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5.3���¦4í�{
5.1!®²�Ñ
���¦�g�¤�{§�äN¦^�Ø=Ó^S�þ
�§
�ØU^u3�E£"�g�¤�{�kXe�"�"

1. êâþ�õ§XÚëê�O�°ÝÒ�p"�
¼�÷¿�E£(
J§Ý
ΦTΦ��ê~~�����"ù�§Ý
¦_�O�þé�§
�;þ�é�"

2.zO\�g*ÿþ§Ñ7L­#O�Φ, (ΦTΦ)−1.

3.XJÑyΦ��'§=Ø÷���¹§ΦTΦ�¾�Ý
§KØU���
��¦�O�"

)ûù�¯K��{´r§z¤4í�{"�*ÿgS�4í�{Ò
´z¼��g#�*ÿêâÒ?��gëê�O�§�X�m�í£§
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XÚ^�5�©�§�.5£ã

y(k) = ϕT (k)θ + e(k)

ϕ(k) =
[
−y(k − 1) · · · −y(k − n) u(k) · · · u(k − n)

]T (1)


y(n + 1)
y(n + 2)
· · ·

y(n + N)

 =


−y(n) · · · −y(1) u(n + 1) · · · u(1)

−y(n + 1) · · · −y(2) u(n + 2) · · · u(2)
... ...

−y(n + N − 1) · · · −y(N) u(n + N) · · · u(N)




a1
· · ·
an

b0
· · ·
bn


+


e(n + 1)
e(n + 2)
· · ·

e(n + N)


(2)
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XÚ^�5�©�§�.5£ã

y(k) = ϕT (k)θ + e(k)

ϕ(k) =
[
−y(k − 1) · · · −y(k − n) u(k) · · · u(k − n)

]T (1)


y(n + 1)
y(n + 2)
· · ·

y(n + N)

 =


−y(n) · · · −y(1) u(n + 1) · · · u(1)

−y(n + 1) · · · −y(2) u(n + 2) · · · u(2)
... ...

−y(n + N − 1) · · · −y(N) u(n + N) · · · u(N)




a1
· · ·
an

b0
· · ·
bn


+


e(n + 1)
e(n + 2)
· · ·

e(n + N)


(2)

-

YN =


y(n + 1)
y(n + 2)
· · ·

y(n + N)

 , ΦN =


ϕT (1)
ϕT (2)
· · ·

ϕT (N)

 , eN =


e(n + 1)
e(n + 2)
· · ·

e(n + N)


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Kª(2)P��þ�§�/ª

YN = ΦNθ + eN (3)

þª����¦)�
θ̂N = [ΦT

NΦN ]−1ΦT
NYN (4)
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Kª(2)P��þ�§�/ª

YN = ΦNθ + eN (3)

þª����¦)�
θ̂N = [ΦT

NΦN ]−1ΦT
NYN (4)

P
PN = [ΦT

NΦN ]−1 (5)

d�OØ����


Covθ̂LS = σ2(ΦT
NΦN)−1 = σ2PN (6)

u´§PN����
§σ2��§Ø���"
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Kª(2)P��þ�§�/ª

YN = ΦNθ + eN (3)

þª����¦)�
θ̂N = [ΦT

NΦN ]−1ΦT
NYN (4)

P
PN = [ΦT

NΦN ]−1 (5)

d�OØ����


Covθ̂LS = σ2(ΦT
NΦN)−1 = σ2PN (6)

u´§PN����
§σ2��§Ø���"
XJ2O\1|#�*ÿ�u(n + N + 1), y(n + N + 1)§P�uN+1, yN+1§
KqO\1��§

YN+1 = ΦT
N+1θ + eN+1 (7)

Ù¥

YN+1 =

[
YN

yN+1

]
, ΦN+1 =

[
ΦN

ϕT
N+1

]
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�âª(7)��#�ëê�O�

θ̂N+1 = [ΦT
N+1ΦN+1]

−1ΦT
N+1YN+1 (8)

ª¥

PN+1 =

[
( ΦT

N ϕN+1 )

(
ΦN

ϕT
N+1

)]−1

= {ΦT
NΦN + ϕN+1ϕ

T
N+1}−1

= {P−1
N (I + PNϕN+1ϕ

T
N+1)}−1

= {I + PNϕN+1ϕ
T
N+1}−1PN

(9)

A^Ý
¦_Ún§��PN+1�PN�4í'Xª"e¡k0�Ý
¦_
Ún"
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Ý
¦_Ún �A�n × nÝ
§B�n × mÝ
§C�m × nÝ
§¿
�A, A + BCÚI + CA−1BÑ´�ÛÉÝ
§Kkð�ª

[A + BC]−1 = A−1 − A−1B[I + CA−1B]−1CA−1 (10)
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Ý
¦_Ún �A�n × nÝ
§B�n × mÝ
§C�m × nÝ
§¿
�A, A + BCÚI + CA−1BÑ´�ÛÉÝ
§Kkð�ª

[A + BC]−1 = A−1 − A−1B[I + CA−1B]−1CA−1 (10)

-AM×M , BM×1 = PNϕN+1, C1×M = ϕT
N+1"KdÝ
¦_Ún��

PN+1 = PN − PNϕN+1[1 + ϕT
N+1PNϕN+1]

−1ϕT
N+1PN

= PN −
PNϕN+1ϕ

T
N+1PN

1+ϕT
N+1PNϕN+1

(11)

lþ¡�í��wÑ§���¦�O1?n�{¥§I�¦(2n + 1) ×
(2n + 1)Ý
P−1

N + ϕN+1ϕ
T
N+1�_Ý
§O���E,"A^Ý
¦_Ú

n��§rÝ
¦_=C�¦Iþ1 + ϕT
N+1PNϕN+1��ê§�ÌÝ/~

�
O�þ"Ó�§q��
PN+1�PN�m�4í'Xª"
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dª(8)Úª(11)��

θ̂N+1 = PN+1
[

ΦT
N ϕN+1

] [
YN

yN+1

]
= PN+1[Φ

T
NYN + ϕN+1yN+1]

= PNΦT
NYN −

PNϕN+1ϕ
T
N+1PNΦT

NYN

1+ϕT
N+1PNϕN+1

+PNϕN+1yN+1 −
PNϕN+1ϕ

T
N+1PNϕN+1yN+1

1+ϕT
N+1PNϕN+1

= θ̂N + PNϕN+1

1+ϕT
N+1PNϕN+1

[yN+1 − ϕT
N+1θ̂N ]

(12)

ª¥ PNϕN+1

1+ϕT
N+1PNϕN+1

�OÃÝ
§P�GN+1§
yN+1 − ϕT
N+1θ̂N�ý�Ø

�"
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dª(8)Úª(11)��

θ̂N+1 = PN+1
[

ΦT
N ϕN+1

] [
YN

yN+1

]
= PN+1[Φ

T
NYN + ϕN+1yN+1]

= PNΦT
NYN −

PNϕN+1ϕ
T
N+1PNΦT

NYN

1+ϕT
N+1PNϕN+1

+PNϕN+1yN+1 −
PNϕN+1ϕ

T
N+1PNϕN+1yN+1

1+ϕT
N+1PNϕN+1

= θ̂N + PNϕN+1

1+ϕT
N+1PNϕN+1

[yN+1 − ϕT
N+1θ̂N ]

(12)

ª¥ PNϕN+1

1+ϕT
N+1PNϕN+1

�OÃÝ
§P�GN+1§
yN+1 − ϕT
N+1θ̂N�ý�Ø

�"
nÜþãí�L§§�����¦�O4í�{(RLS)Xe

θ̂N+1 = θ̂N + GN+1[yN+1 − ϕT
N+1θ̂N ] (13)

GN+1 =
PNϕN+1

1 + ϕT
N+1PNϕN+1

(14)

PN+1 = PN −GN+1ϕ
T
N+1PN (15)
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4íL§Xeµ
��θ̂N , PN , uN+1, yN+1
O�ϕN+1 −→ θ̂N+1 −→ PN+1 −→e�Ú4í
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4íL§Xeµ
��θ̂N , PN , uN+1, yN+1
O�ϕN+1 −→ θ̂N+1 −→ PN+1 −→e�Ú4í
éuÐ�θ̂0, P0�À�:
�{1µm|êâ§^LS¤1�{§�θ̂m, Pm§2lm + 1m©4í"

θ̂m = [ΦT
mΦm]−1ΦT

mYm (16)

Pm = [ΦT
mΦm]−1 (17)

�{2µθ̂0 = 0§?�P0 = σ2I, σAO�"
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4íL§Xeµ
��θ̂N , PN , uN+1, yN+1
O�ϕN+1 −→ θ̂N+1 −→ PN+1 −→e�Ú4í
éuÐ�θ̂0, P0�À�:
�{1µm|êâ§^LS¤1�{§�θ̂m, Pm§2lm + 1m©4í"

θ̂m = [ΦT
mΦm]−1ΦT

mYm (16)

Pm = [ΦT
mΦm]−1 (17)

�{2µθ̂0 = 0§?�P0 = σ2I, σAO�"
,	§�^eª��4í�{�ÊÅOK

max
i

∣∣∣∣∣ θ̂N+1(i)− θ̂N(i)

θ̂N+1(i)

∣∣∣∣∣ < ε (18)

ª¥θ̂N+1(i)�ëê�þθ�1i���3N+1g4íO�(J"ε��½�
L«°Ý�¦�,��ê"
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5.4êâ4í��Ú9)û�{
1.êâ�Úy�
¤¢êâ�Úy�§Ò´�X�m�í£§æ8�êâ�5�õ§#ê
âJø�&E�Îêâ¤ìv"XJE£�{é#!Îêâ���Ó�
&Ý§@o�Xl#êâ¥¼��&Eþ�éeü§�{Ò¬úú��
?�Uå"ù�ëê�O��U� lý���ÒÃ{�#
¶é�C
L§5`§§qò��ëê�O�ØU�l�Cëê�Cz"
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5.4êâ4í��Ú9)û�{
1.êâ�Úy�
¤¢êâ�Úy�§Ò´�X�m�í£§æ8�êâ�5�õ§#ê
âJø�&E�Îêâ¤ìv"XJE£�{é#!Îêâ���Ó�
&Ý§@o�Xl#êâ¥¼��&Eþ�éeü§�{Ò¬úú��
?�Uå"ù�ëê�O��U� lý���ÒÃ{�#
¶é�C
L§5`§§qò��ëê�O�ØU�l�Cëê�Cz"
ù´Ï�P0�½§
ª(9)¥§ϕN+1ϕ

T
N+1´�K½�§¤±Pi, i =

1, · · · , nÑ´�½�"qÏ�

PN − PN+1 = PN
ϕN+1ϕ

T
N+1

1 + ϕT
N+1PNϕN+1

PN ≥ 0 (19)

¤±
PN ≥ PN+1 (20)

dd��§PN´4~��½
"�X4ígê�O\§ù¬�

�PN
N→∞−→ 0"¤±OÃ
GN+1�ò�XN�O\
Åìªu"�þ§l


¦RLS�{��?�Uå"
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5.4êâ4í��Ú9)û�{
1.êâ�Úy�
¤¢êâ�Úy�§Ò´�X�m�í£§æ8�êâ�5�õ§#ê
âJø�&E�Îêâ¤ìv"XJE£�{é#!Îêâ���Ó�
&Ý§@o�Xl#êâ¥¼��&Eþ�éeü§�{Ò¬úú��
?�Uå"ù�ëê�O��U� lý���ÒÃ{�#
¶é�C
L§5`§§qò��ëê�O�ØU�l�Cëê�Cz"
ù´Ï�P0�½§
ª(9)¥§ϕN+1ϕ

T
N+1´�K½�§¤±Pi, i =

1, · · · , nÑ´�½�"qÏ�

PN − PN+1 = PN
ϕN+1ϕ

T
N+1

1 + ϕT
N+1PNϕN+1

PN ≥ 0 (19)

¤±
PN ≥ PN+1 (20)

dd��§PN´4~��½
"�X4ígê�O\§ù¬�

�PN
N→∞−→ 0"¤±OÃ
GN+1�ò�XN�O\
Åìªu"�þ§l


¦RLS�{��?�Uå"
,	§du4í3k¡i��O�Åþ¢y�§zÚÑ�3�\Ø�"
Ïdêâ�Ú�§duù
�Ï�¦#�æ��Ø=éëê�OØåU
?�^§�
��U¦¤O��PN���½5§$���é¡5§E¤
ëê��Oþ�ý¢ëê�m� ��5��"
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2.ì�PÁ{
ì�PÁ{q¡�¢#Ïf{§ù«�{�g�´éÎêâ\þ¢#Ï
f§U�ê\�5¦�Îêâ��^P~"
���¦�O��

θ̂N = [ΦT
NΦN ]−1ΦT

NYN (21)

�I¼ê

JN =
N∑

k=1

e2(k) = eT
NeN (22)

#O*ÿyN+1���êâ


ΦN+1 =

[
ΦN

ϕT
N+1

]
, YN+1 =

[
YN

yN+1

]
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2.ì�PÁ{
ì�PÁ{q¡�¢#Ïf{§ù«�{�g�´éÎêâ\þ¢#Ï
f§U�ê\�5¦�Îêâ��^P~"
���¦�O��

θ̂N = [ΦT
NΦN ]−1ΦT

NYN (21)

�I¼ê

JN =
N∑

k=1

e2(k) = eT
NeN (22)

#O*ÿyN+1���êâ


ΦN+1 =

[
ΦN

ϕT
N+1

]
, YN+1 =

[
YN

yN+1

]

K\P~Ïfλ(0 < λ ≤ 1)��êâ
�

ΦN+1 =

[
λΦN

ϕT
N+1

]
, YN+1 =

[
λYN

yN+1

]
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��Xe4íúª

PN+1 = [ΦT
N+1ΦN+1]

−1 = [λ2P−1
N + ϕN+1ϕ

T
N+1]

−1 (23)

θ̂N+1 = PN+1 · [λ2P−1
N θ̂N − ϕN+1yN+1]

= θ̂N + GN+1[yN+1 − ϕT
N+1θ̂N ]

(24)

GN+1 =
PNϕN+1

λ2 + ϕT
N+1PNϕN+1

(25)

PN+1 =
1

λ2

[
I −

PNϕN+1ϕ
T
N+1

λ2 + ϕT
N+1PNϕN+1

]
PN (26)

JN+1 = eT
N+1eN+1 = λ2JN + e2(N + 1) (27)
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-ρ = λ2§0 < ρ ≤ 1§ρ¡�¢#Ïf"nÜ±þ©Û§ì�PÁ{�4
í�{(RFF)�8B�

θ̂N+1 = θ̂N + GN+1[yN+1 − ϕT
N+1θ̂N ] (28)

GN+1 =
PNϕN+1

ρ + ϕT
N+1PNϕN+1

(29)

PN+1 =
1

ρ
[I −GN+1ϕ

T
N+1]PN (30)

RFF�{�(�ÚO�6§ÚRLS�{Ä�´���"Ð©G�θ̂0ÚP0�
�æ^þ�!��{"�´¢#Ïf7LÀJ�Cu1��ê§Ï~Ø�
u0.9"XJXÚ´�5�§AÀJ0.95 ≤ ρ ≤ 1"�ρ = 1�§¡�Ã�
O�PÁ"ρ��§K¢#�Ý�¯"
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�½PÁ{zg����â�#�N�êâ§3d±c�êâK�ÜG
Ø"X�Ä���½�Ý�Ý/I§z�����#êâ:O\?5§
��Îêâ:GØÑ�§ù��±
zgÑ���#�N�êâ?1O
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3.�½PÁ{
�½PÁ{zg����â�#�N�êâ§3d±c�êâK�ÜG
Ø"X�Ä���½�Ý�Ý/I§z�����#êâ:O\?5§
��Îêâ:GØÑ�§ù��±
zgÑ���#�N�êâ?1O
�"4í�{©�ü�L§"
(1)k?��*ÿêâyi+N§=3i + N��§?��êâyi+N"4íúª
�

θ̂i+N,i = θ̂i+N−1,i + Gi+N,i[yi+N − ϕT
i+N θ̂i+N−1,i] (31)

Gi+N,i = Pi+N−1,i
ϕi+N

1 + ϕT
i+NPi+N−1,iϕi+N

(32)

Pi+N,i =

[
I − Pi+N−1,i

ϕT
i+Nϕi+N

1 + ϕT
i+NPi+N−1,iϕi+N

]
Pi+N−1,i (33)

ª¥§θ̂i+N,i�i�i + N�å¥N + 1�êâO����ëê��"
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(2)2Ñ��êâyi§=GØ��Î�*ÿêâ"4íúª�

θ̂i+N,i+1 = θ̂i+N,i −Gi+N,i+1[yi − ϕT
i θ̂i+N,i] (34)

Gi+N,i+1 = Pi+N,i
ϕi

1− ϕT
i Pi+N,iϕi

(35)

Pi+N,i+1 =

[
I + Pi+N,i

ϕT
i ϕi

1− ϕT
i Pi+N,iϕi

]
Pi+N,i (36)

ª¥θ̂i+N,i+1�i + 1�i + N�å¥N�êâéθ���"
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4.��PÁ{
��PÁ{æ^�ãGØN|êâ��{§=�êâ�Ý®�2N�§�
GØm©�N�êâ"ù�¦êâ3N�2N − 1��mCz"
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4.��PÁ{
��PÁ{æ^�ãGØN|êâ��{§=�êâ�Ý®�2N�§�
GØm©�N�êâ"ù�¦êâ3N�2N − 1��mCz"

(1)êâdN + 1�2N + 1§zO\1�êâ§^þ!4í�{¥ª(31)�
ª(33)?14íO�"
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4.��PÁ{
��PÁ{æ^�ãGØN|êâ��{§=�êâ�Ý®�2N�§�
GØm©�N�êâ"ù�¦êâ3N�2N − 1��mCz"

(1)êâdN + 1�2N + 1§zO\1�êâ§^þ!4í�{¥ª(31)�
ª(33)?14íO�"

(2)êâO\�2N§�Kc�ãN�êâ"

θ̂i+2N,i+N+1 = Pi+2N,i+N+1[P
−1
i+2N,i+1θ̂i+2N,i+1 − P−1

i+N,i+1θ̂i+N,i+1] (37)

P−1
i+2N,i+N+1 = P−1

i+2N,i+1 − P−1
i+N,i+1 (38)
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4.��PÁ{
��PÁ{æ^�ãGØN|êâ��{§=�êâ�Ý®�2N�§�
GØm©�N�êâ"ù�¦êâ3N�2N − 1��mCz"

(1)êâdN + 1�2N + 1§zO\1�êâ§^þ!4í�{¥ª(31)�
ª(33)?14íO�"

(2)êâO\�2N§�Kc�ãN�êâ"

θ̂i+2N,i+N+1 = Pi+2N,i+N+1[P
−1
i+2N,i+1θ̂i+2N,i+1 − P−1

i+N,i+1θ̂i+N,i+1] (37)

P−1
i+2N,i+N+1 = P−1

i+2N,i+1 − P−1
i+N,i+1 (38)

�O�θ̂i+2N,i+N+1Ú���Pi+2N,i+N+1I�;§
θ̂i+N,i+1�Pi+N,i+1´þ
±Ï�Ñ�§¯kI��"
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