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Effect of Depth Expression on Coincidence between Sound and Vision
in 3D Audio System Using Multiple Vertical Panning
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Abstract Although the depth expression method via sound level variation have been studied in the 3D audio system using
multiple vertical panning, the depth expression method is not studied in the case where the visual object is placed on the upper
side of the visual display. In this study, the effect of the depth expression method on the sense of presence is evaluated with
the addition of the condition when the position of the visual object is on the upper side. In the experiment, the degree of
coincidence between sound and vision is applied as the evalution scale of the sense of presence. From the result of audio-visual
experiments, it have shown that a 3D sound system using Multiple Vertical Panning improves the sense of presence compared
to stereophonic when the visual object is placed in the center, and that the sense of presence is further improved if the sound
level is varied proportionally.
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Fig.1 Basic configuration of a multiple vertical panning (MVP) method [4].
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Fig.2 Image of developed audio-visual display system.
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Fig.3 Configuration of developed audio-visual display system.
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Table 1 Experimental conditions in the audio-visual experiment.
Index | Sphere | Sound level Sound
variation playing
(i) Center None Streophonic
(i) MVP
(iii) Propotion | Streophonic
iv) MVP
v) Exponent | Streophonic
(vi) MVP
(vii) Left None Streophonic
(viii) MVP
(ix) Propotion | Streophonic
(x) MVP
(xi) Exponent | Streophonic
(xii) MVP
(xiii) | Upper None Streophonic
(xiv) MVP
(xv) Propotion | Streophonic
(xvi MVP
(xvii) Exponent | Streophonic
(xviii) MVP
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Fig.4 Position of viewers, visual display and the loudspeakers in the audio-

visual experiment.
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Fig.5 Position of the sphere object in the audio-visual experiment.
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Fig.6 Flowchart of the audio-visual experiment.
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Table 2 Evaluation scale in the audio-visual experiment.

Grade | Judgment

5 Excellent

4 Good
3 Fair
2 Poor
1 Bad
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Fig.7 Results of the audio-visual experiment. (Upper: Central, Lower: Lateral viewing position)
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Table 3 Analysis of variance in the audio-visual experiment.

source SS df  MS F
A: Sphere position 7.54 2 377 272%
B: Viewing position 10.51 1 10.51 7.58**
C: Sound level variation 66.05 2 33.03 23.82%**
D: Sound playing 0.61 1 0.61 044
AB 17.03 2 852 6.14™
AC 10.46 4 262 1.89
AD 9.10 2 455 328"
BC 1.36 2 0.68 049
BD 0.23 1 023 0.17
CD 0.41 2 020 0.15
ABC 12.71 4 318 230*
ABD 2.88 2 144 1.04
ACD 4.44 4 1.11 0.80
BCD 2.84 2 142 1.02
ABCD 1.16 4 029 0.21
error[WC] 94825 684 1.39
Total 1095.60 719
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Fig.8 Position of visual display and the loudspeakers in the previous
study [1].
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Fig.9 Position of visual display and the loudspeakers in this study.
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