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Rozcvi¢ka: Sifra
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@ procviceni zakladnich konstrukci z jiného pohledu
@ propojeni programovani a matematiky

@ téma ,reprezentace dat"
@ procviéeni , ¢teni kédu*™

@ podklad pro zajimavé cviteni
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ukazky programi v predndsce:

@ snaha o Citelnost programi
@ neefektivni (pomalé):
e algoritmy

e technicka realizace (nap¥. ,putpixel” vs ,load + pixel
access object”)

nizkd / rozli¢na kvalita obrdzki — &isté pragmatické divody (nep#ilis velké PDF), zadna skrytad pointa

DA
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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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http://coweb.cc.gatech.edu/mediaComp-teach

Reprezentace obrazki

Bitmapova grafika

Vektorova grafika

(5,27)

(5.3)

(25,27)

(25,3)
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Reprezentace barev

@ vice barevnych modeld (aditivni, subtraktivni)

@ budeme pouZivat aditivni model RGB — red, green, blue
@ kaZda slozka = hodnota 0-255 (8 bitl, 1 byte)

@ barva = trojice, nap¥. (15, 255, 100)
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Knihovna Image

@ knihovna pro praci s bitmapovymi obrazky
@ velmi bohata funkcionalita
@ pouZijeme jen zakladni operace:
e new — vytvoreni obrazku
e open, convert — otevfeni obrazku, konverze na RGB
méd
getpixel — zjisténi barvy bodu
putpixel — zména barvy bodu
size — velikost obrdzku
show, save — zobrazeni, uloZeni
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Neni soudasti standardni distribuce, nutno doinstalovat.

@ 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 obrdzkd typicky:
e soufadnice: (x, y)
e barva: (r, g, b)
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Koncepty v ukazkach

¢emu vénovat pozornost v ukazkach:
@ objekty — tfida Image, objekty pro dil¢i obrazky
@ n-tice, seznamy
@ parametry funkci, zavorky
e napf. putpixel md 2 parametry: soufadnice (=dvojice),
barva (=trojice)
@ vnorené cykly, podminky
e pouZiti v jiném kontextu nez doposud
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def demo():

im = Image.new("RGB", (20, 20), (255, 255, 255))
# model, wvelikost, 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 atvard:

Ctverec trojuhelnik kruh elipsa spirala

HAO®O O
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def disc(a=150, r=50):

im = 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=50):

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

for y in range(a):

if (x-a/2)*%2 + (y-a/2)**2 < r**2:
im.show()

im.putpixel ((x, y), (0, 0, 0))
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Barevny kruh
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Barvu ,namichame" podle vzdalenosti od stfedu kruhu
d

C_

math.sqrt ((x-a/2)**2 + (y-a/2)**2)
if d < r:
int (255%d/r)

im.putpixel((x, y), (c, 0, 255-c))
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Barevné kruhy
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P¥idani 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*x2:
im.putpixel ((x, y), color)
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Namét na procviéeni

A

2V
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Geometrické obrazce

pruhy miizka viny
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@ potfebujeme plynuly pfechod mezi bilou a &ernou
@ jakou matematickou funkci vyuZijeme?
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@ potfebujeme plynuly pfechod mezi bilou a &ernou
@ jakou matematickou funkci vyuZijeme?

@ sinus — hodnoty mezi -1 a 1, perioda 27

@ pottebujeme — hodnoty mezi 0 a 255, perioda (nap¥.) 20



def strips(size=150, count=5):

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

z =

for y in range(size):

shade

math.sin(count * 2+math.pi * x/size)
int (255 * (z+1)/2)

im.putpixel ((x, y), (shade, shade, shade))

im.show()
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Mandelbrotova mnoZina
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Mandelbrotova mnoZzina
@ z; =0, c = x + yi je konstanta (komplexni &islo)
@ definujeme posloupnost
Zop1 =22 +cC

@ ¢ patfi do Mandelbrotovy mnoZiny < tato posloupnost je
omezend
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Mandelbrotova mnoZina — detail

B T

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

Zdroj: Wikipedia



http://www.youtube.com/watch?v=gEw8xpb1aRA
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255,
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v ,B,c
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http://preshing.com/20110926/high-resolution-mandelbrot-in-obfuscated-python/
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http://preshing.com/20110926/high-resolution-mandelbrot-in-obfuscated-python/

Upravy obrazkil




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), (r, 0, b))
im.show()
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Uprava barev — obecnégjsi feSeni

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 p¥islusnou pozici v pravé poloviné (putpixel)

Do
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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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P‘r’eklopenl,
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Pteklopeni

prohazovani symetrickych bodi
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V predchozim kédu (zrcadlovy obraz) zm&nime t&lo 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

pozménéné soufadnice

*
vytvof novy obrazek a naplii jej pixely podle origindlu — vhodné&

Do
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Rotace — kdd s cenzurou

def rotation(filename):
im = Image.open(filename)
im = 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)))
new_im.show()
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height

width

height-y-1

«Or B = 4
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Rotace o zadany uhel

goniometrické funkce, linedrni transformace, matice — aplikace
(procviteni) pojmti z matematiky
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»Prakticka” aplikace - Sifra
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Histogram

variace na téma , frekvenéni analyza“

0@

® Histogram

© les,jpg-1.0 (RGB, 1vrstva) 389x292 - GIMP

Soubor Upravit Vybrat Zobrazeni Obrazek Vrstva Barvy Nastrof
e, ... e, ., PO, B9, s

Histogram
Pozadi

|Kkanat: (@ zetens 2

o
The St hodnota: 121,6 Pixel: 113588
Smér odeh.: 44,5 Podet: 113568

Medién: 122,0 Procento: 100,0

255

Dac
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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 — doporugené cvicenf)
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@ zména velikosti obrazku

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

@ ... dalsi v&ci co umi vas graficky program
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http://www.ted.com/talks/ursus_wehrli_tidies_up_art.html

Do
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http://www.ted.com/talks/ursus_wehrli_tidies_up_art.html

Pofadek (nejen) v uméni
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@ vytvoFime seznam vSech pouZitych barev — seznam trojic
[(0, 150, 20), (255,255,255),

o]

@ seznam sefadime

(O’ O, 255) b
@ barvy umistime do obrazku
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def tidy_up(filename):
im = Image.open(filename)
im = 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()
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@ pixely je seznam trojic (r, g, b)
e sort() pouziva ,lexikografické” ¥azeni

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

pixels = sorted(pixels,

key=lambda c: -(c[0]+c[1]+c[2]))



Zkuste dalsi zplisoby Fazeni:
@ po F¥adcich / sloupcich
@ po ,Ctverecich”

@ podle jiného kritéria

@ ,gradient” po uhlopfi¢ce
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Scalable Vector Graphics (SVG)

@ vektorovy format zaloZzeny na XML

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

@ prohlizeni: nap¥. webovy prohlize¢

@ rulni editovani: nap¥. Inkscape

@ prevod na bitmapu: nap¥. 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>

55 /70



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

oy <3 =, «=» T 9a¢
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Variace na hvézdu
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Vlastni knihovna pro Zelvi grafiku

@ Zelvi grafika — pouzivana knihovna turtle
@ vytvofme vlastni ,knihovnu* s vykreslovanim do SVG
@ jen zakladni p¥ikazy:

e forward(length)

o left(angle), right(angle)
e save(filename)
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@ stav Zelvy: soufadnice x, y a aktudlni natoleni heading
@ vykresleny obrazec: seznam soutadnic
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x = 50
y = 50
heading
lines =

=0
[]

def left(angle):
global heading
heading -= angle

def 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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save(filename) :

f = open(filename, "w")
f.write("<svg>")
S:

'<line X1="{}" y1=n{}n X2="{}" y2=n{}n style="{}'
for x1, y1, x2, y2 in lines:
f . write(s.format(xl, y1, x2, y2,

"stroke:black;stroke-width:1"))
f.write("</svg>")
f.close()
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jde o nazornou ukazku principf, nikoliv dobrou knihovnu
@ prilis mala funkcionalita

@ chybi dokumentace

nevhodné pouZiti globalnich proménnych — lepsi pres
objektovou reprezentaci

«0O>» «Fr « E»
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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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Jak vykreslite tyto obrazky?
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Kontrolni otazky

Jaky je rozdil mezi bitmapovou a vektorovou grafikou?
@ Co znamend RGB? Jakym barvam odpovidaji trojice (0,
0, 0), (0, 255, 0), (200, 0, 180)?

@ Jakou datovou strukturu pouZijeme v Pythonu pro
reprezentaci barev? Pro¢?

@ Jakym zplsobem vytvofime v Pythonu bitmapovy
obrazek, ktery je cely bily a uprostfed ma &ervenou tec¢ku?

e Jakym zplsobem miiZeme v Pythonu otestovat, Ze
obrazek obsahuje pouze bilou, modrou a &ernou barvu?

@ Co je to SVG? Jakym zplsobem miZeme vytvofit obrazek
v tomto formatu?
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@ ukazka elementdarni prace s grafikou
e bitmapova — Image, putpixel, getpixel
o vektorovd — SVG, line

e vyuziti zakladnich konstrukci (vesm&s vnotené for
trocha matematiky

cykly),
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