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Machine Learning Based Classification of Flute Playing Techniques
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I 7R MEZ (musique mixte) 1ZBWTIE, A 2RI
BRI LTY TR AT RVEEL T = 7 v 5
MEN2 T — A2, lH, 25 L7ex7 27 M,
L7y ay I EEEN, v a—XOFEERE
RHBEFHICL D7y PREVBETZ 7 27 L DYID
BADIREINDH, BIEENOQENFET 5, Abf
ZEHEIET DIE. BRI, BEEIIE LT
7x7 FOHBNBYIDEZZITA2A X707 T 4
7 VAT LML, 25 LREE 0B 2 B
TEIETHD, 720 ZOXIRIRATLDPERT
U KD VTR LRGP L2 7 A P EHED
RAERIRTREMEDSIRAI 2725 5 o HEIREEENITHD < ik
HRI ORI B NTIE, REFRICE o THI
TRABFEITIIE L TV, FHIEREGIT OV TS
Bl RY T B2 oze 22T ARETEZL— D
ZFRHR AR E U, EROMWAEFEEZEH L
KB REWMET 5,

In mixed music (musique mixte), digital sound pro-
cessing is often applied to live instrumental performances
in real time. However, in most cases, such processing
techniques are fixed for each section and switched by man-
ual computer operation or the performer’s foot pedal op-
eration, which burdens the operator. This research aims to
build an interactive system that can automatically switch
the processing techniques and their parameters accord-
ing to the type of playing techniques of the instrument,
thereby reducing the burden on the operator. Also, realiz-
ing such a system will expand the creative possibilities of
mixed music to those that further take advantage of its re-
altimeness. In existing studies, sufficient accuracy has not
been achieved yet for practical use. In particular, we have

not found research examples of wind instruments for this
purpose. Therefore, in this paper, we tackle the problem of
automatic classification of flute playing techniques and re-
port the experimental results of applying several machine
learning methods.

1. [FC®IC

ARBER L BETE2HARDLELBNRERY L
TDI 7 A MEZR (musique mixte) (Boulez 1981-1988;
Manoury 1993) OFEIBICBWT, aY P2 —XDFHE
HEE D LD BEEZT, 1980 FEHA 5 A & 24
BIEBIIH L TY T NVRA DT RVEELT =
T R EPTB LD RBHMPHEIEINDS XD Ik o7,
L LilH, S8 7227 M3tk rya >y e IIZEE
INTED, 2727 bDUIHEZEA I E2—&D
BAESPHBED 7 v MRENAVRETITONS Z 2%
. BIEEANOAELE-oTWS, ZhEHELT 3
eIz, HEFORGE FoMERBIL, BB
727 DYDY Z %175 Antescofo (Etchevest 2015)
DESREHIERS AT ABHBEINT X0, #HE
N % HEE T 5 72 DI & 2 KRB D A 1 H38%
Bz, lOaX 338580855,

Z TR IRRE T 2 Did, HIRBEDENDH
BRI R 7 AR L, BRIIB LY TR A L
REET T 27 POEBMNARYIDEZEITZAS XD
L. BEEANOAEPIFEA T D a R M KX &5
ZrTHb, £y ThDPERTEE I 727X b
EROBIWEMNATRENED, BEL 727 b DY 7R A
LR EDEN LD DANEIEDBE55,

B 2 BEFRIZE e LTk, SERHMEEZHVWTE
FEARY FOMEEITS DD (Fu2 T 2 ABHBTT
5) (Malt 2009) . FE7 DM TlakiC B RN 72 Rl
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ZHEBERT 2O Malt 2015) 23H 3, 5 L%
EoMH H TS AV FEsmaEsh s &
N> T2 DI RIED Z ¥ TH %, Ducher 51
BHAAAB=2—F %y b (CNN) ZHWF=zvd
R E AT, REEAIC T2 2B EIE
L TWZ2 W (Ducher 2019a; Ducher 2019b),
BRI OV TIZB O DI WIFFEHI 23 7 2 72 5 72
Dol F—EFEEDTu v ZIET7L— DS
FHTHHD, 7L—r eIl 7 bR=Z ADHDE
HOEHZETE L TW5, ZDRDARTIE, HED
BHIDRT v T LT, BWEEIIHESL 7 L—1D
HENZIEHRZ iR A, FEEOMREE1T 5,

2. 7IL— ~OEEHIR

il %2 DFEEDEIICB VTR, XX IERBELD
5, ZV—FDEE, LH—FRRXyI—FEWVo
o7 =T 4Fal—Yary, EI7T—-FRTTvER—
BREDBE, RTv S F— = Ho>alhDd
FRBIE, LV o X EXEREBEOEZREEDH
T TE, HEIS U THEVS TSNS,

TA— FDOFEFFITIT T A — AT EIAFENT-22
K[OBEEN SET 5, MEAFNIZEKOHE & Rtk
DENIZRFEDOE(L%E B 7= 5§ (Fletcher 1998), i %
3, ZROFEIEROE(R A 7 X —TDE%ES]
EBIL., BB EXRDMNOFRIEIA R v I — .
AT79 T T R=—IREDENELEANT,

TN — DY 2 EEITEARINIEERTH D,
FETHX 2 2 X —oilAaabt GEfR) Ik b EERE
KHTZeNTES, YLF7+=v 7 (EEERE)
R =R — =D KD RIHELED BT L3RR
ZEIBIC L > TEHRTZZ B TE S (Levine 2002),
IO LA RBEE, A—T 4 AT —X2LTY T
LR A LZEHEHAST 2 Z L BARNFEOHTH 5,
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3. ¥FE7T—4X

3.1. HEROZER

XFEXERBEOHINE S AT LB L0
I, BEZLRZBE LT —XE2y PR EE RS,
ARG TR Z OBFEDH >~ 7V 7' 1E FullSOL
(Cellaet al. 2020) 57 —&X+t v b ¥ L THW3, Full-
SOL 3ZHOBEEZEULHEFTH D, 71— MBw
T 2T BEORZ ZBENIGERINT WS,

3.2. EEDER

FullSOL D &R T, ZRZFNOEEDIREZTT
. —ODEEISHOREABITT 2HRIKES

— 32

1 aeolian 11 pizzicato

2 | aeolian-and-ordinario | 12 play-and-sing

3 discolored-fingering 13 play-and-sing-unison
4 flatterzunge 14 sforzando

5 fortepiano 15 staccato

6 harmonic-fingering 16 tongue-ram

7 key-click 17 trill-major-second-up
8 multiphonics 18 trill-minor-second-up
9 note-lasting 19 whistle-tones

10 ordinario 20 | whistle-tones-sweeping

RLMNRLTBZL20HT7ITY—DT7)L— FEE

ERENT05, Bl =AYV 7Y b= GEEH
C ERACHRIOLHR DD BRI S / A X2 FT 5 287K)
NHF—FT 4 FUE GEEDOE) FTOBITREDLD
%o AFRICBWTIX, FTREBEHT IV —DHFNC
H£rh3 370, PEKEEHVWERENWZ T3, 20
WED, 2T EEOBREEHED S 5 20 FEHOAZ HW»
%, L7DioT, R NEREZ 20 7 7 A0 K&
THb, 20FEDOHEIANDY X 2R 1ITRT,

33. F—2OHR

7=ty FOERUE, FATHISE (Ducher 2019a) i<
i, B> 7V > 7L — b % 24000Hz, FFT REHEE
%2048, Ry A X & 5122 L, 60 7L —L57D X
NARZ MR T T L0k T—RHMNE T 5, &4 —T 4
F 7 7 4 MBI 2 FHERT O X 2T D BR 7214,
60 7 L — LI ET 5, ¥FH—FPRX Yy H— 1
D ESITEWEFRICBW TR u T 4 VI ERTVE
BB,

4. FFEHROFE
41. EWEFE7ILI) XL

ZEHAIOFHEYL LTI, sklearn 4 75V (Pe-
dregosa et al. 2011) 7 HEBDOHEMFE 71TV X 4
PHWE, BRI T ATV ZLDRT A —XIFZHIHA
WEDFEERFWS (2721 MLP @ max_iter D HH)
HIRE D 100 Tld7 < 1000 & L7z), HHLZ7LT
VALE, PR—IRTEX—<> > (SVM, H—*F)L
¥ L TIX RBF, Poly., Linear O =ffH), ENKN, ki
5% (K-NN), 7> & L7 5L AN (RF), REARN— 2
@ AdaBoost, LightGBM, Zfg,¢{—+t 7 ka2 (MLP)
TH 5,
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SURLIARD 53T e L. TURARIED DT
WX BERNRIED 2 2IET 2720, FEEIX 10 FlORS
RoEGrr 3,

42. 7— 2Lk

HEF—RBORREERMD DI, FRbEDT7—
R SR DEREMA =D bHWTT—XEY
¥ 37— X5k (data augumentation) DSERNTH 5
ZeMNBWV, AEBRTIE. FzrIlBT 28 ESHD
FeATHIZE (Ducher 2019a; Ducher 2019b) & [FIkED =FF
FF— RIFROFEEA VS, BRKIICE, ¥y F
7 b, UN=T I, A XM =FEETH 5,

EyFo7 MZBOWTIK, 2V IFLDOEREDY Y
F D 440 NVITRE L, £20 NV OHFFHT T ¥ X 4
KB LAd0EHAVWS, Ziud, SR In
WXIET 272D THB, VA=T[IMTBNTIE, +
VIO FLDEFIIH L T—EDERZ DY N—=TE T
bDEHWSE, ZHUT, HBREICK > TRENE
RBZLERELEZDDTHE, /A4 XFIMzBNT
. AV I FALDEEFIIHLTEHET A b A4 %A
L7zb0Z2Hw5, Zhud, HEST T~ 7 CHfEs
B D) A RXERELEDDTH S, /4 ADK
XXWB T 7ANTLICT VY RAICRET 5,

COTFT—RILRIZE D, FEHT—-2OIIA VO F
NDT—=RDAfEE IR 5, T —RILRBEDEE 7 — &
D7 7 ANBIE—HRTH %,

5. REMER
51. HBE

HIFE TNz, 2D FEITH L TEEHH %
TV, T—RIER LOBE L HHOBZETEhER
10 [FlOFEEEM@RZ B Lz (£ 2),

204 73aV—THbIehb, 7VXLRIHET
X 5%IR—RA T4 b A, T—RIERBZLD
HBETH, BBURT0%2EU ETHD. &ET 92.3%
(SVM-Poly) ¥. HEMZEEAENEHNTVWS Z & hH

WTED, 7T—XYED D LB EIBBLA80%E
PLE. BT 92.4% (SVM-Poly) ¥, 7 —XJEiR%Z L
DLGEHANRTE WG SEEE L 72 2EADTEE T X %,

7272 LA & LT, Decision Tree ¥ AdaBoost DI5&
BED 50%BICE ¥ E->TW3, %72, SVM-Linear
¢ MLP OEETIET — XIIRIC K o TREXRTH -
TW3, ZHUE. FIRODEENORAS, <7 X —
ZOFBEREDPFERE LTEZ LN,

FIk F—REERR L T2 RD D
SVM-Rbf 81.1% 92.2%
SVM-Poly 92.3% 92.4%

SVM-Linear 89.0% 84.9%
Decision Tree 53.2% 56.1%
k-NN 76.7% 90.2%
Random Forest 79.2% 85.0%
AdaBoost 53.2% 56.1%
LightGBM 84.5% 87.8%
MLP 86.5% 85.1%

R 2: EFEOEMAR (10 M DF)

52. ARBORA L SBRDOFE

AEEE ST, 5B EOBEOBREROSH, X
5723 F — RO T X — RPEE, B8 %
W HESROWR R I L o T, 5BV EAD
EE AT,

7272 L REBICBWTE, FEH 7R VHDa—
RADF—DH > T >V FEFEE T —X7EL7bD
THH, MOV > 7Y v THRPEHBEL T AT —
RIWZ LT EDOBGEEE 21T 2 TO0RW, BlOERE
FTAMHAT =&Y L7256, FeATHI5E (Ducher 2019a;
Ducher 2019b) IZ7RE 7= & 512, FEEIED B Z L h
THIXNG, AR EZEALT 2B FloERIC
X BEBDITHR LD EFB LN D D 2720, 5
BIZZB BITDOVTHEREZITVW,

XHI12, BEIOEBTIZRANLARY b ad 5 ADA
EANT =R LM, ZooFHErHWE 2
THREWE T 2 A EME D MG L 72w,

6. HEER

AHLETIE, I T7AMNERDDDH LV AT A
DBFO—ERE LT 7/L— NEEOHEH R OFEERZ
fTolee Z ZTEEBHRIZ 20 H7 3V — D7 %EM
Y LTE B R, BEOBEMETFIETHMEMNE R
L. BEZHB LR, Fa—orZ2IFLALTOR
CTHEODERENRE L, &dRWIHEEOEE
X 90% %R T2 T, T—RILFRICE T, 2L D%
WEEFIETHEOUELRIAD S Z L PR TE -,

SHROFEE LT, EBEORRSH, 2545
T — X DT X — RHEE, EEEEE WS
HMOWE, XVARY Fa 2y AN OREEDOR
g BEOY T v IEREOEHR YN D B,

SEREOMED s, ZEHBIS 27 DAL
WA 7= MOED H 5, FlZIX, EEHFED S X T 4
DFRICBWTIE. KA BZ 2508 I 2B E >R
T 3720, BEIECHEENE S D 3 R YD TRAH
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W BREIBEN Y Z F THRTE 20 EMEET %
REMH D, 73V XL ORI D 33X
XHH 22 THA,
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