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@ procviceni zakladnich konstrukci z jiného pohledu
@ propojeni programovani a matematiky

@ téma ,reprezentace dat"
@ procviceni ,,Cteni kédu*

@ podklad pro zajimavé cviceni
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Poznamka k efektivité, obrazkim

ukazky programi v prednasce:
@ snaha o citelnost programi
@ neefektivni (pomalé):
e algoritmy
o technicka realizace (napf. putpixel vs load + pixel access
object)

nizkd / rozliénd kvalita obrazkd — Cisté pragmatické divody
(neprilis velké PDF), zadna skryta pointa
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Dalsi zdroje, naméty

obrazky, zvuk, video:

@ kniha Introduction to Computing and Programming in
Python, A Mutlimedia Approach, M. J. Guzdial, B.
Ericson.

@ http://coweb.cc.gatech.edu/mediaComp-teach
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Reprezentace obrazki

Bitmapova grafika

Vektorova grafika

(5,27)

(6.3)

(25,27)

(25,3)
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Reprezentace barev

@ vice barevnych modelt (aditivni, subtraktivni)

@ budeme pouzivat aditivni model RGB — red, green, blue
@ kazdd slozka = hodnota 0-255 (8 bitd, 1 byte)

@ barva = trojice, napf. (15, 255, 100)
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Knihovny (moduly) v Pythonu

@ knihovna poskytuje rozsifujici funkcionalitu

@ zdroje knihoven:
e standardni distribuce (napf. math, turtle)
e separdtni instalace (napf. numpy)
e vlastni knihovny
@ pouziti knihoven:
e import knihovna — nasledna volani
knihovna.funkce()
e import knihovna as nazev
o from knihovna import funkce
e from knihovna import * (nedoporuéeno)
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Pro¢ nepouzivat ,import **

from X import *

V malém programu nemusi vadit, ale ve vétsich projektech
povazovano za velmi Spatnou praxi.

@ ,neporadek” v jmenném prostoru

@ kolize, prepis

@ preklepy se mohou chovat magicky

@ slozitéjsi interpretace chybovych hlasek

@ Python Zen: Explicit is better than implicit.
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Knihovna Image

@ knihovna pro praci s bitmapovymi obrazky

@ velmi bohatd funkcionalita

@ pouzijeme jen zakladni operace:

new — vytvoreni obrazku

open, convert — otevreni obrazku, konverze na RGB
méd

getpixel — zjiSténi barvy bodu

putpixel — zména barvy bodu

size — velikost obrazku

show, save — zobrazeni, ulozeni
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Knihovna Image — technické poznadmky

@ Python Imaging Library (PIL): jen pro Python 2
http://www.pythonware.com/products/pil/

@ implementace Pillow (i pro Python 3):
https://pypi.python.org/pypi/Pillow/2.1.0

@ from PIL import Image
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http://www.pythonware.com/products/pil/
https://pypi.python.org/pypi/Pillow/2.1.0

@ reprezentace soufadnic a barev pomoci n-tic (tuple)

@ podobné jako seznamy, ale neménitelné; zapis pomoci
kulatych zavorek

@ u obrazkd typicky:
e soufadnice: (x, y)
e barva: (r, g, b)
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def demo():

im = Image.new("RGB", (20,20), (255,255,255))
# model, velikost, barva pozadi

im.putpixel ((10,10), (0,0,0))

im.putpixel((8,7), (255,0,0))

im.putpixel ((5,13), (100,255,105))

im.show()

im.save("demo.png")
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Geometrické Gtvary

NapiSte programy pro generovani nasledujicich Gtvar:

Stverec trojuhelnik kruh elipsa spirala

HAO®O ©



def disc(a = 150, r
im =

50):
Image.new("RGB", (a, a), (255, 255, 255))
for x in range(a):

for y in range(a):

if XXX:
im.putpixel((x, y), (0, 0, 0))
im.show()
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def disc(a = 150, r
im =

50):
for x in range(a):

Image.new("RGB", (a, a), (255, 255, 255))
for y in range(a):

if (x-a/2)**2 + (y-a/2)**2 < r**2:
im.putpixel ((x, y), (0, 0, 0))
im.show()
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Barevny kruh
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Barvu ,namichdame" podle vzdalenosti od stfedu kruhu
d =

math.sqrt ((x-a/2)**2 + (y-a/2)**2)
if d < r:
C =

int (255*d/r)

im.putpixel ((x,y), (c,0,255-c))
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Barevné kruhy




Pridani nahodného kruhu do obrazku

def add_random_disc(im):

(width, height) = im.size

r = random.randint (8, min(width, height) // 6)

sx = random.randint(r+1, width-r-1)

sy = random.randint(r+1, height-r-1)

color = (random.randint(0,255),
random.randint (0,255),
random.randint (0,255))

for x in range(width):

for y in range(height):
if (x—sx)**2 + (y-sy)**2 < r**2:
im.putpixel((x,y), color)
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Namét na procviceni

A
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Geometrické obrazce

pruhy mfizka
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@ potrebujeme plynuly prechod mezi bilou a cernou
@ jakou matematickou funkci vyuzijeme?
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Zakladni princip

@ potrebujeme plynuly prechod mezi bilou a ¢ernou
@ jakou matematickou funkci vyuzijeme?
@ sinus — hodnoty mezi -1 a 1, perioda 27

@ potfebujeme — hodnoty mezi 0 a 255, perioda (napr.) 20
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def strips(size
im =

150, count

= 5):
Image .new("RGB", (size, size))
for x in range(size):

for y in range(size):
z

shade =

math.sin(count * 2 * math.pi * x/size)
im.show()

int(255 * (z + 1) / 2)
im.putpixel((x,y), (shade, shade, shade))
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Mandelbrotova mnozina
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Mandelbrotova mnozina

@ z1 =0, c = x + yi je konstanta (komplexni ¢islo)

@ definujeme posloupnost
2
Zny1 =2, +C

@ c patfi do Mandelbrotovy mnoziny <> tato posloupnost je
omezena

27 /67



Mandelbrotova mnozina — detail

Zdroj: Wikipedia
Video zoom: http://www.youtube.com/watch?v=gEw8xpblaRA



http://www.youtube.com/watch?v=gEw8xpb1aRA
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Upravy obrézki




Uprava barev
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Uprava barev

pro kazdy pixel:
@ zjisti barvu (getpixel)

@ uloz upravenou barvu (putpixel)
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def remove_green(filename) :
im = Image.open(filename)
im = im.convert("RGB")
width, height = im.size
for x in range(width):
for y in range(height):
(r, g, b) = im.getpixel((x, y))

im.putpixel ((x, y), (xr, 0, b))
im.show()

o & = = z 9ace
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Uprava barev — obecnéjsi reseni

def transform_colors(filename, f_trans):

im = Image.open(filename)

im = im.convert("RGB")

width, height = im.size

for x in range(width):

for y in range(height):

(r,g,b) = im.getpixel((x,y))
im.putpixel ((x,y), f_trans(r,g,b))

im.show()

def inversion(r, g, b):
return (255-r, 255-g, 255-b)
transform_colors('"les. jpg", inversion)
transform_colors("les.jpg", \
lambda r, g, b: (255-r, b, g))
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Zrcadlovy obraz
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Zrcadlovy obraz

pro kazdy pixel v levé poloviné:

@ zjisti jeho barvu (getpixel)

@ uloz barvu na pfislusnou pozici v pravé poloviné (putpixel)
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for x in range(width / 2):
for y in range(height):
im.putpixel ((width-1-x,y),

im.getpixel ((x,y)))
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Preklopeni
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Preklopeni

prohazovani symetrickych bodu
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V predchozim kédu (zrcadlovy obraz) zménime télo for cyklu:

tmp = im.getpixel((width-1-x,y))
im.putpixel ((width-1-x,y),

im.getpixel ((x,y)))
im.putpixel((x,y), tmp)
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Rotace

n
vytvor novy obrazek a napln jej pixely podle origindlu — vhodné
pozménéné souradnice

fae
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Rotace — kdd s cenzurou

def rotation(filename):

im = Image.open(filename)
im.convert ("RGB")
width, height = im.size
new_im = Image.new("RGB", (height, width))
for x in range(width):

for y in range(height):

new_im.putpixel ((XXX, YYY),
im.getpixel ((x,y)))

im

new_im.show()
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Rotace o zadany (hel

goniometrické funkce, linearni transformace, matice — aplikace
(procviceni) pojmli z matematiky

DA
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Histogram

variace na téma ,,frekvencni analyza*

@ les.jpg-1.0 (RGB, 1 vrstva) 389x292 - GIMP — o © Histogram x
Soubor Upravit Vybrat Zobrazeni Obrazek Vrstva Barvy N3stro|yicragram @
e PO B9 1409 8 poadt

= | |kandt: [ @ zelens - | E=

o 2 255 |-
DA St hodnota; 121,6 Pixel: 113588
= = smér odch.: 445 Pocet: 113568
px 100%| v | Pozadi (1,3 MB) Median: 122,0 Brocento: 100,0
=] F = = £ DA
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Histogram — textovy vypis

0 - 19: 0.3 %

20 - 39: 3.5 %

40 - 59: 6.3 %

60 - 79: 8.3 %

80 - 99: 12.7 %
100 - 119: 17.1 %
120 - 139: 18.5 %
140 - 159: 15.2 %

160 - 179: 9.0 %
180 - 199: 4.0 %
200 - 219: 1.8 %
220 - 239: 1.1 %
240 - 259: 2.2 %

(implementace — doporudené cvieni)
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@ zména velikosti obrazku

@ prevod do stupnd Sedi
@ rozmazani (blur), detekce hran

@ ... dalsi véci co umi vas graficky program
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http://www.ted.com/talks/ursus_wehrli_tidies_up_art.html
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@ vytvorime seznam vsech pouzitych barev — seznam trojic
[ (0, 150, 20), (255,255,255), (0, O, 255),
o]

@ seznam sefadime

@ barvy umistime do obrazku
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def tidy_up(filename):
Image.open(filename)
im.convert ("RGB")
width, height = im.size
pixels = []
for x in range(width):
for y in range(height):
pixels.append(im.getpixel ((x, y)))
pixels.sort()
new_im = Image.new("RGB", (width, height))
for y in range(height):
for x in range(width):
new_im.putpixel((x, y), pixels[y*width+x])
new_im. show()

im

im
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@ pixely je seznam trojic (r, g, b)

@ sort() pouziva ,lexikografické" Fazeni

@ pokud chceme ,fazeni dle sou¢tu” (intenzity) nahradime
pixels.sort() za:
pixels

sorted(pixels,\

key = lambda c: -(c[0]+c[11+c[2]))

Or < »
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Zkuste dalsi zpusoby razeni:

@ po fadcich / sloupcich
@ po ,Ctvereccich®

@ podle jiného kritéria

@ ,gradient” po uhlopricce
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Skryvacky v bitmapové grafice
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Scalable Vector Graphics (SVG)

@ vektorovy format zalozeny na XML

@ snadny zplsob vytvareni obrazk( v jakémkoliv jazyce
(generujeme prosty text)

@ prohlizeni: napr. webovy prohlizec
@ rucni editovani: napf. Inkscape

@ prevod na bitmapu: napf. convert (ImageMagick)
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SVG priklad

<svg xmlns="http://www.w3.org/2000/svg">
<line x1="15" y1="20" x2="30" y2="80"
stroke="black" stroke-width="1"/>
<circle cx="130" cy="50" r="30" stroke="blue"
stroke-width="2" fill="green" />
<polyline fill="none" stroke="red" stroke-width="4"
points="160,20 180,30 200,10 234,80"/>

| @\

</svg>
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Hvézda

56 /67



def star(n = 10, length = 100):
svg_header ()
center_x = length * 1.5
center_y = length *
step = length / n
for i in range(n + 1):
svg_line(center_x + i*step, center_y,
center_x, center_y + (n-i)*step)
svg_line(center_x - i*step, center_y,
center_x, center_y + (n-i)*step)
svg_line(center_x + i*step, center_y,
center_x, center_y - (n-i)*step)
svg_line(center_x - i*step, center_y,
center_x, center_y - (n-i)*step)
svg_finish()

-
ol

57 /67



Kompaktnéjsi zapis

def star(n = 10, length = 100):
svg_header ()

center_x = length * 1.
center_y = length * 1.

step = length / n
for i in range(n + 1):
for dx, dy in [(-1,-1), (-1,1), (1,-1), (1,D]:

svg_line(center_x + dx*i*step, center_y,
center_x, center_y + dy*(n-i)*step)

o

o

svg_finish()
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Variace na hvézdu
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Vlastni knihovna pro zelvi grafiku

@ zelvi grafika — pouzivana knihovna turtle
@ vytvorme vlastni “knihovnu” s vykreslovanim do SVG
@ jen zdkladni prikazy:

e forward(length)

o left(angle), right (angle)
e save(filename)
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@ stav zelvy: souradnice x,y a aktudlni natoceni heading
@ vykresleny obrazec: seznam souradnic
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X=
y:

heading
lines =

def

def

50

50
=0
(]

left(angle):
global heading
heading -= angle

right(angle):
global heading
heading += angle
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def forward(d):
global x
global y
nx = x + d * math.cos(heading * math.pi / 180)
ny =y + d * math.sin(heading * math.pi / 180)
lines.append((x, y, nx, ny))
X, ¥y = nx, ny
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@ prilis mala funkcionalita

jde o ndzornou ukazku principd, nikoliv dobrou knihovnu
@ chybi dokumentace

nevhodné pouziti globalnich proménnych — vhodné pro
objektovou reprezentaci
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class Turtle:
def __init__(self):
self.x = 50
self.y = 50
self.heading = 0O
self.lines = []

def left(self, angle):
self .heading -= angle

def right(self, angle):
self .heading += angle

def forward(self, d):
nx = self.x + d * math.cos(self.heading * math.pi / 18
ny = self.y + d * math.sin(self.heading * math.pi / 18(
self.lines.append((self.x, self.y, nx, ny))
self.x, self.y = nx, ny
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Absolutni vs relativni vykreslovani

(soufadnice vs Zelva)
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@ ukdzka elementarni prace s grafikou
o bitmapova — Image, putpixel, getpixel
e vektorovd — SVG, line

e vyuziti zdkladnich konstrukci (vesmés vnorené for cykly),
trocha matematiky
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