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This i nventW8R61822%t es to speech processing and in particul aPCGIEBI502%63
recognition. 5 - Devel opers of .speech recognition apparatus have
the ultimte aimof produci ng machilnes with which a person can
interact in a conpletely natural mﬂwhout constraints. The
‘interface between man and nmachi ne ally be conpletely

seani ess. This is a vision that is getting closer to

achi evenment but full fluency 10 bet ween nman and nmachi ne has not yet been
achi eved. For fl uerldys inuention Spiatasyto speech PEGESSING nd 5\ Particulali toeSpaech
infinite vocaplioPf Words and would need to be able t o under st and
t he speech of every user, irrespective of their accent, enunciation

etc. Pres8nt technd®eyglpparsd obapekéhnireeagnitinle rapparatiisidraye thewuhimete &g ods

under st and speech. make this unfeasible. . rr ech
recognition gg?) TR ﬁch'c!’leﬁd‘ggpd‘é\{ !’;‘fp'wﬁi %z-hr;orrglcg e Ter8ct ?ﬁjé 2 %QF""?ﬁQ?% pagyral
vocabul ary t nsdnnehewappar @bbstraistsc aThlel mt@fadecbeyveeni man dhe rdadhing eveuidl | vy
relates to staat hsgi cal nodels or tenplates representing the words of the
linited laeally. 58 eaIREtelN ReARYESSecogni ti on an input signal is conpared
with the stored datrfist@ a visionOfHa€lis giRtihd) €idder todbERidveREE Bl FOIE FIUBREY
signal and the stored data. If a close 20 enough match is found the input
si gnal i gehewganymgeanddnachinsehaserelgyathagnaashieved. Fop fluefgyican aytomated at e

(or sequence ol ARECHBUR rehGPP LA irfiRite WAL SBLIRN Y Werdis'dAd would need to be able
: to understand the speech of every user, irréspective of their accent, enunciation
etc. Present technology and our limited understanding of how human beings

understaﬁd sp.eech make this un_feasible.

15 Current speech .recognitioh apparatus includes data which reiates to the
limited vocabulary that the apparatus is capable of recognising. The data generally
relates to statistical models or templates representing the Words df the limited
vocabulary. During recognition an input signal is compared with the stored data to
determine the similarity between the input signal and the stored data. If a close

20 enough match is found the input signal is generally deemed to be recognised as
that model or template (or sequence of models or templates) which provides the
closest match. _

The tempiates or models are generally formed by measuring particular
features of input speech. The feature. measurements are usually the output of

25 some form of spectral analysis technique, such as a filter bank analyser, a li'neal"

- predictive coding analysis or a discrete transform analysis. The feature
meésurements of one or more training inputs corresponding to the same speech
sound (i.e. a particular word, phrase etc.) are typicaily used to create one or more
reference patterns representative of the features of that sound. The reference

30 pattern can be a template, derived from some type of averaging techhique, or it

can be a model that characterises the statistics of the features of the training

inputs for a particular sound.
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models or templates represent the input speech of a partlcular speaker rather than

the average speech for a number of users. Whilst such a system has a good

recognition rate for the speaker from whom the 'rrammg mputs were recerved 'such

‘a system rs obvuously not suitable for use by other users

.- Speaker mdependent recognition re_lles on word models being formed from
the utterances of a plurality of speakers'. .-St'atistic'al models or templates
representing all the 'training utterances of each part'icu'larl speech input are formed
for subsequent recognition purposes. Whilst speaker"in'dependent' 'systems perform
relatrvely well for a large number of users, the performance of a speaker
mdependent system is lrkely to be fow for a user havmg an accent, mtonatlon,
enunciation etc. that drffers srgmfrcantly from the tralmng samples. _

In order to extend the acceptable vocabulary, suffrcnent training samples of
the additional vocabulary have to be obtained. This is a time consumlng operation,
whlch may not be justlfred if the vocabulary is changing repeatedly

It is known to provide speech recognition systems in which the vocabulary
that.a system is to be able to recognise may be extended by a service provider
inputting the additional vocabulary in text form. An example of such & system is
Flexword'from AT&T. .ln such a. system words are converted from text form into
therr phonetic transcrlptlons according to linguistic rules. It is these transcriptions
that are used in a recognrser which has acoustic models of each of the phonemes

The number of phonemes in a language is often a matter of judgement and

~ may depend upon the particular linguist involved. In the English language there are

around 40 phonemes as shown in Table 1.

the
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AX .. about /8/(sh) SH shut
131 ER bird I/ Vv vat
/a”/ AW down 18/ | DH that
/a'/ | AY buy 1z/ z zoo
13/ | oY boy /_l(zh) ZH azure
Iy!/ Y you /_/(tsh) CH church
Iw/ w wit /_ (dzh,j) JH judge
Ir/ R rent /my M met
| Wil L . © | let n/ N net’

A reference herein to phonemes or sub-words reiate to any convenient

buiiding block of words, for instance phonemes, strings of phonemes, ailophones

5 etc. Any references herein to phoneme or sub-word are interchangeable and refer
to this broader interpretation. '

For recognition purposes, a network of the phonemicaily transcribed text
can then be formed from stored models representing the individual phonemes.
During recogniﬁon, input speech is compared to the strings of reference models

10 representing each allowable word or phrase. The models representing the

individual phonemes may be generated in a speaker independent manner, from the
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Exanpl e . Y beat G ' si ng
| H bi t I pl 4p pet /e/(e)
EY bai t It/ T . ‘ger r]/
EH uttersgqes of a number of different s@eakers Any suitgble models may be use
bat su/ch/ Hidden Marlgé Models. bet lal AA
Bob - a8 miade Y debt I A AH
but /g/_ Such a svsgem does not makgegny allowange) for- deviations - frortncmhght
/ hl. _ : boat
11/ . standaEﬁphonemrc transcnpﬂ{)ns of words-, /@?9 Qta_nceaﬁ/ a person has a strong book
/0/ & accentTHl'hus, even thougl'ha nger has spoken/a word thatMé in the vocabulary @0t
/sl/ h b AX d h. about /sl (sh)
SH the syste@hal?e input spee/cglmay not bg-fecognised as suc - bird /v/
\Y l/taiE desurable tb ibe; able tﬁ%a%} a speaker mdeperﬁh@lﬂl‘ﬂ system sb Qhat it
DH
7 is feas:blezgqf use by a pser with a pgpnunciation that dlffq_r,snfrom the quelle¢ h)
(Z]':: speaker. a?:UFd’pean patent/ éﬁfphcatron nd( 453649 describes sY:QH an apparatél ré]t sh)
JH 10 which the thggd words of the apparatus vocabulary are modelled by a
- concatenation of mo_dels__ representing sub-qmts of words e.g. phonemes. The ‘

“word” models i.e. the'stored concatenations, are then trained to a partlcular
user s speech by estimating new parameters for the word model from the user’s
speech. Thus known, predefmed word models (formed from a concatenatlon of

15 phoneme models) are adapted to suit a partlcular user.
Similarly European patent applrcatlon no. 508225 descnbes a speech
recognition apparatus in whlch words to be recognised are stored together with a
phoneme sequence representmg the word. ‘During training a user speaks the
words of the vocabulary and the parameters of the phoneme models are adapted
20  to the user’s input. o
in both of these known systems a predefined vocabulary is required in the
form of concatenated sequences of phonemes However in many cases it woulid
be desirable for a user to add words to the vocabulary, such words being specific
to that users. The only known means for providing an actual user with this
25 flexibility mvolves usmg speaker dependent technology to form new word modeis
Whlch are then stored in a separate lexicon. The user has to speak each word one
or more times to train the system. These speaker dependent models are usually
formed using DTW or similar techniques which require relatlvely large amounts of
memory to store each user's templates. Typically, each word for each user would.
30 occupy at least 12'5 bytes land_possibly over 2 kilobytesl; 'This m.ea.ns that with a
20 word vocabulary, between 2.5 and 40 kilobytes'must be downioaded into th:e
recogniser before reco_gnition_-can start. .Furthermore, a_.tel_elphon_e'network-based
service with just 1000 users would need between 2.5 and 20 Mbyte_s disc s_torage_ _

just for the users’ templates. An example of such a service is a repertory dialler in

This Sheet Has Been Re(ilaced ’
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nodel s 10 represantadegrdaned \aikh anélimeeritionca aiethdd a6 @enerating niwtabslary for

representing the i ndi vi dual phonenes nay be generated in a speaker
i ndependent REREH , r9SCERIIOR apparatus comprises” receiving an input speech signal

4 U1 erape8Entg an BMERRCeOberklirkiis %vn aaaeb&s.%ncé\@ycoﬁéut eia}e%ene%hs
may be used, such as Hi dden™Mar kov a system
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Thus, even though a user has s e vocabulary

the system thd stogng tls@gené‘ramtycuud b@remmmrseﬁ thes ustecdnce for subsequent It
is desirable_to be able to adapt a speaker i ndependent system so that it
ecognmon purposes.

10 Such a method allows a user to chose new words W|thout the need to

form new acoustic models of each of the words, each word or phrase being
modelled as a sequence of reference sub-word representations unique to that user.
This does not require any previous knowledge regarding the words to be added to
the vocabulary, thus allowing a user to add any desired word or phrase.

15 The coded representations of the words chqsen by a user are likely to bear
a closer resemblance to the user's spoken speech than models formed from text.
In addition, the coded representations require a memory capacity that is at least an
order of magnitude less than storing the word representations as DTW models,
{although this may be at a slight cost in accuracy).

20 Preferably, the generation of the coded representation is unconstrained by
grammatical rules i.e. any sub-word representation can be followed by any other.
Alternatively, a bigram. grammar may be used which imposes transition
probabilities . between each pair of sub-words e.g. phonemes. Thus a pair of

~ phonemes that do not usually occur in a given language ( for instance P H in the

25  English language) has a low transition probability. | )

Coded representations of more than one speech signal representing the
same utterance may be generated. Any anomalies in the coded representation will
then be accounted for. For instance, if an utterance is made over a noisy
telephone line, the coded representation of the utterance may bear little

30 resemblance to the coded representations of the same utterance over a clear
telephone iine. It may be appropriate to receive three trainfng inputs of an
utterance and discard a coded representations that differs significantly from the

others. Alternatively all the coded representations may be retained. Whether or
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is feasible for use by a usefp=w r"wggg@l on that differs fromthe
nmodel | ed speaker. Europ dﬁﬂﬁéﬂgﬁﬁ]h_' on no. 453649 descri bes
such anwagsassgyus in 10 whitfc b st hBER *" s of the popeBot/eEses
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Thus known, prede wor d nodel s ormed froma concatenatlon of
phonene rapdaﬂan)s are adapted to swt a particul ar. user.
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An exarrp ch a service is a repertory dialler in
Preferably the grammar of the sub-word recogniser is loosely constrained.

For instance, the sub-word récogniser may for example be constrained to recognise

any sequence of sub-word units, bounded by line noise. Alternatively a bigram

grammar may be used which imposes transition probabilities between each pair of
20 phonemes.

The speech recognition app’arét'us may be configured to recognise also
some pre-defined words. Preferably, the pré-defined words are also ‘stored as
‘coded répfesentation’s of the sub-word transcriptions of the pre-defined words. |
The pré-defined words and the words chosen by a user are thus modelled using the

25 same reference sub-words. The 's'peéch recogniser may be configured so as to
recognise predefined words spoken in éonjunction with user selected words.
' Preferably the reference sub-word representations represent phonemes.
Each sub-word representation may be a statistical model of a plurality of speakers’
inbdt speéch cbntainihg the particular sub-word. Preferab‘ly-the models are Hidden
30 Markov models aithough other models may be used.
| The mventlon will now be described further by way of example only, ‘with
reference to the accompanymg drawings in which:
anure 1 shows schematically the emplcyment of speech. recognition

apparatus according to the mventlon in a telecommunlcatlons environment;
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5 whi ch a user defines the people he wishes to call, so that

subsequent |y _a phone call can be placed by speaking the t he
i ntended ré%?ﬁf’g”?? Eur opean patent application W@g&%
‘describes a systemin which user, who speaks a word unknown to a

recogni tion system can correct the word 75 and add this word to the
vocabul ary of the system_ The only descri bed nethod for maki ng the new
word known to the FisuE®Riigiaohlogk diagiam sheyyindnsahemgtigally theivgstienal efements

I n accor dancegf Wivdeabligry geHardtoP Bcdbrdthl K6 ShinvesisH;at i ng vocabul ary for
speech recognition apparatus conprises receiving an input speech signal
representing an ut FigussSeshayenen sxamgler b mleessly gersirainrenetwaseas used in

representati M \}Qcab'gggg%ge*éw offrF?dp{é;Zpl urality of reference sub-word

representati ons a sequ érence sub-word representations which
nmost cl osel y resenbigese 4lshowist £5peech;recognisenrfdr sdeowithghe hecgbutenyaderwraroded
representation of the utferance for subsequent recogni ti on purposes.

Such a net hthQé'P’T W5'9 uSer to chose new words without the need to 15 form
new acoustic nodel pigGfe 8asHbWE ahhéxampiélof £a6dbgnRiod MetwWDik afECud With the

nodel | ed as a sequence of reference sub-word representations unique to that
user. TRegch seccgniser pdfigure4any previ ous know edge regardi ng the words

to be added to  gighface gﬂg@@%ﬁé&%@é%@&d%ﬁlgeﬁv&ﬁ% tﬁ&hﬁ%r@g%’ﬁgﬁr%i red

word or phrase. representations of the wor osen
by a usdP ar® arikely to bear 20 a closer resenblance to the user's spoken

" epr esent at i ons. r AP aRUD P, Seeapd STt RaRt L spBon L8R anoagpm, o
magni t ude | exsotdimditsthy inkgntidie Word representati ons as DTW nodel s,
Referring to Figure 1, a telecommunications system including speech
recognition generally comprises a microphone 1 (typically forming part of a
15  telephone handset), a telecommunications network 2 (typically a public switched
telecommunications ne;work (PSTN)), a speech recogniser 3, connected to receive
a voice signal from the network 2, and a utilising apparatus 4 connected to the
speech recogniser 3 and arranged to receive therefrom a voice recognition signal,
indicating recognition or otherwise of a particular word or phrase, and to take
20 action in response thereto. For example, the utilising apparatus 4 may be a
remotely operated repe.rtory- dialling system in which a user does not dial the
desired number but simply speaks the nanie of the person to be dialled.
In many cases, the utilising apparatus 4 will generate an audible response
_ to the user, transmitted via the network 2 to a loudspeaker 5 typically forming part
25  of the user's handset. ' -
In operation, a user épeaks into the microphone 1 and a signal is
transmitted from the microphone 1 into the netwo'rk 2 to the speech recogniser 3.
The speech recogniser analyses the speech signal and a signal indicating
rec_:ognition or otherwise of a particular word or phrase is generated and
30 transmitted to the utilising apparatus 4, which then takes appropriate action in the
event of recognition of the speech.
- When a user first uses the service provided by the utilisfng apparatus 4,
the speech recogniser 3 needs to acquire data concerning the vocabulary agéinst

which to verify subsequent unknown speech signais.. This data acquisition is



(al though this may be at a sli ght cost in accuracy).
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assocl at
in the art, and may compnse some form of spectral analys:s technlque, such as a o ‘

filter bank analyser, a linear predictive coding analysis or a discrete transform

analysis. .
The features rﬁay, for exémple, comprise cepstral coefﬂments (for
15  example, LPC cepstral coefflclents or mel frequency cepstral coefficients as
d_escnbed in "On the _Evaluatlon of Speech Recogmsers and Databases using a
Reference System". Chollet & Gagnoulet, 1982 proc. IEEE p2026), or differential
values of such coefficients comprising, for eéch_"coef’ﬁcie'nt', the differences
between the cbefficient and the 'éorresponding coéfficient value in the preceding
20  vector, as described in "On the use of Instantaneous and Transitional Spectral
Information in Speaker Recognition”, Soong'&. Rosenberg, 1988 IEEE Trans. on
Acoustics, Speech and=Signal ProcESSing Vol 36 No. '6”p-87'1'f Equally, a mixture of
several types of feature coefficient may be used. The feature deriver is provided
by a suntably programmed dlgntal signal processor. (DSP) devnce The output data

25 set of the feature deriver 6 forms the input to a sub-word recogmser 7.

" The sub-word recogmser 7 is associated with a sub-word model store 8
having HMM models repr'es"ent'ing' the 40 phonemes indicated in Table 1. The
model store 8 comprisés a field 81 ,'82', ..... , for each of the plurality of sub-words.
For example, the sub-word recogniser is designéd to recognise phonemes and

30  accordingly a field is providei_ﬁ in the model store for each phoneme.
' The sub-word recogniser 7 is arranged to read each field within the store 8
in turn, and calculate for e_at':'h.' using the current input feature coefficient set, the
probability that the input feature set correspc_indS" to the corresponding field. A

signal indicating the most probable sub-word model is output and stored in a word



10 configured to recognise the utterances represented by the coded

represent at iy $¢/1382 During recognition, the speech recogni i’%‘i‘éﬁﬁ% s *
unknown i nput speech signals wi th the sequences of sub-Wwor

representations represented by the coded representations stored in
the store and out puts a signal““indicative i recogni't'i on or

ot herw se. Pr e erabl t he recogni se
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bounded by Ilge noi se. Al ternativel may be used

whi ch i nposes3¢¢Medi Y B sb’Pd’lﬂ%fﬁlrF??a/%%er bt W@éﬁ"'@é‘ﬂﬁ r%?{p?enafthe Input spaeftenes.

20 ~ The SpeRERalcBRABAT by LBRMARAIURNITRY HMIMC Qi3S digeuREd iR “Hidden
recogni se al so sone pre-defined words. Preferably, the pre-define

wor ds ar e Sal sMagkayr Madels feroflutwmatic Speggh RespgaitivonEhesty ené Anplicatinnd by S J
transcripti Onéo:?f%ﬁm ?&Qcéiﬁffe@ﬁﬂmw%@g qE'i‘go%eNo Aprit] gdigd C\.’Mvgplgpg\ﬁce

the words chosen by a user are u5|ng he” sane
sub-wor ds. Tm;eslwwbhrqcembsr@mrmmybsbmecmﬁ Wyt estoguisers?/ uses ﬂmeogmllskao%

pr edef i ned unc user Iected wor d

Preferably rﬁ‘é'g?’ek e?qg?fbgmwba%r “:be‘ﬁ?r ﬁfﬁ?“'ﬁ?{s re'BPg’seW{ ﬁﬁﬁ'ﬂ@ﬁes be a
Each sub-wor dnicegpresessbalsué agbthebmtdl ¥h-ag6st™ cmbroprutebsdtf of thé Wisdordly ™o
speakers' ut, speech.containing the particular sub-word. Preferably

t he modell® ar("@qqfﬁagwoprocesm.r REMHb abernagivelobryd BER Fevined o exampise theed.
33 shhfe DQF%@&:kQ@s%éLa‘?&We@@ra@?&%' bed further by way of exanple

only. with ref erence e acconpanyi ng draw ngs i n which:
Figure 1 shows schéatiesnibey eanier ghplsoprword gfodeiseassciatasb gritht ithmn sub-word

apparatus aceolqlaidr ! Qre' NSoehMYE A OF IsPedker CliffepdRuLH:C Fhirdia?. S haO"NTa
representations generated by the sub-wdrd recogniser 7 are therefore speaker
15 dependent only to the extent that they represent the phonemic transcription of
how a given user pronounces a word. | o
The sub-word recogniser 7 has a recognitioh netwdrk that imposes little or
no constraint on the possible sequence of sub-word units that may be generated.
An example of a ioosely constrained network is shown. in Figure 3. This network
20 allows for the recognition of a single connécted sequence of phonerhes bounded
by noise. The phoneme sequence is completely unconstrained and phoneme’
sequences that do not occur in the language of operation (in the example described
this is English) may therefore be generated. |
A recognition network as shown in Figuré_3 currently provides better
25  transcription resuits for teléphonic Speech than a wholly unconstrained nétwork i.e.
one without noise models before and after the phoheme models. It does not allow
phonemes followed by noise followed by phonemes. The significance of this for a
practical system is that it will enhance the accuracy of the. system for isolated
words or connected phrases, but will have prqblems if the user enters a phrase
30  with gaps between the words. For example, in a repertory dialler, if the user says
"John Smith" with no gap between the forename and surname this form of
grammar will not cause any problems. If, on the other hand, they' do leave a gap

between them the performance will suffer. However, the recognition network of
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15  utterance is then stored in a store 10. The user is then prompted to repeat the
input, so that a more robust representation of the input speech is formed.

..From experiments, it was found that the accuracy achieved when only one
training utterance was provided was 87.8% whereas the accuracy when three
training utterances were provided rose significantly’-to 93.7%. Clearly a bad

20 c:juality telephone line would have a significant effect on -the' outcome of the
generation. The accuracy achieved when three training utterances were provided
was also higher than when idealised Received'Pronurici_ation' transcriptions from
textual inputs were used instead of the sub-word representation. Received

_ Pronunciation is the accent of standard Southern'Brit'ish English.

25 A further prompt is then given to the user asking if any further words are
to be added If the user responds in the affirmative, (for instance using a
predefmed DTMF key}, the reCOgnition process is repeated for the next word. If
the user responds in the negatlve the system switches to the recognition mode
| e. the speech recogmser 3 becomes operative. In the store 10 are stored coded

30 repr_esentatlons ldentn‘ymg, for each additional vocabulary item, a sequence of
reference sub-word representations. ' ' '

Once reoreseﬁtations have been generated for each of the desired words
“of the voclabulary, the vocabulary can be u'sed'by the speech recogniser 3. Figure

4 shows the elements of the speech recogniser 3. The speech recogniser 3
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During recognition, an input speech signal is passed to the feature deriving
means 6' and the features passed to a recogniser 16 which is associated with the
network configured by the network generator 12. The unknown input speech is
compared with the network as configured and a signal is output from the
recogniser 16 if a close match is found between the unknown input speech and
one of the branches of the network and hence one of the words or phrases
represented by the coded representations. Once recognition has occurred, the
utilising apparatus 4 takes the next appropriate step, according to the service e.g.
say the service is a repertory dialling service and the recogniser 16 deems that the
word “Jane” has been recognised, the utilising apparatus would dial the number
associated with the name “Jane”.

Figure 7 illustrates a second embodiment of the invention. Whilst Figures
2 and 3 show the vocabulary generator 9 and the speech recogniser 3 as separate
compohents, Figure 7 shows them combined within speech recognition apparatus
20. The vocabulary generator 9 and the recogniser 16 share the. common

components i.e. the feature deriver 6, the sub-word model store 8 and the user

‘selected word store 10. The speech recognition apparatus 20 additionally includes

a pre-defined word store 14 which stores predefined coded representations of the
phoneme transcriptions of pre-defined words suitable for the intended utilising
apparatus. For instance, for a repertory dialling system, these-'pre-deﬁned words
may be the digits O to 9, "dial", "no"; "yes", "add"etc.

The speech recognition apparatus 20 is normally in the recognition mode
i.e. the input speech signal is passed to the recogniser 16. When the user wants
to add a word to the system vocabulary, the user says the word "add". This

signal is passed to the feature extractor 6 and the features passed to the



according to the invention. Referring to Figure 1, a

t el ecomruni cati ons system i ncl udi ng speech recognition generally *
conpri S0 96/1382x ophone 1 (typically formng part of a 1 Bcronospisese
handset), a tel ecomruni cations network 2 (typically a public sw tched

t el econmuni cati ons network (PSTN)), a.12peech recogni ser 3, connected to
receive a voice signal fromthe fietwork 2, and a utilising apparatus

( dto the. =] ' . '
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di al | ed. . In many cases, the utilising apparatus 4 w

gener &t e made bviswitchingsihgrigput to the vpeahulary g@eperaten®nsmtted via the network
2 to a |oudspeakqr (PVAe] ord 20 ; ek et.
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recogni s The speech recoqgni ser, anal yses the eech signal. and a
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t hen 1tqakes appropriate action in the event of r,ecogn,iti"on of the
speelfl. the utilising appaigges, i, a,spakep; PapneiRis SEHRI ¥R ARSIV &Rl iNAPtt he

utilisi nGpadtisRhubéing switcteBCtoSBRLFebobRREINIES Rhed 418BEGTiL Geditidbie datl a g
concerni ng the vocabul ary agai nst which to verify subsequent unknown

speech sie¥pested. This data acquisition is - - WO 96/ 13827
PCT/ GB9S/ 025630nc_:e the user has selected the d.esire’d words, the subsequent network

generated by the network generator 12 combines predefined words from the sto're

15 14 and user selected words from the store 10. The resuiting recogniser has a

grammar in which some of the words. are defined by phoneme sequences derived

from the user's speech and some words are predefined by sequences derived from

another source. The words from the two stores ca'n-be- combined so that, for

instance, if the word "dial."- is - predeﬁned,. the recognition network can be

20 configured to combine "dial" with each of the selected words so that the system

grammar allows for the connected speech "dial Jane", "dial" being'-predefined and
"Jane" being user selected." |

Speech recognition -apparatus having 50% of.the vocabulary pre-defined

has an accuracy simiiar to a wholly user selected vocabulary. when only one

25  training utterance was provided. However the accuracy of such apparatus is

significantly worse than a wholly user selected vocabulary when three training

utterances were provided. '

Thus, in a further embodiment of the invention, the speecﬁ recogniser 20

has a number of pre-defined words in the predefined store 14 and a number of

30 user selected words in the store 10 defined during a training mode. Sub-word

representations of the bre-define‘d_ words are generated from:a user's input speech

"during use of the apparatus by-passing the..featdres from the feature deriving

" means 6 to the sub-word recogniser 7 as well as to th.e-reco_gniser 16. The coded

repreSehtatiOns generated by the sub-word recogniser for the utterance are added



6 : .
8 perfornmed by a vocabul ary generator 9 in the training node of

operation in which t he user provides training input speech sanple$
from whi cWPR#138ded representations of the sub-wor PCIEBEN2SEK
.the training input speech are generated for subsequent recognition
. pur poses. 5 In Figure 2 the fainctional elenents of a
‘vocabul ary generator 9 according to the invention are shown. The

vocabul ary gesehdlsesred1 0.nSubdeguent fatdraricestigioultPiatch the représehtaiidhk \dtbored
feature data _from an i nput speech signal which has been partitioned

into a succedstagedo ‘F‘Pﬁ?fe’%‘aﬁfth%@nﬁ%‘tﬁ)H‘ss@é?'rﬂf"eées“'m& ip iRipEAved accuracy in
conventi onal acognition ofrtqe,grp(gg@énnea worBgs sanple of the input speech, each
10

sanpl e bei ng wi ndowed (e using a Hammi ng wi ndow). Exanples of a
sui tabl e feature deriver are wel I known in the art, and may conprise
sone form of spectral analysis technique, such as a filter bank

anal yser, a linear predictive coding analysis or a discrete transform

anal ysi s. The features may, for exanple, conprise cepstral
coefficients (for 15 exanpl e, LPC cepstral coefficients or nel frequency
cepstral coefficients as described in "On the Eval uati on of Speech
Recogni sers and Dat abases using a Ref erence Systent. Chollet &
Gagnoul et, 1982 proc. |EEE p2026), or differenti al val ues of such

coefficients conprising, for each coefficient, the differences
bet ween the coefficient and the correspondi ng coefficient value in the
precedi ng 20 vector, as described in "On the use of |nstantaneous and

Transitional Spectral I nformation in Speaker Recognition”, Soong &
Rosenberg, 1988 | EEE Trans. on Acoustics, Speech and Signal
Processing Vol 36 No. 6 p871. Equally, a m xture of several types of
feature coefficient nay be used. The feature deriver is provided by a

sui tably progranmed digital signal processor (DSP) device. The output data
25 set of the feature deriver 6 forns the input to a sub-word recogni ser
7. The sub-word recogniser 7 is associated with a sub-word
nodel store 8 havi ng HW nndels representlng the 40 phonenes
indicated in Table 1. The
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6) . As described earlier the sub-word nodel s associ at
t he sub-word recogni ser are obtained in a speaker independent
manner. 2. The &aqdehod as claimea in claim 1, wherein the sequence of the sub-word
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' representations is loosely constrained.

3. A method as claimed in claim 1 wherein the sub-word representation
sequence is unconstrained.
4. A method as claimed in claim 1, 2 or 3 wherein more than one input

speech signal representing the same utterance is input to generate a coded -

representation of the utterance.

5. A method as claimed in Claim 1, 2, 3, or 4 wherein the sub-words are
phonemes. |
6. Vocabulary generation apparatus comprising

a sub-word recogniser for generating from each input speech signal a
coded representation identifying from a piurality of reference sub-word

representations a sequence of reference sub-word representations which most

closely resembiles the input speech signal; and
a store for storing the coded representation of the input speech signal for

subsequent recognition purposes.

7. Apparatus as claimed in claim 6 wherein the sub-word recogniser has a

loosely constrained grammar.

£

'3
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represent ati ons gener at - d recogniser 7 are therefore
speaker. 15 deggndentﬂmm muEHDjBWm that they represent the phonem ¢
transcri pti B %3827 oW @ pronounces a word.  PCT/GBISN02563
The sub-word recogni ser 7 has a recognition network that inposes little or
‘no constraint on the possible sequence of 18ub-word units that may be
gener at ed. An exanpl e of a |l oosely constrained network is shown in

Fi gure 3. Thi8. net wApparatus asldiaimedf or claine 6eovmneini the e@b-wosd mgtagniser is
connect ed sequenc f .phonenes bhounded by._noi The equence
is conpletel yéjrﬁar{'@gﬁg? r"g?'ﬁ'gﬁ aﬁr’f’(ﬁ'cﬁ'ﬁ FFér?ﬁg' sequenc%gﬁ%é%?g%e F‘ﬁ’aﬁ'%g‘g%fgbccur

in the | anguage of operation (in the exanple described this is
English) may fherefore be generated. . A recogni tion network as
shown in Figute 3 cIReeERt I’%C%“B(R"de@pﬁﬁat‘t'%rCQ@""?'F‘%n&rqpﬁ thhnreceguisers fasr

tel ephoni 6 - sRRMsEarinBaRpE: YhEchYsighIO WAtH Bhd 8qUERLUR K dubSwvord represaifation
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problens if témoongem.enters a phrase 30 w th gaps between the words. For
exanple, in a repertory dialler, if the user says "John Smth" with no
gap between the forenane and surnane this form of granmar wi |l not

cause anyo pr abl ens Apphrat@é) dshelamidiein R, 9 t fuethefl @ohRri¥Rgaa ¥Bond - storgebyreen
them the performance will suffer. However, the recognition network of

WO 96/ 13827 ¢coded representations of words, which coded representations have been generated
PCT/ GB95/ 0253, different manner to those coded representations stored in the firs1thtore.

11. Apparatus as claimed in claim 10 in which the coded representations of

15 words identify a sequence of the reference sub-word representations.

12. A telecommunications service employing apparatus as claimed in any of

claims 9 to 11.

20 13. A telecommunications service according to claim 12 wherein the service is

a repertory dialling service.



t he sub-word recogniser will be designed to neet the requirenents of the
system i sol ated words, connected words etc. PCT/GB9S/02563 On
first usi ny@9643 ggrw ce, the utilising apparatus pronpts the user to
provi-de the words the user wishes to add to the recogniser's vocabul ary.

~In 5 response to an audible proh8t fromthe utilising apparatus, the
" user speaks a sel ected word into thel yogagghameq n a repertory
dialling system I rd may be t he G‘ENERAQ’DRa person the user wll
wi sh to call e. gFlIJgrt\eq) 2 Thi , generator derives
features fromthe1i nput, whi presentled to the sub-word
recogni ser 7. m he i nput sgeech is Neceived, igis. 10 mat ched ag.aA nst

the nodels in tle store 8. The sub-wor{d recp : VY n
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Thus a phpngm ranscrigtijon of the ~input}f speech is generated Tte
gener at @d\ cpdegq represeptaji ons) of the trlalning aRee e
stored i T0. The juser is then pronpted to repeat the |nput
- so0 that nor e §0bust reprigsentation of /the input speech is forned.

~From experinments, it was foynd pre accuracy achi eved when only one
training utterance was provi ded was 87. 8% whereas the accuracy when three

training utterances were provided rose significantly to 93.7% Cearly a
bad 20 quality tel ephone Iine would have a significant effect on the

out cone of the generation. The accuracy achi eved when three training
utterances were provided was al so hi gher than when idealised Received
Pronunci ati on tl’Fi izi ons from 81 textual inputs were used instead of
the sub-word repfie {&id on. , Receive » SUBPWSRBhcl at gon is the accent of
standard Southern British En h. 25 : A fulther pronpt is then
given to the user asking if any rther WorJgOpELS to be added. If
the user responds in the affirmative, (for=- Using a

predefi ned DTMF key), the recognition process ¢s repeat ed for the next
word. |f t he [ eS to

s in the
the recognition nmpde FEATURE. e h%g/ er ative.
In the store TO a?e st@ER:IHEBod d 30 reqr& ; én or each
addi ti onal vocabul & equence of
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2
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ref erence sub-word representations. Once representations have
been generated for each of the desired words of the vocabula t he
vocabul ary W68 sed by the speech recogniser 3. Figure %’%’8 the
el enents of the speech recogniser 3. The speech recogni ser 3

96/ 13827 2/3

PCT/GBQS/02563 conprises a feature deriver 6', a sub-word node
store 8 and a of coded representations‘generated by the

vocabul ary gene « A networ g is associated with

the store 10 and f ns a recognj
sequences of reference sub wor ¢

5 repr esent at yONs. a ng
NOWﬁ&lv dual

conbi ni ng the

parallel alte

conbining th

Figure 6, bof AWV (A -xanple of a seg
identified | a e f T e e — ot o'—,
During recogpition, an input :
deri vi ng nmeans 6' and

i gured by the

qpresented by the coded

S ' nown i nput speech and 1 5
net wor k and hence one of the words or phrases
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represented by the coded representati ons. Once recognition has occurred,

t he utilising apparatus 4 takes the next appropriate step, according®
.to the ser WQ /13827, say the service is a repertory di aPCT/GBISA2SEI ce
“and the recogniser 16 deens that the word "Jane" has been recogni sed,
the utilising apparatus would dial tRgnunber 20 associated with the nane
"Jane". Figure 7 illustrates a second enbodi nent of the

i nvention. Wilst Figures 2 and 3 show the vocabul ary generator 9 and
t he speech recogni ser 3 as separate conponents, Figure 7 shows them
conbi ned within speech recognition apparatus 20. The vocabul ary
generator 9 and the recogni ser 16 share the- comon 25 conponents i.e.
the feature deriver 6, the sub-word nodel store 8 and the user

sel ected word store 10. The speech recognition apparatus 20 additionally

i ncl udes a pre-defined mord;gy e-24 wWhi ch stores predefined coded
representations of the - phon md G nscriptions of pre-defined words
suitable for the intended utilising apparatus. For instance, for a
repertory dialling system these pre-defined words 30 may be the digits O
to 9, "dial", "no", "yes", "add"etc. The speech recognition
apparatus 20 28 .normally in1t e recogniti on node i.e. the input speech
éﬂl e user wants to add a

signal is passed\to the rec ‘
word to the syst vocabul ary, [t'he user says the word "add". This
signal is passed to the fea;_u.ie eXRhEABERISER anfthe features passed tg.the

WD 96/ 13827
PCT/ GB95/ 02S63 | 12
recogni ser 16. The netmorkﬁgeneratqf 12 gelerates a network consisting of
all the : '
14 —
PREDEF.
WORD STORE
o~
NETWORK
GENERATOR
-8
T y SUBWORD 1
FEATURE '
™ DERIVER . MODELS |
r'7
SUB-WORD USER

' RECOGNISER ™| SELECT STORE
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wor ds- represented in the stores 14 and 10 (at the outset there wll not be
any words stored in store 10). The recogniser 16 matches the input
with the network and recogni ses the .input as the word "add".and-in
response enters the training 5 node by switching the input to the
vocabul ary generator 9. Theguser then proceeds as in the

- previous enbodi nent by speaking the nanmes that are to be added to
the system s yngaRiekdof a MiiRbeor Yiblefbrt ApRAKErS STAny suitable mi¥idelstRay %a,jgéhar y
generator 9 generates the coded representations for storage in

user sel ect edsy¢hpe HiddentMarkpuMedals.user can respond to the pronpts from
10 the utilising a oken n d '
‘the i nput IpoSuEhcs st BoRR HGE maRE A Rloviie for HENen G oo the
speci fi c respestesdards phonemucetxmscnpfnbns of words, for instddmeeif tdqpereeerhalsaas strong

. sel ected the desired_words ubse net wor k rated. b
etvor k- gdher BEEH oTRLH GV A NGB R R SSEHE A Ware et df BT EheySenieny B

user sel ect edth®sygktedl o8 inpat spedch Moy na'm feedghisédgs aelngni ser has a .
granmar in Whl ch sone of the words are defined b){(ﬁghonema seguences deriyved

fromthe user's spedicih dg5tiakig i bRAtIR to Adans 2 aRedksk Indgpendant sxsted 8o thatdy
from angQd RGIsibd Y6:CEse Bvea Y}Qérdﬁntf'nré)rﬁ}&mu‘ﬁc?a%n Sthsi aﬁfer;@nr&?@ thOWidRey SO

that, for - 1nstance, iIf the word redefined, the recognition
network can bepeaker. Mn@arwemtoammmmmdﬁwe Qdescrivessush anheppastus ivd

nards o 142t viligh SHaL Slbwed woie B inG | atiPerl @ vodiBufky 56! SoRAEF Yy o

Jane e|ng pre and ng user
ﬁpeech rec ogncbncmemtpmr af uaodﬂiﬁnrﬂgeseﬁ%ngf sybiranivs of bubrasy e jo¢ e:hdbeémned The
as an accurag S|,mla to e ¢ use | d u e
25 training u °qat%°e e\ﬁaé prow a%%" ?—I'{oc\?/gé\?‘gggbﬁeaécg%?’a(%@% r!’hBQ'L‘X:UBﬁJ

apparatus i s user’'s $pegutf by @stilnating neev bblameaer\s/rfof lthe werd raedleio‘tard the user’s
vocabul ary when thre Ml wer e

traini ng utter rovi ded. .
Thus, i n & f uSPRRAN- oD KRG dredafined Werd morels, amas o 7 opgrienetion ¢f
has a nurpgr %oﬁérﬁe%dem%ra\@aébﬁed@okma Fogflarnadr.store 14 and a nunber
of 30 user selected words in the store 10 defined during a training node.

Sub- wor d r epr e Similarty Gwsorsant patept appligatiend "W)r5(9§2%5e dgesiibest & SReeth a
user's input $aeeRlion apparatus in which words to be recognised are stored together with a

phoneme sequence representing the word. During training a user speaks the
words of the vocabulary and the parameters of the phoneme models are adapted

20  to the user’s input. _
In both of these known systems, a predefined vocabulary is required in the
form of concatenated sequences of phonemes. However in many cases it would
be desirable for a user to add words to fhe vocabulary, such words being specific

to that users. One known means for providing an actual user with this flexibility

25 involves using speaker dependent technology to form new word modeis which are
then stored in a separate lexicon. The user has to speak each word one or more
times to train the system. These speaker dependent modeis are usually formed
using DTW or similar techniques which require relatively large amounts of memory
to store each user's templates. Typically, each word for each user would occupy

: 30 at least 125 bytes (and possibly over 2 kilobytes). This means that with a 20
word vocabulary, between 2.5 and 40 kilobytes must be downloaded into the
recogniser before recognition can start. Furthermore, a telephone network based
service with just 1000 users would need between 2.5 and 20 Mbytes disc storage

just for the users' templates. An example of such a service is a repertory dialler in
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dur| ng use of the apparatus by passing the features fromthe feature

deri vi ng
recogni.ser
recogni ser

nmeans 6 to the sub-word recogniser 7 as well as to.the

16. The coded representati ons generated by the sub-word
for the utterance are added WD 96/ 13827

PCT/ GB95/ 02563 _ 5 13 to the store
+10. Subsequent utterances should match the representati ons stored I n

curasy - SRERSAGIAARL I obRe b ol b e WibadBBRRNEA ahops.,

accuracy in

PCT/ GB95/ 02563all can be placed by speaking the name of the intended recipient.

10

15

20

25

European patent application no. 590173 describes a system in which a
user, who speaks a word unknown to a recognition system, can correct the word
and add this word to the vocabulary of the system. The only described method for
making the new word known to the recognition system is by input via a keyboard.

In accordance with the invention a method of generating vocabulary for
speech recognition apparatus comprises receiving an input speech signal
representing an utterance; generating from each utterance a coded representation
identifying from a plurality of reférence sub-word representations a sequence of
reference sub-word representations which most closely resembles the utterance;
and storing the generated coded representation of the utterance for subsequent
recognition pﬁrposes. o7 |

Such a method allows a user to chose new words without the need to
form new acoustic models of each of the words, each word or phrase being
modelled as a sequence of reference sub-word representations unique to that user.

This does not require any previous knowledge regarding the words to be added to

‘the vocabulary, thus allowing a user to add any desired word or phrase.

The coded representations of the words chosen by a user are likely to bear
a closer resehblanée to the user's spoken speech than models formed from text.
In addition, the coded representations require a memory capacity that is at least an
order of magnitude less than storing the word representatidns as DTW models,
(although this may be at a slight cost in accuracy).

Preferably, the generation of the coded representation is unconstrained by
grammatical rules i.e. any sub-word representation can be followed by any other.
Alternatively, a bigram grammar may be used which imposes transition
probabiliﬁes between each pair of sub-words e.g. phonemes. Thus a pair of
phonemes that do not usually occur in a given language ( for instance P H in the
English language) has a low transition probability.

Coded representations of more than one speech signal representing the
same.utterance may be generated. Any anomalies in the coded representation will
then be accounted for. For instance, if an utterance is made over a noisy

telephone line, the coded representation of the utterance may bear little
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i 1. : A net hod of generating vocabulary for speech recognition apparatus,

*the nmet hod ‘conpri si ng: 5 receiving an input speech

' signal .representing an utterance; generating fromthe each

“utterance a coded representation identifying froma plurality of
reference sub-word representations a sequsﬂge of reference sub-mord

~representations which nost closely resenbles the utterance;

storing the gpNGhHHMISEeCRI%He r&%@&%ﬂ?e@&h&ﬁgﬂg o?hﬁgugérﬁ%a\g{%eg}c\% éw%@ clear

_subsequent recognition purp
claim1, wher telephdne hee;}uertcma(vf be mppmmtamrtd receive threarﬁaﬁmbatupﬂw of San
| oosel y const d as nclaim 1 wherein
t he sub-word pgtpr Z"g% A %'Sﬁard a codg%(ﬁfﬁfﬁ f"@%ﬁﬁﬁs‘{rﬁﬁrsnﬂgmf'ca"ﬂy from, the
A method as cbthered Altergatively all the coded rerededitatione’ May haNretdifed."Mikether or
speech signal representing the sane utterance is input to generate a coded

20 representation of the utterance. 5. A nethod as clained in
Claim1, 2, 3, or 4 wherein the sub-words are phonenes. 25 6.
Vocabul ary generati on apparatus conpri sing a sub-word

recogni ser for generating fromeach input speech signal a

ot

o
-



coded representatidn identifying froma plurality of reference sub-word
representations a sequence of reference sub-word reg i
closely resenbles the input speech signal; and 30

subsequent recognition purposes. : App}
claim®6 wherein the sub-word recogni ser has a

gr anmar . _ /4 7 . P B
s g not &l Sl yEBreGentationg.ore storee o, et

recogni ser i spparatus. arranged to identify an uncon -
ref erence sub-word nodel s recognition appar at us

conprising a speedh acF@EQ?Qﬁ‘P ydth 3 ggcond;spe@bgfpf@p, iRventiopocaiary pesr@ian s
with the seqy ?PS@U@EO&EQSE@E é[b-gpérﬁsr@%\@iéeg’??ra?eneratid@dﬁ'ﬂﬁf' édcRlinpt {g¥ech

coded representations nerated by the
appar at us5as signal raed:odad cleprasestation dderdifyingl foor a)u:iii.rrailtyi ofg redersneg asub-word

| ndicative Ofrepresenta{io ne e glaéi}e%rc}e of reference sub-word representations which most closely

resembie_s the input speech signa); and a store for_ storing the coded representation of

the input speech signal for subsequent recognition purposes.
The apparatus is Intended to be associated with a speech recogniser which is
10  configured to recognise the utterances represented by the coded representations.
During recognition, the speech recogniser compares unknown input speech signals
with the sequences of sub-word representations represented by. the coded
representations stored in the store and' outputs a signal indicative of recognition or
otherwise. |
15 Preferably the grammar of the sub-word recogniser is loosely constrained.
For instance, the sub-word recogniser may for example be constrained {o recognise
any sequence of sub-word units, bounded by line noise. Alternatively a bigram
grammar may be used which imposes transition probabifities between each pair of
~ phonemes, . |
20 The speech recognition apparatus may be configured to recognise also some
pre-defined words. Preferably, the pre-defined words are also stored as coded
representations of the sub-word transcriptions of the pre-defined words. The pre-
defined words and the words chosen by a..use_r are thus modelled using the same
reference sub-words. The spe'e:ch "'r:ééo'g'n-i's"er-ni‘ay-be configured so as to recognise
25  predefined words spoken in con}unction with user selected words.
Preferably the reference sub-word representfations represent phonemes.
Each sub-word representation may be a statistical model of a plurality of speakers'
input speech containing the particular sub-word. Preferably the models are Hidden
- Markov models although other models may be used.
30 The invention will now be described further by way of example only. with
reference to the accompanying drawings in which:
Figure 1 shows schematically the employment of speech recognition

apparatus according to the invention in a telecommunications environment;
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A speech recogniser in which the recognition vocabulary is generated from a user’s own speech by forming phonemic transcriptions
of the user’s utterances and using these transcriptions for future recognition purposes. The phonemic transcriptions are generated using a
loosely constrained network, preferably one constrained only by noise. The resulting transcriptions therefore bear close resemblance to the
user’s input speech but require significantly reduced storage requirements compared to known speaker dependent word representations.




