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DECODI NG AN HI GHBAND PORTI ON OF A SPEECH SI GNAL RELATED APPLI CATI ONS

[ 0001] Thi i ion clainms benefit of U S. Provisiqpal pl . No.
60/ 667, 901‘?03@%1{’@?% " CODI NG THE HI GH- FREQUENCY BAND 3&7@%@@2 SPEECH, "
filed April 1, 2005. This application &l so clains benefit of U.S.

Provi sional Pat. Appl. No. 60/673,965, entitled "PARAVMETER CODING IN A

H GH BAND SPEECH CODER," filed April 22, 2005. FIELD OF THE | NVENTI ON

[ 0002] Thi¥ETEPRAE P GHPRARATHE FORt BICOPHIFaP N PEEEEEF Y. HIGHARKGRERINGN [T083]

Voi ce commiFFECASTEMSE over the public switched tel ephone network (PSTN)
have traditionally been |imted in bandwdth to the frequency range of
300- 3400 kHz. New networks for voice comuni cations, such as cellul ar

t el ephony and voi ce over |P ggmAsEDAPPL.AEOERODNSVOI P), may not have the
sanme bandwidth limts, and it may be desirable to transmt and receive
voi ce conmuni cations that include a w deband freguency ran&gﬁover such

net wor ks. F¥I01bx This|agpliqationelpimseepelifiof Hop-drevsignsd Fat trpah Noadpey-3Hequency
range that eﬁﬁfeﬁm@@mﬁ@ 52(312 8 OERCWBAND GFWISEKARD Jipptay~al so  be

desirable to support other applications, such as high-quality audi o or
audi o/ vi deéiledcignfl dr 20051 Ais apphcation plsh alznsbedeit ffb8 chrovisienddat. iApplanges

outside the t itéanal ... P NN+ t i ange
support ed By St Blinel et B RN nEX SARE BN shieche

i ntelligi bidODBR,” Ftyd Apeanp) 2005t he i nfornation that differentiates
fricatives such as 's' and T' is largely in the high frequencies.

H ghband extension may al so i iti es of speech, such as
presence. For exanple, even yggp&ﬁW@bﬁave spectral energy far
above the PSTN limt. [0005] One approach to w deband speech coding

i nvol ves s¢@i0Rhg Thisriavendod sebades to pigaatpromeskingy t echni que (e.g., one

configured to encode the range of 0-4 kHz) to cover WD 2006/ 107837
PCT/ US2006/ 012231 2 BACKGROUND

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

[0005] One approach to wideband speech coding involves scaling a narrowband

speech coding technique (e.g., one configured to encode the range of 0-4 kHz) to cover



t he wi deband spectrum For exanple, a speech signal may be sanpled at a

hi gher rate to include conponents at high frequencies, and a narrowband
coding te i be reconfigured to use nore filt ficients to

r epr esent ﬁ%@géf@éband si gnal . hbrroEpand codi ng tecﬁﬁ?ﬁ%@%m@ﬁ% as CELP
(codebook excited |inear prediction) are conputationally intensive,

however, a i Q ..Im rocessing cycles
to be pr acpj I@g@ﬁ%ﬁ?@ﬁé&%ﬁ%’é{ %eégug)?led qg%??glﬁ)&gﬁ%‘éﬂcé@& SarélBﬁ iag%ﬁligﬁ?{ A Encodi ng
t he enti r etsipelode commpinests wi ldelbfraghencign ahd 4 sareowtesd ceding)teahiigye masbeng such
a technique al so | ead to. an acceptably | arge, jpcrease in bandw dth.
Mor eover , feigggg%u&ﬂgﬁ?d‘s%fxmg d éiﬂel%ﬁﬂﬁlgﬁlgooregfeéﬁﬁﬁ”gﬂlﬁegm’éle”%ui red before
even its Nafrb@bERDIRGEdhaiueuktll adEELP aidgeidok efcitedliReaédEimpgzeded by a
systemthat only,  supports narrowband codi ng. éOOOE{Sj]ﬁ Anot her approach to
ROty

wi deband spYBRHAHIH HtssivE) Revevex indhwidsh HALEPRIUEP &%  al

envel ope f bARY bRReRRERJeEs fbacfefp?ér/]é‘ﬂ@ﬁq‘oﬁﬁﬁf&trﬁéﬂileeaﬁl&,%ﬁﬁg&nbé@&g& e such an

approach nmay be inpl enménted without any i'ncrease i andw dt h and w t hout
a need foeplicaienso&nenyling the entive sprstrempef & vadlebend sipog ¢o odesired meality st r uct ur e
of the hig G f each_sj gnal neral.ly cannpt be. predicted
accur at el yﬁgkﬁl%%%cp %gécsh E)lg‘@f: (r?nzfly %lségﬁgﬁ%%%u‘gaf%ﬂ%%?%ﬁ%ed it g@fi?’qu’il? [ 0007]
|t maybe dd&ireavbt, erab@odinplof seehtan ehadbdsigna peakibeasogliiig befiehetehais at | east
t he narrowban rtion of the encoded signal y pbe sent through a
narromband“%"Ffﬁ’ﬂ?‘?ggpo‘("é’H(‘fﬂmﬁ egaﬁﬁ'@@qﬁﬂ?@qdﬁﬁr@ﬁ%&aﬁ%%ﬂ?‘% or ot her
si gni fi cankyppef hdrftitad codifd.f | Ci ency of the wi deband codi ng extension may

al so be desirable, for exanple, to avoid a significant reduction in the
nunber of Eﬁ@gﬁ that may be servjced in applications such as wreless
0

cellular t pothsE2 e inuidebrpdspench fpdinginyplyctwrtepeeingRannel s.
SUMVARY [ R388IndsPe e eRERPE dRIthe e&oﬁ&iﬁlﬁ%%ﬁn@ﬂﬁ%ﬁﬂvéﬁm&%@h gnd portion

of a speech signal having a | owband portion and the hig portion
i ncl udes caychEnappgchamay beimpl¢ragataswithout ey ipereesadn banswidthand wghewteer i ze a

tral I . ' Qo ' |l
oxt ondod i SadrPEyRtodilf gt GHRERRar I baaH o B BhioRe B APREERSY e
| owband popobition pf g epeectatigmed) genesaliytchesit be prelicgidzandatsiydroh thecpeatdi ng to

(A) a highband exci.tation, signal based on the spectrally extended signal
St (B) ¢ nENRSRS b TRy S8 006/ 012231 3 |

[0007] It may be desirable to implement wideband speech coding such that at least the

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

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

SUMMARY

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

to (A) a highband excitation signal based on the spectrally extended signal and (B) the



plurality of filter parameters; and cal culating a gain envel ope based on a
rel ation between the highband portion and a signal based on the | owband
portion. [ ne enbodi nent, a nethod of speech i i.ncl udes
generatin&gggakggﬁggnd excitation sign%I based on a Io&%§ﬁ§é§§@?¥%hion
signal; generating a synthesized hi ghband signal based on a hi ghband
speech signgl s 'gng [ i.0Nn: S| l....and calculating a
plurality 8&%@?%@2@&% S e%%%adgﬁg&éﬁtﬁxglaﬁ%noén%g@ %\eb%ﬁgo{l &° ?ljtlloéjhband speech
si gnal and baweegtha highbsetpation el d oyhabbaded e theddwomdpogioal . [ 00010] In
anot her enbodi mrent, a nethod of decoding a highband portion of a speech

si gnal havi owban ortion d,the highband porti.on incl.udes

recei vi ng é&&gﬁr i‘? ?lfeyen%?) 1Pty amethiad o F%C:h r?ﬁ%%m%ﬁlﬁfugﬁst%w?r?éngaa spect ral
envel ope othighbanduxgithivadignal baselorpddwhanddxeftationt sygraf; gemdritideact or s t hat
characterize a tengpral envel ope of the highband portion; calculating a

A | g . .
spect ral | y suxhesizae BisBpyukyigngd basgd emyhighbandapessh sigpalandthehighbgpdl that i s
based on a/kawh ' 8RR 9PRkalitPSNBE AL it l.ghband
oignal  accard ﬁ‘SE’F‘?‘ fd&?%?h’gﬂ&%rgﬁ‘ﬁh“gof st %gf&/a%e?%?éé‘%’gﬁ%tw %‘? a
hi ghband et hightbenhspsegnsignal bed 2 o gash based os phedpwhindexeitationdiatalsi gnal ; and
nodul ating a gain envel ope of the synthesized hi ghband signal according
to the pl urglg i ] : . i
appar at us. SOy 18 A ok SRR o Rl oo Ol BRlan 8 BO0) B el
havi ng a | cighaicvipgrtlowbandmpdrtidnent thetidghbdngportipw imcludes redeizinga pladiy ysi s
nodul e configured to cal.cul.ate a s filter aneters that
characteri f’ig o pé?f)aé%ettef%l}hag?l}bagfctt)eﬁée g%pat%E%l iL’%IR%eamB%o rgtl ?agﬁ;pogmg 63%? rum
extender c@hfralgybPghih factas thiat ehiaeackrizs pratposdl byvetope @ff drechiglibgmbportin;

extendi ng the spectrum a_ sigpal rived.fromthe | gwban ortion; a
synt hesi s FRicplalinga,spef Iyee&t‘inﬂg‘g%ﬁ‘@? Ei’ EXtﬁndé%t?‘ﬁéE‘iC?@ﬂ iad’r%‘g]rf atd§ gnal
accordi ng thaseddh a%xk’b%@@i@atﬁﬁ%ighﬁ% 'g??@raﬁhga@&ntpe%ﬁ@d hidhbideesigaect ral 1y

extended signal and (B) the set o ilter paraneters; and a gain factor
cal cul at or agedingter (@ theopluslitiof 4ilisr parargeiprs and (B) 2ol shsad exciighonsignal

ti me-varyi r ' | e i. | gﬁl&; hgnal based on
t he Iovvbanglyg Spe(()f?)%1 %éns%gftgag%\iégﬁﬂél&]% %%%gér?ﬁ{egﬁ%%%%g?n a ‘ﬁ’&ﬁ%g‘%d speech
decoder i s sgmthdsizgd hiptibaml sigmabaccerdighp tiee ghhmaligl af ggindhetbis] t er par aneters
that characterize a spectral envel ope of a highband portion of a speech

porton of 0001 E T BRARG et GRS cRReRbd REus e Ehte P aonilcer

confi gur ed of @ speatie sikadl Baving peoibadl byrtien edte dighbgibgoriion inxludssdinng t he

spectrum of a WO 2006/ 107837, PCT/ US2 231
P N analysis module configured to ca{cé{gte%osgt/ oqf]fl%teg parameters that characterize a

spectral envelope of the highband portion; a spectrum extender configured to calculate a
spectrally extended signal by extending the spectrum of a signal derived from the
lowband portion; a synthesis filter configured to generate a synthesized highband signal
according to (A) a highband excitation signal based on the spectrally extended signal
and (B) the set of filter parameters; and a gain factor calculator configured to calculate a
gain envelope based on a time-varying relation between the highband portion and a

signal based on the lowband portion.

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

configured to calculate a spectrally extended signal by extending the spectrum of a



4 signal that is based on the encoded | owband excitation signal; a
synthesis filter _configured to generate a synthesized highband S|gna

accordi ﬁ’&otzg)ﬁ(l%ssé plurality of filter paraneters t ha COHRPYE083%
spectral envel ope of the highband port4 on and (B) a highband excitation
si gnal base %} B apec aIIy (ﬁ d Si naI and a tg;al n _contr ol

el enent &&AR tg r&82%6 BdanPafege Qﬁ‘?}@ lﬁﬁél%‘ﬁl pIFEntEgsis filiel zed hi ghband
si gnal

Fenpor al Comiar e e %%éﬁ%%ﬂ%‘%%%‘?%tﬁﬂ%%ﬁﬁﬁ%%&&?%ﬁé&% THE

DRAW NGSfitenear ape@rs@hmmamcmmm spediitabekvetbpraf alm kighlsend phedanghds@gach

encoder ?‘g rd| n 9.2 gdl ment 00014] FI GURE | b shows a bl ock
di agr am 6 ?i“cf %g]ga} )531‘612 & FP&RiaR K SHan > 38 Aadt comtrpdO.

[00015] Elleﬁéﬁﬁo%ﬁ ﬁf&@l\@‘én?odﬁhé%ék Ql'nféﬂbél @Bftﬁe‘é&gﬂ( }ﬁ@?&& der B100
according to _an enbodl ment . RE 2b Shows a brock. di gr am of an

i npl emenfOrdEng © aperality af Q@b éMorsslmeharadenmeren@oiﬂ @nv¢16pH3fTthe FI GURE 3a
shows a HW m of an inplenentation Al 12 of filter bank A110.

[ 00018] 2 ovvs a bl ock diagram of an inplenentation B 122 of
filter bank B120. [00019] FI GURE 4a shows bandw dth coverage of the | ow
and hi gh bands for one exanple of filter bank Al 10. [00020] FI GURE 4b
shows bandwi dt h coverage of the | ow and hi gh bands for another exanple of
filter bank Al 10. [8&%1% Fl GJRE 4c shows a bl oc%&&gram of an

i npl enent ation All4 EFESGRIRTION OF TRE 7 PCT/ US2006/ 012231

5 [000221 FI GURE 4d shows a bl ock diagram of an inplenentation B 124 of
filter bEDOblS]BF@UREOQQ%QNS%Ib%gﬁaﬁmf%ﬁgba%%gpéc% AbodrAigh of 09

anplitude vs. frequency for
according to an embodiment.

[00014] FIGURE 1b shows a block diagram of an implementation A102 of wideband
speech encoder A100.

[00015] FIGURE 2a shows a block diagram of a wideband speech decoder B100

according to an embodiment.

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

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

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

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

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

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



speech signal. [00024] FlI GURE 5b shows a bl ock diagram of a basic |inear
predi ction coding system [00025] FIGURE 6 shows a bl ock diagram of an

i npl enentation Al22 of narrowband encoder A120. [00026] FIGURE 7 shows a
bl ock divaghagneedszan i npl enentati on B112 of narrowband paigosreseiB:3i10.
[00027] FI GURE 8a shows an exanple ofsa plot of log anplitude vs.
frequency fora residual signal for voiced speech. [000281 FI GURE 8b shows

an exaﬂgp@ezgpj ﬁpg%%zt? sh&%a%mklcaég@ﬁng%ani gemaﬁarauan Brmlo@'gﬁérﬁngnal for

voi ced FI GURE 9 shows bl ock di agram of asic linear
predi ct iB¥22codi ng system that also perforns |long-term prediction. [00030]
FI GURE 10 shows a bl ock diagram of an inplenentation A202 of hi ghband

encoder FIl GURE 11 sho k di m o I ement ati on
3305 or [OUEM AT UKE 5p GV GRamEPor PIbH0 Py AR V) R S5 Kefoue o

bl ock disé&'ég%)é%l_an i npl enentation A402 of spectrum extender A400.

[ 00033] 12a shows plots of signal spectra at various points in one
exanpl e of a spectral extension operation. [00034] FIGURE 12b shows plots
of si gnd00024¢ FICAURE 5b ahowsig bjnokliagram ofiabadie lineas peadittipnafodingsyysteny. al

ext ensi on operation. WO 2006/107837 PCT/ US2006/ 012231 6 [00035] FI GURE 13

shows a an. L npl ement at.i on . hi and excitation
gener at JB&%E ﬂ(ﬁg%‘gg] éﬁ"\f? égkgﬁlcﬁa@'%ﬁi an gp Wnﬁlgﬁ @?‘?@? n%owganda

i mpl ement atdepR1Ag06 of highband excitation generator A302. [00037] FI GURE
15 shows a flowchart for an envel ope cal cul ati on task TI00. [00038]

FI GURE 16 shows a bl ock diagramof an inplenentation 492 of conbiner 490.
[ 00039] [BOMGREFIGURE [ sbowardiockriizgypmed eh implemahtatipabildg o naeesband of

pert odl et due? B110.

[00027] FIGURE 8a shows an example of a plot of log amplitude vs. frequency fora

residual signal for voiced speech.

[00028] FIGURE 8b shows an example of a plot of - log amplitude vs. time for a

residual signal for voiced speech.

[00029] FIGURE 9 shows a block diagram of a basic linear prediction coding system

that also performs long-term prediction.

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

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

excitation generator A300.

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

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

a spectral extension operation.

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

example of a spectral extension operation.



hi ghband signal S30. [00040] FI GURE 18 shows a bl ock di agram of an
i npl emrentati on A312 of highband excitation generator A302. [00041] FI GURE

19 shows iagram of an inplementation A314 of hj citation
gener at or q‘,&@%@g}iﬁf%%%ﬂ] FI GURE 20 shows a bl ock diagr a%&g@gﬂnﬁﬁ

i npl enment ati on A316 of hi ghband excié6ation generator A302. [00043] FI GURE

21 shows a flowchart for a gain calculation task T200 0004 F GURE 22
gt Rt

shows a fl000&HaFIGURE 13 shqva Wadrdiagrams of apmeplgpetiaay Mt ask

T200. [00045].. El hows a di agram of a wi ndowi ng function. [00046]
FI GURE 23?°§#t&r\}sg%{%§tac%p%logati on of a windowing function as shown in

FI GURE 23a to subfranes of a speech signal., [00047] F 24 shows a
bl ock di a0ad6}f BIGWRE ilisherenblack GasrEp@s ap fopERaHARE A%&‘éé‘bﬁfgo.

[00048] FlI GJRE 25 sh bl ock di agram of an inplenentati on AD1O of

wi deband ewa%wegﬁr&g%?@zmo. WO 2006/ 107837 PCT/ US2006/ 012231 7 [ 00049]
FI GURE 26a shows a schematic di agram of an inplenentation Bézz of del ay
line D120[0008D050GUREBSRRoWEHlewches: far acenpigps ealenlatipndaskdfiodn

i npl ementation D 124 of delay |ine D120. [00051] FI GURE 27 shows a

schemati c di [ gfa th PLAmBlenifladh 497 sfeoRbaRr [ 00052]
FI GURE 28[@3%%36;%3% sh%éggg%@%@ta n |(?er| errglnt ation AD12 of w deband
speech engggler AD10. [00053] FIGURE 29 shows a flowchart of a nethod of
si gnal processing MDI00O according to an enbodi nent. [00054] FI GURE 30

EPaAJEREa?,flI[go"ugﬁﬁ\%G&ﬁh @V@ﬁ%{}&g %’%8 HoRHG g%k%gtg)&&%a%ghg}lﬁgﬁgg@%%a&a%y off 00055]
highband signal S30.

[00040] FIGURE 18 shows a block diagram of an implementation A312 of highband

excitation generator A302.

[00041] FIGURE 19 shows a block diagram of an implementation A314 of highband

excitation generator A302.

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

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

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

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

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

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

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



enbodi ment. [00056] FI GURE 31b shows a flowchart for an inplenentation
M210 of method MO00O. [00057] FIGURE 32 shows a flowchart for a nethod
MBOO accor&bgﬁ)ﬁh&sgp enbodi ment. [00058] In the fi gur%Tﬁ&qoo%fﬁQﬁpanyi ng
descri ption, e sanme reference labels refer to the sanme or anal ogous
el ements or signals. DETAILED DESCRI PTI ON [ 00059] Enbodi nents as descri bed

herein include systens, nethods, and apparatus hat  nma copflgured to
provi de al0084a]1cRETWRE 262 shorvsrerseliseatq diagest %H’é’ﬁel?%’taélﬁﬁﬁ’gﬁ? OPECI%sm' ssi on

;
and/ or stf)r a]g%)of wi deband speech signals at a bandw dth increase of only
about 800%% 00 bps (bits per second). Potential advantages of such

i npl ementations include enbedded coding to_support co Qi Li.ty with

nar r owban{DooFalt EIFURE @phishare aschgmatvokaeron 85an ‘Pé?%ﬁ%ﬁyfg 23 i‘.ﬂX}é easy

al | ocati OH aﬁg (geal | ocation of bits between the narrowband and hi ghband
coding cH&h ? , avoiding a conputationally intensive w deband synthesis
operation, and maintaining a |low sanpling rate for signals to gle

pr ocessed [(ap5Lp FIGURE 0 shbwvy 2 sihamets diegranef er spplemeratien Pk oide2y [ 00060
Unl ess exE),r essly limted by its context, the term"cal culating” is used
herein to m?P&?‘iate any of its ordinary neanings, such as conputing,
generating, and selecting from a list of values. Were the term

"conpri si pgioskp RIGERE 18 shbwes pbksk dtagaesaranpoplsmeaistion A4 08 Wideparfhes not
excl ude ot her_ el enen r operations. The term"A is based on B" is used
to indi catsée"fé}iwn"(?ﬂe’i 1&r qi nary neani ngs, including the cases (i) "Ais
equal to B" and (ii) "Ais based on at |least B." The term"|nternet

Prot ocol " [peussydecURE 25 howd a fasichatesior mished ofsigrETprocesing MIt00ENgi neeri ng
Task Force) RFC (Request for Comments) 791, and subsequent versions such
as ver si orpeeprding mm‘mdemé- | a shows a bl ock di agram of a w deband speech
encoder A100 according to an enbodinent. Filter bank A110 is configured
to filter gogsgaBBURE SPERMHR aFicwenhrt Bt A methqur iR escarding teéiband si gnal  S20
and a hi gh[band signal S30. Narrowband encoder A120 is configured to
encode naremheidapRitsi gnal S20 to produce narrowband (NB) filter parameters
S40 and a narrowband residual signal 550. As

[00055] FIGURE 31a shows a flowchart for a method M200 according to an

embodiment.

[00056] FIGURE 31b shows a flowchart for an implementation M210 of method
M200.

[00057] FIGURE 32 shows a flowchart for a method M300 according to an

embodiment.

[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
transmission and/or storage of wideband speech signals at 2 bandwidth increase of only
about 800 to 1000 bps (bits per second). Potential advantages of such implementations

include embedded coding to support compatibility with narrowband systems, relatively



described in further detail herein, narrowband encoder Al120 is typically
configured to produce narrowband filter paraneters S40 and encoded

nar r owban j n signal S50 as codebook indices r
quanti zed%@é&&lﬁ%ﬁband encoder A200 is configured tgjrceﬁﬁcgé e #lag band
signal 530 according to information i n8encoded narr owband excitation
signal S50 to f)roduce hi ghband

t bed
further dengy logaiqe and reglloRMoRP gﬁ% @ %eﬁarfoévsqa?gia%%ﬁsggba&g 1IB%l(raedI '? 0

produce h'&%ﬁﬁdawﬂhgg cORPAABSRNIS iB6HRive i bR OpkhdsRbpeREommhd anot her
quanti zed form e particul ar exampl e of w deband speech encoder A100 is

conf i gurednalotallmﬁﬁ)]oéf spmpling rrie £ sigadls & hgrppcessed by gpmpuiatienallyt apout 8. 55
kbps (kil ahj t about 7.55 kbps being used for

nar r owband " ?Steggg\foez(?rgrprre er%m&%éaand encoded narrowband excitation signal
S50, and about 1 kbps being used for highband codin paraneters 560.
[00062] | t[0A@S0] bTénld@mpedsly timdtedrby Hecantext.dhetsta dealeatingd nsed Aeremitghband
signal s 0. a sin Jtstre [

' prox PHEEATE e erna oA ey Ak BB sendibhe, Sl RRLLLE

wi red, optagalof vﬂﬁesWWEére&& tédnRfroRipsising'his clsain ¢hd) predsBt GBOGD 2887
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FI GURE | b SRBiRsi! dossingE Reclie ahea ieBetis A ?ﬁ‘sﬁe@%ﬁfﬁﬁ AtbBsf BT RGand

speech encgdgk, tﬁé@Qtetaﬂ bf #tO6ddiEBEmEani 1h¢1@dhﬁg( tHe oéée@(b) ¢ari eq@uat ®dB’t o

conbi ne narrowband f er parameters encoded narr a%/\ﬁband e£0| tation

si gnal 5503nda(nbj“$n1$d?ﬂ§%§h@1 atjleaseB."p BhetREn eﬂngerI%Bth?ﬁO& eluge® % @8 si gnal
570. [0006 90 §R8O0EIREe) RF2 REBYest ot ConlMdne) 991,
circuitry %%n&&ﬁ??ﬁi\fﬁgﬂéﬁegﬁé%%&nﬁ I'tipl exegd Si §r§§| esS70 into ;!s(j

transmi ssi aml subseqneit versohs sichaswensied 6. optical, or  wirel ess channel. Such
an apparatus nay al so be configured to performone or nore channel

encodi ng o 1ESb&R Aa060di ng
(e.g., rat @b@mégﬁ%@o %%%lgrf&gr?ggc‘iﬁ%gb%d%%%r error detection
encodi ng (@Gc@rmnglm@hlembodmchundﬁhmbaﬁhmw mgp)mflgmﬁ wrfiltene vadeband e | ayers of

net wor k pr ot ocol in e.g., her net CP/ I P d 20 100064] It
may be desFiesEh %gﬁaé)g?(ﬁfﬂ R%Pé‘fcgg‘é‘ranﬁ%%ts@nﬁles o }g) ﬁ? Qn%‘%% t he
encoded nafLA¥RBRA cabsRala 100 Rcdortlbured !@Eﬂhédd@bﬁﬂdwbaﬂdtﬁgnapmmm@iuse S40 and

encoded narrowband excitation signal S50) a a. separ.apl e Ssgdbstream of
mul ti pl ex edalgqunad (MBpfilter parameters 40 andanarro and residual signal

described in further detail herein, narrowband encoder A120 is typically configured to

produce narrowband filter parameters S40 and encoded narrowband excitation signal
S50 as codebook indices or in another quantized form. Highband encoder A200 is
configured to encode highband signal S30 according to information in encoded
narrowband excitation signal $50 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.

[00062] It may be desired to combine the encoded narrowband and highband signals
into a single bitstream. For example, it may be desired to multiplex the encoded signals

together for transmission (e.g., over a wired, optical, or wireless transmission channel),



such that the encoded narrowband signal may be recovered and decoded

i ndependently of another portion of nultiplexed signal S70 such as a

hi ghband Lor and signal. For exanple, multiple i 70 may
be arranggﬁggﬁ%ﬂbﬁggt t he encoded narrowband si gnal né§g8§5@@§§% red by
stripping away the highband filter paraneters 560. One potenti al

advant age of such a feature is to avoid the need for transcoding the
encoded w gatenskesagmaincixitoridelpad spaseh signal oFIOURE 1 b fhqws bl bports
decoding of the s fmo‘“’bﬁaflgpségé%g RibaflPGRediOhosUPRIDD fledRtia of the

hi ghband d&grqnpgﬁa ai1s a block diagramof a w deband
speech degQflglkxB10B06ERIEEND cotnbiremasrmbatidfdier parpetetiidnencadkdoder B 110

is configured to decode nar and . fil [ & § and encoded
narr omba?t@rr@)&bﬂrtdeﬁxicﬁﬁi%‘i S@%?é{ &ggén%g%t%aﬁﬁ@%&}ﬁ%%@g&ggﬁg %si gnal S90.

Hi ghband Pst@ configured to decode highband coding paraneters
S60 accor%ﬁlﬁgg?%dggr%arrOV\band excitation signal S80, based on encoded

narr owband excitation signal 550, to oduce a. hji ghhand. si 0. In
this exai®p0e] Anppravdiasiaclydingaaeoder fi%? ey @8%0 3? 816%“657 6‘?‘@@}%@3‘9

narr owband excit at. ' i i-oshigidhanshneeioh as a B2@0, opkicdlf@r bank
B120 is C%W%tﬁ@gb@gedc%#%?%mﬁﬁg?rovS\/oand sigr?al S90 _and rgi_ﬁgg%%]d si gnal

5100 to pwasksehanns. dbivhad appaauhmey gliabe canfisgaredgpertRrg) o

PCTI US2006/ 012231 . 10 | 00066] FlI [ RbREMicdiass fo afte-

i mpl ement efaPBH © W%‘?JEW 88%%%§eg§§‘§é§%hh§%%§er B 100 thcgl?g ?ngcl udes a
demul ti pl gxgrarBick3fvalansnapetcadingpandfo eucredetastion errodisiggadl §Y8H20, $50, and
S60 fromnultiplexed signal $70. An appara ' ' ftﬁl‘% g, B102 may
i ncl ude crqd@mamsye&ceﬁmsg GRYET 05 9 QXY @ger 0% #ﬁgkgﬁé&éﬁg@%ﬁg %eg; rom a
transm ssigan chaiglp sahivods).a Wi red, optical, or wirel ess channel. Such
an apparatus nay al$o be configured to performone or nore channel

decodi ng operations on the signal, su er r ar. ectil ecodi ng
(e.g., T aﬂ@%&%ﬂ@h@@%’é@%f%t“?@ﬁ@?m&éﬂé@?onb Conéﬁ%? ‘?)Eo éeﬁrﬂéeg? h‘%Iet ection

decodi ng (g, 9. ' Hﬁﬂﬁm;dﬁﬁ@%ﬂ@)ﬁlteapﬁhmetemr&mmndmedl ayers of
net wor k p%%‘foglg%flgyecﬂgggﬁlgq%g. g., Ethernet,

TCP/ 1P, ¢ nzzo 0),..1[9§067]
Filter bamkméwBidiescictinn signaldo) as 4 seppiable sypsirpap of E‘PSW xed SgH g to a
split- band sche to od : suaRdod@adndepbihdghdy r equency
subband. sﬁﬂb‘g‘ﬁt&ﬂ?‘:@%ﬂ&pﬁ%&ﬁgﬁ%ﬁ%ﬁa ??g&%?r t he pa(r)ti CEI gr app| i cation,

t he out put,rgpbihapdaionay mulidplexedgigbl 3510 sucteapLrdiighband wrdieiewheng ‘be

overlappi or (e))rcarrilp(ig%llﬁtri;lﬂg}?e% s?g%al él 0 may be arranged such that the encoded

narrowband signal may be recovered by stripping away the highband filter parameters
S60. One potential advantage of such a feature is to avoid the need for transcoding the
encoded wideband signal before passing it to a system that supports decoding of the

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

[00065] FIGURE 2ais a block diagram of a wideband speech decoder B 100 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
signal S80 to highband decoder B200. Filter bank B120 is configured to combine
narrowband signal S90 and highband signal $100 to produce 2 wideband speech signal

S110.



configuration of filter bank Al 10 that produces nore than two subbands is
al so possible. For exanple, such a filter bank may be configured to
produce o | owband signals that include conp i
frequencnggggg & ow that of narrowband si gnal S20 (gﬁ@ﬁk%%mﬁﬁgmrange of
50-300 Hz). It is also possible for sUéh a filter bank to be confi gured
to produce or re_additignal highband._ signals t . Lncl ude
conponentépﬁﬁﬁa.EggﬁggathpﬁW%éﬁgﬂﬂgg Fhﬁ@ﬂﬂ?gﬁﬁﬁﬁﬁgﬁgo V&%%@l 30 (such as
a range Opeddh-dBodet B180thabincihiBes3ddtitipledenB$3Tontiasrd tpabarscsqeaech
encoder A100 mmy be inEIenented to encode this signal or signals
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a separabl e portion a shows a bl ock diagram of an
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two subband signal s havi reduced sanpli S,y Fil Al 10 is
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wi deband sHERIISTIST geteqtion deeqsting(g-gp SYHicd s PR EQBROS Rl $20,

and a hi ghhand (PLAGESIBBcAMebodigOR ., Bikesbt [ TCP/EE elivg20u0fieband speech
signal S 10"and to produce hi ghband speech signal $30. Lowpass filter 110

filters wi deband speech signal $S10 to Eass a selected | owfrequenc
1

subband, al067]gRikEskankiAL10As qondigprer i flten 4 dpays sgnal ecareing F‘b?’l%ﬁ%t'swyt o WO
2006/ 10783? Qgéqgiﬁtg%%cﬁégﬁgﬂmﬁg% dReyp SubBarkBin@Gliesh-hbgknéy aBYSECY subband.

Because both s signal's nmore narrow bandw dths than w deband
speech si ghapenSing,ontthedasisvamitdriarfor the patcdarppplicationdhe edpwicublagds BRY ent

wi t hout | oss of i.nfornmati,Q Bg]m ing rate of
t he | owpas avgieaﬂ%}lor%% “‘F‘fo‘?ar%‘giw 0 aﬁggg‘l ﬁ%g@%ﬁa@?r@gp ?gﬁnévgg%%r %e. g., by
removi ng sashtigasatiof of fikerdbiaginAll 1@Githel! moducepnacd thap vangubbandeistdiscaver age

val ues), and _downsanpler 140 |jkew se reduces t sanpling rate of the

hi ghpass sP%ﬁ’lle'alﬁEﬁ%ﬁ& SPé‘a{Lalhgﬁﬁﬁﬁ “’&%E?F lgaae@ﬁ?ra{%ﬁéﬁe ?’%cotrg}o.re [ 00069]
FI GURE 3b §hawad sighl1oht SERes esmstheds 604 fr&fBasang telddy st at i on B122 . of
filter bank B 120.ga%psarrpl er 150153; ncr ease?ﬁ]{:@he sanpling rate of narrowband

S

signal  SOartwyipnd sigpalAZ0dsuch as thergnasod POPORZY Ubis Alsmonyblederey, and
| owpass T fer ba%lﬁ?o bd é&ﬁ%ﬁreﬂ&@@o&%%@ bEfhoR! ARRHond1%i BbaRd QBhaYs Bad OWDAN
portion (e.g., to pre al i aSing).

ven
include components in a frequency range above that of highband signal S30 (such as a

range of 14-20, 16-20, or 16-32 kHz). In such case, wideband speech encoder A100
may be implemented to encode this signal or signals separately, and multiplexer A130
may be configured to include the additional encoded signal or signals in multiplexed

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

[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 S20, and a highband processing path
configured to receive wideband speech signal S10 and to produce highband speech
signal $30. Lowpass filter 110 filters wideband speech signal S10 to pass a selected
low-frequency subband, and highpass filter 130 filters wideband speech signal S10 to



Li kew se, upsanpler 170 increases the sanpling rate of highband signal S
100 and highpass filter 180 filters the upsanpled signal to pass only a
hi ghband ' e two passband signals are then SHQ?E% m
wi deband 5@%3%%”%?%ﬂa| S 110. In sone anlenentations 0 éﬁﬁggg&B 100,
filter bank B 120 is configured to prob ce a weighted sumof the two

passband si I I i ceiyed and/ or
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[00070] Each of.the filters. 11 1 160, 180 may he jnplenented as a
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bet ween t heurhwHtheswblpasstiand sfgnalsghdiadidg & gralr nstd waghshewivednnd/bt s exanpl e
may be obt ai,ned i | ghpa ilter. 130 wi a passh of 4-8 kHz.
In such a gggﬁ?teagy%gﬂﬁq %g‘éc{é@%?@ éSOnffgé‘Hqﬁjé’E Q%ng"s]%ﬂ%ﬁﬁlﬁgt te to 8 kHz
by downsanpbimbigies MBrefthad ®ogfAssbhstNAgnalyis alsd atéthplafed. t wo. Such an :
operation, which my be expected to si gnificant?y reduce the

[00070] Each of the filters 110, 130, 160, 180 may be implemented as a finite-impulse-
response (FIR) filter or as an infinite-impulse-response (IIR) filter. The frequency
responses of encoder filters 110 and 130 may have symmetric or dissimilarly shaped
transition regions between stopband and passband. Likewise, the frequency responses
of decoder filters 160 and 180 may have symmetric or dissimilarly shaped transition
regions between stopband and passband. It may be desirable but is not strictly
necessary for lowpass filter 110 to have the same response as lowpass filter 160, and for
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.

[00071] In atypical example, lowpass filter 110 has a passband that includes the
limited PSTN range of 300-3400 Hz (e.g., the band from 0 to 4 kHz). FIGURES 4a
and 4b show relative bandwidths of wideband speech signal S10, narrowband signal
520, and highband signal S30 in two different implementational examples. In both of



conput ati onal conplexity of further processing operations on the signal,

w Il nove the passband energy down to the range of 0 to 4 kHz w t hout

| oss of i i [00073] In the alternative exanpl 4b, the
upper andafl‘g\%\(l{egr%g@ bands have an appreg¢iable overl ap,%ggéﬁﬁio&?g?g?he
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si gnal  S30uRse hitidubrex AP vAdSENd Rt 3aD S Ha B LADBARS | ter 130
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reduce t he(tspoegsiniing frequeacy eorffpdokiats bythibdhmeagpof iy & kidz)f addrerredbaidgnal by a
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t he si gnal range bf 0 toov/eHE)he passband energy down to the range of 0 to 3.5
kHz wi t hout |oss of information. [00074] In a typical handset for

t el ephoni c ication,, 0 r re of.the. transducer i.e., the
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over the fgafueiRcIA Kighe@defzndt SBolklghowrinttiie e by 0k obflafdelRGsiiPa t he
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in the enbighRass itgnki0 with fBassband of 4 Hz. JRAN 2easefit mpyhpdesirable fq er 130
h b o 7 8k
1 sl 0o o) Syt O ARRBLPBr
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(whi ch may e-aliasing) than fil f.simlar order that ve snoot h
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transi ti onai egpireiebleeriap, sachtdethe eagibniofpLil te @ KIRSPAB®EBed bbotl My cause
ringing artifacts. For filter. bank_inplenentations having one or nore I|IR
filters, aF‘Fb(]_?ﬁP%ﬁngagﬁ‘ ‘%L‘ﬁ%ﬁﬂﬁ ﬁ@f ) ex@ﬁ’@?edP%Y Pephsdned wingon nay
enabl e t he_h}gﬁfass Bfterd 301 it1es %é%ﬁbafnﬂ bf £557 \WILSE el Eéas@,ri?nﬂcag[)@ B&iraRay from
the unit circle, which nay be inportant to ensure a stable fixed-point

i pl enent ardduer the soapiBIE raede V &Pjpibs downsapbibahedilisrddoignabbsafiotonobl endi ng
of | owband 16’79.d SD&BQ{’ gatioh %icﬂﬁ?ﬁ%bgé&ewd Eoe 1 1?1@3.‘1’1@&%310%&1%' facts, reduced
SS a I O ro

aliasing, and/or a notice ansi one band to the other.
Mor eover, téepwaiinalgcoaifléxityexf fyrthof proeassiogbpearations on the signal, will move the

passband energy down to the range of 0 to 3.5 kHz without loss of information.

[00074] In a typical handset for telephonic communication, one or more of the
transducers (i.e., the microphone and the earpiece or loudspeaker) lacks an appreciable
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
smooth rolloff over the overlapped region. Such filters are typically easier to design,
less computationally complex, and/or introduce less delay than filters with sharper or
“brick-wall” responses. Filters having sharp transition regions tend to have higher

sidelobes (which may cause aliasing) than filters of similar order that have smooth



encoder Al120 (for exanple, a waveform coder) may drop with increasing
frequency. For exanple, coding quality of the narrowband coder may be
reduced atyloWeRbiss7 ates, especially in the presence Qf-thask@hpysd noise.
In such cases, providing an overlap of ,,the subbands may 1 ncrease the

qual ity of reproduced frequency corrponé%ts in the overlapped region.
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property. leorodexARSl eperaapmicoaiitg torifales codibgthethodabgies. nEdruedempledi ng

different coding techniques may produce signals that sound quite different. A coder that

encodes a spectral envelope in the form of codebook indices may produce a signal
having a different sound than a coder that encodes the amplitude spectrum instead. A
time-domain coder (e.g., 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
define nonoverlapping subbands may lead to an abrupt and perceptually noticeable

transition between the subbands in the synthesized wideband signal.

[00078] Although QMF filter banks having complementary overlapping frequency

responses are often used in subband techniques, such filters are unsuitable for at least



i npl ement ations configured to operate at very low bit rates. As a
consequence of the very low bit rate, the decoded signal is likely to

appear si g?ba{?%ﬂﬁs%y distorted as conpared to the ori g&ﬂ}sztﬂsﬂm&r such

t hat use ter banks may | ead L? uncancel ed aliasing.
Applications that use QW filter banks typically have higher bit rates

(e.g., ovegoneofthPSideBind¥¥dinganPlibnlABSs cfe@ingag’ld g%%)ns i[{Q %gjﬁgﬁh%@%ﬁfé tg onally,

a coder may be configured to produce a synt
per cept ual g eapofer ircopigurerbtogisai meibniipaph deerénf alisingthatis candeleddn fhber s

significan : I ¢l ' . xanpl e coder, that derives
the hi ghba%?%&@%ﬂﬁ?%}% f?%%‘?ﬁ% tﬁén‘%?%&xbgﬁ% a‘r%é’]gligg%e engglaﬁégtct?f’l bed herein
may pr oducepmoprintefos myaglicatam in iwehichcthelsiknal hicghsbasighifiest siaint 6By be

conpl etely ,absent. fromt he decoded signal, Use of filter banks in
such appl i gg&ﬂb%be%vnlt%ea@tﬁ%a@ms?Sgtﬁ? a’isﬁ’ﬁtfﬁn HagedRrshe effectiveneson temused by
uncancel edaledsicasdellgrion 2O5¥8Q] Fohex JBpplRhtiHs YeRhibb PRerid Y@tk d
aliasing mpy be reduced iIf the affected subband is narrow, as th ef f ect

of the al i HeRIAGCREIq0s Apnfigyraddo apesalsaiw ey fovebigeios. ts & domsagueie ofthet he
subband. F%r?r%‘\ﬁm? ks t@éd&gé&iréé%ﬁgismélﬁ'tww%ﬁﬁ a%ﬁ? RistiRRand includes
dth, ho er, |s‘for

about half of the w depand ban Ion caused by
uncancel edcehpaaed togheeriginnl sighalcsuch thet gse dfiQMR filtparankofay ked so gnal . The

quality of et | f by the l.ocation o0 he
frequency B%Jéﬁceée&fe@r&%g.gﬁﬁlﬁcgﬁgn& ﬁgeg%é%ﬁg%‘e@ﬁr ﬁ%‘?ﬁﬁgy%‘éﬁﬁ ve nh—‘@{’er npl e,
di st or t i onratssdepedvardakbpder AMR end &f kbps for detzand speech signal (e.g.,
between 3 and 4 kHz) may be much nore objectionable than distortion that

occurs nea edge...of .t he sjgnal ,(e.q. ove 6 kHz). [.00081] Wile the
r esponses E@Weﬂ?ﬁt@ lé?'lé" of °d§9 9,12 b% F?‘%}ﬁ“f%?{ﬂ Rrogdpee %?%?@F*Vgsr‘@%aéf}’éﬂlst o one
anot her, t percdpaviigniitin tb it ofipiaaikigal b vitich dchdally diFrnkEsidRuge@dnB 120 may
be configyred to havEeﬁ{)ectra that are conpl et e %/. unrelated apart from

the over | aPfioRgmaksisnah Harnayamplgsrier thiwleguss thehighkang\eaeitation fom the t wo

subbands  agartd¥dafld fs056s HELELE iR QY | y response
of the highband filter drops toJ]?eZI%I dé&ﬁé@%ugg\@ﬁgg\%ﬂ%té‘%ﬁ‘%%%%

PCT/ US2006hightzand residusl ay be campleiyahsanhfofrteedesndad sigep ddseof@MFhe | owband
filter dro t . . 2. varl les of filter.bank A 10 and/or
B120, thi sﬂg‘:’/ré)(r‘)l?%ségﬁ lgcﬁgagéﬂ?a\rﬁg{rﬁ lglrgi%fﬁ%%gqlécﬁngdeg&?eoﬁlﬁi&gT@W@S ¥ r ange

of about 4@@abelediatin00 Hz nmay represent a desirable tradeoff between
codi ng efficiency and perceptual snoothness. In one particular

[00080] The amount of distortion caused by QMF aliasing may be reduced if the
affected subband is narrow, as the effect of the aliasing is limited to a bandwidth equal
to the width of the subband. For examples as described herein in which each subband
includes about half of the wideband bandwidth, however, distortion caused by
uncanceled aliasing could affect a significant part of the signal. The quality of the
signal may also be affected by the location of the frequency band over which the
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).

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

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



exanpl e as nmentioned above, the overlap is around 500 Hz. [00082] It maybe
desirable to irrpl enent filter bank Al112 and/or B 122 tq perform
operati()‘ﬁgzglosm]iorﬁ%strat ed in FIGURES 4a and 4b in severpg%/wg‘&épé?mkor
exanpl e, FIGURE 4c shows a bl ock diagbam of an inplementation Al 14 of
filter bank Al 12 that perforns a functional equjval ent of highpass

filteringoiahat whighsemisequencioiserase ehthe lowbang filtes diropsgo o0 iRt dn yatiewsi on,

resanpl i ' ' rad.i 20 Mgl rﬁﬁ%ion may
be easi erg)g%mol‘(a ggeé{%%érgdr%ay%rqq(r)r%&@f Pgaﬁr@tﬁé@%" Iﬁg%‘%‘t | ona’# Ei ?ggs 0 | ogi c
and/ or cefband A XEiglatge sihubosed0® thuaboiht 0z tlag edpramyt Heesirabld t o perform
the operations of decimation to 14 kHz and decimation to 7  kHz as shown

i n Fl GURIradeolt betyygens prding efificieagy prdiperasiival sSMoRthngss. B opaprEicilat ed by

mul ti plyj ' | 24 ] zanwor the sequence (-1), whose
val ues a%%rqrg%gt% (Saﬁtegp g\]ll/eeéir,:‘q bi)?e,gﬁé;oyéf}.éﬂﬁri%r%ﬁgﬁg%?rﬂgl shapi ng operation may be
I npl emented as a | owpass filter configured to shape the signal to obtain
a desi r ef0#82} dt maf bk desirabiestpampemenOin8&anktA 112 andiced® I2Bad paorm
consequence of the spectra sal aqper.ation, the ectrum of hi ghband
i gnal oerlonsaanaBatedah FIE KR RpdR i oretiiae Eicoumnd |

cor r es pogfpREIGCAARS armé/cktlﬁaﬁ%fdf GH ‘hﬁﬂle?rféﬁf’d’tféh N9 1Y of e BXATRY £ thd ghband
excitation generator A300 as described herein may be configured to produce
a hi ghbaperformsd fuatiional squwaéntSf dighphsstiiltering and slownsgmeplingaipeyatioay er sed
form [00084] FLGU 4d ows a bl.ock .di.agr.am of, an i npl enentatjon B 124
of 1111 oPIBE ST oI5 RO o LGP Ea FIT L DrRe oL CORPENEE. oricligBanpl | ng
and hi ghpasiemkhiatieh iy be@RAERI REISN YBE/BLmAY 286WEsuselof i BORM! RédKR Bf
resanpling, and other operations. Filter bank B124 includes a spectral
rever sal lagieanst/ornede n Fohexampyh tamstmerinctianabbloek maydemisedito pesioemadhbe on as

performed, for e |le..in il ter bank..of .t ncoder s fiilter
bank " A ghereipscit EeBigtio o, ke R aRamAsPY 1o F FHE AR SRR PO - ges

not ch fi IThekgectral ichersall (pektiog ndytheThphdiadited bpinuaifl@ny &lesignat GapaRent  of
the signal at 7100 Hz, although such filters are optional and need not be

i ncl udedfuriEtien RAY emtth\pouemat(-bY, WIBXES VEMSS altdvETiciOBSyecAND shBPARAHES FOR
SPEECH SI GNAL, FI LTERI NG'. fi l eg)ﬁ.heEFevvint‘.&}l:lﬁl,r anW U. S._. Pub. tNO %(fOO / 0088558,
| ncl udes SRRGHPL SRIRE e By i imRpTaisstas< IoapatsiTHiST Gentaged wonaRey

PCT/ US208f/ la? lobtdifl sl Rst&PARPAPEI& re§logbENt s of particul ar

I npl ementations of filter banks Al 10 and B120, and this material is

her eby i ncorporated by reference.
[00083] Itis noted that as a consequence of the spectral reversal operation, the

spectrum of highband signal S30 is reversed. Subsequent operations in the encoder and
corresponding decoder may be configured accordingly. For example, highband
excitation generator A300 as described herein may be configured to produce a highband

excitation signal S120 that also has a spectrally reversed form.

[00084] FIGURE 4d shows a block diagram of an implementation B124 of filter bank
B122 that performs a functional equivalent of upsampling and highpass filtering
operations using a series of interpolation, resampling, and other operations. Filter bank
B124 includes a spectral reversal operation in the highband that reverses a similar
operation as performed, for example, in a filter bank of the encoder such as filter bank
A114. In this particular example, filter bank B124 also includes notch filters in the
lowband and highband that attenuate a component of the signal at 7100 Hz, although
such filters are optional and need not be included. The Patent Application “SYSTEMS,
METHODS, AND APPARATUS FOR SPEECH SIGNAL FILTERING” filed
herewith, now U.S. Pub. No. 2007/0088558, includes additional description and figures relating



[ 00085] Narrowband encoder A120 is inplenented according to a
source-filter nodel that encodes the input speech signal as (A a set of
par anet er gy ribe a filter and (B) an excitati t
drives the 92@3?%?& filter to produce 2 synt hesi zed ?Je&g?(}o ﬁ%{l%ﬁaof t he
i nput speech signal. Fl GURE 5a shows an exanpl e of a spectral envel ope of
a speech sw dNs Reak n[b & r e

repr esent {ské#e{lrslces “of @oca ctrﬁé{h%%g% te;f%lé%%g@& f‘%irlr(r)aam{glgﬁlbst
speech coden@thmm@t@dd1aherbuamtorpma®d¢>0a¢fslen®pectraI structure as a set of
paranmeters such as filter coefficients. [00086] FI GURE 5b shows an

exanpl e of N ? l.i ed to od| n of t he
spectr al ngge eri&gﬁc?%r\%ghérdd[ 120 5%@%‘%“&%&“‘5 %iago%d CU| at es
a set of palnaaamtodessthe irgptat qﬂeaarlmgrmt asz(ek)a séti df pparaneety dapdsciveg ﬁl@:r taﬂitE speech
sound over eriod, of ally 20 pwec). whitening filter (also
cal l ed an (g}l& t%“%‘rmwgﬁ%‘ﬁry ﬁ@rdf%ﬁn%?‘il{ﬁ %’P{fgﬁ?q ytmdesizedtor ding to
those filtes r&ﬁfcﬁm?biethé inpuEsPRY@Ssi dlAR m%sh%ﬂz\é% e%ﬁleoﬁpﬁ%t&ﬁ' ly
flatten the S|gnal The resulting whitened signal (also called

resi dual ) I§B¥CIORe<d ashrachyizanld Thp peakis dus chasgctasive dhinspeciral caudpper to encode
than the origidal sPe ﬁﬁ%@o?t)g%éal 208 Sre Cgﬁé'&ffoh‘ﬂgit;r %Bgécﬂg s the
residual signal may a e sprea nore evenly over e spec rum The
filter paranetdertleastthis caiccipedirabstarctyypasoadel gt prameters eubhfasrﬁheff i ci ent
transm ssi QD Bver the channel. At the decoder, a synthesis filter
configured accorlatsng to the filter paraneters is excited by a signal
based on the residual to produce a synthesized version of the original
speech s odiOM%]l’ﬁ’éGWﬁ Foeshows b bragaple of 4 basiccaluby-fitterdriagberaeht boagplive a
transfer functjon s .t he nwerse of thet nsf er unctlo of the

whi t eni ng ?‘i’f(fdér?gogt @get]ral,gpw nggevReng signg) dl% lﬁfnoéi asi ¢

i mpl ement atcaleﬁnateiaaet@ff ardetedvha vl ara e AR filfsk 20resbbndifid ® tBX@¥Bde, a |inear
predi ction coding (LPC f anal ysi s _npdul e 210 encodes the spectral envel ope

of nar r owb AAHAGVEhAPerisspf fgnetypiqally £0 FI}SFFéalA whjteainedilies Eﬁlg(q_qﬂile‘%%f ficients
(e.9g., coelhiGhiet sedlt uﬂfkrﬁirhvfueﬁ'csnﬁgukédeicc&éﬁg%a tho Jf‘l@er% rmodul e
typlcally processes the input si'gnal” as a serres of nonover applng franes,
w th a newemeses dfe spexifa ervictpe 4o ﬂ@pmlydhltt@mtbats@nalf drheaesulingrvehienedThe fr ane
period is generall ovrwhl nal. may be expected to be
| ocal |y st g{% gln@lrs y Xalﬁedar&ldu% ¥ ee>§'saen ang %ﬁ?ﬁg Ivfl?%rg%ﬂ(glg e@%%ﬁ?val ent to

160 sanpl egnaide ma&alﬁ)d)mgigal lspdeeh @ﬂ‘gnaﬁ. Etip)s. redultind@ro2f) 06diddi8Be residual
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signal may also be spread more evenly over the spectrum. The filter parameters and

residual are typically quantized for efficient transmission over the channel. At the
decoder, a synthesis filter configured according to the filter parameters is excited by a
signal based on the residual to produce a synthesized version of the original speech
sound. The synthesis filter is typically configured to have a transfer function that is the

inverse of the transfer function of the whitening filter.

[00087] FIGURE 6 shows a block diagram of a basic implementation A122 of
narrowband encoder A120. In this example, a linear prediction coding (LPC) analysis
module 210 encodes the spectral envelope of narrowband signal S20 as a set of linear
prediction (LP) coefficients (e.g., coefficients of an all-pole filter 1/A(z)). The analysis
module typically processes the input signal as a series of nonoverlapping frames, with a
new set of coefficients being calculated for each frame. The frame period is generally a
period over which the signal may be expected to be locally stationary; one common

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



one exanple, LPC analysis nodule 210 is configured to cal culate a set of
ten LP filter coefficients to characterize the formant structure of each

20-m | '|'i seggngodh . It is also possible to inplenent 12% |l vsis

nodul e to pr ocg;sls?gtgﬁe i nput signal as a series of overll)éa ﬁzﬁ%%#zgjrres.

[ 00088] The anal ysis nmodul e may be cordfligured to anal yze the sanpl es of
each frame directly, or the s s. may. be weighted firs ding to a
wi ndowi ng PGFEEPRFH I(Pf((‘)?nal@ksdﬁﬁ‘iﬁgg&@ lls-lﬁ?ﬁlﬁgﬁbedﬁ ﬁ%&%ﬁ.ﬁ a‘?ﬁreogéﬂhaﬁ]&g[tgr may al so
be per f or rRERALS 18 cMirhdl@e thdyRimhg stradt@@lof EAbArROtglidet GHtEfrangd ahisas a
30-nmsec wi ndow. This w ndow may be symmetric (e.g. 5-20-5, such that it

i ncl udes t#e mssibleite Huplernent thednabisismadyleda prcessApginputrsignal aspeseries of

20-m | lise 3 gaﬁrﬁ% or asymretric (e.g. 10-20, such that it includes the
| ast 10 m&{%p?@féﬁ onds of the preceding franme). An LPC analysis nodule is

typically configured to calculate the LP filter coefficients using a
Levi nson- CI9P0881 Fhecamelysis masiule maebe eonBgpnreiocagalyre tiegamplen p earkh framet her

i npl enent at.i on, i : L QL . te a set:
of cepst ra‘?l}eg@%p%:ﬂ%isenﬁsegi%ibeac h?erde;r}?r%t Algﬁcgfl @gg& %‘)%&g@g %1?1 @tﬁ}% ilter
coef fi ci endxample)dOBmidHeimiokpuThe atalysisimayraioderpeAbifedeier bevindesuced
significantly, with relativel litile effect reproduction quality, by
quant i zi ng&‘f‘%élaﬁqr%]@flt %Iﬁ%t%?‘b%s %torfgiﬁc WIB&’é’%liO@PF 3%“%“1 1im@”:(’)fi:oef ficients
are di fficytmdific @L%Istiozgsaén‘ thed ietlnfesaRels afiisétondd inmdBAge defotdnd anot her
representation, such as line spectral pairs (LSPs) or |ine spectra

n. . ) LI, |
frequenci eafter ther2Oymillisseong f530) 25 A veEERG (et 1810y Bigly theh e drrludss thedast e
exanpl e of , ' AR L pBlanki9sib Rloalie 4§ HRAM 220
transf or rrslc%ﬁlel%ségfﬁugfdh%}%%éle%ﬁg‘?fﬁgggef‘?i?%?gr?psg?lnt.g a cor_resg)r!di ng set of
LSFs. O heconfigered oo calmilate thed Suiilteacoasficienss u$ipg a Leyingon-Iurbfrf teevrsipn 6 | ncl ude

parcor coefficients: |og-area-ratjo.val X 1.t irs

(1 sps): - antrateaisee iy B puEliinGuel il bR SPRELIRRalE, %, | o
GSM  (d obainfipyst esrdcilatd/hbétlof cEpumiotifiaienio) cadivRamB ir(stcld pf a s of/LPt i r at e-
W deband) codec. Typically a transform between a set of LP filter

coef fi ci enfilergpeffigientor r espondi ng set of LSFs is reversible, but

enbodi ments al so include inplenentations of encoder A120 in which the

transf or m [p0ogmt THEMRPSirhk Of ¥AdoBEUA120Mmigy be rEAREOEniGuanly, #ah rad@elys
configured to quantize the set of narrowband LSFs (or other coefficient

r epr esent aliitloitect an denTeducH ab ARG by Qaerizing she HkerBrMclEs- edne® out put the
resul t of F@g@@g@@%@%@ﬂ%@%% fulds g@%@&&ﬁ&bﬁﬂﬁndpﬁé afBhiPsppad0. Such

a quanti ze 006/ 012231
into another representation, such as line spectral pairs (LSPs) or line spectral

frequencies (LSFs), for quantization and/or entropy encoding. In the example of
FIGURE 6, LP filter coefficient-to-LSF transform 220 transforms the set of LP filter
coefficients into a corresponding set of LSFs. Other one-to-one representations of LP
filter coefficients include parcor coefficients; log-area-ratio values; immittance spectra1
pairs (ISPs); and immittance spectral frequencies (ISFs), which are used in the GSM
(Global System for Mobile Communications) AMR-WB (Adaptive Multirate-
Wideband) codec. Typically a transform between a set of LP filter coefficients and a
corresponding set of LSFs is reversible, but embodiments also include implementations

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

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

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



18 typically includes a vector quantizer that encodes the input vector as
an index to a corresponding vector entry in a table or codebook. [00091]

As seen i I nar r owband encoder Al122 al so gener r esi dual
si gnal bynvggszggﬁ?s%rromband si gnal SZﬂgt hrough a whi teﬁéﬁ@szﬁwﬁépgzm

(also called an analysis or prediction®error filter) that is configured

accordi ng fthi i i . Leient.s. . Iln this particul ar exanpl e,
ahi tening {1 rey Batesa ib) flanapa i oo e gl fedlo £ Metw A 1

i npl ement attPBPEPOREIYS wecsey ebiey isetibleTricedabedli.dual signal will typically
contain perceptually inportant information of the speech frame, such as

l ong- term tAL It | that i t represented in

nar r owband [_?(ikﬁﬂ ]é rpH;pS g?rgﬁef'?gp;@ %2‘6‘8 b%ﬁ%ﬁ teimioec#er é%? fcﬂ§° RIS ATt dyad

cal cul at e &lzneldytrassing neepmbsehsighdl 620 dfroughi aswhiRaingUler 260 Gl caflQf arOUt put
as encoded .owband exci tat.ion signal /550, Such a quantizer typically

i ncl udes aaggg{lsocr’r p(ﬁ%%?{ PFEPT %lhgﬁ e Begaleyrebaceprding to diersst offiltean i ndex to a

cor r espondicogffiviests. Ol t@f3tpasticular axdndié, Svitenia® HRBOKO-is AhSIEhAALL %{seel MR Wﬁ uc E ?h
rom whi c e

guanti zer rIT@ér e configured to send one or nore paraneters

vector may ﬂ@?%‘lglétﬂgdm UeRs Mgy also beyasede Jbiseesiduahsipesl wilan retri eved
from st or ag@icadl§ chitaig 8511 9‘@)% ¢ met hod. i s . used in
codi ng schg}%les ZSC halaspg' fa&lé%et_)r}gli %@Eﬂff {(%%E%g%l&h%%gge&ﬁtﬁéa{rfeoﬁucpiaﬁg’z?rg'

pr edi ct i onjerBRiueBEdelatingorpiigh, tBERPot (Fvesente Ganexrmivibend FAstpacisdkrp 2)

EVRC ( Enharggd 1 - . . 0092] It.is desirable for,
nar r onband Qgﬁ'cggﬁh%g lﬁ&glén%é%gg% éal%\h%e 8 ﬂg%ﬁéﬁd TeRIESGRMoR o thixeesidatli on
si gnal acceigualgr dutput heersade! farobdandecRIRNSIZBS 308 Suth 8lquitzkr be
avai l abl e e. correspondi ng narrowband decoder. In this manner, the

o.the.c
resul ting {yghc 34 gﬁﬁlﬁlssr ? 2%05,9&9@}@8{ that sngerles thyaput yesorasaadadexde eount t o
Some ext entorfe3pondiiedRatitly 8% thble bPERRbRAT AIRERGVM] MER p qﬁéh?igexﬁ'ﬁ%/
conf i

quanti zation error. Accordingly, it is desirable to gure
whi t eni ng P§ Fendieuisd to,spndlioae enmareqsesmaters Bam whithids vedtertmey bd gderatedvai | abl e

at the decggdfmical) at 148 JRAULL rAAR TG ey an(g'g gﬂ(’c))r Igg:‘,éa% b@g ﬁ%é&ggb??&gl GURE 6,

i nverse quanti zer "240 dequanti zcs narro n
LSF-t o- LP fethody Suchgeméthed isnised inanoding ischeds® suvhpss algbleraiceRILE {c08eboak ues back

to a corre ' et of .L ilter coefficients, and this set of
coeffi ci en?’%ﬂ?@dn{}gggr érgoq% °r{$ ?&%F%&eﬁﬁufgﬁ? #jﬁ#‘% &{hgfi @G?fafl%“ Pyweshit® t he
resi dual sEYRE!(Ehhaiced VatiibdRatg €ddeyy. quanti zer 270. [00093] Some

i npl enent ati ons of narrowband encoder A120 are configured to calculate

encoded n afOrOBm i gs c?e)éﬁr;btlg I’oir %erg\!vgar}lﬁl encSoSd(é):r R¥20| tcci)egré;[leir];t)é it#egen%(r)]c?cda nong a set of
narrowband excitation signal according to the same filter parameter values that will be
available to the corresponding narrowband decoder. In this manner, the resulting
encoded narrowband excitation signal may already account to some extent for
nonidealities in those parameter values, such as quantization error. Accordingly, it is
desirable to configure the whitening filter using the same coefficient values that will be
available at the decoder. In the basic example of encoder A122 as shown in FIGURE 6,
inverse quantizer 240 dequantizes narrowband coding parameters $40, LSE-to-LP filter
coefficient transform 250 maps the resulting values back to a corresponding set of LP
filter coefficients, and this set of coefficients is used to configure whitening filter 260 to

generate the residual signal that is quantized by quantizer 270.

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

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



codebook vectors that best matches the residual signal. It is noted,
however, that WO 20061107837 PCT/ US2006/ 012231 19 narrowband encoder A120
may al spobeosipsenented to cal cul ate a quantized repr@sgiiabienRf the
resi dual signal w thout actually genergati ng the residual signal. For

exanpl e, narrowband encoder A120 may lbe configured to use a nunber of
©0deb00kKarryRBARAI rcbBerdRISY Aaf aRBTRETBRANAA SYALDER ZE-LERA S (€. .,
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excitation signal S80 to highband encoder A200, which uses it to derive the highband
excitation signal S120 as described herein. In some implementations as described
below, narrowband decoder B110 may be configured to provide additional information
to highband decoder B200 that relates to the narrowband signal, such as spectral tilt,

pitch gain and lag, and speech mode.

[00095] The system of narrowband encoder A122 and narrowband decoder B112 is a
basic example of an analysis-by-synthesis speech codec. Codebook excitation linear
prediction (CELP) coding is one popular family of analysis-by-synthesis coding, and
implementations of such coders may perform waveform encoding of the residual,
including such operations as selection of entries from fixed and adaptive codebooks,
error minimization operations, and/or perceptual weighting operations. Other
implementations of analysis-by-synthesis coding include mixed excitation linear
prediction (MELP), algebraic CELP (ACELP), relaxation CELP (RCELP), regular
pulse excitation (RPE), multi-pulse CELP (MPE), and vector-sum excited linear
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vowel. The periodic structure visible in this example is related to pitch, and different

voiced sounds spoken by the same speaker may have different formant structures but
similar pitch structures. FIGURE 8b shows a time-domain plot of an example of such a

residual signal that shows a sequence of pitch pulses in time.

[00097] Coding efficiency and/or speech quality may be increased by using one or
more parameter values to encode characteristics of the pitch structure. One important
characteristic of the pitch structure is the frequency of the first harmonic (also called the
fundamental frequency), which is typically in the range of 60 to 400 Hz. This
characteristic is typically encoded as the inverse of the fundamental frequency, also
called the pitch lag. The pitch lag indicates the number of samples in one pitch period
and may be encoded as one or more codebook indices. Speech signals from male

speakers tend to have larger pitch lags than speech signals from female speakers.

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

which indicates the strength of the harmonic structute or, in other words, the degree to
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difference between successive pitch pulses. Modeling of the long-term structure may be

disabled for frames corresponding to unvoiced speech, which is typically noise-like and

unstructured.

[000100] An implementation of narrowband decoder B110 according to a paradigm as
shown in FIGURE 9 may be configured to output narrowband excitation signal S80 to
highband decoder B200 after the long-term structure (pitch or harmonic structure) has
been restored. For example, such a decoder may be configured to output narrowband
excitation signal S80 as a dequantized version of encoded narrowband excitation signal
S50. Of course, it is also possible to implement narrowband decoder B110 such that
highband decoder B200 performs dequantization of encoded narrowband excitation

signal S50 to obtain narrowband excitation signal S80.

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

the narrowband excitation signal as produced by the short-term analysis or whitening
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dequantization). At wideband speech decoder B100, highband decoder B200 may be

configured to receive the parameter values via narrowband decoder B110 (e.g., after
dequantization). Alternatively, highband decoder B200 may be configured to receive

(and possibly to dequantize) the parameter values directly.

[000103]In one example of additional narrowband coding parameters, narrowband
encoder A120 produces values for spectral tilt and speech mode parameters for each
frame. Spectral tilt relates to the shape of the spectral envelope dver the passband and is
typically represented by the quantized first reflection coefficient. For most voiced
sounds, the spectral energy decreases with increasing frequency, such that the first
reflection coefficient is negative and may approach —1. Most unvoiced sounds have a
spectrum that is either flat, such that the first reflection coefficient is close to zero, or
has more energy at high frequencies, such that the first reflection coefficient is positive

and may approach +1.
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above with reference to analysis module 210 and transform 220, analysis module A210

and/or transform 410 may be configured to use other coefficient sets (e.g., cepstral

coefficients) and/or coefficient representations (e.g., ISPs).

[000106] Quantizer 420 is configured to quantize the set of highband LSFs (or other
coefficient representation, such as ISPs), and highband encoder A202 is configured to
output the result of this quantization as the highband filter parameters S60a. 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.

[000107]Highband encoder A202 also includes a synthesis filter A220 configured to
produce a synthesized highband signal S130 according to highband excitation signal
S120 and the encoded spectral envelope (e.g., the set of LP filter coefficients) produced
by analysis module A210. Synthesis filter A220 is typically implemented as an IR
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A230 output a set of six LSFs and a set of five gain values per frame, respectively, such

that a wideband extension of the narrowband signal S20 may be achieved with only
eleven additional values per frame. The ear tends to be less sensitive to frequency
errors at high frequencies, such that highband coding at a low LPC order may produce a
signal having a comparable perceptual quality to narrowband coding at a higher LPC
order. A typical implementation of highband encoder A200 may be configured to
output 8 to 12 bits per frame for high-quality reconstruction of the spectral envelope and
another 8 to 12 bits per frame for high-quality reconstruction of the temporal envelope.
In another particular example, analysis module A210 outputs a set of eight LSFs per

frame.

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

domain envelope of narrowband signal S20, narrowband excitation signal S80, or



si gnal having a conparabl e perceptual quality to narrowband coding at a
hi gher A typical inplenmentation of highband encoder A200 nmay
be conf :—‘g%]ugrzé)gglihggnout put 8 to 12 bits per frame for hi ghcHlisdoPe/912231
reconstruction of the spectral envel op’% and another 8 to 12 bits per

frame for,  hi.gh-quali r nstruction of the tenporal envelope. 1In

anot her d’é@l‘%&ﬁ%&ﬂaﬁgﬂm\%ﬁe APeh 3agise-hisad metheslmay progues adequate restiltei ght
LSFs per fof i ced s8Q0ds] hbwoRTE: bixR! ' f:hi der A200
are confi aur ed teo Sgr odﬁ%]éw hi bﬁ?ﬁ&%gﬁﬁ?%gﬁaﬂgﬁoﬁcﬁ%ﬁ&%@g Vﬁ-‘y%ggener ating a

r andom naesiduals graisuadlviiamgonicgind @nokseqhentlyene yorne ppoodio kBuan.
anpl i tude- nodul ati ng the noi se signal according to the tinme- domain

5006/ 1074800 HEHBAREEH 408 ecsRuel RGP B gRES oS mietbaucn o
noi se- basgditahhathalBY20b PELEAIiALBRUBE@UTE St drfowAH %&Y&ioﬁt}g@g%s;tf:, e

however, (it may not be desirable for voi ced sounds, ose
usual | y Wﬁ%ﬁ@hm feessnepuengs. yFIGEIRE d b shopen bdk disgramofan e.

[ 000112] Hi Cidat QR nerator. A300 i.s igured to generate

hi ghbandlﬂng%??e ? gi\tﬁg r‘{ll ésq%gdnalg@%ﬁge’b?ta«@% BTREraigr 5?@6'5%38{3!3 GH?@?Z% 4 Swband
exci t at i eonfgugadio dedfantidelchcobded Mar@hbande{diaase ieHalr H0A6 prédduet/RE 11 shows
a bl ock diagramof an_ inplenentation A302 of hi ghband excitation

gener at oR2A8Hband ¢xeEatien ¢gna 580e Spasimim exterdsn #1460 e contfigudetfoanodure aencoded
nar r owbagpd- ex£ J ! pro narr owband. excitati on signal
S80. Spe(ﬁ:Jlt rum %%% eér}fgétahrd éi%%@&llssﬁ%@é}% eidgc%lrrg]gl%?v (%3 aB&S’éﬁ} °q Sl%ﬁ‘af ically

ext ended Coingriadr 430 16€orTamed] oRomdiHeOMRANSH Q¥BE kikhhOFensi ety /3%  Conbi ner

470 is configur t o, cqonmbi pe a random noi se si gnal generated by noi se
gener at ongellf‘é%‘)’é%go and 2 HEeioman cRINRe sleuiatrdh envelop palshlatir 408 teal cul at or

460 t0 BFREHES nfddoRed &6 Ao [ : : ' 490 is configured
to mx Earm)ni cally exl'?éelﬁ%el%ﬁélgg%% @%ﬂklgggg%dls%gﬁ#‘grgé&)%’fse signal S
170 to phamhoicallyiegtendedisignai 8 b0 and mograted SoisesigngliiF1gpradueme exanpl e,
spectrum ext ender . A00 .i s igured to performa spectral folding

oper at i ghlg?‘b?ré‘gex@gf“il%rﬂmﬁ?qlﬁg%ng) on narrowband excitation signal S80 to
produce harnonically extended signal S 160. Spectral folding may be
per f or mefh0pY131% be stathfle NPebiih bRAHES ASi0n n?%% G Lpg a

hi ghpass filter to ret aL|g n%?ﬁe alias. In an%%%e _éxan‘&fegﬁﬂgggg%%ﬂtfﬁr;

ext ender foldigg operatiomfalgpieadled nurpring)omenanamwband exditagion signal S80 to

produce harmonically extended signal S 160. Spectral folding may be performed by

zero-stuffing excitation signal S80 and then applying a highpass filter to retain the alias.
In another example, spectrum extender A400 is configured to produce harmonically
extended signal S160 by spectrally translating narrowband excitation signal S80 into the
highband (e.g., via upsampling followed by multiplication with a constant-frequency

cosine signal).

[000114] Spectral folding and translation methods may produce spectrally extended
signals whose harmonic structure is discontinuous with the original harmonic structure
of narrowband excitation signal S80 in phase and/or frequency. For example, such
methods may produce signals having peaks that are not generally located at multiples of
the fundamental frequency, which may cause tinny-sounding artifacts in the
reconstructed speech signal. These methods also tend to produce high-frequency
harmeonics that have unnaturally strong tonal characteristics. Moreover, because a
PSTN signal may be sampled at 8 kHz but bandlimited to no more than 3400 Hz, the

upper spectrum of narrowband excitation signal S80 may contain little or no energy,



ext ended signal S160 by spectrally translating narrowband excitation
signal S80 into the highband (e.g., via upsanpling followed by

mul tipli ca‘;vpgﬁ%)%.; ,a constant- frequency cosine si gnall)Cg(Iﬁsg?q {19}%%{ ended
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excitation signal S80, however, the quality of the resulting decoded
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spectral translation. Typical memoryless nonlinear functions that may be applied by
various implementations of spectrum extender A400 include the absolute value function
(also called fullwave rectification), halfwave rectification, squaring, cubing, and
clipping. Other implementations of spectrum extender A400 may be configured to

apply a nonlinear function having memory.

[000117]FIGURE 12 is a block diagram of an implementation A402 of spectrum
extender A400 that is configured to apply a nonlinear function to extend the spectrum of
narrowband excitation signal S80. Upsampler 510 is configured to upsample
narrowband excitation signal S80. It may be desirable to upsample the signal
sufficiently to minimize aliasing upon application of the nonlinear function. In one
particular example, upsampler 510 upsamples the signal by a factor of eight. Upsampler
510 may be configured to perform the upsampling operation by zero-stuffing the input
signal and lowpass filtering the result. Nonlinear function calculator 520 is configured
to apply a nonlinear function to the upsampled signal. One potential advantage of the

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



various inplenmentations of spectrum extender A400 include the absol ute
val ue function (also called fullwave rectification), halfwave
rectificaty ing, cubing, and clipping. Oher inplementations of
spectrum e‘kxﬁg?n"éé%%ﬁoo may be confi gurg,? to apply a nd%%(q‘?é?ﬂorﬁlof%ﬁﬁcti on
havi ng nmenory. [000117] FIGURE 12 is a bl ock di agram of an inplenentation

A402 of sp Um. r A N IS C iqured.to apply a ponlinear
function tg&{g&#g‘ﬁ%ﬁlﬁ%& en(?fé %?Tz]a% rﬂsr?é’??eoe\ag%n SBRE iupﬁlﬂ”gﬁtaé?lﬁnglfs S80.
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[000120]Plot (e) shows the spectrum after a first stage of downsampling, in which the
sampling rate is reduced by a factor of four to obtain a wideband signal. Plot (f) shows
the spectrum after a highpass filtering operation to select the highband portion of the
extended signal, and plot (g) shows the spectrum after a second stage of downsampling,
in which the sampling rate is reduced by a factor of two. In one particular example,
downsampler 530 performs the highpass filtering and second stage of downsampling by
passing the wideband signal through highpass filter 130 and downsampler 140 of filter
bank A112 (or other structures or routines having the same response) to produce a
spectrally extended signal having the frequency range and sampling rate of highband
signal S30.

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

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



In this exanple, the passband extends to the upper frequency limt of

hi ghband signal S30 (e.g., 7 kHz or 8 kHz). [000120] Plot (e) shows the
spectrum irst stage of downsanpling, in which the sanpling rate
i's reduceg‘kbé[;oa?ﬂ?'ésg{ or of four to obtain a wideband si gPr%rI".JSZ?Wg'F”(‘*) shows
the spectrum after a highpass filtering operation to select the highband
portion of the  extended signal, and pl ot sho the spectrumafter a
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reversed format the output of filter bank 10, is encoded and decoded
in the speéxqitatipysigeal 12 haven ppectiplly teversysdorm a3 woll.r ever sed agai n at
filter bank B 120 before being output in w deband speech signal 5110. In
such case, - r%]p{;g B9 RREEMihS Bt #SpecRAXMALiBn FI GURE
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exci t at i on opérgiial asPefif2Gnaddytspearum stacier AH03maebecadigufedand arsanged in,

many different ways. For example, FIGURE 12b is a diagram that shows the signal

spectra at various points in another example of a spectral extension operation, where the
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 two. Plot (c) shows an example of the extended
spectrum after application of a nonlinear function. In this case, aliasing that may occur

in the higher frequencies is accepted.

[000124] Plot (d) shows the spectrum after a spectral reversal operation. Plot (e) shows
the spectrum after a single stage of downsampling, in which the sampling rate is
reduced by a factor of two to obtain the desired spectrally extended signal. In this
example, the signal is in spectrally reversed form and may be used in an implementation

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

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

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



[ 000123] The various tasks of upsanpling and downsanpling of a spectral
extension operation as perforned by spectrum extender A402 may be

configure ged in mny different ways. For eﬁQ%:{; I E 12b
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PCT[ US2006/ 012231 = 29 extender A402 includes a spectral flattener 540

configured to &e}rform a whitening operation on the downsanpled signal.
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excitation signal S12 I n sone cases, however, using only a harnonically
extended signal as the highband excitation may result in audible

artifacts. [H982HEThoineends incladeinplepeniationtef highbgad exciptign gewior fdfounced
in the highband LRa0E & HaBNoRANY ex @A d4iInROS f60Quifeibi A SN &s

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

480 that is configured to produce a random noise signal. In one example, noise
generator 480 is configured to produce a unit-variance white pseudorandom noise
signal, although in other implementations the noise signal need not be white and may
have a power density that varies with frequency. It may be desirable for noise generator
480 to be configured to output the noise signal as a deterministic function such that its
state may be duplicated at the decoder. For example, noise generator 480 may be
configured to output the noise signal as a deterministic function of information coded
earlier within the same frame, such as the narrowband filter parameters S40 and/or

encoded narrowband excitation signal S50.

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

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



structure in the highband excitation signal can result in a buzzy sound.
This artifact my be especially noticeable in speech signals fromfemal e
speakers. [000127] Enbodi nents include inplenentations of highband
excitati onygehRi@ises A300 that are conflgured to mx

ext ended QWgngﬁ 2;160 W th a noise si naI shown |ﬁﬁéﬁ%%EE%i h

hi ghband excitation generator A302 in des a noi se generator 480 that is

ener ator  stuo PSRy AR RE R saGLRE et D PGB B Fonior andom

noi se  si gimdludesad ddﬂiml@'ﬂ 4770 c@rifiRred topneliRas-aiodalat thd1Boifodigeal piodaed byeed not
be white and nay have a power density that eXarl es wth fre‘guency. It may
be desi rabp‘ésef%?i‘lerﬁ'ﬁi’irééo reREting @ratlrﬁ%é"fflﬁnﬁ’év pigitated bySn8eIeRsfut  t he noi se
signal as é(gﬁz{t&réf@O”'P%fé eﬂ@%ﬁngﬂmsmhnémlm le?nen?édaa%%n‘ﬁﬁﬁ ihe duplicated
at the decoder. For exanpl noi se generator 480 may b confl gured to

out put t heanvmigsdtoscgindie cuspud ofinoiss generiator #30 Aagatskingte the tlmﬁfdgmmtl on coded

earlier wthi il raneters
S10 and/ or ™eReBHETRAY P aTepeSHEeRF 4b0 b i HeBRth e B or ¢ b ng
m xed w t hSfrax, noni cal |y extended signal S 160, the random noi se signal
produced by noi se generator 480 may be anplitude-nodul ated to have a tine-
dormai n env hat I‘OXI mat ner. Stributio ver .time of

nar r owbandﬁiogférﬁﬂ ﬁéﬁél Eﬁ]§ 8;{01%‘??? SHITRR e &%@ £S¥088 si gnal
580, or hapmébesk hi‘ﬁ%m &@@W%Znﬁﬁﬁ(eu&ﬁl@ﬁt mgahangfﬁ texileniaethesi gnal

S 160. As shown in FIGURE 11, hj 8hband E%mtatl 0{1 gener %r A302 includes
a conbi nerewtppééﬁﬁfgl?ﬂ’éalllf@“%ﬁﬁ? sigpile1ABath aRtimp #gre &30P ghal produced
by noi se 9% ate%ltaﬁ%f) @&%{&d}\@@ 5§srﬁwhhﬂﬁreml &em@fpm@h@ul ated by
envel ope nlat or 5 For exanpl e, nbi ner 470 may be inpl enented as
a nultipli emvelc@r: pdn@emr #¢0 seapegedie caimlm thenvelppesef r@gﬁ@bmdﬁxcﬂmn

according to t I cul at or
360 to protind gk TR Ren g e eR SN PR Bt R RGPS T 0T o
A304 of hi gihbsrist @xitiphirad tmmdgmnahmmoﬂﬁamy exasndsé signal S160 tdverdihpok di agr am
of FIGURE 13, .env Iope cag%{ééﬁtg 46Q is arranged to cal culate the

envel ope ofocﬁ%ﬁnﬁﬁ’ fhedpfgw GREUSFHALSMeS160. In an i npl enentation A306
of highband excitation generator A302, as shown in the bl ock di agram of

FI GURE 14, 10001368 EQP&ofeAdafdul ASr160 4643 He S0 fuadilIe Geiforne ot encipe cilbeatiav el ope

of narr owband excitation
as a task that includes a series of subtasks. FIGURE 15 shows a flowchart of an

example T100 of such a task. Subtask T110 calculates the square of each sample of the
frame of the signal whose envelope is to be modeled (for example, narrowband
excitation signal S80 or harmonically extended signal S160) to produce a sequence of
squared values. Subtask T120 performs a smoothing operation on the sequence of
squared values. In one example, subtask T120 applies a first-order IIR lowpass filter to

the sequence according to the expression
y(n) = ax(n)+(1-a)y(n-1), 1)

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

domain envelope.



signal S80. Further inplenentations of highband excitation generator A302
may be otherw se configured to add noise to harnonically extended signal
S 160 accqgghhidbesy | ocations of the narrowband pitch ' | ITE.

[ 0001303 é&lvefl%pe cal cul at or 460 may bggconfigur ed to per or%qﬁ}g}lztzgélnvel ope

calculation as a task that includes a’series of subtasks. FI GJRE 15 shows

fl h . T110 | cul at
the squar e 138 Spo AR uckbibn 8 iticbe Bt itr 40 P et e 1s 1o
be nodel edpéff@m thx ampdus subtasks ofvzak @ 10kixGetidA bhdor wirglehfashd0. Of fuaemoni cal |y

ext ended si gnal $S160 0 ce a ence of ared val ues. Subtask
T120 per t oftemedrb it gt AL e EHCEOEHS e Sumredkin bendGhrh ot vos. 1 n
one exanpl GonfiRidas Keldct AQUeRil fiRBertylpoftih-0P idignkl WL WRAISpdik tdi to the
sequence according to the expression'y(n) = ax(n)+(1l-a)y(n-1), (1) where
xi s the fimadeledspeh as the range R34 Hzr output, it is a time-domain index,
and a is a snoothing coefficient having a value between 0.5 and 1. The

val ue of ¢ M0 smehiniis 409RIhELRR ol AMREI Iy Steliod haPSL @ BT N2t ve

I npl ement at1 on, may be adaptive according to a ndi cation of noise in

t he input siognkated noise high#lfil78 té grodiasdughbend axcitatiantségnabBE¥hce of noi se and
closer to ' 1e I.Se... Subt applies. a square
bR ETAPIE.Poohl RsniBbA S TR St

root functio 0 eac seqguence the tine-
domai n env aighpand G210 6IghAl/SBIR0 aP@TilS2 BiitloRitaRBdxterditd kiZAAIISAB) afdich an

I npl ement ati on. of. envel o | qul ator 460 may be caqnfi ed to erform
tg vari ouénoéiﬂlﬂ{e&é??eé‘rgnﬁ}sl&s’r %B@‘ Wn’é’meﬁfat‘\éﬁaf‘iﬂmqﬂ%ﬁr%b&ayf 4s h!oon. I n
further i gphmuRatethiemnatedlghbasdexbiffon ssanal B0 af h1Rigmed fen by pded by a

bandpass operation configured to select a desired frequency portion of

t he si gnal awsighéing fagkardpbarmenicallpextendsd sigaal S160 end/ertomppslulaindgwisst 3-4 kHz.
[ 000132] | ' &9951"]@5“; 1% R | d signal S
160 and %%B%ﬂgtq Z?ﬂﬂ%glrés@em gng %gg%c?vﬁ%@l&gg%ﬁgﬁ%bﬁ%ggﬁgat i on
signal S 12€cordihgpl ewenimtd onterinindonmbberefixedd@luemy, atternativdly,guradahtive or
exanple, to calcul ate I.ghband excitation.signal 20 as.a sum of

har moni cal |"§/1“8§J1ﬁgﬁ&é1&u1§?f>&%’a|aa%% “Qﬁ?}e 0%1&’5‘ %H"Sﬁgt%%eg?s&nal S 170. Such
an i nplenentation of conbiner 490 nay be configured to cal cul ate hi ghband
exci t ati on [600d83] FIGLUKE 86 stvowsel ibdkatiaggamobih iagpddyéntagion 492 of combiner

490 that is configured to calculate highband excitation signal S120 as a weighted sum of

harmonically extended signal S160 and modulated noise signal S170. Combiner 492 is
configured to weight harmonically extended signal S160 according to harmonic
weighting factor S180, to weight modulated noise signal S170 according to noise
weighting factor S190, and to output highband excitation signal S120 as a sum of the
weighted signals. In this example, combiner 492 includes a weighting factor calculator
550 that is configured to calculate harmonic weighting factor S180 and noise weighting
factor S190.

[000134] Weighting factor calculator 550 may be configured to calculate weighting
factors S180 and S190 according to a desired ratio of harmonic content to noise content
in highband excitation signal S120. For example, it may be desirable for combiner 492
to produce highband excitation signal S120 to have a ratio of harmonic energy to noise
energy similar to that of highband signal S30. In some implementations of weighting
factor calculator 550, weighting factors S180, S190 are calculated according to one or
more parameters relating to a periodicity of narrowband signal S20 or of the

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



a weighting factor to harnonically extended signal S 160 and/or to

nodul at ed noise signal S 170 before the summati on. Each such wei ghti ng
factor may be cal culated according to one or nore criteria and maybe a
fixed val ugoQphosBss®r Natively, an adaptive value that d on a
frame-by-frame or subfrane- by-subfrane3gasi s. [000133] ﬂlﬁéﬁkﬂ%@iﬁé ows a
bl ock di agram of an inplenentation 492 0f conbiner 490 that is configured
to cal cul at,g,Bighb e IR0 Sdafd Lghted.sum of

har noni cal | 'y® ext en%ée}goy g%}gtﬁltgé 180 aaﬁg‘k"r’%?éédﬁ‘g?’g%"%b. & s gRa" %Va?%.

Conbi ner 49Phirmonicoreighging fattar® 1R ithghis prepontiomiaktalthey/piechtgaing ést exigple) S160

accordi ng i C pghting factor. S180, to i ght npdyl at ed noi se
si gnal 51788%/%08;%?%%2‘ ﬁ%h oViaLugqo &%?%W?’iﬁ%%%%@@@ f%@ﬂ)‘}voéﬁ?a SpEhut put

hi ghband exighilathiaaforsiogedlspdac signéls a sum of the weighted signals. In
this exanple, conmbiner 492 includes a weighting factor cal culator 550
that is confi d to calcul ate harmpni c_wei ghting factor S$S180 and noi se
wei ght i ng ﬂidgg?@i" ?L]Q‘Blplk[l’(‘.f'@@ai@ﬂ% R fastpr Faleylator 62 egraigredB0 may be
confi gur ed chivulaiivaldestod hiel it wélghrig6dior 9186 WdoARMlseHAGuARCALE! 90! 0 2
desired ratio of harnonic content to noise content in highband excitation
si gnal S 12¢rordipg togaaneasie, of periegigityef highbprdtignal $30. Inowbiswdrexagple, t o
produce high j ' POl V40 N ' [ nmoni ¢
Cnergy o Hoaas BREk LabUAR: SiEORuetstnit DAL FERL ST oI T Some
i npl enent atmagingury Value pithe rwtgcorfedation coefitient o highbalsignak S8hfar g dugehtor s S

180, S 190.:are cal.cul ated according to one ar re parapeters relating to
a peri odi cft arls] S‘hbgframgwﬁg?{a 54 °§Pg§§%°rblts P81?°W§%Vﬂaaf$éwg§%eflygi dual

si gnal , sugfhaiss pitlafolaiepitah thgehd EpaanbiniRde a dSHE bf 2o YWehpl00 G1EERSB7

PCT/ USZOOG/? 2231 32 inpl enmentation of wei%gti ng factor cal cul ator 550
may be confl! HPERNFARRIE 0§ AU 4 35piGR rangp OhlepgH risames Hit 1sifgnieme ebeuts 180
that is pr@ﬂ@?&f &I&?}Jitcﬁ%g?aﬂ@h&é5®mtﬂﬁbt%eafté?rtha%)6ﬁggit&la and/or to assign a
hi gher value 1o noi'se weighting factor 5190 for nv0|§ed speech signals
than for voiced speech signals. [000135] |In other inplenentations,

wei ght i ng {@M%}F@qumlat shows ansexagpld of apethertapprosgh muvkick woightiess f or
har moni ¢ j i r I S€. 0] [ : 190
accordi ngm?dgggtc#gglg%??%al%é%%ga I g%én% 0(1;55 Qﬁ?‘gﬁ%ﬁg‘iﬁ%@bg’%ﬁ@%g?o n one such
exanpl e, ewicghstageg. flae fict stagd, the aurment fEHE is dividedante  nbanbenof sabfseneht | ng

o o e WB TSR St G Bhich BGeAERGORA A RaSRELS ' o et ©f

separately for each subframe. As mentioned above, 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.

[000137]}In a second stage, a delayed frame is constructed by applying the
corresponding identified delay to each subframe, concatenating the resulting subframes
to construct an optimally delayed frame, and calculating harmonic weighting factor
S180 as the correlation coefficient between the original frame and the optimally delayed
frame. In a further alternative, weighting factor calculator 550 calculates harmonic
weighting factor S180 as an average of the maximum autocorrelation coefficients
obtained in the first stage for each subframe. Implementations of weighting factor
calculator 550 may also be configured to scale the correlation coefficient, and/or to
combine it with another value, to calculate the value for harmonic weighting factor
S180.



frame or subfranme, where the autocorrelation is perforned over a search
range that includes a delay of one pitch |ag and does not include a del ay

of zero s I RE 17 shows an exanpl e of such a r e of
| ength n ?grarﬁ e/smjt/%hﬁJ is centered abouf_a delay of oné Epi? [ESgEOGfOz%%and has

a wdth not greater than one pitch Iag33 [ 000136] FI GURE 17 al so shows an

exanpl e of r_approach.ip whi I ghti.n f or cul at or 550
cal cul ates [@%?r%éggtd?@p%f (?eﬁg%})ll%golr & ef%%ggg\? aﬁﬁ’é ﬁﬂ&‘ﬁ?ﬁ"& ? %(Ltﬁlca%%tq hneasEPer al
stages. | nofpdriodiity of highbaridegnal 8300l fnfcases whereh proskaee ofifefiodicityrber of
subfranes, nd t.he del ay. for which the autocorrel ation coefficient is
maxi mum i s thedeme if P@&I'Wléé‘é‘g%"étte@-l Porexampls o Heighig fagter calanlsipntiOgnaibeabove,

the aut 0COksHgatddq chisulR@ af ReaRe of pusRKichy S B‘ar{d%&gﬁlf $3Pkochiafil4des a
del ay of one pitch lag and does not include a delay o zero sgrrp es.

[ 000137] | nrefatiadsiwees eaether indigubrgiedriddicityeofithe curest frarne.edctbss mipplkyinng t he

correspondi | 14f ) conc nat i t
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cal cul at i ngedianmmniutocaathtion ogerdtontonhigibasigml S3konlpiftht Ahmen pactef f i ci ent
between the .origipal frame and the optinmally delayed franme. In a further
al ternati vgjam\ﬁ%g‘g iefeptrace 08]%15%’%]2 gpaxg@%baegir%si}fugpggs f 43 lHp ff pore

vei ghting #aa0 (ahdBkiwsy, afleay O15SRIR Mbthb afple, %@ﬁh%fh@ﬁ)& Qb @htoPS50
coefficients ogbtained in the first stage for each subfrane.

| npl enent ais OREEWed (Reregiorm 9p aplgeqreiation gperation o highfmndsignall S$8 asly feonf i gur ed

to scale t ' G ' |  { not her
val e, to eareur AR R E Rl oF bRl mBRC, chil fof AR el e N
2006/ 10783 7asPCWelighring Gtk 228 0latod 350 309 b8&infigtreddy hwi giesdefailtl veeiflving

wei ghting tactor calculator .550 to calcul ate a,nmeasure . of riodicity of
n ghband s Fg s heihg e Sab et aBuERSST VeiuiogBREH 0 Y e
frame is otherw se indicated. For exanple, weighting factor cal cul ator 550
nmay be  coff00g38]Ehbodintatcintladecfustherdmplemeniafiopafivetihting Yacadr chicglatoand

oo ot R S Pehoo P Bt D0btGre o A ik oo o
val ue. In eng ofxedialtfon tWpb@dlidifyd FoRretaiple; lchlh #pleneR@tibSmapné i gured to
perform an autocorrel ati on operation _on hi ghband signal S30 only if the

frane' s pi CQHIgUEpH;tA agsegnya highasyalyg ipnqiseeaino@elandlo0far speegh fgnalstwvingwband
resi dual ) b3 9 &h sithAthRim 4 ShdieliRatdey el atudpeast 0.5). In
anot her exa fg,c We%&gﬁt lfoﬁgpé%eac?lgr Cazp%% at orﬁggg ! rkothe o

implementation of weighting factor calculator 550 is configured to determine a measure

of harmonicity of wideband speech signal S10, or of highband signal S30, according to

a measure of the energy of the signal at multiples of the fundamental frequency relative

to the energy of the signal at other frequency components.

[000140] Some implementations of wideband speech encoder A100 are configured to
output an indication of periodicity or harmonicity (e.g. a one-bit flag indicating whether
the frame is harmonic or nonharmonic) based on the pitch gain and/or another measure
of periodicity or harmonicity as described herein. In one example, a corresponding
wideband speech decoder B100 uses this indication to configure an operation such as
weighting factor calculation. In another example, such an indication is used at the

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

[000141]It may be desirable for highband excitation generator A302 to generate
highband excitation signal S120 such that the energy of the excitation signal is
substantially unaffected by the particular values of weighting factors S180 and S190. In



is configured to performan autocorrelation operation on hi ghband si gnal
S30 only for frarres havi ng particul ar states of speech node (e.g., only

for voi cedy In such cases, weighting factor t 550 may
be confi gur e&g[{%o aSSI gn a default weighting factor fofp%f %%%31 ng
ot her states of speech node and/ or | es¥er vaI ues of pitch gain. [000139]
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580 s hat " ih 6T Veighite Pelos erlbys JreRgeTes YRR £ o

characteri ﬁatdngﬁlc%lilgﬁmgtfm szrso Ioflfoaeleisé weighﬁ@g fABlot 9@90:1?} Yo reb&@Ve RRAD! €,
such an i npl ement ation nmay conflfgared to assi her value to

noi se gai nvaeglem soramg OIT@BO@%%‘&?F?H&P ghband ercoder ngOOD amb@ dsrivenvalag t han
for speechgs rgqﬁgéﬁzéﬁtﬂglf&t&%%lgggoc&é &SSI&pﬁ}CP% such inplenmentation
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wei ghting factor cal cul ator 550 ey be confi gured to calculate a value for
har moni ¢ w@rpglmbplﬁd) ¥ tecabont &7.80ther infrdemensatioas %anhﬁmgjaﬁam%wlmww or to
recei ve su r f encoder
7200 and (A e poigted o Bt A B o FRRLIAREr SpRIRE (Al ii0aRG PTCOTS
an expr esshaordincto sadesidvasetirecveighting b¥ihaesitarindnically ext@)dedkigna Sdédot es

S 7190, Al { SRURPHIRRIOHETGRI SR act or cal cul ator 550 may be oo o
[000142] Artifacts may occur in a synthesized speech signal when a sparse codebook
(one whose entries are mostly zero values) has been used to calculate the quantized
representation of the residual. Codebook sparseness occurs especially when the
narrowband signal is encoded at a low bit rate. Artifacts caused by codebook sparseness
are typically quasi-periodic in time and occur mostly above 3 kHz. Because the human

ear has better time resolution at higher frequencies, these artifacts may be more

noticeable in the highband.

[000143] Embodiments include implementations of highband excitation generator A300
that are configured to perform anti-sparseness filtering. FIGURE 18 shows a block
diagram of an implementation A312 of highband excitation generator A302 that
includes an anti-sparseness filter 600 arranged to filter the dequantized narrowband
excitation signal produced by inverse quantizer 450. FIGURE 19 shows a block
diagram of an implementation A314 of highband excitation generator A302 that

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



configured to select, according to a value of a periodicity neasure for
the current frame or subframe, a corresponding one anbng a plurality of

pairs of Weboljidhpgiefactors S 180, S 190, uhere the paf&/@ﬁqﬁ@é@?‘on (2).

precal cul ated to satisfy a constant-energy rati o such

For an inplementation of weighting fadior cal cul ator 550 in which

expression (2) is observed, typical_ val ues for %% nj.c wei hting factor
A
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H(z)=

One effect of such a filter may be to spread out the energy of the input signal so that it is

no longer concentrated in only a few samples.

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

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



expressly disclosed. Anti-sparseness filter 600 may al so be arranged
W thin spectrum extender A400: for exanple, after any of the el enents

510, 520, w89n0sAl43P40 in spectrum extender A402. It i@ﬁ%@@ﬁﬂﬁl not ed

that anti-sparseness filter 600 nay al so be used with inp I ons of
spectrum ext ender A400 that perform sffectral folding, spectral

transl ation, or harnoni c extensi.on, [000144l ti -hsagar eness filter 600
may be coHPfi§Eiaseia raptRSIUVRINdifaing aspeqiral ‘?‘%B’Hf’t 3Pt exanpl e, it

may be de%b\bﬁ@'“ﬁthfiﬁére@sli@hfr&mﬁe?@ N8Pl itdplefienfBOng 6F Ja-pawéicgmied and
arranged such that the phase of hi ghbang excitation signal S 120 is

r andomi ze@00 are configvesd o Sdterprvoiced spings (1-% ¢ asiipdiated bithevalue gbthe t nay al so
be desira t.he.  af i - r il be
spectrall gf’eﬁrélﬁ {lt)Stg?%{e’tei@?&fsﬁgn%a%}%?%eoé&g ec{1 ?Eerﬁnms)lfa tﬁl?ﬁheoﬁ)??l%ée)r ed signal

i s not apgaleaiadidly, hgrgedthah thedhesteidvablie, andratliersisatcpaseths stgnblt er 600 is
I npl emented_ as an all-pass filter having a transfer function according to
the foll omlﬁa“tag'if&P%si on: H(z) 0.7+z2°4 a 0.6+z-6 (3). 1-0.7z-4 1+0.6z-6
One effect of such a filter may be to spread out the energy of the input
si gnal so [#0wadelFurthe impRuleangeis sfant-epdrseatadilien6@hinylude fvemosanp! es.

[ 000145] Artifacts caused, by co 00k sparseness are. usual | re

not i ceabl &iltprsthat aF nflg?fR%t%hagﬁg}%gfe ’@%&1315%&"_ &F‘W‘h@%&g‘ggw ess pitch
| nf or mat | Wro ?{ﬂﬂde;lre%@. iR GuchRAGS Bt BparA&H Gilet60D 118y SeconBRakE ekt
typically Causes fewer artifacts in cases where the _excitation has

| ong- t er magtonggiess eompenentifiigescagcgRing &0 ariseine plcthe Pi&h m(%gé%q%ﬁéqdnes s in
voi cedsi qual S, TSl be P8 ), ARRIARfeak oAl R AR SRAESS

filter 60 er unvoi signals™and to pass at |east sone Vvoiced
si gnal s wii$ twed fordtanes abving lowerpitdhi gaatvaliagn Ang mpteseptasionof anti-zed by a | ow

pitch gain (e.g. Quantized nparr daptive, & ' a
Spectral Ephtertis 1 QUAREY 2R e Ay can Pt Y AP e B R B08 e 1 07637
PCT/ US2006A Q23R phadboidd @lord 6r 164saff hetfeequericy spectipas bidhwhat aifiigi cati ng a

spectral envelope that is flat or tilted upward w.th.increasin
f r equency .comjgrredsio medifyahephase PR & "GfierafWﬂP@g% é?‘@@\rg?t&@ TRRYE Si5pa 1%%6‘1 are

confi gured,f arﬁés|ht5)€{ng?§)wéf)f:p?tt@€§§gqglq§s.(e. g., as indicated by the value of

the spectral til vol ced sounds when the pitch gain is bel ow
a threshold value (alternatively, not greater than the threshold val ue),
and ot her viDeM 47 Fop aesiraté pepridyeizan of the encoded speech signal, it may be desirable for

the ratio between the levels of the highband and narrowband portions of the synthesized
wideband speech signal S100 to be similar to that in the original wideband speech signal
$10. In addition to a spectral envelope as represented by highband coding parameters
S60a, highband encoder A200 may be configured to characterize highband signal S30
by specifying a temporal or gain envelope. As shown in FIGURE 10, highband encoder
A202 includes a highband gain factor calculator A230 that is configured and arranged to
calculate one or more gain factors according to a relation between highband signal S30
and synthesized highband signal S130, such as a difference or ratio between the
energies of the two signals over a frame or some portion thereof. In other
implementations of highband encoder A202, highband gain calculator A230 may be
likewise configured but arranged instead to calculate the gain envelope according to
such a time-varying relation between highband signal S30 and narrowband excitation

signal S80 or highband excitation signal $120.

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

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



wi thout alteration. [000146] Further inplenmentations of anti-sparseness
filter 600 include two or nore filters that are configured to have

di fferent w%hituPsehase nodification angles (e.g., up t(%/ésggogg)?gr ees). In

such case, anti-sparseness filter 600 nmaybe configured 31armng

t hese conponent filters according to ¥ value of the pitch gain (e.g., the
quanti zed adaptive codebook or LTP gain), such that a greater maxi num
phase noda felatiat betweambyighbandsignebepOrasd npyrawandigxcifatign seRa S ®ch gai n

val ues. Ap| gg«lsn%@&%e?éf%o% Ay ﬁsr}ﬁ.gﬁbaﬁ@@{c?tﬁtri’cﬁlsﬁglfaihiﬁ orGBhB@eqal so i ncl ude

di fferentM€6nponent filters that-are configured to nodify the phase over
nore or | kighbaail sichsl S18equdhgepesPybe mom effcient thananceding pgain envdee gured to

nodi fy the phase over, a w.de uency. .F . ignal is used
For 1 amGshbonngn hamemenhS il B At uatPR BB b B Saderehits

repr oduct wom Ricohf@r&TeMg & peatRedingexadt eight tammebe tite shat siEcifies fve t he
rati o between the Tevels of the highband and narrowband portions of the
synt hesi zgdn fagasefpaperhdpereh si gnal S100 to be similar to that in the
original w deband speech signal S10. In addition to a spectral envel ope

as repr esgmhf&b]gy HBLEDADEhER ShIBEIRARBABRRY Be coMiRaredhb phianrancoder A200
maybe confi guré %o characterize highband signal S30 byﬁﬁﬁﬁ%l ng a

t enpor al  Gactogailoulatinneds@gask thaf intiedes oppompeeseries®f sihtada er A202
i ncl udes hi n | gg% NikesiaoafPHideddf £d and
arranged £ owsgag?ocuﬁg'%‘tggwohnée o] ?%@ngilﬁ;%%%%%a{acqcoersgggg to a relation
bet ween hicghdspndlisgl syhfrhmS3eordingltasthatefesive zeatging gfHbahhend sighaliS38180, such
as a difference or. rati.o. be n e j i over a
Frame or SBHEESGEH ieBEREPaLY 0 4 eBapt SIELRE Brubiind Mt e D
encoder AQQRespHidIkaBHaMad of thetespdotilOsighda Forayaryse, thikk EMamd@30i i gur ed

but arranged instead to calculate the gain envel ope accor di t such a

ti me- var yinry bespefigussd tgealgalale the Wﬁ%@é&%gﬁﬁ aﬁﬁﬁ P ?‘Bﬁgsaﬁghe

exci t at | 0een S 408k, asETIIDANSIAKC] Lol 1260r o GRubSGarke s the QAAS] The
e

tenporal envel opes of narrowband excitation signal S80 and hi ggband
si gnal S3Qoatroétheirkta of thaselsaergiesd Inethis exaraplestaskel 238 salsulateg the & 13°@hvel ope

e i e
derived t honaésiREhighbadd gignaln & i tbawee the xobitaamd. on signal S 120 or synthesized
hi ghband signal 5130) will generally be nore efficient than encoding a
gain envel [86)06\150] Tt may be desirable for highband gain factor calculator A230 to be configured
to calculate the subframe energies according to a windowing function. FIGURE 22
shows a flowchart of such an implementation T210 of gain factor calculation task T200.
Task T215a applies a windowing function to highband signal S30, and task T215b
applies the same windowing function to synthesized highband signal S130.
Implementations 222a and 222b of tasks 220a and 220b calculate the;energies of the
respective windows, and task T230 calculates a gain factor for the subframe as the

square root of the ratio of the energies.

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

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



based only on highband signal S30. In a typical inplenentation, highband
encoder A202 is configured to output a quantized index of eight to twelve
bits that j £ five gain factors for each frane. 49] H_ghband
gai n fact 0‘?82@16;3{’]%%{ or A230 may be configured to perfor‘%ﬁc}g@%ﬁmkﬂé or
calculation as a task that includes o3& or nore series of subtasks. FIGURE
21 shows a flowchart of an exanple T200 of such a task that calculates a
gai n val umilligscond frame.r @thsoineilergesatishng afihighband gaindectersaloglatore) ZB0imay

energi es of hi.ghband_ si | 4 S2 . . ' ' [ S 130.
Tasks 220§e %06181%515360 %lgﬁﬂjﬁogﬁﬁn@%&lﬂo@?gimé]gge%hét%ﬂtewegg? esr??')ra\l (?y% subf ranmes
of the rediffRednt wenddivghapes (e.Eorecexguipd, Blamirsg shad 2@y besgmBRairal oraybe
configured to calculate the . as.a sum of .the squar of the sanpl es
of the r é%}'ﬁg’&?tmai' g%ﬁ?%?@?‘%{gfégéﬁ*%‘%@w%‘ﬁp 8 h@ anga%aﬂle"?%&?{ or for the
subframe ag.iifer AAERDe coRBEuréd toldpply diférentafinddWaIS £ ARIBE6GIt6 Bifferent t hi S

exanpl e, task T230 cal cul ates the gai n factor _as the s&uare root of the

ratio of swhraseewiihing frame;pskierdoss Game todnpludgsubfiames,ef differsnt lengihs hesi zed
hi ghband signal S 130 over the subfrane. [000150] 1t may be desirable for
hi ghband  ggjoRsiiafini: falEtniRfofRals Vauhare paldntidrg dxahlesk cul at e the
subfranme energies according'to a w n%ovm_ng function. FIGQJRE 22 shows a

f 1 owchar t paticslacimplemantasioasref 28timssa frameds assuraed for thesq esese althogRRETon t ask
T200. Task T215a applie | 1 I 1 i | 530, and
‘task T2 15851%%%?1%1%%18&%:: 'zsaegre%\nﬁg@%\n&%%gf#ﬂ%%w glﬁh t9 toﬂélg%?’ ﬁes.@%ﬂﬂﬁ ghband

si gnal 51380 sanhphy. dfmpch atfiaaress aRAkRdantd fide 2ibfammes aféaabeagthagadh 220b

calculate the energies of the r ectjve ndo sk...T23
cal cul at e SURfraRs Wn?'%? %gsq"?ﬁest ﬁ‘éfilgﬂ??d@f%as\gbo‘f’%ﬁlg’ﬁag% %?ar‘gl ]tbeo@ the ratio
of the engrghrswide0POLSAlhbandRiEnEEsadpiidraeb bz cackafrping has 160ndmplesgIff unct i on

that overlaps adjacent subfranmes. For exanple, a vm%tgdovx,i n, fungéi on t hat
produces guéhirarais diddagkintofiveaybiraaesoh sayabiengty. eash SWEFAMEY WY a5 hi on may

help to r %9151@% Jhd al\é%ﬂ?&}b ?§§1’3Wn'}HFiG’UﬁEt2‘3§€Jﬂl bSMPIahRIRSvidé.NnWikerexanpl e,
hi ghband gal Pactor cal cul ator A230 1s confi gured to apply a trapezoi dal
wi ndowi ng ifnpleatehationss subiamas dhany|vadREnDE, usth anfhitdheven@ossielwanover | aps

each of the two adjacent,.subfr.angs i1 23b shows
an appl i cé?“?i?ﬁ‘eyfag{’%? lg&‘br?a‘gﬁflﬂﬁafz }‘}%?é{ ?\gﬁo {Hodeedggﬁ‘&%?‘g’tokﬁgbﬁégg subfranes of
a 20 WO 2Qf§rdQ pat fadteiTiob)SRAQemPIk 223 framB8 mi'l | i second frame. O her

i npl ement ati ons of hi ghband gain factor cal cul ator A230 may

- [000153] FIGURE 24 shows a block diagram of an implementation B202 of highband
decoder B200. Highband decoder B202 includes a highband excitation generator B300
that is configured to produce highband excitation signal S120 based on narrowband
excitation signal S80. Depending on the particular system design choices, highband
excitation generator B300 may be implemented according to any of the implementations
of highband excitation generator A300 as described herein. Typically it is desirable to
implement highband excitation generator B300 to have the same response as the
highband excitation generator of the highband encoder of the particular coding system.
Because narrowband decoder B110 will typically perform dequantization of encoded
narrowband excitation signal S50, however, in most cases highband excitation generator
B300 may be implemented to receive narrowband excitation signal S80 from
narrowband decoder B110 and need not include an inverse quantizer configured to
dequantize encoded narrowband excitation signal S50. Tt is also possible for

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



be configured to apply w ndow ng functions having different overlap
peri ods i fferent wi ndow shapes (e.g., rectangul ar )
may be s@%@%}}o@ asynmetrical. It is al SO possi bl%‘:?/gﬁzo%‘m”q
i npl ement ati on of h| ghband gain factong cal cul ator A230 to be confi gured
to apply different wi ndowi ng functions to different subframes within a
frame anﬂltaf60‘0cm~raagéd anﬁltérahé d@quaﬂ@zeslubfrbanhsmsd edcitdiidd eipraitbefaagtibhs.

[ 000152] . Wthout t| 0 f ol ov\'tipg v3§l ues are presented as
exanpl esifPyf Oﬂo%ﬂrfq rsy‘?‘ 1% F e 8hEer8P0- msec frame is assumed for
t hese cases, although any other duration nmay be used. For a hi ghband

signal s !15'4?& IRberde cﬁﬂ%ﬁzé’}%b i &%'{Jf%ufé%ﬁto d@ﬁﬁnﬁ%’ﬁf g8Band fﬂt%;{ﬁl%xﬁ gane is

di vi ded |nto five subframes of e | engt each ™ subfra have 28
sanpl es, Sé0el(in this eiamidey tas sshaflrSHs), dad GIRBoAFxfiker doekiicidR tragsfiophe30wi de.

For a highbapnd s 8 kHz h fr 160 s les. If
Such 1 1 alrg R CEHE Y e D T Lo edisrt ke TR cafentang: REBo RS subt r ame
W |1 havges3bedatNt Sdth RFeriddto w&%@vquaﬁnz%hgmaﬁdltrfﬂsﬁfﬁﬁz%@f will be 48
sanples wide. In other inplenentations, frames of any width may be

used, annlaquwfva@d@uecvdepé‘slgﬂbl I gther lmlemmﬂt@mrasaamn@nncﬂ abrivghdiflfiekngai n

cal cuI at or be conf.i 0 uce di.fferen ai r for
each sanf{e! l%an %r(ﬁﬁe Ce?%’@gi%%f Eé}?@dg% cgﬁﬁwéenérerﬂr%sgﬁagﬁgb&agma]g% an

i mpl emengnay 'b@ sl i ghbardl ke filde qpraris urdd @hhedutedayathesizdd? 02

i ncl udes a ghband excitation generator B30 that is configured to

produce hig k e¢aoading o Bighband esciistpnsignaliS 620 s thewfamidilteexci t at i on
si gnal 5§&ff1§§ﬁ§nﬁbﬁg Edﬂﬁewﬂﬁhtdﬁech’ Rbande %igaccor cfgﬁ Qgt'hgsds f%th' ghband

excitation genera EITEI’I'[ e ?I‘ t he

i npl emenfead.] 4316 thwéxammbmﬁo&et%mmddsml@ﬂmbbﬁé)pﬁnﬁi%c&fslrﬁiﬁécd i bed
herein. Typically it is desirable to inplenent highband excitation

gener at ofiBspentiheibapd syptbesinfilier B2pbtaskavadhe same KEPONSE I € VEISEEE| on
gener at O{rarﬁffer\tggﬁctg)hggpﬁ‘lg ﬁ@%%%gﬁte?f the particular coding system

Because narro eco wll typically perform dequantization of
encoded narrowband excitation signal 550, however, in nost cases hi ghband
excit at i 00455 élightand dB34ier BE)2 blo imphhdenan hmcérstealula&tmmr\iéo neutfi gdabod

excitation signal S80 fro ar and decoder B 110 need not include
an i nver 9 wg%ﬁ%l% nd gA ﬁp@éqoogo ’&gﬁ%ﬂPP&%OIQFFé%’é39&éergo%and

excitati %}p%;ﬁi@%g B 110
to be i n%lmt%%?glld ﬂi@ |er¥%:{;0ﬂ(§§ugér§§@ rﬁlga?%ﬁ%e ofafpgﬁ/ttlhggf) rsenes g)g%té)/ 107837
PCT/ US20thé spritR@s7ed 18ghband signal to produce highband signal S100. For a case in which

the gain envelope of a frame is specified by more than one gain factor, gain control

t hat

element 590 may include logic configured to apply the gain factors to the respective
subframes, possibly according to a windowing function that may be the same or a
different windowing function as applied by a gain calculator (e.g., highband gain
calculator A230) of the corresponding highband encoder. In other implementations of
highband decoder B202, gain control element 590 is similarly configured but is
arranged instead to apply the dequantized gain factors to narrowband excitation signal

S80 or to highband excitation signal S120.

[000156] As mentioned above, it may be desirable to obtain the same state in the
highband encoder and highband decoder (e.g., by using dequantized values during
encoding). Thus it may be desirable in a coding system according to such an
implementation to ensure the same state for corresponding noise generators in highband
excitation generators A300 and B300. For example, highband excitation generators

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



filter 600 arranged to filter the dequantized narrowband excitation signal
before it is input to a narrowband synthesis filter such as filter 330.

[000154] \py&keeh ntizer 560 is configured to dequan d filter
par anet ers ZGUEaO-??ﬂ this exanple, to a set of LSFs), tﬂcéﬁisg@%ﬁé filter
coefficient transform570 is conflgur‘é(bl to transformthe LSFs into a set

of filter caoefficients (for exa descri bed above with reference to
i nver se quiNES FBFTABAES & AGeHBIRLG n’glflfﬂofﬁ infprmatiop Pﬁmﬁﬂd%‘ﬁﬁ}ﬂért begpme) | n

ot her i npl gamBted.| @Rfowtasid NBEH pabihRfera DAY 65 a FHrfibLheRbs atinifchéddegnt sets
(e.g., cepstral coeffici ents) and/or coefficient representations (e.g.,
| SPs)  mayn@EWhsad exqifatpm sigepl SYP oheRerHoy thereef) B204 is configured to

produce a synthesized highband signal according to highband excitation

signal 512 0p0sh)10RE of Bloreddt thd J;Jaﬁﬁzer&&ﬁﬁé élExh@rRE aescﬁgéd may%ég"aédaﬂtdéi" ch the

hi ghband encoder includes a synthesis lter (e.g., as In exanpl e of
encoder A2®¥)&@é@rﬁb@bn&bbv@mﬁgﬂ$dﬁhwﬂbgn@b@ﬁﬁqu@Ktqumﬂnpm@nﬂﬁt hi ghband
synt hesi s {j 04 transfer
function) as §%§(%' ‘LQQQQ ﬁ%§9aﬁﬁgﬁg§§§§§?§ﬁ%an%“&%%%% (%536 2 al so

i ncl udes annuﬁmamsenqmahmumgmhaﬁﬁnmmhﬂwgmhamesmneﬂmgm&nhbnanhMghband gain

factors S6 n,contro ng 590 (e.qg., mulfiplier or
anplifier)® Oll"t?ﬂ?q fy?”ég‘ hﬁﬁlggﬂ?‘gﬁb f?‘ﬁbﬁlt‘??‘f‘éﬂ@e g@ﬁfﬁ'ﬁ?‘lﬂoﬁ‘{?s S’ﬁqusqdact ors
to the syg$ éfﬁ@@nd"}l RaGesse @P addifichaPéodebisok siirggeband signal S 100. For
a case in whic t he gain envel ope of a franme is specified by nore than
one gain fac in control nt 590 i_nclude logic configured to
apply the E@b%&]ég%bspgsw%amﬁwg JPEEREse; e%ugh%gsaﬁ@)gsar?ﬂn?d%@érdl ng to

a W ndow ngmbutef p@ibdid\@fuctiBe mBe rdniién i%@li@areﬁlﬁuﬁ 31%511‘:2&@1: Rlovi JTdW Ng
function as applied by a gain cal cul ator gain cal cul ator

A230) of t hearsecpecisberieiang fronyrasmidaechipe SlgnlahSZQ exmle,rthmxeaﬂudns of
hi ghband d figured
but e ar CEAL g ot AR O R} G bGTRR o) of SutsThe iy, SRR

nar r owband stepoture aﬁzh1dn1s$y1gcedly rel%d topitchois lespphiatp tikely to ot mmosuegnal 5120.
[000156]As menti.on be. desirahl e obtai n the sane state
in the '%h (gag?u\igjr?& #F&H%ﬁ @B?B?i‘ga&%lo(]é’tfg‘e naﬁﬁwﬁqur}ﬁﬂg uanti zed
val ues dur kigflal n@yGAElLdOIncodifE 5f this piBlY staenBe sédoftdhEtol atnédet BlioNg St em

according to such an inplenentation to ensure the same state for
cor r espond PPPABIYAE IeErrERtae BY <o FRamPlen BRaRT MR €P4RPIGN generat ors A300 and
B300. For exanple, highband excitation generators A300 and B300 of such

an i mpl emefjedl 5N ThePicEneRRS b BRlaSEGMuad Bighal e rdt Alah Me peiBdicity

model exactly. For example, the residual signal may include small jitters in the

a3

regularity of the locations of the pitch pulses, such that the distances between successive
pitch pulses in a frame are not exactly equal and the structure is not quite regular. These

irregularities tend to reduce coding efficiency.

[000160] Some implementations of narrowband encoder A120 are configured to
perform a regularization of the pitch structure by applying an adaptive time warping to
the residual before or during quantization, or by otherwise including an adaptive time
warping in the encoded excitation signal. For example, such an encoder may be
configured to select or otherwise calculate a degree of warping in time (e.g., according
to one or more perceptual weighting and/or error minimization criteria) such that the
resulting excitation signal optimally fits the model of long-term periodicity.
Regularization of pitch structure is performed by a subset of CELP encoders called
Relaxation Code Excited Linear Prediction (RCELP) encoders.



WO 2006/ 107537 PCT/ US2006/ 012231 40 noi se generator is a determnistic
function of information already coded within the sane franme (e.qg.,

nar r owbandy§hhdsGh7spAr anet ers S40 or a portion thereof q;?fl/ caded
narr owband excit at ?gn signal S50 or a portion thereof). Gﬁg%ﬁgfﬁ%ﬂe or
nmore of the quantizers of the el enents4Hescribed herein (e.g., quantizer

230, 420, ) "confi.gured to perfqrmclassjfied vector

quanti zat i @0111%3 HWF ,Oggrd RPiEafy & 132@?1 o RgFgm '@eﬁme(ﬂﬁl@ag fdase| ect
one of a sedapile 606 SROOKHiDAEE chift HhyIbB A e BB rirping ficth 218 nallis&Rdys been
coded within the same frame in the narrowband channel and/or in the

hi ghband cRegeH¥s to afigRrnilisesends patitive, pi i i ysyallyr wied smopthbrteaseld  codi ng
ef ficiency  ai i : . 8] As

di scussed 3 ol\jllté: Ia\f/\svict Hl?g%g'r ie}i;l%)gl%ﬁ E{Pieg‘ggﬂa?g‘l%?%%a%é e@ééﬁgﬁﬂ%}m@&%@%@i derabl e
anount of peply ddiregidariaationiine precewiserfashion, whethia eaclsframelor sibfame iaf t er

renoval of _the..coarse spectral .envel.ogpe from narrowband speech signal
520. For eXAmSsfey atcﬁgeﬁpggﬁ%%gl’wd gﬁr@?}gﬁ ?&Q}E‘%fdmp ngﬂé’gﬁﬁlé‘%@ﬁo % oughl y
peri odi ¢ pubRaredio appli B @Y EhridatitRas Setmbinudis faghibig fincthbt, §hchi thattay pi cal |y
related to _pitch, i ecially likely to occur in voiced, speech signals.

1. S es .
Cal cul at i off2B O&SHPEERe; 1§ Barned areosding @tya Bih gentewdalsa Frlisdisaigh fraisriama

si gnal maypy M&Qﬁ‘es&_@%ﬁ?% B&cAbed iRTRS Mat. Apph PLHE DO6 LR 95)MihE EndoRedis TOdel
of long-term periodiCity as represented b(?/é for exanple,” one or nore
eagx

codebooks. cPEpIEdD inphudes tirahwamingdn theened citetiom pignad Dy dpplyingiteghal  may
not match Ladi.Cl omde . i dual signal
may i ncl udéﬂgrir:g?ﬁ)&]%?étﬁéelbiw? (ﬁlenpﬁre%u|%‘Pﬁlgggegﬁé?ﬂgﬁlﬁ%é% i&gé%e%of the pitch
pul ses, suekcitahier sigied. di st ances bet ween successive pitch pulses in a
frame are not exactly equal and the structure is not quite regular. These
irregul ari t4 d to.reduce codin filclency, 00.160] .So

i npl enent a&dldg’;gi]o © ﬁrécrord B\ ag{:r?g?tqesnag gaerdgiﬁ%tag?neﬁg%%ﬁ}agﬁrr%%ﬂ%ggBlédr forma
regul ar i zaghamized, ahdthefdet@lar déquantizas te bycodpd Exditagoragigmd apdbitMe ah i me war pi ng
to the residual before or during quantization, or by otherw se including
an adapti vE*¢iaggn Slﬁ%@? thah s qsﬁéjfwg@ﬁ%@&éﬁé"é:ﬁé?‘f%?%‘éﬁagn ¢ ‘Y‘\’AF?fﬁdexarrpl e,
such an en@,g@g{ sigfRY tHA€ exIGBIR the Sr@dvarAn S 8418F haOkasah1BHM i Shellbdtaat € a
degree of warping in tine (e.g., according to one or nore perceptual

wei ghti ng &kefatien sigpad by thaviegtladzation Typicablyi 2o infpehatiehspecifyies theesul ti ng
excitation_sj . opt i l. I f long-termperiodicity.

Regul ari Zatr?%xﬁa?i%%ﬁo&a%%ﬂlss#g% S&@%éﬁgtﬁég&r%?%dreﬁed by a subset of CELP

encoders call ed
[000163]Regularization tends to make the residual signal easier to encode, which

y—

improves the coding gain from the long-term predictor and thus boosts overall coding
efficiency, generally without generating artifacts. It may be desirable to perform
regularization only on frames that are voiced. For example, narrowband encoder A124
may be configured to shift only those frames or subframes having a long-term structure,
such as voiced signals. It may even be desirable to perform regularization only on
subframes that include pitch pulse energy. Various implementations of RCELP coding
are described in U.S. Pats. Nos. 5,704,003 (Kleijn et al.) and 6,879,955 (Rao) and in
U.S. Pat. Appl. Publ. 2004/0098255 (Kovesi et al.). Existing implementations of
RCELP coders include the Enhanced Variable Rate Codec (EVRC), as described in
Telecommunications Industry Association (TIA) IS-127, and the Third Generation
Partnership Project 2 (3GPP2) Selectable Mode Vocoder (SMV).

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

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



Rel axati on Code Excited Linear Prediction (RCELP) encoders. WO 2006/ 107837
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transmi t t e@UigiH2k Hehhgae speseh SlF’@?éOéS@FeSREgth‘F izpbhighand signal medke t he
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regul arization only on frames that are voiced. For exanple, narrowband
encoder Al% yf‘hp?m&(ﬁg]fnfngl’rl Etheq% ocat?s@l %ef{ﬁgigr?&?s 1ﬁ%ﬁ%n%lo ubf rames
havi ng a | ong- ter m structure suc Vol ce ven be
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pul se energ Varl us i npl enent ati ons P.c edescribed in
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Pat . Appl . tiRbin er?80fé 0098 BEbbideaNasil accbrdalg. tp a i it Bebedn T8 RAL at i ons of
RCELP coders i1 nclude the Enhanced Vari able Rate Codec (EVRC), as descri bed

in Tel ecorfRelARYArRSS) dneersy insading elficiencymayde rpalized 2s comppredie Thir d

Gener at i 0N encoding the gain envelope directly. When the encoded narrowband excitation signal is

regularized, however, this correlation may be weakened. The misalignment in time
between narrowband excitation signal S80 and highband signal S30 may cause
fluctuations to appear in highband gain factors S60b, and coding efficiency may drop.

[000167]Embodiments include methods of wideband speech encoding that perform
time warping of a highband speech signal according to a time warping included in a
corresponding encoded narrowband excitation signal. Potential advantages of such
methods include improving the quality of a2 decoded wideband speech signal and/or

improving the efficiency of coding a highband gain envelope.

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

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



Partnership Project 2 (3GPP2) Sel ectabl e Mode Vocoder (SWV). [000164]
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wi deband  advance or retard portions of highband speech signal S30, according to delay amounts
indicated by an input signal, to produce time-warped highband speech signal S30a. In
the example shown in FIGURE 25, delay line D120 is configured to time warp
highband speech signal S30 according to the warping indicated by regularization data
signal SD10. In such manner, the same amount of time warping that was included in
encoded narrowband excitation signal S50 is also applied to the corresponding portion
of highband speech signal S30 before analysis. Although this example shows delay line
D120 as a separate element from highband encoder A200, in other implementations

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

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

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



speech encoder A100. Encoder AD 10 includes an inplenentation Al24 of
narrowband encoder Al120 that is configured to performregularization

during cakgyhdi f the encoded narrowband excitati [ 0. For
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regul ari zatg i . S f tinme
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Further inplenentations of highband encoder A200 may be configured to
configured to support equal advance and retard limits or, alternatively, one limit larger
than the other such that a greater shift may be performed in one direction than in the
other. FIGURE 26a shows a particular example that supports a larger positive than
negative time shift. Delay line D122 may be configured to output one or more samples

at a time (depending on an output bus width, for example).

[000174] A regularization time shift having a magnitude of more than a few
milliseconds may cause audible artifacts in the decoded signal. Typically the magnitude
of a regularization time shift as performed by a narrowband encoder A124 will not
exceed a few milliseconds, such that the time shifts indicated by regularization data
signal SD10 will be limited. However, it may be desired in such cases for delay line
D122 to be configured to impose a maximum limit on time shifts in the positive and/or
negative direction (for example, to observe a tighter limit than that imposed by the

narrowband encoder).

[000175]FIGURE 26b shows a schematic diagram of an implementation D124 of delay
line D122 that includes a shift window SW. In this example, the position of offset
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same length. Alternatively, delay buffer DB may be shorter than retard buffer RB to

account for a time interval required to transfer samples from frame buffer FB1 to shift
register SR3, which may include other processing operations such as warping of the

samples before storage to shift register SR3.

[000178]In the example of FIGURE 27, frame buffer FB1 is configured to have a
length equal to that of one frame of highband signal S30. In another example, frame
buffer FB1 is configured to have a length equal to that of one subframe of highband
signal $30. In such case, delay line D130 may be configured to include logic to apply
the same (e.g., an average) delay to all subframes of a frame to be shifted. Delay line
D130 may also include logic to average values from frame buffer FB1 with values to be
overwritten in retard buffer RB or advance buffer AB. In a further example, shift
register SR3 may be configured to receive values of highband signal S30 only via frame
buffer FB1, and in such case delay line D130 may include logic to interpolate across
gaps between successive frames or subframes written to shift register SR3. In other

implementations, delay line D130 may be configured to perform a warping operation on
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an average over a shorter period (such as two subframes, or half of a frame) or a longer

period (such as two frames) may be calculated and applied. In a case where the average
is a non-integer value of samples, delay value mapper D110 may be configured to round

the value to an integer number of samples before outputting it to delay line D120.

[000181]Narrowband encoder A124 may be configured to include a regularization time
shift of a non-integer number of samples in the encoded narrowband excitation signal.
In such a case, it may be desirable for delay value mapper D110 to be configured to
round the narrowband time shift to an integer number of samples and for delay line

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

[000182]In some implementations of wideband speech encoder AD10, the sampling
rates of narrowband speech signal S20 and highband speech signal S30 may differ. In
such cases, delay value mapper D110 may be configured to adjust time shift amounts
indicated in regularization data signal SD10 to account for a difference between the

sampling rates of narrowband speech signal S20 (or narrowband excitation signal S80)
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and t o shi édnfigured oy pezfomanit regulhrization eécordightoanfinstjpasoth as gpitth c&@0ur
according to this average. In qgne .su exa del.a al ue mapper D 10
is confi gu?ré@JTC@IX'aﬁ’d?glgfaéeéﬁg‘aelgaﬁﬁ%8%? Slgﬁag%bgaﬁ?arydﬁéu%ee? ay val ues for
each framegorRgbndfipaésdripién BB filrsti6) RhdhHd et dfpatifdhets, tahe delepligd| at ed
average to_a corresponding frame of hi ghband signal S30. In _other

exanmpl es, DA?0 mgringlyde lngig copfighse Qv amdramsg of g of highbend spesilbs, or

half of a §ig€]eg§bo co éﬁg)ﬂlagﬁ‘é funPE. \(}ﬁoﬂhﬁ 188etkMnt, RS SIuBR¥pPE

cal cul at ed applie n a case ere the average 15 a non-Tnteger
val ue of sBipd Bspnfipiredtowstrage, seahdp end/Diroondtey firstion béforpit sdppliedtound t he

D20, [oopeniyreRaerBigans by SRV DA% b RN el bR D 2

regul ari zapi @M miay BEconfigured to calculate one or more delay values according to the

-

function, each delay value indicating a number of samples, which are then applied by
delay line D120 to time warp one or more corresponding frames or subframes of

highband speech signal S30.

[000184]FIGURE 29 shows a flowchart for a method MD100 of time warping a
highband speech signal according to a time warping included in a corresponding
encoded narrowband excitation signal. Task TD100 processes a wideband speech
signal to obtain a narrowband speech signal and a highband speech signal. For
example, task TD100 may be configured to filter the wideband speech signal using a
filter bank having lowpass and highpass filters, such as an implementation of filter bank
A110. Task TD200 encodes the narrowband speech signal into at least a encoded
narrowband excitation signal and a plurality of narrowband filter parameters. The
encoded narrowband excitation signal and/or filter parameters may be quantized, and

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



shift of a non-integer nunber of sanples in the. encoded narrowband
excitation signal. In such a case, it may be desirable for delay val ue
mapper D onfigured to round the narrowband to an

i nteger nu é&rogl(l)?gs.’grrpl es and for delay line D120 to aglr{ﬁgz@%gb Bunded
time shift to highband speech signal SHD. [000182] In sone inplenentations
of wi deband speech encoder AD10Q, the sanpling. rates of narrowband speech
si gnal S20SPFRR TRPHRFEARELE d 8tk [R2Yhals0 198](9‘1‘1"?96/‘“8? yaging ipghe engededc ases,

del ay val U fRpRRA exddid@oByhabe configured to adjust tine shift anmounts
indicated in regularization data signal SDI 0 to account for a difference

bet ween t he sarr%l i n8 rates of narrowband speech signal S20 (or narrowband

exci t at i on[08p 30Q@enaas? 4 bieBbandpatiiatop eigerldaserzn 2 ngprogbanci ghband
speech sig taiﬁﬁl%%rﬁprln‘%ﬁ@meethe qﬁjr(ﬂybda\’laleyﬁtampﬁ }g’ga%gd Q%nc (&Q&If' gur ed
to scalet tinme amount's accor ngtoar o) (1

rates. In nzm:rwvhaad exaitatiar signehnpte@rdisg tcsafﬁﬂeastrthdhlgbbnnd exn%nmmﬁgaaidtaslpeech

27 kv, TRIGGFERG e Minting SarBBEns iR 8RR B ARR et i 1l y

each shi f t panmetelts. Byr eiathpld, tigk FE00 ﬁiay@smﬁffgurddlab ajcodaktesigipper D110 may
al so be configured to performsuch_a _scaling operation together with an

i nt eger - r otRSEN hitos Plyralityef quantized S 5E5-a fiskd Y08 2aples i thee st theed
herein. [ Oﬁ@ﬂ&;ﬂil ?eeEH Eilgha thdt P9Y2S4TESH ﬁfdrﬁﬁ%on [ekiaY «d 4 ffe Whafnd Sickagy i gured

to ot herw se nodi time scale of frame of other sequence of

sanpl es (elngheemdwﬁmﬂwsmwcﬁﬁ@m on and expandi ng anot her portion).
For exanpl e, narrowband encoder Al24 may be configured to performthe

regul ari zajgopiRd s EH49 nﬁé} 15 oHBgibPR Op%ﬁ‘éﬂn%% &l efn%@s SQACRYE an
trajectory. In Such case, regularrzation data glgna D may I nc ude a
cor r espondamadysise ex thepnglxbnn®$pec¢h§1mh @nd/orto oglgulatecasgain erwvelopé opthe anet er s,

and del ay e D12 i ed t fr S,.0r

subf ranmes i&ﬁgl?]and e(glgls%}rgaelec u%g%ase% accosfc})e nﬁ%&?#e%apﬁﬁ' etélﬁe In
ot her i npl gﬁﬁmﬁntemghsanmbay si@hl@dmpmelanibyslslﬂldvcﬁtmngwemeto aver age,
scal e, and/ag%}1 round the function before it is applied to highband speech

si gnal S30¢ "H@Inay | i ne D120. For exanple, delay val ue mapper D110 may
be configured to calculate one or nore delay values according to the
function, RMOISTEkiRY indEikMenthtitshk GAWideBardl pedtARhcodier AROPAS Sonfidtkditoar e t hen

applied by delay line D120 to tine warp one or nore correspondi ng franes
or subf r anieyeise a time warping of highband excitation signal S120 caused by a time warping

included in the encoded narrowband excitation signal. For example, highband
excitation generator A300 may be implemented to include an implementation of delay
line D120 that is configured to receive regularization data signal SD10 or mapped delay
values SD10a, and to apply a corresponding reverse time shift to narrowband excitation
signal $80, and/or to a subsequent signal based on it such as harmonically extended

signal S160 or highband excitation signal S120.

[000188]Further wideband speech encoder implementations may be configured to
encode narrowband speech signal S20 and highband speech signal S30 independently
from one another, such that highband speech signal S30 is encoded as a representation
of a highband spectral envelope and a highband excitation signal. Such an
implementation may be configured to perform time warping of the highband residual
signal, or to otherwise include a time warping in an encoded highband excitation signal,
according to information relating to a time warping included in the encoded narrowband

excitation signal. For example, the highband encoder may include an implementation of



hi ghband speech signal 830. [000184) FIGURE 29 shows a flowchart for a
method M D 100 of time warping a highband speech signal according to a

time warpi 260@&‘&0%97? in a correspondi ng encoded narrq,\eqﬁgg?o%ﬁ%lati on

signal. Task TD1 rocesses a w deband speech signal to obtain a
narr owband speech signal and a hi ghbanﬁ9$peech signal. For exanple, task

TD100 may Rga.¢8pdb L Ler Ig L deband speech .signal using a
filter bank ﬁgv%gg%%‘g@eg{d’%ﬁf% g%?ﬁ?l%@?%?%‘ﬁ&?% ab preicapligiecht at i on
of filter kuapply Mim¢@arpingto RORGAbamA cesitizgl di el NPERIHD adEnBReEFRuS fhal
into at le encoded narr.owband. excitation signal and a plurality of
narr owband%@%r'flt?o 2 rm(g‘g&%wgfee ‘flenfﬁa‘x’%@l%g ighhand sasidval siane mfa. bsttesi gnal
and/ or fi| metchiervedzh tiey SniieMzdin e d#Bid Za6 higBahd {pfaenaigRfed narr owband
speech signal may al so include other paranmeters such as a WD 20061107837

PCT/ USZOO%. ﬁ?@éﬁ 48 speech rm%g ar aneter. Task TD200 al so includes a
ti me war pi @ é“eé‘HBIE OVeh SFPBMBSAI addescribad hereivingde . [ 0001851 Task
TDB00_genenaiemenading banty e ldiab pofort] GRRIIAASREhOdyBoRAE T OVband

| Ion

excitation signal. In this case, e narrowband ex signal is based
on the enctfBertbHEY Wihmareeandsysemedsivaidiig a weed ordranscotingaSupgast t he

hi ghband exfinidab) [ ades_t he .hi ghband .speech si gnal
into at |east %B% urog}]%p% yof}l&ﬂﬁ%gvr?gg%ﬂ%nﬁ% gron aﬁgﬁtgjr?@ltg b& CEH P xanpl e,
t ask TD400chipsetsheevieeaf dnglor actwiodksdnaeing eviddbendiipbba pdth bagieesh signal into a

luralit i LSFs. . Task TD500 appli es time shift to the
Ei ghbandys‘g‘Iené‘g'h%g’?t%éﬁ?t ‘ﬁ%ﬁa"i“ég ‘E?E&&’ES“B%“PE%P@& S’BFPWP&@EH@H@@O@H& me
war pi ng i ned desaibed hareth@apaisobetsedal cRunaRch R1E b tadhhighe ﬁﬁ_@ﬁb%kmin 000186]

Task TD400 e configured to performa spectral analysis (such as an
LPC anal ylgﬁ%mgwdg%aw?@%m ML 9T ApPYAEE acogringio sueh am¢robddamenta gai n

envel ope ol Apoltc6ABASRRRGLoMBAGHs b, BHENeEAS SBou AR IPRIR, TBY D

configured to %%plythetlne shift tot spee Si gha
t he anal ystosbawd/ &8 e gai n envel ope cal cul ation. [000187] Ct her
i npl enent ati ons of w deband speech encoder A100 are configured to reverse

PR R e S i e e
exanpl e, hingghligibitity, esperinlly iegardgenififatmiatidB 6D ricayvebe Althplganedt ed to i ncl ude
an inple rre&ﬁ“tg}e-hgﬁio%fmadyedsﬁﬁly be derived by a human listener from the particular context,

highband support may serve as an enabling feature in speech recognition and other

machine interpretation applications, such as systems for automated voice menu

navigation and/or automatic call processing.

[000191] An apparatus according to an embodiment may be embedded into a portable
device for wireless communications such as a cellular telephone or personal digital
assistant (PDA). Alternatively, such an apparatus may be included in another
communications device such as a VoIP handset, a personal computer configured to
support VoIP communications, or a network device configured to route telephonic or
VoIP communications. For example, an apparatus according to an embodiment may be
implemented in a chip or chipset for a communications device. Depending upon the
particular application, such a device may also include such features as analog-to-digital
and/or digital-to-analog conversion of a speech signal, circuitry for performing
amplification and/or other signal processing operations on a speech signal, and/or radio-

frequency circuitry for transmission and/or reception of the coded speech signal.



line D120 that is configured to receive regularization data signal SD10 or
mapped del a val ues SD10a, and to apply a correspondi ng reverse tinme
shift towﬁa%P%Wﬁgﬂd excitation signal S80, and/or to aPSTH8¥§¢@1FR31s| gnal
based on it such as harnonically exten?ed signal S160 or hi ghband

excitatiqn sjgnal S 120. 10001881 Further w deband speech encoder
i mpl enenﬁgi)ﬂ?%iﬁﬁa?ﬁélc&tbh?ql’éﬂ?@awfl@nd disclosrd hak erabwslimgntspeastinclsilgnal  S20

and hi ghbaBR 8pesaiwih 442kne3PmoRdanandnal fatuds fUUONG ARQIHGr , such t hat

hi ghband spee Sl gha IS enco as a represen a hi ghband
spectral envel ope_and a hi ghband_excitation_signal. Su i npl enent ati on
may be cdmpvigipnebPatos @ﬁfﬁ??n@(%@’%% 5\3%3%33§%80Wi%§b§\%?\?‘1§3i dual

signal , cH006828256%w08E0PHE15862007/Q08%a4 lnatOBP/Rg 774 2a A0 d2-hi ghband
exci t at i 20061032038, 2806/02d1359, el Uk dipphication Na|1A{3% S 7 of avhi¢hitbiswar pi ng

i ncl uded dpplitdtdnatigodddneir Sovibfeatiresendideatehmvakofgngh-endtgy bessarmpl e, t he
hi ghband @baQEiedtionetat dtehligehahighbaldent atadubenangdl ViBs e drinl 6he837

1' CT/ US2006/09baRd ISuch Fedeted Indlideeiel 29 addiflive smdsihdyg ¥@doetfigi@pper D110 as
desct | beqhebaldlidlahe seniegmfnu%mdsu hGe@BRL Yndhydd fiRdWRRLAAAG L O the

hi ghband hadin %fnoi%% ggk%ciat d%ﬁp&ﬁﬁllti %fi\ﬁhad}{cﬁgﬁﬁl o re}?%@n?ﬂons%@lﬁ%' on

i ncl ude ﬁ |&:§ n aﬁncodwg oL Fhe L“? and, r esi.dual si gnal a%rad a
bet t er ShSBe ﬁuﬁes[ O% éli‘f"}gﬁa%g S VBAPTAmE 0f ARghPanaPEsEech

si gnal s. J90PEvSYIcRRALRIY COYSRRE:  enbodi nents as described herein

i nclude inplenentations that may be used to perform enbedded coding,
supporting conpatibility with narrowband systens and avoi ding a need for

t r anscodi[ea198) FHedotegoly %ﬁiﬁﬂfdmmf eRcieR B enodBnSfE KeprbGiadd {f erenti ate
on a cost basis between chips, chipsets, devices, and/or networks having
wi deband S8 PeiFehskiledinethe art somake phuseithg presend inventien.nNeiiowy nar r owband
support : r 0 Welslo] codi. as,described herein nmay al so be
used in %ng(ljjy flljcr?gtg ?%% t\i}me{ehgnégch%ﬁ%?gﬁé)%g %Eﬁsﬁppd;tg? rhgre Rrb‘fﬁg?ﬁfrﬁsﬁ"&f g, and a
system hetehnday be apyijralrtatotiser@abotithengs dsoval cxkbraﬂamgtwdﬁ eﬁaédinﬁﬁb/m%lppor t
codi ng OL frequency .conponents from for exanple, about 50 or 100 up

to about PgigplemeRigd in pa o1 ybyhols asaherdowiied eiseie as agirwigconfigutatiod suppor t

to a speegh i €ral: Lohi]it.y, ially regarding
differ enﬁbglf ?tgﬁﬁ(g)t? g??épjgg%@ie{?p e‘%ﬁ% ﬁl(g%%%ﬂegﬁig%&ly&r? ?g?%%wiaé%?r{} y usually
be deri viudeyinto homsolatilesttarage of 4 software pidr toddad foanbento a ddth ghband

support nay serve as an I%nabl |é1% feature in speech recognition and ot her
storage medium as machine-readable code, such code being instructions executable by

an array of logic elements such as a microprocessor or other digital signal processing
unit. The data storage medium may be an array of storage elements such as
semiconductor memory (which niay include without limitation dynamic or static RAM
(random-access memory), ROM (read-only memory), and/or flash RAM), or
ferroelectric, magnetoresistive, ovonic, polymeric, or phase-change memory; or a disk
medium such as a magnetic or optical disk. The term “software” should be understood
to include source code, assembly language code, machine code, binary code, firmware,
macrocode, microcode, any one or more sets or sequences of instructions executable by

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

[000194]1The various elements of implementations of highband excitation generators
A300 and B300, highband encoder A200, highband decoder B200, wideband speech
encoder A100, and wideband speech decoder B100 may be implemented as electronic
and/or optical devices residing, for example, on the same chip or among two or more

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



machi ne interpretation applications, such as systens for automated voice
menu navi gation and/or automatic call processing. [000191] An apparatus
accor di ng y@ @81 fgPodi ment nay be enbedded into a port@'@lrﬁlszdi;@/}qzﬁﬁ for
wi rel ess comruni cati ons such as a cellular tel ephone or persona igital
assi stant (PDA). Alternatively, such ah apparatus nmay be included in

anot her conmmuni cati ons devi ce such as a Vol P handset, a personal conputer
conf i gur edontemplgigdpOne ovmPD Ademenineicach shappagius naydedBplengdirdde confi gur ed

to route Rﬁllofep&?rph%to%lrone ?hﬁr&&@%ﬁs@ﬁ%@i&@%ﬂaf B (G XA M AR oARBAY at Us

according to an e nment may be 1nplenented in a chiep or chipset for a
comuni caffixeder gtegtamenabBepapsiofiggic ptementsde. g pansister.sgategppichéait i on, such a
devi ce may .al so includ ch featur as_ an -t o-di gi.tal / or

digital -t 6‘31%3108‘3953@81‘@%"3# r8?esﬁor§§€8%rﬁs’?f%é r%a%,gﬁagpgggésﬁgy@%‘ggper form ng
anpl i fi catfign pasiedRnable BEE afrhg)ahSSHsqa@iisitivg-sppefiattndusd prodactepasc h

signal, and/or radio- fre%ue,ncy circuitry_for tran%gei si on and/ or

recept i on /¥ICe (ApPlcsHER SRS EoRtegralzscuifp) 50@@?‘1@%8‘ %?%MEFWZZM 50
[000192] I t 1d nfé)ig hine! sh¥rufOncBARIALE Y., APFbcelisEtdsed Rfkxebat pertdadofmRas s my

i nclude and/or be used wth any one or nore of the other features

di scl osed dorredphaditg ®. differeotaleneninat diffarent Agss < sehpfsnstgstigeexgpriedig

60/ 673, 965 now U S. P . i 188558, ar2A074 0088541,
2006/ 02776’2%8“%@6“7‘/&5’5%%?2@?‘21%8‘%%%8‘59%%?%2%%6 1(z)‘jzt{;%%a, arH e

Appl i cat i aif eNotronld ArdiRor, dpidal e vieds pekfotrhing opexrptdnis dertdifercnt edémentvdinefit. Such
features include remval of high-ener bursts of i t hat
occur in tHderERtgimesh W&V%fr’élgqf’ﬁgggﬁ&%loéﬂe R e%&%%&ttﬁgé gstr?g(r@owband.
Such f eat W.gemh Bekdl@xbduteather seR@ipistru@ionsthat dre gt difectip edldtedioant
representations such as highband LSFs. Such feﬁtures dnclude.fixed or

adapt i ve epeeipmef the aprerales, sachias iadskdelaina{o GRAAFT OPSEAHEM Obt XS Y i ci ent
represent a%@{}ﬁn%&ﬂftﬁéapé)héﬁﬁ-is Sustudteat ures al so include fixed or
0 g of a

adaptive s hi n aln envel ope, and adaptive attenuation of a gain
envel ope. [000193] The foregoi ng %r esentation of the described enbodi nents
i s provi del@009SIBRARE3Gshpwsarfhavehatk pf 2 Bgthpd M198, ageording 1RadRe or use t he

present invention. Varij ﬂgﬁ“ ' d LRel akedl ARRdwhagd € .

possi bl e, ‘?;{]f\elﬁ)dinﬁeélt’gc’\e{r‘?éérol%(&:{§ i m%PéglttﬂB{r?ggaer#gcﬁ]ﬁ%%%ei nl%jrray be applied to
ot her enmbogliri@nirs thshigbdnd pbrione TasipK #)0 @ivubitds adeadifiltenpgrampiersithgsl enent ed
'n part Orcﬂ£ac¥é:@i% S sp%%trgl errll%lgf)e\:l\gtr tﬁg hiC Basd Iptoftiorall.S Tgskcjddbudaicufa?égfa' guration

spectrally extended signal by applying a nonlinear function to a signal derived from the

narrowband portion. Task X300 generates a synthesized highband si gnal according to
(A) the set of filter parameters and (B) a highband excitation signal based on the
spectrally extended signal. Task X400 calculates a gain envelope based on a relation
between (C) energy of the highband portion and (D) energy of a signal derived from the

narrowband portion.

[000196]FIGURE 31a shows a flowchart of a method M200 of generating a highband
excitation signal according to an embodiment. Task Y100 calculates a harmonically
extended signal by applying a nonlinear function to a narrowband excitation signal
derived from a narrowband portion of a speech signal. Task Y200 mixes the
harmonically extended signal with a modulated noise signal to generate a highband

| excitation signal. FIGURE 31b shows a flowchart of a method M210 of generating a
highband excitation signal according to another embodiment including tasks Y300 and

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



fabricated into an application-specific integrated circuit, or as a
firmvare program | oaded into non-volatile storage or a software program

| oaded fr(w%;2({0?}1(9%587i a data storage nedium as machi ne_%@?‘@s%o@ofﬁﬂe’ such

code being instructions executable by an array of | ogi ement’s such as
a mcroprocessor or other digital sigfal processing unit. The data
storage nedium may be an array of storage el enments _such as  sem conduct or
memory  ( wohemeneythe noravdendiexditstion pigpal ead the hammanicaly exiendadsigngl rav
(random a - P . psiMke  OF
ferroel ecﬁ%ﬁ‘?“@%ﬁ%‘%ﬁe@%{# %@%ﬁi gci%g}nc?{r(l:é%g%lr %l%lr% rd ??%g?vﬂﬁgftg change

MeNDry; Okheanoduddted matsh signakuch as a magnetic or optical disk. The term
"sof tware" should be understood to include source code, assenbly |anguage

code, nachj inary co ' 1. crocode, any one
or nore s@‘g}igﬁﬂ@H&gn%e%’ng a?lﬁngz lﬁdﬁ{c i ongth%%g%g? g‘gﬁgg&%%/w agln array of yI ogi c
el enent's, camAdiaRut, 60MToaIAL 2Ol hbhnd prttioreatangpeah. sign@ligil &) aierondriidus
el ements of inplenmentations of hj %g%arag excitatio f.lqenerat rs 5\300 and
B300, hi giPeHien aéﬁé@d@eth%B?mH?-gjﬁ é“&SH&Sraﬁéeg 1 %P&E%%Fﬁeds $Bbech
encoder AlQQ, ?ﬁ%a gg&%‘ggve?diﬁ%‘mle%ﬁ%ﬁ{p&ﬁ&%ﬂm%@sf gaptementhed as

or

el ectronic aﬁ ptical devices residing, for_exa Ie,%}?n t he sanme chip
or anong toharagterizeoy tempetal grvelope af trihigbbind portiono ek 4e9Lealalstestenent s
wi thout “such. | i nitatian, V0 200661 07RA%n ROTHHSR Q03 23he 51
cont enpl at’BEF*a SXtS?de%@gﬁgﬁém%@suc an a%paré us may be i npl enent ed
in  whol e mafrowbardigroitias TaskeZ300 gaemtesatsyntbésizedhighband vanal a¢corhe®@ t o

execute on e or re fixed or ogr i1 €l ement s
(e.g., tr e{ﬁg ﬂ&s&?%{ﬁ@éi’%@‘}m@f%ﬁ‘dé@aﬁ’ig@gég%(gteagé%%:ﬁa%%%éggg’et e.pr ocessors,

| P cor )es, L@ al] Iext@%l@aagignar. OrRB i@?@moEﬂﬁiéSa gfjiﬁ hﬂegbnaraﬁ@mﬁyn%abx‘d@dgat e
arrays), ASSPs (applicatlon-specjfic,_standar r C an ASI Cs

(appl i cat ighbs @E’I“J}l@aﬁeﬁtoédli’eaf’teéﬁ% g4 ff‘ﬁ'iofss ot F’Ed??pge’g?si‘%%%%y e for one or
mor e such coﬁ%i%%@ﬁém&&éﬂ@ﬂﬁ gl L8PS of the SRERERIREA Bighbandaigariagessor used to
execute portions of code corresponding to different el em&*ntz> at different
times, a sapplyiig thesdtiofigain Gavtore seanaxeiiation signal desved ramthe Rastow nding to
different el enents at diff i ms . BbnalOdr telRCt roni c
and/ or opt PEEP™ eé%escgﬁlfg%{)tfgl{rznfeﬁéfgg%’etroéﬁ%lgigba?g@%iﬂ?fmgr grrﬁ alement s at

di fferent §yniesiYed ARtROYSIgnalit is possible for one or more such el enments
to be used to performtasks or execute other sets of instructions that

o o SR Anp e AR RIS Ao BFBRRRRPenchR A @ (oK
decoding as are expressly disclosed herein, e.g., by descriptions of structural
embodiments configured to perform such methods. Each of these methods may also be
tangibly embodied (for example, in one or more data storage media as listed above) as
one or more sets of instructions readable and/or executable by a machine including an
array of logic elements (€.g., a processor, microprocessor, microcontroller, or other
finite state machine). Thus, the present invention is not intended to be limited to the
embodiments shown above but rather is to be accorded the widest scope consistent with

the principles and novel features disclosed in any fashion herein, including in the

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



systemin which the apparatus is enbedded. [000195] FI GURE 30 shows a
flowchart of a nmethod MLOO, according to an enbodi nent, of encoding a

hi ghband portion of a speech signal having a narrowband portion and the
hi ghband portion. Task X100 cal cul ates a set of filter paraneters that
characterize a spectral envel ope of the highband portion. Task X200
calculates a spectrally extended signal_py applying a nonlinear function
to a signal derived fromthe narr owband®portion. Task X300 generates a
synt hesi zed hi ghband signal according to (A the set of filter parameters
and (B) a highband excitation signal KJdsAM8n the spectrally extended
signal. Task X400 cal cul ates a gain envel ope based on a relation between
(C energy of the highband portion and (D) energy of a signal derived from
the narrowband por i on. A GRAHSIBLI b3 o3d ighBANE prtibh qBEMREE 2 Gpecth et hod

M200 of generating a highband excitation signal according to an

enbodi ment . Taskenytl (3 0f bindug atlesbandmorinem(S24) kyd thexhighttad portema(S30)
applying a nonlinear, function to a narrowband excitation signal derived
from a narrowbd Wﬁﬂ@#@ﬂ@?ﬁm%?speech si gnal . Task Y200 nixes the

har moni cal Iy ext e_nd%glcﬁl'aﬁﬁ?'a ;l\lzllhiah'lc:{’éoﬂﬁ%ﬂ E&Iﬁﬂlefé@d g5508) @ddlchiacleAnenat e a
hi ghband - excitation mgg)a . FIGURE 31b shows a flowchart of a nethod M210

of generating apedtiaeverpesx thekightend ppgieal accordi ng to anot her

enbodi nent includin asks Y300 an Y400, .Task .Y, | culates a

ti me- domai n envel opgatﬂ‘}%ﬁp%lianﬁp?cgrag%?’é?d&(}e?lg??lrré_quf_3@ Ebﬁ%&f@?%?
PCT/ US2006/ 012233dctruadoffighad (8509 SBORdciabd Sohame 18 sdnt pottih; si gnal and t he
har moni cal | y ext ended signal. Task Y400 nodul ates a noi se si gnal

according to the tisemgungthe weoiealbpextensieg signat 65 160h withorhiseamedulptsils e

signal. [000197 RE 32 shows.a flowchart .of t MBDO according to
o anbont ment (GO Rl At 1o Fh JBE SRR RGO o g *a
narrowband porsi®eseydo piveide Dhibabmld RREititeR sighab(s 1Z0@nd ecei ves a set of

filter parameters that characterize a spectral enveIoPe of the highband

portion and a set ofcalgalafing gcgan snvelape (YGVR) basas o @ 1glatienhsivigenctivel ope

of the hi ghbang. i . C I S C I t d
si gnal by appl 3’?@‘3’5‘3& g’gﬁﬂ-ﬁﬂ@gp;%g%&sﬁ natllt(gggf %i?ogna&%d‘gﬁlgé)ey S?égglﬂntgge
nar r owband por tlowkand pason/300 gener ates a synt hesi zed hi ghband si gnal
according to (A) the set of filter parameters and (B) a hi ghband
excitation signal based on the

2. The method according to claim 1, wherein said calculating a
spectrally extended signal (S120, S160) comprises extending the spectrum
(A400, A402) of the signal derived from the lowband portion (S50, S80) by
applying a nonlinear function (520) to the signal.

3. The method according to claim 2, wherein said calculating a
gain envelope (S60b) is based on a relation between energy of the highband
portion (S30) and energy of the signal based on the lowband portion (S120,
S130).

4. The method according to claim 1, where said gain envelope
(S60b) includes a plurality of gain factors (S60b), each corresponding to a
different one in a series of consecutive subframes of a frame of the highband

portion (S30), and



spectrally extended signal. Task Z400 nodul ates a gain envel ope of the
synt hesi zed hi ghband signal based on the set of gain factors. For

exanpl e, task Z400 may be configured to nodul ate the gain envel ope of the
synt hesi zed hi ghband signal by applying the set of gain factors to an
excitation signal derived fromthe narrowband portion, to the spectrally
ext ended signal, to the highband excitat%gn signal, or to the synthesized
hi ghband signal. [000198] Enbodi nents al i ncl ude addi ti onal rmnethods of
speech codi ng, encoding, and decoding as are expressly disclosed herein,
e.g., by descri pti orvéhendin seidueenlating @ ghiodinvelepe (86| tgsededn taoreppdiofior m

h' net hods. h of .t th lso be tangibly enbodied.(f
oxanpl o ondebreeRbg agrg: Brtige (e 876 FientiohRel h o EVER o
more sets of i RRiHJAC(S1O0SS IR6RGRAIMRS 3ASIafin e sRE Wk SlubilitR ofB&RIfARors

including an array of logic elenments (e.g., a processor, n croprocessor,
m crocont rol | edS6@) basdsern a r¢latiarebeswaere (Avaertergiedt thenespectiveesubfremernt

invention is not intended to imted to t enbodirent s..sho above
but rather s e BEDERGHICh (50) BB enk sl e HERBATR B Y
principles and dfmeedigﬁaeaagéa@ﬁtm@Wb@ﬁ&ﬁoﬂmn@moﬁ gsra)on herein, including
in the attached clains as filed, which formapart of the original

di sclosure. 53 CLAIMS 1. A nethod of encoding a hi ghband portion (S30) of
a speech signal (S10) having a | owband portion (S20) and the hi ghband

[ S30) , [ I SLOg: | | ural | i fil
par ameter s (S50a) t At charaREip Acqting L EULA'A Hndel MF i |-G

portion; cal culeath botiR Spedity af byinefittend@dob) michlde, Fo6Q) 1dayt et ehtieng t he
spectrum of signal (550, S80) derived fromthe | owband portion; sunmm ng
the spectral | y 28k Baost(So0gharalpdatizgin grergy Abthsereppsativasdiranieat7l i n

d i th. i I i ! S80),
fo provide a hiuabafl EELRRCCP0Y WAl § SRMdEs HARANAPLYcrD: stsdy S0
envel ope ( S60b)ubkares cihahighbaid pontidretS36en t he hi ghband portion (S30)

and a signal (550, 580, 5120, 5130) based on the |owband portion. 2. The
nmet hod according to claim1l, wherein said calculating a

6. The method according to claim 1, wherein said method
comprises generating a synthesized highband signal (S130) according to (A) a
highband excitation signal (S120) based on the spectrally extended signal
(S160) and (B) the plurality of filter parameters (S60a), and

wherein the signal based on the lowband portion (S120, S130) is the
synthesized highband signal (S130).

7. The method according to claim 6, wherein said gain envelope
(S60b) includes a plurality of gain factors (S60b) , each corresponding to a
different one in a series of consecutive subframes of a frame of the highband

portion (S130), and

wherein said calculating a gain envelope (S60b) includes calculating
each of the plurality of gain factors (S60b) based on a relation between (A)
energy of the respective subframe of the highband portion (S30) and (B)
energy of a corresponding portion in time of the synthesized highband signal

(S130).



spectral ly extended signal (S120, S160) conprises extending the spectrum
(A400, A402) of the signal derived fromthe | owband portion (550, S80) by
applying a nonlinear function (520) to the signal. 3. The nethod according
to claim?2, wherein said calculating a gain envel ope (S60b) is based on a
rel ati on between energy of the highband portion (S30) and energy of the
signal based on the | owband portion (512 5130). 4. The nethod according
to claim1, where said gain envel ope ( b) includes a plurality of gain
factors (S60b), each corresponding to a different one in a series of
consecutive subframds of Thefmaiied giccordingntogklaemd’, whereinopaid @B platingd 54

wh [ id | qul at.i .gai I Ob | at

between the. hi GG toreRufy pEefi EHaRsePbhme SR 3hr Shidnc St
portion (S 120,05 fH3ks (SHobY dQRcufding Wnddrells SPGB Bfpetiite Plvffadld é/thef gain
factors (S60b)” based on a relation between (A) energy of the respective

subframe of t theghbangdhparitbnp 6¥30) oringsaoyindawingBfunstien dy2bfa, al Hdby degiondi ng

portion in tinme f the si bas on. the | owban rtion (S 120, 5130).
5. The net hod é)?f?,rg?p&iaHbac?%%%?lﬂ?sfﬁq%&gh?wdﬁ’%o%&@gI ating each of the
plurality of gain factor S60b) ,i nclydes, for at ] east ope of the gain
factors (S60b) , cal’cul atsqh%dng O%ﬁé?‘)é@ingftot s‘ﬁé%r?ﬁnv%‘“gﬁi%‘tﬂéﬂ%g 8f the

hi ghband porti ) i 1 @%01 j t | jacent
subf ranmes of t%geﬁggbegﬁdg%rsfgln\gn ( 30;336%)99%%&”&%2%1@1%%15 3&%&@% claim
1, wherein sai A#80,4D2) odrtie sigea dgeived dbimthedoshaidpatine S50, {F80abg si gnal

(S 130) according to (A .a highba xcitation signal (S120) based on the
spectral |y ext &R @%@%@Fwar%%é@}‘r}g to ghe St‘ﬁ@?'pl urality of filter

paraneters (S60a), and wherein the signal based on the | owband portion
(5120, S130) is the synthesized highband signal (S 130). 7. The nethod
according to clai map. whex eiathahofl dgaidmgeaheghiped poB8&ALISIONSI0dest a

IR M S T I e e e

highband portion (S30, S100), said method comprising:

receiving a plurality of filter parameters (S60a) that characterize a
spectral envelope of the highband portion (S30, S100) and a plurality of gain
factors (S60b) that characterize a temporal envelope of the highband portion
(S30, S100);

calculating a spectrally extended signal ( S160) by extending the
spectrum of a signal that is based on a lowband excitation signal (S50, S80);

summing the spectrally extended signal (S160) with noise modulated
(S170) in accordance with an envelope derived from the lowband portion
(S50, S80), to provide a highband excitation signal (S120);

generating a synthesized highband signal (S130) according to (A) the
plurality of filter parameters (S60a) and (B) said highband excitation signal
(S8120) ; and

modifying (590) a gain envelope of the synthesized highband signal
(S130) according to the plurality of gain factors (S60b).

11.  The method according to claim 10, wherein said calculating a
spectrally extended signal (S160) comprises extending the spectrum (A400,
A402) of the signal that is based on a lowband excitation signal (S50, S80) by



portion (S130), and wherein said cal culating a gain envel ope (S60b)

i ncludes calculating each of the plurality of gain factors (S60b) based
on a relation between (A) energy of the respective subfrane of the

hi ghband portion (S30) and (B) energy of a corresponding portion in tine
of the synthesized highband signal (S 130). 55 8. The nethod according
to claim7, wherein said calculating eac? of the plurality of gain factors
(S60b) includes, for at |east one of the’” gain factors (S60b), calculating
an energy of the respective subfrane of the highband portion (S30) using
a w ndowi ng f urpplyorg g Aclibagr figdion)(520)ab thewigndl.aps adj acent subfranes of

t he hi ghband portion (S30). 9. The nethod according to claim@8, wherein
said calculating a spectrally extended signal (S120, S160) conprises

extendi ng the spect rigm (ﬁé%eth@é%box‘afngt {beclﬁing%' v&h%?élf{%gldf FOM g
| owband portion (550, S80) by applying a nonlinear function (520) to the

signal. 10. A re9®hodgan edeedoph mglusles mpldifamg, penotrdiog t¢ B80pluslio pf gama
speech si gnal havi a | owpand tion (S20, S
n ghband porti R{ESS008 mpnpBedR ot Hiag aSahes ot B 5

plurality of figat&ropMAMRIRIE kseldh 41%?&11 éSf@r‘ﬁRﬁ) efHeZs%e&raIEzp@;&&r{&h
envel ope of the highband portion (S30, nd'a plurality of gain

factors (S60b) signat (S:}ﬁﬂb,adteehligh‘mnd cmmxalmmk/é&;kﬁ% arfd ttheeS?ntkmtmdd

portion (S30, ,S100);: .cal ing a spectrally extended signal ( 5160) by
extendi ng the h%%g’@%‘?ﬂﬁ?ﬂgggﬁél gnal that is based on a | owband excitation

signal (S50, S80); summng the spectrally extended signal (S160) with
noi se nodul ated (S170) in accordance with an envel ope derived fromthe

| owband portion (S36;, S80) apnamatps (V2 A208) gbizgvae tocimcmii: erhiglhtgnd|

he. pl urali 1y Po ot ontsparat wee (R R ad A e wpa iy G

excitation si gmdhbah®paibn (83?0)dsaﬁ@ﬂiﬁaydtﬁtqmao)xzm)gﬁhﬁbn@ﬁh‘ge| ope of the
synt hesi zed hi ghband si gnal

an analysis module (A210) configured to calculate a set of filter
parameters that characterize a spectral envelope of the hlghband portion
(830);

a spectrum extender (A400, A402) configured to calculate a spectrally
extended signal (S160) by extending the spectrum of signal (S50, S80)
derived from the lowband portion;

a combiner (490) configured to provide a highband excitation signal
(S120) by mixing the spectrally extended signal (S160) with noise modulated
(S170) in accordance with an envelope derived from the lowband portion
(S50, S80); and

a gain factor calculator (A230) configured to calculate a gain envelope

(S60b) based on a time-varying relation between the highband portion (S30)
and a signal (S50, S80, S120, S130) based on the lowband portion.

14.  The apparatus (A200, A202) according to claim 13, wherein
said spectrum extender (A400, A402) is configured to extend the spectrum of
the signal derived from the lowband portion (S50, S80) by applying a
nonlinear function (520) to the signal.



(S 130) according to the plurality of gain factors (S60b). 11. The net hod
according to claim 10, wherein said calculating a spectrally extended
signal (S160) conprises extending the spectrum (A400, A402) of the signal
that is based on a | owband excitation signal (550, S80) by 56 applying a
nonl i near function (520) to the signal. 12. The nmethod according to claim
10, wherein said nodifying (590) a gain envel ope includes nodifying,
according to the plurality of gain factﬁfs (S60b), an anplitude over tine
of at |east one anbng a signal that is ased on the | owband excitation
signal (S50, S80), the spectrally extended signal (S160), the highband
excitation signal ($920) Thermpperiissii0Re 4202 acoerdin® dn ¢laimglfh whergino) . 13,

An apparat us ( Q.. f t. ! i (S30)
of a speech si gﬁ%ga@é‘?@ Cﬁlg{\}/]fa{nogwégﬁoc}ﬁggn %‘g‘ﬁ@o@%@%@%ﬁﬁ%ﬁ@%ﬁu ghband
portion (S30), (S604) WpEhoat 4lsinfeA2a9ingAR0Rbn Clostwedrs enggy af thealiysbaadnodul e
(A210) configured to calculate a set of filter Parameters t hat

characteri ze a POpEs: (S30) and, enesge obthe yignalibgsasaon thsdewband pergen)(S120,
spectrum exten%el A400, A402) configured to calculate a spectrally

ext ended si gnal ?g 60) by extending the spectrum of signal (S50, S80)
derived fromthe | owband portion; a conbiner (490) configured to provide a

hi ghband excitation signal (S 120) by m xing the spectral li/ ext ended
signal (8160) with A& se Thsappaiby (A289,767030 agerdingdncainy th veiereiRvel ope

(A230) cont i gurdd 5 caT L[4 ichats b OF gispRcfrt BECR), gRhev ater

ti me-varyi ng r ebatipondingttaee diffdient hinghlhamn erper dfi amséc@iOg subfirames sf gnal
(550, 880, 8120, 8130% b,aﬁed on the S{}/ﬁwband portion. 14. The apparatus
(A200, A202) adesianfibe highbandinarten (S3bABAN  sai d spectrum ext ender (A400,

A402) is configured t 18 SRefdpEURIAHatol N o9l getd tfrom the
| owband portion (856%&&%6) %E? %ppl yi ngotpa ngélfltlonegkrgfgnct icon %ug(g) to the
si gnal . calculate each of the plurality of gain factors (S60b) based on a relation

between (A) energy of the respective subframe of the highband portion (S30)

and (B) energy of a corresponding portion in time of the signal based on the

lowband portion (8120, S130).

17. The apparatus (A200, A202) according to claim 16, wherein,
for at least one of the plurality of gain factors (S60b), said gain envelope
calculator (A230) is configured to calculate an energy of the respective
subframe of the highband portion (S30) using a windowing function (T215a,
T215b) that overlaps adjacent subframes of the highband portion (S30).

18. The apparatus (A200, A202) according to claim 15, wherein
said apparatus (A200, A202) comprises:

a highband excitation signal generator (A300, A302, A304, A306,
A312, A314, A316) configured to generate a highband excitation signal
(S120) based on the spectrally extended signal (S160); and

a synthesis filter (A220) configured to generate a synthesized
highband signal (S130) according to the highband excitation signal (S120)

and the set of filter parameters, and



57 15. The apparatus (A200, A202) according to claim 14, wherein said
gain factor cal culator (A230) is configured to calculate the gain envel ope
(S60a) based on a tine-varying relation between energy of the highband
portion (S30) and energy of the signal based on the | owband portion (5120,
S130). 16. The apparatus (A200, A2020) according to claim 13, wherein

sai d gain envel ope (S60b) includes a plutality of gain factors (S60b),
each corresponding to a different one i1f a series of consecutive
subfranes of a franme of the highband portion (S30), and wherein said gain
envel ope cal cul at or Whkpg0the signalrifasefior thet lowband paftmngSé2@, S 180) ihthe

plurality of gain.factar S60b) b on a relation between (A energy
of the respect is%thg%{)eﬁﬁgglbb(aagsigﬁgl (ﬁiﬁgﬁband portion (S30) and (B) energy
of a corresponding portion in tine of the signal based on the | owband

portion (5120, S130). 17. The apparatus (A200, A202) according to claim
16, wherein, for atl9 easthecapparatust (#200) d282) agcoodingdd reldimct & rehef@60b)

said gain envel ope .cal cyl at 3 i s configured.t al e ap energy
of the respecti¥ gaé’bl‘ff“(eg e&“&’ﬁin“g'i)‘c&ﬁﬁa raﬁ%gtof&qm(%ﬁg’fs E’gé(ﬁér ?Cﬂ

wi ndowi ng functdoftspohdihBao a dRfe) ddah PV&idsadscAdbRg08tsubhéapps of the
hi ghband portion (S30). 18. The apparatus (A200, A202) according to claim

15, wherein sdtaheqfphe highbandapoidon #30Rpndonpri ses: a hi ghband excitation
si gnal generator (A3Q00, .A302, A304 06, .A312 A316).configured to
generate a hi ghband ng?é l?aﬁl%ngaé?gﬂmégp%ﬂﬁ‘} a@&s@%?} Ph&° t%‘ﬁ‘?‘i égl y

ext ended si gnalcalc®h&0rachapfltie pMRdIIE DfSgalint IfhR6rs ((R28H) baRAf diDdr Rhtibe
generate a synthesized highband signal (S130) according to the highband

excitation sigigiwees120pnergn@f theerespectivg subfiiamerofghe highbandsportion ($¥

wh i h i I d he | d i 20 30),.i. h
Synt heoi zod i GHBGRLERT Gl doles uBRGorRGL ki e b simiBicisl Hiftsad
according to clsgng &330mwherein

20.  The apparatus (A200, A202) according to claim 19, wherein,
for at least one of the plurality of gain factors (S60b), said gain envelope
calculator (A230) is configured to calculate an energy of the respective
subframe of the highband portion (S30) using a windowing function (T215a,
T215b) that overlaps adjacent subframes of the highband portion (S30).

21.  The apparatus (A200, A202) according to claim 20, wherein
said spectrum extender (A400, A402) is configured to extend the spectrum of
the signal derived from the lowband portion (S50, S80) by applying a
nonlinear (520) function to the signal.

22. The apparatus (A200, A202) according to claim 13, said
apparatus (A200, A202) comprising a cellular telephone.



said gain envel ope (S60b) includes a plurality of gain factors (S60b),
each corresponding to a different one in a series of consecutive
subframes of a frane of the highband portion (S30), and wherein said gain
envel ope cal cul ator (A230) is configured to calculate each of the
plurality of gain factors (S60b) based on a relation between (A) energy
of the respective subfranme of the hi ghba portion (S30) and (B) energy
of a corresponding portion in tinme of t synt hesi zed hi ghband si gnal
(S130). 20. The apparatus (A200, A202) according to claim 19, wherein,

for at |east one of 28he [Ahitghbéirtdwpgfbchgwccldefr@%?r sopBgaisyl to mi:id'e@ébﬂ

I I t d t | at f th
e T L
f t T215 h hband
et Lo T2 O o s BRI oo

wherein said §p@(l§leddﬂwbmdeﬂ¢etﬂtl‘émmal Mﬁﬁbaﬂeé cnbmﬂm\glumldopctrbom@%hd t he

apalying & non PR pssty B ITE R | R PR03b St ooy ol e

(A200, A202) accor d'a%ﬂeétﬁm‘fale)?tbﬁﬂégAm@lmOZ?B&@ﬁ 8tBtol ARt é\%ﬁé’&r
conprising a cellular tel ephone 23. A'hi ghband speech decoder (8202)

configured to eseadedesigmy (316 by axtendingfthé specnmmfiaatignad that (S66ed onhat
characterize a,s ect enve f a and portion (S30, S100) of a
speech si gnal (ﬂg‘g é‘%lllﬁ Ad ’{)cﬁ)ap%thl aﬁé%%gd | owband excitation signal
(S50) based on a Iow%mblmr “O®NcdnBgtred @%ﬁbﬁﬁe tahagEReackciitiiddighad 10, S
110), said decoder (B202) conpri sing: pectrum ext ender (A400, A402)

configured to &%1?&) at@xalgstbééchérﬁlly eX@R@@rﬁml S 0awithiisonodylatestt endi ng

th t fs b d tat
si'gnal (550 &S ESRuARror i, Wl BleDibe, Ao R e NRURBACRARh ot o

signal (S 1205551); slgt))gl ng the spectrally extended signal (S 160) with
noi se nodul ate (5170) in_accordance with an envel ope derived fromthe
| owband portion (S30SYHBES filter (B204) configured to generate a synthesized

highband signal (S130) according to (A) the plurality of filter parameters
(S60a) and (B) said highband excitation signal (S120); and

a gain control element (590) configured to modify a gain envelope of
the synthesized highband signal (S130) according to a plurality’of gain factors
(S60b) that characterize a temporal envelope of the highband portion (S30,
S100).

24.  The decoder (B202) according to claim 23, wherein said
spectrum extender (A400, A402) is configured to extend the spectrum of the
signal that is based on the encoded lowband excitation signal (S50) by
applying a nonlinear function (520) to the signal.

25. The decoder (B202) according to claim 23, wherein said gain
control element (590) is configured to modify, according to the plurality of
gain factors (S60b), an amplitude over time of at least one among the encoded
lowband excitation signal (S50), the spectrally extended signal (S160), the
highband excitation signal (S120), and the synthesized highband signal
(S130).



a synthesis filter (B204) configured to generate a synthesized highband
signal (5130) according to (A) the plurality of filter paraneters (S60a)
and (B) said highband excitation signal (S 120); and a gain control

el enent (590) configured to nodify a gain envel ope of the synthesized

hi ghband signal (S 130) according to a plurality of gain factors (S60b)
that characterize a tenporal envel ope of(}he hi ghband portion (530, S
100). 24. The decoder (B202) according t% claim 23, wherein said spectrum
ext ender (A400, A402) is configured to extend the spectrumof the signal
that is based on the encoded | owband excitation signal (S50) by applying

a nonlinear function/52 to the shghal . 25 The .degode B202) accordi ng
to claim 23, wherei r?%ai gl)hga‘}%ﬁ(’&ééﬁ? %I ac@?@%ﬂ‘i‘) iei%lgb??’i Vsyfl%rg]ﬁlfﬁa P8 to
nmodi fy, accor dichstrél0oelemento (3903 dokpridks 2@ bt bae tadichg( SGRMpli@NaRRhi t ude
over tinme of at |east one anpong the encoded Iomban§ excitation signal
(S50), the spe@mplifieyy extended signal (S160), the highband excitation
signal (S120), and the synthesized hi ghband signal (S130). 60 26. The
decoder (B202) according to claim23, wherein said gain control elenent
(590) conprises at |least one anong a multiplier and an anplifier.



