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PRE—NIHBBEEORY N5 L (BIZIE v IS — TGN T WA YY) I0H
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DET LT HZ EICTLD, EFEET, OB E~BIERE TRkl 23 TV 5 [9].
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AT, MEFER)CEHOMIT LMY IR L2 E 2 HRBERE LTHERTES.
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MusicRainbow:
A New User Interface to Discover Artists

Elias Pampalk and Masataka Goto
(Goto’s Group: National Institute of Advanced Industrial Science and Technology (AIST))

Abstract MusicRainbow is a simple user interface for discovering artists. Similar artists are mapped close to each other on a circular
rainbow using a traveling salesman algorithm. The similarity of artists is computed using a new audio-based approach. The colors of
the rainbow encode different types of music. Furthermore, a new approach is used to combine this audio-based information with
information from the web. In particular, the contents are summarized and labeled with words extracted from web pages related to the
artists. We use different vocabularies for different hierarchical levels and heuristics to select the most descriptive labels.

Keywords: user interface, artist similarity, music collection visualization and summarization.

1. Introduction

MusicRainbow is a new music interface to discover
artists. Artists are arranged on a circular rainbow (with
no beginning or end, see Figure 1). Similar artists are
located close to each other on the rainbow. The similar-
ity is computed by analyzing the songs (audio signals)
of each artist. The rainbow is labeled automatically
with words occurring on web pages related to the
artists. The web pages are found using Google and
filtered using specific vocabularies.

Our primary objective is to support users in discover-
ing new artists. First of all, given a large music collec-
tion with many different styles of music, the user is
presented an overview of the contents. We do not
require the user to start the search with a specific artist
in mind. The secondary objective is to keep the inter-
face as simple as possible. Usage of the interface should
be intuitive. The interface should be implementable on
mobile devices with limited screen sizes including
phones and music players.

MusicRainbow was originally presented in [6]. An
approach with similar objectives was presented in [5].
An approach mapping music to a wheel was presented
in [8]. Generally, related user interfaces include, for
example, [2, 7, 9].

2. User Interface

Figure 1 shows the MusicRainbow interface. Inside
the circular rainbow are high-level genre terms which
describe the different sections (e.g. Rap, Jazz, Soul).
More specific terms (e.g. Female, Guitar, Beats) are
located on the outside. Each of the 8 concentric color
rings of the rainbow corresponds to one high-level
term. In the screenshot, for example, the yellow-green
color ring corresponds to Rap and red corresponds to
Rock. The colors range from purple (inside) to red
(outside). In segments of the rainbow where the re-

30

spective terms are frequently used to describe the
artists, the colors are brighter.

In the center of the right side is the name of the
currently selected artist. In the screenshot (Figure 1,
right side), Outkast is selected. Artists in the neighbor-
hood include, for example, Eminem, Jay-Z, Busta
Rhymes, and Warren G. At the bottom right, the
selected artist is described with some words. For Out-
kast the following (automatically generated) descrip-
tion is displayed: “rap, singing, southern, duo, beats”.
(Note that Outkast is a duo from Atlanta.)

Furthermore, below the description, 8 color bars
(corresponding to the colors of the rainbow) are dis-
played. These color bars help the user understand which
colors correspond to which type of music. For example,
for Outkast the yellow-green color has the largest bar.
This indicates that other segments of the rainbow where
this color is highlighted contain similar artists.

All inputs from the user can be given using, for
example, a Griffin Powermate knob (Figure 1, upper
left). There are basically 3 input actions. (1) By turning
the knob quickly the user can jump to different regions
on the rainbow. (2) By turning the knob slowly the user
stays in the same region and can explore similar artists.
(3) By pushing the knob the user can select an artist to
listen to. The currently playing song is displayed in the
upper right. By turning the knob during playback, the
user can read the summaries of other artists. From each
song, only a segment of about 20 seconds length is
played. To identify the segments that summarize the
song as well as possible, we use a chorus-section detec-
tion method (RefraiD [1]).

3. Technique

The techniques are described in more detail in [6]. We
use a computational model of music similarity to
compute the similarities between pieces of music [4].
Based on these, we compute the artist similarity. We use

RAFRAFELF EREHSAEMER  MRUXFEIRATLIFH REXAFFREISRWRR  FHAFERIHER

Griffin Powermate Knob’

Playing
Outkast
Flayers Ball

Figure 1: The MusicRainbow interface. The input device (Griffin Powermate knob) is shown on the upper left. On the right side
shows a screenshot. The picture on the lower left shows how colors and labels change when the rainbow (shown on the right) is

rotated counter-clockwise by 17 degrees.

a traveling salesman algorithm to find the shortest path
which connects the artists and project them onto a circle
(i.e. the circular rainbow) [8].

To extract words, we query Google with the artists’
names and retrieve related pages [10]. Using three
different vocabularies, we parse these pages. The first
vocabulary is used to find words for inside the label,
and the distribution of words of this vocabulary also
defines the colors of the rainbow. The second vocabu-
lary is used to find words which are placed along the
rainbow on the outside. The third vocabulary is used to
summarize each artist. Using an adaptation of the
approach presented in [3], we select the labels for
summarization of the contents.

4. Conclusions

MusicRainbow is a new interface to explore music
collections at the artist level. The colors of the rainbow
encode different styles of music. Similar artists are
located close to each other on the rainbow. We use a
new approach to compute artist similarities and a new
approach to combine audio-based similarity and infor-
mation extracted from web pages (using different
vocabularies for different hierarchical levels). We be-
lieve MusicRainbow can help users make interesting
discoveries amidst the rapidly growing number of art-
ists on the market.
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2005.
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HIT0E, BERET D ERE T OREARB R (&
BN ST DR ) oA vt v b (FEFBRLAR

38

%) 2R EEREBNCRD BMBNH Y, EERE S
RULFRE A 2 B4 2 S ME LR AR I,
BERIC I DWW LW E F AT A (Harmonic
Clustering 15 ) Z 2% L7=. Z O FEIIERIEICH
RTHD TEVERETH D Z L DR STV D
N, B EF AT MR OREOME |, HEERR Y 1358
T HENRWN. G- T, B0 2 RIEET 2BIENETS
WCATZ D &) REEII D e T METH D & &
Z %.% Z C, Harmonic Clustering 1512 £ 5 I
F—H 5 MIDI 7 — & ~D4 H B A EE &
FDAT—=IZBWTA CHEERR Y REET
XEMERGICHEREATE, hoAMRE
IET&ED L) el 2o —WHEA ¥
Tz —ADOREEAMNLETS.
21 BEEifE

ZEYE y FRNTIXEEYE S LB O 58 TlIVWE
TPARARIEDIGZEFRED | D Th 5. MIDI H #)ZE#
V7 N 2T HERTHEOIE, BEBEEND
BETIEEOEE, Aty b, TREZIELLIH
ET D HEROBRENVETH D, Fexlt, LEE
INT — A7 MVIE, Wi OGO AT |k
NV (BE Y FFIT KIS, MRS S R
HESONDIARRERE L, FOBEHEOE K
IRV 2 b o7, AT hVEEERCRS &
Wi O EZ 703 ) MEBEREDINZHDT
bHEEZ, K1 OXD Sz TR
XA ASHETILT 1 SO EE L5
ML, TOEHZODEXTITELEGT AR ML AT
FMETHZ L E LT ZOFETFTLDI/IRT A—X

n=2

power

n=3

Uk+i092 le+i093 Hk;-log4 log-freq.
M1 RS ET IV

S Baks |

L, EM 7 L3 U XA LRI DRI BT
NT Y XL TRFTEREHEET 52 LN TE, HE
T OFAKRF I 21T U b &I 2 WH & % E\ VRS
TRIFHE CTE 5. F 4 13 Z O # % Harmonic
Clustering & *:A, CU % . Harmonic Clustering |33
AT ERFHRICBIT2ZEE v FOoMETH
0, EFEMEEH D ERHITT S L ST
LTW &, #ESNZE Yy FOEIESED Z L
MNTEHRIZ, 2Oy TF AN F 2y M &
1 HEZ#ET 5012 HMM( Ehlv~/rva 7 E5
V) BIGH Lz 3o FEEICOW TR Z 2 T
BT D,

2285 A1k

ZEHAMIDL 7 — % OE EFERES TR AR AR
ThbHETHRLIE, TOBENEIDIITAD X
) REEIT VRN D THUETH DN, BRI
RMEIET REFHFEZ RTINS TEEEH
Thbd. £IT, ZEEFZOEEICHT IR
BFERNY 252 %, &4 FE(Specmurt
) EEICHEIT 5. SpecmurtiElE, ZEE A
R Lo B HARE B 5y PAAN D % Sy & BT
L, ¥@EbL3zRITHMAE2HNTHLOTH
L. FTR2OL DL EEANT MVET NV E
B2 D, ux) DIEARE L ORGSR T oA
D& X, h(x) DX REIHEIED/ NZ — 1 Lu(x)
DBEHIAFFIZEY, Fl— O PEE Y — %
HoTAERE N DI DL EHE AT bv(x) NF
BCTx 5. ik, xHBEEEGEE T, JHE
Y& O JE1 I F D AR S BEAR A HLAS B e B2 Ak B R
U, RN EARBE RIS U CHMICY 7 M5
LWOHMEEICHESL., 22T, Blllsniz A~y
MUVZEv(x) &5z, h(x) THEZIAHLZITZIL,
ux) IS THOMBIELNDTHAD EWVHD
2Specmurt {EDEX S ThDH. WiEHAIL,
77— U T EBGE CIEBRAEIC e D Z EERIAT R
E, ux) FEEZICKROLNDEDITE. o
X, BLUAIAZ Fv(x) OIS E N S - 72
BB WA B BBk oy LIS D sy % )3 2 AR
WHY L, BEbLEONMmRELZ ENTE
5.

common harmonic structure pattern

u(x)
e

fundamental frequency
distribution

v(X)
—p

generated multi-pitch spectrum

X2 FEARMPEEOiur) EREREE S Z—h(x) OB
AREBNCE B L FHEARTMLVET )V

M3 {EKL7zGUL Harmonic Clustering (Z&DHER
LIty FHRRTERENS.

K4 [Specmurt)R2> 2 F§5L. Ky TT7vIT
FEARWH G (T L —A T — VIR EoR) L2 HMIDI
TR FROOHIEAT I BER LIV FUN
BN, saDMIEA T Y7 M, BRI LB /i
i C L JEAS A W53 A OO T i 2 1D ICMID I i 4
TE%.

3. E&

Harmonic Clustering | &V 2 H B A X v 7z
MIDI 7 —# %, Specmurt {512 L > THLILTZH
AL R 2 S REBIC LTS T2 b
ELTERATRRL, BREGE2SBIERAT
Y=/ hOMHE / BENZ LY MIDI 57— & M E R
METEAA L F 72— A& F LT RS
UL Fo@EY Ths. 0SIE Linux, NEIDOK T
Ta—)b ( HEEEELEEREAIGE ) X CEEE,
GUI I% Tel/Tk ZBAFS7E & L7z, GUI OM#E % 4
3, 4 TR

4. 80V

Fox i, FHEMORC LD EHBEHREIT O F
EHEEEY 22— e, BHITRYREBIET NEH
AT & R ECH R T 2 B @ AR ¥ 2 — v &l
MT5ZL7T, FRLIBFRICEROETEYE 5
BT —500 MIDl 7 —ZICEHS D -oDY 7
]\ '7::7%?@%%51/7"?_.
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EEFRAFET S, EERHEAMER  MTULXEIRTLIFEH,  REXFHRELFRHRR RHXFHRFAER

=__ SERENE [— 2 i X
MIDIT—% % SIS EHT sEE o A xod o
e o e t ) I s Hoxe DV X LT IV T ZE OMIDI n
KB KBE' WAE @A 28 NEFIRE BBl X TS RN 5T 0 7T MR Q Y Q Y Q A/
GRKZ V=7 BRSNS W I B TR P SE R LI 58 28) e ANERRLRE | LREMIDLT 7 f 1T | ] L)) r
72006. 1072 BHCRESTF 4 ¥ 4 L 2 F ¢ 7 A 4 F — L BFSE B (BIPE B2 k%% B0 HJHAbCI L T G S LT i ER-T
' = Al Ltz B51E, ERICAMOBEE LT v an Onsr G2

RNOEEDO KV EIEE BEGEL B L= H IR R T
b5, TRY 7 N TIEEERT 57V ROHEEAT
TRV O T 6 O L DI 22 Sl & HE T X
RNDIIRE L, TRETIECTHBR R GERL A H

X3 HEZIE)ITHEHMM
BE  Ix 2B L7z A O ZEDOMIDIE 5 % 2k L 7-MIDIT — # % 838 (O 2543 2 Heffi 248+ % . MIDUE 512
EEEHERAEENTVDEOT, BEOETENLEMEHT TENIEMIDIT — X 2 550CAMTE D, FOESNH I X
LETURERDDOIZ, HaAIZZNETIZ) AL ET VRO ZERET L TEREL, HBROICEL LB L
WU XK ETURERDD FIEEE L TE 72, ZOTEICLYMIDIT — 4 258 CEBTE 52 L 2T

Rhythm Word Network for N-gram Model (N=2)

F—I—F: BEEGE, B arzesn, U AL, T UoRHEE, SRR EHEE

1. [ZC&®HIZ

TAE o B a—F TS D Z L 13— &M
eoleSH, EEoFRba o —F ETH D
ZENBW. IR, BEERFEREIFIY 3T
ITONDON—EHITH D, £z, ERHEEOE
BAOT 4 =N T A OERT — 2%y o+
YA P —ZIELT72DDT — X OIERICEH, ik
WV TF— 22 a B a— 2 T LTS, &
5T, BRERBT DO, BKiEOFERNA
HAThs.

ZDX D REEREFEOEFERIL, SHTHLAT
TANEND ZEN— RN THD. ZDOAIMEE
IEEREOFEMAFEEET AN THay | G
RN FEETHLARZITOH IEET D
HETHD. O, FFEOFRI LT UYD
HVED AL E IR BT DORB DI, B
RN D OHGEO BB THEMRGE) L EE
WHHMNIES BENTND.

T, ZZTIE, BFET /°MIDI(Musical
Instrument Digital Interface) ¥ —7Hh— KD L 9T A
[ D ZE 1 HAMIDIE 5 CTH- % 72 & 12, MIDI
1B E RGeS DL 2ER D, KO EM
(time value; Fefili & H U 9) 1%, MU BT ORI
Bk FOBBEDFF MBI R T ORI G
EERICERENEESND &, FMiIH2T R0
H L THBHICL > THZESN, FEH (note-on) &
{H & (note-off) OMIDI A v & — T A L 7= KEX)
ZRERTE D, BEH O B (pitch)iX 3 CTIZMIDI
T—RIZEENDDT, W, MIDI 7 —# &%
AT HITIE, R 1ISRT XD IS F O
AERD O EEFOEMEHEETIVTRW. Af
TlE, FaDNZhETITHZR L CTEEEEND
TR e ) XA LD RIHEE FIE[1-3]1& 2 OFEE
VAR S g e I RN

2. VALET URDRFHE

2AERETILERA LY XLRHE
Bl S -EREINT-E Emote length) 75,
TOEDRRE LOFHORESTHHIEME, HE

40

DTV AROME ZHEET 2 MEIL, ixr—&
WECTERVERENETHS. iz, X2
AT EDICARBRBRMEIRTHD LD D D,
T LT, AMIET v R A2 BRI
BTorb0 L LoD, HEZMAERY X LN
H— YT THELS Z L TR X a b
VRO A TWAEDTHA . Ferlt, =D
KO ERORFEEERO X o IcET AL LT,

22HMMIZ K 5 BEEZ=DETI/ILE

TR X LDV A LGS ) ALY — 2 OHBL
I IIHEHBIRIRBO RN H DT, VXL H—
VOENG STV RLRE = OHBIERIZLD
ST X B, RG22 U X Ao HEERIIE L, 1F
LACENZ WY R LAOHBIRERIIEL 25 XD
2, BEfFOS M &2 AW TR E TE D (1]
BARMIZIE, K3 IR T LI XADEATY X
LHGEI NS ) A AGERE) &, UV ALHFED
N-gram €7 /W L 530555 2, U X LAOIRIEE
Bxy NU—27 TRETES[1].
HEOZET) EBEICAMOSTRERTIE, HEE
DEXSCEERICE Z$ABICXL Y, HESND
BOREIA IV ITRT VRNEET S, 20X
AR Z Lok, U RXAHEOMHSE
1, X4 0X5ICHMM TET UL TE 5[1-3].
FURIEE WEOT VRS —EEICEE LT
D08, BRIITEEIZX L TR (LT 57
VAR B D EARETIUX, T U RN D
WeR g & L TET L TE 5[3].
23 BREEFREHTEIZEYIUILET
VRO ERHETE

DX IIHBEERZET LT D L, U
A LBITEZONTZEBICH L RO LDLH L
WU RXAKETUREZRDDMEE L TERETE
5. ZOESMERERACEEZ, HEE O i3
TR T R4 1 RO E L CERE &
NTWB DT, &5 ik CHZ S AR R H#
ViterbifR5R & U X LG8k LAER 2 - mIC
FAHRETE 5[2].

_—

(YT

FHLTWA., ZOEFBIZH T OFLELZHEREL-D
DTHY, EREEOEX LIZ) X L%w1ELLHEE
L=z Lz 5.

4. FEH

VXL ETVRORRHEEEZ AV T, MIDI
T X A AT D PIEERAN L. Ak
%, BEESRL, RELE, W, BEEE, M9
OB LR E AT BEERGE S AT AERE LT
Y

Z & X M

[ ZERE, o, TR, g L, “FRiv~ v 7E7 0z
XD EREBIEWRN O OBEFFHEE,” BRI
bl SCEE A R 2R AR (4R, F-62, pp.362,
1999.

[2] KM, 7ERE, P, TR, ML, fEh o~ L3 7T
MK DEHY X L0, FRABL 25
75, Vol43,No.2, pp.245-255, 2002.

[3] B H, PEAS, ek, “HMM %A W /=) XA & T
RO BRAEHEEZ &5 Z FMIDIHEZE D U X LG
W B AR EETR20066E B FITER KRS TG
SC4E, 3-2-3, pp.721-722 (in CD-ROM), Mar, 2006.

[4] X. Huang, A. Acero, H-W. Hon: Spoken Language
Processing: A Guide to Theory, Algorithm, and
System Development, Prentice Hall, 2001.
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RENEBLTWDOEE LOMEZ U T LL A L TELSD, MEEDOT VRICEDLE THEROBARITH. HEIT
MIDE#s 2 L, FAIIIMIDIERZ 2. EEEFEOEBLZMHERMOIZHRWR DL 6 LWEEBMELHET H 2 &
T, PERITEHEL 2o 7o AN OEFEOHIE TITHFR U SO & B LIS L7288 2 2B U7, SR E sl Tk & 524k

L7 HEMER Y AT L OEEGI Z /R T 5.

F—J— K HEMEE, HMM (Bh</r 2 7FEF0) |, Viterbi 702U XA, B EHR

1. [IZC&®IZ

FHIFPEL Z T TR, HETHZETED
B ZDOERIEHZEE TX 5. B{E, MP3
(MPEG audio Layer-3)I2fXF S5 HF 155D
MeHefir o, F7-, iPodlTftF S5 HEH 4
T L—Y DL RITLED, — TR EO SR AT
SZLEMTEDLLXHTRY, TREEHIZETS
ITHEIFOELIZIZIEZRE2 b ORH 5. —F
T, UREEBLTELLZ L ~OITHIF O H
%, AT TA TR EOr—La T
RONDREICRS 5. LavL, MIDI(Musical
Instrment Digital Interface)FiA&<Cm - 284523 A <
ELTWDHZ D, 5%IEINGD/— REHE
MWLy 7 Ry =T Rz T ETPREINS.
OO RERE R, BB, VU
WA —, WEBLETAFNRESZMIDI” 7 A
NEHAW, BIKOVHRBICHEHTE5T7 7Y r—
vart L TCHBERV AT AZB L.

oo NPT LT HEMER S AT A0, HiEx b
CICE IR EHET HDHBE IS bE THERE
HATLHZLOT, WhiE, HEEOEEZFMFEL
TT7 vREEDLE T LD HEERN 72 MIDIE 2 H
NITFrThHhdH., ZOVATAE, IARAZTF &
EHT ROEET D EEO N ORI 7 v
A A DNBREL, BEREOT VREHEL, RO
HEEOMEZ TR Lo RAHAT HMEEL A
T5. ZORFEEYEREDO LY, VT ORFFIA
RO X HITHIOHE OHE SR 72 & O
RIEEEHHDD L TOMBE LY —L & L
THHATES. Wi, EEDOT VR THEEIT)
AR R AT A LT TE 5. AR
T, ZOXFEBHTEEREL-BEERY
T EERENTD.

2. ZHREMIDIESR O EFE BB

2.1 FEEEEH DR RAT
HBHEDEGE 2 b LAHEZAT O 3h, RS
ITHFE B I TICI ALy TRBEE L
BEENDZ LD, Z0w, FANHETS

42

HHOERENEZ SN TVWDHETH AT AR
HREDOHBMNEBEEZ VT VEA LATHETDHZ L
(TEAZRME TR, ERERLIEICBWTE
LWREO O E D Lo TS, BEDTHIROE
TEERTHAA F T D A B LR RRIE, R
FHOMBRE CWEE LICR LI o5t LT
2. b LEHBEPHEERETHEELZEZERN S
D THIE, Dannenberg?’Bi¥E L7 i DRER Y
% DP(Dynamic Programming, ®hYEHHE[IE)~ »~ F
YT LHFENNCLY, ZHDIRE v TRE
FN TV THEFLE A FEETH D, L, IH
BRFEEEH, DO, BMEELLAT Yy 70O X
DA E TN R T D 5 B DO LEFEBINT,
IHNETRESNTZ AT RGO L & TOEME
BINME SN TNVDDOHRTH-T2[2]. Ziixt
LT, HAITZ R IHKAFETITHEN TE 21UH
172 B85 B BT A Br S L 72 [3].

2.2 HMM % F U f= 5L B B

PLF, Fex MBS L2 Bt B FIE[3] 0
BT D, Bal, ANHEOFEERIZIE, FO
Mg - FEA - B E DI AX v FTIETI D IR
Fn o, FRFICRET LI LE2ER LI-EFD3HE
BROFRFHEL OT N, HHWVIE, BMEELRE
DEREFTOEB /R E, ZNOHETOEEBIZAL
NDEHRE MR Z D EE 2D, BB,
OB, HBIZRY 2355 Z LN TS
%, FlzIE, HZEOI AZ v FIXE LWE O8HE
PEIZR L TIEWEFICHEZ DI THAS. b
ORI 72 HFEIFHMM  (Hidden Markov Model,
fEh~/Larzes)) & LTCETMMETE, HE
WZxf U ClRal 72 3858 & DO~ v F 2 7 &R 5 RE
L, B OHMMIZE T D kg Ry 2 KD 5
R & [RIREIC L CViterbi 73 XA TRED
[4]. ZHICXY, EEICEET 2B F
WTx5.

3. HEIE L X T LDELE & FHEH

3.1 RE
VAT AT, KB E T URHEEDT LAY
ALIFCFFET, FEEL, GUIILCocoa Objective-C

BFEFRAFIET S8, EERHE TR, MILKEIATLIRE, RAXFHRELXRHMER mHARERFZMER

%, MIDIE 5D AH 121X Core audio & FVNT,
MAC OSXETHEIELL., A7 A%, /—Fh
7w 773 a2 Mac Book Pro (CPU: Dual Core
2.2GHz) L MIDIF & O 1 €7/ CASIO
PX-3007> HAERL S D,

3.2 ENEHI

SBDOA BT ITF 4Ty gy THELE
YT BRI TS,

E7/ HORFES

BT EICBWTIL, AP Chde b X
R FTOMATHET L2 Z083B 5. HEHEN
EFRAEETAHALXIC, VAT ADREFED — K
ERLE L CHET DL LT, kot 21
A=V LBNLR LI METE5.

AENE, o FE LT, FILENEET LY
FTFRTNANLOM, HEEOEWEE LTy a
SRUAER O TZAEANEL ) TGO F 2 — )
ZrHE L.
AOT4—DORFEEADFEEMT

ARG 72 T EFRITEA AN EE LS, K5
XFED TRIHR A 17 ¢ — 70 b I XSRS EE Tl
BCTEDHLWI) BEREMRFIIZL . HEHZ DD
RLIEAOT 4 —IZHDETARY AT LNERT
HTET, HEEZLVELWVWHDIZTES.
TVHNT, FEREREREd O 18] ZHE L.
E7/ %8070 TILBERDES

T ) HEMSCENEOL YT ) 2ETeT
ATV, L DANITE S THEL TH
W EESLAIAEL, EREDOL v A THRD
FFohsthbdHsd. 2o oA AR HEE
T HINE T T 2 A A= R E BT
THESF 2RI T 2 LENDH Y, BHFEMIZZ
LAETZMHETLIOITHL L, HEOHEOMS
e = 1% (A AN/ ATAY

AR AT LTIE, WBEDET ) X3— NEEZE
L, A= AR TR EOMD/I— N &2 AT
LNERSHEDH LT, BRECHEHOEES
LT ENTESL, o7 LT, RUurL
P—sfEho v T /) 5 EEMH, E—Y Lo
7 M 2 3/ O EHE LI
=X SDESE

ANER AT AN T DHH/NN—NEHEL, &
MUZHEDOE THEREHBIEDHL LT, HEED
EX LT URTAHE—F A NTEERETXD, &
B, v 7 L TCF v A a7 Ax—EMD (5%
Wy L —F] ZHELL. HEENE1 V74
FVUEERL, FRUIEDLE TR A—5 2
T DN— I NFAETED.

4. £&H

Hx DB LT-AEERV AT A &R LT,
ASBIE, HBEHITBET DOHRTRL, hREL
THRED AL A )VTHETE D X HJEEEZITV
720,

HiEF

HEMEZRO Y 7 b =7 0%, RHEAEE Y 7 K
7 = T AlE A REE 2 — A RERICE - T2
HLOMNFRIE o TWET. ZOa—R BN
T, PR, MEEBRRTERR, $hKRM
AT A W REmA L CEHE Y 7 by = 7B
WCLERRE AR CTHEX L. 72, &7
BT, tAHRZBTFIIEE OV TEZLD
WHIREEEATEXE L. KV 7 by THIE
ZH Z2 TIEWTZERRICIE s L £

Z & X W

[1] R. B. Dannenberg: An On-line Algorithm for Real-
Time Accompaniment, Proc. of International Com-
puter Music Conference, pp. 193—198, 1984.

2IKE, WA, K, “FREICET L1 L6 OHE
BREZ@EmOLET JHHERY AT LORE, 7
T AL 2250 SCRE, Vol. 46, No. 1, pp. 157-171,
2005.

[3] ZCH, PEAR, WM L, "HMMIZ X % MIDI# 78 0 455335
BB E BEMER" MHHALBL A SARSE SRS (MUS),
pp. 109-116, Aug, 2006.

[4] Rabiner, L. R.: A Tutorial on Hidden Markov Models
and Selected Applications in Speech Recognition.
Proc. IEEE, vol. 77, no. 2, pp.257-286, 1989.
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AR LA —TFT 4 47 L A ¥ —Drumix T
1E, HETHREIEAINC NI L 3— MRENMTZ D.
TRAZBEGHTICEIA TS X 2BEI S EIE X
<, BOEAELBEZDITE, VRN ERE
BRI kv, £, HRESNnZ KT A
B = AHERIN DI NY T X H — U BRI B 7T
TCRILNRNE = BEFETEDH.

2. RS LIR—=FDYTILE A LiRE

d—F 4 47 L A ¥ —Drumix!/XBFH D7 L A
Y—ee (B4 - 5172 Y) offiic, 3fEEO R
T ho— MREMKEE CGFETIETHERE - 35 O bk
HE « BT L — U fREMKRE) Mz 5. Zhb
3ODMEREITL AT YDt TE S, AU
T = — AXHE IR BAFR 7R < ERRAIIZEREDS W]

44

ﬁgﬁéﬁgﬁé%g, F\'?AEIWLA& E— ]\ ]\5 /ﬂE‘/7

- | Drumix Jl

position | JJJ:' . Clapent ]

SHOER | | EBOEEE
__stop || PLAY | volume — [ -]
el T st e o | | K5 LZOBE®ED
sare drum (semdamgr J7) | VOV U srusesmss:
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=l Dram Putters fdilor
) Sk

\uw

|N. nl|
_  ErTIASD
o _u|wn

l ]

X2 VRILNR—=UHEA R T —A

BB b DL Uiz, BERERIZY T A¥ A LTk
éhéh@ Z—WIXH O LT B ERE R &
FEELERIN O FREE T D LNTES.

ZOL I REMEIC XKD, = R — CR A
#F)ELTRET TR, BEHIES A ROBELAHN
Wbz 5.l OREBEIETIE, fElhshizAnm
T4 —ICK L, fREhE N EY R T A RADE AR
Bk L, RT LT — %5325, FD%, %
T =TI R T LAADERENT A EE
LD 1 DO~ TS (v 7 AX D
V). Drumix iz 11X, K7 3— DR & I v
7 AK 7 FERRICIRER T & 5. LU FIZ Drumix
DAENTT ZBERE Z & T4 5.

21 FS LRE=FE#EE

=PI IF LTV =T I s TREE N
Whzxsd BEXRT74F (K1 B #EHICHE
BXEDH2 LT, RARTLLEART RTLDHE
BAEBICHEITE D, AT, XD RIS
B (22— hF) 12, ARMPRKEREICHINTS.

KT LADE

22 RS LRAREBEHRBRE
a—WPiIMmiE & [FARIC, N7 AXAOFGEEY
RLUAR O EREENTEXH. BHEOEFANY R
Ty TEan-faoyIFEo )R (B1 B
B EREEFZBERTHZ LT, HhFoOR
TLAADEMEFA LB CTHAETE .. BAEH
SMEDN OPBEINTWDEN, 2—FHE
D& TEMRETHZ LTS,

2.3 3 LNg—UimsRikEe
n~%@ﬁ@%@ﬁ$@—of@éﬁ?Aﬂ
S MEERRTE 5. EORANIEDFRT
FTDANRFEES 500 HE EET%@Z
ST74HNGEHERTE (N2 B8 TRSL

ADEFEBETX 5. 4ODEFEANNRENE
1 NEIN @A T E2IRE) O RT LoRE— 2%
FT. TNENTEII AR RT A, FEIIAXT
R Z ATk U, BRfh2SEER, #tihn 5 &4 %
T, SFESERBEEDONR—TI R T LA RADREFTITH
L, TOEINREEREZRT. bEORFTO R
T L= MIZ D4 PEIODIRLICELEEX D
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[3] K. Yoshii, M. Goto, and H.G. Okuno: AdaMast: A
drum sound recognizer based on adaptation and
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music collections by browsing different views,
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FATAEME R 2 2L « 2RI EICE S TLLAOS LIIIRO TN 728, (EROBIRFTHBRTFIEDL L TRAIRTH-
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FLA TS, ZOHEINIL, Instrogram & FEIXIL D
BEATIEMER OWEM » BB RIIZE ST
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Instrogram!, MARWMK L X THRE KB TH
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NG, BERAIG ST

BB INE DORGRNFET DR LR T, BIRMIC
%, ORI, A FOEZ R L, &K
NDEDFR ST L - T, FRZdZ B\ TR %
FO& T 2 UM ENFET DR ERT. X1
Wz, Eod) (Z&FER) 27/, ~"A4FY
Y, IN—FCEBLESEBESIINLT, BT
Jy, N4 F U, 7TV Ry N, T— NERS
W3R O 7z InstrogramZz k9. X LD, Z O%dhix
EEEIEZ V=, HEBIIAA LY v, REH
WIET JICLAEBTHDHZ ERDND.

Piano

o
S

70

Note Number
g o

0 10 Violin 20 30

Note Number

Note Number

0 10 Flute 20 30

Note Number
N

0 10 20 30
Time [sec]

B 1 Instrogram®fl (€77, 3A AV, 7)b—McX B
DY (=Hi%))

3. Instrogram([Z & D { EIFFRH

Tk <72 £ 5 (ZInstrogramlE & A 7R BEEHIZ K
LB MRINIRET L6000, AR5
TldInstrogramz K O 5 Z & Z & P Eas Hadik T
5D EH 2 5. Instrogram% HENIZ KR D D Tk
DOFEMITSCERL21NSFR Y, HARN 2B 207 O ik
RD., ZITATHINRE ZL1E, WHREHR T LI,
BIFZ) « BFOIZIB W TEDRGROENFAET D
FOCEBBWATERESR) , 2FE0, FREHZ
Q=Aw, wnt ETDE i=1-m X LT,
plwit, NERDDHZETHD. L, W<om

BAEFRAFET R EEEHEEMER MRUXFEIRATLIFH, REXFFRETFRMER  FHAREHREMER

Given audio signal

1

t Harmonics ;
Spectrum with FO of / time

at time ¢ ,
for each ¢

Power spectrum

' |L|IIJI.J: i
60@ {x(1, /), x2, [), ...}
.

for each

Temporal trajectory
of harmonic structure

l ... (Feature extraction
with window sliding)
PreFEst 4

[pitchwise processing]

|timewise processing|

28| | chain of L-to-R HMMs
VAV. V.U EE
+
+
a4 ¢
=
(5
L_I_-—g.
8

(Nonspecific instrument (Conditional instrument
existence probability) existence probability)

\ Instrogram I

[Xl 2 Instrogram{ERR FILED WAL DTN

DOIE CCHR[1,2120) 2B 22T, kD2
DHERDOIETRT LN TE .
plwit, ) = p(Xst, f) p(wilX;t, /)

ZIT, pXit, f) I AREEERITEMSR LW
vy, TERZINC BV CfE2FO L 3 A 6 DO F N F
T 5% 2#FL, pwilXst, ) 12505 % 58
FEMER &0y, THRLINZ B W CfA2FO L 3 5]
SMOENTFETDHETDHE, TOREN wi T
HOMER) BRI AT SNTZHEBIE 50D A K

ic Inforination Ratrieval Dama by T Kitshers ol x|

Please select a musical piece from the list bellow.

RM-GO12 =] _Play.

You can listen to the selected piece

with wvisualization of instrument existence probabhilities

@ Use instrogram {proposed} € Use MFCCs (conventional)

Search

Pleage click this bution to retrieve pieces that have similar instrumentation,
Similarity calculation may take around 20sec with the current implemantation.

\M-CO! 563015}
2 RM-GO 570430 ) RM-C021
5 RM-G036 (B341.656759317337)

[4: RM-C019 (2500.561098042833)
RM-G040 {0450.673237862355)
RM-C043 (9674.136220172688)
RM-J003 {10170.513730240042)
RM-J001 {10492574748306879)
RM-J002 (10560.816001430003) - —

Piano Violin Clarinet Flute

Tow AT

Please select a piece from the retrieved pieces and click the ahove hutton to listen to it
The values in brackets are the dissimilarities

X 3 Instrogram|s] OFULELITEED <SR

AL R & oD X BB FEMRE 23R T
BHALER DRI % K2R T, AR E BRI ATEME R
I%, BEZZ & 1ZPreFEst [3]1& V9 FiEa i~ TR
D5, Ko & BBFEMRIL, FOZ &IZkEn~
a7 ET L (HMM) I2HESL EFRMOE 2
FERIGALTRDS.

4. Instrogram# FA LM = FE LU R AR 3R

Instrogramfii] OFELLE #FHHE T 5 2 & T, HKER
AR DFERL I Z DN R R 2 Bl L 72 (Y
3) . ZOMETIE, =2—VFnborBEEET
L&, VAT HNIEORIE T —F X=X F DK
Hi & DR OHAAER ORI E 23R L, FAEER
FWWIRIZES 2 W R THRRT D, 22— RZD%
DS IHTRS L, VAT MR RSRE Y
TIVH A BIFRR LI BIEE S iz ih 2 54
T 5. TOFRRIT, BEBROFEMENES T 7
ELTEREN, TROFECHDOE AL~ L
BT 20T, IKERETV—F—ZHHlich
TWDT 4 AT LA EDRNT MIVEIRE BRI T
HEHERICEBEHBMZT-LDOTHS., 2OV Tk
http://winnie.kuis.kyoto-u.ac.jp/~kitahara/instrogram/
IZHEHET D . BRI RHRE O FEMIT SCER[2]1C 7

+
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[1] T. Kitahara, M. Goto, K. Komatani T. Ogata, and H.
G. Okuno: Instrogram: A New Musical Instrument
Recognition Technique Without Onset Detection Nor
FO Estimation, Proc. IEEE Int” 1 Conf. Acoust.,
Speech, Signal Proc. (ICASSP 2006), Vol.V, pp.292-
232 (20006).

[2] L 8RB, 4 2%, Buws Fndl, B #id, 1)
{8 : Instrogram : FEERFZIM M & FO HEE O REL
IRASER T AR THE, BB 2 TR 2006-
MUS-66, pp.69-76 (2006).

[3] M. Goto: A Real-time Music-scene-description

System: Predominant-FO Estimation for Detecting

Melody and Bass Lines in Real-world Audio Signals,

Speech Communication, Vol.43, No.4, pp.311-329

(2004).
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RWCE T —Z RX—2 L@ IEn7-10dhic kL
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Musical Signals and Textual Lyrics, In. Proc. of the
ACM Multimedia, pp.212-219 (2004).
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BTy A RE 5 L RRE O BRI R S
B WG OBEL RS OViterbi” 7 A A L b,
TH AL E 2 FE S WA, 2006-MUS-66, pp.37-44
(2006).
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nication, Vol.43, No.4, pp.311-329 (2004).

[4] RHEEE, A DA, PUATH—, MFE—: RWCHTZE
MEHT — 52 =2 W58 B TR I RE e A
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TR CEE, Vol.45, No.3, pp.728-738 (2004).
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2.3].
iFPCIE, AEBELZMULEOT VR - FERH
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1.00 (0.00 C#4 76 0.75 -0.09) (0.04 E1 60 1.00 -0.13)

1.75 (0.10 D4 77 0.25 -0.14)

2.00 BPM 130.0 4

2.00 (0.00 B3 75 1.00 -0.03) (0.00 G#3 56 1.00 0.03)

3.00 BPM 127.7 4

3.00 (0.00 B3 72 1.00 0.00) (0.09 G#3 56 1.00 -0.12) (0.14 D3 57 1.00 -0.21)
=3

1.00 TACTUS 1 4

1.00 BPM 127.6 4

1.00 (0.00 B3 77 2.00 -0.05) (0.00 G#3 47 2.00 -0.05) (-0.06 D4 57 2.00 -0.32)
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[1] ICMA Video Review, Vol. 1, 1991 (90 minutes)
Review of research in Computers and Music.

[2] C. Raphael Music Plus One: A System for Flexible and
Expressive Musical Accompaniment Proc. Int. Com-
puter Music Conf. Havana, Cuba, 2001.

[3] Frariial, BAFRER, OGN  HERET 7
L— RaRIA LI e T JHZES AT Lasp, 1
AL G SCRE, Vol.44, No.ll, pp.2728-2736,
(2003.11).

[4] Ken'ichi Toyoda, Kenzi Noike, and Haruhiro Katay-
ose: Utility System for Constructing Database of
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380 (2004.10).

[5] Hashida, M.; Nagata, N. & Katayose, H. Pop-E: A
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International Conference on Music Perception and
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BHFiEE BREMEE FMEX WM K /\BEIEE
A —#%T SEEFE KA #F K3 B
(FHEIN—T B ERIF I LR 2 —~v 2 AT ¢ THfE v 2 —)
PR B TSR

BME EREERL 0D & EORMOMMAEMPT 2720 0fesl L LT, OmERMOLEYELE T LI, B &
OFnE BRI OIS EEHH (IMRI) BFJE, QEEE OF SRR O MTEBIFHA (IMRD) AF7E, @K SLIHZRIE o i B+l

(INIRS) W%, D 3 S>DWF5E AN 5.

F—TJ— K ERRER, RN, FAEZE, OEETET L, fMRI (functional magnetic resonance imaging), fNIRS

(functional near infra-red spectroscopy)

1. [T L &I

TRAEBER L CWVDEE, HOWIESBEE NG
IAHIE L CWVDIRZ, Fra 1T ED L ) 7 ff A
TEDOEREZRBAMLTVWILIDOTHA I . Frxr D
TN—7"TlE, WEEA A—V 7 (fMRI &
fNIRS) & DEWEIEAIE 20 LS, Z o
RIREIZEL D FHA TV D, B OZRENOMHHE 74 % B
352 L1, ERERIDIZODOFERNY OO E
DR DBIEAD.

AT, OMEHEMCET A 0HYEET L
& FIEBERRF O T BN FHA (FIMRI) #F9E, Q@FRE
B OFHETERRF O IEENFHH (IMRI) BF%E, @K
SHIEZEIRE O BT ENGHA] (INIRS) A28, @ 3 DO
RERBINT 5.

2.1 MIBOREMA DXL
211 MERHMOLEYEETIL

EHOTRIIAL S HLVEK L CTHZ 2, HH
DEHITIEELVER U T 2 5. AFZEIEE
ICBWTHERERER THS g IZEH
L, TOEFEERE THBEIS L ORGE%RE
LM THZLEEZHME LTS, TIEOHIS %
ERIICERT D Z LT, BWERERAECE RS
WAFRA~OWEHANFTRE L 720, F 7= RAEFR0 N
BETHRONTMASCT — % EOWNRES & 72
5.

AHFFEDE T BN TREOESIE, O
M BATE—W-oT2), @R (BELEZ— &
Howtz), @FEX VT 4 GELW—ZELW) D3
BERNOHERIND EIRETH. Btk EX Y
T AIEFFICRE OMEBRS T, Tl [E R
ORI XL L TRV, #Hlz2IE%EEO
A, MBS OEBRNERRE TH D772 61T
RHTHY, 9 TRVWARLIZELHSNTWNDS &
EFIULEND. BETFANDL RIS D EMD
TNENOMEE, BRBRICH, DHEZERTEL N
FEIGEHET — 2 & b, I<HFATHHLDOTH -
7= [1112].
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e.g., Sus 4th(5-5) " :

A) Aug (4-4) L(B)
Dim (3-3) |
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_..‘_
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S

2
e.g., Min (3-4) neftoo/ e
Min (4-5) Vi A/
02 - -
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e.g., Maj (4-3)
Maj (5-4)

[ S o IS [N

]
2nd Interval (semitones)

o @ = o o
Difference of Interval (semitones)

Modality (m)

Modality (M)

0y

Minor
Difference of Interval (semitones)

ER—
2nd Interval (semitones)

X1 Btk B2 570 1ICBH9 % PG Hh AR
A), OIFBEERBXUTERX) T4 ZNT TS HATT
JLOINER B), D) IIEATT IV G OMERE G- L0
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— U ZLFE

HAIRTERE?
A THIERD
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~ B O#E
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~FiE e 0S
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B2 AR O S Bh

MBEMEORBMA D= A LEZHLNCT D
W2, Fx OFE A2 NSRG53 00 5 ik
TEENC DWW T IMRIZ W CTRFIL T 72, fMRI
LI, BRSNS 2RI L i ofigF L~ o
ZALZREST D Z LWL, MO L DOEy 3 R 5

FEFRAFETEEH ERKFEESHMER MUK FIATLIZH REAFFREIZRMARE SHXZERFZHEH

FNHRTE L CW AW EBH NI T A TFETH D .
ERTIE, xR & A 7OMEE2ERESYE, =0
WTEENENL DR EL T -T2, FORE, T4
RENZIE, Z2PERE D LA EERICB W TR E 2 IR
ERR LN E758ER]TIE, U RLHROE
FAH O THHIE/NES, EREKEZIT> TS T
ATEAE OIENT, BRI I TR R A BiITEE IR
EHOIE SR S 72, pidEIRE R, HEhRR
BRaw bRk LA L TR, BESCHEOMY
2 KB BAE R BE 3 DAL CTH D & ST W
5. ARFFREOERIL, S22 2 L bRk
12, ADOBEIIOREBR EIEWEDb Y RN D Z L &R
LTW5.

2.2 BEEEDO B EEINEOXKEE)

(FZ2gE &, ARRZ 5] LWIHRIE, @
FEEPEINCRY, HERO—FETHD. 25 L
TZHZIE, ABOMREESS, BEEX ) 7 1 [
OBRRZEIHGNZT 5 ETEHERFR/NDIZR D
EHREEIND. ARAFFETIL, OBELRERE TR
FERFIZ IV T, EERICEMTIZE S LTV AN
B CHEEINAE L TV D 0%,  fMRIZHWT &
WL7=. EBR<Cix, BEZHAUBOEICR LT,
xRt O BEROGFEE R L., oo §E
B, AR EA ORIGMHEIR & L ChsRRE 3
X O LRTEERI I S 2. BiERRE Tl A R
2B A VAVSFHE CHERIFEN R b, =
D EE, EBESTER R &R RO EBER 724 A
ERICE VAT TWDEZ L EZRBLTWS., -
FERGFRIREI NI RTIASIIE L TWAH Z & &
0, AEEITACHSEREI S EE R AE &
HoTWbrEEZ L5 [3]

- EBEREFED - == S E A

VAEE R <V4, V8, Vav> (FhEEIRE]D)

B3 R O SRR O R

2.3 KB EEBORES : INIRSHRE
FEECEIETHEB L TWDHEFLEEL TV W
FE & ORIFERTE OMIEE OENE G 572 ©
12, KEZHEEL TWAEE KT L%y RE2R[Tv
TWAEFOMITEN 2 bk L=, £z, EETH Y
R I & B REE O L B RETT H 7201, U
FHEBEELTWVWARL ==L\ TE2EEL TV S

& 2L L7z,
BEEIFHRI O FEE LClE, INIRSZ /=,
fNIRS &I, ITRA D IR D2 L B i @
BB L ~NVOEERETHZ L2k D, Mo iR
HL~LE PR FETH D, INIRSIE, 224
fERE CIX MRIIZE 543, FHAIHF O FE N D72
EWIHFIEERS. oF 0, BEEHEREOH K
TEE)Z £ D R TH MG EN RIS FTRETH 5.
EEEORERE LT, KEZEHEELTWDIREO
N KT LNy RZIMWTWAREL D MO TESD 23
BWZ EAURENTZ. £, KEEEETLIHEA
THLE W\ TroFRUATE2EELTND LD
HBITENEWNZ ARSI, KEOEEE KT
L%y ROIFT & T RER) O ZIR 3T IE 2l
ThHHEEZLNDZ LD, BiE O RIS
NEHBEE LT, EREOFORES - FOMK
B OFENE 2 5D, BEOFRERNLIL,
B2 ) RLADOERIY LEMER Y X LADHEED
FOSETEERTE OIEFIN S E DL ERRBEIN 5
[4].
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[1] Cook, N. D. and Fujisawa, T. X. : The Psychophysics
of Hermony Perception:Harmony is a Three-Tone
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