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y(k) =
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i=−∞
g(k − i)u(i) (1)
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þª¡�wÄ²þ(Moving Average)�.§{¡�MA�."
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éu�ÅXÚ§�ÄD(��K�§K

y(k) = B(z−1) · u(k) + e(k) (5)
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y(k) = B(z−1) · u(k) + e(k) (5)

Ù¥e(k)�D(�"éuëYXÚ§óÀ�A¼ê´��Ð©^��"
�§�5XÚéuü óÀÑ\Dirac–δ¼ê�)�ÑÑ�A"∫ 0+

0−
δ(t)dt = 1 (6)

http://www.nudt.edu.cn


E£�Ä�Vg

XÚE£�ïÄ8�

êÆ�.�©a

A«~��êÆ�.� . . .

E£�Ú½

Home Page

Title Page

JJ II

J I

Page 11 of 24

Go Back

Full Screen

Close

Quit

éu­�XÚ§

y(k) =

(
Ns∑
i=0

g(i)z−i

)
u(k) (3)
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éu�ÅXÚ§�ÄD(��K�§K
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Ù¥e(k)�D(�"éuëYXÚ§óÀ�A¼ê´��Ð©^��"
�§�5XÚéuü óÀÑ\Dirac–δ¼ê�)�ÑÑ�A"∫ 0+

0−
δ(t)dt = 1 (6)

K3?¿Ñ\u(t)��^e§XÚ�ÑÑ�óÀ�A¼êg(t)Úu(t)�ò
È§=

y(t) =

∫ t

∞
g(t− τ)u(τ)dτ =

∫ ∞

0
g(τ)u(t− τ)dτ (7)
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? 4.2�5�©�§

�©�§´ëYXÚ�Ä���«�.§éA/§�©�§�
lÑXÚ�kÓ��'X"Ä��lÑXÚÑ\!ÑÑæ��S
�u(k)Úy(k)�m�'X�±L«¤Xe�n��5�©�§

y(k)+a1y(k−1)+. . .+any(k−n) = b0u(k)+b1u(k−1)+. . .+bnu(k−n)
(8)

¡�g£8wÄ²þ(Auto-regressive moving average)�.§{¡
�ARMA�."
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? 4.2�5�©�§

�©�§´ëYXÚ�Ä���«�.§éA/§�©�§�
lÑXÚ�kÓ��'X"Ä��lÑXÚÑ\!ÑÑæ��S
�u(k)Úy(k)�m�'X�±L«¤Xe�n��5�©�§

y(k)+a1y(k−1)+. . .+any(k−n) = b0u(k)+b1u(k−1)+. . .+bnu(k−n)
(8)

¡�g£8wÄ²þ(Auto-regressive moving average)�.§{¡
�ARMA�."

éþª?1zC�§3"Ð©^�eÑÑCþ�zC�éÑ\CþzC
��'§Ò´TlÑXÚ�óÀD4¼ê

G(z) =
Z{y(k)}
Z{u(k)}

=
b0 + b1z

−1 + . . . + bnz
−n

1 + a1z−1 + . . . + anz−n
(9)
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? 4.2�5�©�§

�©�§´ëYXÚ�Ä���«�.§éA/§�©�§�
lÑXÚ�kÓ��'X"Ä��lÑXÚÑ\!ÑÑæ��S
�u(k)Úy(k)�m�'X�±L«¤Xe�n��5�©�§

y(k)+a1y(k−1)+. . .+any(k−n) = b0u(k)+b1u(k−1)+. . .+bnu(k−n)
(8)

¡�g£8wÄ²þ(Auto-regressive moving average)�.§{¡
�ARMA�."

éþª?1zC�§3"Ð©^�eÑÑCþ�zC�éÑ\CþzC
��'§Ò´TlÑXÚ�óÀD4¼ê

G(z) =
Z{y(k)}
Z{u(k)}

=
b0 + b1z

−1 + . . . + bnz
−n

1 + a1z−1 + . . . + anz−n
(9)

P {
A(z−1) = 1 + a1z

−1 + . . . + anz
−n

B(z−1) = b0 + b1z
−1 + . . . + bnz

−n
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? 4.2�5�©�§

�©�§´ëYXÚ�Ä���«�.§éA/§�©�§�
lÑXÚ�kÓ��'X"Ä��lÑXÚÑ\!ÑÑæ��S
�u(k)Úy(k)�m�'X�±L«¤Xe�n��5�©�§

y(k)+a1y(k−1)+. . .+any(k−n) = b0u(k)+b1u(k−1)+. . .+bnu(k−n)
(8)

¡�g£8wÄ²þ(Auto-regressive moving average)�.§{¡
�ARMA�."

éþª?1zC�§3"Ð©^�eÑÑCþ�zC�éÑ\CþzC
��'§Ò´TlÑXÚ�óÀD4¼ê

G(z) =
Z{y(k)}
Z{u(k)}

=
b0 + b1z

−1 + . . . + bnz
−n

1 + a1z−1 + . . . + anz−n
(9)

P {
A(z−1) = 1 + a1z

−1 + . . . + anz
−n

B(z−1) = b0 + b1z
−1 + . . . + bnz

−n

Kª(8)���
A(z−1)y(k) = B(z−1)u(k) (10)
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éu�ÅXÚ§�ÄD(�K�§Kk

A(z−1)y(k) = B(z−1)u(k) + e(k) (11)

Ù¥e(k)�D(�§�©�±eA«�¹µ
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éu�ÅXÚ§�ÄD(�K�§Kk

A(z−1)y(k) = B(z−1)u(k) + e(k) (11)

Ù¥e(k)�D(�§�©�±eA«�¹µ
(1) MA�.

e(k) = C(z−1)ε(k) (12)

Ù¥C(z−1) = 1 + c1z
−1 + . . . + cqz

−q§ε(k)�xD("
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éu�ÅXÚ§�ÄD(�K�§Kk

A(z−1)y(k) = B(z−1)u(k) + e(k) (11)

Ù¥e(k)�D(�§�©�±eA«�¹µ
(1) MA�.

e(k) = C(z−1)ε(k) (12)

Ù¥C(z−1) = 1 + c1z
−1 + . . . + cqz

−q§ε(k)�xD("
(2) AR�.

D(z−1)e(k) = ε(k) (13)

Ù¥D(z−1) = 1 + d1z
−1 + . . . + dpz

−p"
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éu�ÅXÚ§�ÄD(�K�§Kk

A(z−1)y(k) = B(z−1)u(k) + e(k) (11)

Ù¥e(k)�D(�§�©�±eA«�¹µ
(1) MA�.

e(k) = C(z−1)ε(k) (12)

Ù¥C(z−1) = 1 + c1z
−1 + . . . + cqz

−q§ε(k)�xD("
(2) AR�.

D(z−1)e(k) = ε(k) (13)

Ù¥D(z−1) = 1 + d1z
−1 + . . . + dpz

−p"
(3) ARMA�.

D(z−1)e(k) = C(z−1)ε(k) (14)
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��XÚ�Å�©�.Ì�k

A(z−1)y(k) = B(z−1)u(k) + C(z−1)ε(k) (15)

A(z−1)y(k) = B(z−1)u(k) +
1

D(z−1)
ε(k) (16)

A(z−1)y(k) = B(z−1)u(k) +
C(z−1)

D(z−1)
ε(k) (17)

ª(15)!ª(16)Úª(17)o¡�ARMAX�.§�¡�CARMA(���þ
�ARMA�.)"

y(k) =
B(z−1)

A(z−1)
u(k) +

C(z−1)

D(z−1)
ε(k) (18)

ª(18)¡�Box–Jenkins�."
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? 4.3G��m�.

�5�ØCëYXÚ�G��m£ã�{
ẋ(t) = Ax(t) + Bu(t)
y(t) = Cx(t)

(19)

Ù¥x(t) ∈ Rn×1´XÚ�G�Cþ¶y(t), u(t)©OL«ÑÑÚÑ\
þ§A, BÚC´äk·��ê�Ý
§©O¡�XÚÝ
!Ñ\Ý

ÚÑÑÝ
"
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? 4.3G��m�.

�5�ØCëYXÚ�G��m£ã�{
ẋ(t) = Ax(t) + Bu(t)
y(t) = Cx(t)

(19)

Ù¥x(t) ∈ Rn×1´XÚ�G�Cþ¶y(t), u(t)©OL«ÑÑÚÑ\
þ§A, BÚC´äk·��ê�Ý
§©O¡�XÚÝ
!Ñ\Ý

ÚÑÑÝ
"

XÚª(19)�D4¼ê�

G(s) = C(sI − A)−1B (20)

lÑXÚ�G��m�.�{
x(k + 1) = Ax(k) + Bu(k)

y(k) = Cx(k)
(21)

Ù¥x(k) ∈ Rn, y(k) ∈ Rp, u(k) ∈ Rm¶A ∈ Rn×n, B ∈ Rn×m, C ∈
Rn×r¶XêÝ
A, B, C�ëê�ê©O�n× n, n×m, n× r"
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ª(21)éA�óÀD4¼ê!ü óÀ�AÚü ���A©O�

G(z−1) = C(zI − A)−1B (22)

g(k) = CAk−1B (23)

h(k) = C

k−1∑
j=0

Aj

B (24)

XÚ�Ñ\ÑÑ�.�±dG��m�.��/(½§��L5KØ
,"XÚ�Ñ\ÑÑ�.(�©�§½D4¼ê)�±C�¤G��m�
.§�ÙäNL�ª¿Ø��§�ûuG��þ�ÀJ"���ÏLò
G��§=z�5�.§¦�G��§��ê���¢y"ù�§XÚ
�ëê�ê��§�k|uXÚE£"XJXÚ´���Ú�*�§�
�·�ÀJC�Ý
§Ò�òG��§=z�5�."E£L§¥�

(½����.§A^5�.�G��m�."
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(1)C�Ý

XÚª(21)�����¿©7�^�´XÚ���
Tc÷�§=rankTc =
n§Tc�

Tc = [B ... AB ... · · · ... An−1B] (25)

XÚ���*�¿©7�^�´XÚ��*
To÷�§=rankTo =
n§To�

To = [C ... ATC ... · · · ... (AT )n−1C]T (26)
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(1)C�Ý

XÚª(21)�����¿©7�^�´XÚ���
Tc÷�§=rankTc =
n§Tc�

Tc = [B ... AB ... · · · ... An−1B] (25)

XÚ���*�¿©7�^�´XÚ��*
To÷�§=rankTo =
n§To�

To = [C ... ATC ... · · · ... (AT )n−1C]T (26)

XÚ�G��þx²Lþã�C�Ý
C���§Ò�/¤#�5�.G
��§"Px̄ = Tx�#�G��þ§Ù¥T�C�Ý
§§7L´�Û
É�"K#�5�.G��§�{

˙̄x = Āx̄ + B̄u
y = C̄x̄

(27)

 Ā = TAT−1

B̄ = TB
C̄ = CT−1

(28)

C�Ý
ÀJØÓ�/ª§Ò�/¤ØÓ�5�."
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(2)��5�I.
C�Ý
�T = TcL§Ù¥Tc�þã���
§L
�

L =


an−1 an−2 · · · a1 1
an−2 · · · a1 1 0

... ... ... ... ...
a1 1 0 0 0
1 0 0 0 0


n×n

(29)

²Lù�C�����5�I.G��§�XÚÝ
Āc1!Ñ\Ý
B̄c1Ú
*ÿÝ
C̄c1©O�

Āc1 =


0 1 · · · 0

... ...
... 1

−an −an−1 · · · −a1


B̄c1 = [0 0 · · · 1]T = TcLB
C̄c1 = [c̄11 c̄21 · · · c̄n1] = CL−1T−1

c

(30)

ª¥§eIc1L«��5�I."
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? ��5�II.

? �*5�I.

C�Ý
�T = To§Ù¥To�þã��*
§K²LC����*5
�I.G��§�XÚÝ
Āo1!Ñ\Ý
B̄o1Ú*ÿÝ
C̄o1©O�

Āo1 =


0 1 · · · 0

... ...
... 1

−an −an−1 · · · −a1


B̄o1 = [b̄11 b̄21 · · · b̄n1]

T = ToB
C̄o1 = [1 0 · · · 0] = CT−1

o

(31)

ª¥§eIo1L«�*5�I."

? �*5�II.

5�G��§¤¹�ëê�ê��u�5�G��§"
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? 4.4êÆ�.�m��dC�

3�9XÚ�êÆ�.�§~~I�?1�
�dC�§±B±<�
I���ª5£ãXÚ"ØÓ��.(��éAuØÓ�XÚE£�
{§¤±§k�ÏLE£����.�I�?1=�"

(1)D4¼ê=��G��§

�XÚ�D4¼ê�

G(s) =
b1s

n−1 + · · ·+ bn−1s + bn

sn + a1sn−1 + · · ·+ an−1s + an
(32)

Ù�A��©�§�

y(n) + a1y
(n−1) + · · ·+ an−1ẏ + any = b1u

(n−1) + · · ·+ bn−1u̇ + bnu (33)

ò§=����5�I.G��§�{
˙̄x = Āx̄ + B̄u
y = C̄x̄

(34)

ª¥Ā, B̄, C̄�ª(30)¥Āc1, B̄c1, C̄c1�/ª"
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(2)òG��§lÑz
�æ��m�T0§�æ��mé��§�@�3��æ�±ÏSu(t)�±
ØC§=

u(t) = u(kT0), kT0 ≤ t < (k + 1)T0 (35)

lÑz���.� {
x(k + 1) = Ax(k) + Bu(k)

y(k) = Cx(k)
(36)

ª¥ 
A = eĀT0 ≈ I + T0Ā

B = [
∫

eĀ(T0−t)dt]B̄ ≈ T0B̄
C = C̄

(37)

æ^ØÓ�=�Ý
T�§��ØÓ�G��§§
ÙD4¼ê
´�Ó
�"Ïd§ùpk��G��§�ê��¢y�¯K"
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5 E£�Ú½

E£Ò´|^¤*ÿ��¹kD(�Ñ\ÑÑêâ§Uì¤ÀJ��
K§l�a�.¥(½���¤ÿXÚ[Ü��Ð��."

? ²(E£8�"

? |^k��£§ÐÚ(½�.�(�"

? Á��O"

? êâæ8Úý?n"

? �.(�E£"

? �.ëêE£"

? �.u�Ú(@"
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? ²(E£8�" Äk�²(�.A^��ª8�§d§û½�.�
a.!°Ý�¦±9¤æ^�E£�{"

? |^k��£§ÐÚ(½�.�(�"3?1XÚE£�c§�¦�
UõÝº�
XÚ�k��£§XXÚ�5½��5!�C½��
C!'~ÚÈ©A5!�m~ê!LÞL§�m!��ªÇ!�¢!
D(A5!ó��¸^��"

? Á��O"ÀJÁ�&Ò(ÌÝ!ª�)!æ��m!E£�m(êâ
�Ý)!Ñ\ÑÑêâP¹�"�âXÚ$1�¹ÀJm�½4�E
£!3�½l�E£"

? êâæ8Úý?n"Ñ\ÑÑêâ¥~¹k�6¤©½$ª¤©§^
?ÛE£�{ÑJ±�Ø§�éE£°Ý�K�"êâ¥�pª¤©
éE£�kØ|K�"Ïd§éÑ\ÑÑêâ�?1"þ�zÚGØ
pª¤©�ý?n"?n�Ð§UwÍJpE£°Ý""þ�z�æ
^�©{Ú²þ{��{§GØpª¤©�æ^$ÏÈÅì"
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? �.(�E£" 3b½�.(��cJe§|^E£�{(½�.
(�ëê§X�g!X�ò�"

? �.ëêE£" 3�.(�(½��§ÀJ�O�{§|^ÿÁê
â�O�.¥���ëê"

? �.u�Ú(@" l��ØÓ�ý¡u��.´Ä��§u��.
�IOAT´�.�¢SA^�J§���y¤(½��.´ÄT�
/L«
�E£�XÚ"

XJ¤(½�XÚ�.Ü·§KE£L§Ò�¤
"ÄK§�7LU
CXÚ��c�.(�§¿�­#�1ï�L§§��¼���÷¿
��.��"
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