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...
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KΓn = Var(X)"
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E (A + BX) =A + BE (X)

Var(A + BX) =BVar(X)BT
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I Ï�Γn´���
§¤±�K½"

I �α = (a1, . . . , an)T , K

αTΓnα =Var(αTXα)

=Var

(
n∑

i=1

aiXi

)
≥ 0

I Γnòz(Ø÷�)��=��3α 6= 0¦�

Var

(
n∑

i=1

aiXi

)
= 0

ù�¡�ÅCþX1, . . . ,Xn´�5�'�"
=X1, . . . ,Xn��"�5|Ü´òz�ÅCþ"

I XJX1, . . . ,Xn�5�'§Km ≥ n�X1, . . . ,Xm �5
�'"
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I e�

Yt =
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I ½½½ÂÂÂ2.2 �²­S�{Xt}�IOzS�´{Yt}.
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ρk = γk/γ0, k ∈ Z,

¡�²­S�{Xt}�ggg���'''XXXêêê.

I g�'Xê{ρt}´÷vρ0 = 1�g���¼ê, l
�
´�K½S�.



A^�mS�©Û
�§0�

ÌùP�µRaR

���ÄuoÀº
P���?U

²­S�

²­S�9Ùg���¼ê

xD(

��²­S�

�5²­S�Ú�
5ÈÅ

k�$Ä²þ

�5²­S�

�mS���5ÈÅ

g�'Xê

I ½½½ÂÂÂ2.2 �²­S�{Xt}�IOzS�´{Yt}.
{Yt}�g���¼ê

ρk = γk/γ0, k ∈ Z,

¡�²­S�{Xt}�ggg���'''XXXêêê.

I g�'Xê{ρt}´÷vρ0 = 1�g���¼ê, l
�
´�K½S�.



A^�mS�©Û
�§0�

ÌùP�µRaR

���ÄuoÀº
P���?U

²­S�

²­S�9Ùg���¼ê

xD(

��²­S�

�5²­S�Ú�
5ÈÅ

k�$Ä²þ

�5²­S�

�mS���5ÈÅ

~2.2 NÚ²­S�
I �a, b´~ê,�ÅCþU 3(−π, π)Sþ!©Ù, K

Xt = b cos(at + U), t ∈ Z

´²­S�.
I

EXt =
1

2π

∫ π

−π
b cos(at + u) du = 0,

E(XtXs) =
1

2π

∫ π

−π
b2 cos(at + u) cos(as + u) du

=
1

2
b2 cos((t − s)a),

I ù�²­S��*ÿ��Úg���¼
êγk = 0.5b2 cos(ak) Ñ´±a��ªÇ, ±2π/a�±Ï
�¼ê.

I ù�~fw�·�,²­S���±kér�±Ï5.
I {Xt}��g¢y´��±Ï¼ê§ØLyÑ�Å5"
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I ½½½ÂÂÂ2.3 (xD() �{εt} ´��²­S�. XJé?
Ûs, t ∈ N§

Eεt = µ, (1)

Cov(εt , εs) = σ2δt−s =

{
σ2, t = s,

0, t 6= s,
(2)

K¡{εt}´��xxxDDD(((, P�WN(µ, σ2).
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I �{εt} ´ÕáS��, ¡{εt} ´ÕÕÕáááxxxDDD((("
I �µ = 0 �, ¡{εt} �"""þþþ���xxxDDD((("xD(�,�
«½Â�¦"þ�§�Ö¥^��xD(��Ñ´"
þ��"

I �µ = 0, σ2 = 1 �, ¡{εt} �IIIOOOxxxDDD((("
I �εtÑl��©Ù�, ¡{εt}´������xxxDDD((("��xD
(o´ÕáxD("

I Kronecker¼êδt , xD(÷vCov(εt , εs) = σ2δt−s .
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I XJëY���ÅL§{N(t) : t ∈ [0,∞)}÷v
I (1) N(0) = 0, �é?Ûs ≥ 0, t > 0 Ú�K�êk ,

P(N(t + s)− N(s) = k) =
(λt)k

k!
exp[−λt], (λ > 0)

I (2) {N(t)} kÕáOþ5: é?Ûn > 1
Ú0 ≤ t0 < t1 < · · · < tn, �ÅC
þN(tj)− N(tj−1), j = 1, 2, · · · , n �pÕá,

I K¡{N(t)} ´��rÝλ�Poisson LLL§§§.

I EN(t) = λt, Var(N(t)) = λt.
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I ½Â

εn = N(n + 1)− N(n)− λ, n = 1, 2, . . . ,

I Eεn = 0,

I Var(εn) = λ.

I {εn} ´ÕáxD(, ¡�PoissonxxxDDD(((.

I aveÚstdL«��²þÚ��IO�"
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I XJëY���ÅL§{B(t) : t ∈ [0,∞)}÷v
I (1) B(0) = 0, �é?Ûs ≥ 0, t > 0, B(t + s)− B(s)Ñ
l��©ÙN(0, t);

I (2) {B(t)} kÕáOþ5
I K¡{B(t)}´��IOÙK$Ä.

I ½Â

εn = B(n + 1)− B(n), n = 1, 2, . . . ,

K{εn} ´��IO��xD(.
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I U1, ,U2, · · · iid U(0, 2π).

I

Xt = b cos(at + Ut), t ∈ Z,

(a, b�~ê)

I KXt Õá¶

I EXt = 0, Var(Xt) = 0.5b2.

I Xt´ÕáxD("

I ü«: atsa01.r::demo.harmonic().
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I Ø�'µCov(X ,Y ) = 0.

I ��µE(XY ) = 0.

I é"þ��ÅCþ���Ø�'�d"

I é²­�{Xt}Ú{Yt}§
I Ø�': Cov(Xt ,Ys) = 0, ∀t, s.
I ��µE(XtYs) = 0, ∀t, s.
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I ²­�{Xt}, {Yt}, g���¼êγX (t), γY (t), Ï
"µX , µY"

Zt = Xt + Yt , t ∈ Z

I (1) XJ{Xt} Ú{Yt}��, K{Zt}´²­S�, kg�
��¼ê

γZ (k) = γX (k) + γY (k)− 2µXµY , k = 0, 1, 2, . . .

I (2) XJ{Xt} Ú{Yt}Ø�', K{Zt}´²­S�, kg
���¼ê

γZ (k) = γX (k) + γY (k), k = 0, 1, 2, . . . .
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kEξ = limn→∞ Eξn.

I 2Â�ÅCþµ�±��±∞.
I éu?Û�mS�{Yt}, |^üNÂñ½n��

E
[ ∞∑
t=−∞

|Yt |
]

= lim
n→∞

E
[ n∑
t=−n

|Yt |
]

= lim
n→∞

n∑
t=−n

E |Yt | =
∞∑

t=−∞
E |Yt |.

I ½½½nnn3.2 (��Âñ½n) XJ�ÅCþS�{ξn}÷
v|ξn| ≤ ξ0 a.s. ÚE |ξ0| <∞, K�ξn → ξ, a.s.�,
E |ξ| <∞ ¿�Eξn → Eξ.

I 3½n3.1Ú½n3.2^�e§

lim
n→∞

Eξn = E lim
n→∞

ξn.
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I ýé�Ú: XJ¢ê�{aj} ÷v

∞∑
j=−∞

|aj | <∞,

K¡{aj}´ýé�Ú�. P{aj} ∈ l1.

I 5¿: {aj} ∈ l1K{aj} ∈ l2 (=
∑

j a
2
j <∞).

I éuýé�Ú�¢ê�{aj}, ½Â"þ�xD({εt}�
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�´²­S�"Ï"�"§g���¼êÓþ"

I Xt½Â�Ã¡?ê´L2Âñ�"y²I�A
^Hilbert�m5�"�1.6!~6.3"

I 5¿{aj} ∈ L1 =⇒ {aj} ∈ L2"



A^�mS�©Û
�§0�

ÌùP�µRaR

���ÄuoÀº
P���?U

²­S�

²­S�9Ùg���¼ê

xD(

��²­S�

�5²­S�Ú�
5ÈÅ

k�$Ä²þ

�5²­S�

�mS���5ÈÅ

þ�¿Â���5S�

I �{aj} ∈ l2K

Xt =
∞∑

j=−∞
ajεt−j (L2) (**)

�´²­S�"Ï"�"§g���¼êÓþ"

I Xt½Â�Ã¡?ê´L2Âñ�"y²I�A
^Hilbert�m5�"�1.6!~6.3"

I 5¿{aj} ∈ L1 =⇒ {aj} ∈ L2"



A^�mS�©Û
�§0�

ÌùP�µRaR

���ÄuoÀº
P���?U

²­S�

²­S�9Ùg���¼ê

xD(

��²­S�

�5²­S�Ú�
5ÈÅ

k�$Ä²þ

�5²­S�

�mS���5ÈÅ

þ�¿Â���5S�

I �{aj} ∈ l2K

Xt =
∞∑

j=−∞
ajεt−j (L2) (**)

�´²­S�"Ï"�"§g���¼êÓþ"

I Xt½Â�Ã¡?ê´L2Âñ�"y²I�A
^Hilbert�m5�"�1.6!~6.3"

I 5¿{aj} ∈ L1 =⇒ {aj} ∈ L2"



A^�mS�©Û
�§0�

ÌùP�µRaR

���ÄuoÀº
P���?U

²­S�

²­S�9Ùg���¼ê

xD(

��²­S�

�5²­S�Ú�
5ÈÅ

k�$Ä²þ

�5²­S�

�mS���5ÈÅ

l1Xê��5²­��g���¼ê�Âñ5

�{aj} ∈ l1�
∞∑

k=−∞
|γk | <∞

. ¯¢þ§

∞∑
k=−∞

|γk | ≤ σ2
∞∑

k=−∞

∞∑
j=−∞

|ajaj+k |

= σ2
∞∑

j=−∞
|aj |

∞∑
k=−∞

|aj+k | = σ2(
∞∑

j=−∞
|aj |)2 <∞



A^�mS�©Û
�§0�

ÌùP�µRaR

���ÄuoÀº
P���?U

²­S�

²­S�9Ùg���¼ê

xD(

��²­S�

�5²­S�Ú�
5ÈÅ

k�$Ä²þ

�5²­S�

�mS���5ÈÅ

l1Xê��5²­��g���¼ê�Âñ5

�{aj} ∈ l1�
∞∑

k=−∞
|γk | <∞

. ¯¢þ§

∞∑
k=−∞

|γk | ≤ σ2
∞∑

k=−∞

∞∑
j=−∞

|ajaj+k |

= σ2
∞∑

j=−∞
|aj |

∞∑
k=−∞

|aj+k | = σ2(
∞∑

j=−∞
|aj |)2 <∞



A^�mS�©Û
�§0�

ÌùP�µRaR

���ÄuoÀº
P���?U

²­S�

²­S�9Ùg���¼ê

xD(

��²­S�

�5²­S�Ú�
5ÈÅ

k�$Ä²þ

�5²­S�

�mS���5ÈÅ

l1Xê��5²­��g���¼ê�Âñ5

�{aj} ∈ l1�
∞∑

k=−∞
|γk | <∞

. ¯¢þ§

∞∑
k=−∞

|γk | ≤ σ2
∞∑

k=−∞

∞∑
j=−∞

|ajaj+k |

= σ2
∞∑

j=−∞
|aj |

∞∑
k=−∞

|aj+k | = σ2(
∞∑

j=−∞
|aj |)2 <∞



A^�mS�©Û
�§0�

ÌùP�µRaR

���ÄuoÀº
P���?U

²­S�

²­S�9Ùg���¼ê

xD(

��²­S�

�5²­S�Ú�
5ÈÅ

k�$Ä²þ

�5²­S�

�mS���5ÈÅ

l1Xê��5²­��g���¼ê�Âñ5

�{aj} ∈ l1�
∞∑

k=−∞
|γk | <∞

. ¯¢þ§

∞∑
k=−∞

|γk | ≤ σ2
∞∑

k=−∞

∞∑
j=−∞

|ajaj+k |

= σ2
∞∑

j=−∞
|aj |

∞∑
k=−∞

|aj+k | = σ2(
∞∑

j=−∞
|aj |)2 <∞



A^�mS�©Û
�§0�

ÌùP�µRaR

���ÄuoÀº
P���?U

²­S�

²­S�9Ùg���¼ê

xD(

��²­S�

�5²­S�Ú�
5ÈÅ

k�$Ä²þ

�5²­S�

�mS���5ÈÅ

l2Xê��5²­��g���¼ê�Âñ5
�{aj} ∈ l2�, k
½½½nnn3.3 g���¼êlimk→∞ γk = 0.

yyy²²²: |||^̂̂CauchyØØØ���ªªª|
∑

ajbj | ≤
(∑

a2j
∑

b2j

)1/2
���

���

|γk | =σ2

∣∣∣∣∣∣
∞∑

j=−∞
ajaj+k

∣∣∣∣∣∣
≤σ2

∑
|j |≤k/2

|ajaj+k |+ σ2
∑
|j |>k/2

|ajaj+k |

≤σ2
 ∞∑
j=−∞

a2j
∑
|j |≤k/2

a2j+k

1/2

+ σ2

 ∑
|j |>k/2

a2j

∞∑
j=−∞

a2j

1/2

≤2σ2

 ∞∑
j=−∞

a2j

1/2  ∑
|j |≥k/2

a2j

1/2

→ 0 (k →∞)



A^�mS�©Û
�§0�

ÌùP�µRaR

���ÄuoÀº
P���?U

²­S�

²­S�9Ùg���¼ê

xD(

��²­S�

�5²­S�Ú�
5ÈÅ

k�$Ä²þ

�5²­S�

�mS���5ÈÅ

�5S��A^

�5S�£ã
g���¼êP~�"��mS�"��
��g���¼êP~�"Ò�±^�5S�5£ã"



A^�mS�©Û
�§0�

ÌùP�µRaR

���ÄuoÀº
P���?U

²­S�

²­S�9Ùg���¼ê

xD(

��²­S�

�5²­S�Ú�
5ÈÅ

k�$Ä²þ

�5²­S�

�mS���5ÈÅ

ü>�5S�

I

Xt =
∞∑
j=0

ajεt−j , t ∈ Z

I ¡�ü>$Ä²þ(MA)§½ü>Ã¡wÄÚ"

I ù��XtkÏJ5µXt�És ≤ t�εsK�
ØÉt�
�±��εsK�"

I

γk =

{∑∞
j=0 ajaj+k , k ≥ 0

γ−k k < 0



A^�mS�©Û
�§0�

ÌùP�µRaR

���ÄuoÀº
P���?U

²­S�

²­S�9Ùg���¼ê

xD(

��²­S�

�5²­S�Ú�
5ÈÅ

k�$Ä²þ

�5²­S�

�mS���5ÈÅ

ü>�5S�

I

Xt =
∞∑
j=0

ajεt−j , t ∈ Z

I ¡�ü>$Ä²þ(MA)§½ü>Ã¡wÄÚ"

I ù��XtkÏJ5µXt�És ≤ t�εsK�
ØÉt�
�±��εsK�"

I

γk =

{∑∞
j=0 ajaj+k , k ≥ 0

γ−k k < 0



A^�mS�©Û
�§0�

ÌùP�µRaR

���ÄuoÀº
P���?U

²­S�

²­S�9Ùg���¼ê

xD(

��²­S�

�5²­S�Ú�
5ÈÅ

k�$Ä²þ

�5²­S�

�mS���5ÈÅ

ü>�5S�

I

Xt =
∞∑
j=0

ajεt−j , t ∈ Z

I ¡�ü>$Ä²þ(MA)§½ü>Ã¡wÄÚ"

I ù��XtkÏJ5µXt�És ≤ t�εsK�
ØÉt�
�±��εsK�"

I

γk =

{∑∞
j=0 ajaj+k , k ≥ 0

γ−k k < 0



A^�mS�©Û
�§0�

ÌùP�µRaR

���ÄuoÀº
P���?U

²­S�

²­S�9Ùg���¼ê

xD(

��²­S�

�5²­S�Ú�
5ÈÅ

k�$Ä²þ

�5²­S�

�mS���5ÈÅ

ü>�5S�

I

Xt =
∞∑
j=0

ajεt−j , t ∈ Z

I ¡�ü>$Ä²þ(MA)§½ü>Ã¡wÄÚ"

I ù��XtkÏJ5µXt�És ≤ t�εsK�
ØÉt�
�±��εsK�"

I

γk =

{∑∞
j=0 ajaj+k , k ≥ 0

γ−k k < 0



A^�mS�©Û
�§0�

ÌùP�µRaR

���ÄuoÀº
P���?U

²­S�

²­S�9Ùg���¼ê

xD(

��²­S�

�5²­S�Ú�
5ÈÅ

k�$Ä²þ

�5²­S�

�mS���5ÈÅ

�mS���5ÈÅ

I éS�{Xt}?1wÄ¦Úµ

Yt =
∞∑

j=−∞
hjXt−j , t ∈ Z

¡�é{Xt}?1�5ÈÅ"
I Ù¥ýé�Ú�{hj}¡������5ÈÅì"
I XJÑ\&Ò{Xt}´²­�KÑÑ{Yt}�´²­�"
I 'u�5ÈÅ§2.1Ú§2.2�k?�Ú?Ø"



A^�mS�©Û
�§0�

ÌùP�µRaR

���ÄuoÀº
P���?U

²­S�

²­S�9Ùg���¼ê

xD(

��²­S�

�5²­S�Ú�
5ÈÅ

k�$Ä²þ

�5²­S�

�mS���5ÈÅ

�mS���5ÈÅ

I éS�{Xt}?1wÄ¦Úµ

Yt =
∞∑

j=−∞
hjXt−j , t ∈ Z

¡�é{Xt}?1�5ÈÅ"
I Ù¥ýé�Ú�{hj}¡������5ÈÅì"
I XJÑ\&Ò{Xt}´²­�KÑÑ{Yt}�´²­�"
I 'u�5ÈÅ§2.1Ú§2.2�k?�Ú?Ø"



A^�mS�©Û
�§0�

ÌùP�µRaR

���ÄuoÀº
P���?U

²­S�

²­S�9Ùg���¼ê

xD(

��²­S�

�5²­S�Ú�
5ÈÅ

k�$Ä²þ

�5²­S�

�mS���5ÈÅ

�mS���5ÈÅ

I éS�{Xt}?1wÄ¦Úµ

Yt =
∞∑

j=−∞
hjXt−j , t ∈ Z

¡�é{Xt}?1�5ÈÅ"
I Ù¥ýé�Ú�{hj}¡������5ÈÅì"
I XJÑ\&Ò{Xt}´²­�KÑÑ{Yt}�´²­�"
I 'u�5ÈÅ§2.1Ú§2.2�k?�Ú?Ø"



A^�mS�©Û
�§0�

ÌùP�µRaR

���ÄuoÀº
P���?U

²­S�

²­S�9Ùg���¼ê

xD(

��²­S�

�5²­S�Ú�
5ÈÅ

k�$Ä²þ

�5²­S�

�mS���5ÈÅ

�mS���5ÈÅ

I éS�{Xt}?1wÄ¦Úµ

Yt =
∞∑

j=−∞
hjXt−j , t ∈ Z

¡�é{Xt}?1�5ÈÅ"
I Ù¥ýé�Ú�{hj}¡������5ÈÅì"
I XJÑ\&Ò{Xt}´²­�KÑÑ{Yt}�´²­�"
I 'u�5ÈÅ§2.1Ú§2.2�k?�Ú?Ø"



A^�mS�©Û
�§0�

ÌùP�µRaR

���ÄuoÀº
P���?U

²­S�

²­S�9Ùg���¼ê

xD(

��²­S�

�5²­S�Ú�
5ÈÅ

k�$Ä²þ

�5²­S�

�mS���5ÈÅ

I

µY = EYt =
∞∑

j=−∞
hjEXt−j = µX

∞∑
j=−∞

hj

I

γY (n) = Cov(Yn+1,Y1)

=
∞∑

j ,k=−∞
hjhkE [(Xn+1−j − µ)(X1−k − µ)]

=
∞∑

j ,k=−∞
hjhkγn+k−j



A^�mS�©Û
�§0�

ÌùP�µRaR

���ÄuoÀº
P���?U

²­S�

²­S�9Ùg���¼ê

xD(

��²­S�

�5²­S�Ú�
5ÈÅ

k�$Ä²þ

�5²­S�

�mS���5ÈÅ

I

µY = EYt =
∞∑

j=−∞
hjEXt−j = µX

∞∑
j=−∞

hj

I

γY (n) = Cov(Yn+1,Y1)

=
∞∑

j ,k=−∞
hjhkE [(Xn+1−j − µ)(X1−k − µ)]

=
∞∑

j ,k=−∞
hjhkγn+k−j



A^�mS�©Û
�§0�

ÌùP�µRaR

���ÄuoÀº
P���?U

²­S�

²­S�9Ùg���¼ê

xD(

��²­S�

�5²­S�Ú�
5ÈÅ

k�$Ä²þ

�5²­S�

�mS���5ÈÅ

Ý/IÈÅì

I �

hj =

{
1

2M+1 , |j | ≤ M

0, |j | > M.

I K

Yt =
1

2M + 1

M∑
j=−M

xt−j

I ´Xt�wÄ²þ"�±²w{Xt}§³�pª&Ò"
I pª&ÒLy´o÷ÚE,�­�§$ª&ÒLy�
�úÚ1w�Cz"



A^�mS�©Û
�§0�

ÌùP�µRaR

���ÄuoÀº
P���?U

²­S�

²­S�9Ùg���¼ê

xD(

��²­S�

�5²­S�Ú�
5ÈÅ

k�$Ä²þ

�5²­S�

�mS���5ÈÅ

Ý/IÈÅì

I �

hj =

{
1

2M+1 , |j | ≤ M

0, |j | > M.

I K

Yt =
1

2M + 1

M∑
j=−M

xt−j

I ´Xt�wÄ²þ"�±²w{Xt}§³�pª&Ò"
I pª&ÒLy´o÷ÚE,�­�§$ª&ÒLy�
�úÚ1w�Cz"



A^�mS�©Û
�§0�

ÌùP�µRaR

���ÄuoÀº
P���?U

²­S�

²­S�9Ùg���¼ê

xD(

��²­S�

�5²­S�Ú�
5ÈÅ

k�$Ä²þ

�5²­S�

�mS���5ÈÅ

Ý/IÈÅì

I �

hj =

{
1

2M+1 , |j | ≤ M

0, |j | > M.

I K

Yt =
1

2M + 1

M∑
j=−M

xt−j

I ´Xt�wÄ²þ"�±²w{Xt}§³�pª&Ò"
I pª&ÒLy´o÷ÚE,�­�§$ª&ÒLy�
�úÚ1w�Cz"



A^�mS�©Û
�§0�

ÌùP�µRaR

���ÄuoÀº
P���?U

²­S�

²­S�9Ùg���¼ê

xD(

��²­S�

�5²­S�Ú�
5ÈÅ

k�$Ä²þ

�5²­S�

�mS���5ÈÅ

Ý/IÈÅì

I �

hj =

{
1

2M+1 , |j | ≤ M

0, |j | > M.

I K

Yt =
1

2M + 1

M∑
j=−M

xt−j

I ´Xt�wÄ²þ"�±²w{Xt}§³�pª&Ò"
I pª&ÒLy´o÷ÚE,�­�§$ª&ÒLy�
�úÚ1w�Cz"



A^�mS�©Û
�§0�

ÌùP�µRaR

���ÄuoÀº
P���?U

²­S�

²­S�9Ùg���¼ê

xD(

��²­S�

�5²­S�Ú�
5ÈÅ

k�$Ä²þ

�5²­S�

�mS���5ÈÅ

~3.1 {uÅ&Ò�ÈÅ

I

Xt = St + εt = b cos(ωt + U) + εt , t ∈ Z

I U ∼U(0, 2π), {εt}"þ�²­, U�{εt}Õá"
I &Ò{St}��b2/2§D({εt}��σ2, &D
'b2/(2σ2)"

I �Ý/IÈÅ:

Yt =
1

2M + 1

M∑
j=−M

Xt−j

=
b sin[ω(M + 0.5)]

(2M + 1) sin(ω/2)
cos(ωt + U) + ηt

ηt =
1

2M + 1

M∑
j=−M

εt−j



A^�mS�©Û
�§0�

ÌùP�µRaR

���ÄuoÀº
P���?U

²­S�

²­S�9Ùg���¼ê

xD(

��²­S�

�5²­S�Ú�
5ÈÅ

k�$Ä²þ

�5²­S�

�mS���5ÈÅ

~3.1 {uÅ&Ò�ÈÅ

I

Xt = St + εt = b cos(ωt + U) + εt , t ∈ Z

I U ∼U(0, 2π), {εt}"þ�²­, U�{εt}Õá"
I &Ò{St}��b2/2§D({εt}��σ2, &D
'b2/(2σ2)"

I �Ý/IÈÅ:

Yt =
1

2M + 1

M∑
j=−M

Xt−j

=
b sin[ω(M + 0.5)]

(2M + 1) sin(ω/2)
cos(ωt + U) + ηt

ηt =
1

2M + 1

M∑
j=−M

εt−j



A^�mS�©Û
�§0�

ÌùP�µRaR

���ÄuoÀº
P���?U

²­S�

²­S�9Ùg���¼ê

xD(

��²­S�

�5²­S�Ú�
5ÈÅ

k�$Ä²þ

�5²­S�

�mS���5ÈÅ

~3.1 {uÅ&Ò�ÈÅ

I

Xt = St + εt = b cos(ωt + U) + εt , t ∈ Z

I U ∼U(0, 2π), {εt}"þ�²­, U�{εt}Õá"
I &Ò{St}��b2/2§D({εt}��σ2, &D
'b2/(2σ2)"

I �Ý/IÈÅ:

Yt =
1

2M + 1

M∑
j=−M

Xt−j

=
b sin[ω(M + 0.5)]

(2M + 1) sin(ω/2)
cos(ωt + U) + ηt

ηt =
1

2M + 1

M∑
j=−M

εt−j



A^�mS�©Û
�§0�

ÌùP�µRaR

���ÄuoÀº
P���?U

²­S�

²­S�9Ùg���¼ê

xD(

��²­S�

�5²­S�Ú�
5ÈÅ

k�$Ä²þ

�5²­S�

�mS���5ÈÅ

~3.1 {uÅ&Ò�ÈÅ

I

Xt = St + εt = b cos(ωt + U) + εt , t ∈ Z

I U ∼U(0, 2π), {εt}"þ�²­, U�{εt}Õá"
I &Ò{St}��b2/2§D({εt}��σ2, &D
'b2/(2σ2)"

I �Ý/IÈÅ:

Yt =
1

2M + 1

M∑
j=−M

Xt−j

=
b sin[ω(M + 0.5)]

(2M + 1) sin(ω/2)
cos(ωt + U) + ηt

ηt =
1

2M + 1

M∑
j=−M

εt−j



A^�mS�©Û
�§0�

ÌùP�µRaR

���ÄuoÀº
P���?U

²­S�

²­S�9Ùg���¼ê

xD(

��²­S�

�5²­S�Ú�
5ÈÅ

k�$Ä²þ

�5²­S�

�mS���5ÈÅ

~3.1 {uÅ&Ò�ÈÅ(Y)

I Ø
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¤
'~Cz"

I ü«: atsa01.r::demo.mafilt()"

I Var(ηt) = σ2

2M+1 .

I #�&D'�

b2

2σ2
sin2[ω(M + 0.5)]

(2M + 1) sin2(ω/2)
.

I AO�ω(M + 0.5) = π/2�&D'�

b2ω

2πσ2 sin2(ω/2)
>

2b2

πωσ2
=

b2

2σ2
· 4

πω

I &D'��O��4/(πω)�§ω��&D'Jp�
õ"

I ω��§MA��"



A^�mS�©Û
�§0�

ÌùP�µRaR

���ÄuoÀº
P���?U

²­S�

²­S�9Ùg���¼ê

xD(

��²­S�

�5²­S�Ú�
5ÈÅ

k�$Ä²þ

�5²­S�

�mS���5ÈÅ

~3.1 {uÅ&Ò�ÈÅ(Y)

I Ø
ηt��	§(J��©&Ò�'�kÌÝk
¤
'~Cz"

I ü«: atsa01.r::demo.mafilt()"

I Var(ηt) = σ2

2M+1 .

I #�&D'�

b2

2σ2
sin2[ω(M + 0.5)]

(2M + 1) sin2(ω/2)
.

I AO�ω(M + 0.5) = π/2�&D'�

b2ω

2πσ2 sin2(ω/2)
>

2b2

πωσ2
=

b2

2σ2
· 4

πω

I &D'��O��4/(πω)�§ω��&D'Jp�
õ"

I ω��§MA��"



A^�mS�©Û
�§0�

ÌùP�µRaR

���ÄuoÀº
P���?U

²­S�

²­S�9Ùg���¼ê

xD(

��²­S�

�5²­S�Ú�
5ÈÅ

k�$Ä²þ

�5²­S�

�mS���5ÈÅ

~3.1 {uÅ&Ò�ÈÅ(Y)

I Ø
ηt��	§(J��©&Ò�'�kÌÝk
¤
'~Cz"

I ü«: atsa01.r::demo.mafilt()"

I Var(ηt) = σ2

2M+1 .

I #�&D'�

b2

2σ2
sin2[ω(M + 0.5)]

(2M + 1) sin2(ω/2)
.

I AO�ω(M + 0.5) = π/2�&D'�

b2ω

2πσ2 sin2(ω/2)
>

2b2

πωσ2
=

b2

2σ2
· 4

πω

I &D'��O��4/(πω)�§ω��&D'Jp�
õ"

I ω��§MA��"



A^�mS�©Û
�§0�

ÌùP�µRaR

���ÄuoÀº
P���?U

²­S�

²­S�9Ùg���¼ê

xD(

��²­S�

�5²­S�Ú�
5ÈÅ

k�$Ä²þ

�5²­S�

�mS���5ÈÅ

~3.1 {uÅ&Ò�ÈÅ(Y)

I Ø
ηt��	§(J��©&Ò�'�kÌÝk
¤
'~Cz"

I ü«: atsa01.r::demo.mafilt()"

I Var(ηt) = σ2

2M+1 .

I #�&D'�

b2

2σ2
sin2[ω(M + 0.5)]

(2M + 1) sin2(ω/2)
.

I AO�ω(M + 0.5) = π/2�&D'�

b2ω

2πσ2 sin2(ω/2)
>

2b2

πωσ2
=

b2

2σ2
· 4

πω

I &D'��O��4/(πω)�§ω��&D'Jp�
õ"

I ω��§MA��"



A^�mS�©Û
�§0�

ÌùP�µRaR

���ÄuoÀº
P���?U

²­S�

²­S�9Ùg���¼ê

xD(

��²­S�

�5²­S�Ú�
5ÈÅ

k�$Ä²þ

�5²­S�

�mS���5ÈÅ

~3.1 {uÅ&Ò�ÈÅ(Y)

I Ø
ηt��	§(J��©&Ò�'�kÌÝk
¤
'~Cz"

I ü«: atsa01.r::demo.mafilt()"

I Var(ηt) = σ2

2M+1 .

I #�&D'�

b2

2σ2
sin2[ω(M + 0.5)]

(2M + 1) sin2(ω/2)
.

I AO�ω(M + 0.5) = π/2�&D'�

b2ω

2πσ2 sin2(ω/2)
>

2b2

πωσ2
=

b2

2σ2
· 4

πω

I &D'��O��4/(πω)�§ω��&D'Jp�
õ"

I ω��§MA��"



A^�mS�©Û
�§0�

ÌùP�µRaR

���ÄuoÀº
P���?U

²­S�

²­S�9Ùg���¼ê

xD(

��²­S�

�5²­S�Ú�
5ÈÅ

k�$Ä²þ

�5²­S�

�mS���5ÈÅ

~3.1 {uÅ&Ò�ÈÅ(Y)

I Ø
ηt��	§(J��©&Ò�'�kÌÝk
¤
'~Cz"

I ü«: atsa01.r::demo.mafilt()"

I Var(ηt) = σ2

2M+1 .

I #�&D'�

b2

2σ2
sin2[ω(M + 0.5)]

(2M + 1) sin2(ω/2)
.

I AO�ω(M + 0.5) = π/2�&D'�

b2ω

2πσ2 sin2(ω/2)
>

2b2

πωσ2
=

b2

2σ2
· 4

πω

I &D'��O��4/(πω)�§ω��&D'Jp�
õ"

I ω��§MA��"



A^�mS�©Û
�§0�

ÌùP�µRaR

���ÄuoÀº
P���?U

²­S�

²­S�9Ùg���¼ê

xD(

��²­S�

�5²­S�Ú�
5ÈÅ

k�$Ä²þ

�5²­S�

�mS���5ÈÅ

~3.1 {uÅ&Ò�ÈÅ(Y)

I Ø
ηt��	§(J��©&Ò�'�kÌÝk
¤
'~Cz"

I ü«: atsa01.r::demo.mafilt()"

I Var(ηt) = σ2

2M+1 .

I #�&D'�

b2

2σ2
sin2[ω(M + 0.5)]

(2M + 1) sin2(ω/2)
.

I AO�ω(M + 0.5) = π/2�&D'�

b2ω

2πσ2 sin2(ω/2)
>

2b2

πωσ2
=

b2

2σ2
· 4

πω

I &D'��O��4/(πω)�§ω��&D'Jp�
õ"

I ω��§MA��"


	平稳序列
	平稳序列及其自协方差函数
	白噪声
	正交平稳序列

	线性平稳序列和线性滤波
	有限运动平均
	线性平稳序列
	时间序列的线性滤波


