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WD 2007/ 045723 PCT/ F12006/ 050445 A nethod and a
devi ce for speech recognition Field of the Invention
5 The present invention relates to a nmethod for
woRResdlsfecogni tion. The invention also rel g %ﬁw%g&b
el ectronic device and a conputer program pro
Background of the Invention Speech recognition is
used in many applications, for exanple in nane
dialling in nobile termnals, access to corporate
A fRéthaty Ahdid BeVRICRIICSSecd Pééo%mtidﬁ -modal voi ce
browsi ng of web pages, dictation of short 15
nessages (SMS), enmil nessages etc. In speech
recognition one problemrelates to converting a
FisRP&EPe IHVERfiGmce in the formof an acoustic waveform
_1ﬁ1ﬂé#iTTﬁTr?rT ext string representing the spoken
words. In practice this is very difficult to perform
TH2O presdratuinveatiognielates ter aomsthdd for SpQ@@hﬂ reebghitiva. The

|n\§§ﬁt;<§w 2SO PR T gﬁb%ﬂﬂg@% éﬁ‘é&%ﬂ %(gﬁﬁufj 3 dgram

dence neasures ¢
PrpAdfkcat e the probability that a given word or
sentence has been m srecognised. 25 In speech
B nifi Ehe rrors are generally classified in three
on Error The user says not hi ng
but a command word is recogni zed in spite of this,

S edH"?eétiﬁf tiGRYS Lfée‘ﬂofﬁj n’{ﬁH)P %p?ﬁcé'tﬂinsa g@ﬁ@%"ihdname

[ eco
digfig iheblis TURGE. AecRRdA EUBPRSHALR Ghier heitsiophone
linesc omoitzethdal 3%oiSab drowsingorof Ewelr petmss oditrttbrwasfd short

G i upERgg 3, L o

theoretical optinmmsolution, the speech recogni zer
Inrrabeechﬂorm:oghltrdrhe)r@qmebrmﬁt relaRst abr @bﬁve#@x@e\éers oken

sthgBEASH 58 Byl ARG S50 o 8 s
repiasadiag 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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5 interface, it is inportant to design the speech
recogni zer in a way that the relative shares of the
different error types are optimal. For exanple in
woRfAREsyact i vation, where a speech-activat ed pg@Mu6s/050445
wal ts even for hours for a certain activation word,
it is inportant that the device is not erroneously
activated at random Furthernore, it is inportant
that the 10 command words gttered by the user are
recogni zed at good accuracy. In this case, however,
it is nore inportant that no erroneous activations
In teaiheorplicaleoptimupr selution, theispeaeleceogaizer aakgsepone of

th@‘ébbvéﬁrﬁéﬁﬁoﬁ@@ etdre! %Wmﬁra&bdl BRi&icHd, @Re SPeech

redoiFe WA WAsBR TE o e %a'f*ﬁgﬁéaﬁféawwfahw of the user
intedaee] itad inpquantty dasigndheapeeshriecegnizer éyaaivly that the

ref%i't: '§H£@§tof t‘H@’ ditfdreht 'e‘?rdrhl‘t‘g‘rgégcé’r%”Pg iRfal OF of rE—é‘%an’tple in

ers 1n uence Se nunerl

SPOBEN A AIan s PEFS ASReAGH BrivAIaD C?%C%M B8 fS nours
fonat leengimndcibtdatidn averdybiérisi smperaphithat!,thes device is not

erwfe%ﬂx‘éﬁﬁ ia%ﬂ@afe%r F% Wﬁnagwsﬁgrthéﬁﬂgﬁégilt r%% , 1&)}5&?&@0{?@ he
comnped W%fdﬁ;dﬂttefééid@hl%és% are FRCQEHzRR b gony agraracy. In
tht@&ﬁa”sebhowetvb?fit rwrﬁdﬂ@ fmpﬁhahstﬁmrr@ énr@he@aé lagtivditehs take

4 nfie. ulls PR ARG WERt L, PefRaling Grered

cqrrgnagduwmﬁw mchSroféemspl fsat ithwowjsbbetrecogbiggai carrecthyat a
suﬁ“ﬁd?eﬁtﬁﬂ*o%‘éﬁﬁlt ‘Do you want to receive a call?", to
the user is expected to reply either "yes" or
"no". In such situations where there are very few
Inatheaenagnnﬁenomfrmmunmamaiﬁemceommnet abredorarare equally

m%fiégﬁhtr %@9 dincfﬂ;é g%éégmtléﬁ Gt t.r?n'“gﬂ%@t‘f‘eé Sequence
"9§‘#Ii%é'ﬁ i false v@m@r@%ﬁmumep &N isituagien that t the Gser
sayscn@hrnung @mdobtil i angluenibamimndcognided) & imadnvamient for the

usdh ! 9 %f"gaﬁfgjaltlﬁn”iﬂt whfcﬁcﬁ%nhégrd uﬁér?%l raJrﬂf)eF‘fhdistlnctly

Irre eva
anch e girgbends aielo mqw%@r-au 6aache \ﬁqrye@t@d oghitheoHser by

UtBYRIgERS {ABRrd m@ireldﬁstﬁﬁctiﬂ si gnal processing
e

front-end that converts t audi o activity waveform
into feature paraneters. One of the nobst used
Theesecrgarstion afha aibple EpEYnand ywokhis MUas@lf fa yeenhtypical

fuhéﬁlﬁﬁz Og@ﬁﬁéhﬁé&"bysséé&‘,ﬂ F&%@n(‘ﬂ@ BOP &id3 the speech

roGPORRE" FEAILARE HHP JIoFheDRNS WAl s recone & 28, B i
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 s that an uttered command is not
recognized at all, or an irrelevant word is recognized as a command word.

Many existing automatic audio activily 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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- power spectrum of the signal. One advantage of using
such coefficients is that they reduce the dinension
of an audio activity spectral vector. 5 Speech

woé So984His on usual ly relies on stochastic nodekki06/086445
t he speech signal - e.g. using H dden Markov Model s

(HW). In the HW net hods, an unknown speech pattern
is conpared with known reference patterns (pattern
mat ching). In the HW net h8d, speech patterns are

Dl%@%ﬁ#‘ﬁ?ﬁneaﬁpaﬁ%bﬁp QB@F)OBE %H?:{Ugjaﬁﬁgﬁ@egﬂ the s ‘Bort -term
pomecf@mlctrgm of theesmﬁk@n%@ﬁﬁaa’fam %IQ@@U@ clents is

thafaeel redilcs Hes tirasnsisntdium abeiotdivity mpebiral eecter.
speech recognition on received speech patterns is

perforned by defining an observation probabili tl{@
Spiseshsmmesghitiont ueuaklly seliss anrgjochasticemadaditng phikewpeech

sucﬁﬂﬁogd RishRE eRBden %@%wtmgae@y(fmmgm ke HWW methods,

any BgEwa SgRcteRattsTis panated SHEF RraRb et paigns
(pafidin mziethisgprie theoHMM methed nepesch patterms gp@@(mduced

an'rde ﬁ‘ﬁg r%téggs .9 oiwgﬁﬁebhe afi&ef E@néf’eﬁﬁ% & %oﬂ@li@j \{@ith tEhetate

ch@a-sumeieaamr diria b INRMASHGY MaITORe e tikle ciapog gnodel

%@sﬂ@ﬁ@mw the Heiguln thia casentpegeh tecagnitiors on received

§§ @%F?E‘%rlgr %i‘fgm%m ‘Pn r{botraﬂg %%rgéﬁ agibbablhty on

the rapegshopatiemist 9cc@rctt%q @l a@eidlddﬁ%at arkey p ppeech
redbdsiied o u!;lh t@%ﬁﬂf\nmﬁe &mn Rkl raodél gr st éstned for
ropanpl | C o]

eaq% Flot® 1b e Pecadn ol T o Foi BT TRt EnEE EoTe) s
modds| arg staredhle theoseamory of shengpeeabe ERIOOME e Y hennthe
sp%‘e'%ﬁrre% fier AAGVED G s 3§I@lﬁlngpéﬁ1 ,Gin Qﬁsér@éﬁ@h qbrobab:hty
s CRiaHAeELIET Gaahy Y range b PerRbriide a5 s oe Wehdniion
respicisf icouridvpariaveordTie obftaisedr é:rvém dribiMr model with the
gﬁ%qﬁ%b%a?x&%ﬁd qﬁ‘oﬁéﬁlﬂﬁ byn{iEam %hs r@feréhééfeﬁord the

roman.i nco ugdl o Sl

prabah@tmicwte%m@tfﬁtﬁ%@c‘@o Uﬂ? by the 6‘5 The 2 SBove-

m@fﬁﬂ@hé@gr@@te@t sbeeastiomnpabathiliy deseriBés thatresamblance of

t = A t
oA el e PR OB RO O e
refgrence speechHpRitest. by eterpyerds) dMids @@a%ea sequence of
feHaeY &bctorthiag 125 pisuehvise igthtesal! eroesssl for buhicinleach

d_t ask
stafaeaoaoadaat o, @%%S%C Arayition SHFRE IR, sige. The
feaherenvetiors afre ptypicallyefarmead a framerby-framenkagisopf Fames
wﬁﬁw érfeafd?hi“e% ﬁéﬁ? Ronin AWAe 'shrdl. Rees dsthd Rtodel M,
n St 3Ree Y 9 (BRdels AN AbHENed P d $cBEsion of discrete

stationary states S—{S1,...,SN} (N <T) with instantaneous fransitions
between these states.

Ideally, there should be a HMM for every possible utterance. However,
this is usually infeasibie 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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WO 2007/ 045723 PCT/ FI 2006/ 050445 4 concat enat ed
sub-word units. The unit nost commonly used are
speech sounds (phones) that are acoustic realizations

W fzoot-r;i&?sthé nguistic categories called phonenggqmmaeososnads
honenmes are speech sound categories that are

sufficient to differentiate between different words
in a language. 5 One or nore HW states are conmonly
used to nodel a segnent cqrrespondi ng to a phone.

cofBfBSd S SRR Hofl . TR Y ohisdln BB FSe o are

spieexhcaryndsafphcres)etiad m@debsustmwgeahzabrbns of the linguistic
ca?@%&?é@%ﬁilé&“ﬁh&ierﬂ@ﬁd FR#RIfes (é?6n§ éé?érﬂ%%uﬁd 8ategories

thalh A Slicint4n GRS HidaerT diteren Wards: tes aaguage.
On@rmumr’ehHMMststahekeape vmﬂnmﬁwemei idhmaodekd idegoknt

t
co?le‘é(:%g)gnﬁgq \?\% | tse B’flﬁcﬁ %ﬁ%%t?éfl I:Bﬁ?atenﬁtlons of
hegecror $h Oﬂ@ﬂﬂfé Bogsls y C%‘&Hﬁ! d nRpsngiatipns: from  a

te)klcbﬁ idmpdesience meaéﬁ é@nsf,itst obo?m‘adnaﬁbms?af word models
a alternati ve conpetin
(C{ab%@gﬁgﬁl 2i'@P%J%"“g&mfi dence = p(O 1 s1)P(sl) (1) L
p(O Il s)P(s) S 20 in which O represents the acoustic
A%p@@éh re?%;l gﬁﬁe?kplé?fdrhgs(j'pggtekﬁ E@?tgﬂg? g{]pér@dco‘éﬂsgclé‘peech
signid BdtdeT (6 cnmuip ing mpot e Rahcsuiert, THe MRelitbod
scoemonfi @t aticrantddsabobg-podaci @f the ajec@dm‘gal whicty itself
m&%éfas Wr%hﬁ%%r gwo%err{daft hhe. ?Srﬁé B e?ﬁpi ﬁmeasure

ave been
thg 14l RO 1S60re CIBednE RE: cRImparen) s s5pra,ef all
almnamuedomlpeanglmeraamﬁgof t he nunmber of
utterances over which one has to do the summation is
|nf|n|te t.he normalizing termcan be
,gg tw 13;:’( $ traini ng a special text (1)
|n epende@EFgQHQgﬁwgpdel and using the likelihood
score 30°gbtained by decodlng t he speech utterance
with that nodel as the normalizing term If the

"speech _nodel is sufficiently conplex and well
intwhiche@, represenicethen 86QusStEQSIONA, & pléca dartigulpe witerance,

p@?i@l )2RPheX 4 BIdteNikefiinbb8 of IRRPENEALST dnd PASAL isOthe prior
probability of the utierance. The denominator in the above eguation is a

normalizing term, which represents the combined score of any utierance
that couid have been spoken (including sp). In praciice, 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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PCT/-F12006/ 050445 14 Aug 2007 5 The drawback of the
above approach to confidence estimation is that a
speci al speech nodel has to be used for decoding the

speech. This represents a conputational overP&dti2pH6/050445
the decoding process since the conputed normali ziifgAug 2007

term has no bearing on which utterance is 5 chosen by
the recogni zer as the nost. probable one. It is only
needed for the confi dence” score eval uati on.

They t graydeacie| \oft héh%ppaf@swemapwaacbntobe:onﬁdeuc@rest;manon

is tRatiasspatial s@emﬁ nid@ﬁl had' ® BHaldtrf E& éb&d?ﬁg rfq%%lpeech

ds  t ar e
Thig q%?"e%ﬂt?ﬁ‘og&b Oéfﬁg?%é IhthoHesPHiRg ProceRs since
emﬂm rﬁQ(trLahémgwmfmtrmsb@oebelauagedn whigh utterance is

chobenctly §15 feodrfizéial i ERYSOLABITbRELILSS onh hEBAi for

subs

the%%i@%tgﬁe stPig ﬁ?’@@'a?ﬁ“t he model set, and hence the

approximation will be biased and |naccurate 15 An

Altégﬁﬂzéiyggguﬁ oiﬁﬁatlc?rl( Gan '15«%'% | cg{%@ %é%l%%g?"h PixtudSs that
% ﬁ%ﬁ" H@&Rﬁ@ye tphewhichvivords they are a

part.i Kibiiscanl easier beproximation aindy riBREh| Gaugilahhﬁnﬁ&ures

ral Yook KoL RE G LSS s
Wh'@%ﬁ"%r uglegemaypelongrici @ verysanall subset, ofaihe Gaussian

mlxtmesancmevmdw seBoaHaERénd the ”aig)r%hé&ioﬁ? e Blased
andgﬁép r conpressing nultiple i mensi onal uss
Fi bu ions with diagonal covariance matri xes. 25

The nethod includes clustering a plurality of

An Geolssticamodies &4, o Immaehmaarwau Mo%iélsc'fbe/a%rgg = fary

‘taS'{a%aﬁ cShisFE SohHia 28 chor 1ahBag Havicsien.histicaa The

&lk@mﬁodm dark bei halodlatéd abyrwmmidﬂﬁbﬁ%bsesmdwldual
Gad’ﬁs‘iﬁﬁ“n"t&ﬂl ketliES?dgeN oe%ﬁ%ﬁt 19?{%) S :]:e/(gio)w 2 'htc.)f] o is

Gaussi an rons
an @b@ﬂﬁﬁqgegﬁﬁwm'bédmmedsbm Bonprﬁsalhbanaﬁﬁﬂéﬁlghdmyng
vanéﬁcébébkkt takes less nenory to store. This

technique is referred to as subspace coding and
i nvol ves grouping different conponents together. In

Docuheenty EPeind6l7 967 disclofe9 & rmettind: fstekogtprbssing multiple
dim&sdibABl LSkldiisn eNeRBULYNS "WRHC oMY covariance matrixes.
The method includes clustering a plurality of Gaussian distributions in a
multiplicity of clusters for each dimension. Each cluster can be
represented by a centroid having a mean and a variance. A total
decrease in likelihood of a fraining dataset is minimized for the
representation of the plurality of Gaussian distribuiions. Known clustering
techniques can be used to compress the acoustic model so that it takes
less memory fo store. This technique is referred to as subspace coding
and involves grouping different components together. In the system of
EP 1 457 967 each codebook is estimated independently in such a way
that the total likelihood of the training data used in the Hidden Markov
Models decreases the least. This includes calculating 2 mean and a
variance for each centroid to represent a plurality of Gaussian

AMENDED SHEET (IPEA/FI)



t hat the total likelihood of the traini ng data used
in the H dden Markov 35 Model s decreases the | east.
Thi s incl udes cal cul atl ng &nean and a variance for

distri &R 8 ask AhYTiRk|itdod" i ftittrfiZed for the
s 3y AL g LG s
are clusperesleusiagi ammetrid havMQJlaamathenfatreaUmmre of closeness to
assngﬂ' SLL5&Hh §iSfib 'vﬁ‘i‘el‘étﬁttﬁé%é’tr@% nﬁ’ﬁﬁl%as‘rﬂf eHustering

is "epaaé%@r%@m fr!rg fdlmeéﬁlt?rbﬁ)tregﬁbesmémases) toa
desiredanmuainti A chiebcmmszthén gﬁmmtetﬁat@eaolg dimensiire b ediief, EP 1

457 Htsbl‘&% nipﬂ@ﬁétr&gnrg Léf'é;%@gﬁé%s’é%l&%g@@%%@%ﬁ%?ﬁy rpalr—wsse
combigy SIQRS | Pn%lﬂ@.dmenﬁwrbﬁnéfrep@atmg i £y dyfggrent pair

of d!mbmbnses constructing a conpressed acoustic nodel by
pair-w se conbining two dinmensions into one

di mrensjon and repeating it to different pair of
Suﬂ@ﬁﬁ@h@ﬁwﬁmry of the Invention Enbodi nents of

the present invention provide speech recognition

Embo%ﬁx‘h%ﬂ?éeg? e tdr@sé\‘ﬁ' %Eeﬁﬂ?ﬁg?rb?@e'@éé X, l‘?%%(ﬁgﬂﬁtiogr%rangement
In Whl??\ an ?&Pfomﬁéa%b Péih%ﬁtqrma izing beren i Equatioruélnig evaluated

and utlized.oTheldmfogintstiorcés pdsditien \Mmrk%iri@ﬂﬁ g0 calied subspace

s RO o o p B e

Hiddeny, ars, pdisal08es Ihr MhRRE dietall L eﬂwaqqaubhcatson
“Subs‘ﬂ»aﬂ:émﬁ)n@hlﬁ@mnl\/miektenr@Hlddeaomrk@m Moual' BEnfigo Bocchieri

an G Al EER nsRghLs $h diRath, A8 Allep B9 Vol ©

ssi'n
No.3,iMag ég gct of the present invention there is
~provided a nmethod for speech recognition conprising:

Accor‘cﬂ%‘iz} 'an@rsft ra%ﬁ%%t %f ﬁéggggﬁgg@@ﬁgﬁeﬁ ﬁ%f)gbs? ded a method
for spgg Jﬁcggnlﬁ@c& n"@(ﬁ'ﬁiﬁlﬁ}ent s for each frane;
pnpuﬁnig framicsecdraptising s ts“s ofnaie aditlid sighkal;t wo

S e e KRR o cners

dfMEhe total number of conmponents of the ,
- mmaﬂtr@l thedtatiee vector snics at Heasttwoasubdiraddd §b that the

ec{ ! ﬂ@?%r\?\‘ﬁl @fﬁe%h BrbldtiEd ffégﬁj é Je‘?{tore Alss than the

J&gtpum %’rﬁ thea katel nymber 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 fo determine the recognition result:

- when the recognition result is found, determining a confidence measure
for the recognition result, the determining comprising:
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anal ysi-ng the set of m xture nodels to-determnre—the-
recognition result; when the recognition result is
found, determ ning a confidence neasure for the

recognition result, the determ ning conprisi ngCT/FI2006/050445
PCT/ FI 2006/ 050445 14 Aug 2007 7 - determ ning a 14 Aug 2007

probability that the recognition result is correct;
- determning a normalizing termby selecting, for
each state, one mxture del anong sai d set of

m xdateenimiree las proffilstityphayi des  thet hpedtdgHI®RSt  result  is
kct rﬁell:(?Od sal d norrml izing termcorresponding to a

ure nodel with a nunmber of states equal to the
nurﬂﬁéerrammg & apevalianghteraubyoselegting, fordeach state, one

COﬁﬁix@lﬂ’éaﬁio@l@ﬂ a@‘a‘?éh@ RRidrsst r‘éiggm@l@rl@ﬁﬁﬁigls f\?&glcﬁaﬁbwdes

>odhe: nBRast ikeictd “spinr ePiRaREngetsen CotreRending to
cormlp(tlyesnmqbamihgamwnbenfufdmm reepslirte theo namber of
t hfeshes CithﬂleuégéiB dRial d&%ﬂ%é‘&éra%ﬂ BRCOAL nRRure

result is ccording to'a second

asﬁ:ggilpcmeqtﬁgr ﬁ?%@é"m ﬂ8 ntion there is provided 15
an dividicigr e mroﬁabllltyebympd nsrmghzmgaermnput for

whér'él%‘vgﬁét E%t?%&'f?ﬁﬁéﬁ@&% ﬂse ﬁft?érﬂﬂ%f]e au’%}do&l? gggpure

tog ﬁS'a?l&a\fﬁ’%rtOﬁ(?ﬁe%wnﬁﬁﬁ & efﬁbegaﬁwmaoaﬁeswélmwﬁble
enaigimal into frames; 20 - a feature extractor for
formng a feature vector conprising a first nunber

of vector conponents for each frame and for
Acgardingcla agsaqand aepectref the peesastitioventiore dhreret iscprovided

an eldeapakedevioe doatp ﬁgmgnurrber of conponents of each

%ﬁ%ﬁ?{t@ H{q‘?ﬁﬁﬁ‘é %P§F s less than the first

r of conponents of the
— Pnopealpgdordigital eonysrteedoorionming reampies from Hthe audio
§,gh§t nunber; - a probability calculator for defining
ure rmd s for ea ected ve

OB ST, Db ool €S ames;

Olganiesilleranging R semriss RUHI%,igpabin frames;

- anigatursl pxiragtarhfors famung maxfeatereradetar tongrising adirst
hiRbER GTORAtbP RonfSsiidts 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 mlxture 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;

— determining a normalizing term by selecting, for each state, one
mixture model among said set of mixture models, which provides
the highest likelihood, said normalizing term corresponding to a
mixture model with a number of states equal to the number of

AMENDED SHEET (IPEA/FI)




30 - a confidence determ nator for determning a
confidence neasure for the recognition result, the
determning conprising: - 6@ternmining a probability
fRghes N I #ROBUdILOBIGRAUIUndey ePhsRIdrationd€4d MbAE Nehixture
a_nor nal flﬂﬁ@g%éfﬁ{) k%é se(ljectl ng, for each state, one

Ok PR I A€ aPlCset of nixture nodel's, which
ghiddingethe E®babdityhbytessd normalizingdermsai d nor mal i zi ng

a conﬁo;?érg’%&ofdreéﬁ I 'rﬁ“% e ROMAYEHES ﬂi‘é@%brl\lé"'it%hasaglééréﬁ?ﬂﬁ value to

f t to_.1.h f . AVE
deterrtingashpiipr FHE Tepodlion reRib RAsIRDIE PRI undor
consi deration, and one m xture conponent for each

Accoraggt{%' a ¥wed @isé?@f BOtH Bre¥et i arition Meré & %rov’iﬂed a computer

n malj zin ., a Co ar at or . r Conparl t he
progralg ISt SHHBLSNG TiACHo et able oPeps; e ah @ feadable
mediunh doh exechioneoonghipriocasses ulhe machehe aaxecidablegbieps, when

exec”f%fgq?‘%’?%ve?ééﬁri SpedapReodtiiitAeapfisiang. | nvent! on
- ighffing TrEmes cAMRISHG samplrs ob AR AUds Siedalon a

- ferndiiy a featutewedtor corywrigingm tirst mumnberetvector kemponents

FBEBLRR feppeyt abl e steps, when executed by the
processor [ i

sheech recogniti.on conpr.ising: .i-nputting
- RrRRsEREoths Terivie URHRRONP h lth BVQ) SHRSPACES: Aot the
areben ok coaypanentsnglr éach grajccied featund erectdr gdessrthan the
GREPANRINET archﬂ'fee #881 huaiBer cﬂré?irﬁééh@ﬁist Mh%ﬁ@toﬁ%&ed feature

vect or .or{ho at easbjt subspaces so that
M i IBfNERHORR %){%P%M ®bj ected feature vector
- idefinisg ahaet téfe midtust modblsy fandeatie puijettec’unsstor which
roGﬂ&Wﬁ%"ﬁ@h@st‘B%eNéﬁ%‘?f)%’oé fhure vectors Is
the sane as the |r)§t_ nu 5 0 ?umngtaset of . _
- ANAYSBSHgFe gfgni H%”ﬁ% 2 40 SeIGURINGT thfhfedegnition result,
- wiosn dies rebeghitigire sesulbefowatd, afetprioirdbgla cpnfidence measure:
' Qﬁﬁiﬁésﬁé&%ghhﬁﬁ%uﬁf tﬁég‘éﬂé?ﬁ%rﬂﬁg%%nfr%i_ termne the
recognition result. - nte.conlt%nres[tls
- wdglRniniRg erroRRYt, thal dhe derkanifien deswt Iy carecte
- rdstegniringra nesuklizinghterde by resiedting, domsacsi sigie,-one mixture
FFLAEIERH MG S 088Db rBAd A SHABN! B B tighest
Jkelisord gsaipgroranalizing 15 CoRESRORINAT AaRtiEBiRge! with a
saindbeetf statebaqual todbielrymier of franess dethe dedio signal under
*E%‘i‘iféra’ﬁighgﬁhg O'B?@mi%ﬁ%? gBﬁ{méiﬁ fﬁﬁ e'g%h Btate: and
- Cdplvid;eﬁc’é) ?he Iprgbabiii?y g]y said norma?[zing {erm;
wherein the computer program product further comprises machine executable
steps for comparing the confidence measure 1o a threshold value to determine

whether the recognition result is reliable enough.

The reliability of the speech recognition may be improved when compared with
prior art methods and speech



nunber of states equal to the nunber of frames in the
audi o signal under consideration, and one m xture
conmponent for each state; d dividing the
recogpizserabifisa :lzhebynsmoeiy megoienentg foersioringdhei refetemce patterns
are sARINRFLGR :ﬁ”&ﬂﬁea? Léé}eé‘di‘f Pét?d Eé'i%fl %@eﬁﬁ%bil& reference

executab e con nce
pattersis,ats segges. ﬁﬁ%@ﬂ@ﬂ%ﬂ@”ﬁﬁ@\q Er%%qrﬂr!ﬁvemlowm @iso perform
the spdeehrrecognitivndasterdbbn speach redognitom agdthodseof prior art.
reliability of the speech recognition may be inproved

en ¢ ed wth prior art nethods and speech 8
Descﬁ%hqmg#ﬁEE%&aw&pq& the menory requirements for storing
the reference patterns are smaller when conpared to

In theszﬂSWh %%E%ﬁgén 'vﬁ!l‘ﬁ& PBFEHBSd lﬁfrﬁéﬂ“ﬁétalm th%'?érence to

resent 1 nAvention
eagg FRVIHOS, He %%ch recognition faster than
speech recognition nmethods of prior art. Description

F|g 1 cﬁluél e %Meémrc'oiﬁzn{ﬂ @%r?ﬁier\}é erence&{n‘go@?"‘érlllexampie
Eﬁeatr%ﬂ/@hﬁd@eﬂﬁhown gie H@e‘iSiC pAticHiagram, and
: W reI ess comuni cati on devi ce accor di ng to an exanple
t
Fig. Z?H&Qé '?metgég é&dﬁ&%@nfd aA éf?ﬁ‘ng dﬁeaccor ﬁ%&ﬁ@ifh% invention
Q¥’ ﬁﬁﬁéﬂﬁent of the |nvent|on as a flow
d| agram Detailed Description of the Invention in the

Detail I .r n39ke § tf?)tn' cal background of subspace
the nmet hod of the present
invention will be disclosed. Subspace HWs are

in thec falicadihg! isoesk Whiearsiicat hapkgeotndradesulssrioes $INIMY evhich are
used Ciﬁ “T?ﬁeﬁ'ﬁ rﬁ}qq?!fdfﬂéardfegw invdhfol Swﬁﬁcp'ee}ﬁfs%lgé’ed Subspace

e featdre vector CO .
HMM s hrspeirilzerday armove aasmpat @q%hf@are(senai@@p%%gared to

ordinarp HMMy. Titvisl is(acieeved by mhestepihgdihesiesitire ) ctot omponents of
a D- dﬁ‘r’ngﬁgﬁﬁ‘ﬁal W%tgﬁd@éct%?qﬁré"ﬁlﬁﬁﬁel' %ftglﬁasp‘ﬁﬁ%' n@ F@Wh—1 one

I
subspagRo & Gme@%gpmeéogzsu hebaeseHMM, Fiodel generalizes to the

ordinatiyne iV enedieltin 20D-diheermiogalfebiurespace. ThatsaxiBluminumber of
subspde gl?s tRe Saf sttt‘lgftﬁ@fne‘?]nsgtﬁ}ga ﬁk( Wﬂgés gﬁgﬂ'leai f0%0re space (D), in

ace represen 6 quan PASE
Wh"’-?ht%es%bﬁ’éié@% hgs direeRgionel y smal | codebooks. -
codebooks with 16-256 el enents per subspace.

The SEB ;?gc_% ?f%e%ghf‘aﬂdﬁe&a{ rlFf)SQ% EJ% ﬁ/gu%ﬁﬁs%e&e subspaces using

odewor pace
relativedy e 5Es . Coﬂ‘ﬁ@%pres%ﬁt a6Pdaboaks twih 16-256 elements per
subspace. Each mixture is then represented by indices (my,....my) fo

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 likelinocod
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consequences. First, the nodel set can be represented
in a very conpact form and second, the likelihood
WO 2007/ 045723 PCT/ FI 2006/ 050445 9 conput ati ons for

wé?@wﬂls’ﬂ qures in each HW state can be conpubeg piBiRosss
efficiently (faster) by preconputing and sharing

internmedi ate results. The present invention is
mai nly based on the second property nentioned 5
above For an observed feagure vector, 0, the

Likel hood t [
0909407 oy SRS AL MAG e e DA fnoute
mmﬁf«o;leoﬂ_y (fastar) ty precoﬁmué@gaancbah@mg infexmediate results.
di agonal covari ance vvas assumsd The first product

within exkofthe 0 cal cul at ed over.
ThegsabavestiondsEantobapsd airihe fesi Bidbeif, fMetioned
aboiveh Fondax otiséived feaite ivecios| €yl theelikelibwed chha Gaussian

mukmﬂe\(@al mgpisiEemparPasidlbwdisi de a subspace. The
terns usnk and 62snk are the projection of the

observed feature vector, a 15 nean and a vari ance
vect of o?&%he nt h mxéure conmponent of the sth state
(Oplugamo

(@)t:ol?[h"é Seppctively. The term NQ i s {Re
Gausgian probability density function of state s.
Because the subspace codebooks are relatively small,
the term Ntied(Ck, uknk, 62knk) can be preconputed and

in the leepiatienof®y abmieuatdiagondiecovatianceusas rassumasd. The first

pr&ﬂﬁ@(' Mfﬁ’q xﬁ%isth'eseﬁﬁla a EZ)”E%k@é?CIEIE?e@b%Hﬂié AlnHer of
PAPYU

subEBReHS (KhANF ha 3e6e] SHES T 4 AT ) 35 Calauated

oveethe maividual taateredesapppenisnnsisle & subspaceel e tarore O,
i ndi cat esot he probability that gi

nmmméf 2 kBt e praloio dein e absamerL e vagtor, a

faﬂ t?rﬁgﬁrﬁgé %%1&@5*%@ rh@‘ rﬁﬁJtGr‘é' goh@n%ﬁ HEAE® state

ogni enou
ormtthe F Stram, TanastiveN. TR tebmNad 6@6%@% PlotSability
debpsitedfumctione ofubigiace. cBetausdithie Subspaoputedeboyksayare

reliyai A J1E P TRnD ot L@k aflsmir & -Gk Has ProgtRRPuted
and Bached Hafdre BYBKENHgeeOndidaliabAsRkte likalihobdd. Krib is

what makes the evaluation of mixiure 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, OF) = HHmax(Nf’ed Ok sk 2smk) @)
t=1k=1
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WO 2007/ 045723 PCT/ FI 2006/ 050445 10 This normali zi ng
termcorresponds to an HW nodel with a nunber of
states (s) equal to the nunber of franmes (T) in the

nal under consideration, and one
Wa%ﬁ%@ﬁ%ﬂ per state. The m xture conponent mﬁlﬁ('&t/??ﬂ“:

hi ghest possible likelihood in the nodel set given 5
subspace partitioning. The m xtures in this special
HW nmay not actually occuml n any of the other HWs

TG el kg PRSP RBS el Hhabh gk WL Fubor of
statgpgals) tequdieo lhekehn‘i’amdofoframas gl v i the tmm%nalrunder
co‘?a%hfé’rai"@ﬁ dsanc} 'I?né‘oﬁﬁﬁkl'é' E&ng%hght Sper?state. The mixture

COTMQRRTENTY RS 1108 FigTas mgssgtateweiﬁeogénftsermedebﬁet given -
subsphct rrritioning. Tﬁhghﬁ&tu@eqnlthg spedialr dMN snay not actually

f
ocr%ﬂﬁ?ﬁraé*g 6, TR 1D o bl So SR o il the
nasEaigngetermisorlwayst @ Iikelﬂwedwg’sah ig rmglﬁer esromgaual to the
||k@gil>rs@w¢atﬂ gla}rﬁye@véhmt@rag@@cm by \ﬂé?sui’fﬁé* ndrh?lij.lzugtg term is
g SPRPEEB N e o 8RS <SBehibe BmBEAB G WD the
folllewingdsieps tane penidneveddior eagtidrarse: The dighestdepungdanixiure
nstn?é lﬂfié&’@\fhlé}ﬁ AR MRat K th@ree%té gnzégocﬁmhlkﬂmee@ 28,000

i SUEPHL PO RHRIGRS 8528 lndvuPETPABRC 15 41d8” 2 el dhehiohest
sconigdgbmikurer &here dhé (Bubs@abesHhmm arehased tharinormiaéizing

k luat f
PP B 55, el AP plod e
alcLdation etunemoewqtoﬂeewhgon tthe mﬁ@ﬁrow Frixtures. It only
epRerizhom et gnlimber &f aereantt (K it @z% tioad)aaidgeneize of the

Nt ] S
BB St P e 3 oS AP e
arm g.321elgmentinodeboakaseis u@ecéfﬁmam glream, fien opeddixture
I;kéﬁﬁ@@(ﬂ” 3 eé\\fmﬁl ;Jgfeéi; qoP chd cb@eb!gﬁk g’(\;ef@:?[e ﬁLéuéthsl ;ﬂ@élﬁls 6alyl 32
mgﬁ%eo[ﬁ%eiﬁﬂggs negd 3%99 %nl zer 8 can be a part
of the electronic device 1 wherein some operational

In %g%ﬁoﬁﬁ?ge t%ﬁec’?ﬂﬁﬁf?@n td? tﬁété?)ete'%ﬁ ﬁa@%?ﬁfkerr & Sg%ﬂ?ﬁg t(§ an

A0 ST A o TGS 0 il o aaY g n more
detail heith referghee nal the eledtrurec rdgvige cofirféigt ddandt the flow
dié@%n?lo? i OQ' ?hé’ %ﬁ'e‘éﬁh Jriacc-%ﬁzsl’ QgL rc%'ﬁp%c%%’ focﬁ'lelelgﬁ ronic
device ansm é‘Sb% Vﬁrel%ﬁrﬁamum&at!@a kdeVéperbut & isypvigys that
the spaddictinrdcbgniRe & bah eeogidrt efithe elecironic device 1 wherein
some operational blocks may be common to both the spesch recognizer
8 and the electronic device 1. The speech recogniser 8 can aiso 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, eic. 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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property can be utilized. 35 To enabl e the speech
recognition in the speech recogni ser 8 an HWM nodel
has been formed 201 for each word to be recogni zed,

Wb 2@.”015953 each WO 2007/ 045723 PCT/ FI 2006/ 050445 xmdds/0s0445
erence word. They can be fornmed for exanple B

training the speech recogniser 8 wwth a certain
training material. A so subspace HW nodels are
fornmed 202 on the basis of11 hese HW nodels. In an

ol e o TBos g 5 CAINEDR arlOBBCHIET g tie: iaellfo the

spBedh reosgnisat 8wl ar@er@adeammg magetiali Alsonsubspace NMM
m(id@?@&‘ﬁ:)ﬁﬁegkﬁﬁabi’frﬁ% ihshUE! ety HIRE F88elsPin an

exriflednelpBapone! Teapirsent S NigRdneaNeRreH T Sybspace

Hidss prate Héauksivexd rdoxtthake the Thedinesndionalg fealulns papace is
HW nodel s are quanti sed e.g. by using codebooks: and
pariitioridl iniarN issbdetsdvMihdicleatiznes intsuabda 203y thatt fed; =D
menory 14 of the speech recognizer 8. To perfoismthe

ERACEE I BERMIGADssaR, ARRURN A AL cakATehre
subspace | taul obiaihan wbsmeca ﬁaaus@ﬁmbn@ix YiRsh ddieq resulting

suﬁ's H68NIAR InedelshirengiighitRel egMynuelig coddsyoiceahd the

ey ﬁ@é%W%?§§p°@o&Pﬁ%d ?Eéqlﬁ' %‘i’%"”}%ﬁ%&i@.czv@h%peech

rekbgnizer 8. in the frequency range from 100 Hz to 10
kHz but the invention is not only limted to such

T R e 5055 BB fom i, AT Vo085 Sona
speachk idhodnvdred; inreewayiroavn psemch, indoen ele@the‘.lmai by
a melrbgﬂcﬂ'l%ersﬁhe%e&%%?%plﬁﬁ E%f’?‘i mgF%l%sfs rcﬁﬂﬁﬁl%}’catlon

IS ent eren

dqy&%éng efrﬁq@r@mrﬁswnsg. {he Spese a‘%‘%ﬁlkﬁ typigally limited
tonther Pphoaecy? raisg@rndimWI ’E@IkHla tehe. in2theafmelqueiney rangbeom

1d§fl§?st§a{(¥ *(I—%rﬁ% H\)gﬁ:gpﬁ' E H?dt a% ylical i(? %uhﬂtfpequency
rapgeciowrver ale Bgnueney é@smﬁs@e@ meew FoR@isCangiantn the
wlﬁtﬁ@fﬁ‘éaﬂéh@,@ rehge bl thdrdears tyicalyy gnete &iwémrequenc:les

thaa ﬁﬁg pgg;rgg%nggﬁp Fggth%ﬂ%moetg htgnegfjré&er?c‘ﬁm’eesrpto%se 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 converier
4 forms samples representing the amplitude of the signal at the sampling
moment. The analog/digital converier 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/O blocks 6a, 6b and
the interface bus 7.
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signal at certain intervals i.e. at a certain
sanpling rate. The signal is 30 divided into speech
frames which neans that a certain length of the audio

w&?&&%isvis processed at one tine. The | engt hppl & /050445
rame is usually a few mlliseconds, for exanple 20

nms. In this exanpl e enbodi nent the frames are
transferred to the speech recognizer 8 via the 1/0
bl ocks 6a, 6b and the intgrface bus 7. 35 WO

The oS Lecogae B 08° ?éos“éiﬁpé%sﬁ i @%“r% Ingyhigh the
caldutationsl dor dheospetoh reeogie hatcepyirmash 4he speech
pré’@éés%? . fofltapmagch dl@ii&!%ﬁl@@%@ﬁf gspe)xanpl e, a

digital signal processor he sanpl es of the
audi o signal are input 204 to the speech processor 9.
Thiensdrhplespafeitie guidio ssgmal @etinpusadpite shaspepebpeesessor 9.

In Clﬂefrseééé%!FP P(ycegsb‘?‘g@ tﬁéséa'??ble% a@?%éé&%ﬁeoﬁfaqwe by-

rocesse eature exfracti

Fragh (5% b8 ERCH SHBPIA A1 (e MBHIEAES BPYSRsahio desprm a
fedhbe extrheBdnon N@Smeutsfrﬁmmﬁd the featacd extraebhn fstepre05

a K%éﬁ% gégirg?ggt PPr%ﬁthbéga ?Eﬁ ‘?Fé?ﬂ?'\ﬁﬁircp is.if fit to the

spsech recogpiaer Ballhg anefiientsaot iesleaiureneaippRIaleTipssome

soﬁeéf 'éb@ctfﬁw :b;}&e@r %atw@”s)mﬂ thé fearheaTheefettreaavbers are
e .S ec C

g Atk SaTArBTLp 0 Sl ¥adboh ol oo ppeing

thelsankplee of ahebaudip rgigeate Tthisl featyre axiractien tdeck 10t ears be

chfdd B%aﬁs‘:ﬁréeﬂ'& mwmgvaémhm 4 5ebtam biahbeish. Al

i et e ) a0 i B i

of sthieefildize mdy Ipaeths miferlalpevxﬁmascm oﬁmrr fikeisonf thecleature
extictidoiBLk P ST Jifuls bi e 1 R hren (RAGHlod S466h as

crete cosine

erein
5ot { COPINee TOPEITEIAS] maP: | feerr 5 Gotukien the
trarisfoimhationk sphe featkediveaonsr. dh thire e2§n1p1l@mlbodsment of the

orp XS BbATnE FEEHLE JEthe g e Brar Bes by i
olvions ddat the doveniéan ds sneinlipitedniq mush ¥aleps only. In this

o@lihed embodihent 8% Yesnireoladiorsanie Nidl FrerietiogyCepstrum
RS TS i gk Vs G i e 12
MPO@s,, namatined r pbimes; -anthdthsc diat-oener sscond-grder time
d R{dﬂ\l,@%éyggﬁ.gjigl 3=39). In the speech processor
an observation probability is calculated e.g. in

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
patiern.
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the probability calculation block 11 for each HW
nodel in the nenory using the feature vectors, and
as the recognition result, a counterpart 30 word is

ng{gg@}[}%gg& 206 for the HW nodel w th the greatb@stronss0445
observation probability. Thus, for each reference

word the probability is calculated that it is the
word uttered by the user. The above-nenti oned
greatest observation probgbility describes the

410 f ived
whESSTR) “BinRhet™ OE LF MPERTlyaPEIAfe Habdfence
megsyyat calewation ook /164 87 2 rpeechwosessvs9 salgdatgre 707
R ROt Col e VLGS ylle (hoelabilty
of JPRciasOpRlias Eerilt Lai GAMtifencs reasiie B selculdieg by the
equatisnr(#) frowhtdiethecdenemireator isceplacedevih e equaton (3):
reliability of the recognition result. The

confi dence neasure iSycC uhated by the 5 equation
i powhi ch the de?@ﬁlag’fﬂr) is replaced with the (4

ccéréfug'{ll Sn (B) ¥ p(asl, %P(si ) confjidenge = (4) 11
f I max(Nti §q( nfdxiln‘ﬁ‘? (?@g{kﬂ)mpgblgghk) he cal cul at ed
confi denc then be conpared 208 with a threshol d

10 value e.g. in the conparator block 13 of the
speech processor 9. |If the conparison indicates that
Theh ealouidied ecardidesicei gan dhendbe tdomparedg2if ivath a tyebhold

e th u h

vl o 4 5 80fslr 604, B EP2CER pigpdod U0 tno
comransapidicaies dpay the captidance & hﬁh €80ggh the regagnition
rebglt 3.4, ahbegoaitetdeat izmrd_(g)r pan tthenrlsy sisetdsaarthe recognition

[ el | :

eHEGRECH B8 i, A TR B AR o
ar pulext toastaliglcal e eousterpape wosd (v ds/ahe transieed tefthe
witdiBss CosmhRimaationadsvicdhe proudhiehpardg. W dcorsolbblotk 5

O et Highs 8BS TS HAE Kk i dhheboHs of the

‘counterpaamverd. ahbeecoanteapart woil mayuiserg cammansh word

witdcfPBld 'a?lt@’ rte‘lggbbﬁv@ 1S B EolIREFBER wtHGs petfotmed. The

situation tha conparison indicated, a too,l ow
copamad iy, 8. f SxaTE) BRawel feCribcdghi NEMbeEs shart an
appligation, Wwete alshabl messaggheicl n that case the speech

processor 9 may inform 210 the w rel ess conmuni cati on
In a situation that the comparison indicaied 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 fo repeat the utterance, for example.

The speech processor 9 may also use a language model in determining
the utiered word. The language model may be useful especially when the
calculaied observation probabilities indicate that two or more words couid
be utiered. 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



25 device 1 that the recognition was not successful
and the user may be asked to repeat the utterance,
for exanple. The speech processor 9 may al so use a
wbg&g}égig,gs model in determning the uttered ‘ﬁ‘é‘rﬁi‘uo@&ous
anguage nodel nmay be useful especially when the 0
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

« LWO_Oor nore words ar st_ | igal . n, the. .
oGy BayY i Witk p2eft B a: whitrelh B crb™: meliingicate
wlieh ome ibdbe comechblosdword in that particul ar

context. For exanple the pronunciations of the words

"too" and. WO 2007/ 045723 PCTI E12006/ 050445 14 'two"
The Progent Hygntien: fad %EI%EQ%Y,'WR%W&"F?@Q 1S SoRpityare, for
examypleral meEohinevekebutabée skepshier dbe speechprdceddw 9 and/or
th@%@?ﬁ%‘ﬂd@ efition can be largely inplenented as a

Sortware, Tor 5 exanple as machi ne executabl e steps

for the speech processor 9 and/or the control block

5. PCT/ FI 2006/ 050445 14 Aug 2007 15 Wsat is clai ned

is: 1. A nethod for speech recognition conprising: 5

- inputting frames conprising sanples of an audio

signal; - formng a feature vector conprising a first

nunber of vector conponents for each frame; -

projecting the feature vector onto at |east two

subspaces so that the nunber of conponents of each

projected feature vector is less than 10 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 mxture nodels for each

proj ected vector which provides the highest

observation probability; - analysing the set of

m xture nodels to determ ne the recognition 15

result; - when the recognition result is found,

determ ning a confidence neasure for the recognition

result, the determ ning conprising:
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- determning a probability that the recognition
result is correct; - determning a normalizing term
by sel ecting, for each state, one 20 m xture I
anong said set of m xture nodels, which provi%gggﬁfﬁ ;ﬁ0445

. ) . . D g 2007
hi ghest |ikelihood, said normalizing term
corresponding to a mxture nodel with a nunber of
states equal to the numbersof franes in the audio
si.gnal .under consideration, and one m xture

r each state; and 25 - dividing the

probability by said normalizing term wherein the

T A ol B AR SPIBTIRet or i e whet hr

the recognltlon result is reliable enough. 30 2. The
a@medd:mmg;r@ samples shar audid éﬁgnépnf i dence

ﬁfﬁ szf aptire . o%%t@g ngé"ﬂ?gln P! Jc\ o\mfsqg B zl' °0f vector
FORPOL

eir@ach fsames2smk))  t=l k=l in which AVENDED
&ﬁ&&’tirﬁ ﬂ’fé\/fgéﬂjré’%cwgﬁﬁ:‘ 95% tm/%“s@b'ﬂaa%%yso]i apthe

t
935&5%' I BAPPEnERE A s BlaededRblre Stk s 1Ssottan
e firsd numebercandithe bt etumber obtoswiohens of tiw arojected
féa‘t@fé‘@é@(oﬁé is theRiathe alsSth*eWﬁsféQum bepr obabi lity of

Rl B et \RCrituG G otels” 6% S PRRIBHScE Veien wiich
prcanahmtl‘xe)hlghbet obseriatiourgrobabilinent of the 5th .
ShabIR] e et o MR BRC8eIsTHS Hetsfmiis diE Heffyton
Eﬁﬁ 'the kth subspace; 10 N() is the Gaussian

whebalthéi rycatgniiion yrdsuittisofogid,s tdetiermsinin< & Scbhfidence

H\@H&%‘fe Py tﬁ%%eagﬁﬁlpn%gﬂ I 53@%%8 CofiprdiAges "

- determmlng 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, said normalizing term corresponding to a
mixture model with a number of states egual to the number of
frames in the audio signal under consideration, and one mixture
component for each state; and

- dividing the probability by said normalizing term;

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

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

confidence =

p(Ols1 )Pls1)

LI tied )
HHmax(N Ok tismk . o smk))
f=lk=I

in which
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3. The nethod according to claim1l or 2, wherein each
subspace is 15 represented by a codebook wherein the
m xture nodels are indicated by an index to
codebook. 4. The nmethod according to claim Lé@‘?ggfﬁggﬁosggég
wherein the feature vectors are fornmed by 9 :
determ ning Mel Frequency Cepstrum Coefficients for
each 20 frane. 5. An el egkroni c device conpri sing:
- an input for inputting audio signal; - an

O anal og{$ dhgi igiatue vesipsrofer spist ag@#sHCHIRAII es from

8 t he auds a patticslagudieranceof saigacastictsignaly r angi ng

p(C:) ng rag lg‘;% a%yéﬁl??l@éﬂﬂo%ds&%b d@?}g@néf dfiE3ince” st

ure ractor ormng a ure vector

P(gionpr i ds tie grior peabakilifitodsaid padiauar wierponent s f or
Ogcach 1 raiks Bpsleton B[)ﬂieefédtﬁl% %kﬁgg Btﬁﬁ:é HTeekﬂV%bQ?a%%

onto at | eaSt 'two_su !sallqgce,s so t ?ug’oerm 0
Hsiinpondhitile sreanohthy Bi eBisyre comprsiQidheiss’ slate onto

t han tﬁﬁefld'twr bsﬁﬁlégber and the total nunber of
sconponents of the pfojected feature vectors is the h
o saike ads the varesce vaaber of theanpr onixbire icopmpenenil eft ibe s

for defgtai;:&l@ tﬁg%rog 5@', dgr e nodel s for each

Y,
[

pr oj ect.e ctor . whic rovi des. the highest )
NOobser vas i PrahAbilgy %ﬁ‘tﬁgﬁm%%hafsﬂﬁ&e Set of
K mi xt ur és teslalisnbday ofetubspasestded recognition result;
AMENDE ET { 14 Aug
T 2007 iéﬁﬁggugg%rﬁﬁgﬁﬁéegggégkﬁ%gﬁggégﬂéﬁ%éternining
a confidence nmneasure for the recognition result, the

3. trhteerrréthbagam{rigs ke laim tdE_tcﬂf o rwirmtem Rizehabiubspace is
rec it i.S ect: = [onin
reptSSptbl by %nﬁiea' deyhERsththe Bt ol dfe fidbaledoy
an hdaxdothe oaknong sai d set of mixture nodel s,
whi ch provides the highest |ikelihood, said

rmal j,zi term correspondiyn o] m Xt ur del
4. §Re hgtiad Ber g 6, cRRE w2l Sk & whersimii fegtture vectors
aref ioames! by determinitigoMel FrequencieCepsingindepatficients dotleach
frafy@e m xture conponent for each state; and

18

. An electronic device comprising:

— an input for inputting audio signal;

— an analog-to-digital converter for forming sampies from the audio
signal,

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

— a feature exiractor for forming a feature vector comprising a first
number of vecior components for each frame and for projeciing the
feature vector onio 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

projecied vector which provides the highest observation probability

and analysing the set of mixture models to determine the recognition

result;
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10 - dividing the probability by said normalizing
term - a conparator for conparing the confidence
nmeasure to a threshold value to determ ne
the recognition result is reliable enough. 2@@#&@%?2&?233?
el ectroni c device according to claim5 further
conprising a 15 codebook for each subspace. 7. The
el ectroni c device accordipp to claim6, wherein the
m xture nodels are indicated by an jndex to the
— @ odemfttence2 ddetermingter dof r oni detRsMiB®Tacc & di ngPnfldlence

r@gééme'sfoﬁhérregeg Mifi6h fE8ult, tRefRALHhRING sbIpeishig:

\ i t he feat t
defelarining & pepbatitty AL R detah iRt im ik BRet .,
-eadbtdrmaining 9. ndimealitieg tieomi by delectingiclosrendly stajeappe
of n‘fikﬁfrgﬁn%bf’% on'85R1 Bef bf hSixfure Zpodele@isieh provides
termnal. . e €] ectronic d]ew ce*gaccordl ng t% a_n%%a
of the diighes) figeiioagh c3ald NOMRIZING D ERTPREGING;
dewigiire 3tholik! whitlc cnpumebenod gstataspeqdat to chepniisibey of
GRS TR 404D SLABP undleP'hsRibRNbRAdAR Bndtixihe
f or "exécuti on on a ocessor, the machi ne executable
st 6pBIPAKRN Tokeach sty ad%he processor, for speech

L egpgding the, prebablity bypgaid nomalkizingdefmames _
cO [l : -

- § ROpEHE: G ot ng e s foBheE Hheadiire to 2 BR@ndid
valnpdnatatermine whether thesecomnilprreslEiselippisagreyan.
PCT/ F12006/ 050445 14 Aug 2007 18 - projecting the

ature vector, anto_at | t, t - p@?@ s
6. &ﬁ@ RIS d@‘é’ﬁﬁoﬁgﬁ?gﬁ@i té“ac a'grgi e %rfggwbpigfng a
codebobérior eachssibsphed. t he first nunber and the total
nunber of conponents of the projected feature

ectors is the sane as. the first, nunber: .5 -. I Qi

7. Ve gleronis HEHic Sreeninon el b TSR i uiftd Modis
arevihtiicateg bydrdiesiextio the glodsbookser vati on probability;

- analysing the set of mxture nodels to determ ne

the recognitjon result; - en the recoghitio
5. Fos s1ecianp simibe AGeRigInERMcons idichodhersif the feature
extractor comprises means for forming the feature vectors by determining
Mel Frequency Cepstrum Coefficients for each frame.

9. The electronic device according to any of claims 5 to 8, wherein it is a
wireless terminal.

10. The electronic device according to any of claims 5 to 8, whereinitis 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;
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10 neasure for the recognition result, the

determ ning conprising: - determning a probability
that the recognition result is correct; - derg H b
a nornalizing termby selecting, for each st a([erré 50445
m xture nodel anong said set of m xture nodels, c%g 2007

provi des the highest |ikelihood, said nornali2|ng
termcorrespondlngtoagggtrrixture nodel with a
nunber of states equal t he nunber of frames in

- préiectingi ¢hsi gieaiurendmctcmonm dentat atoleashAWOoFEPFR3aSE: 80
tﬁ%&[}ﬁﬁl?&o@f U ﬁbgﬁseei ngéjé&ﬂe@' featiideevector is less

thonplbecirshr g AT OAIBE KAt AU LIusalAner the
O[E}% g?iﬁf%a%@ﬁ@;ﬁt;g} lsftﬁ..e ;}sgémasn the (Jgia’enumbar,denc e

- D% @5t ? 8| 0 ui]%r g:%{lﬂc'?@d M@itbre fwhich
mom&séhemaﬁ%m es re I ??ﬁg to C|ggl mlil e

- g fal Qet dstt ﬁﬁtmtﬂenm@l@)@rtbl deterenineathe getognition
. recognition result conprises 25 nmachine
@ﬁk‘@’ut abl e steps for calculating the confidence

- wees uthe h;ecogaltioﬂ'blrle@wtngs deuad; odetepminppsd) | qonf@n)ce
@egé the ré%o%nT RS MIE, itRE deBérmipirtkco®Prisirig:) )
-ac@a;t,qwmgg@qarobegdﬂvﬁa{ % SPGB R %E’”%?‘ sai d
ac degdriminisggaahornpalizing deymi By tasbeciingu sor cagh slatRoSme
of n’ﬁ%ﬁ? 9‘?634;%1‘1&1’:1?‘&5@! §é§§f hixture %@éiélg syhibh provides

b
p:&%chlg!@@ﬁ ohkqlﬁp%ﬁ%ﬁi?@rgﬁélﬁ té) ancﬁ%rr%abﬁ‘dihﬂeto a
Sumnmg moASENBED érrEﬂ'ﬁan PEmstales equaFitodbe/ 0yowRes of

sai @54'8%%?!’? gn?ar t{f; f’ }galczm‘d%i cﬁfdsﬁer@fl@ﬁaﬁhkﬂ bbte Ohixture
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t heompanans feieeaeh S’Eﬁ??oa'ﬂﬂe kt h subspace r'smk is

1 heyivigig 1B grbBabliity by sbid romoajizingrierof the sth

state : :
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 refiable enough.

12. The computer program product according to claim 11, wherein said
determining a confidence measure for the recognition result comprises
machine executable steps for calculating the confidence measure by the
following equation:

confidence = T p(OlsI )P(Sl)
ITIl max(N fied (Ok» Hsmik s o smk ))
t=1k=1
in which
0 is the feature vector of said acoustic signal;
St is a particular utterance of said acoustic signal;
p(O]sy) is the acoustic likelihood of said particular utterance s1;
P(s1) is the prior probability of said particular utterance;
Ok is the projection of the feature vector onto the k™ subspace;
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onto the kth subspace; 5 a2snk is the variance vector
of the nth m xture conponent of the 5th state onto

the kth subspace; N() is the Gaussi an probapita

density function of state s; Kis thepnunbggﬂg?f)fi/%%g
subspaces; and T is the nunber or frames in said "
acoustic signal. 10 13. TH& conput er program product
according to claim11l or 12 conprising machi ne

Biashook IaiF Sﬁf’arfpﬁéﬁ)%@tﬁﬁ?e%% AT

E}%gﬁci Oaig lmera g_coj@eﬁomof the aaturemac’f@émng?e kﬁﬁ%gﬁgce;

oo ve SEORGE Bt B e gt somponengoeint s

vec¥ ?Ir g @?‘tool?tad{‘%tnbsmﬁw;i es Frequency Cepstrum

g)%ﬁﬂ{ ;:I| ;e ig t?we \?ar\rigr?gep vfeE:?onreof th%on'fa"'vﬁm%% 29Rfonent of the
st state onto the k™ subspace; :

N( is the Gaussian probability density function of staie s;

K is the number of subspaces; and

T is the number or frames in said acoustic signal.

13. The computer program product according to claim 11 or 12

comprising machine executable steps for representing each subspace

by a codebook and for indicating the mixture models by an index io the

codebook.

14. The computer program product according fo claim 11, 12 or 13

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