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In this chapter we examine various techniques for providing content access to
information stored in a continuous medium, namely digital audio and digital
video. Our coverage of audio is centered around post-processing the output of
automatic recognition of speech or of phones and we describe the various
approaches than have been taken in this area. In order to give reasonable
coverage of the possibilities and limitations of content-based access to digital
video information we sketch out at a high level, the approaches taken in various
video compression algorithms, principaly the MPEG family. We then address
approaches to shot and scene boundary detection, choosing representative
frames for browsing and for search, and various browsing interfaces that have
been developed. We finish with an overview of the likely developments in this
areain the future.

1. Introduction.

Having information available in digita format has many clear advantages
including fast and cheap transfer of information, free and unlimited ridership, easy
versioning and the capacity for easy and cheap storage of large amounts of
information. Effective and fast content based access to information is something that
has not been easy with analogue information but since practicaly all of the
information we use in our daily lives is in digital format, or soon will be, content-
based operations are an important goal. This will open up the prospects of content
based operations such as search, filtering, aerting, summarisation and so on, which
could not have been achieved heretofore. In this chapter we concentrate on content
based operations on information stored in continuous media such as audio and video.
Although the techniques we outline can be applied to other content-based operations
besides retrieval we restrict our discussion to the searching task which we refer to as
information retrieval, though we mention other applications in the conclusion.

Idedlly, content based retrieval of any kind of information would be retrieval based
on an understanding of the semantics of the objects in a collection. For any object,
there are 2 approaches to the representation of content:

1. A human intermediary can interpret an object and generate keywords, captions,
or some other kind of content description but the disadvantages of this approach
are many and include at least:



No consistency of interpretation by a single person over time;

No consistency of interpretation among a population of interpreters;

No universally agreed format of the representation, whether keywords,
captions or some knowledge-based formalism;

cost !

We can see evidence of the first three of these reasons in the difficulties we have
in the human classification of books, for example in the ACM Computing
categories, or in the difficulties we have in classifying web pages in Y ahoo! or
the Open Directory Project [1].

2. The second approach to representing content is to have an automatic
interpretation or transcription of objects by computer. The advantage of this is
that it leads to a consistent interpretation of meaning, even if it is low-level and
often wrong !

These general principles apply to information retrieval on all kinds of objects
including text and other media and elsewhere in this volume other chapter authors
discuss various aspects of this. Here, and specificaly in the context of audio and
video information, we can identify the same two general approaches where user-
assigned descriptions of audio or video has more or less the same difficulties and
approaches as user-assigned descriptions of text, so that isn't of much interest to us
here. What is of interest to us here is the ways in which we can do automatic
indexing and then information retrieval, on audio and video.

The current trend in content-based retrieva systems for non-text is based on 3 key
ideas:

A) Successful content-based retrieval systems are domain-specific and only work in
those domains though they may be ported elsewhere;

B) Automatic understanding tools have been (to date) impossible to develop and so
must be replaced by interactive ones which involve users;

C) Humans should be given primitive tasks that can be performed consistently rather
than complex ones which yield variable outputs;

These principles in general point to a somewhat bleak picture vis-avis how we can
do fully automatic indexing and retrieval of audio and of video but in fact quite a lot
of progress has been made in these areas in recent years. Before examining what that
progress is, and where we currently stand there are some further characteristics of
multimedia objects, and of video in particular, which we will state here in order to
give a full picture of the difficulties and challenges of information retrieval on these
media Theseare:

a Multimedia objects such as video clips have multiple dimensions and how we
view an object, what our task is, what we are looking for, and so on, will al dlicit
different properties. Ideally, to cater for the many different interpretations of,
say, a video, from many potential searchers, we would like to be able to capture
all these possible features, but we cannot.



a We may eventualy require retrieval based on a set of properties or types not
initially captured by the system at indexing time, so our system should ideally be
extensible in its index representation of multimedia objects to allow it to go back
and "re-index" or perhapsindex at query time.

a We should develop suites of retrieval techniques that can be used for sub-groups

of features rather than developing a single retrieval technique which operates
over the entire set of properties of a multimedia object. Ideally each technique
should operate on the principle of an inexact match between an information need
and an object, and should be based on an overall object ranking. Furthermore,
we should be able to integrate these sets of ranked lists into a single overal
ranked list combining individual evidences for each object into an overall
Retrieval Status Value (RSV) given that each object could will involve more than
one group of features.

a We must understand and alow for the fact that the automatic interpretation of
objects that we handle will be both incomplete (with some parts of the
description missing), inexact (some part(s) of the description may have certainty
values associated) and possibly even erroneous (the interpretation probably
involves automatic processes, and even human-assisted will have errors).

Q-

We must aso understand that query specifications will aso be incomplete and
may be refined as with document retrieval but in document retrieval, a document
has many but a still definable number of interpretations, i.e. answers to questions.
A video is even more content-rich compared to a text document and thus answers
many and very diverse queries.

All these factors contribute to information retrieval on video and on audio being very
difficult with ailmost everything stacked up against us. In fact what has happened in
the area is that to date we don't have effective retrieval in the way we have come to
know for text-based retrieval with the cycle of formulate and submit query, system
generates ranking, browse ranked list, locate relevant document, click and read.
Instead we have more of a browse-query-browse interaction with the requirement for
browsing coming from the fact than one cannot easily get a gist of a video or audio
clip compared to assessing the contents of a text document. This means that the
whole concept of information retrieval on audio and on video becomes very different
compared to information retrieval on text documents. We shall return to this point
later on.

Before moving on to describe how current techniques for information retrieval on
audio and video operate there is one other important element of the context in which
we can do content operations on such media of which the reader should be aware. The
huge strides that the computing industry has made over the last decade or so, to put
digital multimedia information on our desktops and in our homes have been achieved
by a concentrated effort into developing technologies to capture or create, store,
transmit, render and display this media. Chief among this has been the devel opment
of encoding and compression formats for media which have the over-riding constraint



of achieving maximum compression for minimum quality loss in order to make
storing and transmitting the media possible. We thus have a situation where video
and audio information is stored in a digital format which has been developed without
any consideration given to how that information might be manipulated by content.
The "engineering" aspect of delivering digital multimedia has been virtually the only
concern in developing these encoding standards and formats, and that has started to
change only very recently. When we try to do information retrieval on encoded audio
and video we find that we are almost fighting against the format in which it is
encoded and at the very least, unless we have huge computation resources to decode
everything back to raw bits, we are constrained to leveraging whatever we can from
the encoding, which as we know was driven by considerations of compression. This
makes our task even more difficult with compression formats having a huge impact
and limitation on the possibility for content based operations.

The organisation of this chapter proceeds as follows. In the next section we
examine information retrieval on digital audio, concentrating on retrieval from spoken
audio. Following that, and the main part of the chapter, we look at retrieval and
browsing of digital video. Part of this section gives a thumbnail sketch of the
approaches taken to video compression before we move on to cover indexing,
browsing and content-based operations. In the final section we examine more general
guestions about retrieval aspects of audio and video.

2. Information Retrieval on Digital Audio.

When we refer to digital audio information we refer to audio recordings of speech,
music or other sounds. The “other sounds’ category is generally restricted to
specialist applications (bird sounds, whale whistles, etc.) and to sound effects (games,
movies) so we are |eft with speech and with music.

There are several good textbooks which address issues such as psychoacoustics,
the human hearing range, loudness, and the perception of sound [2,3]. For our
purposes here al we need to know is that sound is a continuous vibration which is
sampled at a given rate which leads to a quantization of the analog waveform into
digital format. A higher sampling rate means less quantization noise which means
better quality. Audio CD recordings are sampled at a rate of 44 kHz and each of the
samples is stored at 16 bits, for each (of 2) channels giving stereo reproduction.
Lower sampling rates such as telephone quality audio use up less space in digital
form, and require less bandwith to store and transmit files, but sound poorer, so there
is aclear tradeoff.

Once audio has been digitised in this way there are literally scores of formats in
which it can be represented. The WAV form is common and the samples can be 8- or
16-bit, and there are many sampling rates that can be used, but there is no
compression so it is raw, and uncompressed format. Other formats achieve large
compression ratios and include AU, VOX, RealAudio, TSP, VMF, AIFF and so on.
MP3 is a format that has become hugely popular on the internet for encoding music
and it does this by using higher compression at the parts of the audio spectrum where



human hearing is at its least discerning, an approach referred to as perceptual
compression.

Another audio encoding format worth noting is MIDI, an international standard for
digital music which has high acceptance in the music community. In MIDI, "sounds"
are encoded as one or many streams with each stream recording a specification for
each of the notes, duration, volume, etc, and aso the type of the sound being played,
so a MIDI file is actually an ASCII text file. For example, the code 20 refers to a
church organ while 117 isataiko drum and 124 isabird tweet ! [3, pp93].

Once audio information has been digitised we can explore the possibilities for
content-based access. For non-speech information the limits are a combination of our
imagination and our technology. If information is stored in MIDI format then there
are severa approaches to finding tunes from a MIDI song database using information
retrieval techniques derived from text-based IR [4]. With the explosive growth in the
use of MP3 as an encoding format there are huge possibilities for content-based
indexing and retrieval systems but at the present time MP3 files are accessed amost
exclusively through their metadata (title, artist, etc.) rather than directly on their
content, though thisis an active area of research.

For audio encoding of speech, the situation is more advanced. Speech processing
has always been an target of artificia intelligence and [5] is a good, short, snappy,
complete and thorough survey of the problems and solutions to speech processing.
Although that article is perhaps a bit dated and there has been some progress since
then, speech processing is till short of human capabilities but by limiting the domain
it allows it to be productive and there are commercia developments. There is an
acceptance that speech will not replace the mature, established and efficient
aternative for data input (keyboard/mouse) but can be combined with it. When it
comes to automatic processing of spoken audio collections then the applications
which are attracting most attention are in radio/TV news retrieval, searching archival
radio/news broadcasts, video and audio email, searching audio archives of meetings,
lectures, etc.

Two utterances of the same words by the same person under the same conditions
generate very different waveforms because of the variability of human speech
generation, air temperature, acoustics, etc. Given that digital audio is a waveform
sampled a a given frequency and into a given bit-size (8- or 16- bits), possibly with
lossy compression added, it follows that direct wave-to-wave matching of audio will
not yield any kind of reasonable performance. Variations due to loudness, pitch,
brightness, bandwidth, harmonisity, and others are all continuous variables and are
equivaent to colour and texture in images. Thus al speech document retrieval
systems are thus based on some kind of recognition of spoken words or of phones.

A spoken word is exactly the same as a written word, albeit with the difficulties of
determining the boundaries between words since we tend to speak continuously and
without word bresks. A phone is a sub-word unit, equivalent to a unit of
pronunciation, larger than a letter, but smaller than a word. For example, the phrase
"more details" consists of the 9 phones:

moor dii t ei | z



with double letters used in the alphabet to represent some single phones. These
phones are taken from one of several phone aphabets used commonly, with no real
agreement on a standard or on which aphabet is best.

Once phones have been identified then a speech recognition system will try to
group these together into words. This is a non-trivia task since there are no word
bounds and since phone recognition usualy outputs a lattice of phones rather than a
single stream. This means that for many possible phones, a phone recogniser will
output more than one candidate phone, with associated probabilities of likelihood.
Phone recognition and word identification work best when they are collaborative
processes, re-enforcing each other with certain phone combinations giving words
which are not in a dictionary or unlikely combinations, and commonly occurring
words strengthening the chances of certain phone combinations actually occurring.

Some approaches to information retrieval on speech have been based on full word
recognition techniques while others have been based on indexing spoken text by the
phones. These approaches can be roughly grouped as follows.

Approach 1: Word Spotting

Instead of trying to do recognition of full speech, the Cambridge/Olivetti VMR
(video mail retrieval) project [6] did word-spotting, i.e. given a pre-defined
vocabulary of the order of some tens of words, process the spoken audio component
of video mail looking for these words and these words only, and use them as indexing
terms. By this restriction to a reduced set of key words the problem of speech
recognition is reduced in complexity and becomes manageable. A user's query in this
system is to search for these keywords and the keywords chosen are good
discriminators between messagesin a VMR application.

The reason why this works is because the speech recognition can perform
effectively and thisis because it has alimited vocabulary for recognition. If aword in
the stream cannot be recognised then it moves on assuming it is not one of the
keywords.

Approach 2: Speaker Recognition

The Jabber project a the University of Waterloo [7] applied speaker-independent
continuous speech recognition to the audio recording of a meeting but like al such
attempts at such recognition has had problems because it tried to recognise all of the
words spoken by everyone. However, one of the spin-off benefits of this approach is
that it can recognise who has done the speaking at any time and a visual summary of
the dialogue turn-taking can provide a kind of navigational support through meeting
archivesif speaker recognition can be done accurately enough.

This shows that it is possible to leverage reasonably effective retrieval from even
moderate processing of the audio signal. Both the VMR and Jabber projects used off-
the-shelf or tailored recognisers but even these speech recognition systems need quite
an amount of training before they can be effective.

Aproach 3: Phone-based Retrieval

Instead of recognising word-level tokens in speech recognition, an aternative is to
recognise sub-word units, namely phones. A project at ETH-Zurich [8] indexed
(German) radio news broadcasts by phones, accurately, into a lattice, so for each



phone it had a set of possible candidates with probabilities. For these sets of
candidates phones there are paths through the phone choices which correspond to
words. At Dublin City University our own Taiscéalal system [9, 10] took the same
approach and was engineered into a real operational system. The Taiscéadal system
captured RTE Radio 1 news broadcasts twice daily, recognised phones, broke the
stream of phones into overlapping windows, and generated a document for each
window which was indexed as a retrievable unit of information. User queries (text)
were turned into phones via a dictionary lookup and the matching and retrieva
operation was based on a bag of tri-phones from the query matched against bags of
triphones for indexed windows of audio broadcasts. Each window was 30s in length
with a 10s overlap.

The Taiscéalai system gives us our first glimpse of the difficulty of information
retrieval where the objects being searched are continuous streams of information,
rather than discrete objects such as text documents. If we assume that we are seeking
a ranked list from an information retrieval operation then such an operation on a
collection or library of such objects has two dimensions; the first is related to finding
which how the objects are ranked and the second is related to the position or offset
within each object, where the user is pointed to. A system which retrieves 30 minute
video or audio clips and presents aranked list of them to a user without any browsing
or navigation within the objects is not of much assistance. In Taiscéaai we computed
ameasure of similarity for each 30s window and we then aggregated these into scores
for regions of each broadcast and we presented, visually, the summary for each
broadcast as shown in Figure 1. This screendump shows the 6", 7" and 8" ranked
broadcasts returned from the query "head of European bank France Germany Kohl".
In the broadcast of 03 May 1998 there is a region between about 1:30 and 2:30 which
the timeline shows seems to have severa query term occurrences and the user has
selected a short fragment of this broadcast around the 2:20 mark to be played. The
vertical peaks on these timelines represent short pauses and the different shadings on
the x-axis correspond to different broadcast sources, i.e. in-studio, telephone
interview, outside broadcast, music, etc.

The problem of retrieval of (multimedia) objects and retrieval or navigation within
these objects is analagous to passage retrieval in classical text-based information but
is more complicated because it is more difficult to get an overview of an audio or
video clip than atext document. Thisis a problem that will arise again when we look
at information retrieval from digital video in the next section.

Approach 4: Word-based Audio Retrieval

Despite the fact that speaker independent continuous speech recognition is not
100% accurate and is computationally demanding there are several examples of work
reported where speech recognition is applied to spoken audio to support subseguent
information retrieval. The biggest catalyst for this has been the effect of the TREC
spoken document track. TREC is an annual benchmarking exercise carried out since
1990 in the area of information retrieval. Coordinated by the National Institute for
Standards and Technology (NIST) in the US, NIST is a world-wide operation which
has involved most of the major information retrieval research groups in industry and
academia. TREC dtarted as an initiative addressing text-based information retrieval
only but then merged into almost a dozen "tracks' or variations including retrieval in



different languages, crosslingua IR, retrieval from documents corrupted from an
OCR process, interactive retrieval, information filtering and information retrieval
from spoken documents. In this latter track, the audio from some hundreds of hours
of news broadcasts was the collection and the task was to find broadcasts which were
relevant to a given query. The logistics of the operation of TREC are best described
in[11].

In the spoken document track which has been ongoing for three years, many of the
participating groups take the approach of training a speech recogniser to recognise
spoken words and they follow this with some variation of conventional text-based
information retrieval on the recognised output. Much of thiswork is based on taking
= =10l x|
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Fig. 1. Screendump from the Taiscealai System

account of and making alowances for the occurrence of the kind of speech
recognition errors typically encountered in speech. Examples of systems which take
this approach can be found in [12].

3. Information Retrieval from Digital Video

Video is basically a sequence of images relayed at a constant speed, normally 25 to 30
frames per second, with a synchronised audio track. Chapter 5 of [3], has details of
analog video fundamentals such as aspect ratio, sync, horizontal and vertical
resolutions, frame rates for motion (25 to 30), colour fundamentals (RGB), colour
video and TV, video formats and worldwide TV standards such as NTSC in the US,
PAL in most of Europe, and SECAM in France. It aso covers video performance
measurements, colour test cards and video recording equipment. Here we are
concerned only with the digital encoding of video.

To display a single image of TV quality video requires 720 Kbytes and frames
must be displayed at at least 25 frames per second to get the effect of smooth motion.
This means that 18 Mbytes of storage is required for each second of a video without
compression and for a 90 minute film this would be aimost 100 Gbytes of storage. It
also has the alarming implication that a CD-ROM with a storage capacity of 648 Mb
and a data transfer rate of 150 Kb-per-second (the data transfer rate for original CD-
Roms) would only be able to store 36 seconds of video, and it would take almost five
seconds to download and display each frame.

Clearly the display and manipulation of TV quality video on computer screens has
two technical barriers namely storage capacity and data transfer rate and these can be
solved by data compression techniques and improved hardware and software. When it
comes to video compression the formats that matter are the various MPEGS,
H.261/p*64 and DVI, but really the most important is the MPEG family.

A fundamental part of all video compression approaches is motion compensation,
identifying motion in adjacent video frames and spotting and transmitting only the
differences between adjacent frames. Of course this does not apply to adjacent
frames which straddle shot or scene changes. Determining differences between
frames on the basis of pixel-to-pixel comparisons is too simplistic because much
video content will have some kind of camera motion as cameras are never stationary
and can pan, zoom, tilt, boom, and so on or be noisy, or have dight movements. Thus
in video compression agorithms, frames are divided into blocks which are larger
aggregates than pixels and motion compensetion is tested between the blocks. In this
way, slight noisy movements of the camera can be incorporated without incurring loss
of effective compression, as well as facilitating efficient encoding with the larger
deliberate camera moves like panning and zooming.

Of the contemporary video encoding standards in use today it is the MPEG family
which are the most important. What makes the MPEG standards attractive is that
these are standards agreed upon by a large community with a broad representation,



ahead of the chaos that exists with, say, image formats. What is especially notable is
that during the development of the MPEG standards nobody on the development
group had existing proprietary video standards that they wanted to push, so the
various actua MPEG standards put forward have been more computationally and
conceptualy complex than anything in place at the time of their development. The
implementation of the MPEG standards followed on after their specification.

At present there are 4 MPEG standards whose specification is complete or nearly
s0. MPEG-1 has been around longest and encoding and decoding is achievable on
desktop computers. MPEG-2 has the same general approach as MPEG-2 but delivers
higher quality and is used in digital TV broadcasting. MPEG-2 encoding requires
speciaist hardware and even MPEG-2 decoding and playback is not yet
commonplace on desktop computing requiring, asit does, specia hardware. MPEG-4
encoding and playback is a technology which has not yet been developed to the extent
that it can be used in anything but laboratory test environments while MPEG-7 is till
at the draft specification stage.

MPEG-1 encoding turns a 3D video sequence (x-axis, y-axis and time) into a one-
dimensiona bit stream for transmission [13]. MPEG-1 uses a frame size of 352x288
pixels at 25 fps giving VHS quality at a fixed rate of 1.5 Mb/sec or just under (which
is the data rate from a CD-Rom), though larger frame sizes and different FPS rates
can be encoded. MPEG decoders and players are common and available and on
workstation or PC can decode in real-time for 25 FPS, but few encoders are available
without hardware add-ons. Each frame is compressed breaking it into 8x8 pixel
blocks for inter-frame and 16x16 pixel macroblocks for intraframe motion
compensation. Macraoblocks are strung together to form dices which are combined
into a picture. A number of pictures are grouped together into a group of pictures
(GOP) to form a random access unit to allow forward/rewind with no dependencies
between GOPs and hence handling of breaks in transmission.

In MPEG-1 there are 3 types of frames namely:

1. I-frames are intracoded frames, meaning they are encoded block-by-block
independently of adjacent frames as if they were till images, and they are
encoded with lossy compression using JPEG compression.

2. P-frames are forward-predicted frames, encoded with reference to the most recent
previous |- or P-frame with motion-estimation and macrobl ocks vector-matched.

3. B-frames are bidirectiona predicted frames coded with reference to previous and
following I- or P-frames with motion-estimation and encoding similar to P-
frames.

The pattern for |-, B- and P-frames will vary from encoder to another but could be
something like the following

|-B-B-B-B-P-B-B-B-B-P-B-B-B-B-1-..

A GOP is a frame pattern of |-, B- and P-frames generating a bit stream which is
further compressed using Huffman coding, which yields great compression and
reduces the whole video stream, including audio, to about 1.5 Mbits per second.

MPEG-1 was initially targeted at multimedia applications reading from CD-Rom
but also supports frame based random access through the video, FF/Rew and reverse
playback.



Beyond MPEG-1 there is MPEG-2 which has data rates of between 2 and 9.8
Mbits per sec, enough for high definition TV. MPEG-2 is 720x576 pixels and is used
for the transmission of digital TV and video on DVD. It isasuperset of MPEG-1 and
takes the same approaches to encoding as MPEG-1

There was an MPEG-3 dated to cater for HDTV but MPEG-2 proved adequate for
these requirements so the MPEG-3 standard was dropped as work on the specification
for MPEG-4 had already been started. MPEG-4 has been recently finalised and is
targeted at very low bit rate encoding of audio-visua interactions requiring a
completely new approach to encoding based on human-computer interactions. Part of
this involves identifying objects in a frame as coloured shapes and tracking these
objects from frame-to-frame and applying shape compression which is very effective,
all without knowing what the shapes actually represent. Instead of being block-based
as MPEG-1 and -2 are, MPEG-4 is based on object compression and represents video
as a series of planes, superimposed upon each other to give the fina rendered picture.
This will dlow future multimedia applications with extended interactive
functionalities and access to actual content, i.e. the objects in the video, where the
rendering of the frames can even be personalised in some way. This encoding of
objects alows deconstruction and reconstruction in an object layer but the
identification of objects is the biggest challenge here; tracking and compression of
objects is currently achievable for synthetic or artificial video such as animated
cartoons but not for video of natural scenes of objects. While the specification of
MPEG-4 is complete and available, the implementation of this has not yet been
achieved fully.

The final MPEG standard is MPEG-7which is unusual in the MPEG family as it
has visua and audio elements but also it has a content descriptor stream where the
semantic content of the video is encoded and represented. Clearly thisis targeted at
content based operations such as search but as this specification is still under debate
we have only speculation as to how it might end up. It is believed though that the
descriptor stream will be some markup language similar to, if not part of, XML.

We now concentrate on indexing and retrieval from the digital video stream, but
we note that as video is a continuous media, usually combined with an audio track
and for most effective access an application should use both synchronised media for
retrieval.

It is relatively straightforward to treat digital video as a binary blob and for each
video to store aspects like date, title, director plus a textual description of video
contents and to do little more than search the metadata associated with a video, or the
video transcript. Thisisn't video retrieval though and we won't discuss this further.

To see how video retrieval can work we need to examine what exactly a video is
and how it has been encoded. Video is a sequence of individua shots of variable
lengths butted together in some way, and played as a continuous stream into a 2D
window. Thusit has 3 dimensions. x, y and t.

The way to make progress in manipulating video content is to structure the video in
some way and identify the shots and then segment the video into alist of shots using
automatic shot boundary detection (SBD). This task of automatic video segmentation
is quite difficult as production level video incorporates such tricks as fade-in and
fade-out, dissolving, morphing, wipes and many other chromatic effects and these are
surprisingly commonplace in TV and in movies. Programmes such as gardening



programmes, cookery programs, TV adverts, etc. al incorporate such effects, even
live coverage of sports with action replays as on-the-fly post-production effects.

Initial attempts at video segmentation were based on processing the primitivesin a
video which are similar to the primitives in a single-frame image, but with time
added, namely colour and associated histograms and their within-frame distribution,
texture, intensity/brightness, etc. These can be used to detect scene changes by
measuring shifts in the overall histogram or in the distribution of colours within a
frame. Essentially they are based on measuring inter-frame distances and are really an
application of till image retrieval [14], but they can be confounded by commonplace
camera techniques such as zooming and panning, booming, tilting and tracking, or a
combination of al of these. They are even more thrown by fade-in and gradual scene
changing.

In our work at Dublin City University we evaluated the effectiveness of severa
approaches to SBD asfollows:

Measuring inter-frame difference based on differences between colour histograms

for the entire frame;

Calculating the edges around the objects in adjacent frames using Sobel filtering

and measuring the differences between these;

Measuring colour moments between adjacent frames and using this to determine

shot bounds;
Extracting motion vectors from MPEG-1 encoding and using these to indicate
shot bounds;

To evaluate these we took 8 hours of broadcast TV including many different
program types like gardening programmes, news, soap operas, detective series, a
comedy programme with TV commercias interspersed, and we manually marked up
all shot bounds. From these 720,000 frames of video we identified 5380 hard shot
cuts and another 779 fades or dissolves and we used this as a ground truth against
which to compare the different techniques. We found that all techniques perform at
about the same level with both recall and precision at around 85% to 90%. As a
refinement of this, instead of setting a fixed threshold we developed a method of
dynamicaly adjusting the threshold depending on the programme genre, as
determined by measuring the visual "noise" in a programme [15]. We aso
experimented with running al four SBD methods and combining the outputs into one
decison [16]. Our conclusion from this work is that the more sophisticated
approaches do give some improvement over the basic colour histogram method but
not enough to merit the computational cost required. On our hardware configuration,
SBD using colour histograms takes about the same time as the length of the video
being analysed but using edge detection or colour moments takes twice as long. On
balance, colour histogram based detection gives adequate performance.

Once a video stream has been segmented into shots we are then faced with the
problem of determining how can it be indexed or browsed or viewed. It isessentia to
present video visually becauseit isavisual artifact in the first place. By segmenting a
video into shots we reduce the problem to one of indexing a series of single scenes or
shots. The common approach to thisis to find a representative frame from each shot,
above a certain length, and to present a video as a series of images, a kind of visual
storyboard. A variety of approaches have been taken to choosing the representative
frame for a shot. The simplest was to choose the frame in the middle of a shot but



this may not be a good choice to essentially randomly pick a frame. Another approach
is to choose the first frame, but in the case of a shot bound which is not a hard cut this
can yield a frame which is half one shot, half the previous one. In our work on the
Fischlar system [17] our approach is based on treating the clip as a set of individua
images and the "image" or frame with the most average colour histogram or the one
which is most similar to the others (using image matching techniques) is chosen. Thus
the video stream is now alist of images where each image has an associated "length"
of the clip from which it was taken. This approach, though not the details of our
technique, is common in video indexing systems.

Once video is structured in some way we can support avisual search on keyframes
from shots, but the most natural way to navigate through video is not to use search but
to use browsing. The difficulty with this though is that browsing keyframes is still
browsing through a very large information entity for long video streams perhaps of
the order of hours, so simply structuring video into shots does not achieve much on its
own. If we take an archive of many days of video content, as we have in our Fischlar
system [17], then browsing through keyframes is adequate only for browsing within a
single programme. This must be complimented by using programme metadata such
as title, actors, programme genre, date, time, TV station or whatever, to select the
programmes to be browsed. This returns us to the point made earlier about
information retrieval through video requiring more of a search-browse interaction
than for text-based information retrieval.

Once we have narrowed the "library" or collection of video to a unit of the order of
size of a programme, the task then becomes browsing within this programme in order
to find segments of interest. In [18] we present a framework for the development of
browsing interfaces to video. Two of the most interesting ones which illustrate
different approaches are shown in Figures 2 and 3
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Fig. 2. Screendump from Fischlar showing keyframes taken from the middle of a 30 minute
News and Westher broadcast.

In Figure 2 we see 24 keyframes, each representing a shot of length greater than 1s,
with the whole programme represented as a timeline in the top part of the frame, and
the region of the programme that the 24 keyframes represents at around 18 minutes 2
seconds, clearly highlighted and visible. In Figure 3 we see a hierarchica video
browser with the top line of keyframes spanning the whole 30 minute broadcast and
one of these (the 4™ frame from the |eft on the top level) selected and drilled down to
the second level which covers a smaller region of the broadcast and one of these
keyframes in turn is also selected and expanded to show a sub-sub region of the
video.



Fig. 3. Screendump from news programme showing hierarchically organised keyframe
browsing.

Pages of keyframes or hierarchically organised keyframes are just two of many
possible ways in which a user can be assisted in navigating a video clip. Others exist
as shown in many of the research projects in this area. Many of these projects are
summarised in asingle web page at [19] including the AT& T DART system, DiVAN,
EuroMedia, ImageMiner for Video, Informedia, NeTraV, Pop-Eye, and about a
dozen others. Most of these systems operate on video from any domain though the
most successful ones concentrate on a single domain and application and the most
common application is capturing, analysing and providing navigation through news
broadcasts. Seminal work by Zhang and Smoliar [21] showed how a TV news
programme could be parsed into its congtituent storylines and classified into
anchorperson, weather forecast, commercial, news/action clip, whatever. Thisisin
fact parsing the entire news broadcast and this is possible because TV news has a
"grammar" with opening headlines, credits, anchor, story 1, etc. Once a broadcast has
been parsed in this way, then this opens the possibility for a more directed browsing
of the video, though this grammar can change as a news program periodically gets a
facelift.

This TV news application is one of the few where the video stream is well-
structured and parsable and it is in this application that the most ambitions and
successful research project in this area initially addressed its effort. The Informedia
project a Carnegie Mellon University [21] was part of the US Digital Libraries
initiative. The navigation/retrieval approach in Informedia was to incorporate several
techniques for content retrieval and have each operate in parallel, including the
following:

speech recognition on the audio of the video using the Sphinx recogniser
from CMU, at the time the best-performing speech recogniser;



segmenting the video stream based on colour histogram changes, shape
and texture measurements between frames and alowing for the kind of
scene transformations mentioned earlier; there is also camera motion
detection for pan, zoom, tilt, etc. ;

object detection looking specifically for faces and for text captions in the
image and matching these against a database of known VIP faces in order
to try to detect the presence of these VIPs;

caption and text extraction from still frames in the videos which was then
input into an OCR program;

All these tools operated on the video content and allowed the generation of video
skims or summaries with transcripts, the presence of known VIPs, and so on, all
presented. The retrieval tool in Informeda alows a user's text input query to be
matched against the transcript (allowing for speech recognition errors) and against
recognised captions to select segments of video which can be skimmed by viewing a
series of representative frames with associated keywords (from the dialogue) and a
user can choose a frame and run it as a query to find video clips like that one.
Informediais successful and has attracted attention because it was the first to integrate
so many complimentary techniques for information management into the one system
for managing video material.

4. Conclusionson Managing Digital Video and Digital Audio

In reading this chapter it should be clear that the element of browsing is an essential
part of navigation through video and audio content, more so than with text or image
information. This means that we cannot simply take text-based information retrieval
and apply it to video but we must re-think the whole user-system interaction and
integrate browsing and searching as seamlessly as possible. In practice we are only
starting to do this as technology has up to now prevented us from doing so. Soon,
with digital TV broadcast into our homes, the demand for control on this content will
grow dramatically and as we presently stand we are not ready for these demands.

Most of the research systems devel oped to day have concentrated on desktop-based
tools for managing video content. People managing digital TV, which will be the
largest userbase and application for this work, do not sit a desktops or have
mouse/keyboards for control as they lie on couches and use small remote control
devices. The interfaces we develop for video content manipulation will have to
reflect this and they do not to date.

Another area where there are big changes happening which will affect video
content management is the unpredicted and enormous growth in mobile
communications, especialy in Europe. We soon will have GPRS telephony and early
in 2002 we expect to have third generation mobile phones with enough bandwidth to
stream MPEG-1 quality video to mobile handheld devices. This has the potential to
completely change the way in which we watch TV and manage our TV viewing.
Little work has been done to date, however, on video streaming and video content
management on a PDA or mobile phone.



Finally, some pointers as to what the likely applications for video content
management will be. Surprisingly, we would not expect to much need for classical
information retrieval searching though people will want to do keyword or key phrase
searching of archives of broadcast material. Applications which are based around
push technology such as filtering, aerting and summarisation of video content will
grow in importance, especialy as the mobile communications market grows in size
and importance. Users will want to have SMS or WAP alerts as to the status of the
programmes they asked to be recorded and analysed. Users will want to be able to
stream video, even of preview quality, to their mobile PDAs. Users will want to be
able to access trailers or summaries of video material and users will want lots of
personalisation in order to make the volume of accessible material, manageable.
Some demand will exist for access to broadcast and archived audio materia but this
will be speciaist and niche. The real market and the real scientific challenges remain
in the area of video content indexing and navigation and there are till lots of
problems to be solved.
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