WO 2005/ 050615 PCT/ SG2003/ 000276 Method and Appar at us
for Mel ody Representation and Matching for Misic
wWesiswas
invention relates to a nethod and apparatus for nel ody
representation and matching for nusic retrieval and
refers particularly, though not exclusively, to such
a met hod and apparatus for content-based nusic .
ret ri evMethashandippagatyssior Melody Represgtation gad Matchifg, ¢ |
Background to the | nvastmesic Refrieval t he increasing
availability of digital nusic content, effective
retrieval of 15 relevant data is becom ng very
i mportant. Query-by-humm ng is the nost natura
sQUEd BB Rivefbnf Or nmusic retrieval since an average
person can hum nuch better than they can play a
musi cal instrunent, or sone other neans. Al so, when
r aiThi popsertt ingentjorerelateshea methedant appesatesior inplody 1epeaentatial
nc)tang) ﬁwa@ﬁﬁ\%lf@muglc rENEV S r@feréTbm%rIVEih&@X n%@@xcﬁl@ﬁélb Yo

have trenmendous variations 1n a
20 SB@S%@G“Q%?W“'@E%{PW%W&FQ“%83$ Hﬂ%{fgﬁwevﬁigﬁ ] fefsg?va'
10humgiatgusticlinpdt.he hummed query may contain pitch
i naccuraci es; 2. the humed query may be produced at
an unknown or even inconsistent tenpo (speed); 3. the
hurRreorgued tp thlpveidioanywhere in the target nel ody (not
JUSt the 25 beginning); 4. the hummed query may be in

V\ﬁ tFQ 'inc;%gé/ I’lge g\%r lab%lﬁ?gp h%ftaI%&&%&@er{{aé{ﬁecﬁem@rﬁt}élg(l?

15| n\iéﬁ\ﬁnbiﬂ?ta gd)ewwm vqw &rRartant Me'amy hyPETing hSé'aP Bepdttural
r e'q@é@ﬁlg triethdd FRhaSIE rdtrval BRlce dy avéreqy gseintaah inom much better

pi {TIE&W tﬁ rf% tg g?a tu%f%%l rjsgrﬁg'xe rtgg)r(]rvsﬁ)ra '&lger%hegﬁé 9?% \twﬁenaralsmg
sertheegueny the sisyand movsicsf mrsiirtrfeerﬁerg@ven@tsbq ﬁVQi'ab'SS Howryer a
donﬁhﬂwedaﬁ@odgl €an %ﬂphé\@ tfeh'%na@ftu\%ﬁﬁlﬁ)ngfm pitcheang @gfiRThis
Valpalgesrml?%ﬁbéll te%r mu3|c aelflrlevanyOnumnPOI nts in a
the hummed query may contain pitch inaccuracies;
2. the hummed query may be produced at an unknown or even inconsistent

tempo (speed);

3. the hummed query may be anywhere in the target melody (not just the
25 beginning);
4, the hummed query may be in a different key. For example, a female may

use a high key, while a male may use a low key.

Summary of the Invention

30
This invention in one preferred aspect relates to a method for melody
representation comprising the steps:
@ converting a melody to a pitch-time series;
(b) approximating the pitch-time series to a sequence of line segments in a
35 time domain; and
(c) mapping the sequence of line segments in time domain into a sequence of

points in a value-run domain.

5 Field of the Invention The preseRCT/SG2003/000276
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For all aspects, the sequence of points in the value-run domain for the input
melody may be used to create an input melody skeleton; the input melody skeleton
preferably comprising extreme points in the sequence of points. The input melody
30  may be input as an analog audio signal; and pitch values may be measured as

relative pitch, in semitones.

In step (a), a non-pitch part may be replaced by an immediately previous pitch
value.

35
The result of step (c) may be invariant to a tempo of the melody.
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Preferably, non-extreme points in the sequence of

points are not considered in the matching process. 5
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(c) mapping the sequence of line segments in the time domain into a
sequence of points in a value-run domain; and

(d) comparing the sequence of points in the value-run domain for the input

30 melody with each of the sequence of, points in he value run domain of the

plurality of melodies to determine a stored melody of the plurality of

melodies that matches the input melody.

A final aspect of the invention provides method for raising a query to compare an
35  input melody with a plurality of melodies each stored in a database and stored as a

melody skeleton, the method comprising:

(a) converting the input melody to an input melody skeleton;
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Pitch values may be measured as relative pitch, in semitones.

25 In step (a), a non-pitch part may be replaced by an immediately previous pitch

value.

Non-extreme points in the sequence of points are not considered in the matching
process.

30
Brief Descriptions of the Drawings

In order that the invention may be readily understood and put into practical effect
there shall now be described by way of non-limitative example only preferred
35  embodiments of the present invention, the description being with reference to the

accompanying illustrative drawings, in which:
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illustrates the procedure for nelody file processing;
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Figure 1 illustrates the architecture of a music retrieval system. Melody data files
30  (101) will undergo melody file processing (102) and then be inserted together with
melody features into a melody database (103). Melody data files are data files
encoding the melody of a music art piece in the form of music notes. One example
of a melody data file is a Musical Instrument Digital Interface (*“MIDI") file. A
melody query (104) will undergo melody query processing (105), and a melody
35 search engine will then search (106) for melodies in the database (103) that are
similar to the melody query (104). A melody query is a part of a melody in the
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Figure 3 illustrates the melody query processing procedure (104). The acoustic
query input (315) is produced and captured by a microphone. A pitch detection and
tracking module finds the pitch values in the input (316), and generates a pitch
30  value time series (317). The pitch value time series (317) is then translated (318) to
a line segment sequence (319) by a line segment approximation module. The line
segment sequence is then mapped (320) to a data point sequence by a mapping
module, which is the same as the mapping for melody (321) file processing (214).
The data point sequence of the querying melody will be compared with the data
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replaced by the prewous pltCh value in order to avoid gaps in“the plot. The melody

30  concerned in Figure 5 is “Auld Lang Syne”.

Figure 6 again shows two graphs — the first (a) being the same time series in

Figure 5(a). Graph (b) show the line segments approximating the time series

shown in (a). In Figure 6(b) the gaps (non-pitch frames) in 6(a) are padded to
35  provide line segments approximating the query time series of (a).
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si gnhigfitl nbalF@siice Match. 20 Figure 9 shows two nost
probable cause of errors in matching extreme points.

20There are two graphs for both (a) and (b). The upper
gr dijurd 8 sbéwd tvat mosh ptabeble dadsalyd Seprsam dnatdhing| exéweme geiaish
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In a r nts El an
ha\ae a't@ﬁmcprrﬁ'x S#%HCF‘{' &F é’fﬂf‘é‘y %il#?ééncﬂqﬂ@ﬁ% Rl gig Eﬂf?
| evRints Hi Sindrizanse 4 smail lpathy diferehe, isinte @dlycekliopitch level
Omutis‘ilﬁgancg’%hkg t%%%%trl;gtfc'eﬁ férmtéoar to Fi gure 9 and

| I'ustrates so y causes of errors of

30. Figure 10 is similar to Figure 9 and illustrates some less likely causes of errors of
extreme points. In these cases, (a)(b)(c)(d), four points E1, E2, E3, and E4 are
skipped from mapping. The cause of the errors is the same as the previous cases.
Note that all the extreme points of errors are preferably presented in pairs, such as
(E1, E2) and (E3, E4). Other cases of errors of the extreme points may be

35  considered when necessary.



extrene points. In these cases, (a)(b)(c)(d), four
points El, E2, E3, and E4 are skipped from mappi ng.
woheospauase of the errors is the sane as the pregisaG2003/000276

cases. Note that all the extreme points of errors are
preferably presented in pairs, such as (El, E2) and

(E3, E4). O her cases of errors of the extrenme points

may be 35 considered when necessary. WD 2005/ 050615
PC'WQBGZUO@V&U@@Q?GG‘U?:TOQ theanejodyjskeleien Paichigg (422 A wen slata

t NeefihadY dekReLI0) WmeF‘ehi ‘39<(n§'213§ the'ﬁﬁd@k‘ girtMe géhtu@nce and

sequence 1's denote 1<
t hd" [Siftfanmber wae'n§éluibe ﬁ%@en%ahw% va'tr?eafﬂ dﬁ‘B% F“”(?f aliare
pOId@hcﬁed s tdve areld g o tarddl edafd h@dmemal iWedenntdd &3l §ie where

ot & HEMBREAT 46 et g e the humtriof B 1 e
is sbmmncmdebx pidh tahe sequamace ofaficare derptadnas tnﬂ]rweltr[ ]oFor
po'sﬂ%pﬁifl Y, agstl]ﬁesheg%réﬁ@ q 15?{% Qll]té;‘g bé/tF p@ﬁ( E&ﬂrqs Vcﬁ‘lbUan \fah'é]/

are denoted
si rginise iThsy fablesis Lﬁfé’aﬁmg’f"ﬁ] th%ﬁataafel?et\a?ﬁm Wp SPAuENEPSHRATHNg
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di sfobdvefpuet. thalelale two.isstbd dflcofic@mi t (1], . . ., t(j]). Since
a peak point does not match with a valley point, the
di stance val ues of the shaded cells in the table are

not(kconsamesting Meelistange ealvan aicslk@eds of concern: (1)

15;3 onput i ri?aﬁlh@ thePati @A %Ilgﬁﬂéﬁ?thbtrha@ tieEhinimuaN@stdfee @9 using
raC|ng e

.t
i o ancdh® s ot bEGRRN brlel? rel fhe S B L REH
cell (i qIS)annea(id@dmtmqimﬂnse @Medéxapfa ‘diegipesicell (dbded by
the di stance value D,,y of a "previous" cell (x,y).

(i Koy 12 b e B oPBa sele ) cBieBungn s fpssive
203 k l qaﬁﬂsru!l psitislunpingstieing iy Big@e Arald 10 If thé calla? Bl the previous

(1 -cby jthely it In%aﬁsh@.e@r@\ﬁb%ﬁt sIGﬁMg foFb Ny r,.t1 arsan@s}g% &he
is no poi nt s I

is qrcﬁlé)us ﬁ?lbmeah'%rec@ga' 2- pqlrﬁéhljp?l%laé fge gase shown &\ Flguré 9. IP
2- bl pa) -os Ki-§ypl) egthe sevions télk tieastbers limoad-pomt-FHigpingeasAn thef
(i c]asé sh%)/vn Wlflédre 50(13) a1nh Sbfb) tlfl']@3 Pf) %VthQHéwG@ Jell tﬁgﬁqwere IS a

there 1s a 4-pol pi hg
25F gbwtibewg %?ﬁ'athf(??iﬁ showp Iy Elg%e 10<e>)a"|d éd)t ﬂ@efp‘?Oé%)? '8@% of
c el grevidub @oint fbre jemaysbeecodSidetep@hatinesdssapi ng as in the
case shown in Figure 10(c) and (d). Qher
possi bilities of previous point for H may be
c ondithdBe eepsiRlsreviose ealls i i) dinepHhe ﬁféafgfsé@ e fos Dp PV
celdeterhiéd.(1,]) given, the distance value for D1 can
3ot hen be deter mi ned.



30 WD 2005/ 050615 PCT/ S&2003/000276 D,-1,i-1 D+-1,1-3
+P(i,-1, j,-3) 7 D-3,j-1 +P(i,-3, 1, 1) (1) Db,; -
wdhes®s¢dis j)+ mn Di-1,i-5 +P(i,-1, j,-5) D, P6TiS62003/000276

+P(i,-5, j,-1) D+3,i-3 +P(i,-3, j,-3) where i>3 or
1>5 or >3 orj>5 are required for the respective case
to be considered. dbase(i,j)=l qv(i)-tv(j)-A (2) A=
gv(1l) - tv(i) (3) 5 P(i,-k, j,-1)=PQ (i, k)+PT(j,1)
(4) PQ (i, k) H0, ibk,=1 (5 (k-1)12 P, (i, k)=ri
jjigv(i-2x+1)-qv(ji-2x~ (6) X=1 PT (j, 1) =0, if I =1
(7) (1-1)/2 P7, (lP,ﬂ;.)tP' Yljt-\ﬁs' -2x+1)-tv(j -2xj (8)
X=1 10 dbase(i ,j i's thﬁ | ocal distance between q(i]
and tf] ?,S Dishet EHi BT beyyween q(1] and t[I].
P(i D, g d page \H4 +P§HCLE p ?e tly iyposed for point

ski ppi ng, in whi -1P€f k’r the penalty for

ski ppi ng points qu_gy; 5301 PT is the penalty for
ski ppi ng points |r1‘5 A arg e penalty is based on

th_e sum of the vam,gesxdp(,f_@r%erg)es of the pairs of
poi nts that are sKi bped 77 1s a weight for the

pemabreiisssar i>bor jﬁher pﬁ ereirequged ol the rewheqtllrre ¢fise éesbe(dongiderethe

i's chosen recor ded.
And“g’ﬂf’al m,ll ooks like th tabl e shown in
%‘;JLG ﬁt_ @ used for this. The iﬁlls of the table
R 'nters to (or the indeX’of) the respective
(cp}gq l_qnue Ié)‘i'll’ﬁj,l)zo The bordey cells are

I n|

PQ(z,k)=0,|fk-1 (5)
(k-1)/2

P (z k =7 Z!qv 2x+l qv(z 2x] (6)
x=1

P.(j,1)=0,if1=1 (7)
(1-1)/2

P.(j.l)=n thv(] ~2x +1)—1v(j — 2x) 8)

10  dpase(ij) is the local distance between g[if and tfjj, and A is the shifting between g[1]
and #[1]. P(i,-k,j,-]) is the penalty imposed for point skipping, in which Pq(i,k) is the
penalty for skipping points in query, and Py is the penalty for skipping points in
target. The penalty is based on the sum of the value differences of the pairs of

points that are skipped. 77 is a weight for the penalties.

15
The previous cell, which gives (i,j) the minimum distance value, is chosen and

recorded. Another table, which looks like the table shown in Figure 11, is used for
this. The cells of the table store the pointers to (or the index of) the respective
chosen previous cells.
20  The border cells are initialized as:
D4,1=0;
Dyj= o0, forj>1
Dj;=o00;fori>1
since the alignment starts with g7/ and {7].
25



D1, 1=0; D1,1 = oo; for j > 1 ©D;,j=o00;fori> since
the alignnent starts with g[1] and t[l]. 25 WO
waQen/Beds15 PCT/ S&003/ 000276 The order of  PCT/SG2003/000276
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whiasstmuialgd distange Wh@dl wilkh 2R Ongl§dhaAidE g ¥elve
(aq[1],...,9(m). For the other subsequence in the

t afﬂstaaﬁ%d%%&ws g&sga& %A&g a6 bk 2 1 (e paliT Bl

si'm | ar manner
15hy The acing lﬁ@tomr{ewheythﬁ[pmlmtzkwomtmrce&bé?c% starting
position (2x-1) (0 <x < n/2+1) in the target sequence,

t herh{%ﬁﬁgy fi ngl ﬁeggen? nlﬁbs%t}enc ! Uﬂf%#?%% %ﬁ%g lé%ﬂfﬁg fioth f ?%ﬂgch

correspon aCcu
obtcap heahgnedww#h*ég euerw seqenegr Al ht <I[mR-Her Briohs Qqugpce
t hay, ol thig¥ing Gseqeancd @Biting Aoma B-28Ek 2! B da®rminitohesay be
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Dm(x) is selected as the best alignnent preferably

al V\‘%Yéachr@a?tlr@ &Hﬁeﬂ Bx- |(03E)a‘3(}#2+11hﬁ\r1‘h$ Reged bédqiiBAd) theddest
adj acent a l is
allgnment ith the query sequence is found and the corresponding accumulated
distance Dp(x) is obtained. In these n/2 alignments, the alignments at the following

25  position are selected as matches with the query sequence based on Dp(X):

Dn(x) is a local minimum;
Dm(X) < Dthres-

30 The iocal minimum of Dn(x) is selected as the best alignment preferably always
has a smaller distance than the alignment at adjacent positions. Dyes is @
threshold, which is to ensure that the aligned target subsequence is close enough
to the query sequence. The selected target subsequences are likely candidates, on
which an accurate final melody similarity will be determined.

35
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subsequence is close enough to the query sequence.
woheoswsb@st ed t arget subsequences are likely PCT/SG2003/000276

candi dates, on which an accurate final nelody

simlarity will be determ ned. 35 WO 2005/ 050615

PCT/ S&003/ 000276 Figure 13 illustrates data point

mapping in the final nelody simlarity measure (425).
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15p0ian dhegnas- qxrﬁ@ﬂ% R‘@'Pté?'éfhn%ﬁlaﬁ?%’ ex:lrsmamem\sr?ée W@Woéﬁ/fqleé%
POigaings. and not - mapped extrene points are the

non- skel eton points. The mappi ng of non-skel eton
points, requires the followng: (1) shifting of the

v al Tihe mgbping ef nomskelie/Lioints ragisisesdhefiellawing: al i gned

skeghet onshiftihg o HeNatie A (wd)schiMBe BaseBfontthe aligned skeleton
non- skelet n@gflnts In the alignnment of skeleton

poi nts, ue shifting of two sequences is based
on(ZIhelﬁmmmUOﬁben@vﬂébbheom@spective sequence. This
shifting val ue may be biased 25 towards the begi nning

so the iftin al red term ned bgsed, on
PP G shoion prits. Y e B TR SouPren Rk
of theh drst lpeihie bothe prespetive | sequdnee.qlies phiftise (yalen ceayabel biased
25t art&ﬁérdssﬂ'lgﬁ Cp%mgy sd’tﬁ@ Klifting FME |;I> Pé%gt@ﬂralmedQ)a&d on<a‘n tite

the new shjf |n% lue is give g k
tv ggebatop |£)Ol(l'§) By enotlng the pitch values of the keleton‘po ts in query

20

sequence and target subsequence by qvg(i) and tvg(i), 0 <i <=L, the new shlftlng

value is given by: A = (qusk() ( ]/ L (9)

This new shifting value will be used in the mapping of the non-skeleton points.

30  Assume a skeleton point g(a) in the query sequence is mapped with the skeleton
point t(b) in the target subsequence. The pair of skeleton points following these two
points are g(a+x) and t(b+y) respectively. So the points g(a+1),...,q(a+x-1) are the
non-skeleton points in the query sequence, and points t(b+1),...,t(b+y-1) are the
non-skeleton points in targeting sequence.

35
Figure 14 illustrates a process for the alignment of non-skeleton points.



r=1 This new shifting value will be used in the
mappi ng of the non-skel eton points. 30 Assune a
wekeals@senspoi nt g(a) in the query sequence i s REpP|SEA03/000276
with the skeleton point t(b) in the target
subsequence. The pair of skeleton points foll ow ng
these two points are g(a+x) and t(b+y) respectively
So the points g(a+l), g(a+x-1) are
norfos Rashesel fi.)go thettable. 'Pﬁié d@t?é?@@@q@(é’h@éalcﬂﬂtéd ;5'6'[‘91{@
t ( Beibling equatiérdd+y- 1) are the non-skeleton points in
targeting sequence. 35 Figure 14 illustrates a process
for the alignnent of non-skel eton points. WO
200 Q PG /$G2903/ 00 6 For each cell (i,j) in
§<QZ gﬁég Iggal glstangg%value d(i,j) is calculated
5u5|ng the follow ng equations: d(i, j) =1 qv(i) -
tv( S given by equation 9 above.
The"h{% ’Eﬁ'sr?'vgggg?%gt'%b%@ éel eton points is obtained by
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The present invention also encompasses a computer usable medium comprising a
25 computer program code that is configured to cause at least one processor to

execute one or more functions to perform the above method.

Whilst there has been described in the foregoing description preferred
embodiments of the present invention, it will be understood by those skilled in the
30 technology that many variations or modifications in details of design, construction

and methodology may be made without departing from the present invention.



execute one or nore functions to performthe above
met hod. Wil st there has been described in the
wobanwsgsialy description preferred enbodi ments 8€TSIB2003/000276
present invention, it wll be understood by those
skilled in the 30 technology that many variations or
nodi fications in details of design, construction and
nmet hodol ogy may be made wit hout departing fromthe
prékéns i nvention. WO 2005/ 050615 PCT/ SG2003/ 000276
Cainms 1. A nethod for nelody representation

conpri si ng onverting a nel ody to a pitch-tinme
seli es; S“Q(trt?f’(f%{)ﬁ‘ﬂf‘?"g%ferﬁﬁsiaﬂ lop M- ¢ i rrepserl es to a

sequence)of bmrwem@egmemdi)sto aipitchetinte seeesiomai n; and (c)
mappi ng e & bRt
5 (t}g equs ﬁgmlﬁ% ﬁ‘t&hﬂﬁ'nés%%@tgta%ehdén&é SFRn& QyRefts

into a ts In val ue-run domain. 10 2
A nmet hod as é’f‘l%at?"ﬂﬁé’d’mai'? #9%i m 1, wherein pitch val ues
are meagdyr ednmapping tleadehedciot die ségmesisninttoreedoman ik a
nmet hod as cl e in step (a) a
non-pitch pa??qmggce og‘é&ktéln@déwem e r?ﬁ'edl ately pr)ew ous
pitch value. 15 4. A rrethod as clainmed in claiml1,
IOWhQr ei N at &thsr O eXimes il BEibht 1, agheddih pitth|vaies aredieasured as
as claimed in claim1, wherein the

result 6€f§at'§?8‘gﬁ('8fem'§nﬁssed to 20 produce a nel ody
skel eton, the nel ody skel eton conprising extrene

point s 'AnmEthgd §§Glb'lﬁ1'é§@n Gglrrpplvli}{eﬁem . stéd ([ tahvieil-piteh part is
claimed in t of step (c) is

|
i nvar i aﬁ‘fp'atCSd g‘éa'}'@FPSS'atS& pf?{@u?'r% é&gﬁ 25 7. A net hod

1sfor creating a database of a pl urallty of nel odi es,

t hg net Rodemn&PARdimcd e clafnPy, itRfh 8E rieltay Rlinguabs by ar@fog
rrel odi es: " a) converting the melody to a pitch-time

seri es; ¥y s8Ry oxi mately the pitch-time series to a
sequence of line segments 30 in a time domain; (c)

magpl ng A REnSeIY8RAMEd M cidihNe whEeRBN Fésblﬂoftdté'ﬂi‘(c}j@ﬂﬁéd’lto
20 produce a melody skeleton, the melody skeleton comprising exireme

points in the sequence of points.

6. A method as claimed in claim 1, wherein the result of step (c) is invariant to

a tempo of the melody.

25
7. A method for creating a database of a plurality of melodies, the method
comprising, for each of the plurality of melodies:
(@ converting the melody to a pitch-time series;
(b) approximately the pitch-time series to a sequence of line segments
30 in a time domain;
(c) mapping the sequence of line segments in time domain info a
sequence of points in a value-run domain; and
(d) storing the sequence of points in the value run domain in the
database.
35
8. A method as claimed in claim 7, wherein pitch values are measured as

relative pitch, in semitones.



sequence of points in a value-run domain; and (d)
storing the sequence of points in the value run donain
wonodashsosisat abase. 35 8. A nethod as cl ai ned i RCTISGR20M3/000276
7, wherein pitch values are nmeasured as relative
pitch, in semtones. WO 2005/ 050615 PCT/ SG2003/ 000276
9. Anethod as clained in claim7, wherein in step (a)
a non-pitch part is replaced by an i nedi ately
pr évi oud methadhasvedimed il gaimay, mdetebidin SepcPhp eaPiteh B3hism
7, wher giy racéJBzarﬁ%ﬁematb@ ol pi@SvaAR. anal og 5 audio
S|gnal nmet hod as clainmed in claim7, wherein
the result of step (c) is used to produce a nel ody
sked.et oA, métive agelaoubg is kleine?, ovhercortps mslod's éputr aman analog
poi nt's equence of points. 10 12. A nethod as
> Ia|nedhgﬂ;§$wfn17 wherein the result of step (c) is
invariant to a tenpo of the nelody. 13. A nmethod for
rain$i NgAaméhRIras damedinpusie 7amhéreip tite relitad ptepi(€his aised to
plurali h%d@ce a ]réel l Q&Qeﬁ)‘?\ %C n\el%ti}pr bl c@mﬂ%‘r@@ﬁ%n@s
a stored sequence Ints 1n a value-run donain,
t he neth@dsﬁdﬁb$M§@W@°fWHﬁsconvert|ng t he i nput nelody
1oto0 a pitch-tine series; (b) approximting the
pi t h tinme serie a £l Nt.S _ .
Fi e dofidraiross ceis) BB, i B st BAgPere iendt
segnent st¢mp0tdﬁé16tm€tlféi)’dorral ninto a sequence of points
in a val ue-run domai n; and (d) conparing t he sequence
oi nts ue-ru u .
8oy hreshoaggiranne fRuc o RRERedn BlhO8y U buray or
15each ofmelddies phair sivred yn @flataldse @ @sstered a%wemqm QﬁePOéi'tS in a

stored gRLOAN defnalhhﬁ‘e maﬁao@!:dmg.hgy of mel odies that
mat ches the in as clained in

ut
claim 18) whép F'Hnﬁg '@éfc{ﬂéﬁdcyéo 6&%5'%?5”‘?% t he
val ue-r @) dompproxihating theepitcintime saties todysearanceefdide tsggments

create an i nput sheldshn: skel eton.
20 (c) mapping the sequence of line segments in the time domain into a
sequence of points in a value-run domain; and
(d) comparing the sequence of points in the value-run domain for the
input melody with each of the stored sequence of points for each
of the plurality of melodies to determine a stored melody of the

25 plurality of melodies that matches the input melody.

14. A method as claimed in claim 13, wherein the sequence of points in the
value-run domain for the input melody are used to create an input melody
skeleton.

30
15. A method as claimed in claim 14, wherein the input melody skeleton

comprises extreme points in the sequence of points.

16. A method as claimed in claim 13, wherein the input melody is input as an

35 analog audio signal.



30 15. A nethod as clained in claim114, wherein the
i nput nel ody skeleton conprises extrenme points in the
weemsdierds of points. 16. A nethod as cl ai ned i RCTISG20M3/000276
13, wherein the input nelody is input as an 35 anal og
audi o signal. WO 2005/050615 PCT/ SG003/000276 17. A
nmet hod as clainmed in claim 13, wherein pitch values
are measured as relative pitch, in senmtones. 18.
metlRod Asmethed areekimgd %ﬁ'%@BWh%@ PBFValUES StepIepsy edaas
non- pi t ¢dlatR@pitchi if serbitoh@pl aced by an inmedi ately
previous pitch value. 19. A nethod as clained in claim
18, wherein the nelody is input as an anal og audio
si gRal . AlfetB@ asiclarmethddclals 181 whereid in step (i snonepitch part is
swherein iﬂb%e(ﬁ B |ﬁ1n@51at§&%ﬁzvﬁ39§ pilch viige€d to produce a
nelody skel eton, the nelody skel eton conpri sing
extrene points in the sequence of points. 21. A
metibod a@smethai asetkirient ic blaimm8 1 8hereih gregnetodylieinput g lan apdlog
step (cC), % ﬂyarlant 15 to a tenpo of the nel ody.
22. A met as clainmed in claim 20, wherein matching
is by sequentlally conmparing the nel ody skeleton with
10t heost onedeth®] syairaédinalainm 18 heteirathe mesltt bf step fo isndsed 28
23. A S j ' ' r
non- ext Piats, 3infiod) Bkl o, Hellaf ShaltB g exreme
conS|dem@mEWhmPﬁ%WﬁﬂPéﬁP%@Sprocess 24. Apparatus for
enabllng the raising of an input nelody query of a
raaldlaz%rgggod a%%qa?r%c% if é:lragn?li? \l\’ggrlemth(-:$ %gh'l?&%feg) gjelg %E%t
Bn1crophd@ekmmpot$@aﬁbﬁg an |nput analog audi o si gna
of the input nelody; (b) a pitch detecting a tracking
le for eter pitc ues
an a?lléog £ edodiay s megn'a gjférﬂ af"'}"ﬁrﬁm mQtCh"(]:gn 'S %YI qq{%Ht‘ially
seri es; comparimg|thermelody) skatrtorapiir thei S‘i@f?‘ii m‘%él&#‘@mﬂ ontil a
appr oxi mRiitgrbAe Pitch

20
23. A method as claimed in claim 22, wherein non-extreme points in the
sequence of points are not considered in the matching process.
24, Apparatus for enabling the raising of an input melody query of a plurality of
25 stored data point sequences melodies in a database, the apparatus
comprising;
(@ a microphone for creating an input analog audio signal of the input
melody;
(b) a pitch detecting a tracking module for determining pitch values in
30 the input analog audio signal and generating a pitch value time
series;
(c) a line segment approximation module for approximating the pitch
value time series to a line segment series;
(d) a mapping module for mapping line segment series to a data point
35 sequence; and

(e) a melody search engine to perform a melody similarity matching
procedure between the input melody data point sequence and



value tine series to a line segnent series; (d) a
mappi ng nodul e for mapping |ine segnent series to a
wdav@/peiint 35 sequence; and (e) a nel ody seaPCi/SG2003/000276
engine to performa nelody simlarity matching
procedure between the input nel ody data point sequence
and WD 2005/ 050615 PCT/ SG2003/ 000276 each of the
plurality of stored data point sequences in the
dat abase. 25 eadonpifice Plutaitibdlestaredi date RO segikengeq in the
conput er proge@mseode that is 5 configured to cause
at | east one processor to execute on or nore functions
for raising a query to conpare an input nmelody with a
pl wsal i toomplitemesabldi mediure &amnprisingra dorputer pragratiasasiedhatals
sStored %Slq‘téﬁrgg o %LSQOQ'I&EtsbnE Bro@eéé&l td %xéélhﬂa ord&'ﬁ%r@ fuP¥tions

(a) conve e 1 nput nel od
seri es; fqrca'fag 3 QY XGORET Y ""tthemﬁ?qch'“l?HE@Hr"if gelodigs
a sequeraéh sibrell ime dsiaigreat @ stired sequéme efqroimitnin & lue-run
mappi ng th gl %gquence of line segnents in the tine
domain in " sequence of points in a value-run
domai n; (a)nd (cel)veﬁmﬁwmnqu%% ta 8 irdritee HeHoi nts in

jot he val ygy r urpglembigfted pittheme ddies tIsequehady livd degments
each of the stoLeddsequence of points in the value
run domai n of" § RE CI’uralllty of nelodies to determne a
stored (el odyepping thecseplaneapliling segmants Hdheime Hgmain into a

mat ches the isggushcd @ oo in 2@luchuiBdrhaif; dnar rai sing a
query to compare an i
20 nel oc‘f”es &8@3”5‘9(Sf?ee%q?'er?c?aogpac%(nésoastge g%lg ’H{ngdroe(?y & the
15mel ody skel etimput melody witk ehedofcthensiores srftueqeg) of points '" the
converting t h/ﬁiule RAttorR P plurhlirbe H&[&d‘esﬁ@ﬁ&éﬂmne a stored

Tho. ol ody. SUBAEDBRT P Bl g B e ek el

nel odies to determne a stored nel ody of 25 the

pI %66" ' t/y Yms go&%t RieS &u@@tto E@ﬁdéré%ﬁl lﬁ;hﬁ ey twith Bl gty of

20conver Si 'B‘ﬂO%?S qaﬁ*éstg'lﬁgfn ad %@‘?aaaﬁn% Bt°ﬁeﬁeaslqrw'%lﬁlgd¥rgie@w] the

skel et ommétsodupmpfisk)g: converting the input nmelody to a
pitch-t |@F S&bohéetting the input melody to an input melody skeleton;

(b) comparing the input melody skeleton with the melody skeleton of
each of the plurality of melodies to determine a stored melody of

25 the plurality of melodies that matches the input melody.
27. A method as claimed in claim 26, wherein the conversion of the input

melody to the input melody skeleton is by:
(@) converting the input melody to a pitch-time series;
30 (b) approximating the pitch-time series to a sequence of line segments
in a time domain;
(c) mapping the sequence of line segments in the time domain into a
sequence of points in a value-run domain; and
(d) using extreme points in the sequence of points to form the input

35 melody skeleton.



30 (b) approximating the pitch-tinme series to a
sequence of line segnents in a tinme domain; (c)
woappioagis he sequence of |ine segments in the PCMSG2003/000276
domain into a sequence of points in a value-run
domai n; and (d) using extrenme points in the sequence
of points to formthe input 35 nelody skeleton. WO
2005/ 050615 PCT/ S&2003/ 000276 28. A nethod as cl ai ned
i n281 ai MnEdhodeissleimad iveleim 23 WhaEingsch githe misjogy spietysys of
the pl ugRloidraitydr stole nRebdidB lidinesa dys formed by: (a)
converting the s .ortﬁd el Odéi qt?f%a EI tche- tine series;
(b) appfBxi mEeVAHY"S HE SBEd CRE'eqY iR @ SEFTIRE 0% sequence
of | i ne(egmepireximaing theaitth-tpe derieaitea s¢aupnagmp [errgomprts
ssequence of {ing,Se@ERAts in the time domain into a
sequence of points in a value-run donaj q; and Sd% .
usi ng el@r enBepRINhINE SPFePGROJIBE SENRRNS N WRITAT doPdn 14 &)
the nel ody s&pkateapoidt®in2ZDvaluk-nm tbodnamdc| ai ned in
cl al m ng) Wh%]%lﬁd &tr@hﬂe%}gin%% tHeSse r&_cgﬁﬁﬁdﬂﬁéag f8rtn the melody
relative'pitch,”1n semtones; and 1n step (a) a
non-pi t ch paffesi¥. repl aced by an irmmediately previous
1opitch value. 15 30. A nethod as clainmed in claim 28,
Wh%gel nA!rﬂ tﬁtae Qs «'Slgpneé‘innccféﬁr}]pé?t %e{%ﬁ{éitch% Iuésegrjeam@ag rgé( as
an “'nmedi a?e?y previous pitch val ue; ana pitch val ues
are neiajive gittisinsemiianesiangiip sigp (?) RWMAItE!H Rk Is3gplacgd by
met hod af irsrthéiidi@@preos! piéHvalde. wher ei n non- ext r ere
points in the 20 sequence of points are not
considered in the matchi ng process. 32. A nethod as
15c| #0ned A metbdchansiaiged thelimi 28, yderaix inrdere(ap 8inenPitehparhig
sequenc gegidce® @l HhSimfieBiaRRt ple@bsd Pieshehiden ahd @ittratAlEsnge

rocess. 25 . . . .
P measuredg as relative pitch, in semitones

31. A method as claimed in claim 27, wherein non-extreme points in the
20 sequence of points are not considered in the matching process.
32. A method as claimed in claim 28, wherein non-extreme points in the

sequence of points are not considered in the matching process.

25

30



