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1 Ú ó

'u��5¼ê¥�ëê£O�8B�ëê
�O¯K, X_&Ò©l!XÚE£!ÅìÆS!
 ²�ä�Ôö!·bÏ&!ÄÏýÿ� [1−4]. Ï
d, ëê�Oäk2,�A^cµ, 3&Ò?n!
)Ô&EÆ��'+�¥�2�ïÄ [4,5].

_&Ò©l�� 20­V"&Ò?n+���
�ïÄ9:�K, ®�2�A^��+�¥ [5]. 8
c�õê_©l�{´Äu�½nØ�E8I¼
ê�g·AÆS�{, ~^�8I¼ê�)K�!
p�ÚOþ!p&Eþ�ÚOA5 [5]. ,
·b
&ÒÏäkéÐ©�¯aA5Ú°ªA5, ÙÚO
A5ØUdÙ��5Äå�§��(½, =ÄuÚ
OA5�_©l�{ØUk�/©l·b&Ò [6],

8ckÆöïÄ
·b�µe�ëê�OÚ&Ò
©l [7,8]. Ïd'u·b&Ò���_©l´ëê
�O¯K¥�q�J: [9]. Ød�	, ®kÆöl

�)·b&Ò�ÄåÆ�§�ï8I¼ê, òg
·AÈÅìÚDÚ�_©l�{(Üå5A^3
·b&Ò�_©l¥, ¤æ^�g·AÈÅì�)
k�ùÈÅì [10], Ãk�k�ùÈÅì (unscented

Kalman filter, UKF)[11] �. �©3dÄ:þ, ?�Ú
òNÈOKÚk�ùÈÅì�(Ü, JÑ�«#�
ëê�O�{, ±�p�ê�°ÝÚ�¯�Âñ�
Ý¢y·b&Ò�_©l.

2 #�ëê�O�{

ëê� O [12,13] Ï ~�9 � ( ½ , � � �
5N� d̂k = f(xk,w), Ù¥, xk ∈ Rnx �Ñ\,

d̂k ∈ Rnd �ÑÑ, k �lÑ�m, f(·) �dëê
�þ w (½���5N�. ëê�O�?Ö´
d�¹®�Ñ\ÚÏ"ÑÑ�Ôö8 {xk,dk}
( ½ ëê� þ w, X ã 1 ¤«. � O Ø � =
� ek = dk − f(xk,w). ëê�O�8I´¦T
Ø��,«¼ê��� [13]. Ïd, òT¯Kæ^X
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e¤«�G��m�.L«, =�æ^,«g·A
ÈÅ�{¢yÙëê�O:

wk = wk−1 + qk−1, (1)

dk = f(xk,wk) + ek, (2)

Ù¥, wk ∈ Rnw ï��dL§D( qk (Ùþ�
� 0, ���Ý
� Qk �pd�Å�þ) °Ä�²
­L§, ÙG�=£Ý
�ü Ý
; dk ∈ Rnd �
'u wk ���5*ÿ�þ, �OØ� ek �þ�
� 0, ���Ý
� Re

k �pd�ÅCþ. 3��d
ÈÅNX¥, ��VÇ�ÝJø
G�3d���
��ÚO£ã. Ïd, ëê�þ wk ��Oïá3�
�VÇ�Ý p(wk|d1:k) �O�Ä:þ, Ù¥ d1:k L
«llÑ�m 1 � k �*ÿ�þ. ��VÇ�Ý¼
ê�O�´±*ÿS��Ä:48O����. |
^��dÈÅéëê�þ wk ��O�d�õ�\
�È©�O�, ÙÈ©/ª�8B���5¼ê ×
pd¼ê [14,15].

ã 1 ëê�Oµã

�ÄXe¤«� nw ��Å�þ w 3÷vp
d©Ù�¹e�\�È©¼ê

I(f) =
∫

Rnw

f(w)p(w)dx, (3)

Ù ¥, f(·) � , � � � 5 ¼ê. � ­ ¼ê p(w)

� p d V Ç � Ý ¼ê, X J � Å � þ w � þ
� � w̄, � � � Ý 
 � P , K ò � ­ ¼êL«
� p(w) = N(w; w̄,P ). (3)ª=��Å�þ w Ï
L��5¼ê��êÆÏ". XJ�­¼ê p(w)

� N(w; 0, 1), KT\�È©¼ê�d m :�ê�
È©�{CqL«� [16]

I(f(w)) ≈
m∑

i=1

ωif(ζi), (4)

Ù¥, ζi �È©:8, ωi ��A��­.

g d Ý � 3 � ¥ / - » � N È O K [14,15]

(third-degree spherical-radial cubature rule) Jø
�

«O�È©: ζi Ú�­ ωi �k��{, Xe¤«:

ζi =
√

nw




1
...

0

 , · · · ,


0
...

1

 ,


−1
...

0

 , · · · ,


0
...

−1


 , (5)

ωi =
1
m

, i = 1, 2, · · · ,m = 2nw. (6)

b ½ T � � V Ç � Ý p(wk|d1:k) ÷ v p d
©Ù N(wk; w̄k,Pk), = wk �þ�� w̄k, ��
�Ý
� Pk. �
|^ (4)—(6) ª�ê�È©
�{�Oëê wk, IÄkæ^�5C� zk =

(
√

Pk)−1(wk − w̄k) ò�Å�þ wk C��÷v
VÇ©Ù N(zk; 0, 1) �IOpdL§ zk. ��Å
�þ wk �L«�

wk =
√

Pkzk + w̄k. (7)

d (4)ª, �Å�þ wk 3��5¼ê f(·) �
êÆÏ"�CqL«�

I(f(wk)) ≈
m∑

i=1

ωif
(√

Pkζi + w̄k

)
. (8)

ÄuTNÈOK�Cq(J (8)ª�õ�\�
È©Jø
�«p��ê�È©�{, òÙA^3
��dÈÅNX¥�¤NÈk�ùÈÅì (cuba-

ture Kalman filter, CKF)[14,15]. ,
, 3 CKF �{�
$1L§¥, Ø����Ý
�U¬��é¡5Ú
�½5, l
���{uÑ [13]. ÄuÝ
©), 3
�{�#¥D4Ø����Ý
�²��Ý
, 

�Ù��, ��Jp�{­½5Ú°Ý�8�. �
©æ^ QR ©). b½Ø����Ý
 P �²��
Ý
� B, T²��Ý
� QR ©)� BT = QR,

Ù¥ R �þn�Ý
, Q ���Ý
. K�Ø��
��Ý
���

P = BBT = RTQTQR = RTR = SST, (9)

Ù¥, S = RT. K S �n�Ý
, Ù���DÕ5
~�
�;�m, ?
Jp
O��Ç.

ÄuG��m�. (1)ªÚ (2)ª, òT QR ©
) (9) ªA^� CKF �{¥, =�¤
�©�#
�ëê�O�{, ùp¡��Äu²��NÈk�
ùÈÅì�ëê�O (parameter estimation based on
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square-root cubature Kalman filter, PESCKF). T�{
d�m�#Ú*ÿ�#ü�ã�¤.

b�,��þL«� a, 3e¡��{£ã¥,

þæ^ âk|k−1 L«T�þ�ýÿ�, Sk|k−1 L«
�A���Ý
�²��Ý
; âk|k L«T�þ�
�O�, Sk|k L«�A���Ý
�²��Ý
.

ëëëêêê������mmm���###
ÚÚÚ½½½ 1 ýÿëê��O

ŵk|k−1 = ŵk−1|k−1. (10)

ÚÚÚ½½½ 2 ýÿØ����Ý
 Pk|k−1 �²�
�Ý


ST
k|k−1 = qr{[Sk|k SQ,k−1]T}, (11)

Ù¥, qr{·} L« QR ©), Ù�£�� (9) ª¥�
þn�Ý
 R. Sk|k−1 L«�#ëê�Ø���
�Ý
�²��Ý
, SQ,k−1 L«L§D(��
�Ý
�²��Ý
, = Qk−1 = SQ,k−1S

T
Q,k−1.

ëëëêêê���***ÿÿÿ���###
Ï (2)ª�ëê�þ���5¼ê, 3A^N

ÈOKO�Ù²L��5¼ê��ÚOA��, I
Äkæ^�5C� (7)ªòýÿëê�þ=��I
Opd�ÅCþ. ,�ò (10) ªÚ (11) ª¥�(
J��� (7)ª¥�þ�Ú���Ý
�²��Ý

, = w̄k = ŵk|k−1 ,

√
Pk = Sk|k−1 .

ÚÚÚ½½½ 3 �â (7)ª, O�NÈ:

Wi,k|k−1 = Sk|k−1 ζi + ŵk|k−1,

i = 1, 2, · · · ,m = 2nw. (12)

ÚÚÚ½½½ 4 DÂNÈ:

D i,k|k−1 = f(xk,Wi,k|k−1 ),

i = 1, 2, · · · ,m = 2nw. (13)

ÚÚÚ½½½ 5 �â (8)ª, �Oýÿ*ÿ�

d̂k|k−1 =
1
m

m∑
i=1

D i,k|k−1. (14)

ÚÚÚ ½½½ 6 # E � � � Ý 
 � ² � � Ý 

Sdd, k|k−1,

ST
dd, k|k−1 = qr([Dk|k−1 SR,k]T), (15)

Ù¥, SR,k L«�OØ����Ý
�²��Ý

, = Re

k = SR,kST
R,k; #E�\�¥%Ý
�

Dk|k−1 =
1√
m

[D1,k|k−1 − d̂k|k−1 D2,k|k−1

−d̂k|k−1 · · ·Dm,k|k−1 − d̂k|k−1]. (16)

ÚÚÚ½½½ 7 p���Ý


Pwd, k|k−1 = Wk|k−1 DT
k|k−1 , (17)

Ù¥ëê�þ�\�¥%Ý
�

Wk|k−1 =
1√
m

[W1, k|k−1 − ŵk|k−1 W2, k|k−1

−ŵk|k−1 · · ·Wm,k|k−1

−ŵk|k−1 ]. (18)

ÚÚÚ½½½ 8 k�ùOÃ

Gk =
(
Pwd, k|k−1/ST

dd,k|k−1

)
/Sdd,k|k−1 . (19)

Ù¥, “/” L«Ý
mØ.

ÚÚÚ½½½ 9 ëê�O

ŵk|k = ŵk|k−1 + Gk(dk − d̂k|k−1 ). (20)

ÚÚÚ½½½ 10 ëê�OØ����Ý
 Pk|k �²
��Ý
 (�N¹)

ST
k|k = qr([Wk|k−1 − GkDk|k−1 GkSR,k]T).

(21)

l PESCKF �{�£ã¥, �±uyT�{ä
k±e`:: 1) �{��#´ÄuØ����Ý

�²��Ý
, Ïd�Jp�{�ê�­½5Úê
�°Ý (Ï�Ý
²���^�ê�uÝ
g��
^�ê); 2) =3*ÿ�#¥A^NÈOK, � CKF

�{�', ü$
O�E,Ý.

3 ·b&Ò_©l

ã 2 �_&Ò©l��nµã, Ù¥, k ��
���
�þ sk = [s1,k, s2,k, · · · , sn,k]T ²��·
ÜÝ
 A = (aij)n×n ·Ü��*ÿ�þ xk =

[x1,k, x2,k, · · · , xn,k]T, ek = [e1,k, e2,k, · · · , en,k]T

�\5D(�þ, =

xk = Ask + ek. (22)

·Ü&Ò�þ xk ²©lXÚ W = (wij)n×n

��
&Ò�­�&Ò ŝk, =

ŝk = Wxk. (23)

d*ÿ�þ xk �OÑ
&Ò½·ÜÝ
=�
¤
_&Ò©l�?Ö. _&Ò©l�{Ï~�©
��Ú{ÚüÚ{ [5,17]. �Ú{´Äu,«Ø�¼
ê���cJe¢y
&Ò�©l; üÚ{Äkæ
^xzý?n¦��©þpØ�', ,�ÏL��
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C�©lÑ��
&Ò. �©Ì�(Ü PESCKF �
{?Ø�Ú{¢y·b&Ò�_©l.

ã 2 _&Ò©l�nµã

Ø���5, b½1 j �
&Ò´d±e®�
·bN��):

sj,k = f(sj,k−1, λ), j = 1, 2, · · · , n, (24)

Ù¥ n �
&Ò��ê, λ �XÚëê. duùp
?Ø�´·b&Ò�_©l¯K, ¤±ÀJT��
5¼ê�XÚëê λ¦�)¤S��·bS�.

k ��, ©lXÚ W ¥^u©l1 j �
&
Ò�©l�þ wj,k = [wj

1,k, wj
2,k, · · · , wj

n,k]T, K­
�&Ò� ŝj,k = wT

j,kxk.

ÄuG��m�. (1)ªÚ (2)ª, òT_&Ò
©l¯K­#U��XeG��m�.:

wj,k = wj,k−1 + qk−1, (25)

0 = f(wT
j,kxk−1) − dj,k + ek, (26)

(23)ªÚ (24)ª�� dj,k = wT
j,kxk, d�*ÿ�©

ª� 0. æ^þ!¤ã�ëê�O�{,¦��OØ
�¼ê J(wj) =

∑k
t=1(dj,t − f(wT

j,txt−1))2/Re �
� (Re ��OØ� ek ���). �â#�G��m
�. (25)ªÚ (26)ª, òþ!�{Ú½ 4 ¥NÈ:
�DÂU�

D i,k|k−1 = f(W T
i,k|k−1 xk−1) − W T

i,k|k−1 xk,

i = 1, 2, · · · ,m. (27)

Ú½ 9 �ëê�OU�

ŵj, k|k = ŵj,k|k−1 + Gk(0 − d̂j,k|k−1 ). (28)

3Ù¦Ú½�±ØC��¹e, d�O�ë
ê ŵj, k|k =�¡E1 j �
&Ò ŝj = ŵT

j, k|kxk.

4 �ý(J�'�

½ÂÝ
 W = (wij)n×n 5U�ê (perfor-

mance index, PI)[5,17], Xe¤«:

PIW =
1

n(n − 1)

n∑
i=1

{(
n∑

k=1

|wik|
maxj |wij |

− 1

)

+

(
n∑

k=1

|wki|
maxj |wji|

− 1

)}
, (29)

Ù¥ wij �Ý
 W ���; maxj |wij | L«W �
1 i 1��ýé�¥����; maxj |wji| L«W

�1 i ���ýé�¥����. XJÝ
 A ÚÝ

 B ��, K PIA = PIB .

½Â&Ò©l�þ�Ø�, Xe¤«:

MSE(dB) = 10 lg

(
N∑

k=1

|sj,k − ŝj,k|2/N

)
, (30)

Ù¥ N �S��oÚê. þ�Ø���, ©l��
&Ò�
&Ò��C.

ÏLé·b&Ò�_©l, ò�©� PESCKF

�{�Ãk�k�ùÈÅì (unscented Kalman fil-

ter, UKF) �{?1�ý¢�'�. �ÄÃD(Úk
D(ü«�ý�¸.

4.1 ÃÃÃDDD(((���¸̧̧

3ÃD(�¸e, �Ä·ÜÝ
 A ��ÛÉ
Ý
, ¿ò¤k�·bN��Ð���·b«�
S��Åê. �©lÝ
 W = A−1 �, U
�
(­�
&Ò. Ïdò A−1 �5U�ê��I
O5U�ê. �(­��, ©lÝ
�5U�ê
� PIW = PIA−1 .

�ÄXeü�
&Ò: Chebshev N�Ú Logis-

tic N�:

xk = cos(λ1 cos−1(xk−1)), λ1 ∈ [2, 4], (31)

xk = 1 − λ2x
2
k−1, λ2 ∈ [1.6, 2], (32)

Ù¥·bëê��� λ1 = 4, λ2 = 1.8. d�, ·Ü
Ý
 A À�

A =

 1.1 0.1

−0.3 1.2

 , (33)

Ù¥ A ¤éA�IO5U�ê� PIA−1 = 0.2235.

ü « � { � L § D(� ��� � Qk =

diag([10−6 10−6]). ã 3 w«
æ^�©#�ë
ê�O�{Ú UKF �{é Chebshev N�Ú Logis-

tic N�_©lL§�5U�êÚIO5U�ê. l
Tã¥�±wÑ, �'u UKF �{, #� PESCKF

�{äk�¯�Âñ�Ý, Ó�, ü«�{�O
�©lÝ
�5U�êþUÂñ�IO5U�
ê 0.2235. L 1 w«
ü«�{éü«·b&
Ò_©l�þ�Ø�'�. lL 1 ¥�±wÑ,

170508-4
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² PESCKF �{©l�ü«·bN��þ�Ø�
þ�u UKF �{. nÜã 3 ÚL 1, PESCKF �{
3Âñ�ÝÚ�O°Ýþþ`u UKF �{, U

k�/­��©·b&Ò,¢y&Ò©l.

ã 3 Ä u Chebshev N�Ú Logistic N�, PESCKF � {
Ú UKF �{©lÝ
�5U�ê

L 1 Chebshev Ú Logistic N�©l�� MSE (dB) '�

·b&Ò PESCKF �{ (MSE/dB) UKF �{ (MSE/dB)

Chebyshev –73.9627 –70.3100

Logisitic –79.4722 –79.2875

�ÄXe¤«1�« Logistic N�

xk = λ3xk−1(1 − xk−1), λ3 ∈ [3.7, 4], (34)

Ù¥·bëê��� λ3 = 3.9. òÙ�1�« Lo-

gistic N� (32)ªæ^�Ó�·ÜÝ
 (33)ª·Ü.

ã 4 Äuü« Logistic N�, PESCKF �{Ú UKF �{©l
Ý
�5U�ê

�{�ëê���c�«�¹�Ó, ã 4 Ú
L 2 ©Ow«
æ^ PESCKF �{Ú UKF �{é
ü« Logistic N�_©lL§©lÝ
�5U�ê
Úþ�Ø�. lã 4 ÚL 2 ¥�±���ã 3 Ú

L 1 �Ó�(Ø, =� UKF �{�', PESCKF �
{äk�¯Âñ�ÝÚ�p��O°Ý.

L 2 ü« Logistic N�©l�� MSE (dB) '�

·b&Ò PESCKF �{ (MSE/dB) UKF �{ (MSE/dB)

Logistic1 –86.1038 –84.0351

Logistic2 –78.2942 –76.3121

�ÄXe¤«1n« Logistic N�:

xk = λ4 sin(πxk−1), λ4 ∈ [1.0, 1.4], (35)

Ù¥·bëê��� λ4 = 1.2. òÙ�cü« Lo-

gistic N�·Ü, ·ÜÝ
�

A =


1.1 0.1 0.2

0.1 1.2 0.1

−0.3 0.1 1.0

 . (36)

ã 5 Äun« Logistic N�, PESCKF �{Ú UKF �{©l
Ý
�5U�ê

L 3 n« Logistic N�©l�� MSE (dB) '�

·b&Ò PESCKF �{ (MSE/dB) UKF �{ (MSE/dB)

Logistic1 –65.5612 –63.0237

Logistic2 –60.0656 –56.2545

Logistic3 –44.9054 –41.3212

�{�ëê���cü«�¹�Ó. ·ÜÝ

 A ¤éA�IO5U�ê� 0.1806. ã 5 Ú
L 3 w«
æ^ PESCKF �{Ú UKF �{én
« Logistic N�_©lL§©lÝ
�5U�êÚ
þ�Ø�. lã 5 �±wÑ, ü«�{�O�©l
Ý
�5U�êþUÂñ�IO5U�ê 0.1806,

PESCKF �{�Âñ�Ý�¯. (ÜL 3 Úã 5 �
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±wÑ, �n�·b&Ò·Ü�, PESCKF �{Ó
�äk�¯�Âñ�Ý, U
k�/­��©·b
&Ò, �5U`u UKF �{.

4.2 kkkDDD(((���¸̧̧

3kD(��¸e, 
&ÒþU\�D(�
� Re

k d&D' (signal-to-noise ratio, SNR) û½.

æ^ (33)ª·ÜÝ
·Ü Chebyshev N� (31)ª
Ú Logistic N� (32) ª, Ùëê��� λ1 = 4,

λ2 = 1.8. Äu PESCKF �{Ú UKF �{,¢yT
·Ü&Ò3ØÓ&D'e�_©l, Ù¥�{�L
§D(����� Qk = diag([10−6 10−6]). ã 6

Úã 7 ©Ow«
ü«·bN�3 PESCKF �{
Ú UKF �{e_©l��þ�Ø� (MSE) �&D
' (SNR) Cz�­�.

l ã 6 Ú ã 7 ¥, � ± w Ñ, � © J Ñ
� PESCKF �{é·b&Ò_©l��þ�Ø
�þ$u UKF �{, = PESCKF �{' UKF �{
�Uk�/­��©·b&Ò,¢y&Ò©l.

ã 6 Chebshev N�� MSE � SNR Cz�­�

ã 7 Logistic N�� MSE � SNR Cz�­�

ã 8 w«
, 3 SNR = 60 dB �, PESCKF �
{Ú UKF �{'u Chebshev N�Ú Logistic N�
_©lL§¥�5U�ê. lã 8 ¥�±wÑ, 3
kD(��¹e, � UKF �{�' PESCKF �{
Ó�äk�¯�Âñ�Ý.

ã 8 Äu Chebshev N�Ú Logistic N�, � SNR = 60 dB

� PESCKF Ú UKF �{©lÝ
�5U�ê

5 ( Ø

|^NÈOKCq\�È©¼ê, �©JÑ

�«#�ëê�O�{. T�{´Äu��dÈÅ
nØ, òëê�O¯K£ã�G��m�., |^
NÈOKÚk�ùÈÅ�{µek�/­�
�
.¥�ëê. À^·b&Ò�_&Ò©l¯K�y
#�ëê�O�{�k�5. �ý(JL², #�
ëê�O�{äk�¯�Âñ�Ý, 3ÃD(Úk
D(��¸eþU
k�/­��©·b&Ò,¢
y&Ò©l. ?�Ú, ��ïáåÜ·�G��m
�., �©JÑ�ëê�O�{Ó�U
k�/A
^3XÚE£!ÄÏ?è«�ýÿÚ ²�ä�
Ôö�¯K¥.

N ¹

e¡|^NÈOKÚØ����Ý
��#í�
(21)ª.

dëê�þ�\�¥%Ý
 (18)ª��

Wk|k−1 W T
k|k−1 =

1

m

m∑
i=1

(Wi, k|k−1 − ŵk|k−1 )

×(Wi, k|k−1 − ŵk|k−1 )T. (A1)

ÄuNÈ: (12)ª, �\þª��

Wk|k−1 W T
k|k−1 = Sk|k−1 (

1

m

m∑
i=1

ζiζ
T
i )ST

k|k−1 . (A2)
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Ï�
(

1

m

m∑
i=1

ζiζ
T
i

)
= Inw , ¤±

Wk|k−1 W T
k|k−1 = Sk|k−1 ST

k|k−1 = Pk|k−1 . (A3)

Ï�#E���Ý
÷vé¡5, Kdk�ùOÃ�
§ (19)ª��

Gk(Sdd,k|k−1 ST
dd,k|k−1 )GT

k −GkP T
wd,k|k−1 = 0. (A4)

�OØ����Ý
��²��/ª�

P k|k = P k|k−1 − GkPdd,k|k−1 GT
k . (A5)

Ù¥, Pdd,k|k−1 = Sdd,k|k−1 ST
dd,k|k−1 . Kò (19) ª�

\ (A5)ª, �

P k|k = P k|k−1 − Pwd,k|k−1 GT
k . (A6)

ò (A4)ª\� (A6)ª, �n���

P k|k = P k|k−1 − Pwd,k|k−1 GT
k

+Gk(Sdd,k|k−1 ST
dd,k|k−1 )GT

k

−GkP T
wd,k|k−1 . (A7)

d#E���Ý
�²�� (15)ª��

Sdd,k|k−1 ST
dd,k|k−1 = D k|k−1D

T
k|k−1 + SR,kST

R,k.

(A8)

ò (17), (A3), (A8)ª�\ (A7)ª, �

P k|k = W k|k−1W
T
k|k−1 − W k|k−1D

T
k|k−1G

T
k

+Gk(D k|k−1D
T
k|k−1 + SR,kST

R,k)GT
k

−GkD k|k−1W
T
k|k−1

= [W k|k−1 − GkD k|k−1 GkSR,k]

×[W k|k−1 − GkD k|k−1 GkSR,k]T. (A9)

Ï� P k|k = S k|kST
k|k, KdþªÚ QR ©)�n (9)

ª�� (21)ª.
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Abstract

To estimate effectively parameters of nonlinear mapping, a cubature rule is used to approximate the weighted integral of this

mapping. In this paper, based on these parameters modeled by a state-space model, a novel parameter estimation is proposed. Blind

separation of chaotic signals is a challenging problem. The proposed method is used to solve this problem to achieve the effective

reconstruction of chaotic signals. Simulation results indicate that the proposed method has a faster convergence speed and a higher

numerical accuracy, and can effectively separate original chaotic signals.
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