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Príklad (Hearn-Baker, 2014, p. 376), logo UK

• Foto/sken, výpočet >> obraz, políčko, IFS

• Abstraktný obraz, funkcia

• f(x, y), 

• kde rovinné súradnice x, y, 

• Hodnota f výška/šedá 

• Veta o reprezentácii, Fourier 

• Digitalizácia, vzorkovanie, 1D



Operácie



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

Ruzicky, Kapitola 1



1665 >> Logo UK, metadáta, paradáta

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

Hamamatsu https://hamamatsu.magnet.fsu.edu/articles/digitalimagebasics.html



Brown, 1827, AE 1905, Page Rank Random Walk...

Cohen Lab

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



Particle System

Ruzicky, Kapitola 1



Celular Automaton, LIFE

Wiki Cel Aut

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.

The initial pattern constitutes the seed of the system



Pascal, 1D CA

Ruzicky, Kapitola 1



Maze router, Lee

Ruzicky, Kapitola 1



Maze router, Lee

Ruzicky, Kapitola 1



Segmentation

Ruzicky, Kapitola 1



Wolfe, textures, Perlin

Cohen Lab

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

(u+v) mod 3

in {R, G, B}



1D texture, t1 + t2 + t3 mod 7, “melody” CA

Cohen Lab

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

1. Select 3 values t1-3 of “Color” = {c, d, e, f, g, a, h} =def {0, 1, 2, 3, 4, 5, 6},  

2. t4 = (t1 + t2 + t3) mod 7, resp. ti = (ti-3 + ti-2 + ti-1) mod 7

“The initial pattern constitutes the seed of the system”

e.g. {0, 0, 0} generates {0, 0, … }

{0, 1, 2} generates {0, 1, 2, 3, 6… } 

In total, 343 = 73  , folksongs in Central Europe



A. Lindenmayer (1968)

• Use Formal Grammar for Organism Modeling

• 0L-system: triplet <V, w, P>,

• where V is an alphabet of symbols,

• w (axiom) is the initial string, and

• P is the set of (context free) production rules

• Example: axiom F (draw the line segment)

• Alphabet: F, +, - (+ & - mean turn up or down)

• Rules: + -> +, - -> -, F -> F+F--F+F



David G. Green (1993)

• Set of rules and symbols:

• 1. VARIABLES - can be replaced

• 2. CONSTANTS - fixed elements

• 3. RULES (“syntax”)

• 4. START



David G. Green (1993)

• Example: Fibonacci numbers

• Variables: A   B

• Constants: none

• Start: A

• Rules: A                B

• B                AB



David G. Green (1993)

• Example: Fibonacci numbers

• Stage 0 :   A 

• Stage 1 :   B

• Stage 2 :   AB

• Stage 3 :   BAB

• Stage 4 :   ABBAB 
• ...



Armin Taschwer, TU Graz 2001

The power or L-systems

• We have to assign a meaning to the 

symbols and rules.

• The standard use is Turtle Graphics  

(Seymour Papert, LOGO)

• TURTLE is 2D or 3D cursor, having position and 

orientation, translation and rotation, draw and 

move modes, in device coordinates



Roof, medial axis, skeleton, prairie fire

Cohen Lab

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



1D, 2D, many seeds, Voronoi, post office



1D, 2D, many seeds, Voronoi, post office



.

Ružický, E. et al. 2012. 

Počítačová grafika 

a spracovanie obrazu. 

http://www.sccg.sk/~ferko/PGAS

O2012-bookmarks.pdf



1D, 2D, many seeds, Voronoi, post office



Subjective Edges… terrain, connecting dots



Morphing, warping

Brennan



Autostitch

• [BL03]

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



From digital image (Ruzicky) 

to IBR (OpenCV pipeline)

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



Digital Image



Digital Image Properties

[Ru], Wi, [Kalra]



Digital Image Processing (Low Level)

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

• Contrast stretching by increasing the dynamic range [Benesova]

• The histogram of a digital image with gray levels in the range [0, L-1] is a 
discrete function h (rk) = nk, where rk is the k-th gray level and nk is the number 
of pixels in the image having gray level rk  [Benesova] >> EQUALIZATION

• Image averaging 

• Image subtraction  

• Smoothing/sharpening 



Histogram Equalization

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



Digital Image Transformations

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

• Pixel approximation: nearest neighbour (1 pixel), bilinear interpolation (4 
pixels), bicubic interpolation (9 pixels)

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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