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FI ELD OF THE IWBSE368N The present invention rel RCEALYS00341
voi ce recogni zers generally and to voice 5 recogni zers which use LPC
vocoder. data as input. i Wﬁi THE.

| NVENTI ON V0|Ac‘éorc &:%ER %érssE Da\r’glcvxgl nown*rﬁgt: he art and
are used in nmany applications. For exanple, voice recognition is used
in conmand and control applications for nobile devices, in conputer

Di ct aphones, in children's toys and in 10 car telephones. In all of these
systens, the voice signal is digitized and then paranetri zed. The
parametrized input signal is conpared to ref erence paranetrized

si gnal s whose utterances are knowFIEIEBOF JHIG INVENTIONer ance i s t he

utterance associated with the reference signal which best matches the input

signal . 15 Voi ce reco I ti systeps have .found ar I cu use
in voice dialing The prasent 8{‘] %@ﬁ 19 vggcgrreggg@z?rﬁegqq%@ Vo?"ck fgevmce

person he w shes to call, the voi ce recogni tion systemrecogni zes the
name from a prmbgniEE;swhbhilmed_PC vocoderfdataasénputst and provi des the phone
nunber..associ ated with the recogni zed name. The tel ephone then dials
the nunber. The result is that_the user is Q to his
destination wthout having to BAGKGREU! Qfmmﬁﬁ) nd/ or use
his hands to dial the nunber. WD 99/ 35639

PCT/ 1L98/ 00341 ce d specl.al I RO f

car rmb| | e tel ephones %grrgc%@y&ls &ré Wélf qumhﬁ ifofhe hﬂ éﬁ’d a{FB ﬁé@cptm rﬂény

applications. For example, voice reoognmon is used in command and control

applications for mobile devices, in computer Dxctaphones in children’s toys and in

10 car telephones. In all of these systems, the voice signal is digitized and then

paramefrized. The parametrized input signal is compared to reference

parametrized signals whose utterances are known. The recogmzed utterance is

the utterance associated with the reference signal whlch best matches the input
signal.

15 : Voice recognition systems have found particular use in voice dialing

-systems where, when a user says the name of the person he wishes to call, the

voice recognition system recognizes the name from a previouSly provided

| reference list ahd provides the phone number associated with the recognized

name. The teleph_one then diéls the number. The result is that the user is

20 connected to his destination without having fo look for the dialed nhumber and/or

use his hands to dial the number.



user is typically the driver -of the car and thus, nust continually

concentrate on the road. |If the driver wants-to-call -someone, it is
much safer tyglygkhledri ver speak the ~name of the perso
called, rather than dialing the nunber hinself. 5 QC&&F%%‘TI t

whi ch reference is 3 LN irABe ¢ A githal =
mobi | et el ephone. ngilﬂga’q?ﬁ ;ﬁ/"g %%ﬁag}e %@%ﬁ%ﬁ%ﬁﬁ% ﬁ%lgtezepnq? re gﬁﬂgéhrg ﬂi‘%
a speaker 12, a.unit. i ch copverts betyween anal og. and digital  si | s,
5 SPeAKEr | ooueel ¥ Rl 8 et 88! cal R i dnRi DR ot pAfe
| abel ed DSP-1, an operating system 18 inplenented in a_

m cr ocont r ol 1o@d. df the driier meants kspmeone, it isuptich safeithat the ddver spealdbacy
interface unit (RF unit) 19 and an antenna 20. On transmit, the .

m crophone IRarpeftins personab®e oaiederathanthha didlingthe@nenfbeg hirhastl by
unit 14. The vocoder 16 conpresses the voice sanples to reduce.the anount

of data to be=irangm | HAL L : er
mobi 1o 50 el eprate - hithlcfiterefeRogie HBWmade XHov R blomnfl e 2
provides the,k 15 received signal, via RF unit 19, to vocoder 16 ich, in
turn, deconpiigialduobijetelephone; clypically, ainaehile telepgov%_il nagr.opggnﬁ Hy

converts the voice sanples to an - ‘anal og si-gnal which. speaker 12

proj ects. The speakett 12 asysit 44 Whichocomers bétween analogaarad digitabfsigriads, a =~~~

mobi | e t el ephone. For voice dialing systens, the nobile

tel ephone a%éob@f‘%'%gie?ﬁ%ﬁt@ﬁfin% di _lcﬂﬁél%réééé‘éﬁﬁ @SSP chip laBBiedpEPRA, | n

a separate DSP chip | abel ed DSP- 2, | receéives the diglitized voice
sanpl es as

par anetri zegé]rpﬁéﬁﬁ@bgﬁggié'{‘ éﬁ'@%‘ﬂg@\égﬁ@% g‘_ﬂ%’!"&ﬁﬁﬁg@!?fﬂé_%ﬁ@epsrowsesing -

recogni zer 22 typically either providées the identification of the matched
‘signal t® unit ZICPPU), a radio frequency interface unit (RF unit) 19 and an antenna 20. QW
gQC/T? ?Egg/ Odaﬁa‘hsmit, the hinerophahetmrgérérateéranﬁ?og)voicé éigaatsfwnnh rue oRyitizead by
associated w th the mat ched o - T -
unit 14. The vocoder 16 compresses the voice samples to reduce the amount of
data fo be transrﬁitted, via RF ux-1it. 19 -a“nd. éntéﬁna 20, to another mobile
telephone. The antenna. 20 6f the receiving mobile telephone provides the
15 received signal, via RF unit 19, to vocoder 16 which, in turn, decompresses the
received signal info voice samples. Unit 14 converts the voice samples to an
analog signal which speaker 12 projects. The operating system 18 controls the
operation of the mobile teléphoné. : |
For voice dialing systems, the mobile telephone additionally includes a
20  voice recognizer 22, implemented in a separéte DSP chip labeled DSP-2, which
receives the digitized voice samples as input, parametrizés the vbice signal and

matches the parametrized inpuf signal to reference voice signals. The voice

recognizer 22 typically either provides the identification of the matched signal to



sﬂgnalf the recogni zer 22 provides the associ ated phone nunber.

Fig. 2, ‘to which reference is new madé; -general |y illustrates the

oper ati.on ofwgeoésssss ecogni zer 22. The digitized voice sanpl es pefraLos/sads zed
into 5 frames of a predetermned |length, such as 5 - 20nsec, and it is

these franesthe operatingisystem elgoonvf dephdrie epribéy is assoeiatescwihi ithermahedor

each frane, the recogni zer 22 first calculates (step 30) t he energy

of the frane : [ now al so made,
11 uotr at oo e, the recognizer 22 préyids tricPadldcffed E%él%lﬁl‘o”r% "R CHARD . as’ a

f f T T by d
cor T espondi né'm”fthllﬁeefmg yhichh Feferesee P et i

spoken, as indicated by reference nuneral 35, and even bet ween
syl | abl es, toperatien gf vbisealecognigen22 f Td'@ndlgmze@\metce samples are organizethinfp
the recogni zer 22 searches (step 32 of Fig. 2) for the start and end

of ‘a worg W friBstdfea wédétérrﬁinaaqlengtlhsu&haést 5af zamee& dahg iHRf tHese famebe
point 15 37 where a significant rise i-n energy begins after the energy

and of o wordiet Epravded (b 28 © lh'é""%gﬁﬂll ﬁé%tﬁlegégzléﬁﬁ g cdgier n°

ener gy flnlshes after which the energy ? remains |ow for nore
than a pred&%ﬁ@tﬁ@lﬁulaﬁﬁglﬁﬁe@ﬁoﬁhﬁemfﬂyp ﬁ"ef?m?he start poi nt- 37

occurs at about 0.37sec and endpoint 39 occurs at about 0.85sec. 20

I'f a word is found,Figs 3¢ teawtich irefetérege Bnowhalso nade, rithastetes ¢he pr frame
perforns (step 36) a linear prediction coding (LPC anaIyS|s to produce

par amet o1 ¢ lnerd 1RRKDOHEA dyork "RICAREES, ot BuKOAG Pof G780 YIFEndiy siong)

cal cul ates recognltlon eat ur es e spoken mo
b\geg\é?ggg?,g% gPwo mps 31 and 33, corresponding with the two syllables of the word3

PCT/ EL98/ 00341 sear ches for a match from anong recognition features of
ref erence wdMiere moaword is spoken as mdlcated by reference numeral 35, and even
~ between syllables, the energy level is significantly lower.
Thus, the.recognizer 22 searches (step 32 of Fig. 2) for the start and
end of a word within the energy signal. The start of a word is defined as the point
15 37 where a significant rise in energy begins after the energy signal has been low
fer more than a predetermined length of time. The end of a word is defined as the
point 39 where a significant drop in energy ﬁnishes after which the energy signal
remains low for more than a predetermined length of time. In Fig. 3, the start
point 37 occurs at about 0.37sec and ehdpoint 39 occurs at about 0.85_sec.
20 If a word is found, as checked in step 34, the voice recognizer 22
performs (step 36) a linear prediction coding (LPC) analysis to produce

parameters of the spoken word. In step 38, the voice recognizer 22 calculates

recognition features of the spoken word and, in step 40, the voice recognizer 22



reference library. Alternatively, the voice recognizer 22 stores the
r"'ecogni-ti'on- - features in the referencé library, in a process known as

"training' Unfortunately, the voice recogniti
conmput atlonalqy |ntenS|ve 5 and, thus, must be inplenment ec#&ﬁ%%&zicond

DSP chip, DfgafchelMdr 4 ffidtch from %irﬂ&iud r&cynitiSleatites Ut rERbtehée WdBRNANE

4
PCT/ L98/ 0034\;Lerence library. Altematlvely, the voice recognizer 22 stores the recognition

features in the reference library, in a process known as “trarmng
Unfortunately, the voice recognmon process is computatlonally intensive
5 and, thus, must be implemented in the second DSP chip, _DSP~2. This adds

significant cost o the mobile telephone.



SUVMARY COF THE | NVENTI ON An object of the present invention
is to provide a voice recognizer ‘which’ operates with conpressed

vai ce data, owopy/ssssed by LPC- based vocoders, ' ‘rat her thagratéshosas
sanpl ed voi ce data thereby reducing the amount of conputation 5 which

ol emonted in the m or ocont r ol SUMNARGOF S WYERTIGROP S eni's (e

operati ng system Since the voice recogni zer does not analyze the

voi ce signal, the | d;;\grobé)éﬂt%‘fﬂfé)ﬁi;és%{ ﬁfveﬁﬁon??sl%ocﬁrﬁvfa@ é){loiteﬁ'ré%érﬁﬂer which

protessi ng power an ne whic oes not' receive the volce signal.

10 Moreover,, the present jnvention provid a.f ur e, generator
which can  OPSTBIER 4¥th CREIGTRES, YpicSofidiee JrAPRISEsed, bY &FLroased ocoders,
recognition, fromdifferent types of LPC based vocoders. Thus, the
present i nverrtather thanfwitmsampliedsvoiee dateothereby reducing thecamgountofttomputation
training) operations on conpressed voice data which is conpressed by

di f f er ent st ypgRichf theFfecegAREr et dssrform. 1 Accordingly, the W&@é&e'b.é%ﬁi%ﬁ I Be
provi ded, in accordance with a preferred enbodi nent of the present

i nvention, a. Qf .. I £COARNI Zi A My | .
predict i on cdipieerse) i echRediaReR By Cl Wtith 4o fhrictBRts the operating
reconstructing the . voice data. The vocoder based recognizer

i mpl enent s t HYSiRMhoPines dhepeqice recognizeriedees -nothanalyze dhei yeice Rignalh dhe
steps of generating at | east .one energy estimate 20 per franme of the

vocoder dat a raictocorotier op CRU osv Be ufuan limited spriooeddhag woeet eind/or one dathich
using the associated energy estimates. If a-word is found, the LPC word

par-anet.er.s ar&gﬁéﬁg&&qeftﬁ€%*§%moder data associated with the word and

recognition features are ca romthe extracted LPC word paraneters.
5 WO 99/
PCT/ | L98/®0341

Sﬁg?e%ver, the present invention provides a feature gen'erator which can

extract the same type of feature data, for ﬁse ih recognition, from different typeé of
LPC based vocoders. Thus, the present invention performs the same recognition
(e.g. matching and training) operations on compressed voice data which is
compressed by.different tybes of LPC based vocoders..

15 There is therefore provided, in accordance with a preferred embodiment
of the present invention, a method for recognizing a spoken word using linear
predictidn coding (LPC) based vocoder data without completely reconstructing the-
voice data. The vocoder based recognizer implements the methqd described
herein.- The method includes the steps of generating at least one energy estimate

20  per frame of the vocoder data and searching for word boundaries in the vocoder
data using the associated ene|;9y estimates. If a word is found, the LPC word
parameters are extrécted from the 'vocoder data asSociatéd with the word and

recognition features are calculated from the extracted LPC word parameters.

5



Fi.nally, the recognition features are matched with previously stored

recognition features of other. words, " thereby recognizing-the.spoken.
wor d. Additionally, in accordance with a prefe &k
enbodi nent o 09 %568? esent i nvention, the energy is est ﬁ‘?ﬁ F9%Ym

-residual dat F‘ln%%nﬁi\e' fbcbpﬁrh‘éﬂ%gﬁ.{)regaatrénmatcﬁﬁd with F)aéiﬁ%éf?tsit&gdg@éoaﬁiﬁon i

performed in na n one enbodi ne e res

reconstructed from vocoder, data and t.he e is formed fromthe
norm of the é@&‘!rﬁﬁé’l ré{"o‘%ﬁ tQﬁFﬁWe’P%G'&QﬁéﬁtsgB%e’bWPér gain value is
extracted fromthe vocoder data and this value is used as the energy

estimate. In a furtAdditionally, in astordaneewitht & prefierred-epabodiment of the presaritues
and remmant data are extracted 10 fromthe vocoder data. A remant signal

i s gener at edin{&RBr, tRe 'iigyls Eatra®Atirom residubPEafainddn tRENRbIEr Bat/
estimate is produceéd. A non-rermant energy -~ estimate is produced from

2nd 8 prBui olS ErtivEoBeahk eSTariédlin Righ R . [ ong emocBimEgt, R Fesldlar?, .

two energy estimates, remant and non-remant, are conbined. 15
Noreover , i rdatads reeansirugtachframpiner wacoder datsrandriia estimatecisfogvedifrom the

i nvention, the vocoder data can be fromany of the follow ng vocoders:

RPE-LTP norfrubf thenesitalal datt dn Soichdr émbodimbait, @pﬁch Ea{ﬁcvalll@liﬁkﬁacted
VSELP, CS ACELP, Enhanced Full Rate Vocoder and LPCl 0 :

There i al sgoinuiigdde f&a%ﬂwu&ﬂdg Us?da%yrtﬁ%‘ﬁheg’f%ﬁ 8 3% further

enbodi nent he present 1 nvention one |
includes a , ,nobile te] hone n S an LPC hased vQ
and a vocodémbadiment, the P S@'“r a]t?S ‘93 t\‘%é Jsgnant dat; @"Gd%’g'%&?q ont
end processor which processes t he vocoder data .to determ ne when a
wor d wago s pdiam the socoderadataatferemnant signal is generated from the remnant data and
6 - WD 99/ 35639
PCT/ 1198/ 003fgm that, a remnant energy estimate is produced A non-remnant energy
estimate is produced from a -non-remnant portion of the residual by using the
piteh-gain. value and a previous energy estimate defined by the lag value. Finally,
the two energy estimates, remnant and non-remnant, are combined.

15 Moreover, in accordance with a preferred embodiment of the present
invention, the vocoder data can be from any of the following vocoders: RPE-LTP
full and half rate, QCELP 8 and 13 Kbps, EVRC, LD CELP, VSELP, CS ACELP,
Enhanced Full Rate Vocoder and LPC10.

There is also provided, in accordance with a further preferred

20 embodiment of the present invention, a digital cellular telephone which includes a
mobile telephone operating system; an LPC based vocoder and a vocoder based

voice recognizer. The recognizer includes a front end processor which processes

the vocoder data to determine when 'a' word was spoken and - to generate



recognltlon features of the spoken word and a recognlzer whi ch at | east
recogni zes the spoken word as ohe of ‘a set of-reference words.

Further, inwaxemsemnce with a preferred enbodi nent of the preﬂ@nnsymnq
|nvent|on the front end processor includes an energy estimator, an LPC 5
par anmet er exécogiition afiedtures eobdhe t spokeneatorde agdnear aecmgmz‘éteummr @t least
esti mat or uses the residual information formng part of the vocoder

data to est ruBldhisdiethe spokeRRsidasdnd'ol 8 sefoftefiidhce whitls. LPC parameter

extractor extr paraneters of the voco data. The

recogni tion featur ner at or erate t he recogni ti atures rom '
the LPC parametersPF%er in Accdre a"éFlY"fSthf%erﬁ&"e‘% ﬁ"’g{"g@? g f\E‘Ftﬂeé

preferred enbodi nent of the present ~invention, the front end
pr ocessor i snvantioot dbey froptrend epmcessoruinqlqdes wc@uergy estrmatppean LPC
WD 99/ 35639

PCT/ | L9G 00 htameter extractor and recognltlon feature generator The energy estimator
uses the residual information fon'nmg part of the vocoder data to estimate the -
energy of a voice sigriat' The LPC parameter ‘extractor extracts the LPC -
parameters of the vocoder data The recogmtlon feature generator generates the
recogmtlon features from the LPC parameters -~_- |

10 : Sill further in acoordance wnth a preferred embodlment of the present |

_invention, the front end processor is selectably operable with multiple vocoder

types.



BRI EF DESCRI PTI ON OF THE .DRAW NGS ' - The present invention

witt--be-under stood and appr eci at ed m)refully ) fromthefollovm'ng
detail ed deSﬁ,Ugg;sg@g taken in €onjunction with the appended W ngs
i n which: - Fig. 1is a block dlagramlllustratlon o? a prlor
art cellular telephone W t e lities; -
"Fig. 2is a flowchart il ﬁgﬁ%ﬁ?@ﬂﬁlﬁo 6§gﬂ'&ébﬁ‘ﬁ@§%s voi ce
recogni ti on met hod; Fig. 3 is a graphical il I ustration of
the energy of a spo lﬁ&rg

Il lustration of a ciﬁ%r%@égﬁt U%’IQE on a‘t'{"g ruc%'gt%’rtc(’a&:I laﬁdaa Eﬁ?éd 9nor't_a fully5
Is a bl ock di agram illustration of a cel I ul ar tel ephone with a

vocoder baseliofpthe: follomdns detailed desgriplien dgkem dn 9BiuURction with M@Wéﬁgﬁd
with a preferred enbodi nent of -the present inventijon;

Fig. 6 is a @tawingdirwhicht ustrati on of a voice recognition method, in 15
accordance with a preferred enbodi nent of the present invention;

Flg. 7 ig a graphicpig dn;%%:mbek umgraﬁw it 8P BfioPartBRINGET Yé?éﬂw:ﬁ&c\g[th

estimated froma res I's a graphi
illustration aof a re5|dual Si 9 useful in understandlng t he
oper.at.i.an_of Y9'RR M¢7qd _ o " Fig. 9is a block
diagramil | ustration of a GSM decoder and Fig. 10 is a

graphi cal illustratFign 2fist acflamechart oﬂusira&pnkeh awpriar ;art, LPC-bagad, nvoieel
froman estinmated residual- si gnal -

8 E&ﬁ&h?ﬁ&ﬁ%d
PCT/+L98/- 00341 S _ L
Fig. 3 is a graphical illustration of the energy of a spoken word; |
10 | Fig. 4 fs a .schematic fllu_st_ration df a cbmpressed voice data strdcture;
| Fig. 5 is a block diégrafn ilustration of a cellular telephone with a
vocoder based voice recognizer, constructed and operative in accordance with a
preferred embodiment of the present invention;
Fig. 6 is a flow chart iliustratibn of a voice recognition method, in
15 acdordance with a preferred embodiment of the present invention;
Fig. 7 is a graphical illustratioh of the energy of a spoken word as
esfimated from a residual signél;
Fig. 8 is a graphical illustration of a residual sigdal, useful in
understandihg the operation of the present inverition;
20 Fig.9is é block diagram illustration of a GSM decoder; and

Fig. 10 is a graphical illustration of the energy of a spoken word as

estimated from an estiméted residual signal.



DETAILED DESCRI PTI ON OF THE PRESENT | NVENTI ON There are
many” types of voice conpression ‘al gorithms, the nost common of which
are those bWe®@988639i near prediction coding (LPC). Applicants pCT/aLes/od3aye
realized that, since nost voice recognition algorithnms utilize |inear
prediction 5 COdbEQ‘Af\‘DEb)ﬁEQSRPP?I"dhb# THEPPRESENT INVERTIONCE S! gnal S,
el ements of the ressed voi ce signal can be provided to the voice
recogni zer to signlflcantly reduce the anmount of analysis which the
voi ce recogni zer nuFheRerare! manyhtypes of voicel fcempression alguﬁthmsynthes raost.
votoder based voice recognizer to be inplenented in

m crocontr ol I

ner ei mbel ow SR, ot Whith dtefiosd bited BR incgt E‘%**Wwﬂﬁg 65! Apcans

Li near Prediction Anal n

escri pt1 on BAVE IReIgRR i3l Sicsmassucipsegoaniion algRTguBs e iReRLIEYISton of
speech coding in general, which includes a nore 15 conplete description
of lineas prmﬂingimalysisli ing orderntd fperametnized ¢oie heoiee  sigmal$e elementsf ofirttiei n
the article ' Speech Coding: A Tutorial Review by Andreas S. Spanias

Proceedi ngS d&{/ : dngz:sséﬁe ice gfgnaﬁgan P@ pré?de@%bctﬁérvoic%gfbcoﬁétze?‘

Mocoder i'nto a series of eac

| ength N t i,cal | rese about. .2Qnsec. of the .voi ce each
frame, 20 Byigade HRGGR G, m&wé\wfbﬁwewﬁcmwgwﬁie%”ﬁﬂw ?Eh

Li near predlctlon codi ng describes a voice signal y(n) as follows:

Equation 1 the present invention is a vocoder based voice recognizer toogbe implemented\m)
99/35639 : PCT/ 1 L98/ 00341
ferr] - . the mncrocdtdﬂ%ﬂér SMEPY, ofd @elium/momfe tdispHdrie, asafctailidchérainbalow

[err](n) is known as
10  with respect to Figs. 5,6 and 7.

Linear Prediction Analysis:

The following is a short description of the operation of LPC based

vocpder 16. A discussion of speech coding in genéral, which includes .a more

15 complete description of linear prediction coding than that provided here, can be
found in the article “Speech Coding: A Tutorial Review” by Andreas S. Sﬁanias,.

Proceedings of the IEEE, Vol. 82, No. 10, October 1994, pp. 1541 - 1582.

Vocoder 16 divides the voice signal into a series of frames, each of a
length N, typicaliy representing about 20msec of the voice signal. On each frame,
20  vocoder 16 performs linear prediction coding (LPC) analysis.

Linear prediction coding describes a voice signal y(n) as follows:

Equation 1



the residual signal. Typically, each frame has p LPC coefficients a, and

t he residual signal [err](n) is of length N -The LPC coefficients and ...

t he residual wogosksseo 5 formthe paraneters of the frane. Th 6&?&9
typically further parametrizes the ~ residual signal e(n) interns &

at least pitch and gain val uegn) & ded, y§RB 2)+..+a, AnsOppes@hat e any of -
the many types of LPC based S%(rz)imhﬁzggcyml cﬁ&are known P in the art of
LPC vocoders, such as, cepstrum coefficien

coefficients, line s‘B@%’ﬁi\e ﬁa?F%EE‘E‘SPéS 5"Pe’fﬂ]%%T %ﬁ'%\%@lﬂpc?@t@ knoyn g8 ea
ratio (LAR) 10 coefficients, etc., all of which are easily calcul ated

from the LPC heefdsidiat Hignal. Typlcally, ‘each fraive hesy LPQ coefficientsirs aidithe
encoded, thereby producing a typical voi ce conpression franme, such as

rore o2, SOl bafs e O BRGHEDEL TG oo B e%fai

the LPC coefficients a, and encoded versions of the residual '
si gnal [ er 5] ( rfprm the parameters of the\frameodEhe Basedsr typically fmthegupametnzes the
Ref erence is now nmade to Fig. 5 which illustrates a vocoder based,

t el ephone is the prior art’tel ephone shown in Fig..

voi ce recogni é@fduﬁpsﬁnfal‘é(ﬂ h & feinsUbfat Ibﬁ‘sfeﬂi?émﬁnd YYat vales. CPhe l'«Va%der can

simlar reference nunerals re Ierrents Ref ence

al so made to %@93“8"35%@"7 ‘%THI‘% Hn%méty@ggquil;&k)ase pa[ﬁfﬂ%%yﬁ‘éﬁ
operation of vocoder based, voice recognizer 50.

10 inVibeo a3 56 30PC vocoders, such as cepstrum coefficients, MEL cepstrum
PCT/ 1 L98/ 00341 The cel lul ar.-tel ephone . of Fig. 5 includes

mi cr ophone 1(boe?ﬁlﬁé}h§rhﬂe’—spectral palrﬁ‘”\‘ESP‘sF'r&ﬂedﬂbhtcobﬁ CidHS Od8' aréh raﬂ@?[AR) ng -

system 18, RF interface unit
10  coefficients, etc., all of which are easnly calculated from the LPC coeffi c;ents.-

The resultant values are then encoded, thereby producmg a typlcal
voice oompressnon frame, such as frame 52 shown in Fig. 4 to which reference is
now made. Voice compression frame 52 includes encoded and/or parametrized

versions of the LPC coefficients 4, and encoded versions of the residual

15  signale(n) .

A Vocoder Based, Voice Recognizer
Reference is nowl made fo Fig. 5 which illustrates a vocoder based,
~ voice recognizer 50 within a cellular telephone. Since the cellular telephone is
20  similar to the prior art telephbne shown in Fig. 1, similar reference numerals refer
to similar elements. Reference is aleo made fo Figs. 6 and 7 which are useful in

understanding the operation of vocoder based, voice recognizer 50.

10



aﬁfenna'zo. In addition, the cellular tel ephone of Fig. 5 includes vocoder

based, voi ce recogni zer 50 which receives -the LPG-based conpressed.
voi ce si gnal wo9dmsesgnvhi ch vocoder 16 produces, as input. PCT/IL8/00341 ' N
accordance with a preferred enbodi nent of the present invention, the -

vocoder based, Vvoi cerHecgeNLilar Rilepibriesof FiY. SBitlgdes Mitrophery 17 speakel a¢, ~
CPU 51, which also inplenents the operating system 18. Device 51 can

be a CPU, as . led, I C 0, ' MOl r i

50 does ot &eavgion AR £ veybar Tor oERiingChysfm 18, RR IKrERS[ SPHY 4
I npl enented on_any type of . . m ¢rocontrol l er. or CPU, includi t hose
whi ch have oﬁ@ﬂ%ﬁé&edl"@@%ithﬁ cﬁﬁ\”@l’ telephone gf o, gpd‘%‘éum Eﬂc‘?figrhﬁse‘j»
receive the voice signal. o Fig. 6 illustrates, in general
form the opevite recognizerosddefiich aeeeives dheel PC-basedecompressedSvoioe signal,
conpressed franme such as the frane 52. 15 As in the prior art,

the energy ogvﬁiﬂgv‘f)m 1!§plgﬁh§égpdgqﬁ?ﬂjce the frane, .in step 58, has

been recel ve wever, in the present Invention, the energy is

timated (step 60) f th d t ther t f t l
Gatar et (Sen O0) i hERhaRes IR Bretasad elriiodinett Ghneresettinte iy, e

sanpl ed dat a. _ - . Applicants have recotgar&iézed t hat .t he residual
si gnal [ er r] vayodembaged;vaite setogpizep B0 issimplemen
known in the art, the residual signal describes the air pressure

through the wpacahidh 4186 impichteritd the-berding Eysens 182 Davidee51 Ban be a CPUY, as

structure of the vocal tract and are, thus, generally independent of speech
WD 99/ 35639 labele 341

Vol e, As. alabEleth o pyfpicrosanproler o Sjney voibey regrepizer, S0 fioes s e B,
or uietly a person talks. . ' . In accordance with a '
preferrel® en¥e@enSignals vaiee pressanizer i@ neapnbe implemarntedeppo@nys type of
-estimating the energy is to determne the. energy in the residual 5
signal, per Mmienoeontrolleridr CPY, inchudirng thosediivick ddve minly Emitéd precessingr power
subframne. : ST o o C
and those which do not receive the voice signal.
Fig. 6 illustrates, in general form, the operations of vpcoder based, voice
recognizer 50 on a compressed frame such as the fl_"ame' 52,

15 As in the prior art, the energy of the frame is determined once the frame,
in step 58, has been received. waever, in the present invention, the energy is
estimated (step 60) from the vocoder data, rather than from the sampied data,
and the energy estimation does not ihvolvé reconstructing the sampled data.

Applicants have recognized that the residual signal ¢(7) can be utilized to

20 estimate the energy since, as is known in the art, the residual signal describes the
air_ pressure through the vocal tract while the LPC parameters describe the

structure of the vocal tract' and are, thus, generally independent of speech

11
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Mat hematically, this can be witten as:
Equation -2 - —-[efr] where [érr] 1s the energy in the ith

frame, the r‘gaig%gégéi gﬁal -[er.r]. ( n) is 10 reconstructed from E’?ﬁgﬂﬁ?@%ror

data and the ndnber Mis the nunber .of sanple points in

subfrane. | [ Lhe. I r ' | .
pr oduced fro%O{%e' As a Fgécl‘gthstﬁ?uc%fgg% g@?‘%hiﬁ%&%@eﬂé %?g@&%
"RICHARD'. As can be seen, the estinmated energy signal of Fig. 7 is
not a repli cau@lyt%eréﬁe?glyssi gnal of Fig. 3. 15 However, the estimated
energy signal is highly correlated with the prior art energy si gnal .
The start and end pén @csofdance heitls iy pesferéd erabodimentinfithe @2seniding@ntion,
respectively, are also at about 0.37sec and 0. 85sec, respectively.

Qher et hodangim@idd 8 baimatif 8 bk 18T duteiIRE4RE. chtidy 3 the residual

I ncorporated 1n the present I nvention, “Sone of which are ri bed

her ei nbel ow. . 20 : Returning to Fiqg..6,, the vocoder based, .voice
recogni z& 58958k Ref.frame, or, (s{ﬁ?pﬁﬁ St e a’(‘ﬂ‘%dbm&é'g mesy, Reh SURTEME o g
energy signal. If desired, voice - recogni zer 50 can refine the

| ocation of Mathewaticallyuthisicarbetwritten1 88 any of t he

PCT/1L98/ 00341 .- - characteristics

the LPC paraneters (such as their
nmean and/or variance) which chan’é@“@ﬁ%ﬁ' ly at a word boundary.

If a word is found, as-checked by step 66, recognizer 50 extracts (st.ep
68) the LPC word paraneters fromthe vocoger data. Step 68 typically

i nvol ves.. . 5. .. decodi.ng.the encoded ..LIE,:pEr- ers.provided in voice
conpression.frame 52 - and convertingithemto the LPC coefficients.

" " where E is the energy in the ith frame, the residual signalz(n)is
10 - reconstructed from the vocoder data and the nlxmber M is the number of sample
| points in the frame or .subframe; _ |
Fig. 7 illustrates the e_stirhated_ energy signal produced from the
reconstructed residual signals of the voiced word “RICHARD”.” As can be seen,
the estimated 'ener'gy signal of Fig. 7 is not a replica of the energy signal of Fig. 3.
15  However, the estimated energy signal is highly correlated with the prior art energy
signal. The start and end points for the Signal of Fig. 7, labeled 62 and 63,'
respectively, are also at about 0.37sec and 0.85sec, réspectively.
Other methods of estimating the energy from the vocoder data are
incorporated in the present invention, some of which are described hereinbelow.
20 | Returning fo Fig. 6,.the vocoder based, voice recognizer 50 searches
(step 64) for word boundaﬁés in the estimated energy signal. If desired, voice

recognizer 50 can refine the location of the word boundaries by using any of the

12



Recogni zer 50 then cal culates (step 70) its recognition features fromthe
extracted LPC coefficients. These recognition features can be any of the
many LPROo d93se3d paraneters, such as cepstrum  coef fi ci entger/ivb8/00341
cepstrum 10 coefficients, line spectral pairs (LSPs), reflection -
coef fi ci ent s charegtenistas ofithen LPCASgrameters (sucleas theiemesn aridior, varidnce) whiche h
are easily calculated fromthe LPC coefficients. Thus, if the

vocoder Usescﬁ?ﬁ%ééﬁﬁgﬂstai—fﬁo?@baﬂﬁaﬁry. and the recogni zer 50 uses
PC para [

anot her type o nmeter, recognizer 50 can convert fromone to the

ot her ei ther directly or throygh, t LPC fficients 1

Finally, recognizer |fg%\'\(ﬂl’9|l¥£(§-§“{. i &%&5&&%& %tﬁp%trﬁ?%@lﬁro%gggapﬁ (§¥eé’p
70 to either recognize the input signal as one of the reference words in
ts ¢ e68) the PG word patametsrs framthe wesodestdatan SiembBdypically imives
library. Since the recognition features produced by recognizer 50 can
be the same gecédifgahe etitoddd LPC patdifietdirs fovidéd irt oite CobipressibA frameé S
to the recognition./ training step 40 of the prior 20 art and thus is so

| abel ed. The Rg%nygﬁiﬁgqﬁgﬁt@'tﬁﬁﬂ’ﬁﬁ?@%ﬁﬁgﬁﬁOg”i tion, by Lavyr ence

Rabi ner and Ellng dang, Pre 1993, descri bes

sui-tabl e recogni zers 50 and is. .incorporated herein by reference.
13 WO 99/ Begagnizer 50 then calculates (step 70) its reécognition features from the

PCT/ 1198/ 00341 - It will be appreciated that steps 60 - 70 :
convert fronextractedd®@rcodificients. These rebognition deaturesncdre beuarss of thesl evhriyor
the recognition / training step. There are many LPC based vocoders,

cach of whi clipprbaldF parsmibidls, (isLbR" Ha' . cepstrun? PESEHILBHA, OMED® céBkfiéim

si gnal-.. 'St eps arlored to ea ype 0 vocoder,
order to _produc

Cype. THAS, Coaigenl TR Greora Bals G-aE; Irjesron FESHHERE: dod AIEH GEDGHARon
/ . coefficients, etc., all of which are easily calculated from the LPC cosfficients.
Thus, if the vocodef uses one type of LPC parameter and the recognizer 50 uses
another type of LPC parameter, recognizer 50 can convért from one to the other
either dfrecﬂy or through the LPC coefficients.
15 Finally, recognizer 50 utilizes the recognition features produced in step
70 to either recognize the input signal as one of the reference words in its
reference library or to frain a new reference word into its. Iibrary.- Since the
recognition features produced by recognizer 50 can be the same és those used in

the prior art, this step is equivalent to the recognition / training step 40 of the prior

20 art and thus is so labeled. The book, Fundamentals of Speech Recognition, by

Lawrence Rabiner and Biing Hwang Juang, Prentice-Hall, 1993, describes

suitable recognizers 50 and is incorporated herein by reference.

13



training step 40. The present invention incorporates a

vocoder based,; voice recogni zer - which has a plurality of front ends.. ..

and a si ng“&*&g%ni tion / training unit. This is 10 part il;é,il,ﬁlrg%?#fef ul

for those e tel ephones which are sold to operate with pl e

types of digitel GehihaohRlERRRREINCES . 7B3chuah s Bl Ve dlib herent

type of vocoder.. man € vol ce reécogni Zer o e present

i nvention can operate wth .many vocoder types. .. .15 | ner
Eot 1 mat | on RBURGagniGn Teelris nasder o the TBReaNien  TrainingeslgRdaTHEE Sre
Some sinple vocoders, such as the vocoder known as the LPCl10 o
described imabyelPE Oegsedt vecoders, Dedensef whichlaperfdfriss soméwhat sdiffetentt he
residual signal [err](n) with just the pitch and gain values. Fig. 8, to ..
whi ch 1 ef Sl | heNRYicd Bfifhal. |dtiss 160 £y0oEareBeNBliced focghsh Ypsiopnal .
of a voiced 'si g#\%ﬁo\?h?gh _ aas a Eeri-es '_of repeati ng peaksdg' ,pal! of ..
appr ox! ! Qlobobe 1S AMEe RO e same s3rtoh @3l FYERARC S Focklel
14 WD 99/ 35639 ' S

PCT/ | L98/ 0dgme. Thus, steps Rk s70rdoms adproaessings fraamt end” todhearegagnitione &d
'signal has a gain val ue but no pitch val ue. N - Thus,
t he ener gy tafiningetépaodual signal of the frame or subframe can be T
estimated by the gain value G In this exanple, the energy of the franme or
5 subfranme is n ' A [ neskAughinsi )
But by o r oo PrasEE Scfioh JGIRb{HES o tocdder e Sbics, B8 ZeF
signal [err ]_vSt;}%h harsoampfurghty of front ends and a single recognition / fraining unit. This is

10  particularly useful for those mobile telephonés which are sold to operate with
multiplé types of digital cellular telephone systems, each of which uses a different
type of vocoder. With many front ends, the voice recognizer of the present

invention can operate with many vocoder types.

15 - Energy Estimation Methods for use in Determining the Word

Boundaries:

Some simple vocoders, su.ch as the vocoder known as the LPC10
described in the US Department of Defense standard 1015 V.53, describe the
residual signal (») with just the pitch and gain values. Fig. 8, to which reference

20 | is now made, illustrates an exemplary residual signal,. of a voiced signal, which
has a series of repeating peaks 70, all of approximately the same magnitude.

The distance between peaks 70 is defined as the pitch P and the magnitude of

14



conpressed voice data. - . O her vocoders, such as the vocoders

used in dobal Systemfor Mbile Communi-cations (GSM; Time Division
‘Ml tiple AMEBSS6PDVA) and Code 10  Division Miltiple AcceperAdaidbaa
digital cellular communjcation systens, correlate t he residual

si gnal of the peaks JRtisidielined @s thergainte fi Ren-yoised signal hes@ gainsvalve but

of the residual signals of previous frames. The point at which the residual
si gnal no pith vaige.current frame nost closely matches previous residual
signal s, when multiplied by a pitch gain PG is known as the LAG

‘al ue. Th d hgn, ) : ' ! ' I St :
it ference bot e TiRntte etcroy o ifé %Q&'#@sﬁ'@?a'}&ﬁ%ﬁ?ﬁ{?ﬁﬁ siifdis ' lif |
itch in P d th 1t jdual .sj . _ e cyrrent residual .
B gnal ;s eRtmAlh DY he o valyS: Be I (B BETIPIRG e RNEIgof the Tralg g6 and

the remant signal. For the |atter type of vocoder, the
ener gy sof stbframer émtnatr estimated 1y recdristaucting i thec aesiteale signahs@d but oy t he
remmant signal and fromthe non-remant portion of.the residual

si gnal, bnytracting the gain value G, a parameter of the residual sngﬁIF‘%)SS?-B%HF :

WO 99/ 3563 sher e E] N !

Equation 3 [err] — [err] ' . ere glerr}.is.the energy .
esti mate ofompeessedvgice datgnal and E[err] is the 5 non-rermant enefgy"
of the residual, as determ ned.fromthe energy of the frane

Other vocoders, such as the vocoders used in _Glob__al System_for Mobile -

Communications (GSM), Time Division -Multiple Access (TDMA) -énd.-Code-:---:_ R
10 Division Multiple Access (CDMA) di.gital cellular communication éyéterﬁs; cb_rre.la;te”
the residual signal of the current frame or subframe Mth a concatenated _vérsion
of the residual signals of previous frames. The 'poirit at which the residual signal B
of the current frame most closely matches previous residual signals, when
muitiplied by a pitch gain PG, is known as the LAG value. The vocoders then
15 determine a “remnant signal” which is the difference '. between the prévious
residual signal multiplied by the pﬁch gain PG and the current residual signal.
The current residual signal is then characterized by the pitbh gain PG, the LAG
value and the remnant signal.
| For the latter type of vocoder, the energy of the current frame or
20  subframe, i, can be estimated from the rémnant signal and from the non-remnant

portion of the residual signal, by:'

15



[err] or subfrarre V\:hl ch S frarres or subframes behind the current

frame or = - - e FL " subframe and the pitch gain.
The former c%;ﬁ,s&ggoduced by reconstructing the . remant
relatively sinple operation, or by any other net hod The Péf Qe}fm“?

[err] and [err] indicate the "cei | i ngEqguationfd oor” operations, -
respectively and 10 the nth root operation need not be perforrred _
Eneray Estinmation for GSM Vocoders ' Ref erence_is now briefly
made to Fig. 9 which illustrat esEFFerJeEmm (m=pbreorord) of a vocoder
which forns part of the GSM standard. Fig. 9 is simlar to 15 Fig. 3.4
of the March 1992 version of the ¢-ETS 300 036 specification fromth

Eur opean Tel econmuni.caf,i ons, St ahc I n te, d a 4 thefeof.
The details of the dedoder 4 & Fpr 3@3@&8@@?@1{66@?%%@ ,_(L.’-_&J
speci fication, which is incorporated her& h by reference.. For*
clarity, only the aspects of the decoder . necessary for understanding
the energy and feat wtnrea‘trg,u”saheenergyfestimatproésﬂwremﬁmt s:gmlrandoﬁ‘bg,rtsthe
provi ded herei-nbel ow.

WD 99/ 35639 341
Fig. 9 indi ca?@.{emr[fsm eBSEQX Qvltpﬁ rF ﬁ‘ldgﬁl lalsnc(laeste%nrl]laed fEOng rt1l?i ene% rﬂ hi n

| ines. The input data includes_ the val ues Mr, xmaxcr, Xm:r bcr, Ncr and

dedG
IIE;A\gRCr 9. glhlowsof ﬁgp ﬁ?ﬁ@ g}h'cg{jgsr meclnﬁggs?g aélpgﬁtﬁﬁco er- Ltﬁé‘tc]'u?r%nt tﬂéarmn? or5

predictor 84, a short termsynthesis filter 86, and a de- errpha5| zer 88. The
RPE decoder §thih8iamRfthe SitcMgain X R formef cAbe Slodhiedd by lecoRGRictihghe

remnant signal, a relatively simple operation, or by any other method. : The
symbols [_ ] and |_ | indicate the “ceiling” and “floor” operations, respectively and

10 the mth reot operation need not be performed.

- Energy Estimation for GSM Vocoders

Reference is now briefly made to Fig. 9 which illustrates the decoder

portion of a vocoder which forms bart of the GSM étandard. Fig. 9 is similar to

| 15  Fig. 3.4 of the March 1992 version of the 1-ETS 300 036 specification from the
European Telecommunications Standards Institute, found on page 34 thereof.

The details of the decoder are proVid_es:l in the above-identified specification, which

is incorporated herein 'by reference. For clarity, only thé aspects of the decoder
necessary for understanding the energy and feature calculations of the present

20 invention are provided hereinbelow.
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remmant signal er'. The | ong term predictor 84 uses the bcr and Ner signals

-Lo JCRRY GdiB6d residual. signal d[ferr]' -fromthe remant Mﬁr . The
ol

short term synthesis filter 86 generates the voice sign

residual signal df&g.ﬁ@ﬂg{?igjﬁtes]iﬂpuﬁﬁ%tw&ﬁﬁ?gk%eeaém%ﬁﬁg sfdr?di?WiHﬁﬁﬂ\ in

tthe formof the L energy ca trron, simlar-to

that descr hiﬁﬁ% i Inbi? A8 iellids the valliBs My, e X Bow Ny BRALAR,, 8F of

Equation 4 . ] 39 [err] 15 ~Anot her
ener gy cal which asndefined iniberldnhSspecifigation.er’ and the internal dat a
val ues b[err]' and N err]' of the long termpredictor 84. Specifically,

predi ctor 84 Fig.cd eHows ahatttha thicode arcitiss 89 RIEE delcadet'80] a fohg ferm

multiplier 94 and a summer 96. Decoder 90 converts the input val ues

whor o PLEGEler 44 o tiort Reff SumEBRHER e o 3 derribhosiedlfe gt kPe

her ei nabove, acr]d gléerr . is a.delay anpunt, simlar to the value LAG

di scussed  decodgeBQ reivristhe MagwerdithXadsignals angd gengratesa segrant sipeal | -
to the remant signal e[err]’,

17 e’. The long term predictol B2 s the b, and N)si@halIe3generate a residual
PCT/ 1198/ 00341 where the signal d[err]"” 1s the previous residual
signal dr' gig: P Ko, ys%h d \ i il 4 n
anmount b[ergir r'M\i/iaétlirﬂrl;’unl) ﬂ%ﬁ'ﬂ@@zx Qb,..eft?é’shoqﬁeeﬁkgﬁg?tg%s?;ﬁ# etlgesgl e ?l%rrrg%éesg

using Equartt')eOOo%e %ﬁélefrc% th%nrgs%rual signal d,’ and the short term LPC parameters, -

10 transmitted in the form of the LAR,, data.
One energy calculation, similar to that described hereinabove, takes the

first or second norm of the residual signal d/, as follows:

Equation 4
E', =§;|d;[n]lm (m=1 or 2)

15 Another energy calculation uses the remnant signal e and the internal
data values-b,’ and N, of the long term predictor 84. Specifically, predictor 84
includes a paramete'r decoder 90, a delay unit 92, a multiplier 94 and a summer
96. Decoder 90 converts the input values b, and N, to the internal data values b,
and N,’, where b, is a multiplier, similar to the piich gain PG discussed

20  hereinabove, and N, is a delay amount, similar to the value LAG discussed

hereinabove. Long term predictor 82 adds the signal d,” to the remnant signal e/,

17



5 replace the LAG and PG values and FL is set to 40. Furthernore, the
ener gy estimate of the remant, Eferr], is cal cul ated by:

Equation 5 woee9rdse3o Fig. 10, to which reference is Rwipsedssy
made, shows the estimated 10 energy using the above cal cul ation. The

start and st qghererthe sigmalat! Bsthe previdustresieiiiad sSigmali do@-N,).cap detayed By delayr

at the sane locations as in the prior art. Anot her net hod of
estimating t{g; ti léq:b BR #Midut Y ha multipliepoaet ers al souses Nerr]'
and b[err]"’ 9@“%@ Ié\llit %L set to 40, and pesti mat es t he ener gy

estimate of the re nt, Elerrl, as:. . . ’ )
Equation 6 [err] mﬁl’e ene ycah&qléﬁm%‘tgpousfg%ﬁqg?ﬂ?%g. WBE"?N'S'f 3 npc)’abrr are 'Itagre S
are extracted fromthe transm tted data within the short term.
synthesi s fi theLAGandiRG valugs ard Fhis safo 40. Fygherapre, doe epgravestimate el
102, a reflection coefficients determning unit 140 20 and a filter 106.
Toget her 5 unitihe rdrdantl 02 ari caltllatedibprt t he recei ved LARcr data to

. re;

the reflection coefficients rr, where the latter are easily transformed

into LPC coefficients. _

18 P- 1180-SG Equation 810 99/ 35639

PCT/ 1 L98/ 00341 As. menti oned herei nabove with respect to Fig.
6, once the LPC - . coefficients are exfeactegd, they are transforned
(step 70) into the recognition E,,, =%Te,[k]

pr .
Fig. 10, to which reference is now briefly made, shows the estimated
energy using the above calculatio_n. The start and stop word boundaries, labeled

10 98 and 99, respectively occur at the same locations és in the prior art.
Another methqd of estin‘iating the energy from the ext.racted parameters
also uses N, and b’ as above, with FL set to 40, and estimates the energy

estimate of the remnant, E,,,, as:

Equation 6

m

15 Ep = X s
Returning to Fig. 9, the LPC_Word parameters are extracted from the

transmitted data within.the short term synthesis filter 86 which includes an LAR
decoder 100, an interpélator 102, a reflection coefficients determining unit 104

and a filter 106. 'Together, units 100, 102 and 104 convert the received LAR,,

20 data to the reflection coefﬁcients r!, where the latter are easily transformed into

~"LPC coefficients.
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'f eatures whi ch the recognizer / training step requires. It
will be appreciated by those skilled'in the art that, while a full. 5.

expl anat i oW®9%3s63%n provi ded for the vocoder of the GSM di g *r&igs%&i;ul ar

conmuni cation system the present invention is applicable to aII types of
digital . cel IAd amentionedniheseinabove switherespectt to dfig. 16;pencefthePCRGsed
vocoders. For each type of vocoder, the type of information stored in

the conpregpeflicitits %réaéﬂracted th@tyséreb&aﬁﬁﬁhhéSd(stéb %) Ghtd ke *P@t‘,‘n%girﬁhon

utilize it for the energy and ure- cal cul ati ons. The conptressed

Vocoder . FeatRENiAch e HeHAdH L taiPd SRRRRE <ore currently avallabie

cel lul ar comuni cation systens, the vocoders they work with and the
standards defi ni ndt Wil hﬂam&@ated by theseoskilled: iaytheca. that, while a full
19 WD 99/ 35639
PCT/ | L98/ O@Rplanation hasilBeralprévidéd | for tﬁerrvulsbdmt bﬂﬁhéPGSMScﬁglta\loééHlﬂér
St andar d
‘communication system, the present invention is applicable to all types of digital
cellular communication'systems and to all types of LPC-based vocoders.” For— -~~~
each type of vocoder, the type of information stored in the compressed voice data
must be analyzed to determine how to utilize it for the energy and feature- - - o
10 calculatlons The compressed voice data |s descnbed in detail in the standard
defining each vocoder.
- The following table lists some currently available cellular communication

systems, the vocoders they work with and the standards defining the vocoders

and/or the systems. .
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System GSM o RPE-LTP full rate 1-ETS 300 036

6.1 - s v oo RPESLTP hal f orate | - ETS 300 581-2
ver. 4 % QCELP 8 Kb S, I

13 Kbps 935639 EvRC PR3
LD CELP | TU G 728 . TDVA ) VSELP -
IS 54 B PHS, PCS CS ACELP | TU G 729
PCS- TDVA Enbansed—tfd—Rat-a—t-5—644

Vocoder Digital i ﬁeﬂ@ganc;ommumcatlon LPC-based Mocoder =~ Standard R sTD 27

It wll be appreciated by persons skilled in the art that the present
invention is @yktdgmim ted by what has been particularly shown and described
herein 5 above. Rather the scope of the invention is defined by the

\% abg;s?)g 225 s | - RPELTPfullrate ~ I-ETS 300 0366.1 <V
PCT/1L98/ 00341 ' RPELTPhaffrate  1E15%00 5812
ver. 4
13 Kbps
| LD CELP - ITUG.728
TDMA - VSELP 1S54 B
_PHS,PCS ~  CSACELP  MuG729
PCS-TDMA | Enhanced Full Rate lS'641-.
| Vocoder. -
PDC (in Japan) VSELP | . RCRSTD27

It will be appreciated by .persons skilled in the art that the present
invention is not limited by what has.been particularly shown and described herein

5 above. Rather the scope of the invention is defined by the cléims that follow:
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i:. A nmethod for recognizing a spoken word using linear prediction coding
(LPC) based; vocoder- data-wi thout conpletely reconstructing the voice
data, the vewoosseata formed into a series of frames, the nepdPiosndsa

conprising the steps of: generating at | east one energy
estimate per frame of said vocoder : dat a;

searchlng for word boundares in said vocoer data using the

associ at ed energy esti mates; 10 if a wrd is found ~extracting
the LPC word par coder ta ass ci ated
Wit sai d-wor b Amethod for fecoghizing 2 sRaksnarprsind SRR s from
said extracted LPC word paraneters; and

mat chi ng sai d refld?@) based, fvezbderdatsi withgutesonpletely roonstructing the voice
recognition features of other words, thereby to recognize the spoken

word. 2dath, Wb DBE0dEY dath IBG It @ SEHRRUTifAmEs, 3RE/Aathoar d Usi ng

| i near prediction coding (LPC) based vocoder data w t hout

conpl etely Qns ting the voice data, the vocoder data

for med Pnto a se??'@?"ﬁﬁng tgssteﬁs of: frames, the nmethod conprising the steps
of : 21

199/35639. - generating at least one energy estimate per frame of B5il VdcdRiep 0341
gener at i ng at |east orfe energ%/ estimate per frame of said vocoder

dat a; _ searching for word boundaries in said vocoder

data using the data;

"~ searching for word boundaries in said vocoder data using the
associated energy estimates;

10 - - ifaword is found, extracting the LPC word parameters from the

vocoder data associated with said word;

calculating recognition features from said extracted LPC word

- parameters; and

matching said recognition features with previously stored
15 “recognition features of other words, thereby to recognize the spoken

word.

2. A method for preparing to recognize a spoken word using finear
prediction coding (LPC) based vocoder data without completely
reconstructing the voice data, the vocoder data formed into a series of -

20 frames, the method comprising the steps of:

21
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associ ated energy estimates; 5 If a word is found,

extracting the LPC word paraneters fromthe ) : vocoder data .
associ at ed whbéssgas d word; cal culating recognitian
features from sal d extracted LPC word | - par an%&y? 8/00341

3. A nethod accor di nggbRefdtith Bt feadtGndh ey c3Bifhts bEPraneI5 &id Vokdder O
conprises the step of gestfdma I ng the ener‘ggvf rom reEi dua{“ dat a ?ound |en

sai d vocoder dat a. ta: 4. A method according to claim3 and wherein
said step of estinmfdfy conprises the steps of reconstructing
resi dual data from said vocoder data and generating the norm -
of said residual -datagegrching for@or&‘b%haaﬁeé‘ﬁpé’éiﬁ%&o&é‘r §a 'dgiﬁgﬂ'ﬂ?. wher ei n
said step of estinmating _ _ conprises the steps of extracting a -
pi tch-gain value from said,vocoder . . data and using said
extracted pitch-gaidsspgiaied saemyistimalesy estinate. 6. A nethod

according to claim3 and wherein said step of generating .
comprisgs the steps O[fa@&d is found, extracting th@ﬁi’@ﬁbfd”aﬂrﬁé%?@ﬂ'gﬂ}ﬁ@ ues,
| ag values and remant "data trom ~sal i vocoder dat a;

22 WO 99/ 35639

. PCT/ 1.L98/ 00341 vocoder data associated WithsaidWorthy a .r ermant signal from

said remant dat a; generating an energy estimate of

sai d remant signal ; calgylating recognition feat @R Hcth s8R SArfREd Qﬁ@%ir&r?t e of a

non-remant portion of sal

. parameters.

3. A method according to claim 2 and wherein said step of generating
10 comprises the step of est_imaﬁng the energy from residual data found in

said vocoder data. -

4. A method according to claim 3 and wherein said step of estimating
comprises the stepé-of reconstructing reéidual data from said vocoder

data and generating the norm of said residual da{a.

15 5. -A method according to claim 3 and wherein said step of estimating
comprises the steps of extracting a pitch-gain value from said vocoder

data and using said extracted pitch-gain vaiue as said energy estimate.

6. A method according to claim 3 and wherein said step of generating

comprises the steps of:

20 - extracting pitch-gain values, lag values and remnant data from

said vocoder data;

22
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reé[dual by using said pitch-gain_ value and a previous energy 5

estimate defined by said | ag val ue; and : conbining said.. ... .

rermant and nwo-993ss3ant energy estinates. - 7.. A net hocb@gﬁgw‘yggg
to claim1 and wherein said vocoder data is of the - type
produced by any of the frecbosirugiingoa serangnt sigeal fremrsaid rqnaantan!ata

rate, QCELP 8 and 13 Kbps, EVRC LD CELP, VSELP, CS ACELP,

Enhanced Full Rate Vocoder an F} d thog acc rding to
clai'm 2 and wherein sai @SB aaaﬁr@rggeg?mﬁpeo said remnhant sl Be pr oduced
by any of the follow ng vocoders: RPE-LTP full and half rate,

QCELP 8 and 13 Kbps, ebg_:# - ced
Ful | Rate Vocoder and L%ﬂé‘alﬁéﬁen%%% use o BOB eg'ell'lsaenép\?g(':oder gta
as an input toav0|cer | . . .
di gi t al (F:)el lul artel epFﬁﬁ\ g?VpH‘*’r'@Q 8gid pitch-gain valué/_anga preX‘%lﬁW?é'QYel ephone
operating system a vocoder which conpresses a voice

si gnal usisng at | east esfimate defdted by said lag valtp&,eahdcatlon cadi ng (LPC)

t hereby to produce vocoder data; and

23 WD 99/ 35639

PCT/ 1 L98/ 00341 . combining said zempastiand HRBIEMEIN eneEdogslimates. _
conpri si ng: a front end processor which processes said =~
vocoder data to determ ne when a word was spoken and to

gener at e recogn7.t i Armethod according to claimehtamdeshereinssaid vocodendatar id;of dhel
type produced by any of the following vocoders: RPE-LTP full and half
rate, QCELP 8 and 13 Kbps, EVRC, LD CELP,'_VSEL_P,' CS ACELP,

10 Enhanced Full Rate Vocoder and LPC10.

8. A method according to claim 2 and wherein said vocoder data is of the
“type produced by any of the following vocoders: RPE-LTP full and half
rate, QCELP 8 and 13 Kbps, EVRC, LD CELP, VSELP, CS ACELP,

Enhanced Full Rate Vocoder and LPC10.

15 9. The use of LPC-based vocoder data as an input to a voice recognition

system.
10. A digital cellular telephone domprising:
" a mobile telepho'né operating system;

a vocoder which compresses a voice signal using at least linear

20 predication coding (LPC) thereby to produce vocoder data; and

23
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5 . ~a recogni zer which at | east recogni zes said spoken word as§
one - of -a set of -reference’words.. .. : 11. A digital
cellular tel ccording to claim10 and vvherel nsaid fro

36 9
end pr ocesso‘?apg}é udes: an energy estimat %%TM¥W3ﬂses
residual information f%(%d?ﬂie?%&ed%lce recognizer copri§ingdl vocoder data to-
estimate the energy of a voice signal; an LPC paraneter
extractor which extracts the LPC paraneters of sai d
vocoder data; and a front end processorwhichqocesses Saidvacaederedatadoor whi ch
generates said recognition features fromsaid LPC '
paraneters. = 15 ddenflirfevhih #wbfRl H28 3PBKe BAL 1 Genbpate rdbalrifiodnd
wherein said front end proces Is sel ecta 'y op e wth
nul tipl e vocoder typ ce Iular t el ephone according to
claim 10 and wher ei n‘%éyfr&s\?ééaﬁﬁp‘ﬁ?n W6fd:; any. of the fol | ow ng
vocoders: RPE-LTP full and half rate, QCELP 8 and 13 Kbps,

EVRC, LDgCELP, VSELP., GSetbhhzer @N&P‘Sﬁga&’tjeboﬁﬁtz@s safd %noken w?f&FQé’%%a“d

LPC1 O.

99/ 35639 | PCT/ | L98/ 00341
14. *A vocoder based ‘?/fcﬁ get Qfe'@?g’ﬁni%quﬂ%r able with the data produced by an
LPC-based vocoder, the voi ce recogni zer conprising: a

front end processor which processes sai.d vocoder data to
det er mi ne wheila Asligitalgellgpoiaiephone aoccydmrtat@amewgnﬂtwmrem said front

features of said spoken word; and-
-end processor includes:- .~ oo L

anh energy estimator which uses residual information forming part

10 of said vocoder data to estimate the energy of a voice signal;

an LPC pafamet_e_r extractor which extracts the LPC parameters of

said vocoder data; and

a recognitiori feature generator which generates said recognition

 features from said LPC parameters.

15 12. A cellular telephone according to claim 10 and wherein said front end

- processor is selectably opérable with multiple vocoder types.

13. A cellular telephone according to claim 10 and wherein said vocoder is
any of the following vocoders: RPE-LTP full and half rate, QCELP 8 and
13 Kbps, EVRC, LD CELP, \/SELP, CS ACELP, Enhanced Full Rate

20 Vocoder and LPC10.
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a r‘ecogni zer which at |east recogni zes said spoken word as one

of "a set of reference -words:~—----- - 15, A-voi ce recognizer according to
cl ai m-14 and wbepmesessaid front. end processor CONPOTARSS/0034D
an energy estimator which uses residual information formng part

of said vocoderl4dafacoodes based yoickaecogniger operableowih tike gatd produced by an
an LPC parameter extractor which extracts the LPC paraneters of

sai d vocoder data; | p@dbased vocoder, the voice rec’bdnﬁé?%h’iﬁr%ihg‘ eature generator
whi ch generates said recognition features fromsaid LPC
par anet ers. 16. A voice recognl zer according to claim15 and
wher €i n sai d energy a front end pfm:e'ssmtwhioh(prpcem said vecoden datadogy
estimator which estimates the ~energy fromresidual data found
in said vocoder data.getermine whéﬁawoi«epwsssbsre@ﬁaha% g@zﬁé?été'r@%éﬂtnﬁha' m 16
and wherein said residual 20 ~energy estimator “conprises-a residual
reconstructor which r nstr resi dual data from said
vocoder d3ta and a no *%ﬁ?‘g&ﬁé’?&?&ﬂs%he{hw”d and ' -

25 _ WD 99/ 35639

PCT/1L9800341 - reby
to produce said energy. grecﬁﬁﬂﬁbﬁmﬁﬁﬁeagf &B&nﬁé&%affﬁ%&kéﬁ ._wgﬂi 3s ohe
recogni zer according tfo {3\ {n 16 _and vvhgrel n said residual

energy estimator conp?i?SEt GfEISTEPGR MR dShi ch extracts -a pitch-gain val ue
5 fromsaid vocoder data thereby to produce said energy estinmat.e.

15. A voice recognizer according to claim 14 and wherein said front end
p'ro'ce'ss-br- corhpriééé: -
10 an energy estimator which uses residual information forming part
of said vocoder data to estimate the energy of a voice signal;

an LPC parameter extractor which exiracts the LPC parameters of

said vocoder data; and

a recognition feature generator which generates said recognition

15 features from said LPC parameters.

16. A voice recognizer according to claim 15 and wherein said energy
estimator comprises a residual energy estimator which estimates the

energy from residual data found in said vocoder data.

17. A voice recognizer according to claim 16 and wherein said residual
20 ~ energy estimator comprises a residual reconstructor which reconstructs

residual data from said vocoder data and a norm generator which

25
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19. A voice recognl zer according to claim16 and wherein said residual
enérgy estimator conpri ses: an extractor which extracts

pi tch-gai n v@ldssassisrd val ues and ' remant dat d
vocoder dat a; 5%3 a a reconstructor which recon %{@?ﬂiﬁi
remant signal fropridhibs the norm of said residiQG3RA théteb ’to 0 produce said energy )
a remant energy €stl rrator whi ch gener ates an-ener gy mat-e

of said remant skgg a non- rennant energy estimator
whi ch generates a -estimate of a non-remant portion
of said residual by u5|ng sald : pi tch-gain value and a
previous energy estimate defined by said | ag val ue; and

a combi ner. whi t& dbNpicesecoaniger aptardingdectiaion16 endavherein said residual

energy estimates thereby to produce said energy estimate. 20 20. A

voi ce recogni zer asergyiestimiatorcdomprises mdwaabﬁwmdﬁeﬁrama(tﬂfch@alﬂwlue
of the follow ng vocoders RPE-LTP full and half rate, QCELP 8 and 13

26 99/ 35
PCT/ 1 L98/D0341 roin SRid vocqdgr data theeby to praduce said gpergy esfimate,  Fur |
Rate - | Vocoder and LPC10.

'19. A voice recognizer according to claim 16 and wherein said residual

energy estimator comprises:

an extractor which extracts pitch-gain values, lag values and

remnant data from said vocoder data;

10 a reconstructor which reconstructs a remnant signal from said

remnant data;

a remnant energy estimator which generatés an energy estimate

of said remnant signal;

a non-remnant energy estimator which generates an energy
15 estimate of a non-remnant portion of said residual by using said
pitch-gain value and a previous energy estimate defined by said lag

value; and
a combiner which combines said remnant and non-remnant

energy estimates thereby to produce said energy estimate.

20 20. A voice recognizer according to claim 14 and wherein said vocoder is any

of the following vocoders: RPE-LTP full and half rate, QCELP 8 and 13

26
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Kbps, EVRC, LD CELP, VSELP, CS ACELP, Enhanced Full Rate

Vocoder and LPC10.
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