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Abstract A conventional 3D sound field reproduction system using wave field synthesis places a lot of loudspeakers around
the listener. However, since such a system is very expensive and loudspeakers come into the listener's field of vision, it is very
difficult to construct an audio-visual system with it. We developed and evaluated a 3D sound field reproduction system using
eight loudspeakers placed at the vertex of cube and wave field synthesis. We compared the sound localization of a loudspeaker
array with that of seventeen loudspeakers placed around the listener and found that their localization capabilities were
equivalent except the normal direction of cube’s planes.
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Fig. 1 Proposed 3D sound field reproduction system
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Fig. 2 Design of loudspeaker box
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Fig. 3 Image of the manufactured loudspeaker
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Fig. 4 Position of a listener and loudspeakers
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Fig. 5 Setup of the loudspeaker array

and loudspeakers for control condition
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Table 1 Azimuth and elevation angles of sound sources

Index g°] a° Index a°] a°
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
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Fig. 6 Flow chart of listening test
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Table 2 Accuracy rate of each condition
White
Noise Speech | Average
CCOEF{?)I 98% | 96% 97% i -
ondrtion 10 £ M OIEER (FF, S1EHERE 1m)
1 o, 0, o,
Im distance 76% 7% 76% Fig. 10 Accuracy rates of each direction in speech
3m distance 76% 74% 75% :
(case of 1m distance)
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Fig. 11 Accuracy rates of each direction in speech
(case of 3m distance)
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Table 3 Results of x? test in white noise

Index Con.tr'ol ' Im ' 3m
condition | distance | distance
1 100% | 81%" 76%"
2 95% 100% 95%
3 100% | 81%" 86%
4 95% 76% 90%
5 100% | 100% 100%
6 100% | 43%" | 52%""
7 100% | 100% 100%
8 100% | 33%"™" | 43%"
9 100% | 100% 100%
10 100% | 52%" | 43%""
11 100% | 100% 95%
12 100% | 48%"™ | 33%""
13 100% | 90% 90%
14 95% 100% 100%
15 100% | 76%* 86%
16 86% 71% 71%
17 100% | 38%"™" | 33%"
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Table 4 Results of x? test in speech

Index ConFrpl . Im . 3m
condition | distance | distance
1 100% | 86% 81%"
2 86% 76% 86%
3 100% | 100% 100%
4 90% 81% 1%
5 95% 95% 95%
6 100% | 43%"™ | 57%""
7 100% | 100% 90%
8 100% | 67% | 62%""
9 100% | 76%" 90%
10 100% | 57%"™" | 52%""
11 100% | 90% 90%
12 95% 76% 33%""
13 100% | 76%" 81%"
14 100% | 95% 95%
15 95% 71%" 71%"
16 86% 67%" 529%""
17 90% 48%" | 52%"
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Table 5 Answer rates of five directions in white noise

6 3 10 12 17
1m 3 1m 3m 1m 3m 1m 3m 1m 3m
1 0 0 0 0 5 0 0 0 0
2 0 5 5 5 0 0 0 0 0
3 0 0 0 0 |29 [ 48] o 0 0 0
4 0 0 0 0 0 0 10 |24 ] o 0
5 5 0 0 0 0 0 0 5 0 0
6 | 43 | 52 0 0 0 0 0 0 0 0
5[ 14 114 o 0 0 0 0 0 0 0
s | 3 0 o | 33 | 43 0 0 0 0 5 5
ERID 0 0 0 0 14 | o 0 0 0 0
g [0 ] o 0 0 o | 52 | 43 0 0 0 0
5 [u 0 0 0 0 0 0 5 0 0 0
2] o 0 0 0 0 o | 48 | 33 0 5
13 138 ]24] o 0 0 0 0 0 0 0
14 ] o 0 | 62 | 52 0 0 0 0 52 | 52
15] o 0 0 0 0 5 0 0 0 0
16 | 0 0 0 0 0 0 14 | 24 5 5
17 ] o 0 0 0 0 0 |24 | 14 ]38 ] 33
Unit: [%]
# 65 7O R AT
Table 6 Answer rates of five directions in speech
6 3 10 12 17
1m 3m 1m 3m 1m 3m 1m 3m 1m 3m
1 10 ] s 0 0 0 0 0 0 0 5
2 0 0 0 0 0 0 0 0 0
3 5 0] o 0 |33 [38] 0 0 0 0
4 0 0 0 0 0 0 5 19 ] 0 0
5 10 | s 0 0 0 0 5 0 0 0
6 | 43 | 57 0 0 0 0 0 0 0 0
517 19 0] o 0 0 0 0 0 5 0
ERIER 0 0 |67 | 62 0 0 0 0 10 | 19
ERID 0 0 0 0 5 5 0 0 0 0
3 [10] o 0 0 0o |57 s2] o 0 0 0
51 0 0 0 0 0 0 0 5 0 0
2] o 0 0 0 0 o | 76 | 33 0 0
13 010]14a] o 0 0 0 0 5 0 0
14 ] 5 0 | 24 | 29 0 0 0 o |20 ] 19
15] o 0 0 0 5 5 0 0 0 0
16 | 0 0 0 0 0 0 14 | 14 | 10 5
17 ] o 0 10 [ 0] o 0 0 | 24 | 48| 52
Unit: [%]
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Fig. 12 Answer rates of five directions in white noise
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Fig.13 Answer rates of five directions in speech
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