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Timbre Conversion of Musical Instruments Using
Basis-Shared Nonnegative Matrix Factorization

KitaMURA Darcar!  Kozar Karrob il

Abstract: Basis-shared nonnegative matrix factorization (BSNMF) was proposed to analyze the difference
of timbres between multiple musical instruments. This method approximates observed amplitude spectro-
grams of the multiple musical instrument signals by low-rank nonnegative matrices, where some basis vectors
are shared within the matrices. As a result, common and individual spectral patterns between the musical
instruments can be simultaneously estimated. In this paper, we propose BSNMF-based timbre conversion of
the input musical instruments. The advantage of the proposed timbre conversion is that the parallel data of
the musical instruments (signals of the same melody played with the different musical instruments) are not
necessary. In the experiment, we conduct an XAB subjective test using two original instrumental sound and
one timbre-converted sound, which validates quality of timbre conversion of the proposed method.
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Fig. 1 NMF for audio signals, where K = 2.

HEEBOMBMTIE, ZThETIREYF, AT bLd
f&, AOVEBET AN T MR 4] FRE A RAEENE
RN, ELAHIATVWS, £/, EKEZSOYFHES %
WRY L@ b B, E7 /%Y > 440 V5,
fifl & DA BR DY EBNMIE 2 & RS HEL T S h Tk
b [5], 2000 FLAETI, HKERFAEDOTH CHRHBETOEE
RYEPEERFT ATV 6], [7. EE5DRET S
BSNMF Tf% 641 2 BEMNEED Ll BB E AR
BErER 20, BEEEL L TOMNNRREHMETIX
<, ANENTEBORIREESHEOMEN R 2R 2R
TILRHNE LTWREMBETONE. 20 &5 BREK
DOEIREEBHOMEMNNRRHMEL, 7~F27BEN L
D RWHEZ T 2 - DICREREM O RPe, X b ZEMy
fififiE D BN AR DR FHEUERICRIL TS Z 2 5T X B,
HBRERBEOEOEIUCHICHT A Z e AHRETH 5.

ARTIE, BSNMF THEE X 02 8 K OTE A &85
BWEHATHZ I 2ERT 27201, TO5DORBES
AW BREOFEERT LI ) XL 2RET S, $/,
FHFHMNER L EM L, HOEEROBEICOWTHET 5.

2. BIEF&

2.1 NMF O#E
NMF [2], [3] 1, Xicrd &5, IEEOBHITTY %
D =D DIFETTHIOITHIRITE BN 7 f# S 5.

X~WH (1)

T, X € Ry BRERAIFAOBRAITIITHD, W =
wi] € REK RO H = [hy hy -+ hg]T €
RE; 13 NMF THEE TN ZIEBAMITHITH 5. 72,
TREEZRT. W NS H ZZERZNERE T RS
7T 4 R= a VTH IR D, w, ZEERT bl
MHEN, ZOAK K E K <min(l,J) 2722 X5 ICRE
N3, ZZT, k=12, K ZEEXZ M LDA VT
2 2%RT. foT, NMF 3 X 2 WH TS > 23R
TRTHGRTH D, X T 208 (K #) oEtE
iR R — 2 BB MLy LTI T X 3 [2].

NMF % S8E5CEM T 256, M7 —V =&
(short-time Fourier transform: STFT) #&TEL N 2R
B (E v —) 27 ba2Jaz2IEEBRIITYH X &
TEOHR—BITHS. ZOHE, Fig. 1ITRT X512,

[wl wy v

© 2021 Information Processing Society of Japan

Vol.2021-MUS-131 No.10
Vol.2021-SLP-137 No.10
2021/6/18

FEEEPOHHE AR MU w, ¥ LTELR, X561
BRARY MVORREIEREZLD by, £ 72 5. NMF & &
BEERDARY MARX—VEHEBETE 2720, TH(E
SHENT [8] B IR S HE [9], [10], [11], [12] FCHEA X1 5.

2.2 NMF I 3EHITI D REL
NMF 13X RO S bREEIC X b BLEATH 2 HEET 5.

VI{II’III_II D(X|WH) s.t. wi, hij >0Vi, 5,k (2)

22T, X BRI EEESICSTFT 2#H L TR
LNDIRIBARY v TT L wiy, R by 3ENLZNW
ROHODESH, i=1,2,--- , I RFj=1,2,---, JIZFh
ZFREFEC VRO 7L —a D4 Y F 7 R%BRY. £
7z, D(-|) & 2 2D ASATHIR ORABUE % B 2 B TH 5.
ARTIE, XA TRIN S 2 Euclid IFlEZ W 3.

2
WXWM_ZK%waQ (3)
1,7 k
ZOrE, BT W RE H 13, WIR Y IEEOET
FUHE L 725 2T, a2 FEERIEDIGES 5 $ TROFEH

RIGHHT R % RN RHE T 5 2 v CROEILT & 5 [3).

XHT

WeWo waat )
wTx

HeHO wrmgg (5)

ZIZT, 0 ROCITFHOREIEFNFNEZFEOREKR O E
#3. X (4) RO (5) SHBIBERGE [13] & M 2 Feft
7L Y) XL TEHENZbDTHY, BRETODIAR L
REEL D B IESE I DS BRI ISR S TN B

2.3 BSNMF OSRETIL

BSNMF (1] Tl&, #EOEFEESH OI@kn &k rEE
RAEHET S, W, n FHOBAESOIREARY b
nZ7 sk X, e R (n=1,2,--- | N ZBHIES A
VFIR) eRTLE, ROEVRT Vi EEZD.

X, ~WH, + F H,
Xg ~ WH2 + FQHQ

XN %WHN-FFNHN

TIT, W REHIESDEFALTHE XN 3 HET
THH, Xq, -, Xy BHTHBEDOARY PLREX—V%
K ff&t. #oT, 175 WH, 3B AT P& —
YTeRIN X, FORMD GERARY PV LR
. =77, BEATH Fy = [far fz -+ Fax] € RS
n ZBHOBIIGES X, KOAEZENZEHDRART FLK
D% KEEATED, W+ F, ¥ LTHERETH W



BIRUEF MRS
IPSJ SIG Technical Report

K

J1 Jl
N,
1

K
~ 7T
~ Individual spectral

Common spectral parts (timbres) in X

parts (timbres)

K J2 K J2
CHy [ Ha

Individual spectral
parts (timbres) in X,

Fig. 2 Decomposition model in proposed basis-shared NMF,
where N = 2.
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BV EREMREE DAL 2B 2 TREINS.
NMF Z W XD @A hEEEfe LT, A—7 44
EYAF U TDEDOTENEREINT WS [17], [18]. T
DFETIE, X—7y FOFEESOIFARRT v a5
2% NMF oBflfTse L, 261y —RDOEEY T
DIFAARTZ b u T T LAZDDDEIEEITHIE LIzS 2T

© 2021 Information Processing Society of Japan

Vol.2021-MUS-131 No.10
Vol.2021-SLP-137 No.10
2021/6/18

TITAR=Ya Y THEHEELTED, &) &
OPE] FOXICEOHI L2 BRI EEEEALOER
EWMXZEHLTWE*., ZOFRIIEEHCRB 7 L —
LDEIAZ AR HESENE WS RSN D BH, 77T 4
N— a THOHEERHC TERZHRMEIOER LT &
] TRIRICAER T 2ERSHNZ D TER V] -
MEREAREIORTIN V) Zoflns 52 5%
HARERQER ST, SHNWOBRX OFREILEL 5.
3. B’EFE
3.1 BSNMF #RBHW-BF&ZX#H

AFETlE, BSNMF THEETE 54408 - @B AT bL
AT OIERBIE LT, 2 MoXREEEHoEaET L E
W27V R L2RET 5. BEFETIE, 2%
MEGBBORIEARY bur ooz zhzh X1 RU X,
&L, R (6) % Fig. 2D X 51 BSNMF TEFWMLT 5.
EBATHNW, F, F,, H;, XU H, ZHEERIE, EEH
JEfTH) Fy R Fy DAZRAD LI ICANE R 5.

WH,+ F,H, =Y,
|

WH; +F Hy, =Y,

K (7) T, FERETIINRET 7T 1 R—2 a YATHIRE
ZFIEAREETIOHZ R TWE 720, Vi e RS
&, HARICIE TX, oF0IRZREhE X, D0 T 4
PEUDEHEBEEDRIBAR b T a) vixd, FRRIC,
Y, e RS2 13 TX, oF@RAEHBRINT: X, DART 4 %
BUEEESOREARY bur I 6 L LTERENS.

3.2 2 Euclid I6EEE % BSNMF OREFH

R (6) DERITHI W, F,, kU H, 2HE(LT 2 KIEE
i, @E O NMF & R BBEEGEE HwCcaEH Tt
5. Xk [1] Ti, —M%{t Kullback-Leibler &4 N—3 =
¥ 2R BERERRBUCH WG E O RIEEH A EH XN T
WA, FOEEOHRICBWTIZR (3) D3 Buclid
HEEFWRIESREEE L 25 Z 8 BEBRIVICHERL T
%. ZZTARTIE, 3 Euclid FEEEEYE BSNMF O
BIBAE R H D K RIEEH R OEH 2R T

BB LMD 2 2 PRI KA & 3.

~ 2
j = Z (Iij"n - Iijnn)

n,8,5n
=3 (&0 + 250 — 2Tijndij,n] (8)
n,%,Jn
Zijun = Y Wikhjn + > fiknhkj,n 9)
k K

ZIT, =12y & X, OB T L — DA VF

L BOEHOEEY > )L https://www.audiolabs-erlangen.
de/resources/MIR/2015-ISMIR-LetItBee



BIRUEF MRS
IPSJ SIG Technical Report

I RAERY. B2, Tijun, fikn, R hyj, 13ENZHR X,
F,, MU H, DEZETH5.

REHEHNEE LT 272012, X (8) DF 2L T
Jensen DFFEL

2
”n |:Z wzkhkjnn + Z fzknhkj n:|
h Fonhiin |’
Wik Mg, n iknllkj,n
= Qg k + B ink 5
bjl] Qg %:” @%k}
2 2
Wik Mg, fiknPrg,n
< S (J) P ()
& n

Qg k

h? h?
ik kjnn zkn kjnmn
= 10
> ( G ) (10)

Qg k

ZHEMAL, J<JT 228K T %

2 h2
j+_ Z +Z zk kJnTL ikn' kjn,n
- Lijon
b Bijuk

Q
Nsisjn ink

— 2%ijn <Z Wik Pkj,n + Z fiknhkjnn):| (11)
3 %

ZZT, ik, Bijk >0 1% Zk Qi k + Zk Bijok =1 % it
EFRIERTH D, R (10) OB A

#its 5.

wikhkj n
a”nk = L 12
“ Yok Wikt hatjom + D4 fikrn i o (12)
iknhicj,
Bijun = Jikn i (13)

> op Wikt hitjom + D1 fikrn s o
Y i, Hi%, MEZER (12) RO (13) BT b 21
, JHIEEBERICE L TRMEEh gt =T &2 5.
/Kk, BB T+ Z R EBCTRMY UREERRE K
W5, 0T [Own =0 D),

wy h2-
> <2kitwnn—'2mmnnhkjnn> =0 (14)

Nogm azjnk
HEON, K (14) & wy KOWTHEL 2 XAz 3.
Zn,jn xijn,nhkjnn
Zn,jn h%jnn/aijnk
M- T, K (12) KT (13) 1T X 2 MBIEB O HEH & K (15)
W2X B wy OEFHERET ST, ARDa R MEET

»3 J EEENCRMETE 2. R (12) RO (13) 23X
(15) ITRAT 2 2T, XOERZREEFHFIH[ONS.

(15)

Wik =

Zn,j" TijnNijan

ik < W;
ik ik Zn,jn (Zk/wik/hk’jnn +Ek/fik’nhk’jnn) hkjnn
(16)
R (16) 21T TRIT e XX 2 5.
T
Wewo o 2nXntl, ()

>.(WH, +F,H, HT

© 2021 Information Processing Society of Japan

Vol.2021-MUS-131 No.10
Vol.2021-SLP-137 No.10
2021/6/18

FERIZ 0T /0 firen = 0 T OT T /Ohyjn =0 &V, F,

KM H, DREEFHRIEIRD L5 ELN 3.
X, HT
o =B O Gl 4 B, HT (18)
T
H, « H,o (W + Fo) X, (19)

(W +F,)" (WH,, + F,H,)

33 RT—=NNT7a1vTaeT

R (17)-(19) ZRIEFHHET B 2T, Z8W, F,, XU
H, it TE 5. 2ok, X (7) O X5 CEHEETY]
FI RO F, 2 ANWBZTARZ bas s A Y, RO Y, 215
3. LhLads, R (7) CBWTHERSY WH, LEH
B B o H, BDZENZNE DEED T =2 K> TW»WahiE
MBEEEnICE->TERS. ZOFKIX, BSNMF O
HLRED 1X,, £ WH, + F,H, OBLEOER/Mb] &
LTERMLEhTWE7HTHS. Blb, BHEEES n M
THEF W 3 TW3H, W & H, DRICIZZ
7=V OEEM (@ >0 LT WH, = (aW)(H,/a))
WIEIET 270, HERS WH, LEERT F,H, D
T—NT VR EEET I Lo TERR S, ZDIRET
EERIESTY F, % F,, (727201, m # n ZEHEDREE
BRBDA VT IZR) TANEZTDH, BRENDEARY
fe o6 WH, + F,H, 3EAFES->TLED.

ZOMEORIK e LT, EHEETYF, % F, A
WEZ 1812, F, POEEENRY MU fr, DA —L%
BHES X, DRAT —NICT 4 v T 4 ¥ 738 0% i
T, WE, BEEEE X, 2 mBHORBEEEOER
WA 258, ARXOETVERET 5.

X, ~ WH, + (F,,D,)H,, (20)

ZZT, A7 =75 D, € R 3REHEERY b
Jiem DREZZED 2RI diy, > 0 20 A EZRITHRON A
19l cH 5. KX (20) DARETNMCBEBWT, EAr A
ETELENEMT 225 =78 D, %KD Z 2 TR
TV T 4T 4 YIWTES., T, ROFE{LRE
WWIRES 3.

r%inD [X.|WH, + (F.,D,)H,] s.t.dg, >0Vkn
(21)

R (21) DEELREZ, @5 O NMF & Rk
Bk io < Euﬁ%%}ﬁ k LT e T&E 5. EHIZ
328 FETH 27-DEET 5D, 3k Euclid FltD 2

Z B TIIRA o IEHEH XA E»N 5.
F, X,H,
D= Du© prwm, + mooyE Er Y

CORBEHRT D, 2 RD2 LT, FOLHINE
WwElE53Y, =WH, + (F,D,)H, £ LTRoN%.




BIRUEF MRS
IPSJ SIG Technical Report

ZORBRARYZ v a5 212, X, BT 3RS
rass AR5 LTH STFT 2352 2T, EADKRWN
FOERI N RBEEENIELNS.

4. FHFHRER
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Fig. 3 DA, Score 1 T 2 23 1-3 HDFIE, Score 3
RN 4% 2-4 FEDOMIE, Score 5 MU 61325 EDHIET
ZNEIER X NS, F LT, Score 1 T8 21X 3 HDHEA
H (C45F, B4 5, MU GAE) PMFEL, ZoOMMoMEE
ZD 3EDHEAREDHAEGOLETHS. [FKIZ, Score 3-6
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72 ¥ S R FHI S 2 72912, ABX HEICHES < EEFm
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*2 https://vstdfree.com/plugin/2294/
*3 https://vis.versilstudios.com/upright-1.html
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Fig. 3 Music scores used in experiment of timbre conversion.
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RHRNIEF RARIRE
IPSJ SIG Technical Report

[ I Significance level 5% ! Significance level 1% |

EE
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X2 value

Fig. 4 Box plot of x? values for chi-squared test. Central line
of box plot indicates median, cross mark in box indi-
cates average, and left and right edges of box indicate

25th and 75th percentiles, respectively.
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NMET2Zehbhs. HlziE, 2HREDERTOFR
fEZ 2 =6 o7, F/zTablel &b, EZEEN 50 %
% TE 2 HERE N o7, M EORERI D, FRKUE
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KEBRRICHERE YY) VI REM LI 25, —FHD
BB 2BEOE T VBRIV KT /e T v T I4
FNE7 ) DEWTH D Z L ERBMTETVR, YbaE
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Table 1 Accuracy and x? value of each subject

ID Age  Gender Accuracy [%] x2 value
Subject no.1 20s Female 70.83 4.17
Subject no.2 30s Female 66.67 2.67
Subject no.3 30s Female 75.00 6.00
Subject no.4 20s Male 70.83 4.17
Subject no.5 20s Male 87.50 13.50
Subject no.6 Teens Male 83.33 10.67
Subject no.7 Teens Male 83.33 10.67
Subject no.8 Teens Male 70.83 4.17
Subject no.9 Teens  Female 75.00 6.00
Subject no.10  Teens Female 54.17 0.17
Subject no.11  Teens Male 79.17 8.17
Subject no.12 20s Female 75.00 6.00
Subject no.13 20s Male 87.50 13.50
Subject no.14 20s Female 83.33 10.67
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