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Color Models

CmpE 464 Week 2 Light property

Light and Color Human Visual
Human Visual System System

Color Models
Quantization and Dithering

Visible Electromagnetic Spectrum Light property

e Wavelength Visible light ((wavelength in Nanometers = 104(-7) cm)
-- electromagnetic spectrum
violet color  red color (approximately 400 nm — 700nm)

Infra-  Micro-

TV Radio
red wave

.001nm 1nm

What is Color Human Visual System (HVS)

Color is energy in the visible EM spectrum HVS Consists of the Eyes and the Brain
as perceived by a human ———

Violet
400 nm ‘ 700 nm
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Retina and Fovea

Retina is covered by photoreceptors: cones and rods

Rods:; ~100 million = Fovea contains cones only (most vision acuity)
. -, i \ Outside fovea, the retina is mostly covered by rods
scotopic vision

low illumination
_— A Cones: primarily responsible to color perception
Cones ~ 6.5 million ipotar { Long-cones (more sensitive to long wavelength  red light)
: ] \ | called red-cones
phOtOpIC vision T A AN Medium-cones (more sensitive to medium wavelength  green light)

. . - . ) Y X & called green-cones
hlg h illumination e 0 ¢ Short-cones (more sensitive to short wavelength  blue light)

3 types ; A\ i called blue-cones

The concentration of rods ' R o : »
3 5 Rods: highly sensitive to intensity and black/white vision, responsible for vision
and cones is not uniform under dark-dim condition

Distribution of rods and cones

150000 |

Vision prgpett

Absorption spectra of the pigments found in cones
resultsin three different responses to the saghé $stimulus




Vision property (cont’d)

e Brightness adaptation

-- There are a range of intensity levels that human
eye can adapt

- photopic: 107(-3) (mL) — 10/(3) (mL)
- scopotic: 10°(-3) (mL) — 10/(-1) (mL)

-- Human eyes have brightness adaptation level,

they cannot adapt the whole range
simultaneously

Vision property (cont’d)

¢ Brightness discrimination
-- The ability to discriminate different intensity level

- Weber ratio: just noticeable difference of
intensity versus the background intensity

-- The intensity defined in the digital image is not
the real intensity. It is a contrast scale (e.g., gray
scale)
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Brightness adaptation

Glare limit—

Subjective brightness
daptation range.

Scotopic

Scotopic | 1.
threshold . "
-6 —4 -2

Log of intensity (mL)

Vision property (cont’d)

Contrast
-- Absolute contrast
C =B/ B

where Br..is the maximum brightness intensity
B-nis the minimum brightness intensity

-- Relative contrast

C = (B—Bo)/Bo

B is the brightness of object; Bo is the
background brightness

-- Mach Band: over-shooting effect

Vision property (cont’d)

e Spatial discrimination (SD)
-- minimum view angle which can discriminate two
points on the object to be viewed

d/(2 * Pi * L) = theta / 360



3. Vision property (cont’d)

e Spatial discrimination (SD)
low illumination (SD decreases)
low contrast (SD decreases)
too high illumination (SD does not increase too much)
SD of color is weaker than SD of brightness

projection on fovea (SD increases)

Color Models

Color representation (cont’d)

Color generationon CRT screen

-- three primary color from each phosphor triad are “mixed” together
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Optical lllusions

Color representation

Primary colors (Principal color)

, Green,
2 — 3 colors produce other a wide range of colors

Complementary colors (secondary colors)
two complementary colors combine to produce white color

Red Cyan (=green + blue)
Green Magenta (= red + blue)
Blue Yellow (=red + green)

Note: the combination of the limit number of primary colors cannot produce ALL possible
visible colors

Color representation

Amount of red,
green & blue to get
ispec!ral colors =

€ Vi
Is not possible

o
L)

Those spectral
colors are
Jfalsified” and
have the primary
color ,added in“

Tristimulus Values

Most colors can
be made, but
not all!!!

| | |
500 600 700
Wavelength, A (nm)
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Color production Color production (Cont'd)

Addition: primary colors: R, G, B (e.g., TV monito Red-Green-Blue
g?ed;n E'Efuze ’;A%gyear::a » Most commonly known color space
Red+ Green= Yellow — used (internally) in every monitor

(Secondary colors: Magenta, Cyan, Yellow) _ el
Subtraction (absorb primary color and reflect other s, e.g., printer)

white — green = Magenta
white—red =Cyan
white — blue = Yellow

White - red — green — blue = black = Magenta + Cyan + Yellow

white = red + green + blue

3 7
Color production (Cont'd) Color property
Chromatic light quantity: Radiance, luminance, brightness
. . . Radiance — energy flows from light source
* Used internally in color printers Luminance — energy that the observer perceives from light source
Brightness — perceived intensity of the light (notion of intensity)

Cyan-Magenta-Yellow

» Subtractive

« Complementary to RGB:

*C=1-R " Chromaticity refers to Hue and Saturation

M=1-G Hue (dominant color of the light -- dominant frequency/wavelength)
Saturation (purity) — a measure of the degree to which a pure color is

*Y=1-B diluted by white light

¢ Also CMYK (black)

— mostly for printer use

Color property (cont'd) Color property (cont'd)

Saturation and Luminance Example

- fully saturated color: red, green, ... (pure spectrum color)
- less saturated color: pink (=red + white), ....

Dominant )
s B (| fe—
* EREEEE
400 700 wavelength

L=D-AB+AW luminance

S=(D-AB/L saturation N .
Purity (saturation)




Color model (space)

XYZ: CIE standard (international commission on illumination)
RGB: (additive primaries), monitor, video camera

CMY: (subtractive primaries), printer, copier

HSI (HSV, HSL): better for human vision interpretation

Y1Q and YUV (intensity, chromatic components) for
composite video signal

L*a*b model: refined CIE model

Xyz representation

Commission Internationale d’Eclairage, CIE
Definition von Hilfskurven X, Y und Z

T 1T
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Wavelength, 4 = (nm)

Why can’t | ever get the same
color?
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XYZ color model

XYZ: CIE standard (international commission on illumination)
three primaries (X, Y, Z).

all visible colors are in a “horseshoe” shaped cone in the
XYZ space or the normalized x-y space

- the curve boundary represents pure colors

- white is at about the position (1/3, 1/3)

- when added, any two colors produces a point on the line
between them

Perpendiculal
Plane X+Y+Z=1 View

Plane Z=0

= " = = " CIE Chromaticity Diagram
All possiblo color coordinatos (xy) are insids the horseshoe curve
Pure colora Tig on the curve, Whareas (he white paint has the coordinates 113, 113
CIE Chromaticity . °
Diagram This figure Includes
all the colors perceivable
by the normal hurman

400380, L
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RGB model and CMY model

CMYK
* K is for blacK

. « Save on color inks, by using black ink preferably
: ' ' * K =min(C,M,Y)
*C=C-K
«M=M-K
/ Y =Y-K

1
AP |- 2\ ) Magenta

Black (0,0,0) White (1,1,1) White (0,0,0) Black (1,1,1)

The RGB Cube The CMY Cube

The RGB color cube
3 Cyan(01.1)

Magenta (1,0,1) g

“Bﬁcr Green(0,1,0) *
/" 1000) ' ! “) 4
Red(1_0‘0)'/| < Yellow (1,1,0) —

RGB model Example for CRT
L*a*b model

Luminance: L
Chrominance: a- range from green to req
b — range from blue to yelld

Used byPhotoshop

Lab model
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Color model in video Color model in video

YIQ color model is used in color TV (NTSC) broadcasting YUV color model (CCIR601 standard for digital video)
- UsestheY, Cb, Cr color model

Y (luminance) is the CIE Y primary

I is the red-orange axis, Q is roughly orthogonal to | Y =0.299R +0.587G + 0.114B
Eye i t itive to Y, next to I, next to gb=B-Y

ye is most sensitive , ) Q Cr=R-Y
Y =0.299R + 0.587G + 0.114B - Scaled and filtered versions of the B-Y and R-Y color difference signals
I = 0.596R - 0.275G — 0.321B are used to modulate subcarrier in the U and V axes respectively
Q=0.212R-0.528G + 0.311B U =0.492(B-Y)

V =0.877(R-Y)

Y =0.299R + 0.587G + 0.114B
U =-0.169R-0.331G + 0.500B
V =0.500R - 0.419G - 0.081B

Example of YUV images
; o » ” HSI model

HSI model HSI model

Convert RGB  HSI Convert HSI RGB
H = theta if B<=G His in the range [0 , 360 ]
H =360 -theta ifB>G

In the case of RG sector: 0 <=H < 120

H is in the range [0 , 360 ] (which can be normalized to the range [0,1] by dividing by B =1(1-S);

360 ) R=1[1+((Scos(H)/cos(60 -H))]

. 1[(R- - G =3l - (R+B)
U= = COS i M

[(R-G)*+(R- B)(G- B2

S=1-[min(R, G, B) /]

I = (1/3) (R+G+B)




HSI model

Convert HSI RGB

In the case of GB sector: 120 <= H < 240
H=H-120

I[1+(Scos(H)/cos(60 -H)]

HSV model

Yellow

HSV-Modell

HSI model

Convert HSI RGB

In the case of BR sector: 240 <= H < 360
H=H - 240
G=1(1-S)

B=1[1+(Scos(H)/cos(60 -H)]
R =3Il - (G+B)

Das HLS Modell

16.10.2009

HSV sample
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HSV sample All color models

Quantization and Dithering

Quantization Dithering

- tizati Ditheri
Reduce the number Create the illusion of

of colors to a limited more colors
set of colors

Old graphics cards
Printed media

Portable devices:
phones, handhelds Dithering uses lower spatial resolution to

get the illusion of more colors

Quantization: Reduces the number of
colors

Color Quantization Color Image Quantization

True color image: millions (16M) of colors:
8 bit per channel

Typically reduce this to 16K or 256
Uniform quantization: example: 8 bits: 3
bits for red, 3 bits for green, 2 bits for blue.

Median cut: do this adaptively based on
colors in image.

10
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Recursively threshold r,g and b exes at the median of the colors
Decide which group to split by looking at €,-Crin Where c is r,g,b Two OptiOﬂS

Recursively split each side to get a tree,
continuing till all bits are used

Assign prespecified number of bits to each
color channel

rm in

Form K-means clusters from a set of n-dimensional vectors.

. Setic (iteration count) to 1.

. Choose randomly a set of K means m (1), ma(1), ..., my(1).

. For each vector x; compute D(x;, mi(ic)) foreach k = 1, ..., K and assign
x; to the cluster C; with the nearest mean.

. Increment ic by 1 and update the means to get a new set n (ic), ma(ic).
mglic).

. Repeat steps 3 and 4 until Cy(ic) = Ci(ic + 1) forall k.

Algorithm 10.1  K-Means Clustering.

Initial centers in K-means

Some Alternatives:
Start from result of Median cut

Select randomly from image colors (make
sure you do not select the same color or a
very similar color twice)

Select randomly from color space
Start from uniform palette

11
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Dithering (Halftoning): uses lower spatial resolution to get Traditional halftoning Digital halftoning

Analog Scree Ordered
dither
Model based
halftoning

the illusion of more colors

Error diffusion spreads the error encountered in quantizing
a pixel to its neighbors

—(®

(clustered dot) (dispersed dot)

Overlapping dot model for inkjet color printers

CRT screens Offset printing

12
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Pseudo-color image processing Color image processing

Intensity slicing Color image

-- from intensity to color -- Histogram
-- assign different colors to different gray levels -- Smoothing
-- for example: increase the visibility in X-ray images, cloud- -- Sharpening
map, defect detection, etc.
-- Segmentation

-- Compression

-- Transformation

13



Color |mage processmg (cont'd)

Color vector

C(xy)  R(xY)
c(x,y) = Ce(xy) = G(xY)
Cs(xy)  B(xY)
-- RGB model

mask operation: three spatial masks

-- HIS model
mask operation on | component, H and_S_remain unchanged
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Color |mage processmg (cont'd)
Color | |mage enhancement
--E.g., Histogram
RGB HSI
I histogram equalization I’
Then HIS' R'G'B’
-- E.g., Smoothing

Perform the smoothing on RGB each channel indi\}idvually.

Color |mage processing (cont'd)

Color |mage enhancement (cont d)
-- E.g., Sharpening
NZR(x, Y)
= N°G(x,y)
NZB(x, y)

For RGB model:

For HSI model: N2[1(x, y)]

Color |mage processmg (cont'd)

Color |mage segmentatlon
-- Example:

¢ Make use of the key components: Hue and Saturation

¢ Measure the EGB vector space — similarity measurement
using Euclidean distance

14
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Color image processing (cont’'d)

Color image edge detection

-- Example:

* We can use the gradient to measure the change of intensities

INR[+|NG|+|NB|

Color image processing (cont’'d)

Color component compression

-- Example:

¢ Chromatic components can be compressed in both spatial
domain and frequency domain.

¢ The UV components are in low frequency domain, detail
information are more sensitive to gray scale image than
chromatic image

15



