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t0 t1 t2 t3 t4 t5 t6 t7 t8 t9 t10 t11 t12 t13 t14 t15 t16 t17 t18 t19

E[S1] = 0.5

E[S2] = 0.75
E[S1S2] = E[S1]E[S2] = 0.375

E[S1] = 0.5

E[S2] = 0.25
E[S1 + S2] = E[S1] + E[S2] = 0.75

∈ [0, 1]
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Is

If Ix , Iy
It Is If

Ix = Kx ∗ Is

Iy = Ky ∗ Is

It = Kt ∗ If − Kt ∗ Is

Kx Ky Kt

Kx =

[
−1 1
−1 1

]
Ky =

[
−1 −1
1 1

]
Kt =

[
1 1
1 1

]

A =
[
ix iy

]
B = −it

ix iy it Ix
Iy It

AX = B

X X

AX = B

8×

A B

X A B

AX = B

X

X

1

2
‖AX − B‖2F ,

A ∈ Rm×n m ≥ n B ∈ Rm×p X ∈ Rn×p

‖ · ‖F

Xk+1 = Xk + α(−A�AXk +A�B)

= (I − αA�A)Xk + αA�B

X0 := αA�B,

α

αA�

(I −αA�A)

179



Ix , Iy , It
A B

A

B

×

×

+ Σ

Σ

p1 =
(x1,y1, 1) p2 = (x2,y2, 1) p3 = (x3,y3, 1)
z

p ′1 p ′2
p ′3

A =

⎡⎢⎢⎢⎢⎣
x1 y1 1
x2 y2 1
x3 y3 1

⎤⎥⎥⎥⎥⎦
B =

⎡⎢⎢⎢⎢⎣
x ′
1 y ′

1 1
x ′
2 y ′

2 1
x ′
3 y ′

3 1

⎤⎥⎥⎥⎥⎦
X AX = B

X

A B

A

B

X AX = B

A

B

x y t

A

t

(t +T ) B

X AX = B

Θk

x y

A

(x ,y)

B AX = B

X

Θk+1 = Θk + γX

γ γ
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Θk+1

γ

k = 1, 2, . . .
x

Θk

x y

A

B

X AX = B

Θk+1 = Θk − γX

A B

3 × 3 3 × 3
4 × 2 4 × 1
2 × 2 2 × 1

m × n A

A = UΣV�

U ∈ Rm×r V ∈ Rn×r Σ ∈ Rr×r r =
(A) U V

Σ U V

Σ

AX = �0

T

x ′ = Tx

H = T −1
B H ′TA

H

H 3 × 3

A ∈ Rm×n v0 ∈ Rn

k = 1, 2, . . .
wk = Avk−1

αk = ‖wk ‖2 =
√
w�
k
wk

uk = wk/αk
zk = A�uk

σk = ‖zk ‖2 =
√
z�
k
zk

vk = zk/σk

uk vk
σk
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A′ = A − σ1u1v
�
1

A′

(A)

Fc =

Fs = .

f = 1.0791
q Q

f = 2

(
πFc

Fs

)

q =
1

Q

+ ×

×

+ Σ z−1 × + Σ

z−1

+
x

f f

q

y

− −

f

q x y

Σ

Fs

f

Fs

Fs

Fs =
πFc

(f /2)

f = 0.125 = 2−3

Fs = .

d =

⌈
F

Fs

⌉

f Fs d = 8
q

q = 1.875
f

f = 0.0125 q = 1.875 Fs = × d = 1

b0 = α b1 = 0 b2 = −α

a0 = 1 + α a1 = −2 (ωc ) a2 = 1 − α

α =
(ωc )

2Q
ωc =

2πFc
Fs

α

Fc/Fs

a1

1/n n
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z−1

z−1

×

×

×

+ Σ

z−1

z−1

×

×

x
+

+
+

y
−

−

b0/a0

b1/a0

b2/a0

a1/a0

a2/a0

a0 a1 a2
b0 b1 b2 x y

Σ

yk =
1

n

k−(n−1)∑
i=k

xi

z−1

z−1

.

.
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z−1

+ × Σx y
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