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4. Color Imaging

* What is “color space” ?
* How are colors reproduced in digital imaging systems?
+ Limitation in color reproduction of conventional systems...
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http://www.psychologie.uni-kiel.de/golz/publications/2003a/LMS.html
V.C. Smith and J. Pokorny, "Spectral sensitivity of the foveal cone photopigments between 400 and 500 nm," Vis. Res. 15, 161-171 (1975).
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Spectral radiance of reflected light = Spectral radiance of illuminant X Spectral reflectance
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Input of color
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Color matching functions of human observer
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Example of the spectral sensitivity of a color camera

Vector-matrix representation

Sampling of wavelengths
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How were color spaces defined?
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+ Additive mixture of three-primary colors 3ERBDOMERR
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XYZ Color Matching Functions (CMF)

RGB three primary colors
Color is represented by three positive variables RGB 3EE
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4.2 Color imaging and display systems
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White-balance

Gamma

/@ 5 Lk /

camera Gamma

Reproduced color
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Digital color image data

Field sequential, band-interleaved
RRRRRR...GGGGG...BBBBB...
Pixel interleaved
RGBRGBRGBRGBRGB.....

Problem

» Two color objects ~ Impossible to discriminate !

‘ — Colorimetry: g
Colorimetry : g' # g

— Colorsignal: y
— Colorsignal: y' =y
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4.2.1 Input of color images H—EBDARN
Color image input devices

* Color camera, scanner, ..., endoscopy
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3x3 matrix multiplication

Conversion matrix
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4.2.2 Color display N—TARTLA

*  Spectral radiance of j-th primary color : Pj( 1)
*  Color signal for j-th primary color: { r };=
+  Spectral radiance of reproduced color : Q(A4) = z riP;(4)

* Reproduced color q i=R.G.B

A = [ QUC,(AdA=[ D rP(AC(Adi= Y ayr,
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c q= Ar
Additive color mixture in 3D color space
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Not all colors can be reproduced by the
additive mixture of 3-primary colors.

... Why?
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Additive color mixture

Color gamut

i

Color gamut of RGB display

Color gamut of color printer

4.3 Color reproduction
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Object conversion Observer
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Colorimetry: g

Conversion such that g = g’ : Colorimetric color reproduction
AEHERR »

4.3.1 Objectives in color reproduction
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* Spectral color reproduction SRHBEER
« Exact color reproduction ERGERR

— Tristimulus values are reproduced
» Colorimetric color reproduction ABHEBRR

— Do not care luminance

» Equivalent color reproduction £ i REEE
— Tristimulus values do not agree with original, but matching the
color appearance
— Luminance should be similar to the original
« Corresponding color reproduction Y OBEE

— Tristimulus values do not agree with original, but matching the
color appearance

* Preferred color reproduction FELLWEBR

KHEERTHEBEORAETIIFELVEBRINERLSNTER!



4.3.2 Color management
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» Device independent color reproduction
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conversion

Colorimetry

Color conversion

Observer

Color spaces for input and output devices
ANAOBZER. HAORADEZERM

Color spaces for input device
ex., 12bit, Negative RGB values supported

Color scRGB
" conversion = ]
Camera, —| Color conversion
Scanner for

Color
conversion

ICC Profile || Raw SRGBJ AdobeRGl?J

Data

Color conversion with ‘

"ICC Profile"
Color printer ~ sRGB AdobeRGB

Display Display

Color spaces for output device.

ex., SRGB, AdobeRGB

Camera digits Common color space

ICC Profile

Supported in PDF, TIFF, or Photoshop
Tools for making ICC profile of a device using a color chart or color sensor.

ICC: International Color Consortium

Note that the rendering intent includes not only colorimetric color reproduction but also

perceptual color reproduction.
Display A digits

(PCS)
Profile Connection Space
D50 filraativeat ‘N‘ Profile H Display B digits ‘

| Scanner digits H Profile |

CIEXYZ, CIELAB

Camera digits 3 Printer digits
Camera Printer Renderi int
el e endering intent
Media-relative colorimetric
ICC-absolute colorimetric
Data conversion Perceptual (vendor specific)
Color management module Saturation (vendor specific)

Color spaces used in color images
H7—ERIZEHN TNESEIED B ZERH]
e NTSC RGB (1953)
* SMPTE 170M RGB (Current NTSC) IR DONTSCIEBT.709(Z3E L
* ITU-R BT.709 RGB (HDTV)
« IEC 61966-2-1 (SRGB)
* IEC 61966-2-2 (scRGB)
e Adobe RGB

* sYCC (sRGB to YCC)
e ITU-RBT.709 Y Cb Cr
¢ xvYCC

* Others
Physical Standards: ~ CIERGB, CIEXYZ, CIELAB
Perceptual: ~ Muncell Color Space, Natural Color System
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