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NMF Matrix Generation Using Probabilistic
Spectrum Envelope for Mixed Music Analysis

TorU NakasHIKA,! TETsuya TakicucHI? and YASUO ARIKI™2

NMF (Non-negative Matrix Factorization) based approaches are garnering much attention
in musical signal analysis in recent years. These are roughly classified into two approaches:
exemplar-based NMF, in which a large number of samples are used for analyzing a signal, and
unsupervised NMF| in which signals are analyzed in some constrains without learning any
samples beforehand. However, because the former methods require all the possible samples
for the analysis, it is hard to build the practical system of the method. The latter approach
should cause unintended results because the method is based on mathematical analysis not
perceptual coding. In this paper, we propose a novel method of signal analysis by combin-
ing NMF and a probabilistic approach. At the beginning, a common spectram envelope to
an instrument, called a probabilistic spectrum envelope (PSE), is learned for each categories
using a Gaussian-Process-based approach. On the analyzing stage, basis vectors of NMF are
randomly generated from the PSE, and the most befitting vectors can be found by combina-
tion of unsupervised NMF and Genetic Algorithm. The experimental results indicated that
the method is robust against unknown sound sources, and can properly analyze the signals
including multiple sources.
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Fig.1 Examples of probabilistic spectrum envelope; the

left is Piano and the right is Violin. Red and blue
color in the figure indicate the large and small value

Frequency [Hz]

of probability, respectively. Black line is mean con-
tour, and white lines are mean contour plus and
minus variance contour.
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Fig.2 Modeling of probabilistic spectrum envelopes and

analyzing a mixed music signal using them

TAVIET 5, H5HEE (Pianol) 721) % v T
27 PVEEEYEETIUE, “Plano” A7 3 VI
&3 2D % (Piano2 *° Piano3 7% &) D4 T DI
2R M NVAMKERITELIERZRBL T3,
Hliid H) NMF I & 2 388 fRbrclx, USSR T
D CH PG 2 EHEERBENEDL T LE ) &
V) N B 5 7228, REFE TR ED 5,
R E TN ORHDOBID 2R b L% LB
TE5Z LRI NS,

2.2 RBEFEDHN

REFETIE, BBOHTITY T LILOREEDT
AR FVEfEREEL, ZREHEICT VI LITA
R PVEERIE, BRNZT 7o —FIZ kD&
BORAREDO ST RET 2T 2. REFEO 70—
Fr—b+rZK 2 ITRT,

PREFRIL, WERNARY b VAEE R 5258 A
Ty 7l BEBICEERNTEAT )BT A Ty 723
N5, EEHATFY TTIR, FOEOPOEET—5%
HET2., 2ZTH¥ET—5IE, BEhra) T e
MBI, ZhZnOFEHDIEIIRS S/ (FERHS
FEZE I N W) HEEESEMVS, R, FEHT—
FOIRIFA 7 a7 F Loxt UC#bfi7ze L NMF %
FETT 5, FHEBEEME LT, 2ok kb
FIZR LT NMF % 947940, BN 2R
ET VT4 ET 4TINS TGEWITINC 3R T 5 2
EVTE DL, 22T, MENAREES X, 20T
NDARYFDARY PV EFIEKET 27025
Y5, FEICHG B TOFRICIT AR B EH
FET S ERELTWRBDT, ZDART MG
TG R FD, 2D NMF 12 X > T s N RIET
e, A7 PLOE—=7E (ZNFNOFEEDIM
) ZEROHL, Aoe 7y 7aeiz_R—2E LT
SPGP+HSY 1Tk DHERARY P OVAKRZ I LT
T B, SPGP+HS 1, EHifR7 Tk L ok
HHAR DHEERTEE % =i o0 7-BIBOE I FETH b, Tl
DB TR I N DR AT P VEZOHEE
NG L Vo,

fEMT A T v 7 Cl%, #filidH NMF LEE7 LY

AL EMABEDLELFIEICEST, TAMTF—F D
WE{TH. BRI, RETHIE 7274 ET 44T
ok E, BHIART v a7 L e O ST
ELEEBET LT XL EGT, MHEEDSSRANE R B
Y ITEIER Y P LVDFEIR - 58T - RAREREZHED IR
L, B#ERIETH, 77574 T4k s, 2
2T, BEXRZ MV (TH) OZRRERE L L, FER
T P TROLMERARY b LEfgeRic LTI vy
DT AR PIVEEDER SN BHRTH 2, ZD%E
AR L, A - ERZEEDRTEET7 LY XL,
ER AR bVESE E D Y 7 b i ffZeiih o 4 7
AMREME R L, T A b7 — 7 I b IS L 2 B EAT
FlgREL RO 3 Z it L v, KRB on
FIEEATH, 77 T4 €T 41750 %, BRI 58S R
WofERET 3,

3. ATV

3.1 HEHRL NMF ICKZEEANRY MLOH#H
MERAR T PVEREDEEL, $8aAh T 2 AT
big, FEICHO L EBE 5, ROFEMEEN-T
o MEMATIVIBT 2FWALEIBEENTLS

o ZNZTNDOHFPIIFAKFCIES INTWwn
o FHOBIIEMTH B
HBHTIVIET BERE, 7V v SN f.
THINH Y7 —) 221§ 2. BoNRIEAR o
775V (e RFXTY gk LT, #difizs L NMF % H
W3k,

V ~ WH (1)

Vi, j, k, Wi >0, Hj, >0 2)
DEIZ, VE2ODIIFAFTIORE L TRIHT S
IEDBTES, 22T, W (€ RFF) 3= EAT41,
H (¢ RF*TY 137 754 E5 4 175l, R IZESDH
KEFEFNIHROBTH 2, ISR 7 k) 25 fi%
iz THRA RE5ThiuL, HiizLl NMFIZk-
TSN ZEIRITHINL, MR FRO ALY bLES
2R,

NMF DitEICiE, TIEAEEMEIC X ) KATHI8HE
DEHEITHIWY. Thbb, X (2) DILTIEMAE
Druc(V,WH) = (V-WH)? 2f/MbT 2 X9 %
W L HZRDS, ZTHHEEZEOEHFRIILITD LS
2% %,

(VHT),;
Wij — VvijZii7iiiif§;; 3)
T .
}Lkeffbkzﬁgﬁgihi; (4)

ZIT, Xy BT X D i, j RaeRT. X (3),4)
ZROBLIETZZET, W (L H) 2R3,

(© 2011 Information Processing Society of Japan



IPSJ SIG Technical Report

3.2 SPGP+HS IC&2HEEARY MLBED
#E

AT FIVOUMIREEZHEE L 72w, Hifici
S5NTARZ PALDITHI W 2256, $TR/THOE—
7R (SIS T 2 B L 2 DBEON) il
M2, W = [wi(f) wo(f) - wr(f)] €L T,
r(=1,---,R) BHDOEFRD AT b w,(f) DEA
JMEL £ R B, BARBESUL, ¥ e o REPH
CHHBIE'D 2 82 HWCEHET 2 2 3 TE 5, 55
DAYTY I A% h(=1,---,Hy) UL, wr(f)
DhEEFADE =7 B (frr, ynr) ERT I ENTE
3, EL, HZw.(f) DE—2 D8, fur = h fr,
Ynr = wr(h- fr) TH 5.

N = Zr H A8 =286 (f,y) = {(frr, Ynr) Fhr
= {(fn,yn)}n %, 1XILD SPGP4+HS? ICAHTH
1, IR pp & ERER op 2RO X 1Tk
LI EMTES,

pr=Kisp, Q Ky, 1, (A+ 03Dy (5)
or =Ky — Ky, QKy, 1 + 03 (6)

7L, Q=K +Ky, 5, (A+03D) 'Ky, 1, +
diag(h), Q = (K;, ;1 +diag(h))™ —Q~!, A=
diag(Kf”fn — KfnmeT_anfmfn) Th 5. Koy &
F=% (a,b) D, R"FTX—=% 0 ZFOH— 2N
O NEZEEE T2 77 175 TH 5. HEAH
fF={fm}M_ i BANTFT =% f DThiET S
FA=FTHY, M < N %27 $. hm € h 135
BIAS frn DARMEDPS LZZETRNIA—FTHD,
03,0, f LEBITHMBEIC L > TRBER AT A—F %
KB EDHRETH 5, SPGP+HS Dt 7 v
TY ZLIZOWTUIKE DS LB T 228, FEL <
EOCHR 9) 2RI N,

Yo Tl % 25884 5 2 ) #1479, R (5),(6) T
Fou(f) & o(f) MBI L TREL T 25, R
AT Y ¢ OV pG & of & FomER
ARY FVERE EC(f; p§,0%) 2T — 8 N— AUIRLF
T3, ELec=1---CTHY, CIFEBEHITIY
DETH 5.

4. BIRATY T

4.1 HERIARIMILERICEDISARIMNLDS
Y LER
MERA X7 L Vvalig E(f,y;ur,0f) ICEED AR
7 bVEsk e(f) 1k, KD K I ICT v ¥ LITERS
ns,
e(f) ~N(uf,or) (7)
2T N(p,0) 13V p, 78 o DIERIS i 2 £
CDARY bVEKE e(f) 1o, AR v
DARY BV p(f) &
p(f) = max(e(f),0) - U(f;v) (®)

Vol.2011-MUS-89 No.18
2011/2/12

LBtk enTES, X (8) TRAfEE LS
TW2DIE, A7 FAHIFAMFEZIS 2 Wilfgic X
25DTHD. U(f;v) ZEEARRFBE v O LIEHHKK
74N8THY, X (9) THEINS,

R B e e BT
1 0

ZITIFav A=V P ERTA VYT Y I A, M lE
FHaAVE—2 Y P OREERET ENA8—8T X —
Y Thh, ERNIEDSND,

P EDOFIET, AT 3V ¢, BRI v DA
RIMNES VI LAERTE I ENTE S,

4.2 #EH D NMF I & ZEEDHEIGE

41 i TRk HI, T LERENI1OD
ARY PVARED S, SRR Z B S BB D
AR FNVEELZEDNTES, I5IESRAT Y
REIATHEONILARY PLVDOELSE W ET 5,
—7, R LwT A N F =Y DIRIEA R ba s
SL% X EL, W ZHNBETY & LTHEdH b
NMF Z#fHd3 2 & T, 727574 54175 H %2—
BICRODBZEDNTES, AWRETIET 7 T4 ET 4
Ao, RTRENS X I EHRL%EFT5 % v
TEtEEE AT 3.
1. H=WI'W)'WTX 2§57 3,
2. H-HcR; ={z,2€[0,00)} ELTHZ

FEAZEH~FH T 2.

3. ”*I‘Tl — Hj, LIFBULT 3.

IV DA ESNEREGIW &, BohkT
JFAETAIHIHD»S, WEHD, X IZHT 3
HIGE (W, H) 22X CEHHET 5.

@(W,H):BE;BCWT;6 (10)

b LW BT —% %29 $CRBTE R, A
FEETAIchUE, ERFWE 1L X hiEI LT
JIH OEFEDS A E RS, ZDkD, FH2.
T H #IFAEBAFEL 72 & 2lcEbN 2 FH»%
(B, £oT, 209 ke (W, H) ORI
DIIRINCAR S 22 5. —Fi, W 235 A b F— &1 fifi
AN T2 FFES IR B EETHIA S, H
LIEL CHEES N, Bl Dpuo (X, WH) 21X < 7
ZOTHEEEIIE kD, Lo T, KA (10) TH
XNDHWBER, TV LTER LW ORI %2R
TIHiBIE E L THWS Z ENTE S,

4.3 BEZILIVXLICLZIBEEERR

BETZALITY XLE, BEFELTCRHAINIELK
DR DD S, WEIGEDECEEZER L TRY -
PREREEDIBR L eh s, LD #EUIREEHRET S
TNIYALTH L, RifETE, BE7TLVIY AL
S TT AN TF— I L 2By 2 ERT 2 2
£, BEOBEWESMT 2 BIET. % 11, _EE
BT BEET LT R LAOERER CHEED IR %
Y.

(© 2011 Information Processing Society of Japan



IPSJ SIG Technical Report

R 1 RBECBT2EET VT ) XL DR
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