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5 BACKGROUND COF THE | NVENTI ON 10 The invention relates to a nethod for

gener at Wf0H737%er i fi cation projection matrix, a method fdrCieq(0a963
verification, a device for generating a verification projection matrix, a
speaker verlflcatlon system a conputer readable storage medium and a
conputer programelement 15 In many applications, it is necessary to
verify the identity of a speaker, i.e. an unknown person. There have been
proposed several verification nethods using 20 bionetric material of a

person to be 'd%PEAKfE'Re@tRIF?chmN%omhﬁ”ﬁ%téhﬂﬂ PTREyPEr Son, @ person s eye

structure, the fingerprint or even the's eén using speech signals
for verification, the unknown 25 speaker mho clainms an identity speaks a
predefined utterance, in the follow ng denoted as speech signal, into the
speaker verification systemvia a mcrophone. After having detected t he
speech signal, the speaker verification systemusually perforns a
digitization of the speech signal. The speech 30 signal is subsequently
divided into overlapping frames. The franes are tinme-aligned with a

reference speech signalgpci@@ken idit orimersystenoduri ng a traini ng node of
the system by the true speaker, i.e. by the speaker whose identity is

cl ai med by the unknown speaker. For each reference-aligned 35 frane,
usgal Iy o2 iheakie Vet dss wenemdtatba fdr spesefacingredefined features

mhlch are chosen to be used in the verifi atlo Prgéggﬁe WO 01/ 73756
PCT/ SEE0663 108 FHAIE Hred s SAfrmt “ aphrbached 197 use"a 85 called princi pa

verification, a device for generating a verlflcatlon
projection matrix, a speaker verification system, a computer

readable storage medium, and a computer program element

In many applications, it is necessary to verify the identity

of a speaker, i.e. an unknown person.

There have been proposed several verification methods using

20 biometric material of a person to be identified, e.g. the
handwriting of a person, a person's eye structure, the
fingerprint or even the speech.

When using speech signals for verification, the unknown

25 speaker who claims an identity speaks a predefined utterance,
in the following denoted as speech signal, into the speaker
verification system via a microphone. After having detected
the speech signal, the speaker verification system usually
performs a digitization of the speech signal. The speech

30 signal is subsequently divided into overlapping frames. The
frames are time-aligned with a reference speech signal,
spoken into the system during a training mode of the system
by the true speaker, i.e. by the speaker whose identity is
claimed by the unknown speaker. For each reference-aligned

35 frame, usually a feature vector is generated with specific
predefined features which are chosen to be used in the

verification process.



conponent analysis (PCA) in the field of pattern recognition in general,
speaker verification being a specific topic 5 thereof. US 5,054, 083

di scl ose¥04Q1V2ysaker verification system wherein the sysPeRP¢e0/40ped ned
using utterances fromtrue speakers and frominpostors. The utterances are
stored in a speaker data 10 base. After having tinme-aligned the utterances,
a diagonalized "in-class" covariance matrix is calculated by first
conputing the covariance nmatrices of the utterances fromeach true

speaker ING £0\alAnGE MMRIJ.Co% NS, ROol e sbosethea gadnthpatesul ting
"in-class™ covariance matrix 1s 15 diagonalized, there y genetﬁtlng t he
di agonalippegn'ti prallass's (E&far ildnd'det1$3%C BhrP Ak Ablef®GRIMHE- ¢l ass”
covar i angen MRl i % gss GO e s ool | gl Adea copaci ancetoptici ces for all
successful inpostors (i.e. for all utterances of an inpostor, where the
resul £hefreChe verification was, that it was an 20 utterance froma true
speaker) of each true speaker over all true speakers. The final

transformation matrjx i-s conputed i i h Lagonghi
"in-cp§sgsoé§v zydﬁ§%ﬁﬁ%%%<avﬁ%$§¥%%ny%%%g%¥%Fggg"g%%&%ﬁfaﬁbg%%gf}ix and
di agomald zivag ent hes resuiltdchg Nty i Wt t e hge S hf somaE FLR, SPRéK§FSakdC 25
vert !l catl A Al & New APeRalL A Lpput.Byea speakepeh@ebedaterified is

perfo Wever,” the known speaker verification systemoften does not
ped f olcmsep S texpattaEti D Urkierl tHeefhob 8y EbRAFEPERS’ 30 SUMMARY OF THE

| NVENT,QN Fhus;, dd dsh-acfddst abjeeiantet Recpiesest ceiventited oy 35 provide

a net ho or generating a verifjcation_projection_.matri for
ver i f ifdatstorr GIPER K %&%C%ﬁ“@ﬁrl{%ﬁdggt Bhﬁnﬁrgééé” %g%esaker

veri figall ehdiesuhis ssaeesal | ThaVr 614 783566ePOaL8E06500863Po® l@sder noi sy
Conditgégg%hggmgkéfﬁ%gegéééfgiégn" ﬁgk?gggoncovariance matrix 1is
15 diagonalized, thereby generating the diagonalized "in-class"
covariance matrix. Furthermore, an "inter~class" covariance
matrix is computed by pooling the covariance matrices for all
successful impostors (i.e. for all utterances of an impostor,
where the result of the verification was, that it was an
20 utterance from a true speaker) of each true speaker over all
true speakers. The final transformation matrix is computed by
multiplying the diagonalized "in-class" covariance matrix
with the "inter-class" covariance matrix and diagonalizing
the resulting matrix. Using this matrix, the speaker
25  verification for a new speech signal input by a speaker to be

verified is performed.

However, the known speaker verification system often does not
perform up to expectation under the noisy conditions.
30

SUMMARY OF THE INVENTION

Thus, it is a first object of the present invention to

35 provide a method for generating a verification projection
matrix used for verification of an unknown speaker which
leads to improved speaker verification results especially



matrix is used in speaker verification. To achieve the first object,
according to a first aspect of 5 the invention, a nethod for generating a
veri fi cawiomi/7apeoj ection matri x used for verification of aaTsaeoreonss speaker
is provided. According to the invention, a feature vector for each frane
of each speech signal out of a plurality of tinme- aligned speech signals |
(j =1f ..., m by the true speaker? 10 is provided. Furthernore, an
iWpost@fdé@awr§,V@@h@ntﬁ0hseawhenf rcalr@v@‘rle:al@atslpﬁem@@@aio@ut of a
pIuraI|t¥ of digit é i gned gﬁh signals k (k =1, ..., s) by
sever al*®“f hpostorss |§“p?89?5§5 f%l ¢ words, the true speaker speaks

the predefined utterance into the speaker verlflcation systen1n1tines

dur | 903 LRALDL NG, 0006 LNeEsBy generatiing nispepch slgnalsecTher speech

S|gnals aré preprocesse sulbbj ecte 0%e.g tering,
di \oi di higei hnvefit anks, aamathhénf@megg@amaﬂunqaauyﬁmwfl@ﬁggﬂ@rated for each

frame gomprising a.cpiedgbiaed puiber alca f&AIK e nirokfiesbearute

vector” i mension n. The speech signals are then tine-alighed to a
ref er eh€ePspEeehsi Gh Pf@#nﬂhéotﬁﬁé é@é&ﬁ&doqﬁt%ﬂf%QQHFGaY$@ﬁﬁ§nforthe m

speechegkgnaksmal brceaphi spebchekenenge 2 a1 gﬁ@ﬂdﬂf@m@y yhetene-is the
total nunber of frames of the refer nce speech SI%H%% The tine-alignnent
of the®fr8HBS PESSnBcEL§8RYSfar (Hakidg a ‘conPdr i¥o t'edn TReK8hture

veagt or s possibke. Furthernore, an dmpidstard |[feaunbervait dnpdstoesckspeak
the sape_utterance intog_t eaker verification . system 30 f tipes during
t he trg?ﬁ?ngohnaé”‘tﬁg?gﬁ aéﬁeﬁat é sfipeéﬁur%%ﬁﬁ%ﬂ Wﬁ %htlzgg
pre-processedignethepsanke wagnadd whilch=arle .t..ve-sl ignheseversdhe reference

speech Fo L ggg yre vectors of the ith reference-aligned frane,
35 the%ébgggbgiéc%?eé ?he o'l owing steps in order to generate the
verification projection matrix for the respective 1lth reference-aligned

friagre: (MO,QLL 73 864RCTEEE00H-0R063caker speaks the predefined

utterance into the speaker verification system m times during
a training mode, thereby generating m speech signals. The
speech signals are preprocessed, i1.e. subjected to e.g.
digitization, filtering, dividing into frames, and then one

20 feature vector is generated for each frame comprising a
predefined number of n features, i.e. the feature vector has
dimension n. The speech signals are then time-aligned to a
reference speech signal of the true speaker. After time-
alignment, the m speech signals all comprise r reference-

25 aligned frames, where r is the total number of frames of the
reference speech signal. The time-alignment of the frames is
necessary for making a comparison between the feature vectors
possible. Furthermore, an arbitrarily number of impostors
speak the same utterance into the speaker verification system

30 f times during the training mode, thereby generating s speech
signals which are pre-processed in the same way and which are
time-aligned to the reference speech signal.

.th .
For all feature vectors of the i reference-aligned frame,

35 there are executed the following steps in order to generate
. .t
the verification projection matrix for the respective i

reference-aligned frame:



4 In a first step, a principal conponent analysis on the feature vectors
of the ith reference-aligned frane of the true speaker is perforned,

t hereby wemenatssng a first set of 5 eigenvectors, which fecmsaodo0063
princi pal conponent matrix, and a first set of eigenvalues Xi,]j.
Subsequently, a first matrix is selected fromthe first principal
conponent matrix, wherein the first matrix conprises at |east a part of
the first set of eigenvectors associated with snall eigenvalues 10 a.i,]j.
Thus, using the first matrix, a first projection matrix may be generated
by mulTt pl Viing o e dp v st malmws)mtchommnemt aaspbgeief ohh&hkirst matri x.

note thal S L shace @'eéwepthbrvef e {851y @%&C%kg@er@%r the Lhe Teature

vect or the true sp eaker has a i ntra-speaker distance.” 15 |
furthequtQ@eJH&r|Iqxpﬁmﬁoﬂmgmannaeebpr@emérahength fieker emtecdl i gned

M 35eRle g&b%‘itseo' V&r{;][&u thediLsts ?Q@Cﬁp H?%é‘g%ti??mébhéhtp%glt@‘i“ on

fr

matri X, ther y g€nerating prolec ed i Té Vecto
Subsequ@n@lﬁiratpmeﬂnqﬁﬂetgkmﬂﬁ#Mﬂﬁﬂklﬁgﬁﬂ%@ﬂ%ﬁqmemthpr@jécted i npost or
feature vectors h reference- all t her eby

genergFlﬁd”%]§b§ %d T gelhvett of s, P nighp?ogg9gp8§88ﬁdm Fit&ei pal
conpomertr et rtine, ﬁmnbtam&ﬂmnmismmpxﬁs@wg@hvb¢&ss az2barn ail &gk step, a

second; LT Il %Ol fﬁoégﬁgencﬁé L DS YELLLL LA PO, PLAL £E! LODBERLEST T om ¢ he

secon prlnC|paI I X, -- ei n the secon Bt rix conprises at
| Bast Aa,par Thofs, thz@lmm deitr of M tgehvect ofsras soedaeetiG0 miethikar ge

el genyaligs Xdodeo e seond iyl | en L UELher nJULELDLLER phLh the

transp8 e “he Secon resu rexX W be used for
pr oj ectmanngspfoem wrfe t\Iee:t@rrsst |mmor3ax verpte chmabnl@p‘ah@ spacehidefiinkd act ual

Sompay ;yz%e betugen, the fealiings vect or snd of SPepkere¥ebif beathan will be
P true speaker has a small intra-speaker distance.
15

. .th
In a further step, the impostor feature vectors of the i

reference-aligned frame are projected into the first space
using the first projection matrix, thereby generating
projected impostor feature vectors. Subsequently, a principal

20 component analysis on the projected impostor feature vectors
of the ith reference-aligned frame is performed, thereby
generating a second set of eigenvectors, which form a second
principal component matrix, and a second set of eigenvalues
A'iLs

25
In a last step, a second matrix is obtained as the
verification projection matrix from the second principal
component matrix,. wherein the second matrix comprises at
least a part of the second set of eigenvectors associated

30 with large eigenvalues A'j, 5. The second matrix is further

multiplied with the transpose of the second matrix, and the

resulting matrix will be used for projecting feature vectors

into a verification space, in which the actual comparison

between the feature vectors for speaker verification will be
35 performed.



WO 01/ 73756 PCT/ SGOQ' 00063 5 It should be noted, that the first matrix may
be understood as a "snall-variance" submatrix of the first principal
conponenWOA{3158 and that the second matrix may be under sPEEFG0YQ0043

"l arge-vari ance" submatri x of the second principal 5 conmponent matri X.
Furthernore, it is a second object 9f the present invention to provide a
nmet hod for speaker verification using a verification projection matrix

f or med 4 rsrichel calioy e destr | etk 10neay i rakt hakwproved SHpeakee nadrddd cati on
results, espeglally,, {EK%eJKQQQh§Qﬁngb?n§heT@i§§@'%%%n%ﬁ z3econd obj ect,
accoréﬁng to a second aspect o0 the invention, a nethod for speaker

veri f icatiaore st B 4R veriiatcat tonsS prefectron LfafRivx PRoMTER a5t di ng to

the methogd "%&%ﬂ}ar@iérpcévhesﬁﬁrﬁﬁr@;s:p@@t t8k bBeohAvertineigas provi ded,
wherein a speech signal of a requesting speaker is detected. The detected
speeclF R "45 e al i gned with the pre- stored reference speech signals

of the true speaker. In a 20 further step, feature vectors for the detected
speech_si gn

al are generated fromthe tinme-=align c j | . Next, the
f eat urfe? POt the %?hdr%ﬁ%Q%ﬂc%Pé?nggé %bgnéqgggﬁﬁeqéygggg%Qispeech
si gnaltd o yrwjectediétod afpr ofpetken spacéicasing tiséngers fication
projection matri i 2 pr Qj e t HH in the
pr oj ecY?%%F%Cp%%le&(ﬁ* m%%féﬁgﬁ%ggxggaﬁagfda egf%r gb&g%t g{e%oéf&elt he true
speakerayi svitchonpweevedhereekpesYehjispeaken resgdcspresdessiahe true

speak i f the.distance; satisfies a predefined criterion, e.g. if the
distaﬁ%%?%é sﬁnIfer than a pre-determ ned 30 threshold. Wth the present

invention, it is now possible to increase the inter-speaker distance and
at thersagEnidre hayi sgecsnal boiédtazspeakengdicst ancecodl aspect of

the invention, a method for speaker verification using a

15 ~verification projection matrix formed according to the method
according to the first aspect of the invention is provided,
wherein a speech signal of a requesting speaker is detected.
The deterted speech signal is time-aligned with the pre-
stored reference speech signals of the true speaker. In a

20 further step, feature vectors for the detected speech signal
are generated from the time-aligned speech signal. Next, the
feature vector of the ith reference-aligned frame of the
detected speech signal is projected into a projection space
using the verification projection matrix and a distance of

25 the projected feature vector in the projection space from a
pre-stored centroid feature vector of the true speaker, 1is
computed. The requesting speaker is accepted as the true
speaker, if the distance satisfies a predefined criterion,
e.g. if the distance is smaller than a pre-determined

30 threshold.

With the present invention, it is now possible to increase
the inter-speaker distance and at the same time having small
intra-speaker distance.

35
It should be noted that the inter-speaker distance is the
distance (in the verification space) between the feature



It should be noted that the inter-speaker distance is the distance (in the
verification space) between the feature WO 01/ 73756 PCT/ SG00/ 00063 b

vect ors Wb o1/msé r ue speaker and the feature vectors of theRCT/SGp@eN6 S.

Mor eover, the intra-speaker distance is the distance (in the 5
verification space) between different feature vectors of the sane true
speaker. Thus, a feature vector froma true speaker differs nore from a

f eat Uk c¢ettsomn f om anrdarpstarer thed ebye | feaeasenyerheore0 csedS ty of

di stingui shing between the feature vectors and thus increasing the
SECLWiﬁ%?Qﬁ£qﬁ%é speaker verification nethod conpared with the nethods
according to the state of the art. This leads to still very good

verifigation resyld s »evenundes - nai syage8diti ens. alstheeer diig dre a third
aspect of the i nvention, a device for generatlng a verlflcatggqjgrOJectlon
mabr i wersdd dagriony aRFGehth O VR aft LARABRA SBEEKEF YEPDFSVI ed,“Eonpri si ng

a Procgesor, My ds-formed such that the steps of the method 20
accorgﬁhg tén%heE%%%st aspect of the invention nentioned above may be
performed. According to a fourth aspect of the invention, a speaker

veri f igatd on systemd sveeovi dedoroapt isengpehéedeviidée2s acooy dizgito the
third aspect of the invention i d 0o ;uait far detigcting a
speech? siSgiaiofY s - Fequedti Ay %%égﬁg??’ gkgﬁﬁg?aﬁﬁgnnéhtrﬁﬁit for

tige- aldgnment of diet degetskedngspetehesi §hal IRPLHIEhY OGO GTEY ref erence

?peefﬁgﬁggpﬂlﬁe:%kﬁ) %ﬁg £é8§f§9§aggrtheafb@EkeEP&QFQﬁﬁdﬁtﬁﬁﬂFUre KECtOFS
fg;t umnﬂ'gm?gxoem;&?@cwitgl grrfg rhetgogrsog?:(c::olr?:lri]n%mtto t%re psrt%teeC%Pg the
the art. This leads to still very good verification results
even under noisy conditions.
15
According to a third aspect of the invention, a device for
generating a verification projection matrix used for }
verification of an unknown speaker is provided, comprising a
processor, which is formed such that the steps of the method
20 according to the first aspect of the invention mentioned

above may be performed.

According to a fourth aspect of the invention, a speaker
verification system is provided comprising the device
25 according to the third aspect of the invention, with
e a detecting unit for detecting a speech signal of a
requesting speaker,
e a time-alignment unit for time-alignment of the detected
speech signal with the pre-stored reference speech signals
30 of the true speaker,
e a unit for forming feature vectors for the detected speech
signal,
e a projection unit for projecting the feature vector of the
ith reference-aligned frame of the detected speech signal

35 into a projection space using the verification projection

matrix,



ith reference-aligned frane of the detected speech signal 35 into a
projection space using the verification projection matrix, WO 01/ 73756
PCT/ SGOWOODEYS6 -, a distance deternination unit for corfSRS¢Y020; st ance
of the projected feature vector in the projection space from a pre-stored
centroid feature vector of the true speaker, a verification unit for

determ ni ng, whether the 5 requestin eaker is.accep e, drue
speaker .a d&ﬂﬂﬁ@ﬁ%gd¢%ﬁ¥%%@ﬁé%oﬁsbﬁégs%gf fﬁ@pﬁﬁ&gﬁt?b%ﬁg%%§8%£uter
readabl e edi wn v ¢ b arpregranveecorded ther eanjacd i@t cHANR & PF ogram

el enment are ‘provided, where.th ogram I makes. the ponput er
execute(aI@W%t%@%?%dc%ﬁBFFQ?ﬁg§?ﬁéug§tgSéQﬁgnggﬁﬁgg abovefﬁ$%e embodi nent s
described &1 hectolbawingtappkydeaetenimst hodhe t9E dd\A ce for generating

a verification projection_ 1 [ t speaken veydddeat j on system the
conput er Fe@aabt I nEdFE era%gmg?%e éegbgghe conpﬁf%rE%rogran1elenent.
There may be selected a plurality of first matrices fromthe first

princi pal canponent L X, , - 97 o eaghe sSeheehedohi r at coPumetri x t he
foll oﬁ%r&%&%ﬁyf‘giééc%t ed, th%r eb¥ gﬁngrgéi n%ha1 gggogd pri nci pal
conponesidaydte inedindt & et onde T ARE R X BF T AB see6hd“pr °nci pal  conponent
matrix_ for e Setedofbpstapat pravid®p) ebkiragthke prwgeastor feature
vectoﬁ?%ﬁuE§§§§€ 25 reference-aligneﬁ frampe Ushnget ReeSRAGH tad i rst
Maor i e lamens adkesttEHaEVTOY heF eBYEgBhEr &t PAG proj ected | npostor  feat ure
vect or & o PeLd OF 1M1 aaweaci pal conmponent anal ysis on the projected

. e . .

|npostor£%eature vectors of the ith reference-aligned 30 frame, thereby
generating a second set of eigenvectors, which form.a respective second
principal cespenesttsediesxribaddia sbeohdlderisn éPgemvalUes' A i,j, and

method, the device for generating a verification projection
15 matrix, the speaker verification system, the computer

readable medium, as well as to the computer program element.

There may be selected a plurality of first matrices from the
first principal component matrix, and for each selected first
20 matrix the following steps may be executed, thereby
generating a second principal component matrix and a second
matrix of the second principal component matrix for each
selected first matrix:
e Projecting the impostor feature vectors of the i
25 reference-aligned frame using the respective first matrix
into a first space, thereby generating projected impostor
feature vectors, ‘
e performing a principal component analysis on the projected
impostor feature vectors of the i reference-aligned
30 frame, thereby generating a second set of eigenvectors,
which form a respective second principal component matrix,
and a second set of eigenvalues A'iL, g and
e selecting a second matrix from the second principal
component matrix, wherein the second matrix comprises at
35 least a part of the second set of eigenvectors associated

with large eigenvalues.



selecting a second matrix fromthe second principal conponent matrix,
wherein the second matri x conprises at 35 |least a part of the second set
of ei genwealiosssassoci ated wth |arge ei genval ues. WO 01p¢3/8660/00063
PCT/ SGOO' 00063 0 Furthernore, the second matrix that yields the m ni mum
equal error rate of verification rgsults based on training data is
sel ected as the verification projection matrix. 5 hn this enbodi nent of the
i nventhuor, hatie 79 r sthaee5eed Tyt L habBedi FFErent LarmEndi et B3 hi s
enbodidwer, the verifdeatiof 1esutésuusbngathe oseltectied nerddtaats on
projection matrix are i%grgvedﬁ.as 10.t here i% %%%q a plurality of first
mat ri 8L FrSmasac of Vaht thoa- t 88 pREYP Ve $&8CoNG "Mat i x i s generated,
thereby receiving a verification projection matrix with further snaller
rati o of intra-speaker di i -Sp ers; di.s . a first
na?rijS§jE&M§ﬁ§§ﬁaﬁe%?g%%egggoigv%ﬁgﬁp?he?g?rggrgge%%g%%éfégé$%étors W th
cor r espondi digf fe et | @stengigedval ues, the first matrix is a matrix with
correspondi ng eigenvectors, along which the variance of the feature
vectors 20 of the ith reference-aligned franme of the true ﬁpeaker is
mi ni medy e ebyoe@hnevt ngthef Vest LpEBLaeRi 6/ SHatS X SHATH "%r oj ect s
feat“rseei’é?&%%ﬁsvé i B ELE $EnSPAGGect Rowhingh rtike ardi Staeesdipt ween feature

0

vectors he It referencefallggeg‘ frane of the true %$e kerf i's mnimal
wiloh rdierente $9e8hd BE5UREHDEY OF PEsPRRdItNG Sei gtJ StBr's Used in the

first ,wBtkiX. rJhescrihe kotoadspeaker dissbaneeafted,t ideltdby
reference-aljgned frame.is_mninmal._Sin .1 St o To oo specifically
detern?%%%l%ég%daoﬂefﬁ laﬁféOprfﬁgegkﬁgﬁ é%géﬁé{?&fﬁg spﬁgggfof t he

f eat ur emyetéor saf tonoinmpostarspaekeirt Hils tEReef itcs tL SFICESRRAKIE not  be
identig§é{gnggall. Thi s

15
If a first matrix is composed of eigenvectors from the first
set of eigenvectors with corresponding u smallest
eigenvalues, the first matrix is a matrix with corresponding
eigenvectors, along which the variance cof the feature vectors

20 of the ith reference-aligned frame of the true speaker 1is
minimal, thereby achieving a first projection matrix which
projects feature vectors in a first space, in which the

.th .
distance between feature vectors of the 1 reference-aligned

frame of the true speaker, is minimal with reference to the

25 npumber of corresponding eigenvectors used in the f%rst
matrix. Thus, the intra-speaker distance for the i
reference-aligned frame is minimal. Since the first space is
specifically defermined based on the data of the true
speaker, the spread of the feature vectors from impostors

30 within the first space would not be identically small. This
will provide further improved verification results.

If a second matrix is composed of eigenvectors from the
second set of eigenvectors with corresponding p largest

35 eigenvalues, the second matrix is a matrix with corresponding
eigenvectors, along which the variance of the distance

. th .
between the feature vectors of the 1 reference-aligned



wi Il provide further inproved verification results. If a second matrix is
conposed of eigenvectors fromthe second set of eigenvectaors with
correspo@ HG3P01 ar gest 35 ei genval ues, the second matri xPFESGOMPT x with
correspondi ng eigenvectors, along which the variance of the distance
between the feature vectors of thedth reference-aligned WO 01/ 73756

PCT/ S0/ 00063 9 frame of the inpostors dt he trye speaker is
nmaxi mak amtherce by eachicedted Sa 366t St ot oﬁfegttr}}eonmn; ré|)£§<es\g/vh’b}§€:h£ a}réo' ects
feature vectors,in-a.Second space deraotd aretrct Wt BREEL heRRER feature
vect of'8%4f"%tHe ith reference-aljgned %cék&r -of theutige speaker and
featupeo@ecﬁ@r§&ﬂt%4ﬁaWQCQQﬁ%NHﬁé%f% igned ragge of ingostor .S _naxi ma
with reference dqddie suuthere ofecorrespbndifg ei gevBETBFS ™ &d0FS  the
second matrix. Thus, the inter-zfggkﬁr giséagggtégg ggethgt@t

r ef er enceraald stk fraife $REARHENSG nedtthe second space %0 is specifically
determ ned based .on of £ t hepbsPOBt 0L 8 mbhemapr wadhof the feature
vectoﬁ@ﬁ%&ﬁﬁqﬁﬁﬁ%ﬁ%Hégxmt f% %%ehﬁgecond ggeeﬁagnggg§0&@ thedrigj ection
spaceméﬂbﬁ%ﬁcélﬁdmihéeﬁﬂmﬁ%ﬁv%ét%?grﬁﬁPﬁgﬁ YZaré-conpared in the

verifi ation??$%g?atypy[dyﬁ@étheMeiDnteasepeIhE§ @Bl 2pC6vitdeE V% her 15

i npro Ver Ton results. Accordi 0 a; thee erbedideniacd the
invention,reﬁem%m¢¢T%b%g%ﬁdpfﬁf%%tf%ni%gg%fxgﬁéeSenerated for each

reference_al | g?f’&'aii?”&e@érﬁ?ﬂﬁemh@bseapeechhsi gralk, ofhdmehy BRP YT ating r

veldi fititTon® rojection matrices. ing r. erifl |/QN Bt actd os
matri cese theewdrpfi EALi 6R2FBEGI VEC Pﬁ%r§68 &blﬁgﬁkJBy Rﬂ#§#$. odi ment of

t he presgg&dig gegigﬂd_Eh@svehitheapk@deCZSOme§ma?qws%QM foved, as

each tTh Speaker has its o cust omi-zed veridf iGa vadripfiogecionn matrix
for eaﬁhater@r§ﬁ§§9rél?ﬁﬁ&éwgyaﬁég ?ﬁ%&?n&%nﬁion may, be. i npl epented in a
progr agpgh! e eQmBUEeEther increase. This will proviae

15 improved verification results.

g to a further embodiment of the invention, a
d for each

Accordin
verification projection matrix 1S generate

reference-aligned frame of the whole speech signal, thereby

rification projection matrices. Using r

enerating r ve .
“ : the verification results

verification projection matrices,

improve further.

By this embodiment of the present invention, the verification

i n
25 result is further improved, as each true speaker has its ow

. . . nce-
customized verification projection matrix for each refere

aligned frame.

The invention may be implemented in a programmable computer

30 device as well as with a special electronic circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

35 FIGURE 1 1is a block diagram of a speaker verification system

according to a preterred embodiment of the

invention;



30 device as well as with a special electronic circuit. BRI EF DESCRI PTI ON
OF THE DRAWNGS 35 FIGURE 1 is a block diagram of a speaker verification

system wooarsiseag to a preferred enbodi nent of the i nventcarsGova»o8i/ 73756
PCT/ SGOQ' 00063 10 FIGURE 2A, 2B is a flow diagram of a speaker
verification method including a training node (Figure 2A) and a
verification node (Figure 2B) accordding to a 5 preferred enbodi nent of the
invention;, FIGURE 3 is a flow diagramof a nethod for generating
verification projection matrices according to a preferred enbodi nent of

t he | MIGMREORA, 1@ BFIIGURE 2w 4Bl aaamsof | sRcdkagr Mot 143kt Iod f or

generating a Verificat ion RSt oneami iy fodet heigitkh pefieseace al i gned
frame according to a preferred enmbodi ment_of the invention; 15 FI GURE 5A,
5Bis a flom1dia@ﬁﬁﬁkﬁaQ%QﬂﬂWRﬁFfb?l%%ﬁ%r%?in@cﬁorgéBSnaonétrix for a
figst matrix aceAHairdd anodd@fett edf enbodimeant obnthe invention; and 20
FI GURE 6A, 6B is a flow diagramof a nethod for verification of a

requesting speaker according to a preferred enbodinent of the invention.
25 DETAIdUEDR DESGRI RTIQNWOR i PREFERRED wVBODI VENT OFRFHEL INNVENTI ON A

Fhe- accompanyi ng s 1S a0 1o S e T Saf ron &y Per L0 (Over vi ow
As shown in Fi gplrefespeakemvatinid¢ratdntRysieAen100CON¢onpri ses:
10 '
FIGURE 4A, 4B, 4C is a flow diagram of a method for
generating a verification projection matrix for the

ith reference-aligned frame according to a
preferred embodiment of the invention;
15
FIGURE 5A, 5B is a flow diagram of a method for generating a
second matrix for a first matrix according to a

preferred embodiment of the invention; and

20 FIGURE 6A, 6B is a flow diagram of a method for verification
of a requesting speaker according to a preferred

embodiment of the invention.

25 DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT OF THE
INVENTION

A preferred embodiment of the invention is now described with
reference to the "accompanying drawings.

30
1. Speaker verification system 100 (Overview)

As shown in Fig.l a speaker verification system 100
comprises:
35 e a detecting unit 101,
e a time-alignment unit 102,
e a feature vector estimation unit 103,



35 a detecting unit 101, a time-alignnment unit 102, a feature vector
estimation unit 103, WD 01/ 73756 PCT/ SGOO 00063 11 a nenory 104, a

di stanceW8@M@#Hfnation unit 105, a verification unit 10]3(,:Té980/00z9ﬁ” out put
unit 107, 5 which are connected with each other via a conputer bus 108.
The functionality of each unit wlljibe described later in the context of
t he description of the nmethod. 10 Each unit is fornmed in such a manner that
it is®ab?deBCLpetP8rmthe respective necessary steps. The time-alignnent
unit 302; ghetbgatuneteeatonteshn nmtiicori0unit 103, the distance

determ nation, unit 105, an 15 verification unit 106 may al together or
in part %eveFﬁgFEﬁﬁﬁPQduBﬁ%aH@?Er5%¥%cessor, e.g. by a central processing
unit @f anpenspnal uaanpaddr,. 2. Pre-Processing 20 For speaker
verification, a requesti a 1 e iHgnral 0 into a
niEroﬂ%Hﬁﬁlf?Ta éb%?%#%%ﬁ%ﬁ@ %%éh ?ghggngg%t%dcﬁgﬁﬁﬁgrzpeakéﬁﬁﬂ
verification system 100, nanely to the detecting unit 101, via a cable
112. Ixyst ; i b 12n1i8nyi 0t hee geraecbieen IRAYS iMtHEe used,
for eggﬁ%ﬁgggﬁivﬁ?fg}%% ?ﬂt%?%%cgélghe detecting unit 101 is a sound card
accor dionfax: thke PrefeeFerirhbedi AEnEN8f MERECY nvention. 30 The input
speech signal 110 is digitized by the detecting wunit 101 at a sanpling
rate of 8 kHz. Subsequently, the speech Si Bal L% Rre- | zed by a
filfst Fderumilyital TOFPRte nhiQFﬂgaam?P8ﬁ§fg funct i"on -q%%992-1). The
resul tddgro #rh | £19 efle speechvsi geakssarthenegisvi ded into overl apping

The time-alignment unit 102, the feature vector estimation
unit 103, the distance determination unit 105, and the

15 verification unit 106 may altogether or in part be
implemented by a microprocessor, €.g. by a central processing

unit of a personal computer.

2. Pre-Processing
20
For speaker verification, a requesting speaker 109 speaks a
speech signal 110 into a microphone 111. The microphone 111
is connected to the speaker verification system 100, namely
to the detecting unit 101, via a cable 112. Instead of the
25 cable 112, any other connection means may be used, for
example an infrared interface. The detecting unit 101 is a
sound card according to the preferred embodiment of the

invention.

30 The input speech signal 110 is digitized by the detecting
unit 101 at a sampling rate of 8 kHz. Subsequently, the
speech signal is pre-emphasized by a first order digital
filter having a transfer function {1 - 0.992_1). The resulting
filtered speech signal is then divided into overlapping

35 frames with a frame size of 32 milliseconds (ms) and a two-

third frame overlap.



35 frames with a frame size of 32 mlliseconds (ns) and a two- third frane
overlap. WO 01/ 73756 PCT/ SGOQO 00063 12 Each of the generated franes IS
mul tipl i W@ 7816 a Hanmi ng  wi ndow function and is transfofnECIHI863,
frequency space wusing a Fast Fourier Transformation (FFT). Eventually, in
the feature vector estimation unit12103, one feature vector is 5 generated

for each franme consistin n Me Fre ney . al, ents

(NFCE%%Qhe%%ht$%a$%?%r@%%? %rﬁﬁgﬁnés @l A ¥6ﬁgﬁ%§%k egeﬁ&gjﬁécted speech

si gna} ; nddw Sﬁkh@@h@iﬁ pre- psocessbhigrinedpentor red reguReldy fSeraGfet ected 10

speech S'%nalé otrue SP?Q#?EO?ﬁaaQoh”R@%%Qr R b allinal g ode as
%E%c 4Fgnalso

for a requesting speaker in the verification
node. féat@&éhodcﬁber059mma150Asush§wﬁ0ﬁm PG, ZR2LIF S IRGEEE st®p, the

t th f FleRfuert k
S r:;gég%F%ﬁggls?e %Bhegréggegségéétlhgr%Ehgrwmggker ofefﬂfefggs ?L a

t rai nCagstodé cseéﬁlczezys (MFGRBeh SP&ER TRET @é&ﬁﬁﬁ?Rﬂﬁ%WT%%tlon

proje tpi xkpat ébeﬁsdewgt:%l@deIdeet@el desgrailned later in detail,
|s/ar%£%§ﬁe%§?eé 25 A first speaker c of interest speaks the predeternlned

speech signal 110 into the speaker verification system 100. The speech
Signa%h}§0k§ﬁaob@'QQeLFrbh@sgﬁhgdume@@nﬁ@ﬂM@y;aawnail"ﬂQ§ldﬁtGQ¢@ﬂflrst
r

speaker”s speech si re- essed and, Wi vector with n
Mﬁttsspgeéénﬁaﬂéélﬁop é&& eg#%&'%ﬁrgt spéﬁﬁisﬁ% repeat edl y speaks
the pheasgingHeblbie" aisnttort uetspe:@lderspﬁ@qw Eettukelts éslfstaenﬁ%e%‘fh%? eby
gener at

is Coﬁg@@ga Begach%:e%%'l% %%Qm torshi ch a feature vector with n MFCCs

rame of each speech signal.

3. Method Overview

15
As shown in Fig.2A, in a first step, the entire method is

started (step 201).

In a further step, the speaker verification system 100 is

20 trained for the speaker of interest in a training mode (step
202), in which step the necessary verification projection
matrix/matrices, which will be described later in detail,

is/are generated.

25 A first speaker c of interest speaks the predetermined speech
signal 110 into the speaker verification system 100. The
speech signal 110 according to the embodiment is the phrase
"Hello". The first speaker's speech signal 110 is pre-
processed and a feature vector with n MFCCs is computed for

30 each frame. The first speaker C repeatedly speaks the phrase
"Hello” into the speaker verification system 100, thereby
generating m speech signals 110, for which a feature vector
with n MFCCs is computed for each frame of each speech
signal.

35



35 WD 01/ 73756 PCT/ SGOQ 00063 13 Thus, there are provided m speech signals

of the speaker of interest c. Al feature vectors of the m speech signals

are stoWedl{’#56he menory 104. 5 Furthernore, there are pfoV/Pe¥P0e63speech

signals spoken into the speaker verification system 100 fromf inpostors.

Each speech signal is preprocesseduand a feature vector wth n MCCs is

conpuLed for each fr n& ﬁtor eat.ure . rs are toreqiln t he
ere

memor y* 193 %eﬁﬁt%r?hafoﬁlgﬁg ggegpegcﬁn§ﬁén \qu P det’ert ned | ater
on (seentsecond parAgiapbhadtirseveiconrd off the meﬁmdaam sdegerliptamn) .

Mor eov, C C a be tine- aligned against the reference
speecﬁgg?ﬁﬁglb?a?ﬁg Heﬁ%gg hggnthlrd paragraph of section 4 of the detailed

description). Now let r be the total nunber of franmes of the reference

speec re j pi-svdenet ed ahf -amR afs fgatuge mact or of
th g hFé ?ﬁéé%%g%h gyeﬁg XEe th évtrue spgg%gr (ihgﬁé =§%g ﬁﬁ whi ch

frame E%et?m%aéﬁFgH@61§hﬁﬁbe9¥ AWERefhe |tﬁrpﬂaﬁelﬁpo%qﬁ¥§%ﬁQW%hce speech

si gna|s;bé‘ect:tl{'esit'T;HEiaisgﬁﬁﬁﬁt:ob@'séeﬁwéﬁﬁea ifeatlire vedrorTRiikrald gnment is
done for ever rane_of _feature vector %ﬁ the th %p%? Q signal of the
true SPESk®ris 28CRRARPAgEPRaR2G t FTETEry S rard Stg €atuI€ry of the

ref er epceroppeged stgnald anftheemehofrgatitie vector of the jth speech

signal of the true speaker is aligned, thereby producing r

& erence-aligned frames of feature vector of the jth speech signal of the
true speakerhatnat héSecrentexspeecshedbdaflumiidr b0 ded exotiadd hi@tathe nunber

of Tragps Ole!eatung ¥EELOLOh bRCsctpaseh sSignalOliddigildyie speaker may

differ he nu ranes of the reference speech signal. In this
| at t erdes@sEpt i ot heMALABER L of CRERNEHESFNt 15 I8Fdedh 1di Hifalt et he

aligned against the reference speech signal later on (see
15 third paragraph of section 4 of the detailed description).
Now let r be the total number of frames of the reference

speech signal.

Moreover, yij is denoted as a frame of feature vector of the
—r

20 jth speech signal of the true speaker (where j =1,...,m),
which frame is time-aligned (mapped) with the ith frame of
the reference speech signal in the time-alignment unit (where
i=1,..,r). This alignment is done for every frame of
feature vector of the jth speech signal of the true speaker,

25 meaning that with every frame (i =1, .., r) of Ege reference
speech signal a frame of feature vector of the j speech

signal of the true speaker is aligned, thereby prodgging r
reference-aligned. frames of feature vector of the j speech
signal of the true speaker. In this context it should further

30 be noted that the number of frames of feature vector of the
speech signal of the true speaker may differ from the number
r of frames of the reference speech signal. In this latter
case, if the number of frames of the speech signal of the
true speaker is higher than that of the reference speech

35 signal, one or more frame(s) of the speech signal of the true
speaker are droped (i.e. are not aligned to any of the frames



true speaker is higher than that of the reference speech 35 signal one or
nore franme(s) of the speech signal of the true speaker are drog

are not MAYHEW6t o any of the frames WD 01/ 73756 PCT/ SGOOPEHE80/0004 of the
ref erence speech signal), and, if the nunber of frames of the speech
signal of the true speaker is |ower4than that of the ref erence speech

signal, one or nore frane(s) of the speech signal P%he tru speaker
|s/ar©feam@ meqynaﬁqa)ﬂﬁﬁQQG $ e bhe ??%neéfoth?hﬂu Fér@ﬁ: r&F&ech

si gnal ¢ ﬁ Bfd1 Rif Ofhe i Eris §pégreeditolbheri ndex ithas the ith
reference a ne rane of the speech signal of thgﬁtru

NbreowérﬁhaﬂraéeqéﬁﬁﬁuﬁRﬁQ¢Ra?% 2+, =89 PF TRFEr é@e?glréhegﬁ#rane of

t he kt%)e(éé:h ignal ,oﬁ)tﬁé)et.e@hesﬁg@akerassﬂerat edchi th iigmeostter snorks Usi ng
t he st

re feature vect and i vectors xi,k, the
speakdrharerqng HAIT < t%&%lﬁ%%?ge?rsrgégég ?ﬁhggrarnrng node (step 202)
for the first speaker of interest ¢c. 20 In a further step (step 203), it
i s determ ned, her 1 peaker v i t I S 4 arhe
trai ndPF §3SE #%}%aﬁﬁrl E gﬁ Is ?5%&&9?& 98 %M% %%k&gpl.%

| aket I Nt erest If a further speaker of
interes %mxﬁﬁbﬁEE{&&IWDQQtﬁraﬁe @5n§h§e5§€?@ﬁ Sﬁﬁéaﬁn@EXQ? (ﬁﬁﬁérng t he
respective speaker of interest, is increased by 1 (step 204) and the
traini?@ﬁiﬁe performed for the speaker of interest (¢ + 1). If no further
speaker of interest should be taken |nto 30 consideration, the training

node (step 202 acco | ok 5 nd t he e@@y'ﬂ@ﬁdé4catron
systeﬁ¥ﬂ Y%r) % % np%éégﬁngégt?on ﬁgdi ? show%prn Ffb 2B, in the

vertf Cf‘ttg?é'd@t’anefef #n35xFBauesting spegken tsb%elodxerﬁnlgr;a]ls det er mi ned.

associated with impostors.

15 Using the stored feature vectors yij and impostor feature

(4
vectors Xj k the speaker verification system 100 is trained
in the training mode (step 202) for the first speaker of

interest c.

20 Ia a further step (step 203), it is determined, whether the
speaker verification system 100 is to be trained for a
further speaker of interest (c + 1).

If a further speaker of interest should be taken into

25 consideration, the index c, denoting the respective speaker
of interest, is increased by 1 (step 204) and the training is
performed for the speaker of interest (c + 1).

~

I1f no further speaker of interest should be taken into
30 consideration, the training mode (step 202) is accomplished
(block 205) and the speaker verification system 100 is ready

for a verification mode.

As shown in Fig.2B, in the verification mode, for a
35 requesting speaker the identity is determined, that is the



WO 01/ 73756 PCT/ SG00/ 00063 15 requesting speaker is verified by the
speaker verification system 100 (step 206). As a result of the

verifi ca{Q817378he speaker verification 5 system 100, narRIySEWO@03t put
unit 107 presents the result 113 to the requesting speaker, either the
acceptance or the denial of the requesting speaker (cf. Fig.l). In a |ast
step (step 207), the programfor spéaker 10 verification stops. 4.

Det ai | ed descr.i ptl t. i i d S ) > Ref.er:ring now to
Fi g. 3F89H§%t%rl§f;nisr$%%rr}é§dte l%gt‘}e%%%@vﬁ)l@%éé gggég‘??bé’ﬁ}?ﬁl St in a
firstsgsepm ador(dtep ta¥d)he nethod described in (J.G WIlpon and L.R
Rabi ner, A Modified K-Means Clustering 20 Algorithmfor Use in Isol ated
Wrk Recognition, |EEE Transactions on Acoustics Speech and Signal

Proce8si Agresvéltue 3de piyeist Bt 1omg4thq o8Bgakgry ¥pELEREEtdFEech signa

I s5 deteicned 0025 ddhndl f WHhesushep, ualt sborpedebeatyr eneeckensty. . and

i npostor. feature vectors xik are tine-alignedh%yi,g, Xi,.k E MMth) with the
frames 18f tohéNee GBI Wb atPa G gnaF L b T hEREr BECEBEEREF PR

ti me- akinganentt uwhid diest3ihdfdmrabearwi hgf stBigetl)t o generate verification
projection matrices (step 301, cf. Fig.3), a verification projection
matrix is generated for the ith reference-aligned franme (step 302). WO
01/ 73156 aPCEsSCER 10063 el 6 0The, compupedgveri fotasbeakpiroj ection matrix for

t i .ref er, e-al igned frane for the speaker ¢ of interest, is stored
ig(?t hé’g%rrfglrc%t%ﬁ‘ (%dé%n'SOS). 51n a further step (step 304), it is

determ ned, whether a further verification projection matrix for a further
frame is

4. Detailed description of the training mode (step 202)

15 Referring now to Fig.3, the training mode (step 202) will be

described in detail.

In a first step, according to the method described in (J.G.
Wilpon and L.R. Rabiner, A Modified K-Means Clustering

20 Algorithm for Use in Isolated Work Recognition, IEEE
Transactions on Acoustics Speech and Signal Processing,
Volume 33, Pages 587 - 594, 1985), a reference speech signal
is determined.

25 In a further step, all stored feature vectors Xij and
4

impostor feature vectors xj x are time-aligned

(yi 5 X; x € ERmd) with the frames of the reference speech
=1, T g i ‘

signal of the true speaker in the time-alignment unit 102.

30 After having started to generate verification projection
matrices (step 301, cf. Fig.3), a verification projection

.th .
matrix is generated for the 1 reference-aligned frame

(step 302).



to be generated. If a further verification projection matrix is to be 10
generated, the frane index i is increased by 1 (step 305) and the

verifi caVPO¥7HB6j ection matrix is generated for the refePeHee400¢hed
frame i + 1. If there has been generated a verification projection matrix
15 for each reference-aligned frang of the speech signals of the speaker
of interest, the programreturns to step 203 as shown in Fiy. 2A (st.ep
306) .7Hd g:&zepuﬁcg d&aﬂﬂc&tgoACpstwcalblnowadilraglr a‘fmroftft%el steps 20 being
executed for generating_a verlflc ion %%%Ctl%& gorlg frame i.

tr
Si nceref g rapeRTht s yral sTaAFe FPﬁe Fl& escrﬁ%gf above,” it is
possibl eré® perfs mancapal 9si sstep 808)f.rame of all 25 speech signals at
a time. After a starting step (step 401), for the ith reference- aligned
frame, a centroid feature vector yi of the feature vectors Yi,|l'""Yi,mis
det er mi nedfaccedi agepo (shepf d0kow A 36 FeteRTE eshep MZ)e AN is stored

inth LY, 104 1) ZtHOE WaR dixd TN FUrVS6 PEISEE 00063
17 |n§%F¥ h%%g léa?%&eppro e a difference feature vector is conputed
for the behgeeeéa@ﬁ@e al i gned frane of the it] speech signal j by

subtracting the centroid feature vector fromthe feature vector y. yi 5
Thus, the difference feature vector deter ned qgorqgng to the

fo||oﬁfng foFbEReE: vggl§pc?tlovlQFOJe§&JLg2fﬁ ri¥x is

10 generated, the frame index i is increased by 1 (step 305) and
the verification projection matrix is generated for the

reference-aligned frame i + 1.

If there has been generated a verification projection matrix

15 for each reference-aligned frame of the speech signals of the
speaker of interest, the program returns to step 203 as shown
in Fig.2A (step 306).

Fig.4A, Fig.4B and Fig.4C show a flow diagram of the steps
20 being executed for generating a verification projection

matrix for a frame i.

Since all speech signals are time-aligned as described above,
it is possible to perform an analysis for one frame of all

25 speech signals at a time.

.th
After a starting step (step 401), for the 1 reference-
aligned frame,.a centroid feature vector Y; of the feature

vectors XLl’”"Xiﬁn is determined according to the following

30 formula (step 402) and is stored in the memory 104:

1 & 0
i



The determ ned difference feature vector yi,j is stored in

the nenory 104
(step 404) and it is determned (step 405), whether al

di fference feature

vect ors waroiaBisef eature 15 vectors yi'j have been conput edT/Sdoohbugse i s
still a further speech signal, the difference feature vector Yi,j+l for
t he next speech signal is conputed_ _(speech signal index j is increased by

1 (step 406)). 20 In a further steb7(step 407), a first covariance matrix
Yi  for, the ithcrefergncesald gey frane ofetdrecd eatarereeveotOr y is
conmput ed according to the foll owhng fornul a: _I-,.] A (= I (
m whérel nis YPoRPREEd EGF Rfie( 4 S0°ARg T g &%*5(%5&(”@% 21 53556

PCT/ S 00063 18 and Yi E IRnxm (6 5 By, sol vi el ue

pr obl emesiche silgpadolvithy Sc"r@ra&fdaﬁé o%f‘%y%?%?ﬁo%ig ?%\Ia:t;p%f) \'}’%%Jt%i‘l 0, (7) 10
whereiyn rAmtcis fhecttd ebgeavalye. of the equation system (t = 1,...,n),

1is thHe identity matrix of dinmensi n, and 15 vi,t is the correspondi ng
tth eigenvector of the equation

Thus, the difference feature vector ?ij is determined

-+t

according to the following formula:

(2)

<

10 ¢ =Yy, .-

£i,7j =i,] i’

The determined difference feature vector ng is stored in
the memory 104 (step 404) and it is determined (step 405),
whether all difference feature vectors 9ij for all feature

-

15 vectors y.lj have been computed.

-

If there is still a further speech signal, the difference

feature vector ¥ for the next speech signal is computed

£i,j+1
(speech signal index J is increased by 1 (step 406)).

20 . -
In a further step (step 407), a first covariance matrix ¥Yj;

for the ith reference-aligned frame of the feature vectors
y. . is computed according to the following formula:
1,3

Loy, 4T (3)
25 Y3 = E{'Xi Y;®,
wherein
Y 7 v 4
Zl = [yllll . ’Zi,m] ( )
30
and



system thereby performng a first principal conponent analysis, the

ei genvalues Ai,t and the correspondi ng ei genvectors vi't are determ ned

(step 40Q)p dips796he first covariance matrix Yi for 20 thepctr/sGo0/00063

reference-aligned frame. Such eigenvectors vi,t are denoted as the first

set of eigenvectors and the correspondi ng ei genvalues At as the first set

of eigenval ues. 25 The ei genval ue problemis solved by solving the

characteristic. equation, which is a polynom al of degree n: det(Yi - A, t

1) = Q,4(8) 30 Since the first covariance matrix Yi is non-negative

deflnlte its eigenvectors are chosen to be orthonormal and the

elgenvalues are non-negative. 35 Thus, according to the present enbodi nent,
Iséﬁe npdxmhat WO 01/ 73756 PCT/ SGOQ 00063 19 1'i,t <- ..(6)<_ Ai,n

(9) vari ance of the projections of the feature vectors y. 1,3 onto

t he respective elgenvector VI, is thus quantified 5 based on the

corre ondln gggg[ Lt Esq PLOP t he ei genval ue
%ﬁh t §%gﬁ} Q%e Un ers% y% ?f a ?gagéggqegcsk% of a speaker
c |s @qmaﬂﬂqﬂisyHU£maflrst space deflned by a 10 matrix, which conprises
sone eigenvectors associated with small eigenvalues of the first principal
conpong trix t.he spr%pd of the projected feature vectors;woul d be
rat her lsna bt t&&s—ghﬁlng-rlse to a small intra-speaker distance. The
fFPst princi pal conmponent matrix is defined as the matrix 15 consi sting of
all' the determ ned eigenvectors vi,t, and is determned in a further step

(stepwhﬁneln

h .
Aj,t 1s the tt eigenvalue of the equation system
(t = I“’In)l
e 1 is the identity matrix of dimension n, and
th .
15 e vy, is the corresponding t eigenvector of the equation
7

system,

thereby performing a first principal component analysis, the
eigenvalues Aj ¢ and the corresponding eigenvectors Vit are

determined (step 408) for the first covariance matrix Y; for

20 the ith reference-aligned frame.

Such eigenvectors Vj ¢ are denoted as the first set of

eigenvectors and the corresponding eigenvalues Ajt as the

first set of eigenvalues.

25
The eigenvalue problem is solved by solving the
characteristic equation, which is a polynomial of degree n:
det{y; - Aq¢ -1)=0. (8)
30

Since the first covariance matrix Y; is non-negative

definite, its eigenvectors are chosen to be orthonormal and
the eigenvalues are non-negative.

35 Thus, according to the present embodiment, it is assumed that



Since the first space for each speaker is specifically determ ned based on
the feature vectors of the ith reference- 20 aligned frane of the m speech
si gnal s @fo éie7sspeaker of interest c, the spread of projeetescoeadoss e
vectors froman inpostor wuld not be identically small. Therefore, good
verification results could be expected. 25 After having initialized k to
the value 1 (step 410), in a furthe? step (step 411), a first matrix A'u
i s selaghed Ayroncthe fixst gri.ncd paf conponent matrix, where(d) Al,u =
[Vi,1, M, 2, .57, Vi, u], (10) 30 with u = p+k-1, and (11) 35 p being an
arbitrarily predeterm ned paraneter. WO 01/73756 PCT/ SGOO' 00063 20 Thus,
the fiTs¢ variaxcai b tbappirsgsctheng eifgeieedicartsireassaiatedywith the u
smal | est ei genval ues. For the selected first matrix Ai,u,.a'fiT‘Q

proj ec®hb? SNERFPFREPr 1S §1E6RPECERTackior dilify s HB1aW 1 ol®hg for nul a
(stsep Ydddd Hh the AbréespbRdihd2bigt@vhnue fur therm siep, (steps413), the
first projection patrix i,uis stored in the'menory 104. In a sequence of
furt hef TRRRPSIORAL FFY. BBSsGhBER2dHadistep 414, a second matrix is
conputed for the first projection 15 matrix Pi,u The method for conputing
the second matrix is shown in Fig.5A and Fig.5B. 20 After having started

t he nefhed, f bF Soppldi By vheesestond, HhEL % I( st 8BOLE B aids e?enze

i post ghofpat Uk ei ¥ek8hedtek 1h0b Lheiikh Leleleneeialdongd {rame of the
kt h i npostor speech signal is conputed (step 502) by subtracting the
céft r YL ¥ B4t ur'el GRCEBTPEL SEReSPREeIPBRREC TP St e He@ted with

small eigenvalues of the first principal component matrix,

the spread ¢of the projected feature vectors would be rather

small, thus giving rise to a small intra-speaker distance.

The first principal component matrix is defined as the matrix
15 consisting of all the determined eigenvectors Vit and is

determined in a further step (step 409).

Since the first space for each speaker is specifically
determined based on the feature vectors of the ith reference-

20 aligned frame of the m speech signals of the speaker of
interest ¢, the spread of projected feature vectors from an
impostor would not be identically small. Therefore, good
verification results could be expected.

25 After having initialized k to the value 1 (step 410), in a
further step (step 411), a first matrix Aj y is selected

from the first principal component matrix, wherein

Ai,u = [l’i,lr Yy,2r B -Yi,u] ’ (10)
30

with

u=p+k-1, and (11)

35 p being an arbitrarily predetermined parameter.



25 correspondi ng i npostor feature vector xi,k according to the follow ng
formula: xi,k - xi,k - yi. (13) 30 The difference inpostor feature vector
Xi,k i s womegshssn the nenory 104 (step 503). Furt her nor epcTSGoGood6es er mi ned

(step 504), whether all difference i npostor feature vectors xi,k for al
i npostor 35 feature vectors i zfve been conputed. WD 01/ 73756
PCT/ SGOQO' 00063 21 If there is stll a further inpostor speech signal, then

the ditder ehlee FhposStBRIFEAL Brpy vESIET IfSHS tHe nealgefpostioprsspeech

gnal is co uted speec ndex k is.increased by 1 (step 505)). 5
In a.f%ﬁ??ﬁ& é?eﬁhgo%)sgﬁiiﬁsﬂlFFQF@H@&ueﬁpostor feature vector xi,k

is projected |nto a first space using the first projection matrix Pi,

accor drdg tetheléotbenengstfaatuba, ahgreby ﬂierts&r rprtajﬁg:t_sl&ﬁ 0] ect ed
dlfference i mpost or 10 feature vectors. zi u="PRi,u k . (14)

| noa MAtHEF Step {$tePBOTSS %9%%ﬁ??89dt8r6F§c€8&18WFP€r§ﬁE§“1%% i mpost or

featur&ﬂyect§{2;| u is determned according to the followng formula: 1 s
, U(15) s k=1 20 In a further step (step 508), a second

covariance matrix Zi,u for the ith reference-aligned frame of the

projected differe ce rnpostor feature vectors zi,k,u is conpyéfg

accor dihg to the f Jbemﬁng formula: 1 T (16) 25 Zi,u =S Z, ifu

wher ei n

10 In a further step (step 413), the first projection matrix

Ein; is stored in the memory 104.

In a sequence of further steps, in Fig.4B symbolized as step

414, a second matrix is computed for the first projection
15 matrix ELu

The method for computing the second matrix is shown in Fig.5a
and Fig.5B.

20 After having started the method for computing the second
matrix (step 501), a difference impostor feature vector giA<

th
for the ith reference-aligned frame of the k impostor

speech signal is computed (step 502) by subtracting the
centroid feature vector of the true speaker Y; from the

25 corresponding impostor feature vector 25k according to the

following formula:

Rik = Bik " Y¥i- - (13)
30 The difference impostor feature vector ng is stored in the

memory 104 (step 503).

Furthermore, it is determined (step 504), whether all
difference impostor feature vectors giJ< for all impostor

35 feature vectors xj y have been computed.



Zi' u. ={[zi'l" u ..., zi' s, u] (17) 30 and (18) Z ,k,u = zi,k,u _
zi,u , WO 01/73756 PCT/ SGOO 00063 22 By solving the eigenval ue problem
i.e. by wwotimget he equation system (i, u - u 1) . t,u BCU/SGE@N06H
wherein ~i,t,uis the tth eigenvalue of the equation system (t =
1,...,n), 1 is the identity matrix_ of dinension n, and 10 vi,t,u is the
correspondi ng tth ei genvector of tﬁ%lequation system thereby performng a
seconder&ﬁ@}@aiscgﬂppmeatf3pah¢$ismpbhgonﬂayawﬁ?lﬂigdﬁlx,mh@mdtm?e |
correspondi ng eigenvectors_Vi,t,u _ar eterm.n ep. r the secon
covar i @h €g¥éh??xl@%O%F?ﬁ FEPtERE WFH%F@& fﬁhégghf%%ﬁéglﬁgg%%?PSuch

ei genvestéerls yighal asecdepoted dspekehsedgndlsémdsfx leigenieerersedand the
correspongi ei g ues )~i,t,u are denoted as the second set of

eigenv@ ugs?gﬁ%pTﬁggg}genvalue problemis solved by solving the
ch@racteristic equation, which is a polynom al of degree n: det(Zi,u

nZH' hélgtév%&r_e%)rniggég) i(tggegi gg%&%gégﬁc%ﬁff lf.ircgez%%saq&%d@t%éfx Zlotl_r; i)flormal
and th e%%ﬁ@ﬁv%?%%%r\r?tku Fsbnoﬁ-negatlge. %O Thas, ccord%%§£%o t he
pr esentiesbograpatt bbnt hetiravemyi gnaccordisagagsumbe thedtlowing

formula, thereby determining s projected difference impostor
10 feature vectors zj y y°

z3 x,u = Piu ik (14)

In a further step (step 507), a centroid projected difference
15 impostor feature vector zj y is determined according to the

following formula:

Zi,u <

n |-

S
Z 2i,k,u ° (15)
k=1

20 1In a further step (step 508), a second covariance matrix ZLu

for the ith reference-aligned frame of the projected
difference impostor feature vectors zj y y is computed

according to the following formula:

1 2 & T .
25 Zjy = E.Ziﬂl.;' ' (le)

wherein
2i,u = [23,1,ur -7 2i,5,ul (17)
30
and
z (18)

Zi,k,u T Zi,k,u T 2i,u-



j,i,1, u<X,2 u<... <R, t,uS... R, n, u. (21) 35 Fromthe
relation WO 01/ 73756 PCT/ SGOQ' 00063 23 T () _ (si,t,u Ii,k,u& 22 i,t,u
k=1 it We78%e understood, that the second set of ei geRGESERY06LS i ¢ y
with large eigenvalues j~i,t,u constitute a subspace with |arge

i nt er-speaker di stance. Moreover, such a subspace has small intra-speaker
di stance, since it is a subspace 8f the first space which has small 10

i ntrapspeaker; (§f SHANGE: g SUeL e PRSPRSE, | 5. ¥habyi Soleshyednen order to get
good verification resul%s. The second principal conponent matrix is defined
as th&quadtydix 6HsI™t i ng of the determ ned second eigenvectors 15 i,t,u
and is determned in a further step (step 510). Fromthe second princi pal
conponent qaﬁ{ix, ajﬂeQQnd matrpx consisting of the p secondiegjgenvectors
associat.ed W thtthe =/cortéspondrhg p | argest ei genval ues (of the second set
of =20 ei genvalues) is selected (step 511) and stored in the nenory 104
(s?ep 512). In a further step (step 513), the programreturns to step 415.
In a fadeam step (step1§15), using the second 25 nmatrix, the equal error
rate qf ghe \{leriiéi@aéi@% resgdivinsedof ooh¢ heqhaaiohngydaea i s conputed. In
a further é%ep (step 416) it is determ ned, whether a |arger nunber of

ei genvectars Lfromitlhhe first set of 30 eigevectors) should be selected for
conputy ng another ifddrtitpmeitedtd @F renmdxsidh @, |anger nunber of

ei genvectors is to be selected, the tmdex k is incre seg by 1 stgp 417) .
Thé preogiam goess belek VEr DAFPFITBENPCT/ SGEPBDYESLOr Of the equatio

system,
thereby performing a second principal component analysis, the
eigenvalues Xiﬁ;u and the corresponding eigenvectors iin;u

are determined (step 509) for the second covariance matrix

15 2.

j,u for the ith reference-aligned frame.
r

Such eigenvectors iiﬁ;u are denoted as the second set of
eigenvectors, and the corresponding eigenvalues Ai,t,u are

denoted as the second set of eigenvalues.

20
The eigenvalue problem is solved by solving the
characteristic equation, which is a polynomial of degree n:
getlzs y - Ay,eu 1) = 0. (20)
25

Since the second covariance matrix Zin} is non-negative

definite, its eigenvectors iiﬁgu is chosen to be orthonormal

and the eigenvalues Aj t,u 1S non-negative.

30 Thus, according to the present embodiment of the invention,

it is assumed that

-~

Aiu S A2u S-S ALtu S 2 Agnu- (21)

35 From the relation



24 to step 411 and another second matrix is generated in the sane way as
descri bed above. Thus, it should be understood, that there may be sel ected
n- 5 p+l WMF&Bent first projection matrices at maxi mum BSTBHM/W063my pe
selected a first projection matrix with only p first eigenvectors
associated wth the I owest p eigenvalues up to a first projection matrix
with all first eigenvectors. . 10 Unhgler these eventually generated n-p+1
second matrices, in a further step, the second matrix with the m ni nmum
equal error rate (denoted as Ai,u) is selected (step 418). In a further

step (step 41 gecond proj\ection matrix Pi,u 15 is conputed as
verifihg&lgﬁ:p \&ctd,on zamt,uifx .for the selected second matri&2A,u i, _

A ,u . AUT ( 20 In a further step of the method for generating the
verification projection matrix for the ith reference-aligned frane (step
420), the programreturns to step 303. In a further step, the second

proj ecit oshomtdilxe Pindersto28, storédtihe tSecomhwey T qistapr803)rs Now, t he

trainipg of therspeaker JefddiLatd Onisyst emcki ittt LU @R GHa30 Before the
beginﬁTﬁé*Bf t he verifié%f#on, in the Hnry 10&] t here is§%?ored for each

true speakerarqadifiosreasbakeamaietanttke speech signal of the respective
speaker a determ ned verification projection matrix. 35 .5. Detailed
description of the verification node (step 206) WO 01/73756 PCT/ SGOQ' 00063
25 Reflesreage npwstoh R gsBBspadeFhgs6Bmatlie ivemaH-spataikar mbde-ar(cst gp 206)
Wil besdescribed Lnodstaile 3eALLEr < Srodogy ted e Ju agram for
verification of a ~“requesting speaker (step [), the requesting speaker
109 i sintra-speaker distance. Such a subspace 1s what is desired 1in

order to get good verification results.

The second principal component matrix is defined as the

matrix consisting of the determined second eigenvectors
15 ¥4 ¢y and is determined in a further step (step 310).
— 4 r

From the second principal component matrix, a second matrix
consisting of the p second eigenvectors associated with the
corresponding p largest eigenvalues (of the second set of

20 eigenvalues) is selected (step 511) and stored in the memory
104 (step 512).

In a further step (step 513), the program returns to
step 415. In a further step (step 415), using the second

25 matrix, the equal error rate of the verification result based
on the training data is computed.
In a further step (step 416) it is determined, whether a
larger number of eigenvectors (from the first set of

30 eigevectors) should be selected for computing another first

projection matrix.

If a larger number of eigenvectors is to be selected, the
index k is increased by 1 (step 417). The program goes back



pronpted to speak the predeterm ned speech signal 110 into the m crophone
111. 10 As described under section 1 (Speaker verification system 100
(Overvi eWP)014B%6e, the speech signal of the requesting sP yé@?“"?”@“ﬁet ect ed
(step 602). In a further step, the franes of the speech signal spoken in

15 are tine-aligned wth the frames of the reference speech signal of the
true speaker, thereby generating r 2deference- aligned franes and
correspondi ng feature vectors fo cted i gRalpewhere r is
he. t SEaRigE 'Y rHEE S or HF aTaF Ehte Sploih el gual (S1Sp 603). 20
Fur t heynr evat s feadarsoadbcdloovef each reference-aligned franme i is
respectively projected into a space using the verification projection
matrix for the ith reference-aligned frane of the true speaker, (step 604),
thus gmﬂegalivmpnpdiﬁFﬂeﬂw&ﬂ%ﬁﬁﬁ@@@urehéécFB?rﬁjmé&cé?d?ﬁ SE55h& F ol | owi ng

ggzgﬁerén Plrst pyh- ec@@ohnm@tiﬂbébeétsmealﬁamepa&O&hermy t he
tance TerH TR i on unit 105

ane dlgtance Eh nl& ect ed
featummyunﬁ(ﬂel®¢t¢¢cﬁn{¥%§%eﬂ¥?b?8tF83t9? Lygct'srof true speaker (of

the 't{ﬁiéﬁ 8L anses abi gnedh fs@ne) thstHet ebwesedpaedgedivagues urthdd 6l | owi ng
regul 35 D = Pi

) o PCT/ SGOQ' 00063
26 Ir|%%Eiﬁt?ﬁﬁl%ﬁ%ﬁp%sT%ErB§GYlE%h%l&egé%%?neggkggﬁé%éggtance D is
stored in the nenory 104 and it is checked whether a further frane

di st Di+l is to be d 607),. i fi
1O A e TR TUTGH A hol CPHBTTEate " Prdes TS [t eased by L (step

608) apdrther nexépfrane second matrix with the minimum equa
rate {denoted as Alﬂl) is selected (step 418).

In a further step (step 419) a second projection matrix ELﬁ

15 is computed as verification projection matrix for the
selected second matrix Aiﬁi

T, (23)

I
>
[}
o
Jph
".l-
>

20 In a further step of the method for generating the

.t .
verification projection matrix for the 1 reference-aligned

frame (step 420), the program returns to step 303.

-~

In a further step, the second projection matrix Eifﬁ is

25 stored in the memory 104 (step 303).

Now, the training of the speaker verification system 100 is

complete.

30 Before the beginning of the verification, in the memory 104,
there is stored for each true speaker, and for each frame of
the speech signal of the respective speaker a determined

verification projection matrix.

35
5. Detailed description of the verification mode (step 206)



di stance Di+1 is determned. 10 If all frame distances D are determ ned, a
total distance D of all frame distances is determ ned (step 609) according
to the wadiomissg fornula: r D =D . (26) i=1 15 The totralr/stioshessse D i s
stored in the nenory 104 (step 610). 1In a further step (step 611) it is
determ ned (by the verification unit 106), whether the total distance Dis
20 small er than a predeterm ned thrﬁghold. If the total distance Dis
smal l er than the threshold or equaf-to the threshold, the requesting
speaker is accepted as the true speaker (step 612). 25 If the total

distange_is lLarger thanthe Lhr . e . verificatlion. requesting
speakegeFgrﬁéHPeBO(stté%pEé%3)éA al(?\%p%lé%béeg(;’n ts eﬁ\/\‘/’llqéllllnﬂeé(%g%?{]mﬁ?ge t hat very
good vestépcabibonwldQlr bsuldesaeioedachy elagchigven with the paraneter p chosen
to be equal to 1 and using 10 speech signals each from 15 persons (1
speaker of interest and 14 inpostors) for training. WO 01/73756
PCH SEDO:60083viag CLAIvBd \Whet Orogdiad nedk i rBficatalopt @ddaf or generating
a Ver'Eé&ﬁ%b?@nﬁrg?%%%%Qn(@ﬁkﬁi%Ol@%GQKEP&- ddd o} | 9FcOkean1ggkREGWN
speaker, erein a) a feature vector for each reference-aligned franme i (
= 1, prompgpdofOe&Pkakpédeh PHEGIRAIC ISt %P%ﬂQﬂeﬁ}Q%a%fllaolFFﬁe-aIigned
speechygkgR@ktSobnbine=11.1.M by the true speaker, is provided, b) an
i npostor feature vector for each reference-aligned frame i (i = 1, ., )
of each speech signal out of a

10 As described under section 1 (Speaker verification system 100

(Overview)) above, the speech signal of the requesting
speaker is detected (step 602).

In a further step, the frames of the speech signal spoken in
15 are time-aligned with the frames of the reference speech
signal of the true speaker, thereby generating r reference-
aligned frames and corresponding feature vectors for the
detected speech signal, where r is the total number of frames
of the reference speech signal (step 603).
20
Furthermore, the feature vector of each reference-aligned
frame i is respectively projected into a space using the
verification projection matrix for the ith reference-aligned

frame of the true speaker (step 604), thus generating a
25 projected feature vector W; according to the following

formula:

Wy = PBjg Wi (24)

30 In a further step (step 605), by the distance determination
unit 105, a frame distance Dj of the projected feature vector
from the centroid feature vector of the true speaker (of

Wi

the ith reference-aligned frame) is determined according to

the following regulation:
35

Dy = [Bs,a - ws - By - ¥y (25)



plurality of digitized tinme-aligned speech signals k (k 15 =1, ..., s) by
several inpostors is provided, c) for all feature vectors of the ith

ref erenc®OM73Heéd frane, the foll owing steps are perfor rBHT/SEPYO086Y f or i ng
a principal conponent analysis on the 20 feature vectors of the ith
reference-aligned frame of the true speaker, thereby generating a first
set of eigenvectors, which forn1a9t|rst princi pal conponent matrix, and a

first set of eigenvalues Xi,j; 25~ 02) Selecting a first matrix from the
first principal conponent matrix, mhereln the first matrix conprises at
| east _a part he. el t fr st ef o € PSPy EELOrS

assocggt dfur%% gngfgpgggégzva(ﬁ%s 3 c3 r%fec??ngrt e ?npostor feature

vect obs 08 Bheredhlnrém@rgmm@ﬁﬂ|kﬂﬂxﬁﬁdeﬂﬁal%l¢@ﬁ¢k@ﬁfvh%¥hﬁﬁtﬁlx into a
first

thereb neratl pr.Q ct vg t he

c4) PEPEBEﬁFn rﬁmﬁrlﬁ%% gﬂﬁéneﬁ{%éna ysi s &5ﬁ1§%§ élE%%t npostor
egature vectors of the i reference-aligned frane, thereby generatlng a WO
01/737 0063 second set C S, rma second

prlnch gTﬁgg frén 3%5%’@3 éﬂﬁx%]§%§bn3£sé§g€$¥§e$§%h t¥€e§p§ﬁ81j, c5)
Cbtalmnﬂgxals&eon@cmmeﬁedahytﬂudsﬁapf6&ﬁﬁl£mﬁ therogect foameatri x fromthe
secon rincipal cqQnp L X, wherein the second matri x conprises at

géeﬁgptce Bl 1CAIPaReAL (TR X, |

| east ithe "Second ‘set 0 ei genvectors associated with | arge
ei genvalues 1i,]

10 If all frame distances Dj are determined, a total distance D

of all frame distances is determined (step 609) according to
the following formula:

r
= > Dj. (26)
i=1 -

15
The total distance D is stored in the memory 104 (step 610).

In a further step (step 611) it is determined (by the
verification unit 106), whether the total distance D is
20 smaller than a predetermined threshold.

If the total distance D is smaller than the threshold or
equal to the threshold, the requesting speaker is accepted as
the true speaker (§tep 612).

25
If the total distance is larger than the threshold, the
verification of tﬁé requesting speaker is denied (step 613).

It has been shown in experiments, that very good verification

30 results were achieved even with the parameter p chosen to be
equal to 1 and using 10 speech signals each from 15 persons
(1 speaker of interest and 14 impostors) for training.



10 2. A nmethod for generating a verification projection matrix wused for

verification of an unknown speaker according to claiml1l, wherein 15 a

plural i tYyO®M/737156st matrices is selected fromthe first pPEHEFYWABonponent
matrix in step c2), the steps c3) and c4) are perforned for each sel ected
first matrix, thereby generating a plurality of second principal conponent
matrices, 20 for each second principal conponent matrix, a second matrix
is formed conprising at |east a pard7 of the second eigenvectors associ ated

with | arge eigenvalues, 1in step §321m%gnng all the second matrices the one
is selected that yields the mni ﬁ%equal error rate of 25 verification

results based on training data. 3. A nethod for generating a verification

projection matrjx. used_for verification of an unknown speaker according to
clmlﬁﬁPa%Olﬁm%$%%%e hgsfirst matri ces have different dinensions. 4. A
met hod for generating a verification projection matrix wused for

verl fi]ﬁgtﬁoﬂe%oénfb' kg&%‘@r%%!ﬁeé 2669rdichd ik pHogigpthoBmaterei n t he
fiPst trix s a matrix conposed of the u eigenvectors fromthe first set
of ei geswacforsvarthicebiPBsPEnarnYENONE SESE Ege B WO 01/ 73756
PCT/ SGOQ 00063 29 5. A nmethod for generating a verification projection
matrix wused for verification of an unk

. .cLlaiml1,
5 wher ei @)t AefSREBRE WBEFPX FSTaSA&lY irf%%\gnﬁﬁ%%:%ﬁgg[}aeﬁog%ﬂm oS

el genvectors
fromthe segond. set rof ogi genviespershwistignadoonds ihdi My - d birgeset
eH%analuestime—aligned speech signals j (j =1, ..., m) by the
true speaker, is provided,
b) an impostor feature vector for each reference-aligned
frame i (1 =1, ..., r) of each speech signal out of a
plurality of digitized time-aligned speech signals k (k
15 =1, ..., s) by several impostorihis provided,
c) for all feature vectors of the 1 reference-aligned

frame, the following steps are performed:

cl) Performing a principal cggponent analysis on the
20 feature vectors of the i reference-aligned frame
of the true speaker, thereby generating a first set
of eigenvectors, which form a first principal
component matrix, and a first set of eigenvalues
Ai,5i
25 c2) Selecting a first matrix from the first principal
component matrix, wherein the first matrix
comprises at least a part of the eigenvectors from
the first set of eigenvectors associated with small
eigenvalues 1j, 3§ o
30 c3) Projecting the impostor feature vectors of the i
reference-aligned frame using the first matrix into
a first space, thereby generating projected
impostor feature vectors;
c4) Performing a principal component analysis on the
35 projected impostor feature vectors of the i

reference-aligned frame, thereby’generating a



6. A method for generating a verification projection matrix 10 used for
verification of an unknown speaker according to claiml1l, wherein a

veri fi catvioan/7prsej ection matri x i s generated for each refecescewaosyned
frame of the whol e speech signal, thereby generating r verification
projection matrices. 15 7. A nethod for generating a verification
projection matrix used for verification of an unknown speaker according to
claim1l1l, wherein a feature vector for each reference-aligned frame 20

(t =10, ..., r) of each speech signal out of a plurality of tine-aligned
speech signalsjsa§ondiﬁet .of efgdywvecpbrsal vhycof formeaspegkads, is

provi ded, and h 5gg5ggh F{or nedyf orseaghqgspeaker out of the
plurality of trde spe E%rg: ere yqagﬁeratlng as ﬁany 25 projection

matrices as theeagﬁnyahu%5§paakpr for each reference-aligned frame i. 8. A
met hod foréﬁﬁner tln V%{I;A éﬁdcmbE¥Pie§§'Pﬂe”gé£}¥1cﬁg§@nf°r

verificati spea according to 3 wherein a
vepi fication pugnﬁmeanlqnumaﬁal% @é@@r@m%ds¢©®ﬂdeﬁ€hpﬁé?éﬁence al i gned

frame of the whol A GPBL, Afhe BEALH Eﬁélesé@sa&eﬁ\atw@r eby generating
r verification jectlon matrices for each true speaker. 35 MD 01/ 73756

PCT/ SGOO' 00063 cmn@rlscem%obe%? JpakerobetRei EﬁFPBF} §8tngfa

verification F”éﬂé?ﬁdé&kdﬁ%ré%Sé@i@@Qdaﬁﬂ@hdlﬁggéoeibénﬁauhed according to
claiml1, wherein a speech signal of a requesting speaker is detected,
feature vectors X'dr, jt-he det ect ed speech signal are forned,

10

2. A method for generating a verification projection matrix

used for verification of an unknown speaker according to

claim 1,

wherein

15 e a plurality of first matrices is selected from the first
principal component matrix in step c2),

e the steps c3) and c4) are performed for each selected
first matrix, thereby generating a plurality of second
principal component matrices,

20 e for each second principal component matrix, a second
matrix is formed comprising at least a part of the second
eigenvectors associated with large eigenvalues,

e in step c5), among all the second matrices the one is
selected that yields the minimum equal error rate of

25 verification results based on training data.

3. A method for generating a verification projection matrix
used for verification of an unknown speaker according to
claim 2,

30 wherein the first matrices have different dimensions.

4. A method for generating a verification projection matrix
used for verification of an unknown speaker according to
claim 1,

35 wherein the first matrix is a matrix composed of the u
eigenvectors from the first set of eigenvectors with
corresponding u smallest eigenvalues.



t he detected speech signal is tine-aligned with the pre- stored reference
speech signals of the true speaker, the feature vector of the ith

ref er enc® lﬁéﬁ%d frame of 10 the detected speech signal PFE¥SEPYPWEt ed into
a projection space using the verification projection matrix, a distance
of the projected feature vector in the projection space fron1a pre-stored
centroid feature vector of the true speaker, is conputed, 15 the
requesting speaker is accepted as tlge true speaker, if the distance
satisfies a predefined criterion. 10. A nethod for speaker verification
according to claim9, wherein the distance is the Euclidian distance of
the 2Q p@mﬁggﬁgafﬁﬁﬁLgéh@fatnmgfaowealpneasuoneﬁr@éﬁﬁﬁépﬂ fle&tfd¥e vector
of the true speaker_in the project C k. cspeaker
ver|leﬁﬁq(ﬁP%u%ﬁﬁ%ﬁ¥Ef?%P% 59 §§ hﬁgﬂéﬁﬁ Ep%éieg 3%?%??%&F?§n proj ecti on

matrixisimgenerated for each reference-aligned frame of the whole speech
si gnal t here

of 5t he" K SigY %O§%§5ﬁﬁ'ﬂgt XeigfécﬁétQBxpEBmQ@%b@noﬁakhbcgs the steps

fhg to claim9 are formed for each
r ef er extope e gineds f £ oom blftetﬁ@C@Iétjeé?Edotfl Re9SHVECEQTEd “phdech signal, and

t he reqyggé%gg#ﬁpggﬁgrlé§ g8sceptgdnasitibe.true speaker, if the tota

di st ant flerence-aligned frames satisfy a predefined criterion.
35 12. A device for generating a verification projection matrix used for

Veri f|gatAqﬂegkflo@nfgfak@@yl\grgpealgea vwlﬂetfecataonpmmwlqls mRtgied, which
may performthe fol

/
f 88t uress@cieor V%FlééEﬂtggPePgnég gp%éﬁé 7 ane i %&&l&ﬁ&ﬁﬁg'ﬁ%l 38

., ) of each
speechc§égﬁa1 out of a plurality of tine-aligned speech signals j (j = 1,
Y n%hereggeatggrlflge%kg p%%j@ QVidethatrix is generated for
each reference-aligned frame of the whole speech signal,
thereby generating r verification projection matrices.
15 , |
7. A method for generating a verification projection matrix
used for verification of an unknown speaker according to
claim 1,
e wherein a feature vector for each reference-aligned frame
20 i(i=1, ..., r) of each speech signal out of a plurality
of time-aligned speech signals (3 =1, ..., m) by a
plurality of true speakers, 1is provided, and
e wherein the method is performed for each speaker out of
the plurality of true speakers, thereby generating as many
25 projection matrices as there are true speaker for each

reference-aligned frame 1i.

8. A method for denerating a verification projection matrix
used for verification of an unknown speaker according to

30 claim 7,
wherein a verification projection matrix is generated for
each reference-aligned frame of the whole speech signal of
each true speaker, thereby generating r verification
projection matrices for each true speaker.

35



5 b) an inpostor feature vector for each reference-aligned frame i (i =1,
..., r) of each speech signal out of a plurality of digitized tinme-aligned
speech swgml7s7sk (k = 1), ..., s) by several inpostors, i ®cpscedomds c) for
all feature vectors of the ith reference-aligned 10 franme, the foll ow ng
steps are perfornmed: cl) Performng a principal conponent analysis on the
feature vectors of the ith reference-aligned frame of the true speaker,

t hereby generating a first set of3%igenvectors, which forma first
principal 15 conponent matrix, and a first set of eigenvalues ?,i,j, c2)
Sel ectdi.ng. aneftihcst firat ripedheom tdreli ficatipni ngipdl 2 vempdiaativdt ri x,

wher ein t:he fidrs Il Xe SONMY | east. p t | ors
from tp%éjj ?:rts]t&b(tﬁmé{s%ttlim)c<f el genvée%fs%?gi%gsgéi gtﬁgda\%\n&'?%ﬁs r?at&ﬁoellcgei?%\e/ﬁ%al ues ?
,j, c3laPmjlecting the inpostor feature vectors of the ith

ref er gpes-ald gned frame using the first matrix into a first space, thereby
generating projected inpostor 25 feature vectors, ci%}Perfgrning a

np
prencipaf eBRPEReALIBALI 95 & SRARSE T K% SRaET mpoAOreFEafure vectors of
the iteh regtgren¢ecabirgnédrf rare detreertelsy syerertats ingnal secenformed, of

cecond sbicof=brGorrantEsCh o iahr Loa iy 5 SOrnd e L e Rl
verificastopedprefectnor speeick Sigmalte cfeddral Priscspadkeronponent
Tacond sEHECER0E:EE, I80RRT I B T Coc APt e R SRR OE, L%
| apge ei gravakuested speech signal is projected into a projection

space using the verification projection matrix,

e a distance of the projected feature vector in the

projection space from a pre-stored centroid feature vector

of the true speaker, is computed,
15 e the requesting speaker is accepted as the true speaker, if

the distance satisfies a predefined criterion.

10. A method for speaker verification according to claim 9,
wherein the distance is the Euclidian distance of the

20 projected feature vector from a pre-stored centroid feature
vector of the true speaker in the projection space.

11. A method for speaker verification according to claim 9,
wherein )

25 e a verification projection matrix is generated for each
reference-aligned frame of the whole speech signal,
thereby generating r verification projection matrices,

e the steps of the method according to claim 9 are performed
for each reference-aligned frame of the detected time-

30 aligned speech signal, and

e the requesting speaker is accepted as the true speaker, if
the total distances of all reference-aligned frames
satisfy a predefined criterion.

35 12. A device for generating a verification projection matrix
used for verification of an unknown speaker, wherein a
processor is provided, which may perform the following steps:



x.'" i,j 13. A speaker verification systemconprising a device 5 according
to claim12, conprising a detecting unit for detecting a speech signal of
a requeMAMg3%eaker, a unit for formng feature vectorgc‘QQOWﬂ@agetected
speech signal, 10 a tine-alignnent unit for tinme-alignnent of the
detected speech signal wth the pre-stored reference speech signals of
the true speaker, a projection unit for projecting the feature vector of
the ith reference-aligned frane of fhe detect ed speech signal 15 into a
proj ection space using the verificéilon projection matrix, a distance

det er rd)natd dreamite forcttonpivs ngaahdrefaneacefralifeegr 6radeed fldatfure
vector in.the proLg

cti c - r ept ;¢kd ifeatyr e vector
of the trdé sbédker{ éggeégﬁvg?%§?§;??8ﬁégn?Fefg? ge?e?n?nﬁn%? whet her the
request i ng: ispeakergied atrepeodShgnehe fr §d Spéaker s T4 DX EgﬁpGFEF

readabl e gﬁﬁg megd $eNLAQ a program recorded thereon, where the
nmakes tEd co i 2

program nput er 25 execute_a procedure conprisi,ng the foll ow ng
st éps Hlor ameleneIt oy ECIREFEi ¥AEFBR HPS) 88F oﬁeﬁﬁfﬁp €a é&%lf‘&de

verificatigngf an unknpyn, speaker ofwhechi spapch Eeéghaie ougctodr & or each
reference-aligned % [

ra i.= 1, ... L f i |, out of a
pIurality'Rﬁur%&FEYrﬁiﬁ?#%%tﬁzgﬂegﬁwe§ﬁéﬁépgdjgggggﬁpgﬁggéﬁgggaﬁ;Pfhe true
speaker is] proyvjdesd) iy aevénpbsimpobEaan%gveQKOWiﬂ@d,each
reference-ali fra (.=, ~e. r). tef ech 1§y | out of a
plural$ty ﬁ%rg$§ft$%%ﬁgf?n%§g ?ﬁéeafsﬁggc siéﬁgﬁgeég%kgh§§hgmﬁ, ..., s) by

seyeral i npesh®y sthé podYbeedg s)yeber aakl peedoumedvectors of the ith
reference-g%;gn&grforming a principal component analysis on the

th .
feature vectors of the i reference-aligned frame

of the true speaker, thereby generating a first set
of eigenvectors, which form a first principal
15 component matrix, and a first set of eigenvalues
Ai, g
c2) Selecting a first matrix from the first principal
component matrix, wherein the first matrix comprises
at least a part of the eigenvectors from the first
20 set of eigenvectors associated with small
eigenvalues Aj,j, o
c3) Projecting the impostor feature vectors of the 1
reference-aligned frame using the first matrix into
a first space, thereby generating projected impostor
25 feature vectors,
c4) Performing a principal component analysis on the

.th
projected impostor feature vectors of the i

reference-aligned frame, thereby generating a second
set of eigenvectors, which form a second principal
30 component matrix, and a second set of eigenvalues
Ai, 3
c5) Obtaining a second matrix as the verification
projection matrix from the second principal
component matrix, wherein the second matrix
35 comprises at least a part of the second set of



frame, the follow ng steps are perforned: WO 01/73756 PCT/ SG00/ 00063 33
ci) Performng a principal conponent analysis on the feature vectors of
the ith WeP7¥Ate-aligned frane of the true speaker, thefeHICYMEBating a
first set of eigenvectors, which forma first principal 5 conponent
matrix, and a first set of eigenvalues c2) Selecting a first matrix from
the first principal conponent matr3x, wherein the first matrix conprises
at least a part of the eigenvectors, from. he first set .of eigenvectors
: e L) 1

associ ated wi t PsHRITYSCEPRnYaPuEs® Br e &7 ithe SShpost or

feature vector sy of }he ith reference-aligned frame using the first matrix
into a first space, thereby generating projected 15 inpostor feature
vectors, c4) Performing a principal conmponent analysis on the projected

i npost ot featysgryectersrotatheni shsteaf evapedsdlnigredidriaoe, ther eby
generating a, second. set gé eigenvectors, which forma second 20 princi pal
coRpondFEoRat PExECafddaMséeonG RBE 167 "9ei genval ues ?'i,j, c5) Obtaining a
seconds mat diot eas itrhe urert ficatdarectping ext spee okt signét omft Be second
principal__co onen%lgggé , Wherein the second matri x 25 conprises at

| east a PRS- iYe Fecond 'set of eigenvectors associated with |arge

ei genvel eesini'y fIE owoimputkeatweriaptete¥dr bge Fedi dafeRa¢AngP&eFogr am
30 recor@g_r; ereon, where the program nakes the conputer execute a
procedur € conpr’ising the following steps for s eak%r verification using a

vérd f i tat érimsojld@nmean it T90rHEte 2R IPRGTt 85t hBSnBRREG 4Ecording to

claiml, speech signal with the pre-stored reference speech signals
of the true speaker,
e a projection unit for projecting the feature vector of the

ith reference-aligned frame of the detected speech signal

15 into a projection space using the verification projection
matrix,
e a distance determination unit for computing a distance of
the projected feature vector in the projection space from
a pre-stored centroid feature vector of the true speaker,
20 e a verification unit for determining, whether the
requesting speaker is accepted as the true speaker.

14. A computer readable storage medium, having a program

recorded thereon, where the program makes the computer
25 execute a procedure comprising the following steps for

generating a verification projection matrix used for

verification of an unknown speaker, wherein

a) a feature vector for each reference-aligned frame i (i =
1, ..., r) of each speech signal out of a plurality of -
30 time-aligned speech signals j (j =1, ..., m) by the

true speaker is provided, ,

b) an impostor feature vector for each reference-aligned
frame i (i =1, ..., r) of each speech signal out of a
plurality of digitized time-aligned speech signals k (k

35 =1, ..., s) by several impostorﬁhis provided,
c) for all feature vectors of the i reference-aligned

frame, the following steps are performed:



wherein 35 a speech signal of a requesting speaker is detected, feature
vectors for the detected speech signal are formed, WO 01/ 73756
PCT/ SGCOWOOUBY56 34 the detected speech signal is tine-alBCi¥ePMI0R t he
pre- stored reference speech signals of the true speaker, the feature
vector of the ith reference-aligned frame of the detected speech signal is
projected into a projection 5 spacg3using the verification projection
matrix, a d&stance of the gro%ected feature vector in the projection
space from 8!pref8FEPERLREN rB'HHFéB?ﬁrgggQQPGPt GPalys s @ ker, is
conputed, the regquaesténgespeakedfi shacaept edragchhe-anugnspeakemeif 10
the distance satisfies a predefinped criterion. 16. A conputer program
el enent whi ch nmeRestiRet EBRPEPRRKCExeblifECRYpAEEEdEd "Sofpriiisisty I9He
follow ng steps orecigeneeatony, awderhf ifeatn an frirr@jte?tﬂimirmtlri x used for
15 verification of an un{nomg speaker, m?erein a) a _feature vector for each
Pprrixg and a

refer ence- al i gned°FPane” FISE E&Eh OLpEdTRTSIAGHEAS out of a

plurality of tike-g¢)igned speech signals j (j =1, ..., m by the true
speaker is Erovide , 20 b) an.inpostor feature vector for each
ref erence- aff gned® ¢RI 2 (F1LS ,m?FF}Xr%rSW &aen tdgsécRrdingidd out of a

plurality of digt¢tmgedett nmeaakigpednspeeahtakbgfalrstkmekdifc, ..., s) by
several inpostors is ovi ded for all feature vectors of t ith
reference-aligne%omQBP%?angg %ﬁégFo?|8ﬁfﬁg°§t§§§ gﬁgeBEFF5Fﬁ§H§%%¥3

Péf orm ng a prinképhirsonpenenf ehakypsestomst hesoteatede wiedt amm 1af t he
ith reference-a!ég ng {g0e 2. 0f . the true speaker, thereby generating a

first set of eigenvectors, whi<h forma first principal 30 conpqﬂgnt
matri x, andca)fipsdijeeting ehgeimabsesr feature vectors of the i

reference-aligned frame using the first matrix into
a first space, tﬁereby generating projected
15 ' impostor feature vectors,
c4) Performing a principal component analysis on the

. . .th
projected impostor feature vectors of the i

reference-aligned frame, thereby generating a
second set of eigenvectors, which form a second
20 principal component matrix, and a second set of
eigenvalues A'j, 5,
c5) Obtaining a second matrix as the verification
projection matrix from the second principal
component matrix, wherein the second matrix
25 comprises at least a part of the second set of

eigenvectors associated with large eigenvalues
A'i,5.
15. A computer readable storage medium, having a program
30 recorded thereon, where the program makes the computer
execute a procedure comprising the following steps for
speaker verification using a verification projection matrix
formed according to the method according to claim 1,
wherein
35 e a speech signal of a requesting speaker is detected,
e feature vectors for the detected speech signal are formed,



c2) Selecting a first matrix fromthe first principal conponent matrix,
wherein the first matrix conprises at |east a part of the eigenvectors from
35 the fWPM/7¥E6 of eigenvectors associated with snall ef%EgQ%WW@@ Ai,j,
WO 01/ 73756 PCT/ SGOQO 00063 35 ¢3) Projecting the inpostor feature vectors
of the 1th reference-aligned frame using the first matrix into a first
space, thereby generating projected84npostor feature vectors, 5 c4)

Per for i ng a QNG e?%?}]o:gg (% éafaiéls i?& egroltLﬁ gg igg stor

feature vectors o rence- a |gned erating a
second s@ttomederrgéml@@t@ §pemrcrsrmaﬂa sEcomel tpluensppakecorrponent

matrix, 3nd Fesecond set of (A0 el gety %é’@éré% ds éllﬁégedq‘?}:g]argl g a second

matrix as the verification proj ection matri X From the secon princi pal
conponentthreatdeibecteite sgier dthes spoohdi srpré kectampi nsesaaprbgast ianpart of

the secondbasel kS HMAG QLS 5P LA S0 1A Inkabge o genval ues 1]

17. A conputer program el enent e conputer’ execute a
procedtr & @mﬁﬂﬂQﬂQuyﬁlQQQ(ﬂHQmﬁ¢EF%t%%%tW€ﬁ veckpeaker therification using

a verifi (i}?ﬁtd QR QN AR I X p oL Sieshr-&¢ Cod gl AGi §orkheypet hadragcordi ng
to claim1, " wherein a speech signal of a requesting speaker i s detected,

feature Vectds tfré)lre e Tect st %‘b’%ﬁe‘é H3i gnal are forned, t he
det ect ed t3Reechyusisinaly ispdduer ald gmde;y\ztéchr ddecips etrﬁéOégdakefctﬁr gmce

s ech sr%r%al g&ntﬁheeﬁérue pea%g?%%é%ﬁl% ture.vector of the ith
erenc %}? a Feecht s$H5hal*i s projected into a
prOjectlon
16. A computer program element which makes the computer
execute a procedure comprising the following steps for
‘generating a verification projection matrix used for
15 verification of an unknown speaker, wherein
a) a feature vector for each reference-aligned frame i (i =

1, ..., r) of each speech signal out of a plurality of

time-aligned speech signals j (j =1, ..., m) by the

true speaker is provided,

20 D) an impostor feature vector for each reference-aligned
frame iv(i =1, ..., r) of each speech signal out of a
plurality of digitized time-aligned speech signals k (k
=1, ..., s) by several impostors is provided,

c) for all feature vectors of the ith reference-aligned

25 frame, the following steps are performed:

cl) Performing a principal component analysis on the
feature vectors of the ith reference-aligned frame
of the true speaker, thereby generating a first set
of eigenvectors, which form a first principal

30 component matrix, and a first set of eigenvalues

Ai, 5,

Cc2) Selecting a first matrix from the first principal
component matrix, wherein the first matrix
comprises at least a part of the eigenvectors from

35 the first set of eigenvectors associated with small

eigenvalues Ly, 5,



space using the verification projection matrix, 30 a distance of the
projected feature vector in the projection space froma pre-stored

cent r oi dVPOHIAEE vector of the true speaker, is conmput edbCT8¢W/P¥Fuesting
speaker is accepted as the true speaker, if the distance satisfies a
predefined criterion. 35

10

15

20
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30

35

35
. . . .th
c3) Projecting the impostor feature vectors of the i

reference-aligned frame using the first matrix into
a first space, thereby generating projected
impostor feature vectors,

c4) Performing a principal component analysis on the

. . .th
projected impostor feature vectors of the i

reference-aligned frame, thereby generating a
second set of eigenvectors, which form a second
principal component matrix, and a second set of
eigenvalues A'ji 5§,

c5) Obtaining a second matrix as the verification
projection matrix from the second principal
component matrix, wherein the second matrix
comprises at least a part of the second set of
eigenvectors associated with large eigenvalues

k'i,j-

17. A computer program element which makes the computer

execute a procedure comprising the following steps for

speaker verification using a verification projection matrix

formed according to the method according to claim 1,

wherein

e a speech signal of a requesting speaker is detected,

e feature vectors for the detected speech signal are formed,

e the detected speech signal is time-aligned with the pre-
stored reference speech signals of the true speaker,

e the feature .vector of the ith reference-aligned frame of

the detected speech signal is projected into a projection
space using the verification projection matrix,

e a distance of the projected feature vector in the
projection space from a pre-stored centroid feature vector
of the true speaker, is computed,

e the requesting speaker is accepted as the true speaker, if
the distance satisfies a predefined criterion.



