2aPPO.
Subjective Assessment for the Number of

Channel Signalsto Realize Sound Field
Based on Wavefield Synthesis

Toshiyuki Kimura
Kazuhiko Kakeh
Kazuya Takeda
Fumitada Itakura

Center for Integrated Acoustic Information Research
(CIAIR), Nagoya University, Japan



Alm

e Our target

— Therealization of sound field reproduction
system based on wavefield synthesis:

e Aim of thisreport

— The evaluation of the number of required
channel signals due to the subjective
assessment



1. Introduction
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Evaluation of the Number of
Required Channel Signals

e Objective approach

— The accuracy of reproduced field by physical
wavefronts

— There are many studies

» Subjective approach
— The subjective quality of the sound field
— There are few studies

Evaluation of the number of required channel signals
based on the subjective assessment



Dimensions of
Sound Field Perception

e Directional perception Ref|ection sounds

— Physical factor
 Direct sound only

 Distant perception
— Physical factor
 Direct and reflection sounds

e Spatial Impression
— Physical factor
 Reflection sounds only

Direct sound



2. Subjective Assessment



Experimental Room

Acoustical transparent curtain
Scale (No visua information for the loudspeakers)

Headrest
(Head isfixed
to the front)




Experimental Setup

Number of loudspeakers | 23

Sound Field Free space

Dry source White noise &
Speech

Number of source 1

Duration of source 1sec

Noise level 25.0dB(A)

Sound pressure level About 60dB(A)

Calculation of channel signals
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Experimental Conditions

(@) Control Condition (b) 10° Azimuth Interval (c) 15° Azimuth Interval
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Experimental Design

Subjective Assessment

_ Session 1 | Session 2

) SUbj ects Order...Randomized (White Noise or Speech)

— Number...8 Sesson e

Practice Main (308 trials)

B _4 males & 4 females @irids | (7)) | @) } (1) | (@7
e Trias Trial (ProcedUre) = .

— Practice (14 trials) StiTulus Answer (4.9

= 1 (distance: 3m) (19

X 7 (directions: 0°, £5°, £10° & +15°)
x 2 (control & 10° azimuth interval)
— Main (336 trials)
= 2 (distances. 3 & 4m)
X 7 (directions: 0°, £5°, £10° & +£15°)
X 6 (control, 10°, 15°, 20°, 30° & 45° azimuth intervals)
X 4 (repetitions)



Experimental Procedure

25° 0° -25°

e |Nnstruction

— Report the direction of
sound

— According to a number
onascae

e Scae

— Marking at every 2.5°
Interval

— Range: from -25° to 25°

Scale for answer



Results
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Cause of Bias
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/" Localization of sound image
, synthesized by 3 loudspeakers

-7 Xas(N)



Cause of Bias

\‘\Qela I]‘1)morethan Imsin reference to x,(n)

N [m] > Ot
+0.007
2 t45[ $C] > tO+O'001 ¢

/B (n) : The fastest sound
. to be heard by the subject

_/,f’ﬁelay"‘fgp)morethan Imsin reference to x,(n)



Cause of Blas
e Ry eeedence effect of x,(n)

-
-~
\\

Precedence Effect ™ PR

”

! AN B .
/ 6““’»9\°ﬁasoflocallzatlon

N

Precedence Effect / towards the direction of
P Xo(N) (O degree)

g ﬁ%@edence effect of x,(n)



Discussion

e | essthan 15° azimuth interval

— Locdlization i1s amost the same as that in the
control condition

e Morethan 20° azimuth interval
— Bias of localization occurs by precedence effect

It needsto set the azimuth interval lessthan 15°
In order to prevent the occurrence of
precedence effect.




Discussion (cont’)
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D : Presented direction [degrees]
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A

Control 10° 159 20° 30° 45°
Condition of Azimuth Intervd

e Lessthan 15° azimuth interval
— MSE...same as the control condition (about 2°)

N = 7 (0°, +5°, +10°, +15°)

®| Number of required channel signals
...24 (radius 2m circle)




Conclusion

 Evaluation of the number of required channel
signals for the directional perception

— Number...24 (on acircle of 2m radius)
® MSE of localization...About 2°

e Future works
— Evaluation of the number of required channel
signals for the spatial impression

— Development of the localization model that is able
to predict the results of this subjective assessment



