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The present invention relates to speech processing and

in particular to a system for processing alternative parses
5 ‘0f connected speech. _

Speech processing includes speaker recognition, in
which the identity of a speaker is —detected or verified,
and speech recqgnition, wherein a system may be used by

_ anyone without requiring recogniser training, and so-called
10 speaker dependent recognition, in which the users allowed
to operaée a system are restricted and a training phase is
‘necessary to derive information from each allowed user. It

is common in recognition processing to input speech data,
typically in_digital form, to a so-called front-end

15 processor, which derives from the stream of input speech
data a more compact, perceptually significant set of data
referred to as a front-end feature set or vector. For
example, speech is typically input via a microphone,
sampled, digitised, segmented into frames of length 10-20ms

20 (e.g. sampled at 8 kHz) and, for each frame, a set of

coefficients is calculated. In speech recognition, the
speaker is normally assumed to be speaking one of a known
set of words or phrases. A stored representation of the

word or phrase, known as a template or model, comprises a

25 reference feature matrix of that word as previously derived.
from, in the case of speaker independent recognition,
multiple speakers. - The input feature vector is matched
with the model and a measure of similarity between the two
is produced. -

30 Speech recognition (whether human oxr machine) is
susceptible to error and may result in the misrecognition
of words. 1If a word or phrase is-incorrectly recognised,
the speech recogniser may then offer another attempt at
recognition, which may or may not be correct.

35 Various ways have been suggested for gro¢éssing_speech -
to select the Dbest or alternative-matchéé"betweéh:input
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10 In most connected recognition systems and some
isolated word recognition systems based on connected
recognition techniques however, it is not always possible
to_ recombine all the paths at the final point of the
network and thus neither the best nor alternative matches

15 are dlrectly obtainable from the information available at
the ex1t point of the network One solution to the problem
of produg;ng a best match is discussed in "Token Passing:
a Simpie Conceptual Model for Connected Speech Recognition
Systems” by S. J. Young, N. H. Russell and J. H. 8S.

20 Thornton 1989, which relates to passing' packets of

~ information, known as tokens, through a transition network.
A token contains information relating to the partial path
travelled as well as an accumulated score indicative of the
degree of similarity between the input and the portion of

25 the network processed thus far.

As described by Young et al, at each input of a frame. -
of speech to a transition network, any tokens that are
present at the input of a node are passed into the node and
the current frame of speech matched within the word models

30 associated with those nodes. New tokens then appear at the
output of the nodes (having "travelled" through the model
associated with the node). Only the best scoring token is
then passed onto the inputs of the following nodes. When

_ .the end of speech has been signalled (by an external device

35 such as a pause detector), a single token will be present
at the final node. From this token the entire path through
the network can be extracted by tracing-back along the path



i s’produced. 30 Speech recognition (whether human or nachine) is
susceptible to error and may result in the m srecognition of words. If

a wofd or phrase is incorrectly recognised,3 - t : e er may
t hen ‘of f er another attenpt at recogni tion, wh ' : ;_ 58t | be
correct. 35 v m@EHdOUE WS J1avR RBeHatid e R afas |_$Re9sh
to select the best or alternative matchés between 36?

-2-- spee@eariPRan i) REREAR tidifh Retls MtGhdet Lhe IWE%%I%R%%Fh

The article_"A wunified direction mechanism for - .

automatic speech recognition using Hidden Markov Models” by

5 S.C. Austin and F. Fallside, ICASSP 1689, Vol. 1, pages
667-670, relates to a connected word speech recogniser
which operates in a manner similar to that described by
Young et al, as described above. A history relating to the
progress of the recognition through the transition network

10 is updated on éxiting the -word model. At the end of
recognition, the result of recognition is derived from the
history presented to the output which has the best score.
Again only one history is possible for each path
terminating at the final node.

15 Such known arrangements do not allow for -an

) _ alternative choice to be ré;dily available at the output of
the network.

In accordance with the invention a path link passing
speech recognition system for recognising input connected

20 speech comprises means for deriving recognition feature
data from an input speech signal, processing means for
modelling expected input speech and for comparing the
recognition feature data with the modelled expected input
speech, the processing means having a plurality of

25 vocabulary nodes associated with word representation
models, and means  for indicating recognitién of the input .
speech signal ~ in dependence upon the comparison,
characterised in that at least one of the vocabulary nodes
can process more thaﬁ'one path link simultaneocusly.

30 Such an arrangement means that more than one incoming
path link can be processed by a node at a given time and
hence. that more than one recognition result may be
obtained. -

The modelling means preferably comprises a transition

35 network_ containing a plurality of noise nodes and
vocabulary nodes which are associated with word
representation models. The nodes are capable of producing
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S. J. Young, NnoHesRussekheantktlvodkt fas more than one associated word
representation model allows the speech reéogniser to

10 process multiple paths at the same time and so allows more

than one path link to be propagated across each inter-node

link at each input frame. In effect, the invention creates

multiple layers of a transition network along which several

alternative paths may be propagated. The best scoring path

15 may be processed by the first model of a node, the next

best by the second and so on until either parallel models

or incoming paths run out.

_ In ;éneral terms "network" includes'directed acyclic

graphs_(DAGs)'and trees. A DAG is a network with no cycles
20 and a tree is a network in which the only meeting of paths

occurs conceptually right at the end of the network.

The term "word" here denotes a basic recognition unit,
which may be a word but equally well may be a diphone,
phoneme, allophone, etc. Recognition is the process of

25 matching an unknown utterance with a predefined transition
network, the network having been designed to be compatible
with what é user is likely to say.

In order to identify the phrase that has been
recognised, the system may include means for tracing the

30 path link back through the network.

Alternatively, the system may also include means for
assigning a signature to at least some of the nodes having
associated word representation models and means for
comparing the signature of éach path, to determine the path

35 with the best match to the input speech and that with the
second best alternative match.
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10 . representation model. The processing which occurs within

a model is irrelevant as far as this invention is
concerned. _

It is not necessary - for all the nodes having
associated word models to have a signature assigned to

15 them. Depending on the structure of the transition

) _ network, it may be'suffici;ht only to assign signatures to
those nodes which appear before a decision point within a
network A decision point as used hereln relates to a
point in the network which has more than one incoming path.

20 Partial paths may be examined at certain decision
points in the network, certain constraints being imposed at
these decision points so that only paths conforming to the
constraints are propagated, as described in the applicants’
International patent application filed on 31st March 1994

25 entitled "Connected Speech-Recognition", ¢laiming priority
from European applications Nos. 93302539.7 énd 93304503. 1,
incorporated herein by reference. Each decision point is
associated with a set of wvalid signatures and any path
links with signatufes that are not in the set are

30 discarded. .

The accumulated signature may be used to identify the
complete path, resulting in extra efficiency of operation
as the path links need not be traversed to_detérmihe the
path identity, and the partial path information of the

35 token ﬁay not be génerated at all. In this case the
signature field must be large enough to identify all paths

uniquely.
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whi ch operates in a nner simlar to that described by. You et al, a
descrfbgd invengyzn, the signal processfng oéipgth 41 natures is

preferably carried out in a single operation to increase

' processing speed.

5 Other aspects and preferred . embodiments of the
invention are as disclosed and claimed herein, with
advantages that will be apparent hereafter.

The invention will now be described further, by way of
ekample only, with reference to the accompanying drawings

10 in whiéh:

Figure 1 shows schematically the employment of a
recognition processor according to the invention in a
telecommunications environment;

Figure 2 is a block diagram showing schematically the ’

15  functional elements of a recognition processor according to ;
the invention; :
- Fiqgre 3 is a block diagram indicating schematically
the cohponents of a classifier forming part of Figuré 2;
Figure 4 is block diagram showing schematically the
20 structure of a sequence parser forming part of the
embodiment of Figure 2;

Figure 5 shows schematically the content of a field
within a store forming part of Figure 5;

Figure 6 is a schematic representation of one =

25 embodiment of a recognition network applicable with the
processor of the sequence parser of Figure 4;

Figure 7 is a schematic representation of a network of
a system according to the invention;

Figure 8 shows a node of a network and Figure 8b shows

30 a path link as employed according to the invention;

Figures 9 to 11 show the progression of path links
through the network of Figure 7; i

Figure 12 is a schematic representation of a second
embodiment of a network of a system according to the

35 invention;

_
This Sheet Has Been

WG



above. A history relating to the progress of the re
transitigon network i s updated on exiting the ok
recognition, the result of recognition s deri .
presented to the output which has 10 the best scor&’ Again only one history
is possible for eacnlg&tbtksrdmahim;hﬁmdﬂﬁb repféﬁ@htmﬂﬂ@n of a third

Such known arran nts,do_pot_ all or I ven nal d f or- £an
al f ernative chdl tBeBE | gdﬁ_ynﬁg‘é{f’f’% <"J:aat t Hé si:‘g'f'pu Iedtheg netawot ©
I n accordance mthnthenanention a speech recognition apparatus- 15

conpri ses nmeans forag@g!ae%ﬂg § e6ogDLLT O T SALUAKAGRN JHRAYAN PDULn

speech signal for eac ned frame; neans I ng
expect ed |ﬁputln01u§pé€ch$ﬂﬁﬁﬂh5|ﬁgCQQBFGFQMtABQﬂeW%EHbuI&PWP#@@@@ eath

of which VOCﬁbHiéEMpHQﬁé 1 he§p§@aﬁ§§0cra£ﬂﬂn@or,Igafeprsfensatt@ﬂeﬁﬁéﬁé
and the nodel havin bet ween sai d vocabu pr ocess

noaes n
neans for conp%?Pﬂﬁthearé@&&ﬁoppﬁﬁlFé§PGP§ Eﬁtﬁﬁﬁﬁné%XB%QF%kﬁaﬁnfﬁP bg
i nput speech a@dlﬁeneaenetaleaemﬁuﬁﬁéhtibﬁk fOﬁeEﬁﬁhk (PSTR) and 2;ne a

frame, said path |links.indicating the_nost |ke¥ or se yence

Vocabul ary. nodSePEPEARR ERSAAESY Ao ahBSEERR" SO et par hoPi iR
conprisinyoa fsegualofrsrorting artwockma.at eddr ecoghilisingceppaxatus fdel d
for Stori NgoAnb&LE8CREE thd LRl dk S YoPLEYELYS BABN 4 Uiddy 106

sequence; and

receive therefrom a voice recognition signal, indicating
recognition or otherwise of-a particular word or phrase,
and to take action in response thereto. For example, the

15 utilising apparatus 4 may be a remotely operated banking
) _ terminal for effecting banking transactions.

In many cases, the utilising apparatus 4 will generate
an audltory response to the speaker, transmitted via the
network 2 to a loudspeaker 5 typically forming a part of

20 the subscriber handset.

In operation, a speaker speaks into the microphone 1
and an analog speech signal is transmitted £from the
microphone 1 into the network 2 to the recognition
processor 3, where the speech signal is analysed and a

25 signal indicating identification or otherwise of a
particular word or phrase is generated and transmitted to.
. the utilising apparatus 4, which then takes appropriate
action in the event of recognition of the speech.

Typically, the fécognition processor needs to acquire

30 data concerning the speech against which to verify the
speech signal, and this data acquisition may be performed
by the recognition processor in a second mode of operation
in which the recognition processof_B is not connected to
the utilising apparatus 4, but receives a speech signal

35 from the microphone 1 to form the recognition data for that

word or phrase. However, other methods of acquiring the

speech recognition data are also possible.
_—
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may be taken, including radio links, analog and digital
paths and so on. Accordingly, the speech signal Y reaching
the recognition processor 3 corresponds to the speech
signal S received at the microphone 1, convolved with the
10 transfer characteristics of the microphone 1, 1link to
network 2, channel through the network 2, and link to the
recognition processor 3, which may be lumped and designated
by a single transfer characteristic H.
- Referring to Figure 2, the recognition processor 3
15 comprises an input 31 for receiving speech in digital form ?
(either from a digital network or from an analog to digital ;
converter), a frame ﬁrocessor 32 for partioning the
succession of digital samples into a succession of frames
of contiguous samples; a feature extractor 33 for
20 generaéing from a frame of samples a corresponding feature
vector; a classifier 34 receiving the succession of feature
vectors and operating on each with a plurality of model
states, to generate recognition results; a seguencer 35
which is arranged to receive the classification results
25 form the classifier 34 and to determine the predetermined
utterance to which the sequence of classifier output
indicates the greatest similarity; and an output port 38 at.
which a recognition signal is supplied indicating the
speech utterance which has been recognised.

30 Frame Genexatox 32

_ The frame generator 32 is arranged to receive speech
samples at a rate of, for example, 8,000 samples per
second, and to form frames comprising 256 contiguous
samples, at a frame rate of 1 frame every 16ms.
35 Preferably, each frame is win&owed {(i.e. the samples
towards the edge of the frame are multiplied by
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the.previ ous path | i nk, an accunul ated score for a path, a pointer to a
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propagat ed. The best scorin ath may be used by the first nodel of a
node, the next%ﬁ@§Pﬂﬁrﬂﬁ¥§agxﬂmgé§0nd and so on until either paralle
nmodel s or incom ng mmiehsfeatupalt extractor 33 receives frames from the
frame generator 32 and generates, in each caéé, a set or
vector of feafures. The features may, for example,
10 comprise cepstral coefficients (for example, LPC cepstral
coefficients or mel frequency cepstral coefficients as
described in "On the Evaluation of Speech Recognisers and
Databases using a Reference System", Chollet & Gagnoulet,
1982 proc. IEEE p2026), or differential values of such
15 coefficients coﬁprising;_ for each _coefficient, the
differences between the coefficient and Ehe corresponding
coéffiéient value in the preceding vectot, as described in
"On the use of Instantaneous and Transitional Spectral
Information in Speaker Recognition”, Soong & Rosenberg,
20 1988 IEEE Trans. on Acoustics, Speech and Signal Processing
Vol 36 No. 6 p871. Equally, a mixture of several types of
feature coefficient may be used.
The feature extractor 33 outputs a frame number,
incremented for each successive frame. The output of the
25 feature extractor 33 is also passed to an end pointer 36,
the output of which is connected to the classifier 34. The
end pointer 36 detects the end of speech and various types
are well known in this field.
The frame generator 32 and feature extractor 33 are,
30 in this embodiment, provided by a single suitably
programmed digital signal processor (DSP) device (such as
the Motorola DSP 56000, or the Texas Instruments TMS.C 320)

or similar device.

Clasgifierx 34
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that with the skcovattbesticaserar® ipmovidedratahthe state memory 342 for
each allophone. .

10 The classification processor 34 is arranged to read
each state field within the memory 342 in turn, and
calculate for each, using the currént input feature
coefficient set, the probability that the input feature set
or vector corresponds to the corresponding state.

15 Accordingly, the output of the classification
processor is a plurality of state probabilities P, one for
each 'stgpe in the- state memory 342, indicating the
likelihood that the input'feature vectbr corresponds to

each state.

20 - The classifyihg processor 341 may be a suitably
programmed digital signal processing (DSP) device, may in
particular be the same digital signal processing device as

the feature extractor 33.

Sequencex 35

25 Referring to Figure 4, the sequencer 35 in this
embodiment‘comprises a state sequence memory 352, a parsing
processor 351, and a sequencer output buffer 354.

Also provided is a state probability memory 353 which
stores, for each frame processed, the state probabilities

30 output by the classifier processor 341. The state séquence
memory 352 comprises a plurality of state sequence ﬁields
3521, 3522, ...., each corresponding to a word or phase
sequence to be recognised consisting of a string of
allophones.

35 Bach state sequence in the state sequence memory 352
comprises, as illustrated in Figure 5, a number of states



5 7 This arrangenent allows for an alternative which is

necessarlly different in character to the best natch and does not
differ marely in segnentation or noise %gtches The. word
representation nodel s nay be Hi dden Nhrkov del s (HNWB) as descri bed

generally in Brigtish Tel eco ﬁ&@&p oyr pal Il , |, £ h
no. 2, page 105lPl’C0§2’ "Hi ddg’h %Ig Gltléﬁt%rrgtf}gﬁg %%4(5:’ §r eac
recognition: state, -two probabllltzes, a repeat probablllty (P,;) and a

transition probability to the following state (Pj,). The
states of the sequence are a plurality of groups of three

5 states each relating to a single allophone. The observed
‘sequence of states associated with a series of frames may
therefore comprise several repetitions of each state P, in
each state sequence model 3521 ete; for example:

Frame -
10 Number 1 2 3 4 5 6 7 8 9 ... Z -2+1
State P1 P1 Pl P2 P2 P2 P2 P2 P2... Pn_ Pn

The parsing processor 351 is arranged to read, at each

frame, the state probabilities output by the classifier

) _ processor 341, and the pre;ious stored state probabilities

15 in the state probability memory 353, and to calculate the

most Iikely path of states to date ov;f time, and to

compare this with each of the state sequences stored in the
state sequence memory 352.

The calculation employs the well known HMM, as

20 discussed in the above referenced Cox paper. Conveniently,

the HMM processing performed by the parsing processor 351

uses the well known Viterbi algorithm. The parsing

processor 351 may, for example, be a microprocessor such as

the Intel™ i-486(™ microprocessor or the Motorola(™ 68000

25 microprocessor, ~or may alternatively be a DSP device (for

example, the same DSP device as is employed for any of the

preceding processors).

Accordingly for each state sequence (corresponding to

a word, phrase or other speech sequence to be recognised)

30' a prdbability score is output by the parser processor 351

at each frame of input speech. For example the state

sequences may comprise the names in a telephone directory.

When the end of the utterance is detected, a label signal

a indicating the most probable state sequence is output

35 from the parsing processor 351 to the output port 38, to
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i nposed at 3t he¥9rdéctoroR ¥R & §tiag off Pigittss conformng to the
constraints are propagaked, 7 ashdesCrd bedmpl et hee Btk C@B'&:S"reco?nising a

| nt er nati onal g%tent agplication filed on 31st March 1994 entjtled
"Connect ed 20 S8FE@8hORe¥BEAPL i bR TPAD RIS ST e, hAtHAF Pt Fo8L: ¥REAS
1994. Each or decésrbngp@itthseasso@adlednofieh 12 sef ahevahéttivork is
si gnatures and | .0 it h L gn res that. arenot. in_th t
are discarded.agggcggkgd &lgﬁegg%%fﬁnﬁe B éﬁ%ﬁéﬁ?ﬁ(ﬁ%%%} gg'uégg F%agpﬁ%
identify flRe cenfMMi ewpaich, is stpged| inng mpdekt tistffi Sevarglohodper ganon

as the path |igks nectbiledeyt L8V hoaD deierdidle hBAePalibi sy i by,
and the partial path information of the token nmay not
pointer to its associated model (as can be seen in Figures
7 and 8a). In order to produce a best match and a single
alternative parse, the final node 14 is associated with two
15 models so allowing this node to process two paths. If n

parses are required, the final node 14 of the network is

aééociatgd with n identical word models.
As shown in Figure 8b, a path link 15 contains
information relating to a pointer to the previous path
20 link, an accumulated score, a pointer to the node

previously exited and a time index. At the start of an
utterance, an empty path link 15/ is inserted into the
first node 16 as shown in Figure 9. The first node now

contains a path link and is therefore active whereas the
25 remaining nodes are inactive. At each clock tick (i.e.
with each incoming frame of speech) any active nodes .
accumulate a score in their path link.
If the first model can match, say, a minimum of seven
frames of speech, then at the seventh clock pulse a path
30 link 15'’ is output from the first node with the score for
matching the seven frames to the model and pointers to the
entry path link and the node just matched. The path link
is fed to all of the following nodes 12, as shown in Figure
. 10. Now the first three nodes are active. The input frame
35 of speech is then matched in the models associated with the
active nodes and new path links outputted.

\

- .
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be’ generated at all. In this case the signature fj enough

to .- identify all paths uniquely.

6. .~ For efficient operation ofl tae_app ; o the

i nvention, the signal processing of path signh 'S preferably

Zarrl gd ou: in atSI TS Oﬁﬁbélfé‘a'?ﬂng cdrﬁ:tﬂﬁu‘ers?ﬁsmanoc&%sn ﬁﬂrsae%de 16
ccording to anot.her as 0 e invention ere is ,also proyi

met hod of spee®¥9 Wor i 2R ééPF%lnd alﬁﬁﬁxﬂﬁﬁ$%% f@&FﬁP&s
vect or 1ncrea51ngly longer parts of the utterance -and the

succeeding nodes performing similar calculations.

5 When the input speech has been processed as far as the
final node 18 of the network, path links from each ' branch’
of the network may be presented to this node 18. I£, at
any given time frame, there is a single path -link (i.e.
only one of thg parallel paths has been comﬁleted) that

10 path link is taken to be the best (and only) match and is
processed by the final node 18. However, if there are two
path links presented to the final node 18, both are
processed by that node, since the final node 18 is able to
process more than one path. The output path links are

15 continuously updated at .each frame of speech. When the
utterance is compieted there'will be twoe path links 15/7'
at the output of the network, as shown in Figure 11 (from
which the pointers to previous path links and nodes have
been excluded for the sake of clarity).

20 The full path can be found by following the pointers
to the previous path links and the nodes on the recognised
path (and hence the input speech deemed to be recognised)
can be identified by loocking at the pointers to the nodes

" exited.

25 Figure 12 represents a second embodiment of a network
configured to recognise strings of three digits. _The grey_-
nodes 22 are null nodes in the network; the white nodes are
active nodes which may be divided into vocabulary nodes 24
with associated word representation models (not shown), for

30 matching incoming speech and noise nodes 25 which represent.
arbitrary noise. ' .

If all of the active nodes 24, 25 after:and“IﬁEIﬁdtng“"
the third null node 22’ are eacﬁ-capable-of procéssing
three paths (i.e. each vocabulary node 24 is associated

35 with three word representation models), the output of the
network will comprise path links relating to the three top
scoring paths of the system. As described with reference
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from an i nput speech signal for each of a predeter H

nodel |'i ng expected i nput speech; conparing the i@E@ withlthe
model | ed_ i nput speech by generating a ngiwork | ality of
vocabul ary nodes associated w th word representation nodels and

generating a paid kgl gacdh nage ametlaﬁeﬂeoaga{aﬁge cdile paat foyh@k by

i ndi cating the nost I'i kel y prior sefuence of vocabul ary nodes each
vocabul ary nodef%]rﬂcp‘[”r% 2 ta PR that RIPi RRIBBREF | %‘P NP BESYipypHPpath

st ]9rl ng an acchmﬁﬁ .ed qugfuk éls Wh YHY paHE ﬁa{ﬂ@kﬁrl‘dﬁ htsieommna speech
reference to t i ke evi.Qus_ pat ] Nt eq

i ndi cating rec Ter% behé'eé%gg‘&ﬁedg qaﬁ‘ e %%’r\ Jefh?)‘g gyhgo(?%ﬁf‘gr i%on
characterigediuhéfpnlnunmstﬁunth&mexrﬂédlnadeﬂE s processed in a S|ngle

time frame for at |egst, 0pe YREADWLYLY BAIGOUIrAdanL BEe1 on, T LAl H
or of r L4 RS ;

QG her aspects and preferre odi nen he I nvention are as sclosed
and cl ai ned herlginks wash kel\sugnapted hatthmslugr@élmypamﬂ,tchhmemets@rnt the

The invention wildnnow e desddd R fuy tﬂ&rwozbe/ W%e%fe %&@mlﬁcwrymwsh

20 reference to the acconpanyl ng draw ngs .i.n which Figure 1

shows schenmati &Yy §3e AN et cd-f“dé rddo FiRcate aFvo aedesr 24-  Adc &M@ ng

to the inventi einddiidndd eI MPdigtidkl ONg, eN¥aERNMBgd¢dbulary node ME4gQuhg 2

's a block dlaq{an1 %¥Angs§8ggga}€?all¥1@%%Jﬁfgnéfnaho gg”%e%resentlng
the digit 1 are assigned a signature ’'1’, the nodes 24"
representing the digit 2 are assigned a signature ‘2’ and
so on.

15 At the start of parsing, a single empty path link is
passed into a network entry node 26. Since this is a nﬁll
néae, the path link is passed to the next node, a noise
node 25. The input frame is matched in the noise model
(not shown) of this node and an updated path link produced

20 at the output. This path link is then passed to the next
active nodes i.e.the first vocabulary nodes 24 having an
associated model (not shown). Each vocabulary node 24
processes the frame of speech in its associated word model
and produces an updated path link. The signature field of

25 the path -1link is "also updated. At the end of each time

- -frame, the updated path links are sorted to retain the-
three (n) top scoring paths which have different signature
fields. A list ordered by score is maintained with the
added constraint that accumulated signatures are unique: if

30 a second path link with the same signature enters, the
better of the two is retained. The list contains only the
tbp "1ri* different paths, the rest being ignored.

The n path links are propagated through the next null
node 22’ to the following noise node 25 and vocabulary

35 nodes 24", each of which are associated with three
identical word representation models. 'After this, model
processing takes place, resulting in the updating of the

*~““‘““*~—-~__§__
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classifier formng part of Figure 2, gex=i agr
showi ng schematically the structure of a~ sequen parser form ng part
of the*enbodi che |cal I

nt_of FLg h
the content of ?F%Iﬂk Pﬁﬁ1¥%%ﬁ %quFH?nﬁkgé%géPts(¥ﬁ%§ﬁr8 iato
Figure 6 is a shhertedr c nodpses2dit'at | &S.of drie ehbuiidneve cfleaxt renatt itdre

netvor k_app! i cab g ATk {EEePAOCBES Bhellpaldie 59 "Efs PAGECS pbcBHOWA &

Fi gure 7a shows a no of “a network ~and 1 gure ows a par
enpl oyed accorcﬂ#@cﬁﬁ‘ﬁl{ﬂﬁa e ingAl nodes 22 or the noise nodes 25 since

7 5 these nodes do not have assigned signatures.

The path links are propagated along paths which pass
through the remaining active nodes to produce, at an output
node 28, up to three paths link; indicating the relative
scores and signatures, for example 1 2 1, of the paths

10 taken through the network. The path links are continuously
updated until the end of speech is detected (for exémple by
an external device such as a pause detector or, until a
time out is reached). At this point, the pointers or the
accumulated signatures of the path links at the output node
15 28 are examined to determine the recognition results.

For example, presuming that the foIlowing three path

links are presented to the output node -28 at some time

instant:
' SCORE SI GNATURE
20 A 10 12 2
B 12 2
c 7 132

Path A, the highest ,scofing‘ path, is the best match.

am

However, althoggh path B has the second best score, it~

25 would be rejected as an alternative parse since its
~ signature, and hence.the speech deemed to be recognised, is

the same as path A. Path C would therefore be retained as.

the second best parse.
If the strings to be recognised have more structure
30 than that discussed above, for_ example spelt .names,
signatures need only be assigned to nodes just before
decision points, rather than at every vocabulary node.
Figure 13 shows a'hetwork for recognising the spelling of
the names "Phil", "Paul" and "Peter". For simplicity, no

This Sheet Has Been Replaced

[T




Figure 6; | Figure 11 is a schematic represent &gPLACHY " a sdcond
enbodi ment of a transition network of-al@&pparat ordtTg 1o the
invention; 5 _ _ F[gure 12 is a schematic representation of a third
enbodi ment of anoisetidnilipstratedor k TOR STURSSaRARs AL drrfirpte where

I nventi on. the sign&eheersngul@ béoahgmdntad! el ecommuni cations system

i ncl udi ng speech recognition generally .conprises a_m cygphone 1, ,
typically formng pafeSdiyaten cﬁ%%&ﬁ%@%&%ﬂ@&?yeg“t *éFJ@co ni%%%i i
network (typi capayhsa ptblthe i’'t almik IPedahsee obhenstghatnseneofordhe Rt )
2, a recognition, C , t IV, ' l.gnal m-
t he netmorkéZ,Ogh % g???%?ﬁnéﬁggggga§g§b§°88nﬁ%@%%d*%Sg xgk?ﬁgabgbogﬁi§€on
processor 3 andfellowbed nodeed@i vdllhbeehbdm Zovdisdimgugh thetwveen all

three independent paths since the signatures of the square
nodes 44 are different. Only the ‘L’ node and the final
noise node 48 need to be associated with more than one
10 ;dentiCal word model, so that these models are capable of

Figures 8 to 10 show the progression of path |inks \tmysL&iﬁEﬁh@%&Em k of

processing more than one path.

_ In all cases, each network illustrating the speech to
be recognised requires analysis to determine which nodes
are to be assigned signatures. In addition the network is

15 configqured to be compatible with what a user is likely to
say. .

- Savings in memory size and processing speed may be
achieved by limiting the signatures that a node will
propagate, as described in the applicants’ International

20 patent application filed on 31st March 1994 entitled

“Connected Speech Recognition“, claiming priority from
‘European application No. 93302539. 7, incorporated herein by
this reference. For instance, say the only wvalid input

speech to a recogniser having the network of Figure 7 is
25 the four following. numbers only: 111, 112, 121, 211,
Certain nbdes within the network are associated with a set
of valid signatures and a path will only be propagated bj
such a ’'constrained’ node if a path link having one of

these signatures is presented. To achieve this, the
30 signature fields of the path links entering a constrained
node, eg third null node 22/, are examined. If the

signature field contains a signature other than 1 or 2, the
path link is discardéd and the path is not propagaﬁed any
further. If an allowable path link is presented, it is

35 passed on to the next node. The next constrained node is
the null node 22’'’ after the next vocabulary nodes. This
null .node is constrained to only propagate path links
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sijgnal - .indicating recognition or otherw se of a par rase,
and.to - take action in response thereto. For exa J@Sﬁﬁ EENr::
apparatus 4 may be a 1 5 renotely operated jpanki ng tlerm nREP ef £ i ng
banki ng transacti ons. In many cases, the~atilising apparatus 4

w | gEnerat e a;iav&g@ TaOEy.ghatlﬁQ'lésell I IZ]EOrtIIE. SRR eful it Wﬁt ed Eif&etﬂge
network 2 to a_laou spaer i ca or.mn .a_part of .the_subscriber .
nandset. Ssaby Bodks. Jeor Bacres Bel o, Rtk BrigARRE S

and an anal og Zﬁthsﬂeadsls hagmalg_thetsaglsaturedlil.orrllhe 14 craopldile 1Sueho ~ -
the network 2 thgrraflgéﬁgﬁgm télg{hﬂﬂ:“a Qf SredhBLs ”‘éh peﬁ‘é@eéts%’i?

I s anal ysed an ent’i fication or ervm se 0
particul ar Swor @r@tcep'ﬁrlalge gngl Fdilaaws eder a %‘diﬁgah%n?b?eme{“éryhéamlcllté’ i ng

apparatus 4, V“&'fChtﬁ@eBp%%‘&%%u%ppr Oﬁhlﬁrtes&ﬁé' @2 ithe noliB8 aMeNhelfision
recognition of the speecC Typically, the recognition_processor

needs to acqui POid&Ea EBndd¥ehi REEVAREX ne%dpe?;‘é’h %@alsl?stc%’ﬁﬁﬁa%ﬁeQerl f ¥ he -

speech signal, paa¢tilkies data MQUlsik;hh@&r@ahabeproveaetbobéEdubiabh]6 for
recognl tion processor 1.n

t
recogni tion pr8E&EEG S ‘% HR E ngogggggfgpteg 4?(0[1?’[% %bgﬁﬁ)‘é?ﬁt BEPE2THut
receives 10 asspeabhesifgmrala f1t20m:walmcmec:r -ajiphiaauihetrd cf stmitige recogni ti on

ggte arort ggtn pord 3300 PANE, 'R o Y TR SindfWLpbBYs! B2
speech recognltlon relevant to the present invention are

more fully set out in the applicants’ International Patent
Application filed on 25th March 1994 entitled "Speech
15 Recognition", . claimimg .priority from European patent
application No. 93302541.3, which is herein incorporated by
this reference. _
.In the above described embodiments, recognition
processing apparatus suitable to be coupled to a
20 telecommunications exchange has been described. However,
in another embodiment, the invention may be embodied on
simple apparatus connected to a conventional subscriber
station (mobile or fixed) connected to the telephone
network; in this case, analog to digital conversion means
25 may be provided for digitising the incoming analog
telephone signal. '

-
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al 50 possi bl e. 8 - Typically,
the.recagnition processor 3 1is |gnorant of the ro

sigral fromthe Hm n -t hBough the ngt ' BEEN §f
a large vari ety mm Hm” mgm qual ities of receiver handfﬂéPLAGED kew 4e,
wi t hi n*t he 12, Yany ome of a | gLAEMS8ariety of (ransm ssrom-pat

may be taken, |nclud|ng radio | inks, analog and digital pat hs and so
on. Accordingly, the speech signal Y reaching the recognition

processor 3 codrespdnd®atid Lhakseassing spseghal r&ogricticr system for
~m crophone 1, EQQBQEYEQnﬁniﬁphéeeonnected speech, the recognition system

comprising means for deriving recognition feature data from

330004 N\“,Ir\[‘ ~ T

5 an input speech signal, processing meané' for modelling (. . .=

expected input speech, and for comparing the recognition
feature data with the modelled expected input speech, the
'¥££ééESLng—meaas ‘having a plurality of vocabulary nodesﬂr
associated with word representation modelg:'and means for &
10 indicating recognition of the input speech signal in“
dependence upon the comparison, characterised in that at
least one of the vocabulary nodes can process more than one

path link simultaneously.

C 2. a sﬁeech recogni'tion system according to Claim 1!
15 characterised in that the at least one of the vocabulary
nodes are associated with more than one identical word

representation model.

3. A speech recognition system according to Claim 2
characterised in that the word representation models are
20 Hidden Markov Models.

4. A speech recognition system according to any one of
Claims 1,2 or 3 characterised in that all the vocabulary .

nodes have signatures assigned to them.

5. A speech recognition system according to any one of
25 claims 1,2 or 3 characterised in that only the vocabulary
nodes occurring before decision points have signatures

assigned to them.

6. A speech recognition system according to either Claim
4 or 5 characterised in that the path links include an

30 accumulated signature.
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107 “transfer characteristics of the mcrophone 1, FEFRKcLOET HAS BEENwork 2,
channel through the network 2, and link to the 'Xﬁg@%agq;i fg Procepsor
3, which may be |unped and designated - by a single tr &A o
characteristic H Referring to Figure 2, the recognition
processor 3 15 7conpAi seeezh ingnogritifonr syesomEmiagcepdindg to dingi tore fofm
(either froma 8191&3'4P95W§§H%2! E@%@é§QS%%§E99th8tdégligést some of the
converter), a frame processor or partioning the successi on of

di gi tal sanpl esno@ed areuceosssirained pniweso propegateoPatduduiskss dnprinry -
a feature exti@et®in gledbPérhPnedehpiRhtigedr oma frame of sanples a
correspondi ng feature vector; a classifier 34 receiving the succession
of feature vectors and operating on each with a plurality of nodel
states, to genegate xespaBchi QRcoRRilkisn & BABIEWAIorbing toWBhgh drfe of
arranged to recgjve the classificgtion resul?s 25 formthe classifier 34
and to deterni ne: 3488 préddt%®r i nEgaractegifsfantd (Pdhi S he SERAC B
cl assifier outplmtdicatingdresised tdladyscaiecans €oi banpayingnthanrs adteuind

port 38 at signature of the path links to determine the path with the
best match to the input connected speech and those with the

10 next best alternative matches.

9. A method of speech recognition comprising modelling
expected input speech, deriving recognition feature data
from an input speech signal, comparing the feature data
_ with the modelled input sgéech and indicating recognition
15 of the speech in dependence upon the comparison, the
expectéﬁ input speech being modelled— as a network
containing a plurality of vocabulary nodes associated with
word representation models, characterised in that at least
one of the vocabulary nodes can process more than one input

20 at a time.

10. A method according to Claim 9 characterised in that

the at least one of the'vocabulary nodes is associated with

more than one identical word representatioﬂ model.

11. A method according to Claim 10 characterised in that
25 the at least one of tﬁe vocabulary nodes is associated with

a number of identical word representation models equal to

the number of desired recognition results.

12. A method according to either Claim 10 or 11
characterised in that the scores of the path links are
30 compareé at each decision point of the network, only the n
top scoring path links being propagated to the next
nodes (s).
-
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witi ch a recognition signa

I's supplied indicating the peeeh .tterance

whi ch has been recogni sed. 30 Frane Generator BHs ngﬂ'HNiﬁEENrane

generator 32 is arranged to receive speech20 - sapples t-LRGEPte o , for
exanpl e,
cont i guous
Pref erably,

t he

edge

8, 000 sanpl es per second, and to for

of

10

15

20

25

l§3arrp|?esr;et1'£dd aaccdzrchrmg tatany opne 1offcharemse\1§uy111@rxs 1335
Jtaerﬁséds g‘“‘agg?pﬁgpg J.SB?ItEPSs S8 %he voc ATy

t frame ar

nodes

14. A method acéording to any one of claims 10, 11 or 12

characterised by only assigning signatures to vocabulary
nodes occuri:ing before decision points in the network.

15. A method according to either Claim 13 or 14 when

appended to Claim 12 characterised in that the signatures
of the patﬁ links are also compared, only path links having
different signatures being propagated to the next node(s).

16. A method according to any one of Claims 13, 14 or 15

characterised by constraining at least some nodes only to
pass path links having certain predetermined signatures in

their signature fields.

17_. A method according to any one of Claims 10 to 16

characterised in that the input speech signal deemed to be
recognised is determined by tracing the path links back

through the network.

18. A method according to any one of Claims 13.to 16

characterised in that the input speech signal deemed to be
recogn:.sed is determlned by the accumulated signature of

each path “link.

19. A method according to any one of Claims 10 to 18

characterised in that +the best scoring path link is
processed by the first word representation model of a
vocabulary node, the next best by the second and so on
until either parallel models or incoming path lini:s run

out.
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-9- . predet er mi ned wei ghting constants) using, for exanple, a

Hanm ng w ndow to reduce ‘spurious artifacts, generated by the franes
edges. In a preferred enbodi nent, the f rafes- are overl appi ng- (for
exanpl e by 50% so as to anellorate 5 the effects of the w ndow ng.
Feature Extractor 33 The feature extractor 33 receives franes
froma he frame generator 32 and ggR8TRAREE. i n each case, a set or
vector of features: The feat xanpl e, 10 conprise
cepstral coefficients (for exanpl coefficients or nel”

frequency cepatmﬁthxmﬁﬁkcpems$ngsspeechde$wngme&lpn "sustane #G| pathed of
Speech Recognlsers and ce t gt &
OF) R ¢ nlslnﬁ%Eng gﬁ‘l é‘%ﬁﬁ:@ét@ﬂ +RES fm:o ek b

Gagnoul et erential val ues of such
5 system having a plurality of vocabulary nodes (24)

associated with word representation models, at least one of
the vocabulary nodes (24) of the network being able to
process more than one path link simultaneously, so allowing

for more than one recognition result.

10 Figure 7



15 coefficients conprising, for eac coefficient, t he

di fferences between the coefficient as a_correspondlng coefficient
value .in the preceding vector, as desgrifb "On the use of
Pnstantaneous and TranS|t|onaI Spectr al I nformation in Speaker _
Recoghi ti on", Soong & Rosenberg, 20 1988 | EEE Trans. on Acoustics, Speech
and Si gnal Processing Vol 36 No. 6 p871. Equally, a m xture of several

t ypes of feature coefficient sed. The feature

extractor 33 outputs a frame nunbe i ncrenented for each successive

frame. The output of the 25 feat re exttactor 33 is also passed to an end
ichis

poi nter 36, t he out put of m nected to the classifier 34. The

end pointer 36 detects thg-end of speec %nd vari qus..types |

known in this field. The>fnane géner at or gngﬂmﬁaHNSQEENtractor
I

. - N\
33 are, 30 in this enbodlxmnt = pFovijdéd by
programmed digital signal pr essbw DSP) | devi ce (
DSP 56000, or the Texas_lnstanen:sjENB C| 320)
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,r
ar simlar device. G assifier 33;; {
- 10 - - Referring to Figure 3, in this enbodinent, the
classifier 34 conprises a classifying processor 341 and a st-ate nmenory-
342. . The state nenory 342 conprises a state field 3421, 5 3422

., for each of the plurality of speech states. i,
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For "exaripl e, each all ophone to be recogg sed by the recognition
processor conprises 3 states, and accor y 3 state fields are
provided in the state nmenory 342 for g%th al I ophone. 10 The

cl assifjcation processor Bﬁljs arranged to read © each state field
within the nmenory 342 in Zarn, and calculate for each, wusing the
current input feature coeffigcient set, the probability that the

i nput feature set r vector ¢ ponds to the correspondi ng state. 15
Accordi ngly, the output of _the classification processor is a
plurality of state prgbabifiti P, ong for each state in the-
state nenory 342, iindicatirnthe | i keli hood that the input feature

vect or correspongg 0" | 20 The. classifying processor
341 may be a [A | y Ay ogrammed di gital signal processing (DSP)
device, may in . paLtlcllar=he tho jsane digital signal processing device

as the feature eftrac'or 33.
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ThT .
Sequencer 35 25 Referring to Figure 4, the sequencer 35 in this
enbodi nent conprises a state sequence nenory 352, a parsing processor
351, and a sequencer output buffer 354. Al'so provided is a state
@r fr?“\‘ rmf!‘ ;35,12 which ot AT N=Y- f Ay nanh anm p‘ JaVa¥= Ssed, the
ab es 30 output by the classifier processor 341, The state
sequence \_n:e-nd 352 vonprises a plurality of state sequence fi-el ds

3521, 3522 .... _reeb—ee-ﬁ-hegpn.n.d‘?_t_o__q,amrd or phase sggquence to be
recogni sed consisting of a string o | | ophones. 35 Each state -
sequence in the jstate sequem;e rrermr‘y 352 a conprtges, as ilflustrated in
Figure 5, a nunber ok, state 3t

I~ 3521

Q0 0309 }. [SYY S -
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U ( ~ THIS SHEET HAS BEEN
—= STArc |\ | QTR | REPLACED
| PROB. [:> PR2CESSOR \gd".g |
34): | smre _ /] —
l

’rhls She U

o Tl



Rlerr], Plerr], ... Plerr] (where NisS':ﬁ’,}nultiple of 3) and,- for each
state, ~two probabllltles a repeat probability (Plerr]) and a

tran5|t|on probability to the following state (P[err]). The st at es of
the sequence are a plurality of groups of three 5 states each rel ating
to a single allophone. The observed . sequence of states associ ated
wth a series of frames may therefore conprise several repetitions of
each state P[err] in each state sequence nodel 3521 etc; for exanple:
Frame 10 Number 1 2 3 4 5 6 7 8 9... Z -Z+1
\3 -'
Model
list
1
I
Network / " Network
enry pomnt exit point
(L

%‘f“‘:} [THIS SHEET HAS BEEN
a REPLACED

7~

(///fls

Pointer to
previous

Accumulated
score

Pointer to model

Node
Pointer to node
just exited

“Seratch” space

Time index
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State  PL PL PL P2 P2 P2 P2' P P2 ... Pn Pn The

parS| hg processor 351 is arranged to read, at each frame, the state
probabl lities output by the classifier processor 341, and the previous
stored state probabilities 15 in the state probability nmenmory 353, and to
cal culate the nmost |ikely path of gtates to dape over time, and to
conpare this with each of”at he state sefuences stored in the - state
sequence nenory 352.. The | ati o eyl oys the well known HMVl
~as 20 discussed in the a é refgrence papek. Conveni epgly,
t he HW processi ng perforfed iy e\pangi ng pNICE#4s 3 uses the
well known Viterbi rit The'}| parsing cess may, for
exanpl e, be a menopr RegsSALSUC S t he Madel i 6[ err]
m cr opr ocessor _or f"ﬁ"e u“tO'O| al err ] ™Ng8000 Lef opr oc§ssor, or mnay
alternatively BE an eviree (for xa 7 the sambdSP device as is
enpl oyed for any of tﬁt*' -
15" )
o &
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pr éceding processors). Accordingly for each state sequence
(corresponding to a word, phrase~or other speech sequence to be
recogni sed). 30 a probability scor:qT out put by the parser processor 351
at each frame of input speech. For g&é%ple the state sequences nmay
conprise the nanmes in a tel ephone directory. When the end of the
utterance is detected, a | abel signal a indicating the nost probable
state sequence i s output 35 fromthe parsing processor 351 to the output
port 38, to ! -

THIS SHEET HAS BEEN
REPLAGED




12 - indi cate that the corresponding name, worg B
recogni sed. The parsing processor 351f ¢¥

is specifical 0 -recogni se certajln
exarrgle a str m Fi gure 6 ;h)v\ma[}ﬁmt ahsition
network for r¢ of m? in {his case eitherjalstring
of four words S rlng of three. Each ode 12 ofThe network}]is

associated with a word representati on nodel 13, fqr exanple_a
‘which is stored ip a, nodel list. Several nodes can be associated with each

nmodel and e‘&‘&hs%o’d% iHasiFased - poiTheersquaret #0485 oétatiadieabel whazse cihebe

seen in fnth 8 Shanth 4 Agdgr to produce a best match ‘and a
single alte?natlve parse, 10 f%§ﬁ$lna node 14 is associated with two

nmodel s so al | owi nfhe hégstrlecan gistisguish hetweeat Hshe | f PHE paasds ' AT’
d, d 4 of. the netwo I S. as 00|ate
Gt ol VBT B0 e’ BRARRE LGS Fith aeff—s - che Rehh Linkss

cont ai ns i'népsamdd am tnéaprmdus fiodes are different.  The following node

47. will be able to distinguish between all three independent
paths since the signatures of the square nodes 44 are different.
Only the 'L' node and the final noise node 48 ,negd to b_é
associated witH more than one identical word model, so that
these models are capable of processing more than one path.

In all-'cases, each network illustrating the speech to be

- recognised requires analysis to determine which nodes are to be
assigned signatures. In addition the network is configured to
be compatible with what a user is likely to say.

Savings in memory size and processing speed may be
achieved by lixﬁiting the signatures that a node -will propagate,
as described in the applicants' International pa{:ent application
filed on ' 31st March 1994 entitled “"Connected Speech
Recognition", claiming priority from European application No.
93302539.7. For instance, say the only valid input speech to a
recogniser having the network of Figure 6 is the four following
numbers 6nly: 111, 112, 121, 211. Certain nodes wit;hin the
network are associated with a set of valid signatures ‘and a path
will only be propagated by such a 'constrained! node if a path
link having one of thése signatures is presented. To achieve
this, the signature fielf:is of the path links entering a
constrained node, eg third null node 22', are examin'éd. If the
'signature field contains a signature other than 1 or 2, the path
link is discarded and the'path is not propagated any further.
If an allowable path link is present:ed, it is passed on to the
next node. The next constrained node is the null node 22' '

after the next vocabulary nodes. This null node is constra:.ned

This Sheet Has Been Replaced
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node 15 previously exited and a t| me i ndex. At the SﬁﬂfLAC? R\ SHEEH :

an enpty path link 15 is inserted into the fir#$t, in
Figure 8. The fg contains a path ligktand _ is_theref preg
active whereas §t FiiSr BEENds are i nactivel At QZ&EGIU& ¢k
(i.e. wth eac mcorﬂE?@,AﬁE ne speech)7 any activé nodes ac ate a
score in their patfrTink. 20 If the first ' sqy, a
-mni mum of seven franmes of speech, then at-the s ¢ a
path link tdb"orisy Wbaﬁéoﬁhtﬂelihkéthﬂ%ut& atutﬁée ncorlQ fd?:r 21.

mat chi ng the seven franmes to the nodel and pointers to the entry path

tink and t f&enod@lfushodat cded.' TRELEAt hthe nknext f SPaePUARFY of n@dRs  is
(oL oo 9, SopaSaad o ST OWacble LR 100 BBlhy Shod g ore
associ at ed WMit,h1lRe 321 e 21ddesSuch amdrmangeaeht | $igrsi ficepoly ededuces
the necessary processing'aﬁd allows for a saving in the memory
capacity of the apparatus. 'Onlyféome of Ehe nodes at decision
peints in the network need to be so cqnstrained. In practice, a
32 bi;_;igpature_has proved to be suitable for sequences of up
to 9 digits. " A 64 bit signature appears suitable for a 12
{h/ character. alphanumeric string. '
| End of speech detection and various other aspects of
speech recognition relevant to the present invgntion are moré.
fully set out in the applicants' International Patent
Application £filed - on .25th March 1994 entitled "Speech
Recognition", claimimg'priority from European patent application
No. 93302541.3.

In the above described embodiments, recognition
processing’  apparatus suitable to be coupled to a
telecommunications exchange has been described. However, in
another embodimént, the invention may be embodied on simple
apparatus connected to a conventional subscriber station (ﬁobile
or fixed) connected to the telephone network; in this case,
analog to digital conversion means may be provided for

digitising the incoming analog telephone signal.

_
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13 Thi s processing continues, wth the first node 16 produm ng further

path kFinks as its nodel natches I ncreasingly | onger 1 he
utterance and the succeedi ng nodes perform d NﬁaﬁﬂﬁﬁTa i ons.

When the input speech has been- processed as far _ ' node 118 of 5

t he networKk, path I|nks fron1each "branch' of th esent ed
to thIS_‘““ ‘ 2 )y given tine frane pat h
link (i.e. paral | el paths ha hat path-
dink is tak and d8ly) matcH dmTTs processedl}by the
final node 18—FowWeVer, TT fhere are ath ' ed to the

final node 18, both are processed by that node, since the

1. A path link passing speech récognition system for recognising input
connected speech, the recognition system comprising means for deriving recognition
feature data from an input speech signal, a transition'network having a plurality of
vocabulary nodes associated with word representation models, said network being
configured to model expected input connected speech and, in use, to produce a path

. link including information relating to the degree of similarity of a path taken through
the transition network and the recognition feature data, and means for indicating

\_, | recognition of the input speech signal, characterised in that at least one of the

vocabulary nodes is capable of processing more than one path link simultaneously.

2, A speech recognition system according to Claim 1 characterised in that at
Jleast one of the vocabulary nodes are associated with more than one identical word

representation model.

3. A speech recognition system according to Claim 2 characterised in that the
word representation models are Hidden Makov Models.

4 A speech recognition system according to any one of Claims 1, 2 or 3
(o characterised in that all the vocabulary nodes have signatures assigned to them.
5. A speech recognition system according to any one of claims 1, 2 or 3

characterised in that only the vocabulary nodes occurring before decision points
have signatures assigned to them.

6. A speech recognition system according to either Claim 4 or 5§ characterised in
that the path links include an accumulated signature.

—_—
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!10 f| nal node 18 is able to process nore than 016REHIAHEMEN'E SHEE'put pat h
links are conti nuously updated at each frane|of—speectr—¥em t pe
utterance is conpleted there will be two path. r*? the out put
of the network, as shown in Figure 10 (from phich téii) rs to :
previ ous path |inks and nodes have been excl uded for the sake pf
clarity). 15 The full path can b found by followi ng the pointers
'Lo t he Ereyi ous path links and the nodes on the—tecogrsed—path (and
ence the in O&HHt Siemt

| ooki ng at t!ﬁye%pec%ﬁgt e:}ggtﬁ‘%&;ﬁ ub 'ﬁggleg‘fée)@gtﬁﬁ SiREd vl Qﬁ? Lggure Jcldtlbﬁ:ﬁjmn‘y
represents atrmdmstlmzﬂn!bwthwnbub@eachetvmrk configured t-o recogni se

strings of three dj The, gr nqd r : X
20 the white nodelfer sk e AEHEE SteEforieBiirier 465 adtoidfic? SpBRI
nodes 24 redbghitian ssingakiddenmatkoe Maetsit by SOD. Avstin snd fotFalisidenCASSH

mat chi ng |nc g speech ' d 25 whi
nai se. P8R80Vl 1 PRocy B, e ghes conheessd iR SEERh Mcdhisgt”
the third nUWhldhoﬁﬂergt%'s ina mﬁﬁ@eres’%ﬁharct%pﬂﬁt Ge@cfrlﬂéa\/dwgoﬁﬂiy et apaishdestobedach

time frane (i.e. each vocabul ar node 24 |s assomat with three.word
represent at i #hPveedé| Ristory Frlating: éh'fheoﬂ'mBWés of the gecRanitiap; § '&ﬂr{h‘? wansition,

links relatip ﬂtv&&lf(el rﬁ:&ig{e%eoﬁ ithiLtHe Wor@trRsderf Ab&he endSMSFeQ:B‘gmﬁ%n, the

described wt
result of recognition is derived from the history presented to the output which has

10 the best score. Again only one history is possible for each path terminating at the
final node.
Such known arrangements do not allow, for a given final node, for an
alternative choice to be readily available at the output of the network. '
_ in accordance with the invention a speech recognition apparatus
15 comprises means for deriving a recognition feature vector from an input speech
signal for each predetermined time frame; means for modelling expected input
speech comprising a plurality of vocabulary nodes each of which vocabulary moes
has an associated word representation model and the model having links between
said vocabulary nodes; processing means for comparing the recognition feature
20 vectors with the modelled input speech and for generating a path link for each
node and time framé, said path links indicating the most likely prior sequence of
vocabulary nodes for each vocabulary node and time frame, each path link
comprising a field for storing an accumulated recognition score and a field for
storing a reference to the most likely previous path link in the sequence; and
25 means for indicating recognition of the input speech signal in dependence upon the
comparison; characterised in that the processing means (351) is capable of
processing more than one path link for at least one vocabulary node, other than
the final node, in a single time frame.
Such an arrangement means that more than one incoming path link can be
30 processed by a node in a single time frame and hence that miore- than one
recognition result may be obtained.
| The modelling means. preferably comprises a transition network containing
a plurality of noise nodes and vocabulary nodes Which are associated with word

representation models. The processing means is capable of producing
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14 to Figures 8 to 10, the three baths can . '
t he pointers to the previous path i RERLACEMENREHEEToh t he

feach path,
pat hs (and
i dentified

10

15

20

25

hence t he i nput speech deened to b¢ fecognrsed) cah pe
by | ooking at the pointers to the _ 17 AUG 1999

4

path links for each node comprising fields for storing a pointer to the previous path

link, an accumulated score for a path, a pointer to a previous node and a time

index for segmentation information. Preferably, the vocabulary nodes which may
have more than one path link processed in a single time frame have more than one
identical associated word representation model.

The provision that at least one of the vocabulary nodes other than the final
node of the network has more than one associated word representation model
allows the processor to process multiple paths for the same time frame and so
allows more than one path link to be propagated across each inter-node link at
each input frame. In effect, the invention creates muitiple layers of a transition
.network along which several alternative paths may be propagated. The best
scoring path may be used by the first model of a node, the next best by the
second and so on until either parallel models 6r incoming paths run out.

In general terms "network" includes directed acyclic graphs (DAGs) and
trees. A DAG is a network with no cycles and a tree is a network in which the
only meeting of paths occurs conceptually right at the end of the network.

The term "word" here denotes a basic recognition unit, which may be a
word but equally well may be a diphone, phoneme, allophone, etc. Recognition is
the process Of matching an unknown utterance with a predefined transition
network, the network having been designed to be compatible with what a user is
likely to say. | -

In order to identify the phrase that has been recognised, the apparatus
may include means for traciné the path link back through the network.

Alternatively, the appafatus may also include means for assigning a
signature to at least some of the nodes having associated word representation
models and means for comparing the signature of each path, to determine the path
with the best match to the input speech.and that with the second best alternative

match.



exited nodes. 5 In a further devel opmrent of the invention, the

path |inks may be augnmented wi th signatures pai-eh—tepres The
si gni fi cant nodes of the network. These si gni REEMQENﬁMe@‘my, for
exanpl-e, include all vocabulary nodes 24. In th enpodl nent {off Fi gure

11, each vocabul ary node 24 is assigned a signatjurle, HOKU 1999xdnmil e the
nodes representing the digit 1 are assigned a signatJre '?‘, hq rodes 10
24" representing the digit 2 are assigned si gniat k-ge———ant—sS0 dn.

At the start of parsing, a single enpty path link is passed into & network
entry node 26. Since this is a null node, the patfrtTTK TS passed to the
next node, a noi se node 25. The input frame is matched in the noise
model (not shown) of this node and an updated path |ink.produced at the
output. This path [Thiskarrangemsnt allovg fersayalterngtive wbigh igdeceesanlyqdifferens in he
first vocabulpsyenadssnghdid Whitth hd doesBRciOBHE! Gibrily 4R |schRRhtARAYSN nofach
vocabul ary node 5 processes the franme of speech'in 1 fs associated word
nodel and pr othichss.an updated path |ink. The signature field of the
path link is also dated. At the.end of each ti fra h d
path |i nksé are sor tLi-g'a ‘?'Srdr reﬁpéﬁsﬁ"’[e%'é’"trﬂ?%eés ("f’ﬁy E’Sgﬁg%%'} ?{hra\adk(})"aﬁosde\l/ﬁﬁﬁ@ﬂ%zve
20 di f f er entas segtmibad geriarallydi. British TélecdrtlTeztinbipgy Joumal, sApmli T888,n¢dl, \§,t h

t he added cqnstr ai t hat | at ed si gnatures are, uni : .
second path MPn K- RPES 1 e Cox, "El?dcd%n arkov l\?loggls for automatic speggl'? recI:Jgngclon:

theory and application”, templates, Dynamic Time Warping models or any other

suitable word representation model. The processing which occurs within a
10 model is irrelevant as far as this invention is concerned.

It is not necessary for all the nodes having associated word models to
have a signature assigned to them. Depending on the structure of the transition
network, it may be sufficient only to assign signatures.to those nodes which
appear before a decision point within a network. A decision point as used herein

15 relates to a point in-the network which has more than one incoming path.

Partial paths may be examined at certain decision points in the network,
certain constraints being imposed at these decision points so that only paths
conforming to the constraints are propagated, as described in the applicants’
International patent application filed on 31st March 1994 entitled "Connected

20 Speech Recognition”, No WO/23425, published 13th October 1994. Each
decision point is associated with a set of valid signatures and any path links with
signatures that are not in the set are discarded.

The_ accumulated signature may be used to identify the complete path,

- resulting in extra efficiency of operation as the path links need not be traversed to
25 determine the path identity, and the partial path information of the token may not
be generated at all. In this case the signature field must be large enough to

identify all paths uniquely.
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For efficient operation of the apparatus according to the invehtion, the
signal processing of path signatures is preferably carried out in a single operation
to increase processing speed. .

According to another aspect of the invention there is also provided a
method of speech recognition comprising: deriving a recognition feature vector
from an input speech signal for each of a predetermined time frame; modelling
expected input speech; comparing the feature data with the modelled input speech
by generating a network containing a plurality of vocabulary nodes associated with
word representation models and generating a path link for each node and time
frame, the path link indicating the most likely prior sequence of vocabulary nodes
for each vocabulary node and time frame, each path link comprising a field for
storing an accumulated recognition score and a field for storing a reference to the
most likely previous path link in the sequence; indicating recognition of the speech
in dependence upon the comparison characterised in that more than one path link
is processed in a single time frame for at least one vocabulary node other than the
final node.

Other aspects and preferred embodiments of the invention are as disclosed

“and claimed herein, with advantages that will be apparent hereafter.

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 a recognition processor
according to the invention in a telecommunications environment;

Figure 2 is a block diagram showing schematically the functional elements
of a recognition processor according to the invention;

Figure 3 is a block diagram indicating schematically the components of a
classifier forming part of Figure 2;

Figure 4 is block diagram showing schematically the structure of a
sequence parser forming part of the embodiment of Figure 2;

Figure 5 shows schematically the content of a field within a store forming
part of Figure 4;

Figure 6 is a schematic'representation- of one embodiment of a transition
network applicable with the processor of the sequence parser of Figure 4;

Figure 7a shows a node of a network and Figure 7b shows a path link as

employed according to the invention;

st contains

After this,



lists of path links and the extending of the paths into further nodes 24"',

<25, It shoul d be clear that the signature fie] ks are
not updated after processing by the null node§ § odes 25
si nce these nodes do not have assigned signaturgs. 5 he path
| i nks are propagated al ong paths which pass throughjt 7 AUG 199%ai hihg
active nodes to produce, at an output node_28, upjtp three paths {ijpks
i ndicating the relative scores and signatufes, fof Exanpte I 2T t he
pa;hs gaken through the network. The path links are continuousl
updated until the r al
devi-ce such as a p%g'ér%aestto 6%&%%&3’ &ﬁ&%&éﬁgf %’ gt(?‘ h%? HRJUEP 3§gﬁ§t\§5ﬁ@6fﬂ
][hli poi nth tFigue@;nt ers or the accunul at ed signatures of the path
I nks at t eoutput node, 28 are xamne rm.ne the c

results. Figyrs, 1 ix‘énzblsﬁ e%?@%ﬁﬁ?rﬁﬁeqtﬁg‘f" el fsgf:?%%eﬂbb%%ﬁgg@
links are pregaiyitéh netwdrR of B%pauiamﬂ acf&déﬁné&o ake FEBRtIéH;ME | NSt ant : 15
SCORE SI GNATURE 122

5 ‘Figure 12 is a schematlc representatlon of a third embodiment of a

transition network of an apparatus according to the invention.
Referring to Figure 1, a telecommunications system including speech
recognition generally comprises a microphone 1, typically forming part of a
telephone handset, a telecommunications network (typically a public switched
10 telecommunications network (PSTN)) 2, a recognition processor 3, connected to
receive a voice signal from the network 2, and a utilising apparatus 4 connected to
the recognition processor 3 and arranged to receive therefrom a voice recognition
signal, indicating recognition or otherwise of a pérticular word or phrase, and to
take action in response thereto. For example, the utilising apparatus.4 may be a
15 remotely operated banking terminal for effecting banking transactions.
In many cases, the utilising apparatus 4 will generate an auditory response
to the speaker, transmitted via the network 2 to a loudspeaker 5 typically forming
a part of the subscriber handset.
In oper_ation, a speaker speaks into the microphone 1 and an analog
20 speech signal is transmitted from the microphone 1 into the network 2 to the
recognition processor 3, where the speech signal is analysed and a signal
indicating identification or otherwise of a particular word or phrase is generated
and transmitted to the utilising apparatus 4, which then takes appropriate action in
the event of recognition of the speech. |
25 Typically, the recognition processor needs to acquire data concerning the
speech against which to verify the speech signal, and this data acquisition may be
performed by the recognition processor in a second mode of operation in which the
recognition processor 3 is not connected to the utilising apparatus 4, but receives
a speech signal from the microphone 1 to form the recognition data for that word
30 or phrase. However, other methods of acquiring the speech recognition data are

also possible.
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si gnat ur e,
path A

second best score, it would be rejected as an {t&EPh&GEM@ dince its
and hence the speech deened to be refopg dane as
Path C woul d therefore be retained hsjt gl;gb ty parse.

If the strings to be recogni sed have nore strucfjufe sktussed

above, for exanple spelt nanes, signatures needjon 0 nodes

122 C 7 13220 Path A, the highest
sscoring path, is the best match. However, althqugh—path—B-

t he

j ust bef ore decision points, rather l‘lgan at every vocabul ary hode.
Figure 12 shows a network for recogniSing tF ng of the nanes
"Phil", "Paul" and "Peter". For sinplicity,

no

10

15

20

25

indicate that the corresponding name, word or phrase has been recognised.
The parsing processor 351 comprises a network which is specifically
configured to recognise certain phrases or words for example a string of digits.
Figure 6 shows a simple transition network for recognising a string of
words, in this case either a string of four words or a string of three. Each node 12
of the network is associated with a word representation model 13, for example a
HMM, which is stored in a model list. Several nodes can be associated with each

model and each node includes a pointer to its associated model (as can be seen in

Figures 6 and 7a). In order to produce a best match and a-single alternative parse,

the final node 14 is associated with two models so allowing this node to process
two paths. If n parses are required, the final node 14 of the network is associated
with n identical word models.

As shown in Figure 7b, a path link 15 contains information relating to a
pointer to the previous path link, an accumulated score, a pointer to the node
previously exited and a time index. At the start of an utterance, an empty path
link 15" is inserted into the first node 16 as shown in Figure 8. The first node now
contains a path link and is therefore active whereas the remaining nodes are
inactive. At each clock tick (i.e. with each incoming frame of speech) any active
nodes accumulate a score in their path link.

If the first model can match, say, a minimum of seven frames of speech,
then at the seventh clock pulse a path link 15'" is output from the first node with
the score for matching the seven frames to the model and pointers to the entry
path link and the node just matched. The path link is fed to all .of the following
nodes 12, as shown in Figure 9. Now the first three nodes are active. The input
frame of speech is then matched in the models associated with the active nodes

and new path links outputted.

25



16 noise is illustrated. The square nodes 44 "'”Rt'P méme 8 -Ihe'
¢signature should be augnented. Theg s I fgui sh
- between the "PH' and 'PAU paths at the 'L because the
signatures of the path links created at the previous jhodes AbNGe1999
different. The following node 47 will be able to dilst]i ngui sh betweq
t hree I ndependent paths since the signatures the square noo 44
are different. Only the 'L' node and the final | dto
be associated with nore than one i denfgcal word nodel,. so that these
nodel s are capabl e of having nore than one path for a single tine
frame. 10 ) In all cases, each network illustrating the speech to be
recogni sed r edhismsacessinggoatipyes; with the tinskrnade WAincedyrinmlirthes path links as its
assi gned sign i1 re i ' ;
conpatible w ?{?H\%\,ﬁg%atg%fgﬁgr%ﬁqligﬁ/getropgs}g%/\.w the! 8ttEffibe %S*Losﬁ%%gupﬁeer%%r y
si ze and pr oceeddsperigyming simjlabealadhiiensed by |imting :

When the input speech has been processed as far as the final node 18 of

al |

5 the network, path links from each 'branch' of the network may be presented to
this node 18. If, at any given time frame, there is a single path link (i.e. only one
of the parallel paths has been completed) that path ﬁnk is taken to be the best (and
only) match and is processed by the final node 18. However, if there are two path
links presented to the final node 18, both are processed by that node, since the

10 final node 18 is able to process more than one path. The output path links are
continuously updated at each frame of speech. When the utterance is completed
there will be two path links 15" at the output of the network, as shown in Figure
10 (from which the pointers to previous path links and nodes have been excluded
for the sake of clarity).

15 The full path can be found by following the pointers to the previous path
links and the nodes on the recognised path (and hence the input speech deemed to
be recognised) can be identified by looking at tHe pointers to the nodes exited.

Figure 11 represents a second embodiment of a network configured to
recognise strings of three digits. The grey nodes 22 are null nodes in the network;

20 the white nodes are active nodes which may be divided into vocabulary nodes 24
with associated word representation models (not shown), for matching incoming

- speech and noise nodes 25 which represent arbitrary noise.
If all of the active nodes 24, 25 after and including the third null node 22'
are each capable of having three paths for each time frame (i.e. each vocabulary

25 node 24 is associated with three word representation models), the output of the
network will comprise path links relating to the three top scoring paths of the

system. As described with reference



tlge ]si ghat ur es tlhat a node will propagate, as described in the appli cants
. - I'nternational patent application filed on 31st Ma £
"Connect ed Speech Recognition”, No WJ 23425, publ %&R@@yg@f(ﬁﬁ er
1994. For instance, say the onIy valid i nput speech [o a recogniser
having the network of Figure 6 is the four follow ng riufAIGT99 | 1111,
11 2, 121, 211. Certain nodes within the network jre associ ated wWth a
set of valid signatures and a path will only be 20 pyopagated by such ja
‘constrained” node if a path |ink having qne of thesel signatures |
presented. To achieve this, the signature P’el ds of the path links
entering a constrai ned node, eg third null node 22', are exam ned. If . the
si gnature Ggedrsg sqetm Rfe Shrek PRHsUE 158 wndtam.uawmg, zm édm mnhhthlel nk
i s discarded an the path i's not propagated any furth
al | owabl e patreintpiskto; the prexdeys eath links; J hﬁd§’§68 opghe Bﬁﬂtsc!a?%@eﬂ&therfaeﬂét The
next constr ai ey PG
nodes. This m@??c %ﬁn%@tigﬁétr }'\hsgg}j:t?aor?%% d}fngﬁ(é)%ggg?e pa?ththlel nks st
exited nodes.

5 In a further development of the invention, the path links méy be
augmented with signatures which represent the significant nodes of the network.
These significant nodes may, for example, include all vocabulary nodes 24. In the
embodiment of Figure 11, each vocabulary node 24 is assigned a signature, for
example the nodes representing the digit 1 are assigned a signature '1', the nodes

10 24" representing the digit 2 are assigned a signature '2' and so on.

At the start of parsing, a single empty path link is passed into a network
entry node 26. Since this is a null node, the path link is passed to the next node, a
noise node 25. The input frame is matched in the noise rﬁodel {not shown) of this
node and an updated path link produced at the output. This path link is then
15 passed to the next active nodes i.e.the first vocabulary nodes 24 having an
associated model (not shown). Each vocabulary node 24 processes the frame of
- speech in its associated word model and produces an updated path link. The
signature field of the path link is also updated. At the end of each time frame, the
updated path links are sorted to retain the three (n) top scoring paths which have
20 different signature fields. A list ordered by score is maintained with the added
constraint that accumulated signatures are unique: if a second path link with the
same signature enters, the better of the two is retained. The list contains only the

top "n" different paths, the rest being ignored. _ _
The n path links are propagated through the next null node 22' to the
25 following noise node 25 and vocabulary nodes 24", each of which are associated
with three identical word representation models. After this, model processing

takes place, resulting in the updating of the



17 having a signature 11, 12 or 21. The null node_22''' after the next
*vocabul ary nodes is constrained to only pr.opagatle gp ACEMEW S g the
signature 111, 11 2, 121 or 211. Such an arrangqng il

reduces the necessary processing and allows for jafjsaving in the nory
capacity of the apparatus. Only some of 5 the node§ 4t UZcAUGI9%oints in
the network need to be so constrained. In practice, a 32 bit signature
has proved to be suitable for sequences oflPup to 9 digits. A 64 bi t

signature appears suitable for a 12 character al phanuneric siring

End of SPeechiedol e oA e Al SHEARASE (A8 RSHSRS BRRRSSLE™ DB

rel evant to sen nven Cof are out e applicants’
10 Internatishoaltd Hatkeat thgppthecsighatard ifiekid ofntr%phthl\MkshaﬂaQﬂét epdated el‘lter

"S h R t 04/ 2213 bl 9t h Sept enber
In the above RERRESHNB LY il RERs22 28 405 ”eoﬁ'ao%so%%wﬁgtﬁﬁbegapiﬁ 3 ot

have assigned signatures.

5 The path links are propagated along paths which pass through the
remaining active nodes to produce, at an output node 28, up to three paths links
indicating the relative scores and signatures, for example 1 2 1, of the paths taken
through the network. The path links are continuously updated until the end of
speech is detected (for example by an external device such as a pause detector or,

10 until a time out is reached). At this point, the pointers or the accumulated
signatures of the path links at the output node 28 are examined to determine the
recogniﬁon results.

For example, presuming that the following three path links are presented
to the output node 28 at some time instant:

15 '

- SCORE SIGNATURE
A 10 122
B 9 122
o 7 132

20
Path A, the highest scoring path, is the best match. However, although path B has
the second best score, it would be rejected as an alternative parse since its
signature, and hence the speech deemed to be recognised, is the same as path A.
Path C would therefore be retained as the second best parse.

25 If the strings to be recognised have more structure than that discussed
above, for example spelt names, signatures need only be assigned to nodes just
before decision points, rather than at every vocabulary node. Figure 12 shows a
network for recognising the spelling of the names "Phil", "Paul” and "Peter". For

simplicity, no



| ' NT SHEET b
suitable to be coupled to a tel econmuni cati ons xﬁﬁﬁﬁ‘ MR Hescri bed.

" However, in another enbodi nent, the invention be enbodi ed oh §inple 15
apparatus connected to a conventional subscribe staﬁﬂohUGﬁBQﬂl br i xed)
connected to the tel ephone network; in this cas anal og to digit al
conver si on means nmay be provided for ¢ggitidin € 1 ncom ng anal og
t el ephone signal . 18

CLAI M5
. noise is illustrated. The square nodes 44 indicate where the signature should be

augmented.
The system can distinguish between the 'PHI' and 'PAU' paths at the 'L’
node because the signatures of the path links created at the previous nodes are
5 different. The following node 47 will be able to disti-nguish between all three
independent paths since the signatures of the square nodes 44 are different. Only
the 'L’ node and the final noise node 48 néed to be associated with more than one
identical word model, so that these models are capable of having more than one
path for a single time frame.

10 In all cases, each network illustrating thé speech to be recognised requires
analysis to determine which nodes are to be assigned signatures. In addition the
network is configured to be compatible with what a user is likely to say.

Savings in memory size and processing speed may be achieved by limiting
the signatures that a node will propagate, as described in the applicants’

15 International patent application filed on 31st March 1994 entitled "Connected
Speech Recognition”, No W0/23425, published 13th October 1994.For instance,
say the only valid input speech to a recogniser having the network of Figure 6 is
the four followihg numbers only: 111, 112, 121, 211. Certain nodes within the
network are associated with a set of valid signatures and a path will only be

20 propagated by such a 'constrained' node if a path link having one of these
signatures is presented. To achieve this, the signature fields of the path links
entering a constrained node, eg third null node 22', are examined. If the signature
field contains a signature other than 1 or 2, the path link is discarded and the path
is not propagated any further. If an allowable path link is presented, it is passed

25 on to the next node. The next constrained node is the null node 22'" after the next

vocabulary nodes. This null node is constrained to only propagate path links



1. A speech recognition apparatus conprising: means for
= deriving a recognition feature vector froman input speech signal 5 for

each predeterm ned tine frane; means for nodel ling expected

I nput speech conprising a plurality of vocabul ary nodes each of which
vocabul ary nodes has an associated word 45 representation nodel and the
nodel havi ng |inks between said vocabul ary nodes; processi ng

means for conparing the recognition feature vectors with the 10 nodelled
i nput speechhavidg faosiggatues dtli, @ ar ﬁat hThe miallfreadec22' afderethendexti vacabutame,
said path I|nk I ndi cat |

nodes Tor Mg i BNt iR onaeels fe ik SIS uBRE AT, T,

conprising atkineayrd2fnr S&bﬁrahm]rangemaﬁt e:gﬁuiasuhw eeﬁwcesmlgmnbcmaappmeesumb a
field for storlng a reference to the nost keu% reV|ous th link,in
e

the sequence® & owsdor a saving iRethigsmemory ﬁa?%cé&vl gt tE‘F'o V some Phput

speech si gnaknd RodtRPATYERASh pointsUR@Re hBAVERIARRE 118 BR: so constralned In practice,
characterised in that the processing neans (351) is capa ocessi ng

h
nore than oné@ 37abil signgiure das groveskio: beypeitajle f5 Hegronges e UPo'GOngr‘P itfanAt Gk
final node, sndrﬂt@re%pﬂ%r@ sutgﬁleff{)lag’QQ character alphanumeric string.

_ End of speech detectlon and various other aspects of speech recognition

relevant to the present invention are more fully set out in the applicants’

10 International Patent Application filed on 25th March 1994 entitled "Speech
Recognition™, No WO 94/22131, published 29th September 1994.

In the above described embodiments, recognition processing apparatus
suitable to be coupled to a telecommunications exchange has been described.
However, in another embodiment, the invention may be embodied on simple_

15 apparatus connected to a conventional subscriber station (mobile or fixed)
connected to the telephone network; in this case, analog to digital conversion

means may be provided for digitising the incoming analog telephone signal.




20 2.

3.

A speech recognition apparatus according to Claim1l

| east one of the vocabul ary nodes . a

" characterised in that t he at

associated with nore than ane i dentical word rearm% e SHEEE! 25
A speech recognition apparatus according to {J alin ra+aet+efiped in

t hat ]uﬂ ﬂmﬁm tation nodel s ayg Hi dden pMagkov_ Model s. 4.

A speechl lmll ﬂm atus according to any onejo AZiAG 98 of B

characterised i that®all the vocabul ary nodes havelsi{gnatures assifned to

them 30 5. A speech recogniti okl ratus gccording to any ope of

claims 1,2 or 3 characterised in that only the wocahulary nedes

occurring before a decision point

have signatures assigned to them

1. A speech recognition apparatus comprising:

means for deriving a recognition feature vector from an input speech signal

5 for each predetermined time frame;

means for modelling expected input speech comprising a plurality of

vocabulary nodes each of

which vocabulary nodes has an associated word

representation model and the model having links between said vocabulary nodes;

processing means for comparing the recognition feature vectors with the

10

modelled input speech and for generating a path link for each node and time frame,

said path links indicating the most likely prior sequence of vocabulary nodes for

each vocabulary node and time frame, each path link comprising a field for storing

- an accumulated recognition score and a field for storing a reference to the most

likely previous path link in the sequence; and

15

upon the comparison;

means for indicating recognition of the input speech signal in dependence

characterised in that the processing means (351) is capable of processing

more than one path link for at least one vocabulary node, other than the final node,

in a single time frame.
20
2.

A speech recognition apparatus according to Claim 1 characterised in that

the at least one of the vocabulary nodes are associated with more than one

identical word representation model.

25 3.

A speech recognition apparatus according to Claim 2 characterised in that

the word representation models are Hidden Markov Models.

4.

A speech recognition apparatus according to any one of Claims 1,2 or 3

characterised in that all the vocabulary nodes have signatures assigned to them.

30
5.

A speech recognition apparatus according to any one of claims 1,2 or 3

characterised in that only the vocabulary nodes occurring before a decision point

have signatures assigned to them.



19 A speech recognition apparatus dcBEPINGEMENT SHEEed < ai m
“ 4 or hat the path links |i q@crode an accunuliat ed
Si gnature ﬂmﬂﬁumlmﬁmlm ech recognition apgarjat Ys ?%Ofﬂgnc tto any
one of Clains %, % dr 8 characterised in that fat] | east sone tfhe nodes
are constrained only to pr opagat e patfgl i nks |h ‘

predet er m ned signatures. 8. A speech riecogni ti on appar atjus

according to_any one of Clainms 4 to 7 :
6. speech recognition apparatus accordmg to either Claim 4 or 5

characterised in that the path links include an accumulated signature.

7. A speech recognition apparatus according to any one of Claims 4, 5 or 6
5 characterised in that at least some of the nodes are constrained only to propagate

-path links having certain predetermined signatures.

8. A speech recognition apparatus according to any one of Claims 4 to 7
characterised in that the recognition indicating means includes means for
10 comparing the score and signature of the path links to determine the path with the
best match to the input connected speech and those with the next best alternative

matches.

9. A method of speech recognition comprising:
15 deriving a recognition feature vector from an input speech signal for each
of a predetermined time frame;
modelling expected input speech;
comparing the feature data with the modelled input speéch by generating
a network containing a plurality of vocabulary nodes associated with word
20 representation models and generating a path link for each node and time frame, the
path link indicating the most likely prior sequence of vocabulary nodes for each
vocabulary node and time frame, each path link comprising a field for storing an
accumulated recognition score and a field for storing a reference to the most likely
previous path link in the sequence;
25 indicating recognition of the speech in dependence upon the comparison
characterised in that more than one path link is processed in a single time frame

for at least one \/ocabulary node other than the final node.

10. A method according to Claim 9 characterised in that the at least one of
30 the vocabulary nodes is associated with more than one identical word

representation model.

11. A method according to Claim 10 characterised in that the at least one of
the vocabulary nodes is associated with a number of identical word representation

35 models equal to the number of desired recognition results.



characterised in that the recognition indicating - _ 5 for
10 conparing the score and signature of the path || ngepinGEMENESHERE | he
d

path with the the input connect gpeectr—and thpse¢ with

t he next best t ches. _ 9. A d?% $pgech
recognition c ! tl E!”"L deri viggg a recdgni tﬂgﬁb‘pga Urejvegctor
froman input each of a preddt groined tiwe—+Farne;

nodel | i ng expected i nput speech conparfing the feature dgta

wi th the nodel |l ed i nput speech by generating a netwerk—cortaini ng a
plurality of cabu d r ' els
and generat | ngé)a pa'%‘ﬁ%fy’thgé ?&o?d?ﬁ@%ﬁ%%gr ‘é&l%n} Y@egrf i éﬁ?éﬁgﬁggoampgﬁﬁ”ﬁ%nk
i ndi cati ng t hscomassbf thdq%th limks Gare senppemdeatoéachodmimrbmpglntmtﬂebe inetwerke lonly

vocabul ary node and tine. ach path | risi field for
storing an e deniﬁ"é‘PgJ’aﬂg@Hﬁfﬁetm% °§8%7t§g§ﬂgﬁgp'?men%?%f5§|) storing a
reference o the nost likely previous path link in the sequence; 25

i ndi cating recogn|t|on of the speech in dependence upon the conpari son
13 A method according to any one of claims 10, 11 or 12 characterised by

assigning signatures to all the vocabulary nodes.

14, A method according to any one of claims 10, 11 or 12 characterised by
10 only assigning signatures to vocabulary nodes occurring before a decision point in

the network.

15. A method according to either Claim 13 or 14 when appended to Claim 12
characterised in that the signatures of the path links are also compared, only path

15 links having different signatures being propagated to the next node(s).

16. A method according to any one of Claims 13, 14 or 15 characterised by
constraining at least some nodes only to pass path links having certain
predetermined signatures in their signature fields.

20 |
17. A method according to any one of Claims 9 to 16 characterised in that the
inpUt speech signal deemed to be recognised is determined by tracing the path
links back through the network.

25 18. A method according to any one of Claims 13 to 16 characterised in that
the input speech signal deemed to be recognised is determined by the accumulated

| signature of each path link.

19. A method according to any one of Claims 10 to 18 characterised in that
30 the best scoring path link is processed by the first word representation model of a
vocabulary node, the next best by the second and so on until either parallel models

or incoming path links run out.



characterised in that nore than one path link is processed in a singl'e time

frame for at | east one vocabul ary node other than the final node.
10. A nmet hod according .to Claim9 characterised in that the at |east one
of 30 the vocabul ary nodes is associated with nore tfh P%W“‘éi cat~ywor d
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20 12. A nmet hod according to either Claim210 or 11 characterised
in that the scores of the path links are conpared at each deci sion
poi nt of the network, only the n top scoring path Iinks being
propagated to the next nodes(s). 5 13. A nmet hod according to any
one of clainms 10, 11 or 1 2 characterised by assigning signatures to
all the vocabul ary nodes. 14. A method according to any one of
claims 10, 11 or 1 2 characterised by 12 only assigning signatures to
vocabul ary nodes occurring before a dec ! n-.point in t he networKk.
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15. A met hod according to either Caim13 or 14 when appended to Claim

12 characterised in that the signatures of the path |links are al so
conpared, only path 15 1links having different signatures being propagated
to the next node(s). 16. A met hod according to any one of C ains
13, 14 or ‘15 characterised by constraining at |east sone nodes only to
pass path |inks having certain predet er m ned si ot k.t heir
signature fields. 20 17. A net hodzagcor di ng ORERMCEMEprs pi 9
to 16 characterised in that the I npul speech si gng d—te—Be
recogni sed is determned by tracing the path i ghl the
net wor K. 25 18. A nethod according to any ongl g ' td 16
characterised in that t he input speech signal A _Lecqgni sed
is determ ned by the accumul at ed si gnat ure of
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19. A nmet hod according to any one of Clains 10 to 18 characterised in
*that 30 the best scoring path link is processed by the first word
representation nodel of a vocabul ary node, the next best by the second

and so on until either parallel nodels or. i ncom rrg'_aa.Lh | i nks run out.
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