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Personal Compact 3D Sound Field Reproduction System Based on Concept of
Wave Front Synthesis Technique Using Eight Directional Microphones
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Fig.1 Proposed personal 3D sound field reproduc-
tion system.
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Table 1 Azimuth and elevation angles of sound

sources in the localization test.

Index 6o ¢o | Index | 6o bo
1 -90° | -45° 10 90° | 0°
2 0° -45° 11 135° | 0°
3 90° | -45° 12 180° | 0°
4 180° | -45° | 13 | -90° | 45°
5 -135° | 0° 14 0° | 45°
6 -90° 0° 15 90° | 45°
7 -45° 0° 16 180° | 45°
8 0° 0° 17 — | 90°
9 45° 0°

2 ERIHERRIZE T BRI LAY — ) Ofd#E
Fig.2 Positions of a listener and loudspeakers in the
localization test.
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Fig.3 Manufactured loudspeaker.
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Fig.4 Directivity patterns of microphones in the lo-
calization test.
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Table 2 Synthesis conditions used in the localization
test.

Index | Cubic size A | Microphone directivity D;

(i) 0.4 m Unidirectional

(i) 0.5 m Unidirectional

(iii) 0.4 m Shotgun

(iv) 0.5 m Shotgun
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(a) Control Condition

N :&?/Loudspeaker

(b) Unidirectional, 1 m Distance
(c) Unidirectional, 3 m Distance

Original Sound Field Reproduced Sound Field
jpieve B e Sy

O it
B g

Unidirectional
Microphone

(d) Shotgun, 1 m Distance
(e) Shotgun, 3 m Distance

Original Sound Field
O,

Reproduced Sound Field
Sound JRRSE TR
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17T HO A=A DHh 5@ ENz 1 DAY —
A OEAE, M (b)-(e) TIHREH L 8 Fv 2L
5% 8 il A ¥ — A THE.

Fig.5 Experimental conditions used in the localiza-
tion test. The sound source signal is played
from one loudspeaker selected from seven-
teen loudspeakers in condition (a). Calculated
eight channel signals are played from eight
loudspeakers in conditions (b)-(e).
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Localization Test

Session 1 | Session 2
Order...Randomized (Array size 0.4 m or 0.5 m)

iSession e
i Practice Main (170 trials)
(34 trials) (43) : (42) : (43) : (42)

Stimulus (4 s) Answer (4 s)

6 ERFEBROFTNM
Fig.6 Flowchart of the localization test.

# 3 EAERIC B B MR RO ARST

Table 3 Practice and main trials in the localization

test.
Element Note
Practice | = 17 directions
(34) X 2 conditions | (a) and (b) in Fig. 5
Main = 17 directions
(170) x 5 conditions | (a)—(e) in Fig. 5
X 2 repetitions

12

7 FTEAHME AART O IGER
Fig.7 Correspondence relation between perceived
directions and direction numbers.
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F 4 EMFEERRIZBIT AHIEED OREE
Table 4 Results of front-back confusions in the lo-
calization test.

Condition | Distance | Number (Rate)
Control - 1/400 (0.25%)
) Tm | 3/200 (1.50%)
3m | 2/200 (1.00%)

(i) Tm | 0/200 (0.00%)
3m | 1/200 (0.50%)

(i) Tm | 0/200 (0.00%)
3m | 0/200 (0.00%)

i) Tm | 0/200 (0.00%)
3m 1/200 (0.50%)
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Abstract In a conventional personal 3D sound field reproduction system using wave front synthesis
technique, numerous loudspeakers are placed around the listener. However, it is difficult to construct an au-
dio-visual system since the number of transmitted channels for remote control is enormous and loudspeakers
are visible in the listener’s field of vision. In this paper, a personal 3D sound field reproduction system based
on the concept of wave front synthesis technique using eight directional microphones is proposed for remote
control. The localized performance of the proposed system was evaluated by the localization test. As a
result, it was indicated that the localized performance of the proposed technique was enough to construct

the system.

Key words remote control, sound field reproduction, wave front synthesis, directional microphone,

localization test



