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An Automatic Metadata Creation Method for Music
with Multiple Musical Instruments

HirROKO OMAE,* NAOKI ISHIBASHI, 2 YASUSHI KIYOKIt
and YUICHIRO ANZATH

With a rapid popularization of the global-area network, realizing an information retreaval
method for media data is essentially important today. As forcusing to the information retri-
aval methods for music data, absolute methods to automatically extract impressions, which
becomes metadata, of music data do not exist. In this paper, we propose an automatic meta-
data creation method for music with multiple musical instruments. The impression for each
musical instrument is extracted from the music data which consist of multiple instruments
and weighted according to each importance of the musical instrument. Our method extract
the impression of a music datum by compounding the impression of each musical instrument
with others. We clarity the effectiveness of the method in a view point of compounding the
impression of each musical instrument by comparing to present methods, and the effectiveness

of weighting by showing the result of the actual questionnaire.
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C8
Emphatic
Exalting
Majestic
Martial
Ponderous
Robust

C7
Agitated
Dramatic
Exciting
Exhilarated
Impetuous
Passionate
Restless
Sensational
Soaring
Triumphant

C1

C6
Bright
Cheerful
Gay
Happy
Joyous
Merry

C5

Delicate
Fanciful
Graceful

Quaint
Sprightly
Whimsical

C3

Cc4

Calm
Leisurely
Lyrical
Quiet
Satisfying
Serene
Soothing

Vigorous Awe-inspiring ) Dreamy Tranquil

Dignified Dark Longing
Lofty Dar . Plaintive
Sacred De;])rglsmg Sentimental
Serious F oletu d Tender
Sober Grlus(rdte Yearning
Solemn HC‘;‘\’/‘;"V Yielding
Spiritual Melancholy

Mournful

Pathetic

Sad

Tragic

01 Hevner 000000000 OOODO

oobooouob 4000000000000
gobooobooobooooobooooboooboooooo
ooboooooooboooocoobooboooooo
ooboooooooboooooooooboooboo
ooboooooooboooocooooooboooooo
ooooooooo
goooboooobooobooo2000b00000
gooooooooboooboooooooboobooooo
obobooooboosgooboooobooboooo
gooooooooboooboooooooboobooooo
ubobooo4000000000000C0OO0CO0OO
ooboooooocoooooobosoobooooooo
ooooooboooooboooo

2. 000ooobbboooooobboboooobo
go

000000000000000000000000
00000000000 (000”0000007)000
0000000000000000000000000
0000000000000 (000”0007)0000
0000000000000 HevneroO o 91900
0000000000000000000000000
0000 ®oooooooo

2.1 Hevner OO0

Hevner 0 000000000000O0OO0 (key)dO
00 (tempo)d0 0O (pitch)J0 OO (rhythm)J0 0O (har-
mony)J 00 (melody) 0 6 0000000 *»0Hevner
D000 6000000000 8000000 (01)0
00000000000000000000080000
0000000000000000000000000
0000000000000 00OHevner 100000
000000000000D0O0000000O00000
0000000000

Hevner 00000000000 O0O0O0OOOOOODO
0000000000000000000000000
0080000000000 ODODODODOODODO
00O (0 1)0

01 Hevoner 000000000000 000000000M0
cl c2 c3 c4 5 c6 o7 c8
oo oo oo oo oo oo
key 14 20 12 3 21 24 - -
oo oo oo oo 0o oo oo oo
tempo 14 12 16 20 6 20 21 6
. oo oo oo oo 0o oo oo oo
pitch 10 19 6 8 16 6 9 13
oo oo oo oo 0o oo oo oo
rhythm 18 3 9 2 8 10 2 10
oo oo oo oo oo oo oo oo
harmony 3 7 4 10 12 16 14 8
oo oo oo oo ot
4 — — 3 3 — 7 8

melody

Key’ Tempo’ Pitch” Rhythm’  Harmony’  Melody’

Cl1 4 -14 -10 18 3 4

C2 -20 -12 -19 3 -7 0

C3 -12 -16 6 -9 4 0

C4 3 -20 8 -2 10 3

Cs 21 6 16 -8 12 -3

Cc6 24 20 6 -10 16 0

Cc7 0 21 -9 2 -14 -7

Cc8 0 6 -13 10 -8 -8

02 ooooT

22 J0000D0OODODODOOUOODOUOOoOOoOooOd
oo
jodoboooobboooobobooooooboo
godobooooobobooooboooboboooooo
oooooooooooooooOOoOoO W™ oooo
goobooo
2.2.1 JO00O0ODOOOOOOOOOO
O0ooooodoooooooboooooooooo
doooooooooooooooboboboooood
dodobooooooobooooooooooooon
dooooobooooooooooboboboooooda
gooooooooooo
2.2.2 OJO00OO0O0OOOO
gooo T
Jgodobooooboooobobboooooboboo
000 ek(k=1,...,8) 0000000 DO0DOUDOO
Oo00o0oooooooUooUOoooooo (oo
goooooooo
cx = (key, tempoy,, pitchl, rhythm,,
harmony},, melody},)"
Oo0oooooooo1l100dooooooooon
0o0o0dooooooobobey 00000 oooon
goobooooobbooobobooooboboooooo
gooboooooobooobobooobooboooo
J0ddddUdO ey 0000000000 OoooDOoO
00 7(0 2)0000000
T = (c1,c2,...,c8)"
gooooooog ¢
0o0o0ooodoooooooboooooooooo
DDDDDDDDDDDDDDDDDDDDDDDDc{c
goooooog
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c’l c2 . . . c’8

l-l

ENREEH T —HTFIC

03 DoOooOooooo ¢

ck = (f1, [ a1, fn)'
0000000000 ¢, 0000000000000
gooooooooo C([l 3)[|[|[|[|[|[|[|
C = (cy,ch,...,cq)
2,23 ODO0O0ODOOOOOOOO
Standard MIDI File(OOOSMF)O0OOOO0OOOOO
gooboooobooooboboooboboooooo
goboboooboooobobooobooon
000000 Note
O0o0o0ddoboooodboood notenum OO0 0000
000 Noteq
(a=1,2,...,notenum) 000000000000
Note, = (npitchq, nvely, nsdel,, nedel,, ndur,)
NoteOOOOOOODODOOOODOOOODDDODO
gooboooobooooboooobobooon
0oooodChord
goooooobooooooooboooooo
0ooooooooDog chnuemOOOODOODOOO
Chordy(b=1,2,...,chnum) 000000000000
Chordy = (chsdely, chedely, chdury)
ChordJ0000D0OD0ODOODOOOODOOOOOO
goooooboboooooooooo
ooooodokn
SMFOOOODOOODODOOOOOOOoOoOOooooo
00000 kOO0000DDODODOO keynameO O
gooog
kn = (keyname)
goooooodpt
gogoboooob ptdobbooobooo
pt = nedelnotenum — nsdely
Ooooodmt
SMFODODOOOODODOOODODODOODDOOODODOOO
00DO0D0D0000oooooogsbdbenOnoog
ooo0DmtO00o0oooooooog
mt = (bb, bc)
goooogdtem
SMFOOOOOOOODODOOOO10oooooog
400000 MtODOODOOMtOODOOODOO
o0 tem 0000 odoooooon
tem = Mt
oooooddmnap
goobooboob mepddooonoooonogd

oooo

notenum
Z (ndur;)(npitch;)
i=1
nedelnotenum — nsdely

mnap =

00/0000000unac/ac

goboooocmoobooouooooboboo 4000
gbooboooboobboobooboobooooomog
goboboboboboobooooobouo40b0DbO
gogoboooobobooobbbooobbbooooo
goobooooobobooobbbooobbboooo
gogoboooobobooobbbooobbbooooo
000000MmOoOoopooono ChordaODDOOOO0O
Cchord OO00O0O00O0 Chord0DO0OO0O Achord
O0000000/000000 wnac/acO0OOOOOO
goooo

unac = Z (chdur;)

i€Cchord

ac = Z (chdur;)

i€ Achord
O00/00/000000000tc/oc/nc

O000oO0oO0Oooooggd Chord DODODOOO
TchorddOOODOOOOODOOOOOOO Chord0 OO
000 Ochord00 000000 /00/0000000
O tc/oc/ne0000O0OOOOOOO

te = Z (chdur;)

i€T chord

oc = Z (chdur;)
1€Ochord

chnum

ne = Z (chdur;) — (tc+ oc)
i=1

00/00/00000000um/dn/nm

00/00/0000000oo0ooooouoooon
goboooboobooboobooboboobbbooboboo
gooooooobobooboboooboobooobo
00 000 Umnotell Dmnotell Nmnote 000000
0/00/00000000000oUoOoooooo

um = Z (ndur;)

i€Ummnote

Z (ndur;)

1€ Dmmnote

Z (ndur;)

1€ Nmnote

2.24 0OO00O0OODOOOO

godoboooobboooobobboooboobooboo
gooooboooooooooobooboobobooooo
Jooboooboooooboobooboboobooboooo
(COOMFV)OUOOOO0OUOQUOOOOO ¢O0 MFV;
oooooooooooo

MFV; = (key;, tempo;, pitch;, rhythm;,
harmonyi)t

MFVOOOOOOOOOODODOOOoOOooODOOoOooo

dm =

nm =
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02 000000
o (© o (S o @) ERC) o (B o ®B)
0.9375 | 1.0000 | 0.7500 | 0.7500 | 0.4375 | 0.6250
00 (Fd) | 0 (F) 00 (Bb)| OO (Eb)| OO (Ab)| OO (Db)
0.5000 | 0.6875 | 0.1250 | 0.4375 | 0.3125 | 0.0000

03 Ooooooo

0 (a) 0 (e) 0 (b) 00 (ff) 00 () | O (@ ]
0.0000 | -0.6250 | -0.6250 -0.6250 -0.8750 | -0.7500 |
0 (g) 0 (c) 0 (f) 00 (Bb)
-0.5000 | -1.0000 | -0.7500 ~0.8750

00D-1010000000000000000
00000000 D0O000DoOn

key
key00ODODDOODODOOD AnODDOO 200 3
0000000000000 D000000D0000D
0000000 'Y O00DO0o00000000000000
000000000-10100000000000000

tempo
tempo 00000000 O0ODOO0OO temOOOODO
gbobobooboo

tem — tstnd

tmax — tstnd
tem — tstnd

tstnd — tmin
000 O0tmaz0OtminOtstnd0 00 00O DM.M([I oood

O0000000)000o (=184)000o (=40)00
OO0 (=88)000d

pitch

pitch 0000000000000 mnep 00000
oooooooood

tem — tstnd > 0
tempo =
tem — tstnd < 0

— pstnd
o, b i mnap — pstnd > 0
pmax — pstnd

pitch = mnap — pstnd

: mnap — pstnd < 0
pstnd — pmin

OO0D00OpmazOpminOpstnd 000000880000
000000o0oooooooooooooooSMEFO
oooooooooog

rhythm

rhythm 0000000000 /0000000unac/ac
doooooooooooooo
unac — ac

rhythm =
unac + ac

harmony

harmony 0000000000 /00/0000000
OO0tc/oc/ne0000O0O00DOOOOODOOO

harmony:mioc
tc+ oc + nc

melody

melody 0000000000 /00/00000000O
um/dm/nm 000000000000O0OO

um —dm
um + dm +nm
2,25 J00ODODODOoOoooooo
goodo TO MFVOOOOODOOO S8DOOOOO

melody =

RHEEERATL REFNZEERIML

cl Key 0.312500 ¢l -9.618135

c2 Tempo  0.000000 c2  -14.126537
3 Pitch 0.196176 c3  3.708973

c4| EBATHT | . Rhythm -0.536797 et 6958006
Ez Harmony 0.362686 c5  18.098858
pus Melody ~ -0.083022 c6  19.848003
cs ¢7  -7.335629

c8 -10.155570

04 0OO0OO0OO0OO0OO0OOOOGCOOO

000000000000 000000000 (00O
MCV)0O0O0O0OO00 (04000000 i0 MCV;
000000000000000000 mev 00000
0O0000O00O0ooOoo

MCV; = (mcvi, -
2.2.6 DO00DODODOOD

000000000 COo0000000000 MCV
0000000000000 000DO0ooooo 99
0000000000000000000000000
D00 (D0OMMD)OOOOOOO0O00O000 0
0000000 MMD; 00000000 n0000O
0000 mmd 0000000000O0O0OO

MMD; = (mmd;1, ..., mmdis)"
MMD OOOOOOOOODOOOOOODOOOOOO
0000000000000000000000000
0000000000000000000000000
0oo

. mcvig)t

3. 0O0O0O0O0OoooOooObOoOoO0oooooon
ooooooooo

gboboooobooobooooocoooboooboooboo
ooboooooooooooooboooobooboo
ooooooo

3.1 0UOOO0OOooao

gobooocdoooosbobbob booobooobobo
gobooooogoooooooobooooooooboo
gboboooooooooooobooooooooobooo
gobooooogooooooboobooooobooboDboo
gobooooooooooooboobooooobooboDboo
gobooooboooobobooooboooooooon

3.2 0O0/OooUoooo

O000000000000O0O0O Standard MIDI
File "SMF”)00000000O0O0OOQUOOOOOOO
O000oo0ooooOg SMFOOOOOSMFOOODO
OUo0U00ooU0ooOoo(uoooMIDIOOUOO)O
gooooooooobooboooobooooooo

gobooobooooooobooooboooboooboboo
goboooooboooooooooooon
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Tr, L I I o Tug

------------- f, 28 A
v
cl c2 c3 e c8
Tr, I X Wy T X Wy T3 X Wy Tig X Wy
Ty Ly XWry  InpXWep  LyXWo, Ly X Wpro
Try [ Ty XWry L XWey o Ly X Wo, L X Wry

cl c2 c3 s c8

M [Jvgr Jug Jugs Tt Jvigs

06 0O0O0O0000O0O0O0OOOO0O0O0O0OOCOOOO0

3.3 000000000000 0000000000
fi

00000000000 0000000000000
A0000000000000000O00000000
00000000000000000000000000
0000000000000000000000000
0000000000000000000000000
oooo

331 000O0OO

00 40000000 M,000000000 Tr,
000000000000 000000000000

fi(Mg,Try) — [Ir1, Lo, . . ., Ips]

0000M,(¢ = 1,2,...,k) 000 0Tr(r =
1,2,...,n) 000000I.0Ls 0 T, 0OO0O0DOO
0ooooooo

3.3.2 0000000000ODODO0O0OOOO0000

ooo

0000000000000000000000000
00000000000000000000000000
oooooo

000000000 SMFOOOODOOOO 1000
Dooooo

O 0 O
00000000000000-10100000000
0000000000000000-1010000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
00000000000000000000000-0.5
0050000000000000

ooooooon
000000000000000000 8800000

goboodoo0ooboooooboouobobouoDboo
goboodOoo0o0ooooooOoboOoUobobooDboo
0000o00ooooooOooooooooooog
0doodoooooooooooooooogoooag
gooodoOoo0ooooooOoobOoUoboboOoDboo
goboodO0oo0o0oooUooooboOoUobobooDboo
oo0ooooooOoobooOoo 12o000booO
goboooooboogoooooo
gooooboooboooooobouobooooboo
00000000ooooooooo0doooonoooo
000oo000o0o0ooooooooooooooog
0000oooooooooDoDoooOoogsSMFOOO
000000ooO0oOooooooooooooooon
oo0oooooogooo
Oo000wmst
SMFOOOOOOOOOODOOOOOOoOoOoooo
OO000O0o0ObDoOoOnD mstdoooog
O00000dwel
0obDo00bO0oOweel00OO0ODOOOODOOOO

notenum
Z (ndur;)(nvel;)
=1

nedelnotenum — nsdely

vel =

3.4 00000000000000000 f
000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000

3.4.1 000000000
000000000000000000000000
0000000000000000000000000
0ooooooo
000000000000000000000000
000000000000000-1010000000
0000000000000000000000000
0000000000000000000000 (00
0000000)000000
000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
3000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0Oo01000000000000

(1) DOoOoOoOO

(2) DOOOODO

(3) 0DO20000
00000000000000000000000000
0000000000000000000000000
0000000 +00000000 p, 000 (000
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00)00000000000000000000000
0ooooo

Ay V¢ + ApDt
00000000wOp, 00000000000000
000000d0d0O0Oa 0e, 000000000000
00000000000000000000000000
00000000000 10000
0000000000o0o0ooooooooooooon
oooooo
(1) p(vi)
(2) a(h)
(3)  r(avve +appr)
Jodd000000000000dOoooOoOoooo
000004000000
e 0OODO

viOp,0a,v:+app: 0000000000000
e 2000

viOpiDayv+app: 00000 200000000

00ooooo
e OOOO

v0p,0a,v+app, 000000000000O0D0O

0000000000000000 20000
e OOOO

vi0p,0a,v+app, 00000000000000

00000000000000000000000
0000000000000 D0000O000

3.4.2 00000

oooooo /000000000000

fo( My, Trp, I, Lo, ..., Is)])

— [Ir1 X Wy, Irg X Wep ooy Iig X Wy, ]

0o0o00Wy,., . OWy,.,. 0 Tr, 0000000000
ooooooooo
000000f/A000000000000000DOO
J0dd000d0fdd00d0d0o00ddO0OoOoOoOoooo
000000000000000000000000
3.5 00000000000000 f3
0000000000ooooooooooooooon
00000ooooooo

3.5.1 000000
000000000o0oO0oOooooooooooooon
Jod000000f00d0000O0O0OoOoOoOoooo
000000000DoOoOoO

t
ZP(Ut) - Cit
=1

t

Z q(pt) - cit

i=1
t

Zr(auvz—I—appt)-cz-t

1=1
0000cu(i=1,2,...,8)00:00000000 ¢0
goooboooooooooog

04 O0O00000000
ooo goooooo

Piano Man Billy Joel
Riders of the Storm Doors

Killing me Softly Roberta Flack
Bombaleo Gypsy Kings
Babylove Supremes

I Still Believe Mariah Carey
‘Wonderful Tonight
My Heart Will Go On

Eric Clapton
Celine Dion

Stairway To Heaven Led Zepplin
Bohemian Rhapsody Queen
Africa Toto
Detroit Rock City Kiss

Bombtrack
Dance To The Music

Rage Against the Machine
Sly and the Family Stone

3.5.2 OO0OODO
0oo00ogd fs000000oobooggog

f3(Mq, [{TTT, [Irl X WTr,., R Ig x WT’I‘T]}7

{TrTy [Inl X WTTn7 LN In8 X WTTn]}])

— [JMql,. . .,Jng]

ooo00Juy0Ju,s0 M, 00000000000
oooooooo 00000000000 O0ODODOO
god

4. 0O O

goooooobobbooooooooobboooogoo

oooooooooooooboooooboooOoao

Ut nooobobcooooooboocoobooooboo
obooooboooooooboooboooboooono
oboooooooooooboooboooboooonon
gobooad

oo 200000000000DOO000bbO0o0DbOo
gooooooooobooboooobooooooo

4.1 00O 00O

4.1.1 00000

goooooooooooooooooooDob 1400

goooooobooobooboobobobooooboon 4

gooo

4.1.2 00000

gboblebO0OO0OC0CO0OOOboOoOO0Ooooooooobo

oooboooooooooooocoboooooboooboo

ooboooob2000000000b0obo00on

4.2 00O 00O

goboooobooooooboooobooboo

(1) DO0DO0O0O0OO0O0O0UDODODO0OOOO0OO0
gobooooooooo

(2) ODO0OOOOOOUOOUDOOOOOOUOO
goboooooooboooobooo

ooooooooooooooobooooboooboo

ooboooobooooo

43 0O 0O 1

4.3.1 0O 0ODOODO

040000 1100000000 O0O0ODOOODOO

goboooooooooooobooboooooboobooDboo

goboooooooooooobooboooooboobooDboo
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06 O000000000000000000
ooo ooooo ooooo ooooo
Piano Man c3,c4 c6, cb c4,c3
Riders of the Storm cl,ch cl,c8 cl,c2
Killing me Softly c4,c2 c2,cl cl,c2
Bombaleo c7,c6 c6,ch c6,c5
Babylove cb5,c6 cl,ch c4d,cl
I Still Believe c3,c4 chb,c4 c3,c4
‘Wonderful Tonight c4,c3,c6 c6,ch cl,c4
My Heart Will Go cl,c3 cl,c6 cl,c2
Stairway To Heaven c2,cl c5,c4 c4,cl
Bohemian Rhapsody c4,c3 cl,c2 cl,c4
Africa c5,c6,c3 c4,c6 cb,c4

ooooooooooboooboboo 400000 110
gobobooboooooooboboboboboobo
gboboooboooooooboboboboboobo
gboboboooooooboboboboboobo
gboboboooooooboboboboboobo
ooboooooooboooocooooooboooooo
oobooooboooo

4.3.2 0000
goboooboooboooobooooboooboooooo
oobooooooobooooooobooooboooooo
obs0000o0obooboooooooboobo200
ooooooo 20000000000 3000000
gooo

4.3.3 O O
os0000boboooboooooboobooobooon
ooboooooboocoo200000000000000
20000000000O0O0D0O0O0100000000AO0
sgubbooobooooooooc 3bboobooooooon
oobooooooooooooobooooboooboo
oooboooooooboooocoobooboooooo
gobbobobooooobobobobooboboboooo
gobooodoboobobobooboobobbobooo
goboboooboobobobooboboboboobo
gobobooboooooobooboboboboboobo
gboboboboboobg
goboooobooobooooooooboooboooooo
oooboooooooboooocoobooboooooo
ooboooooooboooooobooboooooo
gooboooooboobooobooooooooboobooooboo
goboooboooooooooooboooboooooo
ooooo200000000000DO00 20000
oooogooo 20010000000 8000000
gooooob1o0boogo
gboooooobobobooboooooboboon
gbobooobooboboboobobobboobo
ooboooooooboooocooooooboooooo
ooooooood

44 0O 0O 2

44.1 0000
4000000000000000O0O0COOOO
gboboooboooooobooboboboboboobo
gboboboooooooboboboboboobo
goboooooooooboooooboboobo 2000000
gboboooboooooooboboboboboobo

O0e6e [0 2.0000000000000
ooo ooooo oooo
Piano Man c3,c4 c4,cl
Riders of the Storm cl,ch cl,c2
Killing me Softly c4,c2 cl,c2
Bombaleo c7,c6 cb5,c6
Babylove c5,c6 c4,cl
I Still Believe c3,c4 c3,c4
‘Wonderful Tonight c4,c3,c6 cl,c4
My Heart Will Go cl,c3 cl,c2
Stairway To Heaven c2,cl c4,cl
Bohemian Rhapsody c4,c3 cl,c4
Africa c5,c6,c3 ch,c4
Detroit Rock City c7,c8 c7,c6
Bombtrack c8,c7 c2,cl
Dance To The Music c6,ch c6,cH

07 00 2:.00000000000000000

00000l

ooo ooooo 0o 20 00 00

Piano Man c3,c4 c4,c3 c4,c3 c4,c3 c4,cl
Riders of the Storm cl,ch cl,c2 cl,c2 cl,c2 cl,c2
Killing me Softly c4,c2 cl,c2 cl,c2 cl,c2 cl,c2
Bombaleo c7,c6 c6,c5 c6,c5 c5,c6 c5,c6
Babylove c5,c6 c4,cl c4,cl c4,cl c4,cl
I Still Believe c3,c4 c3,c4 c3,c4 c3,c4 c3,c4
Wonderful Tonight c4,c3,c6 cl,c4 cl,c4 cl,c4 cl,c4
My Heart Will Go cl,c3 cl,c2 cl,c2 cl,c2 cl,c2
Stairway To Heaven c2,cl c4,cl c4,cl c4,cl c4,cl
Bohemian Rhapsody c4,c3 cl,c4 cl,c4 cl,c4 cl,c4
Africa c5,c6,c3 c5,c4 c5,c4 c5,c4 c5,c4
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