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Recognition Method of Fingering in MIDI Keyboard Performance by
Image Analysis

AKIRA YAMAKAWA™  JUN USUKI™

The population of beginners of piano players has increased gradually in recent years. At the same time, the number
of researches has increased that supports piano training. Especially, for the beginner, it is important to pay attention
to fingering on the training to move the fingers smoothly. The fingering numbers are usually written in only an
important part on the score. And the beginner practices the fingering technique by checking the fingering numbers.
In the paper considers method of support of fingering practice of the beginner. At first step is taking a movie of the
fingering movement with the video camera. This paper shows method of instead of the fingering movement,
recognize nails. Also, the evaluation method for recognizing fingering is considering and the support of fingering
practice using proposed method is considering.
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Figure 1 Labeling of black keys.
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Table 2 Average of each HSV.

H(sample 1) S(sample 2) V(sample 3)
Group 2 116.091154 0.364310 0.450538
Group 3 352.489014 0.772711 0.504901
Group 4 29.832368 0.657299 0.628751
Group 5 218.274474 0.451776 0.518522
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Table 1  Colors and numbers.
Thumb | Index | Middle Ring Little
Finger | Finger | Finger Finger | Finger
Color - Green Red Yellow Blue
Group 1 2 3 4 5
Right Hand 1 2 3 4 5
Left Hand 6 7 8 9 10
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Figure 5 Application result of Mahalanobis' distance.
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Table 3 Threshold of each group.

Group 2 Group 3 Group 4 Group 5

Threshold 7.0 5.0 5.0 8.0
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Figure 6 Extraction of nail area.
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Figure 7 Results of nail extraction.
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Figure 10 Results of image denoising.
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Figure 9 Labeling of the color regions of each group.
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Figure 11  Assignment of finger number to each label.
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Figure 13 Example of false detection.
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Figure 16 Thumb detection.
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Figure 17 Pattern of fingering and recognition.
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Figure 18 Pattern of false recognition.

B 18 IZBWTIELSB#EITATVDMHBITT o, 1T
B, My®3DNIWRD. ZDBEZND VAT LAREORG
RIIN@)THHITE D Z 2T b,

KRN 1) |7 <~ X H ) (BEENR

(yx%Aa%m=G*“%égzgﬂis?iggf@“A) (@)
A=TaUMaUT gUTIAUT yUTly

K@) E AT LGB E RS L12T 5. Z OfEITRERR
DI TR BFR 1.0(=100%) 125 &, < RBIEE 01
<.

VAT LM A R O FEEE 2 & 2 B AR (B)
DE T aDHEEZNTRNITKY IADIZEHT S Z &2
TX 5.

(%5 oy I D L5 < &) - (ERGAC: ) (5)

CRREm 0 1T &)
a=la el g a1l y,0y




TE LB 2 T
IPSJ SIG Technical Report

E2R(), KE)E bICKEHICIHET 52 L b T 5.
3. BEVEEXELL TOEETMENRE

31 BECEZEXEZ
THEE ORMEVOME 2 BT 27DI2, HEEPIERE
WEBSTEFT A RO IFEEOHIETRIRTHZEEE X
5.
(@ M/NETB I ADBZ 0
(b) fr/NET B OfTHA B IZ I A3 d 5 0
(©) S ADLWRIL E DFED
HREREZRINT X E LTI ZEE2EZD. FID
FOHBIACTHETN, HEXE, BT 2808
FH#R2ERHY, ZhbiET —FORRREETRETSZ
ERTED., ZOXIITEARRBRY OH LT —FITON
T—HEEVWEFRDT20, KFIETIEDP v v F 2 7[9)
ERVD. HET DIERITITEIBEH & FTa G H & &
D, FISHEEHIIITHIE IS L& B0z T, &
ERFART—F LTS L T 2T 5. ik
BEIEHIL MIDI T — 2 b BSTE 5 Lo Z &
T, INEBTPART—F LT HZ LTV EZHRETS.
Z ZTiEX(6) D DP Wb E AV TSRS L, &R

ZEIHTZLICLVEBEFRP OB 2RI FREL 725,

K O)IZFU T g(inj) & ITHRA IEHET0,0)0 5 (ij) £ COBE)
DITH 5. dij)iTBEc x5 B T—BEIC LY EL
T 5.

9(0.0) = d(a,.b,) = d(0.0) ®)
o(i-1 ))+d(i, j)

g(i, j)=minsg(i-1,j-1)+2d(i, j)
o, i-D)+d(, )

BREAT—ZII/NHEREME L THEL LT, DP ¥
v F 7 OFER LB L TNEIFRERGETE 2 L9k
%, K19IZRR Y OBl &R,

gk | 1 1] 1] 2[ 2] 2] 3| 3[ 3
BFAXR | 1] 23/ 1]2[3 1]2]3
T8 2| 3| 3| 1] 3 4 1] 2] 3
FFE x| X| o[ o] x| X|o| 0|0
miss=4

¥ 19 DP~v > F 72X 2HEHE S I AR
Figure 19 Result of fingering.
19 DL~y F U 7 afB L, 0 @ E RO LD
W1 5.

CHIE a) 1/0H :2[E
2/EiH 20\

CEIZE b) 1/)hHiH : 12448
2/0EiH 23 B

(HIEEc) AFTHHE: 1
FEFANZELE : 21
HFEPIE:1H

32 BREFMEORR
T CIRRES O LAV A HE T B Rl
BET . WEI AR 20 IORT LS 10, MEBE, M

(©2012 Information Processing Society of Japan

Vol.2012-MUS-97 No.15
2012/12/23

EEN, ZOMOMENRSD.

Z OO RIE

B 20 HZEI ANF—
Figure 20 mistake pattern of keystroke..
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Table 4 Results of system evaluation.

Tempo 60 80 108 Average
VAT AR 95.3% 94.4% 93.6% 94.4%
# 5 FEEI ORI RG T AR OEY)
Table 5 Result of false recognition(average).

I I m

- 100.0% | 100.0%
S | 100.0% 100.0%
v | 94.4% | 100.0%
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Figure 21  Finger of keystroke.
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Table 6 Detection of fingering mistake.

¥E% = | Tempo:60 | Tempo:80 | Tempo:108 | Average
1 99.8% 99.6% 99.6% 99.7%
2 99.6% 99.6% 98.5% 99.2%
3 99.8% 100.0% 99.8% 99.9%
4 99.6% 99.6% 99.6% 99.6%
5 99.8% 99.6% 99.8% 99.7%
6 99.8% 99.1% 99.4% 99.4%
7 99.4% 99.6% 99.4% 99.5%
8 99.8% 99.8% 100.0% 99.9%
9 98.1% 98.1% 97.9% 98.0%
10 99.8% 99.6% 99.8% 99.7%
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Figure 22 Result of fingering examination.
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Figure 23  Result of detail report of mistake detection.
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