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The goal of this study is to develop a novel array signal processing framework
exploiting the geometrically-symmetric sensor arrangements. The achievements are
summarized as follows.

1) Almost all possible sensor geometries have been obtained.

2) The multiple source localization algorithm robust to diffuse noise: Crystal-MUSIC
has been formulated.

3) The diffuse noise suppression algorithm under reverberant environment using
multi-channel filter has been developed.

4) The blind estimation method of impulse response under noisy environment has been
developed and its fundamental effectiveness has been confirmed.

5) Generalizing the concept of symmetry, the diffuse noise suppression algorithm has

been expanded to be applicable for any arbitrary sensor geometry.



(GHEHAL - 1)

B GIEEES & &t
2009 4FE 1, 900, 000 570, 000 2, 470, 000
2010 4FEE 1, 600, 000 480, 000 2,080, 000
FHE
FEE
FE
w &t 3, 500, 000 1, 050, 000 4,550, 000

AT I I

i o453 - #iH

R T L - T

F—U— RS LA IR L R A N7 o v BB, 7T A BE BB, MUSIC

B, BIUENL., HEE T

1. WL PO R

BRx RSO T WA ESE T HEERETO
BHE 500, BHOETH1E5 2083, o6k
T 5T LAEBAFR DAL, k& 2 fEEO
BEaEXRL LN LZ0HGREREESE
T&7, ROEARMRBIEfE— A7 4 —~
W2 X B FE R O &2 BB 01z, MEETR
FINSH L CHRmMEDEZE S 2T 5 2 L1
LV HESERET DA E — LT F—~
WIS T VA BB E I (J. Caopn, Proc.
IEEE, 1969. 7¢ &), M52 Bk 29 43 A7 (A
Hyvarinen et al., Wiley, 2001.), 72 &®
WIRIZED, DEOMEFRNOAEL LTS
ZRET DT UV AME BB X IE ST
LizeWnWz b, LUARNLEREICFEET
HHETEREL, YT LLDEBROESE - M
JREXIR ST, JEBMEOMES S EZH S 120D
LW MR ER S LTz,

2. BFEO B/
REFFEAREEIL, TEFMRMEE S %2, Ba N
0 @ @

Rectangle

0,
9‘%@

@

Regular Octahedron

0,
ONIN'C
g0

©O—9) @
Regular Polygonal Prism

X1 : fEeatle o7 LA O]

Regular Tetrahedron

Z

Regular Solid Cube Regular Icosahedron

AT LIRS ED T T ADT LA BLE (K
12M) CTEHIT S &, HEF AT R
BRIDREIEIZ 720, FDRRS OB 2l & %0 &
B Th, TVARBELTTRELDH D=
2 VATHITRHAIETE D) EvvD, HIFEEM
H OB RISV TV 5, ZOERIC
FEOEHEELIX, £oBITHICEEND
(RFIFBIN T X 72\) SIS oy % %F
AL, MEEZARTICHLIADD Z LI
TJOARANRY KNV ) A X7 Y —|ZT 5L
WIHTAT 47 (X258) % F8EF 508
WAL, U =27 ML OERSEHEESR,
PEHHEEIME~OBERMEZ T TICHR LT
W5, ARAFZERRED BIOIE, O TiEE R
AN « JEF8 L, SEEREE C i &L Dk
K&, o7 VAFEFRE~OYET 52 &
ThD,

[ ) o0 oo o
o0 — |oo® 000
oo | — ° 000
o0 o ® 00
TR (EERHWTH BB RHRTI
ERBRAEIAZTY lﬁ%‘#ﬁﬁﬂﬁmt
° ° °
° —_ °
00| — ° ﬁ-
° °

X 2« MEE I HOS A IS < HMEEBRE O JFER

3. WED L
AWFFECTLE, RIS OHEIECH LIRS R
ERHT DO, FEZLICRYELT



—~zH KL, UToOXICiztED
%o FEAHNTIE, BlEmHI 2R SEBEIIE N B, TR
(BB 2 AE L7 JS Ry 22 iR 8~ B L
T FEtx & o7,

4. WFFERH
BONIMERBITUTOLIICE LD S
ns,

1) SHMEMEEEA A BT D57 L
A BLIE ZBEERAVICHET L. e b8 Eh
BB R 3ROt D RBEIC A TICR LT
FryrTHZEICED, HEFIRSWITIIO
T oA v NEMBEEIT O BV ELE & L
T, ZhETHLA TV, EZAF, E%
At (hUhgt), FmlbmE (RAEE
te) . EHE, EZHEIROMD, Bz ehliE
R LT,

2) BEEREMTIEE LTHARMUS 1
CIEZPLIE L, YEHOE S T ComkEE R85
FIRENL &2 AT 9 72 DTk + CRYSTAL-MUSIC
Ea b Uiz, BERMICI3E0 8T8 0K
T I PEOEICIE S E | 1T8IMITE L WV D 5K
FHY IR EAN & SRR I BT O T T A
v REFBET VARG DY TEELE
b L, EHEEBRICE V20 EHER L
7= (K 3&M),

10 ‘ ‘
—©—conventional
& -+ crystal
=)
(]
=
w
N
=
x
-15 -10 -5 0 5
SNR(dB)

X 3 fE3d MUSIC £ & Cristal-MUSIC
ED & DOTNIFEE O LR

3) fEmil~A a7 47 LA TSR
BEMESE IED D DEF ¥ R 4 —
FT—=T 4 VA RGEHER . BN EORENT
TET 2812 bl AR ICPER Lo, BRI
i, FREBOFBICIVEEETET ALDLT
NDATT VU TRy Wik BRGSO R
MHT T4 RHEET D FIEE ML LT,
4) EEREECOERE R ERRIEML DT
WIZ, fEmbll~A a7+ 20T, HiR
Moz ~A 70T ETDOENA /L
2B, MEEBREE T CHEET D FIEE B R
L. EEEESERRIC L0 AR A2 el L
7=

5) xtFEOMEE L, RO
MOMO7 a AR MVOWEIZERT
HZ LT, 7aARANY MVEREE WS
(BB 2 A FTRE 72 8 L WS I E R O
et 2 et Uiz, ZhUC &0 | HESHED

HHHEPA R E SRR o712 (M4 ),
9

pnobosed'
Zelinski 3% N
8} MVDR OJ ,«X’”*#" i
° A ’
o Tt o
I *
° st X g8
-g— &8
4 i i

0 10 20 30 40 50 60 70
diameter (cm)

M4 TrAYARIHTBHIEAR
AT R VEEINEC X D M EMERE

5. E7pFEIGm L
(WFFEFRAE . WHIEo 8 M O 24 |12
(=S

Gdestamse) (B340
Nobutaka Itou, Hikaru Shimizu, Nobutaka
Ono, Shigeki Sagayama, “Diffuse Noise

Suppression Using Crystal-shaped
Microphone Arrays,” IFEE Trans., (¥&#
&)

Nobutaka Ito, Emmanuel Vincent, Nobutaka



Ono, Remi Gribonval, Shigeki Sagayama,

“Crystal-MUSIC: Accurate Localization of
Multiple Sources in Diffuse Noise
Environments Using Crystal-Shaped
Microphone Arrays,” Proc. of LVA/ICA,
pp. 81-88, Sep., 2010.

Nobutaka Ito, Nobutaka Ono, Emmanuel
Vincent, Shigeki Sagayama, “Designing
the Wiener post—filter for diffuse noise
suppression using imaginary parts of
inter—channel cross spectra,” Proc. of
ICASSP, pp.2818-2821, Mar., 2010.

(E) GF11)
Nobutaka Ono, Shigeki Sagayama,
“Crystal-like Symmetric Sensor
Arrangements for Blind Decorrelation of
Tsotropic Wavefield,” Signal Processing,
S. Mirona, Eds. INTECH, pp.385-396, Feb.,
2010.

6. BFTEALAK

(D) WFFERERE
/NEF JIE# (ONO Nobutaka )
FORNREE: « REEBEE M LR AT 788 - &
il
WF7E8E %5« 80334256

(2) WFFEs5 14
C )

MRE S
(3) I I




