CmpE 464 Week 2

Light and Color
Human Visual System
Color Models

Quantization and Dithering

Color Models

Light property

Human Visual
System
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Visible Electromagnetic Spectrum

* Wavelength
-- electromagnetic spectrum

Light property

Visible light ((wavelength in Nanometers = 10(-7) cm)

violet color  red color (approximately 400 nm — 700nm)

Infra- Micro- AR AdiD
red wave




What is Color

Human Visual System (HVS)
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Retina has photoreceptors
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Rod response

f(x,y)= ’ 1(x,y,/)v(/)d/

0

f :Intensityof luminance
| : Light distribution

V : Luminousefficiencyfunctionof theeye(rods)

Forconesthereare3suchequationsand3differentV's.
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Photoreceptor response

L
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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
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Color representation (cont’d)

Color generation on CRT screen

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

Color representation
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Color production

Addition: primary colors: R, G, B (e.g., TV monito  r)
Red + Blue = Magenta

Green + Blue = Cyan
Red + Green = Yellow

(Secondary colors: Magenta, Cyan, Yellow)
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
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Color property

Chromatic light quantity: Radiance, luminance, brightness
Radiance — energy flows from light source
Luminance — energy that the observer perceives from light source
Brightness — perceived intensity of the light (notion of intensity)

Chromaticity refers to Hue and Saturation
Hue (dominant color of the light -- dominant frequency/wavelength)
Saturation (purity) — a measure of the degree to which a pure color is
diluted by white light

14



14.10.2007

Color property (cont'd)

Saturation and Luminance

Color property (cont'd)

Example

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

Color hue :Dominant wavelength

Intensity

Purity (saturation)
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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

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

L*a*b model: refined CIE model

XYZ color model

XYZ: CIE standard (internétional commission on illumination)
three primaries (X, Y, 2).

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
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Xyz representation

17



14.10.2007

CIE chromaticity diagram

CIE Chromaticity
Diagram _ This figure Includes
all the colors perceivable
by the normal hurman

Ling ul
Purplas
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RGB model and CMY model

Blacx 0 0,0} Whitz il 1, 1} Vhite (0,0 0) Black (1, L, 1}

The RGB Cube The CMY Cube
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If R,G, and B are represented with 8 bits (24-bit RGB
image), the total number of colors is (28 )3=16,777,216
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RGB model Example for CRT
display

L*a*b model

Luminance: L
Chrominance: a- range from green to red
b — range from blue to yellow

Used byPhotoshop
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Color model in video

Y1Q color model is used in color TV (NTSC) broadcasting

Y (luminance) is the CIE Y primary
| is the red-orange axis, Q is roughly orthogonal to |
Eye is most sensitive to Y, next to I, next to Q

Y =0.299R + 0.587G + 0.114B
I =0.596R - 0.275G - 0.321B
Q=0.212R -0.528G + 0.311B

Color model in video

YUV color model (CCIR601 standard for digital video)
- Uses the Y, Cb, Cr color model

Y =0.299R + 0.587G + 0.114B
Cbh=B-Y
Cr=R-Y

- Scaled and filtered versions of the B-Y and R-Y color difference signals
are used to modulate subcarrier in the U and V axes respectively

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
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Example of YUV images
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cos

1

3l(R-G)+(R- B)]

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

1
2
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Use Dithering to get true color

Dithering

14.10.2007

29



14.10.2007

30



Median-cut for color quantization

More than two segments
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BTS for color quantization

K-means for color guantization
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lterative K-means clustering

K-means results
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Halftoning

Halftoning methods
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Ordered dither

415(6]|1 1193|111
12| 13| 14| 7 13| 5| 15| 7
11| 16| 15| 8 4 (12| 2| 10
3110 9| 2 16| 8| 14| 6

Error diffusion
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Model based halftoning

Model based halftoning
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Examples

Examples
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Pseudo-color image processing
" ntensity slicing

-- from intensity to color

-- assign different colors to different gray levels

-- for example: increase the visibility in X-ray images, cloud-
map, defect detection, etc.

Color image processing

Co-lllo‘r image
-- Histogram
-- Smoothing
-- Sharpening
-- Segmentation
-- Compression

-- Transformation
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Color |mage processmg (cont’d)

Color vector

Ce(xy)  R(XxY)
c(x,y)= Cs(xy) = G(xy)
Ca(xy)  B(xY)

-- RGB model
mask operation: three spatial masks

-- HIS model
mask operation on | component, H and_S_remain unchanged

Color image processmg (cont’d)

Color image enhancement

-- E.g., Histogram
RGB HSI
| histogram equalization I
Then HIS R'G'B’

-- E.g., Smoothing

Perform the smoothing on RGB each cnannel individually.
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Color image processing (cont’d)

Color image enhancement (cont’d)
-- E.g., Sharpening

For RGB model: -
N C(x, y)] =

For HSI model:
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Color image processing (cont’d)

Color image segmentation

-- Example:
* Make use of the key components: Hue and Saturation

* Measure the EGB vector space — similarity measurement
using Euclidean distance
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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|
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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
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