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* SENZI: 3D sound-space recording and reproduction
method based on spherical microphone array.
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Fig.1 Concept of SENZIL
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Fig.2 Assumed scenario of the listener’s head
rotation.
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Fig.3 Microphone arrangement.

3. SENZI [C&WERENSZEFROEE [12]

HECRLEL) aFERIVERELEE
MomELStEEy 32— 3 YICEDREEL
72 SEEEIER LIRS 70FR T A
D<A 70k VEREZ Fig.30:EB)THbH,
WMEZOESF 4 X eBELTCEEE 1Tecm & L7z
RA Ty NI, 282 F ¥ ANDTA Z R
YEBBELTWA, RELLTA 7OV OME
i3, F20HEENEEZ 25 E45E L, T_TOHR
EOEE 1Tem OFRIRA 7YV =7 MZAET S &
3 RS A 4TS & L CHEIM L7 [18]. 2D
EDEELR #<f 0k ORBEBBLR—E
Yib, #2m Tholzo TIITRHEIIITYIE
LU AOEE, #85kHz M EORMKETR
BNAEZEEEIRL TS,

AEEEE LA 70 &y T LA ORER L[
RElC, R 17 cm OREROFEE LIZ 252 F ¥ &)V
DA ORyERE L, I - BHTNEE
SFRTL LT, BELS5mOKALILHY, 6;
FahoHET AELE L. FEREDIIE O;
i3, A Ok VERBLALEETEE T 256 5F

B b X CEERRET) Z TR, Hilh
SN HAOEFRIL 2,562 £ % B
GRS E B Y 3=~y F (SAMRAIL &)
O Eo HRTF #% Fig. 4 12, SR HRTF
% Fig. 5 I 7§ F7-, SAMRAI ® HRTF & &
% HRTF & D A~%7 bIVD§ & (Spectral Dis-
tortion : SD) % Fig.6 |27" 3, Fig.4, Fig.5 %
B2E, EERITNELOTAOZEFR LN
72¢ %5 10kHz LT @&H7- 0 Tid, HRTF e



382

Azimuth [deg.]
2
N
(=)

5 10 15 20
Frequency [kHz] [dB]
Fig.4 HRTFs of SAMRAI (target HRTFs).
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Fig.5 Transfer functions synthesized by SENZI.

Azimuth [deg.]

5 10 15 20
Frequency [kHz] [dB]

Fig. 6 Spectral distortion between target HRTFs and
synthesized HRTFs.
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Table 1 Specifications of SENZI system.

Component | Product | Spec.
Digital KUS 5147 | clock: 2.4 MHz
mic. (Hosiden) | SNR: 58dB {typ.)
CPU: Intel Core i7-820
Controller PXI;? 133 1.73 GHz
(NI) Memory: 3GB
FPGA PXIe-T965R FPGA: Xilinx Virtex-5
board (NT)x3 SX95T
Memory: 512MB

Fig.7 Photograph of constracted SENZI {AMS-2518,
System Keisoku Co. Ltd.).

5, Table 1 IC A7 AREEERFICMEA L
BOWELRT, $/2, [INEH] & UTHEL
PR A sk 7L A% Fig.7 I0RT. 3
KA rakr 7L idRERELHNIE Y
BRgIc L s LAROA 7V 27 M ECM
(Electric Condenser Microphone) < 7 25k >
(KUS5147, &> 7v) ZAIETHE L EC
252 Fx ANEELTS, RS20k F7L
A, EEN0.2em @ 5RKOFHTHZ Hh,
MEayYa—-FiERsha, BTy MR
A 16bit, > 7)) ¥ S EBEEAT48kHz T, 252
F ¥ RO RIS REE o Twvnb, L
f2 i AT LDEFEE Fig. 8 IR T,

AR CIREEERE I ERETIE TH HH, fEL
SR B RUR L OMEERE L AT AL
ABL, T HEAMRE 2y TERIICED B R
A LT, BEHEOEHTEE Y KB L/ EEmE
BRTAHLHCEETLIFETHS,



SENZI: Bk 7 0F> 7 L4 #Hv i 3 AT EEENEEE

383

FPGA Board 3
Weighted, Mix down, IFFT

:[Weighted(Reh) ] Weighted(Lchy ]!

Mix down

Mix down| &
"

Lo ———=<

Out put
Lch

FPGA Board 1 FPGA Board 2
Streaming Data 512pt. FFT (50% Overlapped Data)
Samping frequeney : 4ais e2s2[enl>  <Jchesa].[an
ﬂé en110 ... 5121 | Windowing & FFT
%ECNhiLophone array Hch2[0 ... 512] | Windowing B FFT
P r' ch3[0 ... 512] |~ Windowing & FFT
p : : ch4{0 ... 512] |~ Windowing & FFT
E €h249[0 ... 512]H Windowing & FFT |i
+[en250[0 ... 512] [ Windowing & FFT |:
1| ch251[0 ... 512] [~ Windowing & FFT
E ch252[0 ... 512]|—| Windowing & FFT |!

Rch
Headphone

Fig.8 Implemented SENZI system.
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Fig.9 Condition number of H; as a function of
frequency.

5 UFPNZAALSENZIICELBICLYBRL
NE3ETEEOBERLICHEITT

FEFTBEEET CRERIRETET A
WIZE, 470k y2BBCSBEEICIRET S
VEFH L, #O—FKT, BEts~v L raky
BORBIPL b E, w47 0FRVICAHER
LEFVUBE-TETLE ) 0, HICEVEE
;&Eﬁb‘f, fi,f kb Hf WEEML T
Lo TORR, ¥4 70k ONEME S, &
FHREEBOYL 705 OMUBOX L E Vst
FRAFHHEN AT EMIIRELESELRITT
ZEWRA,

Fig. 913, EEEEIC B2 H; OREEER
To COEDS, FUHHSEREREBIZELE
o TWVAHILIFEETES, 2 4kHz DT
DHEETHE, FHEIFEFIIRE R-TEY, B

Singular value
LAy F- th m -
=] (=] o o o

a3
o
T

-
(=}
T

50 100 150 200 250
Number
Fig. 10

4 kHz.

Distribution of absolute singular value at

BRENHFEMIBLLERBICL Y LTLE
JT ks, BT, Fig. 1012, 4kHz o8BI 5
H; OB REOEMEO S % RT, HrbHS
Wi &, MAHEAT 0 1E VIS RAE DS B

LT ZEBRTHNE,

TEoT, RMHFREPREEL L THE L0
BECAEEHTHLICLT S 2 k0b2E
T, BRENDFLEHOMELZMESEE D Lt
WL ko Ihid, BEEEERCELT, £
i ERT a2~/ 70k BiEmoTo b ER
D, HHTLVAS 20k OHBIENSEZ &
£h, A7 0F T A ERLETESDE
WREL BB LEHET S,

6. I # I(C

RMETHE, BAPRETHIRE~ S 70k
T VA & iz 3 SO F M FA R SENZT



384

IZDWTR<Tz, SENZL I3 THAAZ 7L T
ZLTHY RD S, BA OEHE I - ZM%
A CEEHEERELBETAZLNTEEF
EThb, -

L, EEICYAT LS LTHETEICE
FHSOPHEIR TS, BAE, 5+ 3
=LA 2 aRyCRELAZSE EDL S (ERE
Ay PI—2BETAPEVL G, BHE
NHFEROBELRLEDD, whllwf ok
VERL LT Ao A EEERE LT
Eiohb, BT, BEICERLETHP IR K
NEHFEETRD TS 3 OEHEICELTY,
ABOEEEMEEP LB TLEL SNHE
REATLT 2 #FKDBE Vo FHELER
L, FDHIE, HEVATARETE
BEMiASUATH D, 4%, BERWCHDEAT
\/‘ < %%‘C‘é é ]

i &%

AFEEEDDICHAD, e THEmAEL,
A EEE SRR R, () 1F50aEs
WERARERL, BILERAFaSTHERE, &
AR EER BRI AR — IR ITE CBHT
b, Tz, SENZI OFFEMEE, VAT HEEILB
WTERETHAE v, AR, ME
Fi—EC, MAMTRIC, BRET 5,

HRTF D& FEICH L TREMAEREEER
BIBELRTBERT WP wi, ki<l 70k
YT LA R EETHIZHN, ECM <4 710k
> (KUSB147) # 4 7 v RS OBMT R R
b TRA 2T,

REFFED—ERIE, EEHEEREER RS
#lE (SCOPE) No. 082102005, HitAKFEERE
A CCOE Fusy 4 [fEHRTL 7 bo=s R
AT LAEEWI S (CERIES) ], BT, BA
HRRMA BRE T + — 4 VEEORIZL B,

AABEELE 70 % 75 (2014)

B 3

il] I. Toshima, H. Uematsu and T. Hirahara, “A
steerable dummy head that tracks three-dimensional
head movement: TeleHead,” Acoust. Sci. & Tech.,
24, 327-329 {2003).

[2] L Toshima, S. Aoki and T. Hirahara, “Sound lo-
calization using an auditory telepresence robot: Tele-
Head 11,* Presence, 17, 392—-404 {2008).

[3] V.R. Algazi, R.O. Duda and D.M., Thompson,
“Motion-tracked binaural sound,” J. Audio Eng.
Soe., 52, 1142-1156 {2004).

[4] V.R. Algazi, R.O. Duda, J.B. Melick and D.M.
Thompson, “Customization for personalized render-
ing of motion-tracked binaural sound,” Proc. 117th
AES Convention, 6225 (2004).

[5] mh acoustics, http://www.nhacoustics.com/

[6] Briiel & Kjzer, Type 8606, http://www.bksv.con

[7] D.H.Cooper and T. Shiga, *Discrete-matrix mul-
tichannel stereo,” J. Audio Eng. Soc., 20, 346-360
(1972).

[8] R. Nicol and M. Emerit, “3D-sound reproduction
over an extensive listening area: A hybrid method
derived from holophony and ambisonic,” Proc. AES
16th Int. Conf., 16, 436-453 {1999).

[9] M. Noisternig, A. Sontacchi, T. Musil and R.
Haldrich, “A 3D ambisonic based binaural sound re-
production system,” AES 24th Int. Conf.. Multi-
channel Audio, The New Reality, http://www.aes.
org/e-1lib/browse.cin?elib=12314 (2003).

[10] L.S. Davis, R. Duraiswami, E. Grassi, N.A.
Gumerov, Z. Li and D.N. Zotkin, “High order spatial
audio capture and its binaural head-tracked playback
over headphones with HRTTF cues,” 119th Conven-
tion of the Audic Engineering Society, http://wm.
aes.org/e-lib/browse.cfm?elib=13369 (2005).

[11] 8. Sakamoto, R. Kadoi, S. Hongo and Y.
Suzuki, “SENZI and ASURA: New high-precision
sound-space sensing systems based on symmetri-
cally arranged numerous microphones,” Proc. 2nd
Int. Symp. Universal Communication (ISUC 2008),
pp. 429-434 (2008).

[12] S. Sakamoto, J. Kodama, S, Hongo, T, Okamoto,
Y. Iwaya and Y. Suzuki, “Effects of microphone ar-
rangements on the accuracy of a spherical micro-
phone array {SENZI} in acquiring high-definition 3D
sound space informaticn,” in Principles and Applico-
tions of Spatial Hearing (World Scientific, Singapore,
2011), pp. 314-323.

[13] R.Sadourny, A. Arakawa and Y. Mintz, “Integra-
tion of the nondivergent barotropic vorticity equation
with an icosahedral-hexagonal grid for the sphere,”
Mon. Wea. Rev., 96, 3561-356 (1968).




