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RGB Color image
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Additive Primaries: RGB

Mixture of Light
Additive Primaries: RGB
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Tristtmulus value
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Quantitative theory of colour
by James Clark Maxwell

painted paper discs nut and washer

| - ~
colour sample e

wood dowel

Three coloured disc for Maxwell’s original version

Maxwell’s color mixing of color triangle
(Campbell & Garnett 1882)
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Histogram Equalization — gray scale image
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Histogram Equalization — Color image
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The support region of input cdf (C,) of each method

The Trahanias method The iso-luminance-plane method

r

C (r.g.b)=prob{(0<r<r),(0<g<g),(0<b<b)y  C,(.g.b)=prob{r+g+b<(r,+g,+b)|
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Hue preserving gamut mapping
with high saturation

1 1
0.8 0.8 0.8+
° 06 o 06F o 06F /
o o > g
0 0.4 - .0 0.4+ 0 0.4+
0.2 02+ /& 0.2F
0 0 0
. 0 0.5 1 0 0.5 1
no no nO
[Park 19]

5 b

Input Image

(7)) o|goixriotm

@f“’!} EWHA WOMANS UNIVERSITY 11



Color Constancy

* Human vision compensates for color of illumination.

* Computational color constancy requires estimation of
illuminants, and then correct for illumination spectrum.

Macbeth Chart Macbeth Chart
under A light under daylight
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White balance

* White balance: adjust color gain to compensate for
the 1llumination.

e Jllumination estimation

— Gray-world assumption

* The spatial average reflectance is achromatic.

— White-patch assumption

* The maximum response (the brightest pixel) is caused by a white
patch.

— Qray-edge assumption

* Spatial derivative of an image 1s achromatic.
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Hyperspectral Image
* RGB vs Hyperspectral Image

ALY

An RGB image and camera spectral sensitivity Spectral sensitivity of a hyperspectral image
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HSI application

Material recognition (unmixing)

Environment monitoring: heavy metal, vegetation,
planktonic species

Object detection
Relighting
Food inspection

Old document restoration




Color correction matrix in RGB space

A hyperspectral image is a multiplication of illumination and reflectance,
under Lambertian model.

Camera sensitivity Input illuminant  ColorChecker reflectance Input image
Dmxn - LmeRmxn ® - L -
D, «n: hyperspectral image [\ ZapNLEWd

D; = SLR

R : reflectance e e SR e :
mxn: = i o { Sg ] b : : Ground truth
L,sm: diagonal illumination s 2 y g2 .3 ,24
m : the number of spectral channels, _ I
n : the number of pixels Wl =55
S L R R; = SR

An RGB 1mage i1s a filtering of a hyperspectral image.

D3 = SD =SLR,R3 = SR
D;: RGB image obtained by a camera

[Ilumination of an RGB image (SLR) can be obtained

L from RGB reflectance (SR) without error using a 3x3
S: camera sensor sensitivity

R;: RGB reflectance
D;= SLR = MR; = MSR greater than 3.
M: 3x3 illumination correction matrix SLR = MSR, if rank(R) < 3

correction matrix (M) if the rank of reflectance is not

O] OO X} T} O 11 [Cheng 15] 16
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Relation of CSS and illumination

« Illumination correction equation can be interpreted from a different
perspective: CSS vector weighted by illumination is represented as
a linear combination of the CSS.
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Relation of CSS and illumination
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Recovery of illumination and reflectance - RGB
[Lombardi 16]
* Bayesian approach
— Reflectance: mixture of Gaussians

— Illumination: exponential distribution
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Color Constancy (RGB) - CNN

[Hu 17]
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[1lumination estimation from HSI

Dinxn = LimxmRmxn=LmxmBmxkCrxn
D,,.«n: hyperspectral image
B,,.xk: reflectance basis vector
Crxn: coefficients for reflectance

Natural reflectance can be modeled as a low
dimensional subspace, typically five to seven.
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[1lumination estimation from HSI

sushi: incandescent lighting
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HSI from multiplexed 1llumination

[Park 07]
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Figure 2. The spectra of the 5 types of LEDs (solid lines) and the
spectral responses of the three color channels of the PointGrey
Dragonfly Express camera (dashed lines) used in our system.
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HSI from everyday digital cameras Oh 16
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HSI reflectance from a RGB 1mage

[Fu 18]
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What's next?

 Non Lambertian reflectance
— Specular components
— Scattering (skin)
— Translucent materials

— Fluorescence

* More data acquisition
— More than three channels
— Use of NIR

— Direct measurement of illumination
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Color image processing ¢+ &
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