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DI G TAL AUDI O DATA FIELD OF I NVENTION Thi s invention
‘relates to data anal ysis, such as audi o data i ndexing
and classification. Mire specifically, this invention :
M) WPHUI188 0 qut omati cal |y summari zi ng di gi t al PGR2802/000279
raw data for various applicatyons, for exanple

content -based nusic.retrieval and web- based online
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t echnol ogi es have resulted in a rapid increase of the
size of digital nultimedia data collections. In

FeERLONOE tN)vEN'El@NveI oprent , there is a need for a
conci sihand i nf.ormat | ve sumyar vast nulti
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mMemngard chisdficationl. MRt Specifitaify, Qﬁlsﬁﬁ%}éhtaon relates
information organi satjon and processing, So far, a
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sunnar|e§. Misi ¢ summari zation, however ers
based mHingy musdcrstriketiebn and salient themes of a
given nusic that may be used as a representative of
the nusic and readily recognised by a |istener.

BAPKGROUWND text, speech and video sunmarization,
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ERimMeh R GRBnUbHihind 1N itBAt in large-scale information
organisation and procéssing. So far, a number of techniques have
been proposed and developed to automatically create text, speech
andvideo summaries. Music summarization, however, refers to
‘determining the most common and salient themes of a given music
‘that may be used as a representa'tive 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 {o
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, Orlando, USA,
2000, Vol. 2, pp. 749-752) discloses a method for summarizing

music by parameterizing each song using “Met-cepstral” features

‘that have found a use in speech recognition applications. These

- features of speech recognition may be applied together with various
clustering techn'zques'to discover the-song structure of a piece of
‘music having vocals. Heuristics are then used to extract the key
phrase given this structure. This summarization method is suitablé
for certain genres of music having vocals such as rock or folk music,
but the method is less applicable to pure music or instrumental




musi ¢ having vocals. Heuristics are then used to

extract the key phrase given this structure. This
summari zation nethod is suitable for certain genres

of music having vocals such as rock or fol k nusic,
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genres such as classical or jazz nmusic. "Mel-cepstral™
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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 algarithm 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 knowledgé.
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
determining the classification paraneters using
adaptive learning/training algorithm and identifying
music into pure nusic or vocgl mnusic according to the
classifier. For pure nusic, tenporal, spectral and
cepstral features are calculated to characterise the 4
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extractor for receiving audio data and directly 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 communieation with the
feature extractor for classifying the audio data on the basis ofthe
representation

received from the feature extractor into a category selected fromuat least two
categories; and a summarizer in communication with the classifier:-for
generating an acoustic signal representative of a summarization of the digital
audio data, wherein the summarization is dependent on the category selected
by the classifier.




feature characteristic of the audio data; a classifier
i n communication wwth the feature extractor for
classifying the audio data on the basis ofthe
representation received fromthe feature extractor
into a category sel ected fr%m at.least two

categories; and a summarizer in communication with the
classifier for generating an acoustic signal
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DESCRI PTI ON OF THE DRAW NGS These and ot her features,

obj ects and advantages of embodi ments of the present

i nvention will be better understood and readily
WPEHPI3 0 one of ordinary skill in the art BCASHR0RE00279
followng witten descripti ony in conjunction wth
drawings, in which: FIG1 is & block diagramof a
system used for generating an audio file summary in

sersESCam  SeESRA,
is a w chart i|lustrating the nethod fo
~an Q ?}&3@ ?Pﬂé’tgﬁ atures, 9biesisnnd advantages of
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a training process to produce the classification )
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is a flow chart of t pure nusic su rizat of

FI G 2 FiGnbi% adelogkl diagramcof dasystem mlsgdrfo:rgdmmmimtg an
[ Lor. Fl ] Lyate .0C i agram
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ateaition;n accordance with an enbodi nent of the

[ j - El ill - at h representin .
seqront REi arettit (fisEabag 8% meRaddor assrgting an
“auditefilé summarylimeaecorddnce vitedi BRHodifferiths¥ the
invention;, and FIG 7 illustrates a two-di nensi onal

'Pé’ﬁpé@éht ation of the distance matrix of the franes
of FI GFE3iNisaadeswlamest of thtramind PRsEd®RN o BlodliCe the

UB4EMaton Boramerors o7 a classitier of FIG.1 and 2 in
accordance with an embodiment of the invention;

' FIG.4 is a flow chart of the pure music summarization of
“FI1G.2 in more detail in accordance with an embodiment of the
invention;

F1G.5 illustrates a block diagram of a vocal music
~summarization of FIG.2 in more detail in accordance with an
-embodiment of the invention;

FIG.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




FIG1l is a block diagramillustrating the conponents
and/ or nodules of a system 100 used for generating an
audi o summary in accordance with an enbodi nent of the
invention. The system nay WO 2004/ 049188
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music content 12 at a segnenter 114. The nusic
sequence 12 is segnented into frames, and features are
extracted at each frame at feature extractor 116. The
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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




of the enbodi nents of the invention described may be

inplemented in either hardware or software. In the

software sense conponents, of the system nmay be'a
rocess, programor portion thereof, that wusually
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In the hardware sense, a congynent is a functiona

hardware unit designed for use with other conponents.

For exanple, a conponent WO 2004/049188
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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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systens. The conputer systemis typically controlled

and managed by operating system software resident on
the CPU. There are a nunber of operating systens that
are comonl y avail able and well known. Thus,

XYM MBS of the present invention may be PCT/SG2002/000279
i npl emented in and/ or on suchgconputer architectures.
FIG 2 illustrates block diagram of the conponents of
the system and/or nethod 10 used for automatically
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FIG.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.
2y 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
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trai ning/classification paraneter process 38 of an
enbodi nent to produce classification paraneters 20 of
classifier 18 (shown in FIG 2) in accordance with an
enbodi nent of the invention. In order to identify a

MUYt ent into different categories, sEEA/SE002/000279

pure nusic or vocal nusic, a1Qlassifier 18 is

provi ded. The classification paranmeters 20 for
classifier 18 are determ ned by the training £rocess
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trainin éPrq?ﬁess needs to be perforned only once, but
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FIG.4 itiustrates a conceptual block diagram of an
embodiment of the pure music summarization, and FIG.5 iliustrates
a conceptual block diagram of an embodiment of the vocal musicl
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 ltength of the overlap is difficult. The length
of overlap may be adaptively adjusted if the clustering result is not




classification paranmeters are used to identify

different classifications of audio content, for

exanpl e, non-vocal or pure nusic and vocal nusic.

ElG 4 illustrates a conceptual bl ock di agram of an
SPPEUHMIEE of the pure nusic sunmarization, aREI/$GA0I200279
illustrates a conceptual blocjq di agram of an

enbodi nent of the vocal nusic summarization. The aim

of the summarization is to analyse a given audio data

fdeal for ﬁamx?ic_wolswiqh@em e_ataoh;ﬂe:] oftte ?bﬁﬁirapérdsﬁléﬁng

r t e lent thene o t he nusi c.
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frames gnd khg structure of _the nusic _content. Since
the adfiRAL $2afeShewn I8 fdG.-H, inted fixeg-lengths
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initial stage, det Fpré ‘Sf“ﬁgéi‘iﬁﬁ?f’WL@S’T%%%'?M#@’
over | aﬁx?§1Fg?fq‘q A% shome ieRéBK6, and dabel epchefrabe with a

S00u! 0AS TSI 0 s AR Pt B I3RS i3l SantEs.
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segnment ati on steps 14,32 as di scussed above a f
in FI GYOPs§ing sates, and mpektraguepsy cerpateal eaefficients

ext r actol o atfebeadd!y8ctgxtraction step 44,64 specific
to the particular category of

V, =(LPC,,ZCR,,MFCC,) i=12,., N (1)

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

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

Dy U,V )=, -V IR, -7,)  izj (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 diagonai matrix and P




audio file, for exanple, the linear prediction
coefficients, zero crossing rates, and nel-frequency
cepstral coefficients to forma feature vector: Y =
(‘wgc ZCR,,MFCC,) i =1,2,..., N (1) where LPC, denotes
200408288 predi ction coefficients, ZORL derRiIREG2002600279
zero crossing rates, and I\/FCC].' denot es the nel -
frequency cepstral coef fi ci entg (3) Calculate the

di stances between every pair of mJSI c franes i and |
usi ngijs Eﬂror@mj@@hél nidtﬁx 3) sV BRCSmplified i
DU | ? )) 19 B Emplified,in
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covar #%ﬁ’i’t% &r&"r‘i'@]e(ﬂ‘“ f‘fﬁiaﬂéﬁtﬁﬁ@ Weor. Since R1is

symTetrlc R1is asem or positive matrix. R' may be
di agonal i zedPdB. FR=Ds M PER(ARRNer e A(3)s a di agonal
matri x and P WO 2004/ 049188 PCT/ S&002/ 000279 12 is

an or Shugonahnd™® may beqseipeted ?dlré@t)’y %ﬁ'@' thd ed

in terns of Eucljdean distance as fo
DU( P, SO Xy ?xfhﬁr compwe)thrspfshﬁd@manddsuammm be

corrputeﬁﬂ,dadﬁ@,h{)o ,-,r"p%% the conplexity of the
conmput ati on of the vector (}I stance may be reduced
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into a two-di nensi onal representation
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mat ri x l\%’méﬁt 6{1@ -@I ﬁhg between any two franes is

| ess tham & redf t hreshol d, for exanple in

(817, SEOCSRER iSSP RS, e e
between any two frames is less than a pre-defined threshoid,
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 (9), 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 overiap 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




cluster. (6) If the final clustering result result is

not ideal, adjust the Ilength of overlap of two franes
and repeat step (2) to (5), as shown by arrow 45 in

FIG 4 and arrow 65 in FIG 5. For exanple, in this
HDYIHPEAB  an ideal result nmeans the nunberPGISG2002/600279
clusters is nmuch less than th 3nurrber of initia

clusters after the clustering. 'If the result is not
ideal, then the averlap may be is adjusted by
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to group the frames and get the
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ddEAt 8 uttmaHFG¥hBatibif4s 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 length 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) -ldentify the cluster including the maximal amount of frames.
The labels of these frames are fi, f,...... f,, where

fi<fa<......<f,;

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

-according to following rule:




47, 69 as shown by arrow 45, 65 until a desired
clustering result is achieved. After clustering,

frames with simlar features are grouped into the

same clusters which represent the structure of the

MR 2048t ent . Sunmary generation 48 is therPCT/SG2002/000279
performed in terms of this stygcture and donai n-based
nmusi ¢ knowl edge 50. According to nusic know edge, the
nost distinctive or representative nusical thenes

shoul fFargpetitbikely occur in an entire nmusic work. |
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four mnute piece of nusic, 30 seconds IS a
| engt BYBYT8RE summary. An exarrpl e to generate the
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frarregiUS'CFhe | abel s of these frames are f{, f2.......
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nﬁnner as 3F di scussed above. The f eat ur és extractl on
8

oye with dgspest o neacwocal music, it will be appreciated that

‘other features may be extracted to characterise vocal music content
-and is not limited by the features listed here. Based on the
- caleculated features, vocal frames 66 are located and other non-
-vocai frames are discarded. An adaptive clustering algorithm 68 is
-applied to group these vocal frame and get the structure of the vocal
“music content. The segmentation and adaptive clustering algorithm

may be the same as abaove, 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

83 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
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frame. The extracted features include |inear

prediction coefficients, zero crossing rates,

nel - frequency cepstral coefficients, etc., which may
characteri se vocal nusic content. O‘ course as

QA 2WYLB8 above with respect to non-vocal nMUBCESGA02/000279
w || be appreciated that ot hesfeatures may be .
extracted to characterise vocal¥ nusic content and is

not limted by the features Iisted here. Based on the
TbaulbelbSie apLedle 1T M FIGAETIR0 RLP dGALR, Afbature
ot her non- voca frames are di scar ada

- @xtEadiamg Far qutie: musés, pewe&pplated t&atgrmysudhess

I
i e T

- ae@dﬁdtfﬂﬁiurmm&yebettersrapeemtamm?/eh?fﬁteem@@ft pufe
e, segnen I on
- IEE Rt T BBl chyelis 1€ a1 watod 18 Wpalmai,

wmle shect‘mm“rpsma\msnmIauthtbﬁahelméqaéﬁbyadbmﬁm For vocal

- M) B Boated rBIERR Suef o5 ibas erodictiom poeticients,
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e{ﬁ/ 70 i s, created based on clustered resu

PhB\AYhgHessepEpesnithe shatreteriatinscof Vheal musuc
SOATEHtl zat i on process 72 for vocal nmusic is simlar to
t hat of Pure nusi c, but there are several differences,

t hat A9 h@é d'ﬁedeesedsemrtpnn@meﬂgeam vdfaai music
SUNTRARzZa okBeW; gqﬂ%dglﬁg%%ﬁlgggi&ﬁaglq%blForl%(érq music,
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G sl e el s USIE KiGERe ST 116 epeandireck
" 1pusin, fos exanepleatthd fmail hﬁélbdlycp’aﬂmle%ts E%:déﬂﬁuain the

43S o RS EB S o Thih Ayt e st sualy
flrﬂbwfsr agimilay soteiheddr FAREH IR &ampfe AFNB 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




since they may better represent the characteristics of

- vocal nusic content. Another difference between pure

nmusi ¢ and vocal nusic sumrarization process is the
summary generation. For pure nmusic, the summary is

3¥Q 2004949188 nusi c. But for vocal nusic, the sUIOEGR002/000279
shoul d start with vocal part it is desirable to

have the nusic title sung in the summary. There are
some other rules relevant to nusic genres, that may
Heeseoiedative difference caleayerodidel a rpbatively neslcomplex

[ 8 i | ody part. |epeats
fﬁ%ﬂ%&f% JepRegahtation B, J54 GpPisaH mEnaritha Fasepcraw
igitpbgadad rock nusic usually follows a simlar )

sche rn, for exanpl e ABAB format where A
repre %3(‘8@@‘2%“‘%% F‘gfgrezlé‘é t 8 system and.a peeputer
paog ramepeod L(dte‘brrqirb)/idﬂﬂgta Sefithariz AfoRDSt df%ﬁﬂ%ibyraw
&Pllomed b ri dge and so on. However,
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ed & wi ' i ] LEch S ;5 rse. In
essengveli,mgﬁr%éng%g?{%m&%ftﬁté#goﬁggméi'{\ggﬂﬁsgh stens:
fromthe realisation that a representati on of nusica
information, which includes a 'characteristic
relative di'fference value, provides a relatively
conci se and characteristic neans of representing,

i ndexing and/or retrieving nusical information. It

"has al so been found that WD 2004/ 049188

PCT/ SG2002/ 000279 16 these rel ative difference val ues
provide a relatively non-conplex structure
representation for unstructured nonolithic nusical raw
digital data. In the forgoing manner, a nethod, a
system and a conputer program product for providing a
sunmari zation of digital audio raw




data are disclosed. Only several enbodinents are
descri bed. However, it wll be apparent to one
skilled in the art in view of this disclosure pdpkG2002/000279
nunmer ous changes and/ or nodifications may _ _
wi t hout departing fromthe scope of the in\k}g%cf%g?limmbﬁzom
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CLAIMS: 1. A nethod of summarizing digital audio data
conprising the steps of: ffirectly analyzing the
ngd'i E data to identify a representation of the audio
ving at | east one calculated feature
characteristic of the audio data; classifying the
audi o data on the basis of the representation into a
1cat dydpgtRedeet sunimanizing digitat wodio alsgocosmprising
gen f acoustic signal representative of a
sum%rg?i §§tgi‘|)%nrbfbf the digital audio data, wherein the
summar i zairestly samdyeingtheoaudio datets ¢dentifegory.

analtsrRgentalic B Thg, allgfpMala nallfa At lessLans

dat #dlsubatek Jeatird cheractenidtiyy ef ithpphidid Hatar anes.

3. A et claipged in.claim2. whereip the
cl assi fy?ﬁgsg&’&g Fﬁgt‘l\%a"%dfﬁfﬂ eBsthy g??f‘? $rige ne
f r amepresemtation inteahegateq Sy cellberdd Mbh! A 4§ two

data from each frame and determ ning classification
par fr?etfa@tcg‘%& @gidng a training calculation. .4. A
met hod agyeH é¥athth igh Q%ﬁﬁéﬁgﬂal?bgr&eﬁfﬁ’i &b he
cal cul ated feat-ure_conprises perceptu and subj ective
summarization of the digital audio data, wherein the

summarization is dependent on the selected category.

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

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

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

5. A method as claimed in claim 3, wherein the fraining
calculation comprises a statistical learning algorithm

IPEAJAU




features related to nusic content. 5. A nethod as
claimed in claim3, wherein the training calculation

conprises a statistical |earning algorithm Ame
Sheet ] PEA/ AU PCT/ SG2002/ 000279 Recei ved 7+ %% 2902;00%79
P egember 04

2004 18 wherein the statistical learning a

Hi dden Markov Model, Neural Network, or Support
Vector Machine. 6. A nethod as claimed in any
preceding claim wherein thqg type of acoustic-signal
'S rru3| c. 7. Amethod as clarmed in any preceding

cl ai yherine] i‘h@heitatlﬁﬂie:aif braorghigc  algpvdthms socilidden

o oc BFCBY] MART: Noyole NeBraTka: B reuphiedl) yector

anpl iMagBir@vel ope, .power spectrum or mel -frequency
cepstral coefficients. 9. A nethod as clained in any
" preceding claim wherein the sunmarization is

Egeneatedthod tas mhaivhed! Hﬁfaﬁf)e%r%%‘é‘dlh? cl%'?ﬁH hﬁH’é‘ré‘f‘n Ghe
rul ekaglﬁt ed to,pure or vocal nusic

cl ai 2QUSHEEENR @ Musicherein the

cal cul ated feature relates to pure or vocal -mnusic
ont gnt d [ s l.inear prediction coefficients, zero
bros s Gpimed- m@memrym@@\@agrdanm wherein the

coeftypee@t ﬁcoll%tchQingH’lafsaW% I ShuSIEER D L. 2

audi o data conpri sing: feature extract
recei ving audi o data and directly analyzing the audio

- aﬁgf/?nﬁtg b fod 1 dy FaimbBPAESHY HrbBLdthg §2iA URePEIR the
calculated feature is amplitude envelope, power spectrum-

or mel- -frequency cepstral coefficients.

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

10. - A method as claimed in any preceding claim, wherein the
calcuiated feature relates to pure or vocal-music content
~and is linear prediction 60efficien-ts, zero crossing rates,

or mel-frequency .cepstral coefficients.

11. - An apparatus for summarizing dlgital audio data
-~ comprising:

~ afeature extractor for receiving audio data and
directly analyzing the audio data to identify a.
representation of the audio data having at least one
calculated feature‘charac-tenst:c of the audio data;’

a classifier in communication with the feature

extractor for classifying the audio data on the basis of the
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cal cul ated feature characteristic of the audio data; a
classifier in communication with the feature

extractor for classifying the audio data on th

of the Amended Sheet JPEA/ AU PCT/ SG2002/ 0 &?%G‘éoozéoogggz
Recei ved 7 Decenber 2004 19 representation %d egeember
fromthe feature extractor into a category sel ected

fromat |east two categories; and a sunmarizer in

comuni cation with the clasgdfier. for generating an
acoustic signal representative of a summarization of

t he. relpepsentation secaived neneithet femtusamudractar intoi @

de e b ifier.
P GARYoRT sEigl At P Sl i bard dipphand
;:orrprl si ng salme‘mmf t m oomcmmwmtianwgﬂhvi}me]hctm&ﬁer
eat r or _for ei vi n audio file a
seqriat; 08DELAY abrdcohShie Sidiafifertesheativa,of
oversappmgsztdteo:ﬁ rcefm,ﬂpgithh%t_udl@aﬂdt@, whigraii ehe 13.
aratus gs cl.ai ped i clalm%é further ‘
corrpgﬁgfrﬂar%?a &?'&é§|‘¥¢‘?:%’f’aﬁﬁ‘trﬂ?at ertegoiy aetactest by
comtine eas8ifigW.th the classifier, wherein. the

classifier classifies each of-the franmes into a _
category by collecting training data from each frane

120d Agf apFaphigs casaéﬁd.m&at.hoe:dm{ ametﬁ&&@ycsg@ Qﬂ-@‘ a

training calculation in the cl assi fi cati on
genef&gHentor imporppandcations wltiauthsdfaatuame)dfactor for

cl ai f@edili ﬂé a2 Kb B%&%'egf%mﬂ*g’e%‘d% Yata, in

conpri ses peérceptual and atures rerat ed
to néegmenhimmes, and overlapplng the frames for the

feature extractor.

13. An apparatus as claimed in claim 12, further com-prfsing a
-classification parameter genérator 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.

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

15. An apparatus as claimed in any of claims 11-14, wherein
the trammg catculation compnses a statistical learning
algorithm wherein the statistical learning algorithm is
Hidden Markov Model, Neural Network, or Support Vector
Machine. ' |

Amended Sheet
IPEAJAU




15. An apparatus as clainmed in any of clains 11-14,
wherein the training calculation conprises a

.Statistical learning algorithmwherein the PCT/SG2002/000
statistical learning algorithmis Hidden M%?Decemberzggz

Model , Neural Network, or Support Vector

Amended Sheet | PEMAU PCT/ S&002/ 000279 Received 7
Decenber 2004 20 16_ An apparatus as clained in any

of clainms 11-15, wherein tdpe acoustic signal is

music. 17. An apparatus as clainmed in any of clains
11-16, wherein the acoustic si gnal is vocal nusic or "
1Qur - . u j ny of

O e abbarkfus o SRERABL T i 7 SRl 1221 wherein
an‘pl'i"t%@é"-’é#ﬁﬁw stgnablswsiusigpect rum or nel -frequency
cepstral coefficients. 19. An apparatus as clained in
any of clainms 11-18, wherein the sunmarizer generates
17he Abnappiaratismas claiened i .anylofsthiats resa6; swhedein

heur ed tao re qr ocal nusjc. 20.
Anuaeggéaraa O'J;gtéé 'lé% Pﬁagurfy'*{ff'ccqr\z;?%e ﬂuﬁj'é’ .

wherein the calculated feature.relatesto pure or
140ca nmusi ¢ &:on ent and is_linear fprec_li ction

coefPcPBRAIRIVR &5 ClauRedyin @Ry of glaims Irdduemberein

21 mmom%erateaommpéowsct aﬁ%hﬁiﬂ@aéh%@i‘@%@ JidAler
audi o ta conﬁé ?r"@@ a conput er usabl e nmedi um havi ng

comﬁR%P P@rﬂ%d@mﬁbcéﬁﬁfé@ﬂ%ﬂsr n said
medi um for causing the sunmarizing of digital audio

8at sai d conputer program product conprising:
An apparatus as claimed in any of claims 11-18, wherein-

-the summarizer generates the summarizatlon in terms of

clustered results and heuristlc rules related 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 m'u'si'c

content and is linear prediction coefﬁc;ents, 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 broduct comprising: |
 a computer readable program code means for
directly analyziﬁg the audio data to identify a
representation of the audio-data having at least one
calculated feature characteristic of the audio data; -
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a conputer readable programcode nmeans for directly
analyzing the audio data to identify a representation
of the audi o-data having at |east one calcul at
feature characteristic of the audi o data; ndg TISGZOQ2/000279
Sheet | PEAI AU PCT/ SG2002/ 000279 Recei ved Feqss¥ednbRpcember 2004
2004 21 a conputer readabl e program code for

classifying, the audio data on.the basis of the
representation into a 'category selected from at

| east two- categories; and a2. onput er readabl e program

code for gefrhpuites raBd=ARUSEd ! e fBP" hye

of a, sunmari za?i on of the _d?gi?ﬁhgg‘g{j% fggtg,ég\% rll(‘egn

the Hifnaldivadath ansthedpesisent the epreseindatien into a

cal c8atdgor? seheERIP i BEIELANM LU BRE AT 1 N

claim 21, "wherein analyzing turther corr%rl ses

segnent i iy cadpYtetseadiattie poogenn ¢odeder gewerating an

over i r i A conput er program progduct

as c g?%esgﬂ:l %‘jb?f%ali m‘g%,sgﬁmﬁ'etll\é%nor?g?a%ﬁ?%ﬂ'ﬁﬁa{pﬁﬁﬂg?ﬁe

colnlpdigs\&al audisidatangrhieein theaﬁaﬁ'nr?ﬁt'iﬂa&id}'gi§gory by
co [ [ a from_ .eac rame an

det e‘?%h%%é‘iﬁagﬂsqﬁ% g%ﬁ%{?‘g%ﬁ&"éws by using a

training calculation. 24.. A conputer program product

s chajmed in any of clai. 1-23, wherein the
235 ATEPBIPY GrkiasTagh iaduct sar claimig maim 21,
subj whieiresn faealyze8g rfelrth 66 cdifl pi‘i&?s?segﬁmrﬁ'?ﬁg Zedid
con‘pat?r\xﬁ@?%r am product as clained in any of Clains
21-29ata sgpgatiramesgans evpsappingdhs frames.
statistical , i

23. A computer program product as claimed in claim 22,

’ wherein classifying further comprises classifying the .
frames into a category by collecting training data from
each frame and determining classification parameters by
using a trainl,n_g calculation.

24. ‘A computer program product as claimed in any of claims
21-23, wherein the calic'ulated feature comprises

perceptual and sgbj‘ective 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.
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| earning al gorithmwherein the statistical |earning
algorithmis H dden Markov Model, Neural Network, or

Support Vector Machine. 26. A conputer progran1qugge&00m@00279
as clainmed in any of clainms 21-25, wherein ived 7 December 2004
acoustic signal is nusic. Anended sheet ]PE . ' .
PCT/ SG2002/ 000279 Received 7 Decenmber 2004 22 27_ A

comput er program product as clainmed in any of clains

21-26, wherein the type of ,gcoustic signal is voca

music or pure nusic. 28. A conput er program product

as clairnmed in any of clains 21-27, wherein the

Brecty CrTApURE] MPBE Rt HRT B IR Py B8k S 21420,

conpithergnothartypreodiicicoamstit aiigadlije vo¥aPmesii 8F pure
21-28 erein the summari zation is generated in

ternms o? ‘clustered results and heuristic rules
related to pure or vocal nusic. 30. A conputer

%% n&? uct as claimed in any of clainms 21-29,

é ’H%" €h! IREETE Producdt as ecla@n%d d8 aey fr elams 21-27,
. vocalwhemesine et alciAdted SféANfY 7Y o) iitp'&e envelope
coefficients, zero crossing rates, or, ncy: !

C ARRYLSr spsstruppgnmel-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 re_:sulis 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 Hnear prediction coefficients, zero
crossing rates, or mel-frequency:
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