JAIST Repository

https://dspace.jaist.ac.jp/

Title

iUy UUg o

googogo
Author(s) oo, 00
Citation
Issue Date 2009-03
Type Thesis or Dissertation

Text version

aut hor

.net/101p9/8126

URL http:/7/7 hdl handl
Rights
Description Supervisor: goooag, ooooooo oo

AIST

JAPAN
ADVANCED INSTITUTE OF
SCIENCE AND TECHNOLOGY

Japan Advanced Institute of Science and Technology



2009 3



0710026

12009 2

Copyright (© 2009 by Naoki Kuroda



1.0 kHz

(ITD : Interaural Time Difference) (IPD : Interaural Phase
Difference)
2.5 kHz ITD IPD
ITD

IPD (ILD : Interaural Level Difference)



1.1
1.2

1.3
14

3.1
3.2

3.3

4.1
4.2
4.3
4.4

5.1
5.2

HRTF

DOMISO

321 oo

3.2.2 DOMISO

323 Lo
3.24 Lo

3.2.5 DOMISO
HRTF

331 o
332
333

11
11
12
12
12
14
14
14
15
15
16
17

22
22
22
24
25



9.3
5.4

9.5

6.1
6.2
6.3
6.4
6.5

8.1
8.2

il

36
36
36
36
36
37

40



1.1 SRM

............................ 3
21 9
2.2 L 10
B 15
3.2 30° 16
33 HRTF 18
34 19
35 20
3.6 : B
H 21
A1 23
4.2 : (a), (b), (c)
........................... 24
43 25
44 : (0°)
................................ 26
45
......................... 28
4.6 ILD S 29
5.1 : 1 ON
=018 OFF = 0058 oo 31
5.2 1.0 kHz
....................... 34
5.3 2.5 kHz
....................... 35
6.1 : (a) SONLysNRys  (b) SoNLysNRgo  (¢) SoNLgoNRgo 38

il



6.2

SoNLgoNRgo

SoNL4sNRys  SoNLysNRgg

v



3.1 HRTF

3.2 2

4.1 ITD
48 kHz

7.1



1.1

1.2

1.2.1

ON/OFF



[9][10]

[11][12]

1.2.2

1.1 SRM

[16]

SRM

[14]

Ebata

[13] Saberi

(SRM : Spatial Release from Masking)
SRM

[15]

SRM

SRM

Peissing

Kollmeier

[17][18]
[19][20]

SRM



Target signal

1.1: SRM
( )
SRM
[21] SRM

(ITD : Interaural Time Difference)

(ILD : Interaural Level Difference) (IPD : Interaural Phase
Difference)
ITD
1.5 kHz
[22][23]

ITD [24]



1.5 kHz IPD 1.8 kHz

22]
ITD 1IPD ILD
SRM ITD ILD
ITD ILD SRM

SRM

ITD
ITD
[26] SRM
SRM IPD

Level Difference)

[27]

SRM ILD

1.3

SRM

ITD

ILD

ILD
[25]
SRM
ITD
Saberi
SRM
ITD
ITD
(BMLD : Binaural Masking
[26]
SRM IPD BMLD
ITD IPD



SRM

1.4

ITD IPD
27] ILD
ILD
ILD
ILD

ITb IPD ILD

(HRTF : Head-Related Transfer Function)
HRTF
HRTF



4 HRTF

Saberi
HRTF
5
ITD IPD 1ILD
6
5
7 4 5 6
8



ITD
ITD ILD SRM
126] ITD
SRM
ITD SRM IPD BMLD
IPD
[26]
ITD IPD
IPD ITD IPD
ILD SRM
ILD
(HRTF : Head-related transfer function)
HRTF
ILD HRTF
HRTF HRTF

2.1

ILD  SRM

ITD
ILD

ILD

ITD IPD

2.2



ITD

HRTF

ITD

ILD

IPD

SRM

HRTF

ITD

[26]
HRTF

Saberi

HRTF

[27]

ITD IPD

HRTF

ILD

ILD



@gmund noise
Alarm signal perception in
real environments

2.1:

Visual sense




Real environments

Qpatial cues>

Effect

- —

Perception of alarm @

/ Noisy environments ﬁ
! /— Car environments
Virtual auditory space \

f_ regenerated by HRTF \

Z

N\

10



3 HRTF

3.1
HRTF
28]
3
HRTF HRTF
HRTF
[29][30] HRTF HRTF
HRTF
HRTF
HRTF
HRTF
HRTF
HRTF
HRTF
M
(TSP )[31] OATSP  [32]
HRTF
33] HRTF 45° 30°
2 HRTF
[34][35] HRTF
HRTF HRTF
[36] HRTF
HRTF HRTF
HRTF

[37] MRI

11



38] [39]

HRTF HRTF
HRTF
HRTF HRTF
[40]
HRTF [41]
HRTF (DOMISO :
Determination method of OptimuM Impulse-response by Sound Orientation)
[42][43] 3.1 HRTF DOMISO HRTF
DOMISO HRTF
[44]
DOMISO HRTF
3.1: HRTF
HRTF DOMISO HRTF
2 15
PC
3.2 DOMISO HRTF
3.2.1
HRTF HRTF
HRTF

DOMISO HRTF HRTF
3.2.2 DOMISO

HRTF DOMISO

DOMISO HRTF

114 [45] DOMISO

12



1. 114  HRIF LBG [46]

32 HRTF
2. 32 HRTF 32
3.
4. 32 HRTF 2
5.
6. HRTF HRTF
HRTF
HRTF
0 1 32
5° 72 HRTF
i J
10 355° 32
d(i,j) 2y > (G = Cjolm])? (3.1)
1 10 6=0° m=1
C;olm] i HRTF m
0 6=0° 5° ..., 355° FFT 512
HRTF
32 HRTF LBG
[46] HRTF
HRTF 2
114 32
DOMISO
[47]
° 2
e 3 HRTF

13



3.2.3

HRTF
48 kHz 13 s
3.1 A/D
D/A Tucker-Davis Technologies (TDT) System
m (STEREO EAR RECIEVER MDR-EX90SL)
HRTF OATSP
[45]
[48]
REACTION BOX
DOMISO
3.2 30°
30° 0° DOMISO
HRTF [49][50]
3.2.4
DOMISO 2
HRTF
(0.125 kHz~8 kHz 15 dB HL )
9 8 1
3.2.5 DOMISO HRTF
3.2 DOMISO HRTF HRTF
2
HRTF HRTF
HRTF HRTF
HRTF

HRTF

14



Response box

TDTRX6-2
Multifunction
Processor

SANSUI AU-0.907TMR
Integrated Amplitier

STEREO EAR
RECIEVER
MDR-EX90SL

HP dc5750
Microtower Base DT

Subject
I

Sound proofroom

3.1:

3.3 HRTF
3.3.1

DOMISO HRTF HRTF

HRTF
1.
HRTF
2.

15



Back IFront

Front

Back Right

Left

%ﬁ
/[

3.2: 30°
3.3.2
48 kHz 3 s
HRTF
3.3 0° 10° 0°~350°
36 3
1. +10° 70%
2. 4+20° 90%
3. 10%

16



3.2: 2 6 HRTF

HRTF

O QE = OQIWE| >
RGNS B INGUH IS, 1 VS NG VS NG

3.5
PC (Panasonic, CF-R6)
EXPLAB [51]
(STEREO EAR RECIEVER MDR-EX90SL)
PC

3.3.3
HRTF
B H
3.6
10° 20°

HRTF

17



3.3: HRTF

DOMISO

18

HRTF




Localization test

Not satisty evaluation criteria Satisfy evaluation criteria

‘—D[Localization training Next experiment

Localization test

Not satisty
evaluation criteria Satisty evaluation criteria

Next experiment

3.4:

19



YAMAHA PERSONAL
SOUND PROCESSOR
DP-U50

STEREO EAR
RECIEVER
MDR-EX90SL

Panasonic CF-R6

Sound proof room

3.5:

20



3.6:

Correct rate of localization (%)

Correct rate of localization (%)

100

=&=Error range : 10 degree
=@=FError range : 20 degree|
== Front Back error

3 4 5 6
Trial number of localization test

201

10

=&=Error range : 10 degree
=@= Error range : 20 degree
== Front Back error

3 4 5 6
Trial number of localization test

21

Front Back error rate (%)

Front Back error rate (%)



4.1
SRM

7dB

ILD

1. ILD

2. ITD

4.2

65 ps

4.2

ITD

ITD

SRM

SRM

HRTF

SRM

SRM

ILD

ITD

ILD

Saberi
14 dB [14]
ITD
ITD
126] 3
ITD
HRTF
Saberi [14] ls 100
4.1
2s 1s
48 kHz
4.3
ITD
=% _ r(6 +sinf) (4.1)
c
0 rad cm/s d m
r 0.09 m ¢ 343.5m/s
0° 15° 90°

22



:_ T s sl m—mmem— S— — Rt Ny
1.0s /'
—>
Expanding
P >
62.5us 995 us
4.1:
7 4.4 4.1 ITD
48 kHz, ITD
(S) (N)
SNy (m =0, 15, ..., 90) SoN,,, (m = 0, 15,
.., 90) S60No 60° 0°
ITD  ILD HRTF

HRTF

23



2.0s

4.2:

4.3

[52]

65 dB

(0.125 kHz~8 kHz

24

- Signal 3¢ Starting time of the signal
- Noise @ 0.25s (b)0.5s (¢) 0.75s

(a), (b), (¢)

1dB

10
2dB

6 5 1)

15 dB HL

)



p—
(o]

acoustic velocity ¢ [m/s]

sound wave

)
R
——— - ——————
o
.
.

re
~ 0
SN R1Sd 7ot 7 < 90
I
I
I -
I
I
4.3:
4.4
4.5
SoNo
ITD
ITD ILD HRTF
SwNo (m = 0, 15, ..., 90) SoN,,
(m =0, 15, ..., 90)
ITD ()

7 dB
[26) ITD SRM

25



0° Varying at the step
size of 15 degree

4.4: : (0°)
HRTF ( ) SmNo
7 dB
ITD SRM ILD SRM
45°~T5°
1%
45°  60° ILD
ITD SRM SoN,,
SRM
Saberi 16 dB [14] ITD ILD
SRM
4.6 ILD
ILD

26



4.1: ITD

48 kHz
| ] | ITD [ms] |
15 0.136 7
30 0.268 13
45 0.391 19
60 0.501 24
75 0.596 29
90 0.674 32
23 dB S.»No 65 dB
SNR SNR
SNR
ITD SRM
ITD
SRM ITD
ITD
SRM
SoN,.
SNR
SNR
ITD ILD SRM ILD
(1)
S.»No ILD ITD
SRM SoN,, ITD ILD ILD SRM
(2) HRTF
Saberi ITD ILD
SRM

27



Relative masked threshold (dB)

4.5:

|
-
o

|
[N
N

|
H
N

|
[N
[*2)

|
[N
[ee]

|
N
o

=e=controlling ITD (Signal move)
=&=controlling ITD (Noise move)

===in environment by using HRTF (Signal move)
=e=in environment by using HRTF (Noise move)

0
Azimuth of t

\
20

he click sound or the white noise (degree)

28

\
40

60 80

100




© © & ¥ © o
T T T T
(gp) @oualaylp [9A3] [eineIaIU|

4
_67

| |
o N
D

_24,

-26

60 80 100

40
Azimuth (degree)

20

ILD

4.6:

29



5.1

ITD

[26]

1. ILD

53]
SRM ITD ILD
1LD
ITD
IPD BMLD
ITD IPD
[27] ITD IPD

ITD IPD ILD
ITD

1.8 kHz

1ILD
SRM

30

ITD

IPD



5000
4000
3000
2000

1000

Amplitude

-1000
—-2000

—-3000

-4000

_5000 I I I I I
0 0.2 0.4 0.6 0.8 1

Time (é)

5.1: : 1 ON =0.1
s OFF =0.05s

(1.0, 1.5, 2.0, 2.5, 4.0 kHz) [27]
1.5 kHz 1.0 kHz 2.5 kHz
JIS S 0013
1] 1 ON =0.1s OFF =0.05s
5.1 60 km/h
48 kHz
ITD 4
5.3
4 4

31



5.4
5.4.1 1.0 kHz

5.2 1.0 kHz

SON6O
60°~90°
HRTF
SoN,,, 60°
ITD
SONm
ILD
ITD IPD
SONm
1.0 kHz
ITD IPD
5.4.2 2.5 kHz
5.3 2.5 kHz
SoNus

SON45

32

4.5

SmNo



HRTF
Sa5No
1PD
SoN7s
12 dB

ITD IPD

5.5

1.0 kHz

SoNo,

2.5 kHz

SON75
ITD
IPD BMLD
2.5 kHz
ITD IPD ILD
2
2
ITD IPD
SmNO SONm
2.5 kHz SmNQ
ILD SRM
1.5 kHz
ITD IPD ILD

33

2dB ~ 3 dB

ITD
SoN,,
IPD 1ILD
90°
S:»No
ITD
HRTF
(1)
ILD
1ILD
ITD IPD
1.5 kHz



|
[N
o
I

Relative masked threshold (dB)

|
'—\
S
T

=== controlling ITD(Signal move)
=& =controlling ITD(Noise move)
===in environment by using HRTF(Signal move)
=& =in environment by using HRTF(Noise move)

0
Azimuth of t

5.2:

\
20

\
40

| |
60 80 100

he alarm signal or the car noise (degree)

34

1.0 kHz




=e=controlling ITD(Signal move)

=s=controlling ITD(Noise move)
===in environment by using HRTF(Signal move)

- 21 =& =in environment by using HRTF(Noise move)
m
S o .
O
o _HL |
= 2
0
o
£ 4 ]
o
D
~ o i
)
®©
£ -8 -
2
2 -10- X B
© .
(D] “‘ 'o"
¥ -12- 1 |

_147 _

I I I | L |
20 40 60 80 100

0
Azimuth of t

5.3:

he alarm signal or the car noise (degree)

35

2.5 kHz




6.1

6.2

2.5 kHz
6.1 (S)
: NR)
SoNLysNRys  SgNLysNRgg  SoNLgoNRgg
45°  IPD

ITD 4
6.3

4
6.4

6.2 2.5 kHz

36

: NL,



S()1\114451\11%45 SONL45NR90 SONLQONRQO
ITD ( )
SONL45NR45 SONL45NR90 SONLQONRQO
5 dB
SONL45NR45 SONL45NR90
4 dB SoNL4sNRgy  SoNLgoNRgg 1dB
SoNL4sNRys5 IPD
SQNL45NR90 SoNLgoNRgo
S01\114451\11%45 (SON45)
N Ly N Rygo ITD IPD
HRTF ( )
SoNL4sNRys SoNLgsNRgo  SoNLggNRgg
SoNL4sNRys  SoNL4sNRgg 3 dB SoNLssNRgy  SoNLggNRgg
ITD IPD ILD
6.5
2.5 kHz SoNL45NR45
SoNL4sNRgy  SoNLgoNRgy 3 ITD HRTF
ITD
ILD ITD IPD

37



6.1:

00
Target signal
|

\r/
" p
\ \l/ .’

/

>>>>©<<<

a) SoNLssNRys  (b) SoNLysNRgg

38

(C) SoNLgoNRgo



Masking threshold (dB)

N
ol

6.2:

65

(o2}
o

(63}
al

al
o

45 45deg

Il controlling ITD
Il in environment by using HRTF

45 90deg 90 _90deg

Condition of location for noises

SoNL4sNRys  SoNLysNRgg  SoNLgoNRgg

39




4 5
4
SRM HRTF
7 dB ITD
ITD SRM
16 dB
ITD ILD SRM
ILD SRM
5 ( )
HRTF
1.0 kHz
ITD IPD
2.5 kHz ITD
IPD
ITD IPD ILD
ILD
7.1
7.1
Alarm signal
Signal move Signal fix
1.0 kHz | ITD, IPD ITD, IPD
2.5 kHz | ITD, IPD |ITD, IPD, ILD

40



ILD

IPD

1.5 kHz
IPD

ILD

ILD

ITD IPD

ILD
5
ITD IPD
ITD
1.5 kHz
IPD
ITD IPD
ITD

41

ITD

IPD

IPD
ITD

ITD

ILD



8.1
Q1 4
Q2 5
Q3 6
Al
ITD SRM ITD
ILD SRM
A2 1.0 kHz
ITD IPD
A2 2.5 kHz
ITD IPD
ITD IPD ILD
A3 2.5
kHz ITD IPD
1.0 kHz 2.5 kHz 60°  75°
ITD IPD

42



8.2

kHz

1.0 kHz

2.5 kHz

2
1.0 kHz

ILD

43

ITD
ITD

IPD
IPD

ILD

2.5



44



[10]

[11]

[12]

JIS S 0013, - , 2002.

S.Kuwano, S. Namba, and T. Mizunami, “Desiable properties for identification of
auditory warning signals,” Acoust. Sci. & Tech., vol. 22, no. 4, pp. 311-314, 2001.

« 2

’ )

58 6, pp. 360-365, 2002.

43 7
) )

52 4 | pp. 244-252, 1996.

) - 7 52 4
, pp. 244-252, 1996
=7 . 1996(3)11.
) ) 5 , « ( )
J (), pp. 457458, 2003.

, ; , ., “JIS S 0013 (

ON/OFF ” vol. 40, 0. 5.

)

pp.264-271, 2004.

« 7
Y ) Y )

29 4 | pp. 192-202, 2003.

(13
) I I I

K A, vol.J90-D, 10.10, pp.2765-2774,
2007.

«
) Y ) )

) N-2003-62, 2003.

43
) ) Y ) )

) 61 3 ,pp. 118-125, 2005.

45



[13]

[14]

[15]

M. Ebata, T. Sone, and T. Nimura, “Improvement of hearing ability by directional
information,” J. Acoust. Soc. Am., vol. 43, no. 2, pp. 289-297, 1968.

K. Saberi, L. Dostal, T. Sadralodabei, V., Bull, and R., D., Perrot, “Free-field release
from masking, 7 J. Acoust. Soc. Am., vol. 90, no. 3, pp. 1355-1370, 1991.

M.L. Hawley, R.Y. Litovsky, and J.F. Culling, “The benefit of binaural hearing in a
cocktail party: Effect of location and type of interferer,” J. Acoust. Soc., vol. 115,
no. 2, pp. 833-843, 2004.

J. Peissing and B. Kollmeier, “Directivity of binaural noise reduction in spatial mul-
tiple noise-source arrangements for normal and impaired listeners,” J. Acoust. Soc.,
vol. 101, no. 3, pp. 1660-1670, 1997.

D.S. Brungart, “Informational and energetic masking effects in the perception of two
simultaneous talkers,” J. Acoust. Soc., vol. 109, no. 3, pp. 1101-1109, 2001.

N.I. Durlach, C.R. Mason, B.G. Shinn-Cunningham, T.L. Arbogast, H.S. Colburn,
and G.Kidd, Jr., “Informational masking: Counteracting the effects of stimulus un-
certainty by decreasing target-masker similarity,” J. Acoust. Soc., vol. 114, no. 1, pp.
368-379, 2003.

Antje Thlefeld and Barbara Shinn-Cunningham, “Spatial release from energetic and
informational masking in a selective speech identification task,” J. Acoust. Soc. Am.,
vol. 123, no. 6, pp. 4369-4379, 2008.

Antje Thlefeld and Barbara Shinn-Cunningham, “Spatial release from energetic and
informational masking in a divided speech identification task,” J. Acoust. Soc. Am.,
vol. 123, no. 6, pp. 4380-4392, 2008.

; : : ~FLMP
= 55 11 , pp. 735-741, 1999.

Brian C. J. Moore, An Introduction to the Psychology of Hearing Fifth Edition,
Chap. 7, Academic Press, London, 2003.

, 2003.

L.R. Bernstein and C. Trahiotis, “The apparent immunity of high-frequency “trans-
posed” stimuli to low-frequency binaural interference,” J. Acoust. Soc., vol. 116, no.
5, pp- 3062-3069, 2004.

46



[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[36]

[37]

C. Lane, N. Kopco, B. Delgutte, B.G. Shinn-Cunningham, and H.S. Colburn, “A
cat’s cocktail party: Psychophysical, neurpphysiological, and computational studies
of spatial release from masking,” Proc. ISH 2003, pp. 341-347, 2003.

J., Nakanishi, M., Unoki, and M., Akagi, “Effect of ITD and component frequencies
on perception of alarm signals in noisy environments,” Journal of Signal Processing,
vol. 10, no. 4, July, pp. 231-234, 2006.

H., Uchiyama, M., Unoki, and M., Akagi, “Improvement in detectability of alarm
signal in noisy environments by utilizing spatial cues,” Proc. WASPAA2007, pp.
74-77, New Paltz, NY, 2007.

J. Blauert, Spatial Hearing, The MIT Press, 1983.

M. Morimoto and Y. Ando, “On the simulation of sound localization,” J. Acoust.
Soc. Jpn., vol. 1, no. 3, pp. 167-174, 1980.

E. M. Wenzel, M. Arruda, D. J. Kistler, and F. L. Wightman, “Localization using
nonindividualized head-related transfer functions,” J. Acoust. Soc. Am., vol. 94, no.
1, pp. 111-123, 1993.

N. Aoshima, “Computer-generated pulse signal applied for sound measurement,” J.
Acoust. Soc. Am., vol. 69, no. 5, pp. 1484-1488, 1981.

Y. Suzuki, H. Y. Kim, F. Asano, T. Sone, N. Aoshima, “An Optimum computer
generated pulse signal suitable for the measurement of very long impulse responses,”
J. Acoust. Soc. Am., vol. 97, no. 2, pp. 1119-1123, 1995.

(13
I ) I I

) , vol. 60, no. 6, pp. 314-318, 2004.

« 7
) Y Y ) Y

, vol. 55, no. 2, pp. 91-99, 1999.

(13
9 ) 9 9

7 , vol. 57, no. 11, pp. 685-692, 2001.

« 7

) ) ) Y Y

. 1-7-2, pp. 513-514, 2008.

(13
9 ) 9 9

7 , vol. J84-A, no. 3, pp. 260-268, 2001.

A7



[38] M. Parham, T. Hironori, N. Ryouichi, and K. Hiroaki, “Comparison of simulated
and measured HRTFs: FDTD simulation using MRI head data,” Audio. Engineering
Society., pp. 7240-7251, 2007.

[39] ) Y ) “
J , vol. 104, no. 526, pp. 7-12, 2004.

[40] K. Tida, M. Ttoh, A. Ttagaki, and M. Morimoto, “Median plane localization using
a parametric model of the head-related transfer function based on spectral cues,”
Applied Acoustics, vol. 68, no. 8, pp. 835-850, 2007.

[41] , ,“ K
, Pp- 297- 298, 2000.
[42] ) ) ) “
)] , vol. 104, no. 247, pp. 1-6, 2004.
43] , , , HRTF K

Y

, vol. 35, no. 11, pp. 711-716, H-2005-121, 2005.

[44] Y. Iwaya, “Individualization of head-related transfer functions with tournament-style
listening test: Listening with other’s ears,” Acoust. Sci & Tech., vol. 27, no. 6, pp.
340-343, 2006.

[45] HRTF
http://www.ais.riec.tohoku.ac.jp/lab/db-hrtf/index-j.html

[46] Y. Linde, A. Buzo, and R. M. Gray, “An Algorithm for Vector Quantizer Design,”
IEEE Trans. on Communications, vol. 28, no. 1, pp. 84-95, 1980.

[47) MIND SPORTS WORLDWIDE, “How to Organise a Tournament from the Mind

Sports For Schools initiative,” http://www.msoworld.com/schools/tournament.html

[48] , , ) ¢« ’77
(), 2-2-2, pp. 515-516, 2007.
[49] ) ) ) “
) , vol. 36, no. 7, pp. 593-598, 2006.
[50] ) ) ) “
) , vol. 107, no. 187, pp. 7-11.
[51] EXPLAB :  http://psy2.tamacc.chuo-

u.ac.jp/students/suto/vb/

48



[52] ) ’ 4:
: ., 1998.

[53] H. Hoshino, S. Kojima, Y. Uchiyama, and T. Hongo, “Evaluation of Effects on
Improvement in a Driver’s Reaction by Spatial Warning Sounds,” IFICE TRANS.
INF. ¢ SYST., vol. E85-D, no. 11, pp. 1793-1800, 2002.

49



1. Naoki Kuroda, Junfeng Li, Yukio Iwaya, Masashi Unoki, and Masato Akagi, “Ef-
fects from spatial cues on detectability of alarm signals in car environments,” Proc.
NCSP’09, March 2009 (to be appeared).

( ), 2009.3 ( ).

20



