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ABSTRACT

In the present paper the problem of deco-
ding the results of the first stage of speech
recognition into vocabulary units is discussed.
The open syllable is proposed as the basic ele-
sent for such decoding. The final decision 18
sade with consideratiorn both lexic and phonetic
context, The context function is carried out by
szeoially organized vocabulary module in the sy-
stea,

INTRODUCTIOX

Lately the problem of mapping the resulis
of preliminary acoustic analysis onto linguistic
units draws great attention of different resear-
chers, This problem is very important both for
the desoription of the model of human speech
perception and for developing the system of au-
tomatic speech recognition and understanding.

The purpose of the present paper is to sug-
test the solution of this problem in relation to
the system of automatio speech recognition. Not
discussing in detail the problem of human spe-
ech perception, we adopt the following starting-
point hypothesis:

I, The decision about signals phonetic content
is made for elements corresponding to syllables.
2, Until the content is correlated with the se-
;untio meaning of the unit it is considered to
e preliminary and is represented by a limited
:::tof variants or by generalized phonetic con-
3. To arrive at the final interpretation of the
signal (to correlate it with some vocabulary
unit and to define its phonetic composition more
dccurately) multifold strategy is implemented om
the basis of the information supplied by phone-
"tic and higher levels of analysis.
¢ The present paper deals with the problea of
he phonetic structuring of vocabulary module,
80 without taking into consideration higher le-
vels of linguistic analysis we'll desoribe some
Possible model of transition from signal repre-
Sentation (in terms of the first stage alphabet)
to vocabulary units.

PHONETIC SYLLABLE RECOGNITION

s The bastie element of our recognition model
is an open syllable. The selection of this unit
Supported both by the acoustic-phonetic lite-

rature data regarding it to be the minimal unit
of speech perception and production /I/-/5/ and
by the possibility of automatic segmentation of
the results of the first stage recognition into
;é;-ents corresponding to open syllables /5/,
The results of the first stage recognition
presented in /6/ were used to test the model's
reliability, Signal, corresponding to syllable,
automatically having been singled out and reco-
rded in terms of the first stage alphabet (FSA)
is ocompared with syllable sample (SS) from the
system's memory. Each SS is correlated to pho-
netic syllable. Thus the result of the first
stage recognition goes into the input of the
given submodule while in_ the output there are
syllables in phonetic transcription,

" These SS were designed on the basis of
analysis of the results of the first stage re-
cognition of the definite system with regard to
possible within-syllable coarticulation and the
duration of syllable's constituents. Thus SS
are in their nature idealized, generalized con-
cept of the results of the. first stage recogni-
tion and are recorded in terms ‘of FSA, The SS
set is determined by the requirements put on_ the
recognitioy system vocabulary. It is rather
small in case of limited vocabularies. For evo-
lving systems of automatio speech recognition
with extensive and unlimited vocabularies the
S§S set must be compiled with regard to syllab~
le statistics. The existing syllable statistics
for Russian speech /7/, /8/ do not fully answer
the requirements of this problem as they are
received on the basis of idealized transcripti-
on of written texts, Contrary to the statement
in /I/ syllables constituting these statistics
cover no more than 60% of different type oral
texts, as it was shown in our experiment. Thus
taking the statistics presented in /8/, as the
starting point we are mow compiling a fuller
statistics that would comprise up to I000 open
syllables revealed from the recordings of dif-
ferent types of oral texts. This statistiocs
would supply the basis for SS set of the speech
recognition system with extensive vocabulary in
which every syllable would get SS representati-
on. The model was tested with SS set of I00 sy-
1lables and vocabulary of. 200 words,

The syllable corresponding to signal is
selected by means of comparing the entering si-
gnal to each SS and is determined by minimal
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istance between them. The distance is measured
y means of consecutive comparison of each si-
nal constituent to elements of the sample with
he help of the matrix of phonetic distance
MPD) stored in the system's memory, MFD comp-
‘ises oconventional distances between elements
if FSA constituting the signal and SS.

We used the following technique for crea-
ting MPD. Each element of FSA corresponds to a
certain set of acoustic features., It can be
characterized by presence/absence of some feat-
ure and the strength of its menifestation (e.g.
absence of fundamental frequency is characteri-
stic of unvoiced consonants; by different de-
grees of its manifestation along with several
other features,voiced obstruents, sonorants and
vowels are distinguished).

The difference between FSA elements regar-
ding each feature was estimated by assigning
certain marks to them. The results of our ana-
lysis /9/, /10/ of reliability of these featu-
res in recognition were taking into oconsidera-
tion, The distance between reliable features
was given a higher mark, while the distance be-
tween less reliable ones was given a low mark,
that is the scales of distances were not line-
ar, Thus the scales were made not for elements
of alphabet,but for the features by which these
elements are characterized, The summarized dis-
tance between the constituents of the compared
features of FSA elements was put into MPD, In
the process in a number of cases frequent subs-
titution of elements of the alphabet in the si-
gnal or complete absence of such substitution
was taken into consideration.

The technique described above can be prese-
nted in the following way: if M and N are ele-
wents of FSA, and N is characterized by the set
of features /x,, ..., x¢/ while.-N = /x,,...,x}/
then .

RH,N = Tx, %) Pt vyt knln
where Ry, is the distance included in MPD,
r./xi, x{/ - the distance in the scale for each
feature, kyy - correction coefficlent of sub-
stitution frequency of elements in the definite
recognition system.

We have distinguished and scaled the fol-
lowing acoustic features:
I, Fundamental frequency
2. Presence of formant structure and degree of
its manifestation
3. Intensity -
4. Main area of energy concentration
5. FII frequency
6. FI frequency

These acoustic features are highly analo-
gous to syllable contrasts described by L.Bon-
darko /I/. The main difference here is the abs-
ence of durational contrast in our scales. It
is impossible to introduce this feature into
MPD because the decision is made about each ti-
me segment of the signal, and not about segment
corresponding to sowe phonetic unit (whether
sound or syllable). The coefficient of compari-
son between signal duration and sample duration
is introduced into algorithm for calculation
of distance between the result of the first

stage recognition and S5, It seems 1interesting
to compare our data with those obtained on the
basis of /I/. By means of the techmique descori-
bed above we have constructed MPDI on the basis
of the scales corresponding to syllable cont-
rasts desoription in /I/, Naturally the absolu-
te distance rarely coincide as singled out fea-
tures do not match - completely, although some
general tendency in the sequence of elements of
the alphabet which are arranged according to
the degree of closeness to each element ocan de
observed. We are planning to ocompare the effi-
ciency of the matrix in the recognition systen,

The results of comparing the signal with
SS set allow us to put forward a preliminary
hypothesis about some syllable corresponding to
the certain signal, As it was mentioned above
such decision is represented by either a set of
syllables with minimal distances from the sig-
nal (in our case 3 minimal distances were taken
into consideration) or by symbolio recording of
the syllable, reflecting generalized phonetic
content (e.g. TA -~ a syllable consisting of un-
voiced stop and non-front vowel). Whether a set
of variants or a generalized content would be
selected for syllable recording depends om the
signal's character (the degree of manifestation
of features that allow us to define some conc-
rete sound with greater or lesser precision) or
on its distance from the sample, Such attitude
seems quite reasonable as not always in the si-
gnal there are acoustic cues that would allov
us to correlate it with some definite sound,
syllable or even word /II/, /12/.

THE STRUCTURING AND USE OF THE VOCABULARY

As the result of the program for oomparing
the signals of the first stage recognition vith
SS each word is represented in form of open-8y-
1lables' string. This faot determines the che-
racter of phonetic description of the vooabuls-
ry. The constructing of the vocabmlary oan be
divided into 2 stages.

On the first stage lexical units in the

-form close to idealized phonetic transoription

are recorded as strings of open syllables, 0n
the second stage pronounciational variants and
the most frequent substitutions in recognition
being singled out in the preliminary analysis
are inoluded into transcribed word recording.If
limited vocabulary is used on this stage it 18
advisable to,set apart possible quasihomonyus
such as [ KAPAT'~KATAT'] (in this examwple the
vowels of initial syllable are identiocal while
the consonants at the begimning of the seoond
syllable are phonetically very similar and pre-
ctically undistinguishable in the process ©f
recognition or are distinguished irregularly).
Each transcribed recording 1is correlste
with corresponding word or words and in the o8~
se of reliable syllable recognition we get 5P¢”
1ling of the words on the vocabulary output. .
The program for syllable joining cOMPSr®
all possible strings of syllable-oandid&tes
with those recorded in the vocabulary and 60F
responding to real words, These equivalents 8T
then recorded into spelling and sent to the .
output. Variants of input strings of syllsbl®
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that do not correspond to any vocabulary unit
are eliminated., This program imitates the role
of the lexical context in phonetic recognition.
In some cases it's possible that a whole group
of syllable strings would correspond to voocabu-
lary units, thus we'll get 2 or more words at
the output, During program approbation such ca-
ses were rather few and the number of words at
the output didn't exceed 3. This can be expla-
ined by the small size of the vocabulary, Theo-
retically the number of variants for the se-
lected number of syllable candidates /3/ is 3,
vhere X stands for number of syllables in the
given word, We suppose that in such cases the
elimination of extra variants is possible on a
higher level of analysis and it corresponds to
the role of syntactic, pragmatic and semantic
oontext in speech perception,

A more complex case 1s presented by the
situation when some syllables are identified
Incorreotly and none of the strings of syllab-
les at the input of the vocabulary module cor-
responds to the vocabulary units. In this case
mltiple strategy of word search must be imple-
sented. This strategy wust be based on some fa-
otors that determine identification of the sig-
nal with a lexical unit and its segment compo-
sition /in other words the strategy is phone-
tic-context dependent/. The number of syllables
in a word, stress position, rhythmical structu-
re of & word as a whole, basic /most reliable
in the process of recognition/ syllables, ini-
tial syllables, consonant clusters can be named
88 such phonetic factors here, The type of the
selected factors and their number cause the vo=
cabulary structure, the determining of absolu-
tely reliable factors cause in its turn the
strategy of word search in general: oonsequent
Search beginning with subvocabularies, composed

~ 8coording to absolutely reliable word characte-

ristics /in respeot of the process of recogni-
tion/ and onto'. subvocabularies based on less
reliable phonetic word characteristics, were
only candidates selected with the help of “re-
liable" subvocabularies are taken into conside-
fation. As the first stage recognition results
don't allow us to consider every selected fac-
tor absolutely reliable, one has to tum to pa-
rallel -word search strategy, although it's a
Tather complicated procedure.
The vocabulary has the following structure.
The voocabulary is recorded in the form of its
Variants /subvocabularies/, which are organized
in 8ccordance with the seleoted factors. Some
Subvocabwlary is derived into parts comprising
Similar rhythaio structures, another is orien-
ted at the basic syllables and so on,  Strings
of syllable candidates which have no correspon-
ding lexioal elements in the main vocabulary
8re entered into all these subvooabularies and
ére are seleoted every subvocabulary word oa-
udidates identical /in the structural characte-
Tistio of a certain subvocabulary/ to the ente-
Ted string, Word candidates are entered into
the snalyser which in the output delivers words
g’eseut in all registers. If no such words can
® ldentified word oandidates with the highest
Tks are selected. For this purpose to each of
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the subvooabularies a certain rank is assigned
according to the reliability of the factor ref-
lected in it,

. At present we are conducting an experiment
aimed at selecting faotors used in word recog-
nition and defining the degree of their reli-
ability. For this purpose the results of syl-
lable recognition with false decision were gi-
ven to a group of experts, who using the words®
phonetic features and unlimited vocabulary put
forward some hypothesis about lexical correla-
tion of these results. The group consists of &
linguists who can theoretically ground their
decisions, The data thus obtained are of preli-
minary character but it should be pointed out
that the experts pay attention to the words'
rhythaical structure and to the segment compo-
sition of stressed and initial syllables.

VOCABULARY MODULE
INPUT| FS-SIGNAL

1 {' PROGRAN FOR | PROGRAM FOR | I
1 SELECTING | SELECTING  —»—,
! OF SS | (OF WORDS | |
N i Sl B 1-r - - l
: SS SET YOCABULARY !
I
i BVOC.I]...x.Y. [SUBVOC, nj}|
! |
! ANALYSER 1 I
e e e et - e e em = = = <+
OUTPUT {SPELLING
Pig. I

The generalized scheme of the vocabulary
module work

With the use of limited vocabulary and
pragmatically oriented recognition system the
strategy of word predictiom ocan be used /I2/.
In this case the reliability of recognition of
syllables and the probability of their substi-
tution must be taken into account, The vocabu-
lary must be built in the form of a matrix ref-
lecting the consecutive member of each syllable
in a word and the search is conducted through
the vocabulary beginning with the most reliable
syllable to its possible 1left or right neigh-
bours. If the supposed neighbouring syllables
coincide with the result of the recognition or
if they are not contradictory to it /that is,
are included into the register of possible sub-
atitutions or have the generalized phonetic
content/ the search is conducted further on. On
the basis of some given text pragmatics seman-
tically and syntactically oriented subvocabula-
ries can be selected to conduct the search whi-
le the sequence of entering into each swbvoca-
bulary will be determined by the previously re-
cognized words,

This model has no computer-program reali-
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zation, yet we present 1t here in accordance
with the concept that in speech recognition as
well as in human speech perception 1t's impos-
sible to limit oneself to one particular stra-
tegy. The final decision can be made on the ba-
s4s of identification of the word image as a
whole, on the basis of the analysis of the fac-
tors /phonetical as well as relating to other
levels of analysis/ determining this image, on
the basis of prediction of syllables and larger
units /words and word combinations/ by limiting
the communicative vocabulary according to the
pragmatic oontent of the text.

MODEL'S EXPERIMENTAL APPROBATION

Model's partial approbation /syllable re~
cognition and word selection in the vocabulary
with the help of the vocabulary of basic sylla-
bles/ was conducted on the vocabulary of 200
words and a set of I00 syllable samples. Sylla-
ble candidates are obtained as the result of
the realization of the program for comparing of
the first stage signals with SS. Strings fors-

ed of syllable candidates are recoded into vo-

cabulary units, As the experiment demonstrates,
for a small vocabulary it's sufficient to in-
troduce I or 2 subvocabularies, 3 operational
variants of the program are possible: simple
Joining of recognized syllables, word predic-
tion by means of the subvocabulary of basic sy-
llables, refusing to make final decision in ca-
se of false recognition or absence of the basio
syllable in the string. For the purpose of li-
miting the number of analysed strings the syl-
lables undoubtedly falsely recognized /initial
and final syllables that got into middle posi-
tion, middle syllables that got into initial or
final position/ are eliminated, The result ap-
pears in the spelling form with an index show-
ing the ratio between the number of correctly
recognized syllables and the total number of
syllables in the word. Below some examples of
different variants of the decision are given:

TRANSMITTED

RECOGNIZED TIE RESULTS
SYLLABLES
I 2 3
maja /mal Ja/ - maja
/ma ma/ - 2/2
(mal) (m3) -
vzaimno /vza il (rv3) vzaimno
/za 1) (n3) 2/3
~(za) (/p'1) (va) =zaika
2/3
v des'at' /vd'el s'2 t'/ v des'at'
(d'el) 241t/ 3/3
/dvel (/81) 8Y  des'at’
3/3
/ma - initial syllable
d*el - stressed syllable
£/ ~ final syllable
il - basic syllable

(maI) - syllable eliminated by the progranm

The experiment was conducted on computer
SM-4 with positive results,
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