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Listening test for 3D audio system using multiple vertical panning
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Abstract In this paper, the novel three-dimensional (3D) audio system is proposed. The proposed system is based
on Multiple Vertical Panning (MVP) method and matches to the glasses-free 3D video display system in which the
size of screen is very large. The vertical position of sound images is synthesized by the panning between two
loudspeakers placed at the top and bottom of screen. The horizontal position of sound images is controlled by the
position of two loudspeakers. By the proposed system, multiple listeners can simultaneously feel the sound images at
the position of 3D objects depicted by the video display system. In order to evaluate the auditory performance of the
proposed system, the listening test was designed by using the loudspeaker array in which twenty-seven loudspeakers
were aligned on the vertical line. Sound images were synthesized by the panning between two loudspeakers placed
at the top and bottom of the loudspeaker array. Twelve listeners listened to a sound and reported the position of
synthesized sound images. As a result, it was indicated that listeners could feel the synthesized sound images at the
position between two loudspeakers placed at the top and bottom of the loudspeaker array.

Key words Ultra-realistic communication, 3D audio system, vertical panning, glasses-free 3D video display sys-
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Fig.1 Basic configuration of a large glasses-free 3D video display

system [4].
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Fig.2 Basic configuration of the proposed 3D audio system.
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Fig.3 Image of experimental environment (Top: Reverberation

time 140 ms, Bottom: Reverberation time 1030 ms).
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Fig.4 Position of the listener and the loudspeaker array in the

listening test.
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Fig.5 Experimental conditions used in the listening test.
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Fig.6 Flowchart of the listening test.
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Table 1 Practice and main trials in the listening test.

Note
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(12) in (a) of Fig. 5
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n (b) of Fig. 5

AA=-15~15 in (a) of Fig. 5

1~13 in (b) of Fig. 5

Element
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Fig.7 Relation between perceived heights of sound images and

answer indexes.
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Fig.8 Results and regression lines in the panning condition.

DIV THEREIREIT 7oL 25, ENENDOERIFITK
LTTRD &S RERPE L.

(White noise, Reverberation time 140 ms)

Hyer = 0.1475A A — 0.4066 (7)

(Speech, Reverberation time 140 ms)

Hyer = 0.1253AA — 0.4499 (8)

(Flute, Reverberation time 140 ms)

Hyer = 0.0784AA — 0.0045 (9)

(White noise, Reverberation time 1030 ms)

Hyer = 0.1279AA — 0.0510 (10)

(Speech, Reverberation time 1030 ms)

Hper = 0.1079AA — 0.1635 (11)

(Flute, Reverberation time 1030 ms)

Hper = 0.0518AA 4 0.2130 (12)
HO T ERERR A X 8 PORBRUS TR, EUFEMRNEL <
HEINTWD Z LR 0nnD.

6 SRIFICBW TR DN RIREROFEIA L, TRROKUTER
TR = iR Hpan ZHH L7

~1.32 (AA < —11.05)
Hpan = 0.1065AA — 0.1437  (—11.05<AAL13.74)
1.32 (AA > 13.74)

(13)

White Noise (140ms) White Noise (1030ms)

_ 132 7T 132 7o
£ oss s 0.88 G
Ny G
5 0.44 o i in 0.44
T o 0
3] !
£ 044 gocll 044 LB
5088 [ 1 ot -0.88 it}
132 i) 132 =

15-129 -6 -3 0 3 6 9 1215
Speech (140ms)

15129 -6 -3 0 3 6 9 1215
Speech (1030ms)

_ 132 oA 132 ;
£ oss i1lo 0.8 80 cifeG
= 1 LT
2 044 oy 0.44 T o
T oA L 0 |t At RO L]
[ 0 o
2 -0.44 e -0.44 L1
5 088 it -0.88 FlAIFAT
132 B/ 132 =L

-15-12-9 6 -3 0 3 6 9 1215 -15-12-9 6 -3 0 3 6 9 1215

Flute (1030ms)

_ 132 A 132 T
E 088 o 088 7 Tl LIS
S 0.44 [ L 0.44 A1l
T 0 1.0 3T 0 1T BV
3 I§ilo LTSRN
= -0.44 HIRGH -0.44 R
8_ Y Y | /
5 -0e8 [P 0.88 -
132 I—/.—r 132

-15-12-9 6 -3 0 3 6 9 1215
Level Difference [dB]

-15-12-9 6 -3 0 3 6 9 1215
Level Difference [dB]

B9 R=r 7 &R T 5 /3= 0 7 iR K OFr iR
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