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ABSTRACT A circuit structure and a learning algo-

rithm are proposed for Blind Source Separation (BSS)

system applied to the following situation, the number

and combination of signal sources are changed. The fol-

lowing conditions are assumed, an instantaneous mix-

ing process and the number of sensors is equal to the

maximum number of signal sources. A separation block

is assigned to a combination of the signal sources, the

number is maximum. A plural number of the separation

blocks are used. When the number of signal sources

is less than the maximum, the same separation block,

described above, is used. First, the separation block

is trained by using the signal sources, the number is

maximum (Step 1). After the learning in Step 1 con-

verges, the separation block is trained by using the sig-

nal sources, the number is reduced (Step 2). A new

learning algorithm is proposed for Step 2. Since the

proposed method employs a plural number of the sepa-

ration blocks, they must be selected, and also the output

signals should be selected. A selection algorithm based

on correlation coefficients and signal level of the output

signals is proposed. In simulation, 4 speakers are em-

ployed. The number of the speakers, who speak at the

same time, is changed from 1 to 3. The learning process

in Step 2 is stable. The correct separation block and

output signals are selected.
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sk(n)(k = 1, 2, · · · , n)

k i

aik xi(n)(i =

1, 2, · · · , n)

xi(n) =

n
∑

k=1

aiksk(n) ( i.e. x(n) = As(n) ) (1)

A aik

y(n)

y(n) = W (n)x(n) (2)

= W (n)As(n) (3)

= P (n)s(n) (4)
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2.2

K K × K

1 s1 ∼ s4

1 3 (s1, s2, s3),

(s1, s2, s4), (s1, s3, s4), (s2, s3, s4)

W1, W2, W3, W4 3×3

<
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3.1

(6) Kullback-

Leibler divergence

KL(W ) =

∫

p(y) log
p(y)

∏m

i=1 p(yi)
dy (5)

= −H(y ; W ) +
∑m

i=1
H(yi ; W ) (6)

K-L divergence

W (n + 1) = W (n) + η[I − 〈ϕ(y(n))yT (n)〉]W (n) (7)

〈∗〉 ϕ(y(n))

(8)

ϕ(y(n)) = tanh(0.1y(n)) (8)

- 619 -



3.2

5

1 :

( ) =

(7) (8)

2 :

( )

≤

K × K

i) = 1

Wj(n + 1) = Wj(n) ( )

ii) 2 ≤ < K

sα yjα = 0

Wj α η 0

iii) = K

Wj (7) ( )

(ii)

(3)

si = 0 A i 0
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(9) SNR

SNR

SNRj = 10 log10

∑

u p2
juu

∑

u6=v p2
juv
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4.1

· 1 : s1

· 2 : s2

· 3 : s3

( : 8kHz)
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





COM = 123 12 13 23 1 2 3

s1 s1 s1 s1

s2 s2 s2 s2

s3 s3 s3 s3
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
(10)

· 1 : 40000 sample (5 )

· : η = 0.0003

· : 500 sample

· : W1 = I (3 × 3 )

· :

A1 =







1.0 0.9 0.8

0.9 1.0 0.9

0.8 0.9 1.0







4.2

COM = (123)

3 2 SNR

3 W1 SNR

1 40000

2: SNR

3: W1 SNR

1: SNR
W1 P1 SNR1α SNR1

570.5 −537.5 27.98

−682.6 1356.4 −672.8

20.58 −395.5 417.1

1 0.010 0.006

−0.001 1 0.013

−0.022 −0.021 1

38.46

37.53

30.30

35.38

2-3 25000

SNR

1 P1

( )
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2

COM = (123, 12)

SNR

4 2

4: SNR

2: SNR
107 × W1 P1 SNR1α SNR1

0.001 −0.012 0.012

−0.001 0.002 −0.001

3.480 −62.65 66.13

0.799 0.011 16.60

−0.003 1 −0.440

−9 · 10−5 4 · 10−6 91752

−26.34

7.13

179.7

74.84

4 y13

3

(3) s3 = 0 A

3 0

2

COM = (123, 12)

5 SNR

6 W1 SNR

3 80000

5: SNR

6: W1 SNR

3: SNR
W1 P1 SNR1α SNR1

569.0 −534.1 26.15

−684.4 1358.5 −673.4

20.58 −395.5 417.1

1 0.014 0.006

−0.003 1 0.013

−0.022 −0.021 1

36.46

37.37

30.30

34.94

40000 (s1, s2)

s3 y3 = 0

3 3 η = 0

5 40000

3

SNR11, SNR12 W1

SNR1

COM = (123, 13) COM = (123, 23)

4 5

4: COM = (123, 13)
W1 P1 SNR1α SNR1

570.3 −530.3 20.24

−682.6 1356.4 −672.8

32.11 −406.5 417.7

1 0.011 −0.007

−0.001 1 0.013

0.006 −0.021 1

37.72

37.53

33.32

36.54

5: COM = (123, 23)
W1 P1 SNR1α SNR1

570.5 −537.5 27.98

−683.1 1358.2 −674.4

18.24 −391.0 414.9

1 0.010 0.006

−0.001 1 0.012

−0.022 −0.015 1

38.46

38.61

31.44

36.29

1 COM = (123, 13) COM

= (123, 23)

5
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2 + x2

3

3
(11)

5.2

(11)
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corjαβ =
σyjαyjβ

σyjα
σyjβ

(if yjα > yth, yjβ > yth) (12)

j (12)

corj =
1

u

∑

|corjαβ | (13)

u j

corj j

1

corjαβ corjαβ = ±1

2

(12)

6

6.1

· 4 : s4

· :

COM = (123, 124, 134, 234, 12, 13, 14, 23, 24, 34, 1, 2, 3, 4) (14)

· 1 : 25000 sample ( 3 )

· : N = 5000 [sample]

· : Const. = 0.005

6.2

(14)
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6:
W1(s1, s2, s3) W2(s1, s2, s4) W3(s1, s3, s4) W4(s2, s3, s4)

(s1 s2) (s1 s3) (s2 s3) (s1 s2) (s1 s4) (s2 s4) (s1 s3) (s1 s4) (s3 s4) (s2 s3) (s2 s4) (s3 s4)

(y11 y12) (y11 y13) (y12 y13) (y21 y22) (y21 y23) (y22 y23) (y31 y32) (y31 y33) (y32 y33) (y41 y42) (y41 y43) (y42 y43)

(s1 s2 s3)
0.045 -0.027 0.079 -0.215 0.236 -0.777

W1
0.050 0.215 0.236 0.777

(s1 s2 s4)
-0.151 0.264 -0.887 0.030 -0.013 0.026 0.390 -0.093 -0.462 -0.865 0.232 -0.345

W2
0.434 0.023 0.315 0.485

(s1 s3 s4)
-0.319 0.209 -0.868 -0.445 -0.098 0.417 0.027 -0.013 0.031 -0.893 0.283 -0.168

W3
0.465 0.320 0.024 0.448

(s2 s3 s4)
-0.774 0.253 -0.233 0.081 -0.028 0.047

W4
0.774 0.253 0.233 0.052

(s1 s2)
0.080 0.048 0.409 -0.864

W2
0.080 0.048 0.409 0.864

(s1 s3)
0.005 -0.435 0.040 -0.893

W1
0.005 0.435 0.040 0.893

(s1 s4)
-0.308 0.282 -0.999 0.005 0.006 -0.999 0.303 -0.331

W2
0.530 0.005 0.006 0.545

(s2 s3)
0.100 0.101

W1
0.100 0.101

(s2 s4)
-0.885 0.041 -0.453 0.008

W4
0.885 0.041 0.453 0.008

(s3 s4)
-0.868 0.435 0.051 0.084

W3
0.885 0.041 0.453 0.008

0 0.5 1 1.5 2 2.5
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4

1

1.5

2

2.5

3

3.5

4

10: (25000 )
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11:

10 5000 W2

10 4000

s3 5000 2

2 (s1, s2)

(s1, s2, s4) W2

2

s3 s1

s2

1 W1

10 9000 s2

6000

(s1, s3, s4) W3
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