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Digitalnich fotografii je vSude plno ...




Smartphones Cause Photography Boom

Number of digital photos taken worldwide* Devices used in 2017
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Jak vzniknou?
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http://www.utia.cas.cz/people/flusser

Jak se tam dostanou barvy?




Fotografie nebyvaji idealni

Commoen Imaging System

E!Iurred, Maisy,

S Aliazed LR Image

Optical Aliasing  Mation Blur
Cistortion




Jak vylepsit nekvalitni foto?

Vsichni zname Photoshop ...
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Kde Photoshop nestaci
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Jak odstranit tres ruky?

L QA=A "ll.'\ WL

U A55RSKYely KRAL




Segmentace ..;

Deteldpéndbjektd
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Groups
background
B Roofs
B Road
W Grass
B Trees
B Trail
B Water
B Shadow




Historie

1929

1921







ikac¢ni oblasti

« Dalkovy pruzkum




Aplikacni oblasti

* Bezpecnost, doprava
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Aplikacni oblasti

e Kulturni dédictvi




Image Proc. x Comput. Graphics
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Digital Image Processing
Digitization (sampling + quantizing)

Preprocessing (contrast and brightness changes,
denoising, sharpening, ... )

Image analysis (object detection and recognition,
scene understanding)

Image coding (compression)



Mathematical background

e (Convolution

e Fourier Transform



Convolution

Definition 1n continuous domain
Properties

Delta function

Discrete convolution, boundary effect



Convolution

.0

e LixIn— L (frg)r) = / F(t)g(e — t)dt




Basic properties
frg=g%*f

f#(gxh)=(f*g)*h
a(f *g) = (af)*g= f*(ag)
f(g+h)=(f*g)+ (f*h)



Dirac delta-function
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http://en.wikipedia.org/wiki/File:Dirac_function_approximation.gif

Delta-function properties

dlar) = —=



Cross-correlation

(F*g)(a /f (t = 2)d

frg#gxf



Convolution in 2D

« Definition # Ly x Ly — Ly

(f*g)lx,y) = / / fls.t)glx — s,y — t)dsdt



Discrete convolution

(.f*g)(ﬂ)_ Z f

rlgina“
3 e
] ntensityVal
7 Valyg
o ur (PSF‘;
0
110
5 22 |35155255255 qu % ]
5 110 (1131
251 5255255 111 2]1]
5 110 165 225 165 255 255 __2:__5:_': 255x2
3 165 2W =
| | *— i x .

.225 165 255 255 255.255.255

165 | 155:255l255 265 255.255

ﬁnal .

plxel

- gln —m]




Boundary effect

Convolution
mask










Type
“‘same”




Type
“full”




Boundary effect treatment

» Zero padding
e Mirror extension

 Periodic extension












Computing complexity

* From definition — O(N"2.M"2)
 For a separable kernel (rank = 1) — O(N*2.M)

g(x,y) = gi(x) - g2(y)

Fralae) = [ mle=s)( [ Fs. Ot

« Hardware acceleration (DSP, graphic cards, ...)



Fourier transform

Recalling Fourier series

{&r} — ON basis of a Hilbert space H,

cr. = (f, &) — Fourier coefficients
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Fourier series in Lo(—m, )

{1} = {1, sinnx, cosma}

o

f(x) = —+ > (acoskzx + bysin kx)

k=1
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Fourier transform

{Bu(2)} = {e727i0"))

Flu) = [ f(o)e

R
flx)= / F(u)e*™ ™ du
R



Properties of the FT
It f & Ly then F'T exists
Generally F' ¢ Ly

F'T is "one-to-one” mapping: f «—— F

F =R(F)+iI(F) = |F|-e?hE)



Properties of the FT

* linearity
Flaf(z) + bg(zx)] = aF[f(x)] + bFlg(z)] = aF(k) + G (k).

« convolution convolution theorem
FIf1Flgl = Flf=g]
 shift shift theorem

Felflz — z0)](k) = e 2™*T0 F (k).
* rotation

HR(f)) = R(¥(f))

« scaling similarity theorem

Fa[ f(az))(k) = |a[ ' F (E) |



scaling
similarity theorem

Flf@)(k) =l F (£). Sher

Medium-
length
pulse

Long
pulse




Rectangular pulse




Harmonic wave

FT is a delta-function properly shifted



Discrete Fourier Transform
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Square
N wave

One term: / \
\
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Two terms: ;o \\
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Discrete Fourier Transform

 What are the frequencies in DFT?

* Which frequency is the lowest/highest one?

 Formally DFT exists forany n -
periodicity. Only N samples are independent.
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DFT calculation

N -1
Fﬂ = E :fkﬂ—.liriﬂﬁl.'rf'hr
k=)

Directly - O(N”*2)
FFT - O(N logN)
(Cooley and Tookey 1965, Gauss 1866)

Compare to the complexity of convolution.



2D Fourier transform

{Guolir,y)} = {7}

F(u,v) = //f(r y)e 2T ) drdy
R2

2D Fourier transform is separable



Visualisation

Amplitude

Phase




Visualisation

ampl log(ampl + 1)



Basis functions of 2D FT

Real part, u=v



Rectangular pulse in 2D
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Other important functions




Discrete convolution theorem

Convolution
mask

... holds for periodic convolution only!






Discrete convolution via FT

Zero padding to the same size
DFT calculation of both
Multiplication of the spectra
Inverse DFT



Filtering in the Fourier domain
FIf = g] = F|f]Flg]

high pass Gaussian high pass band pass

low pass Gaussian low pass directional









Discrete shift theorem :
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What is more
important?

The phase!




Image whitening

original image



Diky, pro dnesek

konéime s FT!

Néjaké otazky ?
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