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B4M33DZO(1) (2/16)What is the image?

In theory – continuous function of two variables:

I(x, y) : R2 ⇒ Rn

where n = 1: luminance, n = 3: color, etc.
 

 

In practice – matrix of pixels (equidistant samples):

I[x, y] : N2 ⇒ Rn
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B4M33DZO(1) (3/16)What is image processing?

Specific modification of image function:
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B4M33DZO(1) (4/16)Histogram

Probability density function (pdf) of pixel luminance:
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B4M33DZO(1) (5/16)Monadic Operations

Negative: T (l) = 1− l
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B4M33DZO(1) (6/16)Monadic Operations

Threshold: T (l) =

{
0 l < θ
1 l ≥ θ
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B4M33DZO(1) (7/16)Monadic Operations

Brightness: T (l) = l + b b ∈ 〈−1, 1〉

b = +0.2

b = −0.2
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B4M33DZO(1) (8/16)Monadic Operations

Contrast: T (l) = l · c c ∈ 〈0,∞)

c = 0.75

c = 1.25
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B4M33DZO(1) (9/16)Monadic Operations

Gamma correction: T (l) = lγ γ ∈ (0,∞)

γ = 2.0

γ = 0.5
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B4M33DZO(1) (10/16)Monadic Operations

Non-linear contrast: T (l) =

{ 1
2 (2l)

γ
l ∈ 〈0, 12 ) γ = 1

1−α
1− 1

2 (2− 2l)
γ

l ∈ 〈 12 , 1〉 α ∈ (0, 1)

α = 0.50

α = 0.75
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B4M33DZO(1) (11/16)Monadic Operations

Logarithmic scale: T (l) = log(1+l·s)
log(1+s) s ∈ (−1,∞)

s = 8.00

s = - 0.75
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B4M33DZO(1) (12/16)Monadic Operations

Quantization: T (l) = bl · qc q ∈ (1,∞)

q = 256

q = 16

q = 32
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B4M33DZO(1) (13/16)Monadic Operations

Equalization: T (l) = cdf(l) =
∑l
i=0 pdf(i)

cdf
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B4M33DZO(1) (14/16)Monadic Operations

Change of variable: u = T (l)
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B4M33DZO(1) (14/16)Monadic Operations

Change of variable: u = T (l)

pdfU (u) = pdfL(T−1(u))

∣∣∣∣ dduT−1(u)

∣∣∣∣
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B4M33DZO(1) (14/16)Monadic Operations

Change of variable: u = T (l)

pdfU (u) = pdfL(T−1(u))

∣∣∣∣ dduT−1(u)

∣∣∣∣
pdfU (u) = pdfL(l)

∣∣∣∣ dldu
∣∣∣∣
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B4M33DZO(1) (14/16)Monadic Operations

Change of variable: u = T (l)

pdfU (u) = pdfL(T−1(u))

∣∣∣∣ dduT−1(u)

∣∣∣∣
pdfU (u) = pdfL(l)

∣∣∣∣ dldu
∣∣∣∣

du

dl
=

d

dl
T (l) ⇒ dl

du
=

1
d
dlT (l)
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B4M33DZO(1) (14/16)Monadic Operations

Change of variable: u = T (l)

pdfU (u) = pdfL(T−1(u))

∣∣∣∣ dduT−1(u)

∣∣∣∣
pdfU (u) = pdfL(l)

∣∣∣∣ dldu
∣∣∣∣

du

dl
=

d

dl
T (l) ⇒ dl

du
=

1
d
dlT (l)

pdfL(l) =
d

dl
cdfL(l)
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B4M33DZO(1) (14/16)Monadic Operations

Change of variable: u = T (l)

pdfU (u) = pdfL(T−1(u))

∣∣∣∣ dduT−1(u)

∣∣∣∣
pdfU (u) = pdfL(l)

∣∣∣∣ dldu
∣∣∣∣

du

dl
=

d

dl
T (l) ⇒ dl

du
=

1
d
dlT (l)

pdfL(l) =
d

dl
cdfL(l)

pdfU (u) = pdfL(l)

∣∣∣∣ 1

pdfL(l)

∣∣∣∣ ⇒ pdfU (u) = 1
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B4M33DZO(1) (15/16)Monadic Operations

Mapping: T (l) = cdf−1
B (cdfA(l))

A B

cdf Bcdf A
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B4M33DZO(1) (16/16)Monadic Operations

Composite: v = S(T (l))
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B4M33DZO(1) (16/16)Monadic Operations

Composite: v = S(T (l))

pdfA(l)
T−→ pdfU (u)

S−→ pdfB(v)
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B4M33DZO(1) (16/16)Monadic Operations

Composite: v = S(T (l))

pdfA(l)
T−→ pdfU (u)

S−→ pdfB(v)

T (l) = cdfA(l) pdfU (u) = 1 S(u) = cdf−1
B (u)
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B4M33DZO(1) (16/16)Monadic Operations

Composite: v = S(T (l))

pdfA(l)
T−→ pdfU (u)

S−→ pdfB(v)

T (l) = cdfA(l) pdfU (u) = 1 S(u) = cdf−1
B (u)

v = cdf−1
B (u) −→ u = cdfB(v)
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B4M33DZO(1) (16/16)Monadic Operations

Composite: v = S(T (l))

pdfA(l)
T−→ pdfU (u)

S−→ pdfB(v)

T (l) = cdfA(l) pdfU (u) = 1 S(u) = cdf−1
B (u)

v = cdf−1
B (u) −→ u = cdfB(v)

pdfB(v) = pdfU (u)

∣∣∣∣dudv
∣∣∣∣ = 1 ·

∣∣∣∣dudv
∣∣∣∣ =

∣∣∣∣ ddv cdfB(v)

∣∣∣∣
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B4M33DZO(1) (16/16)Monadic Operations

Composite: v = S(T (l))

pdfA(l)
T−→ pdfU (u)

S−→ pdfB(v)

T (l) = cdfA(l) pdfU (u) = 1 S(u) = cdf−1
B (u)

v = cdf−1
B (u) −→ u = cdfB(v)

pdfB(v) = pdfU (u)

∣∣∣∣dudv
∣∣∣∣ = 1 ·

∣∣∣∣dudv
∣∣∣∣ =

∣∣∣∣ ddv cdfB(v)

∣∣∣∣
pdfB(v) =

d

dv
cdfB(v)
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