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Abstract This paper describes a query-by-humming (QbH) music information retrieval (MIR) system with-
out FO extraction. In F0 extraction based system, FO extraction errors inevitably occur that degrades perfor-
mance of the system. Furthermore, errors in pitch of sung data degrade performance of the system, too. To
improve these problems, we have propose an MIR system that used a musical interval feature and probabilistic
models. The performance of the proposed system exceeded the system based F0 extraction. In this paper, we
use peak interval of the cross-correlation function as a tonal feature to improve performance of the system.
In addition, we integrated multiple retrieval result to obtain better recognition result. From an experimented
result, the top retrieval accuracy given by the proposed method have exceeded the system based FO0 extraction
by 13.2 %.

L EC®I- AL D L TER - ERILERD, Thoi7T—%
N2 DR EBETE LV EAB—RETHD.

NIV TR AN E LIZEH# VAT MZZ A ETNL 20 LA L, ZORROFBWITIIEERSD. ZhidEBE0R
RBREENTVS [1~[E]. TABDVAT AL, ANERE D Ths, FEHOBVIEVRT AL BBEEONSG T5 * 2
NIVTEEFEMICHEIL, ThZPROEFEMTES - Shd. SEIOIEEAARES LAV LR, V&
FEREMHT S, SOCERTIEFRMALTES - TR TAX L LIZERERE (FO) OfiH®EY #51x# 2 L,



FEREENRBOFRERSPHKEOFRLESICL Y KB
FROMBY X T. TR OMEERTICER
THERKZHMETHD.

Z OB L, Heo 523 FO OEHBEH LRV E-RET
% [4], Shih DR FO 2 LHE SN I EROBEET LD
5] ZREL TNV A,

Heo bDV AT ATIE, FET 7 7A R T AGHIEIZLY
FO OMHARENTWS. FET 7 7R b5 ASHETI
AADHr TR T RIR LT, FO OFERBICHRT 58
REETEY—2 b7 7vr—%2KD, ZIhb&Eb
W FO ~EEHT B, fEkThhE, v—27% 1 211FKD,
FOERDPOFO2RDBN, TOVATATCRTITALT
ADY— 7 EREVIEIZERMERD, ThENICET 58
WFHE FOEFME L TRIBLTWS. ZLT, ZThiEeTon
EHRE T, EyFEHOETORIEDREIZONTA
FDART 4 BFR LT —FR—RLBETH. Heo HbDE
BRIZL-C, VyFE IEHBEH LRSS, ToEEPICE
D FOREENTVEREIL 9.7 %ThHY, ¥hin%
AWTEBRBEET-2E 05, RERKEILR65 %L ito
I ERBESH TS, ZOBERRERS X T AT
FWHDTHBEN, ETOHELELRIZOVWTREEITD
ZEnb, REFEFRFMIZERECLAATHEMT 2 &0 5 BHRE
BH5. SEMCL o TREERTHES, TOHERIIEEK
O IEIZR-TLED. £, 99.7 % &\ 5 FO OffiH
HERH ETERCRESRATFOE JIcxT 5 #H
BETHY, WETETEICAT 2mHREE TRV, £
LT, HiiENn5 FOBEMIIRBINLEFOER L TOR
T REMELATTHS. DEVHKBORY ITHERE L TN
IRV,

Shih St &N FO D SHBEINAEROBEET
NEREHE LT WA, Shih BIIKEORKET —F 2IEL
FNEFNOFET —F ORRMIZK L FO O %170 T
5. FLTHYESRHTEREFEL, ThixZEY 7
MW TRBAFICHBRMNMEE SN DL TOEFRIZONT,
HERTTMLEIT> TS, ZOETFMEIZLD, BB
BMUBICEN S TRODLT IR D TIERICZ-TWV 5.
Lo L, FOOfEE - REMHBRY ETHIOETATIEE
BLTWARY, 2 ZOFEIVAT AT LD FO DMt
B ICR LTI L iV 2 R,

PED X 5z, FOOMHEST S FHEEE M S 2ORE
ERITHWA. LaL, "IUIRRICAVLNLDITERE
Th-T, FODEZ O L O TRV, Higd 5 2 REOF
BEEENCRTHEE O, ZhETRHARELEER)
FHHTAZ R TERIE, FOA2MHTZSLEIZRN. D
0, TREBEZAVAZ L TUVAT AL AHHEY O
FEEZBET D R TEHEEZLND. MR 28T 5
ZERTENIERY OBRBII—FORERYOHR LD,

% LT ZOEIE Shih bOFEO L 5 REEET AERD
B TRHIT AN TES. Thbh, TREMELT
DHEFEETVERBNDZ LT, ERVRATLAOFOEFERY
OB E T TERZ LB OND. £, BEETAVE
AWTREETI LI ELRMEANRD D, £T —F—
ANBH/ LN ERRINEB DV ITHERET LELR, Fhiz
T ALREEZHETLIFEFANDZ LT, FRERENIC
5 DT, BERHIZETOTMREZTFMT2 8T
x5, LVBERVMENRERTEZLNIZETHD.

IDEZOLE, BATEBREEREL LT ERTs2K
MZNZNOMEAREEIR T — 227 MARLHES
NAHMEMEEER 2RV, SLRIOERBMEOMSET
TNERANEAIV IRV AT D EBE L. VAT
LOMBERXRERD FO I X A RBRMERES ERIZ Z &8 %K
BRICEVHEPD LTS, LL, B FOREEZRVWE
BRBHRIIIRATE LY, REVRT AIMALELOHRE
BURETHLEEZLNS.

FITHRETH, ThETIKBR UL EEERELSLIT
KBRL, RBICAWVWDZ & THHEEEOREZRELTY
3. BRI, MEMBEROY—7 SREERMREL
LT LTS,

FREABTIREDIL, TRETRELLEREHME &
VAERETHEERERINTNEAVERORERER
EHRATHI L TIL A MER EAAE LTS,

2. SEREMELERETIIERAV-EERE

AETH, UAHEE LA ERSEE L TREFVERAVE
NI UVTBBEY AT MMIHOWTHRB,

2.1 Y ARTLIEEE

R RAF AX

(1) FOitibd, ERSHMEOHHE

(2) HERBCEBRHFEBEHEIMATET ML

(3) BT —F_—ROHFI, BEETNELR, B

R LS EEE
s 3 o0EE LD,

BB LD, ETEROBEETT LV (UT, TRETV
LBEE) BERT D, BAPICHRTITHALILTOER
IZoWT, NIV TF—FEREL, TOT—FnbLEER
BREEHET S, oM ABROEREMEY TRECHE
L, ThENOFRIZOVTHIHN 2T VEERT .

EHRBIIRO L ST LTITONRS. AN Ticx L
T, EFCHYTIRMERETS. B &5 KERLNS
FREMESHEL, ThOOREBERE ATRIE LTE
WD, —F, F—F A= AR O A 0 F ¢ 5 MIDI OF
FlE LTHRASHTNS. ZIhbT —F =200
TR E/DZENRTE S, HoONERRINIEMICYEE
HENEZEREFAVORIL LTERLNRS. AN S



linear frequency domain logarithmic frequency domain
Il‘ '\‘ f x=log f
f x=log f
B 1 HREREER & A RERIR T T — X7 MO

*ERONRLE BAGR

NHHE SN ERFUBRIZESOTREFNVRFT
FHES 22 L2k, F—F_—2h0dh 535 A
ANIVIDOREFHET IR TE 5. BEFYELT
BETNVOREIEREDP v v F U7 2AN5H22T, A
AOFEA - RBFEIZHLTE, EHWLHDEIRERVBEDT
LRENFREIL R 5.

2.2 BERESOMH

ERFFMEOMEIL, MRARKEE (T — 227 MLic
Knb RN [7) OMEEFIBLTITS.

BB BB T, EAEERES Aw BETHIEE
ERBA AT I nAw BT 5. —~ HREBEEEE T, $
n BRERITERERE» LD EI logn BENLZE ZAILE
ET 5. TOT-HERBREENPE L THEAR L &ERKO
RO E BRI BRI, RO TR
BWRARY PAOEFBEE LTEBEIND (" 1)

HDANEE «(t) BEREh, ZOEZBONY -2
ME X(w) ET5E, € =log,(w) & L TxHRBmR R
RU—ZY ML X(E) 2725, O, z(t) IV b o
FI B -TEAERREREROES y(t) BRI S hi &
TBE, ylt) DT —RRT ML Y (W) & X(27%) TH
D, AEEEREERTIIY(E) 2 X(E—a) BB, DED
D 2ODEE o) & y(t) P OXBEEE T -2 b
NOMAERBEEEERD D &

Cxy(l) =D XY (E+) = Y X)X (E—a+l) (1)
£ 3

LRV, Izl —7 2R OBEMELND. TEAEE
L2 OMEMBBEE,ALHESND.
LIRTO®E Tk, HAEMABEEHK Cxy oW\ T

Cxy = (Cxy(0),...,Cxy (D)) (2)

&L (D =69, = 1400cent LIND 7 METEE), Zhi
ERDHPT D EIED, KK Mz = (21,..., 2K)
~NEBBRUTREREERFMES L (UT, Thi2ERE
WD LR,

2.3 BEETIL

EREFNML, FEEBRE 15075 RE LT, #RENDE
BRI TEFHEETIE U TERENS. XX, +200cent
DEBRI T AL [F3—> G35 [G3—> A3) 72, -400cent ©
BRI IRk TE3— 031 TA3— F3) 2 EOFRGMED
LEBTE. ok, £ER T AOHRRERK
p(z|T) BB/ b5. 22T, REREBRE p(2|T) 35R
IIAT BT HREE 2 OABEREER LTS, BE
BEBBKICL, B—ERSM - 2BAEHNA - F7T2H
MmO IBEELAND. 2B, IhbREFNEFNRERATRE
na.

ETHE-EHSMIT,

N (2 — par)”
piel) = [[ e {00

ThB. ZIZT, pik, 0% BERITAT, OFBY TN
DEBRHFHRED k REBOEH L HHERL TV S,
BAERDHIL,

p(z|M;)
M K
1 { (2 — pikm)® }
= Ui | | ———=exp ———5—— (4)
; ];I V2ol 205

THD. Qim BWEBRIZIFIAT LRI EE mBAEREDRES
BHT, fikm> Oikm IXERI TA T RIS, EmiRE
BERD Kk RTTHEDFH LM TH .

BB 77 R5AIL,

1 lzk — frix|
Pt = [] 5o exp {— . 5)
k=1
1 N
bin = & :;1 |Znsk — fimike| (6)

ThD. NRZFBY VTNV, zn, BEEY L TNOEES
WMBTHD. £, fur, by REBIFAT KBTHER
BB POk RTEOEEY IV OPRME, REN
FRA—ETHD.

2F, B—IERNA - 77T ARMONT A—F 38V
CINNLH/END, BRHRELEEREER, BRETHR
DEDINTG A—FIZEM T3 Y XATHESRD.

2.4 BEFZ

HEhRER, ANREFRBIROLNL, FREFAOK
LB LN HMENEBORME L KRING. -0
REBRHEHEER 7 sV F EER T AN EROTTD
N5 4. AANIV T ta/ THREENB 0D, D /a)D
T F Ny MRKE W 600~1,500Hz OEBER T 4 VF &
PFBILT, Ja/DESEREL, TRUSNOBSEE-S
TRETAZ L2 SDIRERTANTERANVT,
U—DOIENEEIOT v VERET A, Biic ST =iz Ly



BEEZT>TWRVDIE, U —TREEFICL &K
L, BMEIC X 2BRESRELZDTHD.

AP/ OLNTIEEBRINE T —F = 2R DEMH A
51 5N B FRERINLER DP v » F v 7 2 AT HiR
ENb. ABIZTRT VAT ATIE, ADOE iR EBR
D% j KEOHKF AT, BRELRK p(z()ITG)) »5
BONBHBERIEE log P(T(5)|2()) & TRICIERE t(4,5)
EHAL, ThERXaTE LTy FrIi¥Tbns. %%
FeE P(T(5)|z(5)) 1%, B T(j) DERWE P(T(5)) &—
BomLHr2 LEHETS. $bb,

C
p(z(1)) = Y p(z(§)ITe) @)

c=1

P(T(j)l=(i)) = ﬂ%(%n "

ZITCOH, EBRETLVEBRTIERS SROKTHS.
B, A0 i BEOBRXBOEE Lu(i), X0 ;%
BOBEREBOER Ln(j) KR L,

N Lp(i+1)
ALh(l) = logw (9)
ALn(j) = log 22U L) (;T)l) (10)
(3,5) = |ALR(3) — ALn(5)| (11)

EEFEL, AaT Y TEL weight & RNT

s(i,7) = weight X log P(T'(§)|2(i))— (1 —weight) X t(3,5)

(12)
LEEEND 53, 5) ERWTER DP v v F v 7 E2ITVRE
5. EELBEILE, <y TV IRCEA - REOHIED
ZENFERRCIIFHERZBIHET O FREAVTV S [4], (6]
BEFD DP = v F 7Tk, AHA - BRAIE BIZERE D
BB DP RRITK LT —EThS. LL, AFEOX
312, MERRIREE SEEICAVTWAEAIE, oLk
HAFEIS SO LLARL, DP AL > TIHHFHRELE
HETIOIVNERD D, fIE, NIV OHAEHRITERL
TRa7 #HELTVWAE, §IOTANKRFHIEASZ L
WOHERRENLET B, TO, EREHET IR,
ORIOFEFLHE L TIBAOHEIR TS TS,
FITIOr—ATIIEREIZSMOFFLHETS. o
XS ITHA - BRI ERRA B E L TRREITD. &
THEA  BERICIER I TIZRT T 4 25T 5 [8).

3. HEAEBHOE—I FROMHEURER
wmEOHE

IRETRERBEREL LT 2. 2 i TR~ EFREHEAS
7 MVERWCE L SEIEZAICMA T, 2.28TRLEZ
FEARBEBISA U — 2 L2 D ERERM L, TN EERFE
BIZAVWDZ LEBRET 5. e, LI OBEARBEREKD

®1 ZBREH

HEET—F | BH10LOHET—4
FRET TSR 225,000 $7 —
YERR 25 Bl

FEEW -1200 ~ +1200cent

100cent Zl&

Y7y 7| 16kHz

L—F

RiE 64ms
BRI (h=vITE)

SyiTIRM 8ms

EMfkitiE | BPF: 600~1500 Hz
DF: —k#45y
B v—7 &R
R E FREM~ M
R 101 tt
FRETER | B 5 L40HET—4
T — % TRIEHMIE 18,000 N7 —
HMRRER | BME S5 LOHET—¥
326 Hh
BT —F R HiE 156 i

BPF:#08& 7 A V5, DR:EX7 4 V5

V—rEREE, B TP—sFR) LXT. ZLTIhET
LRI, TE— 2 HR ) [FREESI bV ThEThOF
BEREZHAWT, TBE—Efaf NBEERSH 177
T A5 H] CEBRETFTAVREELRBRICANS.

LIT, BEFEELEERT TV ENTNOMAE DY
Z1ODOFERERNTHE, HAHFETRERTHN, 5
OFETHBRBBRVEEIT LV F— A3 +2E2 L
N3, Zhid, BAEY—7 FREEREEY Lo
FROBWC LD LD, FRETFTNVOREE~OBESDES
T LA RRRCRETHLEZOND. 22T, Z0DLED
REYE@FLET 5720, TNEFhOFETORERBREES
THZLERFTD. MEOFEILE, RbLEMZ

o EMEFHEICLD 1UIBRBERESERICLIOKSE

T 5Kk
o FHMEFHELLIIBRIBAOMERDT LLTY R
a7V It Bk
D2 FERRHTS.

4. &F fii R B

4R, ERETEREEHRRER, REEROREER
D 3ODEREITV, AFHEORBERPRIT L. TEEEE
B, BEELEBRETNOFEDNZDIITo TS,

4.1 EBREH

£ 1S ET o1z 3 DOEBRDOSEME2FT
FET-FBIOETERHEEEROT X by Mi~y R
Ty hvA 7 ZBELUT DAT TR LT, KEHITIE, RA
AP 7 TRVWLND 5 EORFE (Bl :Co>E—



£ 2 FREEERGR # 3 HRIEE
R TRy H 1AL | 24628 | 3 LBAA
v— 7 EE B— 63.3% | 916 % | 98.6 % HEHE FERAT | 1 ALRRFRE | 10 ALLAPY | BREZRER
ERA s ER FTTA| 868 % 93.6 % | 16.7 sec
v B SF5R| 642% | 917 % | 98.8% il
poxiil FREM~I M| B 81.9 % 93.6 % | 17.5 sec
EREES7 V| B— | 63.0% | 914 % | 989 % (8 ®7E) EROH
(8 k) ERA FREEMARS PV 28BS 83.7 % 92.0 % | 20.8 sec
FREMSs b | 2BE | 641% | 915% | 98.9% (12 ®3e) E¥ST
(12 &T) EMHA ERBER7 V| FFFA] 837 % 93.6 % | 17.7 sec
HREMAY V| 57T 63.1% | 90.8% | 98.4% (8 &) kil
(8 &T) il E—FO0 (BERE) 742 % 89.0 % | 13.0 sec
FO (BEME) | 68.38 % - - B Fo (BEME) | 86.5% | 94.1% |116.7 sec
# 4 HAERER
G—oE-C) ZBRELERIC/ta/ THRELTH LW, F— SAFEE |1 AREE | 10 1R
%E*%ﬁ&)bﬁ—c 1 71'7 5“7¢@§ﬁ’é’ftﬂﬁ"9‘_éif %ﬁﬁt 87.4 % -
D 6 EEORFLRVIE L. BT, ©T7 2R Svxv7| 84.0% | 945 %
HEELTIRTAL, ZOREFLHME LN OHETIFOR v—7 86.8% | 936 %
EXEZHECHERB LT bols. INGHHIIEES ¥ H—-F0 | 742% | 890%
BRET, REEORBEATEEVICKELCb o7, 2 WEFO | 86.5% | 941%

NIZL Y, BERICES>TWAER I BELXEY 2 L7,
2k, —HEEIZOZF 5ETOEFLTH LTS,

T, IWESNZBHEBST—F 20, FEETEFKH
FRIHL, [a/lblbBHEO0HLE. 2L THYHE
NizF—F2 &TOMABELETEFRZRY, £87—¥ -7
A My NOREERZFHE L. ZOREETRVTERY
FToTn5,

F70, AFEEOMEELEO®, FOMBIZX 2REOE
BYiTolc. FOMHIZFFT 7 7R b 7 AGHHEIC K V1T
7o, FESITL 64ms DN P TEIZL VTV, 7 L—A
D FO OFRfEF FO & LTRALE.

4.2 BEMERR

HUBLERTTFNVOFMEOILD, ANOEERHEEER
EiTol. ZOERIT, 1 DOFHCHTEIAILTE220
AAL, ZD2EOEREHEET L2 HOTHS. FliL LT
1, TRAOFTENERM L TVWAED iz, IERAE BT
2 ML ERBFIET B0 TFRLE LA 3 AINICE
EBTFET B OEPBITolk, i, BEAOERIE
fETe TH EMLICEEBRE ENTONE, EFROFRICK
LEWEEERHBD Z LD, RRCHROTHS ZLHRE
NBEHTHL, EBRICHRIIR 2D I Rok, T
EERORER L LT,

o WTFNOFETHRELTEOEREIFOICLLER

FEOEMEIZRIT 2T
o SLNICIZEERBEENTEY, BRE~DEME

BEDD
o YU ERLERMEAY MLRSOEELTRL
TV

o EEHMDBNCEDEEBTIZTEAL RN
LD T ERNZS.
4.3 FHREER
DT, REFRC L IBMBRERETo. ERER
AR IITT. FRELTUL
o VU EBREPRYBEL, TTIASHTETMEL
e EILRBBRVRERRELND
o MEMMIIE Yy FITLZBRENLDTICHEM
LR THD
EWVS T ERET LN,
4.4 HEXHR
BBIHEERBERICOVWTHRRS. HAERBEREYE 4
Ry
ZRROFERIL (E— I EBRE T T F AN TET ML
TRk [EREENI M E ST I AHTETMMELE
F) BRI MV E 2REERSMTET ML LT
FiE) TORBRREHEALELEZOLOTHY, BALOFD
WEARRERL -2 FERE TSI ASMCETNMULEZF
B TERBENS MV E T T T AGMTETME LT
TOREERELKEALIEBROLOTHS. REL TR
o ZERIZLDHHAED, EOFIC L 2HEDOMHES
LEo7
o ZEIRIZIHMET, MERMLV DL 0.6 THEEHA L
L7z
ENHZERBETONG. L, Vs ERICLB 1R
RREBBRITEDRBRIZONT, HEKYE % TRILE
DBREEIT-12E T H, TOEIIEREEIR N o7,




._correct——
incorrect -

Velue of Cross Correlation function

H H H H {
Rl -00o 600 0 S0 %0 1500
Musical Interval(cent]

X2 HEMBIBESKOE

4.5 & =

4.5.1 BREFEZIABRERHL
FREEERMERIT, FOPLHEINIEROLNEMR
FERFNEWVWIRERTHoN, REEROERIREFE
DEBRLVERL o, ZORRICOWTERTS

9, FOORMBIZOWTERT . TERETERICAV
T A by ML, FOLLHESND SR L EREE
DEDEANT T RERT LA, FEF - ELEFEVEAL
TWRWZ EXMBI L. Zhicst L, B#MREERICHAN
BB T — X IR L Tid FO MHBRICfEE - 2 ER Y BR4E
LTV, P—7 EROME T EL L HEE - ERV %
FIERBZLTRELT, ZOBOPLRBTIIREFHEDOLH
FWHEREL 2oz B BID. Tz, FO OfHEAEDIC
BRENTNWTS, RKBHRERTHoEDITRERY 5]
ERZLTCWAEEYRDHD. Z0LHRFr—RIZHL, T
EFTNVEBANT DI L THERD IERIZRY, homEE
FPREEMNCTMLIZ S & TRERV ZBETE TS
4.5.2 ETEREEEEOBVCIBMEEDE

Y, s TRLTEHES MR BOBoMED
BOCOWTESRT S, M TBEHTEERTELER
BHEINDT — ¥ OREMBEEEKL, #ELXBLT—¥
OHEEEMEEE R, 2B, 2 SOMERAEEKE, #ic
400cent % HKPE L BB EMBEEKRTHS. M2 2 DR
D, TRNLEOBVRE -7 OEFRIZHY, ThIUADESIC
LA EBEOBRRLNRV, ZofIch FEMEERD 22
Z Ll EOMEMBEREY EHEMICEML THER, 1F
EAERE—IOFERB TN TCOAEDICHERY FRD
LTWe, Z0Z &ns, MEMBEEKOY— FRUAND
WA RERBIZ LAY THLTHEENENE VLA,
P EREFAVDEI LT, ZTOETRSPIZERESNL
FORBREBRCIIBVREEZ R LEZEE X BN S.
4.5.3 HEFERIZL HHEROEN

SBIORGETHE, SHERICLVBRBEREHET LT

BERMERAELEZ—F, B ofMICX 2H%E TiiREkE
RBBMET L. ZoRER, #ET2M0ORKIEMICLSS
DELEZ LD, SRR TIX 2 MU T ORI TLE
I 0R, JEMLOMTCIIEERD S, L OBRBHRICN
L, THNORFEREHEAELTLEI L NERE LY,
NERLOFITITREAITF R L 2o T LE - L TR E

5. fEmESHROFE

AR, BROETEBFHELREL, SO OMHE
ETNEBELE. INOENIVITBREV AT AITEA
T5Z & TREERRITIERDE—D FO & AV REBE L
12.6%.EEl o7, E£7z, BEO FOBEHEEAVEREREESL
0.3% LBl o7z, —F CHRRFRFMOEMEINZD Z LB TE
TEY, ZAFEPFYTHL I LBIFEINE.

EBIL, BHOBRBFRCLIBRBEREZHRIZI VK
Bl A, REEL0.6%MELE.

SHOBEL LTUL, REFEORT, BRd7—F~—
ACTORBRFEORIEDKRIENET HND.

X [

1] Em T, %EEE A E-, “WWW ETOoRFICE
LHERE AT L, BHERBEFRIRILE, Vol.J82-D-11,
No.4, 1999

[2] Steffen Pauws, “CubyHum: A Fully Operational Query
by Humming System”, Proc.8rd International Con-
ference on Music Information Retrieval(ISMIR2002),
Pp.187-196, 2002.

{3] Jyh-Shing Roger Jang, Hong-Ru Lee, Jian-Chun Chen,
“Super MBox:an efficient /effective content-based music
retrieval system”, Ninth ACM Multimedia Conf. (Demo
Paper), pp.636-637, 2001

[4] Sung-Phil Heo, Motoyuki Suzuki, Akinori Ito, Shozo
Makino, “An Effective Music Information Retrieval
Method Using Three-Dimensional Continuous DP”,
IEEE Trans. on Multimedia, vol.8, No.3, pp.633-639,
2006.

(5] Hsuan-Huei Shih, Shrikanth S. Narayanan, C.-C.Jay
Kuo, “A Statistical Multidimensional Humming Tran-
scription using Phone Level Hidden Markov Models for
Query by Humming Systems”, Proc. the International
Conference on Multimedia and Ezpo, vol.2, pp61-64,
2003

[6] MINFEA, SAEZ, FHEEH, RFE=, “ERGEEORE
RO EBEBLIENI VT ATERBREL X7 57, fFHRL
RS, 2007-MUS-71, Vol.2007, No.81, pp.33-38
(2007)

{7] Shigeki Sagayama Keigo Takahashi, Hirokazu Kameoka,
Takuya Nishimoto, “Specmurt Anasylis: A Piano-Roll-
Visualization of Polyphonic Music Signals by Deconvolu-
tion of Log-Frequency Spectrum”, Proc. ISCA Tutorial
and Research Workshop on Statistical and Perceptual
Audio Processing, 2004.

[8] Akinori Ito, Sung-Phil Heo, Motoyuki Suzuki, Shozo
Makino, “Comparison of Features For DP-Matching
Based Query-by-Humming System” Proc.5th Interna-
tional Conference on Music Information Retrieval (IS-
MIR 2004), pp297-302, 2004

71‘7



