Color Image Processing

Image Processing with Biomedical
Applications
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Color Fundamentals (I)

The visible light spectrum is continuous

Six Broad regions:

o Violet, blue, green, yellow, orange, and red

Object color depends on what wavelengths it reflects
Achromatic light is void of color (flat spectrum)

o Characterization: intensity (gray level)
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Color Image Processing

Full-color and pseudo-color processing
Color vision

Color space representations

Color processing

o Correction

o Enhancement

o Smoothing/sharpening

o Segmentation
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Color Fundamentals (II)

LT p——

HGURE 6.2 Wavclengths comprising the visible range of The electromagnelic spectam
iCourtesy of the General Electric Co, Lamp Business Division. §

Chromatic light spectrum: 400-700 nm
Descriptive quantities:
o Radiance — total energy that flows from a light source (Watts)

o Luminance — amount of energy and observer perceives from a
light source (lumens)

o Brightness — subjected descriptor of intensity
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Vision som

Response

Cone response:

o 6-7 million receptors

o Red sensitive: 65% : e

o Green sensitive: 33% 15 31§

o Blue sensitive: 2% T & 13
Most sensitive receptors ?

Primary colors: red (R), green (G), blue (B)

International Commission on Illlumination (CIE)

standard definitions:

o Blue (435.8 nm), Green (546.1 nm), Red (700 nm)
Defined in 1931 — doesn't exactly match human perception
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Brightness and Chromaticity

Brightness — notion of intensity

Hue — an attribute associated with the dominant
wavelength (color)

o The color of an object determines its hue

Saturation — relative purity, or the amount of white
light mixed with a hue

o Pure spectrum colors are fully saturated, e.g., red

o Saturation is inversely proportional to the amount of white
light in a color

Chromaticity is hue and saturation together

o A color may be characterized by its brightness and
chromaticity
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Primary and Secondary Colors

Add primary colors to obtain
secondary colors of light:
o Magenta, cyan, and yellow
Primarily colors of:
o Light — sources
Red, green, blue
o Pigments — absorbs (subtracts) a
primary color of light and reflects
(transmits) the other two
Magenta (absorbs green), cyan
(absorbs red), and yellow (absorbs
blue)
Secondary pigments:
0 Red, green, and blue
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Tristimulus Representation

Tristimulus values: X —red; Y — green; Z — blue
Trichromatic coezficients:

X=— 2
X+Y+Z
Y

Y Xvez
z

Xivez
X+y+z=1
alternate approach: chromaticity diagram
o Gives color composition as a function of red (x) and green

v)

Solve for blue (z) according to the above
o Projects 3-D color space on to two dimensions
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Chromaticity
Diagram

Pure colors are on the
boundary
o Fully saturated

Interior points are

mixtures

o Aline between two
colors indicates all
possible mixtures of the
two colors

Color gamut — triangle

defined by three colors

o Three color mixtures are
restricted to the gamut

o No three-color gamut
completely encloses the
chromaticity diagram
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The RGB Color Model (Space)

RGB is the most widely
used hardware-oriented "
color space
o Graphics boards, monitors,
cameras, etc. testing
o Normalized RGB values
o Grayscale is a diagonal line "
through the cube
o Quantization determines
color depth
Full-color: 24-bit

representations
(16,777,216 colors)

Image Processing Prof. Barner, ECE Department,

Color Image Processing University of Delaware

Color Gamut
Examples ‘

RGB monitor color gamut

o Regular (triangular) o
shaped it

o Based on three highly
controllable light
primaries

Printing device color

gamut

o Combination of additive % Y
ar_\d_ subtracted color | =
mixing A |

o Difficult control process

Neither gamut includes

all colors

o Monitor is better

v
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Color Image Generation

Monochrome images

represent each color

component

o Hyperplane examples:
Fix one dimension
Example shows three

Acquisition process —
reverse operations
o Filter light to obtain RGB
components
L3
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Safe RGB Colors @D

= Consistent color reproduction is problematic
o Plethora of hardware from different manufacturers
= Define a subset of colors to be faithfully reproduced
on all hardware
o 256 colors
= Sufficient number to produce good images
= Small enough set to be accurately reproduced
= 40 of these yield hardware specific results
o De facto safe RGB/Web/browser colors: 216 colors
= Formed as RGB triplets of values below

Number System Color Eguivalents
Hex " 17 oy W v FF o
Decimal I sl 12 151 N4 25 component in o
safe golor,
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‘ The CMY and CMYK Color Spaces

= CMY - cyan, magenta, and yellow
o CMYK — adds black

= Black is difficult (and costly) to produce with CMY
= Four-color printing

o Subtracted primaries — widely used in printing

C 1 R
M |=[1|-|G
Y 1 B
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Safe RGB Colors (I1)

= 216 safe RGB colors

= 256 color RGB system
includes 16 gray levels §

i
o Six are in the 216 safe
colors (underlined)

= RGB said-color cube

- ™
5 3 g g EEHSIE =|
i E 1 3 =
3 8 EEHzEH=583
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'The HSI Color Space (1) |

= Hue, saturation, intensity

o human perceptual descriptions
of color

o Decouples intensity (gray level)
from hue and saturation
o Rotate RGB cube so intensity is the
vertical axis
= The intensity component of any color
is its vertical component
= Saturation — distance from vertical
axis
0 Zero saturation: colors (gray values)
on the vertical axis
o Fully saturated: pure colors on the
cube boundaries
= Hue — primary color indicated as an U
angle of rotation Ttack
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"The HSI Color Space (II)

Green  Yellew

= View the HSI space
from top down
o Slicing plane

perpendicular to
intensity W,
= Intensity — height of Bl Wagena
slicing plane
= Saturation — — Yellow
distance from_ 2
center (intensity 5N
axis) AN e il
= Hue — rotation
angle from Red X / y \
= Natural shape: P e B ———tapeun e Mg Red

hexagon

o Normalized to
circle or triangle

dor moslel. The dot is an arbitrary cobor

§ the length of the vector is the sat-
rs un any of these planes is given by the pasition of the
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HSI to RGB Conversion — Three Cases

= Case 1: RG sector (0° <H<120" )

B=1(1-S)
R=|[1+ﬂ}
cos(60°-H)
G=1-(R+B)
= Case 2: GB sector (120° <H240° )
H=H-120°
R=1(1-S)
c:{uﬂ]
c0s(60°— H).
B=1-(R+G)
= Case 3: BR sector (240° <H=<360° )
H=H -240°
G=1(1-5)
B:I|:l+ﬂ]
c0s(60°—H).

R=1-(G+B)
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'RGB to HSI
Conversion

= Common HSI representations
= RGB to HSI conversion
H= {a ifB<G

360-0 ifB>G

%[(Rfeh(kfs)]
=52y
[R-6y+(R-B)G-B)*
3

=1-—— |
RN T

[min(R, G, B)]

| :%(R+G+ B)
o Result for normalized (circular)
HSI representation
o Take care to note which HSI
representation is being used!
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HSI Component Example (I)

= HSI representations of the color cube
o Normalized values represented as gray values
o Only values on surface of cube shown
= Explain:
o Sharp transition in hue
o Dark and light corners in saturation
o Uniform intensity
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HSI Component Example (II)

White

Primary and

secondary

colors

o HSI
representation

o
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Density Slicing Example (I)

Eight color density slicing of thyroid Phantom

o Density slicing enables visualization of variations
and details
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Pseudocolor Image Processing

Assigning colors to gray fies)
values yields Pseudocolor """
(false color) images ~— Sticiag plane

o assignment criteria is
application-specific

Intensity (density) slicing
o Assign colors based on
gray value relation to

slicing plane
f(x,y)=c, iff(x,y)eV,
Special case:
Thresholding

Image Pro
Color Ima
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Density Slicing

Example (II)
X-ray image of a
weld

o Density slicing to help
visualize cracks

Image Processing Pro
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| Density Slicing Example (I1I)
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Example: Airport x-ray Scanning System

= Sinusoidal color

mappings
o Phase changes
between

components yield
different results
o Greatest color
changes at
sinusoidal troughs
= Largest
derivative
= First mapping:
o Highlights
explosives
= Second mapping:
o Explosives and bag
have similar
mappings
= Explosive is
“transparent”

b
FIGURE 6.24 Pwudox
i Fig 625, {Oviginal

cement by using the pray-ley
uricsy of Drr. Mike Hurwitz, W
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‘ Gray Level to Color Transformations ‘ Multispectral Extensions
|-;) i A fulny b J,u.nﬂ Transtormation T hglr.y)
Telx _m_'\)‘ Tramsformation Ty : Tl ¥)
= Each color can be a
dependent/independent = Pseudo coloring is often used in the visualization of
function of gray level multispectral images
o Example: RGB processing . o Examples: Satellite and astronomy images
Q Go_al: highlight (color) j = Visible spectrum, infrared, radio waves, etc.
objects or features of o Transformations are applications and spectral band
interest dependent
Image Processing. Prof. Barner, ECE Department, Image Processing. Prof. Barner, ECE Department,
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' Wash. DC LANDSAT Example (I)

bk Wischomgh (i

Churamorate snd Uses |

Thosstic burs | Do e
in NASA T

Vil bive an
LANDSAT
Viile green
3 Vinible sedd
1 Neat indearedd
5 Mt iefrared LTS
Therest et -2
Mk infrarcad ETUELT

[rR—
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Galileo Spacecraft
Example

= Multispectral image of
o Jupiter's moon: Ito
o Multispectral bands are
chemical composition
sensitive
= Pseudocolor image
o Highlights volcanic
activity
= New deposits: red
= Old deposits: yellow
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Wash. DC LANDSAT
Example (II)

= Images in bands 1-4
= Color composite image using
o Band 1 (visible blue) as blue
o Band 2 (visible green) as green
o Band 3 (visible red) as red
o Resultis difficult to analyze
= Color composite image using
o Bands 1 and 2 as above
o Band 4 (near infrared) as red

o Better distinguishes between
biomass (red dominated) and
man-made structures
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' Full-Color Image Processing

= Samplesin
observation window -
o Vectors
(] [RXY)
c(x,y)=| & (x.¥) | =| G(x.y)
C(xy) | [Bxy) '

= General transformation:
gy =T[f(xy)]

= Restrict transformation to be a set {T,,T,, ...

transformations or color mappings
S =60 )
a RGB: n=3; HSI: n=3; CMYK: n=4

Syratial msk

R coser image

T} of

Image Processing
Color Image Processing
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Components

Image & w
5 Ll

Image and CMYK,
RGB, and HSI
components
Simple application:
o Intensity scaling
o HSI space:
Sg=kr;
o RGB space:
s=kr; i=1,2,3
o CMY space:
s=kr, +(1-k) i=1,2,3
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Color Complements

Color circle

o Circular connection of
visible spectrum
Color complementation
o  Color negatives
a  Shown transformations
RGB: exact
HSI: approximation

2 S component not
independent of H&I
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Scaling Result

Scaling result for k=0.7
o Shown: RGB, CMY, and HSI transformations
(HS and | transformations swapped)
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Color Management Systems

e Mo

Btk Prosis:

I
— N e
I -
_—
I
=

All devices have their own profile
Goal: device independent color model
o Must be able to represent the entire
color gamut
o Shown:
RGB monitor gamut
Full gamut

Prof. Bamer, ECE Department,
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|CIE L¥a*b* Color Space (I)

= Desired color space attributes
o Color metric — colors perceived as matching are identically coded
o Perceptually uniform — color differences among various hues are
perceived uniformly

= Distance in color Gamut
space matches Percephia Coanmen:

perceived difference Lage ﬁ_‘
in colors gamut ﬁ \ T/
o Device independent — A [/ p

N - colorspaces /
independent of specific || [/
device display Smal E i
characteristics N e [
= Gamut encompasses Tl

entlre V|S|b|e spec[rum Rirenrsible (el b with 40t
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Tone
Cotrections

= Change intensity, not
color
o RGB and CMYK
space: uniformly scale
components
o HSI space: scale
intensity (luminance)

Image Processing Prof. Barner, ECE Department,
Color Image Processing University of Delaware 39

‘ CIE L*a*b* Color Space (II)

= Tristimulus to L*a*b*
conversion:
: (T}m

= Components:

o Intensity (lightness): L*
L' =116-h

o Color:

. X v = Red minus green: a*

2 ZSOO[h[ﬁth(Wﬂ = Green minus blue: b*

. { [YJ [z H = Appropriate for applications

b’ =200| h| o— |-h| = -

Yo Zy that require:
where
o Full color space
1>0.008856 representation

_[#
h (q) - { 7.787q+16/116 q<0.008856 )
o Color space distance and

= Reference white tristimulus perceptual difference

values: matching
a X,=0.3127, ¥,,=0.3290, and o Drawbacks: computational
Zy=1-Xy Yy cost
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Color . P 8 G i e b T
Imbalances \ &
= Color in balances are
normally addressed in ' ' . .g'
A e

the RGB or CMYK

spaces
o Corrective mappings
shown
Image Processing. Prof. Barner, ECE Department,
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Histogram
Processing

= Perform histogram
equalization on
Intensity
o Avoids
generation of
new colors
= Independent
component
processing is
undesirable
o Improves
statistics of
intensity
o Does impact
vibrancy of colors

= Solution:
increase
saturation
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‘ HSI Processing

abe
FIGURE .39 HSI componcnts of the RGE colir inage i Fe 63800, (0) Hie. (15 Satuestion. (¢ ) ntensiy

= Alternative approach: process Intensity
o Useful for extending grayscale procedures to color

Image Processing Prof. Barner, ECE Department,

Color Image Processing University of Delaware 43

Separable
Functions

= Simple separable
linear functions can
be applied to
components
independently
o Example: spatial
averaging

T(x, y):?( ZS c(xy)
e,
1
= R(x,
K2, R

S| 3 GO
o

< X By
o Apply on RGB
components
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'RGB HSI Smoothing Compatison

A
FIGURE 6,40 frmvape s witha § % Sav sk, (1) Resull of pro
image. (h) Result the intensity of the HS1 image

Terence between the bwo resulls

= Similar, but not identical results
o RGB processing introduces new colors
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RGB HSI Sharpening Comparison

a b
FIGURE 6.41 he Laplacian. (o) Result of pros
processing th, el converting to RGH (¢

Laplacian reduces to component-wise application
VER(x,Y) |
Ve y)]=| V*6(x ) |
VIB(x,Y) |

Application on Intensity yields similar results

I
b

Vector Gradient

RGB unit vectors: r, g, b
Directiongl Qer[}a/atives:

derty

v:7r+é£g+b£b s Viln
¥ Ty o

Dot products;
gW:\/»V:VYV:
g -vveiry-BR, BT BB

. LY X Oy X X 0y 29,,
Direction of maximUih ¢hange: ﬂz%tan*[(ggfg)}

Magnitude of maximum change:

F(O) :{%[(gﬂ +9,)+(0,~ 9, )cos20+ 2g,, sinZ(}]}Z

1

Image Processing Prof. Barner, ECE Department, Image Processing Prof. Barner, ECE Department,
Color Image Processing University of Delaware 45 Color Image Processing University of Delaware 47
Edge Detection in Color Images Gradient
Example
Shown
o Input image
o RGB space
vector
gradient
o RGB space
. independent
i } (b reaaling RO component
Gradient operators applied independently to color components yields poor gradient
results
. L Results
RGB example: step edges in individual color planes d
4 Case 1: aligned edges summe
o Case 2: two aligned edges, one orthogonal edge o Difference
o Both cases yield identical gradients at image center image
Color change more significant in Case 1 9
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| Component Gradients

abe
FIGURE 6. went gradient image i Fig b
porent, and (c) blue component. These th o and sealed Lo procuce the

= RGB component gradients
o Note broken edges in individual components
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= Independent

Gaussian noise

in the RGB

channels

o Resulting color
image

o Note introduced
colors
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Noise in Color Images

Dpeadation I / I
N s fosction = 4 ™~ fiey
" I
DEGRADATION RESTORATION

= The general degradation model holds in the color case
= Noise affecting individual color planes usually has the same
characteristics
o Usually modeled as independent
= Possible differences:
o Differences in channel illumination levels
= Red (filtered) channel in a CCD camera tends to have lower
illumination (higher noise)
o Bad sensors in an individual channel
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HSI Representation of Noisy Image

abe
FGURE .49 HAI components of the noisy color image in Fig. 6 48(d). (%) Hue. (b) Sataration, (c) Intensity

= Hue and saturation are severely degraded
o Nonlinear transformations from the RGB space
= Involves cosine and minimum operators
= Intensity component is smoothed
o Average of RGB components
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‘ Single Channel Corruption

= Single channel
corruption

o Salt and pepper
noise in the green
channel

o p=0.05
= Color space
conversion
o Spreads noise
o Changes statistics

o Shown: HSI
components

"..
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