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5 m



D = log2(N)





λ

• λ < 1 pm

• 1 pm < λ < 10 pm

• 10 pm < λ < 10 nm

• 10 nm < λ < 380 nm

• 380 nm < λ < 780 nm

• 780 nm < λ < 1 mm

• λ > 1 mm

• 380 nm < λ < 435 nm

• 435 nm < λ < 465 nm

• 465 nm < λ < 482 nm

• 482 nm < λ < 492 nm

• 492 nm < λ < 560 nm

• 560 nm < λ < 590 nm

• 590 nm < λ < 620 nm

• 620 nm < λ < 780 nm



10
−12
|

10
−11
|

10
−10
|

10
−9
|

10
−8
|

10
−7
|

10
−6
|

10
−5
|

10
−4
|

10
−3
|

10
−2
|

10
−1
|

10
0
|

10
1
|

10
2
|

m

ra
yo
ns

γ

ra
yo
ns

X

ul
tr
av
io
le
ts

in
fr
ar
ou
ge
s

r
a
y
o
n
T

m
il
li
m
tr
iq
u
e
s

m
ic
ro
−

on
de
s

ondes radio

visible



5 m
5 m



36000 km

≈ 1 km



80× 80 m2

0, 45− 0, 52 µm 30× 30 m2

0, 53− 0, 61 µm 30× 30 m2

0, 63− 0, 69 µm 30× 30 m2

0, 78− 0, 90 µm 30× 30 m2

1, 55− 1, 75 µm 30× 30 m2

2, 09− 2, 35 µm 30× 30 m2

10, 4− 12, 5 µm 60× 60 m2

0, 52− 0, 9 µm 15× 15 m2

830 km

•

•



2, 5 m 5 m
10 m

0, 5− 0, 59 µm 10× 10 m2

0, 61− 0, 68 µm 10× 10 m2

0, 78− 0, 89 µm 10× 10 m2

1, 58− 1, 75 µm 20× 20 m2

0, 48− 0, 71 µm 5× 5 m2
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W ·m−2

W ·m−2 · sr−1
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h

h(n) ,

largeur
∑

x=1

hauteur
∑

y=1

χ{n}(p(x, y))

n χ{n}

p(x, y) (x, y)

0, 5− 0, 59 µm

I c1
d c2



p q d Ini

ni

γI(d, n1, n2) , P[p ∈ In2
|(||p− q|| = d ∧ q ∈ In1

)]

I

n2 d n1

•



•

p3 (x, y) p1 p2

p3(x, y) = p1(x, y)− p2(x, y) + C



I =





0 0 1
0 2 1
2 2 3







(i, j)
j i

Odroite =









1 1 1 0
0 0 0 0
0 1 1 1
0 0 0 0









H =
1
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·









2 1 1 0
1 0 1 0
1 1 2 1
0 0 1 0
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Pixel

#1

#2

#3

#4

#5

Pixel(#1)
#1 Pixel

⊤
⊥



E

G E × E R

R(x, y) ⇐⇒ (x, y) ∈ G

E xRy

Adjacent(#1,#2) #1 #2
Adjacent

⊤R ⊥R

Pixel × Pixel

PixelEau Pixel
Mineral

PixelEau Pixel
Mineral

Adjacent

#1

#2#3

#5

#7
#9

#1

#2#3

#5

#7
#9

Adjacent Pixel × Pixel



C

R a b

• C(a) a : C a C

• R(a, b) (a, b) : R a b R

C1 ⊑ C2 C1 C2

C1 ≡ C2 C1 C2

C1 C2

C1

.
= C2 C1 C2



C1 C2 C3

C1 ≡ C2 ⊓ C3

C1 C2 ⊓ C3

C1

C2 ⊓ C3

I

• ∆I

• .I

.I

• a aI ∈ ∆I

• A AI ⊆ ∆I

• R RI ⊆ ∆I ×∆I

K (T ,A) T A



Ci ai
R T A K = (T ,A) I

I C1 ⊑ C2 CI
1 ⊆ CI

2

I T I |= T
T

I R(a1, a2) RI(aI1 , a
I
2 )

I C(a) CI(aI)
I A I |= A A
I K I |= K T A

I φ I |= φ

∆
I

PixelEauI

#1I

#2I

#3I

#4I

#5I

PixelEau

#1

#2

#3

#4

#5

.I

.I

.I

.I

.I

.I

.I

∆I (.I ,∆I)
PixelEau(#1) ∧ ¬PixelEauI(#1I)

C

T I T CI 6= ∅
I C



FL FL−

FL
FL− FL

C1 ⊓ C2 CI
1 ∩ CI

2

∀R.C {aI ∈ ∆I |∀cI ∈ ∆I , RI(aI , cI) ⇒ cI ∈ CI)}

∃R.⊤ {aI ∈ ∆I |∃bI ∈ ∆I : RI(aI , bI))}

R.C {(aI , cI) ∈ ∆I ×∆I |RI(aI , cI) ∧ cI ∈ CI}

FL Ci R

AL E U C
AL

FL−

¬C ∆I\CI

AL C

AL ALC ALUE

S
ALCR+

C ¬C ∆I\CI

U C1 ⊔ C2 CI
1 ∪ CI

2

E ∃R.C {aI ∈ ∆I |∃cI ∈ ∆I : (RI(aI , cI) ∧ cI ∈ CI)}

R+ S R+

AL S Ci R



F ≤ 1R {aI ∈ ∆I | ({bI ∈ ∆I |RI(aI , bI)}) ≤ 1}
≤ nR {aI ∈ ∆I | ({bI ∈ ∆I |RI(aI , bI)}) ≤ n}

N
≥ nR {aI ∈ ∆I | ({bI ∈ ∆I |RI(aI , bI)}) ≥ n}
≤ nR.C {aI ∈ ∆I | ({cI ∈ ∆I |RI(aI , cI) ∧ cI ∈ CI}) ≤ n}

Q
≥ nR.C {aI ∈ ∆I | ({cI ∈ ∆I |RI(aI , cI) ∧ cI ∈ CI}) ≥ n}

O {a1 . . . an} {aI1 . . . aIn}
B ∃R.{a} {cI ∈ ∆I |RI(cI , aI)}

H R1 ⊑ R2 RI
1 ⊆ RI

2

R R1 ⊑ R2 RI
1 ⊆ RI

2

I R−1 {(cI1 , c
I
2 ) ∈ ∆I ×∆I |RI(cI2 , c

I
1 )}

Ci Ri

(D)

SHIF(D)

SHOIN(D)

SROIQ(D)



SHIF(D)

SHOIN(D)

SHIQ
SHOIQ
SROIQ





T Box

T Box

T Box



ABox

ABox

T Box

ABox
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V egetatedSegment
.
= Segment ⊓ ∃hasFeature.(FeatureNDV I ⊓ ∃Mean{≥3,5})
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•

•

•

⋆

C = A ⋆ B ⇐⇒ C = A ∪ B A B C



⋆

C J DK

DF

C ⋆ J = DK ⋆DF

K F

C ⋆ J = DK ⋆DF

= (C ⋆K) ⋆ (C ⋆ F)

= (K ⋆ C) ⋆ (C ⋆ F)

= K ⋆ (C ⋆ C) ⋆ F

= K ⋆ C ⋆ F

⋆ ∪

J ⊆ C ⋆ J

J ⊆ K ⋆ C ⋆ F
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ALCD
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S1 S2

• S1 ∩S∁
2 6= ∅∧S∁

1 ∩S2 6= ∅

• S1 ∩ S2 = ∅
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V egetatedSegment
.
=Segment

⊓ ∃observedBy.(Observation

⊓ ∃hasMeasurement.(Measurement

⊓ ∃hasV alue.(StatisticsSegmentFeature

⊓ ∃Mean.{double ≥ 0, 3}

⊓ ∃Mean.{double ≤ 0, 8})

⊓ ∃ofCharacteristic.{ndvi}))

WaterSegment
.
=Segment

⊓ ∃observedBy.(Observation

⊓ ∃hasMeasurement.(Measurement

⊓ ∃hasV alue.(StatisticsSegmentFeature

⊓ ∃Mean.{double ≥ 0, 0})

⊓ ∃ofCharacteristic.{ndwi2}))

MineralSegment
.
=Segment

⊓ ∃observedBy.(Observation

⊓ ∃hasMeasurement.(Measurement

⊓ ∃hasV alue.(StatisticsSegmentFeature

⊓ ∃Mean.{double ≥ 0, 0})

⊓ ∃ofCharacteristic.{ndbi}))
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−

−

−

−





825 × 666
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κ

κ κ



= 0, 985
κ = 0, 962

= 0, 999
κ = 0, 997



= 0, 999
κ = 0, 996



BeachSegment
.
=MineralSegment

⊓ ∃ExternallyConnected.WaterSegment



κ



= 0, 987
κ = 0, 55

= 0, 989
κ = 0, 68

κ

κ



= 0, 989
κ = 0, 64





o(n2) n

≈ 1 h 30 min ≈ 59 h
≈ 3 min ≈ 40 min
≈ 32 min ≈ 25 h
≈ 3 min ≈ 40 min

×
×



o(n2)

V egetatedP ixel
.
=Pixel

⊓ ∃observedBy.(Observation

⊓ ∃hasMeasurement.(Measurement

⊓ ∃hasV alue.(PrimitiveV alue

⊓ ∃hasCode.{double ≥ 0, 3}

⊓ ∃hasCode.{double ≤ 0, 8})

⊓ ∃ofCharacteristic.{ndvi}))



min

WaterP ixel
.
=Pixel

⊓ ∃observedBy.(Observation

⊓ ∃hasMeasurement.(Measurement

⊓ ∃hasV alue.(PrimitiveV alue ⊓ ∃hasCode.{double ≥ 0, 0})

⊓ ∃ofCharacteristic.{ndwi2}))

MineralP ixel
.
=Pixel

⊓ ∃observedBy.(Observation

⊓ ∃hasMeasurement.(Measurement

⊓ ∃hasV alue.(PrimitiveV alue ⊓ ∃hasCode.{double ≥ 0, 0})

⊓ ∃ofCharacteristic.{ndbi}))



×
×
×
× 1 s
× 11 s 1 s
× 8 min 1 s 7 s
× 33 min 25 s 14 s
× 1 h 31 min 10 s 24 s
× 2 h 18 min 26 s 29 s
× 1 min 6 s



s min



6 h
1 h 36 min
10 min
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•

•
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825×666

825×666



825× 666





o(n2)



V egetatedSegment
.
=Segment

⊓ ∃observedBy.(Observation

⊓ ∃hasMeasurement.(Measurement

⊓ ∃hasV alue.(StatisticsSegmentFeature

⊓ ∃Mean.{double ≥ 0, 3}

⊓ ∃Mean.{double ≤ 0, 8})

⊓ ∃ofCharacteristic.{ndvi}))

825×666

NonV egetatedSegment
.
= Segment ⊓ . . .

NonV egetatedSegment
.
= ¬V egetatedSegment

NonV egetatedSegment
.
= Segment ⊓ ¬(∃hasMeasurement.Measurement ⊓ . . .
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ABox













A



p GLCM g(i, j)

Energy(p) =

GLCM(p)
∑

i,j

g(i, j)2

Entropy(p) = −

GLCM(p)
∑

i,j

g(i, j) log2(g(i, j))

Correlation(p) = −

GLCM(p)
∑

i,j

(i− µ)(j − µ)g(i, j)

σ2

µ =
∑GLCM(p)

i,j i.g(i, j) σ =
∑GLCM(p)

i,j (i− µ2)g(i, j)

DifferenceMoment(p) = −

GLCM(p)
∑

i,j

1

1 + (i− j)2
g(i, j)

Inertia(p) = −

GLCM(p)
∑

i,j

(i− j)2g(i, j)

ClusterShade(p) =

GLCM(p)
∑

i,j

((i− µ)(j − µ))3g(i, j)

ClusterProminence(p) =

GLCM(p)
∑

i,j

((i− µ)(j − µ))4g(i, j)



B

















W ·m−2

W ·m−2 · sr−1











Adjacent Pixel × Pixel

.I

∆I

(.I ,∆I) PixelEau(#1)∧¬PixelEauI(#1I)
T Box

ABox



825 × 666

825×666



825×666

825×666

825×666

825×666





C1 C2

FL Ci R

AL C

AL S Ci R

Ci Ri

×
×




















