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[51] ABSTRACT 
A speech analyzer for recognizing an unknown utter 
ance as one of a set of reference words is adapted to 
generate a feature signal set for each utterance of every 
reference word. At least one template signal is pro 
duced for each reference word which template signal is 
representative of a group of feature signal sets. Respon 
sive to a feature signal set formed from the unknown 
utterance and each reference word template signal, a 
signal representative of the similarity between the un 
known utterance and the template signal is generated. A 
plurality of similarity signals for each reference word is 
selected and a signal corresponding to the average of 
said selected similarity signals is formed. The average 
similarity signals are compared to identify the unknown 
utterance as the most similar reference word. Features 
of the invention include: template formation by succes 
sive clustering involving partitioning feature signal sets 
into groups of predetermined similarity by centerpoint 
clustering, and recognition by comparing the average of 
selected similarity measures of a time-warped unknown 
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MULTIPLE TEMPLATE SPEECH RECOGNITION 
SYSTEM 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

Our invention relates to speech recognition systems 
and, more particularly, to arrangements for recognizing 
an utterance as one of a plurality of reference words. 

In many processing, control and communication sys 
tems, it is advantageous to use speech signals as input 
for information, data and commands. Speech input may 
be utilized to record transaction data or to request di~ 
rectory information over telephone connections where 
digital encoding devices are not readily available. Di 
rect speech input may be used to control the operation 
of machine tools or to permit an operator to interact 
with data processing or control equipment by voice 
without interrupting other activities. In order to obtain 
data or command signals from a spoken utterance, the 
utterance must be recognized by processing equipment 
as a particular word or phrase. The accurate recogni 
tion of speech signals, however, is difficult, owing to 
the complexity and redundancy of the speech signal, the 
considerable variability of the speech signal from 
speaker to speaker and the variability even for a particu 
lar speaker. 

In many known speech recognition systems, an input 
utterance is analyzed to provide a set of feature signals 
characteristic of the utterance. Such feature signals may 
be derived from spectral analysis or linear prediction 
analysis of the utterance. Initially, the recognition appa 
ratus is trained through the use of input utterances of 
identi?ed reference words. Each input utterance of a 
known word is analyzed to provide a set of reference 
feature signals, which signals are stored. Subsequent to 
the storage of the feature signal sets for all reference 
words to be recognized by the system, an unknown 
utterance is analyzed and a set of feature signals repre 
sentative of the unknown utterance is obtained. These 
unknown utterance feature signals are compared with 
the stored reference word feature signals to determine 
the degree of correspondence therebetween. After the 
comparisons are completed, the unknown utterance is 
identi?ed as the reference word whose feature signals 
most closely correspond to the feature signals of the 
unknown utterance. 
When the reference feature signals and the unknown 

utterance feature signals are obtained from the same 
speaker, the identi?cation of the unknown utterance 
may be determined with a fair degree of accuracy. Such 
speaker~dependent recognition arrangements include 
apparatus to compensate for the variability in utterance 
duration and utilize recognition criteria adapted to com 
pensate for variability in speech patterns. Where, how 
ever, the reference and unknown utterances are ob 
tained from different speakers, the variability among the 
speakers causes the recognition to be substantially less 
accurate. 

In speaker-independent word recognition systems 
wherein the utterance to be recognized may be pro 
vided by any speaker, a reference feature signal set may 
be obtained by averaging the feature signal sets ob 
tained from a plurality of speakers as disclosed in US. 
Pat. No. 4,092,493, issued May 30, 1978 to L. R. Rabiner 
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2 
and M. Sambur. The average feature signal set is stored 
and utilized as a reference template for later recognition 
of unknown utterances. The individual reference fea 
ture signal sets used in the averaging, however, may be 
greatly divergent. Consequently, the averaged refer 
ence template derived therefrom may not be representa 
tive for more than a few speakers. For example, the 
average feature signal set formed for both the class of 
adult male speakers and the class of female and juvenile 
speakers can result in a reference template that is not 
representative of either class. The use of averaged refer 
ence templates has therefore required veri?cation that 
the average is representative each time a new speaker is 
considered and manual adjustment of the characteristics 
to make the average representative as disclosed in the 
article “Dynamic Speaker Adaptation in the Harpy 
Speech Recognition System” by Bruce T. Lowerre, 
1977 IEEE International Conference on Acoustics, 
Speech, and Signal Processing Record pgs. 788‘790. 
An alternative speech recognition system, disclosed 

in the article, “Comparison of Fast Fourier and Fast 
Walsh Transform Methods in Speech Recognition Sys 
tems” by G. H. Thaker and J. N. Gowdy, IEEE Pro 
ceedings of Southeast Conference 1977 On Imaginative 
Engineering Through Education and Experiences, 1977 
pgs. 419-422 utilizes each reference feature set directly 
as a template for recognition of an unknown utterance 
and thereby avoids the inaccuracies due to the averag 
ing of diverse reference feature sets. Such an arrange 
ment, however, is relatively inefficient owing to the 
large number of comparisons required and because the 
arrangement ignores similarities among utterances of a 
reference word. 

Clustering arrangements to partition feature vector 
sets have been utilized in many pattern recognition 
systems. U.S. Pat. No. 4,028,670, issued June 4, 1976 to 
Ping Chien Chuang, for example, discloses an automatic 
signature veri?cation system in which normalized vec 
tors representative of previously authenticated signa 
tures of an individual are compared. Vectors having a 
prescribed degree of similarity are grouped in a cluster 
and a prototype vector is generated for each cluster by 
averaging the components of the vectors of the cluster. 
The differences between the prototype vectors and a 
vector obtained for the unauthenticated signature are 
analyzed to verify the unauthenticated signature. Clus 
tering has been successfully used in pattern recognition 
where the number of features required for recognition is 
relatively small. In speech recognition, however, the 
number of features is very large even for utterances of 
single words and direct clustering of the large number 
of features requires an uneconomical amount of data 
processing. 

In speaker independent word recognizers where mul 
tiple templates are utilized for each reference word, 
templates for different words may exhibit a marked 
degree of overlapping similarities so that direct compar 
ison of the unknown utterance features to the templates 
results in an ambiguous identification of the unknown 
utterance. In the aforementioned Thaker et al. article, 
the templates are sequentially compared to the corre 
sponding features of an unknown utterance and distance 
signals representative of the similarities between the 
unknown utterance and the templates are formed. Rec 
ognition is assigned to the reference word which occurs 
most often in the k''' smallest distance signals. Because 
of the high degree of template variability and the over 
lapping of templates of different reference words, the 
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k"I nearest neighbor arrangement of Thaker et al. does 
not adequately remove the recognition ambiguity due 
to multiple template overlap. 

SUMMARY OF THE INVENTION 

The invention is directed to a speech analyzer for 
recognizing an unknown utterance as one of a set of 
reference words in which a set of feature signals is pro 
duced for each of a plurality of utterances of each refer 
ence word. Responsive to the feature signal sets of each 
reference word, at least one template signal is generated 
for the reference word. Each template signal is repre 
sentative of a group of the reference word feature signal 
sets. A set of signals representative of the features of the 
unknown utterance are generated. Jointly responsive to 
the unknown utterance feature signal set and each refer 
ence word template signal, a set of signals each repre 
sentative of the similarity between said unknown utter 
ance feature signal set and the template signal is formed. 
A plurality of similarity signals is selected for each 
reference word and a signal corresponding to the aver 
age of said reference word selected similarity signals is 
produced. Responsive to the average similarity signals 
for all reference words, the unknown utterance is identi 
?ed as the most similar reference word. In accordance 
with the invention, the selection of similarity signals for 
each reference word and the averaging of the selected 
similarity signals for each reference word substantially 
reduces recognition ambiguity due to template signal 
variability and overlapping. 

In accordance with one aspect of the invention, tem 
plate signal generation includes partitioning the refer 
ence word feature signal sets of each reference word 
into clusters of sets having a predetermined degree of 
similarity and identifying a feature signal set in each 
cluster as a template signal representative of all feature 
signal sets in said cluster. 
According to another aspect of the invention, the 

feature signal set for an utterance comprises the linear 
prediction parameters of the successive time frames of 
the utterance. A signal representative of the distance 
between the linear prediction parameters of the un 
known utterance and the linear prediction parameters 
of each template is produced. For each reference word, 
a plurality of the smallest distance signals is selected and 
a signal corresponding to the average of the selected 
distance signals is formed. The unknown utterance is 
identi?ed as the reference word having the smallest 
average distance signal. 
According to yet another aspect of the invention, the 

partitioning of the reference word feature signal sets 
includes generating and storing a set of signals represen 
tative of the distances between all pairs of the reference 
word feature signal sets. Responsive to the stored dis 
tance signals, the centermost of the reference word 
feature signal sets is determined, and the feature signal 
sets which are within a predetermined distance of the 
centermost set are identi?ed to a ?rst group. Successive 
groups of feature signal sets are formed from said ?rst 
group by repeatedly determining the centermost of the 
previous group identi?ed feature signal sets and identi 
fying only the feature signal sets within the predeter 
mined distance of the just determined centermost set to 
the next group. Previously identi?ed feature signal sets 
outside said predetermined distance of the just deter 
mined centermost set are reclassi?ed as outlier feature 
signal sets. Responsive to all previously identi?ed fea 
ture signal sets being within the predetermined distance 
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4 
of a just determined centermost set, the previously iden 
ti?ed feature signal sets are identi?ed to a cluster having 
a prescribed degree of similarity. The centermost fea 
ture signal set of the cluster is stored as the cluster tem- 
plate signal. 
One difficulty in spoken word recognition results 

from extraneous sounds or noise such as breath noise at 
the end of an utterance. Said extraneous sounds substan‘ 
tially modify the feature signals of the end portion of the 
utterance whereby the accuracy of utterance identi?ca 
tion by feature signal distance comparisons is reduced. 
According to yet another aspect of the invention, the 
generation of the signal representative of the distance 
between the feature signals of the unknown utterance 
and reference word template includes detection of the 
endpoint frame of the utterance and determination of 
the intermediate frame of the utterance at which the 
utterance speech signal energy from the intermediate 
frame to said endpoint frame is a predetermined portion 
of the total speech signal energy of the utterance. A ?rst 
signal corresponding to the average frame distance 
between the unknown utterance feature signals and the 
reference template until the endpoint frame is formed as 
well as a second signal corresponding to the average 
frame distance between the unknown utterance feature 
signals and the reference template until the intermediate 
frame. The minimum of the ?rst and second average 
frame distance signals is selected as the distance repre 
sentative signal corresponding to the degree of similar 
ity between the unknown utterance and the reference 
template whereby the effect of possible extraneous 
noise at the end of the unknown utterance is reduced. 

DESCRIPTION OF THE DRAWING 

FIG. 1 depicts a general block diagram of a speech 
analyzer illustrative of the invention; 
FIGS. 2 and 3 depict a detailed block diagram of the 

reference word template generation apparatus of FIG. 
1; 
FIGS. 4, 5 and 6 show a detailed block diagram of the 

training mode controller of FIG. 2; 
FIG. 7 shows a detailed block diagram of the cluster 

center selector of FIG. 2; 
FIG. 8 shows a block diagram of a microprocessor 

useful in the speech analyzer illustrative of the inven 
tion; 

FIG. 9 shows a flow diagram of the training mode 
process performed in FIGS. 2 and 3; 
FIGS. 10 through 17 show waveforms useful in illus 

trating the operation of the block diagram of FIGS. 2 
and 3; 
FIG. 18 shows a detailed block diagram of the recog 

nizer apparatus of FIG. 1; 
FIG. 19 shows a detailed block diagram of the recog 

nition controller of FIG. 18; 
FIG. 20 shows a detailed block diagram of the sorter 

and store blocks of FIG. 18; 
FIG. 21 shows a ?ow diagram of the recognition 

mode process performed in FIG. 18; and 
FIGS. 22 and 23 show waveforms useful in describ 

ing the operation of the block diagram of FIG. 18. 

DETAILED DESCRIPTION 

A general block diagram of a spoken word analyzer 
illustrative of the invention is shown in FIG. 1. The 
circuit of FIG. 1 is ?rst operative in a training mode to 
form a plurality of templates for each reference word, 
which templates correspond to acoustic features of each 
















































