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Introduction

• Large quantities of audio and video being broadcasted daily 
- Automatic Speech Recognition (ASR) can provide additional information  

- Important for indexing, retrieval, subtitling, ... 

• Audimus 
- A speech processing system available for Portuguese 

- Developed at L2F - INESC-ID
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Introduction

• The Automatic Speech Recognition (ASR) transcript is usually 
difficult to read and to process 
- Lack of punctuation/ inappropriate segmentation 

- Lack of capitalization 

- Disfluencies 

- Recognition errors 

• Make the transcripts more readable (rich transcript) 
- Recover Punctuation Marks 

- Recover Capitalization 

- …
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boa tarde a ministra da educação pronunciou sobre a polémica do professor suspenso 

maria de lurdes rodrigues disse que vai aguardar pelos resultados do processo que está a 
decorrer 

e garantiu que não tem motivos para duvidar do funcionamento da direcção regional de 
educação do norte 

que suspendeu passou por ter feito um comentário pose do primeiro-ministro 

a ministra disse lamentar que este tipo de pesados marquem 

à agenda mediática 

até este momento do muito 

que o li e ouvi 

não tenho nenhum sinal 

não tenho nenhum motivo para duvidar do funcionamento das instituições 

ou para de a considerar que pode estar em causa o funcionamento da direcção regional 

...

Exemplo: 
Texto extraído de um reconhecedor de fala
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até este momento do muito 

que o li e ouvi 

não tenho nenhum sinal 

não tenho nenhum motivo para duvidar do funcionamento das instituições 

...

Exemplo: 
Introdução de pontuação e segmentação
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boa tarde. 
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Boa tarde.

A ministra da Educação pronunciou sobre a polémica do professor suspenso. 

Maria de Lurdes Rodrigues disse que vai aguardar pelos resultados do processo que está a 
decorrer e garantiu que não tem motivos para duvidar do funcionamento da Direcção Regional 
de Educação do Norte, que suspendeu passou por ter feito um comentário pose do primeiro-
ministro. 

A ministra disse lamentar que este tipo de pesados marquem à agenda mediática. 

Até este momento do muito que o li e ouvi não tenho nenhum sinal. 

Não tenho nenhum motivo para duvidar do funcionamento das instituições ou para de a 
considerar que pode estar em causa o funcionamento da Direcção Regional de Educação, dos 
seus de serviços. 

Aquilo que é a minha preocupação é que no âmbito deste processo estejam garantidos a 
existência dos mecanismos de defesa. 

Exemplo: 
Melhor ainda se tiver maiúsculas



Boa tarde.

A ministra da Educação pronunciou sobre a polémica do professor suspenso. 

Maria de Lurdes Rodrigues disse que vai aguardar pelos resultados do processo que está a 
decorrer e garantiu que não tem motivos para duvidar do funcionamento da Direcção Regional 
de Educação do Norte, que suspendeu passou por ter feito um comentário pose do primeiro-
ministro. 

A ministra disse lamentar que este tipo de pesados marquem à agenda mediática. 

Até este momento do muito que o li e ouvi não tenho nenhum sinal. 

Não tenho nenhum motivo para duvidar do funcionamento das instituições ou para de a 
considerar que pode estar em causa o funcionamento da Direcção Regional de Educação, dos 
seus de serviços. 

Aquilo que é a minha preocupação é que no âmbito deste processo estejam garantidos a 
existência dos mecanismos de defesa. 

Exemplo: 
Cuidado com os erros de reconhecimento



Boa tarde.

A ministra da Educação pronunciou-se sobre a polémica do professor suspenso.

Maria de Lurdes Rodrigues disse que vai aguardar pelos resultados do processo que está a 
decorrer e garantiu que não tem motivos para duvidar do funcionamento da Direcção Regional 
de Educação do Norte, que suspendeu o professor por ter feito um comentário a propósito do 
primeiro-ministro.

A ministra disse lamentar que este tipo de episódios marquem a agenda mediática.

Até este momento do muito que li e ouvi não tenho nenhum sinal.

Não tenho nenhum motivo para duvidar do funcionamento das instituições ou para considerar 
que pode estar em causa o funcionamento da Direcção Regional de Educação, ou dos seus 
serviços.

Aquilo que é a minha preocupação é que no âmbito deste processo estejam garantidos a 
existência dos mecanismos de defesa.

Exemplo: 
Texto sem erros …



Boa tarde.

A ministra da Educação pronunciou-se sobre a polémica do professor suspenso.

Maria de Lurdes Rodrigues disse que vai aguardar pelos resultados do processo que está a 
decorrer e garantiu que não tem motivos para duvidar do funcionamento da Direcção Regional 
de Educação do Norte, que suspendeu o professor por ter feito um comentário a propósito do 
primeiro-ministro.

A ministra disse lamentar que este tipo de episódios marquem a agenda mediática.

Até este momento do muito que li e ouvi não tenho nenhum sinal.

Não tenho nenhum motivo para duvidar do funcionamento das instituições {BREATH} ou para 
%aa considerar que pode estar em causa o funcionamento da Direcção Regional de 
Educação, ou dos seus %aa serviços.

Aquilo que é a minha preocupação é que no âmbito deste processo estejam garantidos a 
existência dos mecanismos de de defesa.

Exemplo: 
… ainda assim diferente de um texto escrito…



Enriquecimento de transcrições com recurso a 

Técnicas de processamento de língua natural escrita 

Dada a transcrição de fala espontânea, tal como uma reunião ou uma aula, o objectivo é 
desenvolver métodos que permitam produzir automaticamente um novo nível de 
transcrição que envolve:  

• (?) Camada de meta-informação proveniente do conhecimento da língua natural escrita  
• Correcções  

• Separação das frases  
• Tratamento da pontuação (vírgulas, ...)  
• Capitalização (Nomes, Inícios de frase, ...)  
• Identificação de frases interrogativas (pontuação)  
• Identificação de datas, dinheiro, números (cardinais e ordinais)  
• Na fala espontânea ocorrem também com alguma frequência fenómenos da 

linguagem que, quando transcritos literalmente, tornam a leitura difícil, 
como é o caso de: 

o Pausas preenchidas. 
o Outras disfluências de linguagem, que devem ser marcadas 

! hesitações  
! repetição de palavras. 

Este novo nível de transcrição enriquecida deverá ser:  

• Mais inteligível - serão efectuadas correcções com base no conhecimento da 
estrutura da língua.  

• mais adequado para o processamento computacional dado o conjunto de meta-informação 
introduzida  

Estratégia  

• Analisar o resultado proveniente do reconhecedor. Alinhar com transcrição 
manual para: 

o Levantamento de fenómenos particulares que interessa analisar.  
o Identificar a frequência e distribuição de cada fenómeno particular  

• Proceder a uma recolha bibliográfica das formas actualmente utilizadas na 
detecção automática de disfluências em transcrições automáticas.  

• Elaborar um estudo da integração da análise sintáctica com a informação 
prosódica, para inserção automática de marcas de pontuação.  

Caminhos alternativos  

• Considerar informação proveniente do sinal de fala, tal como a prosódia (?)  
• Analisar a possibilidade de utilização de grafos de palavras provenientes do 

reconhecimento de fala (lattices), contendo as diferentes alternativas de 
transcrição.  

Initial Plan



Enriquecimento de transcrições com recurso a 

Técnicas de processamento de língua natural escrita 

Dada a transcrição de fala espontânea, tal como uma reunião ou uma aula, o objectivo é 
desenvolver métodos que permitam produzir automaticamente um novo nível de 
transcrição que envolve:  

• (?) Camada de meta-informação proveniente do conhecimento da língua natural escrita  
• Correcções  

• Separação das frases  
• Tratamento da pontuação (vírgulas, ...)  
• Capitalização (Nomes, Inícios de frase, ...)  
• Identificação de frases interrogativas (pontuação)  
• Identificação de datas, dinheiro, números (cardinais e ordinais)  
• Na fala espontânea ocorrem também com alguma frequência fenómenos da 

linguagem que, quando transcritos literalmente, tornam a leitura difícil, 
como é o caso de: 

o Pausas preenchidas. 
o Outras disfluências de linguagem, que devem ser marcadas 

! hesitações  
! repetição de palavras. 

Este novo nível de transcrição enriquecida deverá ser:  

• Mais inteligível - serão efectuadas correcções com base no conhecimento da 
estrutura da língua.  

• mais adequado para o processamento computacional dado o conjunto de meta-informação 
introduzida  

Estratégia  

• Analisar o resultado proveniente do reconhecedor. Alinhar com transcrição 
manual para: 

o Levantamento de fenómenos particulares que interessa analisar.  
o Identificar a frequência e distribuição de cada fenómeno particular  

• Proceder a uma recolha bibliográfica das formas actualmente utilizadas na 
detecção automática de disfluências em transcrições automáticas.  

• Elaborar um estudo da integração da análise sintáctica com a informação 
prosódica, para inserção automática de marcas de pontuação.  

Caminhos alternativos  

• Considerar informação proveniente do sinal de fala, tal como a prosódia (?)  
• Analisar a possibilidade de utilização de grafos de palavras provenientes do 

reconhecimento de fala (lattices), contendo as diferentes alternativas de 
transcrição.  

Initial Plan



Enriquecimento de transcrições com recurso a 

Técnicas de processamento de língua natural escrita 

Dada a transcrição de fala espontânea, tal como uma reunião ou uma aula, o objectivo é 
desenvolver métodos que permitam produzir automaticamente um novo nível de 
transcrição que envolve:  

• (?) Camada de meta-informação proveniente do conhecimento da língua natural escrita  
• Correcções  

• Separação das frases  
• Tratamento da pontuação (vírgulas, ...)  
• Capitalização (Nomes, Inícios de frase, ...)  
• Identificação de frases interrogativas (pontuação)  
• Identificação de datas, dinheiro, números (cardinais e ordinais)  
• Na fala espontânea ocorrem também com alguma frequência fenómenos da 

linguagem que, quando transcritos literalmente, tornam a leitura difícil, 
como é o caso de: 

o Pausas preenchidas. 
o Outras disfluências de linguagem, que devem ser marcadas 

! hesitações  
! repetição de palavras. 

Este novo nível de transcrição enriquecida deverá ser:  

• Mais inteligível - serão efectuadas correcções com base no conhecimento da 
estrutura da língua.  

• mais adequado para o processamento computacional dado o conjunto de meta-informação 
introduzida  

Estratégia  

• Analisar o resultado proveniente do reconhecedor. Alinhar com transcrição 
manual para: 

o Levantamento de fenómenos particulares que interessa analisar.  
o Identificar a frequência e distribuição de cada fenómeno particular  

• Proceder a uma recolha bibliográfica das formas actualmente utilizadas na 
detecção automática de disfluências em transcrições automáticas.  

• Elaborar um estudo da integração da análise sintáctica com a informação 
prosódica, para inserção automática de marcas de pontuação.  

Caminhos alternativos  

• Considerar informação proveniente do sinal de fala, tal como a prosódia (?)  
• Analisar a possibilidade de utilização de grafos de palavras provenientes do 

reconhecimento de fala (lattices), contendo as diferentes alternativas de 
transcrição.  

Initial Plan



Enriquecimento de transcrições com recurso a 

Técnicas de processamento de língua natural escrita 

Dada a transcrição de fala espontânea, tal como uma reunião ou uma aula, o objectivo é 
desenvolver métodos que permitam produzir automaticamente um novo nível de 
transcrição que envolve:  

• (?) Camada de meta-informação proveniente do conhecimento da língua natural escrita  
• Correcções  

• Separação das frases  
• Tratamento da pontuação (vírgulas, ...)  
• Capitalização (Nomes, Inícios de frase, ...)  
• Identificação de frases interrogativas (pontuação)  
• Identificação de datas, dinheiro, números (cardinais e ordinais)  
• Na fala espontânea ocorrem também com alguma frequência fenómenos da 

linguagem que, quando transcritos literalmente, tornam a leitura difícil, 
como é o caso de: 

o Pausas preenchidas. 
o Outras disfluências de linguagem, que devem ser marcadas 

! hesitações  
! repetição de palavras. 

Este novo nível de transcrição enriquecida deverá ser:  

• Mais inteligível - serão efectuadas correcções com base no conhecimento da 
estrutura da língua.  

• mais adequado para o processamento computacional dado o conjunto de meta-informação 
introduzida  

Estratégia  

• Analisar o resultado proveniente do reconhecedor. Alinhar com transcrição 
manual para: 

o Levantamento de fenómenos particulares que interessa analisar.  
o Identificar a frequência e distribuição de cada fenómeno particular  

• Proceder a uma recolha bibliográfica das formas actualmente utilizadas na 
detecção automática de disfluências em transcrições automáticas.  

• Elaborar um estudo da integração da análise sintáctica com a informação 
prosódica, para inserção automática de marcas de pontuação.  

Caminhos alternativos  

• Considerar informação proveniente do sinal de fala, tal como a prosódia (?)  
• Analisar a possibilidade de utilização de grafos de palavras provenientes do 

reconhecimento de fala (lattices), contendo as diferentes alternativas de 
transcrição.  

Initial Plan



Work Overview
demo

Start

Inicial Research on tools and Methods

Evaluation metrics
Available toolkits

Related work

Suitable methods

Data transcripts Analysis

Preparation

Feature extraction

Punctuation Maximum entropy First punctuation module

Capitalization Comparing methods WFST

HMM

ME

Language dynamics Written data

Speech data Impact on ASR

Rich transcription Deeper related work Comparing with CRFs

Other languages

Punctuation Extended
with prosody (PT) Calc prosodic features

Correcting word boundaries in ASR Impact Analysis

Question marks Different domains

2007

2008

2006

2009

2010

2011

First Cap. module

demo

https://tecnovoz.l2f.inesc-id.pt/demos/asr/legendagem/telejornal.html
https://tecnovoz.l2f.inesc-id.pt/demos/asr/legendagem/flash_videos/2014.12/2014_12_01-12_59_01-SIC-PrimeiroJornal-37.html


Start

Inicial Research on tools and Methods

Evaluation metrics
Available toolkits

Related work

Suitable methods

Data transcripts Analysis

Preparation

Feature extraction

Punctuation Maximum entropy First punctuation module

Capitalization Comparing methods WFST

HMM

ME

Language dynamics Written data

Speech data Impact on ASR

Rich transcription Deeper related work Comparing with CRFs

Other languages

Punctuation Extended
with prosody (PT) Calc prosodic features

Correcting word boundaries in ASR Impact Analysis

Question marks Different domains

2007

2008

2006

2009

2010

2011

First Cap. module

Work Overview



Start

Inicial Research on tools and Methods

Evaluation metrics
Available toolkits

Related work

Suitable methods

Data transcripts Analysis

Preparation

Feature extraction

Punctuation Maximum entropy First punctuation module

Capitalization Comparing methods WFST

HMM

ME

Language dynamics Written data

Speech data Impact on ASR

Rich transcription Deeper related work Comparing with CRFs

Other languages

Punctuation Extended
with prosody (PT) Calc prosodic features

Correcting word boundaries in ASR Impact Analysis

Question marks Different domains

2007

2008

2006

2009

2010

2011

First Cap. module

Work Overview



Start

Inicial Research on tools and Methods

Evaluation metrics
Available toolkits

Related work

Suitable methods

Data transcripts Analysis

Preparation

Feature extraction

Punctuation Maximum entropy First punctuation module

Capitalization Comparing methods WFST

HMM

ME

Language dynamics Written data

Speech data Impact on ASR

Rich transcription Deeper related work Comparing with CRFs

Other languages

Punctuation Extended
with prosody (PT) Calc prosodic features

Correcting word boundaries in ASR Impact Analysis

Question marks Different domains

2007

2008

2006

2009

2010

2011

First Cap. module

Work Overview



Instituto de Engenharia de Sistemas e Computadores Investigação e Desenvolvimento em Lisboa

technology  
from seed

L2 F - Spoken Language Systems Laboratory

0% 
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Manual transcripts 

all features lexical only acoustic only 

all full-stop comma 

Automatic transcripts 

Recovering full-stop and comma 
Feature analysis

• Conclusions
– Larger impact of lexical features in general, but more in the comma detection
– Larger impact of acoustic features in the full-stop detection
– Combining all the information leads to the best results
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Instituto de Engenharia de Sistemas e Computadores Investigação e Desenvolvimento em Lisboa

technology  
from seed

L2 F - Spoken Language Systems Laboratory

Capitalization Task
Early work comparing approaches

• HMM-based tagger (SRILM toolkit) (Stolcke, 2002)

– Often used for this task
– Models the capitalization context well
– Generative training

• WFST-based

• Maximum Entropy (ME) models
– Also used for punctuation recovery
– Allows a richer set of features
– Discriminative training

!23
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Capitalization task 
Language Dynamics

• The language dynamics problem
– New words are introduced everyday

• Brazil Elections: Jair Bolsonaro, Fernando Haddad
• Weather: Super Typhoon Yutu, Hardwick, …
• Apu Nahasapeemapetilon
• Staycation (“vá para fora cá dentro") 

– The usage of other decays with time
• Gulf war: Khuzestan, Abadan, Khorramshahr, ... 
• Afghanistan: CH-47 Chinook helicopter, …
• Japan Tsunami: Fukushima, Honshu, Oshika, ...

• How does language dynamics affect the 
performance of the capitalization task? 
How to update the capitalization model? 
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Fig. 1. Manual transcription results, using all approaches.

Figure 1 illustrates the results achieved for the manual tran-
scription, using different capitalization models and all different
approaches. All the approaches depict clear trend lines. However,
the capitalization models produced with the third approach are more
stable, achieving the best results after a certain period of time.

3. TOPIC INDEXATION

Our recent work in terms of topic indexation involves the classifica-
tion of stories using a small set of topics adopted by a professional
media watch company. Although the stories are automatically seg-
mented, this paper only addresses the classification of manually seg-
mented stories. The fact that this classification is thesaurus-oriented
makes it significantly different from the work involved in the TREC
SDR Track [12].

Our corpus, denoted as MW (Media Watch), was collected since
the beginning of 2007, and was topic-segmented and topic-labelled
by the company. The orthographic transcriptions were automatically
provided by our ASR system, using the above mentioned fixed 100k
vocabulary. The recordings of the RTP daily evening shows were
done independently at our lab and at the company, which implied
some synchronization problems. The last 9 months of 2007 were
used for training topic models (167 shows); January 2008 was used
for development (23 shows) and February 2008 (25 shows) was used
for testing. Each show has approximately 1h duration, with a single
publicity break marked by a jingle detection module.

The number of topics used by the media watch company has
evolved during the last year. Whereas during the first months
the main distinction was between national and international news,
these two broad categories were further subdivided in the following
months. In the subdivision, one could distinguish 9 new topics
that could be further subdivided, although this hierarchical structure
was not consistently used, and was not quite visible. In fact, it
was provided to us as an HTML file, in which all topics of each
story were written in the same line, separated by a punctuation sign.
Table 3 shows the amount of stories for each topic in our training,
development and test sets. The topic “meteorology” (or weather
forecast) was rarely identified as topic. In fact, the stories on this
topic were classified as “national”, but included weather forecast as
the title of the piece. Because of the importance of this topic for our
segmentation module, we extracted the topic information from the
title.

For each of the 12 classes, topic and non-topic unigram lan-

Topic Train Dev Test %Acc
National 3558 526 518 83.10
International 1859 227 233 87.13
Economy 946 194 149 90.65
Education 196 17 52 96.22
Environment 235 34 33 94.91
Health 315 90 50 95.69
Justice 496 63 91 94.26
Meteorology 69 7 6 99.41
Politics 1838 285 357 87.24
Security 1037 138 158 87.99
Society 1455 193 260 74.43
Sports 719 118 98 96.86
Total 90.65

Table 3. Number of stories in each topic in the training, development
and test sets of the MW corpus, and corresponding accuracy.

guage models were created using the Good-Touring discount strat-
egy, on the basis of the stories of the MW corpus which were pre-
processed in order to remove function words and lemmatize the re-
maining ones. Topic detection is based on the log likelihood ratio
between the topic likelihood p(W/Ti) and the non-topic likelihood
p(W/Ti). The detection of any topic in a story occurs every time
the correspondent score is higher than a predefined threshold. The
threshold is different for each topic in order to account for the differ-
ences in the modeling quality of the topics.

3.1. Baseline results

The last column of Table 3 shows the accuracy values obtained for
the MW test corpus. As expected, best results were obtained for the
meteorology topic. The bad results obtained for the society topic can
be justified by the fact that it is some sort of a miscellaneous topic.
The difficulty in assigning the national and international topics may
be also partly justified by the fact that stories on how the country
is viewed abroad may be manually classified with both topics. This
type of indexation will be specially hard to implement automatically.

3.2. Unsupervised topic model adaptation

Our unsupervised topic model adaptation approach is performed
daily, on the basis of the 7 last days of newspaper news available
from the Internet. The process starts with the automatic indexing of
each article in the news. For each of the 12 topics, the topic models
based on the ASR transcriptions of the MW corpus and on the recent
newspaper texts are linearly interpolated to create a new topic model
which will be used in the indexations task of that day. The weights
of the linear interpolation of the models are chosen to minimize
the perplexity of the interpolated model in an interpolation tuning
corpus.

To evaluate the impact of the unsupervised topic models adapta-
tion as well the use of a dynamic vocabulary in the topic indexation
task, three experiments were performed using the evaluation set of
the MW corpus. In the first scenario, S1, the unsupervised topic
models adaptation is performed using a fixed 100k vocabulary and
the interpolation tuning corpus is based on newspaper texts from the
last 20 days. The newspaper texts of this interpolation tuning cor-
pus are topic indexed to create material for each topic. The second
scenario, S2, differs from first since it uses the ASR daily-selected
vocabulary. The third and last scenario, S3, differs from the second
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ABSTRACT

The application of speech recognition to live subtitling of Broadcast
News has motivated the adaptation of the lexical and language mod-
els of the recognizer on a daily basis with text material retrieved from
online newspapers. This paper studies the impact of this adaptation
on two of the blocks following the speech recognition module: cap-
italization and topic indexation. We describe and evaluate different
adaptation approaches that try to explore the language dynamics.

Index Terms— Speech processing, Speech intelligibility, Natu-
ral language interfaces, Language Dynamics, Unsupervised learning

1. INTRODUCTION

The application of automatic speech recognition (ASR) to close-
captioning of Broadcast News (BN) has motivated the adaptation
of the lexical and language models of the recognizer on a daily basis
with text material retrieved from online newspapers [1, 2]. The vo-
cabulary and language model adaptation approaches use 3 corpora
as training data: the manual transcriptions of the BN speech train-
ing data, a large newspaper text database with 741M words and a
relative small adaptation set consisting of the 7 last days of online
text. The selection of the 100k dynamic vocabulary is POS-based.
Relative to our first ASR version that used a fixed vocabulary of 57k
words, the dynamic version achieves a relative reduction of 65% in
OOV (out-of-vocabulary) word rate and of 5.7% in WER (word er-
ror rate). Roughly half of this improvement is due to the increased
size of the vocabulary, as shown by the WER results obtained with a
baseline version using a static vocabulary of 100k words.

These improvements have an obvious impact on the quality of
the automatically produced subtitles, live since March 2008, on the
Portuguese national TV channel (RTP). These subtitles also include
online punctuation and capitalization. An offline topic segmentation
and indexation module splits the BN show into stories and assigns
one or more topics to each story from a closed set of topics. For the
time being, a very crude extractive summarization technique also
assigns a first-sentence summary to each story.

These post-ASR modules were originally trained with the mate-
rial available until a certain date, in no way taking advantage of the
online newspapers which are daily collected. The goal of this paper
is to try to use this data to train better models for the capitalization
and the topic indexation modules.

This paper is split into two main sections, the first one dealing
with capitalization and the second one with topic indexation. For
each of these sections, we shall describe the available corpora and

baseline versions, the training of new models and the corresponding
results. Although the two sections are quite separate, the last one
will try to derive some joint conclusions.

2. CAPITALIZATION

The capitalization task consists of assigning the proper case infor-
mation to each input word, which may depend on the context. The
recognition output benefits from this information in terms of im-
proved readability and for further automatic processing. The cap-
italization problem has been previously addressed by [3, 4, 5, 6].

Despite the fact that most of the words and constructions of a hu-
man language are kept in use for many years or never change, new
words are introduced everyday and the usage of others decays with
time. [7] conducts a study analyzing the relation between corpora
variation over time and the performance of named entity recogni-
tion, concluding that as the time gap between corpora increases, the
similarity between the corpora and the names shared between those
corpora decreases. The language adaptation problem concerning the
capitalization has also been addressed by [8, 9], revealing that the
capitalization performance is influenced by the training data period.

This section analyses the capitalization performance when per-
formed either with a static capitalization model (CM) or with dy-
namic capitalization models retrained over time. This work assumes
that the capitalization of the first word of each sentence is performed
in a separated processing stage (e.g. after punctuation), since its cor-
rect graphical form depends on its position in the sentence. Only
three ways of writing a word will be considered: lower-case, first-
capitalized, and all-upper. Mixed-case words, such as “McGyver”,
are treated by means of a small lexicon, but not evaluated in the
scope of this paper. The evaluation is performed using: Precision,
Recall and SER (Slot Error Rate) [10]. Only capitalized words (not
lowercase) are considered as slots and used by these metrics. Hence,
the SER is calculated by dividing the number of capitalization errors
by the number of capitalized words in the reference data.

2.1. Data sources

The capitalization model currently used for BN close-captioning was
trained with the content of a newspaper corpus, collected from 1999
to 2004, and containing about 148M words. This CM, denoted as
BaseCM, provides the baseline performance for the experiments pre-
sented in this paper.

The CM adaptation uses online text, daily collected from the
web, and corresponding to last minute news published by the
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Capitalization task 
Comparing all approaches

• Different approaches have been compared
– HMM-based approach

• Often used for this task
• Models the capitalization context well
• Generative training

– Maximum Entropy (ME) models
• Also used for punctuation recovery
• Allows a richer set of features
• Discriminative training

– CRF-based
• Feature rich, like ME
• Label dependency/context, like HMM
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Suitable for speech transcripts
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Comparing all approaches

• Different approaches have been compared
– HMM-based approach

• Often used for this task
• Models the capitalization context well
• Generative training

– Maximum Entropy (ME) models
• Also used for punctuation recovery
• Allows a richer set of features
• Discriminative training

– CRF-based
• Feature rich, like ME
• Label dependency/context, like HMM

!29

Better for written corpora
captures well the written corpora structure

Suitable for speech transcripts

Include portions of spontaneous speech, 
with a more flexible linguistic structure 

when compared to written corpora

Even better than ME

Supports the idea that the capitalization of 
a word tends to be connected with the 

capitalization of words around.
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Bilingual Experiments on Automatic Recovery of
Capitalization and Punctuation of Automatic

Speech Transcripts
Fernando Batista, Member, IEEE, Helena Moniz, Isabel Trancoso Fellow, IEEE, and Nuno Mamede

Member, IEEE

Abstract—This paper focuses on the tasks of recovering capital-

ization and punctuation marks from texts without that informa-

tion, such as spoken transcripts, produced by automatic speech

recognition systems. These two practical rich transcription tasks

were performed using the same discriminative approach, based

on maximum entropy, suitable for on-the-fly usage. Reported

experiments were conducted both over Portuguese and English

broadcast news data. Both force aligned and automatic tran-

scripts were used, allowing to measure the impact of the speech

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

addressed for the capitalization task. Language adaptation results

indicate, for both languages, that the capitalization performance

is affected by the temporal distance between the training and

testing data. In what regards the punctuation task, this paper

covers the three most frequent punctuation marks: full stop,

comma, and question marks. Different methods were explored

for improving the baseline results for full stop and comma. The

first uses punctuation information extracted from large written

corpora. The second applies different levels of linguistic structure,

including lexical, prosodic, and speaker related features. The

comma detection improved significantly in the first method, thus

indicating that it depends more on lexical features. The second

method provided even better results, for both languages and both

punctuation marks, best results being achieved mainly for full
stop. As for question marks, there is a small gain, but differences

are not very significant, due to the relatively small number of

question marks in the corpora.

Index Terms—Automatic Speech Processing, Rich Transcrip-

tion; Capitalization, Punctuation Marks, Language Dynamics,

Natural Language Processing

I. INTRODUCTION

L
ARGE quantities of multimedia data are now being
disseminated by TV stations, radio stations, newspapers,

books, the Internet, and other communication means. The
digital support makes it possible to use computers to analyze,
learn and automatically process such data. Automatic Speech
Recognition (ASR) systems are now being used daily to
process radio and TV shows, in order to produce information

Copyright (c) 2010 IEEE. Personal use of this material is permitted.
However, permission to use this material for any other purposes must be
obtained from the IEEE by sending a request to pubs-permissions@ieee.org.

All the authors are with the Spoken Language Laboratory – L2F ,
INESC-ID, Lisbon, Portugal (e-mail: {Fernando.Batista, Helena.Moniz, Is-
abel.Trancoso, Nuno.Mamede}@inesc-id.pt). The first author is also with
Instituto Universitário de Lisboa (ISCTE-IUL), Lisboa, Portugal. The second
one is also with FLUL/CLUL, University of Lisbon, Portugal. The third and
fourth authors are also with IST, Lisbon, Portugal.

for automatic indexing, cataloging, searching, and for on-line
subtitling. Nonetheless, the text produced by a standard ASR
system consists of raw single-case words without punctuation,
which makes this representation format hard to read [1], and
poses problems to further automatic processing.

Speech units do not always correspond to sentences, as
established in the written sense. They may be quite flexible,
elliptic, restructured, and even incomplete. Taking into account
this idiosyncratic behavior, the notion of utterance [2] or
sentence-like unit (SU) [3], [4] is often used instead of
sentence. Detecting positions where a punctuation mark is
missing, roughly1 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 [5], [6], [7].

The capitalization task, also known as truecasing [8], con-
sists of assigning to each word of an input text its cor-
responding case information, which sometimes depends on
its context. One important aspect related with capitalization
concerns neologisms that are frequently introduced, and also
archaisms. These so-called language dynamics are relevant and
must be taken into consideration.

This paper addresses two rich transcription (RT) tasks:
automatic capitalization, and punctuation recovery. Besides
improving human readability, punctuation marks and cap-
italization provide important information for parsing, ma-
chine translation (MT), information extraction, summarization,
Named Entity Recognition (NER), and further text processing
tasks. Both tasks are performed using the same maximum
entropy (ME) modeling approach, a discriminative approach,
suitable for dealing with speech transcripts, which includes
both read and spontaneous speech, the latter being character-
ized by more flexible linguistic structures and by adjustments
to the communicative situation [9]. 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

1Roughly because, for instance, units delimited by commas often do not
correspond to sentences.
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"estão todos com atenção" "estão todos com atenção?"
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Abstract
This work explores prosodic/acoustic cues for improving a
baseline phone segmentation module. The baseline version is
provided by a large vocabulary continuous speech recognition
system. An analysis of the baseline results revealed problems in
word boundary detection, that we tried to solve by using post-
processing rules based on prosodic features (pitch, energy and
duration). These rules achieved better results in terms of inter-
word pause detection, durations of silent pauses previously de-
tected, and also durations of phones at initial and final sentence-
like unit level. These improvements may be relevant not only
for retraining acoustic models, but also for the automatic punc-
tuation task. These two tasks were evaluated. Results based on
more reliable boundaries are promising. This work allows us
to tackle more challenging problems, combining prosodic and
lexical features for the identification of sentence-like units.
Index Terms: prosody, automatic phone segmentation, punctu-
ation.

1. Introduction
The main motivation of our work is the improvement of the
punctuation module of our automatic broadcast news captioning
system. Although this system is deployed in several languages,
including English, Spanish and Brazilian Portuguese, the cur-
rent paper refers only to the European Portuguese (EP) version.
Like the audio diarization and speech recognition modules that
precede them, the punctuation and capitalization modules share
low latency requirements.

Although the use of prosodic features in automatic punctu-
ation methods is well studied for some languages, the first im-
plemented version for EP deals only with full stop and comma
recovery, and explores a limited set of features, simultaneously
targeting at low latency, and language independence. The aim
of this work is to improve the punctuation module, first by ex-
ploring additional features, namely prosodic ones, and later by
encompassing interrogatives. This paper describes our steps in
this first direction.

One of the most important prosodic features is the duration
of silent pauses. Even though they may not be directly con-
verted into punctuation, silent pauses are in fact a basic cue for
punctuation and speaker diarization. The durations of phones
and silent pauses are automatically provided by our large vo-
cabulary continuous speech recognition module. An analysis
of these results, however, revealed several problems, namely
in the boundaries of silent pauses, and in their frequent miss-
detection. These problems motivated the use of post-processing
rules based on prosodic features, to better adjust the boundaries

of silent pauses. The better results achieved with this prosodic
module motivated the retraining of both the acoustic models and
punctuation models.

This work was done using a subset of the EP broadcast
news corpus, collected during the ALERT European project.
Although the corpus used for training/development/evaluation
of the speech recognizer includes 51h/5h of orthographically
transcribed audio, a limited subset of 1h was transcribed at the
word boundary level, in order to allow us to evaluate the efficacy
of the post-processing rules. With this sample we could evalu-
ate the speech segmentation robustness with several speakers
in prepared non-scripted and spontaneous speech settings with
different strategies regarding speech segmentation and speech
rate.

The next section reviews related work. The post-processing
rules and their impact on word segmentation results are de-
scribed in Sections 3 and 4, respectively. Section 5 deals with
the retraining of acoustic models. Section 6 is devoted to the
description of the punctuation module and the results obtained
before and after the retraining. Conclusions and future work are
presented in Section 7.

2. Related work
2.1. Segmentation

Speech has flexible structures. Speaker plans what to say on-
line and makes use of different cues from context, thus spon-
taneous speech may have elliptic utterances, backchannel ex-
pressions, disfluencies, and overlapping speech, inter alia. It
is also characterized by temporal characteristics (speech rate,
elongated linguistic material, etc) that make its modeling diffi-
cult. This set of properties poses interesting challenging both
from a linguistic and from an automatic speech recognition
point of view [1]. Our work focus in broadcast news, where
one can find both spontaneous and read speech.

The study by [2] shows that there are different levels of seg-
mentation when combining linguistic features with automatic
methods. We could say that those different types of segmen-
tation may reflect an increasing gradient scale: pause-based,
pause-based with lexical information, the previous and dialog
acts information, topic and speaker segmentation. While pause
and speaker segmentation are based on audio diarization tech-
niques, the remaining types are related with structural segmen-
tation methods. Audio diarization may comprehend identifica-
tion of jingles, speech/non-speech detection, speaker clustering
and identification, etc. Structural segmentation concerns algo-
rithms based on linguistic information to delimit "spoken sen-
tences" (units that may not be isomorphic to written sentences),
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Major difficulties

• Multidisciplinary subjects 
- Involving: ASR, linguistics, Machine Learning, distributed systems, etc 

- Cooperation is fundamental !!! 

• Too much data 
- Speech transcripts contain complex information 

- Moreover, is changing from time to time 

- At some point, it required 1 month for model training 

• Things change…  
- The speech recognition system (ASR) was always evolving 

- The data changed somewhere in the middle 

- Some toolkits had bugs that were corrected in the meanwhile
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Major difficulties 
Concerning the research document

• Could not compare initial experiments with the final ones 
- Should I document initial experiments? say the first 3 years 

- Or … should I simply document recent experiments? 

- comparable results, using all the good stuff, state-of-the-art results 

• Solution 
- Adopt an historical perspective 

- Early work, improvements, possible variations, final results 

- Complement that with a good introduction
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Good experiences

• I have established a time schedule 
- weekdays, from 7h to 16h30 

- and … I did not work on weekends and holidays ;) 

• Cooperation with other people 
- don’t stay home all the time 

- opportunities, ideas, etc. arise when you deal with other people
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Some advices

• Organize your ideas and planned tasks 
- easy access to temporary notes (e.g. sticky notes) 

- Things? 

- …

�40



Some advices

• Organize your ideas and planned tasks 
- easy access to temporary notes (e.g. sticky notes) 

- Things? 

• Keep track of your research 
- bibliography manager: e.g. Bibdesk, Jabref 

- store your PDF files together  

- and annotate then with relevant information 

- personal wiki?
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Some advices … 
Always keep track of your research
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Questions ?
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