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SPEAKER AUTHENTI CATI ON BACKGROUND Speaker
authentication is the process of verifying the clained

wo d@npgoys of a speaker based on a speech si gnaPCT/Ukm07/004137

authentication is typically perforned using speech

nodel s that have been trained for each person who uses

the system In general, there are two types of speaker

aut henti cation, text-independent and text-dependent.

I n text-independent speaker authentication, the

speaker provides any speech content that they want to
provi de. In -te3PEAEKRBNACRHENTIACADIQN: i on,

the speaker recites a particular phrase duri ng node

training and during use ofgt ﬁ@% gntication system

By repeating the sane phrase a strong nodel of the
phoneti c uansaaﬁ¢ Enansamtnmatbenmmenthhossxphﬂn@téﬁ
unlts §an b L&oNs Q%géa é @ ext - d%Pa(¥¥“based on a
speake entlca on syt ¥h|s Ps SRot a5 tTue" T n

tsp@ecndapgndént Qm&abumhémm1caatbon1sy$mehaﬂlwmperformed

honet t t bet ye
SRGHaE] BPGRFRs TS ot be BLE: DRR a0 g 39 & HF rgeh

: a@érbbuSwhblbsﬁﬁtHhhf&XEEQ@nted well in the nodels

The di scussion above rel rovi ded for general
backg:rouﬁd Hfgrer"?ﬁ';/ﬁao]rf a yﬁgF ¥I?‘Yf”e%é’é’(fstgo SRRker

a@uﬁﬂeﬁtﬁjcblﬂldmterﬁ'ﬁiﬁ-ﬂﬁacﬁ@ﬁeﬁdéﬁe ahdt h:%mdaié@@lndent In
subj ect tter. SUMVARY S eakﬁﬁﬁagthentlcatl

R SR Yt v ife e T SPeaker

Ubt8anee aR¥¢ @peech content that they want to provide.
In -text-dependent speaker authentication, the speaker
recites a particular phrase during model training and
during use of the authentication system. By repeating
the same phrase, a strong model of the phonetic units and
transitions between those phonetic units can be
constructed for the text-dependent speaker authentication
system. This is not as true in text-independent speak
authentication systems since many-phonetic units and many
transitions between phonetic units will not be observed
during training and thus will not be represented weii in
the models.

"The discussion above is merely provided for
general background information and is not intended to be
used as an aid in determining the scope of the claimed

subject matter.

SUMMARY
Speaker authentication is perxrformed by
determining a similarity score for a test utterance and a
stored training utterance. Computing the similariﬁy

score involves determining the sum of a group of
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stored training utterance. Conputing the simlarity
score involves determ ning the sum of a group

w@bdoangdosons, where each function includes theP@r/os00t/004137

of a posterior probability of a m xture conponent and
a difference between an adapted nean and a background
nmean. The adapted nean is fornmed based on the

background nean and the test utterance . This Summary
is provided to introduce a selection of concepts in a

lified formthat are_ further described belowin
Bet AP PedWBESEr iSRG bt UARF SR MRELYIRS (fde |Rﬁ%°ﬁ‘é|‘é’8 of a

t;@osté'ﬁi]bkf privepbiiaatiyr ast of mssedkbakbo@Riny s Hiathe
cl ai ped subject matter, nor is it intended to be used

R EHEEPRCPN PGENESR AThP TIRESE 0PEaBf aPRe SclRAGEgFouUnd mean.

StHx¢ esdlapRbtieheahha £ | @d FREG SHRE8ET oRBEHRN HatWiound mean
limted to inplenentations that solve any or al -

ARAdVARL 56é§ HS&F3NFS he background. BRI EF
DESCRI PTI ONTih sTHHEnBRRAW NGS 51 &videbis td RIRGkHiggram

of one conputing environment in which sonme enbodi nents
nE§L et hPRc Pfc SPRAERES 2L 52 ashPBe k fdrsy fanrbftmt are

af b fERAL MBS NG BHW i 1 QNPRAT pbR aWhieeh fUPription.
enbodi ments may be practiced. FIG 3 is a flow dlagram

oFNHsS nBURRA YT 1 A gt BeReRE- FAdAPeRdddty key features or

aui bent i cat iren YL Rz élh§m@db|s%%|§e@@%‘§@9g}:0fnor is
el enents used to train a text-independent

abit hentrodedokosyst arfedt| & 8ni 8id fnowedicagriaming the scope
.n@fhegff gh Si%‘etd %Hﬂ@éﬁﬂ%ﬁigeﬁur! Gel Al 5&1&(3&

is a |agran1of a met i dentifyl ng node
parbherels hot dirddteditterampéementations that solve any

or all disadvantages noted in the background.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of one computing
environment in which some embodiments may be practiced.

FIG. 2 is a block diagram of an alternative
computing environment in-which some embodiments may be
practiced. :

FIG. 3 is a flow diagram of a method of
training a text-independent authentication system.

FIG. 4 is a block diaphraém of elements used to
train a text-independent authentication system.

FIG. 5 is a flow diagram of a method for
setting thresholds during training.

FIG. 6 is a flow diagram of a method of
identifying model parameters for a test utterance.

FIG. 7 is a block diagram of elements used in
the methods of FIGS. 6 and 8.

FIG. 8 is a flow diagram of a method for

determining thresholds for a test utterance.

-2 -
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FIG 7 is a block diagramof elenents used in the

nmet hods of FIGS. 6 and 8 . FIG 8 is a fl ow di agram of
wa@20vpsoad f or determ ning threshol ds for a tesPCT/US2007/004137

utterance.FIG 9 is a flow diagram of a net hod of

authenticating a test utterance. FIG 10 is a bl ock

di agram of elenents used to authenticate a test

utterance. FIG 11 is a flow diagram of a nethod of

training a H dden Markov Model for a text-dependent

cuhent  catLgp Syehse B8, 18 dac bheck SLdansl

el ements used to~train n

is1tthddoivcdt Aggam afesa nedtdeochrode aut henticating a test
utterance using Hi.dden rkov. Model . EIG, 14 is a

bl ock di agrghwgof E‘aL(—g)I ertert gol\{??sce TRehtReRti SdElspdised to
HittHaicEcageng & elditdadat dvkarkey. Model . DETAI LED

DESCRI PTI ON_FIL G illustrates an exanple of a

sui tabl e cofp8ti r‘»é dyPs Ferh T i FHRFERE 260 20fekiiach ©of

eihodi Iegit 8§ ARYded MIHIREME 1 Ther CaMREkicNG e RM L
environnent 100 is only one exanple of a suitable
PR rCRRYPPoSYEH™nd is not intended to suggest

any limtatieg.agotad ke wcpe @faysemob el wnehiand idyed to
of the clainmed subject matter. Neither should the

ikt | At eAGPRoMREHCVLAPdR i nterpreted as having any

dependency pigrequ NYRNEIA) adi AgrhR BRY 20RR tHod of
conmbi nation of conponents illustrated in the exenplary
(ﬂRﬁQﬁWﬁECQHQPEOﬁmﬁﬁs?HHFterance using a Hidden Markov

Model.

FIG. 14 is a block diagram of elements used to
authenticate a test utterance using a Hidden Markov
Model.

DETAILED DESCRIPTION

FIG. 1 illustrates: an example of a suitable
computing system environment 100 on which embodiments may
be implemented. The computing system environment 100 is
only one example of a suitable computing environment and
is not intended to suggest any limitation as to the scope
of use or functionality of the claimed subject matter.
Neither should the computing environment 100 be
interpreted as having any dependency or regquirement
relating to any one or combination of components
illustrated in the exemplary operating environment 100.

Embodiments are operational with numerous other
general purpose or special purpose computing system
environments or configurations. Examples of well-known
computing systems, environments, and/or configurations
that may be suitable for use with various embodiments

include, but are not limited to, personal 'computers,

- 3 -
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Enbodi nents are operational wi th nunerous other
general purpose or special purpose conputing system

we@ew7ioggeeent s or configurations. Exanpl es of wedT/AUR00m004137

computing systens, environnments, and/or configurations
that may be suitable for use with various enbodi nents
i nclude, but are not |imted to, persona

'conputers, server conputers, hand-held or | aptop

devi ces, multiprocessor systens, m croprocessor-based

QSR 568 Lop.boxes,, pragr ammebl e, congumer

SEctToni ¢S - het wor conp
carjiiiperace s @b ephgny empst enkrapsteé bsdbedbasrputdyitems, set

nvi ronnents_that include any o f the apove.systens 0
e TS SRECB R eRl S SRR SLREL T d Chas 18 HIRF &
iBT s, henigenesmaput enteX mad. rff reong U @iipekee s} albbka ephony ;
i nstructions,. such.a s program nodul es, bei ng execute
(7% S0 RS BF L DBERE, AIPU st Y FEBFEE on e tnclude
0Lt IJESEhér SPOREE s yeljedt! Sr CHpPONes| Sandathe 1ike.
structures,_etc. .that perform particul ar tasks or
i npl enent  PAPPPELMEP tshTAakie £7RSCTIPEY. 18okbe general

ot s sbfpdeshrgRedcdtadle PiSELL6€dohR, such as
di stri buted conmputing environments where tasks are

R BAY L £ 8o P8 1% BT HE YRY cRsCPRRItETe Generally,

|dideathnt MiodgNed GARTHRANCL A N} WOFKgrhRsd objects,
i stributed congutlng envi ronment, program nodul €s are,
|SEREET RS bof A TR0 B&L VSISt S onplie Er PSEdCade Particular

BRI 1101 1) DO EREDLA QA0S dBYL€RIct YBLR types. some
reference to FIG .- 1, an exenplary system for
igahisirnhy soRedesiadiateriis e dbrletlged in distributed

SRS LI O05E L COMULI0 RU Sdd TEr oL IR g,
memaire movcebained deyicepridoessing Uhhketi2@hmpugh a
VA IBMO ¥nd3etwork. In a distributed computing
environment, program modules are located in both local
and remote computer storage media including memory
storage devices.

With reference to FIG. 1, an exemplary system
for implementing some embodiments includes a general-
purpose computing device in the form of a computer 110.
Components of computer 110 may include, but are not
limited to, a processing unit 120, a system memory 130,
and a system bus 121 that couples various system
components including the system memory to the processing
unit 120. The system bus 121 may be any of several types
of bus struckures including a memory bus or memory
controller, a peripheral bus, and a local bus using any
of a variety of bus architectures. By way of example,
and not limitation, such architectures include Industry
Standard Architecture (ISA) bus, Micro Channel
Architecture (MCA) bus, Enhanced ISA (BISA) bus, Video
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and a system bus 121 that couples various system
conponents including the systemnenory to the

wWEe@ees®BNg unit 120. The system bus 121 may bPET/AR300D004137

f several types o f bus structures including a nenory
bus o r nmenory controller, a peripheral bus, and a

| ocal bus using any o f a variety o f bus
architectures. By way o f exanple, and not
[imtation, such architectures include Industry

a
%%E??E%%ﬁ‘%é@%%%uz,"*E’%‘%g%%éa Mo B TR opgeoand
Pepipbewetlr Gompo St dintsrAosoeicat i(PCI)VESA absal known as
%§zaaggeP%HSpheral Conmponent I nterconnect (PCl) bus.

nown as Mezzani ne bus. Conputer 110 typically
i ncl udes aOmmpuﬂqm(ﬁl@onppuealﬂgadaMLmdﬁxha.varlety of

I e, a_can_.he an avaij |
%?gﬁHggk bgggggggsgﬁg%ﬁaéonpung fbrﬁﬁ 4b£%d%%§lﬁofﬁn be
aoyaavbelabdaumadﬂatthatnednaberam@wﬁﬁaﬂEﬁ@ computer 110
bIe of, exa d not
FI E% conpq% $%5£§%I§HQE89 Q%%f§£§%NT§gla'
Eempuhbﬂesb@KﬂgﬁnﬂEﬂem@ﬂﬁHléOﬁEUﬂacatE@ﬂvﬂﬁﬁl@f example,
sto a e nedia inc udes bot h .vol ati] e and

nonvo gt &+ %%bl%oﬁﬁa REnFPEBVAS &SRR Jnay comprise

cumbeﬂemteddnmgﬁnmémiﬂodndrcbﬁﬁhﬁ@d&b&éﬂ”mé&ﬂéageComputer
nf or natj.on ,suc S cogg ter .readabl e i nstructi ons,

Shentalr R P aroRBh, FeacE I8 d eaveLatite,

fempuaeueshmge;mraovaﬁhadﬁédlautmpiémniém $8dany
flash nenory or other nenory

‘P%Eﬁﬂsl 83y, eérﬁfﬁ&@gsalﬁwaﬁt%@gst Pife %W%M guch as

Obpntept iredlda1sK St OF 2g6t i BRINEHLG 0839814 €Fres, program
magneti'c tape, magnetic disk storage or other magnetic

BPGRAGE Q&vioLEeT lakRy oFABPUNBAI GROMAGh Teedideinsdydes,
b@t is not limited to, RAM, ROM, EEPROM, flash memory or

other memory technology, CD-ROM, digital versatile disks
(DVD) or other optical disk storage, magnetic cassettes,
magnetic tape, magnetic disk storage or other magnetic
storage devices, or any other medium which can be used to
store the desired information and which can be accessed
by computer 110. Communication media typically embodies
computer readable instructions, data structures, program
modules or other data in a modulated data signal such as
a carrier wave or other transport mechanism and includes
any information delivery media. The term “modulated data
signal” means a signal that has one or more of its
characteristics set or changed in such a manner as to
encode information in the signal. By way of example, and
not limitation, communication media includes wired media
such as a wired network or direct-wired connection, and
wireless media such as acoustic, RF, infrared and other

wireless media. Combinations of any of the above should

- 5 -
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store the desired informati on and which can be
accessed by conputer 110. Conmuni cati on nedi a

wo ooy enbodi es conputer readabl e i nstruct PONES2007/004137

data structures, program nodules or other data in a
nodul at ed data signal such as a carrier wave or other
transport mechani sm and includes any information
delivery nmedia. The term "nodul ated data signal" neans
a signal that has one or nore of its characteristics

t_or._ch ' .a nner_as to.encode
i%(r%ﬁsoorr]r% i%mng?ﬁd%ﬁe%gi%g%ﬁ @\fy e %fogx%ﬁrﬁPgFegnd:er?oqable
Imeditzat i on, conmuni cati on nedi a i ncl udes w red nedi a

such as a V\Hled ngtcvvork or dir (ﬁ-wi red.connecti on,
a S

i ST AL e ot | B CRETC P nFPRP Sin P torage

and wirel ess fredr
otehidra win etlessfoed af Gaiztndte onsd 6br angnobliahd labevwenory

shoul dal so _be included withj he ope .of comput er
Feadabl e ﬂ%ﬁsa@ia{'hg‘egﬁ?sqye %@%1)0%5@3 NHnEpRGen access.
A \Er (KA ag;tazmadiAarliiamitd1etrfj;mtmlr@ﬁtpmtatsiyl(s%é;w’afwcj/13§11
nonvolatile nory s s read on meno
I Riacreal ot e bon, avty ot Infpachit! Retp o
ita d fett plh Foymbeioh3 bdtHldd) e xandat 8i RYthhie Rasiguter
rQut i nes that Help to transfer information_between =

M & £hi AUEORFUSTA TP sukh BXPHERLAY Sttatediptn ROM
1S 1ypirzayl y33t eked dal IROMJa i RAMIA82 b¥AI/eA Inkogram

contai ns data and/ qr program nodul es that are

MAreti et et 2 bcesssihredic il RCHRestht ey tReidmgl/ o

RREIALEM PrLBY nBr 85R3%HMH WH bl 30ro BYs¥RY OLn8XaMBI @, By
and not limtation, FIG 1 illustrates operatin

st i 1BR2MRBE) i daC B Hridghaiast 195, Bier lpidgrahrates
R 85 1365y aRdmPRAYr a ts Jon T, tgrycll

may aﬁ%ﬂé)’ni %dgmogﬁgr' :Qe vlgcb%%%ngggﬁg\%l 2351' beher
o rare/ moavdrat iLBé . camsutmrogram data 137.

The computer 110 may also include other
removable/non-removable volatile/nonvolatile computer
storage media. By way of example only, FIG. 1
illustrates a hard disk drive 141 that reads from or
writes to non-removable, nonvolatile magnetic media, a
magnetic disk drive 151 that reads from or writes to a
removable, nonvolatile magnetic disk 152, and an optical
disk drive 155 that reads from or writes to a removable,
nonvolatile optical disk 156 such .as a CD ROM or other
optical media. Other removable/non-removable,
volatile/nonvolatile computer storage media that can be
used in the exemplary operating environment include, but
are not limited to, magnetic tape cassettes, flash memory
cards, digital versatile disks, digital video tape, solid
state RAM, solid state ROM, and the like. The hard disk
drive 141 is typically connected to the system bus 121
through a non-removable memory interface such as

interface 140, and magnetic disk drive 151 and optical

- 6 -
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storage nedia. By way of exanple only, FIG 1
illustrates a hard disk drive 141 that reads from or

WO e3808d non-renovabl e, nonvol ati|l e magnet i cPOBUSBN7/604137

magnetic disk drive 151 that reads fromor wites to a
renmovabl e, nonvol atile magnetic disk 152, and an
optical disk drive 155 that reads fromor wites to a
renovabl e, nonvol atile optical disk 156 such as a CD
ROM or other optical nmedia. O her

r 0 e abl e . vol-ati atil e, conput.er

L S 000 IR Ay LA SHODBLILY SRl v

ddr &y g eamovebdenmemroiwdaitdufaaee sothl am tieddnface
etic tape cassettes, flash nenory cards, digital

versatile disks, digital video tape, solid state RAM

solid stateTROMIramwe st lend ithes i dhes hac dadesk caiipie: bd 1

is typically.connected tpo the system bus 121 .thraqu

R e SO BISH AL A I L B it ep e Wil fo. 1,

anobwnisdmes t ordgek odr iccaplfleanceapibral dhsk riidtvieonldb data

are typically connected t he system bu 21 by

ﬁﬁﬁﬂéﬁﬁ%@ﬁﬁnﬁfﬁgfﬁbeF’ ,e%Lﬁmgagtg%Feéﬁiéef%%b%”*ﬁe

mdmpnxemdllbeir1a5$q@iﬂkxiﬁmwnb&gmpséoragedﬂaﬂiT drive

i scussed. above and illustrated in FIG 1 , provide

S R PUBEaRaR i ThstPote oS, Saaen 114,

sippict ¢t ©5on PpegbaEn AU BS itk Bt Pebgdatmambaulld® 146, and
xanpl e, hard disk drive

conputer 110. In_FIG._1 , for e .
BéEEE?WI%%E?réﬁgd ad o rihRf opkPati RGBPEEERSI4RD elither
3P| deat & Hle P 8Y bR il ri thef r h 0ghaPL BRdY a5 sk 134,
and programdata 147 . Note that these conpdonents can

SR Hel PRePESAE S Jr3% TRt PEPBRRBpBCSULRF 136, and
hcat | ; er [ am .
PSR Ma caPBETCAl IRRRIONATEy 4850 OUNCT BEAGIAR 1 on

, _and program dat a erating system
p@gggﬁmﬁi%éﬁyo@t er program modules 146, and program data

147 are given different numbers here to illustrate that,
at a minimum, they are different copies.

A user may enter commands and information into
the computer 110 through input devices such as a keyboard
162, a microphone 163, and a pointing device 161, such as
a mouse, trackball or touch pad.. Other input devices
(not shown) may include a joystick, game pad, satellite
dish, scanner, or the like. These and other input
devices are often connected to the processing unit 120
through a user input interface 160 that is coupled to the:
system bus, but may be connected by other interface and
bus structures, such as a-.parallel port, game port or a
universal serial bus (USB). A monitor 191 or other type
of display device is also connected to the system bus 121
via an interface, such as a video interface 190. 1In
addition to the monitor, computers may also include other

peripheral output devices such as speakers 197 and
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prograns 145, other program nodul es 146, and program
data 147 are given different nunbers here to

WO bdoasosoas e that, at a mninmum they are diffePenuUs2007/004137

copies. A user may enter conmands and information into
the conputer 110 through i nput devices such as a
keyboard 162, a m crophone 163, and a pointing device
161, such as a nouse, trackball or touch pad. QG zher

i nput devices (not shown) may include a joystick, game

padnigat gldd,t 6,0 sh. nsganpebonfk ki Ie%ﬁougﬁhgés 809put

other 1 nput devices are often connected to
peoipbsirad dnitendDacehtBBgh a user input interface 160

that is coupled d0,LherSYshersbise Aitledrey, b
connect ed by o?ﬂéﬁp§ntgr¥ace andiﬁhs é%rué%d?é%?tgagﬁed
asvarpamgiitelusgpiord , lgaheaporpnsect ipns/ grsadbngeoramore

it 91.0 e b YRS &I S y
ggéfggsgéng?égg%%hngé?éd%Fogt%%H§§§ien1 ustggl?é?é an e
ratektkacemmutdr ak8Q madebei pt pefracaalldCzomputdd) t Rohand-

h | tor er | so Jj ncl.ude other
%g%ﬁpﬁgggEEBUfbd%ggg%%éeé gﬁ%ﬁggg §bggﬁé?%r€9€8’ a8 peer
dadprenter citd6;r whomhomayebeordnmectead drhdt otghiaally

i_ph | ] f 195. Th ! 110 _|
SHERUbSIeHRALY 8L bk chEeesel 33l hS comU el A 0248 ve

tohpedtvieons tthe@necwputrtere 106nDt heoripiy ets]l Sdaheas idns
onput er 180 ma

SBREES SRR S 100, TS, LBTELS SPUL L, 180 IRE 0y 171
aodt er wiglenetwed kn®GyoakpeEANYeW7S; Guthiey &DBBDAnclude
Db SelSenand hYBLoabLyskudes TR0y oL Bl of
tdlmonpa dcrgiiral o £008661 | 8A% cdepiiGieedvide Fb&mplter
i nclude a local area network (LAN) 171 and a Wi de area
REEWEFk S WA Heme EBUB g hgl £8 HeTdidide

When used in a LAN networking environment, the
computer 110 is connected to the LAN 171 through a
network interface or adapter 170. When used in a WAN
networking environment, the computer 110 typically
includes a modem 172 or other means for establishing
communications over the WAN 173, such as the Internet.
The modem 172, which may be internal or external, may be
connected to the system bus 121 via the user input
interface 160, or other appropriate mechanism. In a
networked environment, program modules depicted relative
to the computexr 110, or portions thereof, may be stored
in the remote memory storage device. By way of example,
and not limitation, FIG. 1 illustrates remote application
programs 185 as residing on remote computer 180. It will
be appreciated that the network connections shown are
exemplary and other means of establishing a

communications link between the computers may be used.
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ot her networks. Such networking environnments are
comonpl ace in offices, enterprise-w de conputer

wWoearo98039 i ntranets and the Internet. When uskrOI/UR2087/004137

LAN networ ki ng environnment, the conputer 110 is
connected to the LAN 171 through a network interface
or adapter 170. Wien used in a WAN net wor ki ng

envi ronnent, the conputer 110 typically includes a
nodem 172 or ot her neans for establishing

comuni cat i oyet _t he N.173, such as the Internet.,

The nodem 1 ,'m%i% ﬁaéﬂ&?%rﬁiﬁQﬁﬂmo?geﬁt@P &{e.ﬂﬁﬁlce
B® Ogowieigtledi ¢ cab hexsypllemyb usorddit M@ €heidsamentRuiMobile
[ rfa 60 r .Qther appropriate nechanism In a

R Rsiecr S Biadh S Brogramatnn e dinr cremory’ 201,
ﬁ@gﬁﬁAanuputheI¢GNpubmpo£HhtsH2unté@gSatbahﬁ@hidﬁﬁ&on
be.staored i he renpte nmenory. storage device. By way

3P b, JUhd bt O SCA RS T FPRgEe sedputers or
p&ineire rappl i€ adéoncpsogianenkBengsod BeeéAt NgtoR LEHE

cQ uter 180. It w be appreciated that the network

I \ .
cc‘?%elaf}eo SC%‘P]%%GS%E BXEMSICAR Sth of OF hePmRERASadfion with

esicakinsitiay evepnauBuGahbaRs ik et ween t he
conputers TE be ug d.FIG, 2. is a block diagramof a

mobi | e devi'cE"2B¥, “Wfi ¢ ITPLPRUMRA 5 RERpUCLAGile
enyotureid .mdbbiiesden ¢8 28hdde!deiessa memOﬁnJ(RAM) with

m ¢croprocessor. 202, nenory 204, input/output

o % Ak - WRgmededAmimictatsisi e ht erehcshags f or

6 APBH LA N ¥b £BAT @RDHR @YW Si OTn QL NEEsHORS the
devi ces. In one enbodinment, the afore nentioned
ERGSFENtROR e BRuPPRd lodeydafud Chiti dnshbthdoma . A

BRRHNQIN Qe memSHt aBhe 1RUS 2 - MoDPry; 204,484 as

I npl emented as non-volatile electroric nenory such as
RERFEH SRotles InereppY y LPRARFOgintam execution, while another

portion of memory 204 is preferably used for storage,
such as to simulate storage on a disk drive.

Memory 204 includes an operating system 212,
appliéation programs 214 as well as an object store 216.
During operation, operating system 212 is preferably
executed by processor 202 from memory 204. Operating
system 212, in one preferred embodiment, is a WINDOWS® CE
brand operating system commercially available from
Microsoft Corporation. Operating system 212 is preferably
designed for mobile devices, and implements database
features that can be utilized by applications 214 throuéh
a set of exposed application programming interfaces and
methods. The objects in object store 216 are maintained’
by applications 214 and operating system 212, at least
partially in response to calls to the exposed application
programming interfaces and methods. .

Communication interface 208 represents numerous

devices and technologies that allow mobile device 200 to

- 9 -



a battery back-up nodul e (not shown) such that
information stored in nenory 204 is not |ost when the
w@eonengdospower to nobile device 200 is shut domem/Uus007/004137
portion of nmenory 204 is preferably allocated as
addressabl e nenory for program execution, while
anot her portion of nenory 204 is preferably used for
storage, such as to sinulate storage on a disk drive.
Menory 204 includes an operating system 212,
appl i cation progra 214 as wel | .as an_object; st.or .
f%%é[iﬁ?nﬁegﬁéggtg%%?%gﬁng‘}hé“§§§$%ﬁ%i f21p§lUé% wired
aref eviabd ye exenotietishy sproeddsists 202 f vopsnmanor b r2Hcast

erating system 212, in on referred odi nent, is
PR 1 2RE B 58 ot h Tt € e BB figre P e
allatd @bl ¢ Eonmebtetosof a Comartadt ofio &Rehahigey depst em
21is ﬁrefe ablé gesigged for nobjl e deviges, 3%9
izﬁjqbp%‘??é R dAPaBESE FER U eSTHY ARt e ULt IR dsy 208 can
appldrcadh ppsra3ddtirhneug wseir of €xposedoapplaireatlieon
progranm ng, i nterfaces ,and nethods. The objects in
c%i"g'lt‘ims‘f%g?eo‘i‘léoﬁf‘gcﬁdi%'ai% DYy wWihFhcatfoserpbie of
anthropeieting systamidl? itoteasiopartially in
response to_calls to the exposed application i
pr ogr amni ngIPREEY PREEY G iPHRANMNYSS ¢BAmiArdaCeR . variety

idH elfce 2891ikepr SRR S NUBIOUSH de¥h6881 R0 screen
t echnol ogi es_t hat all ow nobil e device 200 tosend and

FAHT QRS i nFBEAEEPoN2NFhE IRV RURNPRR| BleWRilde@Sarfd variety

WA eeSSu P0EEHE cesat ald1idd HE Gl VAL 8Ndehk9adeast a
“tuners to nane a few. Mbbile device 200 can al so be
FRtingoff¥iced poda acsHpiRaYt o BRehdryd cga disted
theyewid e 15? RHGN 0GRS AT CALLQNH LR GRhagR %%sent
can be an infraréd transcéiver or a serial or paralle
Ok the | davéern&di-on, Iraladdit i chotherc dpahitey mftput

devices may be attached to or found with mobile device
200.

TEXT-INDEPENDENT SPEAKER VERIFICATION

Under one embodiment of the present invention,
a text-independent speaker authentication system is
provided which authenticates a test speech signal by
forming a similarity measure that is based on a model
adapted to training speech for a user and a model adapted
to the test speech signal. In particular, the similarity
measure uses the differences between the two adapted
models and a backgrouﬁd model.

In one embodiment, the background model is a

Gaussian Mixture Model that is defined as:
M M
P(x, !2‘0)=§wi1)i(xl l/lo)=lzlw1N(xr im;,Z)) EQ. 1

where M is the number of mixture components in the model,

wi is a weight for the ith mixture component, mi is the

- 10 -
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transmtting stream ng information. |nput/output
conponents 206 include a variety of input devices such

w@00a/09898€ h- sensiti ve screen, buttons, roll er spCEOS2087/004137

m crophone as well as a variety of output devices

i ncluding an audi o generator, a vibrating device, and

a display. The devices |listed above are by way of
exanpl e and need not all be present on nobil e device
200. In addition, other input/output devices may be
attached to or found with nobile device 200.

TiEdR | NBEPENBEMEBREA&ER:&/EbeEpGAEh@\IaMeZ iones the
enbodi ment of the present invention,

t 8%4a RdBRENGLAL - SPEFK e QUL PRNLLG, gtoh%tsy%%@a S an
provi ded whi ch authenticates a test speech S|gn§
f@enPhgsa thiemds ief persveeerhapfti §hl§aémtmrauMdEbdel
a e ai e S nmodel
AdERECHe e TR SRTCENVePLafpl Ro Tk dh Bilfbopsa:
simlarity maﬁnh&ck@@@umﬁemddéﬁenena@adﬁﬂdwﬁm th&lnlng

S e PR S

Model that is deflned as: MMP(xt \I0)= wiP,(xl
\10)="w N(xi ,Si1) EQ 1 vvhlgr;e %53 t he nunber of
m xture conponents I npte, oL /| wei ght forgg,

2
the ith m xture conponent ,spyh@m¢a for the ith
m xture conmponent and i is the covari ance matrix of
the ith conponent. Notati gp. dt s he set of
paraneters of the backgro%ﬁa“ﬁgggﬁx he wei ght, meafQ- 3
and covariance for. each con?onent) . The background
nodel is adapted to trai,;,ﬂ‘i_ng___zj,mx,)x EQ. 4
7y
py=m+—LD (5 _m, EQ. 5
yi)+a ’
%, =3, EQ. 6

where ™ is a training feature vector from a particular
speaker, QR is the posterior probability of the ith
mixture component given the feature vector from the

speaker, T is the number of frames in the training

utterance from the particular speaker, *@® is the soft
count of the frames belonging to the ith mixture
component across the entire training utterance from the

particular speaker, and ® is a smoothing factor that

causes the mean "V of the adapted model to adopt the mean
of the background model if there are few observed frames
for the ith mixture component in the training utterance..
Note that in the embodiment described above, the
covariance for the adapted model is equal to the

covariance for the background model.

- 11 -
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speech using the follow ng equations: m,= JH + (m
-m) EQ. 5 KO+ ,=, EQ. 6 where x' is a training

wo e@voessd3vect or froma particul ar speaker, v(vPCT/XS200%5004137

the posterior probability of the ith m xture conponent

given the feature vector fromthe speaker, T is the

nunmber of franes in the training utterance fromthe

particul ar speaker, 1 is the soft count of the franes

bel onging to the ith m xture conmponent across the

entire traky r th arg.i c . speaker .

and a is aQ§%§%tﬁé% ac?%%ﬁgﬂgf ?gﬁgé%ugﬁggﬁﬁgg %eSFure 5

gféingdpeed nodel to adopt the nean of the background

model if there are few obseryed frames for the,ith

anture cgnponent_in;gﬁggj ‘béﬂ zgqggLanE@).__ te

that in the odi ment desgg above, ri ance
FERSL RNt dessa) Ahe &0

for the adap r“T§‘EqUHT—gﬁ%gEE‘CUvarrante feR. 7
t he background nodel . Under one )nent, t he

ghatlkarity nmeasure is defined as: LLR x 7 where 1 nil-
11T EQ. 81 -Tnl -W, EQ. 9 KO zZrOI*,) EQ io0o where
X , is a feature vector of the test utterance, T is

t he nunber of franes of the test utterance and m, is
the sanple nean of the test Uf't €ftince which is def Filed®

as: Thus, in the simlarity neasure of equation 7 202
product is formed from théipo%telfior probability gEQ- °

for r ‘
ﬂ0=§7ﬁwd EQ. 10

where x, is a feature vector of the test utterance, T is
the number of frames of the test utterance and %, is the
sample mean of the test utterance which is defined as:
— 1 . .
m; = _"'_Z 7(’ ] xt)xl
y(@H = EQ. 11
Thus, in the similarity‘measure of equation 7,

a product is formed from the posterior probability y, for

A

the test utterance, the difference, §,, between an adapted
mean for the test speaker and a background mean and the
difference, J;, between a sample mean for the test
utterance and a background mean.

Under one embodiment, the similarity measure of

EQ. 7 is simplified to:

=My (PSS,
M oA
z,-_l}’(l))’(l) : . EQ . 12

LLR, =

Under a further embodiment, to reduce the data
dependency of LLRp in EQ. 12, normalization is performed
by carefully choosing thresholds. Under one embodiment,
the thresholds are constructed by first selecting subsets

- 12 -~
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the test utterance, the difference, Sl1, between an
adapted nean for the test speaker and a background

wore@n/ogsoad t he di fference, S1, between a sanpl ePORESMDD004137

the test utterance and a background nmean. Under one
enbodi nent, the simlarity neasure of EQ 7 is
sinplified to: Under a further enbodi nent, to reduce

t he data dependency of LLRo i EQ 12, nornalization is
performed by carefully choosing thresholds. Under one

';Bagé h | ds are.constructed by fi.rst
?332%“ ng %urggg?ﬁs'ong%glﬁ&ée “model par ¥ tSFs)El’f’lo&mof model
patragretpood  olfia fodevep bieame taatep ttdriit £ hameubeer sadap efk-om
. r om pul tiple eakers. One subset of
R eERe LSO e R e S SanRe R
pEtrenstoEss r epr esentad blyy ipkranet wirsg | it tBeapeels of

I t are_nost sinlar to the trainin
RTS8y BREERRER Gt Pl ot BACameters that
elreservdly $dehtafyikngthit eranctsd apfeseahed . by amedelondg
paraneters in,the pool of paranmeters that are nost .

BT 42 dont ceB et abau s G ey e apea iaing
titeesdemdes | typHesentiedablyo o RIle JREensse g Q%Uchieor}bool of
12 above. For exag‘glﬁe, when |l aocating sinm | ar

FECEENCESS t 0P hedfRalMiiSig Sfterdinde® thBeFeskr arftesance -

Uordean atid esminc@ihaken fhemstikg 1000l t Pf g8Pdehinations are
araneters are aﬁgl [ e%%as t he nodel paraneters of the

BS° RTEAntB RhieD. 1223R9% the nodel paraneters

for the trafdi NgxhpeeaNeRedl & I8kl I 88hEY abkN uERerances
%2. \‘\V&?n | ocating utterances that are simlar to the
Est*Nft tEraeEN 9t HECREABCSpaMafitle 2 ¥ YRS BAT Gt FfOramee

baker fiam {d1ee R0BL off thRASloNaArATRISES1 Ap 8 rUReL 3% are
the training utterance node
applied as 'the model parameters of the test utterance in
EQ. 12 while the model parameters for the training
utterance are used directly in EQ. 12. When locating
utterances that are simiiar to the test utterance, the
model parameters for an utterance taken from the pool of
model parameters are used as the training utterance model
parameters and the test utterance model parameters are
used directly in EQ. 12.

Once a subset of similar utterances, known as a

cohort speaker set, has been selected for both the

training utterance and the test utterance, the thresholds

can be set as:

~0 1 Netn ooy o

= 2, 0,Z, 6] EQ. 13
Ncahorl k=l

0 1 Ncnllun -1 .

= 2 02,6 EQ. 14
N s=1

cohort
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paranmeters and the test utterance nodel paraneters are
used directly in EQ 12. Once a subset of simlar

waitaonggeees, known as a cohort speaker set, haBCh®ESI007/004137

selected for both the training utterance and the test
utterance, the thresholds can be set as:where t is the

threshold for the training utterance at the xth

m xture conmponent, t is the threshold for the test

utterance at the xth m xture conmponent, N cohort is

the nunmper of adapted nodels selected fromthe speaker

PWEGTS ofif ol tHe t hheskblodd SEPs tthe atiFasnipgt wfteéhance at

Xt h conBonent of the training ujterance as defined in

EBS ol thg Mk REe a GARRIRAMNE of £t hd t kheonpreahodd for the
he .test, utterance defined in EQ 8 , d is the i

%&jsl}st%%?r%?c?hg%xt o Bng‘f’rf‘gb’frecd?fﬁ?’?o%%'é’éker]vwon is the
e dokor, alpi t a [ he

e g S T A R R i e U

sosef echedtHor thieshedld,ut Ber ascecwbeserj ul st - o Eche ith
Q1l 6 where mk is the mean for the nth cohort
GOMPOATY: affl [thies thrimbag fétermaa meobeftined in EQ. 9,

4 YE e | BUIECEARSE {OECHR I NERBEMZCO e e test

e simlarrty nmeasure o

dichRGtd Ve d odémg@“j]%t Bod tgest sut ter ahge. %gigiu%%mé‘nt of the

training utterance. In me €nbodi ment s,

3ith | aydripoi@asur 8fi Scusedt t epldet Y 0 S8L86tecd NBWr the
cohort speaker set for both the training utterance and

thre irdgtg uttéeannee Tahd nBW dehothespebkertmeet o the ith
then used to establish a new threshold. Note that

SPRPONSTEs| fif| diie ycpbsrtofsueakay s sh¥detedt fawnthe test

t.he SHdAd@rghyLest of EQ 12, the cohort sets
sel ected usi ng

Sk=m* -m EQ. 15
i EQ. 16
where m* is the mean for the mth cohort utterance and m’

is the mean for the sth cohort utterance.

Using these thresholds, the normalized LLRp is:

LLR = Zar(FDISES, =@ +£) /2]
Zhy@r @

EQ. 17

The similarity measure of EQ. 17 may be used
directly to authenticate a test utterance against a
training utterance. In some embodiments, this similarity
measure i; used iteratively to select a new cohort
speaker set for both the training utterance and the test
utterance. This new cohort speaker set is then used to

establish a new threshold. Note that since the
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EQ 17 will be different fromthe cohort sets sel ected
using EQ 12. Using the new cohort sets, a new

wo booesdbsoBd i s defined as: '/ - t +OQ 2] E . 18 AcDOSINT7/004137

- E. 19 Nv cohort 1 Anewsimlarity neasure can then
be defined as : LLR2= - Zri OKO EQ 20 This type of
iteration, in which cohorts are selected froma
simlarity test, new thresholds are defined fromthe
cohorts, and a new simlarity neasure is defined from

: : e S, n repeat ed_ as Jwmny, S
%1%2 gnglvltt?[] :g%lgnev(acéi mgﬁéri |th;;;‘?at egf bel ng %Iie%thﬁed yOm the
sibi tactityg tdwt a9€rBge 4R2,t Hdha woolnewtt hesshaladssdredn using
Eae ﬁvﬁr@ggﬁonﬂéh%lﬂ_‘rfeevl.l% tfl_ju:roﬁish&kgs écﬁl]cif},e és selected
namerator of the previous simlarity neasure. BFG® 3
PeonodESR -a ¥4 ow Usdyguatrhef newrstdtoolrf osetsai @i mpewodeteshold

r .er d. i n speaker authentication under one
g%bggﬁgrfglﬁt% of the invention. FIG 4 provides a block
di agram of el ements used to construct these nodel
paraneters . At step %Oowohlg’tttherances frommultiple
speakers in a spf;‘akep_pooiz 4= 35k —(Ecerlgd] Theseg. 18
utterances are conveyvjed #hto sequences of digital
val ues by an anal ogt o- di %ital converter 402 and
grouped into fra gbgaz{" CeNnsStructqi ,404. The
frames of digi talq’evay{,ues et 'e‘?f c%vﬂg{"?éﬁﬁi nt o B9. 10
feature vectors by a Y&ture

A new similarity measure can then be defined

as:

MY OFDOISES, — G +1) 12— +1)/2]
LLR, = =Ry

EQ. 20

This type of 4iteration, in which cohorts are
selected from a similarity test, new thresholds are
defined from the cohorts, and a new similarity measure is
defined from the new thresholds, can be repeated as many
times as needed with each new similarity test being
defined by subtracting the average of the two new
thresholds from the average of the previous thresholds in
the numerator of the previous similarity measure.

FIG. 3 provides a flow diagram of a method for
training model parameters used in speaker authentication
under one embodiment of the invention. FIG. 4 provides a
block diagram of elements used to construct these model
parameters.

At step 300,'utterances from multiple speakers
in a speaker bool 400 are received. These utterances are

converted into sequences of digital values by an analog-
- 15 -~
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extractor 406. Under one enbodinment , the feature
extractor is a Mel- Frequency cepstral coefficient

wQ@ MeCYsoBeat ure extractor that forms M-CC f eat BPCBUS2007/004137

vectors with delta coefficients. Such MFCC feature
extraction units are well known in the art. This

produces a speaker pool of feature vectors 408. At

step 302, the speaker pool feature vectors are applied

to a Gaussian M xture Mbdel trainer 410 which uses the
feature vecto L ive kgr ound_Model
(ﬁ%l\stﬁghia?fmcfoﬁhééljﬁgg;ﬁe@ 0 Plr?engj%tggﬁg?:t Ielgfjorﬁf%?‘eg by a
Gaagsd aros kruceobded4 . Suthet riatamaesg bAivaliveistal values are
roupi ng the feature ctors .into m_xtyre conponents

g:r%1 r?de%?ln?’%irr?éa u§r§|¥.§n otres?rflil Ut On paramet 8¥s for feature
eatrantdrur e4dO06nponentindelr pasrie cutmbpddmemai) antha feature
covariance matrix are deternined for each m xture.
CRaE . TR S S A TUBR LaSSPR T T T T atgient (MECC)
At e eexd rsieaker gheal gosiner i WFCOr obedthiéy velbcors with

SRR S FOTE T o] L EEChPERLEr L SBEEKSL s

adapt@déionkudin 4ild UEES atrte POBhES| Piopfeabid i §b8sker pool

to. determ ne sgeaker pool adapted Gaussian M xture

Hdeisa %L t BPCERER €P8aker in speaker pool 400 using

EQ. 4 throagh £4h0o8e2, | kS speakert NBobll efiS€Se vectors
for a particular speaker are conbined to forma sin

| e
AR S inften  Grts R SBQHEHEE SodeattFainer 410 which

B Drshe XEbatutRerdtdSs t B8 Hetrah N1 $Er§E2MBS ckground
across all of the utterances of the speaker. At step

osieln (PRMAI it « BPAfGe 4R0OPPoREPOdIment takes the form

of a Gaussian Mixture Model. Such training involves
grouping the feature vectors into mixture components and
identifying Gaussian distribution parameters for each
mixture component. In particular, a mean and -a
covariance matrix are determined for each mixture’
component.

At step 304 a UBM adaptation unit 414
determines a speaker pool posterior K probability 416 for
each mixture component for each speaker in speaker pool
400 wusing EQs. 2 and 3 above. At step 306, UBM
adaptation unit 414 uses the posterior probabilities to
determine speaker pool adapted Gaussian Mixture Models
418 for each speaker in speaker pool 400 using EQs. 4
through 6 above. In EQs. 2-6, the utterances for a
particular speaker are combined to form a single

utterance, which forms the sequence of feature vectors,
%', where T is the total number of frames across all of
the utterances of the speaker.

At step 308, a training utterance 420 from a

future user of the system is received and is converted

- 16 -
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future user of the systemis received and is
convertedinto user training feature vectors 422 using

wap@bogosodi gi tal converter 402, frame construptDUS20%4004137

and feature extractor 406. At step 310, UBM adaptati on
unit 414 identifies user posterior probabilities 424
using EQG. 2 and 3 above and forns user-adapted
Gaussi an M xture Model s 426 using EQs. 4 through 6
above. Note that steps 308, 310 and 312 are repeated

e e ' t LT I gA;Syst I
R L S hATasoar e ) Ayt 10g-co
feohddlf gronver aehg 40Fesef Témeshongs HustshiowhO#dn arfte feature

£ kagragpef Fl 5 crolhe g8t hogpghown i n_ELG 5 i$
g%e}ytagl}:gtgi TT0B hod't e ST o OBl aibabBatity rgble 414
edenyifdes ofsehepesitichicat ipnobybiémtilest 424oubkdng EQs. 2
ry=sp [ e er | tep 200 of FIG, .
EH8"YSTPERKE | Bl TERRE L B8P g RPERE L Gl o i xture
¥rdalegsdi2 bofusireg shgsemd ithrelg@ct@dabdvest epldi@l.that steps

- Gayssi M re Nbdel paraneters and,the .
%ggferlgf %Egbé%$#igfg% %?g?ﬁgggec@%tgacgpéﬁﬁﬁ?oﬂré”K’ will
reer tbeedeas Sielaecied spstksr nodel paraneters 433. At

step 502, simlari test .440 is used b ohor t .
sel ection %ﬁtsaﬁ% ?%Xémﬁﬁﬂfifﬁ%§%r?hﬁ?sﬁﬁggﬁeﬁfﬁr%ﬁ?lHEd'
Theakert hpab| £400t rBdmiings tthesst eprefdhwirglels shown in the
ramet.ers (1) ) assocjated with each speaker in |
?ﬁ@wggés@EF 65% %fé'sgpar VSO eBOPYY A8 FIG. S is an
Stﬁkba&béyMéﬁﬁo@|QﬁgﬂMéétéhehﬁﬁgﬁbl@%“ﬂﬁﬁebﬁl#h%or every
e

§'%,in% 433 for the currently sel ected speaker.
% Set Obf EPBakBRSHAGRAYHIRD st podUt hatlgP odteE every

tpeakieghest tsidnidpsd kyr. pBasure for the currently
sel ect ed speaker are _sel ected

In step 500 of FIG. 5, a speaker, either a
speaker from the speaker pool or a user of the system, is
selected. At step 501, the Gaussian Mixture Model
parameters and the posterior probabilities for the
selected speaker are retrieved as selected speaker model
parameters 433.

At step 502, a similarity test 440 is used by
cohort selection unit 430.to select a cohort of speakers
from speaker pool 400. During this step, the model
parameters (y(i),m) associated with each speaker in the
speaker pool are separately applied to the similarity
test along with the model parameters (y(@),m) 433 for the
currently selected speaker. The subset of speakers from

the speaker pool that produce the highest similarity

measure for the currently selected speaker are selected

as the cohort resulting in a set of cohort model
parameters 432. Under one embodiment, the similarity
test of equation 12 is used as similarity test 440 during

the initial iteration.

- 17 -



10

15

20

25

30

as the cohort resulting in a set of cohort nodel
paraneters 432. Under one enbodinent, the simlarity

wo e®/ogfo3equat i on 12 is used as simlarity tespCHES2007/004137

during the initial iteration. At step 504, a threshold
construction unit 434 uses cohort nodel paraneters 432
and the sel ected speaker nobdel paraneters 433 to
construct a threshold 436 for the sel ected speaker.
Under one enbodinment, EQ 13 is used to conpute the

threshol d s fr el ker npdel
par anet er sV\agS tbtel ng ﬁgéd tgcrndrs?llﬁéisheogldsacus%crﬁl?n unit 434
veEar Shodtt medméarrsalfme’cehsrtmﬁo@eid pa'uarrseéestéalz speaker

¢ éggh gga&%t%ﬁ '%? goéoggggu %hmwthﬁﬁsﬁ%ggeégg for the

odo ermnes Pt fer'e
syslbketrsdi speladespeak ®ndeaol on)e iemiidweirsatt pf E@sers3 ofis used

t h t I f th k , th
spgaies p%rg Sel8& :{&EE ?’é’ﬁ n‘(’ﬁ %taogégeﬁn%%@?ex m selected

s:peanaasrtyndceaslt Wansem:esi g8 nbledngdenakielly €o6hafésSine the
for the new speaker. A threshold is then determ ned
fagiusleneriy spaaker. &t epeds0Fhss0Med0d afidr5060kogt model
repeated unti| thresholds have been determi ned for

KA ERBERef 3PnPEAE I peafrt pode L Ang éver%PHJs%?CfbeOhort-

LD, DLt e TS o EpfOn LU SO S, Byapmines 10
simetaraty _tnesb_ St atess epn508e Upderkenepeobodicngnt .the set
e TECE' B it Yatshbel 5L ORE-E0 50 e borea s, e
tres:trs b@mmvmgecbléétéheHyestethamen@ott@ors\tgggemo and
LR PLSEER7 Lkt 190,81 S A00MET §.2 FRESKEL ) Sonorts sor
LIS%Sn@'fJ it akent em AStepedil d sisheneisede tOrfieheat for the
new speaker. Steps 500, 502, 504 and 506 are repeated
until thresholds have been determined for every speaker
in the speaker pool and every user of the system.

When there are no further speakers, a
similarity test construction unit 438 constructs a new
similarity test 440 at step 508. Under one embodiment,
the new similarity test is defined as EQ. 17 above.

At step 510, the method determines if the
similarity tests have converged. If the tests have not
converged, the process returns to step 500 where a
speaker is selected from the speaker pool or from the set
of users of the system. Step 502 is then used to select
the cohort speakers, this time using the new similarity
test 440 set by similarity test construction unit 438.
New thresholds 436 are then determined at step 504 using
the newly selected cohorts. For example, under some
embodiments, EQ. 18 1is used to determine the new
thresholds at step 504 during the second iteration.
Steps 500, 502, 504 and 506 are repeated for each speaker
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t he cohort speakers, this tine using the new
simlarity test 440 set by simlarity test

w@onsesedt i on unit 438. New t hreshol ds 436 ar eP¢hER2007/004137

determined at step 504 using the newy sel ected
cohorts. For exanple, under sone enbodi nents, EQ 18
is used to determ ne the new thresholds at step 504
during the second iteration. Steps 500, 502, 504 and
506 are repeated for each speakerin the speaker pool
and each user of the _syst Atter the new threshol ds

m
hi e CBEerP RRAKTHi RERY (7 LaBACBpdHieh 4 Hdlf Svstem. After
stid | aeidt Y hiresihd sddefia Redbalns trit S8 ne KOF o@X JFAE, speaker,
during the second iteration, the newsimlarity test

vibul e HrThRE1EY fbBAE iﬁsEQ§e§6?e?lheaFt eP EBPons O8F For

d@i@mﬁlai, NAHGONOS t ShESINREGh$i Ttbakiciynt eSthe dabknNidihilarity
t hreshol ds fromthe cohorts, and redefining the

SFAPFarPiydt 88 RESREDR T hECHBR £Rr Ehol%ds, are

| 106 atiipealat apeabed aditdmi A heg SkBhbaftist Yud €84S a similarity
converge at step 510 such _that changes in the
stePfarit §etédindgo ndhr&SRYEL T he BeMect deh@ohgpeborts,  and

SPEaKein38ly THReSt e@ir@héﬂ&gng toseshaldseduridil the new
training_then ends at step 512. Once the nodels have

beheaHapOSd AL thecraEéYRNIFaRaated - vaEhlsfdwkesimilarity

i fet b8 ses%sa:geoogtangtsgchsyéerseéht henhs¥StEALnGBE in the
system may be Used to authenticate a user.

Aeimbherdsyi dredegiPsnBy sdrmany Wirleseparanet erando speaker
st er [ i f .
s LSt e ﬁg&ﬁgg%@%ﬁ;ﬁéﬁ#&%g é%é%gg to{alﬁmg then

6 and the bl ram o In step 6
Fexds- gt gtesstSldterance 700 of FIG 7 is received.

i gi Lol val SRSy A i aet o AP OFL aP Rivar Ry and  the
andrgsboped iseb ffoanesadly aplekesr in the speaker pool and
each user of the system, the system may be used to
authenticate a user. Authentication begins by setting
model parameters for a test utterance as shown in the
flow diagram of FIG. 6 and the block diagram of FIG. 7.
In step 600 of FIG. 6, a test utterance 700 of FIG. 7 is
received. The test utterance is converted into a
sequence of digital wvalues by an analog-to-digital
converter 702 and grouped into frames by a frame
construction unit 704. The frames of digital values are
applied to a feature extractor 706, which performs the
same feature extraction as feature extractor 406 of FIG.
4 to produce test utterance feature vectors 708.

At step 602, an adaptation unit 710 forms test-
specific posterior probabilities 712 based on universal
background model 412 using equations 2 and 3 above. At
step 604 the universal background model .is adapted by
adaﬁtation until 710 to form test adapted GMMs 714 using
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construction unit 704. The franes of digital val ues
are applied to a feature extractor 706, which perforns

WO b@7o98v89 f eat ure extraction as feature extracPOr/udthgr/004137

of FIG 4 to produce test utterance feature vectors
708. At step 602, an adaptation unit 710 forns
testspecific posterior probabilities 712 based on

uni ver sal background nodel 412 using equations 2 and 3
above. At step 604 the universal background nodel is

ted by, fatd onitd | f10nt ok or t apted .
714 usingEQs. 4 thr odghwéggbg%/lfé? vq\;e{ﬁ?t rlilg-‘q;teg‘ﬁsﬁnce being
wistest arecex,bei ng used as X1 . At step 606, sinmlarity
threshol ds 724 are determ ned for the test utterance.

A net hod offtet 8F&Pni A%t he sdMfilizarity ttheshbbddsi s724 are

skewWinlihd®r erdet aidnén thedf | oy diagham of FI ;
At step 800 of FIG 8 , a sinilarit¥ test 716 ﬁ; ﬁg%t od  of

B L& TEBTO Y s éihect PéA-idmind tristhsepihed dshose speakersin more
betlhe sheakes pogl thahrahe JPHr$inglar to the test

speaker. During this stép, the nodel paraneters g

(J),m assdth afEEPWOOR @fcHFEpeakerai simid sspidaketest 716 is
lq a ar a [ .. th iJn lardt est..
peela ang, separ@lghys pQEi@QtH%n.(s?ﬁgqﬁnf$%2Ytél4£%89 those

along wth the nodel paraneters
EREERS iR eFBAcEPeRke s st Biatpeaker® sy osihkar to the

tReakespRARL L hat lﬁ’iﬁPleﬁs s hisg%%;t %kx'g ALy parameters

measure for the current sel ected "Speaker are
deM(Bored assehbatetomti ttesehthngpieakersetn otheohesdaker pool
aranetgrs 72Q., Under one enbodi nent, the

g?%elsa%)%’@a‘f_% Y 8PPGRAti bR 1D Simktpaktyi felsdrialong with
HEL AR R LB OIS TR R s
partgmerers. 720hanculesit adéptpea®dvs from the speaker pool
that produce the highest similarity measure for the
currently selected speaker are selected as the cohort
resulting in a set of cohort model parameters 720. Under
one embodiment, the similarity test of equation 12 1is
used as similarity test 716 during the initial iteration.
At step 802, a threshold construction unit 722
uses cohort model parameters 720 and test-adapted GMMs
714 to form test utterance thresholds 724. Under one
embodiment, EQ. 14 is used to compute the threshold with

the means from the test-adapted GMMs 714 being used to

define the adjustment value &4, and the means for cohort

model parameters 720 being used to define o; for each
cohort.

At step 804, a new similarity test 716 is
formed by a similarity test construction unit 726 using
test utterance thresholds 724 set in step 802 and speaker
pool thresholds 436 set in the method of FIG. 5. Under

one embodiment, the similarity test of EQ. 17 is used as
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714 to formtest utterance thresholds 724. Under one
enbodi nent, EQ 14 is used to conpute the threshold

wWowRao/oedes neans fromthe test-adapted GWs 714PEGEUAZP07/004137

used to define the adjustnent value dt and the neans
for cohort nodel paraneters 720 being used to define
"5/ for each cohort . At step 804, a newsimlarity
test 716 is forned by a simlarity test construction
unit 726 using test utterance thresholds 724 set in

Shep 802 ahongakey RAGL. 1hgehol s 436e8fl508, 1N%e metnod

met ho er one éenbodi n
defrekavintes t 66t bheEGand irsinised ast héteewtsiand ahiatwe been

6. At p e h det.er.m if the
%%%h%§nbae$ %%L:st (?%3%%%%2%% gg‘eeneérle%vg]hggggé:a\%‘eroef FIG. >.
p&r fetverethnian hhwbekowdildgmemiodnd| avE notf ddwen speBformed,

f_lL.terati. naot bee erforoed, the new
gﬁ%bﬁg?v?tﬁl%ﬂes%%l?ﬁsggggo Sel ‘é% Baq:noewsggfgcgf 2oREF; St of
byheettsr nbyng ek wtrein@0@o Tdteeme®00ahor The/2fear exdisetks 720

t hreshol d nstructi,on uni,t 722, to for t est
%% er‘%snecé]e %’h’r gts T Uao %hicc?ﬁ]sa{:rrélcé—‘dlu%rb Fgl‘t@egﬁl\%pggkeﬁorm new
theésholtded@dce Thareewolltsgshotitsclar eaneed dyed to test
imlarity tes nst tion.unit 726.in step. 804 to
glrer%kéerne%\llué?ﬁ‘bf’ggisty{#gSt ?J]c% A5Vt @rsqsﬁ?‘?lg‘??t?rteeslfsed by
eimEQarddy Steps 8600stdztiddd wanidk 80fcana rsami;a]ttga@izl z_lo form
until the sane.punmher of iterations has been perforne
Fn tTe Sn%?hg'arﬂigyg?cﬁs% %‘éc\}\agspgﬁhfeor%raliﬁrﬁﬁé( fétHodof EQ-
@b .Fl Gtépsesuia, ngo2p B0f4 nahd sBO6l ardd yreesttedd until the
that has the sa nucfrrber of thresholds as the fina

|
SEME afi etrestorEAEAOl FrHEL T hr JIYH ReSFI RPILQGREmH oftn  the

RkGhdd oANETG! he aanmaupesfOfméd ef At :tara.s B Rt rFIG. 5
. A >
%E%égﬁgﬁﬁghggfrgﬁgggg;frs%ggﬁghhﬂgrskggtargl% that has the

same number of thresholds as the final similarity test
440 formed through the flow diagram of FIG. 5. When the
same number of iterations has been.reached, the process
for computing similarity thresholds for the test
utterance ends at step 808.

Speaker authentication continues with the
process shown in FIG. 9 using the elements of the block
diagram of FIG. 10. In step 900, a nominal user
identification 1000 is received. Using the nominal user
identification, adapted Gaussian Mixture Models 1002,
posterior probabilities 1004 and thresholds 1006 for the
nominal user are retrieved at step 902. These parameters
were determined from training utterances from the nominal
user in the flow diagram of FIG. 3.

At step 904, test wutterance adapted Gaussian
Mixture Models 714, test utterance posterior
probabilities 712 and test utterance threshoids 724 of

FIG. 7 are retrieved.

- 21 -



10

15

20

25

30

utterance ends at step 808. Speaker authentication
continues with the process shown in FIG 9 using the

web@moetodo of t he bl ock diagram of FIG 10. |n BCEPSH00004137

a nom nal user identification 1000 is received. Using

the nom nal user identification, adapted Gaussi an

M xture Model s 1002, posterior probabilities 1004 and

t hreshol ds 1006 for the nom nal user are retrieved at

step 902 . These paraneters were determ ned from

training utger m om. in the W,

di agramgof %?G%%%%.S %dts@'stggﬁsg4fgltq€£3tg%ﬁ¥r§r1ecsg Hg is used
dap ediGadegiidy MxeuiegModeld 714010 esb Uidwnaaceimilarity

i or 0 ilities, 71 n I utterance
%%ﬁa%woﬁgsl%ﬁggy elg}nG §9ea?%gsr€t truﬁ:é:veeraé '}Béee st¥ Yo parameters
filidal 8l4n | AR¥t yartcesthg 16oinsnadedsey ansied | pairbyeters 1002,

in ul Q0 tg forma .simlari score, 1012 .
%gam#e’egltgﬁg‘t gg%géft eranc ;”Tjr%géf“eﬁ‘gr’an%%%g ﬁlzt?l%iﬁ,lty test
71246 and t heenosimalaundery nodek paf amsger 201002, At00gtep 908,
1Q06. . Under one e ijrent, final simlarity test 716 . )
SO | 3PReS A of e edoby® o g5 b opg nehtication
simiitl ariotlyd saer emh®E? hs dsefdshyna speak®r whether the test
ayt.hentication unit 1014 to nmake a_.decision as to
v‘\ﬁl#ettarfeafn?%elFe§foﬂ’tt ean‘&?f?slé?ﬁ‘gﬁ‘%ﬁ&%é@f thenfrriegl user
typ '1deo nonmi nal user | D 1000. TEXT- DEPENDENT SPEAKER
AUTHENTI CATI ON Under a further enbodi nent of the
present invention, a text-dependent speaker
aut hent i cat TERTS PEPENDENTOrSHE Kietk | AunhEah & ahidden
Mar kov Mbdel 1S constructed and IS used to perform
speaker aut HRAEFcat onf VEeer 11°pPeFiaedta nef hoghFor present

tiratdi o pich adsliddesp Mikoy Mpdelker authentication system

is provided in which a Hidden Markov Model is constructed

and is used to perform speaker authentication. FIG. 11
provides a method for training such a Hidden Markov Model
and FIG. 12 provides a block diagram of elements used in
training the Hidden Markov Model. |

In step 1100 of FIG. 11, a text-independent
universal background model 'is trained. Under .one
embodiment, the universal background model is a Gaussian
Mixture Model +that is trained by collecting text-
independent speech from many different speakers in a
speaker pool 1200. Each utterance in speaker pool 1200
is converted into a sequence of digital values by an
analog-to-digital converter 1202 and the digital wvalues
are grouped into frames by a frame construction unit
1204. For each frame, a feature extraction unit 1206
extracts a feature vector, which in one embodiment is a
Mel-frequency cepstral coefficient with deltas vector.
The extracted featuxe vectofs 1208 are applied to a

Gaussian Mixture Model trainer 1210 to form the universal
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and FIG 12 provides a bl ock diagram of elenents used
in training the H dden Markov Model . In step 1100 of

wo-2@7/098D39 a t ext -i ndependent uni versal backgr opeilURIAED04137

is trained. Under one enbodi nent, the universa
background nodel is a Gaussian M xture Moddel that is
trained by collecting textindependent speech from nmany
di fferent speakers in a speaker pool 1200. Each
utterance in speaker pool 1200 is converted into a

equyence of digital l.ues an anal.og-to-digjital .
DEMIENES0q AT 11200 A AT B trainers
farane syl a e donstuhict met uahtl 1264m Bansed@n Mixture

upi.t 1206 extracts.a

y§¥5safeMUr%qymgmio Xt - wture
SHSe vé or TIRTRAPn oh®TERbBdi nBREPES, ihto  mixtur
Melmdarespiency aerpst tdbneaéhfing ertaws shadel tigesrareet 6rs that
The extracted feature vectors 1208 are applied to a .
S R N e TR T b Ee | BBty Cadsigned to
waarersahpas&geound nodel 1212, Gaussian M xture Mdel
trainers are well kno in the art., and form Gaussi a
M xt ure 'I\/bdngs BYegr ov&vﬁior}g fgza‘tat}rrbl%ct‘g?éeffﬁ?ses 1216 are
Heddleed Orgrode i Se antbriwert éd yiitg: dSausisd fha paraaet€ssS by an
t hat. describhe the_ distribution_qf feature vectors. .
24G ffEd- ol tdehadoffINEnt te A P%%efﬁ 0BroMpshi hgte frames

Wyt ehaneesmd 2orderieeebredhiraingd apeoconvardedeah0 frame, a
di gi tal val ues bg_an anal og-to-digital converter 1218

P P otipsr i ot iPand Yy 4 2R2anexEsASTAuCRi drfdREe Vvector

e e 59T ro2eN ffd aFBaiAihgalidA d rReEL8RsMId2422wBich are
extracts a feature vector thereby.form ng training
] upeMPediYirSs AR2¥eCHRiteh aF eSPheksanPasdpefopture vectors

VEG®Or S BAqSREYR! AROLaiRahH! € +¥eqtaL, é?tg?eryﬂgéé 1216 are

one enbodinent., training utterances 1 e
formed by a single speaker repeating a word or phrase.

At step 1102, universal background model 1212
is used to define baseline Hidden Markov Model state
probability'parameters 1213. Under one embodiment, this
is performed by setting the mean and covariance of each
mixture component as the mean and covariance of a
corresponding Hidden Markov Model state.

At step 1103, universal background model 1212
is adapted to a particular speaker by an adaptatioﬂ unit
1226 and converted into HMM state probability parameters
1214. In particular, training feature vectors 1224 are
provided to Gaussian Mixture Model adaptation unit 1226,
which also receives ‘universal background model 1212.
Gaussian Mixture Model adaptation unit 1226 adapts the

universal background model using EQs. 2 through 6 above
while wusing the training feature vectors as X, . The

resulting mean and covariance for each mixture component

are stored as model parameters for a corresponding HMM
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formed by a single speaker repeating a word or phrase.
At step 1102, universal background nodel 1212 is used

wo o0odedsose basel i ne H dden Mar kov Model state PCT/US2007/004137

probability paraneters 1213. Under one enbodi nent,
this is perfornmed by setting the nean and covari ance
of each m xture conponent as the nean and covari ance
of a correspondi ng Hi dden Markov Model state. At step
1103, universal background nodel 1212 is adapted to a

particul ar speaker_ by an adaptation unit_1226 and ,
COHVET t eHrPﬁf‘g’J‘lﬁl\}l\ﬁ%t a?%ngggﬁgﬂPf’ry par onet er s SPSfy, mixture
lcompashéttl aepries@nt Nga foapar et caMEr sth4 are

i ded t [ t Model aptation unit :
06 Cuhi chAl Sramor 04e FRAvErcs MRSt oRaches 1224 are

el i éausse ama MH@Icrkﬂ%nl\/mte&k kca\gaFMcgiei:Dn d&&é%%g.%l%zs, which
adapts the universa ac ound nodel wusin .G X
CIRARE & v S e TRChs iy RETURE nYAGPeR fe Ldentify a
UESd0E5ca8s of .HMWe stagklst i1B Teana Nd reoOb s 8Ngeob@ble given
each m xture conponent are stored as_nondel paraneters ,
fO1° a SEGHHonditngt FVIRE St & 55T 0bEDi LPA? «di sthiq bBEFédRrm this

Tesed Agh B WEcSQEPONSNE LRANESAIY SHMM S epakat ?ﬁdm\ébility
state. At step 1104, training feature vectors 1224 are

HPTIBYEEESa HPdden2NeEr k&9 MideFi@écoiRE 1208 HYM| ransition

deconesi L heysasueneerel-sf eatig e veplaes bod deRbblYmedt, the
s%&éence of HVM states 1230 that are nost probable .

n tRangéqdOfce iR LkiGRCt 8FS 12p4TIiRd per feptn to a
Ly 5£88R041NGe HWVEHEGADR! 11228 U)ol 78S VLSt 88 nsitioning
probability parameters 1214 and an initial” set of HW
tRAHEP R 0RWPr SiFAISS ti5 peranerBesLeE3al lusdat one

enbodi ment , athes EFM trqansi tLoa in%@écﬁééi tsit%schégr Eequence 1230

initially set to a uniformval ue that t
prdbatsied t Yyofa t tansgigditviimgprobability calculator 1234 to

train HMM transition probability parameters 1232. This
calculation involves counting the number of transitions
between various states and assigning probabilities to
each transition based on the counts. At step 1108,
training feature vectors 1224 are once again decoded by
HMM decoder 1228, this time using the new HMM transition
probability parameters 1232 and HMM state probability
parameters 1214. This forms a new decoded state sequence
1230. At step 1110, the method determines if.the decoded
state sequence has converged. If it has not converged,
the new state sequence 1is vused to retrain thé HMM
transition probability parameters 1232 by returning to
step 1106. Training feature vectors 1224 are again
decoded using the new transition probability parameters
at step 1108. Steps 1106, 1108 and 1110 are repeated
until the output HMM state sequence is stable, at which
the HMM training is complete at step 1112.
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between two states is the sanme for all states. At step
1106, the decoded state sequence 1230 is used by a

W c@nspgoBon probability cal cul ator 1234 to traP@I/BRM07/004137

transition probability parameters 1232. This

cal cul ation involves counting the nunber of
transitions between various states and assigning
probabilities to each transition based on the counts.
At step 1108, training feature vectors 1224 are once

agai n decoggd by, HW!—gb%ﬁgedrF M P28y tl\m&ef u%en HF/F/Flned'

new HW transition pro ity paraneters 52 %
statenpriahab$ ¢t ¢ opeafster ssdedler Thug hearis st i@w as shown

cqded e 2 At ., st 1 t hod
ggtggh1n§%8%fcﬁﬁgﬂggg éd%qiate ée%&ghéép é&%c@?<§1agram of
€otver géd. | fATt shtaspndtBQIOnveﬁged‘IG he I3gw st aheminal user

used 9 etrain the H nsition
p?%l%){abl I |CtaSClp%r% ar%e4t er slfzﬁe VY etur n| gt SFEF 19¥ean HMM
feamnemaﬂeahmtemﬁmaots:Héybeueﬂa@@amCMaﬁded Usdl state
the. n m/tran3|t|on robabi ity paranet ste
PTG~ BIdY 1 10RSTB68 Tana 107 & ShA r Speedy iAFkov Model
treneuttidin m&mmelsgqpammat@fd ables at whephitoe.

HWI trai ni 0 t step 1112 Once the Hi dden .
Mar kov Mbd ha§% i? ?ned i t "€5h be'ukedepge 1408 is

peckarads peakernaut ft%@;tﬂ CaiﬂtQQr@ScéhOWB | RdhieftO@ into a
di agr am of FIG. 13 and the block di agram of FIG 14.
AELEare 3007 ofiiGad3 ValHER ndtY usap  analog-to-digital

bd)ﬁ%letle(‘;at nan ol488d sthecaidpierbd isf UsBGida BN vdMes are
retrieval unit 1402 to sel ect_ H dden Markov Mde
§ERUE ST obBEPI i $52BaF arkt ePs HVIRS a i@ teleFt MRk gLt 1412,

Madel ebicansitreme pr ebabidd duyrdariet £E£80+4064al SEQRracts a
1302. At step 1304 a test utterance 1408 is

feedyed. VRFE QestEWRERANCR iSeToRNert eafi nfeakure vectors
1416.

At step 1306 test utterance feature vectors
1416 are applied to a Hidden Markov Model decoder 1418,
which decodes the feature vectors using a baseline Hidden
Markov Model consisting of baseline -Hidden Markov Model
state probability parameters 1213 generated from the
universal background model 1420 and HMM transition
probability parameters 1406, which were trained using the
method of FIG. 11. HMM decoder 1418 produces a baseline
probability 1422 for the most probable state sequence
given the baseline HMM state probability parameters 1213
and the HMM transition probability parameters 1406.

At step 1308, HMM decoder 1418 decodes feature
vectors 1416 using the Hidden Markov Model state
probability parameters 1404 and the HMM transition
probability parameters 1406 identified from the nominal
user identification. This decoding results in a nominal

user probability 1424, which provides a probability for
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sequence of digital values by an anal og-to-digital
converter 1410 and the sequence of digital values are

w@e@apesd3d nto franmes by a franme constructi on uPCT/US2002004137

For each frame, a feature extractor 1414 extracts a
feature vector form ng a sequence of feature vectors
1416. At step 1306 test utterance feature vectors 1416
are applied to a Hidden Markov Model decoder 1418,

whi ch decodes the feature vectors using a baseline

| dd r I LSt aselLi Hi Do .
bR EoaaioRdBre sEaiskes Ok DdrSPLreS, Pififfiricd given
penbebtidd thr om phAeamgiteerssal béaGkgr owndd nndEMM1L420t sadsition
H .t L aranmeters 1406, which were
??g%%égﬂugéé3£¥%%8%€$%%d£gP%FIG. 11. HWM decoder 1418
produces aAraseltiepe pBdbabithey Aa2Pof arf t denpsbminal user

robabl.e .st at guence give h sel HVM.st.at e .
BEOBERA LS 2 NG SRR hOE SRR BTNy 1z s
pppbakid i ty pEar aoet efsndd06n Ay stepsd388ngHWibdletederd28 to

418 decodes f.eatur.e . vect.ors, 1416 .usi ng the Hidden
REFEsTIREIr IO o AN Se ) Tk R 4 Bh G (s step
HBWRL r andiitd orns gy odabisi t goppraeet e 1406 tlewshdiad by an
fr t he naqni nal user.identification., This, decoding
PREREPE AT S Romi MAT 8 er 13PObabil | C1F %G £F, the test
peEaeirdesea P olfadaint | tiefl addwke®st dphaliahlesd sSBguettze nominal

of HMM states. identified given probability paraneters
Y264 éﬂfﬁ%ﬁﬁ%?%ﬁ&??ron probability paranmeters 14086.

At step 13K tHdeghathe ofubhectomidtdletSRAs been described
probability 1424 and the baseline probabjlity 1422 is

aPpl IR YHR G| oFPEGHct i On BY a S Abdufeafaies o and/orx
fetelNSA L0 Idked] hood riaf i @osceee $AdBrsAlocd eRhat the

subject matter defined in the appended claims is not
necessarily limited to the specific features or acts
described above. Rather, the specific features and acts
described above are disclosed as example forms of

implementing the claims.
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1312, this score is conpared to a threshold by an
aut hentication nodule 1430 to determne if the test
waieaongseee i s fromthe speaker identified by tPer/US2007/004137

nom nal user identification. Al though the subject

matter has been described in | anguage specific to
structural features and/or nethodol ogical acts, it is

to be understood that the subject matter defined in

t he appended clains is not necessarily limted to the

§g§§5f£§ éfﬁfﬂéﬁslgt acts descri bed above. Rather, the
Ad acts descri bed above are

dilscims editls egfapkeckomnmenbars npl enenting the cl ai ns

.WHAT IS CLAIMED IS: Cdains with reference nunbers 1 .

A aret hod colpmeshngd: coepaiidingg { 600) a speech signal

(700); form 604 t.ed nmeans (714) for of a
plurality ojfggne; ﬁPé 3%@%3neantssp%?/cédsaﬁ Pﬁg fﬁ%%r} !

background fodeinf4id0Qompiasteag haakgr U neads &ach of a

each of the plurality.qof mxture co nents based on -
t he speech signaphffé&fty'def% ninpgg%Pgﬁé) gcomponents by

simlarity scoreafiaptingy deter madkgrbbirdsummidel (412)
functions determ_ned for, the plyrality_ of nixtur;

conponent s, mhergf)ﬁ‘pgé(’?ﬁnf%na%icg‘r‘?%oo‘f‘l%‘?i§‘é%a‘??1e or each of
product of a postiei gsiprababyl idfy @i x8uleXtedifoonents based

conponent based on the speech signal and a difference
between an adapt 88 fE&n %)Pﬁﬁsh a2l 1908,

determining (906) a similarity score (1012) by
determining the sum of functions
determined for the plurality of mixture
components, wherein each function
comprises the product of a posterior
probability of a mixture component based
on the speech signal and 'a difference
between an adapted mean (714) and a

background mean (412).

2. The method of claim 1 further comprising
forming (312) training means for each of the plurality of
mixture components by adapting (312) the background model

based on a training speech signal (420) from a user.

3. The method of claim 2 wherein each function
further comprises the product of a posterior probability
of a mixture component based on the training speech
signal and a difference between a training mean and a

background mean.

4. The method of claim 3 further comprising

receiving (900) a nominal user identification (1000) and

_27_



background nean (412) . 2 . The nmethod of claiml

further conprising formng (312) training neans for
w@awh/oefo3e he plurality of m xture conponents bRCT/US2007/004137

adapting (312) the background nodel based on a

trai ni ng speech signal (420) froma user. 3 . The

met hod of claim2 wherein each function further

conprises the product of a posterior probability of a

m xture conponent based on the training speech signal

ifd erenes b t rad JH {Eﬁﬂb n :
%ggﬁg?%ﬂfd éean. 4qﬁﬁgﬁgjﬁ%tﬁ%%ﬂg$gc ainwg gﬁ%fhgﬁe in the
fomortiising based vongtheoopma nadniusgr usdgntification
identification (1000) andsel ecting (902) training

nmeans (1002) for use in the functions based on the

Bom nal userhe demeithiocht i@h 5clalire nkt hdchrdfheot ai aphprising

further c ridsi f I n 06 ak 00 ne

Eff 1%§brq§§0 oggga%%%%a P%é 0 eéggakgéée?n %ggpeégé? of a
paalra1400) , ¢fHe speakerspodh nmeansdemker speakdr ébDAy, the
formed by adapting_t backgr ound del based o .
SHEBke T R ThEedhehier 2 PSR roBRadT o Ginton BY adapting
wher éatiepcdufdnobdeh baskbieorcapieslesfaom the speaker.
correspondi ng threshold wherein each threshold (722)

i s based on speaker pool neans (720) for a subset of

tehe speakershé n ridiehspeak®r qieolm . 57 whEheiret kadhof function

claim6 further conprising selectin 800) .t he subset .
SR P ORPEUREEneF s RAREF S5 asbhzOangLd Mhetein each
YHAdsHd Iy $00ore ded esaseedohr ypddice sppaker s (720) for
neans (418) and the adapted mnmeans (714% . 8 . _The

RetRRP St &f ab e 7SPaRtRES &ﬂnﬁh%ﬂ?ﬁﬁa %FnPﬁ@lcslz)

training means (426) for each of the plurality of

m xture conponents by _ o
7. he method of claim 6 further comprising

selecting (800) the subset of speakers from the speaker
pool based on a similarity score determined from the

speaker pool means (418) and the adapted means (714).

8. The method of claim 7 further comprising:

forming (312) training means (426) for each of
the plurality of mixture components by
adapting the background model based on a
training speech signal (420) from a user:;
and

determining (314) nominal user thresholds (436)
based on speaker pool means for a second
subset of the speakers in the speaker
pool, the second subset being selected
(502) from the speaker pool based on a
similarity score determined from the

speaker pool means and the training means.
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adapti ng the background nodel based on a training

speech signal (420) froma user; and determ ning (314)
wanornrgdosuser threshol ds (436) based on speakePCPpUst007/004137

means for a second subset of the speakers in the

speaker pool, the second subset being selected (502)

fromthe speaker pool based on a simlarity score

deternmined fromthe speaker pool neans and the

training neans .9 . The nethod of claim8 wherein each

function fuygt her IS ong t ld. 10 .

gdnputer-r?%&%bﬁggﬁgpluﬁ% a%%%gﬁbo%pupégégggUtgﬁfg function

ifsttihieot icosrspf bsepeaf sembong stheppsshoolpr i si ng

determining (800) a simlarity, score between a test

utterance (714) and each of a set o f training

awt.er ances X 418pmpusieng read@3il)e t heedinm amdwisgor eédmputer~

to sel egt. a subset g720) % f the set of trgining e

&t"t%%?%e]s‘? P hg E8O2) St & s Mt (7Y B-FPPr &CAPAG S N9+

utterances detdehineng tigomhokd sifdd)arieypdsdsinedg between a

(906) the threshold to determ ne 93 ?uthe ticatio%

simlarity scoretB&F G est Tdftte eSank £

stored user uttetafgainglutbea-anrguit e41geadabl e
mediumo f claim 10 wherein determning (906) a
simlarity $ebr8 G sEQeao%’ﬂ?Jrﬂ%r%B%MS"é’%%%k?jPOLﬁ']%IleCt a

nmodel based on thgpkest (720) of the set of training

a set of

utterances;

using (802) the subset (720) of +training
utterances to define a threshold (724);
and

using (906) the threshold to determine an
authentication similarity score between
the‘ test wutterance and a stored user

utterance.

11. The computer-~readable medium of c¢laim 10
wherein determining (906) a similarity score comprises
adapting (604) a background model based on the test
utterance to form an adapted mean and using (906) the

adapted mean in the similarity score.

12. ' The computer-readable medium of claim 11
wherein using (906) the adapted mean comprises
determining the difference between the adapted mean and a
background mean of the background model and using the

difference to determine the similarity score.

13. The computer-readable medium of claim 12

wherein determining the similarity score further
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utterance to form an adapted nean and using (906) the
adapted nean in the simlarity score. 12. The
W@ eoop9seB9 r eadabl e medium o f clai m 11 wher ei NnPCEUAZP07/004137
(906) the adapted nean conprises determ ning the
di fference between the adapted nean and a background
mean of the background nodel and using the difference
to determne the simlarity score. 13. The
comput er - r eadabl e nmedi um of claim 12 wherein

det er i ning L.l ari or : [ ;
SRS PE DA L KORTTF  EOLIEIOOY 1268 o mixcure
t basesedn ¢he tlest teser antbegpdcesi agd hasing the

roduct. of ~th robabj |l | or, 1 X
Y04 o) DRI LY i (R SRR e ene
hackgr dufideneacd 0 tetteremme the siadéptetly sseas. land  the

he .conput er - r eadabl e _nedi um of, .cl aj aer.ei_n, using
R e ]
simlarity score conprises : using (804, 800) the

t.threshold to determine.,a new sim.larity _ score between_ .
tfe test ut'f}é?anc%o%’ﬂt%’é'éﬁegaa?ﬁg serflggfluf“r ai R ng claim 10
wHefeaneces; ussinyg ( 880Gk t hethewshbldl arity scatesetoine an

sel ect a, second subset af th t of trainil
Vil %E%%?tbgpnﬁgﬁr%gf‘)r%t e s:%ci]g%dg?%%gl?gég traini ng

utterances t9ifdgfi o4, sgoond theesmdakheld s Netermine a
(906) the threshold and the second threshald to
determine an aut R&Ht i SRS Y| afFOF Ssc et Betleeline  test

the test utterance and each of the set of training
utterances;
using (800) the new similarity scores to select
a second subset of the set of training
utterances;
using (802) the second subset of training
utterances to define a second threshold:
and
using (906) the threshold and the second
threshold to determine an authentication
similarity score between the test

utterance and a stored user utterance.

15. The computer-readable medium of claim 10
further comprising:
determining (502) a similarity score between
the stored user utterance and each of the
set of training utterances:
using (502) the similarity scores to select a
user-~specific subset of the set of

training utterances;
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utterance and a stored user utterance. 15. The
conput er -readabl e nmedi um of claim 10 further
W@ owp0d®BNg: determ ning (502) a simlarity sScBCBUS2007/004137
between the stored user utterance and each of the set
of training utterances; using (502) the simlarity
scores to select a user-specific subset of the set of
trai ning utterances;using (504) the user-specific
subset of training utterances to define a userspecific

threshol di \andidisi NG dA06) die USResRacdLifs LN eshpbde  of

to deternminé the authentication simlarity score
bet ween t he testtrxgirmiagceusti¢reheesst orle® udefine a user-

utterance. 16. 1%5%89998t95i5§ﬁg§@beagﬁgiu"]Of claim
ic su

15 wherein using € user-speci set of training
utt er ances utsardef i K1B0&) usdéhespacsdicsphcefhol d threshold to

conpri ses using ns_4 adapt ed : roungd. . .
nodel for each fggg%F%b%gttg?%%céaéégghgl§%%§%¥lofglm;larlty
training utterancesrelbhetAvami hotlecobpstsiulgtetamcai rgnd the

(1100) a Gaussi an nixtu&e nod%% g}Z%%Q usi ng

t ext - i ndependent® §pEEEN EE200) ML plural ity of

speakers; receiving (1102) training utterances (1216)

froma user: adapting (1103 he. Gaussi an m xtuge .

f8del based bh tl?é’“ﬁqﬁ%?ﬁg?fg?g}ﬁncé%ec?burf‘orrf?ili dfdpim 13
Maelkev VWodesisgat ayy obabeki-kpecific subset of training
utterances to define a user-specific threshold comprises

using means 418 adapted from a background model for each

training utterance in the subset of training utterances.

17. A method comprising:
training (1100) a Gaussian mixture model (1212)
using text-independent speech (1200) from
a plurality of speakers;
receiving (1102} training wutterances (1216)
from a user;
adapting (1103) the Gaussian mixture model
based on the training utterances to form
" Hidden Markov Model state probability
parameters (1404) for the user;
setting (1106) Hidden Markov Model transition
. probability parameters (1406); and
using the Hidden Markov Model state probability
parameters (1404) and the Hidden Markov
Model transition probability parameters
(1406) to determine (1312) if a test

utterance (1408) was produced by the user.
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paranmeters (14 04) for the user; setting (1106) Hi dden
Mar kov Mbdel transition probability paraneters (1406)

WO 2@n@9803% ng t he H dden Mar kov Mbdel state probebUB200y004137
paranmeters (1404) and the H dden Markov Mde

transition probability paranmeters (1406) to determ ne
(1312) if a test utterance (1408) was produced by the
user.18 . The nethod of claim 17 wherein setting

H dden Markov Mbdel transition probability parameters

AP I ses: RLL NG (34000 TaiLial M ddsn MATKOV MbdEL s aaen

transition prob ers

tier kbodeadibar Itmari‘@dalozst;at@b@bbbabyl phy apartaied e¢Smprises:
and the init| H| dde ov . Model Sition

pr obabi | i ty ®Faranét er leggecﬂi&é tlﬁé' t Jtd‘%l‘f"?er Nagdov Model

into a decgdeddse;q:tmmmn Hbﬁdlﬁélbh/hﬁ.kgvmeﬁédﬂf e$1232) ;
1230) ; and updatin 06) the Hi Mode

t(ransi)tl on 3}5‘5’0| Iﬁglt];}}%)ar;%? er%lggﬁ‘&) Y ofiQdfel state
decoded sequence pﬁoﬂ'&kﬁiﬂEﬂt%fba‘raMé&@Jr§t ailea 1:_91-e initial
The net hod of cl ai r%jl? furtP (gﬂ%‘r%nri Si Ng USi p% 1102

the Gaussian m xtHETRHIURTEGVE Sasefrheifigdeprobability
Mar kov Model st atg frebedid i tho paledider SHd 2k st antk cerance

wher ei n det erm ni ngtlf the test utterance was produced
by the user furtRértoRpriee’dedi MR Bas&f ngidden Markov

Hi dden Markov Mdeldst aseapsobabpbbly pafaneters
(1213) to determne if the test utterance was produced

by the user WPFELHHE nmethdRflof &R m f-dgRr ei fMarkov  Model
determining if transition probability parameters (1232)

based on the decoded seguence of Hidden

Markov Model states.

19. The method of claim 17 further comprising'using
{1101) the Gaussian mixture model to form baseline Hidden
Markov Model state probability parameters (1213), and
wherein determining if the test utterance was produced by
the wuser further comprises wusing the baseline Hidden
Markov Model state probability parameters (1213) ¢to

determine if the test utterance was produced by the user.

20. The method of claim 19 wherein determining if
the test utterance was produced by the user comprises:

' decoding (1308) the test utterance using the
Hidden Markov Model state ©probability
parameters (1404} and the Hidden Markov
Model transition probability parameters
(1406) to determine a user probability
(1424);

decoding (1306) the test utterance using the

baseline Hidden Markovwv Model state
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the test utterance was produced by the user conprises:
decoding (1308) the test utterance using the H dden
wo/koROWBOBDdel state probability paraneters (14POHPSZNT004137
the Hi dden Markov Mbdel transition probability
paraneters (1406) to determ ne a user probability
(1424) ; decoding (1306) the test utterance using the
basel i ne H dden Markov Mbdel stateprobability
paranmeters (1213) and the H dden Markov Model
transition probabilit rameters (1406) to fermne
a baseline pr obakﬂﬁqq%jofﬁﬂt?%); pmg?%?‘?fgf(lﬁ%le:{)he and  the
user probability HEnribdmembageki M>daoObabahsiyibdh probability
generate a Scoreparameters (1406) to determine a baseline
probability (1422); and
using (1310) the user probability and the

baseline probébility to generate a score.
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