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Dulezité informace

Rozsah: LS, 2+2, Zk

http://zoi.utia.cas.cz

DIZO

Digital image processing : FNSPE-CTU in Prague

| @ COURSE DESCRIPTION

Foundational Training in Image
processing and Pattern Recognition

This course emphasizes the conversion of images
into digital form, initial processing techniques like
noise reduction, improving contrast, and removing
blur, as well as techniques for identifying edges,
applying

dividing images into segments, and




Number Of Photos Taken Each Year
Photos taken per day (in trillions of photos)

2T

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Source: Photutori ia 2 Photutorial

1.81 x 102 fotografii za rok ~ 57,000 za 1s

750 x 10° fotografii na Internetu
=~ 6%




Navazujici predmety

Specialni funkce a transformace ve zpracovani obrazu
Variacni metody ve zpracovani obrazu
Strojove uceni 1

Strojove uceni 2



Digital Image Processing

4rd edition

| )igital Image
Processing

Gonzalez & Woods

Rafael C. Gonzalez
Richard E. Woods

P Pearson
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https://nso.edu/press-release/u-s-national-science-foundation-celebrates-the-inauguration-of-its-daniel-k-inouye-solar-telescope/
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Light field camera

Migo lens images on sensor

In Focus
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Out of Focus
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Hubble teleskop
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Topics of DIZO

Digitization (sampling + quantizing)

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

Image analysis (object detection and
recognition, scene understanding)

Image coding (compression)




Topics partially covered
Digitization (sampling + quantizing)

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

Image analysis (object detection and
recognition, scene understanding)

Image coding (compression)




Topics SFTO

 Digitization (sampling + quantizing)

» Preprocessing (contrast and brlghtness
changes, denoising, sharpening, ... )

« Image analysis (object detection and
recognition, scene understanding)

« Image coding (compression)




Algorithm

Raw Data
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Matematické zaklady

konvoluce

Fourierova transformace



Konvoluce

Jak moc se ,prekryvaji“ dvé funkce

definice ve spojitém pripadé
vlastnosti

delta funkce

diskrétni konvoluce, okrajovy jev



Konvoluce

(F29)®)= [ f(r)glt—7)dr
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Viastnosti
fg=g* [

fr(g#xh)=(f*g)*h
a(f *xg)= (af)*g= [+ (ag)
f(g+h)=(f*g)+ (f*h)
fxd=0xf=1Ff



Dirac delta funkce

sz) =4 T=0 /ﬁ(ﬂz)dﬂ:=1
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Dirac delta funkce
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Diskrétni konvoluce
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Konvoluce

korelace

ke k
Gli,jl= Y Y Hlu,v]F[i

u=—kov=—=k

konvoluce
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Convolution

Cross-correlation

fkg g *f
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Diagonal Prewitt

i-Chen

Horizontal Fre

Emboss






Hranice

Convolution
mask




Hranice




Type
“valid”




Type
“same”




Type
“fu I I”




Osetreni hranice

« Zero padding
 Mirror extension

 Periodic extension












VIneéni



VIneéni

vinovadelka — A, nejkratsi vzdalenost dvou
bodu kmitajicich se stejnou fazi

I ‘;\\frekvence : f 1
A=vl=—"__

f



VIneéni

1
frekvence f — E



VIneéni

hodnota

frekvencni analyza



VIneéni
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https://www.youtube.com/watch?v=LznjC4Lo71E&feature=emb title









Fourier transform

Fourierovy rady

[} ~UONSvH, feH
uplny ortonormalni system

cr = ( f, @) — Fourterovy koeficienty

T
f = Z E.E.J':I}.E._'
i=1



flx)= - au i+ Zﬂ,, cos (nx) 4+ Zb sin (n x),

do l j{r]dr

fj (x)cos(nx)dx
= - fj (x)sin(nx)dx
N Jon



Eje

Fourier transform

= cos(f) + jsin(#)

F(k) :f flx)e 2k dp.

flz) = f F(k)e* = dk

Fxastence F'T — stact f £ Ly

F=R(F)+iL(F)=|F|-e#"D



_ Vlastnosti FT
* linearity

Flaf(z) + bg(x)] = aF[f(x)] + bFg(x)] = aF(k) + bG (k).

e convolution convolution theorem
FIf1Flgl = F[f * g]
e shift shift theorem

Fulflz — zo)](k) = e 270 p (k).

e rotation rotational theorem
F{f(Rer)} = F(Rok)
« scaling similarity theorem

Fa[flaz)](k) = la| ' F (E) |

(L



linearita
Flaf(z) + bg(z)] = aF[f(z)] + bF(g(z)] = aF(k) + bG (k).
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scaling
similarity theorem

Flf@)k) =l F (£). S0

Medium-
length
pulse

Long
pulse

=
S



2D Fourier transform

{ Dun( T, Y ) } - JLE’ —2mi(wrtvy) }

Flu, tl—f/fle y e~ TRy
fle,y) = ffFIEE v)e TRV gy dy

L2



Basis functions of 2D FT

real, u=v imag, u=v



analogy: carton egg tray
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The 2D Basis Functions ™ +%)

The wavelength is 1/\/142 +v2. The direction is u/v .



Zobrazeni spektra

ampl log(ampl + 1)
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Obdéelnikovy puls
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sin(mwx)

sinc(x)

[1(¢) {1 for [ < 5 FA{II(t) }(x)

0 otherwise T



Obdéelnikovy puls 2D
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Dalsi ukazky
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Otazky

1) Proofs & calculations
2) FT(d)="77?

3) Symmetry of the FT



Diskrétni Fourier Transform

N—1
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Convolution theorem

Filfxg)(t); = Fw) - G(w)

FHF(w)-Gw)} = (f*9)(t)



Convolution theorem

F(8,8))

[H(sy.Sy)l

|G(sy.8y)|




Filtering in the Fourier domain

high pass Gaussian high pass band pass

low pass Gaussian low pass directional



Discrete convolution theorem

Convolution
mask




Discrete convolution theorem

Convolution
mask

... holds only for periodic convolution



Discrete convolution via FT

Zero padding to the same size (M+N-1)
DFT calculation of both

Multiplication of the spectra

Inverse DFT



DFT calculation

N—1

F — E ifk{::_—'.firlnkl.'rf'hr
n — -

k=)

Directly - O(N*2)
FFT - O(NlogN) (Cooley, Tookey, 1960)

Compare to the complexity of convolution.



Discrete shift theorem :
®*®d geoep
PO @® P& @&d¢
DO d :










Filtrace periodickeho poskozeni







Digitalizace spojitého obrazu
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Digitalizace spojitého obrazu

Vzorkovani (sampling)




Digitalizace spojitého obrazu

Vzorkovani (sampling)

Kvantovani
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Vzorkovaci teorém

Nyquist (1915), Kotelnikov (1933), Shannon (1945)

Lze puvodni obraz rekonstruovat?

' \/ """""" \/

Nekdy ano, nékdy ne. Kdy ano?



Matematicky model vzorkovani

Obrazova oblast

flr.yl-slz.y) =dlx,y

slr,yl = >: >: Mo —tAxr, y — 1Ay

p=—00 J=—1X







Matematicky model vzorkovani

Frekvencni oblast

Hu.v) = Flu, v+ Slu.v)

‘;Iezel—L L (u—s;z—’i—g)

_|'— e






Nyquistova podminka

Vzorkovani bez ztraty informace

= o,

Ay =

W,



Zpetna rekonstrukce obrazu

Vyriznuti jednoho spektra a nasledna inverzni FT
Odpovida interpolaci v obrazové oblasti




Vzorkovani s nedostatecnou
frekvenci

Moiré efekt — falesSné nizké frekvence




Vzorkovani s nedostatecnou
frekvenci
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Vzorkovani s nedostatecnou

frekvenci

Prekryti sousednich spekter D(u,v) [J ztrata VF
informace (hrany, detalily, ...), aliasing







Vzorkovani s nedostatecnou
frekvenci

Moiré efekt — falesné nizké frekvence




Moiré efekt v Casové oblasti




Moiré efekt v Casové oblasti




Moiré efekt uziteCny — namorni navigace
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Anti-aliasing techniky

« ZvySeni vzorkovaci frekvence
« Qdstranéni vysokych frekvenci pred vzorkovanim




Vzorkovani v realnych optickych
systemech

Rastr je omezeny
Jen nekolik moznych vzorkovacich frekvenci
Vzorkovani neni pomoci © — funkci

Optika pusobi jako low-pass filtr



Netradicni vzorkovani

Nepravouhly rastr (rovnobéznik, hexagon, ...
- co nejlépe pokryt rovinu (u,v) pomoci supp(F




Netradicni vzorkovani

Nepravouhly rastr (rovhobéznik, hexagon, ...)
- co nejlépe pokryt rovinu (u,v) pomoci supp(F)

Adaptivni vzorkovani — proménna frekvence dle charakteru
obrazu

Compressive sensing

Bézne kamery a scannery neumoznuji ani jedno



PSF - Point Spread Function

- teoreticky Dirac delta function.

- realita jina

point source point spread function

- PSF lidského oka

8 6 4 2 0 2 4 & 8



PSF - Point Spread Function

dalekozrakost

astigmatismus

Richmond Eye Associates



Compressed sensing
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C: Hewit J.




Kvantovani obrazu

Kvantovani — diskretizace oboru hodnot signalu
-- vzdy ztratoveé

Kvantizér Q: R~ L
L={0,1, ..., k} (k = 255)



Kvantovany signal




Output

10

Kvantizer

]
e——o0
&———-0
&——-0
&———-0
&———-0
&——-0
&———-0
o——-0
&——O0
o 1 1 1 1 1 1 1 1 I
t1 t2 t3 t4 t5 t6 t7 t8 t9 0

Input



Kvantizer

P(x, y) = trunc(I(x, y) + 0.5)

(4 blts per plxel



255 [ 150 | 75 | 0
255 150 | 75 | 0 | ¢
255|150 | 75 | 0 |0 [
255 150 [ 75 | 0 |,
0
255 |150 [ 75 | 0 |,
. 0 ¢—B
255|150 | 75 | 0 |,
4—
255 | 150 | 75 | 0O
<€4— R




urovni
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do ruzn
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1 4

danl

Kvantov

S
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Vznik falesnych kvantizaCnich hran

(KvantizaCni sum)




Ucginek vzorkovani a kvantovani na
lidsky zrak

2 bits / pixel



Ucginek vzorkovani a kvantovani na
lidsky zrak
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Rolling shutter
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Barevné prostory

‘RGB ...... aditivni
*CMYK .... subtraktivni (tisk)

e ostatni“ ... HSV, HSL,
YIQ, YUV (NTSC, PAL)

*na zarizeni nezavisle prostory
(sRGB ... CRT)

profile connection space (PCS)
CIE XYZ nebo CIELAB



Barevné prostory

Yellow Red

Magenta

Cyan Magenta Green Blue

Additive (light) Subtractive (paint)

Additive and subtractive color combinations



Barevné prostory

HLS space

HSV space
Hue

.

Value

HSV ... hue, saturation, value

HLS ... hue, lightness, saturation.

Saturation

Saturation



Barevné prostory

YIQ ... Y intenzita, I, Q barevnost
NTSC



CIE XYZ

CIE 1931 XYZ ICC standard

520] "\,

0.9

0.8+

s ~ predloha odrazejici svetlo

0.7+

nasvicené pod uhlem 45 stupnu

0.6

pozorovaném ve smeru kolmém

ol pri osvétleni o sile 500 luxu
0.41 | standardni iluminant D509
031 (denni svétlo

0.2 o barevné teploté 5000 K)
0.11 | B 1920s,

00 03 o4 os o6 o1 os W.D.Wrightand John

Guild



Barva - gamut

sRGB

R 0.6400 0.3300

G 0.3000 0.6000

B 0.1500 0.0600

W 0.3127 0.3290 (D65)
T sRGB




image column s . ani
R Mran T

color image Flower

image
row
;

=S RGB image

""-Z
R 205 255 255 125 O O 0 2985 295
G O 125 255 255 2585 255 255 125 0O O 0 0

B O 0 0 0 0 125 255 255 285 255 255 125

RGB (K. Plataniotis)
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