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Appar atus and Method for speech utterance verification

The present invention relates to an apparatus and
woreaososB0bdDr speech utterance verification. |In PCT/SG2006/000272

particular, the invention relates to a determ nation

of a prosodic verification eyvaluation for a user's

recorded speech utterance. In conputer aided | anguage

| earning (CALL) systens, a significant problemis how

to eval uate, the et ness of a Ia!ouaoe | eayner,.
specchppaxatus and Metfhod foxsneech MgEAICe yeTitigatis
In known CALL systens, a confidence score for the
verification is calculated by evaluating the user's
Theppesenisipeadionutiates anaeapimiates acansthod foragedch.utiSpges h
recognitjon i.s a praqblem of patterpn matchjng.. Recorded
veifEa iR RaghFdara} .Heveéla%aelﬁgs efirsredration AdpgEesodical
vefitietRIn®vaafiSis /A0 dsbpi‘re%ﬂ%@%ﬁeebﬂ‘dﬁér‘éﬁ&e. classifying
segnents of the sequence into categories of
pre-learned patterns. Units of the patterns may be

d b d its. onenes, .Qr oth .
B S L e e L S
evil@eeghd EdresttdedSH) a Biigia@Bearidts shbatthe MTINBiKONroRAEbS utterance
(KM [1, 2, 3] is_the prevalent tool for acoustic
VeRHarion: nl leenHad Lbausicmacpradidereeararsdor teverification is

BABGEED | SRSEER, 55545 AR S S

speaker -i ndependent ASR systens enpl oy utterance

verification, by cal culating a cqonfidence, score_ for
Snéfit e ST i A EF R o ISP n OB Rl are
treRRAN8 kéfueRddstorlectiddb 8Enals. S P& 83 oHisibA %_r(ﬁ:‘é%%l%s classifying

nodel s. That is, known utterance verification nethods

segipenfs obthetspauanse intg cgegmisn of are-loarnedpattaram c dnits of the patterns

verificat] ' 0 i nportant tool i many.applications
BB B30 0 SEG BBt Qb PR PR e
cuspt dutdifatid SpeetageoghItlaT G SRy Bgms tina HIgds MBageIsdy] (HMM)
and_| anguage_ | earning. In the past few decades,

[t sube pedvalopbin! fraposta magellingaad hat kespadppted gma Qlémst all

' I . n .
Bl sptosRobpaPn g olSp Rl IaABioeD (SR gins
knahol HMM-besedrspesker-Tiniepenydent ABRIsgsttms emppyyrwitetdnce verification

by calculating a confidence score for correctness of an input speech signal representing

the phonetic part of a user’s speech using acoustic models. That is, known utterance

verification methods focus on the user’s pronunciation.

Utterance verification is an important tool in many applications of speech recognition
systems, such as key-word spotting, language understanding, dialogue management, and
language learning. In the past few decades, many methods have been proposed for
utterance verification. Filler or garbage models [4, 5] have been used to calculate a
likelihood score for both key-word and whole utterances. The hypothesis test approach
was used by comparing the likelihood ratio with a threshold [6, 7]. The minimum
verification error estimation [8)] approach has been used to model both null and

alternative hypotheses. High-level information, such as syntactical or semantic
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was used by conparing the |likelihood ratio with a

threshold [6, 7]. The m nimum verification error
we@giossdopdN [ 8] approach has been used to npdePChOGEN06/000272

null and alternative hypot heses. Hi gh-|evel

i nformati on, such as syntactscal or

semanti ci nformati on, was al so studied to provide sone

clues for the cal culation of confidence neasure [9

ch data sel.ect ure
in e ekl AR o1 S SR P ST o or itndence
mes0Rdd] Iy ltlpk@h‘slnf-mrcﬂi&&fh selddtion] B c€di® €12] Réhs applied to collect
i nformation based nmethod [13] has _al so been proposed

the los{ fiepreseiiieiayecomuetiagiqksns forpeche M hersempefingiafoemation
babEPhErtlof 1313k Q118 RGEARSsR O Akl %Lﬁnﬁéatfa)ief ul

speech | rmation, [ exists in the ori

speech signal, is lost in acoustic nodels. The

i nvention e i.ndependent clains. _ Sone
i3t Rt el et B el on R b e Bt ofdaeohened
inﬂﬁﬁ@ﬂ@iﬁ Réhi€l i8S in the ﬁﬁksﬁé@é}f ﬁgﬁeﬂ)ﬁs Nkt fh &%ﬁﬁﬁ&l’ﬂb@&s

| anguage, | anguage st ents shou mast er prosody of

t he | anguage; not onIy t he pronunciation of the words

I Q speech shoul.d. hav
TRVt Rde A RUTE A b e r S E RO i G e
1neﬂnkmfﬁvmﬁhﬂﬁ1mﬁﬁehpmnﬁﬁtamﬁmnaturalness of speech

[21, 24]. The level of prosodic correctness can be a

particularly useful neasure for assessing the nanner

Td §be¥§f@ b&li‘ec%ly%h Y9eRiculad Iaﬁf Sgazﬂgﬂ%reos é%htcsl d%ﬁa{‘é@r §f sody o

For exanpl &, sone eren
thersagiiaggs not oslauh@jgropﬁlﬁuatﬂﬁ] of dimdwbials shouiﬂ e artbreﬁ&oﬁrpaak The

h rnect .prosod earni ng .the | an ge
seitsh SR IRES o SRR b ot BhvhiBa s Bhrion RO AT FB3 Lo
a syllable by the speaker inparts neaning to the
syllable. By determ ning a verification eval uation of

Prajaslysletesmings shefertinalngss ofispreesh 2 br24d. rTé@dc‘cBé@fsmed:h

colfebREANGE be G EEL RN Hiendle Rr Sl e BelbP M GRG0 o
studeptits psqsgessmgmﬂm/MGmdmss eFdIfex@mpEf BlerﬁQQaﬁgQﬁgésh prosody

t er.ance nakes eval uate the user's
il RS RAE oh EBI Ak B EmecHBE {p SPPHE Wi prTect
pr&RRIGEkey to learning the language. For example, in Mandarin Chinese, the tone

h

applied to a syllable by the speaker imparts meaning to the syllable.
By determining a verification evaluation of prosodic data derived from a user’s
recorded speech utterance, a better evaluation of the user’s progress in learning the

target language may be made.

For each input speech utterance, use of a reference speech utterance makes it possible to
evaluate the user’s speech more accurately and more robustly. The user’s speech
utterance is processed and by manipulating an electrical signal representing a recording
of the user’s speech to extract a representation of the prosody of the speech, this is
compared with the reference speech utterance. An advantageous result of this is that it

is then possible to achieve a better utterance verification decision. Hitherto, it has not
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utterance i s processed and by mani pul ati ng an
el ectrical signal representing a recording of the

W@ @®B/03308peech to extract a representati on of PEESG2006/000272
prosody of the speech, this is conpared with the
ref erence speech utterance. An advantageous result of
this is that it is then possible to achieve a better
utterance verification decision. Htherto, it has

o BPERSER 5501 TR L A T RS B o

inap@dch avalamiorO@nd wasetof Mis i fhas khowh BpterkNOMp&YR lveHEcation
for eech verification utilise HWsb 1(as di scussed

utilise, FMMinacdiscussedaboyeenigh ran bepsedwplydor mapipmlasionof ghe

uset:. . i ]
i g L T
is theat YIMiNlEs Lipsetheitoyersonature] do set wilige 2 gteatideal odinformation contained
. informati.on contained.in a user's origj.nal .speech,
P By oo ner et G-l segmental
inRRAERGH, 3VhitH s QobRsE9Bd A IBInAIHNIM. TRIRHELAhd Raflires (c.g.
nor mal. HW However, the features (e.qg. gr osody) that

pragodyhihet agaobhelidied in the spersb etrognitionmadetrareperylimpartant from

B L T e

lasgmaken | anguage. Speech prosody can be defined as
vari abl e properties of speech such as at |east one of
pitch, duration, |oudness, tone, rhythm intonation,

SpRbéh prisGHITHRME &ﬁné@@vd@%ﬁﬁ%@@&%ﬁ?e&h SHREECH le];]ast one of

‘prosody can be given as ows: Timng of speec
piighi dwaticat, lendness| tone] thythin, Sntopativs, éthe Al snmtagnobdoneankin

nit, At-utterance.level, .it r esents the rhyt hm of
CO#H)ém% t%ggﬂ?eegl? Br.osﬂwafﬁ’é’ %YJeéleaéﬁgl[]ﬁm's are organised in
o t ManBRRAGPedeh LBItSANE Bnit Y81, 185 tHEneME 3LRAB6R oPEadhfit. At

rhéthn1 |1 steners can perceive words or phrases in
s peercadievdl, Wivnsessatsdhe rhipthne bf & spgrsbrhig Umiv the speechininits are

I ; ' is t | ocal it cont.our the .unit.
Siioed I e sPecc s BREL. Bid g SRENYC & s Mg istengps can
apegtivalbloedy efshesen irsspebeh Wil @108d edsbe syl | able. At

utterance |l evel, the pitch contour of the utterance
* r Bpeleakinesch waitst pt whkleverithisris thedosah piteh conteurafdhe unip For

ogi‘eﬁﬁplgﬁﬁwﬁ%ﬁntﬂﬁ&%&i tﬁé ioi’fchvxéo%ttoqﬁ Uta syllable represents the tone of
the syllable. At utterance level, the pitch contour of the utterance represents the
intonation of the whole utterance. In other languages — especially Western
languages - questioning utterances usually have a rising intonation, and hence a
rising pitch contour.
* Energy: energy represents loudness of speech. This is not as sensitive as timing and

pitch to human ears.

Essentially, the principles of operation of the speech utterance evaluation of prosody
can be implemented for any one or combination of a number of prosody parameters. For

instance, a list of prosody parameters which can be defined for, for example, Mandarin

Chinese are;
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| anguages - questioning utterances usually have a

rising intonation, and hence a rising pitch contour.
wEp@sgyivener gy represents | oudness of speech. PAT562006/000272

not as sensitive as timng and pitch to human ears.

Essentially, the principles pf operation of the speech

utterance eval uati on of prosody can be inplenented for

any one or combination of a nunber of prosody

par ters. .For .instance, a list of prosody parameters
whi 32%851?1“8%813&8?1}% for, for exanple, Mandarin

CRi nogatien 8f thPwbRkH Phrt 8k t1RRRRCH unit  Duration of the
voi ced part of the unit Mean pitch value of voice

par tMedn pited vatiet of vPige pairtroef tlef ugt t ch cont our of the

uni t ottam.l jne of pitch contour of the unit Pitch
val d%°p5fnes‘%$lﬁch68?ﬁqwg¢th98?‘6ed part Pitch val ue of
ead o il o tHEnRAE b tERGHIY value of the complete
unit neasured Tn dB To evaluate the prosody of a

r ec dtittbdrabpadstart pdint of voixsdipbite first to | ook at the
rosQdy appraqpri ateness of each unit itself. For
gl’ffsééf'%ﬁ’taﬁ{%é’%ﬁﬂgﬁg’éﬁt O?H@P@%ﬁﬂe di fferent }Nays to

defi j : unit is a

s§| I%Ef@,%\Aﬁfgﬂth?gbép%e%aﬁgﬁﬁf@qﬁﬁ%t can be used for

prosody evaluation. In one apparatus for speech
ut t nce verification, the prosodic verification

Togya g e R0ty et arsroried sBiechst Fpossiplrigpundedispidbe prosody
aphRIPRlaRhEssdFlehMPehif AT Fby ({ﬁfﬁféﬁﬁ&ﬁgﬁg‘é_@,t’tﬁ&e fafe?c;]ﬂ;@rent ways to

ext-to- Speech (TTS) nodule. Alternatively, ] '
defige a spereh usjie@oh suchrppbeshamiidna sdlaiby, iwhich i rdypicdamitdeat can

beﬁﬁ?&ﬁ}}l- g Ie{,:}lllﬁa&&e_zech is processed to provide a
re u

erence speec erance agai nst which the user is
eval uated. Conpared w th using acoustic

In one apparatus for speech utterance verification, the prosodic verification evaluation is
determined by using a reference speech template derived from live speech created from
a Text-to-Speech (TTS) module. Alternatively, the reference speech template can be
derived from recorded speech. The live speech is processed to provide a reference
speech utterance against which the user is evaluated. Compared with using acoustic
models, live speech contains more useful information, such as prosody, co-articulation
and segmental information, which helps to make for a better evaluation of the user’s
speech. In another apparatus, prosody parameters are extracted from a user’s recorded

speech signal and compared to prosody parameters from the input text to the TTS

module.

It has been found by the inventors that speech utterance unit timing and pitch contour

are particularly useful parameters to derive from the user’s input speech signal and use

in a prosody evaluation of the user’s speech.

The present invention will now be described, by way of example only, and with

reference to the accompanying drawings in which:
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nodel s, live speech contains nore useful information,
such as prosody, co-articulation and segnent al

w0 ndos/s@ps on, which hel ps to make for a bett erPCT/SG2006/000272
eval uati on of the user's speech. |In another apparatus,
prosody paraneters are extragted froma user's
recorded speech signal and conpared to prosody
paranmeters fromthe input text to the TTS nodule. It

. b u dhe i.nve rs_that h.utteranc
FiRE O R st el B S Rpt B R SR BRRER spocen
prpsudgiret ers to derive fromthe user’'s input speech

signal and_use in a prosody evaluation of the user's
Figigedp 2 blosk diagamiiliustipiag pisenpndiapparpavsfosevalieton phajuser’s
spB¥ctYsRif; €xanpl e only, and with reference to the

peech'tds

acc rrpanyl ng drawi ngs in which:Figure 1 is a block
Figinagria mblddkubagramiitigstatihg ns Exeamﬂaumﬁvhﬁ:hftl@af appasdtued i Tgure 1 is

. 0of a user's spegech osod re 2 is a block

mﬂﬁﬁﬁ?éﬁﬁﬂqqﬁﬁﬁﬂﬁqH8L§n§% Bhratus for eval uation

Flgﬁreal iva®lock GRESRNIINRSAL YA aﬁia%tﬁ?fo? e{/ﬁﬁﬁl(ﬂ &Kuser’s speech
i agram il lustrating an éxanple in he appar at'us

W@WHPF@Qﬂe 1is inplemented in conJunctlon with an

D L T N R T —

mscﬂnéeﬁﬁlg}nrasr&mrdlzatl on; Fi gure 5 is a block diagram
illuystr Elng gener.ati on of erators for use in the

Fi 1&@8 Qdf P?’ fsdlideram iHpsiiatiag t}@ work pf g tgxé-terspesch (BT k
hagfsam il lustrating the framework of a text-to-speech
TTS) apparatus; Figure 7 is a block diagram

Figire 75t aévﬂoquimgremfiﬂmtmwing khedfansewah pé ambpysaritos for evaluation of

eval uat i .pf. a er's speech utilising TTS; and
alﬁebﬁﬁ%eegﬁugﬁ%n%ﬁggka%‘fagr amillustrating the framework
Fighre &is apRstkafiatiah llu@Maihy Ml P&Fork of an apparatus for evaluation of

a user’s speech without utilisation of TTS.

Referring to Figure 1, a first example of an apparatus for prosodic speech utterance

verification evaluation will now be described.

The apparatus 10 is configured to record a speech utterance from a user 12 having a
microphone 14. In the illustrated apparatus, microphone 14 is connected to processor
18 by means of microphone cable 16. In one apparatus, processor 18 is a personal
computer. Microphone 14 may be integral with processor 18. Processor 18 generates
two outputs: a reference prosody signal 20 and a recorded speech signal 22. Recorded
speech signal 22 is a representation, in electrical signal form, of the user’s speech
utterance recorded by microphone 14 and converted to an electrical signal by the
microphone 14 and processed by processor 18. The speech utterance signal is
processed and divided into units (a unit can be a syllable, a phoneme or an other

arbitrary unit of speech). Reference prosody 20 may be generated in a number of ways
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a user's speech without utilisation of TTS. Referring

to Figure | a first exanple of an apparatus for .
w@r@sosiogs speech utterance verification eval uaP€DBRGU06/H00272

now be descri bed. The apparatus 10 is configured to

record a speech utterance frema user 12 having a

m crophone 14. In the illustrated apparatus,

m crophone 14 is connected to processor 18 hy rreans of

e , sor

an‘?lggr&g%‘g% ré‘f@gklg ’és?gnak/f\ aqgsefh %%%g% ysrgcorﬁﬁf Bgry y1s YSbe
evraAuatedprocessor 18. Processor 18 generates two outputs:

a reference prosody signal 20 and a recorded speech

signal 22. Recorded speech signal 22 is a

Pro&RIyRREVAR lSchk DD RIEGES AfBha drﬁgﬁlgy Rk rdcBFd8d s éech%%nal 2210

user s speec utterance recor ﬁ]CfOph
exgreehthe progodyoofithe ep@ch piterahcesingroaitpiiby the hecond drinpitapecch4

d eSS0 The eech ui.t erance
oGy 26 TR S R BOSR Sey hua Titi 3F o sodic Staliaiion ek
320fer avaydtioalf he ProphisEMEBe ﬂfee@ﬂoﬂls@lem FitRirdpaEito Wl fefRfnce

speech). Reference prosody 20 nmay be generated in a

Proody 20 vrchis npi2Site PE@@@IC&é’alaa’ﬂ@reble@le%e "Ars¢vghmbion

VBRSNS SRS RN AL, T, cn
bersaen ‘;hat t'ht: psosodvavekeltispbieck 33 comphre2 fitH pﬁ@@bﬂﬁ ebmpbieent
of the.s h utterance and outputs t
?188% TeRRH délgﬁ‘é“r&ﬁ HitgrBeoHih zsorrqswenﬁhaé 89984 PE3sedi h
coﬁfp@ﬁ&ﬂfo@eﬁréf&ehé%%e@h%ﬁe@an% aRP ét e d pe@%h@cﬁ? %ﬁ)ﬁ&lu?é

for eval uation the prosody o user
evaliurthon%ggm:nec@rded hleeeribfl’éqﬁren@enmrmsl@mndﬁﬁbwrtfthdncwmparlson In

rasadi c | uation bl ock
o Bk of R o D iR e Pt sy pesumpers, a
desdripredlbeRyv.i s out put from bl ock 32. Thus, it can be
seen that the prosodic eval uation block 32 conpares a
first prosody conponent derived froma recorded speech

Hétﬂrgsro%)%@alp”aﬁgh & Gr%rerffe%f%ﬂ% a nﬁo%??fﬁileﬁlro i%gtﬁar alone, in

conponéent or a rererence speec eranc
cohbiretioh naéth @epmothedi G’rmdlcfdvahrhtlmﬂblevla[%ﬂl afakeda E@hﬂ&rﬁ@n

beﬁv&c 2 rgtopf% cﬁrhpalflatm%gcgﬁ cg]fctﬁe lrJerélo;deii rs]pge%g %Ptgr%ggee(eogf e}ther a unit of
the user’s recorded speech or the entire utterance) and a corresponding second prosody

parameter for a reference speech utterance (e.g. the reference prosody unit or utterance).
By “corresponding” it is meant that at least the prosody parameters for the recorded and
reference speech utterances correspond with one another; e.g. they both relate to the

same prosodic parameter, such as duration of a unit.

The apparatus is configured to determine the prosodic verification evaluation from a
comparison of first and second prosody parameters which are corresponding parameters
for at least one of: (i) speech utterance unit duration; (ii) speech utterance unit pitch
contour; (iii) speech utterance rhythm; and (iv) speech utterance intonation; of the

recorded and reference speech utterances respectively.
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conpri se prosody paraneters, as described bel ow. The
w@e@sosBpoeval uati on can be effected by a nunbePCD8G2006/000272

met hods, either alone, in conbination with one

anot her. Prosodi c eval uation7bl ock 32 nmakes a

conpari son between a first prosody paraneter of the

recorded speech utterance (e.g. either a unit of the

r! cord c t..the.entire utterance) and a

A%%&f%é%%ﬁﬂﬁ%é%gl%%%%1%#%§3ﬁVEEHF§H% %Fé?gr a reference

speech utterance (e.g. the reference prosody unit or

JAutterance). By "corresponding” it is nmeant that at

1) Qurati sody paraneters for the recorded and

Il Qarfele r

o' B SRR &R 1aELs! PR KO S&Qﬁ{bdfol’l'b&z*%h@%@g%q of the

another; "e.g. they bot ate to the sane pr
refraerogdteachers ubdeally, te staténdis spéech rataishould be thepmpareads ise

' figured to determ ne the, prosodic.verificati
rel eGP o s R sl G e Yoot Gatusign of the
stRdenso e cdR i 5 So Ml aIaRdEpIB AN B2 RNRAHISE R ?%E%Hi%f s
for at least one of: (i) speech utterance uni

vegticatiomenalyation finsea chrpenisonaf fiestand seqond prosodnparameters for
st BRI O B PG seion o

erance i ntona e recor
ths pwecdedusptahanieemce asip dafative to/prbvide astanefoaned fo@ialided
conpari son at unit level is now discussed. (i)
d%ﬁﬁ%ﬁé?ﬁﬁ%@'Unit In any | anguage |earning process, a
student is expected to follow the speech of the
reference (teacher). Ideally, the student's speech
Thad s theteyaluatipe ist detersamel aadolldres. Fake pasoédy datetibn bidck 24
et hod of performng a verificatian, evaluatiaqgn of
i S ARl SEL A BRA e dulo S iordiariiae B Brstik
32 to determ ne the prosodic verification eval uation
froma conparison of first and second prosody
paraneters for speech unfef@ﬁceaunhﬁ duration froma
transformof a nornmalised duratidn deviation of the )
recorded speech utterance unit duration to provide a
transformed normalised duration deviation.

! . . . .. .
where a;’, a, a; and a; are the normalised unit duration deviation, the actual duration

of the student’s recorded speech unit —e.g. output 26 from block 24, the predicted
duration of the reference unit — e.g. output 20 from processor 18 — and the standard
deviation of the duration of unit j respectively. The standard deviation of the duration
of unit j is a pre-calculated statistical result of some training samples of the class to
which unit j belongs. Thus it can be considered that prosody derivation block 24
calculates the “distance” between the user’s speech prosody and the reference speech

prosody.

The normalised unit duration deviation signal is manipulated and converted to a

verification evaluation (confidence score) using the following function:
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That is, the evaluation is determ ned as foll ows.

First, prosody derivation block 24 determ nes the
woorosmbiosed duration deviation of the recordedPEpsenios/000272

unit from J v JJJJ (1) wherea" , aar and as

are the normalised unit duragion deviation, the actual

duration J J J J of the student's recorded speech unit

- e.g. output 26 fromblock 24, the predicted duration

of the reference unit - e.g. qutput 20 from processor

18 - and the standard dea#ok@of the duration of @

unit j respectively. The standard devi ation of the

white afiiotheaerifiBation evaRiafloPb£the Alikitibabe theSberiiéd wufid] of the
resul’t of some traini ng sanpl es of the class to which

stiftbl s bpddEh o0 22 O3 s A8F R R GRImb IR0 Bl RE,
detvth%oﬁs’ﬁﬁs ﬁaﬁﬂgﬁﬁ fi93 OGRS %c? r{b‘?m'éﬁgeﬂ a@\%ﬁ SRE&EHN mt? a

prosody. The norma I'sed unit duratron ion sl
score arenscple thatas mamel uodemstendablt (far examele, 6n @ &ttb AA0 scale) This can

A TSP ARTES L) e DO Pl v
By slé@ieldQﬁtanants Wﬂn&&lfe@{*ds@iﬁ rﬁ’ipplﬁgeﬁ 68 “acifo‘flﬁghééﬂ'tﬁuﬂ dudtion

the student's speech, Is a transform
deﬁ’tﬁﬁl@ﬂlstﬁﬁah@ra \teﬁléichmwaﬂ@éland%ﬂfat i on deviation. This

transform functi on converts the normalised duration

deviation into a score on a scale that is nore

Ausededskangdkiife dofaparisotpdtung levehisenov diecuk@éd. scal e) .
This can be inplenented using a mapping table , for
exanpl e. The mapping table is built with human scored

(ﬂ@l?choébﬁ(%u%fgéitr epresent mapping froma nornalised
ani ation signal to a verification

eval uation score. A second exarrpl e of a corrpar i son at
TILJargliSE'OYLnel}/lg the ﬁroso\(yy @agzﬁggtsé Th% Ip1tcﬁ> contour o Lg llirrnt ?sfre}%{rg.lsented
by a set of parameters. (For example, this can be n pitch sample values, p1,pa,...Pn,
which are evenly sampled from the pitch contour of the speech unit.) In this example,
the reference prosody model 20 is built using a speech corpus of a professional speaker
(defined as a standard voice or a teacher’s voice). The generated prosody parameters of
the reference prosody 20 are ideal prosody parameters of the professional speaker’s
voice. Before evaluating the pitch contour of a unit of the user’s speech signal, the
prosody of the user’s speech unit is mapped to the teacher’s prosody space by prosodic

evaluation block 32. Manipulation of the signal is effected with the following transform:
P, =a,+bp] 3)
where p; is the i-th parameter value from the student’s speech, p; is the i-th predicted

parameter value from the reference prosody 20, @,and b, are regression parameters for

the i-th prosody parameter. The regression parameters are determined using the first few

utterances from a sample of the user’s speech.
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Transform ng the Prosody Paraneters: The pitch contour
of the unit is represented by a set of paraneters.

W@ BE@s/0830951pl e, this can be n pitch sanpl e val uPGT/SEL006/000272
5p2,. -Pn, which are evenly sanpled fromthe pitch
contour of the speech unit.)gln this exanple, the
reference prosody nodel 20 is built using a speech
corpus of a professional speaker (defined as a

R G R BB P SRR TR B BRI Rl
deteimatedbyaatharipa tig Mt diekd Phranlveerp rohehs lréiB@hc§§iﬁ@&ﬁﬁtte$ance

voi ce. Before eval uating the |tch cont our of a unit

ungrwitlh the feagptogmed actad] peragﬁmrs of the rpopdasiypeenh uttegangs snits The
S prosody space
néﬁgﬁr;%ggdgﬂetéeﬁfg ?ﬁgRL%fntg{(}EIS%%%gg?’puPat ion of the

signal is effected with the follow ng transform where
ps. is the i-th paraneter valus fromthe student's
speech, is the i-th prediT{Bdparl&meter value fromthe®
reference prosody 20, a}and b. are regression

parameters for the i-th prosody parameter. The

widré eslsérﬂqs R itc?erd n%fl te? %d[ellfll a.l'?eq agtﬁel pl{c parameters
e Elg

utferaﬂces

of%ﬁé%%ﬁ Qn@@iaﬁ&‘ératdleﬁghgﬂ Bf’t’ﬁe %@?&w clgs\égif 'ﬂl"i’éi! @a Cfﬂé]&er Then

prosoyverl i cati on eval on 1s term
Presy v alugtiarhelog é@d@t@mﬁnpsama wetifigatioh eoatugtien foeﬂmtheontour

R AR MRS Rt b R BB e Ui 1. The

nornal i sed parameter for fehe iy -th Zar aneter is defined )
by: where p ., r.and S arfe prédi Z d pitch paraneter
of the tenplate, actual pitch paraneters of speech and

i. f t dicted class of the i-th
W T I(&»fi%kii'm&%sﬁsw BoDPIARELSS B e & 13 hedRrbeRp heigsody
pa%aﬂwiet%r% P s 2R e R S e éé&oé%%& Quraion

degﬁﬁgﬁgﬁrtrgm Isc&e %n aagrcglr?e(ﬂg éc rls( 1?/%)1& %}%ersﬁanldéblf i(I%m ﬁjﬁquaf%lp Qﬂ‘ a 8 to 100
schey %%Yar@ﬁ‘ﬁﬁéﬁﬁ&{ﬁ ﬁﬂggfe éb Ja )Tfr@gﬁ{)/ RfyThiel %{Ht éjf%g%élsg tree

converts the normalised duration 'at1 on
appmatik [2:9] Thesegtessibiate issraifdevidnB@nst sdeabdRa p4if, which

reper)e(:g1 n?mappl%g fg)n? atnorn%ahsed pitch vector to a verification evaluation score.
Thus it can be seen that the prosodic evaluation block 32 determines the prosodic
verification evaluation from a comparison of first and second groups of prosody
parameters for speech utterance unit pitch contour from: a transform of a prosody
parameter of the recorded speech utterance unit to provide a transformed parameter; a
comparison of the transformed parameter with a corresponding predicted parameter
derived from the reference speech utterance unit to provide a normalised transformed
parameter; a vectorisation of a plurality of normalised transformed parameters to form a

normalised parameter vector; and a transform of the normalised parameter vector to

provide a transformed normalised parameter vector.

A first example of a comparison at utterance level is now described.
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scale), simlar in operational principle tol a .
i npl emented with a regression tree approach [29]. The
WO e@8e3s®PHN tree is trained with hunman scored PEL/8G2006/000272
pairs, which represent mapping froma normalised pitch
vector to a verification evagpuation score. Thus it can
be seen that the prosodic eval uation block 32
deternmines the prosodic verification evaluation froma
.. anispn.of first and second groups of prosody
11 t . .
r speech utterance unit pitch contour

Td ¢opipar@the BB M0 fthOfecarded 9s<el ulahACRS wﬁﬁ tHe¥8ference speech
recorded speech utterance unit to provid

UtEeFaRR% AEORETIERL i madeof the mmwwtwemtn@ units o tashrod the
re B A GMERGfolirod s oo Ll ERROR B MR Rl R BICRR S0 {1 one

expmplei the camparistal is sede beiavesh snsreshipaiReE §peech. In another
vec%né?satlon of, aiﬁ]ﬁrallty of normalised transfaorned

SXERP e SPTPRTSHF MHade REIYRSR PYEY PRYICA SICEFSIV RS iR therpiterance
and tﬁeﬁlaélﬁlh%}%arf)ﬁl thO R rERh Bk ﬁ%@e WHER W€ hreMiiGie Hhad o upits in
provi de a transfornmed normali sed paraneter vector. R
the yitegancexanpl e of a conparison at utterance level is
now descri bed. (U ) Speech Rhythm To conpare the rhythm
of the recorded speech utterance unit with the

Tkre e:bﬁipaﬁm is pede by W hleamiicie rebofdARAl ikSeRnt S spBREeuRdrance
tine interval between two units of each of the

SI%J@&PQ Sgtermmingthe tigciatesyd betvegn thercentresofihe pwo gm@ﬁ io
qu@é{?nyat' on block 32. In one exanple, the conparison is
e between successive units of speech. In another
exanple the conparison is made between every pair of

SS|ve S t he ut er anc d their
e aen b Torc phSoecomaneiibe e at megPwal dreintion feom
nor e than two units in the utterance. The conpari son
is made by evaluating the recorded and reference
speech utterance signals .dgﬁpmﬁ1n|ng the tine (6)
i nterval betmeen the ceAtred of/thé two units in

}%uest,l qn. asqdy derivatjon block 24 determ nes the
5% fipt G 564 3L f, FHRIMpLiFedfane Hteryal devision, time interval between

two units in the recorded speech utterance, time interval between two units in the
reference speech utterance, and the standard deviation of the j-th time interval between

units respectively.

For the whole utterance, prosodic evaluation block 32 determines the prosodic

verification evaluation for rhythm from:

m-1 1
o(Z ey (m-1))” ©
q°=2%(c) ®)

where g°is the confidence score for thythm of the utterance, m is the number of units

in the utterance (there are m-1 intervals between m units), and 1°() is a transform
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] =) -9lc] (6) where c¢c" ,c ,c'' and cs axe

normalised tine interval deviation, time interval
WwWheasoesdni wo units in the recorded speech utt ePEr862006/000272

time interval between two units in the reference

speech utterance, and the stgndard devi ation of the

j-th tinme interval between units respectively. For the

whol e utterance, prosodic eval uation bl ock 32

m nes ver at| va ua on for .
Pt 08 BERARE Fmeiieryel i s AR Bistfop rdtion for
@f h butterance mis the nunber of
spgﬁxf?{xzxyfh%{ %lhgb%ﬁ%r ance (t here are m1l intervals
between munits), and/l ¢ () is a transfornfunction to
rt the normalised tine interval variation to a

con

It \?}écmlf Peapted that tha rhathinbieoripg mefadatan i ppplisdstortiolawhele |
t

ut?er gs énd ajrt 156[\9&{31' ge}« b&'tg rﬁe&ﬁcgq 1‘5'38 ettg)rég%g%eas %8%ﬁ9hythm
cﬁpaymaﬂbfanmumanance Thus, the nethod Is able to

detect abnormal rhythm of any part of an utterance.

Thus, the prosodic eval uation block 32 determ nes the
THRIO8R PrSsodRN dvhiiafibh 9]3)0@3@ lb@fh 918s {h'é%s%df‘c%%ﬁhﬁ(ﬁpe\%fuanon

first and second prosody paraneters for speec
ﬁ@mta@omp@ascvrhgﬁﬁmt dndoserorsl rtesody parratdtan fcorfspm&mttebmxhce rhythm

rval s ai.rs of corded s
i b B o YL BB B B bR h Bl B St gpeceh
uttefrRe valts a%‘tébﬁﬁﬁhtiéﬂloﬁ' sefendeciRé BNEQ a8 BRI Palr§bPRERence
uni ts a normalisatigon of the recorded tine intervals

sPRPtiegaise apits @ normakisation efithe reqasded time injervelstvth respect to the
n.fo

0 DLEL 900 T DB R UL S8 o

retorded ﬁpzmenh ofteranceumitsf and amransﬁalrintqf asurneff apliutadiedof Ao¥alised

rv devi atl ons to prov. t ransf or ned
“lﬂs frﬁ%f"\%s dey1atioRs 1 RPRids &ﬁraa%fl\?rfa% pRmakisedelimg intesvalgsviation.
of a conparison at utterance |level is now discussed.

(iv) Intonation of Uterance
A second example of a comparison at utterance level is now discussed.

(iv) Intonation of Utterance

To compare the intonation of the recorded and reference speech utterances, the average
pitch value of each unit of the respective signals are compared. The pitch contour of an
utterance is transformed by a sequence of pitch values of the units of the signal
representing the utterances by prosody derivation block 24. Two sequences of pitch
values are compared by prosodic evaluation block 32 to determine a verification

evaluation.

Because speech utterances of different speakers have different average pitch levels,
before comparison, the pitch difference between speakers is removed from the signal by
prosody derivation block 24. Therefore, the two sequences of pitch values are

normalised to zero mean.
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To conpare the intonation of the recorded and
reference speech utterances, the average pitch val ue

wotoosasdvunit of the respective signals are coP@QESEZN06/000272

The pitch contour of an utterance is transforned by a

sequence of pitch values of the units of the signa

representing the utterances by prosody derivation

bl ock 24. Two sequences of pitch valjues are conpared
aLi.on b eterm ne a

T@é} %@%ﬂ?%ﬁa &V %FW&H“S%S@ 3 Bech utterances of

di fferent speakers have dlfferent average pitch

| evel s, before comparison, the pitch difference

betvveen speakers & :&e(rﬂved ) ~dol t-hg"§)/gital by prosody 9)

derivation block 24. Therefore, the to dequences of

pitch values are normali sedmto zeroi mean. Then the

normal i sed pitch deviatup ; arined from d " {(d(IO)

i - dt) - (dj' -dr )IEA ered"” ,d[ ,d][

, d s.are normalised pitch deviation, pitch mean of

whee o eadr GEd dit srehansdised bit&hdd%i?ono{mémﬁeaﬁ%ﬁﬁ§ Hebrded
speech ut't erante, and standard deviation of pit

u@hhddl hidh fBin Skt réfefeﬁ@‘eo Seldn oYy c dr sta‘iildglde}{eglatlon of pitch
val ues of pitch values of ‘recorde erance an

viﬁt@h%‘ﬂﬁlﬂit&%e%ﬁ(?ﬁ%lrgsPﬁeta'ré’ﬁ'e hv %s& ?tc gso tegorded
utterance, the veritication eva uat i on for ona

uiteyarfstand wefoesce neranepdrespedtivedy. ( 11) wher e qd |s_the
verification evaluation of the utterance intonation,
and |d () is a another transform function to convert

FoihtBe ahelcAdRraRY] Rk 'v@xnﬁ&aftloﬂiétfﬁﬁﬁ%efop fedt %158 id &E%ermmed from:

verification evaluation for I'ntonation of utter
simlar to la etc. This i 4 Qg 1 scoring nethod can an
be applied to whole utter nce o) part of an utterance.

T B BT S B ERERAR 170
arﬁ)\ﬂ%r?ﬂgéfgﬂn %1%‘%1% 3% c“aﬁ{l mqugra ﬁ%\grt?ozlgcﬁl %@rainfe pitchyto the

veri ation eva uatlo rom a
vEHTAnsh BIAsAY: BAMAIRESH Sf HibrartReEhrYb L8 apce

This intonation scoring method can be applied to whole utterance or part of an utterance.

Therefore, it is possible to detect any abnormal intonation in an utterance.

Thus, the prosodic evaluation block 32 determines the prosodic verification evaluation
from a comparison of first and second prosody parameters for speech utterance
intonation from: a determination of the recorded pitch mean of a plurality of recorded
speech utterance units; a determination of the reference pitch mean of a plurality of
reference speech utterance units; a normalisation of the recorded pitch mean and the
reference pitch mean to provide a normalised pitch deviation; and a transform of a sum

of a plurality of normalised pitch deviations to provide a transformed normalised pitch

deviation.



10

15

20

25

30

intonation from a determ nation of the recorded pitch

mean of a plurality of recorded speech utterance
waiRios®33095 det er mi nati on of the reference pitchrPoEs6a2006/000272

a plurality of reference speech utterance units; a

normal i sation of the recordeg pitch nean and the

reference pitch nean to provide a normalised pitch

devi ation; and a transformof a sumof a plurality of

A TR WY R MR L

OrEAITINGE b€ ﬂwabsoewenﬁ@nbﬁ eeatAtns e UdbnedppRRnEAFedBted scores of
determ n@ﬂ fromone or nore of the above verification

W Qf ere il ¥ duplyvegibisatign pyialatians ate syRIEE: scores of two
or nore individual verification evaluations are
summed. That is, the conposite prosodic verification
Tleat &, tttwtdompoeﬁm ptmeodietveuiﬁttauied elogluationedagliteldtesminedfbytaheeighted
i ndi ual..prosody, ver.Lfication eval uati ons determ ned
sum 8‘4’#1 E@\éldﬁ%pé? d%genhg%lo’n uathm d{é ?1 ];p(r%a Qe
each verification evaluation (i) to (iv) respectively.
Further, Figure 1 illustrates an apparatus for speech
utterance verlflgatl I he p@ratus belng confi gured
to determne a P SS:% ﬁﬂ&gg V.4 tdkd's recorded (12)
speech utterance and Jbbrrpareff‘he corrponent wth a
correspondi ng prosody component of a reference speech
utterance. The apparatus determ nes a prosody
whae ] ,caf ] 0N, o adreladel ghis fof eahpRFidRME Saldalli®n (i) to (iv)
conparlson In Flgure 1, the conponent of the user''s
resectivadlpd speech is a prosody property such as speech
unit duration or pitch contour, etc. Referring to
Figure 2, a second exanple of an apparatus for
FRtHRs @g&eqﬁﬁﬁﬁﬁtéét&i%ﬁ%%s\f&r dpbtGAltePihct VeliH ioﬁnth\é"aéf)aratus
now be descri bed. In summary, the apparat us o
bemgpgniguiees! tasiefemlimwrosﬁde chuponénd fk user’s scatided s;s:sdd

bel ow. erence pr.osod 2
e S SR B lp B v & e e B8R oo SgPyaprt ofa
refae dpeeeh LWefahcé Nehe RHHAEID H@@nﬁfnefh gkisBdyl verliedaBbR Béfuation
pr osody S|fgnal 52 is input 60 t
in dependence of the comparison. In Figure 1, the component of the user’s recorded

speech is a prosody property such as speech unit duration or pitch contour, etc.

Referring to Figure 2, a second example of an apparatus for prosodic speech utterance

verification evaluation will now be described.

In summary, the apparatus of Figure 2 operates as follows. The functionality is

discussed in greater detail below.

Reference prosody 52 and input speech prosody 54 signals are generated 50 in
accordance with the principles of Figure 1. Reference prosody signal 52 is input 60 to
prosodic deviation calculation block 64. Input speech prosody signal 54 is converted to
a normalised prosody signal 62 by prosody transform block 56 with support from

prosody transformation parameters 58. Prosody transform block 56 maps the input
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prosodi ¢ deviation cal cul ati on bl ock 64. |nput speech

prosody signal 54 is converted to a nornalised prosody
WG 2@nab3082 by prosody transform bl ock 56 w th BUppGLZI06/000272

from prosody transformation paranmeters 58. Prosody

transform bl ock 56 maps the jsnput speech prosody signa

54 to the space of the reference prosody signal 52 by

removing intrinsic differences (e.g. pitch |level)

between i he u 's,record speech prosqdy. and..the .
sesgnErey il 34 1 S0 OF e s By sD PR bigRa el vsmoving
inpafse @ fereed (€. ot gitdVRUelf b@Wedh 18 \Ws&MRESYe®pdeB® prosody and

user's speech which provide a "calibration® If)unc:P| on

the gracherzx spgedy presqdyr Theprosedyiizansfosmptien pargietess are derived from
' r RQ Nors®l i.sed
o e e g0 S Rora B B Tor that user
prialtc tHeatsed s fikdt askofbidhe hppararas foulsaidiyearoibg phfpodeyvi at i on
of the user's input speech prosody paraneters when
conpared with the reference prosody signal 52.

NERARE frod6¥ abhaB2Ga] Ul Rt 'r%ﬁtb' Rektib cﬁlehﬁﬂlé%ﬁ)%lé B4 for

degree of difference between the user's prosody an
caj¢vdationfad tlendeyigiongddlye wiet’h inpupsreeth prosodyapasanetsfs when

nor myJ i | on.par anet er.s 66 ch are standard . .
oHHAE 1R WP SRR R T et B o B Erlculaon block o4
caldiuatend Getrad eflifferiitd bathvbimthe SRGACHodyRINAdhE LB R prosody

t he prosody nodel, e. prosody nodel 308 of Figure'6

with BURROH{ERIP @ Sabefi narmahisalign pergmatess p6.evhieh etglstandardidesiation
r ey Lated froma
A 0RO ORI A5 L0
prlediawdéxydhdpnds%djr mndwlgb.gemgmd@:m(ﬁdb) 308 bf Elllgl(lf2656 i'[rhets’ﬁlﬁdard
anguage can be considered as one, group; or the
d‘mﬁtﬁg \’gg}?s B @Fﬁé@}lﬁ‘feg‘oé%%@m SAEPlegBPIQly PapssReteIs ch
cAAN R8P f¥m é’ﬁ‘ﬁnﬁ@tspgéchvtﬁg}ﬁ.s’l“ Wo @va%?%occ(%l%%ﬁlg ghelﬁ&dgfg Hfation

signal 68 of prosodic d ation
vahensrieg:i 6o dlbuitsduithe ldeguage combes¢apsiieredras pne gemipe (2) oy the units

ctor roup of vectors. The normalised osodi c
o5 HorBica B BB sy ERES! Rl cRRE BRotie e A
cabdudtéd. 70 whi ch converts the normalised prosodic

devi ation vector(s) into a likely score value. This
process converts the vector(s) in normalised prosodic

Tl‘ijeec\(dtﬁ'ﬁti s?éha?gg Bﬂ)ro%;dii: BLAatfon block 64 is a normalised prosodic deviation

signal, represented by a vector or group of vectors.

The normalised prosodic deviation vector(s) are input to prosodic evaluation block 70
which converts the normalised prosodic deviation vector(s) into a likely score value.
This process converts the vector(s) in normalised prosodic deviation signal 68 into a
single value as a measurement or indication of correctness of the user’s prosody. The

process is supported by score models 72 trained from training corpus.

The apparatus of Figure 2 and the signals manipulated by the apparatus are now

discussed in detail.
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single value as a neasurenent or indication of
correctness of the user's prosody. The process is
waposiesl by score nodels 72 trai ned from traPei/aG2006/000272
corpus. The apparatus of Figure 2 and the signals
mani pul ated by the apparatussare now di scussed in
detail.Iln addition to unit |evel and utterance | evel
prosody paraneters as defined above in relation to the
a ratus of Haure | 5 it is possible.to k n .
i QBERGR I Bl el A P yel inibiterutieteS ) Befndhbove in
relebe tohe iapparatuk of Bigu@E hi @ ﬁbsﬁiwe EIMAKE S &Rl YA 0B RE Bl Thythm
units in an utterance. Such "across-unit' paraneters
of gp aittgrapes by Aetarmipingcastationghip betwisen aycsessiverspeech units in an

i (53 i sioal I : i j
utRREEE NS Bl i RABREH dBertindd W Gforled porameters of
twowocaessive uaitsd The epienaing ef Biguiei 2 is lkonfadured tobdifine alie ength of
. units. For exanple,, for, Mandarin Chi nese, the .
infie B 5 OO i e R a@%ﬁ»%&siﬁ&%&n&wa Spithdipr
exAple) FR MR daBRIBER e AhS T@I&Viﬂ%%&bssoﬁni%}l%sm %ﬁﬁ&el@ Rre

end point of the other unit I nter en a
defined:poi nt of one unit and a nid-point of the other

unit, A difference hetwee mean pi.tch val u f. one .
uhi ARG T Dahe PR tial PO e L Other unit
dief f £ BRGQIRENES M RAiRpbiahoNHHRIthd A BiddidintRFtM otBEr unit
one unit B and a pitch value of a start point for the

o® heh diffirendBdictveenevatamgiichyatie@ vse nhit aspe eman pitblevalue for
user; s J,nput. speech prosody signal 54 is mapped to the
pr os%%lﬁ#@ﬁ'é%lé of the reference prosody signal 52 to

eRS Uk QiffdidkcebRBlech aiRBQAMeDrARBrt point TR LAR !?e%ﬁ)’f‘f 4 Bitch

the reference prosody. A transformis execute

pr osdie afraatart peint foir dlukotb® weitt h t he pr osody

transformati on paraneters 58 according to the

foll owing signal nenipulation: Pi' , + tp; (13) where
Belfbrbi sSaluatifg tHeasedy sRacia iy @er’k (it sgtechpRkody SPe2GR is

1/4i1 is a prosody paraneter )
mapped to the prosody space of the reference prosody signal 52 to ensure that user’s
prosody signal is comparable with the reference prosody. A transform is executed by
prosody transform block 56 with the prosody transformation parameters 58 according to

the following signal manipulation:
P; =a,+bp; (13)

s t
where Pi isa prosody parameter from the user’s speech, Piisa prosody parameter

from the reference speech signal (denoted by 52a), % and b are regression parameters

for the i-th prosody parameter.

There are a number of different ways to calculate the regression parameters. For
example, it is possible to use a sample of the user’s speech to estimate the regression

parameters. In this way, before actual prosody evaluation, a few samples 55 of speech
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fromthe reference speech signal (denoted by 52a), and

are regression paraneters for the i-th prosody
w@aroaeioes . There are a nunber of different wapGI/8G2006/000272

cal cul ate the regression paraneters. For exanple, it

is possible to use a sanple gf the user's speech to

estimate the regression paraneters. In this way,

bef ore actual prosody eval uation, a few sanples 55 of

f.1 corded to

wEBREELVE LR S5 Blrd AEHBFT, SRESR AL EERTEh s an
supplmldd;prdssodmﬂfaﬁﬂhmatm madnea@tser 5&et 58. For each

unit, the apparatus of Figure 2 generates a unit |evel

prosody paranmeter vector, and an across-unit prosody
FoP 3k ®ii€ Ehevaﬁﬁhﬁﬁusf&fFlgﬁGQ RRdrhteOh uiH @&)%F?I‘ ¥ Irhfeter vector,

The unit | evel prosody paranmeters accoun rosody
angdaa aer9s§-1kié prasody parametee veaorcfor eachipai ctﬂseccassmsmtsn iTthe unit

e ATRLE bR B o B 1 520 ol Bl e

achyseakit pafaplerms eMsedd sFeaRS férfiRodoA B I?Qflﬂ@lﬁatléﬂ %vﬁhch
and second speech unjts which, respective

cap algo b refeEed it ssogndibreal mioenation antmeansite injerval between
r Fi.gure

S8,V 058k R ARARLRE U

uttpramsoah)d ﬁnegtwi ofs@othed phiage cbtsmrer&ce)n phé appesacanopFigaRdyis

T TN e e T,
pr&ibﬂg SN 4 with 32 e D 9rd§8&§ ?a{%ﬁlﬂéﬁfi%&&n aftfarf %(?&Edlﬁ{lﬁ d

e two parts of prosody.” Tn the appafatus I gure
prosody ﬂ?@raafmt@s&@cu@m Acrpassomtjgxos@c/ta@d uaiigreseldy cpr bs cxmmdered to

o f p,  B  RE  Bih 2 5E GBbg Boran

un!/t@ﬁbs@ﬂy Q'fact‘ét gk récdrdel @@é&ﬁﬁt‘eﬁ%ﬂcé BreSdegiRed bﬁ ?ﬂﬁ[)&}t r@Qform
The apparatus of Fi (f:]ure 2 is configured

big aher ﬁr&nﬁ@‘amomdyw@ Io& sigaall S3vik aensprted dusigned gemaration 50.
egt
HEApBRARLE ER Lt L QSR PRI BB i
prcmods(vdgltoxsar amst er vect or between units j and j+1 of
the user's speech.
« P ; denotes a unit level prosody parameter vector of unit j of user’s speech.

o« P ; denotes an across-unit prosody parameter vector between units j and j+1 of
the user’s speech.

e R° ; denotes a unit level prosody parameter vector of unit j of the reference
speech.

b . . .
e R ;denotes an across-unit prosody parameter vector between units j and j+1 of

the reference speech.

Transformation (13) in prosody transform block 56 may be represented by the

following:
Q= Te(P%)) (14)
', =T"(P") (15)



Ra denotes a unit |evel prosody paraneter vector of

unit j of the reference speech. R denotes an
W@er8s330emi t prosody paraneter vector between BET/862(06/000272

andj +1 of the reference speech. Transformation (13) in

prosody transform bl ock 56 nmy be represented by the

followwng: Qr ) (i4) (15) Were denotes the

transformation for unit |evel prosody paraneter

vect Th( denotes the transformation for across-unit

;
WRERSDHY dRAG RS Rle Fan¥RSh Mion SRusit BYBOBSd Mrdh ARSI RlEd

unit Ievel prosody paraneter vector of uUnit j of user
TS@ee and denotes the transforned across un

Serriys %lsrn@ﬁ@fp@fla%bﬁ% AT W EPTOBAMIYtDaFaragter Yastar, JQ+idenotes
thQ{raﬁ‘sT&EneﬁRﬁl‘?tlevel?h g?a %&r%@&o?&qﬁﬁ td t{lﬁé)rfsggéc%u{l d

, a user's spee y par anmet ers i'n ppar at us

Q@f ddnb@i e Hant¥drinel %c%sgrhlluﬁ?ro%gdeyﬁ V}?ﬁaﬂi@ttale{}&% RP&AN j and

t osody paraneters. Prosod tion cal c ation

5 ur}ﬁl Q‘?‘&fﬁé&r%@ée‘éﬂ' ates a normalised prosodic deviation
péramster f the user's prosody fromthe follow ng: a

(fl; - a;)/ ; t T Swhere , > and ' are nornalised
prosody par anet er devi ation, the transforned paramater

S0, B3SRBS e L5 B B SRR e
apﬁnammsnﬁll?lf@ire Sa?t’lllQﬂ shailane i reRk@ek sfdech BAIsBdy Parathicks.
prosody .and acr 0Ss-unit 6@; osody paraneters are

10 Prgssiedsdafionfalenaiipn blogk adreglalatesqy nasmelisagtprospdia dgviation
ARG AN B0 HseRE RS IY Hom HeA5RSWinpAr aMet ers, a

al=(a;-a)la (16)
noo b T s

a a . _
where % , ', T and " arenormalised prosody parameter deviation, the transformed
parameter of the user speech prosody, the reference prosody parameter, and the standard
15 deviation of parameter i from normalisation parameter block 66. Both the unit prosody

and across-unit prosody parameters are processed this way.

Therefore, for each of the unit prosody and across-unit prosody parameters, a

representation of equation 16 can be expressed as :

20 D, =N*(Q°,,R")) 17
b _ atbyp  pb

D J =N (Q j:R j) (18)

b
Where D* ; denotes the normalised deviation vector of unit j, 7 denotes the

normalised deviation vector of across-unit level prosody parameter vector between units
jand j+1, N*0) denotes the normalisation function for the unit level prosody parameter

25  vector, and N0 denotes the normalization function for the across unit prosody
parameter vector. Thus, prosodic deviation calculation block 64 generates a normalised

- deviation unit prosody vector defined by equation (17) and an across-unit prosody
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representation of equation 16 can be expressed as : D
Oj No (QQj ,Rj ) (17) Dbj =NDb(Q | ,Rbj)

W@ 1@p/0Bt93Nhere D j denotes the normali sed devi BET/66G2006/000272
vector of unit j , J denotes the nornalised deviation
vector of across-unit |evel prosody paraneter vector
between units j and j+1 , denotes the nornalisation
function for the unit |evel prosody paraneter vector,

i.zatlon funct ] .o e._acrl.o .
<800 501 65k SO B LRSI b o A i
adlessiuaiit prosogglvetiloas) iaﬁddh rdibrefide Iﬁéz@?mqrﬁt ?(Lﬁlimﬂfmfds??gi)t
devjati on unit pros vector define y equation, .
Praﬁ%iyawr%?‘fsg‘é@tﬂ%ﬂ Tg?%ét@?{ﬁ@é? priPHesineERaligd Ersadicsigviation

V&g&)sig‘nrdp@g nepabiised prosody signal 62 (normalised
unit and across-unit prosody vectors) and reference

prosody signal 52 (unit and across-unit prosody
ar amet Thes. n are

1.0 . i I tput a
Wigh AFn Slsad BRtiRics ot URE R R e e SPraf iR Rt Baseg g the
dédidii vedtor Wiaen PAEuTRked SEds PR¢ERCbAVEststRE n@niilikdd @ vation
derived, a confidence score based on the devi ati on

veptripip  likeliheod valpesihaie g likshhepdnfdovweoriesihe nser s tresody is
' LAt ctor into a likelihood val ue;
w{iﬁ%@%«%i@ﬁmeﬁ?ﬁ%ﬁcﬁ%ﬁ#&% how correct the user's
prosody is with respect to the reference speech.

Prosodi ¢ eval yatign bl ock 70 determ nes .a prosodic
Pipsadif FEbTHon WO (Ldqimines e IR AR oaHay Graheion febn

uddh’k BERRER shEQM HlcBRRE HERIN: P Blah BRTatloRP R &REE vh¥nd he

following:
q°,=p*(D*,| 1% (19)
q';=p"(D’,| 2% (20)

where g°, is a log prosodic verification evaluation of the unit prosody for unit j, p*()

is the probability function for unit prosody, A% is a Gaussian Mixture Model (GMM)

[28] from score model block 72 for the prosodic likelihood calculation of unit prosody,

qb ; is a log prosodic verification evaluation of the across-unit prosody between units j

andj+1, p’() is a probability function for across unit prosody, and A° is a GMM

model for across-unit prosody from score model block 72. The GMM is pre-built with a
collection of the normalised derivation vectors 68 calculated from a training speech
corpus. The built GMM predicts the likelihood a given normalised derivation vector

corresponds with a particular speech utterance.

p
A composite prosodic verification evaluation of unit sequence 9" for the apparatus of
Figure 2 can be determined by a weighted sum of individual prosodic verification

evaluations defined by equations (19) and (20):
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followng: gaj =Pa (Da . \la) (19) gh . p b{Dob . \Ib)
(20) where ga . is a |log prosodic verification .
wer@BsiddHn of the unit prosody for unit j , pPEIBEGH06/000272
the probability function for unit prosody, is a
Gaussi an M xture Mddel (GW)19[ 28] from score node
bl ock 72 for the prosodic |ikelihood cal cul ati on of
unit prosody, gb .is a log prosodic verification _
eval uation of the across-unit prosody between units |
andj+1 , p b() is a @mqup' ey § ton for across
unit prosody, andlb I's a G# hDde?F: across-unit 21
prosody from score nodel block 72.”7The GW i s 3y
Wi Wi oy L : :
ot ot S O RE Ao SechRy LAy for he weights are
spspiied hs ¢ Gurpty3 bulTthés is eohfigu@e by deti entl isefeandinkie thehmmabed of
iven narmal i sed derivation vector corresponds with a
m%%ﬂ?ﬂ%ﬁ*%ﬁm§EEech utterance. A conposite prosodic
verification evaluation of unit sequence ap for the
apparatus of Figure 2 can be determ ned by a wei ghted
Nafighasthip feymplaican begiss do ealeulote the scora ofdwtlewhpleattieranse and part
' [ (21) where a , W
Ofg{r%%kd\?\lg? S%eélaﬁ‘g?’t“et gg Earé%t géﬁ eiag g%é%?‘l)a\llléﬁ ‘?/3 (defaul t val ues
for the weights are specified as 1 (unity% butn%his ;s
nfi gurabl e t he end user and n is the number o
Dfffienst hionen B nbrats oRBIEre hard il of Highid iacioan (Hebe
t [ and
D B B o e e R b e e
trang firmatieof Posddyr pmapetetsds arrdied thall drgaosidy panindtirguB e
1 and.that .of Figure 2.incl.ude. (1 he pro y . .
oo obirBuleS S s b iokiey haloR aE e yasication

ewiBatiofisSare (iB2liRddA values calculated with GMMs.

Advantageously, one apparatus generates an acoustic model, determines an acoustic
verification evaluation from the acoustic model and determines an overall verification
evaluation from the acoustic verification evaluation and the prosodic verification
evaluation. That is, the prosody verification evaluation is combined (or fused) with an
acoustic verification evaluation derived from an acoustic model, thereby to determine
an overall verification evaluation which takes due consideration of phonetic information
contained in the user’s speech as well as the user’s speech prosody. The acoustic model
for determination of the correctness of the user’s pronunciation is generated from the
reference speech signal 140 generated by the TTS module 119 and/or the Speaker
Adaptive Training Module (SAT) 206 of Figure 5. The acoustic model is trained using
speech data generated by the TTS module 119. A large amount of speech data from a
large number of speakers should be requested. SAT is applied to create the generic
HMM by removing speaker-specific information. An example of such an utterance
verification system 100 is shown in Figure 3. The system 100 comprises a sub-system
for prosody verification with components 118, 124, 132 which correspond with those

illustrated in and described with reference to Figure 1.
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transformation of prosody paraneters is applied to all
the prosody paraneters; (3) across-unit prosody

w@oemsisies es to the verification eval uati on; arPdr/§é3006/000272

the verification evaluations are |ikelihood val ues

cal culated with GWs. Advantggeously, one apparatus
generates an acoustic nodel, determ nes an acoustic
verification evaluation fromthe acoustic nodel and
determi nes an overall verification evaluation fromthe
acoustic verification evaluation and the prosodic

Insefinidrgahe Oyst@N a0 abmPhses ThefollbWingt lﬁﬁinQbﬁﬁ)@ﬂéhts

verification evaluation is conbined (or fused) with an
acoustic verification evaluation derived from an

VAR FILaRRTLTS] BRCR Mol R Tl L) Ph R hrbrsserrs. e

off TShnodile ¢ 19 péerated 4 pioredotafbroack J geemeﬁtw sed th%tréﬁf&ﬁ@
e acousti c

| h h
ratSc §E0 ot shsoshd o6k (PREKeEy of Sistrisgustoiopessb it The

u t i fromthe reference
o on B L ADCA R L L R BB, 1108 hodul & 110

avgeerh Noan Dixasion TradsfornvBlodk a44u1n Bldvkddh epHobéilg ddQGrom the
of Fi %re 5. The ous % nodel Iral ned usi n%

sﬁ%cé’E‘% &B?eéhgfé%{‘é} ‘fof;? etfﬂ@efl?%?c {ﬁaﬁlel“i)l@e trang

aRTAs i vhibefahind ﬁﬁ@ géaﬁép 1ﬂfolr1ﬂ519ﬁ1 RYBRE e Of Tﬁﬁ%‘glfa'hﬁel

shoul d be requested is applied to create
g ém@#@@lOHMWblyl 4remdpabled 65 bla@laad usqrel@i 1 libspeni‘fmrda&t are filtered

BT RSl | Werg et b ERE GitiFtale) bieE pgeeB My 146
Suhd & yetredtistd Fecbrded PUYnStRY dpbéchasidran 148 4B caRfPABANpeech
118, 124, 132 which correspond wth those illustrated

i RobmalisgdenfransErmyplopk }44- e Fearuapess ofithjs nermalisation is to ensure

C m e ﬁttléaﬁa %’ GE% g pee gﬁ&%&i‘ére%sar Poqncéaqﬁlﬁgwhb@\, élﬁn‘lé?.}lsatlon

i ppacess; epetech mﬂrrﬂaimmmmrmﬁﬁmrbldd& 44t dpplidsTivanyestitagiod 19

” Braras 5 Bt o dercaped HatapaBen AR ol s

ol B SR 5 FARES AT 0100

Namvid fhiagaalisad rEfeaﬂE:fs opsecBlsipokl Mé4nd norhhliel 1604)44ded phonetic

prs]f))e%%fl s1gnglalt4% tfrcgncl) r|:§1otcﬂel 44. These signals are manipulated by a force
alignment process in acoustic verification block 152 which generates an alignment
result by aligning labels of each phonetic data of the recorded speech unit with the
corresponding labels of phonetic data of the reference speech unit. (The labels
being generated by TTS block 119 as mentioned above.) From the phonetic
information of the reference speech, the recorded speech and corresponding labels,
the acoustic verification block 152 determines an acoustic verification evaluation for
each recorded speech unit. Acoustic verification block 152 applies generic HMM
models 154 derived as described with relation to Figure 5.

Prosody Derivation Block 124: Block 124 generates the prosody parameters of the

recorded speech utterance, as described above with reference to Figure 1.
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recorded speech signal 122 and reference speech signa
140 are transforned to signals in which channel and

W@ p@aka3vi nf ormati on i s renoved. That i s channkCT/SG2006/000272

(m crophone 14, 114 and cable 16, 116) and user 12,
112 specific data are filtergd fromthe signals. A
normal i sed reference (tenpl ate) phonetic speech signal
146 and a nornalised recorded phonetic speech signal
1 rxsl ] :
*pitgepbdls Fekfithubh BRALPECRIARTD dobBhlRE ok ABR] Offficaton
e rwulueticbfnﬁar mllmreebnded gigdeah ufterhim dsuiescsibeé abowet with saferesce to
rIpar able. In the nornalisation process, speech
sation transform bl ock 144 applies
: @ﬂ‘ﬁ %tmtE%um@ﬁ§1% ﬁl&c‘i&zlﬁeBldéﬁq 3830eifffel Redverall
*with relation to Figure 5. Acoustic Verification
BI ecificdttsr evabmtist ifar therdcbided spazah bﬁmhcaBQﬁmmgehe/e@ua@c

nor ma f.erence nal , 146 a

oSO R ades premaer SEBEERAS2 Miftne piheSPf gppiication
bl@@maﬁémﬂﬂaéﬁmﬁwwbﬁmmgz mani pul ated by a force
al i gnnent process in acoustic verification block 152
whi ch generates an alignnent result by aligning | abels

¢ " . .
TR RRE  BEBRHIR Tutt o, {RRERELPERN TRERER {hrbiubleltfrom o
cossidrftivmeof3we eeﬂmcwnftthe ﬁﬁéiendeahﬁiusu@mrfegmmdqiremdw
TTS bl ock 119 as nen ed above.) @Nfron1the phonet i
CORFIRHROT GRICETIRENEN PRPIR aR eeousiie ¥eiicafing ey dBgianend a prosodic
B3n 308y %’t‘i)cg{ eﬁ%@@ Ak LABRER ok REpBGRNSLhSfidence scores” in

Vver| icatio 52 determ nes an acoustl C
theerorfecinassi afrthe v sacdopted peedhatteranee.or ded speech unit.
Acoustic verification block 152 applies generic HW

nodel s 154 derived as described with relation to

T t@WhBaratus JPFRAREY, DRki-Maddesth BbOEK 1184k ustll cheré?afte on-fly live

generates the pr osod paraneters of the recorded
spyseb aha uefewnemeneectns Fous dhe tb\@cahgb@d/@ew:h witgrafoss.dhe gerifgpation

egél?z%o%s ]clesc?fb(i)r%? '§ﬁ1§}{ﬁf C%)\S e s‘%!p?a-g(eg{]}?eﬁll ﬁﬂ) gg&gin?)ﬁéformatlon

ermnes a |on eva

chie be detedninpd €t alpbhlaﬁﬁ etk e thed@gpatifatbyodl pnenemt dfthe recorded
reference to Fig
speech utterance unit wit the reference speech utterance unit.

The use of text-to-speech techniques has the following advantages in utterance
verification. Firstly, the use of TTS system to generate speech utterances makes it
possible to generate reference speech for any sample text and to verify speech utterance
of any text in a more effective manner. This is because in known approaches texts to
be verified are first designed and then the speech utterances must be read and recorded
by a speaker. In such a process, only a limited number of utterances can be recorded.
Further, only speech with the same text content as that which has been recorded can be

verified by the system. This limits the use of known utterance verification technology

significantly.
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Verification Eval uation Fusion Block 136: Bl ock 136
determ nes an overall verification evaluation for the

WO e@808Bees speech utterance by fusing the acousP@TSG2006/000272

verification evaluation 156 determ ned by bl ock 152

with the prosodic verificati @ evaluation 134

determ ned by bl ock 132. Therefore, in the apparatus

of Figure 3, a recorded speech utterance is eval uated

Secamily coppaiedas ableBncailisticwRo@iBasddSspedchlrBeogaltid FBERS, one

acoustic_correctness and prosodic correctness b

agpataiuprdctivdgrovdesanaastund speseh uiteranderas aaefesmce for verification
¥ q . bl . Lion. .

A B OB ERSAN XU B B RL lsaion o

asowtie slodels. t Hiee modele atadefosspebclt feeogiition only eomatiespeech features

BB i T i RET Y etl g Y Bl ohing e

fédti@s SRRARR PEhndcedsedr§ TONARnERESatibh 8L L 1EsJdYs)
al i gned speech u%fefgnces,nthe veﬁlfiga ﬁ%ﬁs > known speech

respghiianispyiemsl eauof disegyn se gleerly airidtimos aftheaserdngpeech with a

- ntal (prosodic) information can be
r%%?é?ﬁ%%g . The apparatus makes the conparison by
al ignment of the recorded speech utterance unit with
Tﬁmgrﬁ reference speech utterance unit. The use of
ety fhs-rpeady nqded Hiat ised Hutbe fIRst-footpeeshi sogversiparreggesalso
thdRidlet SUARSRONRT bR Lk E LS Slroorh ISt Blerdh[E. The
system to generate speech utterances makKes |1 possible
prasode medel & TES bioekd &9 sytedndd With a arye sanpdre fred spaol samples
to.verify speech utterance of any text in a nore
aE?#@@ﬂ?@%dﬁﬁhﬁépﬁfWWPQYFgﬁﬂgggugEh?km%Wﬁﬁm appr oaches
texts to be verified are first designed and then the
speech utterances nust be read and recorded by a
Topaaluate the porsestress ofitho demy spasoh ytterahdeph¢mutioueriimation block

13 SRS Fach R P RS e T i dle YorBRBoeteg tasgeh uni
of dre tbferanee kpdeell uttyrahfi® FHSILBIR offithid ahd Md FoikB@F BB Bt for
known %(ger ance verification technol ogy

befhgsrarfed g Selasercs farceh Wmpasscatc genesgb@by the TTS block 119 for

1136 Wsth Git ls based speech recognition systens, one
appa@g}tlusggﬁg Smet hod provi des an actual speech

utterance as a reference for verification

B

Acoustic verification block 152 obtains the labels of recorded speech units by aligning
the recorded speech unit with its corresponding pronunciation. Taking advantage of
recent advances in continuous speech recognition [27], the alignment is effected by

application of a Viterbi algorithm in a dynamic programming search engine.

Determination of the acoustic verification evaluation 156 of system 100 is now

discussed.

To determine the acoustic verification evaluation, both recorded and reference utterance
speech units are evaluated with acoustic models. Acoustic verification block 152

determines the acoustic verification evaluation of the recorded speech utterance units
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provide nore information than acoustic nodels. The
wore@slos3oesed for speech recognition only cont aP@T/SEE®OEN00272
features that are suitable for distinguishing
di fferent speech sounds. ByZdver!ooking certain
features consi dered unnecessary for phonetic
eval uation (e.g. prosody), known speech recognition
frony Sle oo wiap Mdniplil sy of thorecbielad hivd wedigremdel spaschafcotidiie signal
user's speech with a reference speech. Thirdly, the
CORPERBHy nodel that is used in the Text-to-speech
conversion process also facilitates evaluation of the
prosody of the user's recorded speech utterance. The
prosody nodel of JFTSipl L iped with a | argex
nunber of real sﬁgecggégggﬂg%? é%és héﬂ”grovides a @)

robust prosody. eval.uation of .t he, | anguage., To eval ugte
wiefiady o P G nits VER Lt shonenplipi G Sk SHre brraos it 2,
acoustic verification block 152 conpares each | _
Y jaregnormglisad reeqrdedianeeelp & wnd rsferense speach d 46 saspedivste ppdyt is
speech unit of the reference speech utterance. The
the adoustic wpded ffay expaeidd PHAUPGRHANS pPatarasegiers arf respegtivel h

S Lecor f t :
ik R L B B P R b Bl BBl R B B
uttdepust i ¢ verification block 152 obtains the | abel s of
recorded speech units by aligning the recorded speech
unit with its correspondi ng pronunci ation. Taking
TR g’.@riﬁf:atfo?fe%ﬁfuaﬁgﬂ AR YESuttarfc8 i ?&é&ﬁﬂﬁe@ﬁ&ﬁoﬁe following
recognition [27], the alignnent i1s effected by
sigmppinagigtlationiof a Viterbi algorithmin a dynamc
progranmm ng search engine. Determ nation of the
acoustic verification evalu if?”}% of system 100 is 23)
now di scussed. To deternine4fd acoustic verification™
eval uation, both recorded and reference utterance

WERETE I HELAAE oAb e sty SR Srrnce, md m
is HeQHRIYef oF Bfits|1h G difa¥al uation of the recorded
speech utterance unitsfromthe foll ow ng mani pul ati on

of the recorded and reference speech acoustic signa

Thus, verification evaluation fusion block 138 determines the acoustic verification

evaluation from: a normalisation of a first acoustic parameter derived from the recorded
speech utterance unit; a normalisation of a corresponding second acoustic parameter for
the reference speech utterance unit; and a comparison of the first acoustic parameter and
the second acoustic parameter with a phonetic model, the phonetic model being derived

from the acoustic model.

Depending on the level at which the verification is evaluated, (e.g. unit level or
utterance level), verification evaluation fusion block 136 determines the overall
verification evaluation 138 as a weighted sum of the acoustic verification evaluation

156 and prosodic verification evaluation 134 as follows:
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conponents: ) \np(X m, ) - \np(Y) m.) (22) where

gs is the acoustic verification evaluation of one
WGep@soB3oat t erance unit, X ., y.are nornalised PEDSGLOG000272

speech 148 and reference speech 146 respectively, and

.is the acoustic nodel for é#pected pronunciation,

pparaneters are, respectively, |ikelihood val ues that

the recorded and reference speech utterances match

particul ar utterances. The aqoustlp verification

eval uation for the uttefant¥ i% Q%tern1ned fromthe @24)

follow ng signal manipulation: gs = qj s /m(23) where
gsis the acoustic verification evaluation of the

wﬁerg i,dﬁd c?‘p SRCN vt %rﬁﬂ:%ﬁgn @\%{uamoh?% h&oRMERRE fehtion

he utterance verification eval uation

evaﬂlsd 18n tl?(]:é) %r?cﬁr%@?d%ﬁfc%@?@vaﬁﬁﬁoﬁqsﬁf' ?és#,)&tl\(’@fyl bR hl?d‘ W, are

normal1sation o i rst acousti
Wg%ﬁ@neter derived fromthe recorded speech utterance
a normalisation of a correspondi ng second
acoustic paraneter for the reference speech utterance

R
vérERiation é\kh@ud@f@ﬁﬁﬁéﬂ tdeRdethe pehdral cd)@ifebmeﬁ dfrthmvhhle utterance of

acousti c nodel endi ng on the level at whic {
the datigupgelenmar’ s gpe@g& W}éﬂhﬂﬁ( the dndiyigpgl qeg@gqmqpreva uation of each

@g%a%r cl'?e InEYEl) ﬁdl\é%ltﬁé dOtF ¢ ?%@&H@sts'o?'fhef jjon bl ock

rm nes t overa veritication evaluation 138
as a wei ghted sumof the acoustic verification

eval uati on 156 and ros di c i fication.eval u
Refepringtofigws s agexa qhﬁ‘@a% {o?gf)appm%tp% fqi spequ p1ora,}5101atlon

e@:ﬂ&t@l Y&Lift dowd désb&l?éd' %e%‘é’@ﬂﬁﬂ@\iria@@ 1ik3BartfseWehbted by like

verification
reference numerals.

The apparatus 150 comprises a speech normalisation transform block 144 operable in
conjunction with a set of speech transformation parameters 142, a likelihood calculation
block 164 operable in conjunction with a set of generic HMM models 154 and an

acoustic verification module 152.

Reference (template) speech signals 140 and a user recorded speech utterance signals
122 are generated as before. These signals are fed into speech normalisation transform
block 144 which operates as described with reference to Figure 3 in conjunction with
transformation parameters 142, described below with reference to Figure 5. Normalised
reference speech 146 and normalise recorded speech 148 are output from block 144 as
described with reference to Figure 3. For each of the normalised reference speech signal
146 and the normalised recorded speech signal 148, likelihood calculation block
determines the probability that the signal 146, 148 is a particular utterance with

reference to the HMM models 154, which are pre-calculated during a training process.



10

15

20

25

30

eval uation 156 and prosody verification evaluation 134
respectively, andW and W2 are wei ghts. The fi nal

WO e®@alos30ean be presented at both sentence | evePCEHBG2006/000272
unit level. The overall verification evaluation is an
i ndex of the general correctiess of the whole
utterance of the |anguage | earner's speech. Meanwhile
t he i ndi vi dual veri fication evaluation of each unit

Tlge?@ gg})aﬁ? RS bfo@lg h ?@5%&4?&10@ ERERTo A s1§dM ‘i @@ Eﬁ@&éorded

units. Ferri ure 4, an exanple
spséchrlﬁc-eah@mbl’aptpa;causﬂm vfemﬁcammdﬁdmlqﬂﬁ@nunm ation
eval uation will now be descri bed. \Were appropriate,
|i ke parts are denoted by |ike reference nunerals. The

Tl?e%@ﬁﬁfc%n%’ %9&&915![851& §§§ca¥cﬁﬁ@§@ﬁnﬂ%ﬁ@@dﬁb s/etifiedtion evaluation
transform bl ock 144 operable in conjunction with a set
1 56fbasgsberc i comparisoprofihe e 1pmtéﬂ<ekﬂeqc§f velues 1881 §%0el i hood
cal cul ation bl ock 164 operable in conjunction with a
set of generic HW nodel s 154 and an acoustic
TMB! Flfg:uﬁba&tl Z%’lﬁbtlﬁ? Wheppadtus R&fsgé?hq%omhleimbatvemﬁ&mﬁa;:ﬁhe
si gnal s and a user recorde utter nce
apPREH b ingpopniignreddp deiarBige 48 aﬁ%‘&? @eﬂgﬂ@é@e ¥ 5M%ﬁ%ﬁle

de{/ﬁr {;}rﬂ off of %%94‘111&% g4 {5t gﬁpa fifs@ﬁ%u@ﬁ@’bﬁhﬁi@f&r d4édved from a

operates as escr| reference to Figure 3
recorded pasnle titeraned it ¢areesisdnds ted pamcplar eitararesa daermination of

« okt hiklihoog ati Yharg Sivrdiigp it Bt Pdi LIRSk
sﬁ%%@n \I%Hrﬂwe ct)h@gﬁol%@fd‘a péfcas: wRsaickned M&@ah@&?bﬁtﬁ@ Eirst

ure 3. For each of the nornmalised reference

hlsqdéveodth velugand tlmscmddlltehbocl‘rﬁb‘fw iThe detereivaierobihe dust
EEOES bkt B SehR BelRendid B Bfe FERGERARE 0.

pRaetit @idldar; eyl heFeasge HMMmoddler ence to the HM\/I nmodel s
154, which are pre-calculated during a training
process. These signals are output from bl ock 164 as
reference |ikelihood signal 168 and recorded speech
i keli hood 170 to acoustic verification block 152. The

FipuewS shavs/he ittindeg proneds268 lof §&RricdINMM miodels d 54 iandthe

ustic verificati a
trans%ormatlon parameterst148 of Fig ig

ulreui’?t C%Bstral mean normalisation (CMN) is
first applied to training speech data 202 at block 204. Speaker Adaptive Training (SAT)
is applied to the output of block 204 at block 206 to obtain the generic HMM models
154 and transformation parameters 142. SAT is applied to create the generic HMM by
removing speaker-specific information from the training speech data 202. The generic
HMM models 154, which are used for recognising normalised speech, are used in
acoustic verification block 152 of Figure 3. The transformation parameters 142 are
used in the Speech Normalisation Transform block 144 of Figure 3 to remove speaker-
unique data in the phonetic speech signal. The generation of the transformation

parameters 142 is explained with reference to Figure 3.

To achieve a robust acoustic model, channel normalisation is handled first. The

normalisation process can be carried out both in feature space and model space.



10

15

20

25

156 based on a conparison of the two input |ikelihood

val ues 168, 170. Thus, Figure 4, illustrates an
w@ppatnadoas for speech pronunciation verificatiPel/S6CHO6/000272

apparatus being configured to determ ne an acoustic

verification evaluation from26a determ nation of a

first likelihood value that a first acoustic paraneter

derived froma recorded speech utterance unit

Spettr2 SRS oh P14 ipagetdgs WbRpershie %Iaamaﬁiveqlogs%t P A QR

of a second |ikelihood value that a second acoustic
nognaliatien (NN &Y is pend ta redsice seme ehanpelond spealer affews.

Ty L

eneicamikntil lpatanhaad raiabdsatingthe adeities Abiv@hndspefrallth® ML-based
first Iniﬁéel i.hood val ye and the second |ikelihood val ue
featyre merpaliration.(SHeh a% Bgnah Sias remeyab (RY i 17] prdigipehagtimatehing

[gﬁg' %i“%i‘ﬁ%%i’?h E@%ﬁf@ﬁéﬁ@ g% iﬁi’?ﬂﬂ’%ﬁ%@%ﬁ‘%ﬁ%@ﬁf‘&mﬂce
. i model | nsForh

E%r Id gtl i on EIC)t:ﬁﬂ.l\;liiqi egw???r nts@%mﬂsl;clr eoT e{vgm???(}nr?i?ﬁgn and are

R RR r Fehe Bansti hag Jing. pacal SR deisth Rormaisgion (VLN [19]

esattetubty(Whping t6 pREBHh G §pe f
uatS belmlock y(206£tnogl ot?t%ai n thegpgzﬁﬁgrﬁ?%&gﬁ%ﬁonrgd%?gl g%%%’gﬁ%ear

regressiondransformationsraspratedrte normalisG AP iirsleapyviagdbility. Speaker

t ' noVv| eaker-specific
SRR Sy BT e B BB RB S ot o
Hjdhrtiased-MhonatalimuhIikelinbd Cdthane, audededRttcl 86 08Héw A\t of
nor mal i seg S(PGFCB, are used in acoustic verification
CHIBRAY spessh grodefsy Jp ong appapgiug, bathEMMNerd DHT ge wsed te generate

odf2icHcBudiRGloddlk. t he Speech Normalisation Transform
bl ock 144 of Figure 3 to renpbve speakeruni que data in

t he phonetic speech signal. The generation of the

Atran.for tion paraneters 142 i.s explained wth
rS é]fl@é’&lgﬂ.% a Oa]eF?%a{rg %ean-ﬂﬁ)male .agglél SP@ERJ [ U%FCW ql@nnel and
spaaltel effeetharme| conedgiaf CHMN iCfmbk éﬁa@ghi%ﬁtfgt’geﬁﬂ IG%—\;E% a speech

normal i sation process can be carried out
ufteranes & sipabe’ ahid throeiemalispdion iSpedst foaleadhulotit xcteinaiving the

14] is us t o, conpensate for additive noise.
ﬂ%@g&{“ﬁgﬁ “r?zgl?? W}é‘i’lﬁgﬁf’“@aﬁzon (CW) [15] is used to
reduce sone channel and sgeaker effects.
t =X~ Myt (25)

Consider a set of mixture Gaussian based HMMs
A=(,uS,ZS), 1<s< 8

where s is a Gaussian component. The following derivations are consistent when s is a

cluster of Gaussian components which share the same parameters.
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Codewor d dependent cepstral normalisation (CDCN) [16]
is used to estinmate the environnental paraneters

wo es®3®pt i ng the additive noi se and spectral PCT/8G2006/000272
M.- based feature normalisation, such as signal bias
renoval (SBR) [17] and stochzistic matching [18] was
devel oped for conpensation. In the proposed tenplate
speech based utterance verification nethod, the

i.at i | f d
AP 0300 L A L
1ik&Rgh eﬁﬁﬁﬁﬁlrﬂ ?@51‘11% \Géga‘qq(éﬁ%latéﬁg%?{lg}ﬁﬁfgﬁﬁgﬁ by maximising

war pi ng ormth spea nor mal
thIElfo]tIMmg'dﬂ@hhd»qdrfeactmxegr ession transformations are

used to normalise the irrelevant variability. Speaker

adaptive training 206 (SAT) [20] is used to apply

transfornmations on neaf v g@ @M{)A\/B based on the (26)
maxi mum | i kel i hood schene, “an expected to achieve

a set of conpact speech nodels. In one apparatus, both

CWN and SAT are used to generate generi C acoustic

SAgds Io?sed’%)ﬁ HE Rlak ORGH élﬂ?lg%‘r%d ?ﬁ%gﬁ)tn gﬁ?gt seParg’%%g two processes:

nornmalisation IS use uce sone anne
the phakaticaly fedetant valebilitpanéd e spéakEMpeacHicsvariabitanBy modelhng

r tforvvard vep.a speech terance X ={xt
lﬁrl}orm 1@ #&FrYFéianﬁ phie B ngirca% aaﬁuaﬁa@ew compact
m"oﬁél@ Wh{ﬂgl BRIy RABH\RE B pﬁblgtlcﬁlﬁ‘}ere‘lmhtevdffat)ﬁﬁfn ce: =

(25) "Consi der” a set of m xture Gaussian based
HM\/BA—(I\/B>SS) S S where s is a Gaussian

CRRIRALET beinhRpl s Sttt KokeRn nl iR i S O

cdnig cﬁamedawoaaﬁagwﬂ}e%weridlaﬁu@bservatI on sequence O ~
,02,. .., ot ) for the training set, the maxinum

li kel i hood estimation is comonl y used to estimte the

timal del t foll I kel i hood
T Bl Fdef sl | DA SA oot

For each speaker r, a transformation G” is used to generate the speaker dependent

model G"(A). Supposing the transformations are only applied to the mean vectors, the

transformation G” = (A", B") provides a new estimate of the Gaussian means:

p=Au+ (28)

where 4" is Dx D transformation matrix, D denoting the dimension of acoustic

feature vectors and " is an additive bias vector.

With the set of transformations for R speakers ¥ = (G“,...,G™), SAT will jointly

estimate a set of generic models A and a set of speaker dependent transformations

under the maximum likelihood criterion defined by:
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L SAT is based on the maxi num |ikelihood criterion and
ains at separating two processes: the phonetically

w0 2008335 vari abi ity and the speaker specifi cPCT/SG2006/000272
variability. By nodelling and normalising the
variability of the speakers28SAT can produce a set of
conpact nodels which ideally reflect only the
phonetically relevant variability. Consider the
training data set collected fromR speakers. The
observation sequgas¥ )2 agmie] §iP¢OdgE" @ogor di ng to t he29)
speaker identity O{O} ={¥§0o[=..,0t r r ) , r =
l,2,..., (27) For each speaker r , a transformation G
is used to generate the speaker dependent nodel G (A

Tq lﬁ%ﬂﬁ%ﬂhﬁ% ivE ‘f@%ﬁﬁ&rdﬁ%ﬂp@@ﬁtié‘ﬁ-ﬁdﬁﬂh%aﬁ&?{EMﬂal@@rithm is
the nmean vectors, the transformation G =(Ar,B )
uspd.o¥inde theaeetimatien ivmnly effectedeonchegdxture Gausaion compenni, the

+g.r Fﬁgé vvheci?? is Dx Dtransformation matrix, D

AUXBIROY 1PHE S HENE on of acoustic feature vectors and
br is an additive bias vector. Wth the set of
transformations for R speakers Y = (G...,G) , SAT

R CHSE RN Ty cEh S e A
maxi mum | i kel i hood criterion defi ned by: (L,Y) = axgmax3q)
g [P(Or;G (A) (29) L, r=I Tgymaximse this

obj ective functiang @(meggl)}ago)q(mx _ 'é}t’qﬁs”'ﬁgﬁl(/ﬁl\,@s)
S$it y '

algorithmis used. Since the'rggesti'mation i
effected on the m xture Gaussi an conponents, the
auxiliary function is defined as: _ R's, tr _

where C is a constant dependent on the transition probabilities, R is the number of

speakers in the training data set, S is the number of Gaussian components, T, is the
number of units of the speech data from speaker r, and 7. (¢) is the posterior probability

that observation o, from speaker r is drawn according to the Gaussian s.

To estimate the three sets of parameters efficiently, the speaker-specific transformations,
the mean vectors and the covariance matrices, a three-stage iterative scheme is used to
maximise the above Q-function. At each stage, one set of parameters is updated and the

other two sets of parameters are kept fixed [20].

Figure 6 shows the framework of the TTS module 119 of Figure 3. The TTS block 119

.accepts text 117 and generates synthesised speech 316 as output.

The TTS module consists of three main components: text processing 300, prosody
generation 306 and speech generation 312 [21]. The text processing component 300
analyses an input text 117 with reference to dictionaries 302 and generates intermediate
linguistic and phonetic information 304 that represents pronunciation and linguistic

features of the input text 117. The prosody generation component 306 generates



10

15

20

25

30

b(y(L),y(L))=c+p( [y(L)) 7;(oiogN( ; , ,,) C+P(Q
Y(L)) r,s,t where Cis a constant dependent on the

WO c@a®BI0pdN probabilities, Ris the nunber of BEEs&BHI6000272

in the training data set, S is the nunber of CGaussian
conponents, T1. is the nunbezo of units of the speech

data from speaker r, and g [{t) is the posterior
probability that observation from speaker r is drawn

REEHRS ; ussi | hre
PRSEY iotaliOh LB, BAUE Buckey it FHE LTROR Bl iRy 08
The prosédyr imbiirimatien andphoretio infetation 384 dre dvenlsinsthini aptesodic and
mat I.i ¢ a. three- e .terative schene i.s used to
Pf}?é&?ﬁﬁ%@%’émémﬁ i} Bpytip thegpe nekatiga compRneghs12.
BRick Bap abmirgtes tHeFindP stk 86uiddid Snde 38 6 Yo k&I orf 1P Rgﬁlélﬁ%iﬁtgon and

parameters are kept fixed [20]. Figure 6 s
Ppedyanbrmaten 8 Hharkpepduuniedatatasodi4-i gure 3. The TTS

bl ock 119 accepts text 117 and generates synt hesi sed

speech 316 as output. The TTS nodul e consists of three

Innrecent tiorep OHES teshnigaes havt adessed1godiPi@antBl, OWaH ¥tate-of-the-art
306 and speech generation 312 [21].

ener at | : ] The
teaBANOgY, S SsyTAmS Conaeivee vauduEnaryisespeash (2Ap3d MbxThis
. ; It ™ it h
B I 4 LTS B M R M SBREL Brs
mp@ale carpriegentsutkramencrificatiom mockss imgléast tveo egt (F)ekhe

of the input text 117. The prosody generation
psoydriedd! Bt R meesalianiroeBin T O o Raion iamsisH, o be
ufet i€ Bval@Ne fHaYcbrreb thbBssAMA nfurdTRésS oPPR}%Q&SV ofBEgis s?fg&riiled

The prosody information and phonetic i'nformation 30

spspey @Bk ribeisneachepentediby: tharid Somodiele icen befisedraa ispeech
i gnal ] to. th ti
reles R o0 e it LI SRR FRESE T s peech

utterance 316 based on the pronunciation and prosody
nf or rHati on 310 and speech unit database 314. In

TheRBHO SRES o rampeRsni pEjed Tcmedulen iy genprates correct prosody
BT A Yoo L SRR AN AT o
uskag madifinglearning approaches. The input of the prosody model is the
pronunciation features and linguistics features that are derived from the text analysis
part (text processing 300 of Figure 6) of the TTS module. From the input text 117, the
prosody model 308 predicts certain speech parameters (pitch contour, duration, energy,

etc), for use in speech generation module 312.

A set of prosody parameters is first determined for the user’s language . Then, a
prosody model 308 is built to predict the prosody parameters. The prosody speech

model can be represented by the following:

ci =/11(F) (31)

pi = Iui(ci) (32)

s, =0o,(c,) (33)



10

15

20

25

makes the use of a TTS systemin utterance
verification processes possible. A TTS nodul e can
wendvans®oan utterance verification process in BPCT/B€A®6/000272
two ways: (1) The prosody nodel generates prosody
paranmeters of the given text 30The paraneters can be
used to eval uate the correctness and natural ness of
prosody of the user's recorded speech; and (2) the
speech generated by the TTS nodul e can be used as a
speech reference tenplate for evaluating the user's
WIREOF e FR0Q6 Rectbhecpr pSafll s, aR0 81add ITPBf G '@Q{TP (dlaRffication
the TTS nodul e 119 generates ‘correct prosody for a

agd vegressixt tred) tpeandeynemdalue(dfitiicdas3P8andardi@uattonf théclass
[t fron1 eal speech data using machi ne | earning

Q\Ibtllp"Fbél?:ﬂréEO Yripprampigy fespiot W%@ prosody nodel is the

pronunci ation features and |inguistics features that

are derived fromthe text analysis part (text

lfhecm@h@ﬁ@ pro8ody parametgue aze Byedd(fl) tohfEndThS prapeubeechngits in the

iR SRRt St Q) BRI G ot dy s Froferance
verificgion. etc), for use in speech generatlon nodul e 312.

A set of prosody paranmeters is first determ ned for
the user's | anguage . Then a prosody nodel 308 is

d
e e
p,‘r({rquaﬂM) (tonetigtand cptos))dj aﬁ)ande&m "HldrSalhhtaluﬁiﬂﬁt of @ays to

I | D of he CART
SRR SPRTL 2] 4] A e RS b1 58) e B cosalenatiggeapproach

IM iy E%Iﬁf)a NheGr@SihciatibA R nEr ﬁel&ﬂngﬁ?ﬁ&?%ﬁée@ﬁ Tnits, while

for the i-th prosody paraneter ect
the prebedydd gpmmsstgdl yltbeiﬂva{rtmeﬁosmmgetemphtb s(pmaclmnﬁs ion ghst bedecting a

S .in the speech ration

B3P B85 U R oL SRS BrBeg iy e pem Goted
m@mgmﬁﬂsﬁamﬁpﬂﬁ@gatlon. The speech generation

conponent generates speech utterances based on the
The unit selection process is used to determine the correct sequence of speech units.
This selection process is guided by a cost function which evaluates different possible
permutations of sequences of the generated speech units and selects the permutation
with the lowest “cost”; that is, the “best fit” sequence is selected. Suppose a particular
sequence of n units is selected for a target sequence of n units. The total “cost” of the

sequence is determined from:

CTotal = Zl CUnit (Z) + Z CCannection (l) (3 4)
i= i=0

where the Cy,,, is total cost for the selected unit sequence, C,, . (i) is the unit cost of

unit i, Co,ecrion (1) is the connection cost between unit i and unit i+1. Unit 0 and n+1

are defined as start and end symbols to indicate the start and end respectively of the
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pronunci ati on (phonetic) and prosody paraneters. There
are a nunber of ways to generate speech [21, 24].
wewRE3IobEm one way is to use the concat enat i BOT/SG2006/000272
approach. In this approach, the pronunciation is
generated by selecting corrétt speech units, while the
prosody is generated either by transformng tenplate
speech units or just selecting a proper variant of a
uni t . e ' fthe
b TREPBRERE RS PakRLich GsbRBRECh e SRR e
proscdgend coatitslaton effeted effthe syEeetlnenitsor r ect sequence of
speech units. This selection process is guided by a
cost function which evaluates different possible
Fig&few LAk 3%%&%51{ a%?%ﬁﬁﬁst%ink e fanereked aspeeat speech
nits and selects the pernutation with the | owest
uttecast Verifibrioniapparatve witheartwithout theageiehtESi s sel ect ed.
Suppose a particul ar sequence of n units is selected
for a target sequence of n units. The total "cost" of
Fé oS8 qUaRGe: s ard@ipeimidtatovw:r om CTot al CConection (z)
(34% where the ClTotal is total cost for th]g sel ectaed
unt t TheJUSnsenpogem qonpers the inpytexhinto & sRaech isfi;apd generates
CComection (i) ks .t aection cost between unit i
and ﬁ?#{enfql-érl(?sO#f]?tttﬁ‘gsagrg%ﬁﬁg'l are defined as start and
eng SRRy Aekindiondtielt daRubitasrdrosudst perahates oot spee¢hysignal.
of theutterance. The unit cost and connecti on cost
r epr dhencoustie caplpiaqn blasleprarares the fro ﬁw&a&ﬁ%ﬂ‘aﬂam% and
coarticulation of the speech units. Figures 7
and &UHMES %‘f%°é’k‘§‘f‘15|§°§lfe§ns illustrating the framework of
ane OVEeddrbsodReAIuatibh BlceR cemyeres theaavbi input poadp tdessriptions and
with or without the use of TTS. For Figure 7, the
st epouipuss 2RpIsadigSE0Bel owr  The TTS component converts
the ijput text. into ' i £
rof or Bicolsikioh P S tpRBRES e hll 2or@ YR A Sl Afuarion. All he

der i Vabiegdf Bh®sdqueatcait stramegupsothys gep.anet ers from
speech signal .

For Figure 8, the steps are explained below:
o The Prosody derivation block calculates prosody parameters from speech signal.
e The acoustic evaluation block compares the two input speech utterances and
outputs an acoustic score.
o The prosodic evaluation block compares the two input prosody descriptions and
outputs a prosodic score.
o The score fusion block calculates the final score of the whole evaluation. All the

scores of unit sequence are summed up in this step.

Tt will be appreciated that the invention has been described by way of example only and
that various modifications in design may be made without departure from the spirit and
scope of the invention. It will also be appreciated that applications of the invention are
not restricted to language learning, but extends to any system of speech recognition

including, for example, voice authentication. Finally, it will be appreciated that



The acoustic eval uation bl ock conpares the two i nput

speech utterances and outputs an acoustic score. The
w@e@sostioes eval uati on bl ock conpares the two i npOIT/SG2006/000272

prosody descriptions and outputs a prosodi c score.

The score fusion block cal cuBates the final score of

t he whol e evaluation. Al the scores of unit sequence

are sumed up in this step. For Figure 8, the steps

f%agfrgg ?&P@ﬂtgfgmﬁ?%s%\é@t écP EH@ Elf El%‘e?id%ﬁ%%%{ds n?#}’ ek rgéci%‘fed a.Fﬁi/or

chifed i @onebiadtival with axb:dtl@@rldmmmamrattme t wo | nput
speech utterances and outputs an acoustic score. The
prosodi ¢ eval uati on bl ock conpares the two i nput
prosody descriptions and outputs a prosodi c score.
The score fusion block calculates the final score of
t he whol e eval uati on. AUt he scores of unit sequence
are summed up in this step. It will be appreciated
that the invention has been described by way of
exanple only and that various nodifications in design
may be nade without departure fromthe spirit and
scope of the invention. It will also be appreciated
that applications of the invention are not restricted
to | anguage | earning, but extends to any system of
speech recognition including, for exanple, voice
authentication. Finally, it will be appreciated
thatfeatures presented with respect to one discl osed
apparatus nmay be presented and/or clained in

conbi nati on with another discl osed
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dependence of the conparison. 2. Apparatus according
to claiml, wherein the apparatus is configured to
wa@ledsnsdone t he prosodic verification eval uati oPCT/8GIN06/000272
conpari son of first and second prosody conponents
whi ch are correspondi ng conpshents for at |east one
of : speech utterance unit duration; speech utterance
unit pitch contour; speech utterance rhythm and
Ciﬁeech utterance intonation; of the recorded and
reference speech utterances respectively. 3. Apparatus
according to claim2, the apparatus being configured

to determ ne the prosodic verifjcation evaluation fro
la codypRArsRRtsHoLsPepsh Wierafieg Vg%ﬁaﬁ@npﬁiséaa%ra% g‘ﬁ‘&ﬁéﬂ’? gured to

céﬁ‘lﬁarﬁ @%ﬁl rBYdaS RRpBnR ki Ui B rh Aeddr@dN SebdiAnth M vath a

or ma ed duratron deviation of the recorded speech
catr¢spradiog seaond pdesody campansnpfopaireference spaech viterente and to

T R S I N e
degendet RrdfitecdngrgbRsodi ¢ verification evaluation from

a conparison of first and second groups of prosody
conmponents for speech utterance unit pitch contour

2f r omAc@a}a@%}égﬁ{d%qg chhil"1° %Q%énf@lgg?g%%g %fa cotn@i%ured to

f ecof erance’ uni
deteanit aiaprdsqlio sadificationpedieation feons arpmphsam afffirsttead second

transfornmed prosody conponent with a correspondin
PERSGHY ERBROTSFEERISh Bt BRSO SOTRANFHS X R [PaManE i c e
speegheddh b Eﬁﬁ&@mﬁphﬁraﬁ&q;pr ovide a nornmalised

transtorned prosody conponent;a vectorisation of a
pl ur apéech uttkranoe weit pisaconteamsf or med prosody conponents

to forma normali.sed par.anmeter vector; and a transform
of t I’?Be%g%faing%ﬂ’ygﬁ?’a"r?gt er vector to provide a
t r angh@IchBferance intonation; of the recorded and reference speech utterances

respectively.

3. Apparatus according to claim 2, the apparatus being configured to determine the
prosodic verification evaluation from a comparison of first and second prosody
components for speech utterance unit duration from a transform of a normalised
duration deviation of the recorded speech utterance unit duration to provide a

transformed normalised duration deviation.

4. Apparatus according to claim 2 or claim 3, the apparatus being configured to
determine the prosodic verification evaluation from a comparison of first and second
groups of prosody components for speech utterance unit pitch contour from:

a transform of a prosody component of the recorded speech utterance unit to
provide a transformed prosody component;

a comparison of the transformed prosody component with a corresponding
predicted prosody component derived from the reference speech utterance unit to

provide a normalised transformed prosody component;
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normal i sed paranmeter vector. 5. Apparatus according to
any of clains 2 to 4, the apparatus being configured

W@ 20080839311 ne t he prosodic verification eval uak@¢DsGIN0eN00272

a conparison of first and second prosody conmponents
for speech utterance rhythm Bfom a determ nation of
recorded tinme intervals between pairs of recorded
speech utterance units; a determ nation of reference

Ut e Al Ch M PHRIORE dofp e B RRRGS30RE bompggents to
form @ nomaised parametspwedtor; end he reference tinme intervals

to prqovide a normalised tinme interval devjation for

each “pEFTOBT o BigaATeed RSl P R Lo PToNIde & trapafpriged
nbfmed1BEO paapleted veeter.of a plurality of normalised tine

i nter vaF devi ations to provide a transforned

normal i sed tine interval deviation. 6. Apparatus e
accorngj : [ 5 he r.at us i n
Sont FEraul e o She o ats £t A G PR BHE s Hela o
deteerhinatheoprofadicrverifixanpa ey oationffrdm b sbmphdsodeddiret and second

d nts f.or speec tterance intonation
P &gﬁfcg{“ﬁ%}%@%%meﬁﬁhuwgﬁ%éﬂ ¥8d pitch mean of a
pl ur aldeteYmBfatib 6PFEM 8 BRROBW A EHANES Mﬁ‘sg)?’i'eac%rded speech

determ nation of the reference pitch mean ¢
ugeigned yaiig; of ref erence speech utterance units; a

nor mal 4 i f-.the recorde it nmean .and. t he

ot o BhlsRHoR o skteb e b ierterk bR Eef hfefenge speech
uttemhed wrdz; and a transform of a sumof a plurality of
normal i sed pitch deviations to provide a transforned _
nor maPPEBdlisatiee pf e vecrdeditine intgypalp aithgespeeide diangiaronce time

iRBaRfo ?}eoyld.ésa forhd1ifed M §fLNall di6iaRBR 35,ALHS péi% of recorded

confi gu
speech utterance units; and

a transform of a sum of a plurality of normalised time interval deviations to

provide a transformed normalised time interval deviation.

6. Apparatus according to any of claims 2 to 5, the apparatus being configured to
determine the prosodic verification evaluation from a comparison of first and second
prosody components for speech utterance intonation from:

a determination of the recorded pitch mean of a plurality of recorded speech
utterance units;

a determination of the reference pitch mean of a plurality of reference speech
utterance units;

a normalisation of the recorded pitch mean and the reference pitch mean to
provide a normalised pitch deviation; and

a transform of a sum of a plurality of normalised pitch deviations to provide a

transformed normalised pitch deviation.
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to determ ne a conposite prosodic verification
eval uation fromone or nore of: the transformed

woerosmbiosed durati on devi ati on; the transfor nePCT/SG2006/000272

normal i sed paraneter vector; the transforned
normal i sed tinme interval devsgation; and the
transfornmed normalised pitch deviation. 8. Apparatus
according to claim7, wherein the apparatus is

confi,qur to determn i [ i .
7o BRSO E T PSR SRR B oy i conton
td @a&ihew carhpodite @résoditsieario®tbnalatios #8mditeal intute of:

devi ation; the_ transforned normal|jsed paraneter

vect 8ie; trangformed parmenlisedi dyaliomdsvaRient i ne i nt er val

devi ﬁIe!t%sfogﬁgg\%&@nms@aﬂﬁér%%ﬂymm' i sed pitch

devi ati on. paratus according to claim1, the
appatlettcensfoenad nowrflisglitied intervabdavéatmnearal r ecor ded

speegh utterance prosody. yector. for the recorded
speegﬁtmg’?’ﬁﬁ{i@?‘pr@agﬁg%?%‘ ‘%Vfaélf)g‘r ence prosody vector
for the reference speech utterance; transformthe

recorded speech utterance prosody vector to generate a
8t r andirppriaiy acerdingdd ckyade Wheretretha appargiee tsponfigwgd to

rein AT g i '
oFEE B 0ol e TR S5 it e
tamdf:t he second prosody conponent conprises the

recor ded sggech utterance roggdy,vector. 10.

Appaflit ans @esiap%al_tssd EVaHeR 9SVIRHE: appar at us bei ng

conf 'tlgzut[reﬁfgfdrﬁeﬂﬂf)ﬂﬁélgéggﬁ_aﬁl%&yIVEct&f; the conparison to

generate a nornalise viatlion prosody vector and to
conv ¢t trarisformed matmaesdd tewiiateivahdprigiogynd/ect or  usi ng

apr ?l?eat?elmls%otr%efd lfllggntna!ﬂ%gd %R&l eviation.

9. Apparatus according to claim 1, the apparatus being configured to:

generate a recorded speech utterance prosody vector for the recorded speech
utterance;

generate a reference prosody vector for the reference speech utterance;

transform the recorded speech utterance prosody vector to generate a
transformed recorded speech utterance vector; and

wherein the first prosody component comprises the transformed recorded speech
utterance prosody vector and the second prosody component comprises the recorded

speech utterance prosody vector.

10.  Apparatus according to claim 9, the apparatus being configured to normalise a
result of the comparison to generate a normalised deviation prosody vector and to
convert the normalised deviation prosody vector using a probability function and a

score mode] to determine the prosodic verification evaluation.
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score nodel to determ ne the prosodic verification
eval uation. 11. Apparatus according to claim9 or claim

waosmsser®i n t he apparatus is configured to dePE&r/8G:1086/000272

the prosodic verification evaluation for at |east one
of recorded speech utterancesunit prosody and recorded
speech utterance across-unit prosody. 12. Apparatus

according to claim 11, wherein the apparatus is
onfi

ured to determn ht [ j .
Lo ARG shRa AT P SR L GhPE ey s cotied
tolle@E e eCthy prdsbdie aktifitatRwmalvblahii@fok af lehst 0ne détbcspied epeech
utterance unit prosody and prosodi ¢ verificatjon
uigsrancganitgrosody apg é«“cﬂo&éé sgﬁégaﬁe@p%%%%mf&rawyum t
prosody. 13. Apparatus for speech utterance
verification, the apparatus being configured to
12let eApparetua aproogiag ty cleim 4 1 uskertio theapacdes is gewitgured to

utterance and, co te t roperty. wWi.th a .
BB pERBPRY OB Yoo Sebiin dog Sagighted sum ofa
piosb@E FBGReatibfl evARRBIAoY SecBfIeq sPédRE ulteraffy/ulf HOS6HyHd a
claim wherein the argparat us further conprises a

prossdic verifigrsion lsvalpationetor teserdegd spesh whesBPheFrerHTigRIP Y-
to generate the reference speech utterance using the
text-to-speech nodule. 15. Apparatus according to

18| ai mppdratusiier speach terafep aeaficionsthe appargus deing oonfigured to
generate an acqustic nodel, to deternne an acoustic
detering @ RIARSHY O AIUSeR § ROWPY Pl viierarrstand cRpware the arapsrty

Wit LS e nﬂ[hg?ﬁliggéjtyj ofVlfekdrb @ shdh &Y aﬁ@é.i on fromthe

acoustic veri tion eval uation and the prosodic
verification evaluation. 16. Apparatus according to

[ aim 15, the apparatus bei configured to gener
tfhe ASBRERSASHUTERE ' ABnPECEIER R B e PR TGy her
cORPHR a téﬁ-toéﬁ@@hqﬁ&cﬁn@@w@hﬁ%t&i@ @nfigldas gehctBthe
16, wherein the apparatus i'S configured to determ ne
refbrenegcsngeeh eteyancefusingtthotexitoasnesel madyleom a

normal i sation of a first acoustic paraneter derived
fromthe recorded speech utterance unit; a

1801 mppsatistitc@lling 6 @IdiRsidonttirt the appdads Bushiigured to
paraneter for the reference . . . .

generate an acoustic model, to determine an acoustic verification evaluation from the

acoustic model and to determine an overall verification evaluation from the acoustic

verification evaluation and the prosodic verification evaluation.

16.  Apparatus according to claim 15, the apparatus being configured to generate the

acoustic model from a speaker adaptive training module.

17.  Apparatus according to claim 15 or claim 16, wherein the apparatus is
configured to determine the acoustic verification evaluation from:
a normalisation of a first acoustic parameter derived from the recorded speech

utterance unit;

a normalisation of a corresponding second acoustic parameter for the reference

speech utterance unit;
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speech utterance unit;a determnation of a first

I'i kelihood value that the first acoustic paraneter
w@orsmspends to a particul ar utterance; a det eP@T/RGLINGN00272

of a second likelihood value that the second acoustic

parameter corresponds to a paticular utterance; and a

conparison of the first likelihood value and the

second |i kel i hood val ue. 18. Apparatus for speech

Cont §geieBhi-Rom & & it AktiRog vafie R Bednspcdfttihprameter

cE@Y&buRlsiton fatt@ilaratig@heds;m nation of a first |ikelihood
val ue that a first acoustic paraneter derived froma

r ecordeigrsisatienota seepahbkelinopd valye thas srrgeondpcqustic parameter
@?{(EF&#Jgg pﬂhfc%iﬁlﬁh@ran@e degerm nation of a second

ue at a’second acoustic paraneter
der i eedmpamsonafitief Brsehkedibopé ealhe and theancmddikeliksqioraths:.
to a particular utterance; and a conparison of the
first likelihood value and the second |ikelihood

18al u %ppéﬁtus%pﬁieé‘é oBGERAtHnRGritiCatfdnathd aiaﬁaraﬂ@ PER 'Eonﬁgured
the déterm nation the first |ikellhood value and

tq driersrpe pitla¢ouriad verr&‘v;@tlvxawéuat@nrfm with reference to

or "oR e Rk o e HRBERLAN MR R o dictpBiTierived

fiohea seecried spexobl sitteingauidn®Irfspaide th o pamicileeditdbhdl to
deterninatjon of the first_and second |ikel.ihood

val uddetepninaign ot & seeend Hikelihgiof yalus thaty segond|agpytic prrageter
dévedish 8r GI'Jlll%f Shean ﬁ&éﬁ e oFREdnay cPe p&rﬂcﬁ\gzﬁl?rtetrﬂﬁe, and

conpari son I'gnment of e recor speec

utte aanmpannsuntof\kh& first hkzelﬂmbé velne end fheesetondtliketinombvalue.
unit. 22. A nethod for speech utterance verification,
the nmet hod conprising conparing a first prosody

190”p%%ﬂﬂattﬁ%ﬁbd&ﬁﬂlgft6 QiR 18EGAELRANLS aa%ﬁﬂmuﬁ&%ﬁﬁs Girst
th correspondi ng second prosody conponent for a

hkdﬂmé rvehiesipd dlachsegendelileahibeodmaluel istreadsi with teferepeeds adibonetic

model.

20.  Apparatus according to claim 18 or claim 19, wherein the first acoustic
parameter and the second acoustic parameter are normalised prior to determination of

the first and second likelihood values.

21.  Apparatus according to any of claims 17to 20, wherein the apparatus is
configured to make the comparison by alignment of the recorded speech utterance unit

with the reference speech utterance unit.

22. A method for speech utterance verification, the method comprising comparing a
first prosody component derived from a recorded speech utterance with a corresponding
second prosody component for a reference speech utterance and determining a prosodic
verification evaluation for the recorded speech utterance unit in dependence of the

comparison.
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utterance unit in dependence of the conparison.23. The

woreiokosBoes cl ai m 22, the nmethod conprisi ng det PCTBGR006/000272

the prosodic verification evaluation by conparing
first and second prosody conmppnents which are
correspondi ng paraneters for at |east one of: speech
utterance unit duration; speech utterance unit pitch
contour; speech utterance rhythm and speech utterance
i ntonation; of the recorded and reference speech
281 t efTas ﬁ:&shcrcb@fpﬁmtni 22ethe mehod Edsmmmﬁ@dﬂemimnﬂgahapﬁaodic
th met ho ri sing det g the pr.osodic

Ao SYRBAIRIL T PR RES O SR P ETIORE FOmREPeskwhigh are

c%&?@ﬂdﬁngg%ﬁﬁ%ﬁ forfa@lcaSRAB OR Ut terance unit duration
by transformof a normalised duration deviation of

t he smhd@@kaggﬁe@uhdmtl@nance unit duration to provide
a transfg ge n? guratlon devi ation. 25. The
met hSBEGP rgu{:ﬁ% %? (iog W24, the method conpri sing
det ersﬁéeﬁhﬁl@eﬂah@e Hiveeeding verification eval uatl on by
conmparing first and second groups_of_ pro
co np@mqeg yttpigpesintaHon o heiseerdehprd lﬁfqreweéa?ﬁcamﬁewces
r&%@ﬂﬁ% n1ng a prosody conponent of the recorded
eech-utterance unit to provide a transforned prosody
conmponent; conparing the transformed pr osody component

th cor di n r edi rosod one .
28 1 e Secho B Moo EaBhtSiRe HrEREB RS progodic
VRF YAt cFalafioRby é&ﬂpéﬂr@lﬁgﬂrﬂ%@c&fd‘iﬁ@%ﬂy%@ﬂﬁeﬂ&m for speech

vectorising a pluralit normal i sed transforned

uttersseriynit durpbeehy 6 tiansthm nf anpirakiaed dwdtipgmdanaticsrof the
reco%e%rs‘pegch utterance unit duration to provide a transformed normalised duration

deviation.

25.  The method of claim 23 or claim 24, the method comprising determining the
prosodic verification evaluation by comparing first and second groups of prosody
components for speech utterance unit pitch contour by:

transforming a prosody component of the recorded speech utterance unit to
provide a transformed prosody component;

comparing the transformed prosody component with a corresponding predicted
prosody component derived from the reference speech utterance unit to provide a
normalised transformed prosody component;

vectorising a plurality of normalised transformed prosody components to form a
normalised parameter vector; and

transforming the normalised parameter vector to provide a transformed

normalised parameter vector.
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transform ng the normalised paranmeter vector to

provi de a transforned normalised paraneter vector. 26.
wab@sostobod of any of clains 15 to 18, the metPOSG2006/000272

conprising determ ning the prosodic verification

eval uation by conparing firs#2and second prosody

conponents for speech utterance rhythm by: determ ning

recorded tine intervals between pairs of recorded

¥Peeee %ét@(g Wﬁlg%}'dzﬁms q? 3 i A8thb§ fcgﬁ‘@ﬂ&'ﬁg tdlz‘1.'&?1‘nining the
I'nterval's between pairs of ref'erence speech utterance
pussotiR; verificatidn eiahgitibh &y cempardiexfidst arel seodrel pratsiyvdoitponents for
respect to th r%f_erence time intervals to provide a
SH?FE&WF%@H3T3ﬁﬁniﬁterval devi ation for each pair of

I eCcorgdRinAREEFottel BANGRIMHN betwed!hirs of E‘e%foﬁiel@ sPBecB utterance

sumof a plurality of normalised time interva
i ati ons to provide a transformed normalised tine

B e R

ungtk;l fication evaluation by conparing first and second

prosody conponents for  speech utterance intonation by:
det erRHrHNG We recoedrddine piervals nedTegrckiophefedsprp thhe
iﬁt%?\&[sqs %r&\ﬁ&eeg OI%JISE@?&% iﬁ’t@llvtafsﬁ'lev?aﬁfoﬁ?ﬂ? éb.'fcﬂ afr3¢ recorded
reference pitch nean of a plurality of reference

sppebottterantenatscendini t s; normal i sing the recorded pitch

or APPSR ECHTELT BT OLATEHS LY IAIGe i ies o
prowlliélh Bhhdf¥rmedd ARmARLddSare Ritdrehl HeMtiggl ons to provide
a transforned normalised pitch deviation.
27.  The method of any of claims 23 to 26, the method comprising determining the
prosodic verification evaluation by comparing first and second prosody components for
speech utterance intonation by:

determining the recorded pitch mean of a plurality of recorded speech utterance
units;

determining the reference pitch mean of a plurality of reference speech utterance
units;

normalising the recorded pitch mean and the reference pitch mean to provide a
normalised pitch deviation; and

transforming a sum of a plurality of normalised pitch deviations to provide a

transformed normalised pitch deviation.

28.  The method of any of claims 23 to 27, the method comprising determining a
composite prosodic verification evaluation from one or more of:

the transformed normalised duration deviation;

the transformed normalised parameter vector;

the transformed normalised time interval deviation; and

the transformed normalised pitch deviation.
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28. The nethod of any of clains 23 to 27, the nethod
conprising determ ning a conposite prosodic

woe0s03mas i on eval uation fromone or nore of: PEESG2006/000272

transfornmed normalised duration deviation; the
transfornmed normali sed paramgter vector; the
transformed normalised tinme interval deviation; and
the transformed nornalised pitch deviation.29. The

h : ’ i . o
20° oLl R el 28 B MO Co SO B lec) Al
prasodilotverfisationafvahatibe st 4 weighfed stuhenftat Easfrondd
norga%ised durgtion deyi ati.on; the transformed
nor it RSEPRed Reteslisge digHon fedatiqnanst or med
nor Mighd ($8AfdrinkB noRhAIK@badR¥teb@ss; and the
transformed normalised pitch deviation. 30. The nethod
of clile tramformef @ormalised timgrintysral éongidng prdy: gener ati ng
a T eqor dedrIReR AR EE ANGeaRgRRDY vector for the
recorded sSpeéch utterance;, generating a reference
prosody vector for the reference speech utterance;

transform ng t Jecorded speech utterance prosody

Nect J#lewﬂg%@ﬁ%l@ 22 themehor E%EWF EQBPHERE's peech

Ut t elaRGe YL TRbrdeARPeth GliElacd HBsddy™vebioP F358Yecorded speech
conp nlgggt 11cge(;rrpr [ rsgs %e tr ar?s% oé}%nsééiyr ecor d(geij speggﬁs speec
uttetageegnce prosody vector and the second prosody
conponent..conprd ses the recorded speech utterance i
or 05 GaIETONE Berersice RetEodyERBE TG I Fhs Pt R
furt hehsfoanRkithd fGofIRH ¥Pdech ufterafcd 83 dy veEbtok Regenerate a
cogfparl son to generate a nornalised deviation prosody
tipasforpedisgorded vgech wheranee Yesioiadndsed devi ation prosody

1ot iU SRR T e s

utterance prosody vector and the second prosody component comprises the recorded

speech utterance prosody vector.

31.  The method of claim 30, the method further comprising normalising a result of
the comparison to generate a normalised deviation prosody vector and converting the
normalised deviation prosody vector using a probability function and a score model to

determine the prosodic verification evaluation.

32, The method of claim 30 or claim 31, the method further comprising determining
the prosodic verification evaluation for at least one of recorded speech utterance unit

prosody and recorded speech utterance across-unit prosody.

33.  The method of claim 32, the method further comprising determining a
composite prosodic verification evaluation from a weighted sum of a prosodic
verification evaluation for recorded speech utterance unit prosody and a prosodic

verification evaluation for recorded speech utterance across-unit prosody.
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32. The nethod of claim30 or claim31, the nethod
further conprising determ ning the prosodic

woeosHsmwas i on eval uation for at | east one of reCD8EEU6/000272

speech utterance unit prosody and recorded speech
utterance across-unit prosody4 33. The nmethod of claim
32, the nethod further conprising determning a
conposite prosodic verification evaluation froma

3421 O AL Br Shecth RHAANA FerlfREAH, B OO KBIPALK BerbBhining a
recorded speech utterance unit prosody and a prosodic
pvapeitlyiof atusers ®ealdad speenh fiterane@cnddenhpsprgthe pubicetyanitea

across-.unit prosody.34. A nmethod of speech utterance
DT EIE PSR SRE56° SREH RS et er i ni ng. o
property of a user's recorded speech utterance and

conpari ng the@property with a correspondi ng property
3of a Themeatarbel anyed chilys 22 fadrb durtles compeising ighartatiig thay
| fUrt comri sin nerating the
r@%?@%%ﬁ%@dﬁ%%%%ﬁ%ﬁFWé#§ﬁ§§£ﬁH§¥BSé?ﬂﬁgﬁﬁgext-to-speech
nmodul e. 36. The nethod of claim 35, further conprising

ener.ati ng a Qust j del , .determ ning an acoustic
Beri f | éﬁ%a%{]%@?l}}hﬂ:%ﬁﬂ% SARPHENG 8BTS Fropapstigipodel .
d@@mfnmgw&oagﬁcov&{fﬁuioﬁ&ramaﬁlsﬁtﬂoﬁﬁth% ‘é@dadéﬁh nQle] LM

the acoustic verification evaluation and the prosodic
deterhiningan overal wérifioation evadmation fomtteodustic vetificaiddcvaluation

furt her conprisi enerating the acoustic nodel from
agggﬁégﬂ%ﬁﬂggggﬁﬁggn?V%R%Fﬂg nodul e. 38. The nethod of
claim36 or claim37, the nethod conprising

determ ning the acoustic verification eval uati on by:
3dor néﬁhﬁélileﬁgodwﬁqlalm 3G dbither comprisingaerarating th aepustio model from

a%E&&%?&ﬁ%ﬁ?gnﬁﬂﬁggggHﬁﬁgranpe unit; normalising a
correspondi ng second acoustic paraneter for the
reference speech utterance unit; determining a first
li kel.i hood, val th the first acoustic paraneter. .
3Borr m]gocfl of claim % or Halm §7, the met 03 compplging determining the
acoustic verification evaluation by:
normalising a first acoustic parameter derived from the recorded speech
utterance unit;
normalising a corresponding second acoustic parameter for the reference speech
utterance unit;
determining a first likelihood value that the first acoustic parameter corresponds
to a particular utterance;
determining a second likelihood value that the second acoustic parameter

corresponds to a particular utterance; and

comparing the first likelihood value and the second likelihood value.

39. A method of speech pronunciation verification, the method comprising
determining an acoustic verification evaluation from:
a determination of a first likelihood value that a first acoustic parameter derived

from a recorded speech utterance unit corresponds to a particular utterance;
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to a particular utterance; determning a second

i keli hood val ue that the second acoustic paraneter
w@orse3pends to a particular utterance; and coPQESGIIN6/000272

the first |ikelihood value and the second |ikelihood

val ue. 39. A nethod of speechs pronunci ation

verification, the nethod conprising determning an

acoustic verification evaluation from a determ nation

of a K
oar andpErbinabOE ot FRnt Bkalfobt SRt o MBI parmeter
dgmvdd fesmn h&é@&lmd? spdeclaunﬁaﬁdecdfh.aﬁphdmﬂk & ai}liﬂﬁcﬁar utterance; and
eterm nation of a_se i kel i hood val ue t a
s ecoAGOBPBI of %ﬁ%@ﬁ@kfgﬂwaé Valyeand ﬁwﬁ%mdé#@ﬁémdevalue-
speech utterance corresponds to a particul ar

utterance; and a conparison of the first |ikelihood
40al udhamethdveofsdaimni, Whieeslin fusibdr camprésingideterTtiningdheniit

h e
e BliE g TSt G HAS xS R Setebe I L B Pl pocel
value with reference to a phonetic nodel. 4 1. The

nmet hod of claim 39 or claim40Q, further conprisin

4hor mdibe shedlepd ofeclaimy B2 ordaimst0, éurﬁm SABPESING nam@fﬂ@mg the first

R e T R R
andl savoyd tikeliomidivalu@8. to 41, the rret hod conpri si ng

maki ng the conpari son by alignnent of the recorded

speech utterance unit with the reference speech

491 t erRRGR WY &F any of claims 38 to 41, the method comprising making the

comparison by alignment of the recorded speech utterance unit with the reference

speech utterance unit.



