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Abstract

Fine-grained information extraction performance from spoken
corpora is strongly correlated with the Word Error Rate (WER)
of the automatic transcriptions processed. Despite the recent ad-
vances in Automatic Speech Recognition (ASR) methods, high
WER transcriptions are common when dealing with unmatched

conditions between the documents to process and those used to

train the ASR models. Such mismatch is inevitable in the pro-
cessing of large spoken archives containing documents related
to a large number of time periods and topics. Moreover, from a
text indexation point of view, rare events and entities are often
the most interesting information to extract as well as the ones
that are very likely to be poorly recognized. In order to deal with
high WER transcriptions this paper proposes a robust Informa-
tion Extraction method that mines the full ASR search space for
specific entities thanks to a 3-steps process: firstly, adaptation
of the extraction models thanks to metadata information linked
to the documents to process; secondly transduction of a word
lattice outputs by the ASR module into an entity lattice; thirdly
a decision module that scores each entity hypothesis with dif-
ferent confidence scores. A first implementation of this model
is proposed for the French Broadcast News Named Entity ex-
traction task of the evaluation program ESTER.

1.

Speech Mining is a research field that aims to bridge the gap be-
tween Speech Processing and Text Data Mining methods. One
of the main differences between Information Extraction from
written text input and spoken transcription input is the uncer-
tainty in the automatic transcriptions. This uncertainty is due on
one hand to the lack of robustness of Automatic Speech Recog-
nition (ASR) methods to new conditions (different from those
used to train the acoustic and linguistic models) and on the other
hand to the dysfluencies occurring in spontaneous speech. One
way to deal with this uncertainty is to consider not only the best
transcription output by the ASR module but the whole set of
alternate transcriptions that can be found in the word lattices
output by most of the ASR systems.

Following these remarks this paper presents an Information
Extraction method that explicitly takes advantage of the gener-
ation of alternate transcriptions of a speech signal in order to
increase its robustness to high Word Error Rate (WER) tran-
scriptions. More precisely the model proposed in this paper
focuses on:
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e firstly defining what kind of information or entity is
likely to occur in a given speech signal (thanksneta-
datainformation);
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e secondly looking explicitly in the ASR search space for
occurrences of each of these entities, each of them scored
by confidence scores.

A first implementation of this model is proposed within the
framework of the French evaluation program ESTER [10]. The
task consists in extracting named entities from radio broadcast
news data.

2. Information extraction and Automatic

Speech Recognition

The NIST Topic Detection and Tracking (TDT) and TExt Re-
trieval Conference (TREC) evaluation programs have studied
the impact of recognition errors on the overall performance of
Information Extraction systems for tasks like story segmenta-
tion, topic detection and text retrieval [9, 2]. Thedundancy
effectof salient words representing topics helped to limit the
impact of recognition errors compared to performance obtained
on written text. However, if this phenomenon is true for Infor-
mation Extraction tasks that rely on long text segments, this is
not true for tasks related to the extraction of fine grained entities,
like Named Entities (NE), where the extraction performance is
strongly correlated with the ASR Word Error Rate (WER).
Despite the continuous improvement of ASR techniques,
high WER transcriptions are inevitable in difficult conditions
like those found in large spoken archives like in the MALACH
project [13] or in the speech archives of national archive insti-
tutions like the Frencinstitut National de I'AudiovisuglINA).
Moreover, Named Entities extraction performance is greatly af-
fected by a mismatch between training and testing data. This
is due mainly because proper names, which represent most of
the Named Entity items, are a very dynamic category of words,
strongly related to the period of time representing the docu-
ments to process. This problem can be tackled by usiatp-
data information on these documents, like news related to the
same period of time or abstract describing the document con-
tent. This paper presents an Information Extraction method that
uses such metadata information in order to update the NE mod-
els that are used in the extraction process from word lattices.

3. The Named Entity extraction task of the
ESTER program

The ESTER program is the first French Rich Transcription
of Broadcast News program organized Ibyssociation Fran-
cophone de la Communication Pae (AFCP), la Délégation
Gérerale pour 'Armement{DGA) and the Evaluation Lan-
guage resources Distribution Agency (ELDA). One of the task
is Named Entity extraction over a tag set of eight main cate-
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Figure 1:Architecture of the Named Entity extraction system

gories and more than thirty sub categories organized as below:

e personsiers): human, fiction characters, animals;

e locations [oc): geographical, traffic lines, electronic and
real addresses, dial numbers;

e organizationsdrg): political, business, non profit;

e socio-political groupsdsp): clans, families, nations, ad-
ministrative regions;

e amounts @mount): durations, money, lengths, tempera-
ture, age, weight and speed;

e time (ime):
hours;

relative and absolute time expressions,

e products prod): art, printings, awards and vehicles;
o facilities (fac): buildings, monuments.

Let’s point out that this tag set is significantly larger that the
one used in the MUC-7 and DARPA HUB-5 NE extraction task,
where only three categories were considered, and therefore the
results obtained can't be directly compared. Indeed, several cat-
egories are highly ambiguous (e.g. administrative regions and
nations ingsp and facilities overlap with locations, durations
overlap with time entities, .. .).

The ESTER corpora are made of manual transcriptions of
various radio broadcast shows of 6 French speaking radios. The
training corpus contains 1M words and 52K NE occurrences.
The test corpus contains 100K words with 6K NEs and has a 6
months time mismatch with any training data that could be used
to train the models, as specified by the ESTER program rules.
This will allow us to see the impact of time mismatch on the NE
extraction results.

4. Architecture of the system

The general architecture of the Named Entity extraction method
is presented in figure 1. The Named Entity models are context-
free grammars (hand written and data induced) coded by Finite
State Machines (FSM) thanks to the FSM AT&T toolkit [11].
There are three main processes in this method which are going
to be discussed in the next sections:

1. updating the ASR models (language model + lexicon)
and the Named Entity models (grammars + word lists)
with metadata informationelated to the documents to
process;

. composing the Named Entity models with the word lat-
tice in order to obtain an entity lattice, with all the enti-
ties that can be extracted from it;

. choosing the most reliable entities detected in the word
lattice and sorting them according to confidence scores.

4.1. Updating Language and NE models with metadata in-
formation

Broadcast News corpora are very time dependent and therefore
it is crucial to train the ASR models on data temporally very
close to the documents to process. However this can be difficult
when dealing with large spoken archives spanning over a long
period of time. But if in one hand it is often not possible to
collect enough data for training new models for each time pe-
riod considered, on the other hand some metadata information
related to these periods is very likely to be available. Metadata
information can be a description or an abstract of the spoken
document, text corpus containing newspaper data from the same
date of the document, or documents related to the same topic as
the targeted documents.

Several studies [8, 5] propose adaptation methods of a gen-
eral language model to the possibly small corpora extracted
from these kinds of metadata information (an overview of all
these methods can be found in [4]). It appears from these stud-
ies that the choice of the metadata and the size of the adaptation
corpus collected are critical in this adaptation process: if the
adaptation corpus is not exactly related to the topics of the doc-
ument to process, no real gains are obtained.

Similarly, adapting dynamically the ASR lexicon is a much
more practical approach than increasing indefinitely the lexi-
con size as a lot of words are strongly linked to a given time
period or topic and covering all time periods and all topics is
unrealistic. A recent study [1] proposes to add new words to
an existing lexicon without modifying the language model by
using open classes, integrated in the LM, corresponding to the
Part-Of-Speech labels of the new words to add. This approach
has the advantage to be more robust to a mismatch between the
adaptation corpus and the document to process, as the main LM
remains intact.

The adaptation process presented in this paper is done for
both the LM and lexicon models and the NE models, as follows:

e a text corpus corresponding to the same time period as
the documents to process is extracted from two French
newspapers.e MondeandLe Monde Diplomatique

e the ASR lexicon is enriched with all the new proper
names detected in this collected corpus and a linear inter-
polation between this general LM and the one obtained
on this adaptation corpus is done during the ASR pro-
cess;

e a NE extraction system (based on the same tools as pre-
sented in this paper), working on text input, is applied
to the adaptation corpus in order to collect all the enti-
ties that are likely to occur in the documents targeted.
The entities detected are added to the NE grammars and
wordlists used to extract all the possible entities from the
word lattices.



4.2. From a word lattice to an entity lattice

The ASR module outputs a word lattic®/{,++:cc) coded as

a FSM. The words belong to the ASR vocabulafyand the
scores are the likelihood scores combining the acoustic and lin-
guistic model scores. Let’ be a context-free right regular
grammar, coded as a transducer FSM, made of the union of
local Named Entity grammars and a background filler model.
The input symbols of this transducer are words frgnand the
output symbols are words and tags framuU Topen U Teiose
(Topen is an opening tag list of Named Entity labels &@fd, .

the respective closing tag list). Any word string (with words be-
longing toV’) can be accepted ¥, thanks to the filler model,
and any substring that matches a NE grammar outputs a be-
ginning and ending tag as well as the words part of the entity
detected. Words outside entities are deleted. The composition
of the word lattice and the entity grammar results in a word+tag
transducer called; ¢4 ice:

Elattice = Wiattice ® G

By enumerating the n-best best patitsthe output symbolsf
Ejqttice ONE obtains the n-best list of NE occurring in the word
lattice, and by enumerating the n-best pathsthe input sym-
bols for a given NE detected, one obtains the n-best support
word strings containing the entity.

4.3. Named Entity n-best list generation

The last step in the NE extraction process is the output of a NE
n-best list sorted according to a confidence score. This is done
by generating the n-best paths on the output symbal 9t ;.

and scoring them according to their posterior probabilities ob-
tained on the word lattic&; ;... Posterior probabilities from
word graphs have proven to be efficient confidence measures
([7]), they are estimated in this study as follows: ddie an en-

tity, W; a word string accepted b¥iq+tice, Wi @ word string
accepted by;,:ic. and emitting the entity, andY” a string of
acoustic vectors,

ZWq‘,eGElattice PY|W§) x P(WY)
ZWi€Elatmce P(Y[W;) x P(W;)

The scores involved in this confidence measure calculation
rely only on the ASR models as the NE grammars used are non-
weighted. We chose not to merge ASR scores and Named Entity

P(6|Elattice) -

model scores into the same search process: the n-best list of NE

is obtained only with ASR confidence scores, then a decision

module evaluate each hypothesis thanks to models trained to
reject, re-label or accept any entity previously detected. This

decision module is presented in the next section.

5. Decision module

The decision module is the last step in the NE extraction pro-
cess, as presented in figure 1. Its goal is firstly to choose among
all the possible segmentations of a NE string the one that is more
likely to be correct, thanks to a NE tagger; secondly to apply a
text classifier to the NE strings obtained, with their occurrence
contexts, in order to give to each entity its final label, thanks to
a discriminative process. These two steps are briefly described
in the next sections.

5.1. Named Entity tagger

To each NE hypothesis output from the transducet;,++ice
is associated the best support word strifig. .., which is the

best path on the input symbols (words) Bf,:+ic. that emits

e. All the entitiese that share the same word strif@yes:

can be seen as different NE segmentationdiaf,;. For
example, to the word stringear the Eiffel tower,

two segmentations can be made with the NE grammars:
near the <person> Eiffel </person> tower

and near the <fac> Eiffel tower </fac> In
order to choose the most probable one, a NE tagger based on
an n-gram language model following the method presented in
[3] has been implemented. All the different segmentations of
Whest are then processed by the tagger in order to give to each
of them another confidence score based this time only on NE
models.

5.2. Decision tree based text classifier

It has been shown that text classification methods can be very
efficient tools for labeling NE contexts [6]. The method con-
sists in building a training corpus where each example is made
of two word strings, the left and right word contexts of an en-
tity, some information about the entity itself, and the NE label
of the entity according to a reference corpus. By training a clas-
sifier to discriminate the entities according to their labels, one
can build a classification tool that can process unseen entities
and be more accurate than the NE grammars alone as they don’t
incorporate any contextual information. This is particularly true
for very ambiguous NE like gsp, facilities or locations. A boost-
ing based classifier calléd8bosTextef14] has been used in this
last step. All the NEs of the n-best list are labeled according to
the classifier and a third confidence measure is attached to each
of them: the confidence score given by the classifier to the NE
label to be supported by the entity and its context.

6. Experiments

The experiments have been carried out on the corpora of the
French Broadcast News transcription program ESTER. The
ASR engine used is the toolkit SPEERAL [12] developed at the
computer lab (LIA) of the University of Avignon. To measure
the NE extraction performance, the ESTER organizers use an
error measure called the Slot Error Rate (SER). This measure is
defined as follows:

Zeeg Oée|6|

ER = &ecg 2el9
SER | Refslots|

wheree € £ is one of the following error types: inserted slot,
deleted slot, type error, extent error, type+extent error, multi-
ple errors. Each error typehas a particular weight noted..
Every reference slot can only belong to one error category and
ASR errors occurring in a NE slot are counted as extent errors.

For the evaluation purpose we added a simple decision rule
to the NE extraction strategy proposed in this paper: from the
NE n-best list presented in section 4.3, only the NEs that have
the highest posterior probabilities are kept. Then the corre-
sponding support word string is processed by the NE tagger
and the final label for each remaining NE is given by the text
classifier BoosTexter.

Four contrastive results are presented in table 6 correspond-
ing to the following test conditions:

e ASR for experiments done on automatic transcription;
e REF for reference transcriptions;

e Corpus; that corresponds to the development corpus
provided during the ESTER program;



e Corpus; that is the test corpus of the ESTER program.

The WER of the automatic transcriptions on the two corpora is
also displayed.

The main difference betwe&orpus; andCorpus; is their
temporal mismatch.Corpus; is very close, from a temporal
point of view, to the ESTER training corpus used to adapt the
ASR and NE models to the task. F@orpus, there is a 6
months temporal mismatch between this corpus and any train-
ing or adaptation data used, as specified by the ESTER evalua-
tion rules.

Corpus | SER(ASR) | SER(REF) || WER(ASR)
Corpus; 39.9 22.7 21.2
Corpusz 57.4 34.1 26.4

Table 1: Slot Error Rate (SER) and Word Error Rate (WER)
performance on two ESTER corpora

These are the first results presented for fine-grained NE ex-
traction for French. They still have to be compared, at the F-
measure level, with other studies using also an extended NE tag
set for other languages. As we can see in table 6, the impact of
both ASR errors and temporal mismatch is very significant for
SER performance. The degradation observed on the automatic
transcriptions is due to ASR errors on the entities alone but also
on their immediate context, preventing the decision module to
give the correct tag to the entities detected. The impact of the
temporal mismatch between the training and the test corpora
is even bigger. As we can see the relative increase in WER be-
tween Corpusand Corpusis 24.5% while the relative increase
in SER is 43.8%. This confirms our point that Information Ex-
traction performance is much more affected by temporal mis-
match than word transcription performance and it really points
out the importance to carefully adapt the NE models to the task
targeted. Even a relatively small temporal mismatch (6 months)
can have dramatic effects on the performance.

7. Conclusion

This paper presents a Named Entity extraction method applied
to Broadcast News data within the framework of the French ES-
TER evaluation program. The main features of this method are:
the explicit use of alternate transcriptions by extracting directly
the NEs from word lattices; the adaptation of the NE models to
the document targeted thanks to metadata information; the de-
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cision module that combines a generative approach based on a [12]

statistical NE tagger and a discriminative approach based on a
text classifier. The first results obtained at the ESTER evalua-
tion program validate this approach. They have pointed out the
absolute necessity of adapting the NE models whenever a mis-
match in the conditions is observed between the training data
and the documents to process. Improving this adaptation pro-
cess and the gathering of metadata information are the immedi-
ate perspectives of this work.

8. Acknowledgments

This work is supported by the Frenbfinistere de la Recherche
et de I'Industrieunder the CIFRE grant number 692/2003.

[13]

[14]

9. References

Alexandre Allauzen and Jean-Luc Gauvain. Open vocab-
ulary ASR for audiovisual document indexation.|[EEE
International Conference on Acoustics, Speech and Signal
Processing, ICASSPages 1013-1016, 2005.

J. Barnett, S. Anderson, J. Broglio, M. Singh, R. Hudson,
and S. Kuo. Experiments in spoken queries for document
retrieval. Inln Eurospeech 97hages 1323-1326, 1997.

F. Bechet, A. Gorin, J. Wright, and D. Hakkani-Tur. De-
tecting and extracting named entities from spontaneous
speech in a mixed initiative spoken dialogue context: How
May | Help Y. Speech Communicatipm2:207—-225,
2004.

Jerome R. Bellegarda. Statistical language model adapta-
tion: review and perspectiveSpeech Communicatipa2
Issue 1:93-108, 2004.

Langzhou Chen, Jean-Luc Gauvain, Lori Lamel, and
Gilles Adda. Dynamic language modeling for broadcast
news. Inin International Conference on Speech and Lan-
guage Processingages 1281-1284, 2004.

Michael Collins and Yoram Singer. Unsupervised mod-
els for named entity classification. Empirical Methods

in NLP processing and Very Large Corpora - EMNLP-
VLC’99, University of Maryland, 1999.

D. Falavigna, R. Gretter, and G. Riccardi. Acoustic and
word lattice based algorithms for confidence scores. In
Proceedings of International Conference on Spoken Lan-
guage Processing (ICSLR)ages 1621-1624, 2002.

M. Federico and N. Bertoldi. Broadcast news LM adap-
tation using contemporary texts. Rroceedings of Eu-
ropean Conference on Speech Communication and Tech-
nology (Eurospeechpages 239-242, Aalborg, Denmark,
2001.

Jonathan G. Fiscus and George R. Doddington. Topic
detection and tracking evaluation overvieiopic detec-
tion and tracking: event-based information organization
pages 17-31, 2002.

G. Gravier, J.F. Bonastre, E. Geoffrois, S. Galliano,
K. McTait, and K. Choukri. ESTER, une cam-

pagne dévaluation des sysmes d'indexation automa-

tique démissions radiophoniques en fixme: franais. In
Proc. Jourrees d’Etude sur la Parole (JEP2004.

Mehryar Mohri, Fernando Pereira, and Michael Riley.
Weighted finite-state transducers in speech recognition.
Computer, Speech and Langua@é(1):69-88, 2002.

P. Nocera, G. Linares, and D. Massonie. Principes et per-
formances du @codeur parole continue Speeral.Aroc.
Jourrées d’Etude sur la Parole (JEP2002.

Bhuvana Ramabhadran, Jing Huang, and Michael
Picheny. Towards automatic transcription of large spoken
archives - english ASR for the MALACH project. Proc.
IEEE International Conference on Acoustics, Speech and
Signal Processing, ICASSPpages 216-219, 2003.

Robert. E. Schapire and Yoram. Singer. BoosTexter: A
boosting-based system for text categorizatidachine
Learning 39:135-168, 2000.



