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Abstract. This work addresses two metadata annotation tasks, involved
in the production of rich transcripts: automatic capitalization, and punctuation marks recovery. The main focus concerns broadcast news, using
both manual and automatic speech transcripts. Diﬀerent capitalization
models were analysed and compared, and results support the ideia that
generative approaches capture the structure of written corpora better,
while the discriminative approaches are robust to ASR errors and suitable for dealing with speech transcripts. The so-called language dynamics
has been addressed, and results indicate that the capitalization performance is aﬀected by the temporal distance between the training and
testing data. In what concerns the punctuation task, this study covers
the three most frequent marks: full stop, comma, and question mark, combining lexical, acoustic, and prosodic information. Much of the research
described here is language independent, but a special focus is given to
the Portuguese language. This work provides the first evaluation results
of these two tasks over European Portuguese broadcast news data.
Keywords: Rich transcription, capitalization, punctuation, Generative
and discriminative methods, Language dynamics
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Introduction

TV stations, radio broadcasters, and other media organizations are now producing large quantities of digital audio and video data on a daily basis. Automatic
Speech Recognition (ASR) systems can now be applied to such sources in order
to enrich them with additional information for applications, such as indexing,
cataloging, subtitling, translation and multimedia content production. The ASR
output consists of raw text, often in lowercase format, without any punctuation information, numbers are represented with words instead of symbols, and
possibly containing diﬀerent types of disfluencies. Even if useful for many applications, like indexing and cataloging, for other tasks, such as subtitling and

multimedia content production, the ASR output would benefit from other information. In general, enriching the speech output aims at enhancing information
for a better human and machine processing.
Speech units do not always correspond to sentences, as established in the
written sense. They may, in fact, be quite flexible, elliptic, restructured, and
even incomplete. Taking into account this idiosyncratic behavior, the notion
of utterance in [11] or sentence-like unit (SU) in [12] is often used instead of
sentence. Detecting positions where a punctuation mark is missing, roughly4
corresponds to the task of detecting a SU, or finding the SU boundaries. SU
boundaries provide a basis for further natural language processing, and their
impact on subsequent tasks has been analyzed in many speech processing studies
[10, 16, 17].
The capitalization task, also known as truecasing, consists of assigning to
each word of an input text its corresponding case information, which sometimes
depends on its context. Proper capitalization can be found in many information sources, such as newspaper articles, books, and most of the web pages.
Many computer applications, such as word processing and e-mail clients, perform automatic capitalization along with spell correction and grammar check.
One important aspect related with capitalization concerns neologisms that are
frequently introduced, and also archaisms. This so-called language dynamics are
relevant and must be taken into consideration in what concerns capitalization.
This work addresses the tasks of recovering punctuation marks and capitalization, which are two metadata extraction tasks (MDE) that take part in the
production of rich transcripts. Both tasks are critical for the legibility of speech
transcripts, and are now gaining increasing attention from the scientific community. Consider for example the following extract “the crisis was expected last may
a man died...”. The extract does not provide any clue concerning the speaker
pauses and intonation, making it very diﬃcult to decide what has been said:
“The crisis was expected. Last May a man died ” or “The crisis was expected last
May. A man died ”. These last two versions of the extract are easier to read and
to process. Besides improving human readability, punctuation marks and capitalization provide important information for parsing, machine translation (MT),
information extraction, summarization, Named Entity Recognition (NER), and
other downstream tasks that are usually also applied to written corpora. Apart
from the insertion of punctuation marks and capitalization, enriching speech
recognition covers other important activities, such as speaker identification, and
the detection and filtering of disfluencies, which are not covered by the scope of
this work.
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Motivation and Goals

While the speech-to-text core technologies have been developed for more than
30 years [9], metadata extraction/annotation technologies only have gained sig4

Roughly because, for instance, units delimited by commas often do not correspond
to sentences.

nificant importance during the latest years. The recent advances in the ASR
systems, together with the increase of computational resources, make it now
possible to process broadcast speech signals, continuously being produced by a
number of broadcasters. The Portuguese recognition system, developed at the
Spoken Language Laboratory (L2 F) [1], is a state-of-the-art ASR system, now
being applied to diﬀerent domains of the Portuguese language. It has been applied since the beginning of 2003 to the main TV news show, produced by the
National Portuguese Broadcaster RTP. Nowadays, it is being used for processing
the most important news shows, produced by all Portuguese TV broadcasters.
The system performs two diﬀerent tasks: live close-captioning, and multimedia
content production for oﬄine usage. The original content produced by this system was still diﬃcult to read and to process, mainly because of the incorrect
segmentation, and also because a number of basic information was missing, such
as capital letters. Enriching the speech recognition output is an important asset for a speech recognition system that performs tasks like online captioning
or produces multimedia content. Hence, the main motivation behind this thesis consists of producing enhanced transcripts, that can be applied to real life
speech recognition systems. More specifically, the main target corresponds to
correctly address the tasks of recovering punctuation marks and capitalization
information, when dealing with speech transcripts, produced by an automatic
speech recognition system. Accordingly, one of the expected outcomes is a prototype module, incorporating Rich Transcription tasks, for integration in the L2 F
recognition system.
The output of a speech recognition system includes a broad set of lexical,
acoustic and prosodic information, such as: time gaps between words, speaker
clusters and speaker gender, which can be combined to produce the best results.
On the other hand, the speech signal is also an important source of information
when certain features, such as the pitch and energy, are not available on the
recognition output. An important initial goal addressed by this thesis consisted
of investigating and evaluating diﬀerent punctuation and capitalization methods.
An important requirement for a given method is its ability in combining all the
available and relevant information. An additional outcome expected from this
work is to better understand the individual contribution of each feature to the
final performance, in both tasks.
Current computational resources allow the manipulation of large-sized data,
and the application of complex learning methods on such data. On the other
hand, we are now witnessing the mass production of online written content in the
web. Diﬀerent Portuguese newspaper companies are now publishing their news
and last minute news content freely available on the web. This written corpus
constitutes an important resource for processing the Portuguese language, and
it also provides important basic information for speech processing. Given that
only a limited set of manually labelled speech training data is now available for
Portuguese, one of the main goals of this thesis consisted of using additional
sources of information whenever possible, including large written corpora.
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Strategy

This study considers both punctuation and capitalization tasks as two classification tasks, thus sharing the same approach. The approach is based on logistic regression classification models, a discriminative approach, corresponding
to maximum entropy (ME) classification for independent events, firstly applied
to natural language problems in [7]. Hence, both tasks were performed using
ME models, a state-of-the-art approach that is suitable for dealing with speech
transcripts, which includes both read and spontaneous speech, the latter being
characterized by more flexible linguistic structures and by adjustments to the
communicative situation [8]. The use of a discriminative approach facilitates the
combination of diﬀerent data sources and diﬀerent features for modeling the
data. It also provides a framework for learning with new data, while slowly discarding unused data, making it interesting for problems that comprise language
variations in time, such as capitalization. With this approach, the classification
of an event is straightforward, making it interesting for on-the-fly integration,
with strict latency requirements.
The capitalization of a word depends mostly on the context where that word
appears, and can be regarded as a sequence labeling or a lexical ambiguity resolution problem. The Hidden Markov Model (HMM) framework is a typical approach, used since the early studies, that can be easily applied to such problems.
That is because computational models for sequence labeling or lexical ambiguity resolution usually involve language models built from n-grams, which can
also be regarded as Markov models. For that reason, capitalization experiments
reported include comparative results achieved using an HMM-based approach.
Rather than comparing with other approaches, punctuation experiments focus
on the usage of additional information sources, and the wide range of features
provided by the speech data.
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Experiments

Most of the experiments performed in the scope of this study aim at processing broadcast news data, but other information sources, like written newspaper
corpora, have been used to complement the relatively small size of the speech
corpora. The automatic transcripts for all the speech corpora were produced by
the L2 F recognition system. The reference punctuation and capitalization for the
automatic transcripts were provided by means of alignments between the manual
and the automatic transcripts. This is not a trivial task because of the recognition errors. The data contains information coming from the speech recognition
system, as well as other reference information coming from the manual transcripts. The word boundaries that have been previously identified automatically
by the speech recognition system were adjusted by means of post-processing
rules and prosodic features (pitch, energy and duration). The final content is
also available as an XML file and contains not only pitch and energy, extracted
directly from the speech signal, but also information concerning phones, syllable boundaries and syllable stress. Written corpora contains information that

is specially important for capitalization. The Portuguese corpora used in these
experiments consist of online editions of Portuguese newspapers, collected from
the web (at L2 F ). Some of the data has been collected during this work time
spam, allowing to perform experiments with the most recent data. The English
written corpus is the North American News Text Supplement, available from
the LDC. All the written corpora was normalized in order to be closer to speech
transcripts, and therefore to be used for training speech-like models.
All the evaluation use standard performance metrics: Precision, Recall, Fmeasure and SER (Slot Error Rate) [13]. Concerning the capitalization task, only
capitalized words (not lowercase) are considered as slots and used by these metrics. For the punctuation task, slots correspond to punctuation marks. Hence, for
example, the punctuation SER is computed by dividing the number of punctuation errors by the number of punctuation marks in the reference, and corresponds
to the NIST error rate for sentence boundary detection.
Our initial work on capitalization recovery revealed that generative methods
produce better results for written corpora, while the ME-based approach works
better with speech transcripts, also suggesting that the impact of the recognition
errors is stronger for these generative approaches [3]. The following step in this
study consisted of analysing the impact of language variation in the capitalization task. This was partly motivated by the daily BN Subtitling, which led the
L2 F speech group to use a baseline vocabulary combined with a daily modification of the vocabulary [14] and a re-estimation of the language model. This
dynamic language modeling provided an interesting scenario for our capitalization experiments. Maximum entropy models proved to be suitable to perform
the capitalization task, specially when dealing with language dynamics. This
approach provided a clean framework for learning with new data, while slowly
discarding unused data. Most of the experiments performed compare the capitalization performance when performed both in written corpora and in speech
transcripts. Individual results concerning manual and automatic transcriptions
were also considered, revealing the impact of the recognition errors on this task.
For both types of transcription, results show evidence that the performance is affected by the temporal distance between training and testing sets [5, 4], which is
in agreement with other related work for NER [15]. Such conclusions led us to the
proposal and evaluation of three diﬀerent approaches for updating the capitalization module. The most promising approach consisted of iteratively retraining
a baseline model with the new available data, using small corpora subsets, causing the performance to increase about 1.6% (absolute SER) when dealing with
manual transcripts. Results reveal that capitalization models must be updated
on a periodic basis [2]. The small improvements gained in terms of capitalization suggested that dynamically updated models may play a small role, but the
updating does not need to be done daily. A number of recent experiments on automatic capitalization, reflecting the most recent training and testing conditions,
with more accurate results, confirmed that an HMM-based approach is suitable
for dealing with written corpora, but ME and CRFs achieved a better performance when applied to speech data. The eﬀect of the language variation over

time was again studied for the English and Spanish data, confirming that the
interval between the training and testing periods is relevant for the capitalization
performance.
Concerning the experiments on the automatic recovery of punctuation marks,
an exploratory work analysing the occurrence of the diﬀerent punctuation marks
for diﬀerent languages has been performed. Such an analysis, considering both
written corpora and speech transcripts, contributed to better understand the
usage of each punctuation mark across languages. Results show that Portuguese
broadcast news transcripts have a higher number of commas when compared
with English and Spanish. The BN data contains a greater number of sentences
and more intra-sentence punctuation marks when comparing to newspaper written corpora, confirming that speech sentences are shorter. Initial experiments
were performed using lexical and acoustic features, firstly for basic sentence
boundary detection, and then for discriminating the two most frequent punctuation marks: full stop and comma [3]. The initial results were improved by adding
prosodic features, besides the existing lexical, time-based and speaker-based features; and by making use of punctuation information that can be found in large
written corpora. Independent results were achieved for manual and automatic
transcripts, allowing to assess the impact of the speech recognition errors on this
task. Independent results were also achieved for spontaneous and planned speech.
The contribution of each feature was analysed separately, making it possible to
measure its influence on the automatic punctuation recovery. The punctuation
module was then extended to obtain a better detection of the basic punctuation
marks, full stop and comma, and also to deal with the question mark. Reported
experiments were performed both on manual transcripts and directly over the
automatic speech recognition output, using lexical, acoustic and prosodic features. Results pointed out that combining all the features usually conducts to
the best performance.
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Conclusions

This study addresses the tasks of recovering capitalization and punctuation
marks from spoken transcripts, produced by ASR systems. These two practical RT tasks were performed using the same discriminative approach, based
on maximum entropy, adequate for combining diﬀerent data sources and features for characterizing the data and for on-the-fly integration, which is of great
importance for tasks such as online subtitling, characterized by strict latency
requirements. Reported experiments were conducted both over Portuguese and
English BN data, allowing to compare the performance on the two languages [6].
Both force aligned and automatic transcripts experiments were used, allowing
to measure the impact of the recognition errors.
Capitalized words and named entities are intrinsically related, and are influenced by time variation eﬀects. For that reason, the so-called language dynamics have been analyzed for the capitalization task. The ME modeling approach
provides a clean framework for learning with new data, while slowly discard-

ing unused data, making it interesting for addressing problems that comprise
language variations in time. Language adaptation results clearly indicate, for
both languages, that the capitalization performance is aﬀected by the temporal
distance between the training and testing data. Hence, our proposal states that
diﬀerent capitalization models should be used for diﬀerent time periods. Capitalization experiments were also performed with an HMM-based tagger, a common
approach in this type of problem. While the HMM-based approach captured the
structure of written corpora better, the ME-based approach proved to be better suited for speech transcripts, which includes portions of spontaneous speech,
characterized by a more flexible linguistic structure when compared to written
corpora, and also more robust to ASR errors.
In what regards the punctuation task, this paper covers the three most frequent punctuation marks: full stop, comma, and question mark. Detecting full
stops and commas is performed firstly, and corresponds to segmenting the speech
recognizer output stream. Question marks are detected afterwards, making use
of the previously identified segmentation boundaries. Rather than comparing
with other approaches, reported punctuation experiments focused on the usage
of additional information sources and diverse linguistic structures that can be
found on the speech data. Two diﬀerent scenarios were explored for improving
the baseline results for full stop and comma. The first made use of the punctuation information that can be found in large written corpora. The second
consisted of introducing prosodic features, besides the initial lexical, time-based
and speaker-based features. The first scenario yielded improved results for all
force aligned data, and for all the Portuguese data. The comma detection improved significantly, specially for Portuguese aligned data (7.8%). These findings
support two basic ideas: results are better for Portuguese, because our English
data is quite heterogeneous and has a higher WER; the most significant gains
concerning comma derive from the fact that it depends more on lexical features.
The second scenario provided even better results, for both languages and both
punctuation marks, with improvements ranging from 3% to 8% (absolute). The
best results were again achieved for Portuguese, but this time they are mainly
related with full stop. We have concluded that, in both languages, the linguistic
structure related with punctuation marks is being captured in diﬀerent ways
regarding the distinct punctuation marks: commas are being identified mostly
by lexical features, while full stops depend more on prosodic ones. The most
significant gains come from combining all the available features. As for question
marks, there is a gain for the recognized Portuguese and for the aligned English
data, but diﬀerences are not significant, due to the relatively small number of
question marks in the corpora.
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