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anal y$5s wit§ the content-based image and video retrieval, content-based audio retrieval,
especially music retrieval, provides a special challenge because a raw digital
audio data is a featureless collection of bytes with most rudimentary fields
attached such as name, file format, sampling rate, which does not readily allow
conteni-based retrieval. Current content-based audio retrieval methods followed
i 20 the same ideas as with the content-based image retrieval. Firstly, a feature
) - vector is construcied by exiracting acoustic features of audio in the database.
Secondly, the same features are extracted from the quéries. Finally, the relevant
audio in the database is ranked according to the feature matching between the
guery and the database. '
25 U.S. Pat. No. 5,918,223 discloses a system that performs analysis and
~ comparison of audio files based upon the content of the data files. The analysis
of the audio data produces a set of numeric values (a feature vector) that can be
used to classify and rank the similarity between individual audio files typically
stored in a muitimedia database or on the World Wide Web. The analysis aiso
30 facilitates the description of user-defined classes of audio files, based on an
- analysis of a set of audio files that are members of a user-defined class. The
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' ncl u% ngA t’tree-s$truc:?un—:‘?ifvec grtc?uranr?tizer Ig used to pamtlon the feature vector space into
a discrete number of regions or “bins”. Euclidean or Cosine distances between

~ histograms of sounds are compared and the classification is done by using NN

" rule. | ,
One problem with existing methods is that these are considered to fail to
20 obtain a satisfactory retrieval accuracy rate because of the noise is introduced in

J

- the process of feature extraction. Furthermore, it is considered that prior art )

methods are time-consuming if the feature vector space becomes large.
SUMMARY OF INVENTION |
In one aspect thé present invention provides a method of representing
25  audio/musical informaﬁOn in a digital representation suitable for use in content-
based information indexing and retrieval including the steps of: determining a first
representation including a set of peaks and valleys corresponding to maximum
~ and minimum values respectively of at least one characteristic of the audio/music,
and; determining a second representatlon including values representmg relative
30 differences between peaks and valleys.
" In another aspect the present invention provides a method of creating an
audio/music score database, including the steps of: using an audio/music score to
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In essence, the present invention stems from the realisation that a
representation of audio/musical information, which includes a characteristic.
relative difference value, provides a relatively accurate and speedy means of
representing, indexing and/or retrieving conteni-based audio/musical information.

) 20 1t has also been found that these relative difference values provide a relatively
) .. non-complex feature representation. _ .

In a preferred embodiment, the method of the present invention further
inciudes the step of determining a histogram of {he.first representation.

Preferably, the histogram of the first representation 'inciudes a

- 25 representation of, the population, or duration, of peaks or vaileys in a 'given time
interval.

Preferably, the relative difference value for a peak is given by the
difference between the magnitude of a valley immediately following the peak and
the magnitude of the peak, and, the relative difference value of a valley is given

30 by the difference between the magnitude of a peak immediately following the
valley and the magnitude of the valley.




In a preferred enbodi ment, the nethod of the present invention r I :
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15 subjecting the pitch detected digital signal to interval or note detection. The pitch |
defection includes a windowed Fourier transform and auto-correlation of the noise

free digital signal. The interval or note detection includes fogarithmically scaling

the pitch detected digital signal.
_ Preferably, the characteristic of the audio/music is any one or more of the
20 following: volume level; pitch; or interval information. L
in another preferred embodiment the present invention provides a method )
~of creating a music score database, including the steps of: representing an actual
music track uniguely with 2 music score such that there is a link between the

music score and the actual music track; representing the music score in

25 accordance with a method as described above to form search keywords; and,
~ storing the search keywords in a database.

In a preferred embodiment of the present invention, the method of creating

" 'a music score database further includes the step of creating at least one index for

storage with the database, the at least one index including a global feature

30 corresponding to an entire music score wherein the global feature includes the

‘histogram of the second representation.




20 followi ng: volune level; pitch; or interval information. In another
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track uniquely with a nmusic score such: that there is a |link between the
musi ¢ score and the actual nusic track; 5represent| ng the nusic score in 25
accordance with a nethod as descri bed above to form search keywords; and,
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in a preferred embodiment, the present invention provides a method of
creating indexes to organise the music score database including the step of:-
consiructing a global feamr_e for the complete actual music song, wherein the
global feature is the histogram of the values of the distances between each
20 peak/valley and valley/peak pair. ,

) . - In yet another preferred embodiment, the present invention provides a
method of automatically converting acoustic input in the form of humming into
query keywords, including the steps of; converting the acoustic input into a digital
signal; detecting the pitch from the digital signal; converling the pitch into notes;

| 25 ) representing the acoustic input by a pitch curve; smoothing- of the pitch curve by
removing small peaks and valleys; detecting peaks and valleys of the pitch curve;
generating the query keywords using the peaks and valleys in accordance with
the following steps:

. calculating the distance between each peak/valley and valley/peak .pair;
30 and,
.. using the peaks and valleys as reference points, and a note histogram of

the peaks and valleys to serve as score keywords.
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15 Score Keywords Extraction and Database Construction
In order to improve the accuracy of conteni-based retrieval, database

~ construction is very important. In the traditional content-based audio/music
retrieval methods, the database is constructed by exiracting the features from the
audio/music clips and generating the feature vectors for each audio/music clip.
20  Since the feature extraction is an approximate process and it is difficult to use -
- several feaiures to exactly repres‘én-t the characteristics of all kinds of | )
audio/music, the noise introduced in this process will deﬁn'rtély affect the accuracy
- of the retrieval results. In one embodiment, the present inveniion proposes a
method of constructing the database. Unlike image and vide'o, music songs are
25 produced by composers, so each musical piece has a music score which can
uniquely characterise the music. Based on this fact, we extract the score keyword
from the music scores as the features of the real music songs. Compared with
low-level features, a music score keyword is a more effective representation of
the music. It is able to capture the most significant properties of the music and to
30 dramatically reduce the noise in the database side for music retrieval.
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t he- dat abase is constructed by extracting the features fromthe
audi o/music clips and generating the fegture vectors for each audi o/ nusic
clip. 20 Since the feature extraction is an approxi mate process and it is

difficult meu,%proﬁggghgl features to exactly represent the characteristics
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that is dhﬁ&%b@r@ké;ﬁnﬂmj he traditional text-based query method. The users
can input their queri esé'by hunm ng a piece of music or song through a 5

m’cr op Ronihdexring andMatzhingeri es are autonmatically converted into query
he nmet hod of the present invention to the queries.
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15 In practical applications, a music database usually contains several thousands or -

even tens of thousands of songs.. To make fhe content-based music retrieval
truly scalable to large size music collections and 1o speed up the search, efficient
indexing techniques need to be explored. in the present invention, we provide an
- effective indexing scheme 1o organise the database. This can achiéve a high- -
20 speed search in a large database. .
) o Another important factor that will affect the accuracy of the content-based
music retrieval is the matching method. Since we cannot ensure that the users

who input the queries are music experts, it is difficult for laymen to hum a song
exaclly, especially when humming from memory. Therefore, any keywords
25 maiching method applied to retrieving music by humming must tolerate the errors
in the query side. I_n one embodiment of the present invention, in order to get
higher retrieval accuracy Non-Euclidean similarity measures are used. This is
based on the consideration that Euclidean measurement may not effectively

simulate human perception of a certain auditory content.  Non-Euclidean

30 measures include Histogram Intersection, Cosine, and Correlation, etc. On the
other hand, the indexing technique used in embodiments of the present invention
is also capable of supporting Non-Euclidean similarity measures.




fromthe humm ng sound and then to choose the nusic songs that tch the -
desired result. However, for |arge databases, this can be prohi g:%[/lc%{’§005
expensi ve. Wo gsgegfacti cal applications, a nusic database ustgddoinoeat ai ns
several thousands or even tens of thousands of songs.- To neke the
content-based nusic retrieval truly sc%l able to large size nusic
collections and to speed up the search, “efficient indexing techniques need
to be explored. In the present invention, we provide an effective indexing
schene to BRIERDESCGRIPTIGNSHOFTHEDBAYENGE hi eve a hi gh- 20 speed search
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human per ¢@¥@NtOR. of a certain auditory content. Non-Euclidean 30 neasures
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appar_ent_bengﬂ?ct@]‘,,_ ordinary skill in the art fromthe following witten
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In conjunction with the attached drawi ngs, in which: 5
Fig. 1 illustr &ige$ ilusiraes adiowchatioofihe soora/pitchckeywridcadiastienbet ween t he

oreaont i nvenEiib Bty oSS, & BAE Bl Se, tRy PRy folbut Hhg .
dat abase gf chfhpldof thEl dkiratted butsreni@ymradie bl ock di agram of the score

dat-abase construction. X
' 15 Fig.7 illustrates a flowchart of the query processing and keyword

extraction.
Fig.8 illustrates a flowchart of the pitch melody processing done in the

guery processing.
Fig. 9 (a) to (c) illustrate a digital query signal, the detected pitch and
20 interval contour, and an example of the extractéd score keywords. | )

~Fig. 10 (a) to (c) illustrate another digitél query signal, the detected pitch-
and interval contour, and an example of the extracted score keywords. '
Fig. 11 illustrates a block diagram of a method of matching between the
score keywords and the query keywords.
25 Fig.12 illustrates a flowchart of the matching algorithm.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
Fig. 1 illustrates the system structure of the communications between the
client and server. There are one or several music databases at the server to
store digital music contents. There is a music score database including the score
30 keywords corresponding to each music database. The services in the server side
| include receiving queries from the clients, matching query keywords with score
keywords in the music score databases, retrieving the relevant music songs and




10 Fig. 4 illustrates the score nel ody processing done in the sgg&
dat abase " cgonstruction. Fig. 5 illustrates a flowhart of the s %‘(?9?@5
keyword ext PP 2 Fig. 6 (a) to (c) illustrate a piece ofPaISGW/H9E@r €,

t he- nel ody contour, and an exanple of the extracted score keywords. 15
Fig.7 illustrates a flowhart of the qugry processing and keyword
extraction. Fig.8 illustrates a flowhart of the pitch nel ody processing
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the detected pitch and interval contour, and an exanple of

-query signal ! :
the ext r a®MENEG IR the JBsiasSearch . enaing | thiugtntbe micsophoneli abhamusrya
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DESCRI 5TI ghegrkaywearaRRethe-bevlr iniyligh Rhg . Interadil UaheatiBe sehrersseiicback
structureg,of the ,c?)rmunl cations between the client and server. There are

one or selt IIEYRY Musis 58383 40 He ient dhe dpusis-brewsing iephwilhenabls the
cont ent . uJhapS/id tifedd Rrfs 10 844 AOBRA%0HHE G Lhe score 30 keyvords

corresponding to each nusic e services’in the server side
‘i ncl ude recei viigg 2yiliestratesf thensirbeturd iofrthe, momsiccdeorg dptebis&eynorgasivi t h

score ke . .the nusic score database retrieying the rel evant mnusic
songs anagc% g‘%)‘%%éfzf’?_f@sgei'ﬂ%f?z “Méﬁﬂ?%gﬁlm‘g‘&ﬁﬁ‘ﬁ?& a0 Esiche

| ent(s. SOMgssETHe qRAdS Bf bhcbld #Nthe nflssic RebHS Batibese iﬁ@lﬁﬁ%%u@%gfﬂi@’
query processing, .and music browsing. The user can I nput hi's or her
hurmi ng 539 e MHNG BYpeeseere kelvords: Bnduy linkage to treopbinab mulie stpredyin

pr ocessi Rkl ] extract the query keywords fromthe query and send
the 5 quglr% keywca)? s?lal‘[;(e) the server through the Internet. Wen the server

sends back Fig. 3 illustrates a block diagram of score database construction. It
consists of 3 steps: score melody processing, score keywords generation, and
15  score keywords indexing.

The input to this module is the music score corresponding to a music song,
which may aiso be inserted into music database. The music score provides the.
composite information of the music and is available once the musical artists
create the music. The music score basically specifies what note is played at what

20 . time for how long. Thus the music score can be easily represented in digital form. -
J We represent each note by an integer, and a larger integer corresponds 1o a
higher note. The distance between two adjacent notes is 1 semitone, and the
distance between the two integers representing the two notes.is also 1. The time
information of each note is measured in an integer multiples of quarier-beat (or
25 finer unit).
| | The music score information s processed by the score melody processing
module followed by keyword generation modulé. The two modules will be
ilustrated by individual figures (Fig 4 and Fig 5). After the score keywords are
extracted, they can be indexed for the purpose of efficient storage and searching
30 of the score database.
Fig. 4 illustrates the flowchart of the score melody processing module.
Music scores are firstly, in pre-processing, transformed into a curve, with x-axis




the retrieved nmusic songs to the client, the nusic-browsing tool sdé :
enable the wuser to view these songs clearly and listen to then‘ﬁ@y {/2005
Fig. 2 ill wedbpdeeset he structure of the nusic score dat abayeT/SGohgouusi C
score database corresponds to the nusic database that includes the actual
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music title, singer, nusic type, score Eeywords, and a linkage to the
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m)dulf %’u?atvxo nodules will be illustrated by individual figures (Fig 4
and F% . )After the score keywords are extracted, they can be indexed
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immediate following valley and itself, and the value is positive. For a valley, the’
15 value is the difference between its immediate following peak and itself, and it is a
negative value. The sequence of values of the peaks and valleys are the first part
of the features used in music retrieval. The lower picture in Fig 6 {a) shows the
peaks and valleys together with their associated values.
Then the note histogram is calculated for each peak and valiey. The note
20 histegram contains information of how many or how long a note is presented
during a time interval. The time interval can be a constant time duration or from
- the starting peak/valley to the X peak/valley that follow it. Fig 6 ( ¢ ) shows the
note histogram for the first peak in the example. We have in our example used
the interval from a peak/valiey to the 4" valley/peak.
25 . The feature values of the peaks and valleys of a complete sorig can also
be statistically stored in a histogram and used as a global feature of the music. It
can be used as the first step in the matching. If there is no match between the
histogram and the searched music, then the further matching of other features is
not necessary. This can speed up the searching process.
30 Fig. 6 (a) is an example score curve corresponding to a piece of a music
score. The detected peaks and valleys and their feature values are also shown.

. Fig‘. 6 (b) is the detected peaks/valleys for the complete piece of music. The




-5 illustrates the flowhart of the“scor
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mat ch between_t he _histogr aén?g%'hﬁﬁgqéﬁgg%lﬂgﬂgﬁnﬁy C, l&t)ﬂg}#r,t he further
mat chi ng of ot'Rér PREndetedlions is gienenby svisdowed TRosrienraspioseh and tAigo-
sear off NgopbRfBRsS. 30 Fig. 6 (a) is an exanple score curve corresponding to
a piece of a nusic score. The detected peaks and valleys and their feature

val ues are al Sbeshtamwal détegtio or (fidtei detédtiordBy 96§SSthRAREKIA/ ¥@ingysr iy the
conpl et e dBleeted ﬁﬁchrr\lrjglbgs'. X?tgr %g{eogét%gt?c?n, the temporal change in the note value
- is comparable to the temporal change in the score note value. The inpuited
humming query can then be represenied in a pitch curve. Further feature
) 20 - exiraction can be done on this pitch curve, '
~ The pitch melody processing detects the, peakjvalleys in the pitch curve,
just as those for the score curve (Fig. 8). |
| - The final query keyword generation is done using the same process as for
| score curve, which is shown in Fig. 5. ‘

- 25 Fig. 8 illustrates the flowchart of the pitch melody processing. The pitch.
curve is smoothed firstly by removing small value changes. Then peakfvalley
detection is conducted on the smoothed pitch curve.  Similar to the indexing
process, or score keyword processing, the query keyword extraction also
calculates the peak/valiey values changes and the note histogram. These

- 30 features are then used in the matching process.

Fig. 9 (a) is a digital query signal converted from humming the same as the
piece of music score in Fig. 6 (a). Fig. 9 (b} is the detected pitch and interval




WO 03/ 005242 PCT/ S&1 /00044 11 figure at the bottom shows the gb@fd 0
feature, which is the histogramof the peak/valley feature val %(a 065

(c) is thewybiaeigd score keywords corresponding to the fpicrsigopemls of t he
score curve. In this figure, the origin of the histogramis 6, which neans

the bin 6 corresponds to the note val ue[ of the 5 starting note (first peak
in this exanple). Fig. 7 illustrates a Bl ock di agram of query keywords
extraction. The quer i nputted by humrming is an acoustic signal. It is
conver t ed cootaur diog g le (aynZhe dietecied peakivaiey valussoredalop showtic hFigs % ound

?ZLS'VJPﬁ48591%ﬁ?sﬁfﬁ%cﬁ?ﬁnﬁﬁiééﬁﬁ#ﬁ%%?@@a@ b B R

detection are ngime(d ) G ahbthé?rQ@ﬁéﬁqdeﬁy @Igtn@'l convBRkd from RUAMRingOthget a
snmoot h pitch and interval - contour, a_pitch nel ody l_'!f)rocess ng i s_conducted

to the exSaAgtasthginiete elifusisseprain F*ﬂf@r(ﬂhtﬁ'@;fﬁe( ledheydetegied giteh yand

o1 ton ot REn P BGLBUE RO, T008 . S BarBab SAR hesRhRLING efids 8t aisd"®
correl ati ghowthdig.nt®(o)ds tiieerrhcied suore Kegwdrdeateardingyid tb@amfdrmatml ly

scaling of the  detected EI tch values. After note detection, ?Wterrporal
change i nof Fig.ntf do)y dre@ Figs $oFigat@mng Fig- thhdt ceppbe feetn i ee rtthe score

note val ug q{é}ﬁ?h%mow%o ¢ ré?g Vds%*iumg Sodte K o?a§a{ee niiard Pi fch

curve. Fur? eature can be done on I's pl curve.
The pitch nel déyg. priodksates dlmd:dbek tmagrameam‘/ wwiching between he cécorar ve,

hose f f.inal d
poner i i PSR dnRgauey ekWerds. cTae extatiey ' Bdent Soeu Wl br | <
shown in dﬂrﬁ@r%r%d fth Fih@ s€orle 'kléﬁvb?d@% tthé &b@bﬁh@f by Ofisd st BI hridichiRg 0dy

processi ng itch curve is”snoothed firstly by Tenoving small val ue

changes atg@mhgeamafr@mml remttswifldie rankedrangording da the sinsilyBy hetwpen ch
o e el R R 1nBG bR UBRR DL oo g e
and the note IFigt T@ERowWs ThesRps in the keyword matching. In step 1, the detected -

15 peak/valley values from query are compared 1o those of the score keywerd. The -
comparison is then by measuring the cumulated distance of the peak/valley
values. If the distance is less than a threshold, further similarity measure is done;
‘otherwise, the maltching should skip to next candidate. The difference is

- measured Tor a sequence of peak/valiey values, say 5 values, and the difference

20 for the 5 values are summed to form the fnal distance, which is then compared )
with the threshold. L

“In step 2, the note histograms are compared. Histogram intersection can
“be used to measure the similarity between the query and the candidate. The
similarity can be ranked to list the search result in"an order from most similar to

25 least similar.




30 features are then used in the matching process. Fig. 9 (a) i i.tal
query signal converted fromhumm ng the sane as the piece of néé)/coéggloéw
in Fig.. 6 (a). Fig. 9 {b) is the detected pitch and interval 30/08/ 2005 WO
03/ 005242 PCT/ SG01/00044 12 contour fromFig. 9 (a). The detected
peak/val |l ey values are also shown. Fig. 9 ( c ) is the extracted pitch
keywords according to the information of Fig. 9 (b). Fig.10 (a) is another
digital query signal converted fromhumm ng the sanme-as the piece of nusic
score in Fig. GQéIa% Fig.10 (b) is the détected pitch and 5 interval
contour from (a). The correspondi ng peak/valley values are al so
shown. Fig. 10 (c) is the . extracted score keywrds according to the

i nformation of Fl .9, .Fig.10 and Fig. 6, it be seen
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shoul d skip to next candi date. The difference is neasured for a seguence

of peak/val l #hues 5 val ues, and the difference 20 for the 5 val ues
are sumed t for "%eﬁ'é"df? gimedinglaiicl further WRludigo thessieR Bmpar ed  with t he

threshol d In stepc)2, tdeedniify & hstogeinoBtha iRt Rprgs_h.Eon. H St ogram
intersection can be used to neasure the simlarity between the query and

the candidate. The simlarity can be ranked to list the search result in
an order froBy nosA methbl asis tomim@d ih edsiin 2] MHetdin RO/ RiBHZRAD of the first

representation includes a representation of, the population, or duration, of peaks or
valleys in a given time interval.

4. A method as claimed in any one of claimg 1 to 3, wherein the relative
difference value for a peak is given by:

the difference between the magnitude of a valley immediately following the
peak and the magnitude of the peak, and;

the relative difference value of a valley is given by:

the difference between the magnitude of a peak immediately following the
valley and the magnitude of the valley.

5. A method as claimed in any one of claims 1 to 4, further including the step
of:
d) determining a histogram of the second representation.

6. A method as claimed in any one of claims 1 to 5, wherein the audio/musical
information is a music score. | '




The Cains 13 1 . A nethod of representi ng audi o/ nusi cal inforr’rﬁ‘gl)t/oq)%/2005

digital

representation suitable for use in content-based infor

i ndexing and retrieval including the steps of. a) determining a first
representation including a set of peaks and valleys corresponding to

maxi mum and m ni mum val ues respectively of at |east one characteristic of
the audi o/nmusic; b) determ ning a second representation including val ues
representing relative differences between peaks and valleys. 2. A nethod
as claimed in claim1, further including4he step of: C) determining a

hi stogram of the first representation. 3. A nethod as clainmed in claim 2,
wher ei n : h;a hi.st ?gm anstiedd éshelai;nidds’h cu:ﬁape; eiﬁaua.ag 'ttﬁa?stbﬂ‘éi Bﬂ#ﬁro@essinlg the
representation ion of peaks or valleys in a
gi ven tinme |@B?'%ﬁ?oregefgﬁp%@magﬁ@pépé‘flil‘l‘%ti aﬂdeény one of claims 1 to 3,
wherein the reIatuemowdgt&emensanWﬂhuau%mmmmepaak is given by: the

di fference betwee nitude of a valle di at el | owm n

peak and the nagnlr}’}dij}m%&gtrﬁ ab‘g‘e?wf’"éﬁra no[t sytor | %ﬂyﬂﬁé’Sd%/ﬁ F’%h@n’@ 033'15 ue of a
val l ey i s gi\em bstes.t he difference between the magni tude of a peak

i mredi ately following the valley and the nagnitude of the valley. 5. A

nmethod as clainmed in any one of clains 1 to 4, further including the step
of : d) deter @ ni nd* @etipd @s glaimecoin aﬂhen%etdaer‘epr%wﬁtmiheraudﬁlmu‘aiaQt hod as

clainmed in aqﬂfomomsﬂggog&c]s%%f wherein the. audio/ nusical

information is a nusic score

8/2005 14 7. A nethod as clainmed in claim

6, including the step of pre-processing the mnusic score before performng

step a),

whi gh i Nl He@sd a5 RYEDth &8P sNRh&Sin| the Fchiic 'MEPhCis SEQ&I ofNT:;

humming signal.

10. A method as claimed in either claim 8 or claim 9, including the step of
preprocessing the acoustic signal before performing step a), which includes:
converting the acoustic signal to a digital signal; |
removing noise from the digital signal;
subjecting the noise free digital signal to pitch detection;
subjecting the pitch detected digital signal to interval or note detection.

11. A method as claimed in claim 10, wherein the pitch detection includes a
windowed Fourier transform and auto-correlation of the noise free digital signal.

12. A method as claimed in either claim 10 or claim 11, wherein the interval or
note detection includes logarithmically scaling the pitch detected digital signal.

13. A method as claimed in any one of claims 1 to 12, wherein the characteristic
of the audio/music is any one or more of the following:

volume level;

pitch;

interval information.




adj oi ning the remaining nonzero notes to fill any gaps left by
zero notes. 8. A nethod as clained in any one of clains | to %@(éi?ﬁ\éﬁﬂg

audi o/musical information is an acoustic signal. 9. A nethod as clained in
claim8, wherein the acoustic signal is a vocal or hummng signal. 10. A
method as clained in either claim8 or claim9, including the step of
preprocessing the acoustic signal before performng step a), which
includes: converting the acoustic signal to a digital signal; renoving
noise fromthe digital signal: subjectirdd the noise free digital signal to
pitch detection; subjecting the pitch detected digital signal to interva

or note det ect4. onAdnéthod\oﬂatam@ sABusit 8¢ atabase! mblﬁd:ﬂtgthe\/ﬂt@isaifn the pitch
detection includes a w.ndowed, Fouri er toﬁiansfo nd auto-corr el a%]agn of

the noise free di é?‘trgfené'f'%ﬁﬁlad"? MURICIEAGK HIAYEY WL ALRHSIG, seqre 5Eeh thaki m 10
or claim 11, tdversea link letweantthe wakicatorerzmt] ¢hedadtest triveia tﬂanle,l udes

| o arithmcall s¢ i tch detected ital thod as
e e T any” ondanpshing' PR S5 &PadhHd B AL ARRb A Hai0el T "Phe
audi o/ nusi ¢ ickimBytodnmmn sgarchokaywofdst he foI | owi ng: volunme |evel; pitch;

i nterval informatisa. ﬁt%/sgglcﬁ%?w&rﬁ hod of creating a nusic score
dat abase, i ncl uding The steps Corep rese I'ng an actual nusic track

uniquely with a nusic score such that there is alink between the mnusic

score and thasact uaheibieh okirRal o5 API£%GHe REGRE B gEsancOTe I

accordance wth a net a| me form search keywords;
storing the sear cﬁreﬁtm/@trlaestmeanwtfabat@eagewth the databese. dbe ef lgagteend n cl ai m

14, further ek idiuaghgt Jk?ot%tl RRRb cofbHRhING tPhn bRRS MusR&chRAMErdiRthest Or age
wi th the dat abase t he | east. one 1 ndex including a global feature

cor r espondi ngloPal Tagfuteingiydes theshistogragt ef thmascand representation.

16. A method of creating a query keyword from an acoustic input for retrieval of
music information in a music score database including the step of:

representing the acoustic input in a digital representation in accordance with
the method as claimed in claim 8.

17. A method of retrieving audio/music information from a music score database
created in accordance with the method as claimed in claim 14, by matching query
keywords with database keywords including the steps of:

a) comparing a query keyword created in accordance with the method
of claim 16, with the global feature corresponding to each music score to eliminate
non-relevant database keywords;

b} comparing the second representation of the query with the second
representation of each database keyword;

c) comparing the histogram of the first representation of the query with

the histogram of the first representation of each database keyword.

18. A method of creating a music score database, including the steps of:
a) using a music score to uniquely represent an actual music song such
that there is a link provided between a music score database and music databass;




gl obal feature includes the histogramof the second representatign
nmet hod of creating a query keyword from an acoustic input for ré@%%ﬁ}g?()@ﬁ
music information in a nusic score database including the step of.
representing the acoustic input in a digital representation in accordance
with the nethod as clained in claim8. 17. A nethod of retrieving

audi o/nusic information froma nusic score database created in accordance
with the nethod as clainmed in claim 14, by matching query keywords with
dat abase keywords including the steps ofl® a) comparing a query keyword
created in accordance with the method of claim16, wth the gl obal feature
correspondi ng to a@ach muigha B iRcludinghisat fadigital Vihies't8Ireprasdnt et rabsis e
keywords; b) co ing. the second representation of the query with the
second repr ﬁB@Q{)T%ﬁ‘OBfa'@ach dat abase keyword; c) conparing the histogram
of the first representation of the query with the histogramof the first
representation of each database k rd. .18. A nethod of creatin musi ¢
Score:dat abase, 1 fE1 uaMEe PRECCPEE YRS or e eyl Miiae 66 SRl B tery
represent an databas¢. nmusi c song such that there is a |link provided between
a nusic score database and nusi c database; 30/08/ 2005 16 b) using a curve
including a set of digital values to represent the nusic score

i nformat i on, 18nd; Acinethof iof) cpaneikingaadnusid seops inkd sedre kevwardsf ipeludinddbe ng t he
musi ¢ score s%g%pase. 19. A method of converting a nmusic score into score
keywords, including the steps of. a) preprocessing a score curve to renove
zero notes, the s@bre RigPROEessiNgcd §eRrAuUErede remeverrad nalesy e rssrer @tesent i ng
nusi cal not e%u}a)ng%eée%mi@&lpﬁ@é@reafé@em%lmamotééae score curve; c)

cal cul ating the distance between each peadk/valley and vall ey/ peak pair; d)
usi ng the peaks aBld vati¢tesiag peaksaanshvaliews g fiecere e a not e

c) calculating the distance between each peak/valley and valley/peak

pair;
d) using the peaks and valleys as reference points, and a note

_ histogram of the peaks and valleys to serve as score keywords.

20. A method of creating indexes to organise a music score database created in
accordance with a method as claimed in claim 18, including the step of:

a) constructing a global feature for the complete actual music song,
wherein the global feature is the histogram of the values of the distances between

each peak/valley and valley/peak pair.

21. A method of automatically converting acoustic input in the form of humming
into query keywords, including the steps of:

a) converting the acoustic input into digital signal;

b) detecting the pitch from the digital signal;

c) converting the pitch into notes;

d) representing the acoustic input by a pitch curve;

e) smoothing of the pitch curve by removing small peaks and valleys,

f) detecting peaks and valleys of the pitch curve;

Q) generating the query keywords using the peaks and valleys in
accordance with steps ¢) and d) of claim 19. ' :




hi stogram of the peaks and valleys to serve as score keywords. %%./0%?1? had

of creating indexes to organise a nusic score database created i 005
accordance with a method as clained in claim 18, including the step of. a)
constructing a global feature for the conplete actual nusic song, wherein
the gl obal feature is the histogram of the values of the distances between
each peaktvalley and vall ey/ peak pair. 21. A nethod of automatically
converting acoustic input in the formof humring into query keywords,
including the steps of: a) converting tH& acoustic input into digital

signal; b) detecting the pitch fromthe digital signal; c) converting the
pitch into nogges; ﬂ?nefh%ﬁro?ﬁﬁiﬂlir@ghé H@erﬁﬁé\%{r&é?of' c.naﬂh'lt21b¥ntﬁtl‘@ Gdic QéHré/ e; e)
snoot hing of the pitch curve renovi ng smal | peaks and val | eys; f)

det ect i ng pea!?@é’waﬁﬁfaof/%lﬁ'ﬁbi/% "E?f”dﬂgéh?)?‘?%‘)fcurve g) generating the query
keywords using the peaks and valleys in accordance with steps c) and d) of
claim19.. 30/08/2Q05 17 od of mat ch the uer of
claim21, with thé&nuscke é&g %QFE@ GRIHRCqst "éclt q@or REs %’HFﬁd"? gst eps
of : a) Checklmlamgdlmhﬁélmfmatdﬂhﬁumlﬁdﬁmdvedmlﬁmmmﬁjswth a net hod
as claimed in clai . el m nate no ant rrusm core ke vvords b)
mat chi ng t he sequé’?c B}att‘%' 95199%?}“& glpgﬁg\%éﬁ%tldl?é@c&v E “Ynd t he
peak/ val | ey dindtimnpeakivalleyafstaricet iatiennsine nacarseotedyeyaos; c) mat chi ng t he
note histogram by | st %Ec@l tﬂé ﬁétg%%wﬁer apyﬁrstogra%%&se &85 use in

cont ent - based |nfo mat | on r trieval accor dance with a net hod
as clainmed in any one of clains 1 to 22.

23. A system for use in content-based information retrieval operating in
accordance with a method as claimed in any one of claims 1 to 22.




