigeslavhsn agpmecgdebook

HERFEE Sy ARRLF Yol AT 0L BIER R bl R
reprméﬁte@dre@f thy redshimalp a(mdexbublagpay@helﬁ&cairs \eepeghiliynghen the

factorg S180 and S190. . In such fac
nyvhang s

a8 gnRArd gba lanbit giif-e facté a%s&ﬂ%yg%g eRpQ &earseness
&Q&pl%&’ﬂéﬂkﬁpéﬂﬁhﬂh'tﬂ& SR REr mOEH MovE 80| E&ause the human

weighti'ng factor S190 (or to recei've such a value from
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occurs especi ally wh
extender A400: for example, after any of the elements 510, 520, 530, and 540 in
spectrum extender A402. It is expressly noted that anti-sparseness filter 600 may also
be used with implementations of spectrum extender A400 that perform spectral folding,

spectral translation, or harmonic extension.

[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 S120 is randomized, or
otherwise more evenly distributed, over time. It may also be desirable for the response

of anti-sparseness filter 600 to be spectrally flat, such that the magnitude spectrum of
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u];()e &P {S%Scialg?e%:s). In such case, anti-sparseness filter 600 may be configured to select
among these component filters according to a value of the pitch gain (e.g., the quantized
adaptive codebook or LTP gain),. such that a greater maximum phase modification angle
is used for frames having lower pitch gain values. An implementation of anti-
sparseness filter 600 may also include different component filters that are configured to
modify the phase over more or less of the frequency spectrum, such that a filter
configured to modify the phase over a wider frequency range of the input signal is used

for frames having lower pitch gain values.
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[000148]Highband gain factor calculator A230 may be configured to perform gain

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

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



the ratio between the | evels of the highband and

narr owband portions of the synthesized w deband speech
wGe2@aab2sl OO to be simlar to that in the ori gePeEUS2006/012234

wi deband speech signal Sl O # addition to a spectra

envel ope as represented by highband codi ng paraneters

R e T e S

syl ed highbaghiipn 819180 @Pe: thésutghay i n FI GURE 10,
hi ghband encoder A202 includes a hi ghband gain factor

(i@l @jhator A230 that is configured and arranged to _
(001 Ty Breesiabledpehighbandraren Betor selewlater Mg 300 e configured
td IGHAOhIEHHARE oALBRRARC IO BSL wHbANE raNALRCBIGORE 22

hi ghband signal S130, such as a difference or ratio
shyatsveeidowdthae of seclyiresnpltmettetionib2 K ofigliss faotoe calgufatiameask T200.

A O A AEHE ST e e
appiés B shink &¥h8SwmeThhdidhed SWBCS%GS%@%@H& ﬁggﬁl@;l 3p0

cal cul ate the gain envel ope” according to s
Irpplppentatigns iy 2e énd L2 ¥nobleskss’@ha hind AbAnchlwilgen e 3@ Riemaf the

. ' ' ' . S80 . i ghband
A PR B AT 00 L e53 paR S T e frome ap e
sqplarenant afwharadioexchd adargivs.Si gnal S80 and hi ghband
signal S30 are likely to be simlar. Therefore,

in in envel ope that is based on a rel ation
[@@?5’@ ?ﬁgwa@fﬁgéfﬁab@gta ABIPLY 8ITNAMUNEARRCSRB At o¥zidamsaAdiasent
subfanak. ﬁ&%x@tﬁfpl@,a%iﬂﬂ&kin%ﬁﬁﬁs%{%q thd? %E(%urcﬁsn%aiﬁ T‘:ﬁ:%r@%vhich may

hi ghband exci tati on signa O or “synt hesi ze
bhipphibd frdas e ypmkap-agd $ashian inky helpéo adduye breavioid disediftinaitg bétween

ngodi ng_a_gain.envel o ase nl .hi ghband

L RN TAE

a enpndiehl WA wirsy Rabfid0M $whan PUGORE ma0uaphick 8 Whdew
of eight to twelve bits that specifies five gain

oYeglapyeash Pb pheeerndjacapiesubfianes B pne-ingHrsand gEIGUREBbshows
ar?%Jg?iUét%Q{f é@% %gnwmg ?m‘fc?i%g L %ggl?of&ﬁ)e 1ﬁe:jsfug>lfrm §|8F a %8? N

or cCa ation as§ a task Inc e

miiisdcesd frims Utz kmpldnidatiRion? ol highioud gairf £26M€ baAtkla®k A2B0 may
exanpl e T200 of sych a task that calculates a gain
b canfigured to apRly M gifstionyhvingdifierst ayeilpptrsrioAsand/or

diffetet | lag Of el ' | :
gynthggﬁgggﬁﬁggﬁ% ﬁéeéjggaiﬂgT%gg&$§g§§95285”2%8”?536”
asyaineattical elttihalse pessifile forgh impEneataties b highbands grif faes
fLhe ctive signals.. E exanpl e,. tasks 220a, and
A e Do el pdpty dittegplouhdqving Adncgips o gifterent
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subfranme. Task T230 cal culates a gain factor for the

[OBMJSflﬁ \?Vr}t%ogts lirtrlg]teeltiosn? ltjhaer f%llowing values are presented as examples for
particular implementations. A 20-msec frame is assumed for these cases, although any
other duration may be used. For a highband signal sampled at 7 kHz, each frame has
140 samples. If such a frame is divided into five subframes of equal length, each
subframe will have 28 samples, and the window as shown in FIGURE 23a will be 42
samples wide. For a highband signal sampled at 8 kHz, each frame has 160 samples. If
such frame is divided into five subframes of equal length, each subframe will have 32
samples, and the window as shown in FIGURE 23a will be 48 samples wide. In other

implementations, subframes of any width may be used, and it is even possible for an
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mgyﬁge oRAP k—ﬁghbah& synthesis filter B200 is configured to produce a synthesized

highband signal according to highband excitation signal S120 and the set of filter

coefficients. For a system in which the highband encoder includes a synthesis filter
(e.g., as in the example of encoder A202 described above), it may be desirable to
implement highband synthesis filter B200 to have the same response (e.g., the same

transfer function) as that synthesis filter.

[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
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[000157] As discussed above with reference to, e.g., FIGURES 8 and 9, a considerable
amount of periodic structure may remain in the residual signal after removal of the
coarse spectral envelope from narrowband speech signal S20. For example, the residual
signal may contain a sequence of roughly periodic pulses or spikes over time. Such
structure, which is typically related to pitch, is especially likely to occur in voiced

speech signals. Calculation of a quantized representation of the narrowband residual
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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
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pitch contour (also called a pitch trajectory).
synthesis filter that is configured according to the filter parameters extracted from the
original highband speech signal. As a result, the synthesized highband signal may
contain audible artifacts that reduce the perceived quality of the decoded wideband

speech signal.

[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
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between the marged‘highband excitation signal agd t he
milliseconds, or some other time ificrement. For a case in which narrowband encoder
A124 is configured to otherwise modify the time scale of a frame or other sequence of
samples (e.g., by compressing one portion and expanding another portion),
regularization information signal SD10 may include a corresponding description of the
modification, such as a set of function parameters. In one particular example,
narrowband encoder A124 is configured to divide a frame into three subframes and to
calculate a fixed time shift for each subframe, such that regularization data signal SD10
indicates three time shift amounts for each regularized frame of the encoded

narrowband signal.
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D20 that melmdesnashifitregigter SR1. Shift register SR1 is a buffer of some length m

that is configured to receive and store the m most recent samples of highband speech
signal S30. The value m is equal to at least the sum of the maximum positive (or
“advance”) and negative (or “retard”) time shifts to be supported. It may be convenient

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

[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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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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[000179] The time shift applied by the narrowband encoder may be expected to evolve
smoothly over time. Therefore, it is typically sufficient to compute the average
narrowband time shift applied to the subframes during a frame of speech, and to shift a
corresponding frame of highband speech signal S30 according to this average. In one
such example, delay value mapper D110 is configured to calculate an average of the

subframe delay values for each frame, and delay line D120 is configured to apply the
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shows a schemati c di agram of qsuch an inpl enentation

D130 of delay |ine D120 t hat*d ncl udes two shift

ers SR2 and SR3 co receive and store
aﬁﬁugaﬁ%ffa V&ff’s%ﬁé%él‘fongsgﬂ?&fimégEﬁﬂg %@hapﬂ 8igpalapp. oln other examples,
arCRRf o W8 HOriF hdrfodP(shePARwR subRhEQBENAIF 8 Bk} ora longer
register SR2 to shift register SR3 according to a tinme
pea;imdf(suChsas rt\ml fmmee)dnby be f::dpulebcdnpdi eppliedglih achseavharn the average
data. SI

s 4 et Bi Pl oL bR Bl Beon hul ar s S RhRde roune

thg velnako sm3fte %@Q&w&] of lsBmple beREd bephtahg X8 rdiaiaty 1§1'a @T20.
in FI GURE 2 shift register SR2 includes a frane

buf fer portion FBI and a delay buffer portion

(0001301 Neergyvhanst engpder; b4 ey bacantigieedia incdpd epwetgpbﬁzat?on time
o550 BB S §0 Ao DAL LA B

Inrsatiaa dadeyift hmny H@Blemmgblé) forefgisglvalvermapper Bay0 lrebd eordiured to
th theo : ]Jt}lthat a reater hlftlinoe .
rolg e RRR PR B SR o AHARER L REL P D st Op fpfine
Pﬁ)@h%gfﬁh@?&n@é’& fiftle SAET td 1RBNBARA cH§1g]'ﬁan§3(EUf ed to
€ same length. Alternatively, ay buffer DB
be shorter than retard buffer RB to account for a.
[ODDifﬁel]Irrmmmplm@matﬁ% of gvideband praecl erfeides AP @nthe sampling

ra@é of fhrr&Bankid g&:'hfs p%[ Q@ Il hlgﬁﬁa*ndvé’gée%ﬂ éb:%n%g%iffer In

her process ng (0] | ONS S as”™ war
sush opdeeslebsHvahe mimeadd 10 anastvefdonfiggiesd tceadjﬁmlme[ 00 hiholints
In the examle. of FIGURE 27, franme b
méwﬁﬁeflgm%a apigation datasigpa] Ip eta@a@upbyqrﬁaﬁffﬁpn%@tw%%e

sag{&)fl Pg QQFBI ao9ahd %}%elé S, nﬂ%r@f nmlnﬁ ex&'ﬁ;ﬁfgﬁ signal S80)

'S con have a | ength equa
antdiaghbahd speecks sulgha@ﬁ@ dfor hxghtﬂantbla.y ‘e m@gEr D MOgnmhbe

cq%g%ﬁl‘gd? el %%epl | ?]1?1??5 i./lgtg glcgoo(gl%:g g%ué?ag@e%% tfaeg cl{n(g rates. In

o fartidipdr leREMHlcQk nﬁenfubﬁé@aﬁd% BRrsRibhhEsheckle E@'Mal' S208s sampled
D130 may al so i ncl ude |0%I c to average val ues from

atférlehtve apd hishbarBipeoght tigned S3@ & samplrsl av el i Inttiaig chse, delay value
. f
w095 CRa3p PINBSES R ol B Mions o

ddlgceilvemysierd €6 10fmdy gktbben@brsiggfeal to PSormmbych\d @aﬁm@@@ratlon
buffer  FBI, and in such case delay |ine D130 may
tORRIRET LN P EtREeF-soUnding Fu ofading %é@vaag@g @@FW@@H as described
heugeessive frames or subfranes witten to shift
regi ster SR3. In other inplenentations, delay Iine
D130 may be configured to performa warping operation
[000182d hpfuetherf impierheraatéorisuddlay lirBD 1 Heiscontigured imethetve s modify
shift register
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and expanding another portion). For example, narrowband encoder A124 may be
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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



according to a function described by regul ari zati on

data signal SDO. [000178] It nmay be desirable for
waledtay3izzne D120 to apply a tinme warping that PET/D8xe6012234

on, but is not identical to,~,the warping specified by

regularlzatlon dat a si gnal %6 O FIGURE 28 shows a
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highbppdspedelt signal&30es SDI Ca. [000179] The tinme shi ft
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frame) or a |longer period (such as two franes)
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del ay | i ne D120. [OOO 80] Nar r owband_encoder Al24 nay

spepsh gaeiel Rgganedier: d sk dD2E8 absOrn@@mleéraI tipg Parping wehe ﬁ?@@ed
nm%wga%g &gﬁ&}qﬁ% a{wun‘oer_ of sanples in the encoded
narro

excl ion signal. In such a case, it may
be desirable for delay value nmapper DI 10 to be
[0@0i8H{ Dask D300 geoemtts ieshtand exdimnidn signa teked ¢n 4 paraswband

e iR 30 o b B
nadWbahPORIBfidd Q% ”Rcbélﬁir%r@ Rt RhitARshighbaMdadseamtbn s1gn§11 task

speech encoder O, the sanpling rates of narrowb
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di fference between the sanpling rates of narrowband

highhard rpesely fignalsha i based gp ﬁ%ﬁ%ﬁﬁwn&@w&m dHMS WRng included

in Dncoded 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.



and hi ghband speech signal S30. For exanple, delay

val ue mapper DI 10 may be configured to scale the tine
wa@hiobii3@apunt s according to a ratio of the sanpCT/N§2006/012234

rates. In one particular exggple as nentioned above,

narr owband speech signal S20 is sanpled at 8 kHz, and
R A AR L R B Fsr D RO AT ot 0
revaxsk itiphey werpdtng shhighbaadencitatioy sigh8l S120pdaeseltiyed tima svapping

. del al ue pper DII O may .al so he.configyred to
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operation as described herein. [000182]In further
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arrowband encoder Al124 may be configured to perform
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sigpe 108 g highband exsitaienepalRd200 a function such as a
pitch contour or trajectory. In such case,
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correspondi ng description o he function; suc S a
enaode nafrowbanahspeestssigrah 820 enhdilyighbane speh sagnal 53 independently
| ogi c _configured to warp franes ubf rames of .
frop iRt sae ot PghE o Saer Rt iRt ot Rira o derprsmtation
of 4 Righb&RY spetipdl QAREIbAE AriNShightetndexviddtien siRPeSudAlanl0 i's

configured to average, scale, and/or round the

implgpentaben pay besonfigyred tmsriosn tahyvambesef the bibhand igeidpal
._S30 N . val ue.. .. .

oS R Bl e e SO TP BRI i o

acodaliny toiafaremtian cdatihigtg attimé Werpingiotiuded irethe bnétrled arrowband

val.ue i ngi ting ai n er of sanples, whjch are then
eXcAigHPR Sgndy ToE FEgmp pribe biEbbadFTEP M ipelyfe 2@ implgmentation of
<SP IAEPRINGHI METSNP R BURTIS e B gRERI PR o
to appihotimDl a@pngfto theneghtang resgdual $ipgiib Bottnt pledlymtsgegdisuch an

opd TP i et SRR B ih sigpgad  beter
matcRPetwiddn@he w@ﬁ@%a%aﬁo%ﬁﬂ%adﬁ%%aﬁ& BpeeBBidhalk.0

obtai n a narrowband speech signal and ‘a hi ghband

sgeech signal . For exa;gle, task TD OO nay be
[000488TiAsupeHionsd Abevee pmbpEmENIY @p dergribpbbeBinsnglHéd  usi ng

imeaph e TN A P BRRS Atk RLaaaDE prbborthd
compRibiity vaddesrdwiand aystanbanthvepiieg h nsédfoa trangebdingt Support
N R AT
chipsets, devices, and/or networks having wideband support with backward
compatibility, and those having narrowband support only. Support for highband coding
as described herein may also be used in conjunction with a technique for supporting
lowband coding, and a system, method, or apparatus according to such an embodiment
may support coding of frequency components from, for example, about 50 or 100 Hz up
to about 7 or 8 kHz.

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



encoded narrowband excitation signal and/or filter
paraneters may be quantized, and the encoded
woaroeoshand speech signal may al so i ncl ude ot hP€T/US2006/012234
parameters such as a speechygode paraneter. Task TD200
al so includes a tine marping in the encoded narrowband
dlfﬁefé:dh%a{)ﬁ ﬁ'ﬂ %Elgeﬁ be cie%g& %?f]a g sk 1RO 9ERE rﬁgulﬁr context,
and excitation si gnal based on a narro
hlgakxmd suppand gy gaade.as lan ehiblmgdestere ih lipeech reécoghaiod and other
Citation slgnal I s based on the encoded narrowband
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na®¥gHdnaihlen aﬁoﬁﬁﬁb call ??&e;s@?é)o encodes the hi ghband
speech signal into at least a plurality of highband

filter paraneters. For exanple, task TD400 ngi be
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i B ileesR o laf e ane SR ar Rl Y rsi0uf TR
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w deband speech encoder OO are configured to reverse
and{or digitalviaraphlag convaisighlohnapassie Figaali eircusiny faslpegopoing

ol L LR R DAL RSO aor i

frequegicty airt ity e temaindNsi o/ oraacepton ofthe ﬂeaad&xﬂ:eé@x signal.
i nclude an inplenentation of delay Iine D120 that is

nfigured to receive regul arizati on dat naI
(o1 gta@aplaéﬁfaywwa]@?d@a%ééscl%ﬁ ﬂtabelaﬁﬁ Ipregtt may include
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excitation si and/or to a subsequent sign
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hi ghband speech signal S30 independently from one

featipret inelude Eigedior adaptive sinpethingp eeefficisniigaresggations such as
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war pi ng of the highband resi dual
include flxeg or adaptive sm%othmg 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 into a data



signal, or to otherwise include a tine warping in an
encoded hi ghband excitation signal, according to

WO njoens@ei on relating to a time warping i ncl udedr/usonéie12234
encoded narrowband excitatigpn signal. For exanple, the
hi ghband encoder may include an inplenentation of
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may al so be used in conjunction with a technique for
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about 50 or 100 up to about 7 or 8 kHz. [000189] As
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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



particul ar application, such a device may al so include

such features as analog-to-digital and/or
wale@eiial22t o- anal og conversi on of a speech si gneCT/US2006/012234

circuitry for performng ang ification and/ or ot her

signal processing operations-on a speech signal,
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latil t
Taskom e oh s acisa s enn o g S MR AR g Ry B auce
thg%ula%‘%{pﬁblg@g Bnflei Ng instructions executable by an

array of logic elenents such as a nicroprocessor or
other digital signal processing unjt. The data storage
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(A) the set of filter parameters and (B) a highband excitation s1 ignal based on the

spectrally extended signal. Task Z400 modulates a gain envelope of the synthesized
highband signal based on the set of gain factors. For example, task Z400 may be
configured to modulate the gain envelope of the synthesized highband signal by
applying the set of gain factors to an excitation signal derived from the narrowband
portion, to the spectrally extended signal, to the highband excitation signal, or to the
synthesized highband signal.



an array of logic elenents, and any conbi nati on of

such exanpl es. [000193] The various el enents of
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corresponding to different elenments at different
tinmes, a set of instructions executed to performtasks
corresponding to different elenents at different
times, or an arrangenment of electronic and/or optical
devi ces perform ng operations for different el enents
at different times). Moreover, it is possible for one
or nore such elenents to be used to performtasks 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 systemin which the apparatus is enbedded.
[000194] FIGURE 30 shows a flowchart of a nethod M QOO
according to an enbodi nent, of encoding a hi ghband
portion of a speech signal having a narrowband portion
and the highband portion. Task Xl OO cal cul ates a set
of filter parameters thatcharacterize a spectra
envel ope of the highband portion. Task X200 cal cul at es
a spectrally extended signal by applying a nonlinear
function to a signal derived fromthe narrowband
portion. Task X300 generates a synthesi zed hi ghband
signal according to (A the set of filter paraneters
and (B) a highband excitation signal based on the
spectrally extended signal. Task X400 cal cul ates a
gai n envel ope based on a rel ation between (C) energy
of the highband portion and (D) energy of a signa
derived fromthe narrowband portion.



[ 000195] FI GURE 31a shows a flowchart of a nethod M20O
of generating a highband excitation signal according
wo eocan3eebodi nent. Task Yl QO cal cul ates a har npeii/v8100§012234
extended signal by applyingsa nonlinear function to a
narr owband excitation signa? derived from a narrowband
ech signal. Task Y200 m xes the
W]ﬁ&l‘%éﬁ{i%%}\@ ended si gnal with a nodul at ed noi se
signal to generate a hi ghband excitation signal.
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excgjaiioh §igedlors to an excitation signal derived fromthe
narrowband portion, to the spectrally extended signal,
to the highband excitation signal, or to the
synt hesi zed hi ghband si gnal . [ 000197] Enbodi nents al so
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funplyordeseprises rpmiging thestanliotarfahctmmiio diewiané domainf i gur ed
to perform such nethods. Each of these nethods nay
al so be tangi bly enbodi ed (for exanple, in one or nore
data storage nedia as |isted above) as one or nore
set4 of Thsinkthol ia@dtedingaslalale 2anHéeh BX REMIrRR BinbBYordis a

machi ne i ncl udi ng an
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 Jeast one of the absolute value function, the squaring functijon, and a

clipping function.



array of logic elenments (e.g., a processor,

m croprocessor, mcrocontroller, or other finite state
wora@hilserl Thus, the present invention is not Per/Esnee012234

to be limted to the enbodEgents shown above but

rather is to be accorded the w dest scope consi stent

wWith the principles and novel features disclosed in

any fashion herein, including in the attached cl ai nms

as filed, which for art. t,he .o
i Jel os(hhe THAd pasording f?éémpé wherein %?%O&Emg%r function is the
absoqﬁtg%ﬁfe'fﬁ&t hi ghband excitation signal, said nethod
rising: F]lar noni cal | y extending the spectrum of a

S|gnal that is based on a | owband excitation signal;
calculating a tinme-domain envel ope of a signal that is
based on.the |owband.excitati | id dIRg NEnd
noise si '%8%b?ﬁmmngf a?@%?PY%%&ggég n e%@gggpe

donfhﬂgerﬁ)‘é[ﬂiie@f AGidnA) that is@amnqaé loywtextl erciediosisignal inbladesd
on a result of said harponically

nd .d
calowtatini attises-Aeaia HVeIRas OIS YIF ¢ Ber"é’gﬁ‘lnbng?‘%gl&?é g)“alaa
1OWE§H%JS&%ééhn§gna%§ 2 d thd! ﬁ)vgiagﬁ‘ Baneiex ighal hﬁ’d‘th%lhgﬂﬁd)mb:ﬁly

resu t of sal nbi ning. 2. The net hod
extehdedsighalg to claim 1, wherein said har rmnl cally

ext endi ng conprises applying a nonlinear function to a
signal that is based on the | owband excitation signal.
3. The nmethod according to claim2, wherein said

appd.yi NoTiR Mefhlot RE&drding 6 tlali 1 cwhgtinssail ]mmiomcalj]y b)ttendmg
nonlinear function in the tine_ donmain.

4. Th

1nclad@ﬁdr8dmﬂgwtﬂéy extanding theyspesteiny of HeuRsamp %ﬁle%ﬁmf E&%‘EF 8?16‘1 on
| f unct 5. Th t hod

theg%%%qng%%m%‘ s?%rﬁ?n i near uncti on. e ne (0]

I'm 2, wherein the nonlinear function
is tinmeinvariant. 6. The nethod according to claim 2,
wherei n the nonli near functi on conprises at | east one

of the absol ute val u func ar| n '
andl® cl Thp }nﬁ Ofitf’ﬁﬁ‘? S{S‘ﬁ te}c 2 ﬁ)é({ij mgﬁq Cc&l)nr gnatﬂéa&rbne
am&hé%ﬁp‘us?ecﬂ‘mﬂtﬁnf @hdRahionRANy ExiBAdddMIgrias phbketo said

ue funcCtion. 8. The nethod accordl ng to
combiaingand (Bheresirally Haitening ba highbar excitptionsigadin

11.  The method according to claim 10, wherein said spectrally flattening

comprises:

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

flattened; and

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

according to the plurality of filter coefficients.

12.  The method according to claim 1, said method comprising generating the
noise signal according to a deterministic function of information within an encoded

speech signal.



envel ope of a signal that is based on the | owband
excitation signal includes calculating a tine-domain
wepwel1apel of one anong the | owband excitati on BCTOS1006/612234
| owband speech signal basedsen the | owband excitation
signal, and the harnonically extended signal. 9. The

t hod di t | ai . i I Ld harnoni cal |
ext SR g AEMDRCECorSi TRt Shstedn S o ReTRat Bt
caloflat@i} ApsiafiRldednséfghahatitaically cRREESH Hend Bed tewheddated

excitation signal. 10. The method according to claim
noige sigpgl qwhereghe bighprdsexreiatien sigen is based amBhiegveighted sum.

spectrally flattening the harnonically extended signal

prior to said conbining and (B) spectrally flattening

t he hi ghband excitation signal. 11. The net hod

accd4.di nght¢ metodiaccdrdingith etadinrl, sdiectispdd taladlhyng a weighted

flLatteni ng.conprises: calculating.a plurality of. .
surh S LG s roncaly Breadediimal ascomes Ybr arispting
factdrahd QReMtind At hbhdiflel RGisk BRnal B&idelo lﬁ%eécﬁ%éighﬂiﬂg factor,

flattened wth a whitening filter configured according

to GAer bf I £ £l ol

nmet hod eglc%g(?%ﬁb r% dt% g“@kﬁ%ﬁai&%g%%) %ng?%g% : co n%tr i;HS:dI it 80nd
weightiag &iciargacdoslingicetisiegrakblacondidbmgnt galgulating the other

deterministic function of informgtion within an, .
amgﬂ%%g}&&%g é%cﬁ’.ngi%%}f%nﬁgaa?ﬁéuﬁ}é. £ g sup 8& BH’I fﬂ)ﬁr&l%s_ of the first
andCdeBbil Weightifs Rictbrs Rl sdbaanthillyicBfsthtGvbt@se cal cul ating a

wei ght ed sum of the harnoni cally extended signal and

t he nodul ated noi se signal, wherein the highband

excitation signal is based on the weighted sum 14.

Theq aet h [ | .akmq1 b i1d.: :

cal b ot o RESOHRE A B RS S chBling o weighted
surh anchuies ealidhying dedraadniealin et tediedaighahgecbnlivg fo d Bist weighting

wei ghting factor d i ghting the npodul ated noi se.

facli gHo oLz eine Hemodiaiad St SEMkACEINEO RAETOA WeiBkling fctor
sai d_net hod conprises cal cul ati ng one anong the first
andVegeBid e bRt camprises slcylaiag 6t lensgne gmgng the first and

el hROALE e PO hEl a0l S S 0% BB g
of mspeach ofnd hed @er digeee off vditieg bf 4 specansigaaicond
wei ghting factors is substantially constant over tine.
15. The method according to claim1, wherein said
cal cul ating a wei ghted

16.  The method according to claim 15, wherein said method comprises

obtaining the lowband excitation signal and a pitch gain value from a quantized

representation of a lowband residual, and

wherein said method comprises calculating one among the first and second

weighting factors according to at least the pitch gain value.

17.  The method according to claim 1, said method comprising at least one of
(i) encoding a highband speech signal according to the highband excitation signal and
(ii) decoding a highband speech signal according to the highband excitation signal.



sum i ncl udes wei ghting the harnonically extended

signal according to a first weighting factor and
wowioghsizag t he nodul at ed noi se signal accor di NBCT/OS206/012234

second wei ghting factor, wheggein said method conprises

calculating at | east one anong the first and second

wei ghtin C ding to at. | east e. ano A)
2 medsur & GRFsBlRe AR hiine fephioe RGeS &

desdebingehomethot of Bignalfprécesfigg atrosdiged claikb1. The net hod
according to claim15, wherein said nethod conprises
obt ai ning the | owband excitation signal and a pitch
gain value froma quanti zed representation of a

| owpand nesiy M@hmca&_ﬁgﬂg;ein sai d method conprises
cal cul ati ng one anong t first and second wei ghting

fac C ' . I i fch Ln.val ue,

15 S AR fled 38l AL B e o
of gl itlsdt igbaatd be asdwiime eatitdtion ségandi ng a hi ghband

speech signal according to the highband excitation

si gaatnvafspe(calchlatiecotlfif@ed tdt0Rapd tHRe&GHAiA e8P@bpe of a
according to the highband excitation signal.18. A data

sigudl ghad dePasedpr thedawbeang! ratipiionesissddcut abl e i nstructi ons
describing the nethod of signal processing according
t o efigt gembingpconfiguedparariosm e amptulation @f aaoisp eighalavcording
to tﬁ%g%’g@g‘%ﬁ&%% egegn& o perform a harnoni c extension of

rum of ‘a’signal that is based on a | owband
excitation sjgnal : .an vel ope. cal cul r confi ed
Co_ rifend AeBbHeF sing iy faIBRa e oF (Al adigman Ly riended
sighnzs bBagem ORsiINef datVRaRdnRekidndion@Ad gEF@ﬁio'duﬁtefdi rlofe signal
u

conbi ner configured to performa no ation of a noise
baseq g aresylicd sedmedubatione ti me- domai n envel ope; and a

second conbi ner configured to calculate a sumof (A a

har whereinathe higbkasheleitatsongngial lssed oma sesuk iitie sofn. sai d

har noni ¢ extensi on and (B) a nodul at ed noi se si gnal

based on a result of said nodul ati on, wherein the

hi ghband excitation signal is based on a result of the

sumo. 20. T Eppapey REOSHIRCOAAINNDY, (et dfctriek&inter is
sai d spectrum extender is configured to apply a
conggprer @ apply gmeplingr funchen foperfariethp hrmmicexdsasemsoiche

[ i:S.. y on the
speﬁg%'gﬁa%%ggw% géseg iogrgg{l%?%ﬁg#ﬁéé&gggglgg 1Us accordi ng
to claim?20, wherein the nonlinear function

21.  The apparatus according to claim 20, wherein the nonlinear function
comprises at least one of the absolute value function, the squaring function, and a

clipping function.

22.  The apparatus according to claim 20, wherein the nonlinear function is

the absolute value function.

23. The apparatus according to claim 19, wherein said envelope calculator is

configured to calculate the time-domain envelope based on one among the lowband



conprises at | east one of the absol ute value function,
the squaring function, and a clipping function. 22.
wab@eappar at us accordi ng to claim20, wherein PEEUS2006/012234
nonlinear function is the absolute value function. 23.
The apparatus according to clai m 19, wherein said
exANEh BB AN B Apedel 1R ML el g B i ion Sgnal ana
thelhawhamdﬁ}gcemmdedm@agnal a | owband speech si gnal
based on the | owband excitation si gnal, and the
har noni cal | y extended signal. 24. The apparat us
according to claim19, wherein said spectrum extender
is gonfigye ﬁﬁbe&ﬁ’cu@%afoﬁflggﬁ) QAP vhefeth SR8 géc}:tr%ﬁn é)ﬁ@nder is
spectrum of an upsanpl ed signal that is
corftgpksalria pesteim athaomowmic grighsio 6f th&'lspecappaa)l%etnmsampkad digngl that

ai_d. aratus conprising a spectral
is bfa?acﬂnztlr%lgquo‘%ba ed‘u’rt%gcpntségr?gect rally flatten at |east
one anong the harnonically extended signal and the
hi ghband excitation signal. 26. The apparat us
acc d| ng to claim?25, wherein said spectral flattener
nf i gb? BRPA LS 3GCOTring © Qaipy 1R, spidppapius cpmgrising a
f
Spe??%f{%tﬁfé%”gﬁﬁgﬁ%ﬁ? oy A o eaEorRRRdds Rt Hagppopicatsy
exteanﬂtS@neUandtthhhmh\Mmd@mtatgorfélgnaér configured accor d| ng
to the plurality of filter coefficients. 27. The
apparatus according to claim 19, said apparatus
conprising a noise generator configured to generate

t he2610| SEhS iyfpasd tuSEReOF B & AAmD T QMheFdi Biig Epéétrfa}mieh%s
i nformati on within an encoded speech sign

Conﬁgémééﬁ alavlats RSBy Afiltes ceefiicientsdasethen ésngnslao @e spectrally
flatREE chhate ted
e B I B s R EF P SRS B0 B8y B L Sl A
contﬁngduﬂabexddm(gite ¢hesplgradity offiles ebeffitiratshi gh b and

excitation signal is based on the weighted sum 29.

The apparatus according to claim 28, wherein said
© second conbiner is configured to wei ght the

harzmni CBhd appardi@alesrddl 02l aiRCGOE Ml BB i i

wei ghti ng fég)g)?or and tog\?\tgl galt t he rmg%%ra%legl&ﬁgéénganmse
gensfag gpngwed e gfgletaje thegwiso stpnakioghtdingytofaadei@ministic function
ere e d.combiner is configured to

Oflgg) cul a égﬂ%%ianae#% &%Pﬁl?secgl SF%]taFand second wei ghti ng
factors according to a time-variable condition, and

28.  The apparatus according to claim 19, wherein said second combiner is
configured to calculate a weighted sum of the harmonically extended signal and the
modulated noise signal, wherein the highband excitation signal is based on the weighted

sum.

29.  The apparatus according to claim 28, wherein said second combiner is
configured to weight the harmonically extended signal according to a first weighting
factor and to weight the modulated noise signal according to a second weighting factor,

and



wherei n said second conbiner is configured to

cal cul ate the other anong the first and second
wowdoghsi2ag factors such that a sum of the enerpCEESWNG6/012234

the first and second wei ghtkgg factors is

substantially constant over tine. 30. The apparatus

acc ' ' rein sajd second conbiner is

conrEi et 5! B Ppel LM Al o IGF enGEoLE BiedrSt and
secand oriphtigg ftas hédosdingved @ ktdenaribbletcondiabg, dna Wei ght

t he nodul at ed noi se signal according to a second

wei gitieltsal @sdebiid coviBingt R coRfi slirs@ PRI e fher a8nong the
configured to calculate at | east one anong the fi rstg

firsh prd seserhweighiiphiacinys surdtthais worof it anereiss af thedist andrsecond
f iQdigity of a speech signal
We%ﬁgﬁg E{C@és %eng S&e{éﬁ{{)@y\% glngtlg]?]tg&%% ﬁrge’s peech signal. 31.
The apparatus according to claim30, wherein said
apparatus incudes a dequantizer configured to obtain
theﬁ¢ombﬁgd excitation_si&p?L and a pitch_gain value
froita qUEhTRPAEAIUS 255PEER POLIRENI b harain sad SeFond sprrbier is
corAiprattte iRl | ' ' i iohti
A R MR 1 EPRAMEM Efirl Geighiing
factpsianthtd weighiabe oroslubatesonadsansignad aetordieg st a sdveng weightiggifactor,
val ue. 32. The apparatus according to claim 19, said
appwhatinssaidrebomt cogniziner isastfigned of caldu)ata@atiegnbaaigimong the

e M RN R I
per{ddidityafRisgeRARMENSP YFEFRRRIof Q/Bf&fﬂgt%fr a%%céc@xbsqgg@d e a
he hi ghba

hi ghband speech signal according to
excitation signal. 33. The apparatus according to
claim19, said apparatus conprising a cellular

t el gpho S hng.to.elaim.19
L2} Phor IS, OORNALEQGC B BT s
dequemtiventdnfgupddito abtaty theflopbakidxsiteuii gral bnd bilctagain value
version of the Internet Protocol, wherein the
from,a guantizeg represertatiop Of adewbasasidyal. an4r r owband
excitatjon signal. 35. The apparatus according to
cl aVhsrein sailgegonghgombingrds res} tagalgulits/atdeast one among the

B ok o o B b o B G BT 2™

plurality of packets describes the narrowband
excitation signal. 36. An apparatus conprising: means

for, harnpni cal |l y extendin he spectrum of a signal

thett o DR oNpid ate: Sht AR gpncluding at leas
one of (i) a highband speech encoder configured to encode a highband speech signal
according to the highband excitation signal and (ii) a highband speech decoder

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

signal.

33.  The apparatus according to claim 19, said apparatus comprising a cellular

telephone.



means for calculating a tinme-domain envel ope of a

signal that is based on the | owband excitation signal;
wore@aa3fer nodul ati ng a noi se signal accor di ngp€DUB1Y66/012234

ti me-donmai n envel ope; and nggns for conbining (A) a

harnmoni cal | y extended signal based on a result of said

har gpni cal Ly _exi.endi ng,.an B nodul at ed noi se . .

oromar babedeEiEe ReBiRE sy Ol fo TR ey Mok ringp deviee
cortfipprdd @hhasgitextitaity GpaskadNedmpisand a6@h @isién bEGE Hteet

said conbinjng. 37. The apparatus according to claim

g. o : ol alll
Projgeol guheteinihaplaralidy ebpaskets idagpribes Bienarrawberd exsifaiien signal.
38. A nmethod of generating a highband excitation
signal, said nmethod conprising: calculating a
harnmoni cal | y extended si gnal by applying a nonlinear
f unds.i on The appdratwb acverding td  tiino 9, Sagnpadarsiceagrifing m dvice

l.ow f requenc ortion.of a speech signal; and_m xin
contfeliad B e Py Shersk s RORRi il 5 Ysroidtio disqnietnet
Prddédos Swisdr&ifdhe ﬁl@rﬂﬁ‘:ﬂ 8f dﬁ’dcﬁet@ dBi-oibbaig ngxbivbatd &Ritation si gnal.

signal .39. The nethod according to claim 38, wherein

the nonlinear function is the absolute val ue function.
40. The net hod according to claim 38, said nethod

congﬁis!g&zgﬁgng%%hggghgg nodul at ed noi se signal by

nmodul at i ng nol se srgnaf according to a tine-domain

" onbin op badR iR R e R TR R s B Bio

lowHagd akcitagiogd signel; har noni cal | y extended signal. 41. The
nmet hod according to claim38, wherein said m xing

| NClidgh@stos ahletlbihd A 8nd-WRhHh bR eBrafsidddPthat is based on the
harnoni cal | y extended si gnal and 't he nodul at ed noi se

lowdagd gkcitafiipa signal; t he hi ghband excitation signal is
based on the weighted sum 42. The nmethod according to
cl ameagior swiddlativg b edise sigprl Ecogling tolteasme alomaof enfvie)ope; and
encodi ng a hi ghband portion of the speech signa
ac cordinipr tombintg(A9 hidandorixdit @iteraled siggakbasedion § kdshlt of
rtion of the speech signal

.decodi ng.a hi ghband po )
said BRI €3 PR S G B LB BieCores T on a rsult o said

modulating,

wherein the highband excitation signal is based on a result of said combining.

37.  The apparatus according to claim 36, said apparatus comprising a cellular

telephone.

38. A method of generating a highband excitation signal, said method

comprising:

calculating a harmonically extended signal by applying a nonlinear function to 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.
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39.  The method according to claim 38, wherein the nonlinear function is the

absolute value function.

40.  The method according to claim 38, said method comprising calculating
the modulated noise signal by modulating a noise signal according to a time-domain
envelope of one among the lowband excitation signal, a lowband speech signal based on

the lowband excitation signal, and the harmonically extended signal.

41.  The method according to claim 38, wherein said mixing includes
calculating a weighted sum of the harmonically extended signal and the modulated

noise signal, wherein the highband excitation signal is based on the weighted sum.

42.  The method according to claim 38, said method comprising at least one
of (i) encoding a highband portion of the speech signal according to the highband
excitation signal and (ii) decoding a highband portion of the speech signal according to

the highband excitation signal.



