462 HAGEY5E 72 % 8 5 (2016), pp. 462-470

43.60.+d

TRERYy 724 70KTL—IlETZEEF v RILFBEEHTD
FEETIREFRBEE BV IRIEN— OB HEER

T4 K
R

AN B IE S

I~ SN

I EE v

B

M B oaE !

[EB] A#WXTlE, KM v AVEBOIFRMBITFIRT5H (NMF) 12X 5, FERESHEsGEOH
BEHATIEIC OV TEND , HEOFEESRICL 2L F v 2AVERIE, BRIy 7Y v ZHEED
BN TITFI SR TMAHED N 7 boizo, MAAERE AV 7 L — 5 0HI3H S v, Ik
NRBEFRWODHIIFY 7 bOBBELERELZITHWIEIZERL, FESHREL T v 2 IVHEEO
NMF (2X %5 v 2 VTS A Y ZOGN (RERRT A VHEE NMF) (I8 RN~ A 7 2 v 5,
F/, BERIVDTHRELT ¥ ANVEPHEOLNEVEFOFTFMMAOZO0, HEYFMIIFEE T 5K

fid ) NMF 122\ T %
F—7—F
TR, BERE R A% Y

HHEWH, TRy s ArakeTL—, 7)) IRERI A~y F, FEAHETHIR

Speech enhancement, Ad-hoc microphone array, Sampling frequency mismatch, Non-

negative matrix factorization, Time-frequency masking

1. 3 U ®I(C

ARy T L%, O A 70k TORE
WS &) =@ 2R IER L, B—0~ A 70k
TIIWEEZ, ElREh, EIRSHE, B RS s & o
HAIT) 7L =0T =20 ThHY), TxMHT 584 %
TN = a YNOIHPREE NS, LAL, ¥
A 70k 7L —TIREMYZERE LTI A ZHT
DN GRRERZER EXF0P) L LT b O E R
FsRE P LETHY), T/, Wz EsE5120
YA AR L)~ A 7 R REBICEET AT L
ARODEND, DL ITEEHEICRE LT M
LD EPERIIBITAMBESR L SNTE 7,

COLD e, WAFEERARA AL 35 EOIEF
B S st oMEE L T—2D) A4 7k 7 L —
ELTHHT 2IERBIGHEI~ A 70k 7T L—~D
MO EE 22055, FRPIHI~ A 70k T

* Amplitude-based speech enhancement with non-
negative matrix factorization in time-channel do-
main for ad hoc microphone array,
by Hironobu Chiba, Nobutaka Ono, Shigeki Miyabe,
Yu Takahashi, Takeshi Yamada and Shoji Makino.
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Fig.2 Channel-time domain representation of ob-
served signals for each frequency bin.
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Fig.3 Block diagram of amplitude-based speech en-
hancement with NMF in channel-time domain.
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Fig.4 Arrangement of microphones used in evalua-
tion.
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Table 1 Recording environment.

Microphone SHURE SM57
Power amp. YAMAHA XM4080
AD/DA Steinberg UR824

Table 2 Sampling frequency of each microphone in
asynchronous recording.

Mic 1
Mic 2
Mic 3
Mic 4

16,000 Hz
16,001 Hz
16,002 Hz
16,003 Hz

Table 3 Experimental condition.

Source 4 people
Frame length

Frame shift

4,096 samples
2,048 samples

Signal length for supervised training 10s
Signal length for evaluation 10s
B-divergence B8 =1.0
Initialization parameter « a=20.1
Number of NMF iterations 200
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Fig.5 The comparison of SDR between each method
in a synchronous recording case.
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Fig.6 The comparison of SDR between each method
in an asynchronous recording case.
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Fig.7 The comparison of SIR between each method
in a synchronous recording case.
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Fig.8 The comparison of SIR between each method
in an asynchronous recording case.
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Fig.9 Arrangement of microphones used in evalua-
tion.

Table 4 Recording environment.

0.65s
31.5dBA

Reverberation time

Noise level

Table 5 Recording devices.

Mic 1 Apple iPhone 53
Mic 2 Apple iPhone 5S
Mic 3 Sony Mobile Xperia

Mic 4 Apple iPhone 5
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Table 6 Experimental condition.

Source 4 peoplex 2
Codec PCM
Sampling-rate 16 kHz
Bit-depth 16-bit

Frame length 4,096 samples

Frame shift 2,048 samples

Signal length for supervised training 10s
Signal length for evaluation 10s
B-divergence B8=1.0
Initialization parameter « a=0.1
Number of NMF iterations 200
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on recording a certain source.
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Fig.13 The comparison of SDR between each method
in an asynchronous recording (Case 2).

ThH, FERBREZ KT DI
HHI LR LT,
FFEC LY AR L 725835 5 O SDR % Fig. 12,
13127/RF, 22T, Case 1 & Case 2 IIaigx 4B
EHLTES LZBNTH L, 2B, AEOEE L [H
FRIZ, PNMF TREHIEO K E S Of%EIZL ), SDR
DVl S & L T o 72k & OFMifEZ B L Tw»
5o EBOIFEFMMPHE T HVLERTH L7120, K
LTHH LTSGR~ 7)) v 7R
IATy FLUSNS, <A ZEERIRIAME R & O8RS
TEARE, S L OREEEEVFAELTND, £
DIz, A SNRPFRKELIESEDVWTWE, Ok
&, Unproc. I2& % SDR IZENTW5
Fg1213#%,uﬁﬁﬁ%%w%nﬁNMﬁ&U
IVA 3 EWIC & o TR S HIL L T b 2 La®
5hh. —J5, PNMF [0 SNMF |2 X 255 &
%Lﬂ@ﬁﬂﬁ%%mﬁié& FTRTOFPHFIHFL

BN D B Z E DR TE S,
Li_ta)éé‘%ﬁﬁf%ﬁ‘%, PRIENR— A DFFEBATET
&% ASbf, PNMF, SNMF |2 X % H #3556 13 20
DIEFIIFE & Tk L 72 BUIME 512 BT b A e
ThbHIEDPHERTE 2,

7. b VI
A LT, FEFERE S B B E e Tk &

ZH R BT ENIRET

(2B 2 R T v A OVSEIR T OIERBEATHIE F73 % & F o 72 3RIE N — 2 O F 5 469

LT, Fv AV ORIEEIZHED < HRYF MM TET
H BRI A K NMF % 7B~
AF v T OWRERMGE L7z FHTIET 15 oI
SREBET A YK NMF 9] &, &S Ot
10] TH 5, H—FHXM CrEEEr 1 v g H
I8 T 580 H ) LZRE A 23K NMF % v
720 FERETOFEZHVAERERLY, 27
YURERI ATy FICEST, TS OmERET
A K NMF 259E R igkE (O LGl ez, 2
MFIIEE R RFATETH D L R MR LT, T 72,
hfid V) (ERET A v FE NMF ONn 7 B H
PRI R AR L 720

&t 22
a0, BRAFse b & 2LA505E (B) (25280069)
KOt a 2B EAR M A OB E 5217 72 DT,
F70, KXz sb ETHERGEIHSr W2 &F
L7z, B BUWERT R ZeiT o5 B A H L
FFEd,
X ik

(1] /NEPNEE, = Epuatst, By —, SRR~ 1 2
By 7 LA IS CEBERLE FEERE, 10,
391-396 (2014).

[2] /NEFNEE, Trung-Kien Le, B30utsf, SBFHE—, «7 F
By A SR T L - BHOE N VR T
) EEME T 5% FPundam. Rev., 7, 336-347
(2014).

[3] E. Robledo-Arnuncio, T.S. Wada and B.-H.
Juang, “On dealing with sampling rate mismatches
in blind source separation and acoustic echo cancella-
tion,” Proc. WASPAA, pp. 34-37 (2007).

[4] Z. Liu, “Sound source separation with distributed
microphone arrays in the presence of clock synchro-
nization errors,” Proc. IWAENC, pp.1-4 (2008).

[5] S. Miyabe, N. Ono and S. Makino, “Blind com-
pensation of inter-channel sampling frequency mis-
match with maximum likelihood estimation in STFT
domain,” Proc. ICASSP, pp.674-678 (2013).

[6] R.Sakanashi, N. Ono, S. Miyabe, T. Yamada and
S. Makino, “Speech enhancement with ad-hoc micro-
phone array using single source activity,” Proc. AP-
SIPA, pp.1-6 (2013).

[7] S.Araki, H. Sawada and S. Makino, “Blind speech
separation in a meeting situation with maximum SNR
beamformers,” Proc. ICASSP, pp.41-45 (2007).

[8] Iz, /J\ﬂ‘ﬂ]ﬁﬂ Ra 1‘113 ERHTE~ A 27
L— @tb@%%x«yﬁwt LT =< DIRE &
ihimdE, pp. 829-830 (2013.3).

[9] M. Togami, Y. Kawaguchi, H. Kokubo and Y.
Obuchi, “Acoustic echo suppressor with multichannel
semi-blind non-negative matrix factorization,” Proc.
APSIPA, pp. 522-525 (2010).

[10] H. Chiba, N. Ono, S. Miyabe, Y. Takahashi, T
Yamada and S. Makino, “Amplitude-based speech
enhancement with nonnegative matrix factoriza-
tion for asynchronous distributed recording,” Proc.
IWAENC, pp. 204-208 (2014).

[11] D.D. Lee and H.S. Seung, “Algorithms for non-
negative matrix factorization,” Adv. Neural Inf. Pro-
cess. Syst., 13, 556-562 (2001).



470

[12] R. Kompass, “A generalized divergence measure
for nonnegative matrix factorization,” Neural Com-
put., 19, 780-791 (2007).

[13] M. Nakano, H. Kameoka and J.L. Roux,
“Convergence-guaranteed multiplicative algorithms
for nonnegative matrix factorization with g-divergence,”
Proc. MLSP, pp.283-288 (2010).

[14] P. Smaragdis, B. Raj and M. Shashanka, “Su-
pervised and semi-supervised separation of sounds
from single-channel mixtures,” Proc. ICA, pp.414—
421 (2007).

[15] A. Cichocki, R. Zdunek and S. Amari, “New algo-
rithms for non-negative matrix factorization in appli-
cations to blind source separation,” Proc. ICASSP,
pp. 621-624 (2006).

[16] E. Vincent, R. Gribonval and C. Fevotte, “Per-
formance measurement in blind audio source separa-
tion,” IEEE Trans. Audio Speech Lang. Process., 14,
1462-1469 (2006).

[17] N. Ono, “Stable and fast update rules for inde-
pendent vector analysis based on auxiliary function
technique,” Proc. WASPAA, pp.189-192 (2011).

FE A

2013 FHEA - 15 - [HHFAE. 2015 [F]
KEFRFWE - ¥ A - CS HELRHIREE T,
Bt (15 A A F =T HRASHICA
1o e, 7LV —fEF0HE, FFEFEL
2B A05EIciEd, HARSEZEASRE,

NEF O NIEE

2001 HAELHIGMEE T, FH4E FK
FBF, 2005 KR, 2011 [E1E
WM R, T VA ET0HE, &
BEN, FES MR &0BEEEFUED
g2 ftsE, 1 (%), IEEE Senior
member, HARFEZS BT IEHREREF
2, BB, RN BB, £

2H

=EE g

2007 R AE LA T, 2008
KT a— VT ILRREEBIISEE, 2009
BOREHMEAFZEE . 2010 FRBI#, 2011 5%
TR, HEE TN OIS, 1H
+ (I'%), HAEZES%, IEEE, ET1H
HEREFS, §5H,

1 EE tA

2010 % BRI T, [F4E
Y2 RS AR, B AR - SR
BEALEH B A TR IS, it (5,
HAS®E%4 IEEE, NLHRYS, &

A
-~ X=o

WHE  HE

1999 Z=Ruim K ARIRAE T, [F4E,
SN KRR, BUE, MdESdZ, SRk,
LIS, £F v A IVESTUE, X574
TR, e T — = v 7 ORFRICHEDHE,
i+ (%), IEEE, & TIEHulEYE,

LI 2, BAEEYS, BASHT
A bR, KEH.
KE B

1981 AL A KFEBEELIE T [M4EH
KERFERDEALL, Lok, NTT fF5Er
ZBWT, BAEEARG, TR O —Fy
v 7, T4 FERSHER EOTEE
I OMTEIHESE, T, BUE, JUEK
‘ i SEA ARSI GE v 8 — HdR e STEVRE

A VR RRRE (RHEAPalr B pE7Esr), 1CA

Unsupervised Learning Pioneer Award,
IEEE Signal Processing Society Best Paper Award % &,
IEEE Distingushed Lecturer, IEEE Fellow, & {-&#uil
f5 4% Fellows




