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Sylabus

Svetlo a farba, videnie, farebné modely
Datové struktury pre analyzu obrazu

Snimanie obrazu, vlastnosti digitalneho obrazu
Predspracovanie obrazu

Matematicka morfologia

Detekcia hran

Spektralna doména - Fourierove transformacie

Wavelety

el e A s Y

Segmentacia
10. Epipolarna geometria



Nadvizujuce prednasky

* Pocitacové videnie

* Rozpoznavanie obrazcov

* Spracovanie farebného obrazu

* Aplikacie pocitacového videnia

* Neuronové siete pre pocitacové videnie



Poziadavky na hodnotenie

® 50 bodov na cviceniach

(30b z cviceni treba ku skuske)

® 50 bodov na pisomnej skuske

(25b treba na uspesné absolvovanie skusky)

body znamka
91 -100 | A
81 -90 B
71 - 80 C
61 -70 D
55 - 60 E




BODOVANIE CVICENIA

velké ulohy (2x7,5 boda)
malé ulohy (5x3body)
projekt

spolu

minimum potrebné na
pustenie ku skuske

15 bodov
15 bodov
20 bodov
50 bodov

30 bodov
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Light

m Flekromagnetic radiation

m [Light — visible part of spectrum

m Pure colors correspond to single wavelengths

THE ELECTRO MAGNETIC SPECTRUM
Wavelength

(metres)

Radio Microwave Infrared Visible Ultraviolet X-Ray Gamma Ray
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Spectral density functions

Spektrograf

s(L) — spektralna krivka
Energia svetla = plocha pod
krivkou

pomocou dominantne] Dot
Vlnovej dIZky Wavelength

Odtien je urCeny vinovou
dizkou - .
L=D-AB+AW luminance

Ak A=D = bezfarebné svetlo S=(D-AB/L saturation

700 wWavelength




Metamery

» Spektralne rézne farby ale ludskym okom
nerozlisitelné

by Jeff Beall, Adam Doppelt and John F. Hughes
iz 19948 Brown University and the RSF Graphics and Wisualization Center

http://www.cs.brown.edu/exploratories/freeSoftware/home.html



Zrak a videnie

Na sietnici (retina) oka

* TyCinky (rods) — videnie
za sera

» Capiky (cones) — farebné
videnie
3 typy Capikov citlivé na
 dlhé (L)
 stredne (M) a
 kratke (S) viny

agueous
humour

iris

suspensory
ligaments

ciliary body

vitreous
humour

__ sclera

. choroid

A\ retina

- fovea

{partof the macula)

_ optic nerve

Estimated effective sensitivities of the L, M, S cones (cone fundamentals).



Retina
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Fatba objektu je dand Preco su rastliny zelené:

spektrom dopadajuceho

Absorption of light by plants

svetla a svetlom |
i [E—

absorbovanym a/alebo
odrazenym (vlastnost’ami

objektu)

m Rastliny absorbuju energiu
zo svetla a premienajd ju na
chemickud energiu vo forme
cukrov
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m Chlorofyl je dolezity v
tomto procese. Absorbuje
vlnové diéky zodpovedajiace
modrej a Cervenej farbe




Farboslepota

— porucha farbocitu (geneticka alebo ziskana)
Ku genetickym patria

" Dichromazia
jeden typ capikov chyba
1. protanope nevidi cervenu - Daltonizmus,
2. deuteranope nevidi zelenu,
3. tritanope nevidi modra
Protanopia a deuteranopia = cCerveno-zelena slepota
8% muzov a 0.5% zien

" Anomalna trichromazia

* Znizena citlivost’ jedného typu capikov => Posunuté
vnimanie farieb

* Monochromazia — nerozlisuje farby vobec



700

Protanopia

700 G50

Deuteranopia




Test farboslepoty




Test farboslepoty

Bludisko v intenzite farieb

* viditeI'né len pre farboslepych




Meryon (a colorblind painter), e [ aissean Fantome



Intenzita svetla

Intenzita je vazena funkcia r, g, b hodnoét.

Ludske oko nedava vsetkym komponentomr, g, b
rovnake vahy

Intensity = 0.299*Red + 0.587*Green + 0.144*Blue

Predpokladajme, ze mame 3 zdroje svetla s rovnakou
Intenzitou ale roznymi farbami Cervenou, zelenou a
modrou

Zelena sa bude zdat najsvetlejsia, potom Cervena a
modra



Popis farby
m Trojica

V priemere dokaze ludské oko rozpoznat ~200
roznych odtienov

100% 50% 0%
(pastelove farby ... nenasytene)
Ruzova ma taky isty odtien ako , ale je menej

saturovana

Luminance (brightness) = jas, intenzita
100% 50% 0%




Color matching

Priame urCovanie hodn6t H, S, L je nevhodné
pre ,color matching” = urCovanie rovnakych
farebnych vnemov I

-H54

S 240 /255
L 102

Potrebujeme iny popis farby

Porovnavanie s atlasom farieb



Munsellov atlas

" Vytvoreny Albertom H. Munsellom
na zaciatku 20. storocia

= Reprezentuje farbu v 3 dimenziach

= Ako prvy oddelil hue (odtien), value
(hodnotu) a chroma (saturacia) do
vnemovo uniformnych a nezavislych
dimenzii

Munsell Color System




Munsellov atlas

Hue: Red, Yellow-Red, Yellow, Green-Yellow, Green,
Blue-Green, Blue, Purple-Blue, Purple, Red-Purple

Value: 0 ... 10 (tmava ... biela)

Chroma: O ... 20 (neutralna ... saturovana)




Macbeth ColorChecker

m Na kalibraciu systémov
spracovania farebného

obrazu
m 24 matnych farieb

1.

gretagmacbeth  ColorChecker™ Color Rendition Chart

3YR 2.2YR 4.3PB 6.7GY 9.7PB | 2.5BG 7/6
3.7/3.2 6.47/4.1 4.95/5.5 4.2/4.1 5.4/6.7 Bluish

Dark Skin | Light Skin | Blue Sky Foliage Blue Green
Flower

5GY 10YR 7/10
7.1/9.1 Orange
Yellow Yellow

Green

SYR6/11 | 7.5PB 4/10 | 2.5R 5/10 5P 3/7
Orange Purplish Moderate Purple
Blue Red

5Y 8/11.1 | 2.5RP 5/12 | 5B 5.08/8.0

7.5PB 0.25G SR 4/12
Cyan

2.9/12.7 5.4/8.65 Red Yellow Magenta

Blue Green

N 9.5/ N 8/ [ 6.5/ N 5/ N 2/
White Gray ray Gray ray Black

2. The color or gray-level denotations and the Munsell denotations for
corresponding standardized color patches of the Macbeth ColorChecker.

Table 3
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Pantone Matching System

Kazda farba ma dany presny postup,
podla ktoreho ju m6zeme namiesat

z0 zakladnych farieb.

DalSie systémy
TRUMATCH,
FOCOLTONE,

TOYO Color Finder 1050,
ANPA-COLOR,

DIC Color Guide, ...




Modely farieb

HW orientované:
RGB, CMYK, televizne normy
Uzivatel'sky orientované:
ISINRSNAYAISNII
Vnemovo rovhomerné (perceptually unitorm) :
CIE Lab, Luv, WUV
Iné:

XYZ, oponent, TSV, LUX, YES, ...



RGB ]

Najznamejsi model
Pouzivany v monitoroch

Kk 1 010
Fafebﬁé Svetlé, ool Green
| RLd Yellow

Hodnoty R,G,B € (0, 1)
Kocka




RGB

Aditivne skladanie farieb: ¢im viac farieb zlozime,
tym je vysledok svetlejsi (spocitava sa ich intenzita).

- Vel'a roznych priestorov zalozenych na

modeli RGB

- Kazdy ma iné hodnoty zakladnych farieb

uzivatel'ovi obvykle nedostupné

- TV spolocnosti st urcili hodnoty zakladnych
farieb RGB podl'a pouzitych technologii



RGB Priklad

Original Red Band Green Band Blue Band
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Modely RGB

CIE RGB - E
NTSC — povodne C, teraz D65

EBU (European Broadcast Union) — C alebo
D65

CCIR (Comité Consultatif International des

Radiocommunications) — D65
ITU-R BT.709 standard

SMPTE (Society of Motion Picture and
Television Engineers) — D65

Medzinarodna dohoda pre HDTV
ITU-R BT.709 standard

— Specirum Locus sRGB
—ile— ROMM RGE —l— Adobe RGE
—8— Apple RGB 4 D50

+ DBSs

TABLE 3.5-2. XYV Chromalicity Coosrdinates of Standard Primaries

Standard

CIE Re

DLE00000
(L 150000 (L0a000
(.67 0000 (1.330000

(1.2 10000 0.7 10000

SMPTE

(LaC000

(1.640000 0.330000

(.30000 LA

(. 150000 CLOa0000 0. 790000







CMY

Farebné filtre
Farba telies - farby sa ukladaju na seba, svetlo musi prejst’
vrstvami (filtrami) a odrazit’ sa od podkladu

Komplementarny model k RGB:
C=1-R

Subtraktivne skladanie farieb
pridavanim pigmentu tvori tmavsiu farbu




CMYK
Pri tlaci sa pouziva CMYK (blacK)
Nemusia sa tlacit’ 3 farby na seba - usetri sa na
farebnych naplniach
Cierna sa tla¢f samostatne

CMYK (K, blacK)

K* = min(1-R,1-G,1-B)
C=1-R-uK*
M=1-G-uK*
Y=1-B-uK*

K = bK* )
O<ub=1

100 50 70
C M Y

drahych







Four color process printing

Traditional
screen
angles for

CMYK blend

CYAN MAGENTA YELLOW
(C) (M) (Y)

CMYK combined Reduced Reduced further  section of final image
to create a blend

e
ol




Four color process separations

Separating an image into the four process colors

Magenta




Modely farieb “triedy Y”

Televizne a video standardy

YIQ — NTSC

YUV — PAL

YCbCr — digital video ) .M . .
YPbPr — analogova TV 0 0 0
YCC — Kodak -

Farebna zlozka oddelena od jasovej (Y)
Farebna zlozka: zeleno/cerveny kanal

modro/zIty kanal

= 0.200R" 4+ 0.587C" +0.1148'

v : ar (R =Y') + b (B =Y)
Vo vseobecnosti:

as(R' —Y') 4+ b(B' =Y,



YIQ

Y - luma

I - in-phase, (orange-blue
range)

Q — quadrature (purple-green
range)

- 1950 NTSC standard
- kompatibilita s jednofarebnym TV
- vacsia Sirka pasma pre Y ako pre | Q.

- oddelena jasova zlozka — manipulacia bez
ovplyvnenia farebnej zlozky (histogram
equalization)

- vnemovo neuniformne — Euklidovska vzdialenost’
nefunguje

- Gama korekcia aplikovana na linearny RGB,

vazeny sucet nelinearnych komponentov RGB ->
luma Y







Gamut (rozsah)

Priestor farieb dosiahnutelnych (zobrazitelnych)
danym zariadenim

Gamut of a standard screen

[TUR BT.709 phosphors

Red Green Blue  White
x 064 030 0.15 0.3127
y 033 0.60 0.06 0.3290

color printer

Gamut of the CIE Primaries
- Corners on the contour




Televizne normy a gamut

R1 G1 B1 — primarne farby v norme PAL
D65 — referencna biela

Norma NTSC
R2 G2 B2
CIE C




Color| Color Primary Used for Pros and
space | mixing | parameters cons
RGB Additive Red, Easy but wasting
Green, Blue bandwidth
CMYK Subtractive Cyan, Magenta, Printer Works in pigment
Yellow, Black mixing
YCbCr additive Y (luminance), Video encoding, | Bandwidth efficient
YPbPr Cb(blue chroma), | digital camera
Cr(red chroma)
YUV additive Y (luminance), Video encoding | Bandwidth efficient
U(blue chroma), | for NTSC, PAL,
V(red chroma) SECAM
YIQ additive Y (luminance), Video encoding | Bandwidth efficient

|(rotated from U),
Q(rotated from V)

for NTSC




Uzivatel’sky orientované modely

Analogia s maliarskym pohladom
(odtien, sytost, jas) Zmena

odtiena

Vhodneé pre vizualizaciu (color maps)

sytosti

Nelinearny prevod z/do RGB jasu

Tvar: kuzel (aj dvojity), inlan, niekedy valec



Tvary
HSI., HSV, HSI

cyaan

7\
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30
magwne

Saturation

Yellow

Saturation



HSYV Planes




Problém?

H=1°
H = 359°




McAdamove elipsy

m V doteraz spominanych modeloch:

m Huklidovska vzdialenost’ farieb nezodpoveda vizualnej
,,vzdialenosti

McAdamove elipsy v xy —
pre pozorovatela
nerozlisitel'né farby




CIE L*u*v*

I*- jas
u*, v* - farebné suradnice
n — suradnice bieleho bodu

ak r >0.008856

n

ak r <0.008856

Y

n




CIE L*u*v*

Polarne suradnice C* — / K2 |\ w2

Farebnost’ )
Odtien (u,v>0) h,, =arctan (F)

50

McAdamove elipsy

||+ I:I

S0
100

-180
180 100  -50 g0 100 150 200




CIE L*a*b*

Color oponent space

L* - jas vypocet ako pri CIE L*u*v*
a* b* - farebné suradnice

n — suradnice bieleho bodu
Pouzivany v priemysle

1

t'
f(t)= 16
7.787t +m ak 7 <0.008856

ak > 0.008856




CIE L*a*b*
Polarne suradnice > >
C*=,a* +b*

Farebnost’ .
Odtien (a,b>0) h,, = arctan (¥)




Vzdialenost’ farieb

Euklidovska vzdialenost’

CIE I*2*b* AE = AL*? +Aa*? +Ab*?
= \JAL*? +AC** +Ah,*?

CIE L*u*v* podobne




Zobrazovanie Pseudo-farby

Intensity slicing: Zobrazi rozne odtiene sedej ako
rozne farby

Uzitocné vo vizualizacit medicinskych, vedeckych,
vegetacnych obrazov

Ak nas zaujimaju priznaky v urcitom rozsahu intenzit
alebo niekolkych intervaloch intenzit

Frequency slicing: Dekompozicia obrazu do roznych
frekvencnych komponentov a ich reprezentovanie
roznymi farbami.



Intensity Slicing

Color

]

f4

N

Gray level

m Pixely s hodnotou intenzity Sedej v rozsahu (f,,, /) sa zobrazia
farbou C7



Priklad 1

h

URE 6.20 (a) Monochrome image of the Picker Thyroid Phantom. (b) Result of de
v slicing into eight colors. (Courtesy of Dr. J. L. Blankenship, Instrumentation a




Priklad 2
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FIGURE 6.22 (a) Gray-scale image i which mtensity (in the hghter honzoatal band shown) corresponds te
average monthly raimnlall. (b) Colors assigned to intensity values (¢) Color-coded image. (d) Zoom of the South
Amenca region. (Courlesy ol NASAL)



Pseudo-farba viacerych obrazov

m Zobrazit’ obrazy z multi-sensora ako jeden farebny obraz

= multi-spektralny obraz zo satelitu

nlx oy

Filx, 1||_I A Transformation T ..H" figlx, v)

ol . V)

) =N Additional
. W o ransfio 1atic T: - |
Falx, ) , » Transformation Ts e Processing

Fple, v) I::#,;- Transformation T ,..-’ figl x, ¥)

FIGURE 6.26 A pscudocolor codimg approach used when several monochrome images
are available,
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TABLE 1.1
Thematic bands
in NASA's
LANDSAT

satellite.

Band No. Name Wavelength (um)  Characteristics and Uses

Visible blue 0.45-0.52 Maximum water
penetration

Visible green 0.52-0.60 Good for measuring plant
vigor

Visible red 0.63-0.69 Vegetation discrimination

Near infrared 0.76-0.90 Biomass and shoreline
mapping

Middle infrared 55-1.7¢ Moisture content of soil
and vegetation

Thermal infrared . Soil moisture; thermal
mapping

Middle infrared Mineral mapping

s

- ] - . . - -4 -

FIGURE 6.27 (a)—(d) Images in bands 1-4 in Fig, 1.10 (see Table 1.1

). (e) Color compos-
ite image obtained by treating (a), (b), and (¢) as the red, green, blue components of an
RGB image. (f) Image obtained in the same manner, but using in the red channel the
near-infrared image in (d). (Original multispectral images courtesy of NASA.)




Priklad

(a) Pseudo-farebné

zobrazenie mesiaca
Jupitera
(b) Priblizente.
(Courtesy of NASA.)




