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Recursive algorithm based on QR decomposition for fixed sample size  
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Abstract: Most of recursive algorithms based on QR decomposition(QRD) for adaptive beamforming are deduced by 

assuming that at each incoming snapshot an additional data vector is added. However, in practical use, the sample size 

which can beuse is always limited. After the sample data are cumulated to a certain amount, an old data vector should be 

removed at the same time when a new data vector is added. For this way of data updating, a more practical recursive 

QRD algorithm was proposed utilizing hyperbolic householder transformation. To reduce the computational cost of the 

algorithm a simplified method was also studied. Then based on the theory of the inverse QRD, further improvements 

were made for the algorithm more fit for real time use. Finally, the recursive algorithm was applied to the diagonal load-

ing beamformer which had more robust capabilities. Several computer simulations illustrates that, when the sample size is 

limited, the proposed algorithms provide large array gain and better beam pattern than the traditional QRD algorithm. 
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�

1  ���

�������	
���������

������������ !"#$
%&'�

�()*+,-�./�01234)�5�6

789:;<0=>?@A(BC�DEFGHI

JKLSMIMN�OP�JK�Q�RSTJDE

UPVFG�WX�YDEZ[\]^P_J�`

ab&?cdefUPVFGg@hi�j�kl

JK�Zmno�pq���	�r'?@PKs

t�uv�w]?@�rxxyz<0=>��(

1�OP�JK�s{�1� QR�|�Z[�J

Ka;<}~}&�����$*Y��Z[FG

� QR�|��UPVFG��T�\�Ha��

�����2010-06-10 



�196� �  �  �  � � 31 � 

 

����p��Zmno#�����w]o��

��?c��'uv�a;<�����( 

�	�����������x��QR�|�

�JK	�E2Zs����defag�
[1~3]
��

?c���t��� E2Z K$B	�y���

D�BC� QR�|��JK��¡¢£ K¤E2

¥�¦�s§¨©¢£�Q��ª«��E2¬

TJ�r®¯<E2Z[�t�°(�±²³��

<´µ�¶�·¸*¹Z[�kl
[4]
��º»s�

��?c��(?c�¼½B��Z[pªP¾	

¿ÀP¾�Á¡����ªE2�ÂÃÄÅ��Æ

E2
[5]
�ÇÈÉ�E2Z�sÊ(?@¿À QR�

|�PKË�� 2 'Ì�'	D�ÍÎ Givens Ï

:
[6]
�r'PKÐ�<sÑ���ÒÎÓ�·¯<

_J °
[7]
ÔÕ�'	D�Ö×HouseholderÊØ

[8]
(

2²Ù¿À QR�|PK��;��������

���H|��t�Ö× Householder ÊØ�Úg

�'�ÛE2Z�� QR�|��JK�wt�I

QR �|�ÜÝY0\]<Þ\���1ßA67

<pqàá�Yâ�ãI QR �|���?@P

¾(Úg�PKsä��pàÛ�Zmno�åx

xÚ�<_Jæ��p���?c��( 

2  QR�����	
�� 

çèGéZq M Géêëq λ/2�OìíG�

î n(nïM)¤ðñ¥a;�M×nò��Z[FGq 

 
[ ]

T

1 2

(1), (2), , ( )

( ) [ ( ), ( ), , ( )] , 1, 2, ,

n

M

n

i x i x i x i i n

=
= =

X x x x

x

L

L L

 
(1)

 

0�� ( )
m
x i (m=1,ó,M)ôSî m�Gé�î i¤ð

ñÃõö�E2Z[(÷��Z[UPVFG��

ôSq 

 H1

x n n

n

=R X X  (2) 

øùú
��û�ü�q
s

a �÷ SMIJK�ý

þ���ôSq 

 1

x s
μ −=w R a  (3) 

0��μ q��¼�BZ�s�� 1/ nμ = ��
n

w ô

Sî n¤ðñÃ�����m�÷�Ì 

 H

n n n s
=X X w a  (4) 

� n×nò�FG QnY
H

n
X \] QR�|�ÁÌ 

 H n

n n

⎡ ⎤= ⎢ ⎥⎣ ⎦

A
Q X

0
 (5) 

0��
n

A qM×MòA�âG�0ôS�FG(÷�Ì 

 H H H H H

n

n

n n n n n n n n

⎡ ⎤
⎡ ⎤= = =⎣ ⎦ ⎢ ⎥⎣ ⎦

A
X X X Q Q X A 0 A A

0
 (6) 

rE¾L4M:Øq 

 
H

n n n s
=A A w a  (7) 

Þ	q 

 
H

n n s

n n n

⎧ =
⎨ =⎩

A v a

A w v
 (8) 

¾L8MÁq1� QR�|� SMILQRD-SMIM

JK�12?@
¾�0�
n

A ��D���PK\

]pª�2 ��âP>��D�$*����#¥

���KH|���¥�����#��¬�

x�É���D�I QR �|LIQRD-SMIMJK

H|(� QRD-SMI# IQRD-SMIJK���?@

*>����ø<
1

[ ( )]
n n

n−=X X x �E2pªP

¾��?c�E2Zs�§�y¢£��;��Û

E2Z�¥�¡����ªE2�ÂÃQ��Å�

�ÆE2�Ç�TJZ[UPVFG��E2Z

�q K( 

3  ������� QR	
��� 

3.1  ���� 

�ÛE2Z��Z[pªP¾���f¾ô

SÌ 

[ ]
H

H H H H

1 1

( 1),..., ( 1), ( )

/

( ) ( ) ( ) ( )

n

x n n

n n n n

n K n n

K

n n n K n K− −

⎧ = − + −
⎪ =⎨
⎪ = + − − −⎩

X x x x

R X X

X X X X x x x x

 (9) 

� n>KïMÃ�ø� n-1Ã�4)?@<Ù H

1n−X

A�â�q
1n−A �÷� H H

1 1 1 1n n n n− − − −=X X A A ����

aÌ 

H H H H

1 1
( ) ( ) ( ) ( )

n n n n
n n n K n K− −= + − − −X X A A x x x x  (10) 

� H

1
( ) ( )

n n
n n K−⎡ ⎤= −⎣ ⎦X A x x% � 1 0

0 1

M⎡ ⎤
⎢ ⎥=
⎢ ⎥−⎣ ⎦

I 0 0

Φ 0

0

�Iô

Sq��FG�f�ôS0òZ�÷�Ì 

 H H

n n n n
=X X X ΦX% %  (11) 

�����ÊØFG
n

Q% ��{ f�uÌ 

 
H

H H

n

n n

n n

⎧ ⎡ ⎤=⎪ ⎢ ⎥⎣ ⎦⎨
⎪ =⎩

% %

% %

A
Q X

0

Q ΦQ Φ

 (12) 



� 8A � �����	
���� QR ������ �197� 

 

¦�
n

A q M×Mò���a;Ì 

 

H H H H

H H

n n n n n n n n

n

n n n

= =
⎡ ⎤⎡ ⎤= =⎣ ⎦ ⎢ ⎥⎣ ⎦

X X X ΦX X Q ΦQ X

A
A Φ A A

% %% % % %

0
0

 
(13)

 

rE!t�
1n−A ���TJg<

n
A (�"#$

��%��&'�{¾L12M�ÊØFG
n

Q% (ç

è;Ö×í HouseholderÊØ�{¾L12M�(�
[8]
�

É�$*�u)�Ö×í Householder ÊØ~*+

FG
n

Q% �Á 

(1) H

1

(2) (1) H

2 2 1

( ) ( 1) H H

2 1

n n

n n n

M M

n M n M n n n

−

=
= =

= = =

X H X

X H X H H X

X H X H H H X Q X

% %

% % %

K

%% % % %L

 

(14)

 

0��
1 2
, , ,

M
H H HL �q (M+2)×(M+2)òÖ×í

Householder ÊØFG�
2 1n M

=Q H H H%
L �a;�

( )M

n
X% !	ÉH�A�âFG(

i
H , ( 1)i

n

−
X% �î i)

�Å� i �é-�.�é-/Å��ÇÈ� i−1 )

sÊ���
i

H 0��ôSq 

 1i

i

i

−⎡ ⎤= ⎢ ⎥
⎣ ⎦

I
H

H%

0

0
 (15) 

0��
1i−I q��FG�f�ôS0òZ�

H H
2 /

i i i i i i i
= −H Φ v v v Φ v% q Li×LiLLi=M+3−iMòÖ×

í Householder ÊØFG�
2

1 0

0 1

i
L

i

−⎡ ⎤
⎢ ⎥= ⎢ ⎥

−⎢ ⎥⎣ ⎦

I

Φ

0 0

0

0

�

1i i i i i
d= +v Φ u e �

i
u q ( 1)i

n

−
X% �î i)�Å� i−1�é

- . � é - 1 � � Li ò ) � � �

H

1 1
/

i i i i i i
d u u= u Φ u �

1i
u q

i
u �î 1�é-�

1i
e ô

Sî 1�é-q 1�02q 0� Liò)��( 

3.2  ���� 

?cA�¦ H

1
( ) ( )

n n
n n K−⎡ ⎤= −⎣ ⎦X A x x% �3�

i
u

�4� 3�5�é-��6qî 1�é-
1i

u #ý¥

2�é-
, 1

i
i L
u −  

i
iL

u ���
i

H% 47Yr 3�é-

Y��]\]ÊØ�89
i

H% ÊØÃ�gÇÈsÊ�

]�Ù
i

u :�q
' T

1 , 1
[ , , ]

i i
i i i L iL

u u u−=u �
i

Φ :�q

1 0 0

0 1 0

0 0 1

⎡ ⎤
⎢ ⎥=
⎢ ⎥−⎣ ⎦

φ �
1i
e :�q T

1
[1 0 0]=e �÷�Ì 

' ' H ' H

1 1 1 1

' ' T

1 1 , 1

( ) / /

[ , , ]
i i

i i i i i i i i i i i

i i i i i L iL

d u u u u d

d v v v−

⎧ = = =⎪
⎨

= + =⎪⎩

u φu u Φ u

v φu e
 (16) 

�" '

i
v Áq

i
v � 3�5�é-1��)��(

�Ì 

 ' ' ' H ' H '2 ( ) /( )
i i i i i

= −H φ v v v φv%  (17) 

� ' ( , )
i
s tH% ôS '

i
H% �î s]î t)é-�÷�Ì 

 

' ' '

3

' ' '

' ' '

(1,1) (1,2) (1,3)

(2,1) (2,2) (2,3)

(3,1) (3,2) (3,3)

i

i i i

L

i

i i i

i i i

−

⎡ ⎤
⎢ ⎥
⎢ ⎥=
⎢ ⎥
⎢ ⎥
⎣ ⎦

H H H

I
H

H H H

H H H

% % %

%

% % %

% % %

0

0 0 0

0

0

 (18) 

rE$*H| '

i
H% !��a;<

i
H% �ÙÖ×í

Householder ÊØ�#$¦ Liò®q 3 ò�xx®

¯<pª
n

A �TJ�( 

,�ÛE2Z�� QR �|��JK;q

MQRD-SMIJK�?@ÎÓ f( 

�� 1  <�Ì<=i	�¢£> K�E

2Z[Ã�A�âFG
K

A ��t� QRD-SMI��

JKa;( 

�� 2  n=K+1, K+2,ó 

1) pªA�âFG
n

A Ìø (0) H

n n
=X X% % ��

i=1,2,ó,MÃ�t�¾(17)#¾(18)ag '

i
H% �Ù ( 1)i

n

−
X%

Êq ( )i

n
X% �ag� ( )M

n
X% ÁqA�âG n

⎡ ⎤
⎢ ⎥
⎣ ⎦

A

0
Ô 

2) ����H|f�âP> H

n n s
=A v a �a;�

ê��
n
v Ô 

3) ¥���H|A�âP>
n n n

=A w v �a;

�ê��
n

w ( 

Y�î n¤?��ÎÓ 2� 1) �H| '

i
H% Q�

12 ¤Ò@��
i

H% YZ[\]ÊØ�Q�xA

9(M−i+1)���pªA�âG
n

A �BTJ�Aq

4.5M
2
+16.5MÔ2)# 3)�H|�âP>�BTJ�

q M(M−1)�rE¡¤pª�����_J�q

5.5M
2
+15.5M�ÒC�q O(5.5M

2
)�¯�BCFG

HIJK O(M
3
)�TJÒC�(wD¦�sQ�R

STJDEUPVFG�ZmnoEþ�BC SMI

JK( 

4  �������	 QR
���� 

4.1  MIQRD-SMI �� 

�¥���st�w]TJ��#��¬�

x
[1]
�q<FGMQRD-SMIJK��r�H9�t

�I QR �|�ÜÝYJK�\�ÎÞ\�;q

MIQRD-SMIJK(MIQRD-SMIJKÙ�����

��H|#$:Øq�êÊ�
n
v #f�âFG



�198� �  �  �  � � 31 � 

 

H

n

−
A �pª#$�Á 

 
H

H H H

n n s

n n n

⎧ =
⎨ =⎩

v A a

w v A

−

−  (19) 

¦� H H

1 1n n n n s− −= =A v A v a �� H

n n
A v  H

1 1n n− −A v 0

���6ôSq 

H H

1H H

1 1 1

1 1H H

( ) ( )

n

n n n

n

n n n

n n

n n n n n

n n K
−

− − −

− −

⎧ ⎡ ⎤
⎡ ⎤=⎪ ⎢ ⎥⎣ ⎦

⎣ ⎦⎪
⎪ ⎡ ⎤⎪

⎡ ⎤= −⎨ ⎢ ⎥⎣ ⎦
⎣ ⎦⎪

⎪ ⎡ ⎤ ⎡ ⎤
⎡ ⎤= =⎪ ⎢ ⎥ ⎢ ⎥⎣ ⎦

⎪ ⎣ ⎦ ⎣ ⎦⎩

v
A v A

v
A v A x x Φ

v v
X Q ΦQ A ΦQ% % %%

0
#

0

0
0 0

 (20) 

0� #ôSs�I���(���aÌ 

 1n n

n

−⎡ ⎤ ⎡ ⎤
=⎢ ⎥ ⎢ ⎥

⎣ ⎦ ⎣ ⎦

v v
ΦQ%

0 #
 (21) 

¦� 1− =Φ Φ�Y¾L21MJKÍLÂ@� 1−
Φ aÌ 

 1n n n

n

−⎡ ⎤ ⎡ ⎤ ⎡ ⎤
= =⎢ ⎥ ⎢ ⎥ ⎢ ⎥

⎣ ⎦ ⎣ ⎦ ⎣ ⎦

v v v
Q Φ%

0 # #
 (22) 

rE!t�
n

Q% ?@<
n
v �pª(�Y�f�

âFG H

n

−
A �¦� H H H H

1 1n n n n M

− −
− −= =A A A A I �� H H

n n

−
A A  

H H

1 1n n

−
− −A A 0���6ôSq 

 

H

H H H

H

H H H 1

1 1 1

H

H 1

( ) ( )

n

n n n

n

n n n

n

n n

n n K

−
−

−
− −

− − −

−
−

⎧ ⎡ ⎤
⎡ ⎤=⎪ ⎢ ⎥⎣ ⎦

⎣ ⎦⎪
⎪ ⎡ ⎤⎪

⎡ ⎤= −⎨ ⎢ ⎥⎣ ⎦
⎣ ⎦⎪

⎪ ⎡ ⎤
⎡ ⎤=⎪ ⎢ ⎥⎣ ⎦

⎪ ⎣ ⎦⎩

0
#

0

0
0

%

A
A A A

A
A A A x x Φ

A
A ΦQ

 (23) 

���aÌ 

 
H

1n

n

−
− −⎡ ⎤ ⎡ ⎤

=⎢ ⎥ ⎢ ⎥
⎣ ⎦⎣ ⎦ #0

%

AA
ΦQ  (24) 

Y¾L24MJKÍLÂ@� 1−
Φ �Ì 

 
H H H

1n n n

n

− − −
−⎡ ⎤ ⎡ ⎤ ⎡ ⎤

= =⎢ ⎥ ⎢ ⎥ ⎢ ⎥
⎣ ⎦ ⎣ ⎦ ⎣ ⎦0 # #

%

A A A
Q Φ  (25) 

MN¾L12M ¾L22M#¾L25M��Og�

X�
n

Q% ,
1n−A pªq

n
A �ÂÃ�WÂ�ÊØFG

��ÂÃÙ
1n−v # H

1n

−
−A pªq

n
v # H

n

−
A ( 

BPMIQRD-SMIJK���?@ÎÓ f( 

�� 1  <�Ì<�=i�¢£ K�E2

Z[¥�Y��ê��
K
v #f�âFG H

K

−
A ��t

� IQRD-SMIJK��a;( 

�� 2  n=K+1, K+2,ó 

1) t�¾L18M ¾L19M#¾L16MTJÊ

ØFG
1
, ,

M
H HL Ô  

2) t� 1)QÛ�
1
, ,

M
H HL pªa;�ê��

n
v #f�âFG H

n

−
A �Á 

 
H H

1 1

2 1

n n n n

M

− −⎡ ⎤ ⎡ ⎤
=⎢ ⎥ ⎢ ⎥

⎣ ⎦ ⎣ ⎦0 0 # #
L

A v A v
H H H

− −

 

3) pª����Ì H H H H H( ) ( )
n n n n n

− −= =w A v A v ( 

ÎÓ 2 � 1)�H|
1
, ,

M
H HL �*>R!	Y

n
A \]pª�*>�SMQRD-SMIJKW¼��

�<Y H

n

−
A #

n
v �pª*>��" IMQRD-SMIJ

KWY� MQRD-SMI JK�_J�AT�þU(

�	�¦�Y H

n

−
A  

n
v #pª#Y

n
A �pª��Â

Ã\]�S4pª
n

A ��WX�_Jæ���ÎÓ

2 � 3)��FG@Ks�_J�¸��¥����

�D��D�w]_J�æ�¼�¥���ðV

&���MIQRD-SMIJK��p��w]o�p

ð�_Jæ��p�t�uv�?Ã?@( 

4.2  MIQRD-LSMI �� 

q<Ú�JK�àáo�YMIQRD-SMIJK

\]Yâ�ã��;q MIQRD-LSMI JK(�

ã¥�UPVFG��ôSq 

 

2 H 2

L

H

1

1

x M n n M

M

M n

n

K

K
K

K

σ σ

σσ

= + = +

⎡ ⎤
⎡ ⎤= ⎢ ⎥⎣ ⎦

⎣ ⎦

R R I X X I

I
I X

X

 

(26)

 

�
n M n

Kσ⎡ ⎤= ⎣ ⎦Y I X �÷�Ì 

H

L

H H H H

1 1

/

( ) ( ) ( ) ( )

n n

n n n n

K

n n n K n K− −

⎧ =⎪
⎨

= + − − −⎪⎩

R Y Y

Y Y Y Y x x x x

 (27) 

Y H

n
Y \] QR�|�aÌ 

 H n

n n

⎡ ⎤= ⎢ ⎥⎣ ⎦

B
Q Y

0
 (28) 

rE�Yâ�ã¥������H|
¾ 1

L s

−=w R a

��:Øq 

 

H

H H H

n n s

n n n

⎧ =⎪
⎨

=⎪⎩

v B a

w v B

−

−
 (29) 

ø� n−1 Ã�4)?@<Y H

1n−Y � QR �|�

Á H H

1 1 1 1n n n n− − − −=Y Y B B �÷�Ì  

H H H H

1 1
( ) ( ) ( ) ( )

n n n n
n n n K n K− −= + − − −Y Y B B x x x x  (30) 

¾(30)S¾(10)���WWÂ��¾���t�



� 8A� �����	
���� QR������ �199� 

 

pª
n

A �PKpª
n

B �wDs\]Yâ�ãÃ�

��
¾4�� KïMÃ��Yâ�ã¥���


¾R��� K<M�de( 

5  ����� 

XYZY�yE2Z��?c��[\���

t��� E2Zq K(¦� MQRD-SMI JKS

MIQRD-SMI JK2]AWÂ�4	�^�?@P

¾sÂ���r_4Y²�Úg�MIQRD-SMIJ

K# MIQRD-LSMI JK\]XY�wÙ0SE2

¢£P¾� IQRD-SMIJK\]¼½( 

çèGéêëq`�a� 10 é%ëíG�ù

ú
�P�q 0º�� 2�bc
���dP��6

q 40º −30º�bce!¼�6q 30dB 35dBÔø

E2Z[�sfùú
�( 

�� 1  gh+'JK�o§i?�¤Z n Ê

��×í j 1 ÉS�� E2Z�6k K=20 

K=100(��Og�IQRD-SMIJK�¡¤¢£> K

�E2¥�ª¬¢£�0G�li?�¤Zmn

ùoÊ��ýþo§�¡¤o�¢£; K�E2Ã  

 
(a) K=20 

  
(b) K=100 

� 1  ����������� !"# 

pa�� MIQRD-SMI JK# MIQRD-LSMI JK

� nïK ÃG�l12ÇÈsÊ�0��q�G�

lS IQRD-SMI�ýþdeW%��¥q�G�l

¼ IQRD-SMI�ýþdeå�x(�" 2'�ÛE

2Z��JK�G�lrsE¸�BCJK�0�

MIQRD-LSMI JKý¸(it� E2Z K ��

&�+'JK�G�lrsuv·¸�0�

MIQRD-SMI JKýqwR�r	¦�¸nxm�

y>�Ê¸��ã��z�WYÊ{���

MIQRD-SMI JK� nïK Ã�o§}~}õ|�

MIQRD-SMIJK( 

�� 2  ø K=100�ghsÂ?�¤Z n Ã+

'JK���j j 2ÉS(��Og�� n=100

Ã�¦�É��E2Z�q 100�IQRD-SMI JK

# MIQRD-LSMI JK����=�}��

MIQRD-LSMIJK�~��^½�2'PK�ÉÞ

�Ô� n=120Ã�IQRD-SMIt��E2Zäq 20�

�0� 2 'PKÉ��E2Zºq 100���

IQRD-SMIJK���o§ýV�MIQRD-SMIJK  

 
(a) n=100 

 
(b) n=120 

� 2  $%���&�����'(� 



�200� )  *  +  , � 31- 

 

����1981-��������	�


�����������������

���� !" 

����1962-��#�$%&'	�


������()*���+,���

�����-.�/01��" 

��	�1985-��#���23	�

45�/��67!��8�������

�9:;<��" 

MIQRD-LSMIJKY0Þ�5BwR�0�0�¥

qpþ(Y� 2'�ÛE2Z��PK��sÂ?

�¤Z n(nïK)Ã¦�D��E2Z[sÂ���

�=s�WWÂ��¦�E2Z�WÂ�0~��

^WX�����o§T�wRV6( 

6  ��	 

2²Úg<�ÛE2Z�f� QR�|��J

K�wY0_Jæ�#àáo\]<�u)�Þ

\�ý¥ag� MIQRD-LSMI ��JKsä��

�������o§�_Jæ�RxxÚ��§>

?Ã�pª�����ZmnoRþ�BCJK(

SBC� QR�|���JKW¼���yE2Z

��?c��[\f��PK��p��G�l#

p����o§( 

����� 

[1] ./0. 12QR���ADBF��34DSP5678[D]. 9:�

;<=>?+, 2005. 

FENG D G. ADBF Algorithm Based on QR Decomposition and Its 

Implementation[D]. Chengdu: University of Electronic Science and 

Technology of China, 2005. 

[2] @ABCDEFCGHI. 12JKL QR���MNO'(P9

Q�[J]. RSTUV;<>W, 2002, 24(9): 27-29. 

LI R F, WANG Y L, WAN S H. A square-root-free approach for 

IQRD-based adaptive beamforming[J]. Systems Engineering and 

Electronics, 2002, 24(9): 27-29. 

[3] CAO J S, WANG X G. LSMI algorithm based on inverse QR decom-

position[J]. IEEE Proc on Communications, Circuits and Systems, 

2006, (6): 262-265. 

[4] CHEN J W, NI J L, WANG Y L. Inverse QR iterative algorithm for 

space-time adaptive processing[J]. IEEE Trans on Signal Processing, 

2002, 2(8): 1429-1432.  

[5] XYZCD[C\]^�. _&MNO`a�bc�� QR��[J]. 

;<V*d+,, 2008, 30(10): 2338-2342. 

WU J X, WANG T, SUO Z Y, et al. Sliding window recursive QR fac-

torization of space-time adaptive processing algorithm[J]. Journal of 

Electronic & Information Technology, 2008, 30(10): 2338-2342. 

[6] BAYKAL B, CONSTANTINIDES A G. Sliding window adaptive fast 

QR and QR-lattice algorithms[J]. IEEE Trans on Signal Processing, 

1998, 46 (11): 2877-2887. 

[7] ef, ghi, jkl�. 12JKbc QR ���MNO<_m

no[J]. !T+,, 2008, 59(6): 1448-1453. 

XIE L, LIANG W X, ZHANG Q L, et al. Adaptive subspace identifi-

cation based on fast moving window QR decomposition[J]. Journal of 

Chemical Industry and Engineering, 2008, 59(6): 1448-1453. 

[8] BOJANCZYK A D, STEINHARDT A O. Stablized hyperbolic house-

holder transformations[J]. IEEE Trans on Acoustics, Speech and Sig-

nal Processing, 1989, 37(8): 1286-1288. 

 


��� 

 

 

 

 

  

 
 


