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DESCRIPTION
SPEECH RECOGNITION USING DYNAMIC FEATURES

The present invention relates to speech recognition, and more
particularly to a speech recognition system and process
employing dynamically varying feature extraction techniques
based upon how closely spaced neighboring phones or fenones
are positioned in a speech utterance. The feature extraction
process is modified in response to the rate of change of the
phones in the utterance, thus permitting more effective speech
modelling than prior art techniques.

In language processing, it is common for a human phonetician
to segment words into sequences of phonetic elements. The
phonetic elements are selected from the International Phonetic
Alphabet. Phones are relatively small segments of words which
trained linguists can recogaize as different sounding segments
of a word (fbr-example, i,e,ae,s. all represent phones.)
*ypically, the phonetician listens to a word and, based upon
his expertise, matches successive portions with respective
phonetic elements to determine the proper phonetic spelling of

a pronounced word.

Such phonetic seguences have been applied in standard
dictionaries. also, phonetic sequences have been applied to
speech recognition in general, and to speech recognition
utilizing Hidden Markov models (hereinafter referred to as
“HMM") in particular. In the case of HMM speech recognition,
the various phonetic elements are represented by respective
HMMs. Each word then corresponds to a sequence of phonetic
HMMs .

A sub-element of a phone is the fenone. Fenones often change
so rapidly that a trained listener cannot always recognize
their occurrence. For example, when the word "beat" is spoken,
the phones are recognized as "b", "e", and "t". The fenones
within each phone change rapidly and a single phone can be
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considered to be a sequence of several fenones. The phone "t

in the word "beat" may contain several fenones,

e.g. 5.

An important consequence of using sub-word building blocks

such as phones and fenones is that automatic speech

recognition system can be trained using a relatively small
amount of data. The training data need only contain samples of
each phone or fenone, instead of several samples of each word.
However, if each phone is modelled independently without

regard to the effects of context-dependence or

co-articulation, the resulting acoustic models may be

" inaccurate due to the fact that a pronunciation of a
depends on the neighboring phones.

phone

From the above, it can be appreci%ted that a technique which
provides a speech recognition program which d&namically
changes the projection, and,thus the feature extraction based
upon the position of the present phone or fenone with respect
to the neighboring phones or fenones would be very useful in

providing more accurate speech recognition..

One speech encoding technigue embodiment of the present
invention utilizes a set of N distinct principal discriminant _

matrices. Each principal discriminant matrix being

respectively associated with a distinct class, the class is an
indication of the proximity of a speech part to nejghboring
speech parts. The technique for speech encoding includes
arranging a speech signal into a series of frames. A parameter
vector is derived which represents the speech signal for each
frame. A spliced parameter vector is produced for each frame
by splicing several adjacent parameter vectors. A set of N
different projected vectors are generated for each frame, by
multiplying each of N different principal discriminant
matrices by the spliced vector. This speech encoding technique
is well suited for use in speech recognition systems.

Fig. 1 is a block diagram of a speech recognition system;
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occur The present invention relates to pres- due to unwanted
deposits of acfigoP {blustrates one embodiment of a Hidden Markov model

(HMM) for a fenone;

Fig. 4 is one embodiment of a HMM for a word, in which a
plurality of HMMs for fenones are concatenated;

Fig. 5 is a block diagram illustrating an apparatus which is
capable of specifying labels and constructing HMM word
baseforms interdependently according to the present invention;

Fig. 6 is a flow diagram illustrating the general steps
performed in re-specifying labeis and constructing HMM word
baseforms interdependently according to the present
invention; and R
¢

Fig. 7 is a block diagram of one embodiment of speech

recognition system of the present invention.

The specific configurations, values and other parameters
illustrated below are intended to be illustrative in nature,
and not limiting in scope. Tﬁis invention may utilize either
fenones or phones in a similar manner.

The following provides a detailed description of a speech
signal processing system which could use the technigues of one
embodiment of the present invention described later in

the detailed description.

Fig. 1 is a block illustration of a speech recognition system
39. The automatic speech recognition systém 39 includes two
major subsystems: an acoustic processor 42 and a linguistic
decoder 43. The task of the acoustic processor is to produce a
50 dimensional vector 44 called a feature vector, for each
time frame, in response to a spoken utterance {represented by
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with reference to Fig. 2. The linguistic decoder 43 takes the
50 dimensional vectors 44 and produces words. There are two
types of linguistic decoders illustrated in Fig. 1. The first
type of linguistic decoder 4la directly processes the 50
dimensional vectors 44 through a recognizer 46a, and outputs a
word sequence; this type of decoder uses continuous parameter
HMMs. The second type of linguistic decoder 41b utilizes a
vector quantizer 48 to initially convert the So'dimensional
vectors into labels 50; and then the labels are input to a
recognizer 46b which outputs a word sequence. The second type
of decoder uses discrete HMMs. :

Linguistic decoders utilize,the output from the acoustic
processor, for each frame, and attempt to fiind a word sequence
% which has a maximum a posteriori probability given either
the sequence of labels from the vector quantizer or the
sequence of 50 dimensional feature vectors 44. The linguistic
decoder utilizes HMMs as the probabilistic models of the
distinct words, and selects the word sequence which yields the
greatest probability.

The operation of the linguistic decoder is specified by the
fundamental equation of speech recognition:

P=ard™2X pr (w/a) =ard e Pr(a/W) Pr (W)

where W is any sequence of words from the vocabulary and A is
the sequence of observed labels or feature vectors. The final
equality in this equation follows from Bayes' rule of

probability, and the fact that Pr(aA) is independent of W. The
optimum decoder so obtained minimizes the sequence error rate.
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I nvention 85rhe acoustic processor 44, which is operationally illustrated
in Fig. 2, samples the analog voice signal 40, and performs an
A/D conversion and other signal processing steps to produce a
digital representation 62 of the voice signal (typically the
analog signal is sampled twenty thousand times per second in a

~ synchronous manner.) At regular intervals, called a frame
(typically 1/100 second), a block of digitized speech is
transformed into the frequency domain using a Fast Fourier
Transform 66 (hereinafter referred to as "FFT") to produce a
vector of spectral energies 68 in different frequency bands
68. The number of frequency bands: is typically 20. The steps
66, and 68 are performed once for each time frame.

Optionally, the different digital frequency bands 68 are
further transformed using a model of the human eaxr 70. The
concept of the ear model is based on the realization that as
the intensity in a frequency band changes, the human ear will
perceive a different intensity of the sound than is actually
occurring. For example, if there is a sudden step increasé’
(greater intensity) of signal at a specific frequency, then
the human ear typically will perceive a higher intensity at
the beginning of the step than a short time later_ (even though
both time frames have equal intensities over all detectable
freguency bands.) The ear model 70 relates to how the dynamic
characteristics of signals of certain frequencies perceived by
the ear, and produces a model indicative of how the human ear
would detect the intensity of the signal for each time frame
and each frequency band. Any further processing may be based
upon either the different spectral energies 68 or the ear
model 70, and whichever vector 68 or 70 is utilized is
considered a 20 component vector 72. The frequency range of
the 20 component vectoxr 72 roughly corresponds to that of the
frequency range of which the typical human ear can detect.
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spliced vector is then projected (or, using a different term
for the same process, rotated) to produce the 50 dimensional
feature vector 44 illustrated in Figs. 1 and 2. The process of
obtaining a 50 dimensional (projected) feature vector 44
involves multiplying a principal discriminant matrix 76 which
is a 50x180 matrix, and is derived in a manner set forth
below, by the 180 component (spliced) vector 74 resulting in
the 50 dimensional (projected) vector 44. The 50 dimensional
feature vector is thereupon utilized by the linguistic decoder
43 of Fig. 1. In those acoustic processors which do not use
splicing, the 20 component vectors may be projected directly
into another lower dimension space, in which case the
projected vector 44 will have 20 or fewer dimensions.

[ i

The feature vectors generated by the acoustic processor 42, or !
the labels generated by vector quantizer 48 of Fig. 1, are the
same vectors or labels which can be produced as outputs along
arcs of the HMMs. After arc probabilities and output
probabilities are assigned during a training procedure, a
recognition procedure may be followed to determine the
likelihood that a verbal utterance corresponds to a certain
HMM or sequence of HMMs (the sequence corresponds to a phone
or word baseform). That is, given that feature vectors
v, V,¥;..., or labeis £;f,f, .. ., etc. have been generated by the
acoustic processor or vector quantizer for successive
intervals of speech, the likelihood of proceeding through each
path of a HMM or sequence of HMMs and producing the specific
string of feature vectors V,V,V,..., or labels f,f,f,... can be
determined. Performing this calculation for a word in a
vocabulary provides a measure of that word's likelihood.

The more effective the acoustic processor and the linguistic
decoder function, generally the more reliable the speech
recognition system. It has been found that reliance on human
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phoneticians (and typical applications of phones) to define
the constituent parts of a word may result in an arbitrariness
in modelling, a lack of uniformity of word baseforms (i.e.
sequences of constituent parts which form a word).

Vector Quantizers

A speech recognition systems where the 20 or 50 component
feature vector 44 of Fig. 1 are passed through the wvector
quantizer 48 producing labels is described in this section.
The vector quantizer 48 is followed by a HMM based recognizer
46b which computes the most likely word sequence given the
observed label stream. Recognizer training, which is typically
performed as part of the enrollment process for every new user
of the speech recognition system, involves the computation of
VQ prototypes, usually by an iterative procedure such as
K-means clustering and the estimation of HMM transition and
output probabilities using ghe forward-backward algorithm.

Viewing speech'as a coordinate space, each label identifies a
distinct cluster in N dimensional space, with N being an
integer which corresponds to the number of the vector
components. For a speech input, the acoustic processor
generates a string of labels where each label corresponds to a
distinct interval of speech. Basically, the acoustic processor
converts the speech input into successive feature vectors
generated at successive frames and assigns a label, to each
successive feature vector. The label which identifies the
determined cluster is provided as output for the frame.

Vector Quantization Utilizing Spliced
Projected Feature Vectors

Vector quantizers 48 utilizing spliced prbjected feature
vectors generally produce more accurate labels, in the vector
quantization process, than vector quantizers utilizing single
vectors. The steps involved in generating spliced projected
vectors, and associating labels with them, are set forth
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Preferably, each existing baseform is a sequence of phonetic
or fenonic HMMs. In this disclosure, the terms "vector" and
“parameter vector" are synonymous. Steps 1-5 below describe

the learning process, and describe how the projected feature

vectors may be constructed. The remaining steps relate to how

trained spliced projected feature vectors may be used by the

speech recognizer of Fig. 1 to recognize the verbal utterances

which are input.

Step 1.

Step 2.

Step 3.

For each twenty component vector (also
known as a "standard" vector) in the
training data, credte a new 180 component
vector (known ﬁor% generally as a
“spliced" parameter vector) by
concatenating each twenty component vector
to be considered with K preceding vectors
and X éucceeding vectors, thereby forming
a 180 component vector. Using K=4 has been
found to work well.

Using the Viterbi alignment, for each time
frame tag, the corresponding 180 compongnt
vector with the name of the phone or
fenone aligned with the time frame of the
original 20 component vector. Thus the
spliced vectors are allocated to one of
the phones, or fencnes in the phone or
fenone alphabet.

Compute the P (typically 50) best mutually
uncorrelated principal discriminant
matrices for discriminating between the
phone or fenone types determined in Step 2
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where Xi denotes the sample mean of the i*" element. Let n,
denote the number of vectors in the phone or fenone type 1i.
then the sample within-class covariance matrix W is defined as

M
1
= n W
W yg; 1y

where W; is the sample covariancé matrix of the data in phone
or fenone type i. To maximize the distinction between classes,
linear discriminant functioys v which maximize the ratio:
v'Sv [/ v'wv,
and which are mutually uncorrelated, are sought. The reguired
vectors can be obtained as the first P principal discriminant
matrices of the matrix W-IS. These can be arranged as rows of
matrix called the principal discriminant matrix.

Step 4. Using the computed principal discriminant
matrix, project the 180 component vectors
down to the P-dimensional vectors, and tag
the projected vectors with the phone or
fenone of the corresponding 180 component
vector.

Step 5. For each individual phone or fenone,
compute the mean and variance of each of
the P-dimensional projected vectors. These
means and variances are formed in diagonal
Gaussian prototype matrixes, and are used
in labelling spliced projected feature
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Step 6. Obtain twenty component vectors in the
usual manner.

Step 7. Create 180 component vectors by
concatenating the 20 component vectors as
described in Step 1.

Step 8. Project the 180 component vectors down
into P-dimensions vectors using the
principal discriminant matrices obtained
in Step 3. '

Step 9. Label the rotated vectbrs using the
diagonal Gaussian prototypes of Step 5;
i.e., for a given rotated vector find the
prototype which maximizes its likelihood,
and output the label associated with the
prototype.

Comments on the Use of Projections
The spectrum of energies 68, or ear models 70 (boéh of which
are considered to be component vectors 72) contain a plurality
of values corresponding to the energy of the time waveform in
the frame within the frequency range covered by the specific
spectral frequency. Vowels, for example, tend to produce most
of their energy at the lower frequency ranges, and thereby
have most of their energy concentrated at the lower frequency
ranges in their 20 component vectors. Fricatives, by
comparison, produce most of their enerqgy at higher
frequencies. Each 20 dimensional vector contains information
about the instantaneous features of the speech signal in that

to an
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of the spectral features in consecutive 180 component vectors.
In order to remove some of the overlap and thus reduce the
redundancy in the spliced vectors, each vector is "projected"
onto a lower-dimensional space (e.g. 50 dimensional} by
multiplying the vector by a 50 x 180 matrix. The rows of this
projection matrix are the principal discriminant matrices. The
term "principal discriminant matrix" as used throughout this
disclosure is synonymous with the term "eigenvector"”, and may
be considered to be interchangeable therewith. The 180
component vectors are processed by multiplying each 180
component wvector by the principal discriminant matrix.

In the above discussion, we have assumed a fixed window size
and a fixed projectiun for all spliced vectors. A suitable
speech recognition system can function with a compilation of
50 principal discriminant matrices. The projécted values of a
similar spoken utterances should theoretically also be
similar. However, due to distinctions in pronunciations and
also noise, there will be slight differences in the projected
values when the same utterance is spoken by different people,
or even by the same person at different times. The 180
component vectors of the splicing vector step 18 are projected
to produce 50 dimensional wvectors 44, or labels 50 if run
through a vector quantizer as illustrated in Fig. 1.

It would be desirable to modify the window size depending upon
the rate of change of the spoken utterance. During portions of
the signal where the phone or fenone remains the same for
several frames it would be desirable to ehlarge the size of
window W number of frames spliced together to provide a better
estimate of the static properties of the .phone or fenone.
However, during brief acoustic events where the phones or
fenones are altering rapidly, it is desired to decrease the
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A convenient way to achieve this desired dynamically varying
window is to keep the window W large and fixed, but to have
dynamically varying projections instead. Reducing the size of
the window is equivalent to setting some of the values in the
principal discriminant matrices projection matrix to zero. We
will describe a method for constructing dynamically changing
projections depending on the proximity of neighboring phones
or fenones. Varying the window size is a special case of this
technique.

The followingzillustrates one embodiment of a present
inveniton speech signal progessing system, which may be
appplied to the speech signal processing system described
above.

let § = {1,2,...,F} denote the fenone alphabet, and ¢ = {1, 2,
« « « ; L} denote the label alphabet. For each fenone

f ¢ § there is a simple HMM of the type shown in Fig. 3. The
model has two states, o = [f,1] and o = [£,2], where the first
index identifies the fenone f and the second index identifies
the initial and final state of the fenone. There is one null
transition {segmented line) from o ={f,1] to o = [£,2],
denoted by p(f,n), where the symbol n stands for null. There
are two output producing transitions (solid lines), denoted by
¢ = [f,s] and ¢ = [£f,d]. The symbol s stands for self-loop
and identifies the transition from o = {£f,1] to o = [£,1]
{which permits the model to adapt to periods in the word
pronunciation in which the fenone remains'identical.) The
symbol d stands for direct path and identifies the transition
from ¢ = {£,1] to o = [£f,2]. The parameters of the HMM are the
3 transition probabilities:
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10. The lubricator cap 44 skilled in the art-. The portion of the
nmount - i ncludes an annul ar nose 46 whi ch engages To®psgup13 0

| ocated radially inwardly from the indéatation 28 of nounting cup 10
the nmounting curl 12 engages and supports thereby permtting the
| ubricator cap 44 60 the aerosol dispensing valve assenbly in a to be

firmy nounted htNe (PPNt R F@&Sd ner to be descri bed
herei nafter. e ) $io Acirc ‘gﬁ ar )openl ng gg‘pl ned by wal | The

val ve assenbly corrprl ses vertical éﬁ?48 permts passage through the

| ubri cator and the tr‘f’Bv&ET‘%“v&H’é‘ 34 nounted within a cap of the
val ve stem 14 and a recess de- val ve housine 16. The val ve stem

includes fined by wall gsp0 amd£52, i and y(Ad, dp, theg. 65 an annul ar
enl argenent 18 which is engaged Ilubricator felt washer 43 therein. 130

The parameters in (4) and (5) are the fenonic parameters.

Given the F elementary fenonic HMMs defined in (4) and (5), we
can construct a fenonic HMM for each acoustic unit to be
modeled such as a word, a phone, a syllable, etc. For each
such acoustic unit, we extract a number of label sequences,
say Y,, Y5,..., ¥y, from a sample of training data, and seek
the sequence of fenones B that best models these observed
label sequences. The fenone sequence B which has the highest
probability of generating the set:of observed label sequences
can be describeq as:

N
(6) Bearg “}_";‘x II ertxlsy.
’ i=1

The above maximization over all possible fenone sequences By is
carried out using a stack search procedure. The seguence
solution is referred to as the fenonic baseform for the
acoustic unit considered.

Assume, for example, that words are the acoustic ynit. Then
the fenonic baseform for each word w is represented by a
linear sequence of length N{w) such as

B(w) = [f(w,1), £(w,2}, ..., £E(w,N(W))], (7)

where each fenone f(w,i) is in F. In this notation, the first
index identifies the word w, and the second the position in
the baseform. The word HMM for w 1s constructed by
concatenating the elementary fenone HMMs present in B(w).
example of a word HMM is shown in Fig. 4. The states of this
model are denoted by o = [w,i], for 1 = 1,2...,N(w)+1, where



3 »

3 1, 235, 598

3 One of the nost significant structural as it is actuated between
a di spensing and a aspects of the present invention irs an nondi spensing
position results in frictional 14 YO 993 112

again the indexes identify word and position within word,
fespectively. Note that the final state position index has
value N(w)+l. The direct path through this model should be
configured to represent an average pronunciatioh of the word,
while the loops or the null transitions allow for any
respective lengthening or shortening of the pronunciation by
the speaker.

There are two related processes which are involved with speech
processing. The first process is a "learning process" in which
parameters are learned as known input is read into the -
acoustic processor. The second process is a "recognition
process", which is performed after the learning process,
wherein unknown words are read into the speech recognizer
program and the alphanumeric equivalent of the spoken
utterance is displayed. :

A releted Patent is U.S. Pa?ent No. 5,072,452, issued
December 10, 1991 to Brown et al (incorporated herein by
reference in its entirety.)'Referring to Fig. 5, which relates
to both the recognition process and the learning process,
speech input is shown entering an acoustic processor 202. The
speech input is in the form of an acoustic waveform.
Parameters of an alphabet of, for example, two hundred labels
L, L2, L3, . . ., L200 (assuming that a discrete linguistic
decoder is being used), or vectors (for a continuous
linguistic decoder) are stored in the acoustic prgcessor.

In preparing acoustic waveforms for the process of assigning
labels to successive frames, the speech analog waveform is
digitized, time intervals are generated, and the digital
signal is passed through a Fast Fourier Transform as well
known in the art. The outputs of the acoustic processor 202
includes labels f,f,f,. . ., etc. and feature vectors

Y1Y.Y3. .-, etc. In other words, there is a feature vector and a
label ocutput from the acoustic processor which corresponds to
each frame.



annul ar’ protuberance 54 (Figure la) formed engagenent between the external
surface C in the valve housing 16 at the intersection of the valve
stem and the sealing gasket of the walls 24 and 40 of the valve housing
of the aerosol assenbly thereby inducing de- 70 16. The f%ngb% % and
operational advan- formation of the gaskg .. For exanple, in fg} S
brought about by this particular struc- the specific structure depicted in
t he draw tural aspect of the present invention may ing, when the '

valve stem 14 js be better recji at ed referring the | eak-

downwardly to 3\‘?6‘%?’ stﬁéﬁ%r ny," ‘t AES T r’{)‘p“‘ £ 8“3%’0" &85 ﬁf’g’ 6PBbl ens

whi ch may ari senteq gnhpshRFRgEFRiMerh2e e dhet W%@F@r?ﬁi@ﬁrz"‘?gs used n t he

operation of atvaletermssetihleyprobabilitbee which erev&bVvise sipphied 4oatine t he

surface aeﬁﬁ?@'indbéae%kagba%éﬁaﬁm where each "word pebée8fmgasket 38

causes some def]ecl Ie?\EeO Pres cf'r%% %@eueoxpc%r 8L i8R0 el OIE i YE R3sERD! Y
gaske

downwar d bendi ig 2/
in memory as arc probabilities and label probabilities.

The probabilities are computed during the training session in
which known text is uttered.'For the known text, there is a
corresponding known sequence of HMMs, When the known text is
uttered by a speaker into an acoustic processor (e.qg.,
processor 202}, a string of labels is generated. By employing
the well known Forward-Backward algorithm, probabilities for
the arcs and for the labels produced at the non-null arcs of
the HMM are computed by the baseform trainer 204. The
probability statistics computed by the baseform trainer 204
enter a baseform constructor 206. The baseform constructor 206
determines the sequence of HMMs for each word. The seguence of
HMMs for each word and the arc probapilities and label output
probabilities for each non-null arc of the HMM are stored in a
baseform dictionary 208.

In particular, the baseform dictionary 208 stores the
following types of data items:

NNODES, = the number of nodes in the x word baseform.

NID; = the node identifier of the j** node in the i*
word baseform.

NT;; = the number of arcs (transitioms) from node
NID,,.

Tyx = the number of arcs (transitional) from node
NID,.

Sy« = statistics pointer for arc (transition) T,y .



descri bed herein, dispensing of aerosol for- factors will be pertinent to
a determga- 15 nutation is effected by downward depres- tion of whether
t he amount of gasket de- 80 sion of the valve stem 14 whereby the val ve
flection will cause operational problens in stemis caused to nove
agai nst the bias of the valve assenbly.,Such factors as th&t$py1i2 the
spring 20 thereby conpressing this. of materials used for the valve stem
and the spring. ASs previously noted, the spring 20 gasket, as well .as
the particular structural 20 is held in conpression between the step 26
confi gur at i onPwHEghEFaidngr PpragLornars) (L5 HMM segyencag ang| ar genent 18
and t her eby tprubebhdity sgatibstivisc bhexgfioge) sandhshgafdasur8fyectorsal ways to
drive the val ¥&rebpondill t6 ddctes¥ivd specéRGin@esvdXy latepnsidssed. _
upper most posid1On.JERlee go! inbNPafllAWeDfasns cibt 13 B8EALEGUGRL thal TN
dry powder i e valve Stem 14 8egresse %&al ns aerosol systens
when t he gask@ﬁ?ﬁgﬁYP% Vgctors and clusters assoclated with the labels

based upon the data generated during the word baseform

construction.

The operation of the apparatus of Fig. 5§ is reflected in
Fig. 6, which illustrated the four major steps by which
baseforms are “grown". During the training session, words are
uttered in a known order and strings of labels are generated
in response to the utterances in a Grow Word Baseform Step
302. In a Matching Procedure Step 304 (referred to as the
Viterbi Alignment), successive substrings of labels generated,
in response to uttering the traiging text, are associated with
 each HMM in the word baseform. Accordingly, for the first HMM
in the first word uttered in the training text, there is an
aligned substring of labels; for the second HMM there is a
second substring, and the process continues until all of the
HMMs have second substrings.

Each label corresponds toc a prototype vector and each label is
selected by comparing a feature vector input for an interval
of speech with each prototype vector - the label of the
"closest" prototype vector being assigned to that frame. Each
HMM in the set of HMMs corresponds to a label in the label
alphabet, and preferably has a simpler structure than the
phonetic based HMMs. The fenemic HMM is illustrated in Fig. 3.
"Feneme" is an alternate expression for "label". In
particular, the fenemic HMM of fenone ¥ of Fig. 3 has two
states [f,1] and [£f,2]}; a non-null loop extending from the
state {f,1] back to itself; a non-null loop extending from
state [f,1] to state [£,2]; and a null arc extending from
state {f,1] to [£,2]. Each of the three arcs has a respective
probability of being followed p(f,s), p(f,d), and p(f,n).



25 thé conpression of spring 20, an opening flected downwardly, there
occurs a separa- 90 56 in the valve stem 14 is noved from tion

bet ween the external surface of the exteriorly of ,the aerosol container
past the valve stem 14 and the surface 42 of the gas- kobggcafor
washer 43 and the gasket 38 to ket 38 ifhi-s separation permts particles
of a position interiorly of the valve housing aerosol fornulation to
beconme entrapped 30 16. The portion of valve stem 14 above between the

valve stem 14, 20del g gaskEhetioms oORLR" zg%gspmegg%&&gggﬁgg&v;sdes a

vertical 38 thereby. causin robl ens. a en Interiorly
of the stem 19f ffSPe%’ech%F g’i‘g&ﬁattﬂéﬁ Vi et g%’?“lﬁ?é‘ E89P F8%very

formul ati on tivolggs ther saseriqtdng f 38chsfanemdgingde) wikh drpelsednl vy
overcone by stepanO4j hmehdabelwal Dimsd @hdOhssicdatdd! Wilthoalivea a1 tiscul ar

structural arjanQeredd. Ahsd NRieRRssAdl G¥bl tAd febfutdRedesld Frm8udknstem 14
valve housi ngch]é6 13&1%‘3?8599&%%:1‘!}’&};5;‘ t}oh%h% Openemic HMM) are derived. For

each fenemic HMM, there are zero, one, two, or more feature
vectors associated therewith. In step 306, the feature vectors
identified for each fenemic HMM are combined to estimate mean
values and covariance values, '

The computed means and covariances for each fenemic HMM are
used in re-labelling incoming speech data pursuant to step
308. In particular, in selecting labels corresponding to a
given interval of speech, the feature vector generated
therefor is compared to the means’ and the covariances are
specified for each label (derived in step 306). That is,.the -
means and covariances for a fenemic HMM corresponding to label
j are used to determine the'distance between an input feature'
vector and the label j. Stated briefly, each j** label is
respecified based upon the means and covariances of the
fenemic HMM corresponding to the j** label. The new
specification of labels are entered into the acoustic
processor 202 of Fig. 3. The acoustic processor 202 then
labels speech based upon the re-specified labels.

Label/Fenone Alphabet ~r

A phone may regularly vary in length. For example, the word
"beat" contains the phones b, e, and t. The "b" and "t" are
phones which are relatively quickly spoken, while the phone
"e" is much longer drawn out than either of the other two. It
is also true that over the short duration of the "b" and "t"
phones, the feature vectors will be more uniform than across
the relatively long duration of the "e" phone.

Assume that the training data is aligned against a phonetic
representation of the training script. In order to determine



whi ch defines the termination of the internal principles of the present

I nventi on wher eby vertical conduit within the stem 14. Accord- the
gasket is afforded sufficient structural ingly, with the opening 56
positioned bel ow support to avoid excessive gasket deforna- t he gasket
38 and interiorly of the valve tion by pgovement of the val¥Pe 8t eth214. 40
housi ng 16, aerosol formulation w.l be The specific structural concept
whi ch has 105 caused to continuously flow through the been found to
effectively overconme in dry valve stem 14 to be di spensed therefrom

powder aer 0stbwsysickiy thee bheoss &ve ghanging in a spokem yt§ermnaset @d t hat
al t hough t he 1gpa1/fensae caliphabet €is fbedCiThel hapeall fehengaiphatret bodi nment

of th25prﬁse@8néﬂ£%nbk%éid o€ HsRd offpddle YahoHashassidld 46 al41aks which
sur - ereln |

described in.connection wth a % ? 24
: . : N d .
i ntersect i n’fﬁ%dsﬁgg |‘f4té1 38?#—' epyne or Pg’gﬁ | n'%c?ugl %g%‘scsg v%'?gflt need not
be limted fnrdigatdpsragdphreimyckhe Hhenphane deofpanging. The
following classes.(l to 6) are tagged to each phone. While
this segment is described with reference to tagging phones, it

is also possible to apply similar steps to tag fenones:

1. If frame F belongs to a phone whose duration is
M frames or less, set the tag for each frame in the
phone at 1; otherwise, proceed with step 2. A
reasonable value for M is 5. M is a value which
defines the upper duration of a relatively short
phone.

2. If the window of frame F overlaps the preceding
phone (there are characteristics of both phones in
i the window) by N frameé or more, set the value of
the of the tag at 2. In other words, the tag values
of the first one or two frames in phone windows will
be set at 2. Otherwise proceed with step 3. A

reasonable value for N is 3.

3. If the window overlaps the following phone (there
are characteristics of both the present and the
following phone in the window) by N frames or, more,
set frame tag at 6. Otherwise proceed with step 4.

4. If the window overlaps the preceding phone at all,
set the tag to 3. Otherwise proceed with step 5.

5. If the window overlaps the following phone at all,
set the tag to 5. Otherwise proceed to step 6.

6. Set the tag to 4.



thereto and may be utilized with other type berance 54. As depicted in the
drawi ng, the val ves, such as netered flow val ves and protuberance 54
extends conpl etely around the like.

the edge of valve housing 16 at the inter- 50 As preV|oq%Iygpqygted out,
a basic con- section of surfaces 24 anmg 40. Furthernore,

sideration in determning the structural ar- the protuberance 54 should
project into the rangenment of a valve best suited to avoid gasket 38

a sufficient ,aiuhy 19, Sfekeg! o Sl mﬁok,eﬁmgﬁ-é%dckosglm k§gthe nature

and deformafl on thereo rom.i nor na 05|t|on of the

aerosol for nBfIR9iGNeE ithg ’E’cﬂﬂ}teeglé?’ben “6'Fe’f%€ equA & ARREUSFeE RS pe
di spensed. Dii¥ust@ated incFabie deor Gable labattwelfecas fihgeaBeean 14. As shown in
the 120 désomipk fdn QIS intéddgar esevd idilhseraente pirohbeute adr avilgr t he

prot uber anceyp4-dnB¥LhMES Qahel/fe%k@ a(l‘iﬂﬁf:@'t ! @nddefyater sealdeddedf the dis-
nharrow jut t{)g %imqgle.nt_wn scct))iaet.e%oiz 81&!: when a single phone lasts less

than 4 frames, it is assumed that the feature vectors are more

uniform over the duration of these frames than for longer

duration phones. Conversely, the phones which last for a

relatively long'duration tend to vary considerably over their

duration.

Table 1: Tags Associated With a Single Phone Utterance-

Phone Length : Tags

1 : 1

2 11

3 111

4 ’ 1111 f

s ‘11111

6 223366

7 2233566

8 22335566

9 223345566 -

22334455¢6¢86

o
=)

Following the above technique, the tags output for, a verbal
utterance produced by a relatively slow speaker will vary when
compared to the same verbal utterance spoken by a relatively
fast speaker. For example, as a slow speaker pronounces the
"M" in Mary, then the series of phone/tag combinations will be
similar to:

M2 M2 M3 M3 M5 M5 M6 Ms,

whereas when a quick speaker pronounces the same word, the M
will appear as:
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pensi ng mechani sm The present invention gasket 38 to force the materi al

In a nore Is intended for particular utilization with a conpact
arrangenent about the valve stem 60 dry powder aerosol system such as is
des- 14. However, depending upon the specific 125 crkdeabsamgz cl ai med
in U.S. Patent Speci- gasket material 2% rlized, as well as other

fication No. 3,081, 223. - factors, certain variations from
the specific In the operation of an aerosol dispens- shape and
configuration & MhaéflpMdt uber ance ing val ve system as descri bed

herein, the 54 depicted and described in the drawing 65 reciprocating
movenent of Re KAd'G $h§ BompTRYe L5 HRECAA Qpof Qe 18X M Qeetdn TRY 130
6P categories where P is the number of phones. Treating each
of the 6P categories as separate acoustic events leads to an
acoustic alphabet of size 6P (which corresponds to the number
of labels). The frames associated with each category may be
regarded as samples of a given label from which label
prototypes may be constructed. bDefining fenones or phones in a
one to one correspondence with these labels in the
conventional manner leads to an alphabet of 6P fenones.

Varying Window Size Utilizing Principal Discriminants

One embodiment of technique of the present invention, which
provides for dynamically varying windows based upon the
characteristics of the speech, keeps the window size large,
while using dynamically varying principal discriminant .
matrices wgich effectively ;lter the width of the window. This
can be accomplished in a principal discriminant matrix by
setting some of the entries in the matrix to zero.

The following provides a technique for constructing different
projections for each of the six tag classes discussed earTier.
Principal discriminant matrices are computed in the following
manner:
1. Construct a label/fenone alphabet in which each
fenone is associated with a particular phone, and a
tag (depending on the number of frames from which
the same phone extends.) This is accomplished as
Previously described in the Label/Fenone Alphabet
section of this disclosure.

2. Align some training data against an acoustic HMM of
the training script using Viterbi alignment, and
thereby tag each frame of the training data with the
identity of the true label as determined by the



1,235, 598 4 not be necessary to

formthe protuberance and janm ng thereby enabling production 54 with
a narrow jutting edge but rather of a dependable, operative dry powder
with a nore rounded configuration. aer osol di spensi ngmv?byenazssenbl y.
It wll be clear that the protuberance 4 - As previously nofed, many. ..

aspects of 5 provides structural support resisting the the operation of
t he val ve nechani sm of
alignment, Viterbi alignment is well known in speech
recognition systems, and will not be further
detailed herein.

3. For each distinct frame tag F represented in the
Label/Fenone Alphabet, perform steps 4 and 5.

4. Collect all frames of the training data whose true
label from step 2 is associated with frame tag F.

5. Using the subset of frames collected in step 4,
compute the principal discriminant matrix which
discriminates maximally between the set of labels
present in the data (i.e. all those labels
associated with the frame tag F.)

At the completion of step 5, a.distinct principal discriminant
matrix (there will be 6) will have been constructed for each
frame tag value represented En;the Lébel/?enoﬁe Alphabet of
step 1. The principal discriminant matrix associated with
frame tag F is optimized for discriminating amongst tags
having value F. Because the manner in which the Label/Fenone
Alphabet is constructed, each set of principal discriminant
matrices distinguishes between all possible phones (since all
phones are represented in each subset F of the Label/Fenone
Alphabet).
Each class represents a different frame position relative to
phone boundaries, as described in detail above. Different
Principal discriminant matrix projections result from

" different classes. Therefore, the principal discriminant
matrix projections vary with different frame positions
relative to the phone boundaries.

The principal discriminant matrices are used during fenone-
based treliis calculations as follows. Let X denote the
unprojected acoustic vector at time T. Let A denote an arc
vwhich is a candidate to output X, and let B denote the



downward deflection of the surface 42 of an aerosol systemwill be

af fected by the gasket 38 when the valve stem 14 is noved specific
materials utilized. The valve stem downwardly. |n providing such
support, 14 could be forned of several types of na- t RS zag £ very

important limtations which terial, -ageng those comonly 1 n use being 10
ei xst regarding the proximty of s,_urface 24 nol ded thernoplastic nateri al
or stainless 75 of valve housing 16 to the valve stem 14 steel. As

previ ousl y %ﬂste%dwn%ﬁ'm e 1 @rpbéhel?@@rgﬁgﬁ%[;@lttiaﬁ If, in
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is devel opedab&a1ftdon desrlﬁéibﬁa'ﬁov’entﬂJﬁEErB?%sQRQVFﬁ%cﬁ.Bﬁlenl arge- tween
the outer S%&Lé§¥%xnani é@i’vﬁ aﬂ%niet Y(A) denote the projected

vector. The likelihood, or output probability, associated with

arc A at time T 1is determined in the conventional manner using

the arc-dependant projected vector Y(A).

Fig. 7 is a block diagram of one embodiment of speech
recognition system of the present invention. Instead of a
single 50 dimensional vector 44 being produced as is the case
with the acoustic processor 42 of Fig. 1; the Fig. 7
embodiment utilizes 6 different principal discriminant
matrices which produce six distinct 50 dimensional vectors 44,,
44,, . . . , 44;, with the suffix describing the class.

Since there are six distincé 50 dimensional vectors 44, to 44
produced by the acoustic processor 42 of Fig., 7, each of the
50 dimensional vectors can be input into the vector quantizer
43 to produce six distinct respective labels L, to Lg;. Either
the six distinct 50 dimensional vectors 44, té 44, can be
processed through the recognizer 46b to produce an output word
Sequence, or the six distinct labels L; to Lg can be processed
through the recognizer 46b to produce an output word sequence.
Using the more precise classification technique of the phones
of the present invention, the recognizer can function more
precisely than in prior art systems.

A continuous speech recognition experiment was performed on a
speaker who read 50 sentences covered by a 5000 word
vocabulary. The number of recognition errors fell
significantly when a single global set of'principal
discriminant matrices was replaced by 6 sets, which were
constructed as described above.



mént 18 and a portion of the valve housing 14 and the surface 42 of the
gasket 38. 16 which could inpede the free novenent Under certain
conditions, and with a com of the stem 14 sufficiently to render the
bi nati on of materials which create increased 20 valve nmecharbs§®s 112

i noperative or to at least friction, it 2%y be that conpaction of the 85
seriously detract from its effective utiliza- gasket 38 against the valve
stem 14 by tion. Accordingly, in attenpting to provide neans of the
prot uber ance S¢hec dabel sdnionei alphabe t gambeddées! P @ethhi Dfuet b9 waThetns38, an im

ently increase f 6 ddgeNdh r tafion exists
e todét%@e g dtﬁ:’&QaEEéE‘iJ}hQﬁ that chf ﬁea'& ti?da%% on

t he ou rface o ve
cl earance whi cHaW Fi%fe(r}ogs%’fﬁm v@benfr?‘ﬁees ?HXF c?se ﬁigﬁﬁd Yithat 38 to
detract from ‘9{1“3 °ft‘hé‘aéfﬁl »Q @éﬁﬁ%ﬂp 08 IankFaordanes fwith 2 aspetie ofiroot h
nmovenent of t hehisalioeengtion Iy sepaBeciags balnflst kOSk ddvieirt AtdiQ@s, of here wil l

between the digiRnshdibedandiéttiti8AUcORASH frame, superior acoustic
modelling is achieved.

The above provides one embodiment of a speech recognition
system. This embodiment may be modified while remaining within
the scope of the present invention. While the claims and
disclosure are described primarily with reference to phones,
it is also possible to configure a similar speech recognition
system based upon fenones. For this reason, in the claims the
term “"speech segment" will be intended to cover fenones as
well as phones. |



al'ways® be a portion of the gasket 38 which ing positons. In order to avoid

the effects w || overhang or exten eyond the surface of such
i ncreased frictional resistance, the 3 T tng 16, the anount
of this [lubricator washer 43 is provige BBEN over hangi ng
bei ng dependent upon the clear- valve BPi orl y of the aerosol
con- ance which nust be provided. In the em tain and ¥ ? 12
nounting cup 10. The bodi nment deplcte%ﬂln t he drawi ng,. the aver-. __
gyrpose OL the lubricator washer 43 is to hang will be the horizontal -
| stance between provide a |lubricant coatin about t e 24
of val ve housing 16 and surface teri®rL s“uﬁf%g&c% of v Wﬂmgmﬂ"mmﬂm
galve 100h | 42 of gasket 38. Accordingly, under nornal © stem'i s*noVed
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could create an tﬁg'effect of any additional frictional resist-

producing a set of N distinct principal discriminant
matrices, each principal discriminant matrix being
associated with a different class, each class being
an indication of the proximity of a speech segment
to one or more neighboring speech segments,

arranging a speech signal into a series of frames;

deriving a feature vector which represents said a
speech signal for each frame; and

generating a set of N different projected vectors
for each frame, by multiplying each of said N

. distinct principal discriminant matrices by said
feature vector.

2, The method as described in claim 1, further
comprising the step of: .

splicing a series of adjacent feature vectors
together to derive a spliced vector.

3. The method as described in claim 1, further
comprising the step of:

tagging each frame with one of said classes.

4, The method as described in claim 1, wherein said
different classes account for different amounts of
overlap with neighboring speech segments.

5. A method for speech recognition, comprising the

stena nf-«

 Shoet Has Been Re faced

T



obstacle to providing sufficient supp
bet ween the surface40 the gasket 3

M T
gasket 38 and t teri ce of N
val ve stem 14. Elh m he t€B : :
I nvention there'' o S at erial25ahi ch is inpregnated S

provi ded structural support for the gas- wth alubricant such as Ucon 1145
(Regi s- ket 38 which is greater than the support tered Trade Mark). As

the valve stem 14 gefbvingnChiHQANCE BRUHRbLENatiRNB] O3ddhedist {dtien during
normal “use of thet@?ﬂsoéo%agiéxfeﬂsﬁés dhlvel atsQPc dAéEdt gLiPge0f the
ctuate ?n the % |

necessity for clearance 1s a Xl a rection, npvenent ,
bet ween t he val ve°StRfilaggesn Lacheclags, @rovtdingoay AnFcat4an P4 against the
washer 43 houshegeroginTte qf ot sprecinsegmnteke ardghbefing cause
application of | ubpéédisehedt)e into the material of the gasket 38 and
there- external surface of the valve stem 14, which

arranging a speech signal into a series of frames;

deriving a vector, within each of said frame, which
represents said speech signal;

generating a set of N different projected vectors
for each frame, by multiplying said transformations
by said vector;

utilizing models for tagging each model transition
with one of said N classes; ‘and

utilizing the projecte& vecéor with the ’
corresponding tag to compute a probability that at

least one particular speech segment is present in

said frame.

~——

6. The method as described in claim 5, wherein said
models are based on fenones, and each fenone is
always associated with one of said N tags.

7. The method as described in claim 5, wherein said
models are based on phenes, and each phone is
associated with one .of said N tags.

8. The method as described in claim 5, further
comprising the step of:

splicing a series of adjacent vectors together to
derive a spliced vector.
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50 by ‘effects a conpression or firnBegoi—thRe--surface as it noves across

the surface 42 115 materi al of theTigesHETIS Beggupe of this, of
gasket 38 will_effect |essened frictjjonal REPLA¢EDgaskel materi al
surroundi ng the val ve engagenent due~to-the—tabrreati#y action stem

14 is caused t ' nt to created. Thus, there i Focheptiggd a
mecha- dow;“mmﬂﬂgnmﬂﬂ'ﬁﬂ and. | ess-i a&l4 ned to be- ni.sm overcom ng-
frictional resigtancetton cenme .deforned in such a manner that par-
novenent of valve stein 14 w thout con- 120 ti des of aerosol

fOEmJI at ijog {my.bet@memeaaﬂueataésdi%%ﬁ%i Riaid ¥ herdief easfmti _onh _
entrapped between re S ichis

provi ded to valé\}gfggéex{n?%%é%ggggc’ rgtenf% o%%}[e#ﬁg% a'g){?/,&ﬂ% hoeélgasket 38 by
prot uberance 54. °VeGleR XEhoReighboring Speerh | 289m8REhe present In
accordance with the principles of the 60 invention, structural support for
the gasket pregent ThevRetiddas ad¥bcR$bad r6Sehaidfs,t Rerbdd said

transformations are principal discriminant matrices.
11. An apparatus for speech encoding comprising:

means for producing a set of N distinct principal
discriminant matrices, each principal discriminant
matrix being associated with a different class, the
class being an indication of the proximity of the
speech segment to one or more neighboring speech
segments;

means for arranging a speech signal into a series of
frames; .

means for deriving a feature vector which represents
said speech signal for each frame; and

means for generating a set of N different projected
vectors for each frame, by multiplying each of said ~
principal discriminant matrix by said vector.

12. The apparatus described in claim 11, further.,
comprising:

means for splicing a series of adjacent feature
vectors together to derive a spliced vector.

13. The apparatus described in claim 11, further
comprising: ‘

means for tagging each frame with one of said
classes.
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38 may be provided in a dry powder aer ogpt~~sknpki-fied arrangenment provided
t her eby, system which is in excess frHt&S}HEgmHg@B

gkRejjwasher 43 may be
easi | y mount ed- U‘pmﬁ“eeu-Hsl-—be pr ovi dnbssr ance_ limta- the

aerosol dispenser nere p03| tion- OTTS 0 s ogyffjgient to
overcone ing J%’uﬁ;mﬂi "3 ﬂﬂm d val-vgrstem 14 65 and prevent probl ens
of | eakage, mbly of the dispenser. The lubri- 130 !

14. The apparatus described in claim 11, wherein said
different classes account for different amount of
overlap with neighboring speech segments.

15. A speech recognition system comprising:

means for arranging speech segments into a series of
frames;

means for deriving a vector, within each of said
framé, which represents said speech signal;

means for deriving N distinct transformations, each
distinct transformation is respectively associated
with one of N classes, each class providing an
indication of the proximity of a speech part to
neighboring speech parts,

means for generatingfa éet of N-different projected
vectors for each frame, by multiplying said
transformations by said vector;

means for ﬁtilizing models for tagging each model
transition with one of said N classes; and

means for utilizing the projected vector with the
corresponding tag to compute the probability.that at
least one particular speech part is present in said
frame.

16. The system described in claim 15, wherein said
models are based on fenones, and each fenone is
always associated with one of said N tags.

17. The system described in claim 15, wherein said
models are based on phones, and each phone is
associated with one of said N tags.
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5 1, 235. 598
5 cator cap 44 may be thereafter posif =SSV
the stem provi des r 4 ub a

connecti ng passage between ;uiﬁltream and punting cup 10

[
to hold down_stre.am”- H&" Huﬂﬂvae assenbry===—the Walsiaehs 43 securel y
in place about the Spe | Rg2POSi ti on wherein no val ve stem

14 in a sinple and expe i et "such passae exists, a gasket nounted in the

manner. The lubricator cap 44 may be com valve assenbly to encircle the

valve stem 49o. il s¢ekdif auBLAatbd' 6T OPDhASS] GuaBhesial and in tight
slidi ng engagénent thereg‘gl'th an may be easily snapped over-the central

provi de a seal for*°%&F ining, and a

means for splicing a series of adjacent vectors
together to derive a spliced vector.

19. The system described in claim 15, wherein said
different classes account for different amounts of
overlap with neighboring speech segments.

20. The apparatus described in claim 15, wherein said
transformations are principal discriminant matrices.

21. A method for speech recognition which comprises the
steps of:

arranging a speech signal into a series of frames;

varying the width of oﬂé or moré windows to be
utilized for a speech encoding system in accordance
with a principal discriminant matrix, each window
being defined as a number of successive frames which
have a same speech segment associated therewith,
deriving a feature vector which represents said

-

speech signal for each frame; and

generating a projected vector for each frame by
multiplying said principal discriminant matrix by
said feature vector, wherein said principal
discriminant matrix represents the values of the
projected vectors which are indicative of the speech
signal.

22. The method as described in claim 21, wherein there
- are N principal discriminant matrices which are
associated with N respective, distinct classes, the
different classes being an indication of the

I
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hub portion of the nounting cup 10 into |ubricating washer nmounted to
closely sur- 10 the position shown. Due to the nature of round the valve
stemin sliding engagement ___ the mat of La] —OF=Firemtussieat or cap 44, Sone
therewith on the—srde of the gasket re jEETHABéEEhC ion thereof is

possi bl e. Ther ef ‘3\3“ vaI ve HousinGERAACERNUI ‘ar {fpr oy, %9“ t he
nose 46 encount imnm W‘ truberancggbe e~ n t?ue val've
of mounti ng cup Lwin |

scalise sone out- assenbly closely adjacent the
valve stem 15 ward defl ection of the nose 46 ther eby en- and projecting-
agai nst the gasket o it to he wall 32 into
the it fromits no j% %fatr%‘(? 5%?% egggrﬁn% o ne"%‘om{l%n shown

engagi ng t he |ndent§P‘F?ﬁ¥‘ ESQm%P}féut the val ve stem thereby to enhance

t hereby hol ding securely in place both the the sealing action. washer

43 and the |ubrdscat @k £pRArébus Whivh!dompriseds val ve assenbly as clained in
claim

means for arranging a speech signal into a series of

frames;

neans for varying the width of one or more windows
to be utilized for a speech encoding system, based
upon a principal discriminant matrix, each window is
defined as the number of successive frames which has
the same speech segment associated with it,

means for deriving a feature vector which represents
said speech signal for a speech segment or series of
speech segments for each frame; and

means for génerating a}projected vector for each
frame by multiplying said principal discriminant
matrix by said feature vector, wherein said
principal discriminant matrix equates the values of
the projected vectors which are represéntaﬁive of
the speech signal.

24. The apparatus as described in claim 23, wherein
there are N principal discriminant matrices which
are associated with N respective, distinct classes,
the different classes being an indication of the
proximity of the speech segment to neighboring
speech segments,

25. A method for applying a value to each tag from a
series of tags, to be utilized in a speech
recognition application, comprising the steps of:

This Sheet Has Been R.
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he annul ar

20" Dbe clear that the specific structural arrang -1 w

protruberance is ment of washer 43 and | L RETGA BeeN flor med by
part of the vaI ve—Iqerb|J54|—FH§)———66~ descr bed kﬁgmmabl eq} opti onal
a- | ve assenbl ' |- : t hese

utiliz

el ement s” of the |jjﬂﬂll mnmmﬁum 2 V\/ne |n the annul ar praltor aberitce

it is desired to sol di s- conpri ses a narrow edge

proj ecting agai nst 25 penser without a |ubricator washer 43 and the
gasket to cause said deformation. | ubri cat or cag 44, this may be easily

ac- 4. A val ve SSLERBIRe ybether sodrame Fnpelongs t %(ﬂ’i‘}?PFs‘l’?&f"‘w th no
af fect upon ot her clratiemdsoM framessof less3 ivheoei feta thebtag afoar

ponents of the strigakHr frardoWaVekie pbhéiAAa O WE1W 0VGtHesvis@, Overlie the

| ubricafing [k C S 43 and lubricator washer and
firmy engage a m%@og%&é&ﬁg%gﬁ@cae%ﬁ@é&y be easily and sinply provided,

of the assenbly to hold the washer in place
determine whether the window of frame F overlaps the

preceding phone by N frames or more, if so, set the
value of the of the tag at a second value, otherwise
proceed with the next step;

determine whether the window overlaps the following
phone by N frames or more, if so, set frame tag at a
third value, otherwise proceed with the next step;

determine whether the window overlaps the preceding
phone at all, if so, set the tag to a fourth value,
otherwise proceed with the next step;

determine whether the ﬁindow overlaps the following
phone at all, if so, set the tag to a fifth value,

otherwise proceed to the next step; and

set the tag to a sixth value.

i



i f* desired, subsequent to assenbly of the about the.v

70 aer osol dispensing container and val Tﬁ{sré{%ETHAéBEéNV I ve assenbly

for an aerosol dis- ture. ED pensi ng
. REPLAG

system substantially as herein—des— _

cribed with reference.to and as illystrated VWHAT W\E lesma 1$2 -

in the acconpanyi ng dravm ng. 35 1. APl nproved val ve assenbly for an

aerosol dispensing system conprising a W P. THOWSON & CO.,

val ve housi ng defining an openi ng through 12 Church St reet,

whi ch a val ve stem ext 6REECH RECOGNPIIONOUSENG DYNAMIC FEATURESLi ver pool 1,

ment therein between a di spensing position, Chartered Patent Agents.

ABSTRACT OF THE DISCLOSURE -

A speech recognition technique utilizes a set of N different
principal discriminant matrices. Each principal discriminant
matrix is assoclated with a distinct class. The class is an
indication of the proximity of a speech segment to neighboring
phones. A technique for speech encoding includes arranging
speech signal into a series of frames. A feature vector is
derived which represents the speech signal for a speech
segment or series of speech segments for each frame. A set of
N different projected vectors are genefated for each frame, by
multiplying the principal discriminant matrices by the vector.
This speech encoding technique is capable of being used in
speech recognition systems by utilizing models, in which each
model transition is tagged with one of the N classes. The
projected vector is utilized with the corresponding tag to
computeithe probability thaé at least one particular speech
port is present in said frame.

i
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5° . 1, 235. 598

5 cator cap 44 may be thereafter p03|t|oned whe s \n
the stem provi des 40 over the washer 43 and the cgntral REPDACED o
connecti ng passage between upstream and portion o sountTig cup 10
to hold downstream sides of the valve ass?T Iy, t he washer 43 :
securely in place about the nd a nondi spens ﬁg position wherein no

valve stem 14 iry a,si npl emdi ent sage exi sts, a gasket
mounted in the nrer .’ ubr i catM‘A@g;p y be co val v
assenbly to encircle the valive stem 45 prised of nol dﬁ'@”;er pl astic

material and in{tight slidijng- engagenent ewi th and ~.may be easily -
snapped over thelcentral Qk)j;ﬂe éﬂ%&ﬂN‘f@gEéai d opening, and a

62 ~ zlpﬂ',,,.ll-la,,,. DIGITAL SIGNAL
(20,000 SAMPLES/SEC)
66~ \U/ -
120
68 ~ [  SPECTRAL ENERGIES—IN DIFFERENT

FREQUENCY BANDS

U

20 - : .
$ 70~ (I =AR MODEL-FIRING RATES

\U'/ SELECT EITHER 68 OR 70 AS 20
COMPONENT VECTOR .

1 20 -
72 ~—~ [HMHI[[[H]]]] 20 COMPONENT VECTOR
74 \LJ/ SPLICING (OPTlONAL) -
( | COMBINE
[ 11 ¢ 1 ( ) [ } 1 ] I 1L 31 7 PRECEEDING

AND FOLLOWING

20 COMPONENT VECTOR
WITH EACH 20 COMPONENT
VECTOR TO YIELD 180
- COMPONENT VECTOR
MATRIX MULTIPLY

PRINCIPAL DISCRIMINANT MATRIX 76
AND 80 COMPONENT VECTOR
1 (PROCESS KNOWN AS PROJECTION)

44"
RESULTS IN 50 DIMENSIONAL VECTOR
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hul por¢ion of the nmounting cup 10 into Ilubricating washer nounted to
closely sur- 10 the position shown. Due to the nature of round the valve
stemin sliding engagenent the material of the lubricator cap 44, sone
therewith on the side of the gasket renmpte 50 defl ection thereof is
possi bl e. Therefore, from the valve housing, an annular pro- when t he
nose 46 encounters the wall 32 truberangplgeing provided in the valve
of nounting cup 10, it will cause sone out- "~ assenbly cl osely adjacent the
valve stem 15 ward deflection of the nose 46 thereby en- and projecting
agai nst the gasket to defeorm abling it to slide over the wall 32 into
the it fromits nornal shgf s onpress it 55 position shown

o <

engagi ng the indentation 28 aEp the val ve stem thereby to enhance
t hereby hol di ng securely i | &2 poth the the sealing action.- washer
43 and the lubricator cap 44. —7Aqval ve assenbly as clained in

claim Eg__
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20 be clear that the specific structural arrange- 1 wherein the annul ar

protruberance i's ment of washer 43 and lubricator cap 44 fornmed by
part of the val ve housi ng. 60 descri bed herein enabl es optional
utiliza- 3. Avalve assenbly as clained in claim tion of these ...

el ements of the invention. If 1 or 2 wherein the annul ar protruberance

it is desired to construct the aerosol dis- _conprises a narrow edge

proj ecting agai nst 25 penser without a |ubricator washer 43 and the
gasket to cause said deformation. | ubricator cap 44, this may be easily
ac- 4. A valve assenbly as clainmed in any 65 compl i shed wth no

af fect upon other com one of clains 1 to 3 wherein a lubricator

ponents of the structure. However, utiliz#&/5Scap is provided to overlie the
| ubricating tion of lubricator washer 43 and |ubricator washer and
firmy engage a nounting cup 30 cap 44 may be easily and sinply provided,
of the assenbly to hold the:washer in place

—| GROW WORD BASEFORMS 302 -

f

_ OBTAIN VITERBI ALIGNMENT 204

1
CALCULATE MEANS, COVARIANCES \306

Y
RELABEL SPEECH INPUT DATA \303

FIG. 6



| f dest wed, subsequent to assenbly of the about the valve stem

70 aerosol dispensing container and valve struc- . S. A valve assenbly
for an aerosol dis- ture. pensi ng
system substantially as herein des- : -
cribed with reference to and as illustratseds VWHAT WE CLAIM IS - .
in the acconpanying drawing. 35 _ - 1. An inproved_valve assenbly for an
aerosol dispensing systeqn conprising a 2 W P. -:THC]VPSC]\I & CO ,
val ve housi ng defining anjopeni ng throughm <+ { 12 Church Street,
which a valve stemextend$ for axial novas - | Li ver pool 1,
Zentttherei n between a di %pensi ng ‘positi %g Cf#ar‘t ered Pat ent
gents. { 82 :
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SPEECH RECOGNITION USING DYNAMiC FEATURES

S SUEST HAS B tLl
ABSTRACT REPLACED

A speech recognition techmique utilizes a set of N different principal

discriminant matrices. Each principal discriminant matrix is associated with a
distinct class. The class is an indication of the proximity of a speech segment to
neighboring phones. A technique for speech encoding includes arranging speech
signal (202) into a series of frames. A feature vector (Y1, Y;, Y3) is derived which
represents the speech signal for a speech segment or series of speech segments for
each frame. A set of N different projected vectors are generated for each frame, by
multiplying the principal discriminant matrices by the vector. This speech encoding
technique is capable of being used in speech recognition systems by utilizing models,
in which each model transition is tagged with one of the N classes. The projected
véctor is utilized with the corresponding tag to compute the probability that at least

one particular speech port is present in said frame.

FIG. 5
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