




























Ω = {Ωf ,Ωb,Ωu} Ωf

Ωb Ωu

Ωf Ωb

Ωu

Ω = {Ωb,Ωbt,Ωu} Ωb

Ωbt

Ωu



4 Ω = {Ωb,Ωbt,Ωu,Ωf} Ωb Ωbt Ωu

Ωf

2

g(x, y) Ω (x, y) ∈ Ω ⊂ R
2 g(x, y)

g(x, y) : Ω → R g(x, y)

g : Ω → R
h h ∈ N

Ω

Ω = Ω1 ∪ · · · ∪ Ωn

g

Ωi

g

C Ωi



g(x, y)
u(x, y)

E(u,C) =

∫

Ω\C
(u− g)2 + λ|∇u|2dxdy + ν|C|

C λ, ν ∈ R+

u g

u

I(x, y) =
√

r(x, y) (θ(x, y)/2)
r(x, y) (x, y) θ(x, y)

(x, y)



φ

φ

φ

φ

φ

φ > 0 φ < 0
φ = 0

λ → ∞

E(u,C) =
N∑

i

∫

Ωi

(ui − g)2dx+ ν|C|

Ωi N ui

ui =
1

|Ωi|

∫

Ωi

(g)dx

p(g|Ωi)
p(g|Ωi) (ui−g)2

E(p, C) =
N∑

i

∫

Ωi

− p(g|Ωi)dx+ ν|C|

σ2



− p(g|Ωi) =
(ui − g)2

2σ2
+

1

2
(2πσ2) ,

C = {(x, y) ∈ Ω ⊂ R
2 : φ(x, y) = 0},

φ : Ω → R

φ(x)

Ωf = {(x, y) ∈ Ω ⊂ R
2 : φ(x, y) > 0}

Ωb

ECV (φ) =

∫

Ω

(H(φ)− 1) (p(g|Ωb))−H(φ) (p(g|Ωf )) + ν|∇H(φ)|dx

p(g|Ωf ) p(g|Ωb)

φ

φ

φ > 0 φ < 0
φ = 0





ρ∈S

N∑

i=1

∫

Ω

ρi(x)Ci(x)dx+
N∑

i=1

∫

Ω

ω(x)|∇ρi|dx

S ρ(x) :=
(
ρ1(x), . . . , ρN(x)

)

S =

{

ρ(x)

∣
∣
∣
∣
∣

N∑

i=1

ρi(x) = 1; ρi(x) ∈ [0, 1], i = 1, . . . , N ; ∀x ∈ Ω

}

,

Ω ∈ R
2

Ωi
N⋃

i=1

Ωi = Ω; Ωk ∩ Ωl = ∅, ∀k 6= l

ρi ∈ [0, 1] x Ωi

Ci(x)

Ci(x) = (ui(x)− g(x))2

ui

x

Ωi, i = 1, . . . , N
Ci(x) = − p(g(x)|Ωi)





ρ

2
|∇v|2

v2 v

ρ → 0 v 1√
ρ

h

h = 1
2ρ

β β ∈ R
+

β(x, y)

β(x, y) = 0





s

c(s) = [b(s− s̃1), . . . , b(s− s̃Nc
)].

b(s)
b(s)

s̃i, i ∈ [1, Nc]
s s ∈ [smin, smax] Nc = 6

cos2

cos2

cos2 0
cos2

cos2

b(s) ,

{
2(πs

3d
) |s| < 3d

2

0 |s| ≥ 3d
2

cn(s) = b(s− smin + 3
d

2
− nd)

Is d ∈ R+

d =
smax − smin

Nc − 2
.



c = (c1, c2, . . . , cNc
);

α =
∆2

n

2σ2

(
s− smin

∆s

−
n− 1

∆n

)2

;

cn(s) ,







e−α,
∣
∣
∣
s−smin

∆s
− n−1

∆n

∣
∣
∣ < Ψ

0,
∣
∣
∣
s−smin

∆s
− n−1

∆n

∣
∣
∣ ≥ Ψ

;

∆s = smax − smin;

∆n = Nc − 1

Nc ∈ N σ,Ψ ∈ R+

g(x) : Ω → Is Ω ∈ R
2

Is = [smin, smax] ⊂ R

s xs

Is |Ω|×Nc ∈ R
3 Nc

Nc Ω
s Nc

c(s) = [c1, c2, . . . , cNc
]

c(s, i) = ci;

i = 1, . . . , Nc

∀s ∈ Is,

Nc∑

k=1

ck(s) ≈ C1; C1 ∈ R

cos2

+∞∫

−∞

ck(x)dx =

+∞∫

−∞

b(x)dx = C2; k = 1, . . . Nc; C2 ∈ R





s

s = 128

Nc



s

Nc ×Nc ×Nc

g(x) : Ω → R
3

s = [sR, sG, sB] N3
c

Nc

ĉ(s) = c(sR)⊗ c(sG)⊗ c(sB);

ĉ(s, k, i, j) = c(sR, k) · c(sG, i) · c(sB, j);

i, j, k = 1, . . . , Nc.

h

s = [s1, s2, . . . , sh]
Nh

c

ĉ(s) = c(s1)⊗ c(s2)⊗, . . . ,⊗c(sh)

h

Nh
c

s

s s{1}, s{2}, . . . s{K} K s

c(s{1}), c(s{2}), . . . , c(s{K}).

q(s) s

s s n ∈ [1, Nc]

q(s, n) =
1

K

K∑

i=1

b(s{i}n − s̃n)

q



s = [sR, sG, sB]

c(s) = [c(sR)⊗ c(sG)⊗ c(sB)]



s

ct(s) t

k(s)
s

t

k(t, s) = ct(s)
b(s)

Ωf

Ωf

Ωi

φ > 0
φ > 0

φ < 0

qf =

∫

Ω
H(φ(x))c(s(x))dx
∫

Ω
H(φ(x))dx

qb =

∫

Ω
(1−H(φ(x)))c(s(x))dx
∫

Ω
(1−H(φ(x)))dx

H(x)

H(x) =

{
1, x > 0;
0, x ≤ 0

c



q̂f =

∫

Ω
H(φ(x))ĉ(s(x))dx
∫

Ω
H(φ(x))dx

q̂b =

∫

Ω
(1−H(φ(x)))ĉ(s(x))dx
∫

Ω
(1−H(φ(x)))dx

ĉ

q̂f = ωf q̂φ>0 + (1− ωf )q̂fu; 0 < ωf < 1

q̂b = ωbq̂φ<0 + (1− ωb)q̂bu; 0 < ωb < 1

q̂φ>0 q̂φ<0 φ > 0
φ < 0 q̂fu q̂bu

ωf ωb ωf = 0
ωf = 1

Ωi

Ωi
us i =

1, . . . ,N

q̂i =
1

|Ωi|

∫

Ωi
us

ĉ(s(x))dx.

Ωi

Ωi

Ωi

c(s) qf







σΩi
Ωi

Ωi Ωus
i

x ∈ Ωus
i Ωi

σΩi
(x) = 1 x ∈ Ωus

i σΩi
(x) ∼ 1

x ∈ Ωus
i σΩi

(x) ∼ 0
x ∈ Ωus

i

σΩi

Ωus
i

σΩi
(x, y) = e

−
(xu,yv)∈Ωus

i

γ
√

(x−xu)2+(y−yv)2

γ ∈ R
+

η

[0, η − 1] η ∈ N

N3
c × η3

p(g|Ωi)



Ωi α

Ωi

α φ > 0
Ωi φ < 0 Ωi

qα(j) =
1

|α|

∑

∀x|x∈α
cj(x)

qα > 0

p(g|Ωi) =
∑

∀j|qα(j)>0

cj(x) · qα(j)

11
391 × 625

k(s, w) = e−
1

2σ2

(
s−w

)2

;

s, w ∈ [0, 1];

σ = 0.05;

s w



dice − score = 0.9352
50 10 dice− score = 0.8896

k

gn(x) = g(x) + k · ω(x)

ω ∈ [0, 1]

32
η = 32, Nc = 8 5

0
5 · η = 160

160 · 4 = 640byte 3
1603 = 4096000 16.384MB



Nc

Nc qu

−
− −
− − −

dice−score = 0.9352



k = 0 k = 0.1 k = 0.5 k = 0.8

nc = 2; qu = 5
nc = 5; qu = 5
nc = 10; qu = 50
nc = 10; qu = 100
nc = 20; qu = 50
nc = 20; qu = 100

k





5 5
5 · 4 = 20byte

1byte
256

3 [0, 255] 5 ·5 ·5 ·4 = 500bytes
3 ·1 = 3bytes

Nc

Nc · 4bytes N3
c

N3
c · 4bytes

Nc

η 3
m× n k ∈ N

(k − 1) ·N3
c

(N3
c + (Nc − 1)3) ·m · n

N

N

M

M M ≫ N

M > N









E(φ) =
∑

i∈{f,b}

∫

Ωi

− p(g|Ωi)dx+ ν|C|

C = {(x, y) ∈ Ω ⊂ R
2 : φ(x, y) = 0}

Ωf = {(x, y) ∈ Ω ⊂ R
2 : φ(x, y) > 0}

Ωb = {(x, y) ∈ Ω ⊂ R
2 : φ(x, y) < 0}

qf qb Ωf Ωb

qf =

∫

Ω
H(φ(x, y))c(g(x, y))dxdy
∫

Ω
H(φ(x, y))dxdy

,

qb =

∫

Ω
(1−H(φ(x, y)))c(g(x, y))dxdy
∫

Ω
(1−H(φ(x, y)))dxdy

,

c H(φ)

H(φ) =

{
1, φ > 0;
0, φ ≤ 0.

p(g(x, y)|Ωf ) =
Nc∑

k=1

ck(g(x, y))qf (k);

p(g(x, y)|Ωb) =
Nc∑

k=1

ck(g(x, y))qb(k).



Hǫ(φ) δǫ(φ)

Hǫ(φ) =







1 φ > ǫ,

0.5
(
1 + 1

ǫ
φ+ 1

π
sin

(
πφ

ǫ

))
, |φ| ≤ ǫ,

0 φ < −ǫ

;

δǫ(φ) = H ′
ǫ(φ) =

{
1
2ǫ

(
1 + cos

(
πφ

ǫ

))
, |φ| ≤ ǫ,

0 |φ| > ǫ
;

ǫ∫

−ǫ

δ′ǫ(φ)dφ = 0

|C| = δǫ(φ)|∇φ|2

φ

ǫ

|∇φ|
δ2ǫ (φ)|∇φ|2

φ ω : Ω → R η ∈ R

dE(φ+ ηω)

dη

∣
∣
∣
∣
η=0

=
d

dη

(∫

Ω

(−Hǫ(φ+ ηω) p(g(x)|Ωf )

− (1−Hǫ(φ+ ηω)) p(g(x)|Ωb)

+ νδǫ(φ+ ηω)|∇(φ+ ηω)|2)dx

)∣
∣
∣
∣
η=0



dE(φ+ ηω)

dη

∣
∣
∣
∣
η=0

=ω

∫

Ω

(

− δǫ(φ) p(g(x)|Ωf ) + δǫ(φ) p(g(x)|Ωb)

)

dx

︸ ︷︷ ︸

A

+

∫

Ω

(

−Hǫ(φ)
d

dη

(

p(g(x)|Ωf )
)∣
∣
∣
η=0

)

dx

︸ ︷︷ ︸

B1

+

∫

Ω

(

− (1−Hǫ(φ))
d

dη

(

p(g(x)|Ωb)
)∣
∣
∣
η=0

)

dx

︸ ︷︷ ︸

B2

+

∫

Ω

(

ν
d

dη

(

δǫ(φ+ ηω)|∇(φ+ ηω)|2
)∣
∣
∣
η=0

)

dx

︸ ︷︷ ︸

C

|Ωf | =

∫

Ω

Hǫ(φ(x))dx

|Ωb| =

∫

Ω

(1−Hǫ(φ(x)))dx

p(g(x)|Ωf ) =

∫

Ω

Hǫ(φ(y))
Nc∑

k=1

ck(x)ck(y)dy

∫

Ω

Hǫ(φ(y))dy
,

B1

B1 = −ω

∫

Ω

Hǫ(φ(x))

p(g(x|Ωf ))








∫

Ω

δǫ(φ(z))
Nc∑

k=1

ck(x)ck(z)dz

∫

Ω

Hǫ(φ(y))dy

−

∫

Ω

Hǫ(φ(y))
Nc∑

k=1

ck(x)ck(y)dy

(
∫

Ω

Hǫ(φ(y))dy

)2

∫

Ω

δǫ(φ(z))dz








dx.



B1 = −ω

∫

Ω

δǫ(φ(z))








∫

Ω

Hǫ(φ(x))
Nc∑

k=1

ck(x)ck(z)

p(g(x)|Ωf )|Ωf |
dx−

∫

Ω

Hǫ(φ(x))

|Ωf |
dx








dz

B1

B1 = −ω

∫

Ω

δǫ(φ(x))








∫

Ω

Hǫ(φ(y))

(
Nc∑

k=1

ck(x)ck(y)− p(g(y)|Ωf )

)

p(g(y)|Ωf )|Ωf |
dy








dx

B2 B = B1 + B2

B = B1 + B2 = −ω

∫

Ω

δǫ(φ(x))








∫

Ω

Hǫ(φ(y))

(
Nc∑

k=1

ck(x)ck(y)− p(g(y)|Ωf )

)

p(g(y)|Ωf )|Ωf |
dy

−

∫

Ω

(1−Hǫ(φ(y)))

(
Nc∑

k=1

ck(x)ck(y)− p(g(y)|Ωb)

)

p(g(y)|Ωb)|Ωb|
dy








dx

B =

∫

Ω

(

−Hǫ(φ)
d

dη

(

p(g(x)|Ωf )
)∣
∣
∣
η=0

)

dx

+

∫

Ω

(

− (1−Hǫ(φ))
d

dη

(

p(g(x)|Ωb)
)∣
∣
∣
η=0

)

dx

p(g|Ωf ) p(g|Ωb) B = 0 B

p(g|Ωf ) p(g|Ωb)

B
B



B
φ

C
ǫ∫

−ǫ

δ′(φ)dφ = 0

C

C =

∫

Ω

(

ν
d

dη

(

δǫ(φ(x) + ηω(x))|∇(φ+ ηω(x))|2
)∣
∣
∣
η=0

)

dx

=

∫

Ω

(

2νδǫ(φ(x))〈∇φ(x),∇ω(x)〉

)

dx

=

∫

Ω

(

− 2ω(x)νδǫ(φ(x)) (∇φ(x)) + 2νδǫ(φ(x)) (ω(x)∇φ(x))

)

dx

=− ω

∫

Ω

(

2νδǫ(φ(x)) (∇φ(x))

)

dx+ ω

∮

∂Ω

(

ν〈δ2(φ(x))∇φ(x), ~n〉

)

ds

~n Ω B C

〈δE, ω〉 = 0







0 = −δǫ(φ)
p(g|Ωf )

p(g|Ωb)
− 2νδǫ(φ) (∇φ)− δǫ(φ)δB, Ω

0 = δ2ǫ (φ)〈∇φ, ~n〉, ∂Ω

δB = δǫ(φ(x))








∫

Ω

Hǫ(φ(y))

(
Nc∑

k=1

ck(x)ck(y)− p(g(y)|Ωf )

)

p(g(y)|Ωf )|Ωf |
dy

−

∫

Ω

(1−Hǫ(φ(y)))

(
Nc∑

k=1

ck(x)ck(y)− p(g(y)|Ωb)

)

p(g(y)|Ωb)|Ωb|
dy








δǫ(φ) |φ| < ǫ div|∇φ|
φ ∼ 0 φ ≤ ǫ δǫ(φ)



φ ≤ ǫ







0 = −
p(g|Ωf )

p(g|Ωb)
− 2ν (∇φ)− δB, Ω

0 = 〈∇φ, ~n〉, ∂Ω

Gκ κ = 1 N

Ω
φ ∈ R

N

0 = −r(φ) + νA(φ)

r(φ) =

(
p(g|Ωb)

p(g|Ωf )

)

+ δB(φ)

A(φ, i, j) = 2ν

(
∂2φ(xi, yj)

∂x2
+

∂2φ(xi, yj)

∂y2

)

= 2ν (φ(xi+1, yj) + φ(xi−1, yj) + φ(xi, yj+1) + φ(xi, yj−1))− 8νφ(xi, yj)

A(φ) = 2νG(φ)− 8νφ

i = 1, . . . , Ni

φm

φm φm := φm+1

m

φm+1 =
1

4
G(φm)−

1

8ν
r(φm)

g ∈ N
m×n

φ

p(g|Ωf ) p(g|Ωb)

E(φ) B



φ g m × n

g(x, y) = s (x, y)

c = (c1, c2, . . . , cNc
);

α =
∆2

n

2σ2

(
s− smin

∆s

−
n− 1

∆n

)2

;

cn(s) =







e−α,
∣
∣
∣
s−smin

∆s
− n−1

∆n

∣
∣
∣ < Ψ

0,
∣
∣
∣
s−smin

∆s
− n−1

∆n

∣
∣
∣ ≥ Ψ

;

∆s = smax − smin;

∆n = Nc − 1

8−bit

[smin, smax] = [0, 255]
qf qb

φ > 0 φ < 0

qf (k) =

m∑

x=1

n∑

y=1

H(φ(x, y))ck(g(x, y))

m∑

x=1

n∑

y=1

H(φ(x, y))

qb(k) =

m∑

x=1

n∑

y=1

(1−H(φ(x, y)))ck(g(x, y))

m∑

x=1

n∑

y=1

(1−H(φ(x, y)))

k = 1, . . . , Nc

[0, 255]

Nc ω

ν Ni

η = 256 Nc = 200
116

20640 · 4 = 82.560KB



200 200·4 =
800bytes
1600bytes

40





0.9904 0.9853 0.9955
12 12 9

0.2674 0.1427 0.2747
0.0250 0.0144 0.0166
74 40 44





0.362 0.9911 0.5077 0.9904
0.779 0.1447 0.9690 0.9853
0.362 0.1370 0.4674 0.9955

1 2 3



11

50

50

50
50



50



50



21.2± 0 0.0222
23.3± 0.6 0.0502
24.3± 0 0.0557

21.5± 0.55 0.0435
24.7± 0 0.0474
28.4± 3.5 0.0499
25± 0 0.0176

22.9± 0.9 0.0156
27.6± 0 0.0258
31.9± 0 0.0512
21.3± 0 0.0191

100

20 50

|∆φ| 10−8



0.86± 0.01

0.87± 0.01

|Ωb| ∼ |Ωf |



0.86± 0.01
0.83± 0.02
0.76± 0.02
0.72± 0.02
0.61± 0.005
0.57± 0.02
0.54± 0.01

0.61± 0.005
22± 13

0.61± 0.26
0.62± 0.27

23± 4











Emiss



Emiss

φ

φ

φ

φ

p(g|Ωi)

φ > 0 φ < 0

q̂φ>0 =

∫

Ω
H(φ(x))ĉ(g(x))dx
∫

Ω
H(φ(x))dx

;

q̂φ<0 =

∫

Ω
(1−H(φ(x)))ĉ(g(x))dx
∫

Ω
(1−H(φ(x)))dx

.

Ωfu Ωbu

q̂fu =

∫

Ωfu
ĉ(g(x))dx

|Ωfu|
;

q̂bu =

∫

Ωbu
ĉ(g(x))dx

|Ωbu|
.

q̂f = ωf q̂φ>0 + (1− ωf )q̂fu; 0 < ωf < 1

q̂b = ωbq̂φ<0 + (1− ωb)q̂bu; 0 < ωb < 1



ωf ωb

ωf = 0 ωb = 0
ωf = 1 ωb = 1

δB

δB

δB

δB

p(g|Ωf ) ∝
Nc∑

k=1

Nc∑

i=1

Nc∑

j=1

ĉ(g, k, i, j)q̂f (k, i, j);

p(g|Ωb) ∝
Nc∑

k=1

Nc∑

i=1

Nc∑

j=1

ĉ(g, k, i, j)q̂b(k, i, j).

σ

p(g(x)|Ωf ) ∝
( Nc∑

k=1

Nc∑

i=1

Nc∑

j=1

ĉ(g(x), k, i, j)q̂f (k, i, j)
)

· σf (x);

p(g(x)|Ωb) ∝
( Nc∑

k=1

Nc∑

i=1

Nc∑

j=1

ĉ(g(x), k, i, j)q̂b(k, i, j)
)

· σb(x).

σf σb



σf (x, y) = e
−

(xu,yv)∈Ωus
f

γ
√

(x−xu)2+(y−yv)2

σb(x, y) = e
−

(xu,yv)∈Ωus
b

γ
√

(x−xu)2+(y−yv)2
,

γ ∈ R+

g ∈ N
m×n

φ

q̂φ>0 q̂φ<0

q̂fu q̂bu

q̂f q̂b

p(g|Ωf ) p(g|Ωb)

E(φ)

φ

φ g m×n

g(x, y) = s = [sR, sG, sB]
si ∈ {sR, sG, sB}

c = (c1, c2, . . . , cNc
);

α =
∆2

n

2σ2

(
s− smin

∆s

−
n− 1

∆n

)2

;

cn(s) =







e−α,
∣
∣
∣
s−smin

∆s
− n−1

∆n

∣
∣
∣ < Ψ

0,
∣
∣
∣
s−smin

∆s
− n−1

∆n

∣
∣
∣ ≥ Ψ

;

∆s = smax − smin;

∆n = Nc − 1



[smin, smax] = [0, 255]

ĉ(sR, sG, sB) = [c(sR)⊗ c(sG)⊗ c(sB)]

(φ > 0)
(φ < 0)

q̂φ>0(k, i, j) =

m∑

x=1

n∑

y=1

H(φ(x, y))ĉ(g(x, y), k, i, j)

m∑

x=1

n∑

y=1

H(φ(x, y)))

q̂φ<0(k, i, j) =

m∑

x=1

n∑

y=1

(1−H(φ(x, y)))ĉ(g(x, y), k, i, j)

m∑

x=1

n∑

y=1

(1−H(φ(x, y)))

k, i, j = 1, . . . , Nc

Ωus
f Ωus

b

hf (x, y) =

{
1, (x, y) ∈ Ωus

f ;
0,

q̂usf (k, i, j) =

m∑

x=1

n∑

y=1

hf (x, y)ĉ(g(x, y), k, i, j)

m∑

x=1

n∑

y=1

hf (x, y)

hb(x, y) =

{
1, (x, y) ∈ Ωus

b ;
0,

q̂usb (k, i, j) =

m∑

x=1

n∑

y=1

hb(x, y)ĉ(g(x, y), k, i, j)

m∑

x=1

n∑

y=1

hb(x, y)

k, i, j = 1, . . . , Nc

q̂f = ωf q̂φ>0 + (1− ωf )q̂fu; 0 < ωf < 1

q̂b = ωbq̂φ<0 + (1− ωb)q̂bu; 0 < ωb < 1



p(g|Ωf ) =
Nc∑

k=1

Nc∑

i=1

Nc∑

j=1

ĉ(g(x, y), k, i, j)q̂f (k, i, j)

p(g|Ωb) =
Nc∑

k=1

Nc∑

i=1

Nc∑

j=1

ĉ(g(x, y), k, i, j)q̂b(k, i, j)

p(g|Ωf ) =
Nc∑

k=1

Nc∑

i=1

Nc∑

j=1

ĉ(g(x, y), k, i, j)q̂f (k, i, j) · σf ,

σf (x, y) = e
−

(xu,yv)∈Ωus
f

γ
√

(x−xu)2+(y−yv)2

p(g|Ωb) =
Nc∑

k=1

Nc∑

i=1

Nc∑

j=1

ĉ(g(x, y), k, i, j)q̂b(k, i, j) · σb;

σb(x, y) = e
−

(xu,yv)∈Ωus
b

γ
√

(x−xu)2+(y−yv)2

γ ∈ R+

40

100 20

η = 80 Nc = 20
5 × 5 × 5 = 125

double

8 × 125 × 80 = 80KB 20 3
20× 20× 20× 8 = 64KB



30

qus
f

qφ>0 φ > 0

φ < 0
ωf

80 20

qφ>0 qφ<0

5

ωf = 0

qus
f

ωf > 0

ωf > 0.5 qφ>0 qus
f qf

p(x|Ωf )

ωf ≥ 0.5

ωf = 1



ωf

0

0.3

ωf

ωf ωf = 0 ωf = 1

ωf = 0 ωf = 0.3 ωf = 0.5 ωf = 0.7 ωf = 1
0.9304 0.9236 0.6774 0.5615 0.4856
0.8268 0.8303 0.8316 0.8212 0.5732
0.7087 0.8098 0.8720 0.8982 0.6412

ωf



ωf = 0
10

50

0.9271

50

10 50
φ > 0



0.5

0.7

1

ωf

ωf ωf = 0 ωf = 1



100
20 ωf = 0.3



Emiss

16.3
7.9
6.5
5.49
1.1

d = 0.06

Emiss( ) = 15.14

80 20 5

φ > 0



Emiss = 0.9 Emiss = 6.02



Emiss = 3.54 Emiss = 10.28





Emiss

15.14
6.7
5.4
5.4
5.2
5.0

Emiss

16.09
5.9
3.7

Emiss( ) = 16.09



Emiss = 19.22



Emiss = 11.69



Emiss = 3.61



Emiss = 5.38



Emiss =
9.40

Emiss =
11.05



Emiss =
38.4



Emiss =
8.24



ωf





> 3

N = 3

1
R,B ∈ [0, 128)

2 {R,B} = {15, 230}

3 {R,B} = {230, 15}

4 R,B ∈ [128, 255]

0

2 3







Ci(x) = − p(g(x)|Ωi)

p(g(x)|Ωi)

q̂i =

∫

Ωus
i
ĉ(g(x, y))dx
∫

Ωus
i
1dx

σΩi
Ωi

p(x|Ωi) =
( Nc∑

k=1

Nc∑

i=1

Nc∑

j=1

ĉ(x, k, i, j)q̂i(k, i, j)
)

· σΩi
(x); x ∈ Ω

σΩi
(x)

σΩi
(x, y) = e

−
(xu,yv)∈Ωus

i

γ
√

(x−xu)2+(y−yv)2

q̂i Ωi

p(g|Ωi) Ωi

E(φ)

c = (c1, c2, . . . , cNc
);

α =
∆2

n

2σ2

(
s− smin

∆s

−
n− 1

∆n

)2

;

cn(s) =







e−α,
∣
∣
∣
s−smin

∆s
− n−1

∆n

∣
∣
∣ < Ψ

0,
∣
∣
∣
s−smin

∆s
− n−1

∆n

∣
∣
∣ ≥ Ψ

;

∆s = smax − smin;

∆n = Nc − 1



Nc η

10 50 5× 5× 5 = 125 125× 50× 4 = 25KB 10× 10× 10× 4 = 4KB

8 32 5× 5× 5 = 125 125× 32× 4 = 16KB 8× 8× 8× 4 = 2.04KB

16 64 7× 7× 7 = 343 343× 64× 4 = 87.8KB 16× 16× 16× 4 = 16.38KB

ĉ(sR, sG, sB) = [c(sR)⊗ c(sG)⊗ c(sB)]

single

(> 0.8)
3

ωf = 1





0.8933 0.8453 0.8467 0.8463

262
158

3 13



R,G,B ∈ [0, 1];

V = {R,G,B};

S = V − {R,G,B};

H =







0, R = G = B = 0;

60◦ ·
(

(G−B)
S

)

, {R,G,B} = R;

60◦ ·
(

2 + (B−R)
S

)

, {R,G,B} = G;

60◦ ·
(

4 + (R−G)
S

)

, {R,G,B} = B;

;

H ∈ [0, 360);

S, V ∈ [0, 1]



13 0.855
− 0.877

Nc = 10 η = 50 3 0.8860
Nc = 10 η = 50 13 0.8865
Nc = 16 η = 64 13 0.8879

3 0.889
Nc = 8 η = 32 5 0.9004
Nc = 16 η = 64 13 0.9071

5 0.922
13 0.931

0.9911
0.9906
0.9938
0.9802
0.9729
0.9669
0.9650
0.9434
0.8331
0.8478
0.7239
0.7449













u g

v



Ωh h

EAT (u,v) =

Np∑

i=1

β (ui − gi)
2 +

(
α (1− vi)

2 | (∇u)i |
2)+

(
ρ

2
|(∇v)i|

2 +
v2i
2ρ

)

Np ∈ N

u,v, g ∈ R
1×Np ∇u ∇v

Np∑

i=1

|(∇u)i|
2 = uTD(I)u;

Np∑

i=1

|(∇v)i|
2 = vTD(I)v;

D(I) =
1

2

2∑

j=1

BT

x+
j

IBx+
j
+BT

x−

j

IBx−

j

Bx+
j

Bx−

j

xj

u

v g

p(u,v|g) u

v

p(u,v|g) ∝ e−EAT (u,v).



u v

p(u,v|g)

z

ε = ẑ−z

ẑ z

L : R2Np → R
+

L p(z|g)
(ẑ) = E [L]

ẑ = z̃ (z̃)

L(ε) = |ε|2

ẑ =

∫

zp(z|g)dz

L(ε) =

2Np∑

j=1

|εj|

ẑj =
(
p(zj|g)

)

=

∫

p(z|g)dz⊣j

z⊣j zj p(zj|g)
p(z|g) j



R
n

I(x) x ∈ R
n

I(x) =

∫

f(x)dx

f(x) = h(x)p(x) p(x)
R

n

n

I(x) =

∫

f(x)dx =

∫

h(x)p(x)dx

≈
1

n

n∑

j=1

h(xj)

h(x) p(x)
x1, . . . , xn p(x)

z = (uT ,vT )T

n zj p(z|g)
zj j z

zj j z

z

p(z|g)

bn − 1



z = (a, b)
p(a|b, g) p(b|a, g)

p(a, b|g)

aj+1 ∼ p(a|bj, g)

bj+1 ∼ p(b|aj+1, g), j = bn, . . . , K;

p(a, b|g) bn − 1

p(a|b, g) p(b|a, g)
p(a, b|g)

p(a|b, g) =
p(a, b|g)

p(b|g)

p(b|a, g) =
p(a, b|g)

p(a|g)

p(a|b, g) p(b|a, g)
p(a, b|g)

p(u,v|g)
u v

v

EAT (u) = β|g − u|2 + α

Np∑

i=1

uTD(V )u+ c1;

c1 =

Np∑

i=1

(
ρ

2
|(∇v)i|

2 +
v2i
2ρ

)

;

V = (I − (v))2

D(V ) =

Np∑

i=1

BT

x+
i

V Bx+
i
+BT

x−

i

V Bx−

i



EAT (u) = (u−mu)
TQu(u−mu) + c1 + c2;

Qu = βI + αD(V );

mu = βQ−1
u g;

c1 =

Np∑

i=1

(
ρ

2
|(∇v)i|

2 +
v2i
2ρ

)

;

c2 = gTβIg − β2gTQ−1
u g

p(u|v, g) =
1

2π
Np
2

|Qu|
1/2

(

−
1

2
(u−mu)

TQu(u−mu)

)

u

p(v|u, g) =
1

2π
Np
2

|Qv|
1/2

(

−
1

2
(v −mv)

TQv(v −mv)

)

;

L = α ( (∇u))2 ;

e = (1, . . . , 1)T ;

Qv = L+
ρ

2
D(I) +

1

ρ
I;

mv = Q−1
v Le

mu,mv Qu,Qv

Qu,Qv

α β ρ Qu Qv



q

q

M Q Q =
MMT

MTy = q

y m p = m+M−Tq

p

N1,Np
(m,Q−1)

128 × 128 0.3s
K − bn = 1000

bn = 500 2 · 0.3(1000+500)s = 900s

K − bn



v 1−v

20

α = 6000 β = 12.5 ρ = 0.8















s

s(x, y), s(g)
g

g

c(s) s

c(s) = [c1(s), c2(s), . . . , ck(s)]

ĉ(s) s

ĉ(s, k, i, j) (k, i, j)

Ω ∈ R
2
+

Ωi,∪iΩi = Ω



g(x, y)

u(x, y) g(x, y)

C

λ, ν ∈ R+

Ω ∈ R
2
+

Ωf ,Ωb

g(x, y)

ui ∈ R+ Ωi, i ∈ {f, b}

φ(x, y)

C = {(x, y) ∈ Ω ⊂ R
2 : φ(x, y) = 0}

c(x), x ∈ R x

qf , qb

p(g(x)|Ωf ), p(g(x)|Ωf )

H(x), δ(x), x ∈ R x

Hǫ(x), δǫ(x), x ∈ R x

φ φ(x, y)

φm m

G(φm), r(φm)

ω



ĉ(x),x ∈ R
n, n > 1
x

q̂φ>0, q̂φ<0

q̂fu, q̂bu

q̂f , q̂b

ωf , ωb

p(g(x)|Ωf ), p(g(x)|Ωf )

Ω ∈ R
2
+

Ωi,∪iΩi = Ω

g(x)

ρi(x) ∈ [0, 1] x Ωi

Ci(x) Ωi

ω(x)
ω(x) = λ · e−γ|∇g(x)|, λ, γ ∈ R+

N ∈ N

Ωus
i , i = 1, . . . , N Ω

Ωi

q̂i, i = 1, . . . , N Ωi

p(g(x)|Ωi) Ωi



Ω ∈ R
2
+

g(x, y)

Np ∈ N

u(x, y)

v(x, y) : R2 → [0, 1] v(x, y) ≈ 1
v(x, y) ≈ 0

g,u,v g(x, y), u(x, y), v(x, y)

α, β, ρ, h ∈ R
+

Bx+
j

Bx−

j

xj

D

Np∑

i=1

|(∇v)i|
2 = vTD(I)v;

D(I) =
1

2

2∑

j=1

BT

x+
j

IBx+
j
+BT

x−

j

IBx−

j

Qu Qv p(u|v, g) p(v|u, g)

mu mv p(u|v, g) p(v|u, g)

q

p N1,Np
(m,Q−1)





Emiss



1 0

256× 256



20

tp
tn

fp
fn

P R F

(1 − specificity)





P =
tp

tp + fp

R =
tp

tp + fn

F =
fp

fp + tn

Ωi

Ωi

P = 1

fn
Ωi P = 0

tp
Ωi fp R = 1

F = 0





fp = 0

N

N N

1D

F = 2 ·
P ·R

P +R



Ωgt Ωal

F =
N∑

i=1

dice
(
Ωi

gt,Ω
i
al

)
=

N∑

i=1

2
∣
∣Ωi

gt ∩ Ωi
al

∣
∣

|Ωi
gt|+ |Ωi

al|
.

Emiss Emiss

Emiss =

Emiss

Emiss

Emiss

Emiss



Emiss = 23.8
Emiss = 24.6

0
64
128
255



Emiss



s Nc = 6 cos2

s

s = 128



Nc

s = [sR, sG, sB]

c(s) = [c(sR) ⊗
c(sG)⊗ c(sB)]

s cos2

Ω ∈ R
2

k = 0.8

k = 0.8

k = 0.8



50

50

ωf

ωf ωf = 0
ωf = 1



ωf

ωf ωf = 0
ωf = 1

100
20 ωf = 0.3

Emiss = 0.9 Emiss = 6.02

Emiss = 3.54 Emiss = 10.28

Emiss = 3.44

Emiss = 19.22

Emiss = 11.69

Emiss = 3.61

Emiss = 5.38
Emiss =

9.40
Emiss =

11.05
Emiss =

38.4
Emiss =

8.24



3



v 1− v

20

α = 6000 β = 12.5 ρ = 0.8

α = 1000 β = 200 ρ = 1.2
α = 4000 β = 70 ρ = 0.3



Emiss = 23.8 Emiss = 24.6



dice−score =
0.9352

k

1 2 3

ωf





Γ


















