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Image Formation

f(x, y) = i(x, y)r(x, y)

illumination

reflectance

i(x, y) ∈ [0,∞)
r(x, y) ∈ [0, 1]
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Homomorphic Filtering

Separation of intensity from reflectance
+

Intensity range compression
+

Contrast Enhancement

=
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Homomorphic Filtering

z(x, y) = ln f(x, y) = ln i(x, y) + ln r(x, y)

r′(x, y) = ln r(x, y) ↔ R′(u, v)

i′(x, y) = ln i(x, y) ↔ I ′(u, v)
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Homomorphic Filtering

S(u, v) = H(u, v)I ′(u, v) + H(u, v)R′(u, v)

s(x, y) = F−1{H(u, v)I ′(u, v) + H(u, v)R′(u, v)}
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Homomorphic Filtering

affects both low- and high-frequency components

g(x, y) = e(F−1{H(u,v)I′(u,v)})e(F−1{H(u,v)R′(u,v)})
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Homomorphic Filtering

affects both low- and high-frequency components

dynamic range compression and contrast enhancement

example:
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Homomorphic Filtering
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Bandpass and Bandreject Filtering

HBP = 1−HBR
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Image Restoration vs. Image Enhancement

• Unlike enhancement, improve an image in an objective sense

• Model the degradation and use the model for image restoration
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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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Noise Models

Assumptions: 

• Noise is independent of image coordinates

• Noise is not correlated with the image
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Important Noise PDFs
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Noise in the Image
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Noise in the Image
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Noise in the Image
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Degradation Modeling

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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Degradation Modeling

g(x, y) = h(x, y) ! f(x, y) + η(x, y)= δ(x
, y)

= 1
G(u, v) = H(u, v)F (u, v) + N(u, v)
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Gaussian Noise + Arithmetic vs. Geometric Mean Filter

g(x, y) = f(x, y) + η(x, y)

Sxy

filter

window

inputoutput

arithmetic mean filtering

geometric mean filtering

f̂(x, y) =




∏

(s,t)∈Sxy

g(s, t)





1
mn

f̂(x, y) =
1

mn

∑

(s,t)∈Sxy

g(s, t)

arithmetic mean geometric mean
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∏
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18



Salt-and-Pepper Noise + Median Filter

g(x, y) = f(x, y) + η(x, y)

Sxy

filter

window

inputoutput

median filtering

f̂(x, y) = median(s,t)∈Sxy
g(s, t)

repeated application of median filter
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Gaussian Noise + Adaptive Filter

Properties:

• Zero-noise 

• On edges

mSxy =
1

mn

∑

(s,t)∈Sxy

g(s, t)

f̂(x, y) = g(x, y)−
σ2

η

σ2
Sxy

[
g(x, y)−mSxy

]

arithmetic 

mean

arithmetic 

variance

σ2
η = 0 ⇒ f̂(x, y) = g(x, y)

σ2
η ! σ2

Sxy
⇒ f̂(x, y) = g(x, y)

σ2
Sxy

=
1

mn

∑

(s,t)∈Sxy

(g(s, t)−mSxy )2
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Gaussian Noise + Adaptive Filter
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Periodic Noise = 2D Sinusoid

filtering in the frequency domain
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Bandreject Filters in the Frequency Domain
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Degradation Modeling

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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Modeling Degradation Due to Atmospheric Turbulence

H(u, v) = e−k(u2+v2)5/6
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Modeling Uniform Linear Motion Blur

g(x, y) =
∫ T

0
f(x− x0(t), y − y0(t))dt

T - duration of the exposure

blurred output:

G(u, v) = F (u, v)
∫ T

0
e−2jπ[ux0(t)+vy0(t)]dt

⇒ H(u, v) =
∫ T

0
e−2jπ[ux0(t)+vy0(t)]dt
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Modeling Uniform Linear Motion Blur

x0(t) =
at

T
y0(t) =

bt

T

H(u, v) =
∫ T

0
e−2jπ[ux0(t)+vy0(t)]dt

=
T

π(ua + vb)
sin[π(ua + vb)]e−jπ(ua+ub)
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Modeling Uniform Linear Motion Blur
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