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The UWB_S01 corpus is a read-speech corpus that is intended to
be used mainly for training of Czech continuous speech
recognition systems. It has been developed at the Department of
Cybernetics at the University of West Bohemia in Pilsen since
1998. This paper describes the structure of the corpus and deals
with all necessary steps of the corpus construction: the
preprocessing of the texts, the selection of proper sentences that
will form the corpus, and the recording and the annotation of the
utterances.
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Continuous speech recognition systems are mostly based on the
use of statistical methods in which words are modelled by means
of left-to-right hidden Markov models (HMMs). One of the main
problems of such systems is the need of a sufficient amount of
suitable speech data for the training of HMMs parameters. A major
effort in the solving of this problem has been undertaken under the
auspices of DARPA, which has resulted in the production of
several speech corpora for American English, for example the
TIMIT [3] and the Wall Street Journal (WSJ) [4] corpora. The
availability of these corpora has enabled various speech
recognition systems to be evaluated on a common ground. This has
stimulated research in many speech laboratories all around the
world, and many national corpora providing comparable speech
data for other languages (for instance British English [1], French
[2], and many others) has started to be collected.

As a step in providing comparable data for the Czech language, we
collected the UWB_S01 corpus. The UWB_S01 corpus is a read-
speech corpus consisting of speech from 100 speakers. Each
speaker read a set of 150 sentences that were selected from
economic articles of 3 Czech speech newspapers. The corpus is
intended to be used mainly for training of speech recognition
systems based on HMMs of triphones. For that reason we designed
the corpus in such a way that it contains as many distinct triphones
as possible.

The organization of the paper is as follows: in Section 2, the
structure of the UWB_S01 corpus is described. In Sections 3, 4,
and 5, particular steps of the corpus development are presented:
the text preprocessing in Section 3, the sentences selection in
Section 4, and the recording and the annotation in Section 5.
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The UWB_S01 corpus is a read-speech corpus. It consists of
speech from 100 speakers. Each speaker read a set of 150
sentences that were divided into two groups: adaptation sentences
and training sentences. The set of adaptation sentences consisted
of 40 sentences that were read by each speaker; the set of training
sentences consisted of 110 sentences that were different for each
speaker. All training sentences from all speakers together (it means
11 thousand sentences) are intended to be used for training of a
speaker-independent speech recognition system. The adaptation
sentences can be then used for adaptation of the recognition system
to a specific speaker. The structure of the corpus is illustrated in
Figure 1.
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The texts from that the sentences to be read were selected were
obtained in an electronic form from web pages of 3 Czech
newspapers: ���	
���	
���, ��������	�������� and ���
	. The
texts were obtained in a html format. Each html file contained one
or more articles. The goal of the text processing was to divide each
html file into particular articles, to transform each article to a
uniform format, and to correct typing errors. In addition, during
the correction of typing errors, a vocabulary was formed. The
vocabulary contains each word together with its word type. For our
purposes, that will be explained in Section 3, we used 4 word
types: regular words, exceptional words, foreign words, and
abbreviations. All steps of the text preprocessing were performed
automatically with a help of a special program. The function of
that program is described in [7] in detail.
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As it was already mentioned in the introduction, the UWB_S01
corpus is the read-speech corpus which is intended to be used for
training of speech recognition systems based on hidden Markov
models of triphones. These two characteristics of the corpus
influence very strongly what type of sentences could be selected to
form the corpus. The sentences had to be easily readable; had to
contain as many distinct triphones as possible; and, to prevent
from undertraining or overtraining of hidden Markov models of
some triphones, they had to be properly phonetically balanced with
regard to the number of occurrences of particular triphones.

To satisfy the requirement on the easy readability we selected only
sentences which contained at least 3 and at most 15 words and no
foreign words. The requirement on the length of the selected
sentences stemmed from our former experiments where it was
found out that the sentences longer than 15 words are very rarely
read without any error. On the other hand, the sentence shorter
than 3 words we do not regard as the sentence. As regards the
foreign words, might cause problems during the reading (they are
often mispronounced). Therefore the sentences containing these
words were not allowed to be selected.

So that the sentences maximizing  the number of distinct triphones
and causing a proper balance of the corpus could be selected, all
sentences had to be phonetically transcribed first. For this purpose,
we used Czech grapheme-to-phoneme rules. These rules are based
on the fact that many variations of a phoneme are caused by the
left-hand side and/or right-hand side context of the phoneme. The
Czech grapheme-to-phoneme rules can be then defined as
production rules in the form

where �, �, and � are strings of graphemes, and � is a string of
phonemes. The rule (1) should be read as follows:
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A complete list of the Czech grapheme-to-phoneme rules can be
found in [5].

It is obvious that the Czech grapheme-to-phoneme rules cannot
work properly for foreign words. For that reason, all sentences that
contained a foreign word were eliminated before the phonetic
transcription started. Similarly, all sentences that contained an
abbreviation or a figure were eliminated as well, because
abbreviations and figures can be usually uttered in several ways,
and therefore it is impossible to transcribe sentences containing
abbreviations and figures unless they are uttered. To determine
which sentence contained a foreign word or an abbreviation we
used the vocabulary formed during the text preprocessing.

A great majority of Czech words can be transcribed automatically
using the Czech grapheme-to-phoneme rules. However, there are
some words that have to be transcribed manually because the
grapheme-to-phoneme rules work improperly for them. Such
exceptional words were indicated during the text preprocessing
similarly like abbreviations and foreign words.

After the phonetic transcription was completed, a proper set of
adaptation sentences and proper sets of training sentences were
selected to form the corpus. As mentioned in Section 2, the
adaptation sentences will be used to adapt a speaker-independent
speech recognition system to a specific speaker. The set should be
therefore read by each speaker and should contain mainly the most
occurring triphones. It means it should contain the triphones with
the same relative frequency as they have in natural speech.

The training sentences will be used for training of a speaker-
independent speech recognition system. Therefore, they should
contain as many distinct triphones as possible. At the same time,
however, triphones in the set of training sentences should have the
same relative frequencies of occurrence as they have in natural
speech. The set of training sentences consists of all utterances
except the adaptation ones. Because we asked each speaker to read
a set of 150 sentences, it is obvious that the training part consists
of 11 000 sentences (110 multiplied by the number of speakers).
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For the selection of the set of 40 adaptation sentences the
following add-on procedure was used [8]:

1. For each phonetically transcribed sentence
a score � was computed,

where

' is the number of distinct triphones which were
present in the set of all transcribed sentences;



�
L

is the number of occurrences of the �-th
triphone in the set of all phonetically
transcribed sentences;

�
L

is the number of occurrences of the �-th
triphone in the up to now selected sentences;

�
L
( is the number of occurrences of the �-th

triphone in the inspected sentence.
Note that in this procedure the relative frequency
of triphones in the phonetically transcribed
sentences was substituted for the unknown relative
frequency of triphones in natural speech.

2. The sentence with the minimum score was
selected and moved to the list of up to now
selected sentences.

3. The steps 1 and 2 were repeated until 40 sentences
is selected.

In addition, the following two requirements had to be satisfied
during the selection of the adaptive sentences: any two adaptation
sentences were not allowed to be identical, and any sentence
containing a triphone occurring only in that sentence were not
allowed to be selected. The former requirement is quite obvious.
The latter one, together with the requirements posed on the
training sentences, assures that no triphone that occurred in the
phonetically transcribed sentences is missing in the training
sentences.
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The training sentences were selected from the set of phonetically
transcribed sentences from that the adaptation sentences have
already been excluded. The selection consisted of 2 stages. First,
a minimum set of sentences was selected so that it contained all
triphones occurring in the phonetically transcribed  sentences. We
call this set “necessary sentences”. Next, the remaining sentences
were selected that allowed to balance the relative number of
triphones in the selected sentences with regard to the relative
number of triphones. This set is called “balancing sentences”.

For the selection of the necessary sentences the following
procedure was used [8]:

1. The sentence with the highest number of distinct
triphones that were not present in the up to now
selected sentences was selected from the set of the
phonetically transcribed sentences and moved to
the list of the up to now selected sentences.

2. If some sentences could be excluded from the set
of up to now selected sentences without
decreasing the number of distinct triphones in the
up to now selected sentences, they were excluded
and moved back to the set of phonetically
transcribed sentences.

3. The steps 1 and 2 were repeated until all triphones
were present in the up to now selected sentences.

The balancing sentences were added to the necessary sentences
using the add-on procedure described in Section 3.1. In this case
however, the number of selected sentences in the step 3 was not
40; it was determined by the number of speakers in such a way that
the total number of training sentences (including the necessary
ones) was 11 000. Besides this, a sentence could be selected
several times during the selection (in contrast with the adaptation
sentences). However, the number of repetition of each training
sentence had to be at least 3 times lower than the number of
speakers.

After all training sentences were selected, they were divided
among particular speakers in such a way that each speaker read
110 training sentences in total and any speaker read a sentence no
more than once.
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The corpus was recorded in an office room where only the speaker
was present. The notebook IBM TP 760 ED was used for
recording. It has no fan, and therefore causes no noise. However,
some noise from neighbouring offices could be heard in the
recording room. 

Each sentence was recorded by two microphones simultaneously.
One of the microphones was a close-talking microphone
(Sennheisser HMD 410-6) yielding utterances of a very high
quality. The other one was a desk microphone (Sennheisser
ME 65) that recorded utterances with a common office noise. Such
an arrangement yielded two different recordings of each utterance
that are identical in time, but different in the amount of noise that
they contain.

During the annotation process each utterance was transcribed in
the way it was pronounced, with mispronunciation, unintelligible
pronunciation, various non-speech events, and various kinds of
noises, if they occurred during the utterance. A list of descriptors
of the non-speech events and noises that were used during the
annotation of the UWB_S01 corpus is given in Table 1.

AH
COUGH
DOOR_SLAM
GRUNT
LIP_SMACK
MM
PHONE_RING
THROAT_CLEAR
UH
UM
CHAIR_SQUEAK
CROSS_TALK
ER
LAUGHTER

LOUD_BREATH
PAPER_RUSTLE
SIGH
TONGUE_CLICK
UNINTELLIGIBLE
MOUSE_CLICK
MIKE_OVERLOAD
REMOTE_ENGINE
NOISE
KNOCK_ON_MIC
MUSIC
BACKGROUND_MUSIC
SIGNAL_MISSING
SILENCE

��0+���	 List of the descriptors of non-speech events and kinds of
noises.



A descriptor was placed at the point at which the non-speech event
or noise occurred. If a non-speech event or noise overlapped
a spoken word, a special mark was added to the descriptor. The
mark specifies whether the event occurred simultaneously with the
previous or with the next word, or whether it occurred
simultaneously even with a part of a sentence.

Mispronounced but intelligible words were bounded with the mark
“*”. For example, if the prompt was )*����"	�	��"��������	��	�
�����"	����������	�� 		�+, and the speaker read )*����"	�	��"
�������	��	�������"	���������	�� 		�+, the utterance was transcribed
as )*����"	�	��"��������	��	�������,"	����,�����	�� 		�+.

A more detailed information on the recording and annotation of
the corpus is given in [6].
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The structure of the UWB_S01 corpus, as well as all steps
necessary for development of the corpus were described. The
UWB_S01 corpus has been developed since 1998. At present, it
contains speech from 100 speakers coming from various regions
of the Czech Republic. Each speaker read a set of 150 sentences:
40 adaptation sentences and 110 training sentences. The adaptation
sentences were selected in such a way that they contain the mostly
occurring triphones of the Czech language. In fact, they contain
about 1500 distinct triphones that cover almost 75% of the texts.
The training sentences were selected in order to maximize the
number of distinct triphones in the corpus. In the result, they
contain about 9 000 distinct triphones. Both sets of sentences were
selected from a set of nearly 130 000 sentences that contained
approximately 4 million words (200 thousand distinct words) and
1.2 million triphones (9 thousands distinct triphones).
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