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s
1 Si,N) s Tij =

(xij,la sy .Z'ij,M)Ty &U yij = (yij,la Ce 7yij,N)T t
5. 22C,i=1,...,1I, j =1,...,J, RO
n=1,...,NZZEhZTnEKEHL >, KE7 L —

L, ROEESDA YT AThHD. £EIRIS1A
MORERTH D, FERH 7 — ) T2 H# (short-time
Fourier transform: STFT) D& EHMPFREIRFR L v +
nEWGG, &REEE VI Bb‘f/rb:l??ﬁu

(@i1--a;n) € CMXNPEEL, RO K SIZH 76

mij = Aisij (1)

72U, ain FABEB I IZBTEEE n DATTY
VIR NVTHSE. M=NHm»D A, WIEHITH D
Ba, A OUWTH W, e CNXM Z2H#fE$5 2 ¢ T,
D &S ﬁkﬁﬁ’f:ﬂ?yy 55,

Yi; = Wiwi; (2)

2.2 ILRMA [3]

ILRMA T, &EHAKEZ LV —-LIZ8F 55
I n DD

Sijm ™~ Nc <07 Ztil,nvlj,n>
l

125 BRI T ARHIHENER T B R
ETNERETS. TIT, ti, >0, vy, >0
NMF Z28Cd v, | =1,...,L 1 NMF £ED1 >~
T2A, LIENMF OEEHTHS. ZOK s IF
LAEGEFAN T AFHERE, N (1) L LREHRN
DARHOBERLD, z,; EELERERN T AN

mij ~ Nc (07 Z rijvnahnagn) (4)
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Twnzzijzjtunﬂnxn (5)
1

ZHES. ZTT, 1 EEE n OFJRETIVITHY
U, FEAFEHTH S NMF ZH-D t;, & v, ZHD
THFNRT—DARZ v a2l 5 h%EST v 7HELL
ZEDTHD. £z, ajn \FATTIV Y IRT ML,
BB ER n 2B 5 BMERIOHEEINE T VD

3)

*Evaluation of multichannel hearing aid system using rank-constrained spatial covariance matrix estima-
tion by Masakzu Une (The University of Tsukuba), Yuki Kubo (The University of Tokyo), Norihiro
Takamune (University of Tokyo), Daichi Kitamura (National Institute of Technology, Kagawa College),
Hiroshi Saruwatari (The University of Tokyo), Shoji Makino (The University of Tsukuba).
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5.

u 1 ~(u) [ ~(u H
Rf)—JE:ﬁf(%f) (12)
by = Z Vijn (13)
n#np

22T, R'™ IZILRMA 12 &k > CHEE X M- M5 D
Vo M —1ZMEMGHTHY, b ik R 0%
A SIS 2 BAEANZ ML, N\ EAAT—
ERCTHB. 22T, R ITBVTHET RS
2\ I THY, ILRMAIZ X > THEEI N7z R
&b 2lEEL TR ZTS. &IRIZ, X (9) DH
MHEIRDO DD ER DM 2 ERL 7T /7ﬁiﬂf"3h‘%
2SS ECE TV DT B ERIE £ 1FIRD &L D
Kxns.

QMM@Mﬁiﬂﬁmﬁ)%+M®m@

R —
i
+ (a+1)log r(h) + % + const.
T
T
Z Z T, const. ZHMWEBIZKFL BWERT

Hd. ZOBENBAEERE L 1 expectation-
maximization (EM) 7V 3V X L% AW T (b X
na [5].
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OfEfEME 7 u R v ERO iz, A= T
Y%, Fig. 1 (¢) DL IIZX I =~y KOKIERH» S
20 cm OALEZELD A1, BIEBENL s A< &5
2 oI 2705V % 4 cm OB TELY {7+
F72. 43 8ch DA 7Ry Z2HHLEZTI—~Y
N & FAWTgkRETTS. HEE, Figs. 1 (b), (c), (d)
DEIIZE~TI 7R NI LTFHFINY VT E2T
2. BI—~v ROFEIZ170cm & U, & % H
L7282 Fig. 1 (a) DX I—~vy REFERETIEKL
7. ¥£77, =~y NEREGEDANE DX E2MEE
L, KPS OTETOEIZED, A¥V—HDEI%
152 cm & U 7=.

3.2 A VNV RAGE S IREUMEME D UNER

A VIOV ARREOFHAE L UT, RREEE MK
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INERERE ] OF TSP 55 OINERSA: % Table 1 12737
Table 1 DAEFRIZHEDE, BI—~v I\‘VJWBXE’ 7
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Fig. 1

(a) Overall view of dummy head and torso,
(b) right-ear microphone array, (c¢) smartphone’s mi-
crophones, and (d) left-ear microphone array.

Table 1 Recording conditions
Recording location Studio
Reverberation time (Tgo) 300 ms

Microphone C417 PP (AKG)
Loudspeaker ADIVAII (Anthony Gallo)
TSP length 65536 samples

Recording sampling freq. 48 kHz

9NRE—V DAY —=ANBEIZE TS TSP 55 %5
U7z, EHIT 3 9 /8 X — 2 DAY — 1 DAL E O REIK
X% Fig. 2 IR 7.

BT —ZOERE LT, BADPHBHIZHE) - 25
U TR 2 8 Uk & 17 o 7. MESTRI iEE’Juﬁ

HEEXOMFEAETHELTWE D, Bh#HEIC
I —~vw NETAERE 1mmn@¢ﬂibﬂwéﬂﬁé
7.

4 FHM@SRER
4.1 ZR&EHE
ARFAMERRO HIIE, MEEAT— 74D~ A
I aR Y ERWEZFHERERRIZBWT, ERERTO
ILRMA & 5 > 7 #I#R & 240 8E TV %
L, ZNoDEREICODOWTHET AL TH
5. BT —RR—Z JNAS [9] DKFT— X 1 3 2
3.2 M TR U721 VSV ARE R BAAALE D%
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S1500m

100 cm
75 cm

Dummy head

Fig. 2 Position of loudspeaker (mouth of conversa-
tion partner) for nine recording cases.

Table 2 Experimental conditions for BSS
Sampling freq. 16 kHz
1024 sample
FFT length (50% overlap)
Window Hamming window
Number of bases

in low-rank model 10
Number of iterations
in ILRMA
Initialization of W; in ILRMA
Number of iterations
in rank-constrained 10
SCM estimation

50

Identity matrix

E%ﬁﬁtb# FRHCMEMERS 1213 3.2 HiiCUNER L 7= 4
a%%mt U, HLEZI—RATF—XDY v
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T\, B BELBHIET 10 FERIT L2, Zoftho
Aft% Table 2 (2R 9. MU EDSEKMT, FMEREL L
T source-to-distortion ratio (SDR) t# & [10] % H
W BEMERE & R U 7.
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AHE) DY) SDR SGER O KEIZ & 52/ % Fig. 3
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E\ SDR R &2 KT 5 Z LR nrotz. ZhiT
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MAREHENZ ARSI NI,

4.3 BHABRAASNRICHEITZ SDRUEE

Iz, AE% 0° IZREL, £ANSNRIZBITS
SDR SEROMEMIZDWT, ILRMA & 5 v 7 Hl#
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DOFERIZEDE, SDR EEHI LK E WA 2 [
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- ILRMA
Rank-constrained SCM estimation (a=0.5)

—— Rank-constrained SCM estimation (a=1.1)
—a— Rank-constrained SCM estimation (a=10)
—a— Rank-constrained SCM estimation (a=20)
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0 2 4 6 8 0 0 2 4 6 8 10 0 2 4 6 8 10
Iteration

Iteration Iteration

Fig. 3 Average SDR improvements for each iter-
ation at microphone 1 under —10 dB input SNR
condition.
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