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CREATION OF THE ESTONIAN DIPHONE DATABASE
FOR TEXT-TO-SPEECH SYNTHESIS*

Introduction

The aim of our text-to-speech synthesis project is to convert the Estonian written
text, inserted orthographically into a computer, to an orthoepically correct and nat-
ural-sounding spoken text for a wide range of practical application.

Articulated speech flow does not consist of a simple concatenating string of speech
sounds. Rather, speech is a continuously overlapping set of transitions from one
speech sound to another. Due to the regressive coarticulation, generation of the pre-
vious segment contains features from the next speech sound(s). The minimal (elemen-
tary) articulatory gesture seems to be a demisyllable (Fujimura 1981) where the move-
ment from a constriction or closed phase to an open phase or vice versa makes up a
sonority cycle (Clements 1988). The so-called ahead articulation scans all muscle channels
exploited in the generation of the respective minimal articulatory sequence and
switches on simultaneously those channels, whose activity is not contradicting the
basic state of the movement. On the other hand. the progressive coarticulation, based on
the inertia of articulators, leaves traces of the previous sound in the following segment.

These coarticulation phenomena have been the main impediment in a way get-
ting satisfactorily natural speech quality by means of formant synthesizers. Artic-
ulatory synthesizers need elaborate computational work to have wider practical
applications. Nevertheless, both types of synthesizers are perspective and applic-
able in research purposes. ‘

The demisyllabic CV- or -VC elementary (transitional) gesture is a relatively
non-compressible segment of speech flow and is not subject to considerable dura-
tional changes (e.g. Fujimura 1982). The allophonic variants of phonemes generally
arise from demisyllabic affiliations. Only the quasi-stationary part of vocalic and
consonantal phases of CV- and -VC demisyllables respectively is subject to dura-
tional variation. In many languages, including Estonian, the variability of the quasi-
stationary part is used to mark the short/long opposition.

Taking into account what was said above, it should not be surprising that a
compilative resynthesis, based on concatenating diphones separated from natural
speech, may lead to the best results in text-to-speech converting systems. A diphone
synthesis has the advantage that the coarticulatory transitions which are controlled
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with difficulties by rules, are naturally comprised without losses in diphones sep-
arated from real speech. A diphone database needs less amount of memory than
databases of syllables or words.

Cooperation with the MBROLA project

The MBROLA (multiband resynthesis overlap add) project was initiated by the
TCTS Lab of the Faculté Polytechnique de Mons (Belgium). The aim of the MBROLA
project is to obtain a set of speech synthesizers for as many languages as possible,
free of use for non-commercial and non-military applications. MBROLA consists of
a speech synthesizer, based on the concatenation of diphones, and of diphone
databases (Dutoit 1997). Several languages are already available in the MBROLA
homepage http:/tcts.fpms.ac.be/synthesis/mbrola (e.g. Brazilian Portuguese, Bre-
ton, British English, Dutch, French, German, Romanian and Spanish).

In order to create a text-to-speech compilative synthesizer for Estonian, the work
group consisting of the researchers of the Laboratory of Phonetics and Speech Tech-
nology of Institute of Cybernetics and the Institute of the Estonian Language joined the
MBROLA project in 1997. Joining this project enables us to use the Mons MBROLA syn-
thesizer (Figure 1: block 3) for concatenating diphones, matching them with each
other, changing the duration and fundamental frequency of sounds. In order to con-
vert an Estonian written text into synthesized speech we have to solve the following
tasks: (1) to convert an orthographic text into phonetic-phonological (Figure 1: block 1);
(2) to compile rules for the control of segment durations and F0 contours (block 2);
(3) to compile a prosodic database with data concerning the durations and FO contours
of the segments (block 4); (4) to compile the diphone database (block 5). By today we
have compiled the Estonian diphone database (about 1600 diphones; cf. e.g. the corre-
sponding data for other languages: Spanish 800, French 1200, German 1800 diphones).
In the nearest future an automatic control algorithm for converting an orthographic
text into an orthographic-phonetic-phonological mixed system will be ready.
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Figure 1. A text-to-speech compilative synthesizer based on diphones concatenation.
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Completion of the Estonian diphone database

Our text-to-speech synthesis project uses diphones as the elementary concatenat-
ing acoustic units, separated from spoken texts. Diphones are segments of the
speech flow consisting of a part of two consecutive phones (sounds) (e.g. pause—
consonant #—C, pause—vowel #—V, consonant—vowel C—V, vowel—vowel V—
V, vowel—consonant V—C, consonant—consonant C—C, vowel—pause V—# and
consonant—pause C—#). A diphone begins with the quasi-stationary part of the
first phone and ends in the quasi-stationary part of the following one.

Creating a diphone database consists of the following procedures: (1) possible
combinations of all vowels and consonants at the beginning, in the middle and at
the end of words were determined taking the three quantity degrees into account;
(2) based on these combinations a diphone register was created; (3) text corpus was
created so that each diphone would occur in one word at least (the text corpus for
Estonian diphones consists of 1270 words); (4) digital recording of the text corpus (the
corresponding words were read in the frame sentence iitlen ... taas 'Tam saying ... again’
by one male speaker in an anechoic chamber); (5) speech segments (we call them raw
segments here) were separated from the words of the text corpus so that before and
after each diphone at least 50 ms of the corresponding sound was retained (see Fig-
ure 2); (6) segmenting diphones from the raw segments mentioned in the previous
point (see Fig. 2: segmenting is a time consuming task: segmenting and labelling of a
1-minute speech takes approximately 1000 minutes); (7) standardizing the diphones
(normalisation of intensities of diphones; made by colleagues from Mons): (8) opti-
misation of the diphone database (on the basis of listening tests it may turn out to be
necessary to correct diphones, to decrease or increase the number of them).

In the diphone database (Fig. 1: block 5) a diphone is characterised in addition
to its acoustical pattern by three characteristics which mark (1) the beginning of the
diphone, (2) the end of the diphone and (3) the boundary of two phones (all
measured from the beginning of the raw segment). In the prosodic database (Fig.
1: block 4) data on each sound in diphones are kept as follows: (1) the whole dura-
tion of the sound, (2) the onset of FO (percentage of sound duration), (3) the initial
frequency of FO, (4) the place of the FO peak (percentage of sound duration), (5) the
peak frequency of FO, (6) the place of the FO end (percentage of sound duration),
(7) the final frequency of FO. In synthesizing a certain text it is possible to change
these data with an automatic control algorithm (Fig. 1: block 2).

Below we will mention some circumstances known in Estonian phonetics which
we have taken into account in compiling the diphone corpus. Central to it is the
question concerning three quantity degrees: should different diphonic combinations
be compiled for each quantity degree or is it possible here to decrease the number of
diphones? We have proceeded from the opinion that in Estonian there are two seg-
mental duration degrees and three phonologically distinctive foot patterns — quan-
tity degrees (about the prosodic hierarchy, see Eek, Meister 1998a). Long and short
vowels in stressed syllables differ little in quality, therefore defining them as different
phonemes based only on quality is not justified. Short and long vowels are situated in
the perception space of the corresponding vowel types (Eek, Meister 1998b). From the
perception experiments we know that natural-sounding Q2 is easily generated from
Q1 by changing only the durations of the stressed and unstressed syllables to the
needed duration ratio and by determining the place of the FO peak in the stressed syl-
lable (Eek 1980). That is why the diphone database does not contain diphones for the
Q2 feet. They are generated automatically by rules (Fig. 1: block 2) based on the data
concerning diphones from the Q1 foot. Synthesizing by rules the natural-sounding Q3
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foot on the basis of Q1 or Q2 would be a too difficult procedure (Eek, Meister 1997 : 88—
90) which would actually be infeasible with the current system due to the prominent
reduction in quality. intensity and duration of the vowel of the unstressed syllable, and
also due to the peculiarities in V—C transitions of the stressed syllables. This is why we
considered it necessary to compile special V—C and C—V diphones for the Q3 foot.
Secondly a question should be mentioned: which consonant taken from a CV-
demisyllable should be considered to represent the first part of a consonant in a diphone
#—C so that the following syllable would be perceived as a natural-sounding integral
unit? The perception experiments with plosives draw the attention to the fact that the
syllable is perceived as an integral unit only in the cases when the distance between
the strongest burst peak and the onset of the vowel formant representing F2' does
not exceed a critical distance. If the distance is larger than the critical distance, the syl-
lable is perceived as a sequence of discontinuous segments (Eek, Meister 1996).
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Figure 2. An example of diphone segmentation (the word 0sa separated from the text corpus).
1 — oscillogram of the word osa (spectrogram used in segmentation is not pre-
sented in the figure);

2 — phone boundaries marked by vertical strokes;

3 — segmentation of raw segments for the corresponding diphones;

4 — separated diphones saved in diphone database with three measurement values
(the numerical values express distances of the vertical strokes from the beginning
of the corresponding raw segment: the first stroke — distance of the beginning
point, the second stroke — distance of the phones boundary and the third stroke —
distance of the end of the diphone from the beginning of the raw segment).

In the case of plosives the mentioned problem is solved easily when the burst is
added to the transition of the following vowel as a part of it (i.e. a plosive is then rep-
resented only by an occlusion). So each type of plosives is represented only by one
#—C diphone (e.g. #—k) and C—V is represented by 9 different diphones (e.g. k—i,
k—e, k—d, etc.). But we cannot proceed in the same way in the case of the continuants
because the influence of regressive coarticulation of the following vowel reaches the
beginning of the word-initial consonant (e.g. in the syllable ha- the spectrum of & is
similar to the spectrum of the following a already at the beginning of 4 and in hi- A is
similar to 7). That is why we mark the #—C diphone being influenced by the follow-
ing vowel with a number designating the corresponding vowel (e.g. #—h7, h7—a: #—
h1, h1—i, etc.). Our aim is to get the best possible natural-sounding synthesized
speech, therefore, we will not rush to decrease the number of diphones before it has
not been convincingly proved by perception experiments that taking the beginning
of a consonant into account does not affect the quality of synthesized speech.
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The special marking of word-initial continuants enables to distinguish them from
the diphones of the unstressed syllable beginning with the same consonant (e.g. in the
word momin: #—mé, m6—o0, 0—m, m—i, i—n, n—#). In such a way the acoustical struc-
ture of the unstressed syllable of a foot (i.e. of the unit essential in the identification of
quantity degrees) is more adequately represented. There cannot arise a disagreement
with the word-initial unmarked plosives because in Q1 and Q2 feet Q1 diphones V—
gand g—V, V—b and b—V, V—d and d—V, separated from the Q1. will be used., i.e.
the control algorithm directs, e.g.. in the word fuki (Q2) the intra-word sequence of k.
(which otherwise could coincide with the word-initial 24— diphone) as well as the uk
sequence to the diphones g—i and u—g of the word fugi (Q1): the algorithm changes
the word-initial g, b, d occurring in foreign words into word-initial &, p, f: it is possible to
use a word-initial C—V diphone from the Q1 foot as the corresponding C—V diphone
for the Q3 foot without impairing the naturality, whereas the backmost diphones of the
Q3 foot will anyway be provided with a special marking (see the next chapter).

Manipulations with the Estonian orthographic text

The Estonian orthography is not phonetic (see also EKG). Some essential phono-
logical oppositions as well as phonologically non-relevant phonetic facts (but impor-
tant from the point of view of orthoepy and speech naturality) are not exposed in
the written form of Estonian. Below we will present the most important cases
along with short references to the rules of control algorithm used in phonetizing
this part of orthography.

(1) Generally, long vowels and consonants are reflected in the orthography: long
vowels are presented as double vowels and long consonants as geminates (about
relations between short/long segmental duration degrees and quantity degrees,
see Eek, Meister 1998a). However, there are many exceptions:

(a) intervocalic geminate plosives &, p, f and fricatives f, § after short vowels are
written by one letter in the Q2 foot, e.g. tuki, tuti, tupe, tufi. tusi; only in the Q3 foot
these geminates are written by two letters, e.g. tukki, tutti, tuppe, tuffi, tussi;

(b) after long vowels or diphthongs. irrespective of the quantity degree of a foot, long
(geminate) obstruents (except s, e.g. poiss, Q3) are written by one character, e.g.
saate (Q2), saate (Q3), laat (Q3); to this group belongs also a geminate / in the Q2 foot;
(c) after a sequence of short vowel + sonorant, irrespective of the quantity degree
of a foot, long (geminate) obstruents (except s, e.g. varss. Q3) are written by one
character, e.g. narta (Q2), karta (Q3), kart (Q3);

(d) the same is valid for long (geminate) plosives in the Q2 and Q3 feet after long
vowels and diphthongs, e.g. kaarte, (Q2), kaarte (Q3), kaart (Q3):

(e) plosive geminates when followed by a sequence of voiced consonant + vowel.
is also written by one character, e.g. riitmi (Q2), riitmi (Q3). kitli (Q3).

All the above mentioned geminate obstruents in the Q2 feet written by one
character do not need an extra marking. The intervocalic geminate plosives k. p.
written by one character will be directed in the linguistic processing block 1a (Fig. 1)
to the diphones consisting of the corresponding short consonants g, b. d (e.g. muki
—> mugi). Passing untouched through the automatic diacritics rules in block 1b, muki
will be changed in the prosodic processing block 2a, b according to the data of the
diphones 1-g and g-i from the word mugi in block 4 so that the duration of the occlu-
sion phase of the corresponding short consonant will be doubled. This economical
manipulation decreasing the number of diphones (about the argumentation, see
above) cannot be used in the case of the geminates f and § written by one character.
In these cases different diphones (e.g. u—f from fufi and u—s from fusi) have
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been recorded because Estonian lacks an intervocalic short (lenis) £, the short (lenis)
§ (orthographically Z) could be pronounced in a non-Estonian way as too voiced.
Therefore after the transcription change £ = § in block 1a the short § (e.g. ortho-
graphically £ in KiZ7) will be directed to the diphone of the corresponding geminate
(e.g. i—$ from nisi) where in block 2a the stationary part of s will be shortened.
(2) Generally, the Q2 and Q3 opposition, a central phenomenon of the Estonian
prosody. is not revealed in the orthography (e.g. saada (Q2) — saada (Q83). laulu
(Q2) — laulu (Q3), kalla (Q2) — kalla (Q3), kalmu (Q2) — kalmu (Q3), etc.). The only
exception is made by the intervocalic or word-final obstruents following a short
vowel (e.g. tugi (Q1) — tuki (Q2) — tukki (Q3), tukk (Q3)).

Q1 and Q2 need no special marking. We will mark Q3 by a colon placed after the
peak of the Q3 foot (Eek. Meister 1998a). The colon does not denote a Q3 phoneme
but indicates that the whole foot is in Q3, and at the same time it signalises the poten-
tial but not obligatory duration increment (peakedness) of the preceding syllable-final
phoneme. All Q3 feet are either vowel-peaked or consonant-peaked. In case of an
open stressed syllable (or if a long vowel nucleus is followed by a sonorant or lenis
obstruent) the peak of articulation tension falls on the long vowel nucleus (e.g.
saa:da, law:lu, lau:da, kaardu, pea:lse). In a closed syllable the tension peak falls on the
first or second consonant of the coda: in the latter case the peak consonant can be a
fortis obstruent preceded by a sonorant (fuk:ki, tuk:k, saata. laat., laut.a, laut., kal:la,
hal:l. karda, kar:d, kalmu, kal:m, kart:a, kart:, kaart:i, kaart:). In the Q3 foot marked by
a colon the V—C diphones of a stressed syllable and C—V diphones of an unstressed
syllable were separated. In order to distinguish the strongly reduced vowels of an
unstressed syllable of the Q3 foot from the corresponding vowels of the Q1 and Q2
feet, we will mark the vowels of an unstressed syllable of a Q3 foot by number 3.

Below we will present sequences of concatenative diphones of some types of
quantity degrees along with the words where the corresponding diphone has been sep-
arated (* denotes the corresponding rules of the control algorithm and 2x denotes the
lengthening of the duration):

sada saada saa:da laulu lau:lu
#—s7 (sada) #—s7 (sada) #—s7 (sada) #—17 (laba) #—17 (laba)
s7—a (sada) s7—a (sada*2x) s7—a (sada) I7—a (laba) I7—a (laba)
a—d (sada) a—d (sada) a—a: (laa:bu) a—u (lauda) a—u: (lau:da)
d—a (sada) d—a (sada) a:—d saa:da) u—l (ulu) w—l (kuu:la)
a—# (iha) a—# (iha) d—a3 (patta®) l—u (ulw l—u3 (hul:lu*)

a3—# (tap:pa) u—# (uhu) u3—# (tip:pu)

maki mak:ki saate saate auto
#—m7 (madu) #—m7 (madu) #—s7 (sada) #—s7 (sada) #—a (ahi)
m7—a (madu) m7—a (madu) s7—a (sada*2x) s7—a (sada*2x) a—u (lauda)
a—g (kagu*2x) a—k: (kakku) a—d (sada* 2x) a—t: (patta) u—d (pude*2x)
g—i (nogi*) k:—i3 (kdkki*) d—e (pude?) t:—e3 (pet:te*) d—o (pedo®)
i—#  (ahi) 3—# (top:pi) e—# (ehe) e3—# (tup:pe) o—# (Leho)

laut.a saa:d mak:k laat: laut:
#—17 (laba) #—s7 (sada) #—m7 (madu) #—17 (laba) #—17 (laba)
I7—a (laba) s7—a (sada) m7—a (madu) I7—a (laba*2x) 17—a (laba)
a—u (lauda) a—a: (laabu) a—k: (kakku) a—t: (patta) a—u (lauda)
u—t:  (rut:tu) a—d (saa:da) k:—# (palk?) t—# (alt) u—t: (rut:tu)
t—a3 (pat:ta®) d—# (pold) t—# (alt)
a3—# (tap:pa)
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(3) Distinctive palatalisation is not revealed in the orthography. In order to mark
palatalisation we use an apostrophe (e.g. pan’i — pan'ni — pan’:n).

(4) It will be determined by the rules that the long syllable-final iii will be pro-
nounced as iii (both in a Q2 and Q3 foot) if the following unstressed syllable begins
with a short vowel (e.g. piiiia piiia; liiii:a lii:a).

(5) The phoneme /n/ is realised as palato-velar nasal [n] before palato-velar plosives
(except in the case of morpheme boundary before g, k). To bring forth the excep-
tion we use a comma as the morpheme boundary (cf. e.g. istungi — istun,gi).

(6) The boundaries of the components of a compound word are marked with +.
(7) As the short intervocalic 4 has become voiced. in order to avoid unnaturality we
cannot derive geminates by doubling the duration of a short consonant. For that
purpose we exceptionally use different diphones.

(8) Word-initial g, b, d are changed into &, p, ¢ in block 1a; = and Z, not depending on
their position in a word, are changed into s and $ respectively.

Adding diacritics (a colon, apostrophe, comma, plus sign) to the orthography
manually will certainly give the best results. But then the general applicability of the
synthesizer decreases because not everyone is able to add the additional marks. The
soon-to-be-tested automatic system for adding diacritics (block 1b) will likely need
to be developed by adding syntactical data. It will be dangerous to leave it half done
because the heard defective synthesized speech (especially with an inadequate pre-
sentation of Q3 and palatalisation) could eventually lead to the inadequate pro-
nunciation of the listeners, which in the current case would finnishize Estonian.

REFERENCES

Clements, G. N. 1988, The Sonority Cycle and Syllable Geometry. — The Sixth Inter-
national Phonology Meeting, The Third International Morphology Meeting. Abstracts,
Krems, 21.

Dutoit, T. 1997, An Introduction to Text-to-Speech Synthesis, Dordrecht.

Eek, A . 1980, Estonian Quantity: Notes on the Perception of Duration. — Estonian Papers
in Phonetics, Tallinn, 5—30.

Eek, A, Meister, E. 199, The Perception of Stop Consonants: Linking the Strongest
Spectral Region of the Burst to the Following Vowel. — Fonetiikan Paivat, 28.—29. 08.
1996, Joensuu (In print).

—— 1997, Simple Perception Experiments on Estonian Word Prosody: Foot Structure vs.
Segmental Quantity. — Estonian Prosody: Papers from a Symposium. Proceedings of
the International Symposium on Estonian Prosody, Tallinn, Estonia, October 29—30,
1996, Tallinn, 71—99.

—— 1998a, Estonian Speech in the Babel Multilanguage Database: Phonetic-Phonological
Problems Revealed in the Text Corpus. — Proceedings of the Workshop on Speech
Database Development for Central and Eastern European Languages. The First Inter-
national Conference on Language Resources and Evaluation, Granada.

—— 1998b, Quality of Standard Estoniar. Vowels in Stressed and Unstressed Syllables of
the Feet in Three Distinctive Quantity Degrees. — LU XXXIV, 226—233.

Erelt M, Kasik, R, Metslang, H, Rajandi, H, Ross K, H. Saari, H.
Tael K, Vare, S, Eesti keele grammatika II. Stintaks. Lisa: kiri, Tallinn 1993 (= EKG)

Fujimura, O. 1981, Temporal Organization of Articulatory Movements as a Multidimen-
sional Phrasal Structure. — Phonetica 38, 66—83.

—— 1982, Relative Invariance of Articulatory Movements. An Iceberg Model. — The XIIith
International Congress of Linguists. Tokyo, August 1982. Working Group on Speech
Production, Tokyo.



	b10725076-1998-3 no. 3 01.07.1998
	Cover page
	Untitled

	Chapter
	PREFACE
	PARTITIVE OR ILLATIVE?
	Correct case identification Number of correctly identified stimuli Figure 1. Distribution of correct case identifications.
	Table 1 Average duration (in milliseconds) of the vowel of the first syllable, the intervocalic consonant, and the vowel of the second syllable in test words produced by three speakers
	Table 2 Duration ranges (in milliseconds) of intervocalic consonants in test words produced by three speakers
	Table 3 Responses of 50 listeners to 48 test items produced by three speakers
	Table 4 Responses of 50 listeners to test items produced by Speaker 1
	Table 5 Responses of 50 listeners to test items produced by Speaker 2
	Table 6 Responses of 50 listeners to test items produced by Speaker 3

	PERCEPTION OF ESTONIAN WORD PROSODY. A STUDY OF WORDS EXTRACTED FROM CONVERSATIONAL SPEECH
	_Ё П& E a DE K SC ж З K “:ž.;—g'-š RECOGNITION RATE RECOGNITION RATE
	N Z a Ра АЫ :Ё&“ё"' : G š; ? N S.
	RECOGNITION RATE
	x > NO a Õ sd b 1t RECOGNITION RATE Figure 2. Vı duration, Vl/V; duration ratio, percent FO change within Vi and FO peak position (as ratio of Vi duration) in relation to different recognition rates of the guantity degree of the stimulus. Filled sguares = 01, unfilled sguares = 02, filled circles = 03. See text for details.
	Untitled
	Figure 1 shows percent Ql, Q 2 and Q 3 answers to stimuli of each of the three degrees of quantity. The general pattern is similar for the three speakers, although the number of correct answers varies. It can be seen that recognizing Q 1 did not cause difficulties and that Q 2 was a little more difficult. More serious difficulties were encountered only in connection with Q 3, particularly with the stimuli of speaker AT. The recognition rate of Q 3 words was very variable: for example, one word could be recognized by all 24 listeners while another, similar word spoken by the same person was not recognized at all. There could be several reasons for this difference, which will be discussed further on. The most obvious reason could lie in the acoustic properties of the stimuli. STIMULUS QUANTITY STIMULUS QUANTITY STIMULUS QUANTITY Figure 1. Percent Ql, Q 2 and Q 3 answers to stimuli of each of these dezrees of quantity. Black = Ql, white = Q 2, and grey = Q 3.
	Untitled
	Table 1 Multiple correlation analysis of four acoustic properties as predictors of the recognition of Q 3 stimuli
	Table 2 Mean temporal and tonal values in stimuli recognized by more than 80% of the listeners
	WHY SYLLABIC QUANTITY? WHY NOT THE FOOT?
	Untitled

	REASONS FOR AN UNDERLYING UNITY IN RHYTHM DICHOTOMY
	Table 1 Linear regression equations and correlation coefficients for five languages using R. M. Dauer’s (1983) data
	Untitled
	SPEAKER DATABASE TEST AND FUNDAMENTAL FREQUENCY IN SPEECH
	Table 1 Data on speakers and speech material used in F 0 analysis
	Table 2 Mean values of F 0 and its standard deviation for female speakers (N = 53)
	Table 3 Mean values of F 0 and its standard deviation for male speakers (N = 58)
	Table 4 Results of the basic test run (closed test)

	EVALUATION OF SIMILARITY DEGREE BETWEEN SPEAKERS ON THE BASIS OF SHORT TIME FFT SPECTRA
	Figure la. Three single spectral (snaps) and the averaged spectrum with ”well-shaped” formants and their average spectrum. (A male speaker Al; test vowel [2] from sdde ‘ray’).
	Figurc Ib. A comparison of two averaged spectra: with “well-shaped” (good) and "not well-shaped” (bad) formants. 3 Linguistica Uralica 3 1998
	Table I Experimental arrangements (speakers, their linguistic backgrounds, speech material and recording devices) in the three investigations.
	Table II Comparison of the female speakers HA and MA (16 phones within one sentence) SoundScope constant options: sampling rate 22.050; filter 45 Hz; TW = 33 ms; resolution 1054 points (= actually 213 points within 5 kHz); low smoothing; PreEmphasis; one snap from the temporal mid point of the speech sound concerned (exept the bursts of [k] and [t]).
	Table 111 Phones and words used in study Correlation coefficients (r) of some options are shown in different spectral bands. Column "same” shows the intra-speaker correlations, and column "diff” the inter-speaker correlations. Three snaps were always averaged.
	Table IV Phones and words used Correlation coefficients (r) of one option — 300 Hz, 512 points — in different spectral bands are shown. Column "same” shows the intra-speaker correlations, and column "diff” the interspeaker correlations. Three snaps were always averaged.
	MODELING FINNISH MICROPROSODY WITH NEURAL NETWORKS
	Untitled
	Untitled
	Untitled
	relative time relative time
	Untitled
	relative time
	Figure 2. Estimated pitch and actual values for [a] in the words knalli and tase, for [e] in tase and [l] in Jadata, gallup and tuuli. The vowels are estimated with a network that was trained on all voiced phones; the l-estimates represent a specialized network trained only on [l] phones. The triangles represent neural network estimates and the circles (or N) the actual F0 values. The x-axis represents the nine estimation frames for each phone.
	Untitled
	Untitled
	relative time relative time Figure 3. Estimated loudness and actual values for [a] in the words kahdeksan and arlanda. The triangles represent neural network estimates and the circles the actual loudness values. The x-axis represents the nine estimation frames for each phone.
	Untitled
	Untitled
	Untitled
	Figure 1. The neural network input, coding and architecture. The example shows the coding for the vowel /a/ in the word fakassakin ’in the fire-place, too’. A seven-phoneme window is used; the three features for the vowel are phoneme identity (a = /a/), its class (BV = back vowel) and its length (. = short). The additional information in the training vector includes: the estimated phoneme’s place in the word, the length of the word and the estimated frame’s position in the phoneme.
	Table 1 Network estimation results (average absolute error) for pitch and loudness for two male speakers (MK and MV)

	FINNISH SPEECH SYNTHESIS USING WARPED LINEAR PREDICTION AND NEURAL NETWORKS
	Figure 1. A realisable WIIR structure with first-order allpass delays and a single unit delay.
	Untitled
	0 1000 2000 3000 4000 5000 6000 7000 8000 9000 Hz Figure 2. LP and WLP spectra of vowel /a/ for different filter orders.
	Figure 3. Configuration of the speech synthesis system using warped linear prediction and specialised neural nets.
	Table 1 Lattice coefficient error vs. network specialisation Figure 4. WLP spectra (dB vs. Bark scale) at a certain time instant in an [e]—]i] transition of word /keinu/. The top curve is the target spectrum and the other ones are neural net generated cases (Table 1) in order of decreasing specialisation.
	Untitled

	SPEECH ANALYSIS BY USING A NOVEL, BLOCK RECURSIVE ALGORITHM FOR AUDITORY SPECTROGRAMS (BRASS)
	Q 10 20 30 40 50 60 70 Figure 1. Auditory spectrogram of five synthetic glottal pulses.
	Figure 2. Auditory spectrogram of Finnish //.
	Figure 3. Auditory spectrogram of the Finnish sentence memo päälle.
	Figure 4. Normalized Euclidean distance function between the model pitch period and all the other pitch periods (or equivalent subrfames) of the sentence (see text).
	Figure 5. Segment boundary indicated by combining distance measures of neighboring segments.

	A TOOL FOR AUTOMATIC LABELLING OF FINNISH SPEECH
	Figure 1. Block diagram of the automated labelling system
	Figure 3. Examples of diphone detector network outputs for the word /yyteri/.
	Figure 4. Histogram оё phoneme boundary deviations between automatic and hand labelling.
	Figure 2. The configuration of a single diphone detector neural net.
	Table 1 Error decomposition of the 188 evaluation words sorted according to the average absolute error (AvgAbsErr) in seconds (N indicates the number of occurrences found in a specific coarse-category 37 out of a possible 64 coarse-categories existed in the word set)

	QUALITY OF STANDARD ESTONIAN VOWELS IN STRESSED AND UNSTRESSED SYLLABLES OF THE FEET IN THREE DISTINCTIVE QUANTITY DEGREES*
	Untitled
	Figure 1. Average spectral values of the Estonian stressed-syllable vowels of Q 1 (©), Q 2 (D) and Q 3 (A) feet plotted onto the acoustic space of Fl, F 2 and F 3. On the lower part of the Figure phoneme boundaries are designated by straight lines defined on the basis of matching experiments (Eek, Meister 1994 : Fig. 6); phoneme targets as reference points in the two-formant perception space are marked by a dot (®).
	Figure 2. F 1 and calculated F2’ average values of Estonian vowels in the stressed syllables of Q 1 (), Q 2 (O) and Q 3 (A) feet plotted onto the perception space (3 male speakers). Phoneme boundaries are designated by straight lines defined on the basis of matching experiments (Eek, Meister 1994); phoneme targets as reference points are marked by a dot (*).
	Figure 3. Average sgectral values of the Estonian unstressed-syllable vowels of (š (?h)’ PZ (El?an ?3 (A) feet plotted onto the acoustic space of Fl, F 2 and F 3. On the ower ä)art of the Figure fhoneme boundaries are designated bšstraight lines defined on the basis of ma chinš experiments (Eek, Meister 1994); E oneme ta:qets as reference points in the two-formant perception space are marked by a dot (9).
	Figure 4. F 1 and calculated F2' average values of Estonian vowels in the unstressed syllables of Q 1 (¢), Q 2 (O) and Q 3 (A) feet plotted onto the perception space (3 male speakers). Phoneme boundaries are designated by straight lines defined on the basis of matching experiments (Eek, Meister 1994); phoneme targets are marked by a dot (®).
	Table 1 Average durations (ms) and formant frequencies (Hz) of the stressed-syllable vowels of Ql, Q 2 and Q 3 feet (3 male speakers)
	Table 2 Average durations (ms) and formant frequencies (Hz) of the unstressed-syllable vowels of Ql, Q 2 and Q 3 feet (3 male speakers)
	VOWEL REDUCTION IN SOUTH ESTONIAN
	Chart 1. The articulation space of the male informant of Karksi.
	Chart 2. The articulation space of the female informant of Karksi.
	Chart 3. The articulation space of the Vastseliina informant.
	Untitled
	Untitled
	Table 1 Formant positions of vowels with varying duration in non-initial syllables in Karksi and Vastseliina

	ABOUT THE PHONETIC PECULIARITIES OF SHORT VOWELS IN THE VORU DIALECT
	Diagram 1. Location of short monophthongs of the first syllable of Vastseliina in the formant space.
	Diagram 2. Position of short monophthongs of the second syllable in the formant space in Vastseliina.
	Diagram 3. Position of short monophthongs of the third syllable in the formant space in Vastseliina.
	Table 1 Mean formant values for vowels in the first syllable in Vastseliina together with standard deviations (in Hz)
	Table 2 Mean formant values for vowels in the second syllable together with standard deviations (in Hz)
	Table 3 Mean formant values for vowels in the third syllable together with standard deviations (in Hz)

	ABOUT THE ACOUSTICS OF LONG AND OVERLONG VOWELS IN THE VORU DIALECT
	Figure 1. Location of long vowels in the formant space.
	Figure 2. Location of overlong vowels in the formant space
	Table 1 Mean formant values of long vowels in Hz with standard deviations
	Table 2 Mean formant values of overlong vowels in Hz with standard deviations

	ELECTROPALATOGRAPHIC INVESTIGATIONS OF THREE FINNISH CORONAL CONSONANTS
	Table 1 The means obtained for /t/ as a function of V; (in each V; context, N = 300)
	Table 2 The means obtained for /£ / as a function of V 2 (in each V 2 context, N = 300)
	Table 3 The means obtained for /d/ and /n/ as a function of Vı (for both consonant in each Vi context, N = 300)
	Table 4 The means obtained for /d/ and /n/ as a function of V 2 (for both consonant in each V 2 context, N = 300)
	Table 5 The mean fronting of contact during occlusion of /d/ and /n/ as a function of Vı
	Table 6 The mean fronting of contact during occlusion of /d/ and /n/ as a function of V 2

	FINNISH AND ENGLISH APPROXIMANTS: THE ACOUSTIC CONTINUUM
	AN UMLAUT PHENOMENON IN THE KARASJOHKA DIALECT OF NORTH SAAMI
	V 4-u & &-о % A-a % A-& $ 4-e B &-1 Figure 1. The formant positions (Fl/F2) of vowel /ä/ in the first syllable in six second syllable vowel contexts. Informant 1. Legend, see figure.
	Figure 2. The formant positions (Fl/F2) of vowel /ä/ in the first syllable in six second syllable vowel contexts. Informant 2. Legend, see figure. Table 3 Frequency values of F 1 and F 2 (Hz) of realizations of vowel /ä/ in contexts with different second syllable vowels. Informant 3
	Figure 3. The formant positions (Fl/F2) of vowel /ä/ in the first syllable in six second syllable vowel contexts. Informant 3. Legend, see figure.
	Table 1 Frequency values of F 1 and F 2 (Hz) of realizations of vowel /ä/ in contexts with different second syllable vowels. Informant 1
	Table 2 Frequency values of F 1 and F 2 (Hz) of realizations of vowel /ä/ in contexts with different second syllable vowels. Informant 2
	Untitled

	INITIALLY- AND FINALLY-STRESSED DIPHTHONGS OF THE GUOVDAGEAIDNU DIALECT OF NORTH SAAMI
	Figure 1. FO maximum and F0 values at the Ist and 2nd segment of initially- and finally stressed diphthongs. Informants A, B, and C.
	Figure 2. Acoustical vowel chart of diphthongs produced by informant C. The Ist segment of the diphthong has been marked by a bigger symbol. Finally stressed diphthongs has been marked by ( ).
	Table 1 Durations of the initially-stressed diphthongs and the Ist and 2nd segment in ms Table 2 Durations of the finally-stressed diphthongs and the Ist and 2nd segment in ms
	Untitled
	Table 3 Durations of the segments of the initially-stressed diphthongs in percent
	Table 4 Durations of the segments of the finally-stressed diphthongs in percent

	CATEGORIZATION, RATING AND DISCRIMINATION OF MUSICAL CHORDS
	Figure 1. Identification of the test chords as either minor or major by Subject 13, a good categorizer. The pitches of the middle notes rise from left to right on the x-axis and the pitches of the tempered (T) and the natural (N) chords are marked with arrows.
	Figure 2. Goodness rating of the test chords as minor or major by Subject 13. The x-axis is the same as in Figure 1. The goodness on the y-axis represents the averages of 15 ratings of each chord on a scale from 1 to 7.
	Figure 3. Discrimination of two chords with a difference of 4 mel in the middle note by Subject 13. The x-axis is the same as in Figure 1.



	PRIORITIES IN VOICE TRAINING: CARRYING POWER OR TONE QUALITY?
	Figure 1. The shape of the long-term average spectrum (LTAS). A male singer, using the singer’s formant technique (top left); a male singer, using the singer’s formant technique inconsistently (top right); a typical female singer (bottom left); a singer who does not use the singer’s formant technique (bottom right).
	Figure 2. The dependence of the carrying power of the voice on the length of training. Horizontal axis: number of years studied, vertical axis: level of the highest peak between 2 and 4 kHz in the LTAS in relation to level of the highest peak in the spectrum. Dots correspond to individual singers, y-formula of linear regression trendline of dots, R? — R sguared value of linear trendline.
	Figure 3. Rating of the voice quality as a function of the length of training. Horizontal axis: number of years studied, vertical axis: the sum of the marks (on a 5-point scale) given by 4 experts. Dots correspond to individual singers.

	PRELIMINARY EVALUATION OF SELECTED ACOUSTIC PARAMETERS AS SENSITIVE INDICATORS OF DIFFERENCES BETWEEN WOMEN WITH AND WITHOUT VOCAL NODULES
	Figure 1. Intragroup variability of relative average perturbation (= RAP) for the vocal nodule and control groups.
	Figure 2 . Correlation of FO and absolute jitter in the vocal nodule group.
	Figure 3. Correlation of SPL and absolute jitter in the normal group.
	Table 1 Mean, standard deviation, minimum and maximum values of acoustic analysis for the normal and vocal nodule groups
	Table 2 Correlation coefficients of fundamental frequency (F 0 sound pressure level (SPL) and other acoustic parameters (* = р < .05, ** = р < .01, *** = р < .001)

	VARIABILITY OF FINNISH SPEECH SPOKEN BY HEARING-IMPAIRED INDIVIDUALS
	INTERPRETATION OF COMMUNICATIVE INTENTS OF AN INFANT
	Table 1 Summary of the testing material Figure 1. The answers (is not intentional” (= EI INT.), ”I don’t know” (= EOS) and "is intentional” (= ON INT.)) of the subjects (n = 33) in the vocalization samples (n = 40) in the auditory section.
	Figure 2. The answers (”is not intentional” (= EI INT.), ”I don’t know” (= EOS) and ”is intentional” (= ON INT.)) of the subjects (n = 33) in the vocalization samples (n = 40) in the auditory-visual section.
	Untitled

	THE ACQUISITION ORDER OF CONSONANTS: A PROBLEMATIC VIEWPOINT
	Table 1 Sini’s very first words (I = imitation)
	Table 2 Sini’s early [t]-words (I = imitation)
	Untitled

	DIFFERENTIATION OF VOWEL LENGTH BY RELATED BILINGUAL CHILDREN
	Table 1 The quantity distinctions of Estonian and Finnish
	Table 2 Cases of utterances by girl H and boy M which meet the 50% lengthening and the > 200 ms condition. Age period 1;11 to 2;5
	Table 3 Cases of utterances by girl H and boy M which meet the 50% lengthening and the > 200 ms condition. Age period 3;0 to 4;4

	DURATIONAL PROPERTIES OF FINNISH DIPHTHONGS AS PRODUCED BY ESTONIAN LEARNERS
	Figure 1. Proportion (per cent) of durations of the Ist and 2nd segment of Finnish diphthongs. Diphthong classes with different extent and direction of glide: low-high (e.g. /®i/), mid-high (/ei/), high-mid (/ie/), and high-high (/iw). Informants A, B (native Estonian speakers) and C, D (native Finnish speakers).
	Table 1. Durations (ms) of the Ist and 2nd segment of Finnish diphthongs
	5. Discussion

	PANORAMA — PROSPECT — PROFILE: ON THE COMPUTER-AIDED DESCRIPTION OF PROSODIC QUALITY OF SPEECH
	Figure 1. Panorama: Obedience training with Veikko, a dachshund. Upper window: signal display; lower window: speech amplitude envelope display with loudness curve. For sample information, see table 1. Transcripted: Veikko! Istu. Hyvd. Seuraa. Seuraa, Veikko! Maahan. Hyvd poika. Todella kiltti koira, hyvd! Ja seuraa! Istu. Hyvd. Ja Veikko on vapaa, kiitos! 'Veikko! Sit. Good. Follow. Follow, Veikko! Go down. Good boy. Very nice dog, good! And follow! Sit. Good. And Veikko is free, thank you!
	Figure 2. (Adapted from Lehessaari 1996 : 180). Z scores for 11 speech parameters: slight intoxication (unfilled symbols, speech sample of 223 syllables) and medium intoxication (filled symbols, speech sample of 224 syllables) compared to sober speech (speech sample of 223 syllables). Speaker C, Finnish-speaking female, 25 years. Parameters: /auof = mean duration, all pauses; puheilmaukset = mean duration, all utterances; puhetahdit = mean length in syllables, all speech measures; art/kaikki, /pnen, /pton = mean duration, all syllables /stressed syllables /unstressed syllables; FO/kaikki, /pnen, /pton = mean fundamental frequency maximum, all syllables /stressed syllables /unstressed syllables; dekl/ensi, /viime = 0.5 – mean fundamental frequency maximum, first stressed /last stressed syllable in a declination unit.
	Table 1 Prospect chart (an example)
	Table 2 Mean duration and standard deviation (ms) (All syllables and all pauses; data adaFted from Lehessaari 1996 : 104, 127) Speaker N, Finnish-speaking female, 33 years, sober and intoxicated
	A FINNISH-TALKING HEAD
	Figure 1. Left: a front view of our facial model uttering a /r/. Right: a side view of the same model uttering a /v/.

	CREATION OF THE ESTONIAN DIPHONE DATABASE FOR TEXT-TO-SPEECH SYNTHESIS*
	Figure 1. A text-to-speech compilative synthesizer based on diphones concatenation.
	Figure 2. An example of diphone segmentation (the word osa separated from the text corpus). 1 — oscillogram of the word osa (spectrogram used in segmentation is not presented in the figure); 2 — phone boundaries marked by vertical strokes; 3 — segmentation of raw segments for the corresponding diphones; 4 — separated diphones saved in diphone database with three measurement values (the numerical values express distances of the vertical strokes from the beginning of the corresponding raw segment: the first stroke — distance of the beginning point, the second stroke — distance of the phones boundary and the third stroke — distance of the end of the diphone from the beginning of the raw segment).
	Untitled




	Table of content

	Illustrations
	Untitled
	Correct case identification Number of correctly identified stimuli Figure 1. Distribution of correct case identifications.
	_Ё П& E a DE K SC ж З K “:ž.;—g'-š RECOGNITION RATE RECOGNITION RATE
	N Z a Ра АЫ :Ё&“ё"' : G š; ? N S.
	RECOGNITION RATE
	x > NO a Õ sd b 1t RECOGNITION RATE Figure 2. Vı duration, Vl/V; duration ratio, percent FO change within Vi and FO peak position (as ratio of Vi duration) in relation to different recognition rates of the guantity degree of the stimulus. Filled sguares = 01, unfilled sguares = 02, filled circles = 03. See text for details.
	Figure la. Three single spectral (snaps) and the averaged spectrum with ”well-shaped” formants and their average spectrum. (A male speaker Al; test vowel [2] from sdde ‘ray’).
	Figurc Ib. A comparison of two averaged spectra: with “well-shaped” (good) and "not well-shaped” (bad) formants. 3 Linguistica Uralica 3 1998
	Untitled
	Untitled
	Untitled
	relative time relative time
	Untitled
	relative time
	Figure 2. Estimated pitch and actual values for [a] in the words knalli and tase, for [e] in tase and [l] in Jadata, gallup and tuuli. The vowels are estimated with a network that was trained on all voiced phones; the l-estimates represent a specialized network trained only on [l] phones. The triangles represent neural network estimates and the circles (or N) the actual F0 values. The x-axis represents the nine estimation frames for each phone.
	Untitled
	Untitled
	relative time relative time Figure 3. Estimated loudness and actual values for [a] in the words kahdeksan and arlanda. The triangles represent neural network estimates and the circles the actual loudness values. The x-axis represents the nine estimation frames for each phone.
	Figure 1. A realisable WIIR structure with first-order allpass delays and a single unit delay.
	Untitled
	0 1000 2000 3000 4000 5000 6000 7000 8000 9000 Hz Figure 2. LP and WLP spectra of vowel /a/ for different filter orders.
	Figure 3. Configuration of the speech synthesis system using warped linear prediction and specialised neural nets.
	Table 1 Lattice coefficient error vs. network specialisation Figure 4. WLP spectra (dB vs. Bark scale) at a certain time instant in an [e]—]i] transition of word /keinu/. The top curve is the target spectrum and the other ones are neural net generated cases (Table 1) in order of decreasing specialisation.
	Q 10 20 30 40 50 60 70 Figure 1. Auditory spectrogram of five synthetic glottal pulses.
	Figure 2. Auditory spectrogram of Finnish //.
	Figure 3. Auditory spectrogram of the Finnish sentence memo päälle.
	Figure 4. Normalized Euclidean distance function between the model pitch period and all the other pitch periods (or equivalent subrfames) of the sentence (see text).
	Figure 5. Segment boundary indicated by combining distance measures of neighboring segments.
	Figure 1. Block diagram of the automated labelling system
	Figure 3. Examples of diphone detector network outputs for the word /yyteri/.
	Figure 4. Histogram оё phoneme boundary deviations between automatic and hand labelling.
	Untitled
	Figure 1. Average spectral values of the Estonian stressed-syllable vowels of Q 1 (©), Q 2 (D) and Q 3 (A) feet plotted onto the acoustic space of Fl, F 2 and F 3. On the lower part of the Figure phoneme boundaries are designated by straight lines defined on the basis of matching experiments (Eek, Meister 1994 : Fig. 6); phoneme targets as reference points in the two-formant perception space are marked by a dot (®).
	Figure 2. F 1 and calculated F2’ average values of Estonian vowels in the stressed syllables of Q 1 (), Q 2 (O) and Q 3 (A) feet plotted onto the perception space (3 male speakers). Phoneme boundaries are designated by straight lines defined on the basis of matching experiments (Eek, Meister 1994); phoneme targets as reference points are marked by a dot (*).
	Figure 3. Average sgectral values of the Estonian unstressed-syllable vowels of (š (?h)’ PZ (El?an ?3 (A) feet plotted onto the acoustic space of Fl, F 2 and F 3. On the ower ä)art of the Figure fhoneme boundaries are designated bšstraight lines defined on the basis of ma chinš experiments (Eek, Meister 1994); E oneme ta:qets as reference points in the two-formant perception space are marked by a dot (9).
	Figure 4. F 1 and calculated F2' average values of Estonian vowels in the unstressed syllables of Q 1 (¢), Q 2 (O) and Q 3 (A) feet plotted onto the perception space (3 male speakers). Phoneme boundaries are designated by straight lines defined on the basis of matching experiments (Eek, Meister 1994); phoneme targets are marked by a dot (®).
	Chart 1. The articulation space of the male informant of Karksi.
	Chart 2. The articulation space of the female informant of Karksi.
	Chart 3. The articulation space of the Vastseliina informant.
	Diagram 1. Location of short monophthongs of the first syllable of Vastseliina in the formant space.
	Diagram 2. Position of short monophthongs of the second syllable in the formant space in Vastseliina.
	Diagram 3. Position of short monophthongs of the third syllable in the formant space in Vastseliina.
	Figure 1. Location of long vowels in the formant space.
	Figure 2. Location of overlong vowels in the formant space
	V 4-u & &-о % A-a % A-& $ 4-e B &-1 Figure 1. The formant positions (Fl/F2) of vowel /ä/ in the first syllable in six second syllable vowel contexts. Informant 1. Legend, see figure.
	Figure 2. The formant positions (Fl/F2) of vowel /ä/ in the first syllable in six second syllable vowel contexts. Informant 2. Legend, see figure. Table 3 Frequency values of F 1 and F 2 (Hz) of realizations of vowel /ä/ in contexts with different second syllable vowels. Informant 3
	Figure 3. The formant positions (Fl/F2) of vowel /ä/ in the first syllable in six second syllable vowel contexts. Informant 3. Legend, see figure.
	Figure 1. FO maximum and F0 values at the Ist and 2nd segment of initially- and finally stressed diphthongs. Informants A, B, and C.
	Figure 2. Acoustical vowel chart of diphthongs produced by informant C. The Ist segment of the diphthong has been marked by a bigger symbol. Finally stressed diphthongs has been marked by ( ).
	Figure 1. Identification of the test chords as either minor or major by Subject 13, a good categorizer. The pitches of the middle notes rise from left to right on the x-axis and the pitches of the tempered (T) and the natural (N) chords are marked with arrows.
	Figure 2. Goodness rating of the test chords as minor or major by Subject 13. The x-axis is the same as in Figure 1. The goodness on the y-axis represents the averages of 15 ratings of each chord on a scale from 1 to 7.
	Figure 3. Discrimination of two chords with a difference of 4 mel in the middle note by Subject 13. The x-axis is the same as in Figure 1.
	Figure 1. The shape of the long-term average spectrum (LTAS). A male singer, using the singer’s formant technique (top left); a male singer, using the singer’s formant technique inconsistently (top right); a typical female singer (bottom left); a singer who does not use the singer’s formant technique (bottom right).
	Figure 2. The dependence of the carrying power of the voice on the length of training. Horizontal axis: number of years studied, vertical axis: level of the highest peak between 2 and 4 kHz in the LTAS in relation to level of the highest peak in the spectrum. Dots correspond to individual singers, y-formula of linear regression trendline of dots, R? — R sguared value of linear trendline.
	Figure 3. Rating of the voice quality as a function of the length of training. Horizontal axis: number of years studied, vertical axis: the sum of the marks (on a 5-point scale) given by 4 experts. Dots correspond to individual singers.
	Figure 1. Intragroup variability of relative average perturbation (= RAP) for the vocal nodule and control groups.
	Figure 2 . Correlation of FO and absolute jitter in the vocal nodule group.
	Figure 3. Correlation of SPL and absolute jitter in the normal group.
	Table 1 Summary of the testing material Figure 1. The answers (is not intentional” (= EI INT.), ”I don’t know” (= EOS) and "is intentional” (= ON INT.)) of the subjects (n = 33) in the vocalization samples (n = 40) in the auditory section.
	Figure 2. The answers (”is not intentional” (= EI INT.), ”I don’t know” (= EOS) and ”is intentional” (= ON INT.)) of the subjects (n = 33) in the vocalization samples (n = 40) in the auditory-visual section.
	Figure 1. Proportion (per cent) of durations of the Ist and 2nd segment of Finnish diphthongs. Diphthong classes with different extent and direction of glide: low-high (e.g. /®i/), mid-high (/ei/), high-mid (/ie/), and high-high (/iw). Informants A, B (native Estonian speakers) and C, D (native Finnish speakers).
	Figure 1. Panorama: Obedience training with Veikko, a dachshund. Upper window: signal display; lower window: speech amplitude envelope display with loudness curve. For sample information, see table 1. Transcripted: Veikko! Istu. Hyvd. Seuraa. Seuraa, Veikko! Maahan. Hyvd poika. Todella kiltti koira, hyvd! Ja seuraa! Istu. Hyvd. Ja Veikko on vapaa, kiitos! 'Veikko! Sit. Good. Follow. Follow, Veikko! Go down. Good boy. Very nice dog, good! And follow! Sit. Good. And Veikko is free, thank you!
	Figure 2. (Adapted from Lehessaari 1996 : 180). Z scores for 11 speech parameters: slight intoxication (unfilled symbols, speech sample of 223 syllables) and medium intoxication (filled symbols, speech sample of 224 syllables) compared to sober speech (speech sample of 223 syllables). Speaker C, Finnish-speaking female, 25 years. Parameters: /auof = mean duration, all pauses; puheilmaukset = mean duration, all utterances; puhetahdit = mean length in syllables, all speech measures; art/kaikki, /pnen, /pton = mean duration, all syllables /stressed syllables /unstressed syllables; FO/kaikki, /pnen, /pton = mean fundamental frequency maximum, all syllables /stressed syllables /unstressed syllables; dekl/ensi, /viime = 0.5 – mean fundamental frequency maximum, first stressed /last stressed syllable in a declination unit.
	Figure 1. Left: a front view of our facial model uttering a /r/. Right: a side view of the same model uttering a /v/.
	Figure 1. A text-to-speech compilative synthesizer based on diphones concatenation.
	Figure 2. An example of diphone segmentation (the word osa separated from the text corpus). 1 — oscillogram of the word osa (spectrogram used in segmentation is not presented in the figure); 2 — phone boundaries marked by vertical strokes; 3 — segmentation of raw segments for the corresponding diphones; 4 — separated diphones saved in diphone database with three measurement values (the numerical values express distances of the vertical strokes from the beginning of the corresponding raw segment: the first stroke — distance of the beginning point, the second stroke — distance of the phones boundary and the third stroke — distance of the end of the diphone from the beginning of the raw segment).

	Tables
	Table 1 Average duration (in milliseconds) of the vowel of the first syllable, the intervocalic consonant, and the vowel of the second syllable in test words produced by three speakers
	Table 2 Duration ranges (in milliseconds) of intervocalic consonants in test words produced by three speakers
	Table 3 Responses of 50 listeners to 48 test items produced by three speakers
	Table 4 Responses of 50 listeners to test items produced by Speaker 1
	Table 5 Responses of 50 listeners to test items produced by Speaker 2
	Table 6 Responses of 50 listeners to test items produced by Speaker 3
	Untitled
	Figure 1 shows percent Ql, Q 2 and Q 3 answers to stimuli of each of the three degrees of quantity. The general pattern is similar for the three speakers, although the number of correct answers varies. It can be seen that recognizing Q 1 did not cause difficulties and that Q 2 was a little more difficult. More serious difficulties were encountered only in connection with Q 3, particularly with the stimuli of speaker AT. The recognition rate of Q 3 words was very variable: for example, one word could be recognized by all 24 listeners while another, similar word spoken by the same person was not recognized at all. There could be several reasons for this difference, which will be discussed further on. The most obvious reason could lie in the acoustic properties of the stimuli. STIMULUS QUANTITY STIMULUS QUANTITY STIMULUS QUANTITY Figure 1. Percent Ql, Q 2 and Q 3 answers to stimuli of each of these dezrees of quantity. Black = Ql, white = Q 2, and grey = Q 3.
	Untitled
	Table 1 Multiple correlation analysis of four acoustic properties as predictors of the recognition of Q 3 stimuli
	Table 2 Mean temporal and tonal values in stimuli recognized by more than 80% of the listeners
	Untitled
	Table 1 Linear regression equations and correlation coefficients for five languages using R. M. Dauer’s (1983) data
	Untitled
	Table 1 Data on speakers and speech material used in F 0 analysis
	Table 2 Mean values of F 0 and its standard deviation for female speakers (N = 53)
	Table 3 Mean values of F 0 and its standard deviation for male speakers (N = 58)
	Table 4 Results of the basic test run (closed test)
	Table I Experimental arrangements (speakers, their linguistic backgrounds, speech material and recording devices) in the three investigations.
	Table II Comparison of the female speakers HA and MA (16 phones within one sentence) SoundScope constant options: sampling rate 22.050; filter 45 Hz; TW = 33 ms; resolution 1054 points (= actually 213 points within 5 kHz); low smoothing; PreEmphasis; one snap from the temporal mid point of the speech sound concerned (exept the bursts of [k] and [t]).
	Table 111 Phones and words used in study Correlation coefficients (r) of some options are shown in different spectral bands. Column "same” shows the intra-speaker correlations, and column "diff” the inter-speaker correlations. Three snaps were always averaged.
	Table IV Phones and words used Correlation coefficients (r) of one option — 300 Hz, 512 points — in different spectral bands are shown. Column "same” shows the intra-speaker correlations, and column "diff” the interspeaker correlations. Three snaps were always averaged.
	Untitled
	Untitled
	Untitled
	Figure 1. The neural network input, coding and architecture. The example shows the coding for the vowel /a/ in the word fakassakin ’in the fire-place, too’. A seven-phoneme window is used; the three features for the vowel are phoneme identity (a = /a/), its class (BV = back vowel) and its length (. = short). The additional information in the training vector includes: the estimated phoneme’s place in the word, the length of the word and the estimated frame’s position in the phoneme.
	Table 1 Network estimation results (average absolute error) for pitch and loudness for two male speakers (MK and MV)
	Untitled
	Figure 2. The configuration of a single diphone detector neural net.
	Table 1 Error decomposition of the 188 evaluation words sorted according to the average absolute error (AvgAbsErr) in seconds (N indicates the number of occurrences found in a specific coarse-category 37 out of a possible 64 coarse-categories existed in the word set)
	Table 1 Average durations (ms) and formant frequencies (Hz) of the stressed-syllable vowels of Ql, Q 2 and Q 3 feet (3 male speakers)
	Table 2 Average durations (ms) and formant frequencies (Hz) of the unstressed-syllable vowels of Ql, Q 2 and Q 3 feet (3 male speakers)
	Untitled
	Untitled
	Table 1 Formant positions of vowels with varying duration in non-initial syllables in Karksi and Vastseliina
	Table 1 Mean formant values for vowels in the first syllable in Vastseliina together with standard deviations (in Hz)
	Table 2 Mean formant values for vowels in the second syllable together with standard deviations (in Hz)
	Table 3 Mean formant values for vowels in the third syllable together with standard deviations (in Hz)
	Table 1 Mean formant values of long vowels in Hz with standard deviations
	Table 2 Mean formant values of overlong vowels in Hz with standard deviations
	Table 1 The means obtained for /t/ as a function of V; (in each V; context, N = 300)
	Table 2 The means obtained for /£ / as a function of V 2 (in each V 2 context, N = 300)
	Table 3 The means obtained for /d/ and /n/ as a function of Vı (for both consonant in each Vi context, N = 300)
	Table 4 The means obtained for /d/ and /n/ as a function of V 2 (for both consonant in each V 2 context, N = 300)
	Table 5 The mean fronting of contact during occlusion of /d/ and /n/ as a function of Vı
	Table 6 The mean fronting of contact during occlusion of /d/ and /n/ as a function of V 2
	Table 1 Frequency values of F 1 and F 2 (Hz) of realizations of vowel /ä/ in contexts with different second syllable vowels. Informant 1
	Table 2 Frequency values of F 1 and F 2 (Hz) of realizations of vowel /ä/ in contexts with different second syllable vowels. Informant 2
	Untitled
	Table 1 Durations of the initially-stressed diphthongs and the Ist and 2nd segment in ms Table 2 Durations of the finally-stressed diphthongs and the Ist and 2nd segment in ms
	Untitled
	Table 3 Durations of the segments of the initially-stressed diphthongs in percent
	Table 4 Durations of the segments of the finally-stressed diphthongs in percent
	Table 1 Mean, standard deviation, minimum and maximum values of acoustic analysis for the normal and vocal nodule groups
	Table 2 Correlation coefficients of fundamental frequency (F 0 sound pressure level (SPL) and other acoustic parameters (* = р < .05, ** = р < .01, *** = р < .001)
	Untitled
	Table 1 Sini’s very first words (I = imitation)
	Table 2 Sini’s early [t]-words (I = imitation)
	Untitled
	Table 1 The quantity distinctions of Estonian and Finnish
	Table 2 Cases of utterances by girl H and boy M which meet the 50% lengthening and the > 200 ms condition. Age period 1;11 to 2;5
	Table 3 Cases of utterances by girl H and boy M which meet the 50% lengthening and the > 200 ms condition. Age period 3;0 to 4;4
	Table 1. Durations (ms) of the Ist and 2nd segment of Finnish diphthongs
	Table 1 Prospect chart (an example)
	Table 2 Mean duration and standard deviation (ms) (All syllables and all pauses; data adaFted from Lehessaari 1996 : 104, 127) Speaker N, Finnish-speaking female, 33 years, sober and intoxicated
	Untitled




