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Summary of the Invention

30
This invention in one preferred aspect relates o a method for melody
representation comprising the steps:
- {a) 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.
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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 fo a tempo of the melody.
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(c) mapping the sequence of line segments in the time domain info a
sequence of points in a value-run domain; and
(+)] 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 maiches 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 pifch, in semitones.

25  In siep (&), a non-piich part may be replaced by an immediately previous pitch
value.

Non-extreme points in the sequence of poinis are not considered in the matching
process.
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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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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
enceding 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 piich
30  value time series {317). The piich value time seies (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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valgtfesi t'fhn@&rﬁa'@di fﬂbﬁ: €R¥Qh&’s!cﬁﬁﬂ§teé '%f tahﬁelﬁ‘élyptTheTﬂbﬁ pite palY is
30.¢8 rep?aceg [)y t?le prev:ous atcﬁ Iue ln order yo avmla gags in ¥he plot. The melody

30 concerned in Figure § 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 segmenis 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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in (a). In Figure 6(b) the gaps (non-pitch franes) in
6(a) are padded to 35 provide |ine segnments

approxi mating the query tine series of (a). WD

2005/ 050615 PCT/ SG2003/ 000276 Figure 7 has three

gr &€ (e treg oerBTy @ ?howggsaeﬁweﬁm% gegeace [(3.20),
Ej( 35,29)) (8, 305 (4.00), (6(58)1303ime [démzB) (b) EKawir@) the icorréspmmling data

0 Of4 /S
OBl fIncd RhaRARM Jbgnafm[go ga 2828 \db 2 (gfé)? 53 SRGifng

(11hea)°]ﬂts GoRBecRddy @H%ﬁ/ﬁtw “!fl‘?é' & ﬁ*f"% @8}%@&@ &diapspoints
sdot ecl mtahaigy I&brréspa@sto Ibdal (nb)lmam dpdek) atid fmrmhm Qvatisy)) dice

po'gg%engwgq ar% the hol(%w crrilz':rg Sr;? R (Eﬁgc?l% n&g to th ﬁ!}rt E@é&@‘ﬂ@

th@emnlt@wi@ﬁﬁ%gr@nbbm{?) (B) corresponds to t he
non-extrene line segnment, the line segnent Bin (a).

1 i 8BRS e ety SREPAT g PaghrnRlmec i gier
10 maspduegcebeAvgseth mapping \between e iwgssdagerjceals KAJ.B1), (A2,B2),

( A%Afﬁ@é ) (A4 (B@g Bhis mgﬁﬁngetﬁ!))]pom{srin tﬂ?' B3HARB4ANGrd W& mapped
poi nt's I n B3 n pped to any
poif 'y PP’ﬁtS%%\ )1 %5‘08’8@8%&‘3?83%'%9’@6%& ble errors. The

msl ody skel eton matching serves two roles. First, it

L %toﬂg lsk’eln%t&?m'aichﬁé]\éewééh%ﬁﬁ@b dages |t%h%teféadhg e izkely

e et on uery econ
15. t candidgies e haver? SsistomPIMRie diat eteiihﬁvé’@?fvt'w’é e‘%ﬂﬁmﬂmg
se @mneeea proflert dignmeain detdadrethe dasrp datalsequpnes asd th?ércendndate

f I 1y gtta 3 %%g&éngg 'IJhg ﬁFSPfUFI+t,OB%tOQHér o%l %l] lh&(ﬁ%%tr c?a%lgates usmg a

Th ee!@é@b paal 'ﬂ}\ﬂ“@?i Fsteps Thp wéprpsi ferriieruistto helgy é‘f"é‘PFté'djeg"e"
Si Qinliigity ingadiBAGaicie match. 20 Figure 9 shows two nost
20Pr obabl e cause of errors in matching extrenme points.
There are two graphs for bot hwga) and (b). The upper
gr &jghrei $ shyfwst yatmadsh Proheble Gaitsglea SEOrs A dhaidhing] SRS GPiRiSh
i's Tﬂére:a#’@twd‘ §iraphsaiof] 'ﬁ@thy(a) SHaphs mg)uppaogvapm% SFAE& in the
e e pitc S and in
o1 Beiabd=g a8 i Gvercoraii DR o 4 Bterk GHERS (5 ot 1 Mse
El wherd tepitch isudestebeing lang pregtaphs (ip)Hee pigh maq@dmuh dwtht (ﬁb
25 pmam @), iR goirfed th&fa Emema %e tsk. pe'drﬁ he %%ﬁmgo‘fhééé ohts
e i cf e/? | % hoe ntsr}éu!f;\ gﬁ
haie S Bpdmesth BHOFTS o wpod oayie dh Bragps e iy
| epeihts Bli svdiERdeye d smbll kigdhydiffererve. since @dh{cmlallowltch level
omdfsﬁlﬁgnce?ig TkeEI'tQHé ﬁtra&lcéd;oﬁinﬁ&édar to Figure 9 and
l'ustrates sone less |1 kely causes of errors of
30. ~ Figure 10 is similar fo 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 exireme points of efrors are preferably presented in pairs, such as
(E1, E2) and (E3, E4). Other cases of erors of the extreme points may be
35  considered when necessary.



extreme points. In these cases, (a)(b)(c)(d), four

points El, E2, E3, and E4 are skipped from mappi ng.
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cases. Note that all the extreme points of errors are

preferably presented in pairs, such as (E, E2) and

(E3 E4). O her cases of errors of the extrene points
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® e B UiE bl S8R 83 Bhichoe. #HEHEn Yue bdvallern drdnfdhe

uence, e nu

in Glen@w%@qwﬂkénd Vi Iput@rgﬁ s&eéa FEAURALR ‘lﬁaﬂ%@fqdu?ﬁ & wiere
sar €] < fenoy; ‘fsdth@Slndqa\([df ]thea%u&{cta' ind tf‘lst @\5 %Fnbglatgf%omts |n the

sequence 1S denot ed
t héeﬂm& 16¢ P!‘ﬂ’e"aé‘é‘q%r@n‘@éle e af W *"r“’§ dﬁﬁf&eqﬁaﬁﬂf&ﬁfﬂfﬁﬂ For
POI sitiSicity( addime L We rHR8 .qf 7T laAd AL &8 bkl peak aoidtsy el eh valay

OF s, 78 efoR3h sSheigntalht Lk LEGEL: wfayenges sprn

peaﬂ@"b@”h?%d tfﬂr ”‘b‘(’ﬁ"!‘\a 9fad ICQW in B‘@l tablg D;Teiandsafer ¢hej minfgym

10C a'éébﬂnﬂﬂdtét@d:&tb@eddfs(&ﬁﬁCQ;[}))QH mapn tﬁ])’@:r&@@ﬁﬁéﬁ%mt does not
starti,n

¢ agterhn & VR el g Heianed vy ol e o B Pt P’
di gotewwuist. hefelgre two.issyes Pfconeertt (1], .. ., tfj]). Since
a peak point does not mat ch W|th a valley point, the

di s ance val ue%ﬁ‘é{; haded s in the table are
not( conﬁﬁ?’@‘&'"g %"ﬁ?¥a'f%a°§ SB of concern: (1)
Iscorf@ut i mrgeing thedhialit ofrzo eligranentthpinhas tioeminjmum distééoe( By using

tracing tﬂé"ﬁcd&ﬁhi&teﬁf du&an@' foQBQ&PEellt Hﬂt méh?a% Lt)h%?dﬁlsné%lﬂl
di st ance i Sf ance each

usi n accu
cell (i, %% d%’ﬁ‘eéjﬁ'ﬁ?ﬁfs"‘s" %@eaia pEﬁ"E’P%ﬁE'éan&ded by

the di st ance value D,,y of a "previous" cell (x,y).

F' Wu%e A }I]Igétlaﬂe%t ﬁﬁglﬁlé Bl%%&@lc@lls & O{?ﬂ'aﬁb&d ?ednl e ‘BBSSIbie
293 k |°5ﬁ5 ﬁgp%&mpwsfnwg it @99 §r7d i@ If the cqli{s7 t@l ¥ the pre"""‘s

(1 <&l jtheb)it meakshigererie vib @obt skigdirg, fot b,g nf (i1, j8pang-3j-neis ahe

' S p@eQnoQ%kJﬁt thgllf hh%Pé |an ﬂc [9cfmt legél?q lag nhthe l?slﬁt s‘l’)’lzawf? rn Flgure 9. If

4 Sk o6 K‘T5¢ﬁ? foihe REvioHS el ﬂ‘@%@‘ﬂf% ifoar-ROINtFitRRNgGESOn the

(i cdsd shbyn RIFidure T0(h)shy 10(). 11783 j8) @Mh@pievieed dell, thdhefiere is a

t h% %mlc %ﬁ:fq a%?n 511_? 6%%)5&3\(1?91 l-e}gc‘l.gé %(é);é%d é&aﬁﬁefﬂgmnﬂeg of

ce|prewov$1mttfq1élu)enaxsbeangdaecb\@hqmneg%swu ng as in the
case shown in Figure 10(c) and (d). G her

o i e 7 o B el P 19 o e st vabb BB pdhene
celdhismilmd (ij) given, the distance value for DD,/ can
ot hen be determ ned.



30 WD 2005/ 050615 PCT/ S&2003/000276 D,-1.j-1 D1-1,1-3
+P(i,-1,j,--3) D=-3.j-1 +Hi -3,] 1) D, .j
WOBHES0¢15 ) +min (1) D-1j-5 + P(i,-1, j,-5) BCIEG2083/000276

+P(i,-5,j,-1) Dya.ja + P(i, 3, j,-3) where i >3 or i>5

orj>3 orj>5 are required for the respective case to be

considered. de5 6 (i, j) :I gv(i)- tlI~(j)- ,~I (2) A
gv(1)-tv(i) (3) 5 P(i,-k, j,-1)=PQi,k)+PT(j,1) (4)

PQ (i, k) =0 f k ELiH(S) (k-1)/2 PQi, k)=11

ZIlgv(i-2x+1) - qv( -2x~ %? PT(j,1)=0, ifl=1 (7)

(1-1)12 PT(j,i)= =j—1]f—@v ‘zle+'13)]) tv(j-2xj (8) X=1 10

dbase(i ,j) is the Iocg .dl st ajce between gfij and

tfip, apdg )+m]};lhef-3s1'1| iy bt weep gf 10 and t[1].

P(i5 vk "’m 15 t}j‘e_ gp@, }/J |5)posed for point

ski ppi ng in whi ch™ & is’the penalty for

ski ppi ng points _sg_ye _nsgpdl)PT is the penalty for

ski ppi ng points |n The penalty is based on

the sum of the vdDggadf%FéLeﬁﬁes of the pairs of

poi nts that are ski is a weight for the

pewaﬁrte.!@sor >por PR 5? i reqj&fewr fhe regReetive §rsed b sqnpiderre.
C al chosen recor ded.
owﬁ%gmfa@f’gr %ﬁc%ﬂ oolkz [ k: th@t abl e shown in
Fi g].utgtﬁjluwg used for this. The @d:;l |s of the table

store nters to (or the index of) the respective

5chqz(gnkgr.er\)1=q5$ ]QQJ}P 67,020 The bordes) cells are
initialized

P,(i,k)= 0,1fk 1 (5)
(&-1)72

(1 k) =7 Zlqv( 2x+1 qv(z 2x] (B)

P (j,1)=0,if1=1 @

--II

P(j.D)= nZItv(_] 2x +1)—tv(j - Zx] (8)

x=1
10 dhaselij) is the local distance between gfif and #ff, and A is the shifting between gf1]
and 1]. P(i-kj-l) is the penalty imposed for point skipping, in which Pg(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 (ij} the minimum distance value, is chosen and
‘recorded. Another tabie, which looks like the fable 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:
D=0
Dyyj=o0;forj>1
Di;=00;fori>1
since the alignment starts with gf7] and {1].
25



Dr,1 = 0; Dtl=o0o;forj> Do=oo;fori>1 since the
al ignnment starts with g[1] and t[1j. 25 WD 2005/ 050615
WPEHAEP6193/ 000276 The order of deterni nati on RFT/SG2003/000276

di stance values for other cells is fromtop to bottom

and fromleft to right. Since the possible previous

ceI I s and the bor der initialization are known, not

the cells in bl e ed_to, be eI rmne

b G ST S AReto 3 BTG AR LT i JoRUPR KHhaeR

t 0 daé from leftfo righteinarthe podsibleviabviaiscals and thedhopder hitlalization

us el ﬁr%wﬁg‘ﬂﬁéf iﬂer}:eﬁshﬁ tﬁ]éjfégﬁrrl'?@& 16 6e héteﬁr&eg%ecause distance

determ e(Eynmen @P poi nts from
queRlyesderme eals éf?od *os!@qﬁe Fudhespere, éh%vﬁ'gﬁ-rgnaﬁn gso
5NOthe U3a¥ @ &)nlsﬁaangmedmdnﬁtﬁr encelisita behdzitermivad. (Ror ralignnaht, die

b (YO 510 8 bR Syl @yt bl
celhaes a {arge diftesence i theirresite fug afpr siffingdhe By Q’f@&'ﬂﬁ? Repvesrt

DMggrpad g¥Pm j, which means (q(1J....,q(mJ) has the

m ni mim | accunul ated distance with (t[1],..., t(xJ),

and D,",x is the distance value. The mapped path is
100 btﬁdtenb@ldejgminam o gislaneskvafuesiihelselisc ik et afigaymentis phianed

b, £, SHaH SR S RS W T PR e
1
ahiceRERd gt g @@SW B,S 134 bagLram [ 1],

'gn "guery sequence
(aq(1],...,9[m). For the other subsequence in the
t a"TG@HaB&dSp%ﬂMQ B@tﬁm&i Ei {rédﬂ'@ lfabk) ﬂ‘brﬁ (Hertodl fm &R @e paiible.

i |
15 bytT?% B%QQ& ‘% °Qﬁ¥"hgn the [pgln%(ﬁ)on%%g?ceg éﬁﬂ asts Ia:nt | ﬁg nanner
position (2x-1) (0 <x < n/2+1) in the target sequence,

; Egrhitaﬁ.zé Cfg;alrﬂ'ggﬁ%%gl%bs&&%g%% anﬁta@uﬁééquéﬁ;a WRRHE flof FgURElch

o biea Peaong Wi Ias iy sSUmt il il 2 B et Bipehausfos

t hén fhelthrgeting geq By sisiting dromaif &-2sjefed) td deerminstivhasay be
20 lwogag.l-ranlasd AYSEiar g Wregga@&ggr&%@m) Dr(x) is a

m ni mum X) < [‘'ocal m ni mum of
DD(x) is selected as the best alignnent preferably
al \Ray &ach k&gting positidil @x-7fl(GHare+hiarthé taggeh beqgenenthedbest

adjaﬁﬂ'ﬁ%ht \Rﬁ]sfhé iqgéw 'seMeHE@E fi)éndaand the corresponding accumulated
distance D (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 Dpy(x):

Dy (x} is a local minimum;

Dm(x) < Dthres-

30 The iocal minimum of Dy(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
1o the query sequence. The selected target subsequences are likely candidates, on
which an accurate final melody similarity will be determined.

35



threshold, which is to ensure that the aligned target

subsequence is close enough to the query sequence.
WORESSPEEt ed t arget subsequences are |ikely PCT/SG2003/000276

candi dates, on which an accurate final nelody

simlarity will be determ ned. 35 WO 2005/ 050615

PCT/$62003/000276 Figure 13 illustrates data point

| od 425) .
R e R T
seq&%ﬁ)deéhe inagpingdirengss athige ﬁeha-;@mtsrcérﬁze woisatuencesh including
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t nd® BB6H ERQEIS oAl Bag e et B inhARCRHEecT Y Geody
5st esheleinh ymadthirgn Jhis heepnomly elignsetie rpoieriresnea poinis kand pskipped
eXtdfiife B&hl@tﬁw@@&\f\ﬁﬁﬂot@é@pé’p@x}@%h@@ﬁg i ééﬁﬁ&qc@%ﬂﬂt (ﬁj

In a sequence W t non-extre ol nts or
extNOBRESRA pRiRls 96 tStieRsd %’@’PF‘@%&%PW‘*%@%'@&PW@W r'Eﬁ‘P@ed
poigxiréné Poihie an tichatherseaquigioe.eTheThiol ablnavpdirdsl pebredentich-

de%&{?&ﬁé‘éciﬂl?%uo%qﬂgﬁ%m Rlddhdte eJ&\%H &%n&q}x‘&%ﬁ R@dg@&% the

rene at are
10 x teplsgrae p@vtrﬁhgramngméme sofigh aqqarﬁep%s Btp e FEFrEnHRRIHS at
ar erd Fepgdt nehe eRfdni Poifth@ignmért Hrotegp atle isalid M eshdselde

poi ot .% VBN pRRE gaee%& bed %l el !egsﬁ{:ﬁ %%g@.ﬁ'easmsanquE and.
6% H extrg 0|n escriped above i n rtelati
t o tirg @qﬁh@t,hnfﬁt@d@lfom)e mapaity of Ren-ekirsme doints e slgmﬁ@ztrerm
t h%ompﬂhlﬂﬂ isQh tl’f'@ﬁe@%é @d’ﬂép&péﬂrb{-ﬁe Poinfskdrd BROsKBMIoh PoRts,
p
15 o Beg e e ol s BieRpe SEmE R neS s rPlRtoam:
pomnh@ and not - mapped extrene points are the
non- skel eton points. The mappi ng of non-skel et on
poi req |res he follown shlftlng of the
ValThe TgpPith ot oM o | gned
skét)et oshiftdg opmemame ohitte w2 )sequeppe hasedfontthe aligned skeleton
zohon- skelggh,Rnaoi nts. I n the alignnment of skeleton
poi nts, the val ue shifting of two sequences is based
on @ he MaPPiag otfbg pn S'5191‘*1?3?58‘"\“%3pect i ve sequence. This
shifting value may be biased 25 towards the beginning

po'lrWh% alug%& fn sidbdr dofhes, Yr%'\}alge Eﬁiﬂnﬁigﬁ&ﬁé%@ﬁ& %ﬁ%gd&{‘

eton 0|nts enot Itc al ues
of thentrsts Raintetfohe pﬁ%‘-‘rpﬁ?@e ﬁﬁqwewee qlhés 'ft@%d{ B deava PRy biased
25t at@@rdsthbbaihning @einfeysoghs#tfting vane id regdtéiminedbased orall the

‘th Sxdi&dh B&”\tgt éf@eno(ingvtﬁé Bﬁchi vafued ioY B2 &X!'etoﬁ‘ pein{sviﬁ lfi(eoquery

sequence and target subsequence by gvg (i} and fvg(i}, 0 <i<= L, the new shifting

L
value is given by: A = (Z qv, ()—tv, (i))/ L {9)

i=1

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

| 30  Assume a skeleton point g{a} in the guery sequence is mapped with the skeleton
point i{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 guery sequence, and points {{b+1),....t{b+y-1) are the

non-skeleton points in targeting segquence.

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



tvsk(i)Jd/L (9) This new shifting value will be used

in the mappi ng of the non-skel eton points. 30 Assune a
WORBIMBHpoi nt q(a) in the query sequence is rR&FPKeR003/000276

with the skeleton point t(b) in the target

subsequence. The pair of skeleton points foll ow ng

these two points are g(at+x) and t(b+y) respectively.

So t he ts q ( 1
o5 peePel 3 8.1 @by ol g Vel feh Becmrogaipe s e
t ( Heltbyving equatiéis+y- 1) are the non- skeleton p0|nts in
targeting sequence. 35 Figure 14 illustrates a process
for the alignment of non-skel eton points. WO
2005@g5a¢@5opcmb$ea¢os/ooazmﬁ For each cell (i,j) in
the table, a |ocal distance value d(i,j) is calculated
Susing the follow ng equations: d(i,j)=lgvQ_tv(j)-A
( 1GPheredA WhKHR bfedustiéH adbvy equation 9 above. The
mappi ng of the non-skeleton points is obtalned by
tracing a path in the table from(a,b) to (atx, b+y),
whiThh naaping b’ethemm -sieletacmintyis abihed iby tragitgea pdid i thettdtile
VeronfBY) 8 B4 P! FhIEThRUI hinfRIN Q&uﬁbra@m@kamé using
|ts |'eddi ng skel’eton point and its foll ow ng skel eton
Opoint. Finally, all points in the query sequence are
mappéts Way, b ngresketetoni goirt ban baklipped de gsien de leadingl skdiaion
Si rﬂo’n%ﬂdt i 5&@%@ gﬁ eIA6H ﬁﬁﬁtn F mgll}ealF ;M’n@ fﬁ%@&lfeﬁf’séﬁ@éhc@ Q¥é

be "conp ure shows
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usitigwo dédubfdee Bin hewoconipyted ibkdediroanie appjngct s. Fi gure
15(d) shows the query hummed in normal speed. Figure
15(a) shows a faster tenpo. Figure 15(e) and (f) shows

s| disre tGshows sixpugined qusiss)of Hiectuns JHapRioWENdaY donus Heng
t ergifafent feARbs by ewré@nﬂ $ubR0ts Fﬁgm e|5(]d5 sBdWWRe ety Duingied &l
ries i ne se |
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t heslowet temhposs Kiguea d9(bkandi (o) &h@vs irernwisignipipmess: Eeple figure in
20p°|FfHu?e '|E§sh£%{/v§f%torfgﬂﬁlrﬁdeﬁﬁlmé‘ Sriedliihe Eégﬂleﬁ!s@pﬁvbﬁﬁ'laﬂﬁn and

sen |nv ion.a
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t hdermes bscexhémg noield it Amoslidesticat fof alidke stoquerigr: ocessor to

15

The present invention also encompasses a computer usable medium comprising a
25  computer program code that is configured {o cause at least one processor to
exacute one or more functions to periorm 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. Whil st there has been described in the

WPREHBEPHS description preferred enbodi ments JICH${&003/000276

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
pr&@é‘ﬂi i nvention. W 2005/ 050615 PCT/ S&003/ 000276
Clainms 1. A nethod for nelody representation
cogpri sing. I G, .to a pitch-tine
seﬂ)es; Ag%t%d(fggp%f@yﬁ%%eﬁgm?ﬁgﬁw&éh-ti ne series to a
sequenc&lof [cPENiaRY MERHsto gnichtine sEe8onai n; and (c)
sMappi nghe spsioanamg tie dittHiensagisentasetenice bHind segments
into a sequ?nacﬁeméaé n%%i'grt:ds in a value-run domain. 10 2
A method as ClAIMed I &lai m 1, wher ei n pitch val ues
are nea$dr ed mepping Hleagsyenciof dine segmeiisint iR domain info a
met hod as cl ak4iRfcel dfpéitdina vhluewhieddhdin.i n step (a) a
non-pitch part is replaced by an i mredi ately previous
pitch value. 15 4. A nmethod as clained in claiml,

10 wWhér ei nAt hethedk bodigimied ir plpiot 1,axhesain aitll \wiyies gErimgasured as
si gnal . raptivépiit Heehmikpes! ai med in claim 1, wherein the
result of step (c) is used to 20 produce a nel ody
skel eton, the nel ody skel eton conprising extrene
poBnt s Amméthed seglaieed dn dfimpbiwhtesein 81 sigp (B tehoah-pilsh part is
cl ai medd e kel ¢giet of step (c) is
i nvari arr1étpﬂaltcgJj Wﬁ'@?ﬁgﬁg'fi’%ﬁéﬁ‘é’%&@fﬁdy. 25 7. A nethod

I5for creating a database of a plurality of nelodies,

t he. net hatethabaguidimedig clafot, vdacin thé nielvay i iopud s By ardog
mel odi eg, i§g ndionverting the nelody to a pitch-tine
series; (('% pproximately the pitch-tinme series to a
sequence of line segments 30 in a tinme domain; (c)
mappi ng Ath@hsegiiaamed if cldim newhegingd ssilhoft steype(chl srmedito

20I hto a produce a melody skeleton, the melody skeleton comprising extreme

points in the sequence of points.

6. A method as claimed in claim 1, wherein the result of step (¢) 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:
(a) 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 into a
sequence of points in a value-run domain; and
(&) 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
WOR0PHEU61Fat abase. 35 8. A method as cl ai med i rPCI/EF2§P3/000276

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 rt is replace an. i Lately . .

o v o Bnees aried T oARR7 et AR A Borthen ety

7, Wwher esptactdiey aveinpeialely previpws piktd valie.anal og 5 audi o

signal., 11. A nethod as clained in claim?7, wherein

the result of step (c) is used to produce a, nel od
SKaPet orh methRs SrEBERs B Ebie{ OHREUMYP MERHG ot man ahelog
5poi nt s iaddib lignstequence of points. 10 12. A nethod as
clainmed in claim7, wherein the result of step (c) is
invariant to a tenpo of the nmelody. 13. A nmethod for
r ai'$i ng Aemefbest 35 damed ipdain Tawhﬁrﬁwd%/e rRetlbefysiah; () isused to
pl ural i pybdode alrheltdy Siictsh, dRE nchid@rskeleion mpading asteras

a stored. s nce of i in a value-run donain,
t he net H%’agﬂﬂﬁ%?‘? "?rﬁcgf%??aa'§t§'converti ng the input nel ody

10to a pitch-tinme series; (b) approximating the
pi t1.@.h;jt IAPRetifRIs @Rinted iRclBIf O %ﬁl@iniﬂfe resulef &e;?wfﬁtiﬁvarihm ta
time domain: C ppi ng the sequence of Iine
segnent g%?mpotc’ﬁ&eﬁ%ﬂg;gonai ninto a sequence of points
in a value-run domain; and (d) conparing the sequence

of 1§0i NiASndthbalibiGaiking HQuér o chaiFRieanfifdut fBBdy With blurality of
mel ody wi t"H each of %he Stt%éed seqyence of %m ntosnté or
5each ~ ofMefogies 5rey PP i D FHRISE A SS1T6Y GeUEPTH HeP
stored rallt®dy dohait, ke meboptampisingy of el odi es t hat
mat Chesé&)he E&Qﬁin{'ﬁ%%ﬁt meifdy t6'a PRIhARE s@fess| @l med in

claim 13, whereln e sequence o g’m nts in

val ue-r i dofeArKITNI HePiFiDE SHHER (ﬂ/seﬁ'l‘eé'cﬁgéggtsggme”ts
create an i npudtinmedobelin; skel et on.
20 {6} mapping the sequence of line segments in the time domain into a
sequence of poinis 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 paints 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 clainmed in claim 14, wherein the
W Eut nel ody skel eton conprises extrene points in the

&15%f points. 16. A nethod as cl ai med i rPEI/FHP3/000276

13, wherein the input nelody is input as an 35 anal og
audi o signal. WO 2005/050615 PCT/ SG2003/000276 17. A
nmet hod as clained in claim13, mherein pitch val ues
are asure reI tlve nltone .

o s e ma gt SRR Shesmrtt WA dyred =
non pltchbbamﬁdlm896mweplaced by an i nmedi ately
previous pitch value. 19. A nethod as clained in claim

18, wherein the nelody is input as an anal o aydi o . .
i it AGoSY S TREEH 0B B Hrelh P &) Aoy Pt fart i
swher ei n replaced &g a imneldiastyepeviass pitéh valed t o produce a
nel ody skel eton, the nel ody skel eton conprising
extreme points in the sequence of points.
et od AMeeH aREeR B CEITHI S YherRACTROR S '”P!étﬁﬂ 3 plog
step (c)audBsignariant 15 to a tenpo of the nel ody.
22. A nmethod as claimed in claim20, wherein matching
is by sequentially conparing the nel ody skeleton wth
10t he2Ost oretietied auigainrRS intiabn 18nvherein the faguof plep {QURHsedig
23. A nejrdmace %Smélb@l BRdlktbrl) thd andiBdy 2skeldld@r &niprising extreme
non-extre suﬁf?n L r{étf Ents S€QUENCE of points are not
consi dered FRe? ﬁa chP ng process. 24. Apparatus for
enabling the raising of an input nelody query of a

pl ynal i tA/m@tEod é’é'_blﬁnhét{ RN B vl ths RAURBCLS (BF Isaflafignt
arat us conprising; (a) a

in a dat ab

Bricr ophc}?@ P HP' ﬁ an i nput anal og audi o signal
of the input nelody; (b) a pitch detecting a tracking
modyl e fOmeABk ek 'Haﬁﬁ&iglnpéféuﬁhzovﬁ}hlél%ﬁl ithchﬁ% it ﬂﬁ‘ sbﬁ\l@ﬁhally

Zort o0 Py i Boedh Sekioshl kel Syl R o

appr oxi medtéchrigifouime pi t ch

20
23. A method as claimed in claim 22, wherein non-extreme points in the
sequence of poinis 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) a microphone for creating an input analog audio signal of the input
melody;
()] a pitch detecting a tracking module for determining pitch values in
30 the input analog audio signal and generating a pitch vaiue fime
' 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

(&) a melody search engine to perform a melody similarity matching
procedure between the input melody data point sequence and
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value time series to a line segnent series; (d)Regeived28 June 2005
mappi ng nodul e for mapping |ine segnent series to a

data point 35 sequence; and (e) a nel ody search

engine to performa nelody simlarity matching

procedur e bet weepadhhef ithepaturatityl efd plotkst datporaint sradensaedn the

and 11 11/WLV VI§d4sEV Recei ved 28 June 2005 each of

the plurality of stored data point sequences in the

dat abase. 25. Conputer usabl e nmedi um conprising a
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b ur ar i by o R ey GIERPEE sl RonoHEes HuBhl B retodies

st ored sequestbetwéd nad detsbasa aa asidrad sequancedd meints ya value-run
(a) convertgg;,ge“; input mel ody to a pitch-tine

seri es; ) a r ting the pitch-tinme series-to
Cequence 6 11 HaveNanBRiet eloa/t b bl Rees o)

mappi ng t he(bsequammmm{; theepitslegme siries.toa $eueencemiline segments
domain into a Ao points in a value-run
domai n; and §1d) congrz:\rl ng the sequence of points in

the val ue-r{Gh doMapPHing BF Segrenceq ling seamants B &P e ﬁ"ma‘" into a
each of the stormﬁumw@p@ﬁaﬂfamerrmsdmmm lBed val ue

run donain @Z %ﬂ%\"ﬁ%*h'etsg?ﬁgncggﬂf &ﬁié?ﬁ éﬁé)v "'g'{' BoRGindor the

stored nel ura odi es o
matthes the | npu‘FP'i'ffe'T‘%l@ﬂY witfgeach qfebh sigradoteaecgigh golits in the
query to conpar evaise win pokhaifef 0id pluvdidydf mepliids & ddigrmdke a stored

20, el odi &5 _each ghay G @u@ngefnﬁetr&?e% tﬁmkagghgé e iRt Relody.

nmel ody skel et on I sl ng
converting the input nelody to an input nel ody

skel ﬁ‘t%m byA meftiot 16 9848 & ity tort%mltpﬁﬁldn ik Rdid¥ Wittda plurality of
pijch-time series by oxlmatin

Pt os 1o ARt tyof AR aRfhired of o ey, Bieton. e
domai n; , ethed campipingrg t he sequence of |ine segnents

in the ti ”E(aﬂowaédﬁvérﬂﬁﬂhéinﬁm%% inPRinkticRly 'sRel@on by:

val ue-run domai n

('1) converting the input melody to a pifch-time series;
{if) approximating the pitch-time series to a sequence of line
25 segments in a time domain;

{iii) mapping the sequence of line segments in the time
domain into a sequence of poinis in a value-run domain;
and

(iv) using extreme points in the sequence of points to form the

30 input melody skeleton; and
{b) comparing the input melody skelaton with the melody skeleton of
each of the plurality of melodies to determine a stored melody of
the plurality of melodies that matches the input melody.

35 27 A method as claimed in claim 26, wherein each of the melody skeletons of
the plurality of stored melodies is formed by:
{a) converting the stored melody to a pifch-time series;
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and (iv) using extrene points in the sequence of

points to formthe 30 input nelody skel eton; and (b)
conparing e i éﬁbkﬂxwﬁﬁﬁh@mﬁ phdailngd ééﬁeé(\!otarhehﬁﬁlcgﬁi iRE¥egments
skel eton of each .of the plurality of nelodies to
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method as cl ai nRgdudrde 6f ;ﬂium lgﬁ’va%ﬂrﬁ!oﬁlaﬁﬁﬁm of the
nglody skeletons of tor ed
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in the matching process. 31. A nethod as claimed in
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BP ocess. 2é&quanenaf@dinBlasetot cfriRidafedlih the matching process.
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