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Development of a Real-Time Fingering Detection System for Contrabass Using Musical Rules

0 0g oo od oo g

Summary:.

oo og-

gbooobooobooboooooooboooboobooooobooboOoobooono

oboboboboboboboboooobooooooboooooooooooooOoooooboOooan
ooooobobooooboooooboooboooogooooobooobbooooDoooDoboobboooooo
gbobobobobobobobobooboOoOoobOOobOOOobOOobOOob0OobOOobDOobOOobOobOobOonn
obobooooboobooOoooobooooooboobooooboooboooboooobooooboooboooon
gooboooboooboooboobooooobooooboooobooooobooboooobobooooboooD
gbobooboboooboooooooboooooobooooooobooooboboOooboooboooooon
00000oooooooooooo0o000000O0OoOoUOOOO U O0000oooooooog
oboooooobooooboboooobooobooboboooobobooobobooobooboon

1 0dgdgd

obooooboboobobooboboooo
oo0do1oogo(@moo)oooooooooo
oo0o0o0oooOooO(oOOo0o0o0)0ooooooo
gobooobooooobbooooobooobbogo
goooboboooboboooboboooobo
goooboooobobooobooboboboobo
gbooobobooobobooboboooobo
gbooobooooboooobgooo.

goobooobgobooboboobooboooo
gbooobooboobobooboobuoboobo
goooboboobobobooboobobooobo
gooobooboboooobobobuobooobo
o0oooo0oOoooooooooogooo o
goooboboooboboobooboboboobo
gooooboooboboooboobuobooobo
gboooboobogoobobooooboboobo
gooobobooobobooobobobooobo
gooobobooobobooboboboboobo
gbooobobooobobooboboboobo
gbooobobooboboooboboobon

oooboooobooooboboooooooo
gooobobooobobooboobobooobo
gooobobooobobooobobooobobo
gooobooooboboooboboboboobo
O 2000000000000000O0O0O000O0
gooobobooobobooboboboboobo
gooooboooboboooboobobooobo

Copyright is held by the author(s).

* Mitsuteru Sawa, Tsutomu Terada and Masahiko
Tsukamoto, 0000000 OOOOQO ODOODOOO
00, Yoshinari Takegawa, 0000 O0OOOOO0OO
ooog

gooboobbooooooobobobbooooon
gooooboobgobooboobooboboobo
goboobooboboobooooboboobo
oooooooooooboooooobooooboo
ooooboboobobooboooobobooobo
gbooooobogooo
gboboooboboooboobooboboooo
ooooboboobobobuoooobuobooobo
gooooobgboobobooboboobo
goboooboooboooobbooobooooboo
oooobobooboooboooobobooobo
goooboobgoboobooooboboobo
gbooobooooooboobobooooooobobo.
gbobo20000000000000000300
gooooboooboob4000000000
goos000b00b0debooboonbboOn
ooo0roobo0oooboooog

2 Ooogooboo

gboboooboboooboboooboboooo
ooooboooo.

1. 000000o00ooon
2.0000bboboooooon

1.000b000o0obooboobooooobgon
gooobooboboobooooboboobo
oooobobooboooboooobobooobo
ooooboboobobooboooobobooobo
goooboboboboobooboooboboobo
oooobooooboobobooobooobo
obobooooboobooooooboboboooo

200000000000D0ODOO0O0OODOD
goooboboobooboooobobooobo
ooooboboobobobooboobobooobo



WISS 2008

R—R |[Eyy7vF BEEHAS
'E, RN BE®RT—5

BIERER |0 20 ¢ ¢

01000000

E&“ SRIRGEI O
B X HOBEHDRE

¥
——>  Y—hEER

v
— /AR

No
v VYes

LTS I5 DN
¥
JL—ILIZ&ZEEEMHIE
¥
EIRIRRER

U2 0000oooobobobob

goboobobobboobbooooboobbogo

gobooooooobobobooobooboobooo

gooobobooobobooobooboboboobo
gboooboobogooboboobooboobooobo
gooobobooobobooboobobooobo
oo0ooooooOoOo (oooo)ooooooo
(00ODOO00)ODOoDUODOOoOoOoOooOODoDOooOoOoOo
gboooobbooooboooooooboboooboo

ggboobobboobogboobuooboobo

21 0O0OO0OO0O0OO

oooboobbObObO0ooooooob1000a

gooobooooboboooboobooboobo
oooooOoooOooooooopooooooo (o
ooooo)yoooopCcOOOOOOOOOODO
goooboobob20b00bobooboobo
gbooobobgoboboobooboboobo
goooboboooboboobobobooobo
Ub0obO0bRGBOOOOOOODOOHSVODOO
goooobogoooo
oooboooboboooboboooboboooo

01. 00000

No | OO
1 goodooobobooooooooooobooo
ooo

2 g1o0o000o0oboocoooo

3 ooooooooooooooobooooo
4 oboboooooooooooooon

5 gobooooooo

6 gobooooooo

1EI3/MEDHEBN

IMETEALZLY

0 3. 0000000 (0)00000000(0)00
000000000

goooboboooboobooooboboobo
O0o0oooo0o0booO(oooooooooooo
coooooOO0)Oooooooooooooobo
gooobbooobooboobo. booboo
ooooboboobobooboooobobooobo
oooooobobOooboooobobooobo
cooooooopoOoOoooO/coobooooooo
0/0000000000dooooooooooon
goooboboooboboboboooboo.

22 0000O0OO0ODODO

goobooboboooboobooboboooo
goooooboboooooobobbooooooon
ooooboobobooobuoooobuobooobo
goooboobgoboboobooooboboobo
gooobobooobooobobooobooobo
oooobobobooobobooobuobooobo
goboobooboboobobooboobo
gbobooooobooboboooooogooboboon
ooooboobobobooboooobobooobo
ooobobobooooooooboooobobo.
g1go0o0bogoboboooboobooboobo
oooodooooooooo (mooooooo
oooooo0)ooooOooooooooooooo
goooboobgbooobooooboboobo
gooobobooooboooobobooobo
oooooo



Development of a Real-Time Fingering Detection System for Contrabass Using Musical Rules

A 4

[f]=7Lyb 1T » AZEUHRIE

)7
sl Rt e I o

[ ]
m; & :
[l \ﬁ%ﬁi“&ff% '

l l ‘ 1')J:r7)7l//l~ﬂﬁtﬂ H 20La)71//|~'cmu ‘

Mg th g |

0 4. DODOODOOOOOOOCOOCOOOODOODO
oooo

goo1

uooooobgoboobobooboboooo
oooOoooooooODoOoDODD BObooDoOoOo
gooobooobooobooboobobobooboo
gobbogoooboooboosgoooboooooo
gboooboboooboboobobooboobo
gooobobooobobooooobobooobo
gobooboooobooooooooobobooo
gbooobobooobobooboobobooobo
goooboboooboboobobooboobo
gooobooooboboooboboboboobo
gooo.
ogoo 2

gooooobgoobooboo 1oboboooo
goooboboooboboooboboboboobo
gooobobgoobobooboboboobo
ooooooopoogoooo(ooooo)yooo
gooobobooobol1gboboobuobooobo
goooo.
gog 3

obooooobgoobobooboboboon
g1upoobodboobooboo3booboonbogon
gooobooooboboooboboboboobo
OoooooopOooogo 3@m)oooooooo
gbooboooboooooooooo obooooog
gooobooboooboboooboboboboobo
gooobooooobooboobooooboooo
gbooobobooobobooboboboobo
gobooboooboooboobooboobooboo
goooboobbobooobobobuoooobo
gbooobo4000000000DODO0ODO
oooobooboooooon
gogd 4

gbooboooobobobobolz2bogogoboo
0200000000000 3(0)00DooOoDo
goooboboooboboooboboooobo
ggobboogobboooobboooboo

ggobobooobobboooobbooooobooo
gboooboobooooboboobgon

goos

gbo2000000000Db00O00bO0O0O
oooobobobobooboooobobooobo
gboooboobooboobobobooboboon

gooe

gbobooboboooboobooboboooo
ooooboobogoooo

gbob0e0dbbOOO0ODbDOs3SO0DbObODbDOODO
0300000000000 0%%0000000
oooobooooooo.

23 0O0OO0OO

gobobooboboooboobgooboboooo
gooobooboboobooooboboobo
oooooboobobooobooboboobo
gboooboobgoobooboobooboboobo
goooboobobooobooooboboobo
oooooob2000000000000b00DbO
ooooboboobobooboooobobooobo
gooooobooboobobo110boboon o
500000 00000000 0ODODOOOO
000o0o0ooobOobobDoobobo 203040
c0ooooDoooooooooooooboooon
gooobobobooobooooboboobo
oooob 400000000

3 bDoOooogn

20000000b000bO0o0obDoboOo0oboOon
OOoO0OoopCcOO0OOOOASUSOO P5B-VM(CPU
Core2 Duo 2.13GHzORAM 3GB) 0 0000000
O O Creative O 0 WebCam Live! Motion(O O O 320
x 24000000000 00O 30fps)J0O0ODOODO
o0odooooogoooooooo (@o)yoo
OARIADOODODODODOOO SWB-LITE sp U
gooobgooboobooMIDIDODOODOO
goooboobobobooboooobobooobo
Roland0 0 GK-3BOOOOOMIDIOOOOOOO
D000 Roland OO GI-20000000O0O0O 3M
O0D000Db000D0Okinesem OO0 O00O0O0O0O
goboboooooouogsuobobuogoon
goooboobgoobobooooboboobo
goobooobooobooboooboolboo
oooobobobobooboooobobooobo
gooooooooooooooooooooon
gobooboboos3soboobooboboooo
Os500000006000000 110000000
12000000 240000000 3000000
ooooboooboopcO0OObDOODOOOODO
Windows XP 00 0 Visual C++ .NET2005 O Intel O
O OpenCVOUOOODODOODOODOOODO



WISS 2008

02 000
ood ooo ooo oo
FLY ME TO THE MOON Bart Howard 4000 =80 | OA
THE DAYS OF WINE AND ROSES Henry Mancini 4000 =100 | OB
WAVE Antonio Carlos Jobim | 4000 =125 | O C

EZEE(%)

100

51T % A HiB
A—=n7sL B 66.4% 60.9% 51.4%
A—L&) W] 84.9% 89.9% 85.1%
fekF: B 0% 78.4% 69.9%
05 00000
4 00O

ooboooobooobbooobbooobooon
gooobobos3sobo300bogobonooobo
gbooobobooobobooboboboobo
gooobobooobobooboobobooobo
goooboobobooobobooobon.

4.1 0OO0ODODO
gog

020000000000 00D0O0O00b0O0O0
oooboA0DDOOO0D0D0O0000BOOOOO
goooobooobobooboobooiebgon
gcobobgolleobbooboboooboobooo
gboobouo AbD0DbOO0bOobDOobOobobobo
gboobooogooboooooboobooboboobo
UBO400000000000JazzO00O0ODO0O
gooooooboooo cobobouooobooboo
gboooboooboboobooooogon
oogd

oooooobobooobobooboboooo
00000030 (0000000e60040030)
g3oboobgn

ggogooo

O0o0bO0AOdODOcCOOOODOOOoDs3oDon
ggobobooobbbooobbobooooboo

oooobobooboooboooobobooobo
goooboobgoobooobooooboboobo
gooooobobooboboooboboobo
oooobgooo

4.2 0000

gs0boboooboboobooboobooon
oooobobooboboooboboboboobo
000080 0000000ooooooooo
gooobooboobobooboobuoooobo
00000 DbO00O0bObObOOoOoObOoOobobOoOon
goooobooobod

oo1

gbobooobobooobobooboboooo
oboodbdedbO0ObOBOIODOO ELODOO
gooo100bob0oobbooboooboog
g20000000000000000000

oo 2

Oe600000AO8SOODOOC#OODOODO
ooooboobobobooboooobobooobo
ooooboooobobooobobooob 300
gbooobgobooobooboboon

od 3

Oe0UO0DO0OAO1IO00ODOOBOOOODOOO
goooboobgooboobooboooboboobo
goooboboooboboooboboo4000
oo0oobooooboobobooobo.

ooooboboooboboooboobon

gebdbbOCO00000 BOOOOOO
ooooboboboboobooooboboobo
ooboooooooooos3sgbooooooogo
gbooobobogo3goooboooboboooo
ooooboboobobooboooobobooobo
ooooboboboboobuoooobuobooobo
goooboobgoobobooooboboobo
gbooboooobboobobobooboobo
oooobobooobooooboboooboo

5 00U

gboobooboooooobgoon

00000000 20000000000000
goooboboooboboooobobooobo
ooooboboobobobobooobobooobo



Development of a Real-Time Fingering Detection System for Contrabass Using Musical Rules

(ma) Bl o 5]

S S ws as  eemEa o

¥ S ="t :
L—LEmE 3 3] 27173 T 1 2 3 3 al o 22
JL— LR B [ 4] 3

=153 E15)2
(8 O
—LREE g T e R N
JL— USRS B [ %]
EpHh
(me) _

3 19 = S N s T e
)l«—)l«i@ﬁﬁﬂ%414o41‘ 4 4 41l 0 4 o014 1
V—ILRERE (3] | ¥ |

IL—IL#EIES R $1§Ul
[ BEES | 0 T | 1 [ 2 3 [ 4
| & | ez | B [ AZLE | o | FE [ Mg |

0e6. 0oooooon

0 3. 000000000000

No good g
1 0D0000b0O0obooooooboo 4.0
2 |0000bOooooooboooon 4.3
3 oobooboooood 4.0
4 ooooboooooogd 3.6

gboooboboooboboobooboboobo
gobobooooooobooooooooooog
goooboobobooobooobobooobo
goooboobobobooooooooboooo
gbooobobooboboobobooboobo
goooboboooboboooboboboboobo
gooooobobobooobo2000b000b0
gbooobobgooboboobooboboobo
goooboboooboboooboboosobo
goooboooboboooboobobooobo
oobooooooooooooooo (booooo
ooooCoOoOoOooOoD)obooooboooo 14%0
ooooboboooboboobobobooobo
goooboooobobooobobooonDg

ggooboooooooobooo

oooooobogooo3oobgoobobooon
o00s3000000000000oOoooooD (a
oooOooDooobosOoOoOooDoooOo)ooooo
goooboobobooobobooobbooobo
goooboboooboboooboboboboobo
gbooobooobobooboboboboobo
gboooboobooboobooboobon

gogno
20000000Db0O0ObO0oOoDbOOoOobOoOoD
00000000000 000D0 4ooooooo
goooboboboboobooooboboobo
goobooooobobooobobo,ob0bbgoo
gboooboooooboobooboboonbo
gbooobooboboobooooboboobo
Oo00o0o0ooooooooOogo pooooooo
oooobooooboobobooobbooobo
goooboobgoboobooooboboobo
oooooobobooobobooobobooobo
oooobobooboboboooobuobooobo
000000O00oooOoO eooooooooo
[((OO0O000000ODODOOCOCOOOOoOgOoo
oooobobobobooboooobobooobo
gbooobooboooooboobon
gbobooobobooobobooboboooo
ooooboboobobooboooobobooobo
O (2Coo00COo0o0odooogogooooo
gooobobooboobooooboboobo
ooooboboobobooboooobobooobo
goooboobgoboobooooboboobo
gooobobobooobooooboboobo
gbooobooboobobooboobooboboono
00000 /00000o000oooooooooo
gooobobobooboboooboboobo
ooooboboooboboooboobon

6 OO0

gboboobobooobobooboboooo
gogobobooobbbooobbboooboo



WISS 2008

O 7. 000000000O0O0O0OOOOOOOOCOO

gboooboooobgoobooboobon
gr70bgoobooboooobgooobobooo
gbooobboooboboobboooooboo

ooooOooooooOooooo(@roo)oooo

o00ooooooo (or0)o0oooooooo
gbooobobooobobooooboboobo
goooboboooboboobooboboboobo
gbooobobooobobooboobooboobo
gbooobobooobobooboboboobo
gooobobooobobooboobobooobo
goooboboooboooobooo
oooooobobooobobooobuooooo
gboooboobobooboboboboobo
goooboobooobobooboobobooobo

ggbodoboooboobooboobobonobo

gooobooobobooboooboboobo
goooboboooboboooobobooobo
gbooooboooobbboobobooobboooboo
gboooboboooboboobooboboobo
gboooboboooboboobobooboobo
gooooboooboboooboobobooobo
gooobobooboboboobooboooobo
gooobobooooo
gbobooboboobobooboboooo
gbooooboooboboooboobobooobo
gboooobboooobooobbooobbobboo
gboooboboooboboobooboboobo
goooboboooboobooboobobooobo
gooobooooboboooboboobobo
gboooboboooboboobobooboobo
goooboboooboboobobobooobo
ooooboooboboon
oooooobobooobobooobuoboooo

ooooboboobobobuoooobobooobo
gooobooboboobobooboboobo
gooobobooobobooooboboobo
oooobobobobooboooobobooobo
goboooboooboobbgooboooboonooo
goboooobobooboboboobobooo

7T oood

gbobooobobooobobooboboooo
gbooobobgoboboobooooboboobo
goooboobgooboboobobooboboobo
ooooooboboooboooobobooobo
gobooobbooooooboooboooboboo
gobooboobgoobobooobooboboobo
gboobooooboobobooboboobo
oooboobo0obooboo. ooboobooo
gooooobgboobooooboboobo
gbooobooboobobooooboboobo
oooobobooboboobooooboboobo
gbooboboobobooboooon

HRN

0000000000 0o000o0ooooooon
0O 00 Unitlnstruments: 0000000000000
0000000000000 000ooooooon
Oo0o0o0oo0oo0ooooooon

gooo

1] 000000000000 00O00O0:
http://www.yamaha-mf.or. jp/onken/soft/
theme5.html.

2 0000000 0O00000O0: 0000000
ooo0O0o0O0oooooOoOoOoOoOooooOooon
000000 (DOoOoOoOoOooooooooo),
Vol. 23, No. 4, pp. 51-59, 20060

(38 000000000 O0O0O:
http://yamaha. jp/product/
guitars-basses/el-basses/.

[4] C.Kerdvibulvechl H.Saito: Real-Time Guitar
Chord Recognition System Using Stereo Cam-
eras for Supporting Guitaristsd ECTI Trans-
actions on Electrical ENG.O ElectronicsO and
Communications VOL. 5 NO. 20 pp. 147-157,
2007.

) 0O0O0D0O0O0O D0OO0OO0ODOOODUOODOOD
O:000C0COC0O0O0ObOb0O00oOogggood

000000000000000000000Op.
110, 2005.

[6] M. HartO R. Bosch, and E. Tsai: Finding Opti-
mal Piano Fingerings, The UMAP Journal, Vol.
21, No. 2, pp. 167-177, 2000.

[ 000000000: 00000000000 O
ooboooboobboooooooboooog
00000 pp. 127-132, 2002.



