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ABSTRACT

The need for a comprehensive, standardised speech
database is threefold: first, to acquire acoustic-phonetic
Imowledge for phonetic recogunition; second, to provide
apeech for training recognizers; and third, to provide a

common test base for the evaluation of recognisers. There -

are many factors to consider in corpus design, making it
impossible to provide a complete database for all poten-
tial users. 1t is possible, however, to provide an acceptable
database that can be extended to meet future needs. Af-
ter much discussion among several sites, a consensus was
reached that the initial acoustic-phonetic corpus should
consist of calibration sentences, a set of phonetically com-
pact sentences, and a large number of randomly selected
sentences to provide contextual variation. The database
design has been 2 joint effort including MIT, SRI, and T1I.
This paper describes MIT’s role in corpus development
and analyses of the phonetic coverage of the complete
database. We also include a description of the phonetic
transcription and alignment procedure.

INTRODUCTION

The development of a common speech database is of
primary importance for continuous speech recognition ef-
forts. Such a database is needed in order to acquire acoustic-
phonetic knowledge, develop acoustic-phonetic classifica-
tion algorithms, and train and evaluate speech recognis-
ers. The acoustic realisation of phonetic segments results
from a multitude of factors, including the casonical char-
acteristics of the phoneme, contextual dependencies, and
syntactic and extralinguistic factors. A large database will
make it possible to examine in detail many of these fac-
tors, with the hope of eventually understanding acoustic
variability well enongh to deaign robust speech recognis-
ers. A complete database should include different styles
of speech, such as isolated words, sentences and para-
graphs read aloud, and conversational speech. The speech
samples should be gathered from many speakers (at least
several hundred) of varying ages, both male and female,
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with a good representation of the major regional dialects
of American English,

DESIGN CONSIDERATIONS

There are many factors fo consider in designing a large
corpus for speech analysis. Unfortumately, some of the
goals are limited by practical considerations. Ideally we
would like 1o include multiple samples of all phonemes in
all contexts, a goal that is clearly impractical for a man-
ageable database.

At the last DARPA review meeting it was decided that
an initia} acoustic-phonetic database would be designed
to have good phonetic coverage of American English. It
was agreed that the initial acoustic-phonetic corpus would
include calibration sentences (spoken by every talker), a
small set of phonetically compact sentences (each spoken
by several talkers) and a large number of sentences (each
to be spoken by a single talker). This combination was
chosen to balance the conflicting desires for compact pho-
netic coverage, contextual diversity, and speaker variabil-
ity. Another requirement of the corpus was that the sen-
tences should be reasonably short and easy fo say.

The database design is a joint effort between MIT,
SRI, and TI. The speaker calibration seniences, provided
by SRI, were designed to incorporate phonemes in con-
texts where significant dialeciical differences are antici-
pated. They will be spoken by all talkers. The second
set of sentences, the phonetically compact sentences, was
hand-designed by MIT with emphasis on as complete a
coverage of phonetie pairs as is practical. Fach of these
sentences will be apoken by several talkers, in order to pro-
vide a feeling for speaker variation. Since it is extremely
time-consuming and difficult to create sentences that are
both phonetically compact and complete, a third set of
randomly selected sentences, chosen by TI, provides alter-
nate contexts and multiple occurrences of the same pho-
uetic sequence in different word sequences.

A breakdown of the actual sentence corpus ia shown
in Table 1. This arrangement was chosen to balance the
conflicting desires for capturing inter-speaker variability
and providing contextual diversity. Since the calibration



i jNo. TalkersiNo. SentencesTotall
ICalibration (SRI)|

640 2| 1280
Compact (MIT) 7 450] 3150]
|Random (TI) | 1 18901 1890|
|Total | — —! 8320

Table 1: Breakdown of Frequencies of Oceurrence of Sentences
in Corpus

sentences are spoken by all of the speakers, they should
be useful for defining dialectical differences. For muitiple
instances of the exact same phonetic environments, but
with a much richer acoustic-phonetic content than in the
calibration sentences, the MIT set would be appropriate,
The TI sentences, to be spoken by one talker per sentence,
should provide data for phoneme sequences not covered by
the MIT database.

DESIGN OF THE COMPACT
ACOUSTIC-PHONETIC SENTENCES

A set of 450 sentences was hand-designed at MIT, us-
ing an iterative procedure, to be both compact and com-
prehensive. We made no attempt to phonetically bal-
ance the sentences. We used AZLe¢xis and the Merriam-
Webster Pocket Dictionary (Pocket) to interactively create
sentences and analyze the resulting corpus. We began with
the “summer® corpus created for the MIT speech spectro-
gram reading course to include basic phometic coverage
and interesting phonetic environments. We initially aug-
mented these sentences by looking at pairs of phonemes,
trying to have at least one occurrence of each phoneme
pair sequence. AZLezss was used to search the Pocket dic-
tionary for words having sequences that were not repre-
sented and for words beginning or ending with a specific
phoneme. We then created sentences using the new words
and added them to the corpus. Certain difficult aequences
were emphasized, such as vowel-vowel and stop-stop se-
quences. Some phoneme pairs are impossible; others are
extremely rare and occur only across word boundaries.
For example, /w/ and /y/ never close a syllable, except
as an off-glide to a vowel, so many /w/-phoneme pairs are
impossible. After filling some of the gaps in coverage, we
reanalysed the sentences with regard to phoneme pair cov-
erage, consonant sequence coverage, and the potential for
applying phonological rules both within words and across
word boundaries. In a final pass through the sentence set,
we modified and enriched sentences where simple substi-
tutions could introduce variety or generate an instance of
2 rare phoneme pair.

ANALYSIS OF PHONETIC
COVERAGE

This section discusses the phonetic coverageof the com-

Pact sentence set developed at MIT and the resulting cor- -
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pus consisting of the combined MIT and TI sentences.
This analysis does not include the calibration sentences
a8 we consider their use to be of a different nature,

! [POCKET| HL|MIT-450]APDB
|# sentences : | 720 450( 5040
# unique words 19,8371894/ 1792 5107
I3 words 10,837|5745]  34083| 41,161
ave # words/sent 7.9 76! 82
min # words/sent 5 4 2
‘max # words/senf 12 13 19
ave # syla/word | 1.38%| 1.1 L.68I 1.54
ave # phones/word| 3.34*[ 2.97| 4.0] 3.89

* The ave # syls/word and ave # phones/word have been
weighted by Brown Corpus(1] word frequencies.

Table 3: Description of Databases

Table 2 compares some of the distributional properties
of the Pocket Lexicon (Pocket}, the Harvard List (HL)[2],
the MIT-selected sentences (MIT-450), and the Acoustic-
Phonetic Database selected sentences (APDB). The APDB
includes seven copies of each MIT-450 sentence, to account
for the number of talkers per sentence, and a single copy of
each randomly selected sentence (TI-1890). Since we were
given only the orthographies for the TI-1860 sentences, we
generated phonemic transcriptions by dictionary lookup,
by rule-based expansion of the dictionary entries, and, as
a last resort, by a texi-to-speech syntheaizer. We expect
that there are pronunciation variations between the dictic-
nary and the text-to-speech synthesiser, particularly with
respect to vowel color. There may also be some pronun-
ciation errors, but we think these will be statistically in-
significant.

The proportion of unique words relative to the total
number of words is subatantially larger in the MIT-450
than the APDB, probably due to the selection procedure.
We tried to use new words in seniences and to avoid dupli-
cation when at 2ll possible. Roughly 50% of the MIT-450
words are unique, as compared %o only 25% of the APDB
words, The T[-1890 sentences are, on the average, slightly
longer than those in the MIT-450. The 10 most frequently
occurring words for all of the corpora are function words or
prencuns. In both the MIT-450 and the APDB corpora,
the mosi common word is “the,” accounting for roughly
7%of all words.

The average numbers of syllables and phones per word
are longer for the MIT-450 and the APDB than for the
HIL. This is presumably due to the higher percentage of
polysyllabic words.

Figure 1 shows the distribuilon of the number of sylla-
bles per word for the two corpora. The distributions are
quite similar, with the majority of the words being mono-
or bi-syllabic. The MIT-450 corpus has a slightly higher
percentage of polysyllabic words than does the combined
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Figure 4: Histogram of sentence types.

10% of both corpora.

Figure 5 shows counts of environments where major
phonological rules may apply. We chose to gather infor-
mation on the following posaibilities:

- gemination (GEM)
- vowel-vowel sequences (VVS)
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- vowel-schwa sequences (VSS)

- schwa-vowel sequences (BVS)

- flapping of /t/,/d/, and /n/ (FLAP)

- homorganic stop insertion (HSI)

- schwa devoicing (S-DVC)

- fricative devoicing (F-DVC)

- /8/-/%/ and /s/-/%/ palatalisation (PAL)
- y-palataliration: /dy/—/J/ (DY-Jh)

- y-palatalisation: /ty/—/8/ (TY-Ch)

- y-palatalization: /sy/—/¥/ (SY-Sh)

The histograms show that both corpora have many po-
tential environments for Aapping and homorganic stop in-
gertion. The vowel-vowel environments are also well cov-
ered. The analysis for phonological rule application ie diffi-
cult, because of the difficulties in predicting what different
speakers will say.

RECORDING, LABELING, AND
ALIGNMENT

The recording of the sentences is currently under way at
TI. Speech is recorded digitally at 20 kHs, simultaneously
on a pressure-sensitive microphone and on a Sennheiser
close-talking microphone. Digital tapes are shipped to
NBS, where they are filtered and downsampled to 16 kHa.
The resampled tapes are then shipped to MIT where the
orthographic and phonetic transcriptions are generated.

Transcriptions are generated using the Spire facility,
in conjunction with the automatic alignment system pro-

FLAP

MIT-450
8 14 5 7
HSt $-DveC dy-J ty=C y-8 1y=-2
APDB
47 74
H8I g-DvC dy=J ty-C sy-§ =2

Figure 8: Histogram for potential application of phonological rules,
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Figure L: Histograms of the number of syllables per word.

corpus. We specifically tried to include polysyllabic words
in the sentences, since these are likely to be spoken with
greater variability.

Distributions of the number of phonemes per word are
shown in Figure 2. The 10 most common phonemes and
their frequency of occurrence are given in Figure 3.

Table 3 shows the distribution of within-word conso-
nant sequences for the four databases. The MIT-450 sen-
{ence set covers most of the consonant sequences occurring
within words. The APDB has more complete coverage,
particularly for the word-final and word-medial sequences.
We examined a list of all of the word-initial and word-final
clusters in the sentence list, and compared these with the
occurrences in Pocket, We verified that essentially every
initial cluster that occurred more than once in the Pocket
lexicon was included at least once in the APDB, and that
most of the final clusters were covered. Often, if 2 word-
final cluster did not occur im word-final position in the
APDB, the sequence did occur within a word or across
a word boundary. Generally, the sequences occurring in
Pocket that are not covered by APDB are from borrowed
words such “moire” and “svelte.”

The APDB includes many word-final consonant sequen-

30 o

MIT-450

Figure 2: Histograms of the number of phonemes per word.
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Flgure 3: Histograms of the 10 most common phonemes.

:POCKET| HLIMIT-450 APDB
# unique words 10,837118841 1702 6103
# WI 75} 69 64 68
'# WF 129] 105 102] 146
# WM 608| 123 2281 388l
# boundaries 4305 2953136,121
# WB 976 BO5! 1630

Table 3: Distribution of Consonant Sequences

ces that were not present in MIT-450. In fact, there are
more word-final consonant sequences in the APDB than
actually occur in Pocket. The reason is that the Pocket
lexcicon does not include suffixes.

A more detailed phonetic analysis of all phoneme pairs
ia included in Appendix 1 in tabular form. The tables are
broken down into phoneme pubsets, and data are included
for both the MIT-450 and the APDB. Some of the gaps in
the MIT-450 table have been filled in by sentences in the
TI-1890 corpus (e.g., the syllabic /1/ column of the vowel-
gsonorant pairs table and the /y/ column of the vowel-
sonorant pairs table). Note also that some gaps occur in
both tables. Such gaps are expected, since some phoneme
sequences are imposaible or quite rare. For example, the
lax vowels (excluding schwa) are never found in gyllable-
final position in English. As a consequence, table entries
requiring lax vowels as the first member of a pair have
many gaps (see for example, the vowel-vowel eniries in
the pair tables.)

Figure 4 compares histograms of the sentence typea for
the MIT-450 and the APDB. Simple sentences (Simple S.)
and quesiions (Simple Q.) have no major syntactic mark-
ers. Complex sentences (Complex §.) and questions (Comn-
plex Q.) are expected to have a major syntactic boundary
when read. Aa can be seen, the APDB has a wider vari-
ety of sentence types, with 75% being simple declarative
sentences. In the MIT-450, almost 85% of the sentences
are of the simple declarative form. Questions form about
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Figure 6: Phones used for labeling.

vided by Leung (3]. The transcription process involves
three steps:

1. A “Phonetic Sequence,” which consists of a list of

the phones of the utterance in correct temporal order

but with no boundaries marked in time, is entered.

2. The utterance is run through ap automatic system
to generate an alignment for the sequence.

3. The automatically generated alignment is hand-

corrected.

Only the data recorded through the pressure micro-
phone are transcribed. Transcriptions for the close-talking
version are generated by duplicating the results for the
pressure microphone,

The phones used in the labeling are shown in Figure
6. In many cases, it is not possible to define a boundary
between two phones, such as /ar/, because features appro-
priate for both phones often occur simultaneously in time.
When no obvious positioning of the boundary is apparent,
arbitrary rules, such as an automatic 2/3:1/3 eplit, are in-
voked. There are also some cases in which none of our
standard phones are appropriate for a given portion of the
epeech, primarily because of severe coarticulation effects.
In such cases, the segment is Iabeled as the nearest phone
equivalent, according to the iranscriber’s judgment. There
are other difficult cases, such as syllable-initial /p}/, where
the /1/ is devoiced at onset. Should the portion before
voicing begins be thought of as part of the aspiration of
the /p/, or as part of the /1/7 We have decided, somewhat
arbitrarily, to define the onset time of the phone following
an unvoiced stop as coincident with the onset of voicing.
These remarks serve simply as examples of some of the dif-

ficulties that arise in transcribing continuous speech. We

are mainly interested in uaing consistent methods of tran-
gcribing in situations where ambiguity exists. Currently
the transcription rate is 100 sentences per week.

SUMMARY

We have described various components of the prelimi-
pary acoustic-phonetic database and discussed some of the
lssues in its design. Evaluating the phonetic coverage of
the database is difficuit primarily becaunse no
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dard for comparison exists. We have chosen to compare
the phonetic coverage of the database fo two well-known
gources, the Merriam-Webster Pocket Dictionary of 1964
and the Harvard List sentences. The dictionary does not
reflect spoken English very well, and can only guide us
iz judging the possible phonemic sequences within words.
The Harvard List sentences, while phonemically balanced,
consist primarily of very simplistic sentences and monosyl-
labic words. In addition, they are balanced for phoneme
occurrences, whereas we tried to account for occurrences
of phoneme pairs.

We believe that we have adequafe coverage of most
phonemes and phoneme pairs. In cases where the phoneme
pairs are scarce, there are often other phoneme pairs that
will provide similar information. Fer example, the class
sequence {alveolar consomant] [back vowel] is more
general than /t/ fo/, and has a higher frequency of occur-
rence.

We hope that the APDB database will provide guide-
lines for the development of future databases. An analy-
sis of the spoken corpus will enable us to judge our pho-
netic analysis procedure. In particular, we will be able
o0 evaluate the relationship between our phonological rule
predictions and the frequency with which a phonological
modification actually occurred.
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