METHOD AND APPARATUS FOR SPLI T- BAWD ENCODI NG OF SPEECH
SI GNALS RELATED APPLI CATI ONS [ 0001] This application
WO/ 10e838enefit of U.S. Provisional Pat. Appl PCd/S2006/012230
60/ 667,901, entitled "CODI I\IGl THE HI GH FREQUENCY BAND
OF W DEBAND SPEECH, " filed April 1, 2005. This
application also clains benefit of U S. Provisional
Pat. Appl. No. 60/673,965, entitled "PARAMETER CODI NG
IN A H G+ BAND SPEECH CODER, " filed April 22, 2005.
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speech content in ranges outside the traditional PSTN
limts. [0004] Extensio f the ran supported by a
speech coder int O%E-EgpeﬁF&@mlggf%y I Npr ove
intelligibility. For exanple, the information that
[000Z]F eTRRiARhES fdldt6abisial sedisAg. V and 'f is largely
in the high frequenci es. H ghband extension may al so
i nprove other qualities of speech, such as presence.
For exanple, even a voBéé%KG&mJNPay have spectr al
energy far above the PSTN limt.[0005] One approach to
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reconfigured to usé nore filter coefficients to
degisghle temansirif andueabitzarpdcesiogmmaiimications 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 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.



Nar r owband codi ng techni ques such as CELP (codebook
excited linear prediction) are conputationally
wonvmne7sse, however, and a wi deband CELP coder PaEjsS2006/012230
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such as wireless cellular telephony and broadcasting over wired and wireless channels.

SUMMARY

[0008] In one embodiment, an apparatus includes a first speech encoder configured to
encode a lowband speech signal; a second speech encoder configured to encode a
highband speech signal; anda filter bank having (A) a lowband processing path

configured to receive a wideband speech signal having frequency content between at



second portion of the frequency content of the

w deband signal, the second portion including the
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signal ; and encodi ng the hi ghband speech signal. In
erchdes confi roed tpenodde fhedowbandwipessl signabinko afjlegshpn encoded
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portion of the wi deband signal between 1000 and 20&1_?‘
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Hz that has a wdth of at least 250 Hz. In this

[000106i0Th provictreintbgdandit,ghioethdd sheigedl pshagsshg inabidesiproducing a

pr.oduci ng the hi and speech signal sed on (C
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por??on of the w deband signal between EOOO and_ 6000
hilghband speech signal based on the wideband speech signal; and encoding the
highband speech signal. In this method, producing a lowband speech signal includes
producing the lowband speech signal based on (A) a first portion of the frequency
content of the wideband signal, the first portion including the portion of the wideband
signal between 1000 and 2000 Hz, and (B) a third portion of the frequency content of
the wideband signal, the third portion including a portion of the wideband signal

between 2000 and 5000 Hz that has a width of at least 250 Hz. In this method,



and (D) the third portion of the frequency content of

t he wi deband signal. BRI EF DESCRI PTI ON OF THE DRAW NGS
wpQOBLLT836l GURE | a shows a bl ock di agram of arairaskh@edi2230

speech encoder Al OO accordigg to an enbodi nent.

[00012] FIGURE Ib shows a bl ock diagram of an

i ' i séespedih ]
prop o T e S R R e e
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secPRdPERERIRATOR: (eeap et v e b aandl Befiesh B0 000 Hz,

ifdl Kt ditegwaisbaid dpnal.
an‘?@ﬁé‘%ﬁ@ i on %lﬁhig@ %@?FP@? bank ALLO [O%%a16]

FI GURE 3b shows a bl ock di agram of an inplenentation

B122 of filter bank B120. [00017] FI GURE 4a shows
bandw dt h coverage of the | ow and hi gh bands for one

exanpl e of Hiht-@r b shows

bandwi dt h chi}g&gg%]@%?k?ﬁgi@gvﬁbgnigiﬁl)ﬁ PGS o

anot her exanple of filter bank Al QO [00019] FI GURE 4c
[0CN ONFIGURED tkshaivagr i oclodiagrami ofl widebangk spegrhamcader #¥100

filter bank 12. [00020] FI GURE 4d shows a bl ock
acerdige b FEeiMTRt enent ati on B124 of filter bank

B122. [ 00021] FI GURE 5a shows an exanple of a plot of
[066193 UGGLIRE $b sHREs ABIBLL Hiagent of andingdaneahatizinghH02 of wideband

[00022] FI GURE 5b shows a bl ock diagram of a basic
sp¢eichengodst AdP@t i on codi ng system [00023] FI GURE 6

shows a bl ock diagramof an inplenentation Al22 of

! Oéfigﬁﬁﬁa GRAR i G ped @B dé B100

[O‘gflgik |agrg€n of aanlﬁi%ﬁl]%Idlee:1 ntiﬁ\gﬁi Bllzpof nar r owband
acclgdingas aBehBodip@@025] FlI GURE 8a shows an exanple of a

pl ot of frequency vs. log anplitude for a

[00014] FIGURE 2b shows a block diagram of an implementation B102 of wideband

speech encoder B100.

[00015] FIGURE 3a shows a block diagram of an implementation A112 of filter bank
A110.

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

[00017] FIGURE 4a shows bandwidth coverage of the low and high bands for one
example of filter bank A110.

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

[00019] FIGURE 4c shows a block diagram of an implementation A114 of filter bank
Al12.

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



resi dual signal for voiced speech. [00026] FI GURE 8b

shows an exanple of a plot of tine vs. |log anplitude
wobanoea0rs36i dual signal for voiced speech. [ 000BZT/US2006/012230

FI GURE 9 shows a bl ock di agrsam of a basic |inear

prediction coding systemthat also perforns |ong-term
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i npl enent ati on A302 of hi ghband excitation generator
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FI GURE 12a shows plots of signal spectra at various
[0002B3NtEGURP 8 €h@xadrploek dfageans pLart indplemuiteti Ah22 of narrowband
operation. [00032] FIGURE 12b shows plots of signal
eneqsieedd0at various points in another exanple of a
spectral extension operation. [00033] FIGURE 13 shows
SRR \ hBm&R8doPB 1 11 ehkamslband
[O@XZ? I{]?‘;IFTI on géﬁ@% 8§e£ggg%kaﬁggg%§%m@%anE 14 shows a
detddecB1d0.agr am of an i npl enentati on A306 of hi ghband
exci tation generator A302. [00035] FIGURE 15 shows a

r .an envel ' :
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redidi| SFRALBE L6Bedi@Red. conbiner 490. [00037] Fl GURE 17
illustrates an approach to cal cul ating a nmeasure of

i.odi ci t f hi ghband si . S30. [00Q38] F.GURE 18
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ram of an inplenmentation A314 of
hi ghband excitation generator A302. [00040] FI GURE 20
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[00028] FIGURE 10 shows a block diagram of an implementation A202 of highband
encoder A200.

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

excitation generator A300.

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

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

a spectral extension operation.

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

example of a spectral extension operation.

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

excitation generator A302.



[00041] FIGURE 21 shows a flowchart for a gain

cal cul ation task T200. [00042] FlIGURE 22 shows a
wohawstoz3s for an i npl enentati on T210 of gai n PCT/US2006/012230

cal cul ation task T200. [00043] FIGURE 23a shows a

di agram of a wi ndowi ng function. [00044] FIGURE 23b

[Oﬁ]ﬁ@fw R4 isEELd PBIcek diigVin B8P 8p1EMBRhiGNA3G6 §ﬂ'lﬁ§lgiand

3a to subfranes of a speech signal. [000
exBit@EdRgeAdraphdi®2a bl ock di agram for an inpl enentation
B202 of hi ghband decoder B200. [00046] FlI GURE 25 shows

i amof an | ' | nd
10gy B AR E S8 MY o ROy B SRR PR G B e
schemati c diagram of an inplenmentation D122 of del ay
(00036 BELAOREQBQHSYs kblddRMi26hn shavanplemetetiat 492 of cogrbamar
of an inplenentation D124 of delay |ineD120. [00049]
4% GURE 27 shows a schematic di agram of an

i mpl ementati on D130 of delay |ine D120. [00050] FI GURE

hERSURE ' Rhctpd daltilRiFBNLA s hBiAodEity of
[Ogvl&c@band spgggﬁ&éﬁgeg%gﬁggu %) [(?0051i]ﬁgFl GUI%E 29@§h%ws1 yO

hightfandwignak $30f a net hod of signal processing MD QO
according to an enbodi ment. [00052] FI GURE 30 shows a

o RTRE S BoE SRS 4 ekt a2 ootona
extRERG0cMRAGrac3nr di ng to an enbodi nent. [00054] FI GURE
3lb shows a flowhart for an inplenentati on M210 of

ho . 0055] . F RE 32 _.sh fl )
(ORESIo BIARRE 19:0aPaR Rl SmaB b SR TR e g AaL  of RighBand
e:#at ; meptao@how frequency and inmpul se responses
or fiTtering operations shown in FI GURE 4c.

[00040] FIGURE 20 shows a block diagram of an implementation A316 of highband

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

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

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

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

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

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

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



[ 00057] FI GURES 37a-39b show frequency and i npul se

responses for filtering operations shown in FIl GURE 4d.
wpQOBAES8T83bN t he figures and acconpanyi ng descr POTiUSZN06/012230

the same reference |abels refer to the sane or

anal ogous el enents or signals. DETAI LED DESCRI PTI ON
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"conprising” is used in the present description and
embogdimgnt. i t does not exclude other elenents or

operations. The term"A is based on B" is used to
[00053] CAR A Y1 PEhdvisSa B6WERS ¥r FRRMANI200 Aot die dohe

cases (1) "Ai1s equal to B" and (ii) "A is based on at
emtbedsber. * The term "I nternet Protocol" includes

version 4, as described in | ETF (Internet Engineering

g e 1
(08 ARAREE 1) SrGRERHGR b los S BB heafigh HAN e et
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operations shown in FIGURE 4d.

[00058] In the figures and accompanying description, the same reference labels refer to

the same or analogous elements or signals.

DETAILED DESCRIPTION

[00059] Embodiments as described herein include systems, methods, and apparatus

that may be configured to provide an extension to a narrowband speech coder to support



configured to encode hi ghband signal S30 according to

informati on in encoded narrowband excitation signa
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described in further detail ferein, highband encoder

A200 is typically configured to produce highband
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ancHENSAS bHER O B R 5 PRAFTEAISTIR rafbp A EIHLES VEon 4, as
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argln@b@quenversidna snet asemmdm fig operations on the signal,

such as error correction encodi ng (e.g.,

[ c Ie conv encodi and/.or
e B PRBREdaSur iy ploth Fiedom P Yiitha RSP endihr o
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.g., Ethernet, TCP/IP, cdma2000 00064] It may
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cont%lgturetdhtg er?go%e%l fﬂlband signal S30 according to information in encoded

narrowband excitation signal S50 to produce highband coding parameters S60. As
described in further detail herein, highband encoder A200 is typically configured to
produce highband coding parameters S60 as codebook indices or in another quantized
form. One particular example of wideband speech encoder A100 is configured to
encode wideband speech signal S10 at a rate of about 8.55 kbps (kilobits per second),
with about 7.55 kbps being used for narrowband filter parameters S40 and encoded
narrowband excitation signal S50, and about 1 kbps being used for highband coding

parameters S60.



narrowband signal may be recovered by stripping away

the highband filter paraneters S60. One potenti al
wadvanvzge of such a feature is to avoid the need/uSe6/012230

transcodi ng the encoded wi dgband si gnal before passing

it to a systemthat supports decoding of the
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[00065] FIGURE 2a is a block diagram of a wideband speech decoder B100 according
to an embodiment. Narrowband decoder B110 is configured to decode narrowband
filter parameters S40 and encoded narrowband excitation signal S50 to produce a
narrowband signal $90. Highband decoder B200 is configured to decode highband
coding parameters S60 according to a narrowband excitation signal S80, based on
encoded narrowband excitation signal S50, to produce a highband signal S100. In this

example, narrowband decoder B110 is configured to provide narrowband excitation



narrowband signal S20 (such as the range of 50-300

Hz). It is also possible for such a filter bank to be
woanfeiigue3ded t o produce one or nore additional RCghisa06/012230

signal s that include conpon§§ts in a frequency range

above that of highband signal S30 (such as a range of
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[00068] FIGURE 3a shows a block diagram of an implementation A112 of filter bank
A110 that is configured to produce two subband signals having reduced sampling rates.
Filter bank A110 is arranged to receive a wideband speech signal S10 having a high-
frequency (or highband) portion and a low-frequency (or lowband) portion. Filter bank
A112 includes a lowband processing path configured to receive wideband speech signal

$10 and to produce narrowband speech signal $20, and a highband processing path



i npl enent ati ons of decoder Bl OO, filter bank B120 is
configured to produce a wei ghted sumof the two
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Such an operation, which nmay be expected to

[@b’?@hﬁ LGARE Y fﬂtggb!ﬁ% 144 1660 RE ik l%qﬁg)lléiﬁémé@ﬂ%‘ 4 Bni-impulse-

processing operations on -t gnal move
rebpns QISIRD &ilwelr enn&sr @ymﬁmmnmmﬂsdqespmg dﬂb)‘ filgert dhe ftclqlzency
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tr%ﬁ%@éioﬁ?ﬁ&ween stopband and passband. Likewise, the frequency responses

of decoder filters 160 and 180 may have symmetric or dissimilarly shaped transition
regions between stopband and passband. It may be desirable but is not strictly
necessary for lowpass filter 110 to have the same response as lowpass filter 160, and for
highpass filter 130 to have the same response as highpass filter 180. In one example,
the two filter pairs 110, 130 and 160, 180 are quadrature mirror filter (QMF) banks,
with filter pair 110, 130 having the same coefficients as filter pair 160, 180.



an appreci abl e overlap, such that the region of 3.5 to

4 kHz is described by both subband signals. A highband
weiesal7s380 as in this exanpl e may be obt ai nedPasiusgnos/012230

hi ghpass filter 130 with a passband of 3.5-7 kHz. In

such a case, it may be desirable to reduce the
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response over the frequency range of 7-8 kHz. In the example of FIGURE 4b, the
portion of wideband speech signal S10 between 7 and 8 kHz is not included in the
encoded signal. Other particular examples of highpass filter 130 have passbands of 3.5~
7.5 kHz and 3.5-8 kHz.

[00075] In some implementations, providing an overlap between subbands as in the

example of FIGURE 4b allows for the use of a lowpass and/or a highpass filter having a



t he subbands may increase the quality of reproduced

frequency conponents in the overl apped region. [00077]
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hR S 2lfretdt Bodrdithat ' 8ol tdlVEndddbd @i aBplksledpycth@@thstead. A
time-domain coder (e.g., a pulse-code-modulation or PCM coder) may produce a signal
having a different sound than a frequency-domain coder. A coder that encodes a signal
with a representation of the spectral envelope and the corresponding residual signal may
produce a signal having a different sound than a coder that encodes a signal with only a
representation of the spectral envelope. A coder that encodes a signal as a
representation of its waveform may produce an output having a different sound than that

from a sinusoidal coder. In such cases, using filters having sharp transition regions to



uncancel ed aliasing. Applications that use QW filter

banks typically have higher bit rates (e.g., over 12
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overlap is around 500 Hz. [00082] It may be desirable
[00080]nfihe aenotint ofl digtortibakiusad by QMH aliayingBn2p be esedueed iditha

afgngcg%f %lllbggqsda]g Exgll‘r!){gg?sst iﬁ%qt SF the a 1as1r%§ 1s411m1€%cr:]cij to abban8w1dth equal

to the width of the subband. For examples as described herein in which each subband

includes about half of the wideband bandwidth, however, distortion caused by
uncanceled aliasing could affect a significant part of the signal. The quality of the
signal may also be affected by the location of the frequency band over which the
uncanceled aliasing occurs. For example, distortion created near the center of a
wideband speech signal (e.g., between 3 and 4 kHz) may be much more objectionable

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



FI GURE 4c shows a bl ock diagram of an inplenentation

Al 14 of filter bank Al 12 that perforns a functional
weqguicvalssnt of highpass filtering and downsanpPCmgS2006/012230

operations using a series oisinterpolation,

resanpling, deci mati on, and Other operations. Such an
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ex bR Bf Altslasink ed 10\wadat B120,lthkovedgpanges fréHABRAH 200 Hz to
FI GURES 33, 34a, 34b, and 35a show fre uenﬁé ang b
arqupg | 19z r Bagynseef ahort 40doahant 600; Hinmay Zeppssat 3 flesirable
[ ' ink BBich ' ) e\ &rh RAL Bhitieflat O
eGSR G e aink B A AR T psblaeRilsnlcbfret Al Bl
exhmplbds ohdntiaseds ftown, the oRr@pREawwond FOGURE 35b shows
conbi ned frequency and i npul se responses for those

' nt ati pns ,of . t.he.inter.polatio
(oG T Per BB s b R Bl D aritr b Bnform
opEtatRER iB8arAODindGBUREBVA srtuteinay vaalstigesL Feeexample,
responses for inplenmentation exanples of, )
FIGERFede shostsya blogle digaemnefiandmplenentatign Abl¢ qfifiltes pank pL}2 that
S tl Lde: I '
peRi3EG P PR ROhE G BRaR T SIMbab e na o BRI onehadohs
us@ipes @kieoof intdrpolapas tesampbifig, eginiziod, aidgyibdr dBaitipgs. Such an
rever sed. Subsequen}:(b%g*er ations in.the enc

. ofdfe r..
1%2{[&1@%‘)%@%% o % éna(y&%]piwglﬁzp%e tinctional blocks of
logi{ei GRa”E @&!lengodg Qgegﬁ RMAE Samb Fehand bRekihAl bedibed to perform the

ner at or escri bed herein may be configured
ofematipne dfidezimativrgiobdridizsndi deaimation ¢ gidlz ssshowe aFIGIIRE 4c.
has a spectrally reversed. farm 085]... I 4 -
TR R ROt OB AL P UG S A DB gy gl vith the
fubl el OBk BLARrbORLPRHOG it didffild BARberRALbPLENthe

upsanpl I ng ghpass filtering operations using
spacts# ishasngbpdratiar pay be ioplemewsd aph lavgpasafiiensongigured to shape

operations. Filter ban 24 includes a spectral
thFé\gé?]stalogfﬁb%?Q’?Sil{?ﬂ qvﬁrahﬁgtleﬁfeéﬂ%tgﬁd that reverses a
simlar operation as perfornmed, for exanple, in a

[000831e FIGBRIESTS3, BAge 38D cmd 852 Shioh frequdricl tagd ithpulke Rbpdhdes for
“In this particular exanple, filter bank B124 al iar%&
inyplernenfationriaatplas aft ieprectively Hibe |asvnsanlten theintgmetatign to 34

%?,%ﬁ%ﬁ%%ﬁﬁﬁ‘@é £ B 1G9RRN R4t A S 19RBL 2khdHDR FIGURE 4c.

FIGURE 35b shows combined frequency and impulse responses for those

implementations of the interpolation to 34 kHz, the resampling to 28 kHz, and the
decimation to 14 kHz. FIGURES 36a and 36b show frequency and impulse responses
for implementation examples of, respectively, the decimation to 7 kHz and the spectral

shaping operation as shown in FIGURE 4c.

[00084] It is noted that as a consequence of the spectral reversal operation, the

spectrum of highband signal S30 is reversed. Subsequent operations in the encoder and



such filters are optional and need not be i ncl uded.

[ 00086] FI GURES 37a and 37b show frequency and i npul se
woesanwss for inplenmentation exanpl es of, PCT/US2006/012230

respectively, the |owpass fitter and | owband notch

filter as shown in FI GURE 4d. FI GURES 38a, 38b, 39a,

. i . r‘
cof Al PAR]SEANCDRA M ey Eepoangs bbnd
exdiation gonaaitboA300 ad deskibzed lidnein inretyerepesinfigingd te propgegkazighband

the resanpl to. 16 kHz nd the hi,ghband notch
ex¢ifafiop siggal %‘ﬁ@&hatia}tso a@%ﬁge‘%&ﬂy [r%v(%g?}]qo%r r owband
encoder Al120 is inplenented according to a

[0GURY| FAGTURE 84 sHBwied blobialiagREP6Rs: infierhernationSPERICH filter bank
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t at characterize tnis spectra nv ope r.epresent.
OPFIBER GRS PTBR AL 8 CYIRBIP At AR S BRH B AHesbank
AMBS tI{l %Fﬁ&hc&ﬂﬁé{aﬁp@é} GRAEbATK B EASLIsS MeRdEPRERfilters in the

Specira structure "as a set of paranepers such as
loWbartdemddogfbhng then atenuh@GOBB]poREIGIREh S grsth 61va1 08z, although

ex | e of a basi,c source-filter arrangenent as
Sugbﬁﬂ?réafet PUOBY; 4G 76F Pﬂtgbeéﬂ%lg{i?(gl envel ope of
narrowband signal S20. An anal ysis nodul e cal cul ates a

[06686] OFICSR BSBY £h15d 3 Tdhoshfaéeher atEingpulselrésponses for
correspondi ng to the speech sound over a [

riod of i
intnlermen(catgwpieéampy:s 26 r@@@%gyel%tmow@ﬁqss,f&tefriapg g}wt(agp §18tch filter as

shGRa b ﬁl(?ggﬁqﬁll. )ﬁgﬁﬁS fr’gaeﬁg&%@?ﬁrﬁrj%rshg‘iv|f¥e%1(1%ncy and impulse

configu according to those ter paraneters
re§RIBsEST s paatioradxagiplel dipespeotisgecthe alterpofatian tekt kHz, the

PR PR

shownSAFIGUREUENCOode than the original speech signal.
rrors resulting fromcodi ng of the residual signal

may al so be spread nore evenly over the spectrum The
[000$ 71 Napawhanst encedesrll 20ds iriplamented agsstiag Lo § sejiygsriiftsiagodel

for efficient transpi ssi oV . .
s L) KB PL B8 BBl
B)ha ektikdinh spanpiet @ives it dsailieddilly tapoidaceed syndesttedn

the residual to produce a synthesized version of .the
repRIdFiren Ofd e BOH! SRSEHLS Eihe L LG HRR 6O} fif EFATRS of a Spectral

| Qb 56 &fi | @ARelbpat
CPARGESE L oS08 A RN Aottt et ance
rephiistrentsogatdes bethe vood 0801 arfd (@LRE R fotroants. aMibigprech coders

di agram of .a basicirrEHIe nt ation 22 of .
encode at least this coarse spectrdl structure as a set of paramieters such as filter

coefficients.

[00088] 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
analysis or prediction error filter) configured according to those filter parameters

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



narr owband encoder A120. In this exanple, a |inear
predi ction coding (LPC) analysis nodul e 210 encodes
woheoesipesssr al envel ope of narrowband signal S28Ca8S2006/012230
set of linear prediction (LP% coefficients (e.qg.,
coefficients of an all-polefilter 1/A(z)). The
- [ i
S B R S RRREE k! ParlalB s #00r o
enoddecthaf the originabspeecnggoall Enloat resulfiog freacdrdingefehe Fsilual

.frame period is general a _period ove i.ch the
siggpmay S sreas ot et Bs TRooRt e CoF P UFLRy g and
reSOMITRR SYRAPY GuanBizeDroeltldiche aandsiséienl vlatahetanhél. 1KGhe

sanples”at & Sanpling rate of 8 kkhé. In one exanple
det@®r ansyingheiis fiktoticondigRaa! desongdingf todle Bliertparanagteny isgxsitgd by a

.set,often LP f.i.lter coeffici s r I ze it
v} bt S8 erUsopd $peRlient SHFfrel JeBIR AR Ebbefyl Been
soBh& OTROSELHkR fil@r istppiemBdontigarednalhyes stramdir fandtion that is the
_process the input signal as a series of overlapping
inyeramelsthe fra notips AAkkg yaitenipgHlitle may be confi gured

to anal yze the sanples of each frame directly, or the

I xr@; L idg 25G89E HhpRrieAaforiAndowr ng
[Oﬁgﬁrﬁtlﬁg}n g%ﬁgﬁh%%?%g%ﬁht%fng W ndgE : t'Ia'lh_g anal ysis
nammy bahé endodepdt 20 rInehis ey ampla, alineho wradicitonjceding(5BE) analysis

t han e fra such. as 30-nmsec w ndow. i j
o A0 SaseE T a54eE Ay Aaopg O TRGBidfifiter 52 & 480 hear
predi8tidh P;}.i)lcb@f@i@ﬁﬁﬁﬁe.igm@liﬁ@teﬁtsyoflaafam@l@ﬂuelalflxxezr)).t Tl analysis
20-m | lisecond frane) or asymmetric (e.g. 10-20, such
moghae typicallypresgesss thednpasignebasy saries ek pengyedapnipgframes, with a

B ST AT S, Mt
peitividiyepwhiet itisdgnaDutayibe expentedsiodre locallyrseationary; one common
im0y ERerrgns o Lol e T e (i apES KH). In
orrcéeéxaﬂltple? f?gt Hfhﬂysﬁ Sl CI RN %oﬁf@éur@@ﬁ)gbficfu@eﬁ@ a kAF eadLPfilter

a set "o ter coefficients’[00091] The out put '
caefficert teechnodtarizAtiROormgnt suctetudedcls 2@miiflisecond [fipme. It is
with relatively little effect.on reproduction. lity,.
alg possElR 102 TilPrtans theianysis sl to g a0y s o siete Hya pjes of
o\térjabﬁglg@ﬁg{egj cients are difficult to quantize

efficiently and are usually mapped i nto anot her
resentation, such as |ine spectral pajrs (

re ) LSPs) or
[000D@] Tihe eralysis modeganay kescopfigmes! to pralyzg tam BaIRIES ‘b‘)rPach frame
2090 06 80 Wagbhtdd¥ilsl'SecB & QindblviddiEn&ion (for
d‘l?%%i {;Iitg?g%go@%? ﬁc?g%w}?%{d;fggt ransf o r(r)1 2261 transf gr 1r?voIl (o
etdngpls,et Hahmidg Windoe). Thedifalsisenaysalsmbe pafoaoedeypondimigw
set of Ltng. g her one-to;one representat | ogs of LP
thef isg@igerBan Hiedragnf SUGh A WBHO¥o ey RITERYSNaY be
syRPe@icqB " §420%, VUt it inflilded B SenIRRESAAlimmediately 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
configured to calculate a set of cepstral coefficients for each frame instead of a set of LP

filter coefficients.



pairs (1SPs); and imm ttance spectral frequencies

(I SFs), which are used in the GSM (d obal System for
wohbicl1ie783enruni cat i ons) AVR-WB (Adaptive Ml ti PaTAS$2006/012230

W deband) codec. Typically §8transforn1betmeen a set

of LP filter coefficients and a correspondi ng set of
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I nf'ormat on of the speech frame, such as |ongterm

of sheader ldo irevhichrile transpirfci pot fexersible Wohoyt&HoEsent ed
in narrowband filter paranmeters S40. Quantizer 270 is
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esi S|gn or o put as enco narr owb
co%fﬂ?dlér@trd:pmseﬁtagﬁm] alﬁBﬁhrro‘i‘szlmhd ancpdaniil 22 1s dopfigaatl ity output the
i ncl udes a vector antl ya at encodes _t [
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roxlce GRS Ao s oo b DL v B oty ST fuapzer
tyﬁlafaﬁ’)g n%lu‘?i@ &Q%Wﬁntlﬁlrtﬂ?e& BASJE G inSiH GBctBr SUBIThi&elo a

e cont Igured'to send one or nore paranmeters from
coxdespﬂndirtyvemmtemry ireytable gyendehwiokd dynamical ly at the
decoder, rather than retrieved fromstorage, as in a

[0@@%{]3 és §g%l§b 59@{? glgrrg}%é r%rllcgﬁ%ﬁfgi zﬁsouge%gra{.t@s a residual
s1g§eﬂ>6 KeirfoRibafd sikgh 16520 throegh atw}@lﬁhmg iidtee D6l Gbsosoatitd an
as 3 Third Generation Partnership

ar(aEmsaﬁ i eamr @ltpatﬂéat eﬁaféfélél)gure[dme@féingl tpt ﬁ%/f‘sset of filter
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Sheoded narro tion S|gna according to the
fisanatfoulh @R mp"lanmtarorm abayedsa eawsedi [Thishresidued sigasll willt o

SR anc g o ARl | B B g o
teBh sEACYreACRAHR o HifehS MABiseHt RiptesbMEd 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
dynamically at the decoder, rather than retrieved from storage, as in a sparse codebook

method. Such a method is used in coding schemes such as algebraic CELP (codebook



noni dealities in those paraneter values, such as

guanti zation error. Accordingly, it is desirable to
woanfeiigue3e the whitening filter using the samePCT/US2006/012230

coefficient values that wll,be avail able at the

decoder. In the basic exanplé of encoder Al22 as shown

ex&ﬂaﬁ%h% Opﬁedllzt%ﬁﬁ 208G cOHRAE bh S 3P Hﬁ'@énél%ﬁon Partnershlp 2)

narro codl ng paraneters S40, LSF-to-LP fil
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back to a corresponding set of LP filter coefficients,

t set coef f nts
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cor urre il ter, ba
coRGREh Lot e Bk Bl vl B0 PRI AR e 20011
file REEfBiLRAsS hiNdls dehatt coeEidient®isGRestd dvafighiegiiiitthing filter 260 to
narrowband signal S20 in a perceptually weighted
gedenais the rgsgebapnat tEbREIUANEFRsRY CﬁlaBFl%ﬁrlZ%Qi agram of an
i npl enentation B112 of narrowband decoder Bl 10.
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par nmeters Is case, to a set of LSFs), and
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SF t | t fficient
couSant e oms et Pises ool Rendr ShERERANaven
na‘ﬂbe;ahé @ﬁco%épAQMHfa? ansfe ﬁﬂig?e%ﬂ:n&fd tpaalcMRa¢haangeder

. Inverse quanti zer dequanti zes narrowband
represérdatiin ofithmeesidgalignsl }?Yl'ltb@l‘ll}(?ét%llﬁ aenasofivenbe sssiduahgigen). For

S al S80 sed. o filt f.f
ot R R e i o Db s EaE BhERhamBAbe codebook
vectdré & ge’ﬁ@ﬁt&&dﬁd@ﬁ@cﬁ@syﬁ&feﬁﬂw sigtals (g@nahccORling ﬂora @irfeet set of
wor ds, narrowband s¥nthe5|s filter 330 is ¢ L g
filtes Popraraters). lyd Ehielrst arcpdeltoak dester tsspriaid é‘i@]ﬁ \ %!%ated signal
thgf:‘t‘f { Hffed Be &Egmg et na aﬁ&g &Ehll $R inQ Je'pﬁiaﬁ? LRi f,lh@ed

uce narr o Nar r o nd decoder
d&ﬁmﬁ]so provi des narromband excitation signal S80 to
hi ghband encoder A200, which uses it to derive the

[Oﬂhgglbﬁiﬂpﬁﬁ t at| orhl%ﬂgcﬂg%rala‘le %n?%lg ?nse% a{ti%rel%lqgro ingfrowbamd
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
S80, narrowband synthesis filter 330 synthesizes narrowband signal S90. In other

words, narrowband synthesis filter 330 is configured to spectrally shape narrowband



bel ow, narrowband decoder Bl 10 may be configured to

provi de additional information to hi ghband decoder
w8201/1feat rel ates to the narrowband signal, SBCH/U&2006/012230

spectral tilt, pitch gain a%% Iag, and speech node.

[ 00097] The system of narro and encoder Al22 and
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signal such as
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.

[00098] Even after the whitening filter has removed the coarse spectral envelope from

narrowband signal $20, a considerable amount of fine harmonic structure may remain,



vowel . The periodic structure visible in this exanple

is related to pitch, and different voi ced sounds
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structures but simlar pitchstructures. FIGURE 8b
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exﬁfeldﬂ%,efollowed 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
corresponding gain values. Calculation of this quantized representation of the

narrowband residual signal (e.g., by quantizer 270) may include selecting such indices



narrowband resi dual signal (e.g., by quantizer 270)

may i nclude sel ecting such indicesand cal cul ating such
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S50 to be output by wideband speech encoder A100. One potential advantage of this

approach is more accurate calculation of the highband gain factors S60b described

below.

[000104]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,
which may be suitably quantized for output by wideband speech encoder A100, may be

included among the narrowband filter parameters S40 or outputted separately.



val ues that relate to other characteristics of

narr owband signal S20. These val ues, which may be
weuabdeab?sge quant i zed for output by w deband speecius2006/012230

encoder Al OO, may be includeg, anong the narrowband

filter paraneters S40 or outputted separately. H ghband
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confi.gyred to, encode hi ghband sign S30 according to
Stat%{?d%’é?%fmdé‘f S Sﬂegﬁw b@ﬂ@f&@fg oA B2 FaRsItqy ketween
sifeintd gtd ‘hﬁ&dagp@%ed on the encoded narrowband

excitation signal. FIGJURE 10 shows a bl ock di agram of

an ingéenentation A202 of highband encoder A200 t hat
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ao%@%%%?s%ué@%ﬁ&%o%i, %th%g Q)?c&} a 1orf1 if(.l)rttﬁirs 81 @é{g}; Bas2d 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 S120 from encoded narrowband excitation signal S50. Analysis
module A210 produces a set of parameter values that characterize the spectral envelope
of highband signal $30. In this particular example, analysis module A210 is configured

to perform LPC analysis to produce a set of LP filter coefficients for each frame of
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generat or A300 derives a hi ghband excitation signal
wa2081/10783m encoded narrowband excitation si gnaPCE82006/012230

Anal ysi s nmodul e A210 producggs a set of parameter

val ues that characterize the spectral envel ope of

&f&q 185@ngl dicloh Rikter &)@fﬁdl&iﬂlt@msmmfoem 410
hlglﬂba ys g{i; nodul erle 8 |Csoconf| gured to performLP

tramfadnyssths setof Mcfdtﬂr@oaffls@mtsofltom?wﬁem@dn‘t&f@f of %$E?htf§s noted

or fr ane of h| [
bR O TR P e RS S P 29 ooy 220 3Rlysis module A210
ancﬁlbﬁﬁ‘ﬁ{s%rfﬁﬂidhﬂaﬁ Bé c@fflg-uE’ed tioluse bthepedefficienes (bmat, oce@stral
corresgondl ng set of LSFs. As not ed_above with
coefitienishand/ ercogHigigns reprassatatien @ -JdRESk r ansf or m 220,
anal ysi s nodul e A210 and/or transform 410 may be

[0@6&1(?!9&{11%9& Yys Soﬂﬂ ‘f‘é falfltﬁz%' tﬁ@§et %FB@hBﬁlCQLSFs (or other

ceps coefticlent or coefficient
coéfﬁpfeﬁsﬁpteﬂtmm gechoas, ISPQPal)d hlgmﬂwyoc@] 3202 zsecponitggred to

f t { {
outyh e Tessdhar e ae e e et Sl PoRad 0SS
unﬁt%p g:aﬁ? GRIEdes AZRGtok Guiftintd tﬁhltr dodeRd thainput vdched as an index

resul t”"of this quantization as the highband filter
to papaespoadisg SeTar ersicin atabla #HEpdebPolypi cal |y i ncl udes a

vector quantizer that encodes the input vector as an

e el

préduy Atshebesizdd H@leltanA%@hab&lﬁOl Egumlddlgtto highbeud excitation signal

nt hesi zed_hj ghba d si.gna O ac h
12 Big St PR PSR etnd T Gh00 TUBR B oA Blluced
t I afl9 @hplegdeatdd IR
b}%[rﬁ\égjafge 046‘% %%%10 yglﬁ‘gﬁﬁgsd%ﬁeer %?6&{ " Zes?se fil tsea% "
fil2 20thosgtt FIR walementaiorsmont dsp beused. ﬂn Rpfsticplag example,

| th
S R R T e
i npl emrented as a SIXth order |inear autoregressive
[0001 1035 ghb@RO 440 Fadthrghlantorgat 30 Jakulnes ael mmﬂm‘b drffe@asﬁs

cal cul at es one or nore dlfferenc%% bet wee g Qé 3 1
begweqnrbe &ﬂvplg.qsgne originpldnghbandpignal 836 230 yuyeNrddiggnd signa

o |
B A A
ingplareedted amwﬂorzmanmmmae mmdesthe frgpuit Mgater ascotindexds aan
CUTBROUIE VSRS 0L P g ek gurtiee RE Py desne

s&éﬁ gmeegagpawe R ROl bRne d epesde A 268 02 onsi g6l fib Gutpecthe
oufput-the resuit of this quantization as hi ghband

regwlt of thisojuentiza860as highbaadig4in Fackass S6M-enent ati on as

shown in FIGURE 10, synthesis filter A220 is arranged
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er n
arranged to receive the filter coeff1c1ents from analysis module A210. An alternative

jmplementation 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
coefficients instead. Such an alternative arrangement may support more accurate

calculation of the gain envelope by highband gain calculator A230.
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i nverse quanti zer and inverse transformconfigured to
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paraneters S60a, and in this.case synthesis filter

A220 is arranged to receive he decoded filter
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hﬁﬁr%@all?ggended 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.

[000115]In one example, spectrum extender A400 is configured to perform a spectral

folding operation (also called mirroring) on narrowband excitation signal S80 to



Combi ner 470 is configured to conbine a random noi se
signal generated by noi se generator 480 and a
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with narrowband excitation signal S80, however, the quality of the resulting decoded

speech may not be acceptable.

[000118] 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
level between high-frequency harmonics, which tends to sound more natural than the

tonal high-frequency harmonics produced by methods such as spectral folding and
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alpsalutd ealbafunexampVe,othap saniplear fultGonsfeonsgecesl dxemsvingazh as

by .a f.act f eight. Upsanpler 510 h figured
sqfriflenf Gt edte Bl SpRsdrbninbpnedplegteaiationg he
aBsBRitd VAL fisicHHRmag e aFﬂM‘%?ﬁciEﬁﬂ L &tﬁg%ﬁqg%r Eﬁ%lgﬁ% the sign bit of

Nonl i near function calcul ator 520 s ntigure 0

eagpsrpple. Abmlinaedpnétionsrlcglatard20 meay gl sabpéedigsiegrialperform an
] ntage, of the.absol ute val.ue function
aj(%lgt}l H% %Vﬁlgilﬁ‘cg %fnll%lg ﬁg%\ar Thet Slpgﬂga@oes ?‘?58% ?1%3‘?]9 ext ensi on,

such as squaring, is that energy normalization is not
[060E2MH D owinsamplee 530vslcentigirad toodsynshin@lexhs opdétrelly aktbfied result

nction may, be lied_efficiently by stripping or
Ol ARRR bl iSRG of T GaiFBe fordSMTRHBBler 530 to performm
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exdpruied signplbedsregedimih gstheg pathplife00 @ 1(Af]cRempka tpleducesd Avdisl

1l S dh SO R RPene IF Bl e bere iy pe
doesanplr 530 @ redayd 1S3 RRhlin AR ih Inde iRl dHe stage.

[000121]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

application of a nonlinear function. Plot (d) shows the spectrum after lowpass filtering.



a bandpass filtering operation to select a desired
frequency band of the spectrally extended signal
woebwrie7a3educi ng the sanpling rate (for exanpl eCTHIS2006/012230
reduce or avoid aliasing orjégrruption by an unwant ed
image). It may al so be desirdable for downsanpler 530

I @5 THFR bR PR e o Rl B R 3 @1 End gna
S3pea. rBkidL ovakHayus points in one exanple of a spectra
ext ensi on operation, where the frequency scale is t he

oD P (S e B B b R Ll n which the
sa%igﬁﬁ%'rat@@@redﬁééﬂtb}(@facﬁ)? eNEout REOISRIRGE widebaid $gna$i BIRALT) shows
been upsanpled by a factor of eight. Plot (c

ths lpeesruamatist alpghpass fikdringeopemtign do sgleat tthmhtgbbatnérportwn of the

o8k P DM R HRELIRA s Bl g 0ot
intWigiclp éRsampling xite ryisdﬁdadﬂalya famme@f tﬁmroe Ch:l (i3 paﬂnlcmlat e)bem le,

hi ghband si gnal or t) [ 000122]
depyRrempley §ﬂ@ﬁg’0&mﬁeth§ &Elpa%rﬂh&flflélan%sméﬁ age ghdovgrsampling by

p%&}alg%m dePshd i a‘i"fﬂr&{f)g al él"‘ﬁBOr dﬁgfdé)w&ﬁ%gp £4b (?%/fllter

ctor o our to o eban
baﬂmMBIQI (oe othpesttuctureabrt rontizes magimga]msa&md neepqmg) to produce a

r sel t th hba ortlon . th .

ke et sima Savine e feqiiion ke i Stufing Pl thigthpnd
mgnﬁgggnd st age of domnsanpllng, in which the sanpling
rate is reduced by a factor of two. In one particular

downsanpl er 530 perfornms the highpass
mopni@ AanaYabf‘dse@@ doplgt Q)a@%vr@mnab%@ g%@awlgwb@m@ in plot

(fzl ga\ﬁmlsé\ga%p&lg @d%r@la?tfﬁ O} 1s 1 \% h@ﬁeﬁ%%g 1?5190

ccstf'rgucetdub @srform atspktdtnalaﬂ1plpmg| d’p@rdtl_bﬂ o alnesiped p it €))) shows a result
oS5 SESEL R RS b e
s1§$€9 thélotﬁ hﬁ]c‘llAg By op %GEEC&&%I&?%HE) P gvthg% gallge%%]t%ﬁlq{%l Be@\geen +1

pass %igna caus

aflBVEI Sigch a(ﬁfopbi‘aSloﬁ e&juivatent toshiffing tiexdigihlepectawn sBaMp lsihal in
530 is al so conflgured to performa spectral flipping
ths fesagency flogin iy a disgnse of Py Btls 19f5d dbihs sameseyytimeys also be

r , ks
L e S SR R R
oeien gl lor openaione qfiepsaenpling pndior ddvosenplihg esyalsodreranfigured to
. between +1 and-1.. Such an o r an | uival ent. to
g dF PP AE M7 i PSP P are e e GEITS Srotne Fae of
h@ﬁgﬁﬁﬁﬂgwlgggggg bxﬂg?dlstance of p, It is noted that
the sane result may al so be obtained by applying the

downsanpl i ng and spectral flippi n% operations in a
[4901 2HAsmoted 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.



order. The operations of upsanpling and/or

downsanpling nmay al so be configured to include
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having the sanpling rate of glghband signal S30 (e.g.,

7 kHz). [000124] As not ed abg filter banks All O and
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[000128]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.



anal ysi s nodul e configured to calculate a set of four

filter coefficients fromthe dowsanpl ed signal and a
wobawstio7s3s der anal ysis filter configured to whPCeWSRIW6/012230

signal according to those cggfficients. Oher

I mpl ement ati ons of spectrum extender A400 incl ude
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xtended signal. S160 with a noise si.gnal . As s i
cafl OB e SHG Figna ik fus B Gana FlPerraRBs T hntife
enBodRl He0dBRed SlcPthtidBlchdlds0l s configured to produce a

random noi se signal. I'n one exanple, noise generator
480 is configured to produce a unit-variance white

[0QA0dBelarmiennmmied vittyhaimonigatly 6¥ighdIdsighahe 60, the random noise
. . i } Ne-
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.configured to output the noi se signal . as .
SR 8201 Den G SR Do PSR RAE eE Sutal S5y higgponically
exfiREd gi%hﬁds 13h. WR&hERE PHBIGUREM 18XRBAPARL exBRAEM generator A302
generator 480 may be configured to output the noise
insluderad casbinerd@0eonfigirsd tacarhplifudé-orodolata the opivasigaal produced by
coded earlier within the sane.fra such.as. t he
oSk ORI P PRy Aear g s R Top STy hvelope
N 4t HoR ¥ £Ath @ik ] Onbiha D i ¢d Bef @aRiplier
Cabei ng mxed wt h@har noni cal | I%%CGIWQW&L 816(1)), .
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Sprer tinme of narrowband signal S20, highband signal
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d signal S160 hown i.n El GURE 11 hi d
0B LSS o ineReniior AxSDe R SxclaTog egoreior 4962 Shown
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u y

envelope of harmonically extended signal S160. In an implementation A306 of

highband excitation generator A302, as shown in the block diagram of FIGURE 14,
envelope calculator 460 is arranged to calculate the envelope of narrowband excitation
signal 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.



noi se generator 480 according to a tinme-donmain

envel ope cal cul ated by envel ope cal cul ator 460. For
wexensples3e conbi ner 470 nmay be inpl ement ed as aPCT/US2006/012230

mul tiplier arranged to scal %t he out put of noise

generator 480 according to the time-donmain envel ope
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oxXainvtd BD Sneh e bl SHaee Ll oA P sture ol cach semale of the
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may be otherw se configured to add noise to
thp SeqHSATCRACPIiRgdod YR EPTessipial  S160 according to

| ocati ons of the narrowband pitch pulses in
time.[000132] En ap ul 460 may e confi gured
to perform an ex@l o%ce(%?gllﬁcu t;irloérilﬁas a %@sk t hat

i ncludes a series of subtasks. FIGURE 15 shows a
whére wah ehietfilel irput, eMa thel fatef b@Punfz is b cieaddrasik indSupdralskis a

Tl 10 cal cul ates the square of each sanpl e of the i
sroothing spelfigienthaying a yiHbs Retarond o pedils 1he valepd dhq smppothing
dekidi rﬁmﬂyxl Be fiRAT SONPANIEXEVE FhbRMeRagBR! mSBE: Klapti
Char rlr%ni cal ye elxtenéled Sl gnal 816%) teo aprodmuce a apuve
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snoot hi ng operati on t he sequence .of a al ues.
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squamessfubttidreto chéh §i6h1S BEIKE BEBoMEE QEGlieREE foPrédiRe the time-

expression y(n) = ax(n) + (l-a)y{n- , (1) where x is
domainfepyelepe.i nput, y is the filter output, nis a

time-domain index, and a is a snoothing coefficient
(008K AP BEIURR IntciBd oo AYFHT 1gbodtirod o
pafdrerthaaneusi saplagoeritakiTdo0 imseriab endidegralled faboar di fgther

i ST 10B. SR ThLO B8 4 PEEeGocH < pingfs operaton
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applies a square root function to each sanpl e of
meddod.lsech sxihaenge of —pkdduce the ti medomai n envel ope.
[ 000133] Such an inplenentation of envel ope cal cul ator

[Oﬁﬁ%ﬂ%%n%?neggﬁf) iisgé%)rn 1%11%8 to mix harmonically extended signal S160 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.
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scFBidies g T sareonnier g et R Blag SRR ppre

w@ifghﬁﬁ‘g?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.

[000138]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
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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.

[000141] 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. [000140 1t may be desirable for weighting factor
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of QlbEUbARL b BEr&pYRdiHE oh@imenS P ERELi ] BE S RV Ing factors S180,
S190, 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



[000143] It may be desirable for highband excitation
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Iate noi se signal S170. [000144]
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con ur performanti-sparseness filterin %
eﬁr@sﬁ&lié&oﬁﬂo\l\&uaphﬂsmﬂss filter 600 may also be arranged within spectrum
extender A400: for example, after any of the elements 510, 520, 530, and 540 in
spectrum extender A402. 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.

[000146] 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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uPRY 1 AR 18106 Sase, 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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wanwiloede si gnal s and to pass at | east sone vOPCEMS2006/012230
signals w thout alteration. voi ced signals are
characterized by a low pitch gain (e.g. quantized
[0?9149?%%@%%{) o\ﬂﬁct‘fcﬂ{j@ﬂ OknQRabdipRR si8nsPR ‘fﬁaryade cfebﬁ:lble for
e.g. quantize I rst ref ection coefficient) t
the rgebetweengthe layelspdshe higbhanidrdi eatrowharal ;gpe@ttsrqﬂthe synth681zed

I { t til t d h N [ .
wRFBaRESn oS40 P i PR OBt orighel NP IR signa
s10. 1 1head B8 16k Spécaraf élg}é[cﬁié ak Geprédeh R by 'h‘{glib@ﬁ&j c6AHE PSrameters

as indicated by the value of the spectral

40 & highbang! enicpdasrA 0Gimabesenfigyrodtie sharneterise ishtpaisigns! S30
b I
b}E ?epaeo ¥1ﬁ% %rgéct}% ?r a%ln nev oap L %%’h'é?h hsGeﬁ-‘?E 19 ﬁgh?%]nd encoder

Agopineludet & hiphbara gﬁﬁ adcltcﬁfbalcbﬁﬂﬁmo thatrig b@’fflgured and arranged to

i mpl ement ati ons of anti-sparseness filter 600 include
calgiate Pnerpy @Oﬁ g FogiaTh AECORIBE bonteliondgtesnhaghband signal S30

a@05y§§8§geg ?gﬁa%ﬂgggmgéﬂ ACALFRRNEOE G0 bErvken tHP

case, anti-sparseness filter
etbflenefithbeve sxgﬁalg oveh frams et ote povtiony theheed e Ircathponent

BRI L0 SR PO Bl e Gl tor Az ey be

likdake é’brﬁirgﬁﬁngfut BR¥h BT NERISE cﬂI@Qlafd t6&Ehif %nﬁél@ﬂ)@adc@rdmg to
used for frames having |l ower pitch %al n val ues. An

suchpu timeMerainggalagpn énweepa@bwe%%gmal 8@ anG oy rermbang exgitation

fslégur e&fhi’gl{&e 1t§85§¥’§g§;ﬁt51§bl ters that are

hase over nore or |ess of
the frequency spectrum such that a filter configured
[(IOOISﬂJCﬁhé ybrﬁ[hﬁalmmasl@pe&/ﬁma&owmm efaitegoresigyal rSzSﬁgtad hfghband

g S AR BRSO S oDt ERoiE) B BT ip Gased on
a %}&%@&@é&%&%ﬁ@@m $30 SFRBS WIS Ea%hEL 8EndIRBO (ora

rati o between"the | evels of the highband and
sigaal denilahttiersfron, snch asfhighiand greitation sigdali 1201w mintbpﬂemih

i sl SLd T il Ebe s, Oisnf i Ep Pty £ Bhip eayetope

b&RY 6hBRM BShERREHANSTH 1Y thpigMaainaEtitiog, i hmmteawder
S60a, hi ghband eh%zloder AZOOmr)m be configure

A2A2 fseonBighee to) p@tmbhmu@tlgmndssef HghtdpErelyy bﬁ@ﬂ@t specifies five

0 envel ope. As shown in FlI GURE 10,
%S'}’ﬁ?&é‘ Oreer?(c:%gja{r}leAZOZ i ncl udes a hi ghband gain factor

cal cul ator A230 that is configured and arranged to
[00611 §1][TH pleband gair facior ealgdator A280 oray bacoufigliredytd gerform gain

rel at bet ween nal S30 .and. synt he
iR RBIEHHAE BhA S 150 YA OB O PHRL bRy HITRE 21
sREIMERHW RS ENAShRP1CT200T shokPa BkB AL SalQMSEs A ghihd@Rie for a
or sone portion thereof. In other
corresponding subframe according to the relative energies of highband signal S30 and
synthesized highband signal S130. Tasks 220a and 220b calculate the energies of the
corresponding subframes of the respective signals. For example, tasks 220a and 220b
may be configured to calculate the energy as a sum of the squares of the samples of the

respective subframe. Task 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
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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



square root of the ratio of the energies. [000153] It
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i npl.enment ati on B202 of hi ghband. decoder. B200, H ghband
isoabawied Bz@ensfwm thadSFa iMp grisenidilisx cpetficients (e seamplsr as

d&%HQecf 5@«'5 iél%é&e E&&v&&mgﬁ&g&@fziﬁ Qﬁﬁ%@f&ﬁ%@%' on

sl gna on narro excl tation signal
nﬁequebndidr@c@der tAﬂézp aintdtlgarlimplesyentagions) @s n@ntloﬂtm abese, dlfferent

ggl?gﬁn%&e Egl f,g%,sltlgp &)ﬁ ﬁ.& @q&tcg?ﬁglg g? reprengntaggns (e.g., ISPs)
may be used. Highband synthesis filter B200 is configured to produce a synthesized
highband signal according to highband excitation signal S120 and the set of filter
coefficients. For a system in which the highband encoder includes a synthesis filter
(e.g., as in the example of encoder A202 described above), it may be desirable to
implement highband synthesis filter B200 to have the same response (e.g., the same

transfer function) as that synthesis filter.

[000157]1Highband decoder B202 also includes an inverse quantizer 580 configured to
dequantize highband gain factors S60b, and a gain control element 590 (e.g., a



of hi ghband excitati on generator A300 as descri bed

herein. Typically it is desirable to inplenent
waizgishiarsde exci t at i on generat or B300 t o have t heCsaise006/012230

response as the highband excjgation generator of the

hi ghband encoder of the partlcular codi ng system

mBRPALSE: MAITRMPENE BRAQHE hrrBh de@ t¥iapply thePddeabhtizeR Paindablors to

dequanti zati on of encoded narrowband excitation signal
thesmnthésinee\héghband signaltto presiuse highhtrwhdgnak 819G Ferrp case in which
enerat r may .be | nt t o r
RGP s Eha B A ook TV kS b e T i, gin conto

elsmsmtwo JJ fckuae [0peeebntighrddne lapple teengdin Vetee t@thantspeeive
configured to dequantize encoded narrowband excitation
subfrgmas, Postibly|accerging te @ ipdavmeduncsion that meaysbe aaé%are%
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8 tbhehb antidhLhdiBed BAhINRER S §§&ﬂba(ddrb tihifo 1
m%%%ﬁ%ﬂgFﬁté éﬂggt oehLSés) Eand LSFttg LP fil tér n signe

S¥vef thikighnnd excitposignd )1 20s configured to transform
the LSFs into a set of filter coeffici ents (for

(TS A3iplEE E50RPR rO DUl o TER Bkl LAY BT B

transform narro n encoder
hidi@a)d. entodertahé highbpdddeendat(e.gndy vamgrieqgtandined! va besvdiring

diff ff ] . 0.,
cRAQEMED o BA L P e BT P B SRR P Heh an
1n§égelﬂentaﬁ§f> R eniit thEsiEGate F:ARBRGnIMRIINER ﬁnéﬂa&&@fn highband

I's configured to produce a synthe3|ze hi ghb
' exiitghen gerecadomi APOtand B3§Ab Hndexswarle, i ghband exgitatios ge@rators

A exe B8 SiebancBlrebaBko Al Tadon Bl eReShE e Peigeor e
ndiSe fenerAAdr ik A dehemeNAFLECHRN EFMERERLH NI adpssdedReithin the same

above), it may be desirable to inplenent highband
frema(h1gs narrewbansiilzy paramsians §40 erepertas theseqs Grdier preoged

b AR LR B k- N0 s an

i nverse quanti zer 580 configured to dequanti ze
[000g59)ne qganare bAteauantBEeabof theelemen@idascaribed hateine(eeyyuantizer

590 | | | f f d
23 A 0 TS P e ST S Gi VPer BTG e For
eﬁzﬁ%@ ek edultitePaad et uré@to%éfé@tu(ﬁﬁ dFiagBbanddsh@iabased

For a case in which in envel ope of a frane
on mfglpmﬂoml that Hay almder btehacpct@dewgnm ﬂiefsamecframeglauthﬁ narrowband

cont el.e e
Cléaﬂlﬁlfa{/antdﬁoé 11& gf ﬁu gl& @{18 n’gélr{ngp t uecﬁ ra et%cg}gllc %ecc g}]}?rggld%? increased
cfdﬁﬁg bfflcyend ¢ aOtheicRBeris® oﬁadulmuimumbémabtaga that may be
e sane or a

[000160] 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



di fferent w ndowi ng function as applied by a gain

cal culator (e.g., highband gain cal cul at or A230) of
woheostio783espondi ng hi ghband encoder. I n ot her PCT/US2006/012230

i npl ement ati ons of hi ghbandysdecoder B202, gain control

el ement 590 is simlarly configured but is arranged
sighf1$hBAHc8e BRI dtehid QitbiRBiictad agerding a6 b ofclel of long-term

narr owband excitati on signal S80 or taq hi ghband
pergodidityatsiropresingasdry, S1xgampl onee) ARICHIAEINEd above, it

may be desirable to obtain the sanme state in the

(0 BERR b BRSOl AL IAEN 3P Botinucc Hhe ety
mddl@lsefﬂaatbﬂr .EForrexamplig thegresishstl ﬁrglnakmwy nhlcl‘vgle smal jidtersain the
tat to t
g P E S BR HY OB 5 BUHLPHFS: SETL G SRR s eptsgtisagessive
pltgr?glﬁtgé%tlﬂ aFrefdide %Bgeﬁgfgg 0%11: P hnfihd @ﬁ{l@curehb abbquik regular. These

at1on generators and B300 of such an
irré gubdri¢iee tandtto oedugayoding ediciangyir ed such that the state
of the noise generator is a determ' ni stic function of

iP5 Pt ERich R B et S0 (ARG,

peAbih @fe QNGDEREN BAhE Pibiasguctxe |btyapp1tym g@ungamptn%@me wagping to
portion thereof). [000159] One O[_l mor e, of

thejiesifalhsfare oF Ay GHaABHERI08, ADE?t ﬁé”dsarf@Flélpr(aél afaptive time
wa%g1 %E b4 48l g&c%d 5 gatlo%rmélﬁp)l"dwalgﬁlec Qihiagehestd: ehay be

ormclassified vector quanti zation. For exanple,
coﬁﬂghe@tamimt mzeihem;e Mmdamfdldggnee df werpieg wdime (Reg. ofccgrding

o e BEHFAREY eSS ANLof ek PR PR B B e

SN Sitaisl Qindl Bplikel ) tighhesedelnanagl-terbyetiodicity.
etechnl (%Je typ ‘ig’r(l:a Fl r%w des |ncrea€k§d codi_ng

Ragnfamarmmgf ;atchtstrectgsqae pedorpieddeyh betiaf CEoFamsotlers called
f t
Rl Fogtpalel e SR TR G bt S

periodic structure may remain |n t he residual signal

[0001631 Ah RO erfodehie tm@ﬂl&aoﬁﬁgﬁed t peefmml thp e'nfer\m:rping as an
narr owband speech si gna or exa

achBTCcHIRS SSfigrIgRs Wiy SEBHPA F OB ERRE BT A ST iscoonds

e%ﬁﬂi acfeQ%ﬁl?s%c@{dsﬁﬁkllﬁgé ARAUEH is LsHBly vaHed sﬁbé&lp}l ﬂérand
i Ch i's typical elated to pitch is esdggc:la

auditte tigcaminogesr In wrmm}@n@p@tm wich AaEBcodeniscenHEwEH o

antized representation of, th
aep P e A oy PR B BHRaRgT SR e g fgrame i
wapbd Bﬂl HicBrradpoRaidic kel @int shiftleln dfierli@p@nicdtations, the encoder is
periodicity as represented by, for exanple, one or
canbigered 6ol epi e eEWIBUZBION PR E CANRYPUS PHAFRIDE FupcHpn.gHch that a

fr%ﬁ% g{a Lupi& elqy Wagged%@%rd@é? g?&cﬁ%rﬁ&lf 0 B%ﬁé@?bl@dh&i/aj ectory).

exacC r exa e resi
Inl JogletdsesoR|, |as jdedckiedin U.St Ret. 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.

[000164] 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



regularity of the |ocations of the pitch pul ses, such
that the di stances between successive pitch pulses in
wa 2006a0es3ar e not exactly equal and the struct uPETIUS2006012230
quite regular. These irregularities tend to reduce
codi ng efficiency. [000162]§one i npl enent ations of

ouﬁ)% E@HQ%\% SBARE e Dbl 2R A0RY MW KR idcude@hih HdBndoded

arization of the pittc str cture by applying an
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re@ﬂ?’%z%? BRI Ffftffl'\%mét&?éﬁtamf&e g%?&’ﬁ? Tation signal . For
exanpl e, such an encoder nay be configured to sel ect

[000'169] R&Julirizati 6oleatd @ifale dle sfshRabiigia epdiergo Ieﬂcddenwhlch
(e.g., according to one or nore perceptual weig
imgrayes theesorling seimirom tae log-tem P’@icé{)f agh dpsthogsts Pﬁ%fall Yoding

R B0, BB T 3y, o
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RSP SASHE O DPOTS TGS FECEDBOGHE BUGHE f Long lerm structure
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LB 5Ly 500 PO e mapasaina o

subfrageniaf inclwde pﬂd!/\puisd ¢ries@i; oYiatious dgaleimpeatationgof %@Eﬁp coding
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o LRSS BT g A PR g

U! lS”PbteI&?EI 2LHI0D04/G0BRSRIK ensDetel. ). i Bxigtind inghléxﬁdnthﬁons of
e regularization in a piecew se fasg

rGHEPE eriehi o sbire e s o R By escribed in
Teﬁé)crc 099 Irfduét?ﬂ Agédg?at hi (ﬂA) IISnl%aft B&J the Third Generat1on

enen I 'ons enco er 1's configured to appl'y
Pdrﬁﬁrshgglﬂbﬁbt 2 BGRIR) SeleatableriVibdeFosodea (PVIVG. f unct i on,
such that a frame or subframe is warped according to a

0BT B Pty et Rt e ol ffyidsht £ Viflpgnitpece
cd%@pin wl%@l@ﬂ{qugrﬁ)%ﬁé ExcitafiBn 8ERH8d frot 68 BhdWkd Berrb®band

include a tinme warping in the encoded excitation

exsitgtic smyal éqmlph ¢ agystme lrﬁﬂndﬁl@g wislehansbyneagh engofigr A100 and
BN BRSO BIPt3SATe! BrL Yo o, e

highbamdleRtiegioanigareibgnextiythaye arinki gofile thitdd different from that
regul ari zed and quanti zed, and the decader dgguantlzes

ofithe oeal@eldeah@%é.sp%ach senal- Jnather gyosds Herhighbaad exqitgtiop signal
will %ﬁ)'lngéﬁﬁtsyga)r&z&g with S¥REBESI %h%ih% g appeech

si gna eco out put sigha xhi bits the
same varying delay that was included in the encoded
[08RL67] 4t intaligimemlin tiyne tbhtvacs g wanpz@hlgdjhandwmt@mn yignahend the

o%gqggl&r%ﬁ}hag srt)s%elix: !ﬁlfgx 313 ! hese! see%era?pro%?enllsor}"' @zﬂﬂfﬂ%, g warped

highband excitation signal may no longer provide a suitable source excitation for a

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.

[000168] The misalignment in time may also cause inefficiencies in gain envelope

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



[ 000165] Regul ari zation tends to nake the residual

signal easier to encode, which inproves the coding
waQ@anews/10788m t he | ong-term predi ctor and t hus boBeTAIS2006/012230

overal |l coding efficiency, ggeperally wthout

generating artifacts. It nay be desirable to perform
e RIPe bf Adtdviiing @kMté@i@nfsgg%MSG AL hi SKRnY Ql g%epks?,oF%dy encoding

exanpl e, narrowband encoder Al24 may be configured to
thetgajn emyglope phBwighband sigorl asarlingrie @ rplatipm etaveen these two

| ong-ter truct such. as .voiced signals. 4t nma
sV Bder Al BUPRR SR n R B s SRiparea o
esdodinoahe gaih Ravelopcditaddy piWiedh thelbs@ded Bargywbaddrexit®ion signal is

i npl enentations _of RCELP coding are described in U.S.
regytagizedyhowerery this erelatignangnbeyealiengd. yhee wisghgnme in time
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probl ens for a w deband speech coder in which the
coresRpRHES encededpasrivhand gseitafion signeh Ratentish adepasnges of such

e A LA S D di R o SN iR R TR B ol podrcr
ilnpeenly theeffidiznc BbfEddinguiki ghbandt girdervielopei on from a
ti me-war ped signal, the highband excitation signal

Hos o RRGERS: 2 g Brciede R andmeliduationgafd o yideband
s]IS%kBl@ EndMEAA100. NendduSRBNG itkedet 8h ixBplefiegRabn Wibh oPRarrowband
onger be synchronous with the original highband

g

erqedecA 120 thabis copigoed ) prrivisat gwamzation daring palcwetiaeedithe

h rped hi.ghband exci ' si.gnal_ and the origjnal
AR B o ER O el 850, B0l R O Bt
¥ DR glirbE asvef disd td v aide oX tHelRCEDP ifsplgMahtatiys distussed
| onger provide a suitable source excitation for a
a‘é(g)*ﬁ"thesi s filter that is configured according to the
filter paraneters extracted fromthe original highband

[W?gNﬂ(ﬁﬁﬁhd ehtdder A?@Eistalsot&)ﬁ]fcigﬁ(ﬂga lﬂc?ﬁlgt?% %.ggfeaﬁ?{%fg)n data

sign may contain audible artifacts t
sigeald8) Medatgpatifiey thefdegige ofl tme demtping dppliatd paegbus cases in

Lgnal . [[000168].Th 1 sal i gnne in ti SO
widORrionsrry gretics S § SpuiATentpargpet BRed e ghiilg cach frame
o RIH#aB1RE £k oA ey SionA 4604 58] 8D 10MndBinkul€ b ¥eridd FXhRiks indicating

bet ween t he tenporal envel opes of narrowband excitation

eadhdiae slEBEmonat 45 HplgEer WingadntegIoalwyin éerawdif sgmpke
ngfgisaciol%ggfeqlgg?@g g&m{ E@S 21'1(%\%8{{0' ol 908l iR SR U RS wWHlndencoder
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.



tenporal envel opes, an increase in coding efficiency

may be realized as conpared to encodi ng the gain
wenvwliopsedi rectly. Wien t he encoded narr owban#CT/US2006/012230

excitation signal is regul arjszed, however, this

correlation may be weakened. The m salignnent in tinme

[0DG1 TN dERNE QYRAR Endotet ARI1DGRL18dd Balela38thean TR0 dcahiBaRE to
signal S30 may cause fluctuations to appear in

advangersametargepanti prscaf dvighbead specelnsi god fi3gacsprdieg wrdejaymamounts

..drop..[000169]. Enbodi ment s. i ncl ude et h £ W
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thBegdhise dhepe aCRIGIRIB b, @&toolind D3 1@ canfigured watime Marp
included in a correspondi ng encoded. narrowband = .

highkane peash signgh330 acogiding todhe watping gicatedbygpgiarization data
. LoV . . .

S S8, SIS B iSRS e

emebdadirrogvband exditasion sigaalrS iy elso pppliddao GHs/rfek faudin g2 fortion
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configured to performregularization during
dedzyl lind A1 20is apfangddeasaadod s Mighbaodisasetieexci t at i on
signal S50. For exanple, narrowband encoder Al24 may

i I. i . r f -
(0BG PRl FRRGRIE G B8 e 00 mdye Sl o
pefiendpectAl 2dalysis 8.8 0L PORhalgsis)ast thouowirped highband speech signal
regul ari zati on data, signal SDl O that. s ifies the .
S¥HLgdde nsriorm Hglevwrﬁmg)%apq&bﬁ%spe sigail g0 detote eﬁcqlﬁﬂon of
Mo 0 ' j € [y a
hiffh ) ;AR RUARE SOBOSEE fH fbolier AP o LOuARD)
indepubmatiaacf detaydatedD El0gpmedn gSDio@entmymithe tiod ev aapisgr Inegich

of vyal ues i.ndicat.li each ti hift apgount. as an
cq¥ty BGUFVS: ARG PE) e ATEIir SO0 s B 20aygR of tnwarped
iBhd11S30 @[S erit a §RERal hH&6pd thiEis i SAIRNBA in tii@kvith H@Hand
ﬁg% whi ch narrombéﬁg encoderpﬁd24 is configured to
exsitheprwpigeal PddPfy the tine scale of a frame or other
sequence of sanples (e.g., by conpressing one portion

: ian) i : : ‘
P BERAELD POl AR or S0 S fon o oo
eldmsnts iapd storgefeldniemtsmmitable dat dpphyinsthehlesisedatirme tvagfing operations

functiqQn paraneters. In one particul anple, _
PO AP B A On Fod ek amelBr AR 5 Y bionfigured to
rehafl RIBAbLIY Sebb §68na3 480 FRAMES b dcforBifleGH R ®osed tiRdhifts.

tine shift for each subframe, such that regularization
FH#JBESi6g nadwShhdbeimatic diagesn ohyueb an implestenfation BJdA of delay line
Dfl% th%?fnlgzll{dgg ) Is Vi rég'lgte}cr SRT® Sﬁlfft }egﬁte? %‘ﬁqqg g 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.

[000175]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



narr owband si gnal . [ 000172] W deband speech encoder AD O

i ncludes a delay |line D120 configured to advance or
woeb@rid7§3er t i ons of hi ghband speech signal S30PCT/US2006/012230

according to delay anounts ifdicated by an input

signal, to produce tine-warped hi ghband speech signa
co%@i%@re,d't@ SsUpPRrR4ARIR 9 S8 rétardildddREr, 3Rernsl@ledy, onk Mgt larger

D120 is configured to time warp hi ghband speech signal
thestheathawsaehigat veteher skiftphaygpe prafosmedan ene direction than in the

e | ion data signal SD O r,..th
e R e
nea6 Adedle BBl NANENERTLL aial BB cohfjnatd Bodhtp& ok $Omore samples

applied to the correspondin ortion of highband
atgiune (feppnling orse@ovét@ﬂgbt@ vaﬁgq, gfgi%?mﬂle?-houg h this
exanpl e shows delay |line D120 as a separate el enent
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(00 PTBA SORRRE BRI AR e b indlithe o TRORTRA Rlove T

méhisededs mpDO0GF 3hdibletanifacts mpthedenedetisigmal. of ytheajhysbeohagnitude

. A200. . fi d t f | .
ofghERyereipa e thishas BRArPRHE PR a0 RRE AP D ke
eXREEE fevd ifiNiddcoRds) sadtkhhOme Bide@hMstihdRaté@ by réilazation data

hi ghband speech signal S30 before cal cul ati on of

sigha PP Qv diedinpizada e wevst, SomBY bsdesired in sprbggess fapgelay line
e . . e .L.ne
DL REl5 o SR S 3l ARERE LA ke
nepat es dirdution (R exirhplep@rubsérivé b eichiealimirthar thaSotwsbdisethe
on the anal ysis of unwarped signal S30 may describe a
ngEhapd Enediset ope that is misaligned in time with
hi ghband excitation signal S120. [000174] Delay Iline

[dlabi!m Fﬁ?}U’RE TBchb @Y b Q6hcReAiR d5H o P aﬁwglggggﬂapgg D4 f delay

ogi c el enents and storage el enents sui

lingpb132 thgt inkkedees shi&dvinilems SNar bi thip expepie, therposition of offset

o3t Gl BRREE Ry st b Pilonel ERERN S SRS §fap case n
whitHl the BTt 1&%&{ #is afatk thanghd widthef dagiwiadow ISV, delay line
shifts. FIGQJURE 26a shows a schematic di agram of such

DA+ may|alsedstimpleapentsrospcly thag die 4yidihy ofshify wndopad W is equal to m.
includes a shift register SRI. Shift register SR is a

[d@ﬁg‘hﬂﬁn %eﬁ%&ﬁeﬁ@rﬁ%&s%&l find B1 ﬂfciogff%lﬁgﬁ E@Wg?eqﬁgﬁﬁﬁd
and store t m nost recent sanples of hi ghband spgéec
seegnsipnd 300 t0 hbuffert aveomhin gstodlbpiddsired tiate shiftss t(FIGRRE2ihshows a

f th ' iti " d '
b QRSB Sh Bk SR A0S b % PSR s
tW PR B &brs fom atnlamfﬁ&dﬁ@ifgmemo keeRaWal sfofe mgﬁbdnmgééah signal
of a frame or subfrane of hi ghband signal S30.

Sp@0Des}ipe DAp0(is ermfipured tp svrisoh fiagigros quipisarae frput shifheegister
Sf{b rtr(?é}%rrgg%gepélgy Q%gdlﬁé g)nghmgggﬁt 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.

[000179]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



froman offset location OL of shift register SR . The
position of offset |ocation OL varies about a

woebwriersse position (zero tinme shift) accordi ngCTawskde/012230
current time shift as indicgEfd by, for exanple,
regul ari zati on data signal O Delay |ine D122 may

otlf)é?c %fa'y%[’f%fi B%nﬁ%% burfBGyRti AOVBRES W Wnfi8hRH % have the

ts-or, ernatlvely, one limt I'arger than the
samt Rengtts uA]’uemhta»tel)a dglag duéer BB thay haighdser papir @tﬁ}fﬁb@ffeﬁ RB to
one ?lrectlon t

scRY Fas AP BB RO S Pl Hoth (RO R B o shi

re$iBRASRE GAkiLY tal/lifBuddbthér pri&dsaivig bparatibisiaciray wasing of the
¢onfigured to output one or nore sanples at a tine

safgles bettrngiorsge smstilirpaistebdd3wi dth, for exanple).
[ 000176] A regul ari zation tinme shift having a nagnitude

[Og(?]tgl%gtpé Qﬁn@%gﬁﬂ%@ghdﬁ; ond %uff@ﬁ/Fﬁf%sc%nﬁgﬁlﬂeB k&have a
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y line
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ovebRAttdiatrefafPO RS Hlymt A8 aned ulidd AR Exnacm&hm) example shift

[000177] FI GURE 26b shows a schematj.c, di
regigisr SHa mean hegionbgored ¢ regelvayalueh el ighba r% n1 ﬁ%‘? Blﬁzééflaaffame

bucffgfrs E t AH%B‘%EEW ali'aeltap hipe @‘1@%{? infi8e RRR fol iRt ateS across

ocat1on mte the shift win
a@ls bhiowegh skdcBIRE fzﬁhewdm\a]eframcsawattcmtwﬂlmfc registe S:Rﬁ‘ fle rother

gth dt h, of ift
g dgpt e dotaa a1 B8 be SrHB LRl ognen FRAE cprgion on
sa%ﬁésrfr&fx e uret PEO We VY | 'w%tl%? Wdm tshift rd RAGISE (el g,

| her 1 nplenentations, delay l'ine D120 is confl gured
actcordmg toe Tngjhiadedcrifipddutregylamzationdatatsignal SR Oker
according to the desired tine shifts. FI GURE 27 shows

RO TE TR SRR R e i 35 (BB AL SRR Al Rased

or’ﬂﬂiﬂlt SR3t klenfidayw, @tk Warpirecpesvidied byl regummmgmmmgnal SD10.

E R AT e KT
H&IAE?@ {}%ic/ﬁlrc wdbSa ﬁ@ rvgfu@ gnag)geﬂ)l 10Tep& Ry VAlu@shapper D110 is

I cated or exa e, l'arization data signal
c&ibigiredShinfdp the yagting mSR@teldéaycregﬁlalgmﬂed date signg] $D10 into

buf fer —arran 0 nd.s ana
T e D ARER
hishGfdRpédoh sidtiaf $30:LMcsidg BFtke Waglind@aicated by mapped delay
values SD10a.

[000182] 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



frame buffer portion FBI and a delay buffer portion

DB, and shift register SR3 includes a frane buffer
wQaQantei1078365B2, an advance buffer portion AB, an#Ca&US2006/012230

retard buffer portion RB. The | engths of advance

buffer AB and retard buffer RB may be equal, or one

r af S90. Rl Sther examples,
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i ] 1£,05f SnipIE8 dbiay ShMa mAppaudT BXmbp bé tatfiuesd to round
lségﬁgﬁg§¥$ﬁ%n1franéibuffe? FBI f%@shift register SR3

thantrladtormmyintegarinudendheampesdredersionpuaine R q ¢y lnsdAL
war pi ng of the sanples before storage to shift

' R3., [00 e
oS T AR A OB b i
shifCoft dvadn-ife gongurhtser e safiplbs yhhaencied nalro®dhd expitation signal.

anot her exanple, frame buffer FBlI is figured to
In s GRSt R DB AEREDIEGOF AEIEY BA1U6 MSPBSIHP | HE t Fonfighred to
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e configured to inclu ogic to apply e same
D129. tg applgnhenoendayktime ehiftyto thighkknd spebélr sigead S3P. a frane
to be shifted. Delay Iine D130 may al so i nclude |ogic

OB e YR AT RS e SR D ey

ra®Bof hftrdwanll kh&ich SeaRIS 3, anglti flibané gheztle sighi® Mayaypdiffer. In
configured to receive val ues of highband,si

g% gnal 30
suglnpasesidglay ratve ppPeP HBmay he GophsWrE 1 2BLt ipg Shﬁt PPogs
in@é?t\%% gﬁ%§hﬂﬁkﬁgﬁ da i%natl ]D10%6 LARLAL Br FCIRSEnBIREVeen the

uccessi ve rames or subfranmes wi tten to )
sagiplihf rategifataeowBER1 sfenctotipeal S2AyGbrenrervéoand pxcitatien signal S30)

[ D130 b fi dt f '
g e eI PSR SERBIND- b TPRlfesB YLK Rgtiep DAY way be
co\gﬁ%ﬁfeago LH&ME Anhthift anB8hs h&lordRe td £rdfio. of ALRRPlIAG rites. In

unction described by regularization data si %nal‘
oSHadiculfr 6801l Jak temtigndskabgus,nasiordandspege tignal SRR igseppled

; | ; 4 i v
s P PR bEn e RS B e e e 0, IR s by oy value
méFied 810 fedonBhifed th h@l—{ﬁiﬁ%' 28csdefamautd tock 8 diaplementafions of

an inplenmentati on AD12 of w deband speech encoder AD Q
dalimavaligvekppes 140 deayaalsa/kg erafiguisdde Peyiorpsuchd) sgpliRgpRzEAlon

e itPhn fled 10 | { felar bB@tion as described
tog%ggrcvg{ﬂgan élgeéregéu aﬁ atdl%gril ¢ at?%ﬁsi gnggﬁ% O il(r)1rt1 ?)S e
herepped del ay values SDl Ca. Delay line D120 is arranged

to produce tine-warped hi ghband speech signal S30a

[@ﬁi@égﬁ hégirrtlp gmgr@tg cl)nggdelzlz?}g iir(l:eab?go Psycorqﬁggrgg todgthgxxvise 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 S$30 according to the function. In other implementations, delay value mapper

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



[000182] The tinme shift applied by the narrowband

encoder may be expected to evolve snoothly over tine.
woheteathTa3e, it is typically sufficient to conmpBCEUSE®6/012230

aver age narrowband tinme shi applied to the subfranes

during a frame of speech, and to shift a correspondi ng

| ! alR thapper
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lI'es 1 n the encoded narrowband excitation signal.
ethpmumhk ADA88 epayite qcmgxglued thefiiterah¢ widebandisrieagh sigmal asing a

DlLIQto be nf| t Q. 1,0
filter ﬁ%ﬁ% having lowpass q % rsu gss%np}(sz%ﬁég{%%%ﬁpﬂrfﬁter bank
AD®. ahsk 'I‘D?O@Iaﬂébde@t}@ﬂﬁhﬁb%bﬂ speuctdsigndl iinre aslekstta énooded
hi ghband speech si gnal S30. [000184 I n sone

nannmbembmcat@tl@mggml apfl @ SbHAEY 9b sawEeW &t PAPRsters - Lhe
enﬁci) 5 A aaﬁfgwﬁ)%c? ?tfatl&%l%?%gg%r ﬁﬁgﬁﬁ?mﬁé@ﬂ%a @Hfi‘zed and

spee s gha I'n such” cases,
thél edcaed Ahroew hamdpecechlsigh@l mmy alse nmdmfel afher @drapeters punhtas a
tinme shift anmounts t[ﬂ}dm?)@ﬁ nre | ari zation,data ded
 spegchrapdegyaTEnetar akask sodnglPdgsr WG AR g Buhe ERde
'néﬁ%q%ggggm%@hg§sggdnarromband speech signal S20 (or

narro excl tati1on signal S80) and hi ghband speech

signal S30. For exanple, delay value mapper DI | O nmay
[0PRIST3TAskTIPAQ gemertesiachighthane |eﬁ%1t3é1ﬁnfstgné\]rhﬂ§?ﬁ q@n a narrowband

accordi ratio of th
BRI Dok Bl PR TR By ARaR e cncoco
nmhd sk@ndbn SgBall AL Bleadt thelhighbad dicghdardgnal, task
peech signal S30 is sanpled at 7 kHz. In_ thi

Tlaé%gm@éw@e mﬂbbg%d DRFad SNt itip Phigaed Plyakityof %&i@g@ﬁﬁﬂ
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in thO Enddie@nhSowiiblicdbif fdntstbnal her wi se nmodi fy

[000188] 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.



the time scale of a frame or other sequence of sanples

(e.g., by conpressing one portion and expandi ng
wanaicherssporti on). For exanpl e, narrowband encedems2mhad12230

may be configured to perforpgythe regul arization

according to a function such as a pitch contour or
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line SUAQ thaids ¢anfigorashiopedesieaegulanzatian gmaéegqabﬁ%% phfgpped delay
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sigMAES 8, al®betodedidyeqt@htggnahbaet dnrigsuch as hernianizdly eriended

~each del ay val ye Lndicatin%ﬂagnunber of sanples, which
signabS 19901 laghhand gxgiptign sighal D120 to tinme warp one

or nore correspondi ng franes or subfranes of hi ghband

[0?(?@@%&%9 Radieban® spdeOP OBt FhFiEe R Qi TR oMy 1 dohfysleard
or a nethod NCXCI?of time warping a highband speech
ens¢dprrairosbend spasgh signal &ZOrmd\}gwhg»ia spegeh sigeg) S3R irdependently

di d i.t At i .
S ohS D HEpIBEEEbaN e ARty 56 i BBty & PiBlesentarion
onlHigHUﬁn@ _sﬂitfttr:‘apédﬂé@l’ﬁi)e sp@e;hrgh&?mftc%m& sigiril g Sbeinah
speecC Sl gnal . or exa e, as J € .
inpds B qur{tfi@prngg PRHTR@bHFG YWpRag ﬁ%é&ﬂ%ﬁba{}é Fvgual
si éhai -t 8bmBank. Havdag dn‘?é"@@%?ng??%n@h%&ﬁﬁ%{ﬂa}i% 8fStation signal,

uch as an 1 npl ementation ['ter bank . Task
acTR0R to mcfordastidrnelatiap towtimedv s piag diclsdegiialithd encodest narrowband

| east a encaded narr a excitation signal and,a )
expiian § Ao O kA A e et gyt iy S Q0 and i Grcntapion of
dAS 15D P RS deilyl vallieSh&pRE DANGlADdestHibdEtiersia tipRicdonfigured
y be quantized, "and t he encoded narrowband speech

tosipplyal timeyarisgtd the highbaust tesiduglsignabt Botentil a¢yvantaggs of such an

h ter. Task 2 I i.nel '
oG AR PRE SHcsaerondn s Bal? st I8y Bng b B
mh@ABd8&kn TiasdynHegioed gafevtahesna hiphphhibspdedxgiiadd. i on

signal based on a narrowband excitation signal. In

this case, the narrowband excitation signal is, based
[OBALIAAS Shsniianes! Fhrve RBRRNIMER Pt dasPR P LITRIR MO or di ng

iRy VPNl ban it gt D10
cqrhpatibility yithfnaniogiveadslystenist amd ayaidingsa ree foFgansesding| Support
fotr %?glflbgl% coo%ilgfga a}t/) glsg %Qrfvie gou(ﬁi?t%retn%at%no%oadceos Qa%ismegslx}ge%%%ips,
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.

[000192] As mentioned above, adding highband support to a speech coder may improve
intelligibility, especially regarding differentiation of fricatives. Although such



speech signal into a plurality of quantized LSFs. Task
TD500 applies a tinme shift to the highband speech
weoeigwab7$3hat i s based on information rel ati ng POTAS2I0AB12230
war pi ng i ncluded in the encoggd narrowband excitation
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on the highband speech signal, and/or to calculate a
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hi ghbhand speech signal S30 independently from gne .
o e BEROR s e R GLR e s SR Tty K3 er grming
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war pi ng of the hi ghband residual signal, or to
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nar.rowband excitation signal. For exanple, the o
PHIVGTRE e APBIReNOR) eI i S 473908 B Mbial tBis sgplication
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speech signal s .q§£000191] As mentioned above,

weisentivaiios oheoafdeient iopigsantations syahas depd's. Such features also
] ' . e L perf or m. dded
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gain envelope.

[000195] 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



conpatibility with narrowband systens and avoi ding a
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about 7 or 8 kHz. [000192] As nenti oned above, addi ng
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fromthe narrowband. Such
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.

[0001971FIGURE 30 shows a flowchart of a method M 100, 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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ogi c el enents, and any conbi nati on of such exanpl es.

the 0ORILEGId fdiee signal.ous el enents of i npl enentations of
hi ghband excitati on generators A300 and B300, hi ghband

hi ghb r i ch
B o ras? Sl AR O it A AR RS
eth PR BREBN) bedecading! a&ﬁ%ﬂlﬁtﬂﬂ @oival/ofr sppdchcainabtieariigees narrowband
residing, for exanple, _on the same chi , anoqgntmo
pestioppp@t H]lggaapql‘ partion; Eg@% 2109 CRIUET g? Hgfllter parameters that
! | ok ' ain factors that
R
clappacrideustempyrabenvehqpeeftint lighband podice. drask #2p@ealcestes a
one or nore sets of instructions ﬁﬁégg@ d t.o_execut

sesAiralheenndrgsiens] RLaPrRbAnG f agp L Bns oy oy el Y gy from he
&t EPBHIS ot EorD - Fask ZB0S beAeR4tSs a GiaSize8 Udhbasd 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 eﬁvelope 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.



m croprocessors, enbedded processors, |P cores,
digital signal processors, FPGAs (fi el d-progranmabl e
wqQavws/1ars3ays), ASSPs (application-specific stardamd2006/012230
products), and ASICs (appligftion-specific i nt egrated
circuits). It is also possible for one or nore such
[O(fbbﬁm%cﬁﬁeﬁg\éﬁo S AdbRion A HORBB o Debbh coling, encoding, and
processor used to execute portions of code
de@lirgemspon di prgsstyodisi1bded herein, @l gorigndes crptiadis fof streatyral

eSO et 60 BT Wi R et e Rr R hf o be
tangliBT? SmbBlicdforEXARNENE Bhe 6f mBteLSdts Q:B'ta%e aedi0ds 10xeddi ababve) as

evices performng operations for different elenents

onabr giofef eeteoftinstiuetians repdabieoansyor execytable by gimpachine dpclydag an

or re such elenents t . £ S
gy abBiel SFRenSLEler bioch Rt Pk PEgAoR g T ot
fingtk @6 MicHifd)a s, the prdsap arvahii@nisalbt xendag pabalimsted to the

such as a task relating to another operation of a . th
embedineantpyhosgsabens Pvt IINEL @ e a%%%ff‘ﬂafﬁﬁ widest EBR fpsiptent wit
thé@%%%@%%glﬁo a%é%%%%gﬁﬁgﬁ?éhg en@ggﬁggég’higﬁ%g%%
attpeiedichimefas filelpebich feingagahrt loftherngiginah disclowivand porti on

and t he highband portion. Task Xl OO cal cul ates a set

of filter paraneters 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. [000198] FI GURE

3la shows a flowchart of a nethod M200 of generating a

hi ghband excitati on signal according to an enbodi nent.

Task YI OO cal cul ates a harnonically extended signal by

appl ying a nonlinear function to a narrowband

excitation signal derived froma narrowband portion of

a speech signal. Task Y200 ni xes the harnonically

extended signal with a nodul ated noise signal to

generate a hi ghband excitation signal. FIGJRE 31b

shows a flowchart of a nethod M210 of generating a

hi ghband excitation signal according to another

enbodi ment i ncl udi ng tasks Y300 and Y400. Task Y300

calcul ates a tinme-domai n envel ope according to energy

over tinme of one anong the narrowband excitation

signal and the harnonically extended signal.



Task Y400 nodul ates a noi se signal according to the
ti me-domai n envel ope to produce the nodul ated noi se
wei2esal783p 000199] FI GURE 32 shows a flowchart ®8€TAS2006/012230
met hod M300 according to ansgmbodi ment, of decoding a
hi ghband portion of a speecﬁ signal having a
WIRT fegnaNiepiison and the hi ghband portion. Task ZI OO
receives a set of filter parameters that characterize
a spectral envel ope of the highband portion and a set
of dai n fiateppasatehesmpissigact eri ze a tenporal envel ope
of the highband portion. Task Z200 cal cul ates a
spects a n E ' [ g
F Undtar e rERaREoTL AN, LiheBEn KNeE PR SR
portion. Task Z300 generates a synthesi zed hi ghband
si gnadecantgpreeingncbder(cahfigired se¢ncofle i highbandyspeestesignad; and
and (B) a highband excitation signal based on the

spectral |y extend sjgnal . Task.Z400 nodul ates a _gain

e e B e Bhens U HledtBedome i o NS el
widBSandQpeh s@alhiasd REGuenEPEorR BBlvwRen hbRkst 4900 an®@y0ITEHz

configured to nodulate the gain envel ope of the

andyp presiute e 10w bansapdecdi signal ansl(Pasdightagd precessing path
e il . . _
B PohREHAESo i QR PR | B Lo e

sigmal,t he hi ghband excitation signal, or to the
synt hesi zed hi ghband si gnal . [ 000200] Enbodi nents al so
i ncl ude additiqgnal met hods .of . speech codin encodi n
and Ve g oRdaaR sbexb R Eauls bUPS O ASOd TREReR i g Hgdtkncy
coR¥entl 66GE WRUARAG shald %He%&t&fo@ﬂio@i‘ﬁ’@ﬁ@iﬂﬁﬂﬁé porief foff eHerveideband
to perform such methods. Each of these nethods may
sigilad betieen 40Qf) id200dwliandl (for exanple, in one or nore
data storage nedia as |isted above) as one or nore
sets_of inst ' | a
mcr PeetiEt B Ry RpeLFPLOt B R O REBHNDARE Bthe?
frifueBescitent B tHeopidelsad Sipnal, Hecsecaahtortidh aicludirg the pertion of
finite state machine). Thus, the present invention is
tha stidehand pigaal hepvesa J00R2p@ §00QHE e mhodi ment s shown
above but rather is to be accorded the w dest scope

con ﬁ'vﬁé@félte_a\eﬁ Bf‘th'é?&wﬂa[ﬂdrb‘faie&h%_ﬁgn@ﬂ&m& alohbeat 448 signal i

di sclosed in any fashion herein, including in't _
batd ax héeldrdpaiins ofitheffidquencywhiieht éfchenvadgband signalt the third

or.i gi nal,.di scl osure WHAT | S CLAI LS
pelpR st SRR of A oprapd Ly Ak 5000 Hz that has
widhbf suesd25@mencode a | owband speech signal; a second

speech encoder configured to encode a hi ghband speech

signal; and a filter bank having (A) a | owband

processing path configured to receive a

2. The apparatus according to claim 1, wherein the first portion of the

wideband signal includes the portion of the wideband signal between 1000 and 3000

Hz, and

wherein the second portion of the wideband signal includes the portion of the
wideband signal between 4000 and 6000 Hz, and

wherein the third portion includes a portion of the wideband signal between

3000 and 4000 Hz that has a width of at least 250 Hz.



wi deband speech signal having frequency content

bet ween at | east 1000 and 6000 Hz and to produce the
woOawsanw3speech signal and (B) a hi ghband proceesiusgn6/012230

path configured to receive tie w deband speech signa

and to produce the highband speech signal, wherein the

| owband speech signal is based on a first portion of

the frequency content of the w deband signal, the

first portion including the portion of the w deband )

si gndl  bet & @PPUTBHAKAEIDD I D 2.aMeeroiA dhcethidipretion has a width
j eech signal is based on a second portion of

O?ﬂga$?ggb§%by content of the w deband signal, the

second portion including the portion of the w deband

signal between 5000 and 6000 Hz, and wherein each of

t he | owband speech signal and the highband speech

signal is-based an a third rtion of .the frequenc .
Contant of e BB BhRad W £rheResin A bR EFebon sinal
incheles teq@nay bodtemt T tef fitshporvibal eR@fEqEn sdntO@ ORI third
2000 and 5000 Hz that has a width o? at | east 250 Hz.
portiomadannar at us according to claim1, wherein the

first portion of the w deband signal includes the

por t Wharest the highhpebineach sz anclivdes kegnenby@oOnigntiof3besecond

. ' 0 rtion of the w deband

Pé&@ﬂgﬁgﬁh %@ggoﬁﬁﬁ”%gﬁ ?@ﬁ%§Fﬂ¥he wi deband si gna

bet ween 4000 and 6000 Hz, and wherein the third

portion includes a portion of the w deband signa
bet ween 3000 and 4000 t hat .ha wi.dth of at | east .
250\A§|z. 3. %gﬁép%i}%ﬁ %&CBQZI%\%EO Yty Whsrep Sheleydagghsnegsthsignal
afd'@e b PYIbIPR ghd hade HEdEdht Qa[m}%ﬁné @ast 400 Hz. 4.

The apparatus according to claim?2, wherein the

| owband speech signal includes frequency content of

the first portion and frequency content of the third

portjon, ' he hi ghban eech si .
el faes PREQIBRAG! RbiMyg oAPRRTL BRFSRA Bl gppping s
of the dpietieyl spesthaipnabind the highbarll peedh fghal & notlpgeater than the

apparatus according to claim1, wherein the | owband

sapilEeaisiog e Widsbendden#.ghband speech signal have
di fferent sanpling rates.

7. The apparatus according to claim 1, said apparatus comprising a cellular
telephone.
8. The apparatus according to claim 1, wherein the first speech encoder is

configured to encode the lowband speech signal into at least an encoded lowband

excitation signal and a plurality of lowband filter parameters, and

wherein the second speech encoder is configured to generate a highband
excitation signal based on the encoded lowband excitation signal, and to encode the
highband signal, according to the highband excitation signal, into at least a plurality of

highband filter parameters.



6. The apparatus according to claim1l1l, wherein a sum

of the sanpling rates of the | owband speech signal and
woheoshiogishand speech signal is not greater thaRCThS2006/012230

sanpling rate of the w deband signal. 7. The apparatus

according to clain11 sai d apparatus conprising a

cel lgul ar I&ﬁl ?g;ﬁ c‘%rdlﬁg?o amga&H&eﬁQH@ﬁéébH& spech encoder

clalml eflr t speech encoder is
is confifcucpdrte dnd:ocole ehmlmgebanﬂelgrmmwwd legse e phurglity & highhans! falter
| east an en g ? ? excitation signal and a
paggmpiesp F“’t“%/aB WE)' #4998y parameters, and wherein
t he second speech encoder is conflgured to generate a
hi ghband excitation signal based on the encoded
| owband excitation signal, and to encode the hi ghbang _
si gri& | él“dwpnmn@ls perardiag i eliR A oS 2k BRMREAIT PR A device
fl
COB@ uregi rgn%gnt a?.%lgl-alﬁ faréa%éléé{g & chﬁ%ﬁ%tht % lfég bn Of the Internet
Prydoesieivherlielieths ehpility 9P padkbtseiesaites thesencodd lgwbadi ¢xgitation

encode t he hi ghband signal into at t . a WA
sigppl, ﬁh@ﬂﬂeﬂf&v ?ﬂpWE?ndp%lﬁegrPéfaé?%efér?dldéL%SﬁF%W Btﬁlléﬁb@&. ffjter
pJ. gks. 10. The apparatus according to claim38, said

pparatus conprising a device configured to transmt a

plurality of packets conpliant with a version of the

Internet Protocol, wherein the plurality of packets

describes t he encoded | owband excitation signal, the

plur Ty, paraneters, and the

pl ura ity @%p}#] Mﬁ% ?i%gl#shr?gteer paraneters. 11. An

apparatus conprising: a filter bank having (A) a

| owba fiidkepbankdmsingd Ap atléwbowdfprgeassidg pathrcenkgured tp receive a

w deband j | d.t d d h
il P DBk Py EE GRS B OPE G BT DREC AT ddBand
fr @ﬁ stignat thdRdddbRhd ééblg E‘lg,ﬁﬁldmﬁr(BF g% hBQn@@bBessmg path

red to receive t eband Spee nal an
cmﬁgmecld@ oeeiye Ithegwiglamjldsspg@@m gia@ pad tougg@y:e@ﬁn ghband speech

hi fre ortion [
| Sl%&?gp’%ﬁeﬂ ﬁ%ﬂ@i‘&gﬁ‘a@“& pp 1é)nlo?) gﬁpr oce g‘l’;s%{%n‘f aist ina
pARWSint 3P thedoRBERDROEsShe hd d%gb;hsamphsgxmdesmmggmhh a
first speech encoder configured to encode the | owband
PIQE@@@EPéihgnal into at | east an encoded | owband
excitation signal -and a plurality of |owband filter

par ajgle Eﬁéech encoder configured to encode the lowband speech signal into at

least an encoded lowband excitation signal and a plurality of lowband filter parameters;

and

a second speech encoder configured to generate a highband excitation signal
based on the encoded lowband excitation signal, and to encode the highband signal,
according to the highband excitation signal, into at least a plurality of highband filter

parameters.

12.  The apparatus according to claim 11, wherein said second speech

encoder is configured to generate the highband excitation signal by applying a nonlinear



and a second speech encoder configured to generate a

hi ghband excitation signal based on the encoded
woOawsan3exci tati on signal, and to encode the RCghisa06/012230

signal, according to the higitband excitation signal,

into at least a plurality of highband filter

fub B R £4i Snal #ht isTHAGePHPRE @hEisded ¢6WPAId Tt cliQiohl sadr# folgenerate a
wher ei n said second speech encoder is configured to

spyefidhaedended signghbethd excitation signal by applying a

nonl i nearfunction to a signal that is based on the

enc odbekeinothb highbandéxcitbiionsigia irpased oy éresspedtenlly extended
.spectrally extended signal, and wherein the hi ghband
Slg’gﬁitation signal is based on the spectrally extended
signal. 13. The apparatus according to claim11,

wherein the second speech encoder is configured to

encode a gai n envel ope of the highband signal. 14. The
appat®t us The appamtwgaccerdingioplaim lgm&\e@wheﬁé@@cseﬁﬁfh encoder

. b S I . a synt hesi zed
e B B BB B Xt Lot or
signal and the plurality of highband filter
paraneters, and wherein the second speech encoder is

configured,to encode th ai n .envel gpe.based on the
Synt bEsi 5 3he RrERBSm Lt e oiE! 14 R AP Serd sbh encoder
is20fALEed g bhefdi@h Bynthosi2ob Bighband Kienseeudingné téafightaind
confrgured to encode the galin envel ope based on a
excalation signdenddenplunltheidh d §iltgnparagpigrs; ed
synt hesi zed hi ghband signal. 16. The apparat us
accowdierin the sedoaid speeth engnsierisieonfigunpd s erpade tie gajreenvelope

| owband prgcessi ath.overl aps the passband of the
ofs Rt AR SR SRR PPN o enot 200 ro. 17, The

apparatus according to claim11l, wherein the passband

of the | owband processing path overlaps the passband

of the highband processing path by about 500 He 18,
The &ppar APeaPREERBY dcArlinGioqiaimy 4 Wheygia thejsgeandencoder is

| &n R R i
HFRTPAN Brode e A REN R PESESL IR WA BRIy signal
aicbtha Bputhe G Hiphbk8d sigha. appar at us according to claim
11, wherein the passband of the

16.  The apparatus according to claim 11, wherein the passband of the
lowband processing path overlaps the passband of the highband processing path by at
least 200 Hz.

17.  The apparatus according to claim 11, wherein the passband of the
lowband processing path overlaps the passband of the highband processing path by
about 500 Hz.

18.  The apparatus according to claim 11, wherein the passband of the
lowband processing path overlaps the passband of the highband processing path by
about 400 to about 600 Hz.



| owband processing path overl aps the passband of the
hi ghband processi ng path by about 400 to about 1000
wol200620783¢he apparatus according to claim 11, ROBUS2W6/012230
t he overlap includes at Ieag% a portion of the
frequency range of about 2000 to about 5000 Hz. 21.
The apparatus according to claim11l, wherein the
overlap includes at |east a portion of the frequency
ran of . :
apparat udTaagber e o R AR R e o0, Hlerc the pdhand ol iy
loweddhossgnabathndetiliis the pdskizend of peeelt phisang padcebangpath by
different sanpling rates. 23. The apparatus according
abpyy 49049 Adort 100REZei n a sum of the sanpling rates of

t he | owband speech signal and the hi ghband speech
signal is not greater than the sanpling rate of the
wi deband signal. 24. The apparatus according to claim

11, 29ai d Thepapantus acemging ¢ elgina 1 Eevhaipiarthe ayeslspdprdudes at
25. The apparatus accordi t ' , [

ledib nodon & BB p En A Red el Cak0fb Bhddsobdte. | it s
plurality of packets conpliant with a version of the
Internet Protocol, wherein the plurality of packets

descri bes_the encoded | owband. excitation signal, th

ol 4§ ¢ yUHSrRDPERBR AT PEds R AoV BFFEin 1 V4F g inclides at
lez@# H@éﬁio%f tle f‘i‘é@@ﬁ@ﬂngé bt SlouP VBB 4086 HA met hod

0 I'gnal processing, Said nmethod conprising: produci ng

a | owband speech signal based on a w deband speech
si gnal having frequency content between at |east 1000

and £000 ;encodin ' . .

orodci ngl i EgRBa L blE sh BERETY, FBGERInG\AHRhd specch signa
andiReRiabhnsiRpesdh ssirahRdve difielesyvaogiing ritte hi ghband

speech signal; wherein said producing a | owband speech

signal includes producing the | owband speech signa

based on (A) a first portion of the frequency content

of t Wﬂ%b%@ |sBbrdinol6 claith 3l RRERIC s 6f $heisRdplin

t he %%rtion Q?ﬁg mﬁ&gggndcgignai betmee% 1000 asmdp s
1229 00 thedpwhard] spBchesigrial putl the hi ghbandspeelesitna dueeigyeater than the

cont ent of .the wi deband signal, the third portion
SW&P&&?tﬁﬁ;gleﬂﬂfl‘l\#?aﬁﬁslﬁ‘alrhe wi deband signal between
2000 and 5000 Hz that has a width of at |east 250 Hz,

and
| 24.  The apparatus according to claim 11, said apparatus comprising a cellular

telephone.

25.  The apparatus according to claim 11, said apparatus comprising a device
configured to transmit a plurality of packets compliant with a version of the Internet
Protocol, wherein the plurality of packets describes the encoded lowband excitation
signal, the plurality of lowband filter parameters, and the plurality of highband filter

parameters.

26. A method of signal processing, said method comprising:



wher ei n produci ng a hi ghband speech signal includes

produci ng the hi ghband speech signal based on (C) a
weeawnd7§3erti on of the frequency content of theCcT/uS2006/012230

wi deband signal, the second5 ortion including the

portion of the w deband sighal between 5000 and 6000

Hz, (D) i i fot . : .

of " PRAging U R B o i b Bl Riline
freqhanicicadtentiieeresinrat idast 1000stnd 600 Hzn of the w deband

signal includes the portion of the w deband signa

bet ween . 1000 and 3000 and wherein the second

por ENERHIngEL ﬁ%wn%"géB%ﬁ? S@ﬁ“ﬁﬂal i ncl udes the portion of

t he wi deband si gnal between 4000 and 6000 Hz, and

whepedducinie Hi Shiagld Bpdch elgnbisdsedies the widebandrspedchisipnal; and

w deband signal between 3000 and 4000 Hz that has a

width of at |east 250 Hz. 28. The nethod according to

cl aienseing (e drghband sReceihsigilportion has a width of at

| east 400 Hz.29. The nethod according to claim 26,

wheralhih Eaﬁg lﬁ%%% SBRBGH s%ie%}?ii%ﬁ:ﬂ GAHEIRS pfdcREM@EYlowband

content o e first portion and frequency content of
sptdeh stgniak ohspdon {Ahg figsh dosios o ihe frémmend yytaniamd of heexifeband

.signal .includes frequency content .
300 RIS BGUSES TEGHEETO SR v Rt §RT BPesn 1000 and
2080 Hz! Bl 1BtahBEd peaRhdT g ﬂr@zﬁ@h@i tordént ofieneidebandaignal, the

| owband speech signal and the highband speﬁég)s%Qwﬁ
thind pertign incduding a parisoniof ghe widskandgsignal hefween and’5000 Hz that

i i wherein a sum of the sanpling

hargé&ggsh%o@%f ﬁgStﬁg\?b}ggﬁéggpeech signal and the highband

speech signal is not greater than the sanpling rate of

t he wheleihanelusingretiight3dd spéreh signhbidcladeoprdilening tedighiband

26, wherein. th i rst eech coder is confi ed .
SPEFRBOUEL FiseH BUAGHE PR B EPgRaT TS SR B Sibband
siGNE AReL b B BB diAd iHePosi @ thaweiedaml sipadl bktweah 5000

owband filter paraneters, and wherein the second

angl 960 filze mbd®rthé thirsperiiguelalie fisq¢mss contentpl Hagwisdehand signal.
excitation signal based on the encoded | owband
excitation signal, and to encode the highband signal,
according to the highband excitation signal, into at
| east7.a plriw @kihty acfording belain 26, wienreip alreafimst porsion of the

wideband signal includes the portion of the wideband signal between 1000 and 3000
Hz, and

wherein the second portion of the wideband signal includes the portion of the

wideband signal between 4000 and 6000 Hz, and

wherein the third portion includes a portion of the wideband signal between

3000 and 4000 Hz that has a width of at least 250 Hz.

28.  The method according to claim 26, wherein the third portion has a width
of at least 400 Hz.



33. The nethod according to claim26, wherein the
second speech encoder is configured to encode the
waigishiarsde si gnal into at least a plurality of RCghisame012230
filter parameters and a plurglity of gain factors.
29.  The method according to claim 26, wherein the lowband speech signal
includes frequency content of the first portion and frequency content of the third

portion, and

wherein the highband speech signal includes frequency content of the second

portion and frequency content of the third portion.

30.  The method according to claim 26, wherein the lowband speech signal

and the highband speech signal have different sampling rates.

31.  The method according to claim 26, wherein a sum of the sampling rates
of the lowband speech signal and the highband speech signal is not greater than the

sampling rate of the wideband signal.

32.  The method according to claim 26, wherein the first speech encoder is
configured to encode the lowband speech signal into at least an encoded lowband

excitation signal and a plurality of lowband filter parameters, and

wherein the second speech encoder is configured to generate a highband
excitation signal based on the encoded lowband excitation signal, and to encode the
highband signal, according to the highband excitation signal, into at least a plurality of
highband filter parameters.

33.  The method according to claim 26, wherein the second speech encoder is
configured to encode the highband signal into at least a plurality of highband filter

parameters and a plurality of gain factors.



