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(57) Abrége/Abstract:

A speech recognition system Is disclosed, In which partial reference patterns capable of being subjects of similarity computation
with an input pattern obtained from a speech analyzing unit through analysis of (i.e., feature quantity extraction from) a speech
waveform, among reference patterns of words to be recognized which are stored in a reference pattern memory, and cumulative
similarities of these patterns, are stored in a temporary pattern memory. A counting unit counts partial reference patterns of
higher cumulative similarities than a prevailing threshold stored in a threshold memory. A threshold computing unit computes a
threshold of pruning from the correspondence relation between the number of branches and the prevailing threshold. A similarity
computing unit computes similarity, with the featuring quantities, of partial reference patterns with higher similarities with

reference to the prevailing threshold of pruning. A determining unit determines a word corresponding to one of the partial
reference patterns with the highest similarity as a result of recognition.
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ABSTRACT

A speech recognition system is disclosed, 1n which
partial reference patterns capable of being subjects of
similarity computation with an 1lnput pattern obtained from a
speech analyzing unit through analysis of (i.e., feature
quantity extraction from) a speech waveform, among reference
patterns of words to be recognized which are stored 1n a

reference pattern memory, and cumulative similarities of these

patterns, are stored in a temporary pattern memory. A
counting unit counts partial reference patterns of higher
cumulative similarities than a prevailing threshold stored in
a threshold memory. A threshold computing unit computes a .
threshold of pruning from the correspondence relation between .

the number of branches and the prevailing threshold. A

simlilarity Computing unit computes similarity, with the

featuring quantities, of partial reference patterns with
higher similarities with reference to the prevallling threshold

of pruning. A determining unit_determinés a word

corresponding to one of the partial reference patterns with

the highest similarity as a result of recognition.
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SPEECH RECOGNITION SYSTEM USING MODIFIABLE RECOGNITION
THRESHOLD TO REDUCE THE SIZE OF THE PRUNING TREE

BACKGROUND OF THE INVENTION
The present invention relates to a speech B
5 recognizing system for recognizingspeecn'through
similarity'computation involving prhning-onthe
basis of a threshold and more particularly; to a
speech reccgnlzlng system capable of reducing the

number of reference patterns of words to be

10 recognized.

As a means for reducing the processing effort in
this type of speech recognition,'a'baam search
process is well known in the art. The beam search
process aims at processing effort reduction by

;uj pruning out reference patterns which are low in
similarity to input speech and diapensing with a
recognizing process on these low similarity
reference patterns. The beam search process 1S
detailed in Sakoe et al,."High rate DP Matching by

20 Combined Frame Synchrcnization,‘Beam Search and
Vector Quantization", Trans. of IECE of Japan, vVol.
J71-D, No. 9, pp. 1650-1659, 1988-10 (hereinafter
referred to as Literatﬁre 1). o
Literature 1 shows a‘pruning process 1n which similarity

25 comparison is.made with reference to a predetermined
threshold to leave'reference patterns with
similarities higher than the threshold.

Murakami et al,'"Expansion of WcrdS'to.Speech
Reccgnition and Free.Speaking Reccgnition-Utilizing
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Trigram”, Technical Report ef-IECEof Japan, SP
03~127, 1994-01 (hereinafter referred to as
Literature 2), shows.a pruning proeess,ia which a
predetermined numbexr ofreference_patternSWith
highersimilarities are left. _Literature 2 also

shows another pruning process, in which a search is

'performed:for a threshold which gives a

predetermined number of reference patterns.

Fig. 6 is a block diagram showing the basic
construction of a prior art Speech recOgnition
system (shown in Literature 1).

In this speech recognition system, a speech
waveform is dinputted as input'speech data erm an
input terminal 301 tOran.Speech analyzer 302 for'its
conversion to a feature vector series representing
its acoustical features. Reference patterns
representing acoustical features of*words:to be
recognized are cumulatively stored in a reference
pattern memory 303. Partial referencepatterns(or

branches), which are'subjects of similarity

computation and the prevailing accumulation, are

stored in a temporary pattern memory 304. A

predetermined threshold is stored in a threshold

memory 305.

A similarity computing unit 308 computes
acoustical feature similarities, with input feature
parameters, of those of branches, i.e., partial
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reference patterns, among those stored in.the
temporary pattern memory 304-héving similarities
higher than a threshold stored in the threshold
memory 305. A deterhining-unit 309 determines'dne
of the branches stOredin the temporary pattern
memdry 304 having the highest cumulative similarity
as a result of recognition:and, when similarity
computations with all input feature.parametérs have '
been completed, or when all the -

branches stored in the temporary pattern memory 304

belong to a single word, and this

recognition result is output to an output terminal .310.
Fig. 7 is a block diagram showing abésic
construcfion:of another prior art speech recognition

system (shown in Literature 2).
In this speech recognition system, a speech

waveform is inputted.aS'input speech data.from an

input terminal 401 to a speech analyzer 402 for 1ts

conversion to a feature vector series representing
itS*acousticai features. Reference patterns
representing acoustical features of words to be
recognized are cumulatively stored in a reference
pattern memory 403. Partial reference patterns (or'
branches) as subjects of similarity computation and
the prevailing accumulation likelihood, are stored
in a temporary pattern storage 404,

A similarity sorter 405 sorts out the branches,

i.e., the partial reference patterns, stored in the

3
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tempdrary storage 404.in the order of higher
cumulative similarities. 'Asimilarity'computing
unit 408 computes acoustical feature similarities,
with'input feature parameters, of a predetermined
number of higher similarity branches from the one of
the highest similarity,'having been sortéd out'in 

the similarity sorter 405 and stored‘in the

temporary pattern memory 404, and updates the

branches'stored in the temporary pattern memory 404
and the accumulation iikelihood. 'A determiningunif
409 determines one of the branches stored in the
temporary pattern memory 404 having the highest

cumulative similarity as a result ofrecognition,
when similarity computations with all input feature

parameters have been completed, or when

all the branches stored 1n a temporary

-pattern'memory 404 belong to a single word, and

outputs-the-recognition result to an output termiﬁal
410. '

Fig. 8 is a block diagram showing.a'basic
construction of a further prior art speech
recognizer (shown in Literature 2).

In this speech recognizer, a speech waveform is

inputted as input speech data from an input terminal

501 to an speech analyzer 502 for its conversion to

a feature vector sequence representing its
acoustical features. Reference patterns
representing acoustical features of words to be

4
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recognized are stored in a reference pattern'memoryf
503. Partial reference patterns (or branches) as
subjects'of Similarity computation and the
prevailing accumulation likeiihood are stored in a
temporary.pattern memory.504;

A threshold searcher 505 searches a threshold,
which_leaves-a predetermined number of_branches,.
i.eQ, partial referenceipatterns, among those stored
in the temporary pattern memory 504; A similarity
computing unit 508 computes acoustical feature
simllarities, with input feature parameters, of only those.*
branches having similarities higher than the threshold '
obtained in the threshold searcher 505 among those
“stored in the temporaryipattern memory 504, thereby
updating the temporary pattern memory 504. A
determining unit 509 determines one of the branches
stored in the temporary pattern memory 504 having
the highest cumulative similarity as_aresuit.of
recognition, when‘similarity computations with all
input featureparameters have been completed, or'

when all the branches stored in the

 temporary pattern Memory 54 belong to a single
word, and outputs the recognition_result to'an-
output terminal 510.

In the'speech recognition system shown in Fig.
6, a predetermined threshold is given. 1In this
case, it is impossible to control the number of
branches that are left in the beam after pruning.

5
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This gives rise to a problem that the number of

branches after pruning may be excessive, making

read-time operation difficult or insufficient
resulting in pruning of correCt vocabulary branches.
In the speech recognition system.shown in Fig.

7, denoting the number of branches to be sorted by

"N, computational effort of the order of N log N is-

necessary. Therefore, as N is increased, the

processing effort necessary for the sorting iS'
increaéed resulting in'an excessive process timé.'
In the speech recognition system shown in Fig.
8, the threshold can be searched efficiently by two-
branchéd search. In this case, the processing ‘
effort, i.e., computational effort, necessary for

obtaining the threshold is reduced compared to the

case of sorting all the branches as shown in Fig. 7.
Nevertheless, computational effort of the order of

log N is necessary. Therefore, as N is increased,

the processing effort necessary for the sorting is
increased resulting in an excessive process time.
In the above speech recognition systems,'the-
threshold cannot be changed so as to give a'
desired number of branchcs. Therefore, it is_
impossible to obtain accurate and quick speech
recognition with less computational effort.

SUMMARY OF THE INVENTION

The present invention seeks to solve the above
problems,'and its objéct is to provide a speech

6
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recognition system, which permits accurate and quick
recognition to be.obtained’with less computational

effect.

.According o an aSpeCt of the invention, a speech

recognition system comprises: a speech analyzing

unit for analyzing an input speech waveform to

extract feature quantities and converting the

extracted feature quantities to an’input pattern;

a reference pattern memory for storihg reference
patterns of'wofds.to be recognized; a temporary
pattern memory for storing partial reference
patterns as subjects of similarity computafion with
the input pattern among the stored reference
patterns and the cumulative similarities,of the
partial reference patterns and the input pattern
with one another; a'threshOId memory for storing at
least one prevailing threshold; a couﬁting unit for .
counting partial reference patterns of higher
cumulative similarities-aangthe stored partial
reference patterns by'compéring the cumulative
similarities with the prevailing thresholds; a
threshold computer for computing,a threshold of
pruning which gives a predetermined number of
branches'according'to the correSpondence relation
between the number of branches and the threshold of'
pruning; a similarity computer for computing
similarities of higher cumulative Similarities amOng
the stored partial reference patterns with the

7_
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extracted feature quantities with respect to-the

threshold of pruning; and:a-determining unit for

‘determining a word corresponding to one of the

partial reference patterns with the highest

similarity as a result of recognition.

ACcording to another aspect of the present

-invention, there is provided a speech recognizing

method comprising the steps of memorizing partial
reference patterns to be subjects of similarity

computation'with an input pattern and

cumulative similarities of these patterns, comparing

the memorized cumulative similarities with a
prevaliling threshold and counting partial.reference
patterns of higher cumulative similarities than'the
prevailing threshold, computing a threshold of
pruning from the correspondence relation between the
number of branches and the:prevailing threehold,
computing similarity, with the featuring quantities,
of'partiai reference patterns with higher
similarities with reference to the preVailing
threshold of prUning, and determining a word
corresponding to one of thepartialreference
patterns with the highest similarity as a result of H
recognition.

A further aspect of the present invention

provides a speech recognition system comprising: a

speech analyzing unit for analyzing an input speech
waveform to extract feature quantities and converting

the extracted feature'quantities'to an input pattern;

8
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a reference pattern memory for storing reference patterns of

words to be recognized; a temporafy pattern memory for storing
partial reference patterns as subjects offsimilarity
computation with the input pattern among the stored reference

patterns, and for storing cumulative similarities for each of

the partial reference patterns, the cumulativefsimilarities

representing a measure of similarity between'the-partial

‘reference patterns‘and the input pattern; a threshold memory -

for stdring at least one threshold_Value; a counting unit for

counting,a number of partial-reference'patterns among the
stored partial reference patterns that have corresponding'
cumulative similarities that exceed the atleast one threshold
value by comparing the correspondingcumﬁlative similarities
with the at least one threshold wvalue; a threshold-cémputing
unit for computing a threshold of pruning which glves a
predetermined number of partial reference patterns according
to a correspondence relation between the predetermined number
of partial reference patterns and the threshold of pruning;-a-
similarity computing unit for computing adoustic.feéture
similarities with respect to the extracted feature quantities.

of the input pattern for each of the predetermined number of

partial reference patterns; and a determining unit for

determining, as a result of recognition, a word corresponding

to one of the predetermined number of partial reference

patterns having a highest value of the computed acoustic
feature similaritiles.

. In the speech recognition system according
to the present invention, the threshold memory has

one or more prevailing thresholds, the threshold

computing unit estimates the relation between the

-38a-
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number of branches and the prevailing threshold on
the basis of from the number of branches
corresponding to the prevailing threshold, and a
threshold of pruning which gives a desired number of
branches is obtained from the relation and used for
the pruning. Further, the threshold updating unit
updates the prevailing threshold of pruning by using
as values in the neighborhood of the prevailing
threshold as new prevailing thresholds. It is thus
possible to make setting and updating of the
prevailing threshold with less computational effort.

Other objects and features will be clarified
from the following description with reference to
attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing a basic
construction of an embodiment of the speech
recognition system according to the present
invention;

Fig. 2 is a block diagram showing a basic
construction of a different embodiment of the speech
recognition system according to the present
invention;

Fig. 3 shows the relation between the number of
branches and the threshold of pruning at a
particular instant in a frame synchronization DP
matching algorithﬁ, which is necessary for the
updating of the prevailing threshold in the

9
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threshold updating unit 211;

Fig. 4.is a’fragmentary énlarged-scale showing part
of Fig. 3; ‘

Fig. 5 shows the relation between the number of
branches and the threshold of pruning, which is |
represented by a specific portion of the graph shown
in Fig. 4; o ‘

‘Fig. 6 is a-block'diagram showing the basic
construction of a prior art'speech recognition
syStem; .

Fig. 7 is a block diagramshowing a basic
COnstruction'df another priorart speech‘recognition '
system; and '

Fig. 8 is a block diagram showing a basic

'construction'of a further prior art speech

recognizer.

L] :

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the present invention will now
be déscribed with reference to the drawings.

Fig. 1 is a block diagram showing a baéic
construction of an embodiment of the speech

recognition system according to the present

invention.

This speech recognition system comprises a

‘speech analyzer 102 for analyzing'an input speech-

waveform to extract feature guantities thereof and
executing a conversion thereof to an input pattern,
a reference pattern memory 103 for storing reference

10
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patterns of words to be recognized, a temporary
pattern memory 104 for storing partial reference
patterns or branches as subjects of similarity
computation with input patterns among the reference
patterns and also cumulative similarities of the
branches with the input patterns, a threshold memory
105 for storing at least one prevailing threshold, a
counting unit 106 for counting branches of higher
similarities than the prevailing threshold, a
threshold computing unit 107 for computing a
threshold of pruning corresponding to a
predetermined number of branches in accordance with
the relation between the prevailing threshold and
number of branches, and a similarity computing unit
108 for computing similarity, with feature
quantities, of branches of higher similarities with
respect to the threshold of pruning, and a
determining unit 109 for determining a word
corresponding to one of the branches in the
temporary pattern memory 104 with the highest
similarity.

In this speech recognition system, a speech
waveform is inputted as input speech data from an
input terminal 101 to the pattern analyzer 102 for
its acoustical analysis for every 15 ms. for
instance, to obtain a feature vector series
containing speech power representing its acoustical

features. The feature vector may be Cepstrum, LPC

11
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coefficient, changes in these values with time,
etc., which are obtainableby:FFTanalysis, Linear 
Prediction Analysis, ete. mentioned in Furui
"Digital Speech Processingﬁ, Pﬁblishing Association,

5 Tokai-University (hereinafter referred to as
Litereture 3).

Reference patterns representing.acoustical
features of words to be recognized are cumulatively
stored in a reference_pattern memory 103. As the

10 reference patterns, time sequential patterns are
stored in the case of DP matching, while states are
‘stored in the'case of‘HMM,although this depends on
the recognition system. It is not only possible to
use words_as units of recognition to store

15 patterns of the words, but also possible to use
sound elements or syllables of words es units of
recognition to store these sound_elements or
syllables together with coupling data thereof
( language models). . .

20 '~ Partial reference patterns as subjects of
similarity cemputation.and the prevailing
accumulation likelihood are stored in the temporary
pattern memory 104. This temporary pattern memory
104 is a work area GNJ showhin Literatere,l.

25  According to Literature 1, words N and frame numbers
J are provided as separate tables. However, by
providing serial numbers to all the word frames, it

is possible to provide only a cumulative similarity.

12
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buffer G and frame numbers J in all reference
patterns. While dispersed word recognition is given

as an example, it is also possible to obtain

continuous speech recognition. Continuous speech

recognition may'be obtained by storing finite state
automaton states as well, as described‘in‘Literature
1. Specifically, the-end may be attained by
providing a controller based'on'finite state

automaton, a work area for back tracking, etc.,

"which are necessary for usual continuous speech

recognition as shown in Literature 1.
In the threshold memory 105, at least one
prevailing threshold is stored. The counting unit

106 obtains the number of branches of cumulative

jsimilarities-higher than the prevailing threshold

stored in the threshold memOry 105 by comparing the
cumulative similarities stared in the temporary .
pattern memory 104 with the.threshold;, . .

The threshold computing unit 167 obtains a
threshold for pruningborresponding to a desired
number of branches by obtaining the correspondence
relation between the preVailing threshold stored in
the threshold memory 105 and the correspondihg
number of branches as obtained in the counting unit
106. The'threshOld for pruning may be obtained by.
approximating the correspondence relation for
utilization.with various functions such as a.finite
number ofxlinear bent lines, qaadratic curves and

13
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exponential functions. The function niay be selected "
depending on the necessary acCuraCy and
permissible processing effort.

| The simiiarity computing unit 108 computes
acoustical feature similarity, with input feature
parameters, of partial reference patterns or
branches of higher similarities than the .threshold |
of pruning obtained :1.n the threshold computing unit

107 among those stored in the temporary pattern

memory 104, and updates the branches in the

temporary pattern memory 104 and the accumulation
likelihood.

The determining unit 109 determines one of the
branches stored in the temporary pattern memory 104
with the highest cumulative similarity as a result
of recognition, when the similari'ty computations
concerning all the input feature parameters have
been completed, or when all branches
stored in the temporary pattern meﬁmory 104
belong to a single word, and outputs the recognition
result to an output terminal ‘110.

Fig. 2 is a block diagram showing a basic
construction of adifferent embodiment of the speech
recognition sYstem according to the present
invention.

This speech recognition system is basically the
same as the system shown in Fig. 1, and differs 1in
that it further comprises a threshold updating unit

14
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211, which updates the prevailing threshold of
pruning to values close thereto by using the
prevailing threshold and the number of branches,
i.e., partial reference patterns, stored in the
temporary pattern memory 204 or the number of
branches cofresponding to at least either data
stored in the threshold memory 205 with respect toO
the prevailing threshold or data used for the
counting of branches in the counting unit 206.

In this speech recognition system, the input
terminal 201, analyzing unit 202, reference pattern
memory 203, temporary pattern memory 204, threshold
memory 205, counting unit 206, threshold computing
unit 207, similarity computing unit 208 and
determining unit 209 are the same as those in the
system shown in Fig. 1.

The threshold updating unit 211 updates the
prevailing threshold in the manner as described
hereinbelow.

Fig. 3 shOws the relation between the number of
branches and the threshold of pruning at a
particular instant in a frame synchronization DP
matching algorithm, which is necessary for the
updating of the prevailing threshold in the
threshold updating unit 211. Here, HMM (shown in,
for instance, Rabiner L. R. and Juang B. H. "An
introduction to Hidden Markov Models", IEEE ASSP
Mag., pp- 416, 1986-1) with words as units of

15
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recognition. By the term "branch" is meant a state

in which a word is constituted. The total number of

" branches is about 140,000. It will be seen from

Fig. 3 that the number of branches increases gently
with increasing threshold of pruning and-turns'to,
increasing exponentially. ‘A.case will-now be.
considered in which the'number of branches 1is
reduced to about several percent of the total number by
beam search. .
Fig. 4 1is a fragmentary énlargedfscale'version
df Fig. 3. It will Dbe seen from Fig.'4 that
since the correspondence reiation between the number
of branches and the threshold of pruning is
relatively simple, a thfeshold which'leaves a
desired number of brénches can be simply obtained as
the prevailing threshold by utilizing this
correspoﬁdence relation if'the'relation 1s
obtainable.

Fig. 5 shows the relation between the number of

branches and the threshold of pruning, which is

represented by a specific portion of the graph shown

in Fig. 4. Here, three thresholdS'el to 63 0£
pruning were given, and corresponding branch numbers-
N1l to N3 were obtained. The threshold updating‘unit
211 approximates or estimates the_correspondence
relation between the number of branches and the 
threshold of pruning from a certain number of such
sets of the number of branches and.the

16
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'corresponding thresholds of pruning. The

correspondence'relation between the number of'
branches and the thresholdof.pruning may be
approximated by'utiliziog_Various functions such as
bent lineapprokimation (i.e., a finite number of
linear functions), quadratio function approximation,
exponential function approximation, etc. Generally,

for utilizing more complicated functions it is

- necessary to obtain greater numbers of branch

numbers and thresholds of pruning.

In Fig. 5, the solid plot represents the
correspondence relation in.the,case of purely bent
line approximation. The broken plot repreeents the B
same correspondence relation as that shown in Fig.
4. When 1t 1s desired to aet the number of
branches N'after pruning to be N = 3,000,;this 1S
realized by setting the threshold 6 of bruning to be
6 = 30.00. In this case, the actual number of

branches'that'are left is about 2,800. This means

- that the desired number of branches is obtained with

an error of about 7 %. Of course, the accuracy can
be improved by.increasing the number of points M of
approximation or using functions of higher degrees.
By obtaining the oorreSpondenoe relation'only in the
neighborhood of the prevailing threshold of pruning
in this way, i1t is pOssible to reduce the number of
branches with high accuracy.
- The threshold updating in the threshold'

17
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updating unit 211 will now be;described specifically '

with reference to Fig. 5. When a threshold of

pruning has been obtained in the threshold‘computing *

unit 207 at a certain instant, it is estimated from

the consideration of the continuity of speech that

the threshold of pruning at the next instant is in

the neighbourhood of e.'-To lmprove the_aecuracy of

o - (62 -

approximation in the proximity of 6, 6'1
86l), 6'3 = © +.(63— 02) are provided, and the bl =
8'l, 62 = 6, and 83 = 6'3 are used as new prevaiiing
thresholds of pruning to.update.the prevailing
threshold in the threshold memory 205.l By obtaining
the correspondence relation in the neighbourhood of the
threshold of pruning which giVes'a desired number of
branches, it is possible to obtain the prevailing
threshold with high approximationaccuracy even with
a decimal correepondence relation. '

In different methods of thresholds updating,
the relation between a desired number of branches
and - the actually obtained number of branehes may_be
utilized. Specifically, denoting the desired number'

of branChes-by N and the actual number of branches

left after pruning by N', when N < N', 6'1 = 8l x

(N/N'), 6'2 = 82 x (N/N') and 8'3 = 63 x (N/N') are

provided, and 61 = 6'1, 62 = 6, and 63 = Q'S,are'

used as a new prevailing threshold of pruning to
update the prevailing threshold in the threshold

memory 205.

18
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It is possible not only when N < N' but also
when N > N' to provide Bfl.é éllx (N'/N), 6'2 = 62'3
(N'/N), 6'3 = 63 = 63 x (Ni/N)'and usé 86l = 6'1, 62
= 6, and 03 = 6'3 as a. n.ew.prevailing threshold of
pruning to updato thethreshoidin the threshold
memory 205. . - | .

The determining unit 209 thus determineé one of

the branches, i.e., partial reference patterns,

gstored in the temporary pattern memory 204 having_

the.highest cumulative similarity as a result of
recognition, when similarity computations concerning '
all the input featore parameters have been

completed, or when the branches stored in the
temporary pattern memory 204 all belong to a single
word, and outputs the recOgnition result to the
output terminal 210.

In this embodiment, the computational effort is
of the order of M. The computational effort in the
embodiment and that-in the system shown in
Literature 2 were compared under tho conditions

noted above. It was found that in this embodiment,

-since M = 3 and log N = 11.5, the computational

effort is about one-fourth of that in the system
according to Literature 2.

As has been described in the foregoing, in the
speech recognition system according to the'present
invention, the correspondence relation between the
number of branches and the thresholds of pruning is

19
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estimated from one OX more numbers of branches
corresponding to prevailing thresholds, a threshold
of pruning which gives a desired number of branches
is obtained using this relation and used for
pruning, and the prevailing threshold of pruning is
updated by using values 1in the neighborhood of the
prevailing threshold as new prevailing thresholds.
It is thus possible to obtain efficient setting and
updating of the prevailing threshold by beam search
with less computational effort, thus permitting
highly accurate and quick speech recognition.

Changes in construction will occur to those
skilled in the art and various apparently different
modifications and embodiments may be made without
departing from the scope of the present invention.
The matter set forth in the foregoing description
and accompanying drawings is offered by way of
illustration only. It is therefore intended that
the foregoing description be regarded as

illustrative rather than limiting.

20
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE

PROPERTY OR PRIVILEGE IS5 CLAIMED ARE DEFINED AS FOLLOWS:

1. A speech recognitilon system comprising:

a speech analyzing unit for analyzing an input
speech waveform to extract feature qguantities and
converting the extracted feature quantities to an 1input
pattern;

a reference pattern memory for storing reference
patterns of words to be recognized;

a temporary pattern memory for storing partial
reference patterns as subjects of similarity computation
with the input pattern among the stored reference patterns
and for storing cumulative similarities for each of the
partial reference patterns, the cumulative similarities
representing a measure of similarity between the partial
reference patterns and the 1nput pattern;

a threshold memory for storing at least one
threshold wvalue;

a counting unit for counting a number of partial
reference patterns among the stored partial reference
patterns that have corresponding cumulative similarities
that exceed the at least one threshold value by comparing
the corresponding cumulative similarities with  the

prevaliling threshold value;
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a threshold computing unit for computing a
threshold of pruning which gives a predetermined number of
partial reference patterns according to a correspondence
relation between the predetermined number of partial
reference patterns and the threshold of pruning;

a similarity computing unit for computing
acoustic feature similarities with respect to the extracted
feature quantities of the 1input speech for each of the
predetermined number of partial reference patterns; and

a determining unit for determining as a result of
recognition, a word <corresponding to one of the
predetermined number of partial reference patterns having
a highest wvalue of the computed acoustic feature

similarities.

2. The speech recognizer according to claim 1,
which further comprises a threshold updating unit for
updating the at least one threshold wvalue by using the at
least one threshold wvalue and the number of the partial
reference patterns stored in the temporary pattern memory
or the number of partial reference patterns corresponding
to the data stored in the threshold memory concerning the
at least one threshold value and the data used for the

number of partial reference patterns in the counting unit.
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3. The speech recognition system according to
claim 1, wherein the threshold computing unit computes the
threshold of pruning by approximating the correspondence
relation between the number of partial reference patterns
and the threshold of pruning with a finite number of linear

functions.

4 . The speech recognition system according to
claim 2, wherein the threshold computing unit computes the
threshold of pruning by approximating the correspondence
relation between the number of partial reference patterns
and the threshold of pruning with a finite number of linear

functions.

5. The speech recognition system according to
claim 1, wherein the determining unit determines the one of
the partial reference patterns stored on the temporary
pattern memory having the highest cumulative similarity as
a result of recognition, when the similarity computations
concerning all the 1nput feature parameters have been
completed, or when the predetermined number of partial
reference patterns stored on the temporary pattern memory

all belong to a single word.
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6. A method of speech recognition comprising
steps of:

storing partial reference patterns to be subjects
of similarity computation with an input pattern and storing
cumulative similarities for each of the partial reference
patterns;

comparing the stored cumulative similarities with
a threshold value and counting partial reference patterns
having corresponding cumulative similarities that are
greater than the threshold value;

computing a threshold of pruning from the
correspondence relation between the partial reference
patterns and the threshold value;

computing a similarity, with respect to featuring
quantities of the input pattern, for each of the partial
reference patterns that have corresponding cumulative
similarities that are greater than the threshold value; and

determining as a result of recognition, a word

corresponding to one of the partial reference patterns

having a highest cumulative similarity.
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FIG. 6
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