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relates to automatically sumari zi ng digital nusic
raw data for various applications, for exanple
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utormtlca create text, speech and

bamerhanilies mMisiced isdiribatiomat i on, however, refers to
determ ning the nobst conmmon and salient thenmes of a
given nusic that may be used as a representative of

BACKOROUNDd readily recognised by a listener.
Conpared with text, speech and video sunmarization,
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eldatentsoofran atiginal agntdnt in large-scale information
organisation and proceéssing. So far, a number of techniques have
been proposed and developed to automatically create text, speech
and video summaries. Music summarization, however, refers to
determining the most common and salient themes of a given music
that may be used as a representative of the music and readily
recognised by a listener. Compared with text, speech and video
summarization, music summarization provides a special challenge
because raw digital music data is a featureless collection of bytes,
which is only available in the form of highly unstructured monolithic
sound files.

U.S. Pat. No. 6,225,546 issued on 1 May 2001 to
International Business Machines Corporation relates to music
summarization and discloses a summarization system for Musical
Instrument Design Interface (MIDI) data format utilising the
repetitious nature of MIDI compositions to automatically recognise
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The publication entitled “Music Summarization Using Key

Phrases” by Beth Logan and Stephen Chu (IEEE International

Conference on Audio, Speech and Signal processing, Oriando, USA,
2000, Vol. 2, pp. 749-752) discloses a method for summarizing
music by parameterizing each song using “Mel-cepstral” features
that have found a use in speech recognition applications. These
features of speech recognition may be applied together with various
clustering techniques.to discover theAsong structure of a piece of
music having vocals. Heuristics are then used to extract the key
phrase given this structure. This summarization method is suitable
for certain genres of music having vocals such as rock or folk music,

but the method is less applicable to pure music or instrumental
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musi c. Another feature of an enbodinent is to use
adaptive training algorithmto design a classifier to
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classical, jazz, pop, rock or instrumental music. Another feature of
an embodiment is to use adaptive training algorithm to design a
classifier to identify pure music and vocal music. Another feature of
an embodiment is to create music summaries for pure and vocal
music by structuring the musical content using an adaptive _
clustering algorithm and applying domain-based music knowledge.
An embodiment provides automatic summarization for digital
audio raw data for identifying pure music and vocal music from
digital audio data by extracting distinctive features from music
frames, designing a classifier and determining the
classification parameters using adaptive learning/training
algorithm, and identifying music into pure music or vocal music
according to the classifier. For pure music, temporal, spectral

and cepstral features are calculated to characterise the



digital audio data by extracting distinctive features
fromnusic franes, designing a classifier and
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adaptive learning/training algorithm and identifying
music into pure nusic or vocal music according to the
classifier. For pure nusic, tenporal, spectral and
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wherein the summarization is dependent on the selected
category. ‘

In other embodiments the analyzing step may further
comprise segmenting audio data into segment frames, and
overlapping the frames, and/or the classifying step may further
comprise classifying the frames into a category by collecting
training data from each frame and determining classification
parameters by using a training calculation.

In accordance with another aspect of the invention, there is
provided an apparatus for summarizing digital audio data
comprising a feature extractor for receiving audio data and
analyzing the audio data to ‘identify a representation of the
audio data having at least one calculated feature characteristic
of the audio data; a classifier in communication with the

feature extractor for classifying the audio data on the basis of



training data fromeach frame and determ ni ng

classification paraneters by using a training
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invention, there is provided an apparatus for

summari zing digital audio dat? conprising a feature

extractor for receiving audio data and anal yzing the

RS SabAg e el LSRR R P

cRBYHAG 8Ll 8ELEd ﬁBnﬁQ‘ﬂ RS O t ) éatég@r?é? Hrfd 4 N
cormmuni cation with the feature extractor .
swnmariagmy wanaudnication with Hbeba@ssdfelwtor generating

04/ 049188. 2002/.000 t he rese ati o
arf G GERe Figra L EPEasaPRaBlE ot b kiR AN Sh Sl yhe
dighlaacd @did roamaat whasdint e Gl RGARIrESatisRdisdependent on
summari zer in comrunication with the classifier for
thgepate@Phy Sehﬁﬁ%@é’ci'&eﬁ@ﬁeﬁlfl%present ative of a
SUMyATr j | t t he
su:nl: r(li)grg(%il' %ﬁnlgs Erg%ﬂgge’n ﬁé‘ aﬁp%erg(t:g e@&%g é(;rt ed

colyiptriee @ &% hieattorl im obhﬁm@nhxwlnmanmm tthe fparims us
may further caonprise a segnentor in comuni cation
e ¥ﬁf%é°fé§&ﬁlame>@ﬂa&w§ro e pecksadgeatingAydio data
g d t
intd e g e it o defRipin g the FuiYs YorTRE:
feaheremaﬁratamrnayh@aiplmraimmmay fwrtbbammmmseoem

araneter generator in conmupication w .
o1 BF S B r flor Riapher e eP R L f b CUmiBLY paEiom, afitBythe
cla8gifi 6 Mt e f &0 t e CAllaRATfIE rby 1 LN iFRES IHEH ' tHdGrames
data fromeach frane and determning classification
lnbhrea@@tt@g@rwbu(scﬂﬂe@ttngutnarryng:alai@i tramnepgh frame and
. With
deftef i BRI BEATBE TP aRERTR O ook UsFfigra PRGN

capcavatiet i cthmautaassmc:wtriem pmdmét@p@wﬁéiaﬂ@@

ter sabl e nedi um havin ut er readabl e
g?o rlpjé}ﬁctq;u r}p&mgnﬁ\ Iylcjat a further aspect of the invention, there

is provided a computer program product comprising a computer

usable medium having computer readable program code means
embodied in the medium for summarizing digital audio data, the
computer program product comprising a computer readable
program code means for analyzing the audio data to identify a
representation of the audio data having at least one calculated
feature characteristic of the audio data; a computer readable
program code for classifying the audio data on the basis of the
| representation into a category selected from at least two
categories; and a computer readable program code for
generating an acoustic signal representative of a
summarization of the digital audio data, wherein the

summarization is dependent on the selected category.



enbodi ed in the medium for summarizing digital audio
data, the conputer program product conprising a
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audi o data having at |east on8 calculated feature
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FI1G.2 in more detail in accordance with an embodiment of the
invention;

FIG.5 illustrates a block diagram of a vocal music
summarization of FIG.2 in more detail in accordance with an
embodiment of the invention;

FI1G.6 illustrates a graph representing segmentation of audio
raw data into overlapping frames in accordance with an embodiment
of the invention; and

FIG.7 illustrates a two-dimensional representation of the
distance matrix of the frames of FIG.6 in accordance with an

embodiment of the invention.

DETAILED DESCRIPTION
FIG.1 is a block diagram illustrating the components and/or
modules of a system 100 used for generating an audio summary in

accordance with an embodiment of the invention. The system may



FIGS5 illustrates a bl ock diagramof a vocal nusic

sunmmari zation of FIG 2 in nore detail in accordance
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illustrates a graph representing segnentati on of audio

raw data into overl apping frafes in accordance with an

enbodi nent of the invention; and FIG 7 illustrates a
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su rizers are shown in FIG. 1, however, i}, )
one type o aud% ﬁle, Por example if all the auc5|o }lles only contain

one type of music content, such as pure music or vocal music. FIG.1
depicts two summarizers that may be implemented for example for
two general types of music such as a pure music summarizer 122
and vocal music summarizer 124. The system then provides an
audio sequence summary, for example music summary 26.

The embodiment depicted in FIG.1, and the method
discussed herewith may generally be implemented in and/or on
computer architecture that is well known in the art. The functionality
of the embodiments of the invention described may be implemented
in either hardware or software. In the software sense components,
of the system may be-a process, program or portion thereof, that
usually performs a particular function or related functions. In the
hardware sense, a component is a functional hardware unit
designed for use with other components. For example, a component



wi ||l be appreciated that only one summari zer may be

required for one type of audio file, for exanple if
wabdoshEsgaudi o files only contain one type of PODISG2002/000279

content, such as pure nusic or vocal music. FIG1

depicts two sunmmarizers that Bay be i mpl enent ed for

exanple for two general types of nusic such as a pure

musi c .su rizer 122 dgd vocal nUSJc summari zer 124.
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speakers and the like for output. Generally, each of the input/output

interfaces is connected to the bus by the controller and implemented
with controller software. Of course, it will be apparent that any
number of input/output devices may be implemented in such
systems. The computer system is typically controlled and managed
by operating system software resident on the CPU. There are a
number of operating systems that are commonly available and well
known. Thus, embodiments of the present invention may be
implemented in and/or on such computer architectures.

FIG. 2 illustrates block diagram of the components of the
system and/or method 10 used for automatically creating an audio
summary such as a music summary in accordance with an

embodiment of the invention. This embodiment starts with receiving
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puie méstqm@soglymadsmum SQXB\Hﬂlé catﬁﬂeareﬁnr@apetqaiﬁgory is

nEASNGIATh g0 B Fo e Sha%e g i 4 STl o S 2. For
exbug;eltehqwurteonfwlm sumineatizaéionestep 2&f |seabbvsfrr amelatail in
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de38AYRNERS i passed through a classifier the nusic into
categories,
IG.3 illustrates a conceptual block of a diagram of a

training/classification parameter process 38 of an embodiment to
produce classification parameters 20 of classifier 18 (shown in FIG.
2) in accordance with an embodiment of the invention. In order to
identify a musical content into different categories, such as pure
music or vocal music, a classifier 18 is provided. The classification
parameters 20 for classifier 18 are determined by the training
process 38. The training process analyses musical training sample
data to find an optimal way to classify musical frames into
classifications, such as for example, vocal 60 or non-vocal 40
classes. The training audio 30 should be sufficient to be statistically
significant, for example the training data should originate from

various sources and include various genres of music. The training



such as pure or vocal nusic. It will be appreciated

that any nunber of categories may be used. The
w@bagsidfiscati on paranmeters 20 of the classifipeT/462002/000279

determ ned by a training/cl asﬂ)fi cation process

depicted in FIG 3. Once classified into audio

categories such as pure nusic 40 or vocal nusic 60
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etsano prodate the tlasbiticatioin parammters 20.aAsilyf yuch training

musj cal franes int classificatio such ,as

PS" for
a'@?é’ﬁﬁ_ﬂ‘é Ma &L BBeHr 'W(YH@\’/%ba?Om? iAiging 219¢fithms may be
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statistica Significant, for exanple the training
veddba nshachine braigimatadgbridhm way pesfeonrgesdagiassification

TR AP i e TN e
algBYitRhfs0 PRe IpgiMAYESr e d he ddsxesl Heepetrforaidd only once,

-over | agpl ng frames as di scussed at seg_rrent ation 14 of
byt may, bemerforaedasy admhereaf tisnes; dthepderived
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cepst Icrents, etc., are extr 4 from
claasifidatioms ofheudieatonésnthfaseexdmpleacorf-vacal arepure
features tha{ best characterise a classification, for
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FIG.4 illustrates a conceptual block diagram of an
embodiment of the pure music summarization, and FIG.5 illustrates
a conceptual block diagram of an embodiment of the vocal musicn
summarization. The aim of the summarization is to analyse a given
audio data such as a music sequence and extract the important
frames to reflect the salient theme of the music. Based on
calculated features of each frame, an adaptive clustering method is
used to group the music frames and the structure of the music
content. Since the adjacent frames have overlap, the length of
overlap is determined for frame grouping. In the initial stage,
determining exactly the length of the overlap is difficult. The length

of overlap may be adaptively adjusted if the clustering result is not



for vocal classes that best characterise voca
cl asses. The calculated features are clustered by a

WO e@uia1gs al gorithm 36 such as hi dden Mar kov PoOTI®62002/000279
neural network, and support vector nmachine, etc., to
produce the classification paﬂ&neters 20. Any such
training algorithns may be used, however, sone

idpaT Pt bR uniae A Peam Bl tbe beBesnl c1§iering
algeeihAtis deiskiribk Rla@ofdlWsmay perform good
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cl ass73 j7e7E0N6 Eai @R LYIGe Vv rligesing fiataeti 77,78,79, for
different classifications of audio content, for

exanpPEMREP -Ab%a8s shpupdn MEi% and labediearisifeame with a
FI G 4, i Lhust: bl '
erbod! LT IR 62: 50 ARG Lo SBEbIRIRAAR 18 o frames.

i | usThatssgmentatioapp tededs atlstdpagd2/8d>may also follow the
enbodi nent of the vo nusi summari zati on, The aim
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Basedlmve @ald shaved indaltGu2eandf3each frame, an

daptd ve _clusterin thad js . used to group e sic
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t he asitagenbnfsppaheresperican thddenailr dategory of

overlap is determned for frame grouping. In the |

i ni tiandis: g, forgexamalai thedinear predictiemgoefiicients,
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groupi ng. An exanple of the general clustering

algorithmis described as follows: (1) Segnent nusic

signal, gt =S(‘i9>@.3'}tc§{ A%}éccir Sepoentation (1)

where LPC; denotes the linear prediction coefficients, ZCR;
denotes the zero crossing rates, and MFCC; denotes the mel-
frequency cepstral coefficients.

(3) Calculate the distances between every pair of music frames i
and j using, for example, the Mahalanobis distance:

DM(I-/;:I;I');"[I;}‘Vj]R_l[Vi‘ﬁj] i#j (2)

where R is the covariance matrix of the feature vector. Since
R'is symmetric, R is a semi or positive matrix. R™' may be

diagonalized as R"'=PT AP, where A is a diagonal matrix and P



step 42,62, as shown in FIG 6, into N fixed-|engths
73,74,75,76 and provide overl apping frames 77,78, 79,

wo ov04/0ea88pl e 50% as shown in FIG 6, and | abel peBsG2002/000279
frame with a nunber i(i=1,2,....N), the initial set
of clusters is all frames. Th2 segnentation process
at steps 42,62 may also follow the sanme procedure of
segnent at i rmed, at ot her occura

erf urances .
suchS a0 @stiReRas| Brakbegsasation () mar bessimphbsgein
and (shownof B fIGar is Bind@hsFRIIGREN rame cal cul ate

feature extractions at feature extraction step 44,64

specific to the parti-eul cat egory,of audio file,
for exanpl eD,M([f"%éJD‘IaéEﬁ@V“%E’&?cti on%/‘?'c)oeffi cients, zero

crossing rates, and nel-frequency cepstral
coefSincieentand tR niay rhea closap uted \dire ety from RLPGheZCR;

,MFCO) i ,=1,2,....., N (1) wh PC. d tes the I|i
N RAPISHbE BT ithe: CorButBhen of ts tcidrdlistagee May be

Cr oSedu@ et rdtn @{]@P)M%C@éngi_enot es the nel- frequency
cepstral coefficients. (3) Calculate the distances

: : Lot . O
(A a0 g Rl puRd ot B anGEnif, p A0f-iiR(flongf"
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f the feat ctor.. Si . R1 trjic, R1i
2 serfoRERBLNe B ALty merea Salsu Sl igalidrena ac
R =FdoMiBina4i6hS, Adnter filirAaonde & [ ahd@duBhRat the i,jth
2004/ 049188 PCI/ 5G2002/ 000279 12 is an orthogonal

mat r i &denrguiaof hig D(idhy be sinplified in terns of
Eucl i dean di stance as foll ows:

(5PM V, F &f pabh( fo\af, fwdrjimedioBialcnatrians, H they distance
computed directly fromR-1, the onpl exi t It
compitSTEsn iy fuougames is 168s B3 i Uefined threshola,

for example in this embodiment the predefined threshold is a
value such as 1.0, then the frames are grouped into the same

cluster.

(6) If the final clustering result result is not ideal, adjust the
length of overlap of two frames and repeat step (2) to (5), as
shown by arrow 45 in FIG. 4 and arrow 65 in FIG. 5. For
example, in this embodiment, an ideal result means the
number of clusters is much less than the number of initial |
clusters after the clustering. If the result is not ideal, then
the overlap may be is adjusted by changing the overlapping
length, for example, 50% to 40%.

Referring to the clustering for the specific categories, FIG.4
depicts summarization process for pure/non-vocal music, and FIG. 5
depicts summarization process for vocal music. In FIG. 4, the pure
music content 40 is first segmented 42 into lengths, for example,
fixed-length and overlapping frames as discussed above and then



reduced fromQ(n2) to Q' n). (4) Enbed the cal cul ated
di stances into a two-di nensional representation 80 as
webowo4diss FI G 7. The matrix S 80 contai ns t hBCT/SG2002/000279
simlarity metric calculated for all frane
combi nations, hence frame indbkes i and J such that
the i,jth element of Sis I(i,j). (5) For each row of
nsi onal, Atri
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40% Referring to the clustering_for the specjfic

geéeth@g%vu@éurq:péthe ARSI 1COTERtal 2B M SR IStk angl
ad'%lﬂtﬁ/é‘%nué’t‘é‘?ﬁ{ 'Ql ﬁh‘fh?fgfdja\)gg)g the sAfié lcétr]§elb8ve4 Fct)rhe

sunmar i zat | on ess musi c.
expmmp:le nifighe admsttenng4tb315ltf|s meit iskegpieatt decistonmstep 47, 69

atteithe Firs! s BB SeoBIARENR N AEHP i3, S80I BISHRHTS
ex?@ﬂtﬁﬁ%éb@@@cﬁ aré?refp%ﬁwdewwn tt@@tfrme@hasmg different

conducted in each frane as di scussed above.
ovgttamun@dreﬂ@émséyprra'wtsmnm%lﬁprepaate@mtew@é@ng step

472%? sﬁ%ﬁ%ﬁnuﬁgyiﬁlﬁér ggﬁﬁ%tgﬁa‘r@ r%{i]llsed:‘();(13tf1£fte‘\r'ir%]trﬁ'sult is
acheepedalAftepenigterira)dframes with similar features are grouped
into the same clusters which represent the structure of the music
content. Summary generation 48 is then performed in terms of this
structure and domain-based music knowledge 50. According to
music knowledge, the most distinctive or representative musical
themes should repetitively occur in an entire music work.

The Iéngth of the summary 52 should be long enough to
represent the most distinctive or representative expert of the whole
music. Usually, for a three to four minute piece of music, 30
seconds is a proper length of the summary. An example to generate
the summary of a music work is described as follows:

(1) Identify the cluster including the maximal amount of frames.

The labels of these frames are fj, fa,...... f,, where

(2) From these frames, select the frame with the smallest label f;

according to following rule:



cepstral domains. It will be appreciated that other

features may be extracted to characterise pure nusic
w@eoosemisand this is not limted to the featur€ssSG2002/000279

listed here. Based on cal cul at@d features, an

adaptive clustering 46 algoritihmis applied to group

the frames and get the structure of the nusic

content _T{leto gnentation and adaptive clustering

al gorltﬁnm may be the same as above. For exanple, if

t he |¢lfsiner (frgn) esd frarsendd|+mjldasioalg tteclnelszermetdpnster
47, 69 after the first pass, the segnentation ste
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calculated features, vocal frames 66 are located and other non-
vocal frames are discarded. An adaptive clustering algorithm 68 is
applied to group these vocal frame and get the structure of the vocal
musijc content. The segmentation and adaptive clustering algorithm
may be the same as above, for example, if the clustering result is
not ideal, the segmentation step 62 and feature extraction step 64
are repeated with the frames having a different overlap relationship.
The process is repeated, as shown by decision step 69 and branch
65 in FIG. 5, until a desired clustering result is achieved. Finally,
music summary 70 is created based on clustered results and music
knowledge 50 relevant to vocal music.

The summarization process 72 for vocal music is similar to
that of pure music, but there are several differences, that may be

stored as music knowledge 50, for example, music knowledge



If frame (f;+n) and franme (f1l+m belong to the sane

cluster, i,jE1,n], i<,k is the nunber to determ ne

wo be4loenige h of the summary; (3) Franes (f; +1)PC(/8G2002/000279
+2), . ... ,(f;+k)are the final summary of the nusic.
FIG 5 illustrates a conceptudb bl ock di agram of the

vocal musi ¢ sunmari zati on i n accordance vvith an
enbodi nent. The vocal nmusi c. content 60 is
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_ course, as discussed above w respect to non-voca
whilgispedtrum powss isppabailated mrfaequetrim@'rdbemamr eFomasocal
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zelrBecrasdiny! rait@darﬁ@ahémﬁequ@ﬁay Jé;fmél 66eﬁ“§.érﬁ§aéﬁéi used
and ot her non- vocal franmes arée discarded. An adaptive

sincadheyi maabgbtart iepresend thepphpeacteristionwftvesal music
co\ﬁqgf\lt frame and get the structure of the vocal nusic
content. The segnentation and adaptive clustering

al gdxndter drﬁier’ree\dd‘lbefwmrﬁpua@wesmf ahdexesnl tusilc
the clustering result not ideal, the segnentation
SWRERATEZAtAR m@mﬁselsem? SUMBIAY 88N6atigne Fopr@music,

thl',M J}nm&‘s)f fsag?ﬁlﬁﬂ}’é Mugidi chLﬁrﬁﬂtv&‘!%F hitRsic, the ymmary

atlon rocess is repeated, as shown
sh@addsstamt :wsﬁp v@@adrmarbraamtht lssﬁasmréble tcﬁhauetthe music title

sulhik e R0 ST i h-amn Soivel b wloPdeiFrankil Music

genteisC thikhombpdoe s5@ré&|aﬁsVﬁﬂ§3|E:0I<N@ﬁ?éd§é'%@ lﬁhﬁop and rock
summari zation process 72 for vocal nusic is simlar

mysie for examphesthe matn melogdyaparkeapeats wwmkmmaéhe
saﬁg%ﬁ&%gyg%ﬁ%w \?e‘%lrglg’t‘l%I s KANY $99°and rd X music usually
follows a similar scheme or pattern, for example ABAB format where
A represents a verse and B represents a refrain. The main theme
(refrain) part occurs the most frequently, followed by the verse,
bridge and so on. However, jazz music usually comprises the
improvisation of the musicians, producing variations in most of the
parts and creating problems in determining the main melody part.
Since there is typically no refrain in jazz music, the main part in jazz
music is the verse.

In essence, an embodiment of the present invention stems
from the realisation that a representation of musical information,
which includes a characteristic relative difference value, provides a
relatively concise and characteristic means of representing, indexing

and/or retrieving musical information. It has also been found that
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table 150 in FIG 1. The first difference is feature
wezdmactison. For pure music, power-rel ated feaPdr/e62002/000279
such as anplitude envelope ang power spectrumare
used since voice- .related features may better
represent the characterlstlcs of pure nu3|c content.
the téwtﬁ/een\rﬁle%ﬁcéwabeut)@@fnee' & r%'l [ytﬂbn-commex
ile spectrum power is cal at ed guency
Stdunwrre represertdtiomiisi ¢nsioictered mtoerblftha‘am umesicalaaw
dgﬁ Hi el prediction coefficients, zero crossing rate
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typlcally in the sane-way W thout nmjor variations.
The pop and rock nusic usually follows a simlar
schene or pattern, for exanple ABAB format where A
represents a verse and B represents a refrain. The
main theme (refrain) part occurs the nost frequently,
foll owed by the verse, bridge and so on. However,
jazz nusic usually conprises the inprovisation of the
musi ci ans, producing variations in nost of the parts
and creating problens in determ ning the main nel ody
part. Since there is typically no refrain in jazz
music, the main part in jazz nusic is the verse. In
essence, an enbodi nent of the present invention stens
fromthe realisation that a representation of nusica
i nformati on,



whi ch includes a characteristic relative difference
value, provides a relatively concise and
w@banacties i sti c means of representing, indexi nBCT/AQZN2D00279
retrieving nusical infornatiog. It has al so been found
t hat WD 2004/ 049188 PCT/ S&00 7000279 16 these
.relative difference values provide a relatively
Ccrmtm&wl ex structure representation for unstructured
~monolithic nusical raw digital data. In the forgoing
manner, a nethod, a systemand a conputer program

17w ANl o MRS it Shaitdathenmpifaifo

desciHdedepldowgver, it will be apparent to one skilled
inthe art in viewof this disclosure that nunerous
changes aababyzinglithecauidiasdaty toeidemtiéy va repuesentation

200470485580 Bl LR oL 78 18451 BER RredfBted deature
of seharattérigtid oiftthle audlio data; conprising the
steps of: anal ¥zi ng the audio data to identify a

repr esent SASSHTYioYd the audie data amthggbasiscekthene

| . . .ch Dot . ;
LY ER BTG BatEn T SoRICIRE AU 81 Bt two
repreaagaries) antdo a category selected fromat | east

two categories;. and generatj.ng-an acoustic si gnal
repr esent ?P%aglnga'a'g@rﬁ%?{iﬁ%'(ﬂﬂ%f r?ﬁéeaﬁé‘itgé‘l"e of a

audiy gahari XE8bR Bf the dﬁ%ﬁ'ﬁ?rd'@&id %tias:_\ﬂﬁ%‘?.@‘i"ﬁ n
the sel ected category. 2. method as claimed in clalm
1, wemdnarizetianais denendeat oorthesalegtedseategory.
segnenting audi o data into

2. A method as claimed in claim 1, wherein the analyzing
step further comprises segmenting audio data into
segment frames, and overiapping the frames.

3. A method as claimed in claim 2, wherein the classifying
step further comprises classifying the frames into a
category by collecting traihing data from each frame and
determining classification parameters by using a training
calculation.

4. A method as claimed in any preceding claim, wherein the
calculated feature comprises perceptual and subjective
features related to music content.

5. A method as claimed in claim 3, wherein the training

calculation comprises a statistical learning algorithm



segnent frames, and overlapping the frames. 3. A
met hod as clainmed in claim2, wherein the classifying

web@p/ofuss her conprises cl assifying the franmespemnse2082/000279

category by collecting trai niﬂ data from each frane
and determning classificati paraneters by using a
training calculation. 4. A nethod as clained in any

Loq: cl.ai ej .cal .
o L8 RelblIRNES] (EMnibE Gt 8HIM IR ene
to markovoNiede!, Neukareeew ork,cdeiSwspbnt Mectos,
wherein the training calculation conprises a

st atMagchiBe-| ear ni ng al gorit hm WD 2004/ 049188
PCT/ SG2002/ 000279 18 wherein the statistical |earning
algorithmis H dden WMarkov Model, Neural Network, or

.Suppomheteodoas dkaimed.in6any peebediag claimepavheraity the

precedi ng .claim wherein the type of acoustic signal
i s ﬁ%gﬁcgfﬁc%uﬁé‘lonﬁbg'&%' ¥ éT'H@ﬁgi n any preceding
claim wherein the type of acoustic signal is vocal
music or pure nusic. 8. A nethod as clained in any

.pr edednagholdaas cldiemednn ey paeceldingdciaimnumehesein the

anpl.i tude envel gpe, _power .spectrum or nel-frequenc
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preceding claim wherein the summarization is
generated in terns of clustered results and heuristic

.rul és methpddasoclaimedrin ady prgsedingoclaimeiarein the

cl aly|d )5y Hyfeaﬂruer%efg %%Blgi%me lé’ﬂ%%g)é hGower spectrum
cal cul at’e eature relates"to pure or vocal~ mnmusic
contoanime lafice qsehicyeae pateal coiefficieat$i ci ent's, zero
crossing rates, or nel-frequency cepstral

coefficients.

A method as claimed in any preceding claim, wherein the
summarization is generated in terms of clustered results
and heuristic rules related to pure or vocal music.

10. A method as claimed in any preceding claim, wherein the

11.

calculated feature relates to pure or vocal music content
and is linear prediction coefficients, zero crossing rates,
or mel-frequency cepstral coefficients.

An apparatus for summarizing digital audio data
comprising:

a feature extractor for receiving audio data and
analyzing the audio data to identify a representation of
the audio data having at least one calculated feature
characteristic of the audio data;

a classifier in communication with the feature

extractor for classifying the audio data on the basis of the



11. An apparatus for summarizing digital audio data
conprising: a feature extractor for receiving audio

walatoa/ 08188 anal yzi ng the audi o data to identifRCESG2002/000279
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13.

14.

15.

representation of the audi o@ata havi ng at | east one
cal cul ated feature characteri’stic of the audi o data;

a classifier in communication with the feature

o (e Rs EBPCTEEEENAd, L8t g5t Pe jExiraeBR o
repcategbayi swlgcteal Yesinf atrretals featcate gatiestand
into a category selected fromat |eas

t I e
cat egori ess,ummaa'%%m_rqqmmw'EBM%W&HWU?@ wlegsifer
cl agsy é'eWt?rJt?ﬁ%g&Heé%b@%@@ig"ﬁ%‘l‘sﬂe‘ el dddtive of a
represéntative of a summarization of the digital
auds ondateaj zatiereiof thee digitateaudao i dbata s whepreidethe on
the category selected by the classifier, 12. An
applh B rgalio FeAeRCBFSM ob (e HaIabyRA ectg dbY
segiFdtQhsishfigpmmuni cation with the feature extractor

for receiving an audio file and segnenting audi o data
into segnent frames, and overlapping the franes for

the, feature ,extractpr.. 13.. ar at | ai
ol o SBPY TR PRk e iy S BRRGLT, HRlpE BB iSTh o
par 885heé n¥6ReHaE S M inlli rAGEINIGW GAfthoth & fidaturieeextractor for
classifier, wherein the classifier classifies each of

there¢etring pi audieatigy@nd Begmentinhgudis dakg into
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cl aksafureaeddnaptoanet er generator. 14. An apparatus

as clainmed in any of clains 11-13, wherein

An apparatus as claimed in claim 12, further comprising a
classification parameter generator in communication with
the classifier, wherein the classifier classifies each of the
frames into a category by collecting training data from
each frame and determining classification parameters by
using a training calculation in the classification parameter

generator.

An apparatus as claimed in any of claims 11-13, wherein
the calculated feature comprises perceptual and
subjective features related to music content.

An apparatus as claimed in any of claims 11-14, wherein
the training calculation comprises a statistical learning
algorithm wherein the statistical learning algorithm is
Hidden Markov Model, Neural Network, or Support Vector
Machine.



the cal cul ated feature conprises perceptual and

subj ective features related to nusic content. 15. An
wappanaiss as clained in any of clains 11-14, »ESE2002/000279

the training calculation conp?' ses a statistical

| earning algorithmwherein the statistical |earning

algorithmis Hi dden Markov Model, Neural Network, or

Support Vector Machine. WD 2004/ 049188

PCT/ S&G002/ 000279 20 16. An apparatus as clained in
1@ny Ah appiamtms as, chdieredrin ahy ef@latiins dilgrid, wherein

m,ISIt%. ap, ar at us as cl aimed in any of clains

11-1 e\ﬁﬁ’é}%?td 'ﬁé‘%cb%g?% Gi gnal is vocal nusic or

pure nusic. 18. An apparatus as clained in any of

claims 11-17, wherein the calculated feature is _
TanplApwRiepéiaduspas gaiared dpeanyunf srlaims firledanenerein
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the sunmarization in terns of clustered results and
heurjstic rules related to pure or _vaocal nusic.

180 Efbﬂaﬁﬁpé‘é’aé§sc?§|¢ﬂ@dm€?1ddﬁyaﬂﬁ’ ef slaime1 11517, “Wherein
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21. A conputer program product for summarizing digital
audi o data conprising a conputer usable nmedi um havi ng

1@OW'Wﬁ%pbé@ﬂ@ﬂ%%@r(ﬂ%‘“ﬁf@&%eaﬁ‘?aa? Qahed qq 1B S@HErein

medi um for causing the sumarizing of digital audio
dat dhe sainanmamnzercgepesgtam retionmanzationgin derms of

cow%qhgqe;ggd,agggngrg%awe%qgigt,ge,auq%sf Pllated to pure or

vocal music.

20. An apparatus as claimed in any of claims 11-19, wherein
the calculated feature relates to pure or vocal music
content and is linear prediction coefficients, zero crossing

rates, or mel-frequency.

21. A computer program product for summarizing digital audio
data comprising a computer usable medium having
computer readable program code means embodied in said
medium for causing the summarizing of digital audio data,
said computer program product comprising:

a computer readable program code means for'
analyzing the audio data to identify a representation of
the audio data having at least one calculated feature

characteristic of the audio data;



anal yzing the audio data to identify a representation
of the audio data having at |east one cal cul at ed

wo e@bosass characteristic of the audi o data; WPCT/SG2002/000279
2004/ 049188 PCT/ S&2002/ 0002792 21 a conputer readable
program code for classifying ?he audi o data on the
basis of the representation into a category sel ected

fromat | eagimbifles HEaRabES rIEhdnCeBRY For 1adeHYing

program code generating I'C sig

r eprthgeaiualiovdatd en tverbasiatobihef rduheesdngahain into a
audi o dat a, V\h&jrel n tPe su rization is de endent on
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as cl ai megdi n@'@bmr@adawéﬁ'&g%ﬁ' Eé'd@féwgtfér\gggtmg an

conpri ses segnenting audi o ta into segnent
and anmmsappsrgpaheepramtam/e Afcargpumem api atiam of the

pr od S clal d |n ein.classifying
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cat Qﬂ@ﬁén@érﬂobheﬂ‘ié%ltécﬁb@i Batdaloryl.rom each frame
and determning classification paraneters by wusing a

tral ning calculation. .24. A conputer program product
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comput er _program product as clained in any of clains
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statistical [|earning algorithmwherein the

statistical learning algorithmis H dden Mrkov
23bdé cd\lawwﬂerl\ptmgram @rodiuptpast chammed ivhchaite. 226.
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frames into a category by collecting training data from
each frame and determining classification parameters by

using a training calculation.

24. A computer program product as claimed in any of claims
21-23, wherein the calculated feature comprises
perceptual and subjective features related to music

content.

25. A computer program product as claimed in any of claims 21-24,
wherein the training calculation comprises a statistical
learning algorithm wherein the statistical learning
algorithm is Hidden Markov Model, Neural Network, or
Support Vector Machine.

26. A computer program product as claimed in any of claims 21-25,

wherein the acoustic signal is music.



wherein the acoustic signal is nusic. WO 2004/ 049188
PCT/ S&002/ 000279 22 27. A conputer program product
w@sooalozieed i n any of clains 21-26, wherein tbPer/sgme2/000279
of acoustic signal is vocal ic or pure nusic. 28.
A conputer program product as clainmed in any of clains
21-27, wherein the calculated feature is anplitude
envel ope, power spectrum or nel-frequency cepstra
coefficients. 29. A conputer program product as
2¢) alﬁrmdmnputanprqgram priogscods Qlaqmedvifeaey af claims 21-26,
summm |zat| ene ated ip terns cl ust éred
F e vt Bia Yt Fy BB6F Adutie Sidialls YReRL R Sig ar pure
nMusSifus}e.: A conput er program product as clained in
any of clains 21-29, wherein the calculated feature
relates to pure or vocal nusic content and is |linear
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wherein the calculated feature is amplitude envelope,

power spectrum or mel-frequency cepstral coefficients.

29. A computer program product as claimed in any of claims 21-28,
wherein the summarization is generated in terms of
clustered results and heuristic rules related to pure or

vocal music.

30. A computer program product as claimed in any of claims 21-29,
wherein the calculated feature relates to pure or vocal
music content and is linear prediction coefficients, zero

crossing rates, or -mel-frequency.



