Color

Optical imaging and image processing
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4.4 Color image processing
4.4 HZ5—EZNE

4.4.1 Properties of color images AT—EBROHE

* Monochromatic image, B/W image = 1-dimensional
= Color image = 3-dimensional

* larger bandwidth in the luminance signal, and smaller
bandwidth in the chrominance signal
* TV signal, Color image compression

* Resemblance in RGB primary component
* The spectral reflectance of most objects are smooth

* The characteristics of human visual system (HVS)

¢ HVS is not sensitive to the blur in the chrominance
component

e but is sensitive to the spatial color variation
e |t is difficult to memorize the color accurately
(The memorized color shifts)
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4.4.2 Wiener filtering in color images
(Color estimation)
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Image signal y=SEf+n=Sf,+n
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4.4.3 Color image restoration Ho—EBDIET

* Restoration of R, G, B channels independently

* Restoration of luminance component only
* Human vision is less sensitive to the high-frequency
component of chrominance.

* Image restoration considering inter-channel
correlation

e Chromatic aberration => Different blur in each channel =>
It is effective to make use of the difference of the transfer
functions in the R, G, B components.

* Color image captured by color filter array
(demosaicing)

* Color artifact sometimes appears at the edge of
monochromatic object

* Restoration using the inter-channel correlation

Wiener filtering in color images

(Color image restoration)
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In case of the 'Red' channel restoration
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Wiener filtering in color images
(Color image restoration)

The image of red channel is restored using other channel components

MR = E {ngcI } E{gcgct }71
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Wiener filtering in color images
(Color image restoration)

If spatial correlation is R;, and no correlation between channels,

(Intra-channel correlation = R;, inter-channel correlation = 0
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Each channel is restored independently.

Wiener filtering in color images

(Color image restoration)

In case of no intra-channel correlation, and high inter-channel correlation

(almost monochromatic)
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If inter-channel correlation = 1 ——— M,=M;=M,

The intra- and inter-channel correlations are measured (or estimated) from the image
and G and B components are used in accordance with the correlation characteristics.

4.4.4 Color image analysis

* Color image segmentation

Z—EHRAEAT (651])

e The distribution of pixels values in the color space (color signal space)

 Selection of color space

* Considering the characteristics of human vision: UCS, HSV

* Discounting the illumination nonuniformity: 2-D subspace perpendicular
to the illumination color (white)

¢ Vector quantization
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4.5 Limitation of RGB-based color reproduction

Different illuminant

Why RGB Imaging is not enough?

* RGB does not represent the color attribute of an object.

» Spectral sensitivity of conventional color imaging device is not equivalent to
human vision

* Color reproduction under different illumination environment
* |Is not "Quantitative" information for image analysis

* The color gamut of display does not cover all the existent colors

* Observer Metamerism: Color matching for different observers Under incandescent lamp Under fluorescent lamp

Different illuminant
Metamerism
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Wider color gamut

High chroma colors captured by 6-band camera
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Observer metamerism
Spectral display with spectral approximation

[For the applications that need very high-accuracy

Color patch

Light box Tlumination
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the sphere

Half mirror

7-primary display
using LEDs ~

White board with two windows_

Visual experiment using 7-P LED
color patch

Screen

Light booth
(Object)

TABLE I. Number of Selections for Each Method

Compared methods Numberof Standeded  pvalue
sedections variable, 7

Linear interpolation / Spectal-approx. LTE -] afe 0.015%

Matrb: switching / Spectral-approx 3540 564 < 0.0001%

Thres-primary | Spectral-appro 3/32 450 001%

Visual experiment using 6P display
Y. Murakami, et. al., JEI, Vol.13, No.4, 701-708, (2004) T. Uchiyama et. al., JIST, Vol.49, No.4, 410-417, (2005)

Solution

Spectrum-based color reproduction

* Multispectral imaging:
Capture more than 3 channels

* [llumination spectrum measurement

* Spectrum-based color conversion

* Utilization of wide-gamut displays

Enables high-fidelity color reproduction as if the
subject were placed at the observer site.

Cf. International Color Consortium, ICCMax
CIE Division 8, TC 8-07 Multispectral Imaging

(% Spectrum-based color reproduction system

llluminant
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16-band Digital Camera

6-band HD video camera

Camera Profile

6-band Digital Stil Camera
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3-band Digital Still Camera

Multispectral microscope

3l

7 =

Spectrum-based
Color reproduction system

Storage, Analysis

Compression, Coding,
Transmission
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llluminant
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Display profile !
Multiprimary Color Display

I w 3-Primary (RGB) Display

Printer

Characteristics of
Human Vision



