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Model of Image Degradation/Restoration

g(x, y) = h(x, y) ! f(x, y) + η(x, y)

G(u, v) = H(u, v)F (u, v) + N(u, v)
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Image Restoration by Inverse Filtering

G(u, v) = H(u, v)F (u, v) + N(u, v)

F̂ (u, v) =
G(u, v)
H(u, v)
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Image Restoration by Inverse Filtering

G(u, v) = H(u, v)F (u, v) + N(u, v)
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Image Restoration by Inverse Filtering

F̂ (u, v) = F (u, v) +
N(u, v)
H(u, v)

G(u, v) = H(u, v)F (u, v) + N(u, v)

4

Inverse Filtering

Bad news:

• Even when H(u,v) is known, there is always unknown noise

• Often H(u,v) has values close to zero

F̂ (u, v) = F (u, v) +
N(u, v)
H(u, v)
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Example: Inverse Filtering

H(u, v) = exp
{
−k

[
(u−M/2)2 + (v −N/2)2

]5/6
}

Atmospheric turbulence effect
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Example: Inverse Filtering

G(u, v)
H(u, v)
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Wiener Filtering = Mean Square Error Filtering

• Incorporates both:

• Degradation function

• Statistical characteristics of noise

• Assumption: noise and the image are uncorrelated

• Optimizes the filter so that MSE is minimized

e2 = E
{

[f(x, y)− f̂(x, y)]2
}
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Wiener Filtering

G(u, v) = H(u, v)F (u, v) + N(u, v)
inputdegraded output

F̂ (u, v) = HW (u, v)G(u, v)
restored

HW (u, v) =
1

H(u, v)
|H(u, v)|2

|H(u, v)|2 +
|N(u, v)|2

|F (u, v)|2
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Signal to Noise Ratio

HW (u, v) =
1

H(u, v)
|H(u, v)|2

|H(u, v)|2 +
|N(u, v)|2

|F (u, v)|2
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Signal to Noise Ratio

HW (u, v) =
1

H(u, v)
|H(u, v)|2

|H(u, v)|2 +
|N(u, v)|2

|F (u, v)|2

inverse filter
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Signal to Noise Ratio

HW (u, v) =
1

H(u, v)
|H(u, v)|2

|H(u, v)|2 +
|N(u, v)|2

|F (u, v)|2

inverse filter
unknown

10

Signal to Noise Ratio

SNR =

M−1∑

u=0

N−1∑

v=0

|F (u, v)|2

M−1∑

u=0

N−1∑

v=0

|N(u, v)|2

HW (u, v) =
1

H(u, v)
|H(u, v)|2

|H(u, v)|2 +
|N(u, v)|2

|F (u, v)|2

inverse filter
unknown
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Approximation

HW (u, v) =
1

H(u, v)
|H(u, v)|2

|H(u, v)|2 +
|N(u, v)|2

|F (u, v)|2

≈ 1
H(u, v)

|H(u, v)|2

|H(u, v)|2 +
1

SNR
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Example: Wiener Filtering
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Example: Wiener Filtering
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Midterm Exam Review

• Exam:

• Average: 66.8

• Median: 70.5

• STD: 14.2

• Projected Total:

• Average: 85.5

• Median: 87.1

• STD: 6.1
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