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Abstract: Aiming to the estimation of source numbers, mixing matrix and source signals under underdetermined case, 

and a method of underdetermined blind source separation with an unknown number of sources was proposed. Firstly, an 

algorithm based on S transforms and clustering technology was introduced to estimate the number of sources and mixing 

mixtures. Then sources were represented as null space form, the recovery of source signals using a method based on 

maximum likelihood. The simulation results show that the proposed method can separate sources of super-Gaussian dis-

tribution and sub-Gaussian distribution, and compared to other conventional algorithms, estimated mixing matrix and 

separated sources with higher accuracy. 
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A?_^��	
{f|}X	Y 2~��~:�

���2��N�"#�v�[11]�V���~�

�-��� l1 ����=ef�TU�5��

��2�v�[12,13]�V������ef����

�2��R��5����������Y;�

W���5��`�W��2rY��pqef ¡

¢£¤Z¥¦	§��Y��26̈ �~:���

©	§��ªY��2«¬®¯°¦±Lf

[14,15]
�p~ef|}²z:L{U³�;�^'®

´µ¶·��2TU¸j6pqA?{f ��

��Y¹E6uv�V�º��DE_^FGH»

¼	§��2�	
ef�½ef¾¿�� S��

-�~����=�±{��-<SÀÁ�ÂÃ��

�2��ÄÅÆÇÈÉ��Ã�Ê�ËÌÂ (ML, 

maxima likelihood) f±LÍ��ÃÎ«¬��R

TU��2�6 

2��������

�� n WÏÐ�ÑhiDE��2 s(t)=[s1(t), 

s2(t), Ò, sn(t)]
T
��Ê�DEÓ�ÔN<=>?Ã�Õ

RmWPQ�2 x(t)=[x1(t), x2(t), Ò, xm(t)]T
6PQ�

2 x(t)Ö��2 s(t)Í>XOÇ(1)ÈÉ6 

 x(t)=As(t) (1) 

�×�AØRm×n
Y<=ÀÁ��ÙÚ·<=>?@

�CABMN�}Û�YÜÝÞ�t=0, Ò ,N−1

Y�5ßàz6Y·á�	k�;â+Ê'×� s(t)

- x(t)	ãäY s- x6 

; m å n FGH�æ^ A���2 s XO

Ç(2)±LÕR6 

 *ˆ =s A x  (2) 

�×�A*
Y A�©çÀÁ�A*= AT(AAT)6 

è m< n��éY_^FG�êá A¹E�ë

���2 sTUìr:í���î�Ê±Lef

±LV s��±Lï6 

3  ���	
�����

;ð 4ñ×	k��òó:��<SÀÁ A

- nY¹E�Mã;A?{f× n �Y¹E�

o;ôõ× A- n :DE6uvß�·�ºö

� S��÷�Qø(SSD, single source detention)

ef�¾¿�ÐYùú¡¢V��5÷�PQ�

2�ÂÃß��~��	ã±L��2W� n-<

SÀÁ A6 

3.1  �� S ������	
�  

S��: Stockwell� 1996��V�ºXç

ûü��	kef��ýþ:ë������-

����°����6�r	�����°��


";�ß�¥¦��¥®-®��¬�

���pà9�£·����°����¥®-

®�^²�

[16,17]
6PQ�2 S ��XOÇ(3)

-Ç(4)L{ÕR6�
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∑

X X  (4) 

Ç(3)-Ç(4)×�i=1,Ò,m�nÈ�Å t =0, Ò, 

N−1�nÈ�¬ k=0, Ò, N−1�Ç(4)× F ( )i ⋅X Y

Ç(3)×�2��°��6 

ä

S S S T
1( , ) [ ( , ),   , ( , )]mt k t k t k= LX X X Y x  S

���ö� S��÷�Qøefýþ[18]
�;�

���z(t, k)g�` 2W@�´��2rY��

��

S ( , )X t k Ö S ( , )iX t k ( S ( , ) 0iX t k ≠ �i=1, Ò ,m)


��ü Frobenius ���Ë���\���ú

½��zY÷�z6JKp�ýþ¡¢�`÷�N

PQ�2Ê'OÇ(5)���6 

� 1  �������	
�������� 

����� 
���	


�� ��(�) 
��� 

��� ��� ���� 

�� 

�� 
mN2 mN2 (m−1)N2 N2 

��[13] 

�� 
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(2m−1)N 
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��[19] 

�� 
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Ç(5)×�║·║�Re[·]- Im[·]	ãY Frobenius�

���ôü-��ü�{6g���z(t, k)Y÷�z

�� !;

S ( , ) 0i t k ≠X (i=1, Ò, m)��� S ( , )t kX ×

7`"#$O��W�	��2Ö<=ÀÁ A
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X
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rY� Y

�\�6Ç(5)× εY�W\�6O��`÷�MN

PQ�2

S ( , )t kX ôü@�üÖë*A×+

)j
Å�`�	,ëe)

[19]
�'Ðuv��ÖA

?ö���MN_^<=ÀÁ±L{f×�

~��ë�`÷�MNPQ�2-Ü�~±L<

=ÀÁ�	���2W�ìX��÷��2MN

-�~���±L�Ç(5)× ΨsY�`÷�MNP

Q�2

S ( , )t kX ôü.=6ö� S��÷�Qø

efrI�£·�/A?÷�Qøef×���

��0�-1®yS¡¢��N²��	��ÖA

?÷�Qøef��2�uvefL{3÷��Ê

È 1�2· 3ºr	÷�QøefL{U³®X�

456 

È 1×����z�$�Y N���È×

3 ºef���W÷�NPQ�2�Y��±{<

=ÀÁ�~"#678gHL{j�uvef

�8 m 9�ôü�{��v�[13]ef8 3m+2

9%f�{�3(m−1)9:f�{- 2m 9�ô(�)

ü�{�v�[19]ef8 m+19%f�{�(m−1)

9:f�{- m9�ô(�)ü�{6 
3.2  ��������	
�

O���:DE�; _^FGH��ì

rî� PCA@ SVD-Ü±{6Y·±{��2

W��uñß��ºö��~Î4��<^���

½efJKr	�~�(�~� c=2,Ò, cmax)ëÇ

(5)×÷�N"#-Ü�= c $ï�~ (fuzzy 

c-means clustering)�;�Ç(6)Yùúër	 c�

~��-Ü>±ÕR���~��éY��6 

max

( )
ˆ arg min ( )

( )c

Sep c
n Scat c

Sep c

 

= +
 

 

�c =2,Ò, cmax  (6) 

Ç(6)× Scat(c)- Sep(c)rIÖ�~� c `

Í�7Ö÷�PQ�2.= Ψs ×"#-�~×

?�Í���@L{XABv�[20]6Scat(c)È

É�~�Y c�~CDN�è�~CDN�E�

Scat(c)ï�����ï; 0~1
Å�Sep(c)��

���~�Y c��~×?	§FG�FY�~	


®�è�~×?	§�=#���ïì���6

'Ð����Ç(6)�áX&Õ Ψs�G�~��

é<^��2W�6è��<^Ã�<SÀÁ�J

K���~H"#�±{6� aiY Að i+)

j��@OÇ(7)±{ÕR6 

 s

( , )

1
ˆ Re[ ( , )]

i

i
t k ci

a X t k
Nc Ψ∈

=
∑

�i=1,Ò, n̂  (7) 

Ç(7):;���~FGH��Ç(5)×"#

�~c n̂~�A  n̂W+)j	ãOH�~×c

IÛ$ïÕR6J¼�N ciYK� ci~cIW��

ΨciYK� ci÷�zcI.=6 

4  ������ 

; A- n ¹E_^FGH���	
{f9

:}¤ xÕR s��±L6uñ;�� A- n¹E

FGH�¾¿LM·��2�ÄÅÈÉ

[21]
�;Ðö

N´ß�·�ºö�ML±Lef�TU��26�
��

�

4.1  �������� 

Y·á�	k�¿�Ç(1)× A O�W m m

ëOÁ Λ - mP(n−m)Q 0 ÀÁRc�ä Λ= 

diag[λ1, ����, λm] λi < λi−1, λi ( i=1, Ò ,m)>0���Ç

(1)XSTcÇ(8)6 

 x=( ΛΛΛΛ , 0)s (8) 

OÇ(8)XE�s� mWïXOÇ(9)ÕR6 

 /i i is x λ= �i=1, Ò ,m  (9) 

�U(n−m)W s��W(n−m)Q+)j rÈ

É�r =[r1,Ò, rn−m]T
6OÐÇ(8)× sVX�Ç(10)

���6�

 
1

( )

( )

m n m

n m m

−
× −

− ×

 

 

= +
 

 

 

 

 

0
s x r

0 I

ΛΛΛΛ
 (10)�

Ç(10)× IY(n−m)m÷WÀÁ�
1

( )n m m

−

− ×

 

 

 

 

0

ΛΛΛΛ
Y

<=ÀÁ A�©çÀÁ6�

è<=ÀÁ ArÝXÇ(8)×MYÆÇ���

 s Vì9rîZ[�Ç(10)���6oO� A Y

ÜÝÞ�� SVD\]ï	V×^ mWrY�

M_ï�XTc A=U( ΛΛΛΛ , 0)V���n`Ç(1)�;

JKÇ(10)�XÕR sVgÇ(11)7É6�

 
1
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( )

m n m

n m m

−
× −

− ×

 

 

= +
 

 

 

 

 

0
s V U x V r

0 I
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− ×
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A*
�V Ã(n−m)W+)jY A M_ïY�ë*

M_)j���RcÀÁäY V2�éY A�Ä

Å6��Ç(11)X3TcÇ(12)6 

 s = A*x+V2r (12) 

OÇ(12)XE�è A ¹E���±L·(n−m)

W r9�è�±L nW s6 
4.2  ������ �

Y·î	�	
£¤»¼	§��2�uv¡

��`ëF÷a	§MN�©¥¦�� (GGM, 

generalized Gaussian model)[18, 22]
ªY��2«¬

®�Ç(13)Y����1È�Ç6�

 ( | , ) exp[ ]
2 (1/ )

z
p z

ββα β
σ β σ

= −
Γ

 (13) 

�×�αY�2 zeb� ( )Γ ⋅ Y Gamma0��c

ñ βïXÕVr		§0����β=2ÈÉd

ù¥¦	§�β<2 �YZ¥¦	§�β>2 �Ye¥

¦	§6 

� X=[ x(0), Ò , x(N−1)]� R=[r(0), Ò  , 

r(N−1)]�S=[ s(0), Ò, s(N−1)]�q=[α1, Ò, αn, β1, Ò, 

βn]
T
�;ä S«¬®Y f(S|q)6��XÕ X- R

f=	§0�gÇ(14)7É6 

 
1

( , | , ) ( | )
det( )

N

p f
 

=
 

 

X R A q S q
ΛΛΛΛ

 (14) 

Y·±L�W��2	§0���×α-β�

ghÍ�A�)jq¿ÎÌÂ0�gÇ(15)7É6 

 ( | ) ( | , ) ( )dp p p=
∫

A

X q X A q A A  (15) 

O�ËÌÂ±LfXE 

 ˆ arg max{ ( | , ) ( )d }p p=
∫

q A

q X A q A A  (16) 

é 

 ( | , ) ( )d 0p p
∂ =
∂ ∫

A

X A q A A
q

ˆ
⇒ q  (17) 

Ç(14)~Ç(17)×�O� Ah�i� q� 	§

p(X|A,q)- p(A):�i�'Ð q �ËÌÂ±L

X3�YÇ(18)6 

 ˆ arg max ( | , )p=
q

q X A q  (18) 

Ç(18)×±LV qÃ�JKÍ� RÃÎ«¬

P(R | X q; A)��Metropolis-Hastings{f[23]
�j.

Rkàl+ kR%  (k=K0, Ò, K; K0>0Y burn inm

n)6ö�pkàl+�X^©Í�ÃÎ«¬$ï

o9�pqnr0�gÇ(19)7É6 

 
2

2

ˆ( ) E[( ) |  ; ]

ˆ        ( ) ( |  ; )d

J

p

= −

= −
∫R

R R R X q A

R R R X q A R
 (19) 

���Ç(19)× J(R)XÕRÃÎ«¬$ï

±Lï R̂��XOÇ(20)kàl+ kR% sÎ$ï�

t�6 

 
00

1ˆ E[ |  ; ]
( )

K

k
k k

R
K K =

= =
− ∑

%R R X q A  (20) 

¤´�	kÊ'XE�OÇ(18)-Ç(20)�=

X±LV r(t)�ÂÃ��n`Ç(12)×9X�ÕR s(t)

±Lï6�

5  �������

uv�V��DE_^��	
{fô

uvwgH6 
step 1  �� n-<SÀÁ A±L 

1) OÇ(3)-Ç(4)ë X -Ü S ���ÕR

XS(t,k)�t=0,Ò,N−1, k=0,Ò,N−1; 

2) OÇ(5)¡¢ XS(t,k)×�`÷�N�2�Õ

R Ψs � 

3) ��v�[20]× FCMëΨs-Ü c(c=2,Ò, 

cmax)�~�;OÇ(6)<^ n� 

4) OÇ(7)±{<SÀÁ A� 

step 2  ��2 sTU 

1) ���ËÌÂf±LÇ(18)×A�)j q; 

2) ��v�[23]× Metropolis-Hastings {f

-Ç(20)��=±{ r� 

3) � step 1× A- rn`Ç(12)�éXÕR

s±Lï6 

;xyÎ4ôÎ×¡���2�5�Æg

 17É�uvxyz{YMATLAB R2010b6 

Y·|E}~Îö� S ��-�~Î4�

���=��±Lf���� 1�� 2 -� 3

p 3 W��:�Î46� 1 ��2¡{s1, s3}�

� 2��2¡{s1, s2, s3}�� 3��2¡{s1, 

s2, s3, s4}�;p 3 W��xyôÎ× A  :

;[−1 1]
Å�(j.� m=36��x

y��g 2 7É6O 2 XE��~��[

����ï���~Î4�����OÇ(6)

X�ù<}<^� 1�� 2 -� 3 ���O
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ÐXÈ5ö� S ��-�~Î4����=

±LfrIîù<±L_^FGH���ì

s��Z^FG6  

 
� 1  ��  

 
� 2  !"#$%&'( 

Y·��Î4uv�VUBSSef`�

N�7�½efÖ�/v�ef-Ü�2:�

Î46;pWxyôÎ×�Ç(1)× A 	àì

:;[−1 1]
Å�(j.��ï�Ç(21)�

uv_^<=ÀÁ±LefÖv� [13]�v�

[16]�v�[19]3r	ef±L��gÈ 2 7

É6��uv�v�[13]-v�[24]3 3 ºr	

UBSS efôu	
�2g 37É���2

±LefNîOÇ(22)>�����ë��2

±LNî�2gÈ 37É6�

0.357 5  0.215 5        0.4121    0.907 7

0.515 5      0.311 0    0.936 3    0.805 7

0.486 3  0.657 6    0.446 2       0.646 9

− −
 

 = − −
 

 − −
 

A  (21)�

 
2

2
10lg

ˆ
i

i

i i

S
SIR

S S
=

−
�i=1,Ò, n (22) 

Ç× îs YÖ is ë*±L6 

 

 

 

 
� 3  )* UBSS������  
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� 2  �������	
���	���� 

/01 

21 
3456 
��� 

47[13] 
��� 

47[16] 
��� 

47[19] 
��� 

A(1,1) 0.363 7 0.262 1 0.342 4 0.289 7 

A(1,2) −0.193 4 −0.072 5 −0.107 5 −0.149 4 

A(1,3) 0.330 3 0.273 5 0.400 6 0.410 5 

A(1,4) −0.951 5 −1.035 2 −0.819 0 −0.961 5 

A(2,1) 0.480 5 0.579 9 0.485 2 0.410 0 

A(2,2) 0.366 7 0.156 7 0.239 9 0.187 0 

A(2,3) −0.983 0 −0.777 0 −1.122 0 −0.949 0 

A(2,4) −0.817 7 −1.051 1 −0.816 3 −0.708 1 

A(3,1) 0.407 4 0.301 3 0.470 6 0.581 0 

A(3,2) −0.672 9 −0.407 2 −0.543 7 −0.592 1 

A(3,3) −0.515 4 −0.633 0 −0.575 8 −0.538 2 

A(3,4) 0.652 3 0.692 6 0.508 0 0.713 2 

� 3 �� UBSS
������� 

UBSS�� 
��  

3456��� 47[24]��� 47[13]��� 

s1 19.626 8 17.098 8 15.860 2 

s2 26.230 7 19.116 6 12.721 5 

s3 25.680 4 23.038 8 23.950 0 

s4 23.901 4 19.294 4 22.380 1 

 
OÈ 2-È 3�2����� 3�ÆX

E�uv_^��	
efrIî2E}	
V

Z¥¦-e¥¦ 2ºr		§�2�	��; A

-��2TUNî´ì@u·���/ef|

�`��N6¨��;xyôÎ×�OÇ(18)ÕR

��2(s1,s2,s3,s4)	§0�× α ±Lï	ãY

1.059 3�1.010 7�0.091 0�0.083 5�β±Lï	

ã 70.010 9�172.850 5�0.795 7�1.888 7�O β

ïXE s1, s2Ye¥¦	§�2�s3, s4YZ¥¦	§

�2�YÎ4p����Z[L{��2�®�

(s1,s2,s3,s4)�®	ãY 1.500 1�1.500 0�6.417 0�

5.830 0�è�®Ë� 3�2YZ¥¦	§��� 3

�2Ye¥¦	§�OÐ�5´���:\<6 

Y·-�v>�ð 3ñ�V��2±L{f

Nî�	ã��½{fÖv�[14,15]{f	


V_^FGH EEG(�� )�2-Ü�2	k�3

º��2TU{fU³®�{jY�uv{f

8±L2nWA��2n9�Ë��{�19Metropolis- 

Hastingskà�{�v�[14]{f8}±L 2nW 

 

 

 

 

 
� 4  )*�� /08��9:�  
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A��6n9�Ë��{�6n9Metropolis-Hastings

kà�{�v�[15]{f8}±L 2nL WA��

2nL9�Ë��{�L9Metropolis-Hastingskà�

{�L Y½{f���nv16 4(a)×��

2 s1- s2Y£¤Z¥¦	§ EEG�2�� s3Y

£¤e¥¦	§���2��� ��v�[25]�

�<SÀÁ Aï�Ç(25)��ì:;[−1 1]
Å�

(j.�m=26;pWxyôÎ×���<=ÀÁ

A-�� n$Y¹E� 4(b)YPQ�2� 4(c)~

 4(e)	ãY 3 ºr	��2±L{f	
�
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