3Atd 2H2EAn|A ofzjoiE olst SEM7I=

Sound Field Reconstruction Technology Using a Three
Dimensional Loudspeaker Array

M- Y 2 B 2* Filippo M. Fazi**, Philip A. Nelson**
(Jeongil Seo*, Kyeongok Kang*, Filippo M. Fazi**, Philip A. Nelson**)
FSENXIS MNP WEEE0ICHH PR, #*¥ISYR, Southampton University, U.K.
(HeUXE 200943 119 5% UKL 20099 1% 162

2 3z izolais 7R k9l ofdlol ol gHtel vipel ARl 251 4 QT SFS

e el AL, AP 2o AolShiza ok 48 B0 98 HoN, Aok el 283
el oI @kl AR £ 4719 G} AL ) ek AT SHEAELE Aot 15
ek ANE QeE A AEH] sle) 40702 THeC AuHE ol 34 31 odlold FABRon]
ol ol§3 UBATY AARS AT

AYBL: 34 4 G4 41‘& ebp-saml] ofeol, HAREO T Y
gaok 4k db e wop (1)

AT 20 2

t

lu this paper, we prapose a novel sounl ficld reconstruction aigorithm using a three dimensional loudspeaker
array for providing realistic sound field to multiple listences, The proposed algorithm is based on minimization
of the squarcd error between the original sound field and the reconstructed sound field by the loudspeaker
array over a predefined three dimensional region of <he space using a loudspeaker array surrounding the listening
ared, For evalnaling the proposed algorithm, we construcied the three dimensional array composed of 40
loudspeakers and discuss the relevant experiment resulls,
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Fig. 3. Picture of the microphone array for measuring the
reconstructed sound field.
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Fig. 4. Measurement of the original sound field
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{a) and analyticat (b} and numerical {c} reconstructed sound field for 500Hz virtual source.
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Fig. 5. Measurement of the original sound field
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{a) and analytical (b) and numerical {c) reconstructed sound field for 900Hz virtual source.



dast A02 ek 5k ) Aol 24 5o
HE 2 /H5a Bhesau 745 ol 88 Ak
Delge) 5t Sol nph

1. 1. F. Okano, el al,, "Ultrahigh-Detiniion Television System
wilh 4000 Scanning Lines". 2004 NAB BEC Proceedings,
April 2004,

2, A_ ). Berkhoul, "A holographic approach to acoustic control,”
Journal of the Audio Engineering Society, vol. 36, pp.
977-995, 1988,

3. D. de Viies, E. W. Siarl, V. G. Valslar, "The wave field
synthesis concept apphed to sound reinforcement:
reslrictions and solutions," The 961 Conveniion of the Audio
Engineering Society, 1994,

4, M. A Gerzon, "Periphony: with—heighl sound reproductior,”
Journal of the Audio Engineering Sociely, vol, 21, no, 1, pp.
2-10, 1973,

5. J. Daniel, R Nicol, S, Moureau, "Furlher investigation of
high—order ambisonics ad waveheld synthesis lor holophonic
sound imaging," The 14ih Convention of the Audio
Engineering Society, 2003,

B. M. Polelli, "Three dimensional surround syslem based on
spherical harmonics," Journal of the Audio Engmeering
Society, vol. 53, no, 11, 2005,

7. 0. Kirkeby and P. A  Nelson, "Reproduction ol plane wave
sound helds," Journal of the Acoustical Saciety of Amernca
94, 2892-3000, 1993

i aIREALF 020IS O3 SHMMIE 731

8. V. Pulkki, "Virlual sound source posilioning using vector base
amplitude panning,” Journal of the Audio Engineering Sociely,
vol, 45, no, 6, pp. 456-466, 1897,

9 F. M Faz and P, A Nelson, "Application of functional
analysis to the sound field reconsiruction," Froceedings of
the iInstitule of Acoushics, the 23rd conference on
reproauction sound, 2007,

10, F. M, Fazi, P, A Nelson, Jens E, N, Christensen and J. Seo,
“Surround syslem based on lhree dimensional sound tield

reconstruclion,  The 125th Convention of the Audic
Engineering Society, 2008,

Xt o2

o4 A A (Jeongil Sec)

199443 ZSUHEw TXESEat (5lAD

19{,9-{ 71 E|-|al- zuy-gé_\l-;q. {.51‘“]

20054 ASCIEhe Tixks st (Ab

1998320004 LGYIEH FUHTL

20008-FY. FIEMTEMARR YESE0ICIHATE HUHAPHUYHT
¥ HAOE 20|12 2o CHNE STWF MAR, 3R Ll x|yt
AIARY 4F|7]E 202

2
£
2D

*7 7 % {Kyeongok Kang)

19854 PNHED Sa(sta} ()

19883 2olistat S2lEt (MAD

20043 SEEFCNERS HXESE (AN

20061 A2 University of Southamplon (W2 H1418)

19918~ SRl STTMXNEMATA (AR Ultloioc. figa =]

&Y 0k 202 MEx2] THH 78 2UR, 30 @02, M Y 2rl2
[l

*Filippo M, Fazi
Ph.D. Candigate

Institule ot Sound and Vibrahon Research, Universily of Soulhampton,
UK,

#Philip A, Nelson
Protessor

Instilule of Sound and Vibralon Rescarch, Universily of Soulhampton,
UK,



