Spoken Language Identification Systemand Methods for Training and
Operating Sanme Cross Reference to Related Applications 5 This
application clains the benefit of priority to US Provi sional
Application No. 60/611,022 filed Septenber 17, 2004, the contents of

which are herein incoyporated by reference ip its tirety for all
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classify it 20 into one of a number of possible candi date | anguages.

Initially the systemis trained, whereby the systemis programmed to
recogni ze 9%8¢ar features of each of the candidate |anguages.
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Accor di nglatenddmeswtemeent i onal systemis not very scalable with

respect to addi ng new | anguages. 1 . . .
Acoustic-phonofacti€ based LIDs represent one type of language identification

system employed in the art, an illustration of which is shown in Fig. 1. The system

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

20 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, ianguage 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

25  said features, the candidate language possessing the greatest number of correlations
with the sample being deemed the language of the sample. 7

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 modeling and

30  speech data transcription cfforts needed. Accordingly, the convenﬁonal system is not

very scalable with respect to adding new languages.




What is therefore needed is an inproved spoken | anguage
identification systemwhich provides better scalability with the
addition of new candi date |anguages. 5 Summary The present invention
provi des a system and nethod for identifying spoken |anguage using
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efficient. 10 In one representative enbodi nent, a nethod for training
a spoken llengyagege identification systemto identify an unknown

| anguage as one of a plurality of known candi date |anguages is
presented, the nmethod including the process creating a sound
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W th the pritsenhe iofViBOkhé®n candidate languages. Further included is the process of

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. The method further includes

20 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. ‘

25
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

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

system in accordance with the present invention.




2 Fig. 4 illustrates a nethod for identifying the | anguage of an

unknown | anguage sanple in accordance with the present invention.

Fig. BAillustrate classification error rates of the spoken | anguage

identification systemprovide in accordance with the present

invention. 5 Fi 5 %B iIIuStratehége cl.assification error rates of the
i

spoken | anguag dpstratesat i BAhed JPe Ad@Nityipe the Jangiass fedht PBko
conpar ed fighoRaf daffpl@tacBGaiieivith BBPRALAGhIAiSYStem Fig. 6
illustrates exenplary classification error rates as a function of
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accor dancédsptifipatiqnhgysipre ge e piesesth tinsmiion e copperh OO PHpL kil desustic-
sound rec I . nd a sound classifier 220. Optionally, the
system Zogjgﬁﬁa(itg{tlﬁc%%% e’ a database 230 for storing training sanples
2321_,, and a dgd abidlestraddedeniplat @ldssifcitionl ditorGaté€ad @Tenckdd Jgirﬂrain;?&)%1
Al ternatively, databases 230 and 240 maybe | ocated renotely fromthe
syst em 2002t fonigc splea lanepagmidsaification pyséany gbthe RFesERptYenEsRipl ed t o
recei traini 4 : LT ' .
oporatle to readr cRRFR PG dinihbe AOHR-URRIAG Telerced) BlrRBls i |
unknown | anigeaunt deephgs. 250. The reader will appreciate that the
traini ng and/ or unknown | anguage sanpl es nay be provided in several
25 different forns, e.g., as live or recorded sound, the speech

i tsel f beipighilel %Uﬁét%'@@xemﬁl& En®B&infRgor digital forms. Each
trai ni ng sanple I ncludes one or nore predefined speech
utterances conposed in one of the candi date | anguages which are to
be idﬁﬁtified t he yslem, e, one or nore training utterances
defininhg each it re selected to 30 provide a

maj ority of th@ighomepeses s@mﬁna:@@%@mﬁﬁﬁ@a@bn NREtkaris ReRtMeedviti
that particular candidate |an uage._ ach training sanple may enpl oy
any nunbethegpresent invention. The system 200 includes a sound recognizer 210 and a sound

classifier 220. Optionally, the system 200 may include a database 230 for storing
training samples 232, and a database 240 for storing training vectors 242;..
20 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
25  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
30  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-



training utterances of any duration, an exenplary enbodi nent being
bet ween 100- 3 3000 separate training utterances enpl oyed, each
speech utterance being between 5 and 15 seconds | ong. Further

exenpl ary, the unknown speech sanple 250 is of a simlar duration as
t he speecg H#terances for exa bet wee secondg in
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during opaﬁgglon in the identification node. The generated training
and unkno hguage vectors 240; and 260 (both described bel ow) are
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obtained from a subset of the n candi dat € | angllages which the ™ system
200 is opérféﬁbtré Slpoeqhdémanbgs inghe wathe tlgenngmangﬂgmwotm@v pegefsedm a
subse t he can ages can. be to identify, a.larger
nunbed or g sagSRALHER God HEMBRERRGET oBRAREn bbb B pSenres
enpl oy t hdesaited pllewenes, albeit differently in 25 a phonotacti cal
sense. In the present |nvent|on t he sound recogni zes 210 generates
vectors 240; aE‘H i Ernmsdend identfirghen avedesapt (Ipsraiione the tsorrd of
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phonenes wﬁfim:d‘uoarcrf pheneads| 24 2 fvaricli we edthemampelied to the sound recognizer 210 or
20  stored locally within the sound recognizer 210. In a particular embodiment, the
phonemes 212 are obtained from a subset of the n candidate languages which 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 that many languages employ the same phonemes, albeit differently in
25  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
30  the training and unknown language vectors is described in terms of phonemes, it will
be understood that any phonotactical marker may be used. In addition, an

acoustically steady-state sound token may be used. Further, a phonetic subword such



t he candi date | anguages. It is to be noted that while aforenentioned
generation of 30 the training and unknown | anguage vectors is
described in terns of phonenes, it will be understood that any
phonot acti cal marker may be used. In addition, an acoustically
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tokens from only a single one of them. As noted above, the sound inventory 212 may

20  be formed as a part of the system 200, or located remotely therefrom.

At 304, training samples 230; composed within each of the candidate
languages 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

25 traim'ng samples 230;, the training vectors generated as a function of the
aforementioned sound tokens. For a system of ¥ sound tokens, in one embodiment of

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

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

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

sound token in the said sound inventory and ¢, be the number of occurrence of said



this process, the training vectors 240; are conposed of counts of

sound tokens in the sound token sequence m-,..., m,...,n2, wherein n
is the candidate | anguage index, L is the length of the sound token
sequence. - Therefore, each training vector 240; has 30 D=V

di mensi on, .each el ement represents the count of each sound token. Let
v be v11' V'swund tekskdn said thaddaken srguperei myentyr.y mandivided' byphetthtal
nunber of occurrence of said_ 5 v h sound token in said sound token
sequence ??9f°°t?}‘rr‘?1?°.e.o,faﬂ1§heSi?iut}‘ilﬂﬁfén%y the total nunber of
occurrence of ?vb t he sound tokens. c¢" = c(v) C(V) In another

C

enbodi nentc, cf i nvention, the tralnlng vectors 2401 are conposed
of 5 counts @dund token pairs in the sound token sequence m
n2 *m . As a sound inventory of V sound tokens lead to N
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this invention include | arger phonotactic units such as sound token
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descri bed a o e‘ Further as 15 noted above, each of the training
sanpl es 230; may, gl ude several speech utterances, each (or a
conblnatlaﬂ of nore) of which is used as the basis to generate
a training Ve (/240;, the collection of which may be used to form
a statistical ftdel for determ ning | anguage identity of the unknown
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are also possible in the present invention. ,

In a particular embodiment, process 306 is performed as a part of the sound

recognizer processes in one embodiment of the invention described above. Further as

15 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

tfa.ining 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

20  training sample 230. The collection of training vectors 240, associated with language

n are used to represent the nth language. Further, a statistical model A, 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
25 s used to form a mean vector, eaid mean vector forming the basis of the statistical

model 4, .



n are used to represent the nth | anguage. Further, a statistical

nodel A,, is constructed for each | anguage n based on the collection
of training vectors 240,,. In this way, a collection of training
vectors are represented by a statistical nodel. In an exenplary
enbodinenz oI ih%g Erocgzs,.ihe arithnetic nean of the collection of
training 14ction) m 5 nean vector sai d nean vector
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t he candi date | anguages. Exenplary enbodinents of the unknown
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the unknown | anguage vector X i § extracted, and used to correlate
wi t h each triningeectars 3#pri \n@ermedhe)langm@masschmd withi estradping vedor having
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unknown language vector X is extracted, and used to correlate with each of the

training vector statistical models A, to determine correlation between the unknown

language vector and language n:

20
A=argmax P(X/A,)
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.
25 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
30 traihing 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



probability) being deened the optimal statistical nodel, and its
correspondi ng | anguage bei ng adj udged the | anguage of the unknown
| anguage sanple. 25 In a further enbodi nent of the invention,
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Frequency -l Loekbi el en i | i I st
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traini and identification des. The, 39 di.nensional 15 vector is
subsedtiont PSS SHTSCatPEly SERRICE G e SOBRLEERPELFT 2B, A training cor pus
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required for later systemuse in the |anguage identification node.
Typi cal | y invsatery 200 heauizedoforslgtee sistery wsgqin thedlahgrage ridentifivgtionr meode.

specific I e h eech 4.nput .di.gitized
wth & saigPriaL Fabg 18YSResPaLy LIRS BERERD MlBtbu Bk Srbof G
43, 44 antesttd pbo neephdny epdel inpitldygififedwizlo alamiplige rate of 8 kHz. It used

20 124 phonemes consisting of 43, 44 and 37 phonemes respectively from combining

Chinese Mandarin, English and Korean 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, acouétically steady sound tokens, and the like.

25 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 1s used as the reference ground to obtain the acoustic confidence score. An

30 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



Chi nese Mandarin, English and Korean into a training corpus.
Consistent wwth the termnology in the application, each of these
phonenes is called a "sound token". As noted above, the inventory of
basi ¢ "sound token" can be defined as a set of phonenes,
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extracts CReEMPHnsHEed EBJI8& Y% or from t he sequences, and then
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Usi ng,Bag 0 ounds,.". aut hors Bin .and Li Haizhou (March 21, 2005,
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training and testiygg the sound cl assifier 220 was constructed, 15
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| anguage much better classification accuracy, which is as expected. The average accuracy for

20 six languages in the 10-second test is 98.1% in accuracy or 1.9% in error rate.

Fig. 5B illustrate the classification error rates of the spoken language
identification system (identified as BOS) as compared to a pfidr art acoustic-
phonotactic system (identified as AP) as reported in the aforementioned article to Ma
Bin. The test included the three baseline langnages, Chinese Mandarin, English and

25  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

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

prior art acoustic-phonotactic system is readily apparent.



vectors of 5, 10 and 15 seconds. Fig. 5A shows that |onger input
utterances lead to nuch better classification accuracy, which is as
expected. The average accuracy for 20 six |languages in the 10-second
test is 98.1%in accuracy or 1.9%in error rate. Fig. 5B illustrate

t he cIaSS|f|caLonero rates t he spoken | an uage ent|f| t|on
system (1 dent | Fitec dlisgeisy %&meﬁﬂﬁébéraéa%%we BRI £ achigtan of ¢
phonot act iyGmp¥s b? 'ﬁ‘a(dnﬁjge @&h%}'g?%laﬁlepf k&P 14BR9Ed ﬁﬂ:nhﬁcd:tf&ﬁ system of the

aforenentioned article he test” 1 hcluded the three
basel i ne ngﬁag‘eegltlothhegemmmfétrampg Emgplﬁshfaanmezis&wml@ano 3'[]0965@'

| h ted |
espect | vERBHENE P fr iy 1100 dgeeruder ahe AThianERed Bot P%rAR s
used i# @ﬁﬁpl%é of 16igePdirafeon aktndebed. PREONSIRBNE - CHIATOVES 681 dation

derive final phoneme sequences. An unknown | anguage sample is
provi ded eﬁwmsgﬁﬁs'élnneéregmeéqzd 0 praEBigsAn accepildp gt rite of appaisately He

w nner of i g t akes, al
The.ar eat Py ok Rpr oy abBir e S0 PR d R s R AR R b
t he prioacldede A€ eaisé w:ufalapnot actic syst em is readily apparent. 9

Fig. 6 illustrates exerrplaaééclassﬁlcatlon error rates as a function

of the nunber Adfreadilyjappregiates iy eserilladrp thgwakdhe fepdbrdguocesses may
i dent !l(ﬁ' C%' léﬁﬂéﬁt@éﬂ fﬁf h%@%v}gr &%@8&,{ O%%ﬁi%beo e Ih@() fin %tf these

training sanp es was var i for raining
sanpl e of 1rﬁpleﬂ:@n‘ahdnslz't's appeaprdse.  [Thalditidng someioe atled thélaéscﬁhwlaprocesses

training 5 sanple er durati are needed., For exanple, only
100 15 SeBBNPR ?I}leﬁedo By EOTRPHER waddils Heﬁa?fémn@éieefaﬂf@tmp%m&ﬁr

accept abl g@5K10" me@Lf HenRRBHIEXHERE ShMHR opgfoﬁ%tlatﬂé"’qﬁéﬁﬁ% ernbed ed
approxi mately 2000 ten second trai'ning sanples are needed achi eve

the s arre aveessasy etchs ﬂkeeaﬁmcyomppcﬂaaepmléd tdprogrms @ wkipules d)f |omhetr lvach
art, e descri b g @roce ses ma¥ ) 5’%@' enented in hardware,
sof t war e, PFEFHREFEC SFVIES OoREY P fh(?r’ln(?’fl PHELEO ) enent ati ons as
appr Opr i at e. | Thadstetdin destaifRo® hasdbdenGhredehRd dBSFIHHRE OPHINGESERPandTBY
be i npl ement ed as conputer readable instruction code resident on a .

conput er desSHEHMN- e Inig apumeelﬁ@%\}mxéweﬁny R or tpdiraititheingentionrie s pregise
menmory, ef@ﬁd&lgg seﬁr %rfy Iilgdltﬁlagtldn@ %& l\'fﬁxfiétg)@ls GRS Bf'erlﬁli)l t to

program a conputer o ot her rogr anmab evice 10 carry out
t he i nt endéthefdisuddsed nsaching. The described embodlments were chosen in order to best

20  explain the principles of the invention and its practical application to thereby enable
others skilled in the art to best utilize the invention in various embodiments and with
various modifications as are suited to the particular use contemplated. It is intended

that the scope of the invention be defined by the claims appended hereto.
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The foregoing description has been presented for purposes of
illustration and description. It is not intended to be exhaustive or
tolimt the invention to the precise formdisclosed, and obviously
many nodi fications and variations are possible in light of the
di scl osed teaching. The described enbodi nrents were chosen in order to
best 20 eXgdMSthe principles of the invention and its practical
application to thereby enable others skilled in the art to best
utilize the invention in various enbodi nents and with various
nodi f i cat Vo isdaimied isui ted to the particular use contenplated. It is
intended that the scope of the invention be defined by the clains
appended hereto. 10 CLAIMS Wat is clained is: 5 1. A nethod of
traini gg spo 1 hid { ; FoONy i ]
nknovn | anguage e il 8tk Pisalhak At HARRL Y| KBl
t he met hoankwowp tangiagg: asameatf| splusalisy ofi indwv emdddate tamgpages, thg neethod
plurality of sound tokens, the <collective plurality of sound tokens
provi ded FPORE&Ubset of the known candidate 10 | anguages;
providing a pl yfatih Ya budd” MvehdGy SRMRMg §asiiralifRioR RendABRMR, the
conposed w thin one of the known candi date |'anguages; generating one
or nore t callentivg pluselityrod spurhtokgahprovidedifram saswpsas of Wheekedwn canidate
, trainﬁ&g ﬁftorsjs defined as a function of said plurality of sound

t okens™ pr W& 15 from sai d subset of the known candi date
| anguages, whepedvidiggeNpRIESNEHL @©dinffesaiipids)ieheh Wakin sirfpld dodipobédn
of the respective sound token according to a sound token sequence;
and assocatimeneefche knowmeandidgtedaeguages h t he candi date | anguage of

the correspond] i hg (T A A . i :
wherein the so%ﬁ%gyﬁ@g%#%ry §%ﬁg?ﬁgls gagf§?§1%ﬁ%n%$MB%Ssoﬁ%gkﬁgeghs,
the trai nieadh tvainingvecionis definetpscofinttonodf saiduiokatigkefissutditoktres wovidet!

t oken_ sequence e ey M erein n.is the canpdidat
| angu ééeq- gé)?aig}_subgettqféﬂé known candldatevYnanguages, wherein each element o? the

training vector is a function of the respective sound token according to a sound token
sequence; and
associating each training vector with the candidate language of the
corresponding training sample.
20
2. The method‘ of claim 1, wherein the sound inventory comprises a plurality of

¥ sound tokens, the training vector comprising counts of sound tokens in the sound

token sequence iy ,...,m,; ,...,m; , Wherein n is the candidate language index, L is the
length of the sound token sequence, wherein said sound token count comprises c,,

25  where v is defined as the v sound token in the said sound inventory and.c” is defined
as the number of occurrences of said v sound token in said sound token sequence

m iy 5.,y divided by the total number of occurrences of all the sound tokens:

11



| ength of the sound token sequence, wherein said sound token count

conprises c¢;,', 25 where v is defined as the v ' h sound token in the

said sound inventory and. c;,' is defined as the nunber of

occurrences of said with sound token in said sound token sequence n+~
milt .. m divided by the total nunmber of occurrences of al

t he sound 3t okere ngihed ¢fglgint 1, wherein)thg soupd inveptory kempaisesdplsraliey af m

1, wherei 1 tha;Seuad tﬁgvtﬁmgyve%mgmg%mg BUtE A Dt Plokell BANT he

t okens, the training vec nt's of sound pairs in
t he Sounqoﬁuﬁh@l&eﬁ MBI Er I m " Mwherein n i§'the-cali8it81dhgRagSinkibe L
candi dat e | anguage i ndex, L s the | engt h of the sound token
sequence, isweriength Atk soundtioldn squérite! okeRind@id sount OFRPlindSRKe pairs "

, Wwhere VJ,vk is defined as the nunber of occurrences of the sound Kk
t oken pai rcgmpnmacfd swherd W, ok sndimgd endbe mamber. of ogalrrences, ofpthe govadied
by the total number of occurrences of all the sound token pairs

{vj vk} : molef\iaithin saysdund toeh\skytente nY, Vkn10, 4 diicedmstthetbtanuaibai m

1, wherein the sound inventory conprises a pIurallty of sound
tokens, amndovdeieates of BR tic und Rken airo (v £QupPri ses counts of sound
token triplets. 15 5. The net hod of cIa|n11 wherein the sound
inventory conprises a plurality of sound tokens, and wherein the
trai ni ng vector conprlses counts of sound token quartets. 6. The

met hod of ANY_ ofi ;bﬁ clainms 1-5, wherein generating one or nore
training 0 Vv Lar s, conprlses generati ng a plurality of training
vectors corresggndﬁng to one

10
4. The method of claim 1, wherein the sound inventory comprises a plurality of
sound tokens, and wherein the training vector comprises counts of sound token
triplets.

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

sound tokens, and wherein the training vector comprises counts of sound token

quartets.

6. The method of any one of claims 1-5, wherein generating one or more training
20 vectors comprises generating a plurality of training vectors corresponding to one
candidate language, the method further comprising constructing a statistical model

from the plurality of the training vectors associated with the candidate language.

7. The method of claim 6, wherein the arithmetic mean of said plurality of
25  training vectors is used to form a mean training vector, said mean training vector
forming the basis of the statistical model 4, used to determine the correlation between
said mean training vector and an unknown - training vector associated with an

unknown language sample.

12



candi dat e | anguage, the nmethod further conprising constructing a
statistical nodel fromthe plurality of the training vectors
associated with the candi date | anguage. 7. The nethod of claim®6,
wherein the arithnmetic nmean of said plurality of 25 training vectors
is used to forma nean training vector, said nmean training vector
fornming t¥e badng f@pk%l@ngwtsilgqqt@@atl%u@tenwp%é@l tq glegtBethgilpnevege
correl ati I | Di ELQr =
Craining vact DiAEER lanhls BT, W BhELER Rty o i N Whgpages, ||
a spoken lienpuageeiidmrificitionadysiem aylstiam(Opesaablia deatindardouhy itvesatory

| anguage of a unknow lan%yage saﬂpleﬁﬁs one or a pturality of _known
candi dat e SPERGHAGE PlUrtly ¢haiind gekeiteths cpieptive pluplitve SAdnkaps

(1) means : i [RM-E, LS I i

Sound {okBne SF] E8 o it #Ro N iakte 1ZTRELS [anGurR ! Bobigteg
from a sulissting$ampie ckmpoved odtivh dahefltbaknmgesandidate) langegss, i) means
providing_a trai.ning sanpl e, conpose .t hin each.of the known

Candi dat o (PaSRIERYEE Ol PF Fiors, SRS Yegors BRey Sef RSP et RETEiR 495 ng
vectors frRmifaGheths Al diigd S8 PhRctier 8hid pﬁ‘ﬁﬁﬂtg f @l ROk B GrNided
defined as a function of said plurality of 'sound tokens provided
from sai d fwubseid wwbsatid the dnwnwo agedilidateclahgages gdreinteacle ickenzat lof the

| f_the 10.tr.aining i i i f th '
Sound Dok AT BT « Ayidiol SE E retmave LG atkn esgidfeitt 5 o bfem
associ at i RgRAEd) dndafiv)i M@anke &dr Odssoidtthgt &h Crodiflin 6l ateBtor |vAitY Wiag aridadre

correspondi ng trai ning sanple, a method for identif ingﬂthe | anguage
of the unk#epgsfdbe porsesaphding HainE seimle. gandhed folﬁ@&/ Hhink Hedrnguage

| anguage qﬁlg ' ngyage sanmple, 15 the unknown
| anguage égg%or %??ﬁ%%a%%&éﬁgﬁggtﬁgﬁgof said plurality of sound
t okens provi deendrithy santknewndetguate vhgokiowthe anidiodai Bnpaizg sagplk,

and correl ating the unknown | anguage vector tq a plurality of the
trai ni?ﬁg Wi wn lopeiags ﬂeqfwedq%élﬁga&a@%@@aafé@@@lw@w toupd Hksphg

vect or hayiigadd o 5AASasct SAKE Rhilh Bihdidhd BRgiiknqun | anguage vect or

is identified as the |anguage of the of 0~ unknown | anguage
sanpl e. 9. The comelhigeg B unkeovol hinguage vetter i aplonbtyort thotreiningaientory
\éegt g{ IS st Icgglr 3 qu(;rll E\'tge fa%g&abg% a%glonc(iialtteczjda Ev?thl tﬁg er'zll? eg Qzec 51'6 hzrlvqgé Seeg'l%segt by

correlation to the unknown language vector is identified as the language of the of the

20 unknown language sample.

9. The method of the claim 8, wherein one or more training vectors

corresponding to the candidate language n are represented by a statistical model 1,

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

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

the unknown language vector and language n:

A =argmax P(X/2)

13



and wherein correlating conprises correlating the unknown | anguage
vector X to one 25 or nore of the training vector statistical nodels
A to determ ne correl ation between the unknown | anguage vector and
| anguage n: n = argmaxP(X/ .~,,) n 13 whereby, the statistical nodel
exhi biting the highest probability being deemed the optinmal

stati sti carthengerthe gpfdsticelsmedelrexbpuiing fy mah@a@g@ab@mge@aj degiged thae

| anguage : . ang e..sa . 10. 0 I
| dont 11 caPr A SISO CroRH5 AP 1S e onding 1arRuRRE tRlhe, FBURSE 1
one of a phnguagé dfthotinknoemiaganage siadpe.l anguages, the system

conprising: a sound recognizer coupled to receive an unknown | anguage
sanple, the sound recognizer operable to generate an unknown

| anguage ctory f, t ¢ 03

| anguage Wl ot ShOEh Biieuld (BN AAA SBERLE (o Bl tihown
sound synbaoigeagedsameiof a phealgl wf howy cafdidataiadgisged the systermpronyirdeg:
froma subset of the candidate | anquages; and sound cl assi fi er
coupl ed to recdi S HEQEZTEEIPER JO ARV CR kopH & “Spmples the o

oper abl e t@ukPERIgAYEr (oPEralRK AP WRNLARIYAIEKAEGhOTanbhddR 98010 HolP ke
predefined training vectors, wherein each elenent of the training:

vect or i s vakfewiclangwagesamplet $aed ndgpwntlpnguagoventorttskgefioedadi figction a
sound .t.oken sequenc each iNng a. ndj dat e Language,associ at.ed
her ol e o2 era taBe soPRl Sl SdrindRe bt of SRR P BT AR RBHAR of
t he unknovwprh ag@gm@@m@ia@eﬂaﬁ@ﬁ taagyage of the training vector
havi ng the cl osest correl ation MAtﬁ t he unknown | anguage vector. 20

11. The spoken 2 sapedielgesifietentpled sataceive dhesudamown langipgs Yertorwiherserid
the sound clarsﬁfiglg %bgr%lﬁ' o Eﬁélﬁg MhQ ptﬁﬁcﬁg\lvﬁ lhgﬁlfagg Selfor A _Lgngl b Yaore
trai ni ng sanpl'es, each of e training sanpfes conposed in one 0
candi dat e praRgtiatesininghecsoy iheree egihi datnentfof thideginibgmetios isy funation
sound inve?tory conprisin aid plurality of sound tokens praovided

from &5 257 i EEpocsive sARIG tkaR AstETngrig fatpead laka yrgusRSes gch having a
gener at i Ng,#iiGARUIHR & d-SMETYEANDhd SR LsitieAbitifide RAMRSy the

language of the unknown language sample as the language of the training vector

having the closest correlation with the unknown language vector.

20 11.  The spoken language identification system of claim 10, wherein the sound
recognizer is further operable to receive a plurality training samples, each of the
training samples composed in one of candidate languages, the sound recognizer
further comprising:

a sound inventory comprising said plurality of sound tokens provided from a

25  subset of the candidate languages; and '

means for generating a candidate language vector from the training sample,
the candidate language vector being associated with one of the candidate languages,
and the candidate language vector defined as a function of said plurality of sound
symbols provided from a subset of the candidate languages.

30 '
12, The system of one of ¢laims 10 or 11, wherein the sound inventory comprises

a plurality of ¥ sound tokens, each traiming vector comprising counts of sound tokens

14



t he candi date | anguage vector being associated with one of the

candi dat e | anguages, and the candi date | anguage vector defined as a
function of said plurality of sound synbols provided froma subset
of the candi date | anguages. 30 12. The system of one of clains 10 or
11, wherein the sound inventory conprises a plurality of V sound
“tokens, eawtthe s@indi tnken sxuencecwfipr, g i. ngr,¢ ovrren of isstbe wandiddte dmgudge i n
t he sound token sequence nm,...,wherein n is the candidate | anguage

i ndex, L isdexhé i Sreglengthfof ithesapwdriskenoteanenseqgubereid, saheyuadl fokea qpunt
sound token caunt , c ri se - ere,v i efined as . the vo' sound
Coken i 1 CHEPGSRGes SHRE 1 Py eftisty Tn SgPdofie rida S5d Pt MysBew of
occurrences of .sai i.th sound token in said soynd 5 taoken sequence
m ..., @Rdg IS 3@%@ g heimbsy of pacireanges HOAERY ks e Apd Sowr
all the sound tokens: c = c(v) Eg%%) 13. The system of one of clains
10 or 21, 'AKBEIYNERE sodhd i Ty EFiRAPYBetRIgenber ot aeqyrgpessiof pll he v
sound t okens ch training vector conprising counts of sound token

e
pairs in Fﬁﬁkgﬁﬁﬁﬁ'token sequence m | M| m11l ,..., m . wherein n
is the cangidqﬂg) | anguage index, L is the length of the sound token

sequence,cmheszrﬁ—said count of sound token pairs conprises cyjk
"where vj, vk i c@bfined as the nunber of occurrences of the sound

token pairs in said sound token sequence m',..., m-,..., m divided
by the 15 total nunber of occurrences of all the sound token pairs
{v~vk 1: n__ c%ijk) en YC(vjvk) _V,Vk 14. The system of one of
clains 1018y 1Thegkdenaiohonsafl elamiil( ordndetein Bigsprrdinventorycomprises
pl urakpty d j: trajnd | SEs
Bount 40of 2 AR Yt ¥ QGRS RR bR Fiihdl, W Gl TR DE oS SE
or 11, whea#d intithe sdasMdoltcnY S&tfuhde GHTRIASESm!. wherein n is the candidate

language index, L is the length of the sound token sequence, wherein said count of

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

Vv 2

n

of the sound token pairs in said sound token sequence m/,...,m, ,...,m; divided by the

15  total number of occurrences of all the sound token pairs {v;v, }

. c(vjvk)

c = "
G Zc(vjvk)

V%

14.  The system of one of claims 10 or 11, wherein the sound inventory comprises
20  a plurality of sound tokens, and wherein the training vector comprises counts of

sound token triplets.

15.  The system of one of claims 10 or 11, wherein the sound inventory comprises
a plurality of sound tokens, and wherein the training vector comprises counts of

25  sound token quartets.

-l
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a plurality of sound tokens, and wherein the training vector
conprises counts of 25 sound token quartets. 15 16. A conputer
program product, resident on a conputer readable nedium operable to
control a progranmabl e systemto train a spoken | anguage
identification systemto identify an unknown | anguage as one of a
pluralityl8f kdbwemPEkaiMagem prdycageddent an aoppapwer madehlametivauct

conpri si ng; i.nst i ( i A S| ng
Pl ur al § peiaplenS seeby £fhopRtfphRe SR b R ALy KRk i SRRk

t okens pr gysteedofidartifa asubdkevwoflaiguegk aowne of andurdbtyeof kmgun gesljidate

i nstructigon code é}g rovide a plurality of, training sanples, each

trai ni ng "SHPEE BRigr RﬁoﬁTﬁnhP@aBth‘}PmﬁJﬁélnﬁ:novm candi dat e

| anguages; 10 i 268 | i Tl
vector s T om el O B LA o bR £ b Taound

defi ned adokens,the coltactivé pemality pf sowidi tbensfprowdediomokarhsetmt dha kisavn
fromsaid su(ﬁgett of the known candi date | anguages, wherein each
el ement o 2Rfidate [AZPASSE vector is a function of the respective sound

token accordi Rgthuetich $68%h (REAR: S B¢ of atdinihy dalldsy GhétPRra
to associate each training vector wth the candi date I'anguage of the
cor r espondimplecceripasadgvidimpne of the knawie cershgale engessir am pr oduct  of

clal my36, wher gl Lhs, sound JOKER! Gl SOIRLLRES ABLUEAL Ly oL,

sound tokens, rarning or conprirsing c

t okens i nsihples auhekin @k@Ntrad@iigetetoris defined Ak .a MMACHEL Bf RaidSplivhdity of
candi date | anguage index, L is the | eggt h of the sound token i
sequence, S%Eﬁ@k?ﬂ%ﬂpﬂldﬁ)@?&l sqid eabpet olithe kagwproaadidate; languagesy avhgrein

defined a i saj.d.: [ r IS
ot i noy st Eletlent SPURL MBS VeDiol B oPREIGP YR Ihe YEM Yoot | 8
sound t okercsdigygéne eound token sequance;,.and m di vi ded by the total nunber

of 25_occurrences of al] the sound fokens: Cn C() Y,C(\), .18. The
conrpufri &r progr é[‘iﬁt‘BF%%%‘t‘fe&? agJ051aH 46! W%V?Pt‘%r%]\"% 3%%‘:4@@4?%%‘3

of the corresponding training sample.

17.  The computer program product of claim 16, wherein the sound inventory

comprises a plurality of ¥ sound tokens, each training vector comprising counts of
20  sound tokens in the sound token sequence m,’,...,m,,...,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

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
25  occurrences of all the sound tokens:

W)

" o)

18.  The computer program product of claim 16, wherein the sound inventory

30  comprises a plurality of ¥ sound tokens, each training vector comprising counts of

16



30 conprises a plurality of V sound tokens, each training vector
conprising counts of 16 sound token pairs in the sound token
sequence m,..., m ,..., m . wherein n is the candidate |anguage
index, L is the length of the sound token sequence, wherein said
count of sound token pairs conprises cy v , where vj,vk is defined as
t he nunbersowtd takepquire riertbesowtd tolen sequedce oken, Pai-+%; i whergindnsie il
token sequence m ,...,. m ,..., m 5 divided bK the total nunber_ of
occur r enc &8ndiflatg langppgs indeind- 1sdke engthi ofsthe soad; token ggayprae) Wheeyksaid

Yc(vj vk k 19. Th d .of, ¢l ai 6, wWh ]
. Souna PRIy Mot a PosB @ i ar Shet it doind ELbemmbg gt "

wherein the training vector conprises counts of sound token .
triplets. ogeurenges ebthssorrd frksamals pi sald spunsk tokpmiseUEBCE Wher-&H n--Pe
sound i_nvent.or onprises a plurality of sound tokens, and wherein -
Lhe tr &i nidigaobiet e (eakirsest oopsmenish o b hesaupiokeR B rant ot 5. 21.
The conputer program product of any one of clains 16-20, wherein the
instruction code to generate one or nore training vectors conprises

i nstruction codgokg generate a plurality of training vectors
correspondi’ng= andi dat e | anguage, 20 the conputer program
product furt‘her) €bfpr)i sing instruction code to construct a
statistical nodel fromthe plurality of the training vectors
associated with the candidate |anguage. 22. The conputer program
product of claim 21, wherein the arithnetic nean of 25 said

plurality 10f tr@enidghuV@Chrobsni prodssidot ClalRr 18, aviRan the AbMd thweRGHPT |
said nean training vector form ng the basis of the statistical node

A. uséfl t sompriessn pluraliy ofceuné|tekdngnansk wherwin she Haimbgnvectai ¢rimmgises

Yector an%ogﬂfgpﬁﬁgﬁgﬂ&h%agg%g vector associated with an unknown
anguage sanple. " T _

20.  The computer program product of claim 16, wherein the sound inventory
comprises a plurality of sound tokens, and wherein the training vector comprises

15  counts of sound token quartets.

21.  The computer program product of any one of claims 16-20, wherein the
instruction code to generate one or more training vectors comprises instruction code
to generate a plurality of training vectors corresponding to one candidate language,
20  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.

22.  The computer program product of claim 21, wherein the arithmetic mean of
25  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.
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23. In a spoken | anguage identification systemoperable to identify
.the I anguage of a unknown | anguage sanple as one or a plurality of
known candi date | anguages, the |anguage identification system
including (i) neans for creating a sound inventory conprising a

plurality aof sqund tgkegﬁ, the collective plurality of sound tokens 5
provi ded fPom d2AuIFOEEE BRSHags IRFHRTEmesteat apqrabl dddeatify thelanguass

for provi CHfragurﬂmo%vﬁ%:{E;uiQ% %!ﬁ gs %ﬁ@@f’ﬁ?ﬂgﬁ%t?r*ﬂﬁkn%%%aﬂﬁid&t@qm@%% g

candi dat e | anguages, or g ing one or nore tra
vect or s f rtherapgedgetidentificattprsgnisineincinimgdi)mesns for dreatingi anguue atventois

defined as _a function of said plurality of sound tokepns provi

from sai d SHBEEER} #ﬁ&ltﬁn%o@gn{??% &g &ﬂgifgﬁgs‘?lu‘iﬂ)ﬁ@r 8? ﬁo‘ﬂ%ggqu(ens
el enents OfpréigedRol AdubkA D IRCERIw SanBidhteNahdABeL (i) 8k IPHOVINE: a
sound token according to a sound token sequence, and (iv) neans for
associ at i iiEbg frmplacainpesed exithon egdhtdf théknevem dindatate lahgrages §iél) ofeanhe
corresponding tralning sanple,. a conputer program.product, resident
on & conpaveperFEite of BNt frisBiecrRR Boar G AR S5 e
system t o trafifigg tvidtyr ish@efinea gl agfmefiod BE saifieantys O afMd X8KkaMs Grovided
supplied thereto, the conmputer 15 program product conpri sing:

i nstructi diPesad eseieebatkaoyn eankidatinlangugangehayeint geh felamant 198 the

unkno l, Ak I ! I

Voot orSger e IS GATR St UL 1 AGHAI Gl AH MR B AL oken
provi ded fsequensdgi ahds@vs elcanyf fdrhassddiging eavhnighitliag evdcern guidlg €lse  carida?®
instructi on code ich%izcorrel at.e the unknown | anguage vector fo a

pl ural i ty 'S1EURSROT P §PHIRENYRE BIEIE AW & PORRRLT RFRAHE Sralish sFsitent
with the tghah NbRGueciALbIRaNERGm b)?gzglbﬂzs%st:on r{ %g%té&g?la%lﬁesvg m o

unknown | anguage vector 1s identif as the lang t he

unknown | adepdifig treslamgplage of ShePunkndive speenhisaeplpsupgtiedriheraclube cofputer
claim 53, wher ei nore training vectors corresponding to the

n pne or
candi dat e PEORIGHRLRINT SRS esent ed by a statistical model A, and

wherei n the i NnsigitietibrdBodedereherafOdd Shid&nCan@ialbs §8ctbN EbmUGE naRknsade
to correlate the unknown | anguage vector X to one or nore of the

trai ni ng JewEuage sgnpleatnkaovaakngiigel hepunknowaelongpigaevestorrddiiaed on a
bet ween t rfﬁnclﬁ'aﬁ Q)?\’ggldl Slﬂgalllf?)ggf ¥&§i%kens provided from said subset of the known

candidate languages; and

20 instruction code to correlate the unknown language vector to a plurality of the
training vectors,

wherein the language associated with the training vector having the closest

correlation to the unknown language vector is identified as the language of the of the
unknown language sample.

25
24.  The computer program product of the claim 23, wherein one or more training
vectors corresponding to the candidate language n are represented by a statistical

model 2, , 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

30  statistical models A to determine correlation between the unknown language vector

and language n:
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and | anguage n: 18 | = argmax P(X /A, ,) whereby, the statistical

nodel exhibiting the highest probability being deenmed the optinal
statistical nodel, and its correspondi ng | anguage bei ng adj udged the
5 language of the unknown | anguage sanple. 25. A nethod of operating
a spoken | anguage identificatiogn systemto identify an unknown

| anguage as one of a plurality”cfarkmewi(€ahdi dat e | anguages, the

met hod conprising: 10 creating a sbund inventory conprising a
plurality of sound tokens, the collective plurality of sound tokens
provided froma subset of the known candidate |anguages; providing a

pl ural i ty vérerewaths statistisgpmedel ahenting shenhighest prhaBilisy hpws cleemag the n
one of the.k jd I uages. ral) or,

Craining GBarar SUiRaEhC B, A A0 rer il ARt WhabafflES e
vect or 5i s laeuageeef the uskrowmdhngmagoangde.d plurality of sound tokens
provided from said subset of the known candi date | anguages, wherein
each elenent of the training vector is a function of the respective
sound t ok ac ' VT IE b add ch
Craining vattor mERe P U St AR R Rl R0 Mgt B
traini ng sakpivey lapgnageadsi ong afim pukaidyvwo! kaowo agedidee lorguigesniticmethod
unknown | anquage sanple, the unknown | anguage vector defined as a
function 6?§@§g8gplurality of sound tokens provided from said subset
of theoknown capdiif@at sbano w8ty adbehp2RireOh! SluAlli Bit HAnd HERGWN the

| anguage vector to a plurality of the training vectors, wherein the
| anguage &gsBestivampduralifytaf soned tokghn prayideddiam ahabbetpfitheketws eandidate
correlatiqgg%%g%he unknown | anguage vector is identified as the

| anguage 0 bf the unknown | anguage sanple. 30 26. The nethod of
the claim?25, whehdihg 0pRrdity BT Raihih@i mnqgesy%qémmimﬁgorsﬁrﬁpuamlnﬁed 0

the candi date | anguage n are represented by a statistical nodel A
within one of the known candidate languages;

15 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, wherein each element of the
training vector is a function of the respective sound token according to a sound token
sequence;

20 associating each training 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

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

wherein the language associated with the training vector having the closest
correlation to the unknown language vector is identified as the language of the of the
unknown language sample.

30 26. The method of the claim 25, 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
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and wherein correlating conprises correlating the unknown | anguage
vector X to one 19 or nore of the training vector statistical nodels
A. to determ ne correlation between the unknown | anguage vector and
| anguage n: n=argmaxP(X/ A,,) It 5 whereby, the statistical nodel

exhi biting the highest probability being deened the optim

stati sti car myaef thewmyningsvesior selipiinabimegels ahdu dgferpiap serrelgiionbetweethe

| anguage of the unknown | anguage_ sanple. 10 20
the unknown language vector and language n:

A=argmaxP(X/A)

n

5
whereby, the statistical model exhibiting the highest probability being deemed the
optimal statistical model, and its corresponding language being adjudged the
language of the unknown language sample.
10
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