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Abstract: This paper proposes a hybrid analysis-synthesis method that generates bowing models based on
physical models and spectral models of bowed string instruments. To determine the model parameters,
methods are also proposed for using performance data to analyze the characteristics of variations in tone
color according to the bowing style. A bowing model consists of a harmonic component model, an onset
inharmonic model, and a sustained-part inharmonic model. The harmonic component model is extracted by
decomposing the actual performance spectra using the basic string motion spectra and resonance property of
the instrument, and the inharmonic models consist of stochastic models. To evaluate the synthesized sound
quality obtained by using the proposed model, five musicians compared actual sounds and synthetic musical
sounds. No significant differences were observed between the actual sounds and the sounds generated by the
proposed method.

Keywords: bowed string instruments, sound synthesis, sound analysis, performance expression, sound tim-
bre control

a)
b)

1. FUC®IC
gﬁi\ikfr}:%fﬁﬁjﬁéﬁﬁnﬂ i ) EEORENL, TOMBLMIE T iE2 972012, HikH
raduate School o omputer an nformation Sciences, - s NN RS,
Hosei University, Koganei, Tokyo 184-8584, Japan WESLIIREEEA XY L, TNEREIEMS 5. 4y
BB HRLE ICEMFERIL, BERS EMIIN 2 EHEORE LR

Faculty of Computer and Information Sciences, Hosei Uni-

versity, Koganei, Tokyo 184-8584, Japan

T AR EOFL TR D LI/ A -V SNERSIND. K

12t0005@cis.k-hosei.ac.jp HEFOWZE LT D & ) \[THIE % SRl - BIREHE
it@fw.ipsj.or.jp

© 2013 Information Processing Society of Japan

1319



BRIEF=EmEE Vol.54 No.4 1319-1326 (Apr. 2013)

Blhwiw, BEREEOZLDIEIN, Hhozitz
HAWTERNERZ(LET L. F0720, a2 Ea—4%2k
LRUTEDNTEHMEREFERIIB TS, HlAH
HEALETH LD, ZOERDDIT, S0 AT
bITVA (1], 2], [3B] 7%, A& REREHITNE72
WEETH 5.

R AR OB 2 BE AR TRE, FEme %
WA 72882 W CEHET 5 2 & T, RBEFHRT il
BICHUSL, 52 AT A2WEE T VIR [4) °, FHAl
WCHELEE I = 8205, AR LZVERISIVT—
AR W L ERER 2 EHT 2 EZ R #ER T (g,
Vienna Symphonic Library™') 25&F 55 [5]. WHLE
FNHRIE, BEHEOBENFEHIC X 5 BEERE B
BT E 2720, FREEGHSTTRETHL. LiL, #
PLEEHE B O SR WEF L, BREIUNG o 72485
REOHEEIT) N TER WD, 1 A=V T 5K
FHEREIIAERT LI LWL, —F, ENERTR
T, ARZ MVETIV (6] 12 &0 FEPR B T
479720, BHICEBEZ(LSEL I EDNETHA.
L7 L Bonada & [5] 3FFHfe F % [0 — S A%
MR LB ENERL ) AEEEROAEK] L LTBY,
EMFEHIIBE SN T — SRS 5. T, R
FOEBRTITIE, BHEIC L0 HIE S RZIRENC, %
OB EAATNTBY [7], HHES ST X2 %
BAEBOBRETIE, BEOBREH LEBERO R VEZROH
SRR FREL CL F ) WTREMA D 5 720, BEIRE O
GOREGIEAT 2 ERFEPLETH L. 20720, Fik
POBREHICL 2E0R2HEO-0I21E, WHET LD
&9 %2 ORELEDOWEN 2R R E O BRI O %
ErsFrlewTMbe, Fh#Emhio L) 2Etats
DI TEL NG A= PN EE R D, T2 EHT S
DI, R E L DB OY I EIE L EE T —
T DGR LEEE 2 5.

KETIE, BEEHRDOGRFOFK e Tk 700,
WELE TN & ART MIVETIVONA T v KRG
RTH D, BEERBEOREETNVERET H. AT,
ZEHEOBERESGHIBIGIRE) IC RN, BRIEZOERE
HBETDARY P VOZELE VIR THHE LTS v
WEDTT, 70— 3N 8 RE) & Eifzd L Ol
BOLETREETVFERSINL., BEETVTIE, &£
HAZ & B TR HEE DAL, BEREOIERME S D2,
BEX BN BT A IERM R S A BT 5. €T IVEHMEO 729
2, BROBRMEES G L TEREEERL, IRETHED
A% EEEEMIC £ > CERES 5.

DT T, 2 B CHERERORE A BGER 12D W Tk
b, RNWT, 3ECTIRETLIRLEETNEEA - HisE%

*1 http://vsl.co.at

© 2013 Information Processing Society of Japan

L, 4B TRELEEZHCZEEORETIEE FHHT 5.
WIRIZHEEFE LIRFEEIC L) B SN GG 2 BT %
XY, REEOHMMEZRT.

2. BRESFZDERBETE

o 82 T LA OIRBI A & L CR BT IIE T 2
TR EDEEIARSNS ] (B 1), BER, EHNE
BOkolr, BENMALEFTETI— Manl), Kk
AT O A 220 % BRE LR OIS & HIS 2. ZHE1C
Lo THEEOME - £/ - BEOHETEIELL, Sh
BONT A5 ORI ZREEICL ), BOKE— FO
O S, MBS OM S & SR S, FER
BEEAERTE B,

RETI, FRED D O ERIRI OB O LI % Wb
DI, BEESEOWHBSE OV TER D,

2.1 EELIRED

L OFEARN) 7255 0 EE) L, Helmholtz 12X, Ejk
FEAZ &) B2 SN D 5EA MM B &2 %25 = Ak s L
THIGN TV [9). T OIREPIT A LK) Y HiRE) & 0T
M, Stick-Slip EE) & 11X 5, F IR 7258 A A
FCHlIoESN, ERAICERET 2 L0, BRI
DSIZE 0RO N D ) BIRIT X0 A S N5 BRI
IZDHNT —ZFEORETH L. NIV LRIV IRE) h(t) O
B ORE RITRT.

N
h(B,t) = A(B,n,t)sin(wnt + 0r) (1)

n=1

A3, 1) = ()220 2
72720, wy =2mnFy(t) (Fo(t) AR, 60, dn
HOE— FOMM 0, =nr, NIiZF A FAMEEKETI
FFAEL ) BIREDE — N, [ IJEENE 2 LR IO’
Fa/l, AB,n,t) TNV LARVIEREHICBITLEE—FO
8T =, b(t) 1ZREH t ICBIT HRIETH 5.

LorL, EBICBI S N 0RENE, BEICL s 8E—
R OIRB) DGREE D HERDZAL [10] R, KDAT A T HAD
MR LI L 2 AHIRE [11] A FNBY, =M TE
v, CORBHREICIE, BEBOIERIENER, JERE

Fﬁﬁf]
BEATEE

sul Gj"e';(:ce B L)

= BIIRD [ RBHB ﬁ%%}
= 1% i)
N

1 EREEGHROF O BGERE

Fig. 1 The process of sound generation for bowed-string in-
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Fig. 2 Constructing the harmonic component model.
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Fig. 3 Onset sparse noise spectrum estimation.
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Fig. 5 Resule of the subjective evaluation (Naturalness of tim-
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Fig. 6 Resule of the subjective evaluation (Sound quality).
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