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Effects of Microphone and Loudspeaker Directivity on Accuracy of Synthesized Wave Fronts

in Sound Field Reproduction with Wave Field Synthesis

Toshiyuki Kimura" Kazuhiko Kakehi™2

Abstract — Sound field reproduction based on wave field synthesis is a technique that
synthesizes wave fronts in a listening area using multiple microphones and loudspeakers
placed at the boundary of the area. This study evaluates the effects of the directivity of
microphones and loudspeakers on the accuracy of synthesized wave fronts. Microphones
in an original field and loudspeakers in a reproduction field were placed at the boundary
of both areas which have two cases (a circle with a radius of 2 m and a square 4 m
on a side). Three directional patterns (omnidirectional, unidirectional, and shotgun)
were designed as directivity conditions of microphones and loudspeakers. The results of
computer simulation show that there is almost no effect due to directivity of loudspeakers
and that unidirectional or shotgun microphones can reproduce accurate wave fronts.
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Fig.1 Original sound field and reproduced
sound field in ordinary studies.
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Fig.2 Original sound field and reproduced
sound field in surround systems.
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Fig.4 Original sound field and reproduced
sound field in the case of circular ar-
eas.
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Table 1 Parametiric conditions in the case of
circular areas.
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Fig.5 Directional patterns of microphones
and loudspeakers.
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Fig.6 Wave fronts of original sound field in
the case of circular areas (f = 500 Hz).
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Fig.7 Synthesized wave fronts and differ-
ences in the case of circular areas
(f =500 Hz, d = 3 m).
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Fig.9 Synthesized wave fronts and differ-
ences in the case of circular areas
(f =500 Hz, d = 100 m).
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sound field in the case of square areas.
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Fig.12 Wave fronts of original sound field in
the case of square areas (f=500 Hz).
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Fig. 13 Synthesized wave fronts and differ-
ences in the case of square areas
(f =500 Hz, d =3 m, 6 =0°).
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Fig.14 Synthesized wave fronts and differ-
ences in the case of square areas
(f =500 Hz, d = 10 m, 6 = 0°).
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Fig.15 Synthesized wave fronts and differ-
ences in the case of square areas
(f =500 Hz, d = 100 m, 6 = 0°).
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Fig.16 Synthesized wave fronts and differ-
ences in the case of square areas
(f =500 Hz, d = 3 m, 6 = 45°).

E<ITRVD, MOMEFL Y bMELTH~A 71
R R OAE =0 QP THLE W A TEET
L&, WHOGRKEEILZVEIL L THARFELS A
TLADEEFFFEYTHHLEELZLND.

Fo, H2EEMFMULIIZ, BWEFXMIZE-T
W DR EENC L DB E~DREL R ThHD &,
Rt~ A 7 AR D) SNR A% 156dB Th 5 DI
U TCEEXMOEIZ6dB LT THDHDT, WAL
RofneneBzohsb.

4 FL&oH

AL CIHREAREEEA LY 7 v R AT
LEET DHITHIZ-T, 747HT/%Xt~ﬁ®
FE MR 1 O & R RIS BRI DT
@k,ﬁﬁ%V1lV_VH/%ﬁot.%ﬁﬁm%
DYE L IEFTEOGE THRET LR, EH L0545
’%wf% A Y —H OFRIRFEIEIE O A RO E 12

KT LA ERENRRL, ~A 7 vk OfRnREZ &
%Wﬁi@%@-ﬁﬁﬁ%ﬁ%ﬁﬁﬂ?hﬁ&ﬁﬁ;
DIBERIZERSND Z Enahote. £, H—fEm
PRI MM~ A 7 vk R WAL, <0

Mlcrophone
Omnidirectional Shotgun

Loudspekaer
Unidirectional Omnidirectional

Difference

Shotgun

Wavefrom leference Wave front  Difference ~ Wave front  Difference

B 17 SRS IESEOSE OGRIKE & 25y
(f =500 Hz, d = 10 m, 6 = 45°)
Fig. 17 Synthesized wave fronts and differ-
ences in the case of square areas
(f =500 Hz, d = 10 m, 6 = 45°).
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Fig. 18 Synthesized wave fronts and differ-
ences in the case of square areas
(f = 500 Hz, d = 100 m, 6 = 45°).
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