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Abstract
This paper describes a multimedia document retrieval project at Cambridge University and Olivetti
Research Limited (ORL). The project seeks to integrate state-of-the-art text retrieval methods with
high-performance word spotting to yield a robust and ecient video mail retrieval system. A speci c goal is the development of a practical retrieval system to work with Medusa, a high-bandwidth
multimedia environment in daily use at Olivetti Research Limited. This paper describes the project
background, and presents recent results showing audio retrieval performance close to that of text.
First steps towards an intelligent user interface are presented, including a \video message browser"
that represents a mail message as a static image that can be reviewed at a glance. The browser allows
interesting portions of the message to be found, selected, and played back at the user's convenience.
1

Introduction

The last few years has seen an increasing use of multimedia applications, including video conferencing
and video and audio mail. Using these facilities can create large archives of video material, which poses a
signi cant storage, retrieval, and access problem. Users are unable to nd stored messages because, unlike
text, there are no simple ways to search for a particular reference. Even when a message is found, it may be
dicult to judge the usefulness of the message without replaying it in its entirety, which is inecient and
time-consuming.
The Video Mail Retrieval (VMR) project is addressing this problem by developing a system to retrieve and
browse stored video messages by intelligently interpreting the audio stream. The project seeks to integrate
state-of-the-art text retrieval methods with high-performance word spotting, and to present the resultant
multi-modal information in an intelligent user interface. A speci c goal of the project is to develop a useful
retrieval application to work in the Medusa multimedia environment developed at Olivetti Research Ltd in
Cambridge [1].
In the simplest form of message retrieval, a user speci es a single search keyword and word spotting
techniques locate its occurrences in the audio soundtrack. A more robust system uses multiple search keys,
both to minimize the e ect of spotting errors and to re ne the list of retrieved messages. Thus, the topic
speci cation and search strategies developed for conventional text-based information retrieval (IR) must be
adapted to this new environment [2]. Although later stages of the project will investigate open-keyword and
open-user sets, the initial stage, and the work described here, focuses on a xed, a-priori known set of search
keywords and users.
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The Video Mail Retrieval System

A prototype Video Mail Retrieval application has been developed that integrates keyword spotting and
information retrieval. Figure 1 shows a block diagram of the VMR system, which operates as follows. The
audio soundtrack of each message (whether from an existing archive or received as new mail) is passed
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Figure 1: Block diagram of VMR system.
to the acoustic word spotter. This computes a sequence of putative keyword hits, which is added to an
index containing putative hits for all messages, along with mail header information and pointers to the
message data (for playback). Because the keyword set is xed and known in advance of requests, the
computationally-intensive word spotting is done as messages are added to the archive. Thus retrieval time
is nearly instantaneous for the user application.

2.1 Keyword Spotting
Automatically detecting words or phrases in unconstrained speech is termed \keyword spotting;" this
technology is the foundation of the VMR system [3]. The best-performing keyword spotters are based on the
same hidden Markov model (HMM) methods used in successful continuous-speech recognition [4]. A hidden
Markov model is a statistical representation of a speech event like a word; model parameters are typically
trained on a large corpus of labelled speech data. Given a trained set of HMMs, there exists an ecient
algorithm for nding the most likely model sequence (the recognized words), given unknown speech data.
In a real-world system, the message archive of Figure 1 would typically contain video mail messages
intended for a user or group. For the initial development of the VMR system, it was necessary to create a
test archive of messages with known audio and information characteristics. The VMR1 message corpus is
a structured collection of audio training data and information-bearing audio messages. Because of storage
limitations at the time of collection (now overcome), only audio was collected, so the system described
here retrieves audio-only messages. Ten \categories" were chosen to re ect the anticipated messages of
actual users, including, for example, \management" and \equipment." A xed set of 35 keywords were
chosen to cover the ten categories; thus the \management" category includes the keywords \sta ," \time,"
and \meeting." Fifteen subjects each provided about 45 minutes of speech for a total of nearly ten hours
of recorded data. Half of this data was read speech necessary for acoustic model training; the remaining 5
hours of speech was 300 spontaneous messages used to evaluate both word spotting and information retrieval
performance. Speech was recorded in high- delity using both a desk and close talking microphone. (A full
description of the VMR corpus may be found in [5].)
For hidden Markov model (HMM) training and recognition, the acoustic speech data were parametrised
into a spectral representation. Whole-word talker-dependent keyword models and monophone ller models
were constructed for each of the 15 talkers, using the HTK tool set [6]. While a full treatment of the keyword
spotting may be found elsewhere [3, 7], the basic results are presented in Figure 2. This graph shows that at
the moderate false alarm rate of 10 false alarms per keyword per hour, nearly 90% of keywords are correctly
spotted.

2.2 Information Retrieval
Information retrieval experiments require message queries and assessments of message relevance to queries.
A set of 50 queries was generated from 10 users, in the form of a typed natural-language request. Each user
then assessed the relevance of archive messages to queries they produced [8]. In retrieval, a relevance
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Figure 2: VMR Task Keyword Spotting ROC
(Receiver Operating Characteristic)

Table 1: Acoustic retrieval performance
(absolute and relative average precision).

score may be computed from a weighted sum of the keywords common to both the message and query
[9, 10]. Messages are ranked by score and presented to the user. The automatically-generated scores may be
compared with the human-assessed relevances to judge how well the retrieval is working; a common measure
is the average precision , which is roughly the proportion of retrieved messages that are actually relevant.

2.3 Information Retrieval from Word Spotting
Acoustic word spotting is prone to false alarms and missed keywords, so retrieval can be expected to su er.
The extent of the degradation can be measured by comparing the retrieval performance on word spotting
results to the retrieval performance on text. An additional problem of word spotting is that unrelated
acoustic events will often resemble valid keywords. For example, the last part of \hello Kate" is acoustically
quite similar to the keyword \locate."
Because even the best acoustic models cannot discriminate between homophones, the output of an ideal
word spotter that reports all keyword phone sequences provides a more legitimate standard of comparison
than text. This was simulated by scanning the message phonetic transcriptions for sequences that match
keyword phone sequences. The word spotter outputs a list of putative keyword hits and associated acoustic
scores. Since the current message retrieval scheme uses only the presence/absence of a keyword in a message,
the acoustic scores are thresholded such that only hits with a score above the threshold are counted.
The best threshold value represents an optimal trade o between the numbers of true hits and false alarms.
Table 1 compares acoustic retrieval performance to the ideal text and phonetic standards, at the a-posteriori
best thresholds. Though performance with data from the desk microphone is slightly worse, it is encouraging
that retrieval performance is degraded only 10{15% from the ideal by using actual word spotter output.
3 The Video Mail Retrieval User Interface

At some point, results from both the keyword spotting and information retrieval must be presented to the
user. The approach taken for the VMR user interface is the \message list lter." Upon startup, a scrollable
list shows all available messages in the user's video mail archive. Using information in the mail message
header, various controls let the user \narrow" the list, for example, by displaying only those messages from
a particular user or received after a particular time. Unsetting a constraint restores the messages hidden by
that constraint; multiple constraints can be active at one time, giving the messages selected by a boolean
conjunction of the constraints.
A natural addition to this scheme is to add message attributes that depend on the keywords spoken in
the audio portion. Messages can then be ranked by the presence/absence of a keyword or combination of
keywords. In operation, the user selects one or more keywords as a search query. The resulting score for
each message is computed by the retrieval engine, and the interface then displays a list of messages ranked
by score. Scores are represented by bar graphs, as in Figure 2; messages with identical scores are ranked
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Figure 2: Video Mail User Interface application.
by time. In its simplest form, the keyword search resembles an \audio grep" that returns a list of messages
containing a particular keyword.
After the ranked list of messages is displayed, the user must still investigate the listed messages to either
nd the relevant one(s) or determine that the retrieval was ine ective and that a new search is required. While
there are convenient methods for the graphical browsing of text, eg scroll bars, \page-forward" commands,
and word-search functions, existing video and audio playback interfaces almost universally adopt the \tape
recorder" metaphor. To scan an entire message, it must be auditioned from start to nish to ensure that
no parts are missed. Even if there is a \fast forward" button it is generally a hit-or-miss operation to nd
a desired section in a lengthy message. In contrast, the transcription of a minute-long message is typically
a paragraph of text, which may be scanned by eye in a matter of seconds. Clearly there must be more
economical ways to access and review audio/video data.

3.1 A Video Message Browser
The browser is an attempt to represent a dynamic time-varying process (the audio/video stream) by
a static image that can be taken in at a glance. A message is represented as horizontal timeline, and
keyword events are displayed graphically along it. Time runs from left to right, and events are represented
proportionally to when they occur in the message; for example, events at the beginning appear on the left
side of the bar and short-duration events are short. Figure 3 shows a prototype browser. The timeline is
the black bar; the scale indicates time in seconds. The brightness of a keyword region is proportional to
the spotting score, so that more likely hits appear brighter and stand out (search keywords are shown in a
red-black colour continuum while the other keywords are shown in white-black). When pointed at with the
mouse, the name and con dence score of a keyword hit are displayed (for example,\NETWORK (99%)" in
Figure 1 is the keyword just after the 30-second mark). Portions of the message can be selected for playback
by dragging over part of the bar; this lets the user selectively play regions of interest, rather than the entire
message. In the gure, a 4-second interval starting 30 seconds into the message is selected for playback.
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Figure 3: Prototype mail browser.
3.1.1 Video Cues

For this application, we have focussed on the audio stream because that is where nearly all information of
practical interest will be found. It is, in general, much more dicult to extract useful information from a
video signal1. The current state-of-the-art in image retrieval does not extend much beyond relatively crude
measures of colour or shape similarity [11, 12]. While e orts in face and gesture recognition are in progress
at ORL and elsewhere [13], less sophisticated analyses can still yield information helpful for browsing. For
example, a Medusa video analyser module can detect the activity in a video stream; one application uses this
activity information to automatically select a preferred video stream from several available in each room.
Current plans are to add this activity information to the browser, enabling automatic detection of a camera
or scene change. In this case, a \thumbnail" image of the new view would be displayed on the timeline.
Also, areas of moderately large activity could be highlighted to indicate that something of potential interest
is occurring in the video stream.
4 Conclusions and Further Work

Our rst retrieval system is admittedly limited in scale, and works mainly on an arti cial retrieval task.
An important priority is to open the keyword and user sets, allowing a search for arbitrary words spoken by
anyone. Though this is a dicult challenge, current work using subword and large-vocabulary recognition
is promising [14]. In addition, we are currently recording a large video corpus of BBC news broadcasts,
including teletext subtitles, and are investigating more sophisticated methods of retrieving and browsing
this information. The rst steps presented here suggest that state-of-the-art information retrieval and word
spotting techniques can be successfully combined, allowing ecient retrieval and perusal of multimedia
information.
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