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Abstract

Abstract

Query-by-Humming(QBH) is a content based retrieval method, which is more
personalized designed than the conventional one based on metadata.

In QBH system, a user hums several phrases recorded by audio recording device.
The system then extracts melody features from the humming speech, compares
them with the features from a pre-built melody database, and finally gives Top-N
results.

Currently, there are many algorithms for melody matching, such as Fast String
Match, Edit Distance, HMM, Linear Scaling, Dynamic Time Warping, Fingerprint
and so on. Most of the research work conducts based on the liner scaling method. But
it still remains two difficult problems to many researchers, one is the estimation of
parameters of tempo ratio and key transposition, the other is the matching result gets
worse under the identical parameters when the humming query lasts longer.

In order to solve these two problems, we proposed a two segmentation
information method which used the information from the extreme point and singing
pausing point. The information is defined as segmentation information, which
describes the phrases segmented by extreme points or singing pausing points.

Extreme point adds new intial parameters to heuristic parameter estimation so
that the system can achieve more accurate estimation. Singing pausing point is useful
for phrase-level melody matching with Dynamic Programming or recursive alignment
for more efficient scoring. In this thesis, we did many experiments to prove the
efficiency of the proposed segmentation information.

We used a query database with 355 humming queries and a MIDI database with
5223 MIDIs to evaluate the improvement of the new heuristic parameter estimation
and phrase-level melody matching algorithms using the proposed segmentation
information. It is shown that the new phrase-level melody matching algorithm has
17%, 14.7% and 4.8% improvement in Top-1 accuracy relative to LS, DP and RA

methods at most. The corresponding improvements in MRR are 15.3%, 12.9% and

II



Abstract

4.8%, respectively. At the same time, the new heuristic parameter estimation
improved the Top-1 and MRR performance by 1.8% and 3.3%.

Thus the segmentaion information based on extreme point and singing pausing
point is efficient for meldoy matching in QBH, and phrase-level melody matching

algorithms are more efficient algorithms.

Keywords: Query-by-Humming Linear Scaling Dynamic

Programming Recursive Alignment
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HI8, MEINEIFAT Iy — Bl oF It ol 7 A s o ki 2 S
B, XA R A DEAEP T O, RORIE R BT sh AR R R 5k
HT T e R A 4 (1 UL E 70 205 B I PSS 80E IF AR ORI O R, X R VA R g
FHEIAN R, AsRIEREIRSE, FEEGRNMER NEFE. 5
TR LR S 2 BOR A A TR R, = AP ) R e M A A 2 B A TR R DL P
I, LSRR T AU, iR ER 2, AN TR S I A LM A 4 2 o A
[ FRT, Q] o 24 98 0040 P AT (1) 2 SO AT UL IS, 2 A Aff UG P ) S B ] AL

O PR R e P AR 4 UG P P T I PR b 3 ), AR T PR R BUE R,
Foft & T ARARL R R 20 BOAR L AR RV A P R e i, SRR R R
IR e A T MR 45 2 B0 s i, B AT S U L . Sy — b
FE AR WU > BUE S, S U2 IR A P AL B, AR TR OR
T IR LR AT o AN SCIR] I 7 A8 P A 0 1) 20 B A B O sl 2 Il L &%
3o UG FiC 1) 7 VAR LA MIDT AR 4 Be DR AL, - A1 sE 8L i g A A1 MIDI
Jie 2 1a) 1) 53 B VB C o

AR TR vTwkGE: (1) $2 PR BUS B IE s (2) AR A =00 Befs
BSEHLT M TR AR o BUR B R Al v S (3) RIS s 70 B
i RS T PRk o BLUL AL 5 3k, — Al 0 shas MR iR Siems - 5y — b A 3
VCTC ¥ M o AR SC 5 i 27 H 1) S 36 45 R IRk T Bl dee th S0 i AT bk

AICFEEM A AR 5 T BN AIEIER R A R, G MIDI
Bt EAF S AR RRAE PR IR e L LT S = A AR S
Bofs B R A o B B 20 DU BT S0 A L 20 Befs REAT DL FE O 32 i A R 1
HERR, TEWEIE ) AR VU BC P R UL A SRS s B A 50 LR gy th 458 .
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F2E EReREERREE

21 FKE3E

AT AP IR R RGN FEA R B 1 517 H /44 MIDI SCPF#% 38 &% MIDI
TR IR T, Bl B 77 B R G R, SO R s
SRR A7 AR B DR Z, 105 LASE W SEREA 47 T 3630, SEE 5 7 1 4k
Jik, BRSO R R B R T AR, IR AT DR
RV RFIE Y 2 R TLAC SR, o RN T B W - AF AR UL C 7k S 5 AL
WU ISR LA IL R T, A2 4E8(LS). 2hA&MKI(DP). #IHULEL(RA)
=T

2.2 MIDI XHEXERERT

AT B 2R R I T IE g5 MIDI et AT UL BC i . MIDI B SR #32%
“F$% 1(Musical Instrument Digital Interface, {&j#% MIDI), 5&— LMV ARMERE (S
L, A T ORISR W%, 8 T T IR A 23 P A N e
e, EORGRAL. . WSS . MIDI ARAE R O S T 1981 4R )
T TR 3R ), MIDI ME R 1.0 ARA KA T 1983 4F

MIDI A LA fL ARG IO FL 7R 3%, MIDI R a2 — DM SRS T =4

TR

(1) $£TH) MIDI REH AT ER

Wi g C, MIDI Sk &R B T4 1 MIDI & 45595, IXFEE T
BRI, MIDI %454 5 7] LAZ2% MIDI Fr#E[30].

(2) FTEFENMNE
PP FE B BV 0 BEOBOR, 545 AP [ R it K

(3) FEmiRHERIAT (8]
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TR TICAZ R R eI Bk (] 1 B ) 22 3 A2 A TR I K o

A PRI — o () 2 P 2 SR B T, (AR T — 1 e A B AR e

MIDI SCAF & MIDI Jiéfd (140727~ , —> MIDI S P 25 B 2 A~ B (chunk)
A, R E RS WL 2.1 .

MIDI A s B PR AP B (R, — Mo Skl Py (Header Chunk), FHT-Hi4 %%
A MIDI SCAFFEAAE B, X N HAR & MThd, ) — P2 LiE e (Track Chunk),
- T-Hii8 MIDI B8N EIUE 18 SR 50, 6 N HobR 102 MTrk. — MIDI 34
A SIS Z AL Y, FuE SR GR T MIDL 2 UL 2
LB SR, WK 2.2 BoR T MIDI U i — Sk 2 AN i He 2l %
I AR 2, b & S80S AR D RRBITIHIE. Ui,

M 2.2 Pl H, MIDI SO EZEAR R R MIDIL i 3iEE B, f—4
E 2 AT, BN BOE TRFEE . A O¢ MIDL AR TR0 4
A Z2(30]. 3 2.4 PAIH T LR E A, e o Ak 2.4
(LR G 1, MIDL s — B et 22 B R 5 L A ks L RS
IR IR R MR, R R AR R AR s, HEA e
R o

R 2.1 MIDI SCPFH A X

AR iR
Bebrift h 4 71, ASCIL P47 iR, RonER iR

S Hl A K5 4, RN ST, NS 8
At o P2 8] H Sk AR A, A7 BRI BT A 2%

#2.2 MIDI SR BR4H ik

RRA  HKE A
MThd 6 <format><tracks><division>
MIDI 3 MTrk <size>  <delta time><event>,...,<delta time><event>

(55

MTrk <size>  <delta time><event>,...,<delta time><event>
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#£2.3 F2.2PEAEWH

R B
#on MIDI SCHEIRS G, 2 AN, AROEE & 0. 1. A
<format> 2. 0 %7 MIDI XX RA—AMaES, 1 Zor APz
Pk, 2 KR HA—AEEZ ML EIE DR
<tracks> RoRFE B B =
<division> Frn<delta_time> 1 B A7 I ]
<size> FORHRI R, HARE B ey K B e

<delta time>

FHRS N2 R I TR

<event> HA
2.4 MIDI i) JLFP =1
HA4 Z I #E R Tt B3
n FZoRPUE S, ATHLO~F, X}T £ %L MIDI n]
s [V 22 2 NS, n fRE M — P ks,
IFHR S Oxmmotespeed o Sy e MIDL 415, i C 4 60,
speed N BT, WA R THHL.
- SRS IR o — 8, kR S o Al
5k s 0x8n note speed 0x9n note 0 AL EE.
e Oxbn 07 size 7 FRRKEEEEN ST E, 39 KRk E
S E RPN

Oxbn 39 size EEE R

L AR MIDL SO R 73 Al &, MIDI 5 R K RE— SUies al LA

BT IR TR o SRR SR I EAS BTG, RS 0 HAT 8 15

HHFFEE—@ ). npE 2.1 JioR, Rox T MIDL e —Huiesd:, B hbsid &
R A 52 B S RY.[ MIDI 95 o £F MIDI 8RJ8UN, 48RRI P brid:
W, ST 7.8 FP A, FFEEE] 10.5 FPRHS Ik 5, ARG REERR BT —
HH Y 22 50 48 ) MIDI Jefft e A SCHPERATT EEE S0 MIDI Jigfdt, Bk

MIDI Jig 3 T LR 7R i 15 75 141«

M:(dlapl)»(d%pQ)v"' a(d'mpn) (2_1)

Hrpd BRSPS ), p R SRS S A A v
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2T EIRRR N

[~
Ty I?'IP 1
-y :.1 -9
60 + - M
S .- +
i ! ' : :
ﬁl]I E r-* E : E L
[ PR *:"1' e
R : IR EA
\i7 _______ H
B 52
m 1 1 1 1 L 1
0 2 4 10 12 1"

b 8
A (8]

Bl 2.1 MIDT Jight S s A0 A s S ft b P A

23 EfFSEMZENXE

BRI SR R IR AR A7 035 3
PESPRBIGE . Tl BRI, LI NI Lob i, L.
P, IR REIRSEIR F A P 5 SR, S TS B 14
752 2555 S LR R SURIE 5 W A, AR 00 MG, A2t
EIRESIOREE, TS,

PRI e AN, T R SR AT, (R T B
W F Y PRI T PPRERR IS AR AR, R TR BT AR
SNATE, AR R LR A SR BRI, WA SR R A 22
B, UG LR RS REATIOL, DRI BRSO AT 22 R 025 101
NI YA . PR IR 2 — 0, AR AR V.
LA Kol SRS AR, AT B0 5 44 ST AE R V.
AR SRl WL 7 AR T 46 ABCDEEG KER IR A AR,
ARV, O R R M T AL, S T AR R4
HIGFRT, THALF SRR RRIT. (R PP IRIC S, RT3 1
ORI JBERIT LA HCFRFOR T . LURHE TG 440 R0, FER D
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&2t 52 Ad, KB TR A a2, HAES 4 AN\ B A4 ST
A B4, C4, D4, E4, F4, G4, A5, B5, B6, ... {EAEGIISRALGH, —AN)\UE
(FRICI Nt C SFFFTTUR, ML U, C4 Fife )\ T H 3575 & C4, D4, E4, F4,
G4, A5, B5.

BT R BATRE, JaRESREHM EASTES, W5 pEs. RRE
JEk A LA T S B AR, R P CH AR ISR,
BB JEUA T v B BRAR S 1.0594 5. THEARICAr S #, B S A b,
C#, DbF/;RMD, WA Bb 5 Cb Fsk BRI ERF. XL ENTERA
LA mAE A X I AAMES, IF BAT R PAHAT & R A & WL AH 2 —A
o XFNIR 12 MESHE—AY)\E RIS R UL 2.5 s, RPTEHAHASE
PRI ZE—A 8, AR R AR e TR S AEXT N MIDI a5 o AT —AN &
55 MIDI g 5 #0847 ME— R0 BV K R

AR EFFRAARNF PR, AHZE—A R ERE, &m0 S 7R
ST RS R A . HArR O, AU, BILRI T 12 By
A, REPTAHSREE A IR N B I NG AH 22 — A5 B, i — A\ AT
T AR IR I R X L] s SR AR [ BRI R . IR A
SR A4, SR HIARHE S e — A 440HZ.

#£2.5 HC4HHC) FFaRE B I3 By A6 B MIDT 4

X k) g 5 % % %
- = = N i 7N +
= = == B = = =
H H =] H H H
HARE C D E F G A B
PAR s CH D# F GH# A$
MIDT &4F
60 61 62 63 64 65 66 67 68 69 70 71
%5

FA, BRI AT H R AT T AR ILAEE— )\
FEIBTRAREC A A B I IS FF A nT b o AA4) R E R KR, BB AT
— TS A4 HRF 2 XA RS A 0, B AWR — NS T A4 55, W n
IEAE, WA FAE . AT AN R R N AT R -

f=2"12x 440HZ (2-2)
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R 2.5 W 7 U, AHETS H MIDI 25 5 53 2 [A) () 50 3R -
f=20=9/12 x 440H Z (2-3)

p=069+12 x logQ(ﬁ) (2-4)

Hor pR R B A5 N MIDI g5, X B p ] DI /INER,  FRR7R8 7506 IV R AT
e,

B FIR R LIAA W AN, MIDI %5 5 S A%, BRI (R4 8 5E 1)
AR R B THERMBEIX KGR, FA A — MIDL U R8G5
SRIG R S PR AN, PR R A 0 MIDI 3575 4m 5, RIAIE
X450, g5 RE 2.2 Frox, EIRS 42y mah i) MIDT ieft 2k, &fs
— 2% M1 2% Sy P Bl RO P R A RSB ) MIDI e, wTLLE
MR SR MIDI figfdt 5 544 MIDI BeAR (s —50, 3t W1k S i g 5
B I A R AR I Ak 5 R A — PG BRI T 6

JE A MIDIBE
1 79 ‘ :
“%I 60F ¢ .’.07‘7.,;‘0 777777 St *{
Q 50 L L 200 & ----- - i ]
S 710 12 14 16 18 20 22
it i)
FH MIDIS il (14 J5E i 7
- ‘ ‘ ‘ ‘
éﬁ_ _Og L | | | | | L L ‘{
0 1 2 3 4 5 6 7 8 9
I ] X 10
P 3% T ¥ 5 B M1 356 A0
. 400 ‘ ‘ ‘ ;
L ————— —
RN L 1l |
0 2 4 6 8 10 12
N 1)
i P 2 40 T 5543 21 (1 MIDIE
2 70 ‘ : ‘ :
5 O T T,
= o 2 4 6 8 10 12
it i)

K 2.2y MIDT SiE-& PRI AL A o MIDT Jieff
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24 [SIEEEEEFIERIRE
24.1 ESHIRE

B e DUE T AL PR e 2 HRE R R ), N 2RSS AT AR R SRS
WK, AR Z ROt TR .

FRUE AT AR SR T 5, (E s RS MAAfE R R, HIX
PR R KW Z m A Uk 2 SO B4k, X —mfE B e &uril.
AT UK B s PR B A A SRR B, DR I v B AR R R JE AR B B FO $2 5

FEAR(FO) & HE A ITE 15 5 I AR, TR A6 R &5 51 5
FEAUR L J 2 AR TR RS, eI A W R R &R

To=1/Fy (2-5)

DAL, TR RESAR IR fr) L, 45 0 k5 R Ak ot el . I 2.3 o
T BUAWRE S S5 A, e g AN Sk P 48 7 AT 22 R IR 1) 0 —
F3.

e ) S B X S A o R B S I, H T AT IR 2 1A
KL, IF HRA 7 5k R E SRR PG 2 #a] LB 2SS EK, Dt
XA IR KR, 5% 8 FIRAF LI A . — SRR IRy ik
A FEFINEINE B TR AN T 5 5%

(1) EFEHERYAZE.

A AR AR ey
Kl 2.3 R
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2T EIRRR N

XA TR S BRI . SRR PR AR AT X L VR B AR A
PeAe 5 B o (1 B R R A P T R o I ARG 2 e 55 o X LA LA M I
F AN Al o

BOBEAE S (), WH AMHKREOE XA

Ru(t) = _f X*(r)a(t + 7)dr (2-6)

SEF RIS, 3L TG B0 A 5 SR AR 155 1 B R — 80 R,
A DA TR g R A T T 515 5 R A 4.

(2) EFImeAE
XA HEE TR (Cepstrum) /732, 15 5o (¢) FIEIS © XHh:

Cu(t) = <:f° log|(w) Peos(wt)duw)? (2-7)

Horpra (w)Rome ()R B8, 0T RBE S, FREAAE S0 A vk
HIEIRESE S — B AR, BRGS0 R, T LA A SR8 15
1R

FESCPR PRI A, 5 B SR AR 5 (5 S AT N T A B, IR VA
C1) R 5 AR A T UG A5 5 12k Y], BOREKARERKE, Pt
WD A ], AR, WEARE KKK, WEARE T 2R
R, R FIRAG T W ZE . 0 T AAERE IR TR RS, IR R
(RIS R EAR R, — B P (M RIS IE 21 40 624, 1o 0 i AR b 55 7
s IR AR AT A B 600 FF2Z . AEXT IR TE S SRR, N 2R K
FEEEATE T, E SIS 1 K SE

(3) EFHItWIAZE

XRTTIEA AR B A AR TR] 5 s (0 T o i D) R ARBLRE o 0 T R 4 — T,
TR SO B SRR AL, FRER GV A3 0 28, ARSI B i) 7=
SO ANFIZEA o X EETTIRIN 98 RS AUE N ZRcs . Dk, U ZRBs i
I NI Gad R 2 S e 2 A 20 At 5 RN ) HERR R

H A%y 10 R AT S T M 4% S0 HIMMPS T )71 L HMM 1)
JRERG, WG RO, —BOSIEEE{5 S, W G ot R AR
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2T EIRRR N

b ROULER P A, T IR AN AR R IE v S A AR R ) 2, (R T RE A 52 2]
WRAESES, KEEBUOTESEE. Rk, X—dfE el LU H HMM BT
o HMM R MR 5 2275 1845 8 & 77 B B I PR S R ITaa R 5 . K
8 AT IR R, R S S AT R B A S AR I R . AN SR SRR I R
RS DA R R S CHR AR RF R B 05 A, 5 WAL ok 5 A I
FRfEEr D FFEE O RN, IFRFE— ) A ik g A2 AT
GHAIEIE R — SR MERS) RS . HMM A (1% A mT LA K 2
e SR O N TE S TR MR . IR v P O R AR A R A
P 5 R TR A A — ok R A O I PR V8 5 15 5 R AE AR I8 31 e K I e 7
XGRS Viterbi fi S A B o

ST ERF NIRRT, (#n] U E— P2 1) HMM
ZER o X SIS HMM BE T PGEE S IR R FE, 5528 E T 3GE )
W, EAFA BPIRASEEE TDOE P A RE . BOARA0E S5 AF 18] (13T # T 4
W Z A EA R TSN TR N RS R AR FAFE R BRI X
I T AR (R AT, 12 B P A I 10k SRS H B 51 ] 2.4 ()
P A Z IR EANFEPRS Z B RET AR, FN RS ITE B AR 2
FRAS I RFLE I A G 31X ] LIl i e B s g AT v 49 8. AR &5 2 IR
R —IRESRR T SRR 3 —F B, Wil 2.4 i (b fior, Bfa sk
INTFUR RS, s RonFFLE, r RoRmgisil, Hh— NS rrar IAT 2 LA
B EIRESIT R 2 7 — S R IR IR .

BT HMM FRRAS, 0BV (101 S AR m DU I I R8s 19 210, K5
W Viterbi I FREAF BTE S5 S R I R, X7 RN ICT S A R

18



52 E WEIERAY R A SR

()

N
Do#2)__
N~ O
T T N
\ (M5
- ,4/ r\___/ '
o/

@)

(a)

Kl 2.4 HMM HPEAS ZIR RS HER

242 BEFFHYIZEL
TR KRBT 2y A ARG A GE 10 7 vk

(1D EFIEFITTGTE

XTRET ARG T8, OB ) o ATk R A T R, AT RN
R U, B4 SiEsE o T & e S AR S T S A/ 208,
Mmes s 5 5 E R .

Wil 2.5 S A sil(onse) MR R K, — RAEPE B S FF A I, E S5
e R ETE Cattack), AR5 FFSE— BN I (8] (transient), & ¥ T [

(decay), IXBBRININ RIS AG AL, FROAHAFE A

|
attack | ’v
~

~. Ll decay

il 3 p
‘ |J|..4...m||1|u|L|U|/

i T Ce
-

|
ransient——>

Kl 2.5 SR A
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2T EIRRR N

B AP AR S AP O — AN P IR, i A SR, K
NERFINEEE TPk, IR - DEREKAE R FEi o
W afE e, HEA SRR G, (R — BOg R s T B A A
(KBRSl X R AL PR R AE, AT MIDI e (1) & APk PR — 2L
W] LURT MIDI Jig AT UL T

ENFIBRT R R, SRR SIS BINEIR, BHESE LRI,
TN R IUERT R AR I . L, XT3 T ARG 5 kit A7 8 R B
WEMRRGE, HATE AR AR R PERE P T A (O

T A AL SR D A DB T B 200, — B 3 AR A ARSI 43 B T AL R
faift . WE(ESE I L PSRN B B S S AL B, Rt e T ik
BRI T 43 W a3 AT AR AE V5. ARGl AR B, S (45 5
PRI R RIS AP R I P A Re i, —REE TR S Z G, BEE ST
RETE S IR BTSSP Rl e B SRR T H AT D 2 AR kS A DU R 4
Py X TR R AR Ay K0 R K. S A R AL B S M S, AR S AT
R AR 73 AT R X o B AT AR AR, W AR £ 2L H
[0 IS U B 5 i s & SR b, S EORT R A A S IR AE A, VR AR A
B3 o 4n Rl R BIO0S B A S AT e R S A A R O RN, AR (R A
B RS IR I 1) 5, B2 SR . Ja AT sl Yk i i it —
SE [P IR £, SR e BRI ek B0 e IR E R S i APk i, S m e th i
HERHE R

(2) ETFRITHFHE

TG IV A T R T HMM 70, OV IE S 2 i 225
51K X = Xy, Xo,--- X, W 35 3050 (0 2 48 05X B — A 37 5 51
W = 1wy, wa, - 0y AEFRIZAR FH6 WL 51 B 5 K05 e i M e
K I MR 5 S+
W= arg max 7P<W}](D)(())(|W) (2-8)
LEEE IR 2, TR R R T B R T R R R, W T LU
TR 7, XOAT AT VR 35 74 91 50F I8 [ W B [ o AR I —
ANVE SR T3 SR R P(X W), I IR ANIE 25 R 57 2 0
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P(W). HJai@id—F “one global search process™ Oy J7 kK 347835 2135 145 1)
{DEEEION

A AT BRI B v 7 40 Ry A P38 e ) e R A AT A AT B
FFHERE, B AT i — BOM Y B & e A 3. R IX A U
M, TS S ARE S 45 A SRR L R e o B i o ) 5 v 2 B
Fk, AR BRI DA, RO FVASR IS 718 A 52
Wi, G SR R I 0 B ] W NP S M S i g B T . Ol TR B S B
Bk, fE HMM 1, ] DS e 2 i R AR ARV E D S AT R IR TE L, AN A
=N 271 S SR

Wi 2.6 Fros AT C4 OW S MIDI 4520 60, FEHUY 220HZ) fE—if
B EEE CED e ARE S EIEE CH). BHEE (@ RS 7 i T
AT RRE AT AHE E, g L. nTRUE W, X T 5, g
B 2 AR AL TR T ARE S WA AR B B AR Rl AEENE T, BAhZ
B By 0 AR RCRAE AR Z A R (R AR

x X f(z) = sampleRate (2-9)

For f (2)2 7R LA CUAE- S MRS 220HZ, I H CUAE & 11
KAEHA 16KkHZ, 1218 St A5 2 A A7 B Y /e = 16000/220 = 72, 5
Bl Ca) KRR IR 5 — I A s 5 A o

{5 AP IE PR 200t — 8 I T B v T il B o, AV
55 A DG IR DX AREAE , XA DRI T BRAEDR N AT e 9 de i 2600, BRI
XoF NN AT B8 () B AR o 5 PR nE T 2 1 55, (B R A 16KkHZ 41T,
Al = 48%x = 2402 [AJ X I, X IELFRTNY T3 4F C2 2] E4 (X[ MIDI
5 A 36 B 64) IR E MR G [, B Ak O ek R R KR AU Ok
66.6HZ~333.3HZ, & BEMRIFESEEE . XHF L rkmng, [FFEE 16kHZ (1414
T, Az = 2482 = 120/ XA THEBURHIE, X0 N T35 57 C3 2 E5 O
MIDI %i 5k 48-76) Z AN EFF K, R FISEMGHIDY 133.3HZ #] 666.6HZ,
WA A LA o A (RS P P D S 6 Y D e 48 R e K%, I
HR A s 248 LU 20 (3 0% b R A A AT IS . i FAEbL B R, I
S5 S Lo B DX 3 FE R A, B TR 4 5 A > TR S e S e T — A
J\EE
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52 F WEIEA R AR 5

s P DO I B, 3 A B RIFE S, (T R] DL BSR4k I Zhi
BT

£ HMM 1, B TiEE R, IFTINGE SR, Wiisoid, e
Rl RET, NNENETAEE, GF 2SS A s 5y
AIREAE —E I T A AN L. PR, AT HMM B SRR I R Se
IMAE G HRAR T REEFZRRSFE S . AR E ] DU R INZRE 5,
— RO E R, Sy AR BRI, X TR, R A
S NEF BRI HAE S B SRR A S A . s SR A Y,
RS RARZE . Mo T3 AR F ISR R e e 1) 15 4
FUFLARIET 11 Fh 245, JXAF B PR e A 5 5 U0 28 ) T Ay e — A BE K 1 B ke 1ok
Y n-gram [FTE SR, XHE M) n —REUEN 4.

WA RNESBAFNE SRS, el HMM 17720, A —HA
R ETE &, I SRR — 1B WU R A O S ) B, 4 B e S 5 AT
JP31.

1000
(2)

500

0 50 100 150 200 250
1000

(v)

500

LM it

0 50 100 150 200 250

2.6 (o) Js sl CA HOVE EXITAOMINE,  (b) il Eiuf fal i
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2.5 MEEHERES MIDI FEER TR

251 EEMENX

EIE AL R P I UCHC, SR T DL NS . DB el e oy . 3740 155
iz L SR e G el O (1R 7 B € s Sh U P v e R L S T
K o

2.52 [LECAY4H(E

JHT- DR R i AR AN [7 DT P 592 mT DU 22 b SRR A, a3 55 5 307
WAL L TR, — R R IRARRAE AR P AR 1R A (Pitch),
et JE SRR BRI RT AR B A DG fER AMDF J7ikM, 35+ CEP il LPC
AR AR AN /5 A T B 73 R e B S g o B i) 27| A = Sy A
MIDI ¥ &, X s T3, 93] MIDI 545241, Z bR a] i FH 3 s e )
FE 7 HIAE R R R BEA TR R ULAC .

ARSCAS FH P IOHE & JA HHIK vk 2 55 T CEP IJE,  $RBCH #1751 g H
HMM [(J73ER0,  Tsci BEAE ] MIDT $od 22 . $RA3 58 AR, Al bt
B0 B RS, FEATURT MIDIL 195 5 2 MAEAEXR N R34 K FR, 7R MIDI
FRUERT, MIDI S 45 02 v AR 2[RI R V 5C 3R A =

p:69+12xl092(ﬁ) (2-10)

Hodp RN, pFRos MIDIL S5 4F 105 =, 440 2 ARMES =1 (440 #522) o
LT CLE H, RS 2R AE 3 F MIDI Fefdt 2 22 5, sei b2 thie
2 [RAERRARAL 2 5

253 MEEAIMES

A BRI A 5y, R SGE RS, [N P HMML (K535
X PRSI ICE A 81, S R AR MIDL & 43 7 ST Eooxr . &
2.7 Bw, B4 M EMUTES 105 e 81 ik, 28 40 O Sl S K 1
FIHIE, 55 =2 B E R HAx MIDL (35 45 e g . o5 4 i
RIARACT- 580 e iR B 5 h I ARTE & 0 o T LU Y, MIDI 5 15 7471 L AR
brdE, SRR AR 2, A W S AR A AN, AR R A
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AL AT H b MIDI 5 15 37 1 A — 2o [R] IR e 0 P55 1Y) 3 5 N1 DI g

SR — A0 AR SR =R MIDI & 455 2 [AHEARAE— 58 I A o
HIsEal U, X FUCRCSENES, 25 8 M s B -

(1) Fi s WEME A HITE5 (0515 55 S 1 H AR S A A7 A 2257, 1

i LR A e i 1K

(2) Zethfheg: wFnE A a5 s AN H AR MIDI BEqs ()8 B A7 7E — € %25,

PR B g AN
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e IET ]S e G o= W A S S S R Y eSO I (9% 7 S % | S 1 R A A
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minDif f < score

k< 541

51



045 T BUE BN ILECAEE

end if
end for
if D =0 then
return minDif f
else
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(1) MIDI KEREEE SR

MIDI JE £ PR ) 32 22 D) R 4 B MIDI S (1 e 5 B I F VR,
XPRFEREA TR 51 ASCHTE A1) MIDI {5 548 XML #% 3 [) MIDI, iX# MIDI 7]
DU I8 I — 0k SE 45 B TR A VR R B Sl i, RS il XML #%
¥ MIDI 15 B 48 0 frifb Ab FRAEAS B 4 1487 MIDI ¥ XML 3CfF. XML X

RN

<song>

<melody>
<name>0065.mid_0</name>
<note>

<track>1</track>
<eventindex>1</eventindex>
<tone>57</tone>
<start>26.689583</start>
<end>27.129166</end>
<duration>0.439583</duration>
<possibility>1.0</possibility>
</note>

<note>

<track>1</track>
<eventindex>3</eventindex>
<tone>59</tone>
<start>27.129166</start>
<end>27.498958</end>
<duration>0.369792</duration>
<possibility>0.0</possibility>

</note>

</melody>

</song>

XML #&zUH I <note>hr2E R n — N E T, <tone>Fr2EKm MIDI H &5 47 (1)
{1, <start>FR N AL LRI 8], <end>ZR /s 35 71 45 RIS 1], <duration>K /N FF4k
I 1R], <possibility> & 77 4 f) TR MG R, BN 1.0 I Rs A1 R4
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