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X = (xij) ∈ X = {0, . . . , 255}n1×n2 Y = (yij) ∈ X
n = n1n2

X = (xi)n
i=1 Y = (yi)n

i=1

D : X × X → [0,∞].
Y

D(X,Y)

|xi−yi| ≤ 1,

e+1



i ∈ {1, . . . , n},

D(X,Y) =
n

∑

i=1

ρi|xi − yi|.

0 ≤ ρi ≤ ∞
ρi = ∞

D

m n

ρ = (ρi)n
i=1 0 ≤ ρi < ∞

i ∈ {1, . . . , n} 0 ≤ m ≤ n

D (m, n, ρ) =
n

∑

i=1

piρi,

pi =
e−λρi

1 + e−λρi

i λ

−
n

∑

i=1

(

pi log2 pi + (1 − pi) log2(1 − pi)
)

= m.

ρi)

pi

ρi



ρi

8 {←,→, ↓, ↑,↖,↘,↙,↗}

I ∈ X n1 × n2

D•,

D
→
ij = Iij − Ii,j+1,



i ∈ {1, . . . , n1}, j ∈ {1, . . . , n2 − 1}.

M
→
d1d2

= Pr(D→
i,j+1 = d1|D

→
ij = d2),

M
→
d1d2d3

= Pr(D→
i,j+2 = d1|D

→
i,j+1 = d2,D

→
ij = d3),

di ∈ {−T, . . . , T}.

F
•
1,...,k =

1

4

[

M
→
• + M

←
• + M

↓
• + M

↑
•

]

,

F
•
k+1,...,2k =

1

4

[

M
↘
• + M

↖
• + M

↙
• + M

↗
•

]

,

k = (2T + 1)2 k = (2T + 1)3

T = 4
162 T = 3 686

C
→
d1d2

= Pr(D→
ij = d1,D

→
i,j+1 = d2),

C
→
d1d2d3

= Pr(D→
ij = d1,D

→
i,j+1 = d2,D

→
i,j+2 = d3).

T = 3
{Ck

d1d2
,Ck

d1d2d3
|k ∈ {→, ↑,↖,↗},−3 ≤ di ≤ 3}

4×(343+49) = 1568

ρi

C
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←

−d3,−d2,−d1
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= C
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d3d2d1
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0,0, C→
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−2,2 C→

2,−2
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T = 4 T = 3

k(x, y) = exp(−γ ‖x − y‖2) γ C

(C, γ) ∈
{

(10k, 2j)|k ∈ {−3, . . . , 4}, j ∈ {−d − 3,−d + 3}
}
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w(d1, d2, d3)
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1

[

√

d2
1 + d2

2 + d2
3 + σ
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σ, γ > 0
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ρi,j = D(X,Yi,j),

Yi,j (i, j)
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(b) featureset comparison
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