10.21437 /Eurospeech.1991-289

ISCA Archive

http://www.isca-speech.org/archive

2nd European Conference on
Speech Communication and Technology
EUROSPEECH 91
Genova, ltaly, September 24-26, 1991

MODELLING PHONES BY MICROSEGMENTS IN A
PHONETICALLY ORIENTED RECOGNITION SYSTEM

B. Kaspar, K. Schuhmacher

Forschungsinstitut der Deutschen Bundespost Telekom,
Darmstadt, Germany

ABSTRACT

A tentative system of subphone units, called 'microseg-
ments’, is presented. Microsegments are defined by articula-
tory features and are used to model the temporal structure of
phones by simple pronunciation networks. The inventories
of both phones and of microsegments are of moderate size but
allow the description of common variants of pronunciation
as well as the handling of coarticulation effects. The process
of labelling speech according to these models requires more
effort than labelling phonemes only, but remains reliable.

Keywords : Phonetically oriented speech recognition, sub-
word units, articulatory features, temporal modelling

1. INTRODUCTION

The work presented here takes place within the framework of
the phonetically oriented speech recognition system Speech-
Station, which is currently being developed at the Research In-
stitute of the German Telecom. Its preliminary goal is the
speaker—independent recognition of simple utterances like
number words (Chundred and sixteen’) or daytime indications
(’at half past ten’). Among the components of SpeechStation
are SpeechLab, the module for signal processing, SpeechRul, a
rule-based acoustic—phonetic. expert system, SpeechLex, a
system of pronunciation networks, which drives the applica-
tion of rules, and SpeechBase, a phonetically oriented speech
database. These modules are described in [1],{2],[31,[4] . -

The levels represented so far in SpeechLex are words, sylla-
bles, and phones. As a particular approach, microsegments are
introduced as subphone units, and phones are described as net-
works made up by these microsegments. Our inventory of
phones and their modelling by microsegments were designed
to admit, on the one hand, the description of some common al-
lophonic variants as well as the temporal structure of phones,

" and, on the other, to cover coarticulation effects, without mak-

ing its size too big. In this sense, the microsegment approach
can be regarded as a compromise between approaches based
on phonemes and (e.g.) diphones.

It should be noted that the inventory of phones and microseg-
ments used here is to cover German. The idea of modelling
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phones by microsegments, however, should be applicable to
other languages, too. The modelling is not complete yet. At
least microsegments describing some transition phases like the
closing for a nasal are still missing.

2. FEATURES AND MICROSEGMENTS

The definition of microsegments is based on articulatory fea-
tures, which are adapted (mostly) from Fant [S]. We use the
distinction between the 'primary features’ ’source’ and 'man-
ner of articulation’, respectively, which make up the type of a
segment and ’secondary features’. The latter are split up for
vowel and consonant segments, respectively, and determine
the instance of a certain type. A microsegment is then defined
as a contiguous portion of speech, where the primary features
can (approximately) be regarded as constant. The possible val-
ues for the ’primary features’ are :

source :
— voice (vocal cord vibration)
— noise (random noise from turbulent air flow)
— shock (single excitation)

manner of articulation : ‘

— vowel-like (free passage of air stream, articulators sta-
tionary) '

— glide (similar to vowel-like, but with moderate move-
ment of the articulators)

— fricative (narrow passage for the air stream at an ob-
structed region of mouth or pharynx )

- nasal (nasal passages connected to the vocal system by
d lowered velum, occlusion in the mouth)

— lateral (central occlusion, lateral opening in the mouth)

— occlusive (complete closure in the mouth)

— transitional (articulator moving at high speed)

Possible combinations of these features are called ’segment
types’. They are listed in Table 1. Please note that different
sources as well as different manners of articulations can coin-
cide in a single segment; (see e.g. voiced fricatives). The list
is not complete yet. Among others, segment types modelling
the process of nasal or lateral closure are missing.

Instances of these types are then described by the 'secondary
features’ :

1261



Type Source Manner of Articulation  Typical Segments Subclassification
VOWEL voice vowellike Nugclei of vowels <vowel features>
DIPHT voice glide Transitional segments of diphthongs  <vowel features>+direction
UFRIC noise fricative Nuclei of voiceless fricatives place of articulation
VFRIC voice/noise  fricative/vowellike Nuclei of voiced fricatives Place of articulation
DFRIC voice/noise  fricative/glide Nuclei of voiced fricatives Place of articulation
NASAL voice nasal or lateral Nuclei of nasals or lateral Place of articulation
UBRST noise/shock  transitional Bursts of voiceless plosives place of articulation
VBRST voice/shock  transitional Bursts of voiced plosives place of articulation
FLAP voice transitional Nuclei of flaps place of articulation
UPAUS (noise) occlusive Pauses of voiceless plosives -

VPAUS (voice) occlusive Pauses of voiced plosives -

Table 1 : Segment types

— place of articulation for the consonantal segment types

— mouth opening, tongue position, lip rounding or protu-
sion, lax/tense distinction of vowel segment types

— direction of movement, additionally to the vowel fea-
tures, for diphthong segments

Possible feature values and combinations making sense for
German are indicated with the definition of the phone invento-
1y aslisted in Table 3. The pauses do not need further subclassi-
fication.

3. PHONE MODELS AND INVENTORY

Phones are described as networks made up of microsegments,
as oulined in Table 2. Different types of models result in classes
of phones, which roughly represent the different manners of ar-
ticulation. In the following, we give some comments on these
models :

A vowel consists of a (quasi) stationary segment VNUC and,
optionally, of transition segments VONS and VCOD, respec-
tively, The latter may overlap with neighbouring phones and
represent regions of formant movements or devoiced parts of
the vowel. In the case of short vowels, the nucleus may be very
short (10-30 ms) compared with the transition segments.

A diphthong is composed of a first vowel segment DNC1, a
transition segment DTRN, and, optionally, a second vowel
segment DNC2. Segment DTRN describes the movement of
the articulators in the direction of the second vowel, the posi-
tion of which is normally not reached. In most cases, DNC2 ap-
pears at the end of an utterance only. Additionally, like for the
case of vowels, transition segments DONS and DCOD, respec-
tively, may appear.

A plosive consists of an occlusion phase (exept for the begin-
ning of an utterance), a burst and, optionally, a release seg-
ment, which e.g. might represent the aspiration phase of anun-
voiced plosive. For a voiced German plosive the occlusion
phase may be of type UPAUS or VPAUS, whereas the burst
is of type VBRST.

Nasals, fricatives, flaps, and vibrants share the same model
(not the same type of segments). This model therefore is out-
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lined only once. The distinction between flaps and vibrants
turns out to be difficult sometimes if time resolution of the
analysis method employed is not sufficient.

Class Model
Vowel
<VONS> - VNUC - < VCOD>
Diphthong
<DONS> - DNC1 - DTRN — (DNC2) — <DCOD>
Plosive
(PAUS) - BRST — <RELS>
Affricate
(PAUS) — (BRST) — (ATRN) - CNUC - <CCOD>
Nasal, Fricative, Flap, Vibrant ’
<CONS> - CNUC - <CCOD>

(SEGMENT) : optional

<SEGMENT> : optional, overlapping with
neighbour segments

Segment Meaning Segment Type
VNUC  Vowel Nucleus VOWEL

DNC1  Diphthong Nucleusl VOWEL
DNC2  Diphthong Nucleus2 VOWEL
DTRN  Diphthong Transition DIPHT

PAUS Paus UPAUS/VPAUS
BRST Burst UBRST/VBRST
RELS Release UFRIC/VFRIC/DFRIC

CNUC  Consonant Nucleus— NASAL
UFRIC/VFRIC/DFRIC
(Series of) FLAP

ATRN Affricate Transition UFRIC/VFRIC/DFRIC

xONS x Onset ( x=V,D,C) (type not defined yet)

xCOD x Coda,

Table 2 : Phone models and types of segments

There are several possibilities to deal with coarticulation ef-
fects :

— Transition segments (xONS, xCOD, RELS) are pro-
vided to represent movements between phones, as men-
tioned before in the case of vowels. For consonants these
movements may indicate 'loci’ (see e.g. [6]).
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~ Nuclei of fricatives may be of ’glide’ type; this deals

with well-known spectral movements that may appear
under certain context conditions.

Please note that the description of coarticulation effects can be

restricted to those segments that are actually influenced by

neighbours; e.g. the burst of an unvoiced plosive may be af-

fected by neighbouring phones, whereas the pause is not, nor-

mally.

Our phone inventory together with its classification scheme is
outlined in Table 3. (For an inventory of German phonemes see
e.g. [7].) The idea was, on the one hand, to represent the IPA~
scheme as close as possible, and, on the other, to be compatible
with the segment features as described in the previous chapter.

Vowels
front central | back
unrounded | rounded
close i1 vy Y wuv
half close| e: e € g g 5 0. 0
half open| &: ] )
open a a
Diphthongs
fronting a U
closing au
centralizing ¢ & y¥ Yo up ue
¢ & P fe oer Q¢ @
Consonants
= |5 | 23| 3 5w
S |8 |58|ls|8| 3 |¢
E|Eas|E|e| 8|S
Fricative| f vi s z| [ 3 |¢ jl x [x¥d | h
Nasal m n )
Lateral 1 |
Plosive | pb| t d kg
Vibrant r R
Flap r R ?
Affricate| pf ts tf

Table 3 : Phone inventory and classification

The classification of a vowel coincides with that of its VNUC
segment. In standard German there is a distinction between
long tense vowels (e.g. / i: /) and short lax vowels (e.g. /1/).
Additionally, we list some short tense vowels (e.g. / i /) here
that appear in the pronunciation of Latin— or Greek—rooted
words. Note that in some vowel classification schemes articu-
latory feature like 'mouth opening’ are replaced by formant—
based features indicating the position in the F1-F2-plane.

Diphthongs in our scheme are classified according to the fea-
tures of the first vowel segment and, additionally, to the indica-
tion of the direction. Besides the standard German diphthongs
/ai Qi ay/, we also use those caused by 'r—vocalization’. They
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are all 'centralizing’, that is, they move towards the central
vowel fe/ .

For the consonants the “place of articulation’ coincides with
that of the burst segment in the case of plosives, or with that
of the obligatory CNUC-segment in all other events. Com-
pared with the IPA-table we have skipped some places of artic-
ulation not relevant to German (e.g. ’retroflex’) and con-
densed others (e.g. *dental’ and ’alveolar’ are condensed to
’apical’).

Allophonic variants of ‘phonemes’ are represented at different
levels in our scheme :

— Different manners of articulation (e.g. rolled vs. flapped
or fricative—like variants of / r /) result in different
phones here. (Unfortunately, however, IPA provides a
single symbol only for the two variants of uvular /R/,
rolled and flapped.)

— Different microsegment structures (e.g. appearance of
an additional fricative-like release segment indicating
an aspirated plosive) but identical features otherwise
represent different variants of a single phone.

4. EXPERIENCE WITH LABELLING

An integral part of our project SpeechStation is the aquisition
of speech data, which are phonetically labelled and managed in
a relational database system, allowing queries such as “give
me the data of all fricatives in front of back vowels of female
speakers”. The resulting information, in turn, is employed to
enhance acoustic—phonetic rules, or used to train specially de-
signed neural nets. Labelling and updating of the phone mod-
els started as processes of mutual influence, and we do not re-
gard this as finished yet.

The use of microsegments has some benefits and disadvan-
tages as well :

— Compared with labelling on the basis of phones or pho-
nemes, there are more segments to be marked.

— On the other hand, fixing segment boundaries, which is
often crucial and arbitrary otherwise, is easier here or
uncritical in some difficult cases (e.g. determining the
boundaries of vowel kemels).

— Incomparison with full allophonic labelling, the process
is much easier here. It requires some speech knowledge
and training, but not the help of a skilled phonetician.

Labelling is done in the module SpeechLab. It provides the
user with some aids like making suggestions for labels in con-
cordance with the respective phone models. Another help is
the distinction between, on the one hand, 'explicit labels’,
which the user has to input, and, on the other, *implicit labels’,
which are inserted by the system,; e.g. the end of a DNC1 within
a diphthong is automatically determined by the begining of
DTRN. Potentially overlapping segments are not labelled ex-
plicitly but regarded as transition segments between phones.
This is indicated in Figure 1. It shows a stylized spectrogram,
in which the different phonetic units are also displayed. Please
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Figure 1 : Labels and phonetic units examplified by a stylized spectrogram

note that according to the signal processing performed in our
system labels mark frames (in our case 10 ms) rather than sam-
ples.

Labelling speech by hand is allways problematic because even
with strict advices subjective influences cannot be avoided.
Even a single person is not consistent in his decisions over a
long period of work. Additionally, of course, labelling large
corpora of speech is an extremely time—consuming process.
This is why we currently try to develop a semi—automatic, ru-
le—based labelling system as a byproduct of the recognition
system.

5. CONCLUSIONS

‘We present a tentative inventory of phones described as net-
works in terms of ‘microsegments. These microsegments are
defined by articulatory features. The modelling proposed ex-
hibits benefits at different levels :

4
Phonotactic rules describing e.g. effects such as elision or as-
similation can be applied in the usual way, because, just as our
features, they are based on articulation processes.

- The main purpose of these microsegments is the temporal
modelling of phones, which seems more reliable in the form of
networks than defining artificial phonemic features, which re-
sult in complicated acoustic—phonetic rules. Onthe other hand,
the features underlying the system of microsegments exhibit
an organizational framework for acoustic-phonetic rules.

Within our recognition system, the system of microsegments
allows for a gradual enhancement of the acoustic—phonetic
rules as well as for incomplete specifications in cases where
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speech knowledge still is incomplete or a rough classification
is sufficient, given a certain vocabulary.

Our first experience gathered with the process of labelling
speech according to the proposed scheme is promising. The
amount of work required does not exceed too much that of la-
belling phones or phonemes, but renders more information
about the temporal structure of phones.
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