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An Effective and Novel Humming Query Processing Method for QBH System
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Abstract More research in query-by-humming system has focused on the approximate matching approaches to search
the database using sung queries, But the researches of effective humming query processing methods and exact melodic
character extraction and representation have not been examined maturely. In this paper,an effective and novel humming
query processing method has been presented, which combines the speech enhancement technic with time-domain and fre-
quency-domain analysis to do the humming transcription, A hierarchical note segmentation method and a rule-based
pitch tracking method have been taken and an intermediate format for melody representation has been proposed, Exper-

imental results show the effectiveness and accuracy of the humming transcription, thus the performance of following

melody based searching can be improved.

Keywords Humming query processing, Note segmentation, Pitch tracking, Melody presentation

1 5%

HETFARNBHRERE QR RBA B MR BN
FBPAERTEHEREABRRIACHENSREAGEL
REETR.

Xt & F R AT F15 BT (Music Information Retriev-
al, MIREARMBFFTAEE 10 ERZEBERE M RE, B
FRAANESFERBERAR - RENEROTEY
) FRECET AR GTAVN 2R B ERERFEE,
TR AENER FROBEERURREEHELAR.
MRKEHEEARFIVFHETAENRRER,

ETABENERRRY R RERREFE. & KRR
FPAE SR I O) R P P T VM 3 1R A T S e R G I B R A B
FYE R R SR E N H, XHBERT— 8. A
MERRRRENRE,

2 BEER

HEERERRERSEYT, FWIEHE A 8 (Query- By-
Humming, QBH) ¥ R T — M A RMFEMHEFER
BEOTSI T EMBANKR. WEFIREEARTE
HF 20 48 90 S R RAE X1~ LRREK.

WIERRH A P ARG E RN E S8R
TMABBRAFERANERRERER, BT —FFH
155 FBUIE AL B M R 0R A B R B A R S R &
SRR B T AT LABE T BALA RO RIRE AR R
EAMALE.

X IR BB ML B SR kL B ERHM
RIBBHH P RANE RERFE. MES LRSI
T i SR R U A S A W BT R AT BN
Sy 80 FOBRER B BN A AR R P 5, 2 A B R A
LRI FE T 1 0 A  TE 3R B P AT R
REEICAT , RE R AT

A3CH THET R PFIE R R 6 BT . WP IR S S AL . BP
SRR A 5 B AT A IRBUEHARE (R B P RERE R
FRH— M AT ERER, U ERREREHTARN
FERRERRR HOTERNE.

3 MWEEBLAEFE

XRS5 AL BT R AT AR Rl — OB B R S 4
Vrabmay 8, B XA BT AR B E A S LB % B KA
[6] , b 3R Y B R 5 R SR AT R 7 i AN

RATXIIE(E BAL MRS R 3 MRS T, B

» VARSI B R B T HHIN B JEH (413160501), DK @HBIIEA, BT M S ZHE, SREGBRRER ANE A

82,0500 BEEHER REFRESHR,

+ 169


http://www.cqvip.com

£ 000 http://www.cqip.com|

it BedRs, SOUMESMP ERBTERMGITTR RSN SR

WRTE, RASHIE 1.

-/

zJ
= o Eid #"! LU it
) I
_________ T
RN o wamm [o-{ BUFFER [o— RN et
| R
I R A
| R | e
Bl REER

3.1 Wi4h@

AL BT B R SRR AL FER S RE,
i A R 2 T RBEAT T AR RS 21 F AL Ay e
. ARANEERESHAR, HEHRK. ANERFER
R 80Hz~800Hz LAY, £ &% B R G AT B A B B A
HRERERET HARERFERREHXR 11025Hz/
8bit/mono, HFAE EBRFSERIE.

B4 IR R R AR XX BFAL A F AR B R AR SR
ERRBEEARHITINL, ARG REFESARERE
TR B EREILERX, RA D BOCRR 3D & 51 8
LEEM . FELBRR RS, —RE N AGRERE R
PAERAEFENERR, H AR R GAEREN TR, i
DIRMNERE L — 1 RENRE, WACRE8AG SR AR
Bk, RERE T RS,

MiEEES P IMER T K H T kA M. X TRRG
B RIMNEBENETEHNRAITAENTRENEFFHNEF
T BREE , BT LA SR P v , VT LA M8 B T 28 e vt 5 400 B 0
Dot HEATRER AR TR, BRATRAT —F s mig sk, &
R TG, A 2 Fim,

——> FFT [ |« I Ji)&_@-&“”’
y

0 IS ()
< IFFT |+ B e ()2 |

B2 Bk B R

A P, (@), P, () F1 P () S} BIRFHRIEF y(0 3458
JERIEE s(ORMAEMRE 2 (o) TR, Btk RO MR 24 R

mF
P, (w)—aP.(w) P, (w)>2aP,(w)

Plw= { 0 \P, () <aP, (w) ¥

B oa=5(a=1 R B NG SR ) JORBIT,

H sl , RITRA U F I miig . R %
B PR AT FU S SRR R P R T R S 6T, B2
DB SRR ARSI RS RN
WG TEURTEIE. MR P BT R F DR R TIT B R
SEIRHBREZFBH 1s B e, BEEX 1s L 5H,
TR 1s (IREEIR (52, ML AT B 47, B P, (w)
M5

B2 TRRWMSRE, 2 FEYRRSRES, T
B MRS HES . TR EES RATR R 5 1s My

« 170 -

L

B3 FERBRE

3.2 EHH

R R EE N . A RAE R
(BRI . EHSBAEEHIEEFRIG IR LER
(O 1 IR, W B SR B A AL AT 4 B B B A
TERHAREE, FEREABEE M EHNTHEES
FEGEAE S, WS RSTEREE.

3.2.1 EHH

E— RS S AR , BEST RN, LR iE
B 5 B P FP BLTE TF s S ST A AL T, 20135 U7 e R 6 4
RIEEES BERSRBRBMSEEE, #—SBH KT
RoEH A%, o TW0E 58 4 B X R AL, 7T AR
FIE SRR SR M M. B O AR R
Foi ETHESITR ETHEM. ETHRSES.
Oe] AL H 1T O R A 4, R PEIE R R R R R R
[‘ﬁ]@[ﬂ R

BATREAT ARS8 E R BT 5 558
ARG A BRI R, XURT A He A AT v i i AT
B,

HIeR AR TR 0 M S — B T B
HEAT T HEMRALER, (S EH BRI S ML, XAES T, Bt
A3 S WA B, BEFT LLE o SR R R BB AR
BRUOTF I RS . (B T2 B3 VB 60 35 4 2k 43 ) FF
*. . '

ARSI R R R G X B AN ERH AR, K
BA] LAAM AR B R : DER AP R “Da” R “Ta” S8R S M
T W RIE QX R T R AME R, AT AR R
L8, H A BN E R BRI R A5

B — R BT F FIPIB I R K B AL B T 5
W, ATFBHENE AL B AT REE 2, %
TR MR, A SR MM AR 1L MBS B B LS B
FMEMNERIBETLURK, SN SHOITERT
Sk BT AT M B R R T SR AT RO R B R,
NG E MR GA AL, B 4 4 T R R IR
MR R | R TG LA P L) TR R R B “ D P OB - B AT A
B, T RIS 35 B0 T4 MR 15 5 7R 0 45 ) 8 kB
BRMERR A )B4 3 T RIRRIR RO T 4R BB 5 B R B
(R R, B RS R 2 8K T LA B B8 FH “Da” 7 M08 i B8
B

BTSRRI, 5B TEaS U B HE
MERK. BoRNBFAABETEBRENERED, 589
R — A ST A TR VR AR S W B AL AE
B AL B SRR R T f— 25 A BIFE R, B L 6.


http://www.cqvip.com

£ 000 http://www.cqvip.com|

B L e
| 2(&1)‘%‘%"%"5 S | 2(b) 3!3%;*]%;7"#;5 7 | (c; B2 “Da” FSIFEIE
B4 BREBRER
3.2.2 ##Hmiz @ TR EIERA B PR F W B KT R RS R

TEE 1 PRTLAF B, 15 & 1R AL R 18 B A HE IR S B9
BEBBE T “BUFFER” Z R, WA A% —BRAT
IFFT B3 RMEEFHRES BT THAIEL 540 E
RF/EE#TRERERN, AR BB HPS(Har-
monic Product Spectrum) 75 3£V 3 47 3 W ke o, B {8 R
“BUFFER”* ¥4 , BT B UCHATIHE T, HPS R
N Wi (8 5 R8BI E50, A 5 FiR.

BH5 HPSTEEE

HPS FRBZINE R PR FFT MR MR, R E
KA /FFT G M. A% R B, 7T UK b
#ho IS M, BB RS PR, AIHEL B R, HPS
BIANERERZBSREEm,

RIVRA T HF MRS RIS, #E 70 TN

O EHF A ETE 80~800Hz LA,

@ 37 FHFFEPFIRET K KT 100ms;

@ HEEHHWEERERT 50 F4

4.
BEINQO, EBHEF A BUFFER B #4724 %04 W 38

Bt (LAL 38 80~3200Hz B (L F 4 A LB BERIWERD,
XHERRETARER, X TEHFE S m M metE., R
F—RE/FINBIN SRR S EERL, R EFFN
BRI A HPS B2 S MR R EMEK,

Azt HPS B 7aitd , LA iR p Eim . e
17 HPS ZRif » LAS 3 55 5 4 £ -35.dB 4 S 1] {8 4 W01 75 1) | (K
S (E , VE % HPS Kyl ide (B G 3R TR, &3 HPS
WK R A, SR U A S R A Ry B e R A R 1/2,
TR Ok R A SRR AVE A BB . IR UA SR
LHETHE,

RIEFFESHITH IR AT 512 5, &
B 374 SAMEHE . AT EREMRL MRS RS
APl —AH T, S BAR RS 0 Pl 2048 & ERFZAEERTHY
—MEENABR A ERRE TR EER, XA
BT AR F 12, 5 28, b TBE UG, BROKE A
I X T B AT RN R 04 25ms, 1B B/ F RO,
R HL QAR Qx4 55 — 77 RF o B 0 S LB ) (5 5
HTERRE . HIRTAARAFET RN EARMIENEE AER
HoGERFASEER . RO 1 0 R KT B8
FREMPCEBE N BN RAERARMGITE. BEXEH
A% ERREANTREENE 6 s, TR B RE
BETHNERRESIANE —REFTEER.

{

I
1 2

) /\{i"v\

-—nr"

AT

(a) FIRKiEIm¥IE

(b) /l “Da” WFIR

M6 FRMEAME_SEFIH

X, RITRA WA T H O HBE TEMMLFFNE
BRI E(UMFES R, A EHRERE T 81 EFHF
HEEFRE. '

3.3 MR

R F 008 W A (] RO O T I — 2 M A
REWRE X SRR BT EER, TR RE HE SR
REGHHEENR. ROHERREPREBAKESREE

REFFFIERENFEATHR, BATEERR AR TR
BRI S . BIEARN G RN RIERICIZ T R B
FER, RIVAMERERREARIRICIZBEENTS, B
ANZTIZ Al O B LB R A R R RS B B R B
BROENXRHEFRNTREL. B, ASHESER
RRRGITRANE WIS %, L F BT SBCR A
BRI B, T KR — AR M8 B F R R G B
¢ 171 »


http://www.cqvip.com

BEES IOI(inter-onset intervaD fE g FKASE, R R AR A4 H
BAARFTEAEN. B THEERRRGKRALE %
BHFR, MBI FEHRBER ST R, BRI LR
BT B MR IRE P R R A 0 T e R

(D &%ﬁﬁ?ﬁﬁﬁﬁﬁﬁﬂ)@(ﬁ) sfrse s fm) ,ﬁﬁéifﬂéﬁ
ERHOEBME 00 £ OTEBRAE ST TR 2R,
B4 AT B A IFFIN Ay, By, 2 o8, ) B

#,
* y1=0

= (2)
Aap { 1200 X logz (fi/ fi-1)  ,0<lisim

@ REFHRIBVFEEFEIN (o stry e 1) [EFER
EROREMTES 1o M ¢ T EBBIF RIS (At
Aty Aty) s H

* y1=0

an= {ti_ti—l y0<lisim 3

@ B B EAHEFF 7R KA PP 51 R e Rk
4% : (AP.AT),

4 LRHR

BRAVE T LRFIFA ER AR, XROHNER
IEFFR AN ENAE R, BRTREERLFER
W& B LK 3 AEE TER, AL P HKIAMDa”FHIH
PEESEHD 5 B WLATRREN B I, BB R AR 1s+10s,
EREEEEF PCEZBER N EARERANIRE
TR E . XHE,—3L8 8 60 MR FE R . A
FRR B BRI R {5 BAL BRI, XA R
SHHALBEER,

FrA FE i E W AL B % b F e Bk A THTE
FABUREEMAT SRR, B IRME E AR
HPEIE(E BALER A A G, A TAL BB 524 A BLRIFIE N 25
o, RS R, AL R R A SO 5 A TAL A 2
. TRATIVEN TS EIMET HEEEE, ATALE
NELH T PRI B BB ARI S A E . ATALEE R
LA 1090 0 FFF, KA BES 559 MER,
“Da” Mg & 531 MEH.

BRI RATHEERIEAEERN S,
FREGEMCEN. UEEF ERRANSHSBH S
BAES B ST SRR SEY S, EXEFLIE
%E RS ﬁ:

Rs=(S,—S,)/8.X100% 4

SRRET AR EATHREEFERELNRN P,
(P.=S), BERAWERMEEN M EREH R P, T
HHHBHESAERESSRAEREE T E4HEEN
FANRERNETHERR P, EXTHBEERE R 4.

Rp=P,/(P,—P.) X100% (5)
EXFRE I ERERE R .

Rr=P, /R, %100% (6)
LRGERINE 1~4.

Al HMEREBEAERE

Rs Rp Rt
{3 Wk 5] g 92% 9%6% 82%

R “Da”Frng 99% 99% 96%;

- 172 -

£ 000 http://www.cqvipicom|

22 AN ARRARERASERE

Rs Rp Ry
Bl 96% 97% 91%
B2 91% 97% 80%
53 95% 97% 88%
il 98% 99% 97%
42 97% 97% 91%
3 95% 95% 86%

A3 AR RB AN ARE

Rs Rp Rr
MWt 1 98Y% 98% 95%
wth 2 97% 96% 92%
it 3 92% 96% 82%
Wl 4 95% 97% 88%
HWth 5 94% 99% 88%

k4 HSBRE
Rs Rp Rt
o] 95% 97% 89%

MEEIREE RIATAT AWM E B LT IJLA 38
@ “Da” W b B2 8 E R RSN E R
A T B R T FIKIRI R ik
Q@ ARFEBHEZRLE  EFIREAFEEZRER
B EREE R/
@ ARk, HaER R, BRrEsaR;
@ BUENAHRRERT S HBEERE.
S
#R“Da” IR ik K E R A RERERRE WS
REy. BRXFRETE AN ReT BHGEBRE, RHE
) 5 R A i 0, {5 R R R LA 4 Y, BT LA,
“Da” 78 W N 7 Bk B9 T % 43 B o 9 B O K T RKIR) PRI O vk .
M RAKiIAE R, K2 EPEANERE, WA IR
TEEE, - BRBESERABT AT ENERFERRE,
M “Da" I, TA R EREMEFR N, FUHER
AR R, YRS AT R AR —R
&
SHAE F R B Rk, AR AKBRAORR, 2% .8 E
FWRIRNEFABOEMB LR, YR, BRBIBHIREE
HAREXHETEHAE., :
Wi e E RS BFBRNROER, X— SR MK
BEEAEX, BASEZREMARGELEFINGHA,
JIT AFE o A [7) O e %y o WD i R L ) ke B35 SR 2 2 L AR
8.
it MNBENHTEAGHRTTAMIRERTUE
B, 4 30 R IR 5 B AL SR B A MO HETT T PR 0E 4R
BFEFFIINFELE. FCANRBRERLABRFEZE,
P LM &8 (5 S HERE A Mg S A B A X
B T IR s R , B B R T B A T oAb R
SEEFHB T, S — B RE T T4, F8%4
WENE A R R R AL . B R A BB M S
EARBT 89%.
LRGRIFEE B T R MrRE {5 B AL B 3k R
BB B E S A EA S MR T B B
CT#% 190 1)


http://www.cqvip.com

ARk,
(6) X WA BE— IR, WEFH B EERKH
AHEEE, FU,ERE KRN ESRD .

m.-=)_(‘.«=;hfm(m *m;+ 2 Xe)
w_ 1 1
m£X=7 (m+fézlms )

Ahom B BEXWEBERBGC=1,2,,0,n BE
FKEMAWGREEN N, n BWHERE BRI REE
. HEROB.

(MIEERZBMR, R ERBEN AL RA L.

B WA AR & R A 1 (B B SRR AR B i
FTHEFHNRABEEMREEBEBRITHERREAD
FEAEME, it —ER 1 Fisher B2 S B BH. MAZE
Bk BEMITRERBA, HEARNHBE TIRENKERE
RRBER,

4 RBESH

AR ORL AR FE#EAT X L3R 0 K | 40 ABIA
RRGAR, BA 10 B, RKEMRN 02X112 8K, B HH
BIVIER B BB A BEA T PR U/ NI R 4 B IR AS 0 Dl 23X 28
B"E.

LB LIEABRT S WERENVIGHSE, B 5 \AESN
BAEA . HEINGRRB A3 200 88, B, RAET
Hs[E] RS BUAERE S, B BEEC K-L 2R 8, X JR Bf RPAIE BE 1T HR1IE 42
B B TR BB 40, £ R94E 38 UG 15 RRAE i 22 2K
R 39 4. RE.BANLRAR/NERIER. MTHEE
F B 2Bt 450 SR Y K EG B R P s 3o (B B

F 1 R SRR E SRR AR

A1 PAERPHES

BXECER #4875 (LB B
PCA 89.5 90
Fisherface 93 92
DA-Fisherface 94 94

MEBLERTLLE H, DA-fisherface gk By iR JI 3
Lt PCA X Fisherface H¥#4 B EWRE X 2B FTX/IMVE
BT E AN A B EAE N AR P E R Sk {E

0 00 http://www.cqvipicom|

BT, &R BRI R, HETT 5] AR AR U O 32 4 B I IR
£, HBEHANRK TR, T DA-fisherface 7 #:5 F i
RAEA SN ERME AT TIE, Bk, RIS ERER
HHBRE.

&it FCRHHAB DB FEEINARK Fisherface(DA-
Fisherface) 7k , 22 ] FA 00 4 32 B 38 B (B A9 18 E ,
TR iy T/ VRE A 3008 BT i RS A9 25 18] B 28 3 B 2 S R A R 2
HIFTBIE, it —H LT X Fisher £ R BEHHKL.
SIS RIEN T M ARE.

T AR R B R Al A, A SO A X B 2
SEREHATIE L , 0 BRI T BB TR IE , M4 2609
ERRGEBIAH B RE.

%X x W

1 Belhumeur P N, et al. Eigenfaces vs. Fisherfaces; Recognition u-
sing class specificlinear projection. IEEE Trans, Pattern Anal Ma-
chine Intell, 1997,19(7):711~720

2 HongZ Q, Yang ] Y,et al. Optimal discriminant plane for a
small number of samples and design method of classifier on the
plane, Pattern Recognition, 1991,24(4).317~324

3  LiuK, Yang J-Y,et al. An efficient algorithm for Foley-Sammon
optimal set of discriminant vectors by algebraic method, Interna-
tional Journal of Pattern Recognition and Artificial Intelligence,
1992,6(5):8817~829

4 Hua Yu, Jie Yang. A direct LDA algorithm forhigh-dimensional
data—with application to face recognition. Pattern Recognition,
2001,34(11).2067~~2070

5 Vapnik VN. The Nature of Statistical Learning Theory, New
York: Springer-Verlag, 1995

6 Mika S, Ratsch G, Weston J, Scholkopf B, Muller K. Fisher
Discriminat Analysis with Kernels, In: Proc. of the IEEE Neural
Networks for Signal Processing Workshop, Madison, 1999, 41~
48

7  Scholkopf Mika S, et al. Input Space Versus FeatureSpace in
Kernel-Based Methods, IEEE Trans on Neural Networks, 1999,
10(5):1000~1017

8 Thomaz CE,Gillies D F, Feitosa R Q, A New Covariance Esti-
mate for Bayesian Classifiers in Biometric Recognition. IEEE
Transactions on Circuits and Systems for Video Technology, FEB-
RUARY,2004,14(2):214~223

9  Wang Xiaogang, Tang Xiaoou, Dual-Space Linear Discriminant A-
nalysis for Face Recognition Proceedings of the 2004 IEEE Com-
puter Society Conference on Computer Vision and Pattern Recog-
nition

10 Wang Xiaogang, Tang Xiaoou, Using Random Subspace to Com-
bine Multiple Features for Face Recognition Proceedings of the
Sixth IEEE International Conference on Automatic Face and Ges-
ture Recognition

(LBF 1721
ABRE, ATIRBEFFRREEOEER. TRRA, XM
EAFER THEARM D" ERIBHRE.
R TREE RS NA BN SIERERR P EER, &
T LA G S RAHAT RRIE N, SUR ML T B MR IR
BT EABMBEABARRNERRRERET.
H—BRHRTEER T A EREEET 8 &8
et T AR R AU A 77k AR 1T A AR
BUALE, TIAL TR E R AR R ETERFIR TR
Brst.

X X W

1 Kageyama T, Mochizuki K, Takashima Y, Melody retrieval with
humming, In: Proc, ICMC1993. Tokyo:ICMA,1993. 349~~351
2 Ghias A,Logan J, Chamberlin D, et al. Query By Humming Mu-

+ 190 -

sical Information Retrieval in An Audio Database, In; Proc.
ACM Multimedia 95, San Francisco: ACM press, 1995, 231~236

3 McNabR J, Smith L A, Witten I H, et al, Toward the digital
music library; tune retrieval from acoustic input. In; Proc. ACM
Digital Libraries, Bethesda; ACM press,1996, 11~~18

4  Pollastri E. A pitch tracking system dedicated to process singing
voice for music retrieval. In: Proc. of ICME2002. Switzerland,
IEEE, 2002, 341-~344

5 @A, BEFESARE. AL AT R, 2003

6 Meek C, Birmingham W, Johnny cant’t sing; A comprehensive
error model for sung music queries, In; Proc, of ISMIR2002.
Paris;: 2002

7 fUEY LR,i#% RW BESFHESNFLAE £E R, 5% . 5.
Rl idt . 1983

8 Noll M. Pitch determination of human speech by the harmonic
product spectrum, the harmonic sum spectrum, and a maximum
likelihood estimate, In; Proc, of the Symposium on Computer
Processing Communications, New York: Polytechnic Press,
1970. 779~797 *


http://www.cqvip.com

