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ABSTRACT

For the recognition of words by a speech
recognition system a description of particular
words as a part of the reference knowledge is
ncessary, which describes the real appearence
of the words as real as possible. Depending
on the concrete recognition task, that is the
recoguition of single words, of controlled flu-
ent spoken word strings (read speech) or of
unreglemented spontaneous speech, there are
different problems of modelling. In the case
of single word recognition we have mostly
complete and clear articulation, while by the
realisation of word strings or spontaneous
speech we find an increasing variation of ar-
ticulation, implied by speech economy. Here
we find changes at the word level and for
spontaneous speech there are changes over
word boundaries too. The present paper
deals with the investigation of read and spon-
taneous spoken speech and with the descrip-
tion of the observed phenomena. We de-
rive rules for the description of pronuncia-
tion variants and we propose structures for
pronunciation dictionaries as a part of the
reference knowledge, which represent a pow-
erfull modelling. The proposals are verified
by recognition experiments.

1. INTRODUCTION

The description of the reference information
is an important problem in the development
of well performanced speech recognition sys-
tems. Usually this reference information is
organized in a hierarchical form correspond-
ing to the several qualitative different lev-
els of linguistic knowledge, for instance the

phone level, the word level and the sentence
level. This paper attends specially to prob-
lems of design of the reference knowledge at
the word level.

The word level represents the border be-
tween the formal speech recognition and the
structural and semantic processing of utter-
ances (speech recognition and language pro-
cessing). The algorithms used in speech
recognition below the word level are in prin-
ciple robust procedures of pattern recogni-
tion. They require a detailed description of
the possible patterns. Linguistic parsing al-
gorithms used in language processing above
the word level require correct language struc-
tures on the other hand. For this reason the
word modelling in form of powerfull pronun-
ciation lexicons is important for connecting
both parts of speech processing. The pronun-
ciation lexicon must be expanded by pronun-
ciation variants to cope optimally with the
tasks produced by speech recognition as well
as by language processing.

The examination of pronunciation vari-
ants in german is an important problem, be-
cause the standard pronunciation does not
describe the real speech in an optimal man-
ner [KO77]. On the one hand classical defi-
nition is not derived from real speech and on

the other hand pronunciation variants con- -

centrate at the word endings, which are very
important for the grammatical interpreta-
tion. This means that, although german lan-
guage is regarded as near to the orthography,
there are great differences between real pro-
nunciation and orthographic standard pro-
nunciation. :

The aim of our investigations is the
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derivation of rules for the description of the
real pronunciation. We use this rules for
the extension of pronunciation dictionaries
by variants. The pronunciation dictionaries
are primary produced automatically by stan-
dard graphem phonem transformation from
given texts.

2. INVESTIGATION OF SPOKEN
SPEECH

In this paper we present a description of pro-
nunciation variants on the basis of read and
spontaneous spoken speech material. The
used material includes

e 64 sentences in the domain of railway
information read by 11 speakers [PD92]

e 4577 spontaneous spoken dialogue-

turns in the domain of appointments,
each spoken by one speaker

The examination of the material showed,
that there are considerable differences be-
tween read and spontaneous spoken material.

2.1. Read Sentences

The read material was labeled, according to
the canonical transcription, by the real pro-
duced phoneme strings for each sentence and
each speaker. The material contains 194
words in 7514 realisations. The 194 words are
realized in 896 variants (4.6 variants per word
on average). The speech material was exam-
ined with the goal of finding out rules for the
automatic generation of pronunciation vari-
ants. In the read speech the pronunciation
variants occure usually at the word level only.
It means, individual words are varied mostly
at word endings .or in consonant accumula-
tions, motivated by a lazier articulation. We
oive some examples for this type of variation:

The observed changes in pronunciation
comprise the follwing appearances:

e absence of the glottal stop in front of vocals

o elision of the phon ’schwa’

¢ variations in vocal - r - connections (vocalic
r)

e variations in the duration of vocals

¢ variations in the quality of vocals

o changing of voiced and voiceless phones

e nasal assimilation

o merging of equal phones or diphones at syl-
lable boundaries

¢ hyperarticulation

o clision of phones or syllables

The frequency of the various changes is
very different. For instance the first and the
second class of changes represent 50.7% of all.

2.2 Spontaneous speech

For the spontaneous spoken dialogue
turns we used transliteration files, which ad-
ditionally contain the differences from stan-
dard pronunciations. In the spontaneous
spoken material we found frequently arising
effects of variations over word boundaries in
addition to the variations at the word level.
At the same time the effect of speakers di-
alect is more important here (compared with
the read material). The variations over word
boundaries cause a melting of several words,
so that it is impossible to derive the ortho-
graphic word sequence from the real phonetic
representation. It means that also the correct
recognition result has to be postprocessed in
some way. The following table shows some
instances for this phenomenon.

word standard real
pronunciation | pronunciations phonetic | transliteration | orthographic
iiber- Qy:b6 trans- transliteration | representation
nichsten nE:Cst@n Qy:b6nE:kst@n cription |
, Qy:b6nE:Csn maxmas mach mas machen wir es |
Stunden StUnd@n StUndn zaNma sangma sagen wir
’ StUn mlm mim mit dem
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A further problem in processing spon-
taneous specch are the hesitations, because
some of them are semantically interesting
whereas other are pure senseless insertions.
Further this hesitations can be inserted at
any place in the utterence and there is no
matter to control it by syntax and semantics.

Importantant problems for the modelling
are also the word breaks and the repeating of
one or more words in spontaneous speech.

To find out, what problems happen in our
concrete task, we have produced a data base
from the given transliteration files. First we
process the transliterations so, that we get
only the real spoken word strings. Second
we generate from these strings a word list,
which contains all words, word breaks, word

meltings, hesitations and nonwords .
we model all the items of this list.

3. RULE BASED MODELLING

The aim of the rule based modelling is the
automatic generation of well suitable descrip-
tions (phoneme strings) for individual words.
As the result of the investigations of read
speech we derive a set of rules [FL94]. From
the concrete appearance of pronunciations
we derive five generally applicable rule typs,
which are confirmed by phonological studies

[RV91]. The derived rules are:

o glottal stop - vocal - connections at the be-
ginning of a word are replaced by only that

vocal

o elision of the phon ’schwa’ at the end of a

syllable if m, n or 1 follows

e nasal assimilation after the elision of the

phone ’schwa’

o reduction of plosives at syllable bound-
arles, it means, if there i1s the same con-
sonant at the end of a syllable and at the
beginning of the following only the conso-
nant at the beginning is represented in the

description

¢ implementation of the vocalic r in the vocal

- r - connections

The application of this rules of the stan-
dard transcription leads to pronunciation
variants besides the standard pronunciation
for several words, we found varied in our in-

vestigations.
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+4. DESCRIPTION OF SPECIAL
EFFECTS IN SPONTANEOUS
SPEECH

We have found, that word fusions, word
breaks, hesitations and the repeating of
words are special problems in spontaneous
spoken speech. To catch up this problems
in the reference knowledge it isn’t sufficient
to create pronunciation variants by rules at
the word level. The word mergings in spon-
taneous spoken speech are caused by psycho-
logical, articulatoric, linguistic and situation
depending reasons. We find here the eflects
of coarticulation and control over phone, syl-
lable and word boundaries. The rules, which
describe this effects, depend on the concrete
phone string. In [KO95] is given the following
example for a rule based variation of pronun-
ciation:
hast.du_aln@n momEnt_stalt

is shorted to
hasmomEntsalt.

We can see, that the phone strings are re-

duced not to the same extend. For this rea-
son it is very difficult, to apply this rules to
extend the pronunciation lexicon.

For our concrete problem we found spe-
cial word strings, which are used like idioms.
They are often reduced in the same manner.
For this reason we describe the melted word
groups as extra words in the pronunciation
lexicon, besides the application of the vari-
atjon rules. The description is realized in a
form allowing the splitting into the compo-
nents. Therefore the following interpretation
algorithms have not to deal with such diffi-
cult word conglomerats.

In the case of the hesitations the decision
about the hesitation type (semantically in-
teresting or pure senseless insertion) can’t be
made at the recognizer level. For that reason
all hesitations are modelled teo.

The word breaks are a difficult problem
too. It can’t be solved by a special represen-
tations in the pronunciation dictionary. In
this case we have to modify our recognition
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algorithm to allow breaks during the compar-
ison of phoneme hypotheses and pronuncia-
tion dictionary representations.

Recognition experiments for the sponta-
neous spoken dialogue material with several
rule sets for improving the pronunciation lex-
icon are in progress (and will be presented on
the conference).

5. RECOGNITION EXPERIMENTS

We show the influence of various pro-
nunciation lexica on the recognition rate in
speech recognition experiments. The follow-
ing table contains some results. The tests
were carried out for 11 speakers and 30 sen-
tences. The domain of the test was the
railway information. We compaired in our
experiments tree pronunciation dictionaries.
These dictionaries contain:

e only the canonical word models, which
~are produced by a rule based graphem-
phonem-transformation {194 words)

o the canonical word models and the rule
based generated model, which describe the
pronunciation variation (291 words)

¢ the canonical word models and all pronun-
clation variants we found in the given label
files for the utterances (897 words)

The description of the pronunciation vari-
ants leads to an increasing size of the dictio-
nary. The finer modelling of the words allows
an increasing recognition rate. The above av-
erage increase of the recognition rate for the
rule based generated pronunciation variants
shows, that this modelling is a possible solu-
tion for this problem.
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used words average
lexicon in recognition
lexicon rate

only

canonical

forms (CF) 194 48.5%

CF and rules | 291 60.1%

CF and

real variants 897 68.2%
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