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Poč́ıtačová grafika

Mgr. Markéta Trnečková, Ph.D.
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Filtrováńı

Operace s okoĺım,
neighbourhood operations

Vstupńı obraz f

Výstupńı obraz g

Filtr (maska) w

Lineárńı filtry
Nelineárńı filtry
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Lineárńı filtry

w velikosti 3 × 3

g(x, y) = w(−1,−1)f(x − 1, y − 1) +w(−1,0)f(x − 1, y) +
⋅ ⋅ ⋅ +w(1,1)f(x + 1, y + 1)
Obecně filtr velikosti m × n (m = 2a + 1 a n = 2b + 1)

g(x, y) = ∑a
s=−a∑b

t=−bw(s, t)f(x + s, y + t)
zero padding: zvěťseńı o a na obou konćıch ve směru x a
o b ve směru y

(x,y)

f
w

g(x,y)
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Korelace a konvoluce

Korelace = postup posunu masky po obraze a součet prvk̊u pod maskou
vynásobených koeficienty v masce

w(x, y) ☆ f(x, y) = ∑a
s=−a∑b

t=−bw(s, t)f(x + s, y + t)
Konvoluce = korelace s maskou otočenou o 180°
w(x, y) ★ f(x, y) = ∑a

s=−a∑b
t=−bw(s, t)f(x − s, y − t)

Př́ıklad

1 0 000f(x) 1 2 3w
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Korelace a konvoluce
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Vyhlazovaćı filtry – Pr̊uměrováńı

prvky matice rovny 1/(m ⋅ n)
maska 3 × 3⎡⎢⎢⎢⎢⎢⎣

1/9 1/9 1/9
1/9 1/9 1/9
1/9 1/9 1/9

⎤⎥⎥⎥⎥⎥⎦
Vážené pr̊uměrováńı – prvky
bĺıže maj́ı vyš̌śı váhu

maska 3 × 3⎡⎢⎢⎢⎢⎢⎣

1/16 2/16 1/16
2/16 4/16 2/16
1/16 2/16 1/16

⎤⎥⎥⎥⎥⎥⎦

Maska velikosti 3 × 3. Maska velikosti 10 × 10.
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Osťŕıćı filtry

založené na derivaci – 1. a 2. derivace

konstantńı, p̌rechod, skok
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1. derivace

je rovna 0 v oblastech
s konstantńı intenzitou

nenulová na počátku na
p̌rechodech a skoćıch

nenulová podél p̌rechodu

Př́ıklad:
∂f
∂x = f(x + 1) − f(x) 0
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2. derivace

je rovna 0 v oblastech s
konstantńı intenzitou

nenulová na počátku a na konci
p̌rechodů a skok̊u

nulová podél p̌rechodu

Př́ıklad:
∂2f
∂x2 = f(x+1)+f(x−1)−2f(x) 0
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Laplace̊uv filtr

Vertikálńı: ∂2f
∂x2 = f(x + 1, y) + f(x − 1, y) − 2f(x, y)

Horizontálńı: ∂2f
∂y2
= f(x, y + 1) + f(x, y − 1) − 2f(x, y)

Dohromady: ∇2 = f(x + 1, y) + f(x − 1, y) + f(x, y + 1) + f(x, y − 1) − 4f(x, y)
Filtr:
⎡⎢⎢⎢⎢⎢⎣

0 1 0
1 −4 1
0 1 0

⎤⎥⎥⎥⎥⎥⎦
Diagonálńı: f(x + 1, y − 1) + f(x − 1, y + 1) − 2f(x, y) a
f(x − 1, y − 1) + f(x + 1, y + 1) − 2f(x, y)
Filtr:
⎡⎢⎢⎢⎢⎢⎣

1 1 1
1 −8 1
1 1 1

⎤⎥⎥⎥⎥⎥⎦
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Laplace̊uv filtr

Původńı obraz. Hrany v obraze. Zvýrazněné hrany.
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Roberts̊uv filtr

diagonálńı hrany

∇f(x, y) = (f(x, y) − f(x −
1, y))+ (f(x, y+1)−f(x+1, y))
Filtr:

[ 1 1
−1 −1] Původńı obraz. Hrany v obraze.
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Sobel̊uv filtr

Vodorovné hrany:
∂f
∂x =
(f(x+1, y−1)+2f(x+1, y)+f(x+1, y+1))−(f(x−1, y−1)+2f(x−1, y)+f(x−1, y+1))
Filtr:
⎡⎢⎢⎢⎢⎢⎣

−1 −2 −1
0 0 0
1 2 1

⎤⎥⎥⎥⎥⎥⎦
Svislé hrany:
∂f
∂y =
(f(x−1, y+1)+2f(x, y+1)+f(x+1, y+1))−(f(x−1, y−1)+2f(x, y−1)+f(x+1, y−1))
Filtr:
⎡⎢⎢⎢⎢⎢⎣

−1 0 1
−2 0 2
−1 0 1

⎤⎥⎥⎥⎥⎥⎦
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Sobel̊uv filtr

Původńı obraz. Vodorovné hrany v obraze. Svislé hrany v obraze.
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Prewittové filtr

Vodorovné hrany:
∂f
∂x =
(f(x+1, y−1)+2f(x+1, y)+f(x+1, y+1))−(f(x−1, y−1)+2f(x−1, y)+f(x−1, y+1))
Filtr:
⎡⎢⎢⎢⎢⎢⎣

−1 −1 −1
0 0 0
1 1 1

⎤⎥⎥⎥⎥⎥⎦
Svislé hrany:
∂f
∂y =
(f(x−1, y+1)+2f(x, y+1)+f(x+1, y+1))−(f(x−1, y−1)+2f(x, y−1)+f(x+1, y−1))
Filtr:
⎡⎢⎢⎢⎢⎢⎣

−1 0 1
−1 0 1
−1 0 1

⎤⎥⎥⎥⎥⎥⎦
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Prewittové filtr

Původńı obraz. Vodorovné hrany v obraze. Svislé hrany v obraze.
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Nelineárńı filtry

nelze je zadat maskou

voĺı se velikost okoĺı, na pixely v okoĺı je aplikována nelineárńı operace

g(x, y) a okoĺı 3 × 3, vezmeme hodnoty v okoĺı f(x, y) – f(x − 1, y − 1), f(x − 1, y),
. . . , f(x + 1, y + 1)

Percentilové filtry (statistické)

0. percentil – nejmenš́ı hodnota v okoĺı (min filtr)

50. percentil – sťredńı hodnota v okoĺı (median filtr)

100. percentil – nejvěťśı hodnota v okoĺı (max filtr)
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Percentilové filtry

Původńı obraz. Min filtr. Max filtr.
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Mediánový filtr

Původńı obraz. Filtrováńı pr̊uměrováńım. Mediánová filtrace.
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Filtrováńı barevných obrázk̊u

nepracujeme s intenzitami, každý pixel = vektor hodnot
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Filtrováńı barevných obrázk̊u – Pr̊uměrováńı

RGB

g(x, y) =

⎡⎢⎢⎢⎢⎢⎢⎣

1
(2a+1)⋅(2b+1) ∑

a
s=−a∑b

t=−b fr(x + s, y + t)
1

(2a+1)⋅(2b+1) ∑
a
s=−a∑b

t=−b fg(x + s, y + t)
1

(2a+1)⋅(2b+1) ∑
a
s=−a∑b

t=−b fb(x + s, y + t)

⎤⎥⎥⎥⎥⎥⎥⎦

HSI
pouze jasová složka I
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Filtrováńı barevných obrázk̊u – Pr̊uměrováńı

Původńı obraz. Filtrace v RGB. Filtrace v HSI.
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Filtrováńı barevných obrázk̊u – Pr̊uměrováńı

Filtrace v RGB. Filtrace v HSI. Rozd́ıl.
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Filtrováńı barevných obrázk̊u – Osťreńı

RGB

g(x, y) =
⎡⎢⎢⎢⎢⎢⎣

∇2 = fr(x + 1, y) + fr(x − 1, y) + fr(x, y + 1) + fr(x, y − 1) − 4fr(x, y)
∇2 = fg(x + 1, y) + fg(x − 1, y) + fg(x, y + 1) + fg(x, y − 1) − 4fg(x, y)
∇2 = fb(x + 1, y) + fb(x − 1, y) + fb(x, y + 1) + fb(x, y − 1) − 4fb(x, y)

⎤⎥⎥⎥⎥⎥⎦

HSI
pouze jasová složka I
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Filtrováńı barevných obrázk̊u – Osťreńı

Původńı obraz. Filtrace v RGB. Filtrace v HSI.
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