






(X, Y ) (α, β) P















g/m2 g/m2

g/m2 g/m2

g/m2 g/m2



190× 85×



⃝







I H × W hb × wb

B Bi,j

I (i, j) hb × wb

B = {(x, y) |x ∈ [1, H − hb], y ∈ [1, W − wb]}

Stat(hb, wb) hb×wb

Stat(hb, wb) =
1
|B| .σ{µ(Bi,j)} (i, j) ∈ B

σ(∗) µ(∗) ∗

Stat(s, s) ∀ s ∈ [1, min(H − s, W − s)] s = s0

Stat(h, s0) ∀h ∈ [1, H − h] h = h0

Stat(s0, w) ∀w ∈ [1, W − w)] w = w0

h0 × w0

302 × 268 ×



340 × 340
302 × 268

128 × 128
34 × 84



I HI ×WI O HO ×WO B
b P B P

E(B) =
∑

i,j

∥O(i, j) − I(i, j)∥2 ∀(i, j) ∈ P



o S

o < b, b < HI et b < WI

begin

i, j := 0, 0
; do (i + o < HO) →

do (j + o < WO) →
if (i = 0 and j = 0) →

I

! (i ̸= 0 or j ̸= 0) →
do (∀ n b × b ⊂ I) → E(n)
od

;Emin := min(E)
; L E(n) ≤ Emin ∗ (1 + S)
; L

fi

; O

; j := j + (b − o)
od

; i := i + (b − o)
od

end

∈ [5..10]
L1 L2



b × o
Bo1 Bo2

e = |Bo1 − Bo2 |2

e i = 2 .. b
E

Ei,j = ei,j + (Ei−1,j−1, Ei−1,j , Ei−1,j+1) j = 1 .. o

e E
E



600 × 600
0.01 seconde

600 × 600 b = 12 o = 3
28 secondes

600 × 600 b = 12 o = 3
29 secondes



I
O

O
I

p

I O
L(N) p N

p
I p

p L2

N

distance(L1, L2) =
∑

1≤i≤N

∥p1(i) − p2(i)∥2

p1(i) ieme L1

L(1) L(2) L(3)

L(N) N = 1, 2, 3



L2

begin

O

; do (∀ (i, j) ∈ O) →
LO := (i, j)
;Lmin, Couleur := NULL,NULL

; do (∀ LI (k, l) ⊂ I) →
if (Lmin = NULL) →

Lmin := LI ;Couleur := I(k, l)
! (distance(LO, LI) < distance(LO, Lmin)) →

Lmin := LO ;Couleur := I(k, l)
fi

od

;O(i, j) := Couleur

od

end

N

N



2N × 2N

2N × 2N

G[I](i, j) =
M∑

m=1

M∑

n=1

w(m, n) ∗ I(2i + m − z, 2j + n − z)

M w z ⌊(M+1)/2⌋

(i, j) ∈ [0, 2N−1 − 1] × [0, 2N−1 − 1]

G[I]

{I0, ..., IN}, I0 = I, Ik+1 = G[Ik]

w

w = (c b a b c)

a = 2/5, b = 1/4 et c = 1/4 − a/2 = 1/20



GI GO

GO

R
R R − 1

R− 1

R R − 1



Rk

Y = {yi : i = 1, 2, ..., N} yi

yi

Vi = x ∈ Rk|∥x − yi∥ < ∥x − yj∥,∀i ̸= j

Rk

N⋃

i=1

Vi = Rk
N⋂

i=1

Vi = ∅

I



2 mm 4 mm



(X, Y )
P ∈ [0, 1024]
α y ∈ [−60 ◦, 60 ◦]
β z ∈ [−180 ◦, 180 ◦]

C
Dc

si

csi si

Rα,β α β
P ′

Psi si

g
hk k = 1..4
Vg

Qmax Vg

Pm

D Vg

Qreelle

e(Dc), e′(Dc)
Qk hk

Gc Kc Lc

Gk Kk Lk hk

Ik hk

Qgommee

τ



C

C = {Dc, si =
(

xi yi zi
)
i = 1 .. n}

si n Dc

C
(X, Y )

(X, Y )

n
Dc

begin
n := 0 ; rayon := (Dc) ; angleCentre := (45, 60)
; do (angleCentre < 360) →

n := n + 1
;xn := (angleCentre) ∗ rayon
; yn := (angleCentre) ∗ rayon
; angleCentre := angleCentre + (45, 60)

od
end

si i ∈ [1..n]

s0



α β

si = si · Rα,β i = 1 .. n

Rα,β =

⎛

⎝
α 0 − α

0 1 0
α 0 α

⎞

⎠

⎛

⎝
β β 0

− β β 0
0 0 1

⎞

⎠

(x, y)

p t s1 s2 s3

t p t
△s1s2p △s1ps3 △ps2s3

A △s1s2s3

A =

∣∣∣∣∣∣

1 x1 y1

1 x2 y2

1 x3 y3

∣∣∣∣∣∣

zp p △s1s2s3

xp yp

∣∣∣∣∣∣

xp − x1 yp − y1 zp − z1

x2 − x1 y2 − y1 z2 − z1

x3 − x1 y3 − y1 z3 − z1

∣∣∣∣∣∣
= 0

p △s1s2s3



F
(x, y)

F = {△s0s1s2, △s0s2s3, ..., △s0sns1}

B F
p ∈ B Fp ⊂ F p

begin
do (∀ p ∈ B) →

nb := 0 ;Fp = ∅
; do (∀ t ⊂ F ) →

if (p ∈ t) →
nb := nb + 1
;Fp := Fp ∪ {t}

! (p /∈ t) →
fi
; if (nb ≤ 1) →
! (nb > 1) →

tmin := ∈ Fp zp

;F := F \ {Fp \ {tmin}}
fi

od
od

end

F

Psi = P ′ · zsi i = 0 .. n

P ′ =
P

1024
∈ [0, 1]

F
(x, y, pression)





C

C = {Dc, si =
(

xi yi
)

i = 1 .. n}

csi

si i = 1 .. n

sF

yF = { ( yi ) si α > 0
( yi ) si α < 0 i = 1 .. n

α

yi = (yi − yF ) · f(α) + yF i = 0 .. n

β

si = si ·
(

β − β
β β

)
i = 0 .. n

Psi = P ′ · csi i = [0..n]

P ′ ∈ [0, 1] P
(x, y, pression)



α β

(X, Y )

3mm





h1 (x, y) h2 (x, y + 1) h3

(x + 1, y + 1) h4 (x + 1, y)

Vg

Vg = hmax − 1
4

4∑

k=1

hk

hmax

× Vg

(X, Y )
α β

P



Qmax

Vg

hk Qmax 500pm

hk Qmax

Qmax = 1000 + 2000 · Vg

Qmax ∈ [1000, 3000] pm

Qreelle

D

D = hmax − (hmax · Pm)

Pm

Pm =
1
4

4∑

k=1

Phk

D < hmin D = hmin hmin

pm



hk D
Vg

Qreelle = Qmax

hk D
D

Qreelle = Qmax · hm

hm =
hmax − D

hmax − hmin

Qreelle

Dc

Qreelle = Qreelle · e(Dc)

e(Dc) ∈ [0, 1] e(Dc)



hk

Qk

Qk = Qreelle · hmk k = 1..4

hmk =
hk∑4
i=1 hi

∑4
i=1 hi = 0 hmk = 0.25 k = 1..4

Qreelle hk

Gc Kc Lc

hk

Gk = Gk + Gc · Qk

Kk = Kk + Kc · Qk

Lk = Lk + Lc · Qk

Gk Kk Lk





hk = hk − Pm · e′(Dc) · g

g ∈ [0, 1] e′(Dc) ∈ [0, 1]
a(Dc)

Ik hk

Ik = 1 − Gk

Qmax



Qgommee

Qgommee = Gk · Pm · τ

τ ∈ [0, 1]
τ 0.7

hk

Gk = Gk − Qgommee
















