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Spoken Language I dentification System and Met hods for
Trai ning and Qperating Sane Cross Reference to Rel ated
wappleiosetns ons Thi s application clainms the benePCr/iBf005/002760

priority to US Provi sional

Application No. 60/611, 022

Noc ad0/6 g fijed serteonber ni T g2004h dthe opederdst fmitthich

filed Septenber 17, 2004, the contents of which are
herein |ncorporat ed b eferenc in it {l\I ety for
al | pur ptaken Ignguag t’ﬁﬁ% ?ﬂ EUAD 3 rel ates

to | anguage id fifthé ARd Optk SiERe SMfle et hods for
trai ni ng and o?é?gr?ng sai d%sterrs Wth the growh

of globalization, international business, and security
copsi derat| ons speech applications are
heG 1) cul ar automatic | anguage

' de@hisfd g)ﬁédtﬁﬂ oﬁéﬂn@)the BassHt Rirpridfp} toceBimbsisidhal Application
automatr ¢ | anguage identification include autonmatic

.........

are herein
ctic based LI Ds

attend st ens Ac honot
ch’é”ﬁFaég‘gRl' %%frsnwﬁé S P eihg’uggé’ulrpc?én'i fication system
enpl oyed in the art, an illustration of which is shown
in Fig. 1. The systemtypically includes four stages
Badggoulll e to process a speech segmant and to classify

| %ﬁgg@égﬁ' 1ﬁ{/?n?’18 go feﬁ t8 flan%?é% @%ﬁﬁ% g%tg‘;ﬁer . methods
fort Yahe dr

feat. to recogni ze part| cul ar
features o ac of the candi dat e | anguag .
Subé?%léimethﬁ g@“tth aphi ghepalizatinf addernafioma) ¢ “é’é‘??sonand security

coﬁqegﬁ% g,‘nlzlrl]lgl&gl eﬁlrsfg)%%érﬁggcpéa Wgtg& e In 36 gerﬁéﬁ'fpllﬁ pafticular

conmpared to th

autohR¥it QatpuygdPidogi fuatienl (LY lBoemblbmpplhxtadaons oﬁatporastecnbeguage
or absence of said features, the candidate %a%ﬁ ted

idepti§satios Hgludseaiomaiestll FOMIG B0 JHPEEA AR o omate

att@r\ﬂﬁn l.& being deened the |anguage of the sanple.
C nventl onal system suffers from several

dis aﬁd)oaﬁticamﬁmptaomebtwd MDS represent enedypayef lepsieee identification
devel o qt {lfort | 5.0 ded
syqtgﬁgf%g%ye in the art, an 1 TSt

1on o] vghlaﬁj 18 s or\}v%wmcﬁn.di.d %g system

typically includes four stages operable to process a speech segment and to classify it

into one of a number of possible candidate languages. Initially the system is trained,
whereby the system is programmed to recognize particular features of each of the
candidate languages. Subsequent to training, language identification operations are
performed, whereby a speech sample of unknown language is processed and
compared to the previously—programmed features to determine presence or absence of
said features, the candidate language posseésing the greatest number of correlations
with the sample being deemed the language of the sample.

The conventional system suffers from several disadvantages, one being that a
language specific. development effort is needed to add a new candidate language.
This requirement gives rise to high costs in the acoustic and language modéling and
speech data transcription efforts needed. Accordingly, the conventional system is not

very scalable with respect to adding new languages.
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This requirenment gives rise to high costs in the

acoustic and | anguage nodel i ng and speech data
woOnRrersaceiopt i on efforts needed. Accordingly, theCcT/1B2005/002760

conventional systemis not very scalable with respect

to addi ng new | anguages. What is therefore needed is an

i nproved. spoken | anguage identificati.on stem whi C .
pr oWy iatsisp F@ﬁ’res’é‘%?gﬁcgil? iaPylrWi’rPHe‘f N f%’%?%eomﬁféafaﬁon
d{;\%ﬁ!he a P SRABfoh N L NMewP tandidate

Sy%?ﬁvi es 5“?5%%e%?§%d§#ggﬁ§§ %@%'identifying spoken
larigaagpsage using only a subset of the candi date

| anguages' sound al phabet. Because only a subset of

t he candi dates' sound al phabet is used, speech
Suldn@rpi Ng and identification operations are faster and

more nenory efficient. In one representative
enbdthierpesent inventidropiroiises tar syisteim gnchmeghadeter [idangiiag spoken

i denti f.i catj on stem,t o _identif n_unkn u
tangbighbsing Shlscf s 6 sreapfi TtinBitet PEUR Rirh 08, ause
onfy @S8ised of LA EmREIMAsT REbntTialthable iPeEdE SSpebele atainige dand

sound inventory conprising a plurality of sound
identiffieatson epteeativnb prsdpstercand mergmenjorgefidemd t okens :

provi ded froma . subset .of th I €

Fandn aeaehRetilF o hetiof AR S B Gogkon language
iddigicatidd dys@in to idbmtifpan SARPOWES langasde dsrahervfagle @iy & known

conposed within one of the known candi date | anguages.

capdidath dangnagdsigipigsented; the mpethed melusing s prosessge g sound

.. nore trajni for rakmn .
im{GRdry o, & BRARIS orlBE Riltal Mol Rty of sound
toledns pedviddd fusra lai stiseo bf the kndwh cluadidatp tamgiaged. The megtaiddurther

. subset of the known candi date | anguages.. The nethod
in¢ludestpviding a@@ga%@sqfcﬁ%iﬂnﬁfﬂ@@i > GRS} FrRiRga, ARl cqpRsed

witli %@%@@tﬁOMW GteOhingi@eS O FuRBBO R MAd ti§ FhpRBess of
sanﬁie. ese and other features of the inventionwill .
geherating oae arnderestrainhgweetory ifowe ¢a¢hn traingng sahplehwherein each

f.al l-owi ng.draw ngs and detail ed. descgri pti on .
MENCFJOEOTC R RN TN ——
frdth 3WdN@bset of the known candidate languages. The method further includes

associating each training vector with the candidate language of the corresponding

training sample.
These and other features of the invention will be better understood when
viewed in light of the following drawings and detailed description of exemplary

embodiments.

Brief Description of the Drawings

Fig. 1 illustrates a spoken language identification system known in the art.

Fig. 2 illustrates a spoken language identification system in accordance with
the present invention

Fig. 3 illustrates a method for training the spoken language identification

system in accordance with the present invention.



10

15

20

25

30

Fig. 1 illustrates a spoken | anguage identification

system known in the art. Fig. 2 illustrates a spoken
woanguwageesi dentification systemin accordance RCTAB10h&002760
present invention Fig. 3 illustrates a nethod for

trai ning the spoken Ianguage identification systemin

T B Sl B Wb gn e

m‘%?a%@é%ﬂﬂ}f@lﬂ ARG \ﬁﬁ‘ﬁ'ﬂle rés‘énﬁ%@éﬁtﬂﬁnce with the
esent ‘1 nvention. Fig. illTustrate classification
er r dig.r ditesilluktrathe CEIpSJﬁatIOInamguageadeeQﬁ ith¢ cspokem language

rovi de i accord nce re e
1d?ff@@ %?Steﬁ} ROVKE 11 PPARE aPﬁ? g%ﬁlge }?:re%e I*Ve{:‘g?l on error
rat g3, O5pt ffsHRRK Y lcRRAASARN! 6861 ithies adfl @i SySilemBEuage
t he present i nvention as conpared to a prior art
identificatiorc pystemotofdhe resyrit imentiingas eompareds @ a¢prEor art acoustic-
X ary classification error rates as a function of
W%mﬁyﬁﬁ¥@g¥a for the spoken | anguage identification
sy st @fiisteed ERSGBplhry E1¥RITicatth efrof ratdsadsid function of training

previously identified features retain their reference
datmﬁqeﬂalspo on lengieg u@ntlﬁ@ﬁt@wsry@gm abdlepregsat BEBHODt i on

Syt gy prSBk Tt et FPRURY T laE B! LBk & umerals in

Subﬂﬂﬁéﬂtfdkmhg@n systemin accordance with the present
i nvention. The system 200 includes a sound recogni zer
210 and a sound classifier 220. Optionally, the system

D&Aa 5%l R Aerfih MRl OF Storing trai ning
Pr 2 1-1, ana a database 240 for storing
training vectors 242 1-n. Alternatively, databases 230
and 240 may be_ ] ocat gd renmotely fromthe system 200.
The Lasguepeldeniification S¥Hem; nc| ydes an i nput coupled to
rec
200 AP o B DONB] ARefell idaiichith SPNRR f A5Atines ith
thé preéntanventionh é"meusygtmm)%@nndn&@smundng@m@es 2hped a sound

330t 38 R BB 4L DS pr sorin

tra3@UE! Alnples 2321, and a database 240 for storing training vectors 242;.p.

Alternatively, databases 230 and 240 may be located remotely from the system 200.

The sound recognizer 200 includes an input coupled to receive training
samples 230;.,, the sound recognizer 200 also operable to receive (either via the same
input or another input) an unknown language sample 250. The reader will appreciate
that the training and/or unknown language samples may be provided in several
different forms, e.g., as live or recorded sound, the speech itself being in any format,
e.g., analog or digital forms.

Each training sample 230; includes one or more predefined speech utterances
composed in one of the candidate languages which are to be identified by the system.
The one or more training utterances defining each training sample 230; are selected to
provide a majority of the phonemes or other phonotactical markers employed in that
particular candidate language. Each training sample may employ any number of

training utterances of any duration, an exemplary embodiment being between 100-
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different forns, e.g., as live or recorded sound, the
speech itself being in any format, e.g., analog or
wdi2gietad3of or ns. Each training sanple 230i i ncl BRAESBINE002760
or nore predefined speech utterances conposed in one
of the candi date | anguages which are to be identified

the system The one or nore training utterance
3008 g CERE PR PrOBIAHe aCrbeRitL HURPR R Between 5
anB'18VdedEnd 1%%.0@1&%10&&&%@@%8&%0% HleB&H sample 250 is of a
phonot acti cal markers enpl oyed in that "particul ar

simdardidutatien las e sgesch Fattsmancesi for rayamalep betwieep 2P| spgonds in
g 23%? nunber of training utterances of any duration, an
UMl ary enbodi ment bei ng bet ween 100- 3000 separat e

t 1 aiTheBuit £06 HIEGD 10TPbHYEHle tE 3608 @athing V@XARDAG; from a
bei ng between and 15 seconds Tong. Further

reesiendpiaaning sahple 23R ndwingssysisaropssaiisndn fgplapguage trgining mode,
iim | ar duratjon as the s ran

ang o fecec® B SR PnkiEe RRGE A0 bl P iiBaod language sample

250eKkedp bg@ﬁﬁéﬂ-ﬁl thé iddpefiodlcd thedey eTRr dgeheratedttfaiing Bad unknown

vector 240 froma received trainjing sanple 230G
lanfwage yeagrst24f asb?6A (nth idgsaribad bahgﬁ g sunpdicd itp databepe 240

an? E‘gﬁ %?E‘;‘}g %ﬂ%&ﬁ&ﬁ‘zz’i‘)ﬂ T&Bg&& A 5%%8)% ffp‘éag%ﬁt%a%é’ e&ﬁ?dr}ﬁnent of

NOWR Tanguage sanp Opeérat i on

thé hventis) thd doval irevdgnizde? 1 TReogfpaedte dederate miaingngmettors for
unknown | anguage vectors 240 and 260 (bath described. .

caplp|05R) OTap@NRINHN eH the) speach pHisgansay melidedn withisy, feeh training

i f . Ctd V . ; .
i, o480, SRS WAL BN B cPsprpns 0
diffeengspiczér utkdfndes i drf sagner teaining sgmpkr &t eollectivelyngrocessed to

vectors .for eagch nbi nat i f th )
FoIR BAREEL e BRAgdo I I RHABS A R OCemr ARG i frther

descriié@bedy.i Nstance, the resulting training vectors
corresponding to the different speech utterances in
t he Inahetht e miaigngs and| édeatifcaivin awdey edfy opergtien s ée seund

forma atistical nodel used in the |anguage
rerqRae 210 BrioGHep s a¥ Gttt R R dHaEB 240 g0 o
a BALEYH ofbhoRehBs & T whidhi 4k BighekRAppIEEAND ithe Sorintl @ecoFBFes210 or
of operation, the sound recogni zer 210 generates fhe

stored,jlpgatly withinuthr rrownd Ireengnizge 2V8ct br 3 paatsulas eoptaligenty the
pHoHBRE 811 Ble RAGHERSong bl o} b Elrafifie RHBRAIS Wikith the
system 200 is operable to identify. A small set of phonemes obtained from a subset of
the n candidate languages can be used to identify a larger number of languages due to
the observation fhat many languages employ the same phonemes, albeit differently in
a phonotactical sense. In the present invention, the sound recognizer 210 generates
vectors 240; and 260 which model the phonotactical characteristics of the supplied
training or unknown language samples, using as its alphabet, the smaller phoneme
set, that set including at least some phonemes which are reusable for two or more of
the candidate languages. It is to be noted that while aforementioned generation of
the training and unknown language vectors is described in terms of phonemes, it will

be understood that any phonotactical marker méy be used. In addition, an

acoustically steady-state sound token may be used. Further, a phonetic subword such
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stored locally within the sound recogni zer 210. hi a
particul ar enbodi nent, the phonenes 212 are obtained
wobnrawaomsbset of the n candi date | anguages whPCiiBives/002760
system 200 is operable to identify. A small set of
phonenes obtained froma subset of the n candidate

| a ges can be used .t ntj er ., .
as ﬁ}d}ﬂg lrgax beigeed;as a gound P\O/LEI% H%t Fi%ﬂn%rfg]ﬁ‘i}’ %Hﬁafaé%smbe
5q?y Bﬂ' phonenes, albeit differently in a
notacti c sense. In the present invention, the
souﬂ‘dher@stegnm(e furfted @dné&saa seunde classifer2220 ceupded Boreceive
whi ch nodel {) onot acti cal characteristi s of t
tralith eBS, PAD T PAT Guis SRBRamS dsnirelices”bn  Hiknown
lan%ﬁa$et jeéﬂno %be&umfgh SpcebR | il&dtifRAAAE riﬁod%ebperhhéﬁs sethe sound

I'nc ing at | east sone phonenes which are reusabl e
clagsifiet iscoperabtmioeideitity e taguiggaafcthe an@mm@espeepln sargple 250 as

b not ed t hat af orenent i one
the, B g RHBAN PR G nar Oog LR as( foalrion o
thd @kFBwaTadPha r 26, MpioceRdf WEEN iS traeitr db@ailedbdlow.
phonot actical marker nay be used, hi addition, an
acoustical |y steady-state sound token may be used
Fur t.he a h ne I ¢ .subword suchas syl !l able may be

use {00 = The term "sound token" is used

0 ggscsiihestatsh alethdiesa RahBERtherspokdh targyiage idedfification
further includes a sound classifier 220 coupled to
systeme?Qk in ageasfiange veidh dhe ppesept EyentiQp-t rlaitially gatn%ﬁe a sound
ration a I
m\aeﬁlflrxg(egpszu %Ilgg {z ?ss e}i%ﬁ]l? Adaﬂﬁig ﬁan%férﬁﬂceg%m a

eech I on I’TD opera ons

—subund tht aasdiflate ﬂaﬁ@ag@ﬂ&bi}eteho 200dmtapesablcht identifiagdn an

of the unknown speech _sanple 250 as the | anguage
exermplgey smberimcntillupiEaied BEAM ghwep@ AVERIA i FoRgPaspd of sound

tolgéggsfﬁﬁﬁ tfb rlﬁlsg%lﬁ#e% h?httpg SP%HQH&ﬂfﬁzﬁﬁMﬁgﬁstéfrﬁ GE @perable to

a proces urther detail ed bel ow
idévieittsiot differSyistandiddedanguagesiiQtherarrangersents e fgonse possible,

for training the oken, | e ide |cat|onsstem
AT S e IR S i T et iRRia% 345E Eling
toﬁéﬁb R bt %tsnfg@goneaoﬁﬁékﬁd Asthoedt oye,(tBe Soundddventdty B9 may
2) Is create Wi th sound tokens that are taken froma

be-femhakas agfart dfdhesystting 230G or kovgiedgemotehethsipbioam 200 i s
P Pl it mies "3 ne DB ity B BB, BEChe pangidat
larSdpék are provided. The training samples 230; may be provided locally within
the system or supplied from an external source.
Next at 306, one or more training vectors 240; are generated from each of the
training samples 230; the training vectors generated as a function of the
aforementioned sound tokens. For a system of 7 sound tokens, in one embodiment of

this process, the training vectors 240; are composed of counts of sound tokens in the
sound token sequence my,..., 1, ,...,im; , wherein n is the candidate language index, L

is the length of the sound token sequence. Therefore, each training vector 240; has

D=V dimension, each element represents the count of each sound token. Let v be vt

sound token in the said sound inventory and ¢, be the number of occurrence of said
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tokens fromthree | anguages, while the speech
identification systemis operable to identify six
wdizbdemsesns candi dat e | anguages. O her arrangenearABAN&E002760
of course possible, for exanple, a systemoperable to
identify nultiple candi date | anguages using sound
tokens fromonly a single one of them As noted above,
v tshend taked ihrsahscomy t9keh seayeins )y e .agnn dpadad o thehiotal
system 200, or located renotely therefrom At 304,
numbeii of asgusenegloé sll Axcovpdikedy wi t hi n each of the
cand(i ﬂat e | anguages are provided. The training sanples
c" (Vhay be provided locally wthin the system or
"suppt(ed from an external source. Next at 306, one or
nore training vectors 240 are generated from each of
Tn BRGHES ?rhﬂb&lﬂleﬁfi?ﬂh%singéﬁo , iH3Grdih ?We@ﬂ)ré’ 840, %S composed of
generated as a function of the aforenentioned sound
cottk 8P SountQbkeh (FatiS i€ Medouvs kel stqleads m)'|.0 mnNe, m; . As a sound
enbodi ment of this process, the training vectors 240

in@hforg 6fPueatd efkefolend o Of = Founsbundkels: pairsf dueh sraining vector
t oken sequence nt', ..., nf,..., L n, wherein n is the

240:dwdi M at e x V Ahgansien ieacheslement repreprats Bg gownt st caghesaypd fRken
t oken sequence. Therefore, each training vector 240

pay ¥1VE}:’\/ di nensi on, each el enent represents the count
of each sound token. Let v be vth sound token in the

~sakd°Sa i nventory and c" be the nunber of

”ﬁccqzmeqqg of saidvth sound token in said sound token
sequence m,...,nt ,...,nL n divided by the total

nunber of_ occurrence of all _t sound tokens .In
Al REDOSRIHNR PO IBYCPENR A TR DIRRECTT B fygh assound
. . . Bodiment
oNEEER, ieof TR A0 i G e
ara@als@posdiblainethé pregemiinvéniomnd t okens | ead to N =VxV

20T o BRSSPk e My o
re&@flYed ploBEs O RAMbodinYdnt ¥R ihe indentiod dbscMbbd-above. Further as
noted above, each of the training samples 230; may include several speech utterances,
each (or a combination of two or more) of which is used as the basis to generate a
training vector 240;, the collection of which may be used to form a statistical model
for determining language identity of the unknown language sample. At 308, each
training vector 240; is associated with the candidate language of the corresponding
training sample 230. The collection of training vectors 240, associated with language

n are used to represent the nth language. Further, a statistical model 4, is constructed

for each language n based on the collection of training vectors 240,. In this way, a
collection of training vectors are represented by a statistical model. In an exemplary
embodiment of this process, the arithmetic mean of the collection of training vectors

is used to form a mean vector, said mean vector forming the basis of the statistical

model 4, .
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v , v k Another enbodinents of this invention include
| arger phonotactic units such as sound token triplets,
wquenet:at®s Those skilled in the art will appreeCaiB2005/002760
that ot her enbodi nents are al so possible in the
present invention. In a particular enbodi ment, process
306 is perforned as a part of the sound recogni zer
‘L'A‘-”:rf";‘f- ¢ lgend i ment of the invention described
abo a : f r & By
canpites” JtHe A PLNGHITRE NS khifek & B NMhlnown
langaﬁgde fanipl etincaondridadel voith thie presentanvention) Tae pwddesshlaigsly builds
used as the pasis to generate a traiping vec . 240
upeth dhe, STarEBERBRSS fTAMPEIPTRGES BB UER e P 40 i tined to
rec%%ﬁ’itzé ﬁtdaﬁ(ﬁhatg‘m?ua%é%rusﬂ%tﬁrdﬁﬁﬁbeigoﬂ éﬁ}@ﬁb‘t@&@c indkets thivenOfrom
t he unknown | andguage sanple.” At 308, each training
a subset of th24@pdidate tmgoageat ed wit h t he candi dat e | anguage

of the correspondi,ng.trai nin anpl e 230.. Th . )

ool s Sy i B B B8 MRncesg Boins A54p2,jn which an
unk@EY ﬁaﬂ@uz{geaa*aﬁltp}ésﬁQ‘e&éi’véde‘ﬁfdeﬁletﬁ{k.nb% 1Bhghab@ RedaOR - generated

Further, a staftistical nodel Xn is constructed for

therefodm the gokoevm ldngaess weotor definesl aset: fiungton pf theaforemgntioned

vectors 240n. Ln this way, col | ect.i on, of ini
so\%ﬁ ttglfeéls afagg’? e P@s élms}é‘as% yOfg s aﬁaﬁ(gifl ?tgalla%l%%%e?ﬁ I %]"g%n plary
enfdO 8RR Of BERARLGRA lan@liaddVetdR iRE18ES thetRetod ol sbuTRt tokens or
nmean of the collection of training vectors is_used to

veftor of Wwund token peirs sounshiokemiplety ard Grartetsagidgerribed abRis: s
of the,statistical t
_I deh{](i 411(?463{‘? 4] |V§I?’ ﬁr%%ﬁlf] Juls/ }%I{Vgs&gpe}réé{:%lgﬁ%gg?g%ore of the
trairdRE v édiorks 1290} WhereRls &gguade @Bodiatkd oxith thanginhgevetniaging
in accordance with the present invention., TcEe r ?cess
the elpgst sormlationdo rornkpREn anguasR RIS Hleprbs fife langiage of
thdbPhE %ﬁkﬁ&vﬂ‘ﬁh%@ag&%ﬁl‘nﬁ?’é g a{%@t@clﬂa}_ nftRiaREht @ process 404, the
recogni ze n candidate | anguages using an al phabet of
unRhenotlaghge vactke s i exteastelly and aissdilds etorrefate math each of the
candi date | anguages._ In the exenplary enbodi nent
tragHpguyectoh tafistisab &odslsg e defermane FoITehHiamn ety eeth ifowinown
| anguage sagﬁle i s received and an unknown | anguage

lagguagqyesiar agd NEHARY™t her ef rom the unknown | anguage

vector defined as a function of the aforenenti oned

L2

=

n=argmax P(X /1))

with the statistical model exhibiting the closest correlation (exhibiting the highest
probability) being deemed the optimal statistical model, and its corresponding
language being adjudged the language of the unknown language sample.

In a further embodiment of the invention, frequency in terms of count of the
sound tokens and their combinations in different orders such as pairs, triplets and
quartets can be recorded and arranged in the language vectors. Implementation of
such vectors enables a global assessment and correlation between the unknown
language vector and the training vectors, or statistical model resulting from the
training vectors, rather than the shorter duration analysis used in phone n-gram
language models. The present invention not only incorporates the statistics of local

sound token co-occurrences by using sound token pairs, triplets and quartets as the

7
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sound tokens taken froma subset of the candi date

| anguages. Exenpl ary enbodi nents of the unknown
woOanmguwag®svect or i nclude the vector of sound t BKEMB2005/002760

vector of sound token pairs, sound token triplets and

ﬁuartets as descri bed above. At 404, the unknown

anguage vector is correlated to one or nore of the, .

elemerth phigngeage gieston 28 In fisariar ity Rt lsg, gieamporaies the; statistics of
ol kb 08 sCh A4 ARk B PHIRI00TE Gl 3P Sebarated, for example,
by ke20 sdcomds amd wittehuminglsadentefvening sodndshe unknown

| anguage sanple. In a particul ar enbodi nent of process

404, the unknown | anguage vector X is extracted, and

Useﬂg@p@psiht@heﬁmbwnﬁﬁp& b folignder @i ni ng vect or
statTstrca noael s n 0 etermne correl ati on bet ween
t he Amkexaulatyangiegentstéat off thadahguagryidagiéfieation gystem 200 was
ar gmaxP( X/ ..i .nwith t st.atistical,.npde . .
COBRPERY (e ino S Poncifa S BRRBHEY SHEL Mogdaripy Chincse
CAh&H8s ICHRrae ?glhh%ﬁa‘i/ Hia&ﬁﬂt,%pﬁﬁ@é’{%réﬁﬁaﬂﬂ%ﬁgmh using phonemes
an

statistical def, its correspondi ng | angua

frammi oy dipe ofdbieseHanguagegy &inces Mandaimk Raglish| @dg%gwn The

sanp .ma further enbodi.ment. of the inventi . .
syP TP Emetls T ggonre o e a5 shipes kafirer, fetuding
extfaglidg, T BcApbehSTrhrfe,di B Qlimesicall @aturs Webtof Somadting, of 12

triplets and quartets can be recorded and arrapged jn

Mehkreluangy &gestiad Clogflicientndanasmelzadomergy, Blye the st grdssecond
nabl es..a gl @b C i an .
A s A
nd?haltiia’ﬂibhsihibbﬁi iﬂlﬂféeﬂrh aiﬁ'%gl,dnthii identfffoation nedes. e 3@y dimensional
vectors, rather than the shorter duratjion analysis
veagtaEds FURSEEHAY HIngHEdq the SOHY erREIACE .%qfh.e pr esgnt
I nvent g oEorEﬁ‘A Yf! @ﬁﬁﬁg%ﬁﬁﬁé QE@ Wit L&t kF Sra¥ the sound
| ocal sound token co-occlrrerices by using sound token
inpaitory, 210 rquired fandate aysterh susasint the dhegrage sdeftification mode.
| anguage vector as in _the priqr, art.,. but_al so. .
o Bk ers At Bl g e embodiment
teStEP BEAH REpRONNShLOK Bput ﬁibg‘{‘ﬁ“ﬂeghviﬁphl REpEANTAE of 8§ kHz. It used
y

separ at ed, for ‘example, 10- 20 seconds and with .
1 Huphiimenhss ebnsistingr ofedd, g a3l phomemaspespoptivgly team combining

CErr{te)s% Mané‘a%rin‘?Eﬁ%figho b Rofean into a training corpus. Consistent with the

terminology in the application, each of these phonemes is called a “sound token”. As

noted above, the inventory of basic "sound token" can be defined as a set of
phonemes, acoustically steady sound tokens, and the like.

Each sound token was modeled by a left-to-right three-emitting-state
CDHMM, each state having 32 Gaussian mixture components. In addition to the 124
sound tokens emitted from these states, multiple noise models were built to absorb
noise events of different kinds. A set of flat models based on a broad “sound”
definition is used as the reference ground to obtain the acoustic confidence score. An
adaptive voice detector was used to detect the start and end point of the speech. The
sound classifier 220 is implemented as a support vector machine (SVM), although in

other implementation, latent semantic analysis (LSA), an artificial neural network, or
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An exenpl ary inplenmentation of the | anguage
identification system 200 was constructed to
woOdersto3éps ng si x candi dat e | anguages Chi nese MrQ@ABi0N5/002760
Chi nese Cant onese, Chi nese Shanghai dial ect, Japanese,
Korean and English using phonenes fromonly three of
t hese | anguages  Chi nese I\/anda in, English_ and Korean.
any hethey, i ghmdnpensionsl ovasior eelassilifr e M3y 0B J5Fthg fa&guage

. > OONIZ T hi r L ROthef
ARG oD 18 0 b3l o
unkomen dhhguggefintb2sdval feqeencesic ThCapuid alasgbief firsti exitasts the

nd nqrnmal i zed ene ,.plus the first and second order
KROWY dngrage Vegiht et?@%_-%gsssau%_s%t% Bl Sy fhg,tffown
laﬂg%ag@ Rt agﬁhstaélp!ﬂﬁé @i WRtorabf %ﬁgﬂegls,bﬁfehlah@udg@ewhose

tralning and identification nodes. 9 di nensi onal
traitgug oectos gieb sise derthe highes pimdarityscotes te dbmynknown language

recogni zer,.210. traj,ni ng corpus of. train.ng samles ,.
o596 R aGitrdcrs B e HERaEn e R b 1y S vRadY P in
thd 6urlded1siffey S §aHEE Erod 5tHBe1] RNUSI3BcNdsleTHd hinGBéd @Ntraining

node. Typically about 10 hours of speech is required

extwplary iaivariedfromn®04980899.i ¢ enbodi ment tested used

tel epho speech input..di.gitized w.th ' r

e N S
idétdicado HRRSIAS réfsRaGhi“Spbler LapuagdTntifigatidhi Usiag Bag of

Mandarin, English and Korean into a training corpus

Scgods suibns M Bin ebLi Baihee (Mgsehi . 2065, dplsmaganaldspnterence

h.of <L h ] " t okep:
ol RS T gy IV P! P e
sepatdefatddasksabr aaibiig aid phimetesound olasdifiea?d0ywad eahyructed,

sound tokens, and the |like. Each sound token was
angglapeiraipingydatabpses wag §Ot PSGA AR (951R%- eni t t i ng- st at e CDHVM

eac t ' ' ] %t 3 L Rised t

S ST 3 GBI OSSR PRt 1o
busltdahe SVMudlassifiee 2201 The nestiel covmisendudéd 560 vabsorib language

noi se_events di fferent_kinds. A set of flat nodels
VeERESr ol gt baceoosgitae: Hbrpvs £ ieel iyt Hhedias 18ad to
mh@f GHRPCRsGFHSHRY dcur@b), avKich IaP&Pesiell CTO M dral® Wcuracy for

score. An adaptive voice detector was used to detect

six laegeazas in tha d0-seebnddestts - 1%Hp aspeacytor 118 i exgercrate.

?nlag 1ig.fe iSPrS\i}i}st’ ra. f{tkeg%&%ﬁﬁﬁatmeo% Aol BOPSY the’ %ﬁslggn language
identification system (identified as BOS) as compared to a prior art acoustic-
phonotactic system (identified as AP) as reported in the aforementioned article to Ma
Bin. The test included the three baseline languages, Chinese Mandarin, English and
Korean. Three mono-lingual phoneme recognizers were constructed as well as their
respective phoneme bi-gram language models. A phone loop grammar was used in
acoustic decoding, and the phoneme bi-gram was used to derive final phoneme
sequences. An unknown language sample is provided through three parallel acoustic-
phonotactic decoders, the winner of combined acoustic and language model scores

takes all. The greatly improved accuracy provided by the present invention over the

prior art acoustic-phonotactic system is readily apparent.
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ot her inplenentation, |latent semantic analysis (LSA),
an artificial neural network, orany other high
wdadiomrnsional vector classifier may be used. DuPCTEB2005/002760
| anguage identification operations, the sound
recogni zer 210 converts the input speech of unknown
| anguage into sound sequences. The sound classjfier

fi r $he ek tiflueratest eremphE ovassiTisatom garoy dates rast 4 Spngtiqr of the
nuish%g Gp (ﬁ%“i"mng%?mgfeg r}‘oﬂ‘?ﬁ'&? Qg&&ntﬂﬁ 5'18%1 c@ﬁ@r@r@ &em of the

vec ‘or agal |n|ng tors o |nte ests,
prdsBit 1hw1@ia>ag hetiatbet dAirainig saeqﬂesrw@l veeisd ficse 10@td 1600 for

hi ghest S|mlar|t scores to.t kno | an
cagLBHBME PG 0o 10l SEPHE | D 45 Mt gEdt 1oNer training
f4
sain e 1 g MErdigrk BB 3R o iplcy SnH 1S BEDR duftion
training vésspnexeannéeaed to proradé eul atcaptablreroraBoDapFEoximatay 2
illustrate classifi at| error rates. of th spoken
Pefcshy d’é‘beéefisd@?ﬁr?’ﬂmc" Q00 & sfpond fﬂr@am& AR a5 GReded to

agembdeatid catlon Usi ng Bag of Sounds, " aut hors
adk}a{?%#ln anlé afr I zhou (March 21, 2005, |nternational

Conf/ex readity appr@inatcxebye tlfosapkdlcdlgl he08) thehbsce'imd processes may
i ncor rated ef eren For _each | an
beq SURBRERE G TFUTHingoRNET cATIRGS: Ao EqHpimaton of these

1mgieﬁ§e?1'tdctloﬁ§ ad 4fr ﬁ?ﬁat& 08 lafidigib8 dsond 6 AINBf tHeodedbrilkd processes
at abases was not used in testing. For each test set

magt b& jmplemenigd 25 computed seadablpoipstrycioniaede vesident on Wefpcenputer

to bUI| the \/ a |f|er 220. T te
reqdBbs, et OB ik et Lh oy, AR vo e, bEEtld mpgdded
prédifsols) €Y QliEi Sistriétibn e Tperbld fdairoL@AYS CompPiei of other such

utterances | ead to nmuch better cI assification

programmable, dankredn carsy out thy piendsd funpHensver age accur acy

for ﬂexfol'%?ga%é%sﬁnﬂt{bntlﬁg bedi ?Fe%&ﬁlgdg tfcﬁ;(glr;;)q%fe? 8¢ &f@sﬂrﬁho# and

aCClJracy n error ra ustrate the
desdriptiohf | 1€ & nor interidedrto batesavsfivd dretodinak #e ihwangjua grethe precise

identjfication system (ide |f|eda BOS) as co red..
forrg digclopecy and pbvighdy &w&mﬁsﬂ%‘fagepf gn wa@ﬁﬁ RgQREYIb e dnilight
of%ﬁe af %lﬁgecd fe&t :H?ﬁ% ?hé ﬁe&ﬁ%e@@ﬁﬁ@ﬂﬁﬁ%ts%@x@ AbidnCheri& thbest

uded the three baseline | anguages,
exﬁ?mumﬁ&qorivhqﬂarofrthe Enghtiehawdhits Kmcteal apPheation to thereby enable

nono 0 recogni zers _were .constru
ot pkited BB oS BET 8 Aok SR VGrE R Rhfingals 3Rd wi
vafBES D diftaRORNR dro SRt BTHB partieslat §&cdnfemplated. It is intended
that the scope of the invention be defined By the claims appended hereto.
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acousti c decodi ng, and the phonene bi-gramwas used to
derive final phonene sequences. An unknown | anguage

weanwls0ios provi ded through three parall el PCT/IB2005/002760
acousti cphonotacti c decoders, the wi nner of conbi ned
acoustic and | anguage nodel scores takes all. The

greatly inproved accuracy provided by the present
tion over the prior art acoustic-phonotactic
systemis readily apparent.Fig. 6 illustrates
exenplary classification error rates as a function of
Whdiés cipimieelris:of trai ning sanples for the spoken | anguage
identification systemof the present invention. The
nunber of training sanples was varied from 100 to
1.3 O%g{e‘ﬁ{ode@@galhfn%' Diikes MHYnSeLidertifiddliof st to identify an
secon ata”i ndi cates that fewer training
unkeovph Emgodgd anger offaphiraliy odikmoweeredidatedangiages tes method
only 100 15 second duration training sessions are
CORPEHEE t o provide an acceptable error rate of
appre %hﬁgtz? | 96usd RRVERAY: cHRSHSRS 2 PRI 'tynﬁit bR @&ns, the
ten second training sanples are needed to achieve t he
coBentize gdaralitycyt sotwd el [pyovagasr Foinaa sebsel/of thedamoug ¢andigate
in the art, the described processes may be inpl enented
langragesy dvvare software, firmmvare or a conbi nation of

the%@oxh&ﬁ?ezmiiﬂhﬂﬁ BS trafii) BARpIes, déah tlra[inﬁgddaiﬂpw composed
SOME or a of thé described processes nay be

Wﬂ&mpbeweﬂme&nawn@mwb@ﬂ@kmgwﬁﬂ&bIe i nstruction code
resident.on a co read [
di sIEISBILE PP 06 ﬁ% abml?%t ‘ﬁér%nﬁéan%re%ﬁ i TR gaglllﬁe wherein

caflf @8iAHE0FStor & defined b€ fikdEbA UELAi® plu@ﬂﬁsi‘ of @Lﬁfnd héleenk provided
program a conputer of other such progrannable devi ce

frang sa;ép\algseb@ﬁthp keown caplidate Pgeazes @4 The f or egoi ng
descf, r OfpyeP as f th

il us% 2{tﬁgn andbt?dag@lggl g?ﬁ%e‘g i fhs? %gnt?(ﬁlant egagdlgléagteo obe ©

coﬁ%ﬁﬂmﬂﬁgwﬁumnghmnpkn1t t he |nvention to the precise
form di scl osed, and obvi ously many nodifications and
variations are possible in |light of the disclosed

2.1 eac’fﬂer}ge g&'ﬁ oreRffn RedrarRtLIRD lrﬁveﬁ%ﬁa cERPSRN al Plurality of
order to best explain the principles of” the invention

V aouhdi tokeny thet trajping asplor cemprising gotie oé syurshiaktns istthe sgund
skilled in the art to best utilize the invention in

tokesr SegURNCEMH» fie nt- &1 a NRCTRR B 1% S Gdidatsaengiage inles, Lds the

are suited to the particul ar  use conten%]ated It is
length of dlagjsound token sequence, wherein said sound token count comprises c,

where v is defined as the v"* sound token in the said sound inventory and ¢/ is defined
as the number of occurrences of said v* sound token in said sound token sequence

M ooy 1y ..., my divided by the total number of occurrences of all the sound tokens:

3. The method of claim 1, wherein the sound inventory comprises a plurality of

V sound tokens, the training vector comprising counts of sound token pairs in the

sound token sequence m/,...,m,,...,m; . wherein n is the candidate language index, L

11
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that the scope of the invention be defined by the
cl ai ns appended hereto. CLAIMS What is clained is: 1. A
worblemdons trai ni ng a spoken | anguage i denti fi eariiBwos/002760
systemto identify an unknown | anguage as one of a
plurality of known candi date | anguages, the nethod
. conprising: creating a sound |nventory co I Si a .
is the dpmgth o) KfoResRErice; HBSTEE) FEGEPUR O sopnd ko g
sound t.okeps provided 4 r d
cori S dhver VARG gL L il g ke BF obRireBA B e soun
sanpl es, each training sanpl,e copposgd. withi n.one of
tokien @areh B Wﬂ&‘gkeé‘ FaHgGades;- ”@erre’i"‘al%if‘ﬂﬁedgli%ﬂ]ﬁ FOtﬁlg‘?uénber
training vectors from each training sanple, wherein
of RFUHeRGeR|Ok A gh%wéﬁorgegpalé? ¥ ‘as a function of said
plurality of sound tokens provided fromsaid subset of
t he known candi dat e | anguages; and associ ati ng each
trainj vector with the candi date | anguage of the
c:CQEngggﬁdjng training sanple. 2. The nethod of claim
% @e(\gv,ﬁ the sound inventory conprises a plurality
of Y.sound tokens, the training vector conprising
counts of sound tokens in the sound token sequence
m,...,nf,...,mM, wherein n is the candi date | anguage

4. 1 Nd&e phethddl §1M1y! RRSE Blafths 1-3ewheROgdneletiAg 986 BLMAOR: training
wherei n said sound token count conprises c", where v

vectersdedrprisgs gsnenating tahplueality) of dtedning rveetees serrespepding to one

i ntory and,c" i fi,ned .1. . of -
can i 1 ialiadl gpé cag o FirtBE EafBulife SIRRLings statistical model
fronPHRPISEREITERe fHlining vieblors assodidted thithithkechndidatdlengiapel

nunmber of "occurrences of all the sound tokens: 3. The

met hod of claim1, wherein the sound inventory
5. co él:,esl%%th%d pclfuélgfnjl t4),/ erein IHY rglgig{'lﬂé{tEJ]ﬁleaﬁ Qﬁ staf(?bmﬁélﬁ'y of
vect conpri si ng couant's of sound token pairs I1n'the
trafiohin Fobtole’ wedueforn ' mean frathing veatdr, said mber ghining vestor
the candi date | anguage index, Lis the Jeng;h of th%
formping the kegisrof deapiatiftical mpdel 4; Pseddp detegning ths carsigiipn between

t oken pairs - . .
said mean ptraimng vector and an unknown training vector associated with an

unknown language sample.

6. In a spoken language identification system operable to identify the language

of a unknown language sample as one or a plurality of known candidate languages,

_ the language identification system including (i) means for creating a sound inventory

comprising a plurality of sound tokens, the collective plurality of sound tokens
pro{'ided from a subset of the known candidate languages, (ii) means for providing a
training sample composed within each of the known candidate languages, (iii) means
for generating one or more training vectors from each training sample, wherein each
training vector is defined as a function of said plurality of sound tokens provided
from said subset of the known candidate languages, and (iv) means for associating
each training vector with the candidate language of the corresponding training
sample, a method for identifying the language of the unknown speech sample,

comprising

12
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conprises ¢c"V , where vj,Vk is defined as the nunber

of occurrences of the sound token pairs in said sound
woabmm3emwguence ntf, ..., m,..., m divided by tReTAB108$/002760

nunber of occurrences of all the sound token pairs

{yjvk } : 4. The nethod of any one of clains 1-3,

wherein generating one or nore training.,vectars A

compHREEEng G AT WR lanepias vl Tk the SRS lodeage sample,
thE RLESESAP BEbRsh e R cRP AchiadPha fithclian 99 a8e phirdkty BIts088d tokens

further conprising constructing a statistical nodel

prbvidad friom saidusudisettof thyf ko qandidaterlangpegesoprd associ at ed

1 AL B RGEE oL RO e s

t r ai Rhéeinvide lgigaks askoeidtddow it the @rafiled védiéd Rivige the closest
vector, said nmean training vector formng the basis of

cartelationde itha yrkapwidarguree viecker is deptified as fie lapguage of the of the
orrelation b en said nean training vector and an
urE‘f‘?QWB\}\ﬂlgiurg EfSnai%&rp\ggvector associ ated with an unknown
| anguage sanple. 6. hi a spoken | anguage
identification systemoperable to identify the

7.| anglgyemethody ohikhewplaimn@uaderadnnpne s e Haining vectors
luralit kno candi dat e | an e e
cdPbidianelorhe A0y B ERRMARL s P TRk MR BRI, 4.
’ r r
ot TR ol okrpATRoPiRtn i WiblubaftuaBd Bl X to one
oo sfatle irafiih@vedbissitistitaltheddtn o daadiifi@terelation between
| anguages, (ii) neans for providing a training sanple
the aRpesatlangidye veede indibngdage known candi dat e | anguages,
(ii1) means for generating one or nore training
vectors from each training sanple, wherein each
training vector is f | §9 ﬂﬁ nction of said
plurality of sound 9@?%&% projﬁgé fromsaid subset of
t he known candi date | anguages, and (iv) neans for
associ ating each training vector with the candi date

. I . i tu: Al ni .
whEPREIHF splislilf el RERBAe e Hilchl BROFRTY, Brin deemed the
optireC btatigtival @nodubymand sits goaegoatingg lamguapek beimg  adjudged the
| anguage vector fromthe unknown | anguage sanple, the
lapgnage whthe Qe langaessap@ls- ned as a function of said
plurality of sound tokens provided from said subset of
t he known candi dat e | anguages; and
8. A spoken language identification system operable to identify an unknown

language as one of a plurality of known candidate languages, the system comprising:

a sound recognizer coupled to receive an unknown language sample, the
sound recognizer operable to generate an unknown language vector from the
unknown language sainple, said unknown language vector being defined as a function
of a plurality of sound symbols, wherein the plurality of sound symbol are provided
from a subset of the candidate languages; and

a sound classifier coupled to receive the unknown language vector, the sound
classifier operable to correlate the unknown language vector with one or more
predefined training vectors, each having a candidate language associated therewith,

the sound classifier operable to identity the language of the unknown language

13
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correl ating the unknown | anguage vector to a plurality

of the training vectors, wherein the | anguage
wazswosensed with the training vector having thecthie®es002760

correlation to the unknown | anguage vector is

identified as the | anguage of the of the unknown

| anguage .sanple. .7. The nmethod, of, the claim®6 er ei
sepi B e dRERES P e T BEE S dor bryia Mt piyt botslfin Witk the
ln&ﬁgg#gggﬁaggﬂgggge n are represented by a statistica

o

el Xn , and wherein correl ati ng conprises
correlating the unknown | anguage vector to one or nore

of the traini.ng vect.or tistical els, to .
9.et oft skl 1PEraef ol Wel@ AEwh & e soud
eVl ARE imekthe . réceMeOABRIANY daiihgr Qplest lRech of the
statistical nodel exhibiting the highest probability
trddeing gsatpdsseepmprsed pni ongl of candidate danguasere|the sawnd gecognizer
rrespondi ng | anguage bei ng adj udged the | anguage of
ﬁ@ﬁ%"ﬁﬁ&ﬁ@%ﬁ'language sanpl e. 8. A spoken |anguage
I dend §duind ahvedforg Xenprisiap ehidPleratity ofdesindf tykens paokdedfiom a
| anguage as one of a plurality of known candi date
subsgt gt thgecgndidpie lanegyeges axshpri si ng: a sound recogni zer

coupled to r ' ,
sountes By REREINE, ERuRURG Mhe BROLRRET REHTHE woblfe sample,
tht 2Rglidge 1aeaigy védarbellpeassodimodithanguaitbe candillste lagualpes,
unknown,lanquage vector being defined as a_fﬁﬂégjon of
and the pendidety language yactey dpiined ash dynstioniofesajst puglity pf spund
| A of the
$%§%%ﬁg§%ggfgﬁgﬁ§agé§xgn %Eggﬁﬁgmgﬁggg%fier coupled to
recei ve the unknown | anguage vector, the sound

classifier operable . to correlate the unknawn | anguage
Gt e IR SRR S OThe HorEn the SRR HBY<RLEY Gpaprises a
pltﬁ%ﬁﬂl by g&&d%%@%@ﬁhﬁin?xgg;@eag RoRPHiSink 3baitts bhf%ﬁﬁﬂﬂtél&ns in

e 'sound classifier ope le to identrty the | anguage
the Gourdaokdikdequence anguagksamp| whasin hi thacaidade nhgudge index,
training vector having the closest correlation with
L tihetheirlkmginofl thegsagd token cequeice,Therspokseid keumgutofen count

identification systemof clg m8, wherein the soupd
comprises ¢, , where v is"defined as the v sound token in the said sound inventory

and ¢! is defined as the number of occurrences of said v* sound token in said sound

token sequence m/',...,m;,...,m; divided by the total number of occurrences of all the

sound tokens:

a__cO)

Cc =

")

11.  The system of one of claims 8 or 9, wherein the sound inventory comprises a

plurality of ¥ sound tokens, each training vector comprising counts of sound token
pairs in the sound token sequence my,...,m;,...,m;. wherein n is the candidate
Janguage index, L is the length of the sound token sequence, wherein said count of

sound token pairs comprises ¢’ , where v; v is defined as the number of occurrences

ViV 2
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recogni zer is further operable to receive a plurality
training sanples, each of the training sanples
woanposesi n one of candi date | anguages, the s8amaB2005/002760
recogni zer further conprising: a sound inventory
conprising said plurality of sound tokens provi ded
froma subset of the candi date | anguages; and neans
of fhsrsoged trken palys & withsivad tekansaguage M ect /-5 ¥ip it by the
trai ning sanple, the candi date Ianguage vect or being
totalsswaies b ecamenceseg abthe seund soken @aire {Y dnduages, and
t he candi date | anguage vector defined as a function of
said plurality of sound synbols provided froma subset
of th c%ndidate | anguages. 10. The system of one of
ncLalﬁE Yi8or 9, wherein the sound i nventory conprises a
blu@@b@tykﬁf Vsound tokens, each training vector
compki sing counts of sound tokens in the sound token
sequence ni', , m, ,M.. n , wherein nis the
candi dat e Ianguage index L is the length of the sound
tok C 3
12 oy | SHPIER g g dhof B B8 4 CORBuLE HRldable, medium,
optralknoi cdntrblea peograramubie systerartd drayn aspolkeh lalsglmgé ideatifieation
t he nunber of occurrences of said vth sq nd ken in
lura ﬁ{ oﬁ

systemdosideniiy B ernopE aRgaerias one qfya pl Vi fegdidate
e . of aI | the s o und
lmﬁ%ﬂég ﬂkQ%ﬁb¥EH ste%géﬁﬁg%e of clains 8 or

whe rmstmcnm cede tml clieate entoung iwempry sempaisipE A allureth}?y of seund
soun ens,

ol e sl era P Al P oot DR G & gfiheE B Beknown

t Mﬂgules ,mM. wherein n is the candi date l'anguage
cmﬁhgae % the | ength of the sound token sequence,

whe nastrucgan ccode uat providsou wiuralityenf praining camples.s gachc training

defl d .as th ccurrencesof
Sa?’ﬁge %O&H‘?a\q(‘é’ g’ LRV %n@gg%g&%ggx& % sequence
m’, .instrd®tion codé’f‘to éﬂé‘rzﬂé dnbyr hitee trainihg Recbsrah each training
occurrences of all the sound token pajrs. {V] Vk}

samplee herein gseh graiming veetar s defsagdgane fgpct %P%%fnﬁeu@ éalurahty of
sougd”l%ig}lseprgs%e& ®om said subset of the known candidate languages; and

instruction code to associate each training vector with the candidate language

'r7:

of the corresponding training sample.

13.  The computer program product of claim 12, wherein the sound inventory

comprises a plurality of ¥ sound tokens, each training vector comprising counts of
sound tokens in the sound token sequence my ..., ,...,m; , wherein n is the candidate
language index, L is the length of the sound token sequence, wherein said sound

token count comprises ¢, , where v is defined as the v" sound token in the said sound

th

inventory and ¢ is defined as the number of occurrences of said v sound token in

said sound token sequence my,...,m;,...,m; divided by the total number of

occurrences of all the sound tokens:
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operable to control a programmable systemto train a

spoken | anguage identification systemto identify an
wanbkemarsos anguage as one of a plurality of knoRaT/1B2005/002760

candi dat e | anguages, the conputer program product

conprising: instruction code to create a sound

inventory conprising a plurality of sound tokens, the
"GO ive plurality of sound tokens provided froma
”su%%eﬁdof t he known candi date | anguages; instruction

co to provide a plurality of training sanples, each

training sanpl e conposed within one of the known

candi dat e | anguages; instruction code to generate one

or nore training vectors fromeach training sanple,

wherein each training vector is defined as a function
149f SHiedopsnpwtar pragran medied af olans 18y skhersdy the spHngainyentory
co?r#&%gg a%flur ﬁfgro(gtn?%ur&?{b%egsategcﬂ %:%ﬂ?g@éctoﬁ&qnv%r&stir& counts of

ruction e t'0 associ ate eac al ni ng

sothd hotdaepSiang 4Rt uh@Nekadeq@bndeN i COre s PRN G Agtein n is the
trai ning sanple. 13. The conputer program product of

cafillidbf® 13Rguah SRk NL i theSontll off thecsiu@d foledNgRE &S, Rherein said
plurality of V sound tokens, each training vector

coantpf s@indgokaupdiss afmmsend, | okdwse Vv tihdefowdras thekember of
sequence m',...,nt,...,m, 'wherein n is the candidate

odc@RENERE Bf it §undLiokdn AR inevapt Soudll tbkéh Suubktet ARENm!,...,m}
sequence, wherein said sound token count conprises c"

dividei 8y ehevtota$ nB@bersTdcagrdndes of aliste Bsurddakken pdirst fpg, pai d
sound inventory and c" is defined as the nunber of
occurrences of said vth sound token in said sound
token sequence nf',...,nf ,...,nL n divided by the
Lot alc(wvgber of occurrences of all the sound

ok (K§§;)The conmput er program product of claim12,
whem‘;n-tﬁe sound inventory conprises a plurality of V
sound tokens, each training vector conprising counts
of sound token pairs in the sound token sequence
m,. ..., ..., mM" . wherein i s the candid .

13- anglhysompptex prosrg pirdugt Hfgety ope tor’feaglglfn gi'ﬁ 3y Bferein the

inSRABABde W &R dle 98¢ Or ﬁﬁ%@&aﬂng?%éfﬁs CokBAsRahdtfuction code
conprises c"Vv , where vJrV is defined as the nunber of

to generate a plurality of training vectors corresponding to one candidate language,

the computer program product further comprising instruction code to construct a
statistical model from the plurality of the training vectors associated with the

candidate language.

16.  The computer program product of claim 15, wherein the arithmeti¢ mean of
said plurality of training vectors is used to form a mean training vector, said mean
training vector forming the basis of the statistical model A, used to determine the
correlation between said mean training vector and an unknown training vector

associated with an unknown language sample.

17.  In a spoken language identification system operable to identify the language

of a unknown 1anguage sample as one or a plurality of known candidate languages,
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occurrences of the sound token pairs in said sound
t oken sequence ni, ..., n, ..., m divided by the total
wauns@s0s occurrences of all the sound token paraB20)3002760
vk} : 15. The conputer program product of any one of
clainms 12-14, wherein the instruction code to generate

o Beties enisicater e it dige GF HRpS F stribhe f gkl inventory
cofPrsRgPL WAkt 6f ABEE tkéhslafhe ¢ARsEwY ?lurﬁlhs? STOsFIH efokens

program product further conprising instruction code to
proddet fromta subsetzafithe kaewn at¢ lapgiages, (i) greans foy pspviding a

g e K,

forl BenctRig&inR driiford ftallifie Vedor¥ERdin @hclSRhiding! safndld, twhefin each
training vectors is used to forma nean training .

trajeing olectos as defimagnas ¢ Annetieg afeseid plurditiiofgobrd tekgas projfded
t he_statistical I e ' .

B 3L KBRS Bt SR AT s

cabll KFNIAg t Vettdti With vide t eahdRiaso tingligge of tthe ariesgonding training
| anguage sanple. 17. In a spaoken | anguage )

samglsatd CPEgies PragrameRioghels 4Btident 01 defRmpyfer-ieadable medium,

U i l'l(a C
ope?a%ge f%g(fo);ﬁ)é} Qﬁ%&ﬁfﬂbfg%&%@gﬁ% id & fin Qf the unknown

I
prurali can anguages, t hg [fanguage
speétraimlecstipplied thyste the coahputérpgograi preducs céaprisingat i ng

a sound inventory conprising a plurality of soun
t ok dpgiructing cede fhgenerate S Lﬂnng@ lapguags, tqfo‘i%\ﬂ gge unknown

' Hih;b tﬁé‘%nkg&»ﬂl b&3feftor defined
h‘?@%ﬁ%‘g‘gw ?II van{égﬁnlgﬁ?%ff providing a rgi ni ngrsgrrp?eas :
functigmosfeshidviphurality exfcsound takives ipnowided frooli shkid eubsahgf thgdenown

I.ii) nmeans for generating one or nore training
Caé?@‘éfl ylénglﬁ%‘?ﬁ’ %%dch training sanple, wherein each
tr ai;RLRGHYECh tol ridhitd MRAnRBown T4HREhORCcRr t6 Bipfrality of the
plurality of sound tokens provided from said subset of
traimieg kacters, candi dat e | anguages, and (iv) neans for
assocj at.in ach training,ve ith t I
angthgenofe iRttt Fedudta REh Mo ety YT RMAAPER closest
copRIAtieh &6 tHY @knawn RarpUued vedt@Sk diuntified agithe language of the of the
conmput er -r eadabl e nedi um operable to control a
unkneypdmeupgesaipde.emto i dentify the | anguage of the
unknown speech sanpl e supplied thereto, the conputer
program product conprising: instruction code to
189eneTlad eonaputerpeogiam pradgnt af ¢heveaino 7,f winereih loae wn kmooeraining

vectors corresponding to the candidate language n are represented by a statistical

model A

n?

and wherein the instruction code to correlate comprises instruction code to

correlate the unknown language vector X to one or more of the training vector

statistical models A to determine correlation between the unknown language vector

and language n:

n=argmaxP(X/4,)
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| anguage sanpl e unknown | anguage, the unknown | anguage

vector defined as a function of said plurality of
weawsth3twEkens provided from sai d subset of theP&nEB2V05/002760

candi dat e | anguages; and instruction code to correlate

t he unknown | anguage vector to a plurality of the

whirdo AP ARGt L dnodel Rt e APRMEEEoRIRRE A Bt e

optiigal USR] InddtUaaed ieC teafredponiisi@ntankift Bsinghedjudged the

| angua of the of the unknown | anguage sanple. 18.
13%3@%@?@911@1(11%?@ langwagsrsedpl: of the claim 17, wherein

one or nore training vectors corresponding to the
candi date | anguage n are represented by a statistica

1970deA ntethodibflopidstirgi spoen ladgtagecidemtificatio system to identify an
correl ate conprises instruction code to correlate_the
urﬂFﬁRwa\Aﬁlguaa@ angae veambprality; of avrpeandidae languagss, the method
g9 vector statistical nodels | to determ ne
c rre atlon bet ween t he unknown | anguage vector and
| angeregdingna: sound mventesy EoiMptising awhembilyy of tsoend tokens, the
statistical npdel exhibiti ngﬁé e hi ghest Frobabl lity

cobleptyes RIBEAbEY of pungpkens) pray: Pbmsuh%?a@ helpwn gandldate

]a&%&%g§pond|ng | anguage bei ng adjudged the | anguage of
the“unknown | anguage sanple. 19. A nethod of operating

a smrbeiﬂiﬂ@aqﬂmgﬁty dé ntairfing ahinpless yathetrainimg skample foprmgrosed

nown | a of a plurality of known
E&H f@qq%lﬁﬁ’%}ﬁééd ﬁaé‘gﬂégqsrgd conprising: creating a
tsgﬁg%nbﬁ‘ﬁﬁgto%@br%ﬁg rtfa?i’ﬂ)lﬁg v%ctﬁhufr@ﬁﬂ da¥n Qfanﬁ %@anle, wherein

s, the collective plurality of sound ens ]
eaph traindegivéctars defsned sea fafction®f kaid whurality il d@urei tokens provided

oo b sanph e SuE LBE g h n one of the knoan
candisgadifidgA NGt O Sining vector with the candidate language of the

corresponding training sample;

generating an unknown language vector from the unknown language sample,
the unknown language vector defined as a function of said plurality of sound tokens
provided from said subset of the known candidate languages; and

correlating the unknown language vector to a plurality of the training vectors,

wherein the language associated with the training vector having the closest
correlatioﬁ to the unknown language vector is identified as the language of the of the

unknown language sample.

20. The method of the claim 19, wherein one or more training vectors

corresponding to the candidate language n are represented by a statistical model 4,

and wherein correlating comprises correlating the unknown language vector X to one

or more of the training vector statistical models A to determine correlation between

the unknown langﬁage vector and language n:
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generating one or nore training vectors from each

training sanple, wherein each training vector is
wdebicrvaatoas a function of said plurality of sora@iB2005/002760

t okens provided from said subset of the known

candi dat e | anguages; associ ating each training vector

Wi th the candi date | anguage of the correspondi ng

traini ng sanpl e; geﬁer%gpﬁé 4K Ik nown | anguage vect or

fromthe unknown | anguagé sanple, the unknown | anguage

vector defined as a function of said plurality of

sound tokens provided froms

.Subset of. the known
il dt &gl CHHPInE RS g‘[@l"%@f"?#&h ReiBhoemed the
u C 0 ur
OPE/Ig{é? oggt%u&% deef qgn 55‘158 gs %m a?ﬁ%g% Bélﬁg ad]udged the
lmnﬁagabﬂngmkm@thmgwngsmmpknlosest correlatlon to t he
unknown | anguage vector is identified as the | anguage
of the of the unknown | anguage sanple. 20. The nethod
of the claim 19, wherein one or nore training vectors
corresponding to the candi date | anguage n are
represented by a statistical nodel Xn , and wherein
correlating conprises correlating the unknown | anguage
vector X to one or nore of the training vector
statistical nodels X to determ ne correl ati on between
t he unknown | anguage vector and | anguage n : =
argmaxP(X / p) n whereby, the statistical node
exhi biting the highest probability being deened the
optimal statistical nodel, and its correspondi ng
| anguage bei ng adj udged t he | anguage of the unknown
| anguage sanpl e.
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