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Sylabus

Kolorimetria, zakladné pojmy

Systémy farieb a ich suvislost
Kvantovanie farieb, urCovanie palety
—arebna morfoldgia

Hladanie hran

Segmentacia a uprava farebného obrazu




Poziadavky na hodnotenie

® 40 bodov na cviceniach
(20b z cviceni treba ku skuske)

® 60 bodov na pisomnej skuske

(30b treba na uspesné absolvovanie skusky)

body znamka
91 -100 A
81-90 B
71 - 80 C
61-70 D
50 - 60 E



Uzito¢né linky

http://www.it.uu.se/edu/course/homepage/bild1/V04/links.html
http://www.efg2.com/Lab/Library/ImageProcessing/index.html
http://homepages.inf.ed.ac.uk/rbf/CVonline/CVentry.htm
http://www.icaen.uiowa.edu/~dip/LECTURE/contents.html
http://www-2.cs.cmu.edu/afs/cs/project/cil/ftp/html/v-pubs.html

slovensky: http://pg.netgraphics.sk/



http://www.it.uu.se/edu/course/homepage/bild1/V04/links.html
http://www.efg2.com/Lab/Library/ImageProcessing/index.html
http://homepages.inf.ed.ac.uk/rbf/CVonline/CVentry.htm
http://www.icaen.uiowa.edu/~dip/LECTURE/contents.html
http://www-2.cs.cmu.edu/afs/cs/project/cil/ftp/html/v-pubs.html
http://www-2.cs.cmu.edu/afs/cs/project/cil/ftp/html/v-pubs.html
http://www-2.cs.cmu.edu/afs/cs/project/cil/ftp/html/v-pubs.html
http://www-2.cs.cmu.edu/afs/cs/project/cil/ftp/html/v-pubs.html
http://www-2.cs.cmu.edu/afs/cs/project/cil/ftp/html/v-pubs.html
http://pg.netgraphics.sk/

[ iteratara:

A. Koschan, M. Abidi: Digital Color Image Processing,
Wiley&sons 2008

K. N. Plataniotis, A. N. Venetsanopoulos: Color Image
Processing and Applications, Springer 2000

Digital Color Imaging Handbook, Ed. Gaurav Sharma, CRC
PRESS LLC, 2003

R. Lukac, K. N. Plataniotis: Color Image Processing —
Methods and Applications, CRC Press 2007

Pavol Hornak: Svetelna technika, ALLFA 1989

William K. Pratt: Digital Image Processing: PIKS Inside, John
Wiley & Sons, Inc., 2001

Gonzalez, C. R., Woods, E. R.: Digital Image Processing,
Addison - Wesley, London, 1992



Svetlo a farba



Svetlo a farba

m Flekromagnetické vlnenie
m Svetlo — viditel'na cast’ spektra

m Cisté farby zodpovedaju jednotlivim vlnovym dizkam

Farba objektu je dana
spektrom dopadajuceho
svetla a svetlom

10 40 1 T4 100 100 101498

absorb ovanjrm a / alebo frequency (Hz)

odrazenym (vlastnost’ami wavelength (nm)

objektu)

1016 1013 1011 109 107 105 103 10" 101 103

AM radio /microwave\ ultraviolet | gamma rays
FM radio, TV infrared X-rays




Zrak a videnie

aqueous
humour

vitreous
humour

__ sclera

choroid

cornea _ .
- retina

pupil ) ==d-. - fovea
S, | e ! {part of the macula)

iris optic nerve

suspensory
ligaments

ciliary body

Na sietnici oka
* TyCinky — videnie za Sera

« Capiky — farebné videnie
3 typy Capikov citlivé na
« dlhé (L)
« stredné (M) a
 kratke (S) viny

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




Intenzita svetla

Intenzita je vazena funkcia r, g, b hodnot.

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 rovhakou
iIntenzitou ale réznymi 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 ... nenasytené)
Ruzova ma taky isty odtien ako , ale je mene]

saturovana

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




Spectral density functions

Spektrograf
s(L) — spektralna krivka

pomocou dominantne|
vinovej dizky

Dominant

Odtien je urceny Wavelength
vinovou diZzkou

Ak A=D = 700 wavelength
bezfarebné svetlo L=0-MB+AW luminance

S=(D-AB/L saturation



Preco su rastliny zelené?

Absorption of light by plants

100 |
m Rastliny absorbuju energiu

zo svetla a premienaju ju na
chemicku energiu vo forme
cukrov

m Chlorofyl je dolezity v
tomto procese. Absorbuje
vlnové diéky zodpovedajuce
modrej a Cervenej farbe
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Metamer

 Spektralne r6zne farby ale fludskym okom
nerozliSitelné

Input Input

Result Result

Frequency ) Fregquency
by Jeff Beall, Adarm 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



Color matching

Priame urCovanie hodnot H, S, L je nevhodneé
pre ,color matching” = urCovanie rovnakych
farebnych vnemov l

-H54

S 240 /255
N 0)

Potrebujeme iny popis farby

Porovnavanie s atlasom farieb



Munsellov atlas

" Vytvoreny Albertom H. Munsellom
na zaclatku 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: 0 ... 20 (neutralna ... saturovana)




Macbeth ColorChecker

m Na kalibraciu systémov
spracovania farebného

obrazu

m 24 matnych farieb

4

y.

gretagmacbeth  ColorChecker™ Color Rendition Chart

3YR 2.2YR 43PB 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
SYR6/11 | 7.5PB 4/10 | 2.5R 5/10 SP3/7 5GY 10YR 7/10
Orange Purplish Moderate Purple 7.19.1 Orange
Blue Red Yellow Yellow
Green

1.5PB 0.25G SR 4/12 SY 8/11.1 | 2.5RP 5/12 | 5B 5.08/8.0
2:912.7 5.4/8.65

Blue Green

N 9.5/ N 8/ N 6.5/ N 3.5/
White Gray Gray ay Gray

Yellow Magenta

Table 3.2. The color or gray-level denotations and the Munsell denotations Jor the
corresponding standardized color patches of the Macbeth ColorChecker.
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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, ...




Aditivne
skladanie farieb

Grassmannov experiment (1853)

cervena (R), zelena (G), modra (B) — primarne farby
neznama farba D

vahyr, g, b =0...100 (%)
vysledna farba
C=rR+gG+DbB

Color C Color D



Aditivne skladanie farieb

« Da sa Upravou r, g a b najst farba C
zodpovedajuca (vyzerajuca rovnako)
farbe D vzdy?

* Pre niektoré farby ano
ZtA=10R+11G+1B

 Pre iné farby musime jednu zo
zakladnych farieb presunut doprava a
porovnavat nepriamo

Modrozelena + 5 R = 5G+6B
Modrozelena =-5R+5G+6B

Vahy mozu byt’ zapornée!



Aditivne skladanie farieb

R = 700nm, G = 546nm, B = 436nm
Pokusy na mnohych
subjektoch priniesli
nasledovné vysledky:

Color C Color D




Aditivne skladanie farieb

Funkcie r(A), g(1), b(A) urCuju mnozstvo R, G, B na
dosiahnutje 100% saturovanej farby s dominantnou
vinovou dlzkou A ( ozn. mono(X) )

mono(A) = r(A)R + g(A)G + b(A)B

pouzivaju sa skalovane hodnoty:

_ a(A4) _
alA) = D+ 92 +007) ERASA I,

e ul (1) +g(1)+b(1) =1




CIE - Commission internationale de 1'éclairage
Medzinarodna komisia pre svetlo

Nova trojica primarnych farieb X, Y, Z
Linearnou transformaciou z RGB
 vSetky farby sa daju vyrobit’ pozitivnhou kombinaciou X, Y, Z
* nerealne, supersaturované ( > 100%)
* Y zodpoveda intenzite L
CIE definuje standard (colorimetric) observer
— chromatic response of the average human viewing through a 2 angle
CIE 1931 Standard Observer, alebo aj CIE 1931 2 Standard Observer
Neskor CIE 1964 10 Standard Observer — malo pouzivany



CIE 1931 -Color matching functions

A

Opat funkcie x(1), y(A), z(X) urCuju intenzitu X, Y, Z
mono(A) = X(A)X + y(L)Y + z(A)Z

\ 4

Farebny priestor XYZ

Pre farbu danu spekralnou krivkou I()

X = / i I(A)T(N) dA
JO

Y — / IO T(N) dA
JO ' '

Z = / I(A)Z(0) dA
JO ’ ’

A je vinové diZzka zodpovedajuceho

- z oLlas . A
monochromatického svetla 500 A (nm) 600

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



CIE 1931




CIE xy chromacity diagram

Svetovy standard xyY
Xy —urcujuHa S
Y=L

Spektralna krivka

Hue changes as one moves around
the spectral locus

Green

\ Yellow

Saturation increases as .
Orange

one moves out radially
from white

White

Indigo




CIE diagram
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CIE diagram

Vyznamné body v CIE diagrame —
definicia ,bielej”

CIE Standard llluminants: white luorescent office ightingr and an incandescent lamp. e <
A - tungsten light (wolframové svetlo)
B - sunset
C - blue sky

D65 - average daylight
E - equal energy white (x=y=z=1/3)
Farba vyzarovana idealnym Ciernym
telesom pri danej teplote (v stupnoch
Kelvina)

0
300 350 400 450 500 550 600 650 700 750 800
Wavelength (nm)

CIE standard illuminants.
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CIE diagram
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Location of planckian
black-body radiators
(planckian locus)

0.4 0.5 0.6 0.7
x - chromaticity coordinate

Muminant Xp
| .09
9E07T0R
09642096
[.950454
[ 0000
[lluminant A

(x,¥) = (0.4476, 0.4074)
(Incandescent source, 7= 2856 K)

[lluminant B
(x,¥) = (0.3484,0.3516)
(Direct sunlight, 7= 4870 K)

[lluminant C
(x,») = (0.3101, 0.3162)
(Overcast source, 7= 6770 K)

[lluminant Dgs
(x,») = (0.3128, 0.3292)
(Daylight, 7= 6500 K)

[lluminant E (equal-energy point)
(x,y) = (0.3333, 0.3333)

Fig. 18.3. Chromaticity dia-
gram showing planckian lo-
cus, the standardized white I1-
luminants A, B, C, Dgs, and
E, and their color temperature
(after CIE, 1978).

TARLE 3.5-1. XYZ Tristimulus Values of Standard ominanis

|

.355000
[.182]63
0.825105
[O89058



CIE diagram - vlastnosti

* Referencny biely bod - CIE standard illuminant C.

* Ak zlozime 2 farby (K, L), vysledna farba lezi na usecCke
=>M=tK + (1-t)L

« Dominantna vinova dizka
farby A je zhodna s farbou B

* B je spektralna farba

 podiel AC/BC je sytost farby A




CIE diagram - vlastnosti

* Niektoré nespektralne farby (ruzové, fialové odtiene)
nemaju dominantnu vinovu diZku, su definované
komplementarnou
dominantnou vinovou diZkou | spectral locus
F=>B

 podiel CF/CG je sytost farby F

D, E su komplementarne farby




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




Gamut Mapping
XYZ Chromaticity Diagram

D T e—Ty

Before
Primaries Rendering Intents

Custom: e) No Gamut Mapping
Absolute Colormetric

ve Colormetric

turation

Gamut Mapping
XYZ Chromaticity Diagram

T TR e e

Before
Primaries Rendering Intents
Custom: ) Mo Gamut Mapping

=
_) Absolute Colormetric

4
() Relative Colormetric

http:/ /graphics.stanford.edu/courses/cs178/applets/gamutmapping.html




Televizne normy a gamut

R1 Gi1 B1 — primarne farby v norme PAL
D65 — referencna biela

Norma NTSC
R2 G2 B2
CIE C




Gamut mapping
Perceptual

Large
garmut

color spaces

Small
garnut
Maintains low saturation colors.
Compresses out-of-gamut colors
and some in-gamut colors.
Reversible (mostly; hest with 48-hit colaor)

Maintains in-gamut colors.
Clips out-of-gamut colors.
Mot reversible.




Adobe Photoshop Gamut




Z.obrazovanie Pseudo-farby

Intensity slicing: Zobrazi rozne odtiene Sedej ako
rozne farby

Uzitocné vo vizualizacii medicinskych, vedeckych,
vegetacnych obrazov

Ak nas zaujimaja 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,,, f) sa zobrazia

farbou Cz



Priklad 1

a b

FIGURE 6.20 (a) Monochrome image ol the Picker Thyroid Phantom. (b) Result of den
sity slicing into eight colors. (Courtesy of Dr. I L. Blankenship. Instrumentation an
Controls Division, Oak Ridge National Laboratory.)




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)

malxy)
. | Additional
falx, v)[— o+ Transformation T3 | processing

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

FIGURE 6.26 A pscudocolor codimg approach used when several monochrome images
are available,




TABLE 1.1

Thematic bands

in NASA's

LANDSAT

satellite.

Name

Band No.
Visible blue

Visible green

Visible red
MNear infrared

Middle infrared
Thermal infrared

Middle infrared

Priklad

Wavelength (pum)

0.45-0.52
0.52-0.60

0.63-0.69
0.76-0.90

Characteristics and Uses

Maximum water
penetration

Good for measuring plant
vigor

Vegetation discrimination

Biomass and shoreline
mapping

Moisture content of soil
and vegetation

Soil moisture; thermal
mapping

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

ite image obtained by treating (a), (b), and (¢) as the red, green, blue components of an
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e) Color co

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-tfarebné

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




