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Spatial Filtering

g(x , y) =
a∑

s=−a

b∑
t=−b

w(s, t)f (x + s, y + t)
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Spatial Filtering

R = w(−1,−1)f (x − 1, y − 1) + w(−1, 0)f (x − 1, y) + . . .

+ w(0, 0)f (x , y) + . . . + w(1, 0)f (x + 1, y0) + w(1, 1)f (x + 1, y + 1)

R = w1z1 + w2z2 + . . .wmnzmn

=
mn∑
i=1

wizi
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Spatial Filtering

R =
1

9

mn∑
i=1

zi

ou, genericamente:

R =

∑a
s=−a

∑b
t=−b w(s, t)f (x + s, y + t)∑a
s=−a

∑b
t=−b w(s, t)
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Eliminating Details

Filters: m = 3, 5, 9, 15, e 35.
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Eliminating Details

Image with 528 x 485 pixels. Filter with a 15× 15 filter, followed by a
thresholding operation.
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Filters Based on Statistics

Median:

Eliminates the pixels whose properties differ from the properties of the
neighboring pixels;
Isolated Areas (< m2/2 of the neighborhood) are eliminated;
Salt and paper

Max, Min, percentile, etc.
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Median
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Sharpening Spatial Filters

1st order derivative (discrete)

∂f
∂x = f (x + 1)− f (x)

2nd Dorder derivative (discrete)

∂2f
∂x2 = f (x + 1) + f (x − 1)− 2f (x)
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Sharpening Spatial Filters
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Laplacian Filters

∇2f =
∂2f

∂x2
+

∂2f

∂y2

onde
∂2f

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

e
∂2f

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

Logo

∇2f = [f (x + 1, y) + f (x − 1, y) + f (x , y + 1) + f (x , y − 1)]− 4f (x , y)
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Laplacian Filters
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Laplacian Filters

(a) blurred image, (b) Laplacian (no scaling), (c) Laplacian (scaling), (d)
Original image + (a), (d) Original image + (b)
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Unsharp Masking

Steps:

1 f̄ (x , y) = conv(hLP(x , y), f (x , y)) = hLP(x , y) ∗ f (x , y)

2 gmask = f (x , y)− f̄ (x , y)

3 g(x , y) = f (x , y) + k · gmask(x , y)
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Unsharp Masking

(d) Unsharp masking.
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Unsharp Masking

Mylène Farias (ENE-UnB) IP 15 de Março de 2017 22 / 30



High Boost

PSteps:

fhb(x , y) = Af (x , y)− f̄ (x , y)

fhb(x , y) = (A− 1)f (x , y) + f (x , y)− f̄ (x , y)

fhb(x , y) = (A− 1)f (x , y)− fs(x , y)
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High Boost

original, borrado com Gaussiano, unsharp mask, resultado do unsharp
mask, resultado do high-boost
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High Boost

Mylène Farias (ENE-UnB) IP 15 de Março de 2017 25 / 30



High Boost
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1st Order Derivative

Passos:

∇f =

∣∣∣∣ Gx

Gy

∣∣∣∣ =

∣∣∣∣∣∣
∂f
∂x

∂f
∂y

∣∣∣∣∣∣
∇f = mag(∇f )

=
[
G 2
x + G 2

y

]1/2

=

[
∂f

∂x

2

+
∂f

∂y

2]1/2

OR
∇f ≈ |Gx |+ |Gy |
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Roberts & Sobel
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Roberts & Sobel

Original & Sobel
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