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Operacie

Funkcie na spracovanie obrazu ( a dokumentov )
( analyza obrazu )

vstup spracovanie vystup
tadtené¢ dokumenty optoelektricksa 2D analogovy
a obrazky konverzia obrazu obraz
digitalizdécia x, y a f(x,y) 2D digitalny
obraz

(A/D konverzia)

priprava digitdlneho obrazu

geometrické transformacie
linearne a nelinearme
transformacie
filtrovanie
kompresia dat
segmentacia
atd.

2D digitdlny
obraz

rozpozndvanie digitalneho obrazu
vyber &t
klasifikacia

interpretacia

vysledné data
Zoznam

Obr. 1.6 Funkcie na spracovanie obrazu

Obr, 5.4 Aliasing useciek
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Rembrandt?

File:Rembrandt, Old Man, possibly a portrait of Jan Amos Comenius 1665.jpg
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1 665 >> LOQO U K, metadata, paradata

File:Rembrandt, Old Man, possibly a portrait of Jan Amos Comenius 1665.jpg

Creation of a Digital Image
Analog Image Digital Sampling Pixel Quantization
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Spatial Resolution Effect on Pixelation in Digital Images
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Hamamatsu https://hamamatsu.magnet.fsu.edu/articles/digitalimagebasics.html




AE 1 905, Page Rank Random Walk...

Brown, 1s27
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Cohen Lab

https://en.wikipedia.org/wiki/Brownian_motion




Applications
Technical | of Geometry Project
Graphics | and Problem Maths
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Celular Automaton, LIFE

1. Any live cell with two or three live neighbours survives.
2. Any dead cell with three live neighbours becomes a
live cell.

3. All other live cells die in the next generation. Similarly,
all other dead cells stay dead. T |l [
The initial pattern constitutes the seed of the system CqEE:
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Glider gun within a toroidal array. &7
The stream of gliders eventually wraps
around and destroys the gun
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Maze router, Lee

Initialization Expand 1 Expand 2 Expand 3
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Original Noisy Image

Histogram Global Thresholding (v=127)

A

Histogram Otsu's Thresholding
Histogram Otsu's Thresholding

A0

IMAGING WEB DEMONSTRATIONS

Watershed

Segmentation

Gaussian filtered Image

hii) Class 0 Class 1
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WO |fe g textures, Perlin

(u+v) mod 3
in {R, G, B}




1D texture g t1+12+3 mod 7, “melody” CA

1. Select 3 values t, ; of “Color” ={c, d, e, f, g, a, h} =def {0, 1, 2, 3, 4, 5, 6},
2.1, =(t, +t, +t;) mod 7, resp. t;=(t,; +t,, + t,_;) mod 7

“The initial pattern constitutes the seed of the system”

e.g. {0, 0, 0} generates {0, O, ... }
{0, 1, 2} generates {0, 1, 2, 3, 6... }

In total, 343 = 78 , folksongs in Central Europe

TU Gras, ws 200804 alamy stock photo

ICG Seminarraum



A. Lindenmayer (1968)




David G. Green (1993)




David G. Green (1993)




David G. Green (1993)




The power or L-systems

Armin Taschwer, TU Graz 2001




ROOf, medial aXiS, skeleton, prairiefire
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Starbucks

ic¢ Problem
e

©Query point offices
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1 D, ZD, many seeds, Voronoi, post office

Obrazovd funkcia na jednom riadku

Vzorkovany

signdl

Initial triangulation

Figure 2.2
Obtaining a polyhedral terrain from a
set of sample points




Starbucks

Postt/Officeg Problem

© Query point ® Postoffices




Optimisation criteria, triangle
ordering, art gallery...
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Obrazovd funkcia na jednom riadku

Vzorkovany
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Initial triangulation

Figure 2.2
Obtaining a polyhedral terrain from a
set of sample points




SU bjeCtive Edges. .. terrain, connecting dots

88 star constellations, no ronomic sense

Figure 2.2
Obtaining a polyhedral terrain from a
set of sample points




Morphing, warping

Brennan



Autostitch

e [BLO3]

Final Result

e http://matthewalunbrown.com/autostitch/autostitch.html




From digital image (Ruzicky)
to IBR (OpenCV pipeline)

Obrazovd funkcia na jednom riadku

Vezorkovany

signal

Obr. 6.1 Obrazova funkcia ziskana vzorkovanim
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SPRACOVANIE OBRAZL

Matematickeé zaklady spracovania obrazu
6.1. Uvod do Fourierovej transformacie
6.2. Diskrétna Fourierova transformacia
6.3 Niektoré viastnosti Fourierovej transformacie

Jasové korekcia a filtracia obrazu ......

71. Uvod

7.2. Jasova korekcia

1.3. Zlepsenie obrazu pomocou histogramu
74 Filtracia

7.5. Vyhladenie obrazu

7.6. Ostrenie obrazu

Segmentacia a hranica obrazu .........

8.1 Uvod

8.2. Segmentacia prahovanim

8.3. Hranica a obrys binameho obrazu
8.4. Segmentacia obrysom

85 Segmentacia narastanim oblasti

Morfologické transformacie a skelet .....

9.1, Uvod do morfoldgie

9.2. Kondtrukcia elementarnych transformacil
0.3 Kostra (skelet) mnoZiny

9.4, Zakladné pojmy

95 Algontmy skeletovania .
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http://www.sccg.sk/~ferko/PGASO2012-bookmarks.pdf



Digital Image

Obrazovad funkcia na jednom riadku

S

1.2 Vlastnosti digitilneho obrazu

V tejto uéebnici slovo obraz, alebo Sedotonovy obraz bude vyjadrovat’ dvojrozmernu jasovi funkeiu f{x,v). Definiénym oborom obrazove) funkcie bude rovinna oblast’ R:

Vzorkovany

signal

Stvorcova a hexagonalna vzorkovacia mriezka.

RE={lzx,n0=2x=x, 0= y=y} 1)

kde x,v su cele ¢isla, x;, vy 50 maximalne suradnice. Obor hodnot je celodiselna mnoZina jasovvch hodnot.
V digitalnom obraze mozeme zaviest’ vzdialenost’ medzi dvoma bodmi. Nech (1,7) (k.1) su dva obrazove elementy, potom vzdialenost mozeme definovat nasledujiucimi spos:

Ly = ('_k)z +U_-E)2 ()
Dy=li-k[+]j-1| (3)
Dy =maxi|i=k|| -1} 4)

Kde Dg je Euklidovska vzdialenost’, ktora ale nie je vhodna pre diskrétny obraz, lebo nemusi vratit’ celé éislo. Vzdialenosti Dy, Dy uréuju najmensi poéet jednotkovych krok

mriezke V pripade Dy posun je povoleny len vo zvislom alebo vo vodorovnom smere. V pripade Dy st povolené aj diagonalne pohyby.
Dalgim dolezitym pojmom je susednost’ Rozlifujeme 4-susednost’ a S-susednost’ 4-susedia daného obrazového elementu su body s jednotkovou vzdialenostou v

il

4-okolie 8-okoke

vzdialenost'ou v Dyg. Tiez sa hovori 4-okolie, alebo 8-okolie.




Digital Image Properties

Oblast’ je sivisla mnoZina obrazovych elementov, pre ktori plati, Ze medzi ka?dymi dvoma bodmi existuje cesta patriaca celd do tejto mnoZiny. Predpokladajme, Ze Ri s0 oblasti obrazu. Nech R je oblast’ ktord vznikne zjednotenim vietkich
oblasti Ri. Potom R© je mnozmovym doplnkom oblasti R, nazyvame ho pozadim.
Objekty su oblasti, ktoré obvykle odpovedaji entitam zobrazovaného sveta. V jednoduchom praktickom pripade, ked ma bod jas va¢si ako uréity prah, priradime ho k objektu.
Suvislost' a susednost’ definovana na diskrétne) $tvorcove) mriezke nas privedie k uréitym paradoxom. Predstavme s1 tsecku s 45 stupfiovym sklonom v digitalnom obraze. Ak uvazujeme 4-susednost,, potom tato usecka je v kazdom svojom bode
nestivisla. Daldim paradoxom je. Ze dve pretinajice sa Usecky v digitalnom obraze sa len dotykaju.

[
a) v pripade 4-susednosti, usecka je v kazdom svojom bode nesivisla.
b) v pravo hore sa usecky pretinaji, kym [avo dole sa len dotykaju. t). nemaju spoloény bod.
c) z euklidovskej geometrie plati. Ze uzavretd krivka deli priestor na dve fasti. V digitdlnom obraze to ale nemusi byt’ pravda. Na obrazku vidime kruh. t3. uzavrett krivku, a vseéku ktord ju nepretina, ale spaja body z vnutra s bodmi z vonkajéka

Jednym riefenim pre tieto paradoxy je pouZit' 8-susednost’ pre objekty a 4-susednost’ pre pozadie. Je to ale neprakticke nefenie. Dal$ou moznostou je pouzit’ hexagonalnu mniezku, v kiorej paradoxy nevznikaji. Narazime ale na realizaény problém,
pretoze vidsina grafickych zariadeni podporuje &tvorcovy raster.

Pod pojmom hranica oblasti rozumieme mnozinu vietkych bodov, ktoré maji aspon jedného suseda. ktory nepatri do oblasti. V digitdlnom obraze rozlifujeme vonkajiiu a vimitormi hranicu. Pre vnitornt hranicu potom plati predosla definicia.
Vonkajéia hranica je hranicou pozadia.

DIP - Digital Imaga Processing, Interaktivna uésbnica spracovania obraza

R e, [Ru], Wi, [Kalra]
LALRTRURETH
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Modeling

Transformation  Viewing

sin x 4203 - Transformation

k]

The DCT transforms an 8x8 block &
sin x + 203 ‘!m‘-éi of inputvalues to a linear combination
of these 64 patterns. The patterns are
referred to as the two-dimensional
DCT basis functions, and the output

Model 2 3DWorld — E] 3D View
Scene Scene
2) b) values are referred to as transform 2D -—
Obr. 6.2 Signdl vyjadreny frekvenciou harmonickych funkcii coafficients. The hotzontal indexis u Image

and the vertical index is v. Rasterization 2D Scene Projection




Digital Image Processing (Low Level)

e The negative of an image with gray levels in the range [0,255], s =255 -r

e Contrast stretching by increasing the dynamic range [Benesova]
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e The histogram of a digital image with gray levels in the range [0, L-1] is a
discrete function h (rk?1 = n,, where r is the k-th gray level and ni is the number

of pixels in the image
e Image averaging
e Image subtraction

e Smoothing/sharpening

3
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— . Histogram Equalization

Corresponding histogram (red) and cumulative &3

Before Histogram Equalization & histogram (black)

| J \I
50 0 0 01 ho
After Histogram Equalization & | Corresponding histogram (red) and cumulative &7

histogram (black)

https://en.wikipedia.org/wiki/Histogram_equalization

Original Equalized

: L 1 L L) \I‘[lﬂﬂm,!

e [T [T3 11e 148 188 ¢ [T 168

Histogram of Original image  Histogram of Equalized image



Digital Image Transformations

e Translation, rotation, scale, symmetry, skew >> dip.sccg.sk

e Pixel ag_proximation: nearest neighbour (1 pixel), bilinear interpolation (4
pixels), bicubic interpolation (9 pixels)

W praxi sa tato rovnica nahradzuje bilineirnou transformaiciou, alebo afinnou transformiciou. Bilinearna transformacia ma tvar:

I =dy o xta,y Hagxy

=& thxthy+ixy

(3)
Na jeho uréenie potrebujeme itvri dvojice vstupnych a vstupnych bodow.
Na uréenie afinne transformacie stacia tri dvojice bodov, a ma tvar:
I=dy taxtay ) 1
y=8 thxthy @ -I [ -l
Pomocou homogénnych siradnic mézeme afinné transformacie vvjadrit v maticovom tvare 1,%%%?;55:' Linear Cubic
3! @y dy dy || X \
=8 by bl j]‘-_ \
1 o oo 11 -
{:l:l 2D nearest-
neighbour Bilinear Bicubic

https://en.wikipedia.org/wiki/Bicubic_interpolation#/media/File:Comparison_of_1D_and_2D_interpolation.svg

¢ Fourier transform >> dip.sccg.sk, Ruzicky, Sikudova
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