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Over determined blind source separation 
based on maximum ratio combining  

YAO Jun-liang1, YANG Xiao-niu2, LI Jian-dong1, FU Wei-hong1, LI Zhao1, ZHANG Yan1 

(1. State Key Lab. of Integrated Service Networks, Xidian University, Xi’an 710071, China; 2. No. 36 Research Institute of CETC, Jiaxing 314001, China) 

Abstract: The blind source separation (BSS) was dealed with in the overdetermined case, i.e. the number of receive an-

tennas was larger than that of sources. Firstly, a method which converted the overdetermined BSS into complete BSS was 

given. Secondly, based on the relation between the optimal solution of generalized Rayleigh quotient and the convergence 

solution of fourth-order cumulant cost function, a maximum ratio combining (MRC) aided BSS algorithm (MRC-FastICA) 

was proposed. With this method, FastICA was used to obtain multiple estimated signals corresponding to a same source, 

and then these estimated signals were combined by our MRC method. Simulation results show that, compared with tradi-

tional algorithms, the proposed algorithm can obtain diversity gain, and achieve better SINR performance.  

Key words: blind source separation; independent component analysis; maximum ratio combining; diversity gain 
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2  ����� FastICA �	
� 

2.1  ������� 

FastICAABb�JÍÎ Ï Ð(ICA)�º\

�� !AB�ÑÒG� ICAÓÔe6ÕÖ� 

 +=x AS n    (1) 

×S�x=(x1,x2,Ø,xm)T
-s=(s1,s2,Ø,sd)

T
� n=(n1,n2,Ø, 

nm)T
 1ÕÖ m×1Ù�ÚÛ��ÜÏ-d×1Ù�W

ÝÞ���ÜÏ� m×1Ù�ß�ÝÞ¾ÌÜÏ�A

ÕÖ m×dÙ���_`"m-db��FGI��

���I�(}~��ij m>d��)�àá TÕ

Ö§â�ÝÞ¤¾Ì nã��� s�äH Ïªå

ÍÎTdcæ�

2σ "�}~���ÓÔS��� s-
��_` A�¾Ì�� n	bÃ��" 

ICA��}DçbäH��� ÏèéªåÍ

ÎTdWÝÞ���_` Aêëì"ICA���b

� A
�����*£íîºHG�ïð 

 H=  y W x  (2) 

y�G�ïðñ|�� y�äH ÏòeÊªåÍ

Î�ó yôb��� s�õå��"�ö÷øº\

��C��ùú ICAMN�ABûûFastICA" 

2.2  FastICA �	
� 

Ã��� FastICA AB¸üý E. Bingham[10]
þ

|�½@��AB(S-FastICA, serial FastICA)�T�A

B(P-FastICA, parallel FastICA) 2\Q?c¼�½�	

��pÚÛ����¤¥¦+,"¤¥+,£�q�� 

 =z Qx  (3) 

�¾Ì���¤¥_`

2 1/2 H( )s sσ −= −Q I UΛΛΛΛ �

×S�Λs� Us������	I�½� 1p(


cæ_` Rx=E[xxH]��������ÜÏ�

σ2
ÕÖ¾Ì'�" 

S-FastICAAB�ñ|eÕÖ� 

 H
i i=y w z  (4) 

×S�wi(i = 1,2,Ø,d)ÕÖ !_`W�� iHêÜ

Ï�àá HÕÖ��§â�yib� iH !���

S-FastICAAB�������q�� 

 + H H 2 H 2 E{ ( )* | | } 2E{| | }i i i i i= −w z w z w z w z w  (5) 

 
+ + H + H +( )

 / || ||
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i i i
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 = − = −


 =




w w BB w I BB w

w w w
 (6) 

¼(5)Sàá*ÕÖÃI���E[·]ÕÖI�Ç

È"¼(6)SBbý%���� !ÜÏwj (j=1,2,Ø, 

i−1)�&�_`��åA w1Ò�B����� 0�

m ÙêÜÏ 0m�1�¼(6)���by wiã% !Ü

Ï wj (j=1,2,Ø,i−1)èé� �6!"AB#$ !

|U%��� Ï" 

T�AB P-FastICA #$p&@ !ÜÏ

W=(w1,w2,Ø,wd)������'!" !|U%�

� Ï�AB�#$��¨���p�� ¥�^

H� ¥e6³��ö(¼� 

 H 1/ 2( )−=W W W W  (7) 

�ZE��(m>d)�FastICAAB*£¤¥e

6)*��ÙI�¾Ì�þÝAB� !�Ê"�

o©ª� FastICAABs@ ����FG��

x��� ¯2°�Td�'!"#$ !|U%

�������AB³��+,�-(deflation) .
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3  MRC-FastICA �� 

3.1  ������ 

=p©ª FastICAAB>��à?MN�}~

þ|º\�J¸l¹�T� FastICA AB

(MRC-FastICA)"AB��}@Aq4 1 &Ö�X

Y�ö 4HQ?��" 

1) ÚÛ�� � 

FG������ x=[x1,x2,Ø,xm]� ����b

� x � k��{x1, x2,Ø, xk}�×S xi (i=1,2,Ø,k)bý

dHFG`�������&�ÜÏ"�'!" xi�

��_`êëì�TdABe6��òeÊ<� ¯

2°� ���BC6� 3HDó�E#H ���

xiUÊXF<Hè%FG`�������gh k�

,�¸l�

d
mC GH^ k H ���XF'&@F

G������K x= x�Ix2IØIxkG JU% ��

� xi-xj (i≠j)XF� ÏòeÊUK�è%" 

2) � ! 

dÙÚÛÜÏ xi�#H Ï	bý dH���

��o&�ghp xie6��LE BSSAB���

� !"}~S BSSAB³� S-FastICA�p&@

i=1,2,Ø,kp(� xi�� !¨�e6�) k���

��õå î =s ,1ˆ[ ,is ,2ˆ , ,is L

T
,ˆ ] ( 1,2, , )i ds i k= L " 

3)  !��L� 

^º�K&p k�õå���L���MJ%

º����õå��L�º�"ýJ FastICAAB

>�NOUPE��ghUÊQRËST !$O

�L���"¿À)���Ä�èéÍÎ�}~�

�èU�V���L��WT" 

���èU�e6�èUXI�Ó�YÏ"

1 , js s$ $

R ÕÖZ�U%õå�� 1̂s - ˆ
js (j[\)�èUX

I_`� ,l qr �_`
1 , js s$ $

R ��(l,q)H���gh ,| |l qr

e6��YÏ 1,ˆ ls � ,ˆ j qs �èU�l]" 

�ÜÏ yl (l=1,2,Ø,d)�>^ã 1,ˆ ls @è%��

��õå���×_` 1,ˆ{ }l ls=y "qr 

 
max, ,| | max | |l q l q

q
r r=  (8) 

ab

max,ˆ j qs � 1,ˆ ls bp(è%��õå����
max,ˆ j qs

ß0 yl"p j=2,3,Ø,kcÃd�à?£��e�)L

����yl=[y1,l, y2,l,Ø, yk,l]
T (l=1,2,Ø,d)" 

4) ¸l¹�T 

qr���3)�)� ylb� jH����õå�

ó@q���ÓÔ� 

 
1, 1 1 1,
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l j l

l j

k l k j k k l

y b s i n

y b s i n

 = + +


⇒ = + +


 = + +
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Þ¾Ì nßeo&�¾Ì Ï� 1ÕÖq�� 

[ ]T
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1
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M

i Cs  

T

1, 2, ,l l k ln n n =
 

%

% % %

Ln  

×S�s−jÕÖ��� sSÆ' sj�fg���&�

��ÜÏ�b-C�
�� k×1-k×(d−1)ÙhI_`"

¸l¹�T���ôbíîºH�TÜÏ vl�y�

�Tñ|���

ˆ̂
ls VK��� sj�¸iõå]�

Á¾¹VSINR]¸l"�Tñ|��� 

 H H H H
l̂ l l l j l ls = = + +% %v y v s v i v n  (10) 
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ˆ̂
ls � SINRl� 

 
HH 2

H 2 H

E[| | ]

E[| ( ) | ]
jl ll j

l
l l l

SINR
+

= =
+

%

%

%

%

s

i n

v R vv s

v i n v R v
 (11) 

×S�

HE[ ]
j j j=
%

% %sR s s �

HE[( )( ) ]+ = + +
%

% %i nR i n i n " 

¼(11)báj��n Rayleigh k�¼��~l

[13]e��y×¸l¥�eÜÏ� 

 1 1
opt 1 1( )  = ( )

j ll λ λ− −
− += +

% %s i n yv R R b R b  (12) 

×S�

l j += +
% %y s i nR R R b� l�L���(¼(9))��

èU_`�¸mhI

H 1
1 ( )

l
λ −= yb R b" 

¼(12)�)�eÜÏ vl-optn�b¸m��O

½����ÜÏ b��}~S bb{B���"* 

£ Ð�?�¼(12)ã¸l¥�áXI(13)&���

�ù vl
[14,15]
�èæºHChI" 

 
H

4 4
2 H 2 2 2

ˆ̂| ( ) | | ( ) |
( )

ˆE [| | ] ˆE [| | ]
l l l

l
l l l

CUM CUM s
J

s
= =

v y
v

v y
 (13) 

4
ˆ̂( )lCUM s ÕÖ l̂s �op23Ï�½qEn�[16]

�

4
ˆ̂( )lCUM s 4ˆ̂E[| | ]ls= − 2 2ˆ̂2E [| | ]ls − 2 2ˆ̂| E[ ] |ls "ghe

6*£íîºHy�áXI(13)¸l¥�ÜÏ vl�

¸l¥¼(11)" 

�áXI J(vl)�¸l¥e6³���B" 
 ( 1) ( ) ( ( ))

ll l lp p J pµ∇+ = + vv v v  (14) 

×S� µb�rgs�p ÕÖ��$I�~l[14]

t|¼(14)S ( )
l lJ∇ v v �Õu¼q�� 

  (15) 

� µ�vw�L���B(14)e6!"AB

���O½>�������«¬"�'þÝ��

����}~�ABS�v³�ZxIAB

[17]
�)

ºH vl�_`��¨����B(14)��yz�

�"ZxIAB�����(¼q�� 

 
1

1

( )
( 1)

|| ( ) ||
l

l

l

p
p

p

−

−+ = y

y

R k
v

R k
 (16) 

×S� 

  (17) 

^{

Hˆ̂ ( )= ( )l l ls p pv y �L��� yl��¸l¹�

T�|}AB"MRCABq�" 

1) ~ p=1���v�ºH kÙ�R�Ó�T

ÜÏ vl(p)�e� Hˆ̂ ( )= ( )l l ls p pv y " 

2) ��¼(16)p vl(p)������) vl(p+1)�
ˆ̂ ( 1)ls p + " 

3) qr(¼ 13)�áXI J(vl(p+1))>J(vl(p))�~

p=p+1��� 2)����G�ó~ p=p+1d� 4)" 

4) ��¼(14)p vl(p)������) vl(p+1)" 
5) qr¼(14)S ( ( ))

l lJ p∇ v v lJçE���

β �óAB�s@���~ p=p+1��� 4)�����

�óAB���� lHõå��� Hˆ̂ ( )= ( )l l ls p pv y " 

3.2  ���� 

�à&?�MRC-FastICAABd��|}£�

q�" 

1) ÚÛ�� ��� mHFG`��ÚÛ��

S��vw dH��& dÙ�ÚÛ��ÜÏ xi"cÃ

d� k$��& k� dÙÚÛ��ÜÏ�{x1, x2,Ø, xk}" 

2) � !��� S-FastICAABp xi (i=1,2,Ø,k)
�� !�e6�) k �����õå î =s ,1ˆ[ ,is  

,2ˆ , ,is L

T
,ˆ ]i ds  (i=1,2,Ø,k)" 

3)  !��L��p îs (i=1,2,Ø,k)��L��

�MJ%ºH����õå��L�º���) d

HL���ÜÏ

T
1, 2, ,[ , , , ]l l l k ly y y= Ly (l=1,2,Ø,d)" 

4) ¸l¹�T���MRCABp yl���T�

�)õå��

ˆ̂
ls "p l� 1) dcÃd��e6�

)&@����õå�

ˆ̂ =s 1
ˆ̂[ ,s 2

ˆ̂ , ,s L

Tˆ̂ ]ds " 

�öpMRC-FastICAAB����" 

1) qr��I d %��e6y���

MRC-FastICAAB���� !"o�QR��

�����HI@eÊb
���¢v��õå d

�"õåcBXY�s��cB

[18] ��J�x

�jó�cB

[19]
" 

2) MRC-FastICA AB� !��W�>�N

OÓ���pJÃ����>�è�Ó���^p

¡<QRhª(�1b{G*�hª)�¨�+,b

WCU���^HMNe6*£��×�vw�x

çå��AB�ùú

[20]
" 

3.3  ��������	 

�ö*£ºHQRÖ���? MRC-FastICA

AB�d�£�" 
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��4 1S���I d=2-��FGI m=3�

ghÚÛ��ÜÏ" 

1 11 12 1
1

2 21 22 2
2

3 31 32 3

+

x a a n
s

x a a n
s

x a a n

     

 

     =     ⇒   = +
 

     

 

     

     

x As n  (18) 

qrAB� �I k=2��� �Dó�2 �

LE���ÚÛ��ÜÏeÕÖ� 

1 11 12 1 1
1 1

2 21 22 2 2

x a a s n

x a a s n1
       

= +     ⇒   = +
       

       

x A s n  (19) 

1 11 12 11
2 2

3 31 32 32

x a a ns

x a a ns2
      

= +    ⇒   = +
      

      

x A s n  (20) 

��©ª��� S-FastICA ABp x1-x2��

LE�� !��) 2�����õåq�(^{U

¿ÀÚÛ���¦¤¥)� 

 

T H
1,1 1,2 1 1

T H
2,1 2,2 2 2

ˆ ˆ

ˆ ˆ

s s

s s



  =
  



  =
 



W x

W x
 (21) 

qrp¼(21)� 2� !����L�¨�)� 

 

T

1 1,1 2,2

T

2 1,2 2,1

ˆ ˆ

ˆ ˆ

s s

s s



  =
  



   =
 



y

y
 (22) 

×S�y1� y2 1�p(J s1� s2�L����p

y1-y2  1��¸l¹�T�e�)����¸i

õå� 1
ˆ̂s - 2

ˆ̂s " 

E� Ð��¼(22)e6�|�MJ��� s1

� 2Hõå��� 1,1ŝ � 2,2ŝ �^ 2H��@U%�

SINR�Ê�̂ ��b6� 2HDg�&��E 1,1ŝ

� 2,2ŝ  1MJÚÛ�� x1� x2� !���o x1-

x2���hI A1� A2U%�.y 1,1ŝ � 2,2ŝ � SINR

�ÊU%GH �¼(21)e�� 1,1ŝ b x1�� 1 H 

!��� 2,2ŝ b x2�� 2 H !��(S-FastICA A

B>�NOÓ��)�oýJ S-FastICAAB>�1

æ23�U%� !$O.;<U%� !�Ê�

gh 1,1ŝ � 2,2ŝ � SINR�ÊU%" 

�àö���e��MRC-FastICAABbp|

@U%SINR�Ê�<H !��(p(J%º��

�)��¸l¹�T���)¸i� !��"±²

*�S�C³�<�|@ÍÎ¶·������

©ñè%��x�T���®p��)�����

L��T��� ¯2°��o´µ��¶·"%

�}~AB*£p<H|@U% SINR �Ê� !

����¸l¹�T�ze6�� ¯2°" 

4  ��������	 

QwS���HI d=4�Td 4HÍÎ���

�%�I������ 1� 2H 16PSK���2

H QPSK��"��®b m`��:�G`�gh

��_`�� iHêÜÏ� 

T

( ) [1,exp( j sin / ), ,

exp( j (m 1) sin / )]

i i a i

i a i

d c

d c

θ ω θ
ω θ

=

−

a L

� � � � � �

 
(23)

 

×S�daÕÖ:�G`è�FGÄ��!�½�

�����r�º��cb���ωi�θi 1b� i

H�������0-���θi�[0, π] ¡�¢£

 ¤�MRCABS���β=10−4
�¼(14)��r

gs µ =1�AB³���}I� 1 000" 

�� 1  � m=8� SNR=20dBÒ�¥¦' 4\

AB� !§r�^ 4\AB 1b S-FastICAA

B

[10]
-P-FastICA AB[10]

-�Jèp��� EASI

AB

[11]
�}~þ|� MRC-FastICA AB"4 2 b

º$Qw�¥¦@r� 1¨|'���-���

�67 4\AB�)� !���©ª4" 
�}$QwS����0-� [ ]1 2 3 4, , ,θ θ θ θ=θ

���_` [ ]1 2 3 4( ); ( ); ( ); ( )θ θ θ θ=A a a a a  1�� 

o o o o167.479 7    173.256 4   20.004 2    91.565 9 =
 

θ  

1.000 0 1.000 0

0.776 9 + 0.629 6i 0.932 7 + 0.360 6i

0.207 2 + 0.978 3i 0.739 9 + 0.672 7i

0.455 0 + 0.890 5i 0.447 6 + 0.894 2i

0.914 2 + 0.405 4i 0.095 0 + 0.995 5i

0.965 4 0.260 6i 0.270 3 + 0.962 8i

0.586 0 0.810 3i 0.599 3 +

−
=

−
− − −
− − −

A

 0.800 5i

0.055 0 .998 5i 0.847 7 + 0.530 5i























− 0 −




1.000 0 1.000 0

0.476 0 +0.879 4i 1.000 0 + 0.001 2i

0.546 9 +0.837 2i 1.000 0 0.002 3i

0.996 6 0.082 4i 1.000 0 + 0.003 5i

0.4019 0.915 7i 1.000 0 0.004 7i

0.614 0 0.789 3i 1.000 0 + 0.005 9i

0.986 4 +0.164 3i 1.000 0 0.007 0i

0.3

−
− −
− − −

  
− − −

− −
−

251 + 0.945 7i 1.000 0 + 0.008 2i























−
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4 2(c)b S-FastICA AB� !��©ª4�

�Se6�|�AB>�1æ23� !���5

Ï«�«æG4 2(d)-4 2(e) 1t|' P-FastICA

� EASI AB� !��©ª4�e6�|

P-FastICA� EASIAB��Ê�}è%�̂ 2\A

B�#$��S	p !_`��'� ¥+,

(�¬bp#$���)� !_`��p�� 

¥�̈ ¬b�ABSß0'� ¥®)�̂ H� 

¥+,.2l !��S�9:ÁÂ�;<AB 
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