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A nmethod and a device for speech recognition Field of
the I nvention The present invention relates to a
waoredonods7eor speech recognition. The inventi on BEEBI2006/050445
relates to an el ectronic device and a conputer program
product. Background of the Invention Speech
recognition is used in many applications, for exanple
in nanme dialling in nobile termnals, access to
A mwthodeérddntevive fot bpebeha;dtmgnitiores nul ti - nodal
voi ce browsing of web pages, dictation of short
nmessages (SMS), email nessages etc. In speech
recognition one problemrelates to converting a spoken

Fléfato?rtﬁaqﬁvéﬁtl&l?e form of an acoustic waveform si gnal

Tt O o text sString representing the spoken words. In
practice this is very difficult to performw thout

Thbeﬁﬁéﬁéﬁt' m%ﬂhbﬁrfelal@sr%% W@moﬁp\‘omé éeéﬁrﬂe‘éﬂé‘l};nltlon The
ication jf, accurate con

sequ nces

invoRiion aist Eelanes 30 a8 FelpeRonih denidth @nch pecompUtST BiSgram
proaiudiabi ity that a given word or sentence has been

m srecogni sed. In speech recognition, errors are

generally classified in three categories: Insertion
Bagkgrourghef theinweitiomot hi ng but a command word is

recogni zed in spite of this, or the user says a word

which is not a .conmmand word and still a comand word

Speechetandnitien iDditeqd 4R manyr 2pRECALNS, S8y ©X%amBlardhname
dighricfl ifP whobifs héainats r@@m ¢ ¢orSolkatidathi @\ﬂerE[He)telébhone

T SRR e B, L v HoR o o

messﬂageso(l‘.BMSh,eels}wlembssagegretc.er makes none of the
above-nentioned errors. However, in practical
situations, the speech recogni zer may nake errors of

In a3peacte regognitigresoneoproklen | falgtast toheonwerting a spoken

utterance in the form of an acoustic waveform signal into a text string
representing the spoken words. In practice this is very difficult to perform
without recognition errors. Errors need not have serious consequences in
an application if accurate confidence measures can be calculated, which
indicate the probability that a given word or sentence has been
misrecognised.

In speech recognition, errors are generally classified in three categories:

Insertion Error

The user says nothing but a command word is recognized in spite of this,
or the user says a word which is not a command word and still a
command word is recognized.

Deletion Error
The user says a command word but nothing is recognized.

Substitution Error
The command word uttered by the user is recognized as another
command word.
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interface, it is inportant to design the speech
recognizer in a way that the relative shares of the
walpdoesemt error types are optimal. For exanpl BCT/RI2006/050445
speech activation, where a speech-activated device
waits even for hours for a certain activation word, it
is inportant that the device is not erroneously
activated at random FurtheBnore, it is inportant that
the command words uttered by the user are recognized
good accuracy. In this case, however, it is nore
In anihﬂqrah@ak aplimMyen ssalvliputhespreshiresouNiaes makes. nope of

thé’bb@(/effﬁenhbhédf@@@lﬁs tm@\ﬁveK/B? Msﬁfadﬂé,\‘él sit@@ﬁéhst ﬂ’ﬂe speech
uttered command word

recQQIlgel DAY iHkeetPys 8f BT Re gl Lsapilks of fhe user

intétiace eit og npootant o aesigre the spesehuarognizdrmnsd waly that the
relffig eSSttt h%ffét%@eéérﬁ?%eé‘ dsCopmals fidfcerqmple in
speech@thuaﬁoncwhegeo@:@peechﬁa@wateé de\icatwaits eiven foidours
forlaflcettii Bewémh a\W/%ﬂé’ft 'd l e&ﬁﬁht 'hﬁa‘t eﬂ@%é\ﬁ&’e S not

I nconvenl ent , a Sltuation

err\mie@h's%@CdyéFethQteF%n@'ﬁurﬁ&t SRR, | KCifl Wﬁﬂﬁaf‘héhat the

conmmaad WQrdSOQttéfédDgglth@%sé{a@réoﬁe@dgmzé@%d dvod Becufsty. In
ers nore

thig Saen ot 8 BE EnagndatiidierbnsPls agtivatigns take
placer. yint yyactce f timst neansthabeheedsby wpeeaiepeat the uttered

COlERANT b TR RSA®A Shat 1SOBREBE Je%%w@ffcog@euy at a

0 receive a
SUﬂWﬂQﬂinﬂ&ba@dév is expected to reply either "yes"

"no". In such situations where there are very few

| t ernatlve co nd wor d ds are often
h1ﬂy%

F t he comrfmd vvo‘

6@%@9@&0@09@&%6“% seadence; gipakall\@raks afgequally

S|gm|ﬁﬂm1t oﬁltnysel@ﬁirl tmithg?rreebg@itmn of stieh nﬁn$bért$?tn ense@wence
snma robl em i n.,o in

rest el ih B valsasn iR Wbl AR ME ift it MOt user

saysecmghmgammi shlll a mmmdmrl isr eeogmredpisl incomeenignt fed the

054t HoRRIEECd Sl LT ThE B R fEndld npistincty
angrm@wm@er rlanmbrﬂacogatzeeorwat@etwre@t@ obyciheiuser by

uttéﬁh?ftﬁéfﬁumb@ré ﬁﬂirercﬁsﬁﬁéw@t ers. One of the nost used
ures IS

The recognition of a single command word is presently a very typical
function implemented by speech recognition. For example, the speech
recognizer may ask the user: "Do you want to receive a call?”, to which
the user is expected to reply either "yes” or "no”. In such situations where
there are very few alternative command words, the command words are
often recognized correctly, if at all. In other words, the number of
substitution errors in such a situation is very small. One problem in the
recognition of single command words is that an uttered command is not
recognized at all, or an irrelevant word is recognized as a command word.

Many existing automatic audio activity recognition systems (ASR) include
a signal processing front-end that converts the audio activity waveform
into feature parameters. One of the most used features is the Mel
Frequency Cepstrum Coefficients (MFCC). Cepstrum is the Inverse
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Frequency Cepstrum Coefficients (MFCC). Cepstrumis
the I nverseD screte Cosine Transform (1 DCT) of the

wo oani7kan of t he short-term power spectrum of PATIEI2006/050445
signal. One advantage of using such coefficients is
that they reduce the dinension of an audio activity
spectral vector. Speech recognition usually relies on
stochastic nodel ling of the3speech signal - e.g. using

Di%r%@%%r%OWryﬁgﬁr& ( WMTC) b thEeI%Hﬁf N%9%ne 3hort-term
pow&rép@%r@r@aftt e@m@iaﬁlr@ A waﬂt;agawgs using sueh pesfficients is

thd’fﬂh@?‘i‘edﬁ@é%@ diRidrididh§ oRan é’ud’i@%{ﬁﬂmty dthlveThG9e
of speech pattern generating is nodel with a state

change nodel according to the Markov rret hod. The state
Spekeahgescoghition uisyadyt ietiesi on tstoshastic ddiellingtdfi the speech

Sigf@l oo Rbtito §JERER M#BOVZM@@@' (MR T AN Foimods,

antwekmecqumh patierads arampgrad witte kKAowde refletierce patterns

pé’f%jrﬁl\ma‘té‘hl%@? I:’u?g? tmeg«% r ék% :}\i)é? (??f(%" @t pRsHuced,

andelivg stagg, of &pe p@é@ﬁ”r@@@?@{w worodeedewiiive state

change!rhodekrastording itd thbel\/lﬁﬁmv néthodN T HEPSRAB change model
reco nlze recogni zer rece t he

in §ESERh S s 1S SN BB roSSToRaR reeqantisR on'Feceived

speed:lctpatt@fdlsfrsr pea‘ohmlsMbeodeimmg aheolnwwajnonapcbtmlllty on

the SeEEROBRHRD oeafiho, &, B THRGRA MARbY inbolh fl 8pech

rea servati

regagimbon oyt ySIrTgntlne Hbﬁl\/lemﬁiheef anelrWH\/lvmodei r@flrst formed for
eagh ‘Wﬂﬁi kb e 'régé@hf‘z@zﬁatl%d Fb'i“'ﬁadﬂ réf‘eréhéeVWbﬁj UThééécHMM

e user e a ovenentlo gr eat bservat |
MQgesd el ﬁwege@cih%e@emw% E%lsaﬂﬁ%" feQCP@'F@E:e the
S é@eméc@@mtzer Peéeivet e dpesett Mm@ebbser\@tldrhﬁrobabmty

s %'%efaﬁédsf? LGV TR iy i@%m?@%git 90 4B retB8fition

restliat ao neuytqrpactesmordo s whbiained clorsthea i dViMy nsedglemtith the
gr%%tb%tu E’@bvec glrbgt Zﬁo%bﬂt;‘? mffo? g%hs?@feeregzaeword the

profahilitygs alewlatodiaii is e warEditiaresh by thesesT nghe above-

mertidred esbst %%r\%idlﬁ pmﬁblﬂgﬂcdéﬁcﬁbwf’tﬁécr@s@nfbléﬁce of

the.fegqid apesch Batter &g the ciosesEMRRnGagh 58 FAe closest
refensthea tspeeahs pattens. in otlser words, HMMs model a sequence of

feature vectors as a piecewise stationary process for which each
stationary segment will be associated with a specific HMM state. The
feature vectors are typically formed a frame-by-frame basis of frames
which are formed from an incoming audio signal. When using model M,
an utterance O=1{0y,...,Or} is modelled as a succession of discrete
stationary states S=1{Sj,...,Sy} (N<T) with instantaneous transitions

between these states.

Ideally, there should be a HMM for every possible utterance. However,
this is usually infeasible for all but only some very constrained tasks. A
sentence can be modelled as a sequence of words. To further reduce the
number of parameters and to avoid the need of a new training each time
a new word is added to the lexicon, word models are often comprised of
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bet ween these states. ldeally, there should be a HW

for every possible utterance. However, this is usually
wo ofogasi7bd e for all but only some very constr aP@EEI2006/050445

tasks. A sentence can be nodell ed as a sequence of

words. To further reduce the nunber of paraneters and

to avoid the need of a new training each tine a new

word is added to the | exi codA, word nodels are often

cofiSaRilaREd SUGuTH UAHITRIOUHRT ridh ! SorfRfortp! [udBS! are
used are eech soun hones t
Spa@@hjssotmd%dph@aesbrthabfareh@cwuﬁmurgalmatM%@érhh@sImgwstlc
caﬁa@dr%é eaneanp ﬁoné’h@&enpﬁoﬁbﬁlésp%?éhs esen %W%ét@@ones
hat ar suff|C| t t rent| tvveen diff F
theftis ShfficietuingtikenBal hefugtn dfrpetds, i a frguage.
OneororonmoreustdM cstatetelare segmaohlyc argegs pondiodelt a segment

coR B3REndiE Ao eradndollbrd, Moyl RrERnbr abrErdiins o

phaneenrccmln)onemel ﬁ&@d@ﬁcécmﬁhﬂame@br{sy sprasfunciations from a

C %
IGWI‘;% Speec eeéi’% %Lsr‘-‘t cgeé’(?}?c;a{nt%hgggng offword models
(cahsiEined hyna&ﬁa%ﬂﬁ tic speech signal in order to
conmpute the nost |ikely word sequence. The |ikelihood

A $5886h TecBBniterpaRSans ottty MalfhHa, Snaficatestie Seech
signal an wsdéuto comiputentte meestikely wWord $éauiémoedT ke dikelihood

e 45, b, DREARE! &Y d Sy Brodidicor NARs eging! hlen sei

alternati ve conp etin rances
indigaesshey| r:elll)ab{q;he rmath:h; 3a &er asmfgl ca@fldeag@tmeasure

theb liRBhooP s!o%r rPé’édé ‘f(?'k?é cOMSARIC fo tRé E}Rk'eﬁhbo%:ls?éé}% of all

acouystic |1 utterance s\ , a
alt%rrnaéwepwm@. 'ngttgﬁ%ﬁanp% Bt3-erance. The denoni nator in

t he above equation is a normalizing term which

representi@res gggiped score of any utterance that

Carffiglethcaay n (including s ) . In practice, (1)
t he nor mal} 263 3)&(s) can not be conputed directly,
because ofgthe nunmber of utterances over which one has
to do the summation is infinite. However, the

normal i zi ng term can be appr oxi mated e.g. by training
in wvhich O represents the acoustic signal, s; is a particular utterance,

p(O| s;) is the acoustic likelihood of utterance s;, and P(s;) is the prior

probability of the utterance. The denominator in the above equation is a
normalizing term, which represents the combined score of any utterance
that could have been spoken (including s;). In practice, the normalizing
term can not be computed directly, because of the number of utterances
over which one has to do the summation is infinite.

However, the normalizing term can be approximated e.g. by training a
special text independent speech model, and using the likelihood score
obtained by decoding the speech utterance with that model as the
normalizing term. If the speech model is sufficiently complex and well
trained, the likelihood score is expected to be a good approximation of the
denominator in Equation (1).
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speci al text independent speech nodel, and using the

I'i kel i hood score obtained by decoding the speech
waitdogneaTee with that nodel as the normali zi ng PEr/mM2046f050445

t he speech nodel is sufficiently conplex and well

trained, the |ikelihood score is expected to be a good

approxi mati on of the denom nator in Equation ( 1) .The

dramback of t he above approach to confidence

Th%s’t éffha'i tﬁeSBBBV@' aﬁﬁﬁfésgh Bdebn ﬁ@énéé’ 8&imation

use eech resen

is tsaep aﬁp ﬁmﬁuham tzpeagad §r slasastiag dhacspeech.

Thidfepresente e é@hﬁﬁtatidﬁw dﬁrﬁbbaslnnmebéééoél%goﬁrdﬁd@s%hsmce
utterance, I s Cq(i) gé ﬁ recogni zer as th E Hi

the, commpyted, form 'ZlnéJ i) Reedea PeRM®OR JHichk Miterance is

chesen byeth@ regognizeAas ehsanose py%bmleacmme obtilwrily(zj)m.eeded for

tures that are eval uate I N

th%’ﬁgﬁﬁ@%@g@%g&é@%ﬁ@@gfé“ve to which words they are a

part This is an easi er appr oxi mati on since no extra

Altgﬁgéa@{/egg tﬂbﬁﬁﬁr%%hrﬁéﬁSRtééég%eeB%éét&gGér&% n rﬂixtures that

tage ussi an mi Xt uyres
are@yalla 'HaV’%@?Qﬁ@ 39 a ITespesHi® ItosWhicd W@I‘r dgbey are a

paffauyfis QQ an @aﬁ@ﬁa réﬂmdmﬂéﬁlsu‘gc@ noaéﬁtrheﬁgashm mixtures
e | e an |

hafBRhebe reVRIRBSd e TecaRaRBRIALS ih B! ThE (BausSiag mixtures
whiichr gee \@abaleal mayablelomg/t(b yepvezy snalbsubset of the Gaussian

mi%’rgg (1:9\% Pr%) |24 A |on Oc? E{Hﬁ'om{ ﬁ‘%llhﬁé?dﬁiased

alcula y suma ese I n V|dua
andﬂﬂ@@@@ﬁ“@1xture i kelihoods L/(o, /77, 2 )= exp((x -
m2/ o02) |n which o is an observation vector of

dlrrenslon mis a vectqgr, d is a variance
AnRGQUSHIC BRdeh SEt.A-Of hiddan diatksy %e% 498 &t largr ¥RcAbHlary
tagk’ euages/pieaiBe fcomaros, OOO—alIO@IEEIE)TE(BIauBQIaWImiXtMS The

NP SRS e e oI BUR 'eérﬁ"ﬁgwﬁrm‘” e ihaitlaual

Gm%rblrmxm}@nhk@ﬁhm)ddﬂw )ﬁfé b@pm)%/tj? dﬁrwhlch o is
r kov Nbdels¢éﬁubsgace or, acousti c nodel | i ng.
%W@&Bﬁc\ée H IR RYONNDe dNsiSad NGRSV BGiEY, @Rd o is a

vaﬂ@h@e@@bmrl in the

Summary of the Invention

The present invention provides speech recognition arrangement in which
an approximation of the normalizing term in Equation (1) is evaluated and
utilized. The approximation is possible when using the so called subspace
Hidden Markov Models (subspace HMMs) for acoustic modelling. The
subspace Hidden Markov Models are disclosed in more detail in the
publication “Subspace Distribution Clustering Hidden Markov Model”,
Enrico Bocchieri and Brian Mak, IEEE Transactions on Speech And
Audio Processing, Vol. 9, No.3, March 2001.

According to a first aspect of the present invention there is provided a
method for speech recognition comprising:
- inputting frames comprising samples of an audio signal;
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publ i cati on "Subspace Distribution Custering H dden
Mar kov Model ", Enrico Bocchieri and Brian Mk, |EEE

wae@n®&oei ons on Speech And Audi o Processi ng, MMOI/FI2806/050445

No. 3, March 2001 . According to a first aspect of the
present invention there is provided a nethod for

speech recognition conprising: - inputting franes
conprising sanples of an aufBlio signal;- formng a

6 AhH V%CtorfeéﬁlFE“ syagp Tl rch@HQi"hgf %f fi)‘?t‘:tﬁﬂmber of
conmponent s  for each frane; - projecting the feature

WESLO COmMPONeNts érseaghvlradi®spaces so that the nunber

ProfehiveN e SeSureardttdF anks tRdehsptwbesespated 8ol 2% the
than thé _first nunper .and,the total nua‘{t}er of .
dBHpBRE A sCCBT‘PPH@HE? Of &aqkl PrYgCtRQ fGaIUrG \eGior dpdess than
shetirgs nunebén ant thentotal, numdbei ofi c@n@oslehtapgof rthﬁ}pro?ected

I t r rovi aes e
ﬁ?éﬁ@&e&%ﬁ@?ﬁr@#@%ﬁ%Bﬁeﬁﬁﬁ;ndﬁﬂéﬁﬂl Vsing the set
sfefifiing ua esebdfl Mixivreemadelseforheackcptpieciash vestan twhich
'gtgpﬁ%stﬂh% @gﬁ%@[‘bb;gf\/a{tt i PFoba"oiﬁ und, determning a

i

ence asur e ecogni tion result, the

ERAYSING; Hie cerbpof smingure madalsq ta slptarmpingdber regognition
trBatiltt he recognition result is correct; - determning

S 0eh B o tbdriith “tedit o fofingt S BefaTind &' saPbdence
pmeasdesfdribeimegbgsitidn kel doe dedednininly codiprisinge

o OHBRr Y rRBLELIEY B helbchBnflor Rt & colfect:
meadatesmising ehnesmaligingattersn thy selectingefarheaslrstatr one

[ eORARTS AoHEP Wi deni R 6f ARIRUAE mORRI WhAELH Prévides

secgnd, aspect, of t resent invention there |
pro %E@%ti'kﬁ[ﬂﬂ? i@Ndevi ce conprising: - an input
f-or dividingtthegrebdbdlitg ibynsaid normal&rhﬁt%@grm o-digital

whce?gi\ﬁetrhteerrneftﬁéd ffL?rrtWeP 80%%Wée%scér?l%@ritngeth%ugér?fidence measure
to a threshold value to determine whether the recognition result is reliable
enough.

According to a second aspect of the present invention there is provided
an electronic device comprising:

an input for inputting audio signal;

an analog-to-digital converter for forming samples from the audio
signal;

an organizer for arranging the samples of the audio signal into frames;
a feature extractor for forming a feature vector comprising a first
number of vector components for each frame and for projecting the
feature vector onto at least two subspaces so that the number of
components of each projected feature vector is less than the first
number and the total number of components of the projected feature
vectors is the same as the first number;

a probability calculator for defining a set of mixture models for each
projected vector which provides the highest observation probability
and analysing the set of mixture models to determine the recognition
result;
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signal; - an organizer for arranging the sanples of
the audio signal into franmes; - a feature extractor

wo 207he7md ng a feature vector conprising a firBCT/RAROGES0445
of vector components for each frame and for projecting
the feature vector onto at | east two subspaces so that
t he nunber of conponents of each projected feature
vector is less than the firgt nunber and the total

- %“?ﬁﬁfu&én&é’”ﬂ%‘ﬂﬁr’?ﬁ@a%r tfb‘? pr%e%hﬂfh ﬁ@at“r Ve%b?i'ﬁaence

daeasuL th@rre@@gnmqtgr%stgbtth@miewumr& @@mrssm@r
eacHettriliAfiEE pf@@h@n|tyvth§tfth@rr@bb@ﬁﬁudmﬁestwg&e@érrect

observati.on "probabi |l ity an S|n .the_set of
o elathigther & normalicine K ey ‘Seding: ok eadh state sone
confriixiemne endeek amoag asaifl asetdet erln?tun?ﬂmoge:mn\i\/hdﬁn peovides
1 on resu e etermnin
nﬁﬁ@‘v{%‘gﬁﬁkg"é‘f“gﬁ@gﬁhﬁ a probability that the )
r—ecdg’llﬁilngdherms)blabllltyé bcyosalqurmaltzemgrt@iml ng a
haiték ef:@ﬁw;a?bhgsﬂié%hﬂaenéérm§§§uresfd"bethr8§ V\,n!’?old value

re no sal d I
to etﬁfmj@@ W'ﬂ%thﬂfdh@éfﬁcpgﬂ@loiﬂ{@@@t'§r¥§ 1a '@Qn@ﬂ% t he
probabl lity by sal d normal i zing term a conparator for
aring the neasure,.to a 6ho d val

AcEERB0 na, ik 88hert BF I dagrfit idySntdn iRef s \FHoWied a
comgluteb| grognannglproducbrebmprisimga machisheaspeaadutablet tsteps for

peﬁf)ﬁglﬁﬁ s@@é@ﬂtrb%%ﬁﬁl% cdrﬁpg)%ecddded a conputer program

nach table steps for
p@ptﬂtbnng fmgmﬂ@@@mprl@maamptas ebapr aydinggignal;nput ti ng
- fth Cﬁnﬁbbﬁhrég VeutBl egoft ?ucg ofisdtIMimber of vector

form eat ure vector conpristng a first nunber of

m%@g%ﬂﬁpf@ﬁ fraM&ach frame; - projecting the
- f e aotigv i fsatene ovatitol onsd divieast bvpasdssacddad thiae the

B PBBRERIS o e OB ST A LS BB ET088 tan
dbeﬁusbmusnbér ahd thediodalt rdmber of components of the projected
feature vectors is the same as the first number;

- defining a set of mixture models for each projected vector which
provides the highest observation probability;

- analysing the set of mixture models to determine the recognition
result;

- when the recognition result is found, determining a confidence
measure for the recognition result, the determining comprising:

- determining a probability that the recognition result is correct;

- determining a normalizing term by selecting, for each state, one
mixture model among said set of mixture models, which provides
the highest likelihood; and

- dividing the probability by said normalizing term;

wherein the computer program product further comprises machine
executable steps for comparing the confidence measure to a threshold
value to determine whether the recognition result is reliable enough.

When using the present invention the reliability of the speech recognition
may be improved when compared with prior art methods and speech
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feature vectors is the sanme as the first nunber; -
defining a set of mxture nodels for each projected

wo amros57ehi ch provi des the hi ghest observati onPCT/F12006/050445
probability; - analysing the set of m xture nodels to
determ ne the recognition result; - when the
recognition result is found, determ ning a confidence
measure for the recogniti on8result, the determ ning

re&&ﬁéié@ NgA ellfh%Ir MAb eftforg fgdlﬂ?’éjhle hie . t gt Héi*orlng the

nltlonresu is corr term ning

refﬁbem@ﬂ ipAtieENS &rm BNaler sdemgomparegath sgeat:b regpgnizers in
whight bfe "RStele@e® tfﬁé"l*rfé b Plectied UTﬁe”@é@b@h \“@(‘;@gﬁhltlon

nggetﬁthe hi hest llkellhorﬁj) r} v\h%gldl%h it
m% d PtRr sy é“‘éefhtlﬂmm%? PEHRMWEr SFe éeCOgn' 1on
fastenmares?eeolgrreom nisidnanethodd ef ﬁqomar’n ses machi ne

execut abl e steps for conparing the confidence neasure

to a threshold value to determ ne whether the
Deseviptiantdfdherlawingss rel i abl e enough. Wen using the

present invention the reliability of the speech

recogni tion may be inpproved when conpared V\Ath@gl or

In the fRlowig Hie iR ¥db e Aaseribrds i Merendgiril, with ref-
erdrsiic e appehaeddrawings tinavhigher ence patterns are
smal | er when conpared to speech recogni zers in which
nore reference patterns are needed. The speech
Fig.elcogni illustrates reodviedlesbecpmasemicationedevice aegoraing to an
perfor
recogni %%@p?@fqiﬁ@o&ﬁﬁ@ﬁpbmﬁ@a#rﬁ\?égescr¢%ﬁe§gﬁoﬂq§%hematlc
Dr awi ngdiagfathenial | owi ng, the invention will be
descri bed in nore detail W|th reference to the

ap ended, drawi ngs, in whic 1 illustrat

f el es§h@W|$n%rﬁﬁ%fé‘thEﬁC% eg tgc%reefanyo poe@i?o@i’rmaﬁ of the

enbodi nﬁﬂﬁemibrtéi@alfm@ﬁagmmn a reduced schematic

diagram and Fig. 2 shows a nmethod according to an

exanpl e enbodi mrent of the invention as a fl ow di agram
Detailed Description of the Invention

In the following, some theoretical background of subspace HMMs which
are used in the method of the present invention will be disclosed.
Subspace HMMs are characterized by a more compact model
representation compared to ordinary HMMs. This is achieved by
clustering the feature vector components of a D-dimensional feature
vector in a number of subspaces (n). For n=1 (one subspace of
dimension D), the subspace HMM model generalizes to the ordinary
HMM model in a D-dimensional feature space. The maximum number of
subspaces is the same as the dimensionality of the original feature space
(D), in which case each subspace has dimension 1.

The subspace representation makes it possible to quantise the
subspaces using relatively small codebooks — e.g. codebooks with 16-
256 elements per subspace. Each mixture is then represented by indices
(mq,...,mpy) to codewords in the N subspace codebooks. This
representation has two consequences. First, the model set can be
represented in a very compact form, and second, the likelihood
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Det ai | ed Description of the Invention In the

follow ng, sone theoretical background of subspace
wodoB/ovd1exh are used in the nmethod of the preSBCL/FI2006/050445

invention will be disclosed. Subspace HWk are

characterized by a nore conpact nodel representation

conpared to ordinary HWs. This is achi eved by

clustering the feature vectBr conponents of a

co Iﬂ%ﬂ E@ﬁé Oﬂf’r' (tﬁéatn'-ﬁrxﬁjﬁé%“lﬂr gbgh%ﬂkmb&%g cﬁ%%o%ﬁfputed

ne subs I mensi
mqatﬁjﬁa@@tlmmsf@a)eby @éa@mplumg ard sharlagdntﬁmemm results.

nodel in a D-dinmensional feature space. The nmaxi mum

nunber aces i.s the s t he dinensignality
ThgBesendingaTidn rodidinly Besed dughe SACoRe dkopedy Testkoned
abevbs pac eamabsdrved Seaturd. vétior s Mysihec kkeltwed aftatGanssian
mikRiET M, %ﬁg% egggngéargé fflowe subspaces using

rel ativ 00ks - e.g. codebooks with 16-
256 el errents per subspace. Each m xture is then
repregent ed by indices ( /77*..., [77/V) t 0 codewords

e e _cogé Thi s representation hasgo
sequ?g? %I rs?%{)he nodel set can be )
repr Sented in a very conpact form and second, the
i kel i hoodconput ati ons for the m xtures in each HW

P f
I BB DRPIT A ORI Wil ho s

qsiuctenithiindexts ehthe awaﬁw tFaseraleulated vesitbe number of
Iﬁéﬁﬁ’@éé Yg@ﬁﬁ'tﬁé%cﬁﬁﬁfprodi%t Viith g ved | f eaN}JrsecaIculated

ondF T A MRS Bl s pbBEELL TRl O

”38?’8 nd % gazkbré%e V\Br’djebl”oﬁ'?g ﬁ%i%?%ﬂ/éd?)fe gvéetor, a

rance S "ass pro
meari tandrmwarlhanoé vdutoeqfithé on'” (Bikture ccalmairwrﬁd)fcthers state

on@ﬁh@w‘ﬁt{eﬂ% f‘#&ﬁ@cﬁ%ﬁy (4 Efgﬂntlﬂgl%f}ﬁg{@gﬂggéﬁcérﬁgablhty

denaidy viungsionf @ft lat@tecmpaeam@e rthedesu@spabepa:@@lebmé(s are
rethieTs, SrauSthio B A 1oL E 2RI AR ELSRibuted

and cached before evaluating the individual mixture likelihoods. This is
what makes the evaluation of mixture likelihoods in a subspace HMM
model set faster than in an ordinary model set.

As was already mentioned in this description the confidence measure
indicates the probability that a given word or sentence has been
misrecognized. Therefore, the confidence measure should be calculated
to evaluate whether the recognition result is reliable enough or not. In this
invention the confidence measure is based on the subspace cache which
is computed anyway when using subspace HMMs.

The normalizing term of equation (1) for the utterance is computed as

T K

P04, O7) = TT [T maxN™® (Ok, gk, 2smi) @
t=1k=1
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mean and a variance vector of the nmth mxture
conponent of the sth state onto the kth stream

wo e@peeteyvel y. The term N() is the Gaussi an predEBIR2DG6t0F0445
density function of state s. Because the subspace
codebooks are relatively small, the termN tied (Ck,
nknk s 2 knk) can be preconputed and cached before
eval uating the individual riGkture |ikelihoods. This is

Thl@@brﬁ’i‘é‘ﬁ? chi‘i P@%ﬁcﬂﬂjff tB"eﬁ{aFﬂ\ﬂM Hifﬂélgﬂlﬂ‘ﬂ% hiinmber of

space nin an or
stai@ae(rs fqualAe Wa% nymibe wf feamiesneld) im theiaudio Slgnal under

cofGiBierath, orarideoreniistaiee dﬁ?ﬁééh@nt ngbeadase!t Mehe mixture

coRai e gh et e obdt BotRie e lb L e T et given
sulsmatl;@ plaetlttlmhmgl dthedntixtuessilinidhie spediaeHMMemay not actually

ool BRANY ST IS Biher HIAE HERLE rEOF4 SeR aiRf fopRfatiBhily the
nosblipiageterar isealayshai likelibopat &mta&ymlyemﬂm osiegyal to the
Iik@or 6f diVGive iNGHERIHTR. 1Al Ael &1 a%f tR8 z(lqé)term is

e ut ance 1 s conpute as p
an(awprwlm@tlgnkofs@ GG MAP SXPRNSIVeRGETigH ,zwvhlch the

follbwm”g%téw%@@rp@fdrm@dlféﬂ“%mﬂ@méw The i HQ@lee‘,cdﬁng mixture

I f f
is Bl shuct RaahS SHAEITHIE ol LA 250
likelhgoeheommeatishatreedrte bei périoenedrpareier tofiras thébighest

sc&J I?é'erﬁ xR SY\Hbgn 'thﬁeguﬁ.ﬁﬁgcé HiiRs rg}%ep éat tﬂévﬁé‘rmallzmg

ace par I oni ng e mxtures 1n
teranJ waliorc{3jalcan okeucalaulaiegd onuche faSh?ér blemysen the

caIbUPatlBWQimée{joﬁ ﬁ*% WWH ¥hé hGumPierebt th&aute%rnn only

her, t han or
dopRRARI QLI JRUMOEr SR aDE (5 IbPaHatoN ) apsidhe et the
codibleotks mledz iy émmples |at39amm|meﬁw¢ma1nsméamsnweke formed

andP 52 dBESIn Gosfatiin B & dise il iach t8aht b8 dife mixiure
likedhwrachds néxaluated sfordemmfmcxdbbmlcmhnhnmem thlat only 32
mikﬂﬂj‘?é?i#@ iRo§d$ ne%?f {608%'8\/%11 25,000 |ikelihood

comput a

|ons nee e pe orned in order to find the
hi ghest scoring m xture. \Wen the subspace HWs are

In s dol| SR Qh@ﬂ’u'néhaﬁ dfefHa §be§6H%b@§n(z@ gaecBeding to an
ad\(fghtcalfgle%u% em odlrr?esﬁte[)f k}ﬁ(éafjnsventlon will be described in more
detail with reference to the electronic device 1 of Fig. 1 and the flow
diagram of Fig. 2. The speech recognizer 8 is connected to the electronic
device 1 such as a wireless communication device but it is obvious that
the speech recognizer 8 can be a part of the electronic device 1 wherein
some operational blocks may be common to both the speech recognizer
8 and the electronic device 1. The speech recogniser 8 can also be
implemented as a module which can either be externally or internally
connected with the electronic device 1. The electronic device 1 is not
necessarily a wireless communication device but it can also be a
computer, a lock, a TV, a toy, etc. in which the speech recognition

property can be utilized.

To enable the speech recognition in the speech recogniser 8 an HMM
model has been formed 201 for each word to be recognized, i.e. for each
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cal culation tine does not depend on the nunber of
m xtures. It only depends on the nunber of streans (K

wo eooggasaed on 3) and the size of the codebooks BSEER0G60X50445
exanple, if 39 1-dinmensional streans were formed and a
32 el enent codebook were used for each stream then
one mxture likelihood is evaluated for each codebook
whi ch neans that only 32 mi%ture |ikelihoods need to

ref@?er‘?é’ ygbRt- TRel hecdp! 'bgé/"'nrfg mbaefofrgéwéq@fé %fy fBfing the

peec recognl zer’ 8 accor
Spe%bdeﬁ@gmser & with .&@@ﬁ&an@ﬁramumg mt@@@cﬁlm&ump@@e&l\m\ﬂ

mdi:ﬁél@' hreMfobmitl @0en&h thet bask fot EHEFQG,C HWN\VICmOHé?é In an

and th am o
exauig i plamgntaticsd o b dBe R inveliti insn - Sant subspace
HMMsh cas e dedivssd sonthati ¢lad i Dadisesnsienlit faatures space is
obvi ous that the speech recognizer 8 can be a part, of

patthioredceirto disubdens erth dpieatirassangucipar wayahat dk =D
bl ocks may be common to both the speech recogniz

el ectropj c device. The speech nis
Eaghno e G Ciavsrian axtirenoaia orakeisd @Aﬂoe@m?eature
subspacé etaabbtainr n duyspadey CGawssidredmiktunesheThe resulting

suffyides IR TR, B %@%ﬁﬁ%ﬁ%@? 54 SRl BolshpoR® ang the

quahtiseddHsIM onpdetsr aren starek, 2631, the mgmoet d4 ohthehispeech

red gegch recognition property can be utilized. To
drgqul'e the speech recognition in the speech recogni ser

8 an HW nodel has been forned 201 for each word to be
Tor QQWWQHe 5p @ecfﬁ oredbyﬁmmﬁ eapNeRowREig- sighey (wdu@esu nal,

oolPUFE L e ek KR 9s UR B0 rﬁ%fﬁﬁnafmna' by
a miclephomes suphmas a0Micnophonebdsofsthd winelessHdbMmunication
defREel e Thk el Reshd 3R, 6P R 2pbREn SighdCishiyRell lipited
to ttfmatfrequaermw rangeiksliaw ﬂ@dtl'dl,eeeg)d@eth% fieqpeenayt rangsl from
100@9 td! ﬁQJRFI% Eut"?ﬁé‘ ifVertfa v ot IghI YieRited W8Ysuditrefitiency

or 1 gi nal ussi arhmxtures ar e

raqgQ,J I—elgw@é{egnﬁ@ ggHe]nggtr@ ponse of speech Is not constant in the
whole frequency range but there are typically more lower frequencies

than higher frequencies. Furthermore, the frequency response of speech
is different for different persons.

The electrical signal generated by the microphone 2 is amplified in the
amplifier 3 when necessary. The amplified signal is converted into digital
form by the analog/digital converter 4 (ADC). The analog/digital converter
4 forms samples representing the amplitude of the signal at the sampling
moment. The analog/digital converter 4 usually forms samples from the
signal at certain intervals ie. at a certain sampling rate. The signal is
divided into speech frames which means that a certain length of the audio
signal is processed at one time. The length of the frame is usually a few
milliseconds, for example 20 ms. In this example embodiment the frames
are transferred to the speech recognizer 8 via the 1/0 blocks 6a, 6b and
the interface bus 7.
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subspace to obtain n subspace Gaussian m xtures. The

resul ti ng subspace HW nodel s are quanti sed e.g. by
wagiong4oeslebooks and the quanti sed HVM nodel s BEBEFI2006/050445

stored 203 in the nmenory 14 of the speech recogni zer

8. To performthe speech recognition, an acoustic

signal (audio signal, speech) is converted, in a way

known as such, into an eleck2ical signal by a

Thg1 %@&WE ﬁH%‘éraé t%lsma%d)p@gge%cﬂgprt&%s‘éw@ ﬁf%\/mch the

uenc res
ca p'lﬂ;tlﬂﬂ%u fgrathe sspegeit arageanitien eare opeH@rmedquEhey speech

dc’ﬁ&% loeiso Yo rléx le, % Bigitd! sidealfpregesssy (mspye from
Pr 100 Hzr tg 1OrkéfrHEuet thleglln\/Seg5r1vtl?a|oF{1r i's not(onpg limted

to such frequency range. However, the frequency
Theesampkss of trepaadio sgnabiarecmpmaﬁMlto thbespdareprocessor 9.

In the R, BTORESE 5h e Belfifleh! Rl Protelied aif & frape-by-

frameedpa@ﬁyer eguihsamplespicoor fram# arerprocessed to perform a
fea‘iHFé %&ﬁﬁbtuﬁﬁfoﬁ? sEB%cﬁ'ff&rhg' ﬁ'th 'f@ﬁﬁ]r %&Fo‘%?' fér? 205
t S anp | e e a

e m Ccropnhone I’Tp
a feaddss yeglortisefaImad #olé@aghgﬁaeem FpaYIG |'$1t'BpUt to the

spéie@h trébo@ﬁlrz@r Y FH@C@@SL@?@@I Géfi thel feﬁa@@r‘ee(/é@lfor‘lfe[a‘l@% some
softt, SBRrHEG s (SR ES LSt e AR, TPt vectors are

formmbm agfeatmenextrabionrzooly/1di gf the speechrprexcedsor by using
thel' SRS B SR, SRt OIS 8 xAlotioRBBeR, 19 can be

erva aln samnp é;
Impler@emeaiee g. rﬂ% as@@te@hflﬂem@cmh@wn@earﬁertanatbaan width. All

théﬁftél% 8 @t”ﬂ{éHAﬁPTOI% rﬂﬁhrﬁ‘i\’lﬂd% o @Iﬁ‘é"adcﬁ? @@‘&95?{% Ban@Rfdths

IS Uusu

| en
of #he1 t 'IE%@OH'&%V Ty caupiiar WO Eome, OLMY filpEsifethe feature
exgeaboon otk t1®E Th@rr@lstp@m dfr@'@SflﬂéfSﬁ@ré Qraﬂi@foﬂm@@lc ksuch as

aideFERT chEinets Wetheiiupli o DETES o Wharphy, e’ Nasyit, of  the

trasptorotatiproce sberfeatune wecton. innethksaexanmie cﬂmbbdrmehb of the
pre}‘é‘?ﬂﬁhyéﬁﬁ&?ﬁﬁhb'f@%\uﬂ% v@&{o $rdi‘8d39 & ﬁ%ﬁ)‘?ﬁl \M{%@SBBE it is

process
obvigyiss Mgl He dﬂVEHBOBU'& 60§||t,§’ﬂtie aii0e QU@buvegMSt onyheln this

exéﬁﬁﬁé%rﬁb@@lﬁﬁéﬁf tRe fbﬁtﬁ@vfé@fb?@har@ M@SF%qLﬁeﬁdve Cepstrum
Coe%enfc's Uie Hd %Frﬁgﬁsm%%l Vectdrs tha/s comprlse 39 features: 12
MFCCs, normalized power, and their first- and second-order time

derivatives (12+1+13+13=39).

In the speech processor 9 an observation probability is calculated e.g. in
the probability calculation block 11 for each HMM model in the memory
using the feature vectors, and as the recognition result, a counterpart
word is obtained 206 for the HMM model with the greatest observation
probability. Thus, for each reference word the probability is calculated that
it is the word uttered by the user. The above-mentioned greatest
observation probability describes the resemblance of the received speech
pattern and the closest HMM model, i.e. the closest reference speech
pattern.
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basis i.e. each sanple of one frane are processed to
performa feature extraction on the speech frane. In

WO bw7heariire extracti on step 205 a feature vecPOI/FI2806/050445
fornmed for each speech franme which is input to the
speech recogni zer 8. The coefficients of the feature
vector relate to sone sort of spectrally based
features of the frame. The f3®ature vectors are forned

Whéh atﬁéabﬁgﬁté?ryarrlacivpi’@ gbIOCKNaTQIFG)fI faj?éf ﬁ@c'fhe gonfidence

ménmUEer calpulbionx biakl 1 3rohiNg: PSPQ@CBaWQ%SSQbIQeﬁ@lQLé@teS 207

theecOnfidénée %@éaéhref ﬂdrttﬁé%oﬁﬁ‘ﬁ@rﬂﬁvmﬁ‘datocéifélaafé the rellablllty
ersgaover t he whol.e

of 3RS souiid LeSiil Then GoREARTEG: MEasHTE s SalpUlted by, the

egpativhy1pirendhigh the bemominatdras repldcadswith theeedeation €3):
extraction block 10. The outputs of the filters are
transfornmed, such as,di s;: éﬁtﬁ cosi ne transforned
t

vvherelntheP §i 1P he transformation is t
Cog"ggrbp . In Thi s exanpl e enbodi ment of the Pf)
pr esent (Nl 52ar
39-di msns vec (g?/%%f x o1 us that t he

i nvention T]Sk Tot linited to such vectors only. In this
exanpl e enbodi nent the feature vectors are Ml

Th&@%"%ﬁ%ﬂcé&if%ﬁ%%@g E e oMyt E0EhRh°d Throshold

valver aed.i inethepeasmaraier blagk: 18i ofsthe speeshcpiasessesr. If the
coﬁilpﬁ?ls%‘%r In‘b‘i‘ééﬂé@stbh(ajt%ﬁé dor’}fﬁ*énc%‘gr qH @mb'ﬂ@gfﬂﬁele?é‘co nition

ocessor 9 an observatio 0 "
reqily /.6; ﬁh?h(éolﬁ? SERAT| Woyd( §g (%ﬂ 5'@‘?'6@%”&9@ a3 lﬁ'@r regrgnItion

reédNMZOQdﬂl themﬂtélr@rfmmﬂ?hel tuaunﬂarbbﬁtt Weed (¢) @rmirﬁd@atl@n% g.
resu oun

h
anJpeeRotoh 85BN ko7 the Satesiait MPtESF ¥ agf didni@rred to the
wirelsss vearmonurpcatiabi device Thus, whicheaah tleé¢ ecentrel vilodk 5
def%?ﬁlﬂégb@?étja:qb%s' ﬁ/h?&{rﬁe@eﬁ‘n?@ bteﬂgb{fogme bﬂetli’é)b%&s of the
coyptespakt |vmrdpr$bgb|qqumer@@ét:rwa& ey rt&earbcgm@aed word

wh‘ia'f'ém|r Q%%'rﬁl‘ﬁ%n‘épl%%‘ﬂédﬁ%ttértﬁe% tBRo &t QRGHRL |S"Mﬂf(§'ﬂ?ﬁ§b The

OSE nce s

t
colARE A Bacler EAMRIP danneTaacalb gl a fUmbeY, start an

apphedticlenedtaraahoreneysa gleabtt@n bl ock 12 of the speech
processor 9 cal cul ates

In a situation that the comparison indicated a too low value, it is
determined that the recognition result may not be reliable enough. In that
case the speech processor 9 may inform 210 the wireless communication
device 1 that the recognition was not successful and the user may be
asked to repeat the utterance, for example.

The speech processor 9 may also use a language model in determining
the uttered word. The language model may be useful especially when the
calculated observation probabilities indicate that two or more words could
be uttered. The reason for that is, for example, that the utterances of such
two or more words are almost identical. Then, the language model may
indicate which of the words would be the best suitable word in that
particular context. For example the pronunciations of the words “too” and



the confidence neasure for the counterpart word to

evaluate the reliability of the recognition result.
wabm70e123 dence neasure is cal cul ated by the epUEFI2008/050445

1) in which the denominator is replaced with the

equation (3): confidence = (4) The cal cul at ed

confidence can then be conpared 208 with a threshold

value e.g. in the conparatod bl ock 13 of the speech

WP B 1 IarI \&ltﬁ '?a’éc‘?PBF?r SQPnérdh Cﬁ'{ee & Tortekt tn'?&w( indicate

t he recogni n result
WW%OBQUﬁﬂBGWEG&MW &) can then be used as the
recognition result 209 of the utterance. The

count er art rd(g) a catloneg . an |n

Thg pres % s, Deplrothibraisebfad g oy ditfiatey for

exampm@y\ma&jmse executableadteps fdevhe spbech wooalsser @ and/or

th%gs @8 é@& | ock 5 determ nes operations which need

i E gr d on the basis of the counterpart word.

The counterpart word may be a conmmand word wherein a
command respective to the counterpart word is
performed. The command may be, for exanple, answer a
call, dial a nunber, start an application, wite a
short nessage, etc. In a situation that the conparison
indicated a too low value, it is determ ned that the
recognition result may not be reliable enough. In that
case the speech processor 9 may inform2 10 the
wi rel ess communi cation device 1 that the recognition
was not successful and the user nay be asked to repeat
the utterance, for exanple. The speech processor 9 may
al so use a | anguage nodel in determ ning the uttered
word. The | anguage nodel may be useful especially when
t he cal cul at ed observation probabilities indicate that
two or nore words could be uttered. The reason for
that is, for exanple, that the utterances of such two
or nore words are alnost identical. Then, the |anguage
nodel may indicate which of the words would be the
best suitable word in that particular context. For
exanpl e the pronunciations of the words "too" and"two"
are very near with each other, wherein the context may
i ndi cate which one is the correct word.
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The present invention can be largely inplenented as a
software, for exanple as machi ne executable steps for

w0 bw7eggexh processor 9 and/or the control bl op&T/BR2Weas50445
is clainmed is : 1. A nethod for speech recognition
conprising: - inputting frames conprising sanples of
an audio signal; - formng a feature vector conprising
a first nunber of vector corponents for each frame; -

W4 }s‘?ﬁéiin'i‘@dﬁé‘.e feature vector onto at |east two
butabpabl:b su that the nunber of conponents of each

projected feature vector is less than the first nunber

1. ANAetiied For shedetrsoiitionBamEnsinge! the proj ect ed

feature vectors is the sanme as the™first nunber; -
defining a set of m xture nodels for each projected
- \ipptitingrnasiespcempeising saniplgs e ancdsdiovsignah

- ROOB ne' fhaty @ bl osbliuiThe ' it ifufiBEF! 8t Gector
raeroganenisfor eaoh frame;ound, deternining a confidence

R
TREBRAT tqf%iomeguems gfﬁ%g?gject%tf@a%rﬂi\@ctgr s less than

RREMAst AuRtbéreant theswitaichufber! 6 compdneng of thB%rojected
et .of mxture nodels, whic

Xpure del . ng said .
SBIHIRSCTRE i RcsrmPia% e 65 MLMBEL" ai vi di ng ¢ he
- iedivang) | &t gebyofsaiixtuner madets niprt each piajeeied tveetor which
fart b ] : ' the confidence
@é{s}@%es o @%ﬁgggﬁgkﬁ%méﬁ(]&yér m ne whether the
- ranady®ingi oe reelulof méxivee i asidelenisu gleterminendhgerecegnition
gesgfding to claim1, wherein the confidence neasure

is calculated by the followi ng equation: P( sl1)P(S1)
- mmdmere_cogmtlon result IS f%un%, determlnl(ng on}ldence

measure for the recognition result, the determining comprising:

- determining a probability that the recognition result is correct;

- determining a normalizing term by selecting, for each state, one
mixture model among said set of mixture models, which provides
the highest likelihood; and

- dividing the probability by said normalizing term;

wherein the method further comprises comparing the confidence measure
to a threshold value to determine whether the recognition result is reliable
enough.

2. The method according to claim 1, wherein the confidence measure is
calculated by the following equation:

confidence = R p(O|31 )P(Sl)
T Hmax(Nt’ed(Ok,usmk,stmk))
t=1k=1

in which

O is the feature vector of said acoustic signal;

S is a particular utterance of said acoustic signal;

p(O|sy) isthe acoustic likelihood of said particular utterance sy;
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in which Ois the feature vector of said acoustic

signal; Sis a particular utterance of said acoustic
wa2@nass2p( O 1sl) is the acoustic |ikelihood oPCHEI2006/050445

particular utterance S1 ;P{si ) is the prior

probability of said particular utterance; Ois the

projection of the feature vector onto the kth

subspace; snk is tne nean df6the nth m xture conponent

PEL anc ebRbP pfohaalififal. S pERacaar sisfines; | ¢
Okst h st at%tr@qpmjeotmmohtmrﬁwc@vemgr o8I0 the K%ssbsaace
udp0an! |s fhe bY the gt ke @Bt of the d™MEtate onto

Mfhber ubspaces; and umber or
sai d actheskcubispask; 3. The rret hod according to cI a| m
4 or 2, \A/a rein each subsp ce I Sih re resent edRQi{
0 “@debooié WieVaNANER/ R 9 éh %Hel@%\d@ cRERARAL ofythe s”

an |nde§tattg dmMé tﬁgd@,fbgws dce;The met hod accord| ng to
claim wher ei.n the feat. Ct 0
N(For nea tyeceatissi mercmblﬂw it fiacgion ofstate s

K Coef fi cisstitesnimber aflsubspaeesbandn el ectronic device

T o onal butiea e at s bRy sesfsSgh . ol et

fromthe audio signal; - an organizer for arranging

3. e SREMES eflfco‘r@i‘ﬁfga%@'tﬂaﬁh gpaby f2‘;}\9?/h(9'h!§-‘|'i‘i‘9%ach 8ubspace is

feat ure extractor formn ature vect

represghied Ry & qodedoakuwhereipr t B’t%‘iur@d’ﬁﬁgﬁ@n@%e fglicated by

aneagéx to ane cadlebbok. proj ecting the feature vector onto
at | east two subspaces so that the nunber of

conponents of each projected feature vector is |ess
4. Menmeikodli actordingpér chaich tihe? Lot wherdiarthef feature vectors

are fIPAEH Sdé’cIerhWﬁ ng Iﬂ%? ﬁ&fuéﬁ&} Weptfifih T Seffitidis for each

Sane as
frame.

5. An electronic device comprising:

— an input for inputting audio signal;

— an analog-to-digital converter for forming samples from the audio
signal;

— an organizer for arranging the samples of the audio signal into frames;

— a feature extractor for forming a feature vector comprising a first
number of vector components for each frame and for projecting the
feature vector onto at least two subspaces so that the number of
components of each projected feature vector is less than the first
number and the total number of components of the projected feature
vectors is the same as the first number;

— a probability calculator for defining a set of mixture models for each
projected vector which provides the highest observation probability
and analysing the set of mixture models to determine the recognition
result;

— a confidence determinator for determining a confidence measure for
the recognition result, the determining comprising:

— determining a probability that the recognition result is correct;
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- a probability calculator for defining a set of

m xture nodels for each projected vector which
w@emvieess t he hi ghest observation probability BETIFI2006/050445

anal ysing the set of mxture nodels to determ ne the

recognition result; - a confidence determ nator for

determ ning a confidence neasure for the recognition

result, the determ ning conpfising: - determning a

pro@éﬁérhﬂhbﬁd haf Frrigfizhiy | tion R b '% Fé?‘T’tirn‘rEftfor each

det erm ni ng nor mal I z1 ng ern1b
st ast@teoﬁeenmmtufee medR| aramlgsryg. %Bts@ft mbxtum? xnadels, which

i yPhauious 168 IR EIREIMBadnBaes . b term - a
conﬂyﬂ@ﬂgrtnﬁdﬁo@@ﬁ’ﬁg}’MYéSQ'ﬁé"Qfmﬁllzﬂ rTE%rrﬂﬁagure to a

— tehrceshpdrhtvrifoe clbmpmmg rtheecohidérce trheasemdoi {/ & itbreshold
SRR Yo o RO Ao B reBoa i LAY &VeBabR kfBpah.

each subspace. 7. The el ectronic device according to

6. Ct o1 Igg%ctﬁﬁ?ﬁé eﬂ@vﬂbg a‘@cé?di@@ WdEl P8 fhPl‘F'\'e‘FaES%émémg a

he codebook e electronic devic
codebepkifpigeaeh SURSRASS- 6 or 7, wherein the feature
extractor conprl ses means for formi ng the feature
ctqgrs, by. determ nin |, Frequency, Cepstrum .
7. e elpErBhiSSpBoB A talfth o CEHMReNBRBER bR hixture aodels
areinhcatiedoby anangesftodheicoddebdak.8, wherein it is a
wireless termnal. 10. The el ectronic device according
to any of clains 5 to 8 wherein it is a speech
8. Theogleictrosic d@wc‘@eacqqrdlmg dorglained, i eyranyheretthe feature

exﬁ'ﬁ r'ci'ijrﬁge §n§¥&cfﬂrﬁﬁh tﬁé%ét&b‘)&@c‘io%‘b? determining
e he

or _exgcuti on on a processor
crﬁﬂHgn@Xég@R%tﬂ-Fr@ Gogficients ﬁr&@@@Jf%@%y t he

processor, for speech recognition, conprising: -

0. TR Gl BRFs" AERGHY do ST bF Biclins™ 4B nersiait s a

wineledseterafinakct or

10. The electronic device according to any of claims 5 to 8, wherein it is a
speech recognition device.

11. A computer program product comprising machine executable steps
stored on a readable medium for execution on a processor, the machine
executable steps, when executed by the processor, for speech
recognition, comprising:

- inputting frames comprising samples of an audio signal;

- forming a feature vector comprising a first number of vector
components for each frame;

- projecting the feature vector onto at least two subspaces so that the
number of components of each projected feature vector is less than
the first number and the total number of components of the projected
feature vectors is the same as the first number;

- defining a set of mixture models for each projected vector which
provides the highest observation probability;
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conmponents for each frane; - projecting the feature
vector onto at |east two subspaces so that the nunber
wmboocospeonent s of each projected feature vect oPCT/BIR2b@aS0445
than the first nunber and the total nunber of
conponents of the projected feature vectors is the
sane as the first nunber; - defining a set of m xture
nodel s for each projected vigtor which provides the
Y 10 r vadi (lityn | yshng of
%@ﬁ@?nﬁ@g S toqgeﬁé?gr?naﬁée themroéjg')gni ftpon (?éél?&ﬁﬁﬁe the
WREAGNHIONY @Sedfai ti on result is found, determning a

- Ganéh dems ergmasifion | pestibeiy doRer t Hererm@Rifg . at Renfidence

NS E DBl e BB nG SRR g

?ﬁ )r:dete:imlmg;agﬁobabmtysHh@tdherr@cogmtlcﬁfarésmé Bt correcis

o oBPIETRAD o PREeh2irks, R S Sefbetify Bt Ghgh Hatel one
pr obuxiiure toblel sandngcaidl seti ofgmixture Miodlels,nwhieh provides
conpyyg ﬁ{%rfgsg?[é%gh(?é@ggﬁa fu!rt her conprises machi ne

execut a Qr conparing the confidence nmeasure
to dividinedhelRrobabilky Dy SRIEIHMRIZNG LHER;  he
whieeipdnthiel Wormpeatdrt ;irggh?*ni qirb@ig_@ﬂomt}l’herll?qorﬁ?ﬁses machine
[e30) er_,program produc ccor di. o claim
exGRUADI t8pa ThEadhPaNTy BecEhntidtnes medslieto threshold
valuectooaéeteroning eshethec tng résegnitraniresaltes eelialEbl encugins
for calculating the confidence neasure by the
follow ng equation: P( sl)P(S1) confidence in which O
12i Jheneomyuiter @rogeamr pisiduciiaccarding i@ daighdll;, wheraingsaid
deféhlinfiy & céhfiééﬁegem_@fasﬁ?é CfPﬁQHéSFédb it resBlit Sdmiblises
I's.the acoustic |1ke |ho?d of, said par}i cul ar
m%ﬁl‘@@ Axecudable siegs foricaleylatipg;the E@@mm easure,by the
followihg @¢uation:t er ance;

confidence = R p(O|31 )P(Sl)
I1 Hmax(Nﬁed(Ok,usmk,stmk))
t=1k=1
in which
O is the feature vector of said acoustic signal;
S is a particular utterance of said acoustic signal;
p(O|sy) isthe acoustic likelihood of said particular utterance sy;
P(s1) is the prior probability of said particular utterance;
Ok is the projection of the feature vector onto the k' subspace;
Lsmk is the mean of the m™ mixture component of the s" state onto

the k'™ subspace;

stmk is the variance vector of the m™ mixture component of the s™
state onto the k™ subspace;

N() is the Gaussian probability density function of state s;

K is the number of subspaces; and

T is the number or frames in said acoustic signal.



Ois the projection of the feature vector onto the kth
subspace; snk is tne nean of the mh m xture conponent
woboorhes7st h state onto the kth subspace; <y snkCT/BI2008850445

vari ance vector of the nth m xture conponent of the
sth state onto the kth subspace; N() is the Gaussi an
probability density function of state s ; Kis the
nunber of subspaces; and T 1% the nunber or franmes in

135348 E6AtALP pPoA phaoufhe AR, B AP PG 12
cogpsising mackinepexeaapls stenpsntargpsasenting sgsbesulyspace by
a 66debock Al foprinHirdititat tE rhB@urE XhodelsTBYeln idexNto the

,ndex to the codebook. “14. The conputer program
codeBARk+t according to claim 11, 12 or 13 conprising
machi ne executable steps for formng the feature

1472 ohulst: PRGN IpPludt’ BBUSRANg RPLIANT 11, 12 or 13

comprising machine executable steps for forming the feature vectors by
determining Mel Frequency Cepstrum Coefficients for each frame.



