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Abstract. The Rich News system for semantically annotating television news
broadcasts and augmenting them with additional web content is described.
On-line news sources were mined for material reporting the same stories as
those found in television broadcasts, and the text of these pages was
semantically annotated using the KIM knowledge management platform. This
resulted in more effective indexing than would have been possible if the
programme transcript was indexed directly, owing to the poor quality of
transcripts produced using automatic speech recognition. In addition, the
associations produced between web pages and television broadcasts enables
the automatic creation of augmented interactive television broadcasts and
multi-media websites.

1 Introduction

This paper describes the Rich News annotation system that semantically annotates
television news broadcasts using news websites as a resource to aid in the annotation
process. The chief obstacle to semantic annotation of television is that transcripts
produced through automatic speech recognition (ASR) are of poor quality, so
existing semantic annotation systems do not perform well on such data. Therefore
Rich News bases it semantic analysis on related web pages, rather than on the ASR
transcripts  themselves. Previous work has used named entity extraction in
conjunction with television broadcasts [23, 19], but Rich News is innovative both in
the use of web-based content augmentation and in the use of semantic annotation
[21].

Rich News is essentially an application-independent annotation system, there
being many potential uses for the semantic annotations it produces. The first use
proposed for the Rich News system was to automate the annotation of BBC news
programmes[9]. For more than twenty years the BBC have been semantically
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annotating their news in terms of a taxonomy called Lonclass, which was derived
from the Universal Decimal Classification system commonly used by libraries to
classify books [3]. Lonclass has 300,000 subject terms, and so alows for an
extremely precise form of annotation, but owing to limited archiving resource, 90%
of the BBC's output is annotated at only a very basic level. While Rich News cannot
annotate with the same level of precision as a human annotator, its performance is
sufficient that it provides access to much material that would otherwise be difficult
to retrieve owing to no description of it being available.

Besides being used in television archiving, Rich News could also be used to
enhance the television experience for the viewer [10]. At present, electronic
programme guides, which give information about the times of television
programmes, and descriptions of them, are available on many television systems,
enabling the viewer to access this information through their television set. Semantic
electronic programme guides that give information about the entities referred to in
particular broadcasts could be created, which would allow the user to view details of
forthcoming programmes in terms of this information. If Rich News was
incorporated into adigita video recorder, then the annotation process and generation
of electronic programme guides could be performed by the digital video recorder in
users homes, rather than by the television company prior to transmission.

The third mode in which the annotations produced by Rich News can be used isto
provide enhanced mixed-mode interactive television [8, 10]. In the UK, television
news broadcasts now commonly include additional textual material that can be
accessed by pressing a button on the remote control-. This textual content typically
covers stories in more depth than is possible in the ordinary broadcast. Rich News
can find relevant material automatically, and, if deployed on a digital video recorder,
gives the viewer rather than the television company control over how that material is
selected.
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Figure 1. Architecture of Rich News Annotator

Rich News was developed using the GATE natural language processing
architecture [7] which facilitated re-use of code from previous NLP systems, and
hence rapid development of the system. The overal annotation system can be

2 http://news.bbc.co.uk/2/hi/entertainment/3974523.stm



divided into the six modules shown in Figure 1. It takes a media file as input and
produces a GATE document containing meta-data for each news story in the input
file. The rest of this paper discusses each component in turn, and then shows one
way in which the data produced by Rich News has already been used, in a semantic
television search engine.

2 Speech Recognition

Speech recognition was achieved with the THISL speech recognition system [25,
24], which uses the ABBOT connectionist speech recognizer [26]. This system was
optimized specifically for use on BBC news broadcasts, by customizing the
pronunciation dictionary, and training the language model on over 100 million words
of news text. Figure 2 shows an example of the speech recognizer’s output.

one of the few things that could undermine that <SIL> as being a <SIL>
heavy duty criminal activity and squire of class he dropped the more
damage and roads that are <SIL> that could have brought her <SIL> from
everything handing back their own making <s> i think today's action
<SIL> has given a community confidence that does not want to be the
case <s> and presumably bob

Figure 2. Example of the Speech Recognizer’s Output. The story reports police operations
against drug dealers, <s> and <SIL> mark short and long silences respectively

3 Segmentation into News Stories

Topical segmentation was used to divide the broadcast into the individua news
stories that it contains. Most approaches to topical segmentation of media have been
based on an analysis of the language used in the broadcast, but sometimes this has
been in conjunction with cues from non-textual sources, such as an analysis of the
television picture and the captions that appear on it [4, 18].

Most segmentation systems are trained on large corpora in which the story
boundaries are marked [12, 20, 16], but no such corpus of BBC news programmes
was available for training. Therefore, it was decided to segment the broadcasts using
a measure of lexical cohesion, in which sentences in which the same words are
repeated are grouped together. Several such systems have been developed [12, 15],
but the one used in Rich News was C99 [5], which calculates the similarity between
parts of a text using the cosine measure (see for example [14]), and which can
automatically decide how many segments a text contains. Published evaluations
show that C99's performance is not greatly below that of systems that rely on
training data[16].

Key Phrases were then extracted from each story using term frequency inverse
document frequency (TF.IDF) [11]. ‘Phrases’ (that is any sequence of one to three
words), that occurred at least twice in a story, and which are not commonly seen in



the language as a whole, were taken to be key-phrases. More sophisticated key-
phrase extraction systems have been reported in the literature [13, 28], but typically
they require large collections of marked-up training documents, so there seems to be
little advantage in using such systems when the present system works satisfactorily.

4 \Web Search

The Google API® was used to search the news section of the BBC website, and the
on-line versions of the Times, Telegraph and Guardian newspapers for web pages
reporting the same stories as those in the broadcast. The searches were restricted to
the day of broadcast, or the next day, by including these dates in the search query.
For each story, the web sites were searched first using the best two key-phrases
together, then each of the best four key-phrases individually, and in each case the
first five URLs that Google returned were retrieved. An example of a complete
search term that was passed to Googleis given in (1).

(1) site:guardian.co.uk "3 December, 2002" OR "2 December, 2002" "smallpox "
"vaccination "

A document matching component then loads the pages found by Google and finds
which one is the most similar to the ASR text, in terms of matching words. If this
page matches sufficiently closely, it is associated with the story, and used to derive
title, summary and section annotations. An evaluation of an earlier version of Rich
News [9] found that 92.6% of the web pages found in this way reported the same
story as that in the broadcast, while the remaining ones reported closely related
stories. That version of Rich News searched only the BBC website, and was
successful in finding web pages for 40% of the stories, but the addition of multiple
news sources, and an improved document matching component, can be expected to
have raised both the precision and recall of the system, though no formal evaluation
of the current system has been conducted.

5 Semantic Annotation

An index document was created that described each story for which a matching web
page had been found. These documents contained the main content text of the web
page, its URL, and summary and section information extracted from it, as well as the
start and end times of the story in the original broadcast. The text of the documents
was then semantically annotated using the KIM knowledge and information
management platform [22]. KIM produces meta-data for the Semantic Web [1] in the
form of annotations with respect to a basic upper-level ontology called PROTON:,
This ontology consists of three modular layers that contain categories for the most
common types of entity (such as people, companies, and cities —in the Top ontology

3 See http://www.google.com/apis/
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module), as well as more specific ones (in the Upper ontology module). KIM
identifies entities in texts both by looking them up in predefined lists, and by making
shallow analyses of the text [21].
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Figure 3. An Example of a Story Index Document that has been annotated by KIM, displayed
inthe GATE GUI

Because of the poor quality of the ASR transcripts, KIM was not able to annotate
them effectively, so it was applied to the associated web pages instead — a medium
on which the performance of KIM exceeds 90% (measured in terms of average F1
score) [17]. The ASR text was then searched to see if it contained text that matched
any part of each entity on the web page, and if so a high confidence score was
assigned to that entity. Often, even when most of an entity was missing or incorrect
in the ASR transcript, it was still possible to match part of it using this technique.
Entities in the web page that could not be matched to the ASR transcript were given
confidence scores depending on how often they occurred, because those entities
appearing most frequently in the web page were most likely to also occur in the
broadcast. Thisis a step additional to the system presented in [9] and has the role of
filtering out entity mentions that appear only in the web pages. This ensures a better
match between the broadcast and the associated list of entities that is indexed. An
example of a story index document that has been annotated by KIM is shown in
Figure 3.

6 Search and Retrieval of Broadcasts

One of the applications of Rich News is to enable access to television news reports
via a search interface. This is similar to the recently launched Blinkx and Google



television search engines and Maybury’s Broadcast News Navigator [19], but those
services do not semantically index the named entities in terms of an ontology. Rich
News uses KIM's annotation and Web Ul (Figure 4) components to allow
semantically enhanced searches. So, for example, if we wanted to search for a person
whose last name was Sydney, we could specify that only entities annotated as person,
or as some ontological sub-class of person (such as woman) were to be considered.
This would prevent references to the city of Sydney being returned, which are far
more numerous than references to people called Sydney. Figure 5 shows the result of
a search. Clicking on the UNIQUE_URL hyperlink opens a media player window to
play the news story.
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7 Future Developments

The mgjor limitation of Rich News at present, is that it is not able to find web pages
for al news stories. The most common reason that Rich News fails to find a related
web page is because the broadcast has been incorrectly segmented, therefore a
significant improvement might result if the segmentation algorithm was improved
either by using more sophisticated semantic anaysis techniques such as Latent
Semantic Anaysis [6, 2], or by using visual cues [4, 18]. A more accurate
transcription could be obtained by using teletext subtitles (closed captions) instead of
the ASR transcript when these are available, an approach used by [18] and Google's
television search.

At present the system only semantically analyses the web page that is the best
match to the broadcast, but previous work [27] has shown that merging redundant
results from multiple sources improves performance, so future work will investigate
this possibility. So far Rich News has only been used to alow search of television
broadcasts, as described in section 6, so future work will investigate its use for the

5 blinkx.tv and video.google.com



other purposes outlined in section 1, such as to automatically create semantic
electronic programme guides, or to deliver web materia as part of television
broadcasts. Rich News could aso be extended so that it could be applied in non-
news domains.

8 Conclusion

Rich News shows how web pages can be used to aid in the annotation of television
news broadcasts. Applying semantic annotation tools such as KIM directly to ASR
transcripts of television broadcasts produces poor results, but applying them to
related web pages, and then matching the entities found in the web pages to the ASR
transcript produces much better results. An additional benefit of this system is that
the web pages can then be delivered as additional content in interactive television
broadcasts, or used to produce new web pages integrating television content.
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