Modely farieb



MODELY FARIEB

HW orientované:
. RGB, CMYK, televizne normy

Uzivatel'sky orientované:

: HLS, HSV, HSI

* Vnemovo rovnomerné (perceptually uniform) :
: CIE Lab, Luv, WUV

* Iné:

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



RGB

NajznamejSi model
Pouzivany v monitoroch
Farebne svetla

Hodnoty R,G,B € (0, 1)
Kocka




RGB

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

- Vela roznych modelov RGB v‘

- Kazdy ma ine hodnoty zakladnych
farieb uzivatelovi obvykle nedostupné

- TV spolocnosti si urcili hodnoty
zakladnych farieb RGB podla
pouzitych technologii



RGB PRIKLAD

Green Band Blue Band

No Red No Green
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Television Engineers) — D65 0.640000 0330000

(.67 0000 (1.330000 C.00C000

0.030000

Medzinarodna dohoda pre HDTV 2 ASO000" - 0.060000° 0790000
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RGB —> XYZ

Linearna
transformacia .. R
Suradnice zakladnych farieb

M(L, 1)y M(L,2)  MU(L,3)

M2y M(2.2)y M2, 3)

M3, 1)y M3, 2) M3, 3)

Sdradnice bieleho bodu







* Linedrne RGB
* linedrna transformdcia z XYZ
* vnemovo neuniformny
* Device independent

* Nelinearne RGB

* linedrne RGB pomocou gamma korekcie ->
nelinedrne RGB

* Obrazovky CRT
* Device dependent



GAMA KOREKCIA

gamma
correction

122 7
e

* Yreprezentuje numericky parameter
vyjadrujuci nelinearitu reprodukcie ~ v=»

RN intenzity svetla

* CRT nelinedarne

— Intenzita svetla reprodukovaného na
monitore je nelinedrna funkcia napdtia -z

NTSCy =2.2




RGBA

RGBA- o kanal, informacia o priehladnosti,
akym pomerom sa farba miesa s pozadim.

Pouziva sa napriklad v OpenGL

o = 1 perfektne nepriesvitne
o = 0 uplne priehladne
0< o <1 rOGzne urovne priesvitnosti

Blending je miesanie r6znych farieb: zdroja a
miesta urcenia

Priesvitny — CiastoCne prepustajuci svetlo



CMY

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

podkladu

Subtraktivne skladanie farieb
pridavanim pigmentu tvori tmavsiu farbu



CMYK

Pri tlaci sa pouziva CMYK (blacK)

Nemusia sa tlacCit' 3 farby na seba - usetri sa na
drahych farebnych naplniach

Cierna sa tladi samostatne

CMYK (K, blacK)
K*=min(1-R,1-G,1-B)

C=1-R-ukK*
M=1-G-uK*
Y=1-B-uK*
K = bK*
O<ub=s1l

100 50 70
C M Y







Four color process printing

Traditional
screen
angles for
CMYK blend

CYAN YELLOW
(C)

(M) (Y)
CMYK combined Reduced Reduced further  section of final image
to create a blend
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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

YCDbCr — digital video \ . M . .
YPbPr — analogova TV 0 0 0
YCC — Kodak _ S '

Farebna zlozka oddelena od jasovej (Y)
Farebna zlozka: zeleno/Cerveny kanal
modro/zity kanal

0.200R" 4+ 0.587G" +0.114B'

a (R —Y')+ b (B —Y")

Vo vSeobecnhosti:

as(R' —Y') 4+ b(B' =Y,




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)

vhemovo neuniformné — Euklidovska vzdialenost
nefunguje

Gama korekcia aplikovana na linearny RGB,
vazeny sucet nelinearnych komponentov RGB ->
luma Y




YUV - PAL

Podobne ako YIQ
YUV vzorkovacie formaty 4:4:4, 4:2:2, and 4:2:0

Y UV —vypocCitané z RGB s gama korekciou (R G B)
Y'=0.299*R' + 0.587*G' + 0.114*B'

U'=0.492*(B'- Y')
V'=0.877*(R'- Y")

R'=Y'+1.140*V'
G' =Y -0.394*U" - 0.581*V
B'=Y'+ 2.032*U'




__-RGB color block

YC,C, a YCCK

YCbCr component digital video

Popisane v Standarde ITU-R BT.601

YCDbCr je skalovana a posunuta verzia YUV

Y'Cb’Cr’ vypocCitané z RGB s gama korekciou (R G B)

YCCK — Specialne pre JPEG kompresiu obrazu

Je variaciou YCrCb modelu s pridanym K (black)
kanalom



LINEARNE VZTAHY

Color space

0.299 ).687 0.114
YO —0.168736  —0.33. 0.5
0.5 —0.418668 —0.051312
0.299 0.114
—0.209 —0.587  0.886
0.701 —0.587 —0.114
0.299 0.587 0.114
0.59507799  —0.27417610 —0.32180159
0.21147017 —0.52261711 0.31114694
ap =10 by = 1/2.03
az = 1/1.14 by =10

7 ’ . Hue
Polarne suradnice

Saturation
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Figure 1.18: Class Y’ color
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YIQ




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

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

for NTSC




UZIVATELSKY ORIENTOVANE MODELY

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

odtiena

Vhodné pre vizualizaciu (color maps)

Sytosti

Nelinearny prevod z/do RGB jasu

Tvar: kuzel (aj dvojity), ihlan, niekedy valec
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RGB - HSV

max(R,G,B)

min(R,G,B)

V = max

S = (max-min)/max A = 11/3(max-min)
H=(G-B)A ak max =R
(B-R)A ak max =G

(R-G)A ak max =B

ak max =0, S nie je definovana
ak R = G = B, H nie je definovana



HSV - RGB

| = floor(3H/1T)
f=H-I

p =V(1-S)

g = V(1-Sf)

t= =V(1-S(1-1))
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HSV PLANES




RGB - HSI

H — normalizacia do (0,1): H /360
ak R = G = B, H nie je definovana




HSI —-> RGB

Zalezi na tom, v ktorom sektore lezi H

d

RG sektor (0° < H < 1209):

GB sektor (120° < H < 2400):

; 1 14 Scos H
T = — - n
3 cos(60 — H) |’



PROBLEM?

359




McAdamove elipsy

* Vdoteraz spominanych modeloch:

* Euklidovska vzdialenost farieb nezodpovedad
vizudlnej,,vzdialenosti‘

McAdamove elipsy v Xy —
pre pozorovatela
nerozlisitelné farby




CIE UVW

Linearna aproximacia vnemovo rovnomerného
priestoru

1 0.66 0
1ur = |:| ‘1
.|I.|'1',||'I - |::| . 5 ‘1 il .

Neriesi problem uplne
— nelinearne transformacie



CIE YUV’

4X

X+15Y+3Z
oY

X+15Y+3Z




CIE L*U*V*

L* - 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
Farebnost
Odtien (u,v>0)

&0

McAdamove elipsy

.0
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CIE L*A*B*

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

n — sUradnice bieleho bodu
Pouzivany v priemysle

ey
)

ak ¢>0.008856

7787t + % ak #<0.008856




CIE L*A*B*

Polarne suradnice
Farebnost
Odtien (a,b>0)




VZDIALENOST FARIEB

Euklidovska vzdialenost

CIE L*a*b*




VZDIALENOST FARIEB

AH?

Su

J+RT¢-(;~.C*;~.H’*] (1.43)

where ki, k-, k; = positive, real-valued scaling parameters chosen based on
the application where the formula is used
500 8¢ 5y = lightness-, chroma-, and hue-dependent scaling
functions, respectively
Ey = an additional scaling function that depends on chroma
and hue




NEKORELOVANE MODELY

Farebné zlozky (vo vacsine modelov)
« korelovane (medzi sebou a najma s jasovou

zlozkou)
* s malou varianciou (nizkou moznostou

diskriminacie objektov)

Nové modely, kde zlozky nie su korelované



NEKORELOVANE MODELY

K1K2K3s - Karhunen-Loeve transformacia
(vypoctovo narocna, kovariancna matica,
vlastné vektory, ...)

Datovo zavisla — pre kazdy obrazok treba novu

transformacnu maticu

5 myq Myp My, |4 my iy, Moy
My My Uy Uy My My, My =

Wiy Mgy Mgy Upy  Uyy U Wiy3  Wiyy Mgy




INE FAREBNE MODELY

111213 (Ohta) — oponent model
arctan(r' /¢') /m +1/2 [l = (r—1/3) linearna transformacia

[El_l.-"--rjl: ?‘r;{ + Q"E |]1'3

(R+G+ B)/3

k-G
R4+ G

(R+G + B)/3,

p )
) —
2

-

arcban(r’/g")/

arctan(r’/g")/ g <L
0 g = ,Modra = 0“

q/5( 2 12411/2 - . .
['L- 7 1 | i + o ._.I] 1” E‘l ]'{:}-!::l.- 10 | T + 1 + . l

L(G)
L(R) - L(G)
L(G)+ L(R)

5

=

0.200R" 4+ 0.587G" 4+ 0.114 8",

,2uhlovy“ model
L(B)—

I_ T

= arctan

7 2 152
S= (Vi +V3)



(R + 1::|I:::|_:?- (G +1) 0.6 (B + 1::||:|_1 1

otherwise

B <L

MLl stherwise

> Bl 0.253 0.684

—0.5 0
contrast enhancement
logarithmic image processing

0.25 0.25

XEROX — IR imagery




Table 1.3. Color Model

Color System | Transform (from RGB) | Component correlation
RGB = highly correlated
R'G'B’ non linear
XYZ linear correlated
YIQ linear uncorrelated
YCC linear uncorrelated
I1I2T3 linear correlated
HSV non linear correlated
HSI non linear correlated
HLS non linear correlated
L'u'v™ non linear correlated
L"a"b” non linear correlated
Munsell non linear correlated

Fig. 1.16. A taxonomy of color models



POUZITIE MODELOV

Ludskeé tvare




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 modru

Protanopia a deuteranopia = ¢erveno-zelena slepota
8% muzov a 0.5% zien

= Anomalna trichromazia

« Znizena citlivost jedneho typu Capikov =>
Posunuté vnimanie farieb

= Monochromazia — nerozliSuje farby vobec



700

Protanopia

700 650

Deuteranopia




TEST FARBOSLEPOTY




TEST FARBOSLEPOTY

Bludisko v intenzite farieb

« viditelne len pre farboslepych
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Meryon (a colorblind painter), Le Vaisseau Fantome



