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ABSTRACT

This paper describes a text independent continuous
speech recognition system, which is built up from
many steps. The method of the process is different in
all steps, adapted to the particular problems of that
level.

The whole system is a combination of the
application of neural nets and rule based processes,
using segment based approach. The segmentation
technics is language independent, and all the other
processes can be adapted easily to other languages.
The recognition works sentence by sentence. At the
input the sound pressure is measured, and at the
output the half-syllable series (first and second
candidates) of the sentences are given. The
recognition time of the sentences is about the
pronunciation time of them, running the program on
a PC 486.

1. INTRODUCTION

In many articles a segment based approach of
continyous speech recognition is presented [1, 2, 3]
as a method that is more effective than the
traditional frame based technics. The system
described in this paper uses segment based method,
with the combination of the prior knowledge of
speech (rules), with neural nets.

The continuous speech recognition is a very
complicated process even at phonetic and
phonological level. There are some methods to solve
this problem with one multi-layer neural net [4, 5].
Instead of this approach, the main idea of our
system was to solve the recognition process in many
small steps, building into the system the knowledge
obtained during the fast decades in speech research.
Neural nets were used in two steps, using them for a
simpler classification task. Even if the structure of
these nets were not very complicated, the
optimization of them for our purposes was a time
consuming and difficult task.
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2. BASIC UNIT

Basic unit of the recognition is half-syllable. (By
cutting the syllables into two pieces at the middle of
the quasi stationary section of the vowel half -
syllables are obtained: the first part of the syllable
and the second part of it.) 95% of a general
Hungarian text can be described by 326 half-
syllables, 99% of it by 576 half-syllables [6].

All the phonemes can be classified by the 9 acoustic
features, as follows.

. Consonants with resonant character RESON
. Vowel with low spectral components MVOW
. Vowel with high spectral components HVOW

1. Silent part of the phonemes SIL

2. Voiced part VOICE

3. Unvoiced burst part -BURST

4. Voiced burst part +BURST

5. Unvoiced aspirant noise part -SPIR
6. Voiced aspirant noise part +SPIR
7

8

9

The phonemes in the half-syllables can be
characterized by these acoustic features. The 326
half-syllables can be grouped into 36 different half-
syllable types on the base of these cues, as for
example: vowel (MVOW or HVOW),
vowel+aspirant (HVOW+SPIR or MVOW+SPIR),
aspirant+vowel (SPIR+HVOW or SPIR+MVOW),
vowel+nasals (HVOW+RESON or
MVOW+RESON), etc.

3. LEARNING METHOD

For the training there were used 105 specially
collected grammatically correct sentences, in which
326 different half-syllables occurred at least 10
times each. Hand-corrected automatic segmentation
technics have been used to prepare this training
material [7]. Altogether 37 different all constructed
back-propagation neural nets were teached. Some
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optimization of the different nets have been made
changing the construction of the nets.

4. SYSTEM DESCRIPTION

The sound pressure is measured at the input of the
system, and half-syllable lattice is obtained at the
output.

The structure of the recognition system is shown in
Figure la. and a rough example of the process is
presented in Figure 1b.
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SPECTRAL | by auditory
ANALYSIS | model
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STEP1 "1 ASSIFICATION
OF THE TIME
FRAMES by NN,
INTO § ACOUSTIC | neural net
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l
STEP 2 [ HALF.SYLLABLE by rules
SEGMENTATION | 7
SIFICATION by NNy - NN3g
neural nets
NN1/{NN2[|NN3[. . . . . . . |NN3g
STEP 3
DECISION

!

HALF-SYLLABLE-LATTICE

Figure 1a. The system structure

Because half-syllables were choscn as the basic unit
of the recognition, the first task was to find their
borders. All 10 ms frames were classified into the 9
acousto-phonetic classes by NNy neural net. The
borders of the half-svllables were assigned by rule
based algorithms. These half-svllable sections were
recognized by neural nets (NN;-NNs4.) trained
before.
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Figure 2b. A rough example of the process

4.1. SPECTRAL ANALYSIS

STEP 0. - An auditory model [7], in which the
critical band filtering is used. At the output 10 ms
time framcs are characterized by 19 filter outputs
between 200 Hz and 7700 Hz.

4.2. SPEECH FRAMES CLASSIFICATION
INTO ACOUSTIC CLASSES

STEP 1. - Classification of the time frames into the
9 acoustic classes by back-propagation ncural ncts
NN, are shown in Fig. 2. The middle t, time frame
is characterized by 2 time frames before and after
thety.

A\

.......... 0...0

76|77 ‘95
t,

4At=10ms

Figure 2. Structure of NNy in_STEP 1.

The articulation is a continuous movement. The
produced sound event is influenced by the sound
event before and after it. In Figure 2. the input layer,
corresponding to 50 ms time window, has 5 times 19
nodes. The hidden laver size has been found optimal
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with 45 nodes. The output with 9 nodes
characterizes the middle t, time frame.

The classification procedure was repeated in case of
30 ms, 50 ms, 70 ms and 90 ms, to search the
optimal length of the time windows. The result is to
be seen in Table 1. By increasing the length of the
windows the recognition becomes better. The
improvement is more than 3% increasing the
duration from 30 ms to 50 ms, but only 1%
increasing it from 70 ms to 90 ms. This means that
the limit can be the average duration of the
phonemes.

Table 1.
TIME WINDOW  CYCLE RECOGNITION
LENGTH NUMBER OF t¢ FRAME
30 ms
3times 19 nodes 10 000 75,0%
50 ms
S times 19 nodes 10 000 T8.2%
70 ms
7 times 19 nodes 10 000 79.5%
90 ms
9 times 19 nodes 10 000 80,5%

4.3. BORDER DETERMINATION OF
HALF- SYLLABLES

STEP 2. - Rule based scgmentation of half-syllables
1s madc on the basc of the output of NN;_ but before
the scgmentation some correction is made using
phonologycal rules. The classification was wrong in
case of single scgments at the beginning or at the end
of phonemes frequently, so it can be corrected
casily.

As it was mentioned, the 326 half-syllables can be
grouped into 36 different half-svllable types. Special
ncts were constructed for each type of the half-
syllables. The assigned half-syllable scgments were
given to these nets.

While errors occur at the output of STEP2 | one
half-syllable segment was send to more than one
neural nets. The selection of the used nets is done on
the base of the typical faults in error-matrixes at the
output of STEP 2.
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4.4. HALF-SYLLABLE RECOGNITION

STEP 3. - The recognition of half-syllable segments
are done by 36 differently constructed back
propagation net NN;-NNjq.

output laysr

7 tully
/ connected
neural

y

input layer
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1-19 1-13 7-19

Figure 3. Structure of NN;, in STEP 3

Time frames from the output of the auditory modecl
arc the input of all nets as you scc in the Figure 1b,
but the number, and the position of these frames
depend on the acousto-phonctic construction of the
given half-syllable group. The number of input
nodcs have been from 4 times 19 to 10 times 19,
according to the half-syllable group. The number of
nodes in hidden layer is 30. The number of the
output laycr nodes are also different, depending on
the vanation of phonemes in a given half-syllable
group. An cxample is presented in Figure 3.

One half-syllable scgment is sent to different nets, so
at the output of the system the two best candidates
arc choscn.

5. RESULTS

For testing the system, 5 phonetically balanced long
sentences were used. The optimization of the nets
was dohe so that. the following parameters were
changed:

a: the number of nodes were changed in the hidden
lavers,

b: the number of sentences, what was used for the
training,

¢: the cycle number in training,

d: the learning rate during the training,

¢: the momentum term

and the accuracy of the recognition was examined.
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As an example, in case of NNy in STEP 1 the
increasing of the recognition accuracy is to be seen
as the function of cycle number in Table 2.

Table 2.
NUMBER OF CYCLE NUMBEROF RECOGNITION
TRAINING NUMB. NODESINTHE %
SENTENCES HIDDEN LAYER

20 13 50 58.9

20 227 50 69.5

20 4197 50 78.9

The optimization of NN-s has not finished yet.

At the actual stage of the system we can tell the
following:

STEP 0, STEP 1, STEP 2 works speaker and text
independently. Training the NNy by 5 man and 5
woman the error matrix is to be seen in Table 3.

Table 3.

\IN SIL VO -BR +BR -ASP +ASP RES MVOW HVOW

OUN

SIL 178 15 45 1 0 0 2 0 0
VO 0 60 5 25 10 0 0 0 0
-BR 0 1 75 5§ 1 0 0 0 8
+BR 0 0 0 5 1 0 3 0 0
-ASP 0 0 2 0 110 0 0 0 8
+ASP 0 0 4 8 0 10 15 0 7
RES 5 25 0 15 9 4 240 3 115
MYOW 0 0o o0 0 0 0 5 105 0
HVOW O 20 5 0 19 0 120 0 840

The error of segmentation at STEP 2. was 8%.
Half-syllable was missed in 4% and false syllable
was added in 4%.

The last step, STEP 3 woks till now speaker
dependently, so the system as a whole works in a
speaker dependent manner.

The recognition rate of half-syllables is 72%
speaking any Hungarian text continuously sentence
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by sentence. This 72% is a preliminary result,
calculated on the base of the first candidates. Even
the half-syllables are not fitted together to make
syllables. Of course the higher linguistic levels will
be included later.

INTERNATIONAL COOPERATION

In 1994 we have joined officially to the international
research action COST249 titled Continuous Speech
Recognition over the Telephone Line.

The database, that will be collected for continuous
speech recognition research in the frame of a new
EC project named BABEL, will be a good base of
our further work.
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