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Improvement of virtual sound localization by reinforcement learning and EEG

Wada, Yasuhiro

3,000,000

Head Related Transfer Function(HRTF)
HRTF HRTF HRTF
2 HRTF Spectrum Distortion(SD)
HRTF HRTF

Virtual sound localization is a technology that allows the user to perceive
external sound sources using earphones. The exact sound image localization require an head-related
transfer function (HRTF) for each listener.

To solve these problems, in this study, without HRTF measurements, and are intended to acquire the
equivalent of the measured individual HRTF. To do so, HRTF is approximated using the Autoregressive
Moving Average (ARMA) model, and for the coefficient was using a method of learning by unsupervised
reinforcement learning. We used dummy head imitating the upper body of the person at an initial value of
the learning, then, dynamically varied from a common HRTF, aimed to acquire each individual HRTF. We were
verified whether it is possible to generate the HRTF for the purpose by the simulation. Thereafter, the
listener experiment was verified the HRTF localization accuracy of which acquired by the simulation.



Ebisawa et al.(2011)
BMI(Brain Machine
Interface)

(Head Related
Transfer Function:HRTF)

(Head Related Transfer
Function:HRTF)

HRTF

HRFT
HRTF HRTF
HRTF
HRTF
HRTF ARMA
Spectrum Distortion (SD)
SD
ARMA
ARMA 1
4 HRTF
HRTF
7
30
HRTF
3
SD
HRTF
HRTF HRTF
HRTF
HRTF HRTF
HRTF HRTF
Spectrum
Distotion(SD)

HRTF



HRTF

HRTF
HRTF HRTF
HRTF HRTF
HRTF
5
HRTF
12
HRTF
HRTF, HRTF
HRTF HRTF
HRTF
*  :p<0.05 * * :p<0.01
n.s.
100 f " -y 1
_ I T 1
2]
ﬁ 60
g
0" 30
B 2
0 T
Measured HRTF Dummy-Head HRTF Learned HRTF
FHE
* :p<0.05 * * :p<0.01
* %
| X % * '
s I LI | 1
4 -
&
i3
i
&
H
1 -
0 - T T "
Measured HRTF Dummy-Head HRTF Learned HRTF
FHEE
5
5
3
1
HRTF
HRTF

S EYREEF T 908

—mm learned

Sub.1 36 <A 40
Sub.2 4.9 40 7 43
Sub.3 5.0 36 <A 50
Sub.4 5.0 41 2] 44
Sub.5 5.0 39 <A 44
Sub.6 4.9 40 <A a3
HRTF
HRTF
HRTF HRTF
0
7
l' ’ ’ 9’
. MBE, ME
, 2012. 112(232): p. 29-34.
2' 9’ ’ 9’
. 2012,
. p. 8B-2.
3.Morioka S., Nambu I., Yano S., Hokari H.,

Wada Y., Adaptive modeling of HRTFs based
on reinforcement learning, 1in 19th
International  Conference on Neural
Information Processing, [ICONIP 2012.
2012: Doha. p. 423-430.

4 _Morioka S.,
H., Wada Y.,

Nambu 1., Yano S.-h., Hokari

A method to improve the
accuracy of out-of-head sound
localization using reinforcement
learning: a simulation study. 2012, The
22th Annual Conference of Japanese Neural
Network Society (September 12-14, 2012).
p. P2-14.

5.Washizu M., Morioka S., Nambu I., Yano
S., Hokari H., Wada Y. Improving the
localization accuracy of virtual sound
source through reinforcement learning. in



2013 IEEE International Conference on
Systems, Man, and Cybernetics, SMC 2013.
2013.

6. , ; ) ,

. 2013.

,p-110,2014.

o
WADA YASUHIRO
70293248
@
OHISHI KIYOSHI
40185187
®

KUDO AKIHIRO

*

5010299927

NAMBU 1SAQ

1310240428



