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o Good rews....
— Wecan go on util 17:30if we want

o Bad news...
— wewon't!
— Not amathematical formulain sight !
— Only 43dlides
— No more animation
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1. Introduction

o Content-based operations on continuows medium data ...
audio and video, covering retrieval, filtering, alerting,
summarisation, clustering, etc.

o Principles and trends behind CBIR of multimedia

o IR on dgital audio, mostly spoken audio, andthe 4
approades taken, using Taisceaai as example

o Digital video ...formats, MPEG, segmentation, shot bound
detedion, keyframes, browsing, video searching

o Conclusions ... for continuows medium ... kbrowsingis
important
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CBIR

CBIR for continuows media

N

Human Automatic
eDomain spedfic

*Genericisimpossble
eHumans for simple tasks
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CBIR Principles

o General principles aaossall kinds of oljeds being retrieved
isthat CBIR isbased on un@rstanding o content and there
are 2 approaches:

— Human interpretation generating captions, keywords etc.,
but inconsistent over time, over users, noagreed format
and \ery expensive ... example manual web page
clasgficaionin Yahoo!

— Automatic interpretationis low-level, cheger and dten
wrong, bu consistently so

o Audio and vdeo can be indexed using the first approach, bu
that is covered elsewhere this week, and we ae interested in
the seaond.
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CBIR on non-text

o Current trend based on 3idess:

— Succesgul nontext CBIR applications are domain-spedfic
thoughthey can be ported,;

— Generic automatic indexing tools are (to date) impossible
and wser interventionisrequired,

— Human invalvement shoud invalve primitive tasks for
consistent performance

o Thisisableak picture andreal, semanticdly-rich CBIR on
video and onaudio isfar away, nahinglike airrent text-
based.

o However, considerable progresshas been made
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MM Object characteristics

Further characteristics of audio/video which impact CBIR:

o ... have multiple dimensions and hov we view, ou task, what
we seek, etc., all elicit different properties; different feaures
interest us at different times.

o ... wemay eventualy require retrieval based on poperties not
initially captured, so we shoud have query-time “re-
indexing’, unlike with text;

o ... weshoud develop suites of retrieval techniques for sub-
groups of features based oninexact match, which can be
combined into overall ranking;

o ... dlow for and handle indexing which is incomplete, inexact
and pasdgble aroneous;
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MM Object characteristics

o ... must understand that queries are incomplete (as with text)
but because video esp. is so more content-rich than text
documents, the concept of “relevance” may be much more
difficult to model and capture;

Thus CBIR on vdeo is hugely more difficult than for text, image
or audio.
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Typical text-based IR interaction

L ocae relevant document

Browse ran vick and read

h information need

Submit quer =ormulate Query
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Typical video-based IR interaction

Browse - query - browse

.. comes from the fad that one canna esasily “gist” a
audio/video clip compared to atext document;

.. itisthisinability to easily “gist” audio/video that makes
CBIR from continuows media so very different to text-based
or image-based IR
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CBIR and encoding formats

o Final point before considering owerview of audio-IR ...

o Computing techndogy developments have made huge strides
In engineering the caturing, creating, editing, storing,
transmitting, rendering and dsplaying d multimedia;

o Foremost are the encoding and compresson standards which
target max. compression for min. lossof quality, withou any
consideration for content manipulation;

o Thusthetaill is“waggingthe dog andwe find ouselves
wrestling with CBIR on audio/video constrained by
(@) the ommpresson formats and (b) the st of decoding
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2. IR on Digital Audio

o Digital audio ... speech, music, other spedalist or sound
effeds,

o Soundisacontinuous vibration sampled at arate leading to
guantization of the analog waveform into dgital format;

o Higher sampling rate - lessquantization noise - better quality;
o Audio CD =44 kHz, 16 bts, 2 channels;
o Oncedigitised, there ae scores of encoding formats:
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Audio encoding formats

o WAV iscommon, raw & uncompressd;

o AU, Vox, RedAudio, TSP, VMF, AIFF ... dl achieve
compression;

o MP3 uses perceptual compresson, compressing parts of the
spectrum there human hearingis at its least discerning;

o MIDI, for music, represents notes from different musicd
instruments (pitch, duation, etc) and much work on IR from
MIDI has been published;
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Audio encoding of speedh

o 2 utterances of the same word by same personin same
placetime, will have different waveforms, so waveform
matchingis a nonstarter because of variancesin loudress
pitch, krightness harminosity, etc.

o Speech dacument retrieval applications are based onsome
kind d recogntion;
o Speechis composed of phores, where a phoreisaunit of
pronurciation, e.g.
moordiite | z
o Phorerecogntionisa pre-processto word recogntion and

usually outputs alattice of phores with probabilities rather
than asingle stream;
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Recognition of spoken audio

o Thephorelattice isthen processed against a pronurciation
dictionary to determine dl owable words, with the two
processes lf re-enforcing;

o Word segmentationis a complicaion kecaise of the way we
speak ... “wredk anicebeadh” =/=“recognse speech’;

o Full speech recognitionis geaker-dependent, expensive, and
requirestrainingin order to bein any way effective; even
phore recogntion requires Lme training;

o An approximate groupng d speed IR isthe following:
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1. Word Spotting

o Cambridge/Olivetti VMR applicaionfor video mail ... pre-
defined vocabulary of some tens of words, seach for these
words only;

o works because thereis a pre-defined vocabulary of terms ©
recogntion lkecomes feasible;

¢ Alan Smeaton * Dublin City University ¢ 16




 European Summer Schod in Information Retrieval

2. Speaker Reaognition

o Jabber proj at U. Waterloo is an example where spedker
recogrition was useful;

o Applied speder-independent continuols geech recognition
to recordings of meetings but speech reag. wasn’t up to the
task ...

o They were able to recognse who did the spe&king;

o A visua summary of the turn-taking in dalogue in a multi-
person meeting was a soundenough lasis for browsing
meding recrds

 Alan Smeaton ¢ Dublin City University ¢
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3. Phone based retrieval

o Instead of recognising words, recognise phores;

o ETH-Zurich wasfirst to dothis on German news radio and
out own Taiscealai system extended this;

o Taiscealai recorded radio news, twice daily, recognised

phores, divided the broadcast into overlapping windows with

the phoresin each 3Gs window being aretrievable
“document”;

o Phorerecognser was HTK HMM recogniser which was
trained on 24 hous of transcribed broadcast, 20xredtime;

o We augmented a CMU pronurtiation dctionary with new
words and idosyncratic Hiberno-English pronurciations ...
Taoiseach, Tainiste, Drogheda, Kehoe, Maher, Taiscedlai, ...
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3. Phone based retrieval (cont)

o 30swindows were represented bytriphores .. Triples of
adjacent phores
o User's (typed) queries were looked upin the dictionary and

(bag df) phores for query terms matched against (bags of)
phores for 30s windows using standard weighted IR;

o We could have gone much further with the IR asped of this

o We extended this further to trawl online newspapers for new
newsworthy terms which were flagged to be added to the
pronurciation dctionary;

o Taiscealai was operational for over 18 months;
o It stream RedAudio andlooked like this ...
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3. Phone based retrieval (cont)

o Taiscedlai givesusour first glimpse of IR from continuouws
media ... instead of aranked list of 30s windows, we
aggregated window scores into scores for broadcasts and
ranked broadcasts, providing within-broadcast navigation via
time series of scores;

o Analogowsto passageretrieval intext ... but very different;

o Itismoredifficult to get aquick overview of an audio clip
than the equivalent sized text document;
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4. Word-based retrieval

o Despite difficulty of speaker independent continuous speet
recogntion, there ae several examples of thiswork;

o Thebig caayst behind this has been the TREC track on
spoken dacuments;

o TRECis...

o In TREC spoken dacument, many groups train arecognser

and then take accourt of speech recogntion errorsin the
retrieval task;

o Thedataisradio/TV news broadcasts, and the task isto locae
a (or the) relevant story;
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3. Information Retrieval from Digital Video

o Video is 25fpsimages and synchronised audio;

o To dsplay asingleimage of TV-quality video requires 720
Kbytes, so withou compressonthisis amost 100 Gbytes for
a90 minute movie.

o Video information must be compressed !!!

o There ae some formats such as QuickTime, DVI, H.261,etc.,
but the ones that matter are the MPEG family, overview later;

o Beforewelookat IR on video we must have some
understanding d how video is encoded in order to redise the
limitations we face
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Video Encoding principles

o All video encoding standards use motion compensation,
identifying motion between adjacent frames and xmitting only
the differences ... except across $iot bound,

o Doingthisonapixel basisistoo fine-grained because
cameras boam, tilt, pan, zoom, shake, so frames are divided
into pixel aggregates cdled “blocks’ and motion
compensationis tested between equivalent blocks;

o Thisalows agraceful and effective encoding d deliberate
cameramotion, as well asoljed motion

« Alan Smeaton ¢ Dublin City University ¢ 24




 European Summer Schod in Information Retrieval

MPEG family

o At present there ae 4 MPEG standards finished or under
construction and what makes MPEG attractive is that they are
standards defined ahead of the tedhndogy, so no poprietary
material included;

o MPEG groups are open and have large participation;

o MPEG-1 aroundlongest and most common ... details dortly;

o MPEG-2 ishigher quality but same principle & MPEG-1,
requires hardware to encode and decode;

n MPEG-4is gecified bu tedindogy nd yet developed except
in test environments,

o MPEG-7 uncer development, includes a stream to describe
content, which will be something like XML;
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MPEG-1 encoding

o 352x288 jpxels per frame @ 25fps giving VHS quality at 1.5
Mbps, can be decoded in realtime on an (old) PC, encoding
requires hardware;

o MPEG stream has |-, P- and B-frames in a given pattern;

o I-frameisaJPG image; each frame divided into 16x16 pxel
maaoblocks (22x18 d them) and in B-frames and P-frames,
which follow |-frames, equivalent maaoblocks are compared
and a motion vector generated if possble;
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MPEG-1 encoding

o |, Pand B frames form a pattern depending —
onthe encoder used ... oushasan |-frame —
every 12frames (2 per seg but it does naot have [+
to belikethis;

o Encoders are nat perfect and the 396 motion vectorsin a
frame can sometimes be incorrect and have rogLes;

o The pattern of different frame types allows randam access
FF, REW and reverse playbad;

o MPEG-2is720x576 jxelsandis used for digital TV;

o MPEG-4isobed based compresson, kased onidentifying,
tracking and encoding olject layers which are rendered ontop
of each ather, with huge patentia for video interaction;

ARk
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| nformation Retrieval on video

o It is draightforward to treat video as a binary blob and
Index/retrieve viaits metadata ... but that’ s not for now;

o Most work onIR on vdeo streams, has concentrated onthe
visua stream ... IR onthe audio stream defaultsto being
audio-based IR ... herewe look at the visual stream;

o Theway to make progress with video IR is to structure the
video and abowve the frame, the next basic unit is the shat;

o A shat isasequenceof frames from a single camera motion
over time;

o Structuring avideo begins by identifying shot boundaries
automaticdly;
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Structuring video

o Usual approadh to SBD isto compare ajacent framesto see
if they are very disamilar ... if so, thenthat isalikely shot
bound.

o For hard cuts, the most usual technigue is to compare adjacent
frames based oncolour histograms but shots can be joined
using more sophisticaed techniques like fades to bladk,
dissolves, wipes or computer-enhanced “swooshes’ !

o For these, colour histograms are less siccesdul because the
shat transitions occur over time, i.e. over multiple frames;

o Other SBD techniques are based onedge detection (goodfor
disslves), or from the encoded stream, based onmaaoblock
types or on motion \ectors,
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Shot boundary detection

o We have evaluated all these SBD methods onacollection d 8
hous TV broadcast (720,000frames, manually marked up),
individually andin combination ... best individual is 85% to
90% in bah preasionandrecall, best combinationisonly a
coupe of % abowe;

o Incorporating audio could help, ar nat ... silences between
some shats, bu not al

o Computational cost of SBD must be considered ... most run
in over red time, those on the compressed damain are
quicker, bu thisis substantial;

o Fischlaris... TV, VCR, browse/play but nat yet search;
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Structuring video for browsing

o Once structured, how to index for seach;

o Usual approach isto present thisvisualy andto choaose a
keyframe for each shot and wsethis ... midde, first, last,
average, ou Fischlar system keyframeis...

o Systems could de developed to doimage retrieval on
keyframes but the norm isto present keyframes for browsing
... C.f. ealier comments on krowsing audio;

o A problem hereis the shea number of shots'keyframes ... a
30 minute progam can have order hundeds

o Thus smekind of structure shoud be gplied to keyframe
sets ... in Fischlar we dothe following ...

| ¢ Alan Smeaton « Dublin City University ¢ | 31

| » European Summer Schod in Information Retrieval

?

18min 2zec  [2min B3sec)
T il
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a video document

s s

- B CLNE
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Fischlar video browsing system

o These two examples are within-program browsing which is
complimented by dher Fischlar metadata (program name, TV
station, cete, time, etc.) to help userslocae the program first
... we also use personalised TV listings and Fischlér has (as

of last week) over 400 pogrammes recorded, analysed and
available for browse/play;
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Videoretrieval - Informedia

o This, however, isvideo browsing ... for video searching
(apart from image retrieval on keyframes) we have to use text;

o The semina work in this areacomes from CMU in
Informedia projed who took TV news broadcasts and dd ...

— shat bound @tedion and rep frame seledion;
— gpeech recogntion wsing Sphinx, ore of the best;

— objed detedion from frames looking for faces to match
against aVIP face database;

— looking for text in cgptions and in frame to submit to
OCR;

o Informediathen suppated text-based search throughits
archive, which was followed by wser browsing;
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Video Retrieval

o When it comesto video search, thisis as goodasit gets, for
now ...
— text seach oncaptions, teletext, OCR, etc.;
— text seach onthe audio track based onspeedh recgntion;

— objed match oneasily-identified oljects from alimited
domain, e.g. faces;

— heavy emphasis on lrowsing suppat;

o Activereseach isongang onobject-based retrieval, (level 2
in image retrieval) identifying and tracking oheds ... for now
thisis a stepping stone towards MPEG-4 encoding bu thereis
now an awareness of content-based operations (us!);

o Could be easier than oljed recogntionin still images ‘ cos
there is context, dialogue, program metadata, motion ?
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Fischlar plans...

o Asanaside... in our work onFischlar wewill do

— closed caption/tel etext/888 capture and wse thisfor seach,
aert, filter, personalise and summarise;

— develop SM'S, WAP, mohile PDA and 3G phore
interfaces,

— scaleupto alarge, real userbase ... stretch ou the
browsing work;

— objed recogntionin frames and then oged
tracking/matching for restricted damains;

— continue deaonstructing the encoded stream to reverse
enginea things like camera motion, etc.
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Nearly finished .... orly acoupe more dlides!
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4. Conclusionsand Summary

o Browsingisabig part of navigation throughaudio and video,
much more so than for text or even image;

o We canna take text-based IR and apply it to continuols
media, we must re-think the whale user-system interaction
and combine search-browse seanlesdy;

o Asdigital TV achieves penetration, the demand for this will
soar, much faster than deployment of WWW, perhaps as
much as growth of mobil e phores,

o People will want video ontheir 3G phores andtheir STBs and
these will be huge markets which will dominate video IR, just
as web searching daminates text-based information retrieval,
so demand will outstrip our devel opment;
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Commercial systems

Most of the mmmercial image retrieval systems have re-
invented themselves as video indexing, lrowsing and retrieval
systems using SBD, keyframe extraction and sometimes
keyframe match;

Informedia also has a spin-off;
Most of these operate on lroadcast TV news;
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Further sources...

O

trecnist.govfor info onTREC and spoken dacument tradk;
New track in TREC-10 on vdeo ... easy to get hold of 2h

A list of contemporary video indexing/browse/retrieval
projedsis maintained at (ref 19) which isagrea starting
point to familiarise oneself onwhois doingwhat in video;

Accessto Fischléar from lorcacompapp.dcu.ie/Video ... email
us for passwvord (browse, nostreaming)
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