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BIEOIE - X - BEH%Z ) 7L A2 1 L TR [Koyama+ IEICE Trans 2014]
Yokosuka =z — Musashino

> Loudspeakers (for high freq.): 64, 6cm intervals
> Loudspeakers (for low freq.): 32, 12cm intervals
» Microphones: 64, 6cm intervals

> Arraysize:3.84 m

» Sampling freq.: 48 kHz, Delay: 152 ms
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BREZORR1L

— Source signal: Low-passed pulse (0 - 2.6kHz)
— Source: Loudspeaker, Position: (-1.0,-1.0,0.0) m

Orignal Reproduced

[Koyama+ IEEE TASLP 2013]
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BREZORR1L

— Source signal: Low-passed pulse (0 - 2.6kHz)
— Source: Loudspeaker, Position: (0.0,-1.0, 0.0) m, 2.0 m forward shift

Reproduced

[Koyama+ IEEE TASLP 2012, ICASSP 2012]
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https://www.youtube.com/watch?v=RmXGlatZK5Q
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Microphone array Loudspeaker array

> CNETIFERIZI2=ZTI—>a3> o1 7RESRATLEBEAD
AzRBEL. SH%xstAlL. BIRTA37T-0ODOEHEEN OWERMNLHE

% E(CARET
> REEEN T 1 LA EIC K B RETEE TDE S5 ZH# [Koyama+ IEEE TASLP

2012, 2013, IEEE/ACM TASLP 2014, JASA 2016]
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Microphone array Loudspeaker array

N

.
.
.
.
.
.
.
[+ .
. . ‘e
. .
. . ‘s
. - .
. . '
£} . .
- . o]
- H ‘s
- . .
. . .
. . .
[ " -
. . H
= " .
. . .
" . N
. . Py
. . B
« " .
» " N
. 3 0
. » Q
0 » Q
0 Q
0 K
0
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
-

(S80I : TV ESHSLBOSHERE - BT (SBEHR)
> MIEHAEEZEXLVIES
o HEFRRITIAFAENTICE D < F57E [Ueno+ IEEE SPL 2018, IWAENC 2018]
> EIEHIERZECHEE (BROZEMMNARAN—IAMZRE)
o X )N—ATERIZE D < F57E [Koyama+ JASA 2018, Murata+ IEEE TSP 2018]
\ « Reciprocity Gap FunctionaliCE D < fXEEY A 5 7% [Takida+ SAM zolgiK
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Microphone array Loudspeaker array
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> BIRUEHZWVIEZRIY 7OERBRZzAVCEREEL
[Koyama+ IEEE JSTSP 2015, Ueno+ HSCMA2017, ICASSP 2017]

> WIS (N1 D)« AE—HDBEEDERIEL [Koyama+ ICASSP 2018]
\__ J
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N. Ueno, S. Koyama, and H. Saruwatari, “Sound Field Recording Using
Distributed Microphones Based On Harmonic Analysis of Infinite Order,” /EEE
Signal Process. Letters, 2018.

S. Koyama, N. Murata, and H. Saruwatari, “Sparse Sound Field Decomposition
for Super-resolution in Recording and Reproduction,” J. Acout. Soc. Amer.,
2018.

N. Murata, S. Koyama, N. Takamune, and H. Saruwatari, “Sparse
Representation Using Multidimensional Mixed-Norm Penalty With Application
to Sound Field Decomposition,” /EEE Trans. Signal Process., 2018.
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B TRMEERICED < S5 EIEK

[Ueno+ IEEE SPL2018]

— Room
pd

> ONWEBRZ S EHRVEES mp FXHelmholtz51ER
Vau(r,w) + E*u(r,w) =0 (r € Q)
> OREREHERIC X 5 KIA BED |

u(r,w) = Z Z ab (ro,w)eh (r —rg,w)

V=—00 U=—V

Pl (r —ro,w) = Vg, (kr)Y (0, ¢) : sigsnmas
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B TRMEERICED < S5 EIEK

[Ueno+ IEEE SPL2018]
— Room
e

> BORENRIEURRIC &K 23R (cont.)

T

u(r,w) = a(rg,w) (r—ro,w)

ra(rg,w) c C=
p(r —ro,w) € C=*
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(.| ERRROFEITES)

> BT L THIC BT B BEMRKIEETRE(Translation) D
AR EBFIC K > TRERT T 5 B Martin 2006] ,

a(ry) = T(rg — ro)e(ro)

a(ro)
> = =T Gaunt{Rk

1/—|—1/

Z Z ST k)Y (0,0) G i, — ) | o

v'=0pu'=—v’ =0

> TranslationBHE FICEA L TUATOMEMED LD
T(—r)=T(r)"!' =T ()"
T(r+7r")=T(r)T(r")
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> BEENDISEFM (0, ¢) ZFOME ToD T 1 I DIHElE.
c(0, ¢) DECEBIEMERGRE ¢, € CEBEVLT.

o0 v
S = >4 >4 C,’L/L*Oé,’L/L(T‘())

v=0 pu=—v

— cHa(ro)
EISEM YT I DIBEIF L = 0,00,0

> AIETL, - TM D MEBEOIALZICXZEHAESIE.
M

Sm = € a(Ty,) + €~

= T(r, — 10)(ro) + €m

[mb‘h%qmdﬂranslation ]
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» N1 7 DHAES 21T TEC L

s =Z(rg)"a(ry) + €

> IclzL. 8= [817°°°78M]T\ € = [617°°°7€M]T\
E(ro) = (T —ro)), - (N T — ro)]
= |T(ro —r1)c1, -+, T(ro —ram)cum|

(E COOXM)
Translation@E&F D& ]
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> €~ Ne(0,2)B & alro) ~ Ne(0,0,I) ZIRET 3
> HRRTAH Y XBAEICEA Y $BayesDEIE & D [Stuart 2010

a(ro) DEERRAEL. ARRTOBE LAEOFIE |
Pa(r0)|s — N(C (Ua(ro), Ea(TO))

[Translation‘}E%?@'ﬁE mp ERFBOICEKEL BV ]
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> BIRXTOERGRE a(r) 2 #E T 3 UTOREE L

B [Laborie+ 2003]
s = E(TO)H&(TO)

| tErst D EBIRM X TranslationiT5l (BME%TT) |

> ERUE T ICE T2 EAREOKEEEIL.

&(r) = T(r — m0)2(ro) (E(ro)"E(ro) + Mur) s
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[Ueno+ IWAENC2018]
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> a(ry) DEFEEIFN=0°/c2 2 LT

&(ro) = Z(rg) (B + Ay~
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> ZRFTICE TR TFEBEEBEOH#HTE (650Hz)

B fI5YIDE 541D s+ (%)
g_{E iﬁ ro = (O0,00) Ty = (15,00) M

Normalized error [dB]

(3%¢) [Samarasinghe+ IEEE/ACM TASLP2014]
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[Koyama+ ICASSP 2014, JASA2018]

Plane-wave component
~
Source component

Ty ¢

> JEFRHelmholtzH 2
ERLvakis]

(V2 + k) plr,w) = —Qr.w)”

EDRARICE T BRAMDITHREHF
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[Koyama+ ICASSP 2014, JASA2018]

Plane-wave component
~
Source component

Ty ¢

> IEFXHelmholtz AN DRIIIFRE FRBE DFTEITS

p(r) = pp(r) + pu(r) E&@tﬁ%ﬁﬁﬁtdﬁﬂ ]

— Q(r" G (r|r")dr" + pu(r)
r'efl GreenBEI#K
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Source components
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> Sparse signal representation in matrix form

@
e

X

> Signal decomposition based on sparsity of X

.o 1
minimize - [ly — Dx[, + Al|x[} (< 1)

z ¢ CM

e

(TIT LIl m] M

¢,-norm penalty forg]
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[Koyama+ JASA2018]
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> TI—TFRN— 2 EERLIES IR Murata® [EEE TSP2018)
ERIBIE :

2
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J

!
mln%nlze 5 Z |
t,f
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S. Koyama, G. Chardon, and L. Daudet, “Joint Source and Sensor Placement
for Sound Field Control Based on Empirical Interpolation Method,” Proc. IEEE
/CASSP, 2018.
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() #IEEE
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0D : =& EmE
> Single layer potential IC& 2 EHDKRIR = ¥ T ¢ ILXFRETDORIBEICIKFE

u(r,w) = / o(r',w)G(r|r',w)dr’  (r € D)
r'€0D \
\EE EREHES density\ T/ F— )L
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| —xER (xE—h) ct>Y GIER/RTY) ORELEELZ? |

> BEFE . RS RIE
— Gram—SchmidtE3Z{bICE D < A% [Asano+ 1999]
— AN—EBUCED < A& [Khalilian+ 2016]

W FESIRICRELLETILOY XLDIEFEAL

> BEFE oY EE
— BfE/Ny I, FEEMET T, 2ET7 LA 2BV IEERERE
72D [E)E* [Poletti 2005, Betlehem+ 2005, Koyama+ 2016]
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> Empirical interpolation method (EIM):

— RHAD A RENDOBUERENT O ARTHESE

[Barrault+ 2004]
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Empirical interpolation method (EIM)

> WS A E Y Y T VT S OPERMEE RE L. B8
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a(v) ; e v(zg) = Zcq’hq’(xq)
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> B#MZERE Y 2B mZEEITHIE L TEIMZEH

> Input: Candidate locations of loudspeakers ' (I € {1,...,L}) and
control points 'y, (m € {1,..., M}), transfer function matrix G € CM*xF
, tolerance error €tol

> Output: Set of indexes of loudspeakers and control points

1. SetQ-=1
2. while € > €401 do
3. Choose loudspeaker index
lg = airg1 maLX HG.,Z — IQ_l(GmQ—lal)Hoo

4, Choose control-point index
mg = arg max ‘Gm,lQ — (IQ_l(GmQ_l,lQ))M

5. Compute error
€= max, HG-,l - IQ—l(GmQ-l,l)H2
6. Set Q=0Q+1
! endwhile [ #rEmzuTToEERROELL
L W7 1 L2 DRENZ R
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Results - single frequency case

—6—Proposed
X X ->-Rand
— A ‘ Reg-Reg
g + Reg-2L
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N
o
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e

Number of samples
5 B

200 400 600 800 1000 1200
Frequency [Hz]
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Results - single frequency case
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Results - single frequency case

» Synthesized pressure and error distributions at 800 Hz

Proposed Rand Reg-Reg

Error

Pressure

July 18,2018
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Results - single frequency case

> Output power of loudspeakers at 800 Hz

300 7
[ |Proposed
[ IRand
2200 Reg-Reg
5 [ JReg-2L
S
(& 100
0

-20 0 20 40 60 80 100
Output power [dB]
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Results - broadband case w/ Gaussian noise
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Thank you for your attention!
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