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Musical source identification based on frequency

component features
Tomoyoshi Kinoshita Shuichi Sakai Hidehiko Tanaka

University of Tokyo
7-3-1 Bunkyo-ku, Tokyo, 113-8656

{kino,sakai,tanaka}@mtl.t.u-tokyo.ac.jp

We have previously proposed a processing model OPTIMA for music scene analysis and implemented its
experimental system. However, the system was not robust to signals with overlapped frequency components. In
this paper, we present a new method that improves this problem by using overlap pattern of frequency components.
Weighted template-matching method is applied to identify sound sources repeatedly to each frequency component
cluster. The weight is evaluated according to the significance of each feature of the signal. When multiple
components are overlapped, our system adaptively modifies features of an input signal to a combination of
overlapped components. The experimental results show that the system can identify sound sources of 60 to
69% of musical notes. Tt also showed improvement the accuracy about 5%, compared to the result without the
proposed mechanism.

Music scene analysis, Sound source identification, Auditory scene analysis, Frequency component feature



1 O0OdoOd

000000000000000000 OPTIMAO(O
00 [2,30000000000000000000000
00000000000000000000000000
0000000

OPTIMAOOOOODOOO0OOOO0OOOO0O0OOOO
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
000000000000 00000000000000
00000000000000000000000000
00000000

000000000000 3000000000000
00000000000000000000000000
00000000000000000000000000
00000000000

0000000000000000000000000
0000000000000000000000000
0000 [400000000000000000000
000000000000 00000000000000
00000000000000000000000000
0ooo o

2 0oood

000000000000 1ooooooroooo
gooob 1o0o0bbbbboooboobboooooag
ooooboobooooooooooo

0000000000000 (Preprocess) 10000
go-ooobobobooboobbobboobobbbooon
0000000000 (Sound Formation) 0O O OO0
gogoobodoouoobboobobbobooooogo
godbooboobboobbooooobobooooo
ooboooooooooOoobobobobooboobooon
0000000000 (Feature Extraction) 000 00O
gooooboobbbbbbobbbboooooog
ubooooooOooooboooooooooooooo
O (Feature Adaptation) 0000000000 OOOO
(Matching) 000 D000O00O00OO0OO0O0OOOOOOO
gooobbbboobobbooboobobooboo
0000000 00000000 (Hypotheses Creation)
goooboooboobbobobbbbobboobo
goooobooooobooboobuoobuoboooo
oboooboooooooboboboooooooooon
00 (Postprocesses) 00000000 0OOOOOOO
gogdobobboooooboboboooogg

oboocobobooooooobooobo 10000000
gboooooooobobooboboobooboooooon
oo bououoo i ogoobobooo

Input Acoustic Signal

U

Preproccesses

{}Frequency Components
[ )

Sound Formation Overlap Patterns
% BComponentCIusters
)
[ Feature Extraction
{}Featur%
% Feature Adaptation K:
% BAdapted Features
T = T
% BSmilarities
w T
Hypotheses Creation m
Source Name
of one Cluster Total Result Ty
ST v
[ Postprocesses @

Notes, Scoreor MIDI data Feature Template

Knowledgebase
0100000
ogoo ooog ooo
ooQ #1 #2 #3
oon 0.724 23.48 5.901
oon 0.271 18.22 3.725
gooooo 0.513 49.11 7.224

0100000000000

21 OO0OoboOOobodgo

obooooooooooobobooobobooooon
goboboogoboboboboobooooboon
ooooobOoooooOoIIrROoOoDOoOoOOoOOoooo
000000 2U000000c0oo0o0oooooooon
gobgoooobobbobobobbooooboood
goo

goboooboobooooobobobobobooooo
gbgoobooboooobooboboboooboboan
00000000 2000000 0oooooooo
obobooooooboobooooboooooooooon
gobooobooobooboooboooboobogo
oboooooooooooooon

googooboobobooooboboooboboooboo



gboooobooboobobogooboboboooogo
goobooboobooooobobboboooooogon
Oooooooooo (O 2)0

Freguency Components

Frequency Frequency

Time Time

T
Cluster 2

T T
Cluster 1 Shared by Cluster 1, 2

Clusters Overlap Pattern

U2000000000000000000000A0

22 0O00O0OO

gooboooooboboboboobobbobo
ubooooooooboboobooooooboobooooon
goooooobobobooboboooboooboo
goboooboogb200boobooobo

ooobOooooobobooobooooooboooooon
gbooboobooooobooboobobooooobooobooo
goboboooobooooboboooogboooonog
obooooooooboono

e JOODODODODDOO

e JJU0UD (DODOOUUDDODOODO
ooooooo)

e JOO0ODDOOOOODOOOODOODODOOO
obooooooooo

0200000000 (00)

23 O0O00OObOOOOd

oboboooobboboobbooboooooo oo
gboboobOoooooooboooocooobooboooon
oboooobooobobooooooooooooooon
ooboobooboooooooooobboooboooo

gdooobooodoooobouooboooboooooon
goooooboooo

gbdobooobooboooooouoooooooo
00000000000o0o0oO0ooooOoooUoo (o
3)0

!Categorize into feature groups

— Fragile
1 feature

—1

1
Additive Preferential || ————
feature feature  —

Perform KOVGIE:p pattern | KOVG|W pattern | KOV&\W pattern |
adaptation

—*=
I  ——

[ Tinvalid }
L L
)

!Collect adapted features

1
3
—
invalid

—— ——
[— |nvalid

!To Matching stage

U3 0bogbooboobogon

23.1 000000

gobooboobboobbobboboo 3sogooo
ooooobooboooocooo

1. 00040n

000000000000000000000000
00000000000000000000000
ooo

(0:0000000000)

2.00000

000000000000000000000000
0000000000000000000
(0:000000)

3. 00000

gbobooobooooooooooboooboooon
ooobooooo
(0:000000DOO0OUOon)

2.3.2 0O0O0OO

ooooboooo1000bo0o0bo0o0oooooooo
gbgooobobbobooboboobooooboooobogon



gogbgoooboooboboboobboboobobobo
gobobooboooobbooooboooooooon

1. 0004ao
gboboooobooobooooobooooooon

If 0000000000000 00 1000000
doooooooooooa

Then
g0ooooooooooooooooooo
0000000 oooooobooooobooog
oooon

Else
o0oooooooooon

2. 00000

gobboooooboooobobobobbobooo
god

If 000000000000ooooDO 1oo0ooD0oo
goooooooobooba

Then

gooboobooooobooboooooo
oogooboogoog

If 00000000000000000000
doddoogooooooooooooo
ood

Then
00oo0D0o0o00ooooooOooooDooo
Jdo0000ooooooooooooog
0od0o0DoOouooDoooDbooooon
oo

Else
ooooooooooooo

Else
oooooooOooooon

3. 00000

goooooboooboocooboboooooobon
goobooooooobooooobooboobooon
oboooooooobon

24 00OD0DOO
ooobO0ooooooboobob0ooooooooon
obooobobooboobooboobooon

24.1 000000

ooooOooooboooooooobooooooon
0000000000 RIOoooo0U0oOoooooo
ooooooboboboobboooobooboooobo

gogbbobooboboboooobooboooono
gogbbooooooooooboooobboooboobo
gboobooobbobobbooobooooooooo
gboooooobooooooooon
gooooooboboobooboooooobobooo
ubooboooobooooobooboboboooooon
gboogbooooboobboooboooooboooboo
gobooboboboobooooobobobooboobo
gbooobooooooooo

PICERI

wi= | >

O000SO0000oOoooogg (={Piano, Clarinet,
---HO000s00000000000000 (s€e S)dupd
c0000000000000000000®0O0D0O00
000000000 (®(2) = [ (1/V2) exp(—2?/2)dz)0

00DI000 s0+000000D0000D00000
O000ODOW!O DIDO00O00OD0OO0OO0OODOO0O0OC
0000000D00O000000000000000O0O0
00D 000000 D:000O0D0O0ODD Wi 100
00000000000 DI00000ODDOO0OO00DOD
WD 0000000000000 W!OO0OD0OO0040
00000000000000000 (04000000
000 wW000000000D0000000

Case 1: Large weight

Feature valye

[ ' :
Zl;istri burion of source A ZI;istriburion of source B

Case 2: Small weight

Feature valye

Casel: 20000000000DOOCOOODOODO
googbooobooooooooooboobo
gooooooooboooogobooobon

Case2: O00O00O0O0O0OO0O0OOOODOOOOOOO

gobooboobogoooo

04 0000000000000000



242 00000

goboooboobooobooooooobooon
gooogbgobbobooboooobooooboogd
gboooooobobooboooo

oobObOooooboooboboobobboooooo
gboobobobgoobooboooobooooboooboo
gobooooobooobbbbobood

@:2{1—¢<Utfé>} (2)

0000di0f0D0000:000000000000
000000000000 00000000000 00
0000000000000 000000000000
00oooOooooo

00000000000 00000o00o0o0o

Ss = exp (Z Wilogd: /Z W;) (3)

0000W!0do00000000000000000

O0000000;0000000000000000
00000000000000000000000000
000000Y00000000000

25 0000

oooOoObOooOoooooooboooooooooon
ooboooooOoooOooboOobOboOooboboobooOoon
gogboooooooboboboooobooooo
gbogbooboboboooboobobbobobobon
oobooboooooobobooboooobOoooooooo
gobobobobooobboboobobobooobon
goooooooon

gbobooogoobbboboobobobooobo
gboboooobOboOooobooboooobobobooon
googoooooobboooboboooobon

2.6 00O

OPTIMADOODODOOOOOODOOODODODOODO
oooooooooobobooooooooboobooo
OO0 [2000000000000000000OO0OoO0o
goooooboobobooooooboooon

3 UoQon

gobooobbooobooboboogob2000000
gogooobobboboooooooobboooooo
gobooooboooboooooooooooooon
gbbooobooooooooobooooooboon
gooooo

3.1 OOogooooo

0000300000000000 wW:Oo0000o000
oo

ooo
ooo

ooo
gbooooobooooooooboo
2000000000000000
gboooobooobooog
gboooobooobooog
300o0o0ooooboboooogoon
20000000
gboooooooon
2000000000
gboooobooobooog

gooboon

oooooo

U3 gbobobooboobgobgooboo 30

gogbooooobobboboooobooobob
ubobooobooobooooooooobooooooon
ooooooooboooooobooobooobooboooan
gboobobooobooobobbooooobooobooooa
uboooooboboobooooooboobooooo
gbooobooobooooooooooooooooon
gooooooobobobbooboobooobogon
gobbobboooobooooobooobg 200
gbooooooooooobboooooboooooo
gogobobooobooooobooboobbobobogoo
gbooogboobooboboboooobooobooon
O00000ooooooo(O 5)

3.2 0OO0OoOoboboodo

gbooobooooooooooooobooboog
goooboooboodoboobooobobobogood
oogooog

ooooOooOooobbooboboooooono 300
gbooboobooboobooboobboooooogo
gobooobobobboboooooboobbooog
gooooooooo

goo0 1100000 200000000000000
gobobooooboooocobooobooirooooon
gbooooobooooboobooooooboooboon
gobooobooobooob 3bogoboooog
gboboooboooooo

obO0d 2: 100000 3000000000000 20
gbooooooooooboooonb 20000
oooooboogog 2:30000 sO0000000
ooon

ob0d 3: 000100000 200000000000
goobooboobobobooogobgoobon



- ™ A

Powert Frequency Piano '
N
= Y B

Power Freqlf;m\_/_\ Clarinet '
- Time
ﬁ - .

Power} Frequency Violin J
- Time

U5 00000000o00o0o00o04d

gooobooobb ooobobboboogooo
oo0obooboOoboOos3bboooboobooooonoooo
goobooooooooboooooooboboooboon
O00o0D0O0000DOon0oOg NTTMSA-P1OODODOO
uboobOboooboooooooboooooooooon
ubooooobooooooooooooboobooog
gbogooboooobooooboboobobooobogon
gboooOooooooboobooboooooao

ebO0bO0O0OO0OOOOOOoOOOOOoOoOooOoDOn
gbogbooboboooboboooobbobooogo
goooboooobooobobobobooboobooo
oobooobooboobooboooobooooan
gbboobooobobooboboobobobobobooog
gboobobooobbooooboobobooooboo
goood

ooboooboboooooooooboooobobooooo
gobooooooon

<DDDDDDD gooboooog

1
+ X =
DDDDDDDDDD> 2

ooooOoooon
oogoo

4 0000

gobooboboooboboobooooooog
gogoobobobooooobooboboboooooo
oooooooooboooooobooooobooooon
ooobooooooooboooooooobooooooo
goo

100.0%

93.2%
88.4% 88.4%

80.0%

67.1% 66.3%
632%
60.3%

60.0% 56.3% 55206

40.0%

20.0%

DEEMHOREE
miEGAERY
OB REL
DEAEGL

0.0%

Class1 Class2 Class3

60000000000 DO0DOO00OOO0

gooooooobooobbooboooooooooo
goooooboobboooboobobooooobooboo
goboooooObOoobOooOooboooooboooooon
obobObO0o0oooboobOoooboooboooOooooon
gpoooooogoo

ooooO0ooooooooooboobooobobooon
oobbOooooboboooboobooooooooooon
gbooobooooooooooooooo

HEN

000000000000000 (D000 09-07628)
gooooooboooooao

ooDoOoOOoooO0o0O NTTMSA-P1ODOOOOODOO
ooooo NTTOOOODOOoOoDooooooooo
goooooo

gobn

1] 00,00,00.0000000000000000
oboboooOooboooc oobo.oboooboooooo
0, J81-DII(9):1965-1974, 9 1998.

2] 00,00,00,00. O0O0O0OO0OOOOOOOO
OPTIMAODOODODOOOO. ODOOODODOOO
00, J79-DII(11):1751-1761, 11 1996.

[3l 00,00,00,00. D0OOOOOOOOOOO
OPTIMAODOODODOOOO. ODOOODODOOO
00, J79-DII(11):1762-1770, 11 1996.

[4 O0O,00. 00000O0O0UO0ODOUOOOOOOOOO
U —o0ooo oboiod — obbogooboobogo
0, J81-DII(7):1510-1517, 7 1998.



