WO 2005/076594 PCT/SG2005/000029 Automatic Video Event Detection
and Indexing FIELD OF INVENTION 5 This invention relates generally to
the field of video analysis and indexing, and more particularly to video
event detection and indexing, BACKGROUND OF THE INVENTION 10

Curemozidsesindexing systems are yet to bridge the gap betwgehg o005 $/000029
low-level features and high-level semantics such as events. A very
common and general approach relies heavily on shot-level segmentation.

The steps involvg segmeniind/adede s ip oS e SXHAGRE @é%?mng

from each shot, grouping them into scenes, and representin
using hierarchical tress and graphs such as scene transition graphs.

However since accurate shot sggeR afiomG $& challenging
problem (analogous to object segmentation for sti |mages) thereis a
mismatch between low-level information and high-level semantics. 20

Other Vitlisgriveieioing:Bystgensritiyddale TpRes WaeAnalysis RRORRESNIRLg more-
very SpacHiG SomARsK 519‘\;%;3 ?%?eéﬁi%%m ve more accurate object or/and

event recognition. The Kin omam-dépendent approach makes
the production process and resulting system very much ad-hoc and not
reusable even for a similar domain (e.g. another type of sports video). 25
Most event detection m %hods g%zsélggorts video are based on visual

features. However, audi ORREBEANY EDHONdeo. In fact,

sHie audio information in sports video plays an important role in

semantig-Ryey ared with _res done on sparts video
analysis using %/%%Egﬁg?rﬁgﬁr%ﬁ%%s\%? ﬂg %&erﬁé E%%‘ﬁ"d’o‘ﬁ@’ Bvel features
Sportsa\ﬁ@ é&%lﬁ%%ﬁ*@ adies ﬁkﬂi}ﬁaﬁoﬁ’ﬁmm a&ﬂ@y&mi approach relies

approaehvity @ﬁtﬁﬁtm%@ﬂé‘ﬂ’@mﬁ" TRIRWRR RASAER e%teo t0 shots,
Actual orq% ttln and cheering detection were app |e Ylocate
meaning ﬁ}%\{\\{ﬁ% T SR/ S5 $RIpEhemointo scenes, and representing

15 them using hlerarchaca} tress and graphs such as scene transition graphs. However
since accurate shot segmentation remains a challenging problem (analogous to object

segmentation for still images), there is a mismatch between low-level information

and high-level semantics.

20 Other video indexing systems tend to engineer the analysis process with very specific
domain knowledge to achieve more accurate object or/fand event recognition. The
kind of highly domain-dependent approach makes the production process and

resulting system very much ad-hoc and not reusable even for a similar domain (e.g.

- another type of sports video).

Most event detection methods in sports video are based on visual features. However,
audio is also a significant part of sports video. In fact, some audio information in
sports video plays an important role in semantic event detection. Compared with
research done on sports video analysis using visual information, very little work has
30 been done on sports video analysis using audio information. A speech analysis
approach to detect American football touchdowns has been suggested. Actual

keywords, spotting and cheering detection were applied to locate meaningful



segments of video. Vision-based line-mark and goal-posts detection were
used to verify the results obtained from audio analysis. Another proposed
solution is to extract highlights from TV baseball programs using
audio-track features alone. To deal with an extremely complex audio
traQ¢U8%438¥¢h endpoint detection technique 5 in noisy envirBAREFEROMAS0029
developed and support vector machirfes were applied to excited speech
classification. A combination of generic sports features and baseball-

specificfBEQE Wdre \SstPasl dinhaafeaite sopknestsadrierEen were used to
propmﬁapmomhﬁs?&ﬁﬁ&%m%ﬁ?@:ﬁ%ﬁﬁgi@xﬂo’ﬂ%%é&%&tion is to
game, n Sioreat A rid met 10d was emplo to
incorp%ﬂ%ﬁéﬁﬁéﬁecﬁfﬁ grfdﬁjtaesr%g%ﬁgf%%atﬁress. %8\’652"?%%%6%%‘&“ alone. To
 methd§ao"8tingm a¥ireschp epoNifetndisingpchure pardivearphysisicBhgoausihnique
amplitidpivasansrmned iniefigeidhal %@%dﬁﬁ(&]t @,éﬂ?&@&ﬁgc%é?%em applied to

commentator and was used as a basis for summarization. These

methS3% Feie-hstatiiatinh gt rBhaHPR o8 RensiReraTte fr st daseball-
low-lepetifs featneesichawel/er dinctdst SROIE didees, low-level features
cannot effectively represent and infer high-level semantics. Published US
Patent Application US 2002/0018594 Al describes a method and system

for higHE\ra PsaRRsadrerarraisisis endetere atcbetsogorydnoim ddmskinbshedifio game

20 videps. Basekandomaininowsdes W@W%}S@A%@%ED grf;?ea%ﬁjsspectral

are selected and extracted from a video. A label is"associated with eac

frame Kb EBPANTE (S eRhre P RRRSEHIBTRE HommERTiFA R idso using
formipgrenaitipleafradysis:|ahel aséiguanpisifer dhe vigdeae@30AERMINE thise level
Publi : _ lication EP 11700679 A2, a given feature such

as coglcl)e?g r%w%%é%a[éﬁfg\] au |%?%%§Pﬂ%“é?ﬁ$‘%%#@s(ﬁe’i?aﬁ%or?ﬁ gmarization. These
u_nsuﬁ@r‘bméﬁﬁ’i Hgiedssaseeitio tibeisdacpdrameievidinstg basgtoballow-level
MEW. Qe INHERM D! HOSRUPMIBY iBSOGSRLMIALALILIDE VIHRS AR hvely
then identified accarding to the frame labels, and the video is segmenteé

n
into 588%?66%%%‘5&%&&%&%@ to the views. 30 Note that a

view is associated with a particular frame based on the amount of the

domi . cOolOk. | sequences as we ir time alignment

relatigﬁgﬁsl%%g)n&égt?gﬁesl} i0 efi:{éai%al lons 0# 8?}2/&12@§é@r5‘1 %S ishpg and
eve nﬁgawrthéomhi@b:lmé rteturpropdsds ind S @00RIBOLBS B4 IdandiERpecific
201706488 Bad e dardrt HUTL A R Sow-tevel frame-based features are selected and

extracted from a video. A label is associated with each frame according to the
measured amount of the dominamt feature, thus forming multiple frame-label

sequences for the video.

25 According to Published EP Patent Application EP 1170679 AZ, a given feature such
‘as color, motion, and audio, dynamic clustering (i.e. a form of unsupervised learning)
1s used to label each frame. Views (e.g. giobal view, zoom-in view, or close-up view
in & soccer video) in the video are then identified according to the framé labels, and
the video is segmented into actions (play-break in soccer) according to the views.

30 Note that a view is associated with a particular frame based on the amount of the
dominant color. Label sequences as well as their time alignment relationship and

transitional relations of the labels are analyzed to identify events in the video.



dominant feature of each frame through unsupervised learning, thus
resulting in relatively simple and non-meaningful semantics (e.g. Red,
Green, Blue for color-based labels, Medium and Fast for motion-based
labels, and Noisy and Loud for audio-based labels). Published US Patent
US 6,195,458 BI proposes to identify within the video sequence a plurality

Tob typesspesifiedempo raiied@RINs Akimg RIplUraityook bype-dspesifitom a single
detectors. Although type-related jnformation and mechanism are . .
QRIS BSETHUATS B BEHOHT ST SE AR AR e RO atvely
sagiectian. dMARYORehkERNENTRIYN GracgoBlandemitiica-fisstd labels,
spect of the present invention, there is provided a.method for. use in
N PUBED 150 B B Bothg e EOMARORG & Ao Lkt
a corresponding audio signal relating to the image signals, the method

smarisings - practing audio feplyres from the. audio gnal Qliaeamenge,

e video footage and visual features f e image sig
ssqoenents ofithdinided getage;i Backrspgralentgoemprisimng a phlwalliyy obf type-

sfrgm 1csdétggtrcrn] .aﬂ. Ot&l %%’}%@% ge l{gfgr%%go\ﬂsu% fegé[ 151%851%W§}g dei}%ioaed, the
redetermined audio d visual features associated wit pre etermine

chijmtiovanckovpstfatkefintcrgs)snidemiifyihgahe audigcanchvisual keywords

associated with the video footage based on the comparison of the

extracted audio and visual features with the predetermined audio and

visual features associateHUNINVEAE retetddhihbY BORSANd visual

keywords; and - determining the presence of events in the video footage

based on the identified audio and visual keywords associated with the

lrdeocidatagevilihe i tiipdohyifahesemonystigenpdinit onmgvidedmagpshod for
ignal adio signal in isyal ' ; S, vel

%Sr%oﬁo%e%%t)rgg%i%%gt 85%%? 5 ’a{r% &?&gl ?égqta r%idgt ere rg]r%?1 'I'Iﬁﬁeg[ %%%%%? ¥nd 2

senrenodagnaydayerigml Tiebusuab sdguénegs maywbyveliaprwiod comprising:

20400 AR ARt Jhenarulianiag O IR ARGAHINO and
sequences may be based on shot segmentation or using a sliding window

visfixddabrenfiabléhiemybs siThd alidivsagaaisdltheatdredpatagbecach segment
SSHRAEHLIQ Fhararieizeando andvisial BeQIHEREESHIBSRRAVEN features
with predetermined audio and visual features associated with predetermined audio and
visual keywords; - identifying the audio and visual keywords associated with the video
footage based on the comparison of the extracted audio and visual features with the
predetermined audio and visual features associated with the predetermined audio and visual

keywords; and - determining the presence of events in the video footage based on the

identified audio and visual keywords associated with the video footage.
The method may further comprise partitioning the image signal and the audio signal into
visual and audio sequences, respectively, prior to extracting the audio and visual features

therefrom.

The audio sequences may overiap. The visual sequences may overiap.



The extracted visual features may-include one or more of measures

related to motion, color, texture, shape, and outcome of region
segmentation, object recognition, and text recognition. 10 The extracted
augig 59{%59555% ay include one or more of measures related to linear
prediction coeflicients (LPC), zero crosging rates (ZCR), mel-fieugaps/600029
cepstral coefficients (MFCC), and spectral power. 15 To effect the

compargan, relati iRs.between audio and visual features and audio
and visual eywﬁg#?fggrg%%g% S?E\ﬁ%dgglf/eglsi?%?%ﬁ‘é‘ﬁ Pehesrdignshtipgnentation or

may be*PrAR s e stasneidived enaetintdelbanming methods. 20 The

machine learning methods used to establish the relationships may be
unsupefgésggd.usin ref%ra%)éf%ny one or more of: c-means c_Iustering,

fuzzy c- meant cliSteting! HEMIFSmRY drasricasdddetbaadhris andio and visual
expectatipeneraximsizatioeiyalgorithm, and self-organizing maps. 25 The
machine learning methods used to establish the relationships may be
supervised, using preferably any one or more of. decision trees,

instanceb&eEts tehyitrn) fertuisi mastindrids, supportove ofondnackingscang motion,
graphiea]qua;&l&ejmfgggg{mmmf Uae, e EAce of events. in the video
footage may comprise 30 detecting videtg%gventsg %grc%%ﬂlﬁ‘g%egt recognition, and

predeflnecf Setof events based on a probabilistic or fuzzy profile of the

atflio and video keywords. WO 2005/076594 PCT/SG2005/000029 5 To

effect the determinatian. ionships between the audiq and visual _
keyword profiles and thé% %I éé((g) rél\%rll?sctfr‘%gyogg BranBuelyeessiisrsed to lincar

The reP5ifBTHHpSBHtGER thBQudrcantbssmgkeyWdaR profdes-angihe cepstral

video cosfieiztas i 0e psaYigidshaesiaklished via machine learning
methods. The machine learning methods used to establish the

relationships between audio- visual keyword profiles and video events
nhdy ﬁ@omﬁmmmucmdﬂmmmﬁp@%em@m BEIBERPUSRALANTES and audio
graphigpy mgﬁéygvgrds may be previously established.

The relationships may be previously established via machine learning methods,

20 The machine learning methods used to establish the relationships may be
unsupervised, using preferably any one or more of c-means clustering, fuzzy c-

means clustering, mean shifi, graphical models such as an expectation-maximization

algorithm, and self-organizing maps.

25 The machine learning methods used to establish the relationships may be supervised,
using preferab_ly any one or more of: decision trees, instance-based learning, neural

networks, support vector machines, and graphical models.

The determining of the presence of events in the video footage may comprise
30 detecting video events according to a predefined set of events based on a

probabilistic or fuzzy profile of the audio and video keywords.



The machine learning methods used may be techniques from syntactic

pattern recognition, preferably using attribute graphs or stochastic

grammars. The extracted visual features may be compared with visual
keywords and extracted 15 audio features are compared with audio

ke ST HtEdpendently of each other. The extracted audio ardwistiabsmooozs
features may be compared in a synchronized manner with respect to a

single 'set of audio-visual keywords. 20 The method may further comprise
normaliAny Etdhedimierine. deledrebinsthetvesultseofitio campatsdReyword
betwegndifiiesexitakéaddteatiugs Aag theudiaAndyisvalkeywords intoa
probabilistic or fuzzy profile. The normalization of the outcome of the
comparison may be probabilistic. 25 The normalization of the outcome of

the corhigarglationshipe detes oltenaritunstiorisuthesyosnralizatien ehihee video
ouscoraeAfstheCompay Y, feraltl)l usin ?e fuzzy
membership function%%%%%%%%% {ﬁgear]énseu %gr?) r(e?“ﬂf:t ?ﬁlﬁ‘arison
between the extracted features and the audio and visual keywords may

be distBirceraaded ied-sinilatitydaasedd Go Thammsihad Egﬁﬁéﬂsffgﬁ gfetmzen audio-

comprise fransformin gl_e outcome of determining the presence ‘
events into a %‘eta-d%ltc'a1 oria ,"é?ﬁ §VEVA Y| be niabdifisticchrredalTha machine

accordétieegviateode sowdisesperhioflthedrissent invention there is

previded a system for indexing video footage, the video footage

‘comprising an image signal and a corresponding audio signal relating to

the imfé%%\&ﬂ&%, %ﬁ@g%té‘?ﬁt%ﬂﬁ§ﬁﬂg¥laynf%rﬁ@h®iqm@oﬁngmnﬁn’n pattern
featuresdeminidhepeafelisb i gsiak Gl 5B @ ASHA IR HRR.f &:and visual
features from the image signal of the segments of the video footage, each
segment comprising a plurality of frames; - means for comparing the

extracl®l exitieiwhd iUzt features hithopredeteritingshaudiowangs isuakracted
featurgsiassqei )iaWaT(=Te ST ol ' d visual k rds - '
means for ideﬁﬁ}ﬁ%g\%r%%udio arl?c?{\?/(i%%a e%g#’&és(" %%%e&%éo Wﬁ'sﬂ st
video footage based on the comparison of the extracted video and visual

featursawitirahed podiieiamined Rudieandyvisuadsalres assosiaed i,

the pr&ﬂﬁ‘i%ég?e'&‘?g & éjlglg easgtdo}“aasulél?cli-visual keywords.

20 The method may further comprise normalizing and reconciling the outcome of the
results of the comparison between the exiracted features and the audio and visual

keywords into a probabilistic or fuzzy profile.

The normalization of the outcome of the comparison may be probabilistic.

25
The normalization of the outcome of the comparison may use the soft max function.
The normalization of the outcome of the comparison may be fuzzy, preferably using
the fuzzy membership function.

30

The outcome of the results of the comparison between the extracted features and the

audio and visual keywords may be distance-based or similarity-based.



keywords; and - means for determining the presence of events in the
video footage based on the identified audio and visual keywords
associated with the video footage. BFQEF DESCRIPTION OF THE
DRAWINGS Figure 1 is a schematic diagram to illustrate key components
and flow of the video event indexing method of an embodiment. Figure 2
Tidepietsod thie dualyer Eropessingnsiahiiegttre dorcvide ofedeatdetegtionpresence
Jbased on audio and visua ge ord rding to an example
O SMbodimeht gfﬁ%%as}l%%%’ %8@%%@ iasl%tggfgll%sforr%%e\ﬁ%ﬁiml keywords
for soccer video event detection. Figure 4 shows a flow diagram for static
V'Suaﬂ(%%d?jgﬁglg,ﬁw#}ﬁg H%c%ﬂf é?g@&l%f %@q&gé%?Q%fﬁ%Betﬁe&% & provided a
schematic drawing illustrating break portions extraction in an example
systeboimedixingO 280 S8 TEB94P CTHSGR0080000PIs TeRigUreagdssignal and a
QI B ARG 2 FOMmPUICG SYSLCT U R I SBEAUAG. Nfcans
CO?h"Péegﬁ%lgﬁallﬁ ﬁ% ﬁ’g% % 1§¥ , IS E glgg cans 1or

( system In an ample embodiment. 5 DETAIL .
eXDESGRIRIRAONIOE Tiem thovamNTIdMahdesenisad ehtbodidserdpangseand visual

fe%&%@ﬁ%&%@% %@2@9&’1@&%&%&% tfi%@ﬂi%%%&é@é}%ﬁ%ﬂ%é%ﬁ&% gomprising

Intermediate video sémantics re‘Ferr_ed to as audio-visual 10 keywords. _
2 PigaheyfilGemates R@Wmfﬁlpmmﬂlﬂmmﬁea@ém@éﬂfﬁéﬁtﬁé&auﬂ‘eﬁ with
preGREmAte diggrpmq T Reaudiaand WdeaitackmPha.yileaho? Aedisld visual

partitioned at step 102 into small segments. Each segment can be of

kqyuasivtynee appidyiixieg Siovanibhaderigabkeysmep fiscsditsenthibe video
foBHATI0 SIG0RISARL MRS HEAMET afe YeuPed Ryilxed WindoW Fldes with the

Typically, a window size of 100 ms to | sec is applied to audio track and a

Préfasowi e @t s8¢ 16530 Sutvrsappieated tidhirepredsimmed v end visual
kPSSR - CALREFI D AHA B IR SRR REEMEMATRR, R GaseHled on

audio segmentation, the system may e.g. make a cut when the

theridgrifirdeetierad sisie ey wersivetgdisird feh the video footage.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic diagram to illustrate key components and flow of the video event

indexing method of an embodiment.

Figure 2 depicts a three-layer processing architecture for video event detection based on

audio and visual keywords according to an example embodiment.

Figures 3A to 3F show key frames of some visual keywords for soccer video event

detection.

Figure 4 shows a flow diagram for static visual keywords labeling in an example

embodiment.

Figure 5 is a schematic drawing illustrating break portions extraction in an example

embodiment,



20 audio shot segmentation. For video segmentation, shot boundaries can
be detected using visual cues such as color histograms, intensity profiles,
motion changes, etc. Once an audio or video tracks have been
segmented at step 102, suitable audio and visual features are extracted
wosteps 18 and 106 respectively. For audio, features 25 suelrasiingasooe
prediction coefficients (LPC), zero cfossing rates (ZCR), mel- frequency
cepstral coefficients (MFCC), and spectral power are extracted. For video,
features related to motion vectors, colors, texture, and shape are
extragiad, Woile molien [RaNISUGARRALSSL A AIREEN26 MOliMenting the
activities over all or some frameés in the video segment, other features
may BRSPS T 6RE SRS BB fRsRtes, 30 for instance first,
middle or last frames, or based on some visual criteria such as the
gresence of a specific object, etc. The visual features could also be

omputed upon spatial tessellation (e.g. 3 x 3 grids) to capture locality
information. BesitiE16i. BRSO RIS RS ABE TISGEIYUBI00029 8
features as just described, high-level features related to object recognition
(e.g. faces, ball etc) could also be adopted. The extracted audio and
vided-feaiiess srihedimsnb ofivae ARNHRHAR PHES St aFGALs astem for video
compaiad atistans 108 andnddliespRrVebhisnGampaitibial (Samsa audio-vasual
glm nsion I|ty .and t ﬁ{l t1;etatu es of audio and c{S,Hal "k ord 3 .
and respecﬁveﬁ ey\?vgsr §Va0eed msthe deéjé“?'l;?tlon ofthe men as e
exarmplenetibdidgments and the claims refers to classifiers that represent
a meaningful classification associated with one or a group of audio and
visual features learned beforehand using appropriate distance or 10

similaiypraics iderierskichb aridend 0N ke J s erstiH el @k gisipd2 into small
embg@m&m g@h@gﬁtammmat@@mm@bwt@mﬁgﬁﬂkt@mﬂ {@r[ﬂﬁléﬂéﬂgths,

single content or pccur | iff rent video contents wh
gubjrégcf % %er FIE" é‘rrﬁ*t%t‘ ‘Cé)a St eremﬁ errﬁglr%se%mb%‘s)g%e I P 8% window
etc.)sivith Meaningfalitepretation. Bampled Gﬁcasu(hpplée@\tmadéimMand a
a whigtling, spung by E?fﬁf “s‘& R %3388&% #d6013 &E&P'Q@te"rﬁaﬁ@ g 4R Bystom

- baseball video, the sound of asg§€n shooting or an explosion in a n

storfathﬂeéetma%t%@c&dﬁpé %Wémﬁtww%ﬁ%@@ﬁa@%@m the
SUNVEIRRCaYIdg0 ke JiBUATHANIBH A RN S IRAYIREIde HIASRISUER, for

s+ an tta k scene near
got segmentation. For video segmentatior, shot boundaries can be detected

using visual cues such as color histograms, intensity profiles, motion changes, etc.

Once an audio or video tracks have been segmented at step 102, suitable audio and
_visual features are extracted at steps 104 and 106 respectively. For audio, features
25 such as linear prediction coefficients (LPC), zero crossing rates (ZCR), mel-
frequency cepstral coefficients (MFCC}, and spectral power are extracted. For video,
features related to motion vectors, colors, texture, and shape are extracted. While
motion features can be used to characterize motion activities over all or some frames
in the video segment, other features may be extracted from one or more key frames,
30 for instance first, middle or last frames, or based on some visual criteria such as the
presence of a specific object, etc. The visual features could also be computed upon

spatial tessellation (e.g. 3 x 3 grids) to capture locality information. Besides low level



the penalty area in a soccer video, a view of scoreboard in a baseball
video, a scene of a riot or exploding building in a news story, a volcano
eruption scene in a 20 documentary video, and a struggling scene in a
surveillance video etc. In the example embodiment, learning of the

wappisgbstveen audio features and audio keywords and etwaen ks
features and visual keywords can beseither supervised or unsupervised or
both. For supervised learning, methods such as (but 25 not limited to)

decisﬂ“&mﬁmes,jimsthmﬂ»hasmghlmmifegmwﬁhﬁetwwﬂjs@tsuafgiﬁhdlﬁ@@r faces,
maclgﬂ%m%%uﬁaags%ebggg %/%d If unsupervised learning is used,

algorithms “suc but not hmited to) c-means clustering, fuzzy c-means
clustering, expectation-maximization algorithm, self-organizing maps, etc.

can bgsepsideredudn dheusamaiat tB@tﬁ@@%eﬁééﬁ% Alseny W&@@ngems

r%10 between audio and visual features and audio and visual keywords
ay PEGEAFAPREE R TRt RE d ISPEBIRY )50 R84 (srerediansgsiqnality
an exampjpesmizadinse of invdiyemdormalizihgyters"outcomnd af14 respectively.

compatison info a probabilistic or; n%%izozryo%% lo:visugl keyword Drofile, e claims

Anotherform of post-processing may synchronize or reconcile
inde pefErAckis e Shpanmec s rcormrisgi sk stimpirisonatiaedesiilt one or a

from gidiprenbudRAMNY $iaas raaedNRALEISRINEhANE RRIPOIFRNFERS 8/ tance or

1%utcomes of audio-visyal keyword detection serve as input to video event

odSIE1FYRSIGEIE I VIEBURLENE HEHELSH A Step Peeriainte sRsafifent are
embaodisisett fmwmmmmqmmnfslehﬂaet@m@mammramm«g\&su%o content or

keyW&ré@ ffé’i@ﬁ@@Y&e&h%H}%Mg%%r N ert ntl?S ¢ e?; ?fréa%lnl‘ler?e g. different

realistic complex video data he vi eo Cevent are
comSetatiosrinprobRIeball Hmes(e- hwﬁ%ﬁ@mgﬁﬂamﬁaﬁ@uwoﬂcgmples of

Hldd%ﬁM%@@bﬁ@%lﬁd@@bﬁ@éUﬁ@Qﬁﬁﬂi"ﬂ}aﬁéﬁ%@%}l%omeécpﬂ%mng
ng as learnin égan sms are available to capture the mapping
| ‘bgetw%"é’r?%a %ﬁ%ﬂﬁ}’ SHE oA SWBH R P RRTRAQHRS REFRGPIOSINE fRe news

targeted,, ave siartd mmnmtem aﬂdﬂmm&ﬁﬁrﬂhﬁd@ﬁbﬁt&}@ﬁHIQ@ﬁk'vezllmce-

evenf.dete él%’lnéﬁli gl{,{ mtoas form of meta-dat
eitherilgn inary or% Cf orm or “future e rle\t/%asln hie s cfscene near

emb8iipraaity area in a soccer vrdeo a view of scoreboard in a basebaﬂ video, a scene
of 2 riot or exploding building in a news story, a volcano eruption scene in a

20 documentary video, and a struggling scene in a surveillance video etc.

In the example embodiment, leamning of the mapping between audio features and
audio keywords and between visual features and visual keywords can be either
supervised or unsupervised or both. For supervised learning, methods such as (but
25 not limited to) decision trees, instance-based learning, neural networks, support
vector machines, etc. can be deployed. If unsupervised learning is used, algorithms
such as (but not limited to) c-means clustering, fuzzy c-means clustering,

expectatmn-mammmatnon algorithm, sclf—orgamzmg maps, etc, can be considered.

30 The outcome of the comparison at steps 108 and 110 between audio and visual
features and audio and visual keywords may require post-processing at step 116. One

type of post-processing in an example embodiment involves normalizing the
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An example embodiment of the invention entails the following systematic
steps to build a system for video event detection and indexing: 20 1. The
video events to be detected and indexed are defined; 2. The audio and
visual keywords that are considered relevént to the spatio- temporal
makeup of the events are identified. 3. The audio and visual features that

ar@HieeRecPb S UBEATINT Tt deteehebibitine 2B sndivdisuasiadyveorderd profile.
tha{ i3 4Ngs & IALAT B JMEYIQ SRR SRAN IR AL P r@&%(\!fﬁy%degendem and

keywords, are selected; 4. The mechanism to extract these audio an
vistiaprepatinde mesowee e, serpasiseipibaseasyl Uieentpfieseegwindow sizes
formad, its digteloningd and implemented. The mechanism also has the

ability to partition the video data into appropriate 30 segments for

extracting the audio and visual features; 5. The mechanism to associate

audie: andvishaddeatiyasaiasted im seamented-vidaeaid thevrUsiosput to

and, visual keywords obtained from training data, based on WO

206RS7 8504 Bedeis EFo B IuBerLV Hes B AdecEPuRbsiserikbin the example
leasptaiRhiRtTTe detrrainrd PREHR Rdcd R MEARISD W ords and

include automatic feature selection or weighting. 6. The mechanism to

mABSETEV SRR AR HNREYHIBIES torires by eUdntsabstiegopplex video data.

statigticaday sysiasiisadipattera-tecaapiianonaPathdisdeterminedans Bmited to)
implemented. The post-processiagégwechanism to normalize or

sy PENFSHD MHE Wiste dtlsie dAmEOs: tRadeliviPEhaRilet s idstatistical
alsaisiaided; & Toag EainingRbthe-akdiaARchMsyalikeYWRI LESIGeltR mapping

USH]? the extracted audio and visual features is carried out and the
co

SR s SQlnpuat et Hethe Ardigedistdinxiiidrk dareetsrand the targeted

saveehtd istie haedalmasinedearningrsierdiane AR thelaaiBitgion are
model geterH\lned in step, 5; 8. The training of video event detection using

th& GIVEEMEIIPiRe SHHRS S s Qhmaediareibenindungty ghdiifell format, for
cofoputacrepvesentatien ohfhesavidaaayent detectors is saved. This

step carries out the recognition process as dictated by
An example embodiment of the invention entails the following systematic steps to

build a system for video event detection and indexing:

1. The video events to be detected and indexed are defined;

2. The audio and visual keywords that are considered relevant to the spatio-
temporal makeup of the events are identified.

3. The audio and visual features that are likely to be useful for the detection of the
audio-visual keywords, that is those that are likely to correspond to such audio
and visual keywords, are selected;

4. The mechanism to extract these audio and visual features from video data, in a
compressed or uncompressed format, is determined and implemented. The
mechanism also has the ability to partition the video data into appropriate
segments for extracting the audio and visual features;

5. The mechanism to associate audio and visual features extracted from segmented

video and the audio and visual keywords obtained from training data, based on



step 6. 15 The above steps in the example embodiment provide a

V-shape process: top-down then bottom-up. The successful execution of

the above steps results in an operational event detection system as

depicted in Figure 1, ready to perform detection and indexing of video
woents/Assehematic diagram illustrating the processing 20 achiecivsadans
video event detection is shown in Fiure 2, for the example embodiment.
There are 3 layers: features 300, audio and visual keywords (AVK) 302,

and evens:80stdfeeatunpsrextrhttadifiony vided ségenentsiare! fachietented. The

earned el (Roicaifg o, 3R SLAYIS AR NEES malsfing, f video

features and model teatures may take place and other decision making

step§: Copplsekasisal inaweltho sustie sk viren dsimsaedniaphinddan icatedbased
at 308) gre dagaivaece:beheanriheAk 308 aRthaventsci4isT adiieile and
the example embadiment further, an example. processing based on .
occor VRIETE Rk Hise AOSERST oS AREFURRSTo (& BOTRE 24 sl opize the
of visualikegtivordsaxecddfinesufio sodcennlideysoftomdhe fotukdf the

Cam?.faﬁ@%&%g&f@ﬁ@ﬁﬁ&“&ﬁf&aﬁa?%‘ SPAULLY ﬁXYf?% te M8YALS audio
keywords are WO 2005/076594 PCT/SG2005/000029 11 cflassified into

two catég8risyakistrgis SPREATT Hap ROTPHIF EpFrashiatiag @4 these audio-

keywordgs(EpkigekdiRionmers ss Al Viation iraksivmimnelR st W based
Far view of hjlf field FH gli?r view gélaudien e FA View from behind the
I 0

1Goal G PSLENNES RS ARSI Body visible)
- 8. The training of video event detection using the outcome of the audio and visual
detectors is carried out and the computer representation of these video event
* detectors is saved. This step carries out the recognition process as dictated by
step 6. '
15
The above steps in the example embodiment provide a V-shape process: top-down
then bottom-up. The successful execution of the above steps results in an operational
event detection system as depicted in Figure 1, ready to perform detection and
indexing of video events. " A schematic diagram illustrating the processing
20 arcﬁitecture for video event detection is shown in Figure 2, for the example
embodiment. ’fhere are 3 layers: features 300, audio and visual keywords (AVK)
302, and events 304. Features extracted from video segments are fed into learned
models (indicated at 306) of AVK 302 where matching of video features and model
features may take place and other decision making steps. Computational models
25  such as probabilistic mapping (indicated at 308) are then used between the AVK 302

and events 304,

To illustrate the example embodiment further, an example processing based on a
soccer video is described below with reference to Figures 3 to 5. |

30
A set of visual keywords are defined for soccer videos. From the focus of the camera

and the moving status of the camera point of views, the visual keywords are



Close-up view (inside field) IF Close-up view ed e field) EF Close-up

view (outside OF field 5 Table 1 Static visual keywords defined for soccer
videos Figures 3A to 3F show the key frames of some exemplary static

visual keywords, respectively: far view of audience, far view of whole

fidf@ PR Of half field, 10 view from behind the goal post,relose:is/0006029
view (inside field), and mid range vieW! Generally, "far view" indicates that

the game is playing and no special event happens so the camera
capturdSHIFAdIoTE falegEsowatie ihleksiarasiof Tablgdined Midamic visual
range hdgwsrigaicadly mdicates the potential defense and attack so that the
camera 15 captures players and ball to follow the actions closely.

"Close-up view" indicates that the game might be paused due to the foul

or the events like goal, corner-kick etc so that camera captures the

players closely to follomeiRairgemotions and actioNS KEYVERT;
Abbreviation Still cafifesiavzV dyaMigeGanera VIV Fagegoving FM
camera 20 Table 2 Dyhawiwistalfiirywvords defined TegSoccer videos
WO 2005/076594 PCFG2OQH/0Y 12 In essence; gJynamic visual
keywords based on imétionffeatbebmdnibgexample enggodiment intend to
describe the cameralpsbtion. Generally, if the game is in play,|the
camera always followdiidadbadi vitthexhaine is in breakyfive camera tends
to capture the peoplebRfitiasgdene. Hence. if the camera moves very fast,
it indicates that 5 eith&reFeup-liey tirsidadioldy fast or the players are

running. For exampl HEaviens (s idiffeo segmeE if the camera is
moving, it indicates hééi )é“@é(l‘ﬁ@ {gutside OF
5

Table 1 Static visual keywords defined for soccer videos

Figures 3A to 3F show the key frames of some exemplary static visual keywords,
respectively: far view of audience, far view of Whole field, far view of half field,

10 view from behind the goal post, close up view (inside field), and mid range view.

‘Generally, “far view” indicates that the game is playing and no special event happens
so the camera captures the field from far to show the whole status of the game. “Mid
range view” typically indicates the potential defense and attack so that the camera
15 captures players and ball to follow the actions closely. “Close-up view” indicates that
the game might be paused due to the foul or the events like goal, corner-kick etc so

that camera captures the players closely to follow their emotions and actions.

Keywords Abbreviation
Still camera ST
Moving camera - MV
Fast moving FM
camera

20
Table 2 Dynamic visual keywords defined for soceer videos



playing and the camera is following the ball; if the camera is not moving, it

indicates that the ball is static or moving slowly which might indicate the

preparation stage before the free-kick or corner-kick in which the camera
“tries to capture the 10 distribution of the players from far. Three audio

kaywosdscase defined for the example embodiment: "Plain” ERD)sa2005/000020
"Exciting" ("EX") and "Very Exciting"t¢"VE") for soccer videos. For a
description of one technique for the extraction of the audio keywords,
referéneesisnadertonls Kengvikaiviids anddChangshiengoiureEficidnt example

Multi %lrﬁg t%%%cg rA&é tic _Soccer.Highlight Generation:'..in ..
oo RER R o O e FAEEL CLARAN BERRIALS v gagne is in

20045123 V| gree Sl vzgsto i ikt DBIOAL e rawrielieinihreaki the camera tends to

Compayr-SRE IIYpISB M OpdRROER 182 R eI By dh ScP RGNS i cates that
Which%red%?[te y. incorporated by cross-reference. 20 For the first step of

proc&Y8H SNPIR B 'irweﬁﬁ RENGERIG USRS parHiamRlg given a
using‘farcolou? histegsagmappidaich ¢anibe viden ditgain iiolisegment videgame is
stream j: i S IS- i daries are inserted..

S B T OO R BB IS it
the stgt thtobeHogers seampenss evshlyvineh mighhmicpteTdefpiaparation stage

will befuithetesegmpiiedintordeNidao SeamRMSheoHAne eaeh N hifure the
nd, iﬁﬁlch video ntis Iab(:ged with one static visual keyword, one

e
VnafHEORIER o %\%Y%fﬁé‘%’ﬁ %udio keyword. With reference to Figure

4, for static visual keyword classification, first all the F- 30 Frames 400 in

L V’Hﬁé’esﬁﬂﬂflﬂ&%‘ér 9%@?&%%&@&%89%5%{?%@”%%&%@&@ FER (b,

402 by setting all the edge points into white p and other pointsinto
black p¥fitae” Alse: a\mnd% Peptdraingd( afe ¢ Shvereserititdeesl Sebasserription
blnaf&fmﬁé)”&aﬁ:ﬁdtﬁﬁ 464 day ¥I¥@a&€295_ éﬁmébgrﬁdl’iﬂ@%@_ %5{&@&389 id hade to
apping all t ominant color pojnts ack points and non-dominant |
O BB 5 b RS Tl S R B e ot
step daEani ghiolR Egienstioh Inie fast{RIDLs) ofithierthtoptd iogfiettamab attern
are 5%&«15‘5‘?{2&%9 ﬁb‘?ﬁ?&ﬂj - 4 RIAYe WP Ek‘ﬁ%g&h‘éﬁsﬁt%@,aé% §idge, UK. IEEE
classifiers'and some decision rules are applle to
Computer Society, ISBN (-7695-2128-2, pp. 973-976, the contents of which are
hereby incorporated by cross-reference.
20
For the first step of processing in the example embodiment, conventional shot
partitioning using a colour histogram approach to the video stream to segment video
stream into video shots is performed. Then, shot boundaries are inserted within shots
whose length is longer than 100 frames to further segment the shot into shorter
25 segments evenly. For instance, a 150-frame shot will be further segmented into 2
video segments, 75-frame each. In the end, each video segment is iabeled with one

static visual keyword, one dynamic visual keyword and one audio keywo'rd‘

With reference to Figure 4, for static visual keyword classification, first ali the P-
30 Frames 400 in the video segment are converted into edge-based binary maps at step
402 by setting all the edge points into white points and other points into black points.
Also, all the P-Frames 400 are converted into color-based binary fnaps at step 404 by



5 the position of the playing field and the properties of the ROIs such as

size, position, texture ratio, etc at step 410 to label each P-Frame with

one static visual keyword at step 412. Each P-Frame 400 of the video
segment is labeled with one static visual keyword in 10 the example
wobadiment. Then, the static visual keyword that is labeled g th& 2005000029
majority of P-frames is taken as the 8tatic visual keyword labeled to the
whole video segment. For details of the classification of static visual
keywmﬁﬁﬁgfeneﬁeedmmde cbdOf Upbintd<ang , blad-lHviee kid #Qh-J@dinant color

Mohan, %/g dK hal!}in%h%ﬂgn ?% I‘Rgdg nﬁ ff ¥i| lé?‘éaﬁgm L lﬁ?‘tsjt%“%é and the

SOC(,Pel oceedlngs (0] attern 1 ecogniuon
(|CP&°2@@aprR§h@@@ w@h%thmgi%t@)@ﬂld@sﬁﬁmﬁjwn@meq@ Btep 408.

COWH&%&S&@@% beBRRr 8804 2881 1RPs 8RDs8R3 ,d@&?sféﬂmﬁ&tﬁr@fapphed to
which are hereb mcgrpogaéﬁ%by cross-reference. Similarly
t

CalciSRIGHO8 Aitd %f‘nf’ ™ JFf dRS/PERBH TR ‘H%%‘Bé‘*r%ﬁ%t?&? ppsition,
vectorstuvitiindifferantgiréidiianisbgions: dFrine: avidrage sasignitudelefalrd at
the m %vectors each video segment is labeled with one dynamic

visual keyword in the example embodiment. For the audio keywords, the
audio stream is segmented into audio segments of same 25 intervals.

Next:toe @@mm@@umwggmﬁagtbém&aev@meesg%@lmmj&@}%d in
udig segment are calculate hen smce the Ier;%h of the audio

1o grifin TR C Sy 'S WartHe Yiup %Wé?h‘%?‘tﬁ% Vel to the
segmestthé Riflemsegtabot is thset}itas\mlseabaweegmmd}thwhoie video

aver Cl i yc I i ma

e B A AT DR e
' one Hid-kejveeEd aedansg . tRe Mré@@é&&téﬁ%ﬁ%&h%@@g Xy,
videoveR@ment-¥Wa ZAREALESMBCHEE2R0ROQ0049; 4 Tt on Pattern

I bodi tistical model df t detection. M
Lo bRty B Nod e e
ordeCtonmiete Gdtietg OEEVaRT s T IZaky. BI6-AAK hequaneds dhiathich are
followeéhg goal ey r%\/%@eté ?@?gﬁl% QP AVK pattern. Generally, after the

goal, egame pause of a wh

Similarly, by calculating the mean and standard deviation of the number of motion
20 vectors within different direction regions and the average magnitude of all the
motion vectors, each video segment is labeled with one dynamic visual keyword in

- the example embodiment.

For the audic keywords, the audio stream is segmented inte audio segments of same
25  intervals. Next, the piich and the excitement intensity of the audio signal within each
audio segment are calcuiated. Then, since the length of the audio segment is typically
much shorter than the average length of the video segments, the video segment is
used as the basic segment and the avérage excitement intensity of the audio segments
within each video segment is calculated. In the end, each video segment is labeled
30 with one audio keyword according to the average excitement intensity of the video

segment.



5 (around 30-60 seconds). During that break period, the camera may first
zooms into the players to capture their emotions and people cheer for the
goal. Next, two to three slow motion replays may be presented to show

the actions of the goalkeeper and shooter to the audience again. Then,
tNEFOUTE BFthe camera might go back to the field to show thecesseitiong/neoo2e
emotion of the players again for severhl seconds. In the 10 end, the game
resumes. Generally, a long "far view" segment indicates that the game is

in plajiafiel SXambit crapedEnensaghintintics! sontistiisesseddor durnigdatbrdak. More
With reteieeeia deigvaitoy NRYROHMS LR SXIRAIRE IVREEBIRE, order to

embodli by detecting four or more, 15 consecutive "far view" video

seg mg?l%%;&‘ 5. %;6 ¥ %?L%?B‘é%%n G VBoseqpencesiat il kbs R vents
sequehe isnsibarinel fraarth &begatiyingi¢o tegesidthe guantiallypa\¥VOLR @ while
"far VieWnse 906t S da20hiS; in the brake portion 502, a.portion
that sgyr%s from the?i%%dr%réﬁﬁgﬁ\%%ig%%gﬁ? @’O%’%hcéa%%rﬁenrm %%MS nto

at the BV BIsIoe rRISTREj soHitpnisaad paeniskhert ferfiteomdlaNexhteako three

portianosOfofin plabsankyppetioas e asiaRwAHLIQ MRV HOR AR HREDer and
tions. For each break portion, the

to further extract excjting break por
P e ALei PRCIT Ares BEibe s rreat gorskso the
are ceipircthodethotexcimgymaiod ViEttmpEhes exeitemesiatgnsity:@edn th

gxcitemeptdpignsibygto of this break portion is computed 25 as: :
Excitement = 2 x VE,,,,, + EX,,,, Rath, = Excitement (2) Length 30 where

Length is the number of the video segments within the break portion. WO

2005/6:50%,RAJHS GRP0RAO0002 1t 5 seiting: %Eegﬁﬂédé {8Mplay and a short

excitement intensity ratio (r"ab) and excitement intensity_ (r, <) _
respec?]lv‘éﬁ/\,vthsg%x&?ﬁa brag %rﬁ%‘ﬁjscg‘féngﬂrgﬁaé‘d. iboreEaRtr Y iebigure S,
segnidt, Reveostatie wisnadtkd yuvdrd epmepty parbidivishabielsnorsiandQRenore

pudiokennprd are lapgled indhsgxamele emppdiment lpcluding the o) 4,
length of po o& - e
static visual keyword sequence is scanned from the beginning to the end sequentially.

When a “far view” segment, e.g. 504 is spotted in the brake portion 502, a portion
that starts from the first non-“far view” segment 506 thereafter and ending at the start
of the next play portion is extracted and regarded as a break portion 508.

20
After break portions extraction, audio keywords are used to further exiract exciting
break portions. For each break portion, the number of “EX” and “VE” keywords that
are labeled to the break portions are computed, denoted as gy and yg . The

excitement intensity and excitement intensity ratio of this break portion is computed
25 as:

Excitement =2xVE__+EX, ( }‘ )
v Bt @
Lengih

30 where Length is the number of the video segments within the break portion.



the video segment, a 13-dimensions feature vector is used to represent
one video segment. Defining 12 AVKSs in total, the first 12-dimensions
correspond to the 12 AVKs. Given a video segment, only the dimensions
that correspond to the AVKs 10 labeled to the video segment are set to
woe@nd7gather dimensions are all set to zero. The last dimewsignisssadze
to describe the length of the video ségment by a number between zero
and one, which is the normalized version of the number of the frames of
the video segment. 15 Hidden Markov Model is used for analyzing the

S€q g’ tsgju t%x‘@si%%s ?teglg})[% Jie) ensrpi r-!a_.’yi\éo five- tatc? égfgtgl en% intensity
HM are used to mo e e exciting brea portl goal even

(goal modeheapetivithotiegoal gt dhgorgomd mdﬁlrhcre&pectlvely Goal
model likelihood is denoted with G and non-goal model likelihood with N

hereafter. Observations sent to HMMs are modeled as single Gaussians
B thEoRehelxaidelecgmbadimenttinviyad tieewdid daeubaddoe HdM keyword and

modelrn erenc is d S.Youn e , ers

Voot SRR, SRSl WAt o SIREND e TiE el of
HTKtb‘?)dldeveiﬁsﬁqu&Z ButhnerSipeedbrGro e R002 tisd A5 reprewsntsopé video
which arehersbiiReorPoigied Ry &S efrienegi dgiiabMalles ol the 12

the parameters of the HMMs are estimated by repeatedly using Viterbi
aligrineht t51 S8y tneAE e ErATAnG O RrvHRSAS Ad Ak FOFEBRTT g eV Es
1paranteledsdhponlingethsveatorstin eachstgnentibbedoBaauN\loh zero.

algorithm is used to.re- estimat the rameter he HMMs. Fo
o e R S e T R e
botht@iseemanss arbione sdjcthis Jearemshizes spotiet] alitimumbsestiingrames
breakrppriiondfdisSade bigger than its N. WO-2005/076594
PCT/SG2005/000029 16 Six half matches of the soccer video (270

minutes, 15 goals) from FIFA 2002 and UEFA 2002 are used in an
Iexameﬁn}bﬂﬁméﬁb&h@&mdefovidﬁﬂw&ﬂg dieineMBHEGE- Higimathe example
352x288 pixels, 25 fr econd. uenc of four half matc

are Ia[Be?&) auiofrra |cal?” nt?:%q]ﬁ%g) ﬁ\(%\r}?ﬁ usegsfw ga\}et exc*fmge%eak
onlypweqmm@llgclaibermo(meremdﬂb gaduew@estogqa&oehalf (non-goai model}

respectively. Goal model likelihood is denoted with G and non-goal model likelihood
with N hereafter. Observations sent to HMMSs are modeled as single Gaussians in the

20 example embodiment.

In practice, HTK is used for HMM modeling. Reference is made to S. Young, G.
Evermann, D. Kershaw, G. Moore, J. Odell, D. Ollason, D. Povey, V. Valtchev and
P. Woodland, "The HIK book” version 3.2, CUED, Speech Group, 2002, the

25  contents of which are hereby incorporated by cross-reference. The initial values of
the ;;arameiers of the HMMs are estimated by repeatedly using Viterbi alignment to
segment the training observations and then recomputing the parameters by pooling
the vectors in each segment. Then, Baum-Welch algorithm is used to re-estimate the
parameters of the HMMs. For each exciting break portion, we evaluate its feature

30 wvector likelihood under both two HMMs and we say the goal event is spotted within
this exciting break portion if its G is bigger than its N,



matches with 6 goals. For the purpose of cross validation, for each one of
the four automatically labeled AVK sequences, the other five AVK
sequences are used as training data to detect goal event from current
AVK sequence. 10 Exciting break portions are extracted from all the six
RoRrwaetuences automatically by different sets of threshold settii@sodfooszo
the example embodiment, best perfdfmance was achieved when the
thresholds ofT,,, and TE,,,. are set to 0.4 and 9 respectively (Table 3). 15
Vide 33 daliCurides Mishd-aiserlaten PYECisiontRe ¢alleakRiesn3F3rA 002 and
100% e L 0% LIVvs LEV 1100
1009 F00 DRA VS B 1L 0'L'80%, TUBV et ' T RoYE TBogs o
TabldBRéduierorgenrantaiiin 1T fargsiserend, =9) The method and
system of the example embodiment can be implemented 20 on a

comp, system 80 atic shown in Figure 6. It ma
|mple‘¥n{§% SRS C‘F}%@‘ S@dﬁ%ﬁh’f&@ﬁ‘ﬁ@%ﬂcﬁﬁn&éﬁ%eﬁﬁécﬁ“’ half
wuthumﬁh@esmmptﬁ@oéysmm 86CGnanci!ipstbid ting tha@mmamyﬁs&em‘&w haif

to copduetthe:;methgd ofthe.e | WO 005/07659
PCT/SG2005/000029 17 The ¢ uLt%eggé/%sgtgsm E°€m§ﬁ§§°9 one of the four

comptematisatiye! Sudimpyk ﬁ?ﬁéﬁ‘l’é@ss@«’m @heg Regho¥id Sadcars nroused as

806 amthivplistalitydef-oudpalt Henigesm eI 2isalay808, and printer
10. 5 The computer module 802 is connected to a computer network 812

via a suitable transceiver device 814, to enable access to e.g. the Internet
or otfaritrehbdk wsﬁemmdmasttd)ﬁahmﬁaﬂ‘deiw@rkI(Ls%E;i)eﬁfééV&de)matmaﬂy

Areaﬂy%ﬁ\ff&@ﬁt sets of threshold settings. In the example embodiment, best performance

was achieved when the thresholds of Touw &0d T, are set to 0.4 and 9 respectively

{Table 3).
15
Video Goal | Correct | Miss | False Alarm | Precision | Recall
GER vs 3 3 ] 0 100% 100%
ENG
LEVvsLIV |4 g 0 0 100% | 100%
LIVvsLEV |1 1 G 0 100% 100%
USAvsGER | 1 1 0 I 50% 100%
Total 9 9 0 i 1 90% 100%

Tabie 3 Resuit for goal detection (Teern ™04, T,

Exeirement

_mg)

The method and system of the example embodiment can be implemented
20 ona 'computer system 800, schematically shown in Figure 6. It may be
implemented as software, such as a computer program being executed within the
computer system 800, and instructing the computer system 800 to conduct the

method of the example embodiment.



(WAN). 10 The computer module 802 in the example includes a processor
818, a Random Access Memory (RAM) 820 and a Read Only Memory
(ROM) 822. The computer module 802 also includes a number of
Input/Output (1/0O) interfaces, for example 1/0 interface 824 to the display
803 pavididtx interface 826 to the keyboard 804. 15 The comporRenissaneo2e
the computer module 802 typically d@mmunicate via an interconnected
bus 828 and in a manner known to the person skilled in the relevant art.
20 The applibatiom prgyatcs: yploatinsigzs lechtothierusedwb the2, input
COMPLIRL Y SERM: 0% £AGAALHAN AR UG IR RYLE BBl devices
CD-ROM or floppy disk™ and read utilising a corresponding data storage
meditifidiveltPian 208 storarfentaeditd 830. The application program is
read and controlled in its execution by the processor 818. Intermediate
torage of program data maybe_ accomplished, 25 using RAM 820. It | .
Toted ot (hE SREMETE RRIRIEE EAREAREAET AR TP PRRU NG via o
descsibedinttisdeiventiovicy/ 8libus ateptatimessand.maobkficationsofother
Inveianomade Mg SELANA S RaRG QL REARYRRURE"E OPONR IR
those skilled in the 30 art. Therefore, it is intended that the appended
claim@¢®Ver all such variations and modifications as come within the true
spirit and scope of the invention. PCT/SG2005/000029 is Received 5 May
006 CLAIMS What is claimed js: I. A method for, use in indexing vig¢
Botage, e GBS A G B AL AR SRS S GHER BREPEor 206, o
corrddpoiingcaos dsigoeat (Blaivip&20thedmBgadsiyialbyi¢hory@bdd) 822.
compiisingpexracingeudia eatiuradon b ardiesianelalagaments
of the video footage and visual features from the image signal of the
Segdfgﬁfgaeqs[*f@r\ﬁa@@ple .D'O_ interface 824 to the display 808, and /O interface

826 to the keyboard 804.
15
The components of the computer module 802 typically communicate via
an interconnected bus 828 and in a manner known to the person skilled in the
relevant art.
20 The application program is typically supplied to the user of the computer

system 800 encoded on a data storage medium such as a CD-ROM or floppy disk
and read utilising a corresponding data storage medium drive of a data storage
device 830. The application program is read and controlled in its execution by
the processor 818. Intermediate storage of program data maybe accomplished

25  using RAM 820.

It is noted that this example embodiment is meant to illustrate the principles
described in this invention. Various adaptations and modifications of the invention
made within the spirit and scope of the invention are obvious to those skilled in the
30 art. Therefore, it is intended that the appended claims cover all such variations and

modifications as come within the true spirit and scope of the invention.



footage, each segment comprising a plurality of frames; 10 - comparing
" the extracted audio and visual features with predetermined audio and
visual features associated with predetermined audio and visual keywo
- identifying the audio and visual keywortis associated with the video
footage based on the comparison of the extracted audio and visual
features with the predetermined audiclabAsual features associated with
the predetermined audio 15 and visual keywords; and - determining the
presence of events in the video footage based on the identified audio and
visual%@ﬁmﬁéﬂwésié‘ciated with the video footage. 2. A method according
to claim %, fusther samerisingartifioning #ie.image signak.20and thei.
audio signal into visual and audio sequences, réspectively, co%respo%‘?n&
to'the selAghRBrARIAFOE ToRiNE pity sicasltralating théha kg asignals, the
visual featdies dhapeiam. 3. A method according to claim 2, wherein the
audio sequences .overlﬁg. 525 4. A method accordin% to claim 2 or 3, ‘
wherein the SisaT e iah SRS HaR. Bepttiaieal cobrammess dify temaideo
of claimd@tagd awheisein feeuparfitionihe infagd stialand i dig et OAGRS Hideo
based o QLs enfation or using a.,sligh 0 window of fixed or
variable?%%%?Eé&%ﬂ%%‘%%?ﬁ?ﬁ?‘?ﬁqﬁmg‘%% $005/000029 19
Keceived 5mEye0np s isiedrvdiacodrtimgtécamomiiopekimsdtel Budio
wherein dhe-angiGansvissaliipates AR LMAME 0, CHATACE! S AL
and visual sequences, respectively. 7. A method according to any one of
the precedi %%%%?M%W&W@W’M% frrevideo dpetage
or more tefedens die s-oalpatch oo MEoBx kRl QXIIEd SRARE falGes with the

_.outcome of-1 gion egmentation, ohject recognition, and text recognition.
L ' g bt i :
8. A metho acconr?%nggf}g 51%"636%? %ﬁ%’é%?é%gémﬁé]m Rbpisienmiged audio
Bxtracteghd visual keywords; and ' .

- determining the presence of events in the video footage based on the

T/SG2005/000029
eceived 5 May 2006

identified audio and visual keywords associated with the video footage.

2. A method according to claim 1, further comprising partitioning the image signal
20 and the audio signal into visual and audio sequences, respectively, corresponding
to the segments of the video footage, prior to extracting the andio and visual

features therefrom.

3. A method according to claim 2, wherein the audio sequences overlap.

25 ‘
4, A method according to claim 2 or 3, wherein the visnal sequences overlap.
5. A metho_d according fo any one of claims 2 to 4, wherein the partitioning of
visugl and andio sequences is based on shot segmentation or using a sliding
.30 window of fixed or variable lengths.
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10 audio features include one or more of measures related to linear

prediction coefficients (LPC), zero crossing rates (ZCR), mel-frequency

cepstral coefficients (MFCC), and spectral power. 9. A method accordmgr/sG2005/000629
to any one of the preceding claims, Whe}rgin, to effect the 15 comparisRReejved 5 May 2006
relationships between audio and visual féatures and audio and visual

keywgrds gieprexiousy extalished, 10: fmeihed agearding 19:AaIM 91ena

wherein‘the re ationstrnp_ are p}FeV|ou§Iy estabilsﬁ’e via machlne_(iearning
methodSeRorasiarpenatitsd erirordieny coredairant 01w sraiisntre, mysreltirety.

learning methods used to. establish the relationships are unsupervised.

12. A method according to claim 10, wherein the machine learnin

methd<BERLB 20BN IHRPATBHBFPE Re LUPeregin §o Axracted

neethod aeereingrie ianyanRLsthe Ry acatingreladRs W RIRIBL, color, texture,

determining the presence of events in the video footage comprises L
detectiné“@?&eoa%%e%mﬁgcfﬁdfﬁﬁlﬁ SHRINARSY B PR B s eBREn

a probabsistinitwrfuzzy profile of 30 the audio and video keywords.

Amended Sheet IPEA/AU PCT/SG2005/000029 20 Received 5 May

2006 14.,A. method according to claim 13, wherein, to effect the

determidatisithae kgodsHijs Batweenihes aueiedinsdolioemHeyoottle exiracted

fyofiles apgthe:Mideo euentsarePHeMo U eataklisher B SifMeihadio

according tg claim 14, wherein the relationships between the audio and
visual kEFRTEFEToflfedandFife VitRSSBFe MHERrd PrBuio iRy EeRmEhsgpste!

via ma@a&moﬁﬁﬁﬁm@@m@g@é&%mﬁhod according to claim I5,
wherein the machine learning methods used to 10 establish the
relationships between audio-visual keyword profiles and video events are
probébilistiesthag edcording to any one of the preceding clatms, wherein, to effect the

15 cormparison, relationships between audio and visual features and sudio and visual

keywords are previously established.

10.A -method accerding to claim 9, wherein the relafionships are previously
established via machine leaming methods.
20 _ ‘
11. A metho¢ according to claim 10, wherein {he machine leamning methods used to

establish the relationships are unsupervised.

12. & method according to claim 1€, wherein the machine Jearming methods used to

25 establish the relationships are supervised.

13. A method according to any one of the preceding claims, wherein determining the
presence of events in the video footage comprises detecting video evens
according to a predefined set of evenis based on & probabilistic or fuzzy profile of

30 the audio-and video keywords.
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17. A method according to claim 16, wherein the machine learning
methods used graphical models. 15 18. A method according to claim 16,

~ wherein the machine learning methods used are techniques from PCT/3G2005/000029
syntactic pattern recognition. 19. A meth,)od according to any one of theg g.e:vad 5 May 2006
preceding claims, wherein the extracted>%0 visual features are compared

with visugl keywords and extracted audip features are compared, with, .
o Co RS BR 1L of S4th Sl S0t Theed adkoRRAEHgecon
any one ofigiahsidnt betwgsmihe reiioanitacted hejtiordndiisuakiféatvides events
are compgg%gewg&w\%)ﬁggeg} a synchronized manner with 25 respect to
a single set of audio-visual keywords. 21. A method according to any one

of the preceding claims, further comprising normalizing and reconciling

the outeomep{dhe-reaits ©fdBg.campaise thdRIWRRRIBERM AR ®E audic and
features anda}he audio and visual keywords into a 30 probabilistic or.

fuzzy proftie>ARTERARIRENEET TRE Ria e FIEes2 6050003y Sebiished vie
Receivediadiay 200G s 22=thodaethod according to claim 21, wherein the
normalization of the outcome of the comparison is probabilistic. 23. A

method according to claim 22, wherein the normalization of the outcome

of the 16 soneimdstnondios theleioft haxtkreiotion nRvhisenrathing aetordinggd to

tgelaim 24 bergin tbeamalization.of fag.cuicome af e Lompaisotiie,

is fuzzy. 10 25. A method according to any one of the preceding claims,
wherein &P BUAEIRESLaNE-Pestits of the comparison between the
extracted features and the audio and visual keywords is distance-based

or similarjty-based. 26. A method accor ing.to any one of the_precgﬁwip
claimd. TP RO AGHEIRE 15 tATrorTG AL B TGRS JFaRt g el
the presenghicd ewvefads. into a meta-data :
15

18. A method according to claim 1€, whersin the machine learning methods used are

techniques from syntactic patiern recognition.

19. A method according to any one of the preceding claims, wherein the exiracted
20 visual features are compared with visual keywords and extracted sudio features

are compared with andio keywords independenily of each other.

20. A method according to any one of ciaims 1 to 18, wherein exfracted audio and
visual features are compared with keywords in e synchronized mammer with

respect to a single set of audio-visual keywords.

)
[

21. A method according to any one of fhe precedmg claims, further comprising |
normalizing and reconciling the outcome of the results of the comparison
between the exiracted features and the audic and visual keywords into a

30 prob abilistic or fuzzy profiie. |
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format, binary or ASCII, suitable for retrieval. 27. A system for indexing
video footage, the video footage comprising an image signal and a

‘ corres!o(.)nd.ing audio signal relqting to t‘he image signals, the syste_m 2 ;T;’SGZGOS/OOOOZ‘}
comprising: - means for extracting audio features from the audio signal ved 5 Mav 2006
segments of the video footage and visugifeatures from the image sign catve 2y
of the segments of the video footage, each segment comprising a
pluralit§Zoffreathes aeomaansdetatorhh avirgeth ¢he xtracibichAodid dadwisaalof the

features vgmpé%ég? Mﬁl&g audio and visual featur_es a;sqciated with
predetermined audio and visual keywords - means for identifying the

audio and visual keywords associated with the video footage based on

the comparisensf b axirasiegviceq.andiyigual deares Wit NS eome of the

predetermined audio and visual features associated with the 30

preédeterniRRIE0BILEhs el A RRIHeR; and - means for determining

the presence of events in the video footage based on the identified audio

B Al e O S SRS ot e

comparison is fuzzy.

10 25. A metbod according to any one of the preceding claims, wherein the outcome of
the results of the comparison between the extracted features and the audio and

visual keywdrds is distance-based or similarity-based.

26. A method according to any one of the preceding claims, further comprising
15 transforming the outcome of determining the presence of events into a meta-data

format, binary or ASCII, suitable for retrieval.

- 27. A system for indexing video footage, the video footage comprising an image
signal and a corresponding audio signal relating to the Image signals, the system
20 COMPIISINg: | |
- means for extracting audio features from the audio signal of segments of the
_ j)ideo footage and visual features from the bmage signal of the segments of the
‘video footage, each sogment comprising & plurality of frames;
- means for comparing the exfracted andio and visual feamres with
ZS px_‘edstmnined audio and visual features associated with predetermined audic and
visual keywords
- means for identifying the andio and visual -keyﬁvards associated with- the
“video footage based on the comparison of the extracted video and visual features
with the predetermined audic and visual features associated with the
30 predetermined andio and visual keywords; and
- means for determining the presence of events in the video footage based on

the identified audio and visual keywords associated with the video footage.
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