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1.1 FA

Factory Automation

FA

CPU GPU

Deep Learning

[1] 2

3

3

[2]

3
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1.2

(CMM)

USB

CMM



1.3. 3

1.3

1. [3, 4] nm m)

2. [5]

3. [6, 7]

4. Time of Flight [8, 9]

cm

5.

Depth from Focus (DfF )

Shape from Focus

Depth from Defocus(DfD) [10, 11] DfD

[12, 13]

DfF

m
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1.1:

1.4 DfF

DfF

(Depth of field) 1.1

DoF [14]

DoF ≈ 2CoC · Feff

M2
(1.1)

CoC Feff F M F

F F Feff = F (1+M) M = 10

F = 2.8 4.4 m CoC = 4.4

m DoF = 2.7 m

1.5 DfF

DfF

1.2

(a) (b)
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(a) (b)

1.2:

DfF

[15]

1.6

DfF

DfF

DfF

1. X Y
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Tenengrad [16]

[17] [18]

2. Modified Lapla-

cian(ML) [19] X Y

[20]

[17] [21]

3.

[22]

[23]

[24]

4.

[25] [26]

[27]

5. [28]

[29]

[30]

ML

DfF

total variation (TV) ADMM

[31] (Focus Image

Surface FIS) [32]

[33, 34]

Deep learning [35] Light-

Field RGB-D RGB Depth
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(a) In focus

(b) Out focus

x coordinate
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out focus

(c) Luminance variations

1.3: (a) (b)

(c)

1.7 DfF

2

(i) 1.3

( ) (b) ( ) (a)

( )

(ii)

(i)

[36] [37]

(ii) [25]

(i)
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1.8

(i) (ii)

(i) (ii)
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2

2.1

1.7

Frommer DfF [37] ( AHO

) 2.2 AHO 2.3 AHO

2.4

2.2 AHO

2015 Frommer AHO [37]

1 10

X,Y 4

AHO

“curve standard deviation”(CSTD) CSTD

CSTD

CSTD

CSTD CSTD
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AHO

2.3 AHO

AHO

3 AHO

2.4 Helmli

Helmli [29]

Helmli
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3

RM

3.1

DfF Ratio against Mean RM RM

AHO AHO RM

Helmli Helmli

RM

RM Helmli AHO

3.2 RM

RM 3.1

1.

AHO

2.

AHO

3.

RM
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3.1: RM

4.

RM [19]

3.3

DfF

z ∈ {1, . . . , Z} z (x, y) V (x, y, z)

z Vx,y(z)

xy Vz(x, y)

V (x, y, z) :=

⎧⎨
⎩ Vx,y(z) as the curve line at (x, y)

Vz(x, y) as the z-th image
(3.1)

(x, y) r ∈
{1, . . . , R} {x′, y′} ∈ Nr(x, y)

|Nr| := (2r + 1)2
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3.4

RM

( Ratio against Mean RM

)

( 3.12 3.10 )

Helmli [29] (3.3)

Helmli I M −1

Helmli (3.3)

Iz(x, y) M

r ∈ {1, . . . , R}

M r
z (x, y) :=

1

|Nr|
∑

{x′,y′}∈Nr(x,y)

Iz(x
′, y′) (3.2)

RM

RMr
z(x, y) :=

∣∣∣∣ Iz(x, y)

M r
z (x, y) + ε

− 1

∣∣∣∣ (3.3)

| · | ε RM

Φr
z(x, y) :=

1

|Nr|
∑

{x′,y′}∈Nr(x,y)

RMr
z(x

′, y′) (3.4)

(3.3) Iz(x, y)−M
(r)
z (x, y)

z Φ
(r)
x,y(z)(= Φ(r)(x, y, z), (3.1) )

[38]

1

Φ̂(r)
x,y(z) := Φ(r)

x,y(z)/max
z

Φ(r)
x,y(z) (3.5)
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(a) In focus (b) Out focus (e) In focus (f) Out focus

x coordinate
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in focus
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out focus

(c) r = 2 (d) r = 5 (g) r = 2 (h) r = 10

(i) A case of regions including strond edges (ii) A case of textureless regions (e.g. dark regions)

3.2: RM ( (3.3) )

Φ̂(r)(x, y, z)

(3.3)

(3.4) RM

RM

3.2 (a)

(b) (c) (d)

2

RM

(e) (f) (g)

(h)

3.5

Φ̂
(r)
x,y(z) ( 3.3

)

Ψx,y(z)

Ψx,y(z) :=
∑

r∈{1,...,R}
αr
x,y Φ̂r

x,y(z) (3.6)

αr
x,y ∈ [0, 1]

“ ” (CSTD curve standard

deviation) [37]
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depth z

0
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depth in focus

affected by edges
without

3.3: Variation of focus measure around a strong edge

μ :=
(∑

z∈Z1
z · Φ̂r

x,y(z)
) / (∑

z∈Z1
Φ̂r
x,y(z)

)
σr
x,y :=

√
1
C1

∑
z∈Z1

(
z − μ

)2
Φ̂r
x,y(z)

(3.7)

μ z Z1 C1 :=∑
z∈Z1

Φ̂r
x,y(z) CSTD

αr
x,y :=

[
1 + (σr

x,y/ρ)
2
]−1

(3.8)

ρ AHO ρ = 6

3.6

(3.6) Ψ(x, y, z)

Ψ(x, y, z)

Ψz(x, y) AHO

( )

Ψ
(t+1)
z (x, y) :=

∑
{x′,y′}∈Nr′ (x,y)

ω̂(x′, y′) Ψ(t)
z (x′, y′) (3.9)
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0 0.2 0.4 0.6 0.8 1

ω̂

0

1

2

3

4

5

6

7

8

ra
di

us
 [p

ix
]

3.4: Computed window size r′ from ω̂ in Eq. 3.11

Ψ
(0)

= Ψ 5 ω̂ (3.7)

Ψx,y(z) CSTD σx,y

ω(x, y) :=
[
1 +

(
(σx,y − σ)/ρ

)2]−1

ω̂(x, y) := ω(x, y)/max
x,y

ω(x, y)
(3.10)

ρ (3.8) ρ = 6 σ CSTD

(3.9) (3.10) ω

2 CSTD σ

ω CSTD σ

ω [rmin, rmax]

r′ := β(ω) · rmin + (1− β(ω)) · rmax (3.11)

β(ω) ∈ [0, 1] [rmin, rmax] = [1, 7]

βω

β(ω) := ω̂5 (3.12)

ω̂ 1 ( 3.4 ) ω̂ 1 r′ 1



3.7. 17

3.7

D Ψx,y(z)

2 z z + 1

AHO

2 2 4

AHO

• z

D(x, y) := argmax
z

Ψx,y(z) (3.13)

•

D(x, y) :=
1

C2

∑
z∈Z2

z Ψx,y(z) (3.14)

C2 :=
∑

z∈Z2
Ψx,y(z) Z2 Ψx,y(z) ≥ τΨ

τΨ = 0.7

Nayar DfF [19]

2 f(z;θ := {a, b, c}) := az2 + bz + c

D(x, y) := argmax
z

f(z;θ∗),

θ∗ := argmin
θ

∑
z∈Z3

(f(z;θ)− logΨx,y(z))
2 (3.15)

θ z ∈ Z3

2

− log(1 + x2) ≈ −x2 + 1
2x

4 − 1
3x

6

(3.15) Z3 2

• 1 3 2

Nayar [19]

Z3 := [z0 − 1, z0 + 1], z0 := argmax
z

Ψx,y(z) (3.16)
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• 2

Z3 := {z |Ψx,y(z) ≥ 1

2
max

z
logΨx,y(z)} (3.17)
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3.8

8bit = [0, 255] [0, 255]

0 255

(GT: ground truth) GT

4 modified Laplacian (ML) [19] gray level

variance (GLV) [25] Helmli [29] AHO [37] Helmli

RM ( (3.2)∼(3.4))

AHO RM

• {Non, Fix, Ada}
“ ” “ ” 3.6

(3.9) (r′ = 7)

• {Near, Exp, Tri, Half}
(3.13)∼(3.17)

•
AHO AHO (Fix, Exp)

3.5 2 3

(i) 2 700 × 700 (a)

(b) (c) 2

(a) 11

“ ”

11

2.55

( 0 255
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) 0.0005

(ii) Pertuz [39] 256× 256

30 (d)

3.8.1

3.4 3.5

( )

(a)

3.6 RM AHO ((a-5),(b-5),(c-5)) RM ((a-

6),(b-6),(c-6)) (3.4

3.5 )

(i) ML GLV Helmli (a-2)∼(a-4)

AHO (a-5) RM (a-6)

set (i)

(a) Texture (b) Depth 1 (c) Depth 2

set (ii)

(d) All-in-focus (e) Depth 3

3.5: (set (i): (a) 2

(b),(c), set (ii): (d) (e))
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(a-1) (a-2) (a-3) (a-4) (a-5) (a-6)

(b-1) (b-2) (b-3) (b-4) (b-5) (b-6)

(c-1) (c-2) (c-3) (c-4) (c-5) (c-6)

Ground Truth ML GLV Helmli et al. AHO (Non,Near) RM (Non,Near)

3.6: ( 3.5 )

(ii) RM (c-4)

(c-6) (a-5) (a-6) AHO

3.7 AHO RM 3.7 (a)

( ) (b),(c),

(d),(e)

(c) RM

(d) AHO RM

AHO

RM

(b)

D 3.5(b),(c),(e) D∗ 2

RMSE(D;D∗) :=
√

1∑
x,y 1

∑
x,y(D(x, y)−D∗(x, y))2 3.1 (a)

RMSE
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(a) (b) (c) (d) (e)

Texture AHO RM AHO RM

Gaussian noise Gaussian noise Gaussian noise Salt&pepper Salt&pepper

3.7:

3.1: 3.5 2

(a) Without aggregation and with nearest interpolation

ML GLV Helmli AHO RM

Non

Near

Depth 1 28.5 19.3 18.9 11.4 11.3

23.6 11.8 12.9 10.6 10.0

Depth 1 + - - - 57.9 24.8

Gaussian noise - - - 72.9 25.6

Depth 2 26.0 25.1 23.4 21.5 16.6

18.2 14.3 15.0 23.8 12.2

Depth 3 54.4 13.7 7.4 66.6 4.0

(b) With aggregation methods and interpolation methods

AHO RM

Fix Ada

Exp Tri Half

Depth 1 4.4 3.9 4.2 2.9 2.3

4.5 4.2 4.6 3.2 2.4

Depth 2 13.0 11.4 11.1 13.0 11.9

11.5 12.0 11.1 7.8 6.7

Depth 3 4.7 4.4 3.7 1.9 4.0

RMSE 100× 100

RMSE

RMSE

Depth1 AHO RM

3.1 3 RM RMSE

RMSE (i) 3.5(a)
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(a) Ground Truth (b) AHO (Fix,Exp) (c) RM (Fix,Exp)

(d) RM (Ada,Exp) (e) RM (Ada,Tri) (f) RM (Ada,Half)

3.8:

(ii) 3.5(d)

3.8.2

AHO RM

(AHO ) ( )

(AHO ) ( )

3.8 RMSE

3.1 (b)

(a)

/

RMSE ( 3.1(b) 2 3 )

3.8(c)

(d) 3.5(c) “ ”

3.9 (b) (c)
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(a) Ground Truth (b) Fixed (c) Adaptive

3.9: RM /

104

8 ( MSVC++2005 Core i5 CPU 6GB RAM)

(b)

3.8

3.1 (b) RMSE

(ii) RMSE

3.9

3.10 3.11

3.10 800× 600 3.11 852× 640 3.10

1600× 1200 800× 600

1600× 1200 AHO PC

1.4 ) 3.10

24 8.8 m 2

m 3.11 6.6 m (a) 1 (b)
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1.49 (c) 3.99 74 m 41 m 12 m

3.10 11 3

(a)∼(c) (a) ML

(b) (c) AHO RM

(d)∼(f) RM

(g) (h)

(a)∼(c) (g) RM

Ψx,y(z)

3.11 3 (a-1) (a-6)

(b-1) (b-6) (c-1)

(c-6) 10 AHO

RM ( )

3.11 (a-3)(b-3) AHO

3.11 (a-5)(b-5) (a-6)(b-6) RM

(a-3)

RM
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Three of input eleven images

(a) ML (b) AHO (Fix,Exp) (c) RM (Fix,Exp)

(d) RM (Ada,Exp) (e) RM (Ada,Tri) (f) RM (Ada,Half)

100 200 300 400 500 600
x coordinate

0

5

10

15

20

de
pt

h

(a)
(b)
(c)

100 200 300 400 500 600
x coordinate

0

5

10

15

20

de
pt

h

(d)
(e)
(f)

(g) (h)

3.10:
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All-in-focus

(a-1) (b-1) (c-1)

ML

(a-2) (b-2) (c-2)

AHO (Ada,Near)

(a-3) (b-3) (c-3)

AHO (Ada,Tri)

(a-4) (b-4) (c-4)

RM (Ada,Near)

(a-5) (b-5) (c-5)

RM (Ada,Tri)

(a-6) (b-6) (c-6)

3.11: RM
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3.10 RM

[40]

3.12 3.11(a-1)

J M = K ∗ I, (M > 0)

K I

∗

Poisson(J |M) =
∏
x

M(x)J(x)

J(x)!
exp(−M(x)) (3.18)

x (x) I(x)

− log

− log
∏
x

MJ

J !
exp(−M) =

∑
x

{
M − J ◦ logM + log J !

}
(3.19)

◦ M = K ∗ I

∂

∂I(x)

∑
x

{
K ∗ I − J ◦ log(K ∗ I)} = K ⊗ 1−K ⊗ I

K ∗ I
= K ⊗

(
1− J

K ∗ I
)

= K ∗
(
1− J

K ∗ I
) (3.20)

⊗ (180

) ⊗ ∗

(3.20) I = J (·) | · |
3.4 RM
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0 50 100 150 200 250

luma of a target pixel

0

100

200

300

400

500

600

hi
st

og
ra

m

mean = 50
mean = 80
mean = 100

3.12: 3.11(a-1)

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎩

K ∗
∣∣∣∣1− J

K ∗ J
∣∣∣∣ =

1

|N |
∑

x′∈N (x)

RM(x′)

RM(x) =

∣∣∣∣1− J(x)

J(x)

∣∣∣∣
J(x) =

1

|N |
∑

x′∈N (x)

J(x′)

(3.21)

⎧⎪⎪⎨
⎪⎪⎩

Gauss(J |M) =
∏
x

1√
2πσ

exp

(
−|J(x)− (K ∗ I)(x)|2

2σ2

)
∂

∂I(x)
− logGauss(J |M) =

1

2σ2
K⊗ (J−K ∗ I)

(3.22)

(3.21) (·)

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

K ∗ |J −K ∗ J | =
1

|N |
∑

x′∈N (x)

∣∣J(x)− J(x)
∣∣

J(x) =
1

|N |
∑

x′∈N (x)

J(x)
(3.23)

(3.21) (3.23)
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3.11

DfF

DfF

RM RM Frommer

DfF

RM
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4

RM RM

4.1 RM

RM

: (3.4)

N R Z NRZ 4byte

R = 10, Z = 20 800

: (3.3) (3.4) RZ

(3.3) (3.4)

4.2 RM

RM

( RM

RM

4.1(b) RM

4.1(a)

4.3 RM

RM (3.2) (3.4) RM
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(a) RM (b) RM

4.1:

Iz(x, y) M r
z (x, y) Lr

z(x, y) := Iz(x, y)−M r
z (x, y)

(3.3)

RMr
z(x, y) =

∣∣∣∣M r
z (x, y) + Lr

z(x, y)

M r
z (x, y)

− 1

∣∣∣∣ =
∣∣∣∣ Lr

z(x, y)

M r
z (x, y)

∣∣∣∣ (4.1)

ε (3.4) {x′, y′} ∈
Nr(x, y) M

Φr
z(x, y) =

1

|Nr|
∑

{x′,y′}∈Nr(x,y)

∣∣∣∣ Lr
z(x

′, y′)
M r

z (x
′, y′)

∣∣∣∣

≈ 1

|Nr|

∑
{x′,y′}∈Nr(x,y)

|Lr
z(x

′, y′)|

M r
z (x

′, y′)
=

∑
{x′,y′}∈Nr(x,y)

|Lr
z(x

′, y′)|
∑

{x′,y′}∈Nr(x,y)

Iz(x
′, y′)

(4.2)

1
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(a) RM (b) RM

4.2: r = 1

4.2 (a) RM (b) RM

(a)RM 4 Φr
z(x, y) RM

RM M r
z

(b)

RM

Summed-area table)[41]

4.2

4.3 (x, y)

(x, y) r

4∑
{x′,y′}∈Nr(x,y)

Iz(x
′, y′) = Iz(x− r − 1, y − r − 1) + Iz(x+ r, y + r)

− Iz(x− r − 1, y + r)− Iz(x+ r, y − r − 1)

(4.3)

(3.6)

4.4

(4.3) Lr
z(x

′, y′)

Modified Laplacian (ML) [19]
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(a) Image (b) Summed-area table

4.3: (a) (a)

(b)

DfF

ML

d

Δx := |−I(x− d, y) + 2I(x, y)− I(x+ d, y)|
Δy := |−I(x, y − d) + 2I(x, y)− I(x, y + d)|

(4.4)

ML(x, y) := Δx(x, y) + Δy(x, y) (4.5)

Lr
z(x, y) := max(Δx(x, y),Δy(x, y)) (4.6)

r z d = 3

4.5

3.8

RM RM D 3.5(b), (c), (e)

D∗ RMSE RMSE(D;D∗) :=
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4.1: 3.5

RM RM

Depth 1 11.3 9.3

10.0 9.3

Depth 1 24.8 20.8

+Noise 25.6 26.9

Depth 2 16.6 18.7

12.2 12.0

Depth 3 4.0 2.9

√
1∑
x,y 1

∑
x,y(D(x, y)−D∗(x, y))2 4.1 RMSE

100× 100 RMSE 4.4 RM RM

4.1 RM RM

4.4

(4.3)

4.5

(b) Lr
z(x, y) (4.5) ML

(b) RM (c) (4.6)

RM (a) RM (c)

4.1

RM RM

4.6

3.9

4.6 RM RM

4.6(a-*) RM

4.1

RMSE RM

RM
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(a-1) Ground Truth (a-2) RM (a-3) RM

(b-1) Ground Truth (b-2) RM (b-3) RM

(c-1) Ground Truth (c-2) RM (c-3) RM

4.4: RM RM

RM

4.7

CPU GPU

1 N 0.5M,1M,2M,3M[byte] R = 10, Z = 20

PC1 Core i5-2520 (2.5GHz, 2 4 ) 6G[byte]
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(a) RM (b) Lr
z(x, y) ML (c) RM

4.5:

(a-1) (b-1) (c-1) (d-1)

(a-2) (b-2) (c-2) (d-2)

4.6: RM RM (a-*)

(b-*) (c-*) (d-*)

PC2 Corei9-7920X(2.9GHz 12 24 ), 64G[byte] GPU NVIDIA

GeForce 1080

PC1 PC2 PC

CPU

Z = 20

CPU 4.7 PC1 RM RM

RM RM RM

RM

RM



38 4 RM RM

PC1 4 1/2 1/3 PC

24 1/3

PC2 4.8

CPU

100%

CPU CPU

PC2 8 1 10%

8

CPU Intel Turbo Boost Technology)

RM

2M[byte] PC1 4 PC2 1.7

GPU PC2 GPU

4.9 1/10

GPU GPU

4

4N 2 Z

GPU 8NZ[byte] GPU

GPU 1

1/10

1/6

4.8

RM Φ, α, Ψ Φ : NRZ; α : NR; Ψ : NZ

N(RZ +R+Z) RM Φ Z
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N Ψ NZ Z + 3NZ

N = 2M[byte], R = 10, Z = 20 4byte

1.8GB 0.6GB 1/3

RM RM

1 0.5M 1M 2M

3MByte 4.10 RM RM

1/3

3MByte RM

5.4GByte 6GByte

OS

4.9

RM

RM

1/3



40 4 RM RM

(a) PC1

(b) PC2

4.7: CPU
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4.8: CPU

4.9: GPU



42 4 RM RM

4.10:
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5

RM

5.1 RM RM

RM

R

RM RM r ∈ {1, . . . , R}
R

5.1 3.5(c)Depth2 R = 10 R = 20

RM 5.1(a) (d)

R = 10 R = 20

R

R

RM

RM

5.2 RM

4.1(b) ”by the window radius”

r ∈ {2, . . . , R} r = 1 r = 1

R

R = 20 5.2
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1. Φr
z phiMax)

phiMaxZ) phiMin) phiAvg)

peakCnt)

phiWidth)

2. ON

peakCnt = 1 0.5 < (maxPhi −minPhi)/maxPhi

ON phiMaxZ phiMaxZ0

Φ̂r
x,y(z) (Φbest)

3. ON

• (3.8) αr αr−1

Φbest Φ̂r
x,y(z)

•
|phiMaxZ − phiMaxZ| /phiWidth > 0.5

• 2 5

4. RM (3.6)

Ψx,y(z) = Φbest

(3.6) αr
x,y 1 0

r = R

5.3 RM

3.8 3.5

RMSE 5.3 5.4 5.1 RMSE

RM RM

5.4

R
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(a)Ground Truth (b)R=10 (c)R=20

(d)

5.1:

5.5 Depth2 5.1(d)

R = 10 RM RM

5.4 RM

RM 3.10(a)

800× 600 ≈ 0.5M[byte] Z = 20 1600× 1200 ≈
2M[byte] Z = 20 0.5M[byte]

2M[byte]

RM RM RM

5.6
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5.2:

2M

(4.4)

d d = 3
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(a-1) Ground Truth (a-2) RM (a-3) RM

(b-1) Ground Truth (b-2) RM (b-3) RM.

(c-1) Ground Truth (c-2) RM (c-3) RM.

5.3: RM

3× 3

5.7

(c) RM
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Gaussian Noise

(a) RM (b) RM

Solt&Papper

(c) RM (d) RM

5.4: RM

5.1: RM

RM RM

Depth 1 9.3 9.1

9.3 10.1

Depth 1 20.8 11.5

+Gaussian Noise 26.9 11.4

Depth 1 28.9 19.6

+Solt&Papper Noise 32.8 20.9

Depth 2 18.7 16.0

12.0 11.7

Depth 3 2.9 4.0

3.9

5.8 (a-*)

RM (a-3)

2

RM r = 3 5
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5.5: Depth2

0.5M

2M

(a) RM (b) RM (c) RM

5.6:

RM r ∈ {1, . . . , 10}

(b-*) RM



50 5 RM

0.5M

2M

(a) RM (b) RM (c) RM

5.7:

5.5

RM

RM RM DfF

1.4
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(a-1) (a-2) (a-3)

(b-1) (b-2) (b-3)

(c-1) (c-2) (c-3)

5.8: (*-1) (*-2) RM (*-3) RM

(a-*) (b-*) (c-*)
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6

6.1

DfF

(i)

(ii)

CSTD

(i)

(ii)

1. RM

RM RM

RM

Frommer AHO [37]

CSTD

AHO DfF

AHO
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2. RM RM

RM

CPU GPU

1/10

RM

3. RM RM

RM

RM

1.2

RM 6.1

JPEG

1.2 6.1 RM
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(a) (b)

6.1: RM

6.2

RM

1. 3.7

2.

[33]
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3.

DfF
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Appendix

RM

#include <stdio.h>

int ParallelRM (){

for ( int z = 0 ; z < Z ; z++ ) {

//

Color2GrayImg( &m_GrabBmp[z], &grayBmp ) ;

//

if ( bUseMedian ) {

filter.Mediun9( &grayBmp , &grayBmp ) ;

}

//

filter.ModifiedLaplacian9( &grayBmp , &lapBmp ) ;

//

filter.MakeIntegralImage( &grayBmp , &integralBmp[ z ] ) ;

filter.MakeIntegralImage( &lapBmp , &integralBmp2[ z ] ) ;

}

//(

//

CreateThread () ===> ProcessRM;

//

WaitThread;

//

//

}

//

int ProcessRM (){

for ( int r = 0 ; r < R ; r++ ) {//
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int step = r ;

// Focus Measure

for ( int z = 0 ; z < Z ; z++ ) {//

// I

Sum_I = filter.SumByIntegralImg( x, y, step , step , &integralBmp[z] )

;

// L

Sum_L = filter.SumByIntegralImg( x, y, step , step , &integralBmp2[z] )

;

//

phiVal[z] = Sum_L / ( Sum_I + epsilon ) ;

}

//

int val ;

double maxDer = 0 ;

for ( int z = 0 ; z < Z ; z++ ) {

if ( maxDer < phiVal[z] ) maxDer = phiVal[z] ; //

}

for ( int z = 0 ; z < Z ; z++ ) {

if ( maxDer != 0 ) phiVal[z] = phiVal[z] / maxDer ; //

}

///////////////

//

centroid = 0 ; pVaSum = 0 ; maxVal = 0 ;

for ( int z = 0 ; z < Z ; z++ ) {

//z^r

pVaSum += phiVal[z] ;

centroid += phiVal[z] * z ;

if ( maxVal < phiVal[z] ) {

maxVal = phiVal[z] ;

}

}

if ( 0 < pVaSum ) {

uij = centroid / ( double)pVaSum ;

} else {

uij = 0 ;

}

//C1 , xy^r

double C1 = 0 ;

double s = 0 ;

double sxy ;

for ( int z = 0 ; z < Z ; z++ ) {

C1 += phiVal[z] ;
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if ( maxVal / 2 <= phiVal[z] ) { //

s += ( z - uij )*( z - uij )* phiVal[z] ;

}

}

if( C1 ) {

sxy = sqrt( s / C1 ) ; // xy^r

} else {

sxy = 0 ;

}

//xy^r

double axy = 1/( 1 + sxy * sxy / rou / rou ) ;

//xy(z)

for ( int z = 0 ; z < Z ; z++ ) {

double psi = m_PsiBmp[z]. GetColorF(x,y) ;

double psi2 = psi + ( axy * phiVal[z] ) ;

m_PsiBmp[z]. SetColorF(x,y,( float)psi2 ) ; //xy(z)

}

}

}
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