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ABSTRACT

In a previous paper (CHRISTOV,Proc.H‘-;h
ICA, vol. 4, pp. 161-164) an algorithm has
been reported about the analysis of speech
in the spectral domain by the use of pho-
netic knowledge. Here the results of the
application of this algorithm will be dis-
cussed in the computer aided analysis of
the Bulgarian vowels. The vowels are imbe-
ded in words and uttered by 30 male and 30
female speakers in /b-b/ context. The Com-
puter input is verified by 20 listeners.

INTRODUCT ION

The research reported in this paper is aim-
ed at the build up of an acoustic-phonetic
fulerum of the Bulgarian vowel systiem for
the purposes of the mashine recognition of
continuous speech.

Pollowing that goal a research strategy is
adopted which was implemented successfully
in vowel analysis by Potter & Steinberg
/1/, Peterson & Barney /2/ and others. The
root of it is in using phones of compara-
ble allophones imbeded in words uttered in
equal phrases with equal intonation by 25
to 30 male and female speakers.

In addition here central allophones are
used together with their unstressed con-
trastas and the persons who uttered them are
carrefully selected among the best profes-
sional speakers in the country.

SPEECH DATA

The input speech data /3/ form a body of
614 vowel phones belonging to the ceniral
Bulgarian allophones /bVb/ and to their un-
f}reesed contrasts /bVb/, where V stands
t°r a vowel from the Bulgarian vowel sys=
em. They are uttered in Standard Bulgari-
an by 30 male bariton and 30 female mezz0=
§°Pr5n° professional speakers in a highly
mamped room and recorded with studio equip=
tent. The vowel /b-b/ context gpeech frac-
ions are imbeded in words (See APPENDIX)
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pronounced by the speakers with falling in-
tonation at the end of a standard carrier
sentence. A semiautomatic procedure /4/

was used for the verification of the expe-
rimental material by 20 listeners. The ve-
rification procedure rejected both false
listeners and incorrect utterings so that
to the computer input have been admited on-
1y the utterings for which full agreement
was reached between the speaker and each

of the reliable listeners.

The analog speech signal was digitalized
with a frequency of 20 kHz and stored on
1/2 inch IBM-compatible magnetic tapes.
this way four machine compatible sets N,
where N=1,II,I11,1V, of vowel utterings ha-
ve been prepared to be used as machine in-
put in this research:

I - Set of UNSTRESSED vowels uttered
by FEMALE speakers

11 - Set of STRESSED vowels uttered
by FEMALE speakers

IIT -~ Set of UNSTRESSED vowels uttered
by MALE speakers

IV - Set of STRESSED vowels uttered
by MALE speakers.

ANALYSIS

The speech analysis algorithm /5/ uses pho=~
petic knowledge to perform a pitch synch~
ronous Fast Fourier Transform and to de-
termine the formant frequencies in the
quasi-stationary region of vowels.

The software realization of the algorithm
is modular with input and output modules
so that each principal module can be used
either as an independent program or as a
gubroutine in a main program. It has the
shape of an application program package
including program modules for:
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Pitch Extraction

Yaveform Analysis

Quasi-Stationary Region &
Representative Section Determining

Pourier Transform

Formant Tracking

Phonetic Classification & Correction

The pitch extraction module is programmed
after an algorithm of B. Gold /6/.

in the measurement space. These statisti-
cal distributions will be called here,for
clarity, also"individual vowel clusters",
A program for statistical processing is

used to print cross-section diagrams of
the statistical distributions and to com-
pute their statistical estimates: mean,

In contrast, by the stressed female utte-
rings the distributions are more uniform
and widely spread so that there is much
overlapping (Fig. 2) but very few points
remain outside the closed loops (Table 2).
By the unstressed utterings (Fig.Fig. 1

and 3) the clusters shrink around their nu-

/5/ Ph. CHRISTOV, "An Algorithm Using Lin-
guistic Information and Its Application to
the Analysis of Speech in the Spectral Do-
main®, Proc.11.ICA,4,161-164,1983; 16/ B.
GOLD, "Computer Program for Pitch Extracti-
on",JASA,34,916-921,1962; /7/ G. FANT,"Mo-
dern Instruments and Methods for Acoustic
Studies of Speech", The Royal Inst.of Tech-
nology: Rpt.No #&/June 11, .1957, p. 14
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The Fourier Transform has been limited to ard iev:a 10n,rm ima, minima, skew clei but, nevertheless, there is some over ;P 2 List:(In rough phonemic TPA trans
ne is. - r 5t: =
the 30-th harmonic of the fundamental fre- 85 and kurtosis. lhe results of the sis lapping between the clusters of so/ and suy %ord List gh p

quency because above that harmonic no tra-
ces of higher harmonics have been detected.
The Pourier Transform module gives its out~-
put except on cards but also in the form

of a computer diagram of the amplitude
spectra of the representative section.
After the processing of all vowel utterings
with an IBM 360/40 computer it has been

tistical processing of the individual vo-
wel clusters WNV will be presented in a
more technologically oriented report.

The commonly accepted two-dimensional gra-
phic representation of three-formant analy-
sis of vowels /7/ is adopted also in this
study. The graphs are produced automatical-
ly by a computer program which first calcu

for the male voices (Table 3) and between
/a/ and /o/ for the female voices (Table 1}
Despite of the overlapping the general set
up of the vowel triangel is well preserved
in the F1xﬁ2—diagrams of all four vowel

cluster sets W,, shown in the figures.

N
A closer examination of the vowel triangles

presented in Fig.FPig. 1 to 4 shows that by

cription)
Stressed: /Eig}ija/, /bebe/, /babay,
/babrek/, /bobof/, sbuba/
Unstressed: /bibléjskis, sbebetfef/,
/babaldk/, /b3brekoviden/,
/bobovina/, /gggﬁr/

NOTICE: In Tables are count F1xF2-labeled
pointe positions, not actual vowels number

Table 1. Confusion matrix to Pig. 1.

established: 1) That the algorithm per- lates the value of the approximate measure stressed vs. unstressed contrasting (Fig.2 i e a o o u mome total
formes beiter by male voices and unstres- F2 = F2 + 5 ffi.:.fll (F3 - F2) ve. Pig. 1 and Fig. 4 vs. Fig. 3) there g 20 23 gg
sed vowels: 2) That in 18.06% of all vowel (F3 - P1) exsists a certain stretching of the vowel a 13 4 1 15
utterings it failed to determine the posi- ©°f the effective pitch of the higher for: triangle aleng the Fi-axis (Left to right g 3 1? 13 ?2
tion of the second formant. In all vowel mant group and then prints the usual Fi1xF2 in the P1xF2 area). u 2 9 1 12

utterings, not resolved by the computer,
the position of the second formant has be-

vowel diagrams in the computer output 1is-
t2ing.

A similar stretching can be detected during
the female vs. male utterings contrasting

table 2. Confusion matrix to Fig. 2.

. 3 ig. total
en determined manually using the machine Each of the supplemented figures(Fig.Fig: (Pig. 1 vs. Fig. 3 and Fig. 2 vs. Fig 4) i e a 2 © u  none ota
printings of their amplitude spectra. 1 to 4) shows six closed loops plotted man” but this time ilong the f2-axis (Bottom to 1 23 6 23

ually around the main body of an individu- top in the FP1xF2 area). g 4 25 0o % 32

RESULTS al vowel cluster W, CW in the machine 2 21 21
o nwSWy in CONCLUSTON ° 3% s 23

xF2 graph. a 2 13 2 17

In result of the =analysis the /b-b/ context
vowel utterings turned into labeled vectors

The amount of points inside each closed 10°
op and of these which remain outside or &v

It appears that, due to the carrefully se-
lected and handled speech material in this
study and facilitated by the simple Bulga-

Table 3. Confusion matrix to Fig. 3.

( Fos Pys Fpy F3 )ppprg ter alien closed loops is presented in at- rian vowel system, it has been possible to i1 e a8 o o u none total
tendant confusion matrixes (Tables 1 to 4) come within reach to some natural phen°men3 1 24 24
concerning the differences between stresse 1 26 1 28
or points in the measurement space of the and unstressed vowel clusters produced by 2 18 1 19 !
fundamental and the firs three formant fre- DISCUSSION men and women- 2 v ; : 2 ”:
0 17 3 3 20
quencies. Each vector or point in the mea- The first impression after looking at the REFERENCES u 5 11 17

surement space, together with its label,is
punched on a single card. The manually cor-

four diagrams in the last page of the re-
port is that by the stressed vowel male

/1/ K. R. POTTER, J. C. STEINBERG,"Towards
the Specification of Speech",JASA,22,807-

Table 4. Confusion matrix to Fig. 4.
820,1950, s2/ G. E. PETERSON, H. L. BARNEY,

rected vectors are also punched on cards utterings (Fig. 4) the closed loops are "Control Methods Used in a Study of ;g;SVO‘ i e a ® g9 u none total
q . . e ad, welgn 175-184,1952: /3/ Ph.C N
and added to the computer output to form neatly outlined and distinctly delimited oV, ;gnig}%%'Bzggari;n Central Allophones i 25 2 27
together a set of statistical distributi- There is no overlapping at all but many Data Base",11.ICPS,Tallinn,1-7 August 1987 e 24 24
ons of equally labeled points single points, which are f ay from the” (Receipt No 0653): /4/ Ph. CHRISTOV,"A Se: a 1 20 1; ; gg
ree e , ar away o miautomatic Speech Sound Aurgl ggent%ﬁica : 102 19 1 3 26
r clusters nuclei, remain outside of the tion Procedure with Its Application .
WNVC: Wy» B=1,11,111,1V; V=i,e,a,d,0,u ’ Speech Analysis",Acustica,22'374”349’1973' g 2 20 2 24

closed loops (Table 4).
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Fig. 1. First vs. second formant diagram
of the Bulgarian vowels in /bVb/ context
uttered by 30 female speakers

Fé/Hz/
2500
2000 OO
1500
‘ 1000 \
"lii!ll'
500
‘ F,/Hz/
: 300 ] L [
; 500 1000 1500

| Fig. 3. Pirst vs. second formant diagram

of the Bulgarian vowels in /bVb/ context

; uttered by 30 male speakers
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of the Bulgarian vowels in ,;b¥bs/ context
uttered by 30 female speakers
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Fig. 4. First vs. second formant diagra®

of the Bulgarian

vowels in /bVb/ context

uttered by 30 male speakers
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