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1. INTRODUCTION 

The great variability in the realization of vowel phonemes when produced 
by the same speaker, but in different speech situations, plays an embarras
sing role in speech technology. Vowels in connected speech rarely reach 
their target position (the intended phoneme) as defined in isolated word 
and isolated vowel production. In speech synthesis we badly need this var
iability for the cause of intelligibility as well as for naturalness, but in 
automatic speech recognition it is an annoying phenomenon with which we 
do not know how to cope. It is known that the degree of acoustic contrast 
between the vowels in a speaker's vowel system is dependent on various 
factors, partly global and partly local, but it is not clear as to how far all 
these factors are interdependent, if at all. 
In literature (for a detailed overview see Koopmans-van Beinum, 1980) we 
can find a large number of factors that are believed to be responsible for 
the variability and the reduction of acoustic vowel contrast: 
a} acoustic-phonetic factors: 
- speech rate: contrast between the vowels within a vowel system decreases 

when the speech rate increases; 
- stress: contrast between vowels within a vowel system decreases in case 

of unstressed syllables; 
- intonation: a 'flat' intonation normally goes with less vowel contrast than 

a varying intonation; 
- local context: neighbouring consonants affect vowels and their mutual 

contrasts; 
b} socio-phonetic factors: 
- speech situation: vowel contrast decreases when manner of speaking and 

choice of words (as in normal conversation) are more free; 
- speech training: an untrained speaker, i.e. a non-professional speaker, 

reveals less vowel contrast when speaking than a trained, professional one; 
- sex: men are believed to make less contrast between their vowels than 

women; 
c) linguistic factors: 
- grammatical word class: function words show less vowel contrast than 

content words; 
word frequency: in high frequency words vowel contrast is less than in 
low frequency words; 
position of the syllable: the occurrence of more or less vowel contrast is 
dependent on the number of syllables within a word, and on the position 
of the syllable in the word; 
language structure: reduction of vowel contrast is reported much more in 
so-called 'stressed-timed' languages than in so-called 'syllable-timed' 
languages. 
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Although this enumeration may not be exhaustive, it gives in our opinion 
the main factors that in speech are responsible for not reaching the intend
ed phonological target positions of  the vowels. (See for more details Koop
mans-van Beinum, 1 980; Koopmans-van Beinum and Harder, 1982/83; De 
Graaf and Koopmans-van Beinum, 1984; Labov, 1 966; De Schutter, 1975; 
Booij, 1 976, 198 1, 1982). 
As far as the acoustic-phonetic factors are concerned quite a lot of research 
has been done with respect to the description of. vowel contrast in various 
speech situations. However, the relations between these factors and more 
specifically their hierarchical structure have been studied only fragmentarily 
yet. Lindblom ( 1 963) for instance postulates that duration is the main de
terminant of vowel r,eduction, whereas De!attre ( 1969) claims stress and 
speech rate to be primary determinants with duration as a product of stress 
and speech rate and therefore a secondary determinant. Gay ( 1977) and 
Den Os ( 1985) both show that an ir:crease of speech rate not necessarily 
affects the formant frequencies of the vowels. Furthermore Koopmans-van 
Beinum ( 1 980) indicates a different relation between stress and vowel dura
tion for read texts as compared to texts with a free choice of words (retold 
story or free conversation). Also from perceptual studies on stress (e.g. Van 
Katwijk, 1974; Rietvelc:!, 1983; Rietveld and Koopmans-van Beinum, to appear) 
the relation between loudness, intonation, speech rate, and vowel contrast 
reduction turns out to be a very complicated one. 
In order to reach a better understanding of the relations and the hierarchical 
structure of the great Yariability of vowels, it is deemed necessary in our 
approach to the speech signal to make. a distinction between 'global' factors 
(socio-phonetic aspects �s speaker, speech situaUon, etc.) affecting this 
variability, and 'local' factors {acoustic-phonetic and linguistic aspectc 
within the neighbouring context). 
We therefore dec!ded to start a large project in order to develop and 
apply strategies to make optimal use of acoustic, sccio-phonetiG, and if 
possible linguistic information with respect to the variability in tlie realization 
of vowel phonemes. This wil l  be done by means of a semi-automatic method 
for dynamic vowel analysis and cumulative data processing in three phases: 
a) Any speech fragment from any speaker ·,yill be subjected to a dynamic 
acoustic-phonetic analysis to provide information on global aspects as 
mentioned above about the present vowel system (sex of the speaker, 
overal l  speech rate, degree of vowel contrast, etc.). Moreover tbe acoustic 
parameter values in the dynamic vowel analysis provide the possibility to 
define the moment when the global measure for acoustic system contrast 
( ASC} stabilizes. This indicates the duration of the speech sample needed 
for defining the ASC-value (and other global measures), and for dynamically 
adjusting it, if  a moving window is used. 
b) Subsequently local measures of acoustic vowel contrast or degree of 
reduction and variability wil l be developed based on acoustic-phonetic 
parameters as fundamental frequency, formant frequencies, bandfilter values, 
vowel duration, amplitude. 
c) Final ly the results of a) and b) wil l  be used in varioue applications, as 
for instance in the labelling of segments as specific vowel phonemes, merely 
by using the local acoustic parameter values combined with global contrast 
measures and general information on the present vowel system, and defining 
the hierarchical structure of factors influen�ing the variability in vowel 
phonemes. 
This article reports on our very first steps within this project, viz. the 
development of a method for the dynamic determination of the global 
measure of acoustic system contrast. 
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2. DESIGN OF A DYNAMIC ANA LYSIS AND DATA PROCESSING METHOD 

As the aim of the present subproject is to develop a (semi-) automatic 
procedure of data processing, two parallel methods had to be compared: a) 
the traditional method making use of manual segmentation of vowels in the 
digitized speech fragment by means of a speech editor called SESAM (Suiting, 
198 1), followed by a dynamic acoustic-phonetic vowel analysis using a 
spectral analysis program called QQ (Weenink, 1986), and b) a (semi-) 
automatic method by carrying out a dynamic acoustic-phonetic analysis 
with QQ, initially on all speech frames, followed by an automatic vowel 
segmentation realized by a program called K LUIT (De Saint Aulaire, 1986). 
Finally both methods end up in a data processing program called CO RBE R 
(based on formant frequencies, or CO R BF if based on bandfilter values) 
which calculates in a cumulative way the acoustic system contrast measure 
ASC (Koopmans-van Beinum, 1980; De Saint Aulaire, 1986)). This ASC measurE 
is defined by the total variance of all vowels in the present vowel system, 
based on frequencies of the first (F 1) and second formant (F2), (transformed 
in 100 * 1 Olog Hz), using the formula: 

I N _. � . 
ASC=N� (Vj -c)2 , · 

in  which Vj = the 2-dimensional vector of vowel j in the F 1/F2-planef 
-+ 
C = the 2-dimensional vector of the centroid C, and 
N = the number of vowels in the vowel system. 

VOWEL SEGMENTATION 

BY SESAM 

ACOUSTIC - PHONETIC 
ANALYSIS BY QQ 

SPEECH SIGNAL 

ACOUSTIC - PHONET i C 
ANALYSIS BY QQ 

VOWEL SEGMENTATION 

BY KLUIT 

DATA PROCESSING 

BY CORBER & CORBF 

Fig. 1. Schematic display of the two methods of analysis and 
data processing. 

In fig. 1 we display schematically the two procedures a) and b) built up from 
five different blocks, each of which will be discussed here in brief, referring 
to the actual speech material used in both procedures. 
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2.1. Speech fragment 

Any speech fragment can be. selected from audio recordings and can be 
stored in digitized form (sample frequency of 10 kHz). In the first phase 
we used recorded speech material of the same trained male speaker as in 
Koopmans-van Beinum ( 1980). This provided us with the possibility to compare 
the results of the present procedures with previous results. However, an 
important difference emerges: in the present speech material we used all  
vowels in the chosen speech fragment, and in the order in which they 
occurred. Moreover measurements were carried out dynamical ly with ten 
mil lisecond steps. This means that frequency of occurrence of al l  vowels  in 
normal running speech got the intention it deserves, and that .the duration 
of each occurring vowel weighs proportional ly in the calculation of the 
acoustic system contrast. In the former study ten items of each vowel 
were used and measured only at one point more or less in the middl e  of 
the vowel. 
An accidental advantage of this present 'weighing' procedure is the fact 
that it is no longer necessary to 'label' the vowel segments, i.e. we no 
longer need to know which vowels the speaker intended to say. The acoustic 
system contrast ASC of a speech fragment of a specific speaker is defined 
now by the total variance of al l vowels, c.q. of al l  analyzed 10 ms vowel 
frames, just as they occur in the speech fragment. The moment at which 
this ASC stabilizes actual ly defines the length of the speech fragment 
needed for the determination of the ASC for that specific speaker in that 
specific speech situation. As to how far length of fragment depends on 
speaker, on speach situation, and on language is one of the research questions 
of the project as a whole. In the present article, however, we wil l  only 
report on the results concerning one speaker in two speech situations: free 
conversation (a 30 sec fragment) and read text {a 10 sec fragment). The 
speech fragments were selected from existing recordings. Our decision to 
confine ourselves to a 30 sec fragment is based on literature indicating 
that variables concerning the distribution of spectral energy stabilize within 
that period of time (Li, Hughes, and House, 1969; Zahorian and Rothenberg, 
1 98 1). Our choice of only a 10 sec fragment of read text is defined by the 
results obtained from the free conversation fragment and the need to 
confine the material. 

2.2. Manual vowel segmentation 

Since the present study was meant to compare the traditional method of 
vowel segmentation and calculating ASC with a (semi-)automatic and cumu
lative one, it was necessary to produce a phonological transcription of the 
speech fragments, and to label each occurring vowel item as one of the 
twelve Dutch monophthongs, one of the three Dutch diphthongs, or as 
schwa. By means of the speech editing program, al l  vowel items in the 
digitized speech fragments were isolated in such a way that the starting-point 
of the vowel was considered to be the place were the formant pattern of 
the vowel was clearly visibl e  on the oscil logram for the first time, and the 
end was taken to be the point were the specific formant pattern disappeared. 
In case of adjacent voiced consonants only those successive samples were 
segmented that did not display any auditory nor visually observable conso
nant information. 
Once the vowel segments were isolated, their durations were of course 
known as wel l.  From the 30 sec fragment of free conversation 12 1 vowels 
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could be selected with an average duration of 68.66 ms. From the 10 sec 
fragment of read text 57 vowels were segmented with an average duration 
o f  7 1. 12 ms ( for more durational information see Table 1). A complicating 
aspect, especially in the free conversation fragment, is the occurrence of 
'pause filling' schwa segments (two items with an average duration of 426. 1 
ms, not included in the 1 2 1  vowels). We decided to leave them out, apart 
from one ASC calculation t:ogether with the intended schwa phonemes, in 
order to state their influence in normal conversational speech. · 

To test whether the distribution of vowels in this specific fragment of 
running speech could be considered to be representative for the frequency 
of occurrence in spoken Dutch, a comparison was made with data from Egger
mont (1956). Computation of the Spearman rank correlation coefficient of 
the vowel occurrence frequencies of both Eggermont's and our free con
versation fragment, turns out to be highly significant (Rs=0.799, p<0.0 1). 

r 

Table 1. Outline of the samples building up the speech frag
ments of free conversation and read text in parts of silence, 
consonants, and vowels. 

free conversation read text 

n of dur. % n of dur. 
samples in sec. samples in sec. 

% 

l 
silence 89809 8.98 29.94 9572 0.95 9.57' 

cor.sonant 118595 11.86 39.53 49888 4.99 49.89 

vowel 91596 9.16 30.53 40540 4.05 40.54' 

total 300000 30.00 100.00 l 100000 10.00 l 00.00j 

2.3. Acoustic-phonetic spectral analysis 

Each vowel file has been analysed dynamically in 10 ms steps (window size 
25.6 ms) by means of the program QQ (Weenink, 1986) using a filter order 
12 as a standard. 
Apart from a number of other data, not relevant for this study, the program 
QQ provided us with: 
- fundamental frequeRcy (FO) determined on the basis of  Duifhuis et al. 

(1982); 
- formant frequencies determined by optional methods; in our case we used 

Prony's method for LPC-analysis; 
- bandfilter values: a bandfilter analysis of  the FFT amplitude spectrum is 

carried out with filter specifications based on Sekey and Hanson ( 1984). 
The resulting data are stored in analysis files consisting of successive 
records, each of them containing the analysis results of  one 10 ms vowel 
frame. In this way all kinds of selections and calculations can be carried 
out in the succeeding data processing programs. 
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2.4. Automatic vowel segmentation 

With respect to the development of an automatic procedure of data process
ing, one of the main problems to overcome is the segmentation of vowels 
from the speech fragment (cf. Kasuya and Wakita, 1979). We therefore 
designed procedure b) (see fig. -o in which the spectral analysis precedes 
the vowel segmentation. The output records are selected as 'vowel' on the 
basis of three criteria: 
- FO-criteriwn: each data record including FO = 0 has to be rejected; 
- high/low ratio (H/L): the definition of low end high frequency areas in 

literature is not uniform: Weinstein et al. (1975) use L = 0-900 Hz and 
H = 3700-5000 Hz; Kasuya & Wakita (1979) use L = 0-500 Hz and 
H = 3800-5000 Hz, whereas for Dutch speech material Rietveld (1983) 
defines L = 262-2230 Hz and H = 5575-11150 Hz. In the present study 
we used the filters 1-6 for the low frequency area (92-856 Hz) and 
the filters 13, 14, and 15 for the high frequency area (2549-4239 Hz), 
since filter 16 turned out not to be reliable in al l  cases. So if the 
ratio H/L> 1 then the data record is rejected as a vowel record. 

freq. 

50 

n YTL = 17. 5 
S.D. = I. 99 
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I I I i 
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I 
I 

1 1 I i i 
I I I I 
I I I I I I I I I 
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1 
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I 1 
n 
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of 
cicc.· 

150 
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-1 0 10 11 

Fig. 2. Distribution of vocal tract length VTL values calculated 
for the read speech material of one traif,led Dutch speaker. 
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- vocal tract length VTL: based on the analysis results of QQ this program 
calculates also the VTL p2r record (Wakita, 1977). Considering the 
formant frequencies and VTL together revealed that in case of low 
(nasal) Fl the VTL showed very unreal values (O.O or -1.0 cm), whereas 
for records with an e:ctreme high F1 value (e.g. Fl>1500 Hz) the calcu
lated VLT attained to about 10 cm. All other records display a more 
or less normal distribution of VTL values (for the read speech sample 
see fig. 2). Although this VTL criteriu.m needs some n;ore refinement, 
we obtained satisfactory results in thls study by using the criteriuin 
that each vowel record hed to attain a VTL value of: 

VTL - 0.5*s"d • .!f VTLx � VTL + 1.0*s.d. 

in which V TLx = the VTL of data record x. 

Within the automatic vowel segmentation program the following hierarchy 
of criteria is used: 1) a first selection is done based on the FO- and the 
high/low ratio criterium; 2) a second selection is done based on the V TL
criterium, applied to the remaining records. 

2.5. Data processing programs 

Both procedures a) and b) (see fig. 1) end up in <:-< set of data processing 
programs. 
CORBER calculates cumulatively (in this ce,se record af�er record) the 
mean values with variance of the fundamental frequency, of the first four 
LP- formants , and of the 16 bancfi!ter vakes. During ths processing the 
mean F 1, F2, mean bandwidths of e�ch formnnt, m�an !ev:-I of each band
filter, FO, and the ASC is stor�d in an oatput file. together ·with the de
viation of the new ASC �o:npared to the prec::din;; A.SC value, each time 
when a record is closed. By means oi a plot prQgrnm th0se data can be 
displayed graphically. At the end of the proccss:i.ng the output of CORBER 
consists of the final mean values vii tl: var!ar:ce of thG param e ters mentioned 
above, and the total number of processe:i reco;ci.::; (=t:h<; mJn-1ber of 10 ms 
vowel frames). 
CORBF carries out a principal component analysis on the bendfilter values. 
The output data consist of �he calculated efg,�rrralues wHh cumulative 
percentages of variance accounted for, tlie eigenvectors, the mean levels 
of the 16 bandfilters, the po:�ition 0f those mean levels i:-i the various 
subdimensions, and the total nurnber of process"�d records. The program 
CORBER provides the possibility of cumulativdy processing the acoustic 
system contrast (based on fo�'rricnts and therefore henceforth called F ASC), 
and to define the moment when th� F ASC value stabili.zes. The program 
CORBF provides an acou�tic syst0m contrast measure based on bandfllter 
variance {henceforth called BASC). Since this B.t:..SC value has to be compa
rable to the F ASC value in order to state Hs uscfulI:ess and its reliability, 
we opted for using only the variance accounted for by the first two eigen
values. 

3. RESULTS FROM FREE CONVERSATION AND READ SPEECH MATERIAL 

Since the main aim of the subproject described here consisted in the develop
ment of data processing methods, we did not app,ly exactly the same proce-

7 
• 



dure to the speech fragment of free conversation and to the read text 
fragment. For the free conversation fragment we used only the manual 
procedure (see fig. 1, a), since our first purpose was to develop cumulative 
data processing methods for calculating acoustic system contrast, and to 
compare the results with those from our preceding study (Koopmans-van 
Beinum, 1980). As for the read text fragment we made use of the manual 
as well as of an automatic procedure, since the purpose here was to develop 
an automatic method and to compare the results with those from the manual 
one applied to the same speech material. 

3. 1. Results from methods applied to free conversation 

Since we wanted to compare the results of our method for dynamic determi
natfon of vowel contrast as good as possible with the former data, all 
vowel segments excised from free conversation and stored with information 
about their identity had to be divided into stressed and unstressed. Ten 
colleagues in the institute were asked to listen to the speech fragment 
carefully, several times if necessary, and to indicate the stressed syllables 
in the transcribed text in front of them. The vowels of those syllables 
indicated by seven or more listeners as being stressed, were stored as 
+stress, all other vowels as -stress. 
In this way 16 out of the 123 excised vowels were labeled +stress. Since 
we believed this number to be too small to calculate cumulatively the ASC 
value for the stressed vowels separately, we decided to make the distinction 
between unstressed vowels only (107), and all vowels together (123). 

2000 

(Hz) 
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r-'_.,..,.-,,-,,,.�-.,,, __ ��---·-·- -- . -�,. ----...-�----�-· ··--- ---- .. ··-----.,·--- -'-- F 2 ! 
\ ,.., 
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\ 
.. 

\..-..._ ........... -------...-�·---
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---Fo 
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n processed records 

Fig. 3. Cumulatively defined mean values of FO, Fl, and f2 
within lOms-records of vowels from a 30 sec speech fragment 
of free conversation. 
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Fig. 4. Progressing centroid position based on cumulatively 
defined mean F 1 and F2 values (see fig. 3). 

After the dynamic spectral analysis, the resulting data are used to calculate 
cumulatively the mean values of FO, F 1, and F2 of all vowel records. Fig. 
3 displays graphically these parameters related to the number of vowel 
records processed thus far. 
In fig. 3 we can see that the fluctuations in mean F 1 values decrease very 
soon (after 150 records = 1.5 sec of vowel material the changes become 
lee3 than 10 Hz), whereas the mean F2 attains its stable position after 
about 250 records. It is clear that the centroid, being the progressively 
calculated overall mean values of Fl and F2, after some starting excursions 
rather quickly settles down in a well defined area of the Fl/F2 plane (see 
fig. 4). 
With respect to the cumulative calculation of the formant-based acoustic 
system contrast, \Ve made for comparison purposes various distinctions 
within the analysed vowel material: all vowels together and unstressed 
vowels only, nnd within these two main groups we distinguished three 
groups: 
1) moriophthongs + diphthongs 
2) monophthongs + diphthongs + intended schwa 
3) monophthongs + diphthongs + intended schwa + pause filling schwa 
Furthermore for maximum comparison with the former data we added group 
of monophthongs only, from which the acoustic system contrast is calculated 
with the same overall speaker centroid value as used in Koopmansvan 
Beinum ( 1980). Yet it should be borne in mind that in the former speech 
material calculations are made over only one measuring point in the stable 
part of the vowel segment, with probably a maximum of contrast, whereas 
in the present material we averaged a!l dynamic analysis data of the entire 
vowel. Table 2 displays an overview of the results when calculating mean 
FO, mean F 1 and F2 and ASC over the various distinctions mentioned 
above, together with the results from our previous research. Moreover, 
when making a further comparison with the previous results, we have to 
remember that the previous results are based on the twelve Dutch monoph
thongs, ten items of each, and that the overall speaker centroid, based on 
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data of all speech situations in that study, was used. 
One of the research questions of this study is to define whether, and if 
so, when the ASC stabilizes, in other words how much speech material 
from running speech is needed to achieve a reliable result in terms of 
F ASC (formant-based ASC) or BASC (bandfilter-based ASC). This would 
provide us with the range of a moving window, sufficient for our further 
research. 
The proceeding F ASC values of the free conversation speech fragment are 
plotted against the number of 10-ms steps (fig. 5). From this graph it 
becomes clear that about 250 reccrds ( = 2.5 sec of vowel material) are 
needed to get a stable F ASC. Since the vowel material turned out to be 
about one third of the total speech fragment (see Table 1), we might 
conclude that within six seconds of free conversational speech the speaker 

Table 2. Overview of mean FO and formant frequencies, and of ASC 
values of vowel material of the present study, grouped in various 
classes. From previous research comparable results have been added. 
(* = calculated with respect to the overall speaker centroid) 

mean FO 
mean Fl 
mean F2 
(F)ASC 

fASC I 

400 l 
300 

200 

all -str. all +str .-str .- all 
sp. 

1 2 3 1 2 3 con d. 

108 108 107, 107 106 106 - - - -
468 461 458 1 454 449 446 438 446 430 446 

1585 1593 1612 1603 1611 1633 1531 1540 1522 1554 
141 131 124J 128 116 108 272* 264* 174* -

De Saint Aulaire, 1986 Koopmans, 1980 

�\,.,. (""'� '--._ j ·. ·\ -----------�-·�-----_____ ,_ __ ,_ _______ __ f \ ,/ I 00 { . '-,"'" ,.j 
i··· . .. .. ......... ·; 
! 

100 200 300 400 500 600 700 800 
n processed records 

Fig. 5. Cumulatively calculated F ASC value processed over the 
vowels from a fragment of free conversation. 
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provides us with a global measure for acoustic contrasts within his vowel 
system. 
Another research question of the present study is to explore whether the 
F ASC measure, which is the total variance within a vowel sy.stem based on 
formant frequencies of F 1 and F2, can be related to a vowel contrast 
measure based on the variance of bandfilter values BASC. In order to 
compare both measures optimally we decided to use only two eigenvalues in 
our principal component analysis, since for the F ASC measure we used the 
first two formants only. 
In table 3 we give the two measures for acoustic system contrast together 
with the cumulative percentage of variance accounted for by the first two 
eigenvalues in case of BASC. A further discussion concerning the sense of 
these values will arise in the next paragraph, where we will compare them 
with the results of manual and automatic analysis of read speech material. 

Table 3. Overview of formant-based and bandfilter-based ASC 
values, and the cumulative percentage of variance accounted 
for by the first two eigenvalues for BASC of vowels from 
free conversation. 

all vowels unstressed vowels 

FASC 124 I 108 

BASC 400 341 

cum. %of e1 + e2 80.2 77. 7 

3.2. Results from methods applied to read text 

For the read text we made use of a manual, as well as of an automatic 
procedure (see fig. 1 ), in order to compare the results of both methods on 
the same speech material. Moreover the results from read speech material 
(being running speech as well) from the same speaker gives us a good 

· 

possibility to test our methodst since this speech condition has also been 
used in the previous study (Koopmans-van Beinum, 1980). 
In the first instance we followed the same procedure as for free conversation, 
described in 3. 1. For the read text a fragment of only l 0 sec was used, 
providing 57 vowels of which only seven were considered to be stressed. 
Again the dynamic spectral analysis and the calculation of formant-based 
and bandfilter-based acoustic system contrast were processed. Fig. 6 displays 
the cumulatively defined mean values of FO, Fl, and F2 of all vowel records. 
Here again (see fig. 7) the centroid, based on these mean F 1 and F2, after 
some starting excursions settles down in the same well defined area of the 
Fl-F2 plane. A comparison with fig. 3 reveals, however, that the excursions 
are larger for read text than for free conversation. 
So next we calculated cumulatively the F ASC values for read text and 
plotted them against the processed records in fig. 8. If we compare this 
figure with the similar one on free conversation (fig. 5), we first have to 
notice the difference in scaling over the total number of records because 
of the shorter read speech fragment. We have to conclude that indeed the 
F ASC value for read text is much higher than for conversational speech. 
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Fig. 6. Cumulatively defined mean values of FO, Fl, and F2 
within !Oms-records of  vowels from a speech fragment con
sisting of 10 sec read text. 
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Fig. 7. Progressing centroid position based on cumulatively 
defined mean F l  and F2 values (see fig. 6) for vowels from 
a 1 0  sec fragment of read text. 
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Fig. 8. Cumulatively calculated F ASC value processed over the 
vowels from a fragment of read text. 

Actually the speech fragment should have been a little bit longer to secure 
a sufficient range of  the moving window. A striking point in the plot is the 
high jump between record 150 and record 200. Inspection of the read text, 
however, shows us that the fragment starts with a rather long subordinate 
clause, and that exactly at this point the main clause starts. Before that 
point the proceeding F ASC value is more similar to thet of free conversation. 
Table 4 gives the F ASC (formant-based) and the BASC (bandfilter-based) 
values over the whole vowel material of  the read text, divided in unstressed 
vowels and all vowels. 

Table 4. Overview of formant-based and bandfilter-based 
ASC values, and the cumulative percentage of  variance 
accounted for by the first two eigenvalues for BASC of 
vowels from read text. 

all vowels unstressed vowels 

FASC 292 276 

BASC 562 485 

cum. % of e 1 + e2 82.4 80.7 
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On the same read speech material we carried out the automatic segmentation 
procedure as well, so that we can compare the results optimally. In the 
manual methods we excised 57 vowels, 39 of which (= 68.4%) were indicated 
directly as a vowel, whereas 14 (= 24.6%) were indicated par.tly, i.e. a few 
records within a whole series were not indicated as a vowel. Besides 5.9% 
of the whole 10 sec. read speech fragment is indicated automatically as being 
a vowel whereas manual segmentation considered them to be consonantal. 

FASC 

400 
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' 

t\, r-·-. i_) I \ �-�f "":" 
I - \ r-:::.-.-.-'� ,....._ • .: /'\ -..... _,,.,.t _ _,. . ................. _ .. ----·-.,...' 

I 00 .f { ,,_r.I" 
1·; 
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n processed records 

Fig. 9. Cumulatively calculated F ASC values for manually 
and automatically segmented vowels from read text. 

Table 5. Overview of the resulting output of the F ASC and 
BASC calculations for manually and· automatically segmented 
vowels from read text. 

automatically man.ually 

mean FO 120 123 

mean Fl 417 453 

mean F2 1468 1520 

FASC 230 292 

BASC 466 562 

cum. % ei + e2 79.4 82.4 

n records 398 332 
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For further calculations of formant.,.based and bandfilter-based acoustic 
system contrast we used all records of excised vowels by means of the 
automatic segmentation program. In fig. 9 we plotted the cumulatively 
calculated F ASC for the manual and the automatic procedure, whereas in 
table 5 we displayed the calculated values from both methods together. 
From fig. 9 and table 5 it is cle·ar that the results from the two procedures 
are very similar, although the automatic procedure processed 66 more 
records than the manual one. Moreover all values from the automatic method 

·are somewhat lower than those from the manual procedure. In fig. 9 we can 
see a great similarity between both curves, albeit a little bit shifted. In 
the automatic F ASC curve we also find that high jump, probably caused by 
the different types of clauses, only less high since the preceding part is 
longer. Which parts of the speech fragment are exactly causing the shift 
has not yet been investigated. 

4. C ONCLUSIONS 

In table 6 an overview of the results on acoustic system contrast in the 
two speech situations is given, together with the results from our earlier 
research involving the same speaker. As for the earlier data, especially for 
the unstressed vowels, it should be kept in mind that at that time no 
schwa sounds and no diphthongs were included. Especially the high number 
of schwa· sounds in the Dutch language will cause a much lower ASC when 
we are processing the programs automatically. In fact this tendency is clear 
from table 6. 

Table 6. Overview of formant-based (F ASC) and bandfilter-based (BASC) 
· · values of acoustic system contrast together with the ASC valu'3s as 

given in Koopmans-van Beinum ( 1980)in various speech situations for 
one male Dutch speaker. 
Correlation coefficients between F ASC and BASC are calculated over 
the marked (* or **) values. For more details see text. 

condition ASC FASC T BASC 

KvB '80 manual autom. manual au tom. 
segm. segm. segm. segm. 

convers. unstr. 174 108* 341* 
all 124* 400* 
stressed 264 , 

retold unstr. 166 I stressed 262 ' 

read unstr. 273 276* 485* I all 292* 230* 562* 466* 
stressed 343 I 

J 
715** (Pols '77) 

I 
words stressed 406** J i 
vowels .433 J 
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As for the manual and the automatic segmentation method it turns out 
that the correlation coefficients between the comparable F ASC and BASC 
values are .95  (* = the word-condition excluded) and .97 (**  = the word
condition included), being both significant (p < 0.0 1). 

Based on the results so far we can draw the following conclusions. 
- The formant-based F ASC, cumulatively processed on the output data of a 

dynamic acoustic-phonetic vowel analysis, compares favo·urably with the 
acoustic system contrast (ASC) values as processed on output data from 
static vowel analysis. 

- The bandfilter-based BASC turns out to be a good alternati.ve for the 
formant-based acoustic system contrast, since the results are very 
similar in the distinct speech situations. Our results are even confirmed 
by data from Pols ( 1977) �ho gives a total variance of 7 15 dB2 between 
the tnean spectra of the twelve Dutch vowels pronounced in monosyllabic 
words by 50 male speakers. The rank order of F ASC and of BASC 
values in the distinct speech situations is exactly the same, as far as 
data are available, and correlation coefficients are significant. 

- The in this study developed automatic procedure for processing running 
speech provides the possibility to define quickly and for extended speech 
material global reduction data in terms of acoustic system contrast. 

In the near future especia!ly the automatic procedure will be enhane!ed. 
Moreover it will be applied in various speech situations of more speakers 
and of other languages as well. 
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