1 TI ME- WARPI NG FRAMES OF W DEBAND VOCODER BACKGROUND Fi el d [ 0001] Thi s
invention generally relates to tinme-warping, i.e., expanding or
conpressing, frames in a vocoder and, ig particul ar, to nmethods of
time-warping frames in a w deband vocoder. Background

[ 0002] Ti me-war pi ng has a nunber of applications in packet-swtched
net wor ks where vocoder packets may arrive asynchronously. Wile
time-war pi ng NnYIIMEBAVARPEN CGFRAMESSOIEWIDEBANIE VO € ODERET ,
performng it in the vocoder offers a nunber of advantages such as
better quality of warped frames and reduced conputational | oad.
SUMVARY [ 0003] The invention conprgge OpPNpPtus and nmethod of

ti me-war pi ng speech franes by manipulating a speech signal. In one
aspect, a nefehbd of time-warpi ng Code-Excited Linear Prediction
(CELPQwand Noi se- Excited Linear Predictjon (NELP) franes. of a Fourth
Gener #9080 VocodBs 1Py GReRspibn Rl ecig dwne-TVarring d £ o §ERANA NS compressing,
speci fi cal . t i L :

addi ng or ?éfng% ?{n%g%otﬁ 8{15‘%1%3 s@%@x@gﬂa&%ﬂgﬁmﬁ ssggg‘g’g%ﬂl%%b%
respecti velwycoddé.t h this method, the | ower band signal may be
time-warped in the residual, i.e., before synthesis, while the upper
band signal may be tinme-warped after synthesis in the 8 kHz domai n.
The met hodgdi.g&loasa@d may be applied to any w deband vocoder that uses
CELP and/or NELP for the | ow band and/or uses a split-band technique
to endd®82] t he | oWene-wabinglpsra wwmbs of eprlicatiensyin packetwithedyetwenke svhere
that the standards .nane for .4GV w.deband i -C.. 10004] I n.view of
Lhe above. “PHUCHEEETDRAY AE L FebbGPRRRDY | T i yaRaedt of eeifpdhed
to one or QRR& LHBE QY BUtsEdESThe MBcod®] fatsmanditan the Ratdliet $€Brsf ®humber of
comuni cati ng speech. I n one enbodi nent, the invention conprises a
net hod of @dévaniases sahrig bepererplivyorprarasdiiarnesandiadyscd gompyiatonnl igad| ow
band speech signal to an expanded or conpressed version of the

resi dual | ow band speech signal, tinme-warping a high band

SUMMARY

[00603] The invention comprises an apparatus and method of time-warping speech
frames by manipulating a speech signal. In one aspect, a method of time-warping Code-
Excited Linear Prediction (CELP) and Noise-Excited Linear Prediction (NELP) frames
of a Fourth Generation Vocoder (4GV) wideband vocoder is disclosed. More
specifically, for CELP frames, the method maintains a speech phase by adding or
deleting pitch periods to expand or compress speech, respectively. With this method,
the lower band signal may be time-warped in the residual, i.e., before synthesis, while
the upper band signal may be time-warped after synthesis in the 8§ kHz domain. The
method disclosed may be applied to any wideband vocoder that uses CELP and/or
NELP for the low band and/or uses a split-band technique to encode the lower and
upper bands separately. It should be noted that the standards name for 4GV wideband 1s
EVRC-C.

[0004] In view of the above, the described features of the invention generally relate to
one or more improved systems, methods and/or apparatuses for communicating speech.
In one embodiment, the invention comprises a method of communicating speech
comprising time-warping a residual low band speech signal to an expanded or

compressed version of the residual low band speech signal, time-warping a high band



2 speech signal to an expanded or conpressed version of the high band
speech signal, and nerging the time-warped | ow band and hi gh band
speech signals to give an entire tine-mgrped speech signal. In one
aspect of the invention, the residual w band speech signal is

synt hesi zed after time-warping of the residual |ow band signal while
in the hi gkpebdnsignzﬂymamexpanﬂagoﬁ ongeedsed rediobeilf thiechizh b‘mdl\.ﬁieptth'ﬂjgﬁﬂi, and
the high band speech si The t hod. may, further rise .
Cl'assi Py nECRD: us MR 1o doeh el Poe Sebe san SR hEE &n enfig time-
encodi ng OfyatRg B@Cﬁcﬂ%&ﬂgnﬁrﬁr& LYt tﬁ@@n\fé‘htlﬁﬁdﬁe%éﬁ&ﬁa@qoﬁ'ﬂl‘ﬁarspeech
prediction, n0|se excited linear prediction or 1/8 (silence) frame

codi ng. Thsgn&iws banitiesizad afeqrtgnemtaring of teyesmiugl vandand sigoalahile i the

kHz dth b t t bapd f bo
Sbout 7 kigie g EPHnET e &F PERSHiAd B Pt b PR arts e g tafd Pecch

vocoder hasﬁgﬂzﬂ dthe mesAisdd 1ﬁﬁ‘ﬁfdrﬂiéﬂ&orﬂlﬁtﬁiseaﬂasls1€ﬁﬁ s¥Reh Sebinftihts arkiBcoding the
vocoder conprising an encoder conprising a filter having at |east one

i nput oper 8isiegh semmEdt edhe gnedtking apihe weqm@mﬁd@ay é?ﬁd)nﬁtOfl R T
out put; a”ﬂgfay%?e%?&%r ﬁ@&%’éhﬁn‘hﬁ% rS;Xé‘&l 31 &Sl8 d &gt ng;hr% low

i nput opera connecté I*east one ou U e en

and at | eabindongyaepiesknt ape f@ghshcedrungoipeth kot hqekth dndathit logie band pady
of the vocoder. In this enbodiment, the decoder conprises a nenory,

wher ei n t hEePgseRdRs bangd feragbey oK% &vthost é5Hewar e i nstruct i ons
storeghgpg) the NMRIDL Y GOTR c%nh@rgc, B WRERb ds{ég aavéc%ﬁbxd?ﬁ{n%%%"’legﬁgglgl input

speec S|gnal to an expanded or conpressed version o resi
| ow band spekatiesst gnabytptd, ﬁmmoq}ﬁrmglr@rilsmg lan kacwies pmapﬂilsisg gfidqder havimmat

expanded or conpr.essed v on of th h ee and
ror g ng.t hieath G IR ARG G e 0 i g et 4 suf GERY ang Ogtaye
an entire L d@@fd@@@orﬁ?@ﬁﬁ%a Sianéhzer mﬁng Mﬂieﬁﬁ%né%pd?%}ﬁe@@l%ohﬁ@cted to
means for synthesi zi ng i me-war ped residual | ow band spéech

si gnal , anthertdenst by owdpwit dfehe zmqmgelt drel dilegst bmdutsmemﬁmbéy gralectoé o the

Lo VR D00k of Sy BE O She SOFRIE S, PSR IR REs LAl o

cl assi fyi ngheBRRECPhGERNBO USRS ¥ Aap&tilteRreeutd gcﬁfvaare GRERCeXBI £@Fd in the
| i near prediction or noise-excited linear prediction. [0006]Further

scope of apsoEABPIPHSing fimenwansingseisiduphient hand speach siEmebirediapipapéast or

fromthe f
rovever . 1 BT SEAGHEREIZRER Mot YPing SN erdl Jull BURAZ, nigh band
specific expa@plh eignalvtb lah @xpardied af targpipssed eemsie cfnbomiighband skl fignal, and

invention, are given by way of illustration only, since various
changes an®€F@ag fhecta?? &%‘ﬁp% lpyibang gad El@#r‘qa{ld SPREC igpals &9 givg@n entire time-

i nvention a I
DESCRI PTI o%"ag?#ﬁg&%%\%@ﬁ 1fkutt f&e pr sen Iugﬁxl}ieeﬁlt“it %ﬁ s§fthpsizidl ) -
nore fullywanmdrssidod robatdhepaelt aignel addsmeaqstﬁoorsynyhmézing]ehe himdl oand

t he appended c/ ai ns, d the acconpan drawi ngs.in which
[ 0008] Pi & Sheers Sigle] bR TP OF 16 Lhpeaioder B0 Bis<D BoaoRy 21 ey be

vocoder ; [ Q90U Gxedhtel s%ﬁ@.ra?ep ﬁﬁﬁﬂctﬁﬂng Redred AR AEAGV @rﬁﬁfglrﬁoéﬁﬁh’fyln g
100101FIG 2B is a speech ggg cont ai ni ng unvoi ced "speech;

[ 0011] FI G spxech segmenyeas i8Jsiderak) &mn@,aﬂqdﬁwgcmdalmmaemedmee@h noise-excited

linear prediction.

[0006] Further scope of applicability of the present invention will become apparent
from the following detailed description, claims, and drawings. However, it should be
understood that the detailed description and specific examples, while indicating
preferred embodiments of the invention, are given by way of illustration only, since
various changes and modifications within the spirit and scope of the invention will

become apparent to those skilled in the art.



[0012]FIG 3 is a block diagramillustrating tinme-warping of |ow band
and hi gh band; [0013]FIG 4A depicts determ ning pitch delays through
I nterpolation; [0014] FIG 4B depicts identifying pitch periods;

[ 0015] FIG 5A represents an original spéech signal in the form of
pitch periods; [0016]FI G 5B represents a speech signal expanded
usi ng overl ap/add; and [0017]FIG 5C represents a speech signal
conpressed using overl ap/add. DETAI LED DESCRI PTI ON [ 0018] The word
“illustrative" is usBRIEFHESORIPTIONDF THEDRA WANGSe,

i nstance, or illustration.”™ Any enbodi nent described herein as

"Il ufropdt i ve" The notseneosssaen iwillthechne coost fullyduraisrspoaslf §ometheodetailed
advant ageoys aver ot her e dinents. [,00191Ti ne-war pi ng has_a ,nunber.
of ' appi et FHE T Ay Befe SR Y- RGBS FRUTBe 4R BieBther ag AEVE R
arrive asyggkypenously. Wiile tinme-warping may be perforned either

i nsi de or outside the vocoder, performng it in the vocoder offers a
nubef0088] advanFHgesisaudockadagemtadia lnedr iPrediesfveiendies LA vesodend
reduc onput at.i .1 oad. .The chni ques.descri bed herein may be
easilﬁ%g%plied %ggg?#EVi%gg%H%Pgﬁ?Wgﬁnggé%ggﬁﬁﬁ%#gtechniques such as
4GV- Wabepand, t FeG simidaspdechsigil tatainttigavoRedMiRec;, to vocode voice
data. Description of Vocoder Functionality [0020]Hunman voi ces

conpr i®allof t wo FE@SoientP§echaignat 6o BIRBEHTRSRPYSP&ed: f undanent al waves
t hat pi t ch- | 1.0 . s b i : [ . .
ot O sensi e o Bofalaf BbaRliogSind 4B AATRT kR Ak bRna:
respomnE@3f o frefi@nty depicte determining pitch delays through interpolation;

[0014] FIG. 4B depicts identifying pitch periods;
[0015] FIG. 5A represents an original speech signal in the form of pitch periods;
[0016] FIG. 5B represents a speech signal expanded using overlap/add; and
[0017] FIG. 5C represents a speech signal compressed using overlap/add.
DETAILED DESCRIPTION
[0018] The word “illustrative” is used herein to mean “serving as an example, instance,

or illustration.” Any embodiment described herein as “illustrative” is not necessarily to
be construed as preferred or advantageous over other embodiments.

[0019] Time-warping has a number of applications in packet-switched networks where
vocoder packets may arrive asynchronously. While time-warping may be performed
either inside or outside the vocoder, performing it in the vocoder offers a number of
advantages such as better quality of warped frames and reduced computational load.
The techniques described herein may be easily applied to other vocoders that use similar
techniques such as 4GV-Wideband, the standards name for which is EVRC-C, to
vocode voice data.

Description of Vocoder Functionality

[0020] Human voices comprise of two components. One component comprises
fundamental waves that are pitch-sensitive and the other is fixed harmonics that are not
pitch sensitive. The perceived pitch of a sound is the ear's response to frequency, i.e.,

for most practical purposes the pitch is the frequency. The harmonics components add



for nost practical purposes the pitch is the frequency. The harnonics
components add 4 distinctive characteristics to a person's voice.
They change along with the vocal cords gnd wth the physical shape of
the vocal tract and are called formants:” [ 0021] Human voi ce may be
represented by a digital signal s(n) 10 (see FIG 1). Assune s(n) 10

i's a digit aistisfpechast@riadicsablapdrssh'stkti¢d1 gTiReyt sHahgAhloBQ M Ha vl cords
i ncluding different vocal sounds and periods of silence. The speech

si gnal s( nindwithdie Masisal dippmeldhe Heen! traghnd appcalled SBWAS n FI Gs. 2A -
2C | e aspe (3 i i.Ql : . 8.1K n

aspec so?ﬂs(n) 18&111”&9 ﬂ%e%%%yf%?lrgérgan%%egﬁgf h%gilgélggalo%&élbk&sg%?q g'ol'
ot her sanplisngnd s@uehdy.a BROEAPR kpeoch esignat oshitaiged dbenes pignl esavearsation
digitized speech signal 10 .into a | ow bjt rate signal by renpvj al |
of the nat i€ d‘rl‘?e‘iiﬁf%’éfé‘h?f?‘@é Sqyndg and Befiodsiofsdance: derPeseh B} it ?9 Fay
speech. Spge Iarﬁdﬁgéli Cif'i’tlolﬁ‘atﬁésh%@'ag $heRRh HigsmAedypd St s

E; aﬂﬁbﬁéaé%ét?
fromthe nechanical action of the Iips and tongue, and long term
redundanci égiteks sdmplad af § bhiet eothértmspedig (ol Otthey hodgitaltpsaispled ainkdaz

Predictive i (LPC) filters the speech signal 10 by renmpving the
r edundanci 8‘59 SRy Oéhefré‘gl?laﬁlég EE‘B@B% signal. It then nodels the

resul fgorg resi dgalresi @ARlg REeMEY dotnfrddd 9digifizEPipEech ASATDIRE MU 1afe
a speech wavef orm may be predicted by weighting a sum of a nunber of
past sanpl signaldwokmevingtallcdf the natural resiundancipy (be.l ¢aresdatepeledients) ipderent in
coefficient. Line redi cti.ve coders,, t efo Lev .r eduyced
bit rate bf/p etelf_l?ins%pfs ?ﬁhngmlla%‘ltlye rexgg)ét]s f F%qr{;ﬁ%%ﬁ a%gﬁlbﬂgigﬁfe i ngaﬁ%n S%Sm the

rat her thaweahdnidal atreonoi tié Hips peeehgsd, gfidlongQednOAdhdinbico edsullingF¥raamthe
of one enbodi nent of a LPC vocoder 70 is illustrated in FIG 1.

di m | S . The
function obibraion @dhe yoead cardsi nhipearthredistin Gpdipg LBGLENE the presel sigaal
between th i.Qi i i . e i
over a fi n?%)g&:ﬁ%?g\?#%ﬁ%e@ I sdalr}%%rrc %ﬂ%%ggesﬁ%gﬁﬁegg{ej?@gﬁ :I;Jr]del |lgltg g‘lﬁls the
coef fi ci entsultinigcresidogl mignaiahd wieist Gaedsizad eoied.y Arsampl&D valdef sfamesp2ch
is typically 20 ns | ong. The transfer. function of tire-varying
digital fi é?fo??s_l’hﬁyb%BreS’rc\‘}f‘é]nb)bW‘%%“E&)a St Oftg%lnﬂl‘z"‘g?? ‘?f&ﬂgﬁfefaﬂ es, each of
predi ctor Geehf iCianlisid®yyPe IMRRY SP&NURL BYefkednd 1LiRGy GiteichYe Goders,
[ 0024] The sunmation 1s cohputed fromk =1 to k = p. If an LPC 10
met hod i s teedlpre heneye = réduced Hiitsrate ap Srankaittiogfijtet beefficiests abd quantized

Commnl y. UEEEC TGRS 1 8 CORRUTLT eE R TEID: ent s are, but not

i mt @ghaso, the scHMak HRBRS BELROEMBEHImEhEo ol PEGRES®) FDI 19N 1U¥RHIRAG FIG.
1. The function of the LPC is to minimize the sum of the squared differences between
the original speech signal and the estimated speech signal over a finite duration. This
may produce a unique set of predictor coefficients which are normally estimated every
frame 20. A frame 20 is typically 20 ms long. The transfer function of a time-varying
digital filter 75 may be given by:

G
High=———
@) 1~ Za Z -k
where the predictor coefficients may be represented by a; and the gain by G.
[0024] The summation 1s computed from k=1 to £ =p. If an LPC-10 method is used,
then p = 10. This means that only the first 10 coefficients are transmitted to a LPC
synthesizer 80. The two most commonly used methods to compute the coefficients are,

but not limited to, the covariance method and the auto-correlation method.



5 [0025] Typi cal vocoders produce franes 20 of 20 insec duration,
including 160 sanples at the preferred 8 kHz rate or 320 sanpl es at
16 kHz rate. A time-warped conpressed version of this frane 20 has a
duration snaller than 20 nsec, while a i ne-warped expanded version
has a duration |arger than 20 nsec. Tinme-warping of voice data has

si gni {goggnt advanpReeR WG pRRAN ﬂ&n&@ﬁ@@fﬂﬁﬁq@e%ﬁticﬂﬁ%&ﬁdﬁ%\& schethles
networ ks,” which introduce delay jitter in the transm ssion of voice
packets. | at beehefamed\d kklz, ratel orssAienapipteg atd§ Kbk tatee dA ttingriveipgd cemprpssed

effects of such a i tt and produce "synchr onous” , l,ooki.n
voi ce str eé{?ﬁsu)fogg%ﬂ%ﬁ%lg& i %R?g’sa c#‘r %ﬁg i @553 %{acr)lnﬂtrj e Sée? e R lc%g%ntlmgpwarped
appar at us afshnded hadiohdias i dilationdkifplen thah DB Sec2 OribiRsk 8einghe Woe@adhes has

70 by manipul ating the speech residual. In one enbodi nent, the _
present nesigaticanidadyppages waen sendEiEavaies daty ovpdRIskeiceWItFRed BptErss sdich
enbodi nment i t e
conpr ess. T RNEh LRy TR 35 Sy Gt RRRANE oY ite ockiS SRt (EHARRE o
usi ng Codewlxsihg aflayt ibeeaved Ploediitigdtonthé GHeB) of s¢dtoidsiay Bxttdrt &dl brodeas a
Prediction (NELP) coding. [0027] The term "vocoder™ 70 typically

‘ ) g
refers to dBICEEEOEHAPOBEHBPIES SIS ced speech by extracting

par amgjgggs base nﬂd&dﬁnéﬁ%é’%'f B i Bn SBREC R Qﬁgﬁ@%h%nandv%ﬂ%r for /Bme-

i ncl ude an encoder 204 and a decoder 206. The oder 204 anal yzes
t he i ncom mgrspedainead iesite det weblie Hebewanipupding ikt spesch fasidopke In one

enbodi nent, the encoder conprises.the filter 75. The d der, 206
eynthes! 2eEBATERECL e THOSHPEEREFEes A USr P ey vELep b (i
encoder 204is¢iBed chiROZHENES icOMpEiiaM@hodd08nd lappaads@Bp diveemt . tot Bpand/
decoder conprises the synthesizer 80. The speech signal 10 is often

di vi ded i nrcompreasraleffgrontofypantod 4nd widebandpepseels segmenys eheoded cesieg Cpde-

0028] Th i|1ed in th i | ize t. : ;
bo ol nssi 1 EERI Ly e PR Ry SRR Bl o RERT) BB
cl assifozgpt i ons TOE t&REERdtodse NolypREIly WinQits ddviselimds canftety @isddespecch

speech. [0029]FIG 2A is a voiced speech signal s(n) 402. FIG, 2A
shows a ned¥ FEBHES RAsrmYAsSrasgseen ¢ nagdol of Begars peeseh ZREFSHPIaSY pepders 70

pitch peri 9&1&&0&1 L:IQC(?):CJI%J gdl)ﬁgﬁn(f B Afj&goé?é? HBY Otieh SREESHH §ﬁag§3f,%g tRd H‘)coming

404. An unvol ced speec a resenbl es col ored noi
[ 0031] FI G spéecHend etisaces the adistannparapered Ricgnambsdin)end Qb ericoder, comprises
speech which is neither voiced_nor unvoice&i The exanple of transient.

speech 406 Wh&HA" i'n FHig doeedsi ghe syeifFacentiesPrRych Pansthg Brfpgiors that it
bet ween unygi.6Rd SRERE EnAGHLr Y8k ¢B0a BRESEK ol 18SRIZM8E8n one embodiment, the

decoder comprises the synthesizer 80. The speech signal 10 is often divided into frames
20 of data and block processed by the vocoder 70.

[0028) Those skilled in the art will recognize that human speech may be classified in
many different ways. Three conventional classifications of speech are voiced, unvoiced
sounds and transient speech.

[0029] FIG. 2A is a voiced speech signal s(n) 402. FIG. 2A shows a measurable,
common property of voiced speech known as the pitch period 100.

[0030] FIG. 2B is an unvoiced speech signal s(n) 404. An unvoiced speech signal 404
resembles colored noise.

[0031] FIG. 2C depicts a transient speech signal s(n) 406, i.e., speech which is neither
voiced nor unvoiced. The example of transient speech 406 shown in FIG. 2C might
represent s(n) transitioning between unvoiced speech and voiced speech. These three

classifications are not all inclusive. There are many different classifications of speech



classifications are not all inclusive. There are many different
classifications of speech 6 that nmay be enpl oyed according to the
nmet hods descri bed herein to achi eve conparable results. 4GV W deband
Vocoder [00321The fourth generation vocéder (40V) provides attractive
features for use over wireless networks as further described in

co- pendi ngupat8hhe 3RPIdyeALEQRIiIRE S He DUIRES dedddtkd Sl 1o dchlRd cORpMaYIe
5, 2005, entitled "Tinme Warpi ng Franes | nside the Vocoder by

Modi fyi ng tdseltResi dual ," which is fully incorporated herein by
reference.4§&{_@.ﬁ tcp%se ieatures include the ability to trade-off
quality vs: 1Ge0pRC Iresilient vocodi ng in the face of

I ncr eF}@Qﬂ packetrhetmrth g@ie?atiﬁ)ﬁﬁlﬁ}:odé@g%(i% Jﬁ@ﬂ@@ﬁhﬁ[ﬁ&lveoffeaﬁf@fsﬂéf @8 over
etc. In the present invention, the 4GV wi deband vocoder is disclosed

t hat encodeérclpesevoiksi ssgiuherplaseribsgna codrandingumstent applicatipe SpoagldNuraber
upper band [ lLY..e d, 1003 I e L en .
i nput si gnziﬁ?%ﬁg?@ﬁ?&éﬁ&x @’eggﬁg}%sggé%% ?é%ﬁg%ﬁlg{g %%%—E&K%’nthgnmmdel
anal ysi s f b} dsdipikg ihe Rusvibidedhgniefaty mgomoriadd easbiang fefepsmcbarsdine of
signal sampled at 8 kHz, and_ a hi gh band sigtgal sanpled at 7 kHz.

Thi's hi gh Bustifeafugppdnclpde hesbhity te tadeefh qualityvs dibite, 3105e raspliepbvensging

7 kHz in t [ t Si j a [

band up t o BSar Lo pEoRe pithel Brbi e (B e e S el
wi |l be |i thetpeebehninbanthni thieldG\owidrpbatd Vodokir is disckhealithdt drodstspaechhaing
there is an approxi mately 500 over|ap between the | ow an i gh
bands, - al | BAPHPHS R e Gorl4 A EkAGHEF PBHSEE SOEHTHE B

[ 0034]¢ga3ione aspeehe emBEaiRRRf, IMRARH Es\sl%%p?épres%n@ NEQEREdUpERE sBmpled at 16
nodi fi ed version of the narrowband - B speech coder, which is a

CELP coder kifzt hAm ahalysie fdiczenkfis 20oviiléd gemcaingse ndevebaid dognzing) figosh

t he narrowban oder. .are ysedgd. the. high b l.ysi d .
Synt hasi o SHagd o6 Sacttf ot iebehd Sisth gt of k] Tuf et pang pignal
signal froRgréientddid waaan S8R B:5 KA td ubp RAL 7 81 ihpt Stenkefvhes thedBw
coefficient (as an indicator of the spectral tilt of the nan-owband

signal); (Bynd vignaduemescnisdhabrigtup/ie abodeblidt agdithe figm deqonytrycird wideband
quanti zed ltan e sk A0PS! NG RAID L0 EVRE, BnaiphAnd LRGP ART. is an
used in 4 deband encodes each frane vol ce data I n one o ree

di fferent bpRoRinia§lesS00q0Levirkei betdedd thedowPieidhigh ibandy, GRLWng for a more
Noi se- Exci ted Li near, Prediction (NELP); or silence 1/8th rate frane.
[ 0036] CELPBradgal fsmgitiop befiesaheiy®fls-of t he speech, which includes

SPECCIVHIF! . BEGLEShfeeablssyd Rk LSRRG I oo
nodi fi ed EYR@eBbaar E¥REaR dpecvhocheler, ushinly iCRIEELP ¢oder with a frame size of 20
milliseconds. Several signals from the narrowband coder are used by the high band
analysis and synthesis; these are: (1) the excitation (i.e., quantized residual) signal from
the narrowband coder; (2) the guantized first reflection coefficient (as an indicator of the
spectral tilt of the narrowband signal); (3) the quantized adaptive codebook gain; and
(4) the quantized pitch lag.
[0035] The modified EVRC-B narrowband encoder used in 4GV wideband encodes
each frame voice data in one of three different frame types: Code-Excited Linear
Prediction (CELP); Noise-Excited Linear Prediction (NELP); or silence 1/ 8™ rate frame.
[0036] CELP is used to encode most of the speech, which includes speech that is
periodic as well as that with poor periodicity. Typically, about 75% of the non-silent

frames are encoded by the modified EVRC-B narrowband encoder using CELP.



[ 0037] NELP is used to encode speech that is noise-like in character.
The noi se-like character of such speech segnents nmay be reconstructed
by generating random signals at the decoder and applying appropriate
gains to them [0038]1/8th rate frames dre used to encode background
noi se, i.e., periods where the user is not talking. Tine-Wrping 4GV
W deb Fr anes 0; d I r
and uf)Hg bandsNéE{é%agg'{%%g{lioggsgg%hwh%ﬁgg%%?\m{%gqfo E&P %e ek
ti me-war pi tigiradier dfrmn@sloeemeegmmx mhgrbd recoristro@edvay ;genieralmgﬂlgmdom signals
simlar techpi que as descri.bed in the above:nenti oned co-pendi ng

patent appflBaeeEEe ?ﬂdl*tplp & JRIRPIALT BRYIORRSRes | nsi de the Vocoder
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a |l ower-band warping 32 that is applied on a residual sighal 30. The
mai n r easonsdraynatdalkigpgt i me-war pi ng 32 in the residual donmmin is that

this all ovv;} th%VLPC sgg&%glgs gé to be applied to the time-warped

resi dual st play an inportant role in how
speec h)ogqunds aRfhcamp MGV GviaHhB &8 tSdcB dn @b ETovR B R Bped Baﬁﬂ%@ﬁzﬁﬁtet)hﬁ{e
correct LPC information is maintained in the signal. If time-warpin
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procedur e chah Or ndit I on especi

the pitch Fﬁéh@i}pﬁ&dﬂdﬁ&i}hﬂ&i hﬁmdwm@gﬁramynmmeatcaod&lbmwmmjanggqe
of Residua nal When Speech Segnent is CELP [0041]In order to
warp the r8§$léﬂﬁil the decoder uses pitch delay information contai ned

inth coded ' I : [

the e c?ggllf t he Fgéﬁqgm%i beg%hg‘%érégq%er e@vyargl\?lgr?ait%ﬁgs rloé)
frame, thergiduabhsigedl 89. I’Tihglniaubﬁ:asdn @hﬂblylg(thmqgmmg HZh'm the teshiludiedcayasn is
at any point in the fra y be estinmted_ b in atln
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points int rame are the frame may be divided into pit
peri ods. Thmtbmm%aﬁt@swarpmgiﬁoamsmm thatisoragot LB€t isfavinpten sohagtaited in the
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sanpl e number 142 has pitch delay of approxinatel hus, pitch
peri ods ar ehdngsrih¢ LPConfamdtion efrilfe 2ppecillysifitke Plltqlhlsﬁtméteé mjagon has
FIG 4B. 8

not been very accurate.

Time-Warping of Residual Signal When Speech Segment is CELP

[0041] In order to warp the residual, the decoder uses pitch delay information contained
in the encoded frame. This pitch delay is actually the pitch delay at the end of the
frame. It should be noted here that even in a periodic frame, the pitch delay might be
slightly changing. The pitch delays at any point in the frame may be estimated by
interpolating between the pitch delay of the end of the last frame and that at the end of
the current frame. This is shown in FIG. 4. Once pitch delays at all points in the frame
are known, the frame may be divided into pitch periods. The boundaries of pitch
periods are determined using the pitch delays at various points in the frame.

[0042] FIG. 4A shows an example of how to divide the frame into its pitch periods. For
instance, sample number 70 has pitch delay of approximately 70 and sample number
142 has pitch delay of approximately 72. Thus, pitch periods are from [1-70] and from
[71-142]. This is illustrated in FIG. 4B.



[ 0043] Once the franme has been divided into pitch periods, these pitch
periods may then be overl ap/added to i ncrease/ decrease the size of
the residual. The overlap/add technique is a known techni que and

FI GS. 5A-5C show how it is used to expaBd/ conpress the residual.
[0044] Al ternatively, the pitch periods may be repeated if the speech

ppt e T epeghly ARy vERl bRk IO Tich Rolfd iy R R o BGhel then
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repeating of pitch perjods nmay be don many tinmes as is qui rg&i o
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Referring Ie.Qki9 nal speech signal conprising of 4
pitch per|Ie ? m?é‘ss sh%vvn FIG 5B shows how this speech signal

may bﬁ)OMpandedAﬂtsmgvcdy,ethé aptlageiodsmdsl (& repBitediftibhsprech sigsal PR2dsande

and that oPRsRded s oAt FI st Pyt BPLaTohe e A &
used to cogpy E%dﬁg@wﬁtﬁmﬁ‘%proﬁ%ﬁ]éx&a%ﬁ&?ﬁeﬂﬁﬂen the pitch period

i s changing, e over| ap-add technique may require the nmerging of two
pi t ch{09ésli ods oMaﬂmua‘he peertpplrdding andios repesting b‘épt‘f@T pmdg mfgf bragorigeas

achi eved b t he ks _of e

over | ap! adtheg e AT < BBABT e Bt MG aaheh SdeBTY e Savired
final [ge4grent thR@ﬂﬁlﬂng RerFldG s ymt beiginal sﬁ&%eﬂg@ﬁm@nﬁﬂmlﬂgowax pttamgem@ds
war ped, the upper band needs to be warped using the pitch period from

the | ower Jsishewn. f BFC.exBathorisnhova thist sisegesicod Br2yskamskeanded using

added, Whi L gedBlad OfTHrPt%§55§9%1éc§1 R0 PRSI R %L SN Radbd 02 dheppas

procedure PO i ng e up eren ower

band. Ref ebdsntﬁgutttapgoeb @nkdeGreasing tahke thappEPPbanihcicasingt Fiar P dllistratehdow
resi dual domain, but rather warping 3 is done after synthesis 36 of
t he upper Béﬁkﬁp@éﬁﬁ%%@dtqﬁ@@@%@ﬁf? U3t-his is that the upper band is

sanpl t 7 k I ggf}g

pi tchﬁ%e?ll od o?ﬁ% h\é\géko‘&he%pgjangl%gnp edg Eha?%ﬂ%r_g?e %e eé%lrrtee-ggﬁam%
fractional reqmnbelne mbreianpd teo pitvhpetinds sametina gength. eln &1s7cak¢-liapttasmerging
the upper ban .an. exanple, jf the pitc eri.od i 5.in the | ower
band. ¢ REY s ariogan B ot Budk b petls shithe Brhpett Pl BT o oty
= 21.875 sgmies to be added/renoved fromthe upper band's residual.

Clearly, since a fractional nunber of saryfgl@gs cannot be generat ed,
the upl9é8] band The weapapded/B@npicsssd résiduahss b sefdlaopilethetld (Bsyutpesis.

whi ch [6039  he Cahcd tltleefowse\{ %taxqg ?sl %Va?p%d the upper band needs to be warped using the
pitch period from the lower band, i.e., for expansion, a pitch period of samples is added,
while for compressing, a pitch period is removed.

[0050] The procedure for warping the upper band is different from the lower band.
Referring back to FIG. 3, the upper band is not warped in the residual domain, but
rather warping 38 is done after synthesis 36 of the upper band samples. The reason for
this is that the upper band is sampled at 7 kHz, while the lower band is sampled at §
kHz. Thus, the pitch period of the lower band (sampled at 8 kHz) may become a
fractional number of samiples when the sampling rate is 7 kHz, as in the upper band. As
an example, if the pitch period is 25 in the lower band, in the upper band’s residual
domain, this will require 25 * 7/8 = 21.875 samples to be added/removed from the
upper band’s residual. Clearly, since a fractional number of samples cannot be
generated, the upper band is warped 38 after it has been resampled to 8 kHz, which is

the case after synthesis 36.



9 [0051] Once the | ower band is warped 32, the unwarped | ower band

excitation (consisting of 160 sanples) is passed to the upper band

decoder. Using this unwarped | ower band excitation, the upper band

decoder produces 140 sanples of upper b&nd at 7 kHz. These 140

sanples are then passed through a synthesis filter 36 and resanpl ed
givin 0

kHZ a[u'ﬁéyt]hen . %&ﬁhwgﬁ%%ﬂg 1§a{$ﬁ§$§ 3% ht%@%lwagﬁfdr éﬁq&ﬁ%%ﬂ %%cﬁéno%

band and t tw@nsivtiid @ﬁ)f@c@lﬁlﬁesblm pps%mmetﬂe ﬁ;ppenmmlda@deheUIsm@emsbmmmed
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band residual signal by generating random val ues and then applying
t he respecspogeh sgginremt.on them In this case, there is no concept of

pitch i od and. as_such,.the nsion/ npr.e
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to expand/g@ﬂmress the | ower band of a NELP encoded frane t he
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sanpl Ieadln NUSED
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(instead o sanp es to g€nerate n expanded (y >
conpr ¢88ld (y <Thé)debaivergebantsrtbsilowal band residual signal by generatmg random

values and then applying the respective gains on them. In this case, there is no concept

of pitch period and as such, the lower band expansion/compression does not have to be
of the granularity of a pitch period.

[0056] In order to expand/compress the lower band of a NELP encoded frame, the
decoder may generate a larger/smaller number of segments than 10. The lower band
expansion/compression in this case is by a multiple of 16 samples, leading to N=16 * n
samples, where n is the number of segments. In case of expansion, the extra added
segments can take the gains of some function of the first 10 segments. As an example,
the extra segments may take the gain of the 10® segment.

[0057] Alternately, the decoder may expand/compress the lower band of a NELP
encoded frame by applying the 10 decoded gains to sets of vy (instead of 16) samples to
generate an expanded (y > 16) or compressed (y < 16) lower band residual.

[0058] The expanded/compressed residual is then sent through the LPC synthesis to
produce the lower band warped signal.

{0059} Once the lower band is warped, the unwarped lower band excitation (comprising
of 160 samples) is passed to the upper band decoder. Using this unwarped lower band

excitation, the upper band decoder produces 140 samples of upper band at 7 kHz.



[ 0058] The expanded/ conpressed residual is then sent through the LPC
synthesis to produce the |ower band warped signal. 1005910nce the

| ower band is warped, the unwarped | ower band excitation (conprising
of 160 sanples) is passed to the upper Band decoder. Using this

unwar ped | ower band excitation, the upper band decoder produces 140
sanpl es of t 7 t :
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| ower bands are finally added to give the entire warped NELP speech
segnent . [ bosR] Tsoxe extmplri if the dowke bard pyasiyrel dhdisroplenrfichayarping, the
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i nstrpokijons, cOhTapes, andnb%ﬂahndsrare s‘ingmﬁlaadedbtot give shyraolrs wapsl NELP
chips that may be referenced throughout the above description may be
r epr esent edPA5HH RgMeAfes, currents, electromagnetic waves, nagnetic
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vari ous il tepséseated weidgogng alf a variety of different technologies and techniques. For
example, data, instructions, commands, information, signals, bits, symbols, and chips
that may be referenced throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic fields or particles, optical fields or
particles, or any combination thereof.

[0063] Those of skill would further appreciate that the various illustrative logical
blocks, modules, circuits, and algorithm steps described in connection with the
embodiments disclosed herein may be implemented as electronic hardware, computer
software, or combinations of both. To clearly illustrate this interchangeability of
hardware and software, various illustrative components, blocks, modules, circuits, and
steps have been described above generally in terms of their functionality. Whether such
functionality is implemented as hardware or software depends upon the particular
application and design constraints imposed on the overall system. Skilled artisans may
implement the described functionality in varying ways for each particular application,
but such implementation decisions should not be interpreted as causing a departure from
the scope of the present invention.

[0064) The wvarious illustrative logical blocks, modules, and circuits described in
connection with the embodiments disclosed herein may be implemented or performed
with a general purpose processor, a Digital Signal Processor (DSP), an Application
Specific Integrated Circuit (ASIC), a Field Programmable Gate Array (FPGA) or other

programmable logic device, discrete gate or transistor logic, discrete hardware



bl ocks, nodules, circuits, and algorithm steps described in
connection wth the enbodi nents disclosed herein nmay be inpl enented
as el ectronic hardware, conputer software, or conbi nati ons of both.
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invention is not intended to be limted to the enbodi nents shown
herein but is to be accorded the w dest scope consistent with the
princi pl es and novel features disclosed herein. 12 CLAIMS 1. A

nmet hod of conmuni cati ng speech, conpri sing: ti me-warping a

resi dual | ow band speech signal to an expanded or conpressed version
of the residual | ow band speech signal;




ti me-warping a high band speech signal to an expanded or conpressed
version of the high band speech signal, wherein the tinme-warping of

t he hi gh band speech signal conprises: determning a plurality of
pitch periods fromthe | ow band speec? si gnal ; over | ap/ addi ng
one or nore pitch periods of the high band speech signal if the high
band speech signal is conpressed, using the pitch periods fromthe
conpressed | ow band speech signal; @fg_ over | ap/ addi ng or
repeating one or nore pitch periods o tﬁe hi gh band speech signal if
t he high band speech signal is expanded, using the pitch periods from
t he conpres ﬁ% ﬁ@gnd speech signal; and ner gi ng the

ti me-war ped % ORRThTASAS FRETH SPRBENRE gnal's to give an entire

ti me- war ped+isReeEPIng la@8kddual 1o bahBepdteh bigHal@d ak bdjaillek, orfcbiph8ded version of
conprising synthesizing the tinme-warped residual | ow band speech

si gnal the rgsido dovrbardggeesh signak m 2, further conprising synthesi zi ng
the high baﬂ zﬁ-@ﬁ?m %W%gd@&{e@lﬁﬁ dlri‘i?aﬂ‘@:{ h dztco%aéress-gﬁ%ﬁgﬂb‘?%eof

claim 3, furt asst ying s seg
encodi highthaad spmelchgmgp&mrms the thne- W‘a@lmﬂm@hl@h batdaipaech, sighabgomiprises:

ot adi ot fon, - nalCEN L { U PHE PR o a1 L B PR KBHlng. 13

6. The nethod of claim4, wherein the encoding |s code ex0|ted | i near
prediction encodlng 7. The nethod of claim§,
¢

t het i me- war pi rRycBar/adding gjog igre Pléﬁh nsEAd %fﬁb%@ﬁhéﬁw félcﬁﬁﬂa if ghe high
esti mat,h o ﬁg&%l}s?gﬁi ;s%ﬁl séeﬁhu guc@mmas ﬁomafggbﬁmgm@%e& ualfa?:]ﬁtgiav&gh

at least o per|o § after receiving t resi
band speeslhasi gnal .

overlap/adding or repeating one or more pitch periods of the high band speech signal
if the high band speech signal is expanded, using the pitch periods from the compressed low
band speech signal; and
merging the time-warped low band and high band speech signals to give an entire time-

warped speech signal.

2. The method of claim 1, further comprising synthesizing the time-warped residual low

band speech signal.

3. The method of claim 2, further comprising synthesizing the high band speech signal

before time-warping it.

4, The method of claim 3, further comprising:
classifying speech segments; and

encoding the speech segments.

5. The method of claim 4, wherein encoding the speech segments comprises using code-

excited linear prediction, noise-excited linear prediction or 1/8 frame coding.



8. The method of claim®6, wherein the time-warping of the residual

| ow band speech signal conprises: estimating pitch del ay;

dividing a speech franme into pitch periods, wherein boundaries of the
pitch periods are determ ned using thﬁ%pitch del ay at various points
in the speech frame; overlap/adding t pitch periods if the residual
| ow band speech signal is conpressed; and over | ap/ addi ng or
repeat ixng o I r i y LIt h > LU . :

i nal 59 onpanuRorgRE LR Sk R oo fSL Rl LR ANoR RRGhe
of the pitch delay conprises interpolating between a pitch delay of

an end.of a.|ast frape an n end of a curre fr 1,..10. The t ho
of i arm 8- Thngeteh S Halb ot eGP teeilans FAgRd da” Bpndaipa Ty ral
the pi tehppeki ods conprises nerging the speech segnents. 11. The

met hod of claim 10, further conprising selecting simlar speech
segnents, wASHRIAE phisass ppg pifsh spedcrdsegnent s are nerged. 12, The

met hod of ¢l @} dOubfilihBe! 169 BRE b5hd itapg&ﬁhéaﬁélageéemngstnsgégmfg low,

segment s, ereby simlar speech segnents are selected.” 1

met hod barfd speedhrigial. wher ei n t he overl ap/ addi ng or repeating one or
nore of the pitch periods if the residual |ow band speech signal is
expanded conpri ses adding an additional pitch period created froma

first gitchTaegtol odoidindoselkod i dad waginoef theasinil. low bdnd Jfeech signal
nmet hod of c¢laim 13, wherein the adding of an additional pitch period
creat e@°TP@iFa first pitch segnent and a second pitch period segnment
conpri ses agg&ﬁ@nggﬁd{aaéﬁ and second pitch segnents such that the
first pitch period segnent's contribution increases and the second

pi tch peri odivibyhesescicame inpupitdipededs. sdsrein bouhgaricioé themtthl gerisfds are

Zl ?H;n %EECHV\{‘IEI%EC? LSQngt Jﬁg pit&lwdqu‘yna Vrarei Jsepst)ien § isn ther:] sepe%&ngamug); to and including
overlap/adding the pitch periods if the residual low band speech signal is compressed;
and
overlap/adding or repeating one or more pitch periods if the residual low band speech

signal is expanded.

9. The method of claim 8, wherein the estimating of the pitch delay comprises interpolating

between a pitch delay of an end of a last frame and an end of a current frame.

10.  The method of claim 8, wherein the overlap/adding or repeating one or more of the pitch

periods comprises merging the speech segments.

11.  The method of claim 10, further comprising selecting similar speech segments, wherein

the similar speech segments are merged.

12.  The method of claim 10, further comprising correlating the speech segments, whereby

similar speech segments are selected.



16. The method of claim1l, wherein the high band represents the band
fromabout 3.5 kHz to about 7 kHz. 17. A vocoder having at |east one
i nput and at | east one output, conprising: an encoder
conprising a filter having at | east o?% i nput operably connected to
the input of the vocoder and at | east “one output; and a decoder

conpri si ng: a synthesizer having at |east one input operably

connecysd t 2ud Beudlh o BRR s DR AN U ALy LG PRSORTREOR GlmbEBlncaEn

out put “Operably ¢connected to t t leds t he voco
and perioda ifheessiduaMibertend sjdech o g dlerxphisled dappasts tiddieg e additional pitch

software. instructions.stored in the nenory .c rising:

CF e waPiAd i WP dirt FS S BT SRRBTHON RFAIPEBS i sRbanded or

conpressed version of the residual |ow band speech signal

tine-marpin% a hi gh band zgeech signal to an expanded or conpressed
t

versi odof Themeihgh ofelatin & herisrein flgraing ph ok edciliqsbpHhyRETigR FisAeg trom a

sof t wa i I f | 1 . I :

ot er e s ek CfhaR seL ol e R RS b R i A P secnd

si gnal pitcH&gments soatethhtahé Acdping pened segnmant'ecquitiitahiop @rdradss apfl thdwecdridgh
band sgeggh si%nal i.f the hi%P band speech signal is conpressed,
usi ng PHEN BedReEBe S G PYIRY7E 8% pr essed | ow band speech si gnal
and over |l ap/ addi ng or repeating one or nore pitch periods of the
hi gh band speech signal if the high band _speech signal is expanded,
usi ng tlhe piThemepediobalsim dovherpia tholeprhead spressws Bierhand pe cnddngpding 4
and kHZTergi ng the time-warped | ow band and hi gh band speech
signals to give an entire tine-warped speech signal. 18. The vocoder
of claim 17, wherein the synthesizer conprises nmeans for synthesizing

the ti qg_ Wat[gg %egh%ﬁlog léllaallim ll ,O \\{fvhel}eai?l(%hg lﬁgﬁggnds 1"e§1%§elnts the band from about 3.5 kHz to

about 7 kHz.

17. A vocoder having at least one input and at least one output, comprising:

an encoder comprising a filter having at least one input operably connected to the input of
the vocoder and at least one output; and

a decoder comprising;

a synthesizer having at least one input operably connected to the at least one
output of the encoder and at least one output operably connected to the at least one output
of the vocoder; and

a memory, wherein the decoder is adapted to execute software instructions stored
in the memory comprising;:

time-warping a residual low band speech signal to an expanded or
compressed version of the residual low band speech signal;

time-warping a high band speech signal to an expanded or compressed
version of the high band speech signal, wherein the time-warping software
instruction of the high band speech signal comprises:

determining a plurality of pitch periods from the low band speech signal,



19. The vocoder of claim 18, wherein the synthesizer further
conprises neans for synthesizing the high band speech signal before
time-warping it. 20. The vocoder of claim 19, wherein the encoder
conprises a nenory and the encoder is,adapted to execute software
instructions stored in the nenory conﬁfising encodi ng speech segnents
usi ng code-excited |linear prediction encoding. 21. The vocoder of

clai m 20, wherei n they el qf 086 Pbtoriit pg%fg!éfgﬁé Bﬂﬁﬁh%ﬁ bahd Eﬂ%g%ﬂgér@%% if

band speech signal conprises: over ing the sane nu

sanpl es as were themphdssédpdeph sibpal iowerprésaed usifig theeith géridsiainstheech
signal is conpressed; a overl ap/,addi ng the same nunber of
sanpl es as were gwggﬁﬁgﬂﬂvmb¥ﬁgpﬁg&g$9ﬁaﬁgfif t he hi gh band speech
signal is expanded. &2zrlag/addiN®60EpEatiaf obd & v Ritchp&icels bf thadigh band
ti me-warping software instruction of the residual |ow band speﬁfh,

si gnal conpri sesspeedt sigaal ithige atehy head srespibsignal éyrxpanded disingfe pitch periods

addi ng or Subtraﬁﬁﬁ{mk&Jm@&&w&R§§$mﬁ@$a£hggnﬂpﬁﬁjOd after receiving
t he residual | ow band speech signal. " 16 3. The vocoder of claim

20, wherein the tinme-mergpigthe Suktwapeal lowdandend lwgh bindispecohetdndis 49 givew

band speech Sign%{mﬁ?e1ﬁk§§fze égé E&kﬂp pitch del ay; dividing a
speech frane into plic peri SP*RNerh boundari es of the pitch

periods are determ ned using the pitch delay at various points in the
speech frang; over] ap/adding the pitch periods if the resjdual
speech 18i gnahe recodeigficladmdd; WArgindlerInHIsFZEROmpTiSss W&égqris 56%%@6

nor e p%h&hwgﬁ&jQgﬁugﬁ@gmgmfﬁgg_ nappeech signal is expanded. 24.
The vocoder of clalim23, wherein the overl ap/addi ng i nstruction of

the pitch periods if the residual |ow band speech signal is
conpresge d TRIREL0aEPof claim 18, wherein the synthesizer further comprises means for

synthesizing the high band speech signal before time-warping it.

20.  The vocoder of claim 19, wherein the encoder comprises a memory and the encoder is
adapted to execute software instructions stored in the memory comprising encoding speech

segments using code-excited linear prediction encoding.

21.  The vocoder of claim 20, wherein the time-warping software instruction of the high band
speech signal comprises:

overlap/adding the same number of samples as were compressed in the lower band if the
high band speech signal is compressed; and

overlap/adding the same number of samples as were expanded in the lower band if the

high band speech signal is expanded.

22.  The vocoder of claim 20, wherein the time-warping software instruction of the residual
low band speech signal comprises:

estimating at least one pitch period; and

adding or subtracting the at least one pitch period after receiving the residual low band

speech signal.



segnenting an input sanple sequence into bl ocks of sanples; renoving
segnents of the residual signal at regular tine intervals; nerging
the renoved segnents; and repl acing the renoved segnents with a
merged segnment. 25. The vocoder of CL im24, wherein the nmerging
instruction of the renoved segnents c rises increasing a first
pitch period segnent's contribution and decreasing a second pitch
period segnent's contribution. 26. The vocoder of claim23, wherein
the estimating instruction of the pitch delay conprises interpolating
bet wee3.a pTheiocdédraf ciafm A, eneioftheatihasarfingsdtwandingimucting obfhe gesidual
curren %ng ﬁ The vocoder of claim 23, wherein the

overlaBWé PSP SIEBHESMPHT™0ne or nore of the pitch periods
instructlona@@ﬁﬂﬁ%§g@1&ﬁ@glng t he speech segnments. 28. The vocoder
of claim 27, further conpr|S|ng selectln simlar speech segnents,
wher ei n t hedigjdng afpeehelsdne BEpiEhtsTadse W %@r“' undgrgs o %W%Bﬁé}ﬂsaﬁ
claim e residual |ow
band %%eg%ilgg&%n{s’gl %ﬁgt&%‘ %g?%}v%?@lléﬁg rolﬁgge{ang%%@g?lﬁ?%g t he speech
segment s, \m*earkap&d@hgtheamtc:h peiely iGthg msivtugl %Jrzgzhgs@nebns edmpres@d aRide
vocoder of cla n the over a LN n
ror e of ¢ neop eBRice PhFbH Retht el Ml MBh BRAPIL Rh S RENG B BB o1
si gnal ekgmngapanded conprises addi ng an additi onal pltch peri od
created froma first pitch period segnent and a second pitch period
segnent. 31. The vocoder of claim 30, wherein the adding instruction
of an agdi tTH@%coHéF&Qlaﬂﬁ@BO\Qh&Eﬁ%@&eﬂ%ﬁ/ﬁ?ﬂ&ﬂ@m@ﬂrﬁé{fon%F%e%%ﬁ’{i@hcﬂ's‘iiCh
period segments conprises adding the first and second pitch period
segmentls rezidual lmbartlh?eedcmsgmalps tohpigeseil oempeggient ' s contri bution

i ncreases and t he second ampi:segerlod s&gaﬁqksan&gntrlbutlon

e an 1n ut ence 1
decreases. 32 Ta|n1 er éi n ﬁe encoder

conpri ses ammﬁwﬁ@we@mdmibEﬁﬁm@mﬂﬁrmg@ﬂaﬂagﬂadnh@nmxeﬂute sof tware
instructions stored in the nenory %onprising cl assifying speech
segment s as™ErENG 1§ FEMOVEEJESREERY | i near prediction or

noi se- exci t gehid-{dRQRE reRoFEd SdahfRts with a merged segment.

25.  The vocoder of claim 24, wherein the merging instruction of the removed segments
comprises increasing a first pitch period segment's contribution and decreasing a second pitch

period segment's contribution.

26.  The vocoder of claim 23, wherein the estimating instruction of the pitch delay comprises

interpolating between a pitch delay of an end of a last frame and an end of a current frame.

27.  The vocoder of claim 23, wherein the overlap/adding or repeating one or more of the

pitch periods instruction comprises merging the speech segments.

28.  The vocoder of claim 27, further comprising selecting similar speech segments, wherein

the similar speech segments are merged.

29.  The vocoder of claim 27, wherein the time-warping instruction of the residual low band



33. The vocoder of claim 17, wherein the | ow band represents the band
up to and including 4 kHz. 34. The vocoder of claim 17, wherein the
hi gh band represents the band from about 3.5 kHz to about 7 kHz.

17

speech signal further comprises correlating the speech segments, whereby similar speech

segments are selected.

30.  The vocoder of claim 23, wherein the overlap/adding or repeating one or more of the
pitch periods instruction if the residual low band speech signal is expanded comprises adding an
additional pitch period created from a first pitch period segment and a second pitch period

segment.

31.  The vocoder of claim 30, wherein the adding instruction of an additional pitch period
created from the first and second pitch period segments comprises adding the first and second
pitch period segments such that the first pitch period segment's contribution increases and the

second pitch period segment's contribution decreases.

32.  The vocoder of claim 17, wherein the encoder comprises a memory and the encoder is
adapted to execute software instructions stored in the memory comprising classifying speech

segments as 1/8 frame, code-excited linear prediction or noise-excited linear prediction.

33.  The vocoder of claim 17, wherein the low band represents the band up to and including 4

kHz.

34.  The vocoder of claim 17, wherein the high band represents the band from about 3.5 kHz
to about 7 kHz.



