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Maximum likelihood self-calibration for direction-dependent 
gain-phase errors with carry-on instrumental sensors:  

case of deterministic signal model 

WANG Ding1, PAN Miao2, WU Ying1 
(1. Institute of Information Engineering, PLA Information Engineering University, Zhengzhou 450002, China; 

2. Jiangnan Institute of Computing Technonlogy, Wuxi 214083, China) 

Abstract: Aim at the self-calibration of direction-dependent gain-phase errors in case of deterministic signal model, the 

maximum likelihood method(MLM) for calibrating the direction-dependent gain-phase errors with carry-on instrumental 

sensors was presented. In order to maximize the high-dimensional nonlinear cost function appearing in the MLM, an im-

proved alternative projection iteration algorithm, which could optimize the azimuths and direction-dependent gain-phase 

errors was proposed. The closed-form expressions of the Cramér-Rao bound(CRB) for azimuths and gain-phase errors 

were derived. Simulation experiments show the effectiveness and advantage of the novel method. 

Key words: maximum likelihood method; self-calibration; gain-phase errors; instrumental sensors; direction-dependent; 

Cramér-Rao bound 

 

1  �� 

��������	
��
�������

�����������
����� !"#

�$%&�'�()*+,-./012345�

+67�(DOA, direcion-of-arrival)�89:;<(

)34=>?@�ABC�DEFG TD-SCDMA

HIJ��KL����MNO
�PQ�R�S

DOA��GT7�UV/0W+,�X6YZ[\

]34�#�^$G���	
��
�J�X

MUSIC _`[1]
:ab�cdefg_`h�B�

*ij���kl�mGno��J�/0	Jp

q	r�7�stuvwxyFpq�z�{|c

}~��vw|�Fpq	r�no>����>

��fu��Gx=4�Fpq	r�f���G

��[�^$����	
����no	
��

���	
��Z�~��89���y��}�

�����

[2~5]
��� [$¡T	
��¢£¤

�����2009-12-14/�����2010-05-25 



� 2 � !"#$%&'()*+,-./01234
56789$:;<=	>?@ A35A 

 

¥�����¦§¨n��!"©ª�x$ 

«¬�­®¯t*ij£y°�	
��¢£

7`�±²�³Z�	
��¢£7`W"�:´

¢£

[6~8]
µZ5¢£

[9~11]2¶g$´¢£·"¸¹N

O	
��º»µ�S7>�¡T�_`�n¼}

"½¾�$Z5¢£¿·"7>���¢£5�À

g7`�_`�n¼}"½¾Á�m¤noO_J

�¢£57>���ÂnÃ�Gx=Ä��T¼·

"Å¢£57>Æ#:Ç�ºÈÉÊNO

[10]
$·"

ËÌ�¤���	
��¢£7`¶ÍL�B��

S7>Îk�	
��Ï��Ð���no�	


��c}~|Ñ¹�¡:Gno��J�ÒÓÔY

�t*Í¤7>ÕÖ�	
��$%&�×pq	

r�7�s~xy¼�Ø·"'�7>ÕÖ�{|

��ÉÊÙÏ�T¯�Ú	
�¼�G*���U

Û(&{|��Ü>���XÝ��[�^)�ÞÓ

�	
�ß¹àáÆ�X�xq7>ÕÖ�{|

��ÉÊÙÏ$â9�7>ÕÖ{|���´¢£

?@ã¤xquä?@�|kåæçz��~*$

èéê

[12]
^Ò�ÌBx�ë�ìí	r�7>Õ

Ö{|��´¢£7`�îìí	r`(ISM, in-

strumental sensors method)$À7`n³B�S7>

Ýï{|���ðñ�¹òNO�ó·"�Kxô

õöî�GÎ·�z	
{|���÷ø�1�

7>NOÃ$T¯�èéê^ÒùÅÀ7`ú��

��	r>���

[12]
µ��¢£

[13]
J��2�B¾

û�[ü$ýn��Ð�þ�q��¢£	rµ*

qÇ¢£	r�V�	
�:��¢£	
(PCA, 

partially calibrated array)[14~16]
�ïJåæ[15,16]Í�

ÌBx�ë���¢£	
�7>NO´¢£7

`�ÞÓÆ�·"xôõö(�½�)î�GÎ·�

z	
���÷ø�NO�S7>$no��ISM

µåæ[15,16]J�7`Í��V¤x��	ð
�

NO�(RARE, rank reduction estimation)ò��#:

MUSICNO��x�ú�$ 

·"ËÌ�¤�RARE
â��n³�m¤'�

xôõöNO�S7>��ó�1���NO

[17]
�ï

º»NO��ZÉx����ef$������

¶�âNO��Z¾��º»NO}��×�¶�

âNO��xy}"½¼�ïº»NO}�¤��

Z[��îG¶������NO7�-��� 

!"(CRB)�î�º»NO~��xy}"½(�=

�SÏ����)�ïº»NO��Æ#G¶*»÷

ø��xôõö7`

[18]
$:T��å!ä±²B'

�ìí	r�7>ÕÖ{|����¶�â´¢

£7`�åJ���	
Ï�ãâL�åæ[12]J

�	
Ï��m¤$ÌBx��=�SÏ����

�S7>Ýï7>ÕÖ{|����¶�â´¢

£7`$%��¶�âNO�J&'��ô(0}

�)?@�åJú�Bx�*É��+,§à-a

_`$
â|.åæ[12]J� ISM�åJ$Ì��

¶�âNO7`·"/*�O_È�m¤0Ân1

b2åJ�7`�XÉx��� ISM �º»NO

��$ 

2  ������ 

34$Ìx5»iÑS�=6�Ð5=67�

�wå89 nI : n:;><	�ïJ= i
�È:
( )n
ie � n1 : nôw 1
�ÈF> AP µ ⊥

AP �?:<	

A
efµ
@ef��£+§à<	FA min[ ]λ A

µ min[ ]e A �?: A��BcdÃÝï���3x

cd�ÈFC max[ ]λ A B µ max[ ]e A B �?:<	,

[ ]A B ��¶cdÃÝï���3x�6cd�

È$�&Å~DE2F$Ì 3qh��ÞÓ���

å�_`ú�µ�G�H� (I!"�#��J

KE2�Låæ[19~21]$ 

�� 1[19]  
MNO<	

m r×∈A C µ

m s×∈B C �Ú

P [ ]=C A B µ ⊥= AD P B�¿Z = +C A DP P P $ 

�� 2[20]  
MNO n: Hermite <	 Aµ B�

ïJ B:£=<	�Q 1 2 nλ λ λL� � � :<	,

[ ]A B ��6cdÃ�9 1 2 nx x xL� � � ¤|���6

cd�È�î k k kλ=Ax Bx �¿Z 

 
H

H
min

n
nλ

≠
=

x 0

x Ax
x Bx

µ

H

1 H
max

n

λ
≠

=
x 0

x Ax
x Bx

 (1) 

�ÛJ�RBÃäµR¶Ãä�?�� nx µ 1x $ 

�� 3[21]  
Mnº»�Èα�ÎÄNO� CRB

:

α

CRB �³=6xqC�n�È =β Fα�ïJF

: � S 7 	 � ¿ β � Î Ä N O CRB :

T= × ×
β α

CRB F CRB F $ 

3  ���������	
��
���

��� 

3.1  ������	
���
�� 

TMxqNOU�� Kr	
�Þ�G7>Õ

Ö�{|���GVWXZDqYZ�S¨[$:



�36� �  �  �  � � 32 � 

 

BNO�S7>�·"\� Pq��¢£�ìí	

r

[12]
�ÞÓ��G7>ÕÖ{|��� Kr	
�

VBxq ( )M M P K= + r	
$Ú	r]S8ì

í	r^_��X=xqìí	r:º`	r�¿

	
aÌ: 

 ( ) ( ) ( )t t t= +X Bs N  (2) 

Û(2)J ( )ts :�=�S�bcd�È� ( )tN :��

S|�IOef�ghÃbi�jklm�È�

( ) ( ) ( )1 1 2 2 D Dθ θ θ=  

 

B b δ b δ b δL� � � : 	 


7�<	�ïJ� ( )k kθb δ� :	
���È��n

å J � 	 
 � � T M Þ � b o :

( ) ( )k k k kθ θ=b δ Γ a� �ïJ�

T Tdiagk P k =
 

Γ 1 δ �

kδ ¤xq Kô
�È�ïJ�rpbo7>ÕÖ�

{|��� ( )kθa bo������	
���È�

�Åï�qbo: ( ) ( ) ( ) TT T
1 2k k kθ θ θ =

 

a a a �ï

J� ( )1 kθa ¤ Pô
�È� ( )2 kθa ¤ Kô
�È�

�¤Z 

( ) ( )k k k kθ θ=b δ Γ a�  

( )
( ) ( )1

2

1

diag
k PK

k k
K k k

θ
θ

θ
 

 

= =
 

 

 

 

 

 

 

a O
T ρ

0 a
δ

 (3) 

Û(3)J ( )kθT þ	
��<=� ( )1M K× + :<

	�

TT1k k =
 

ρ δ ¤k�7>ÕÖ{|���

1K + ô
�È$ 

þÛ(2)��	
r7�<	: 

 ( ) ( )H HE Mt t σ = = +
 

R X X BPB I  (4) 

Û(4)J ( ) ( )HE t t =
 

P s s :�Sr7�<	�σ :

lmst$GnoO_J�þÛ(4)�=���r7

�<	Î`1��ó��KZuL�1�Þ�xy

NO(�¶�âNO)Ã R̂$Ú� R̂ÉÊcd�;�

Åïbo:

[1] 

 ˆ =R SÛ SΛ̂
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