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Abstract

Estimation of Sound Source Zone using The Arrival Time

Interval

Koichiro Kanai

The microphone array can control the directivity and presume the direction where
the sound comes. Therefore, it is possible to separate a desired sound and an unnec-
essary sound from the direction of coming. Hence, the microphone array can improve
S/N of the receiving sound. However, when the target of receiving sound moves, the
microphone array always should match the direction of the microphone according to
the movement. Information of the changing sound source position becomes necessary in
order to automate directivity control of the microphone array. In this paper, estimation
of sound source zone using two microphones is proposed. The proposed system is used
for the correlation of two input signals. If the arrival time interval is estimated, the
microphone which is near to the sound source is decided. The proposed system can

estimate when two sound source exist at the same time.

key words cross-correlation, omni directional microphone, directional microphone,

sound source

— 11 —



1.1

1.2

2.1

2.2

2.3

24

2.5

2.6

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

4.1

— iii -



4.2
4.3
4.4

4.5

5.1

5.2

Al
A2

A3

30

30

30

31

32

33



2.1

2.2

2.3

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

3.10

3.11

3.12

3.13

4.1

4.2

4.3

4.4

4.5

4.6

100mm
200mm
300mm
400mm

200mm4bdeg Lo

100mm45deg ( 4,410



4.7

4.8

4.9

4.10

4.11

4.12

100mm45deg
100mm
100mm
200mm4bdeg
200mm4bdeg

200mm

( 4,410



3.1

3.2

3.3

3.4

4.1

4.2

4.3

200mm
300mm

400mm

100mm45deg
100mm

200mm4bdeg

— vii —



1.1

S/N

1] DFT



1.2

1.2



2.1

2.2

26

340m /s

44 1KHz

0.2(m)

340(m/s)

10ms

200mm

x 44100(Hz) = 25.94

(2.1)



2.3

2.3

2.4

2.5

speaker

) ) )

2.1

m cr ophone



2.6

2.

10

6

2.2

10

441,000

180

Amplitude

-10000 |
-20000
-30000

-40000
0

44.1kHz 20

2.3 10

30000

20000 I
10000

! !

2.2

10 15 20
Time [sec]



2.6

Amplitude

30000

20000

10000

-10000

-20000

-30000

! ! !

-40000
0

5 10 15
Time [sec]

2.3

20



3.1

3.2

3.1



3.3

mic B cross
® correlation
B
3.1
3.3
2 N f:{f07f17-~-7fN—1} g:{g07917-~-79N—1}
R(9)
(fg9) — % 3.1
I (3.
3.1 2



3.3

'7fN—1} g:{g()vglv"'

Z fi9itn

2 f = {f07 f17 ..
R(Ifg)
R%fg) —
f

[y

7gN—1+n}

g" = {90+n791+n, e

2
n
R;fg) —
1=
N
R(f9) — i=0
" | N1
N



3.4

2 3.1
0
3.1
0.0 < |r[| <0.2
0.2 < ||r| < 0.4
0.4 < ||r] <07
0.7 < |r]| <1.0
3.4
3.2 100mm 200mm 300mm 400mm
4 1,200mm
2
3.3 A
B
3.5
(A260)
3.2
5

~ 10 —



3.6

@)
O speaker
................. L
—/
~—~
1200nm
\_/
. YT, A
@ B
@ C A-B 100mm
A-C 200mm
@> A-D 300nm
A-E 400nm
@ E
3.2
3.6
3.9 44.1kHz
4,410 8,820 13,230 17,640 4
2
1 (0<n<N-1)
h(n) = (3.6)
0 (otherwise)
1/2

- 11 —



3.6

@ nicrophone A

@ nicrophone B

B
3.3
10 B
1.0 4,098
2
A

- 12 —



3.7

3.4

30000

20000 I
10000

° 0
=]
2
=]
£
< .10000 |

20000

-30000

-40000 L . :

0 5 10 15 20
Time [sec]

3.5

3.7

3.7 x(t)

- 13 -



3.7

- -~

~
“sound A

— 14 —

sour ce/’
Il W
v Y a \
\ O » H(z)
\ A
\
\ N
\\ y (k) e(Kk)
\
\B y
O ~O——>
out put
t ar get
zone
3.6
/;OJH(; S\
‘\source/’ . .
- arge
‘\ RS zone \
\ O » H(z)
oA (k)
\ e
. \
\ y(k)
\ >
\ out put
\B
O + =V
3.7
A 10 B
> y(t)
> z(t)
0dB



3.8

3.8
3.8 3.11
A
B 3.8 100mm
3.9 200mm 100mm
2
3.2 3.4
100mm
4,410
S 0dB
3.9
45
3.12
200mm
3.13 2

~ 15 —



3.2 200mm

Sample Number 4,410 8,820 13,230 17,640

445410 —-19.66 —20.51 —18.91 —-19.36 —18.16

533,610 —-19.62 —-1791 —-1990 -—-19.81 —-19.16

621,810 -19.08 -16.27 -17.11 -16.11 -—17.13

710,010 —18.26 —25.26 —24.70 —25.00 —25.60

798,210  —20.75 1.17  —-24.50 —-24.86 —25.04

3.3 300mm

Sample Number 4,410 8,820 13,230 17,640

445,410 —-19.66 —18.30 —19.49 -16.96 -—18.61

533,610 —19.62 —20.79 —20.69 —18.52 —19.00

621,810 —-19.08 —-1746 -—-17.11 -16.98 —16.82

710,010 —18.26 —24.23 —-24.63 —24.98 —24.39

798,210  —20.75 4.51 —-26.68 —26.22 —26.59

3.4 400mm

Sample Number 4,410 8,820 13,230 17,640

445410 -19.66 —-16.19 —-15.39 —18.71 —16.05

533,610 —19.62 —-17.80 -16.83 —16.63 —16.43

621,810 —-19.08 -16.43 —16.27 —15.47 —15.62

710,010 -18.26 —-31.47 -31.09 —-29.82 —30.50

798,210 —20.75 —=27.15 —24.96 —26.61 —27.05

~16 —



3.9

Shift Length

Shift Length

Time [sec]

3.8 100mm

3.9 200mm

100 200mm

300mm

17—



3.9

Shift Length

Shift Length

0
Time [sec]
3.10 300mm
60 T T T T T r
X | L4410 X
‘ R i I 8820 +
20 15 S N N S S i 13230 %
.t e
X, oKX I
M S U R N S N S N )
° Rol TLERE
- *Eox
20 [ X %? """ X *
X K x ¥ | 1
' e X !
G R I
.60 i i i i i i i
0 4 8 12 16 20
Time[sec]
3.11 400mm

— 18 —



3.9

micA micB

(@
- MiC A
“@®, micB
/C:".";.., .....
45 “o.
(b)
3.12

Shift Length

Time [sec]

3.13 200mm4bdeg

~19 —



4.1

4.2

4.1

— 920 —



4.3

— minus shift

mcB @——— cross :
correlation plus shift
B
7 . shift lengt
<0

minus shift

4.1

4.3

44.1kHz
4.4 4.5
13,230

4,410

- 21 —

]

A503

70

10



4.3

10

Amplitude

Amplitude

-10000

-20000

-30000

10 B 1

10

20000

10000

Time [sec]

4.2 (1)

30000

20000 [

10000

-10000

-20000

-30000

Time [sec]

4.3 (2)

— 929 _



4.4

4.4

Amplitude

Amplitude

20000

10000

-10000

-20000

4.4

10 15 20
Time [sec]

A

20000

10000

4.5

10 15 20
Time [sec]

B

10

— 923 —



4.5

4.5
4.1 4.3
4.6 4.12 4,410
“shift B” B
“shift A” A
10
10 A B
0
0
200 300
400mm 45 300 400mm
4.12 200mm
70

— 24 —



4.5

4.1 100mm45deg
A B
4,410 (0.10sec) 0.54 0.61
8,820 (0.20sec) 0.45 0.66
13,230 (0.30sec) 0.42 0.68
17,640 (0.40sec) 0.42 0.67
4.2 100mm
A B
4,410 (0.10sec)  0.56  0.58
8,820 (0.20sec)  0.45  0.64
13,230 (0.30sec) 0.41 0.67
17,640 (0.40sec) 0.42 0.67

_ 925 —



4.5

4.3 200mm4b5deg
A B
4,410 (0.10sec) 0.65 0.69
8,820 (0.20sec) 0.59 0.74
13,230 (0.30sec) 054 0.7
17,640 (0.40sec) 052 0.75
10
10 2
2
T T
3 ift
10 X et
X5
Pl
s i i
0 4 8 12 16
Time [sec]
4.6 100mm45deg ( 4,410

— 26 —

20

)



4.5

4.7

Correlation Value

Shift Length

4.8

Time [sec]

100mm45deg ( 4,410

20 H "
shiftB X

-20
0 4 8 12 16 20

100mm ( 4,410

_97

)

)



4.5

4.9

g
B
>
5
®
T

5]
o

Time [sec]
100mm ( 4,410
X

s

jo)]

o i

- 2

&

=
0 4 8 12 16 20
Time [sec]
4.10 200mm4bdeg ( 4,410

_ 28 —

)

)



4.5

4.11

Correlation Value

Shift Lehgth

4.12

shift B

Time [sec]
200mm45deg ( 4,410
OB X g xo
X X

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, X%9§<Xxxxx ><><><><

XX Kb 2 X

AETERS § C w
——————————————————————————————— S S O B S
L s T S BN ; x* ———————— —_—

1 L+ 1 1 1 Pt

Fott e siftB X
20 I I Lshift A+

P ST I SN R SV +
Y A S L S
N A T e
T T o o s

_80 i i i i i i i i i
O 2 4 6 8 10 12 14 16 18 20

Time [sec]
200mm ( 4,410

— 929 _

)

)



5.1

5.2

— 30 -



~ 31 —



vol.J82-A

13 2
no.6 pp.860-866 Jun 1999
(A) vol.J83-A mno.12 pp.1445-1454 Dec 2000
” 1995

" 0Q 2005

— 32 —



A.2

LMS

LMS

1960

RLS

— 33 -

1967

LMS

Kalman

RLS

N2



A3

RLS
A3
NLMS LMS
t
y(t) (1)
d(t) = W an (1) (A1)
hN = WN x(t) A1l
Al I (£) Al
rN(t) wWN
hN(t> xN(t) WwWnN
hy(t)  wn(t) wy
hN(t + 1)
hn(t+1)=hy(t) +{hn({t+1)—hn(t)}
_ {wy —hn ()} {hn(t+1) — hn (D)}
= hw(B) + Vo (4 1) — A ()]
hn(t+1) — hyn(t)
T D) — (@] (4.2)
I 2
hN(t + 1) — hN(t) B xN(t)
o+ 1)~ hn @~ Tex @] (4.3)
[ — Ay (O} T (8) = d(t) — ()
= e(?) (A.4)

— 34 —



A3

A2

— 35 —

(A.5)

(A.6)



