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5.1 Color spaces
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V.C. Smith and J. Pokorny, "Spectral sensitivity of the foveal cone photopigments between 400 and 500 nm," Vis. Res. 15, 161-171 (1975).

5. Color Imaging
5. h5—ER

R,G,B

Luminance(Y), Chromaticity(C)
YCbCr, YPbPr, YUV, L*a*b*

Y, M, C, K

Hue(H), Saturation(S), Value(V), L*C*h
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Color and the spectrum of light
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Color imaging system
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Examples

Spectral intensity distributions of illumination lights

(CIE A and CIE D65 standard illuminants)
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Example of spectral reflectance (Skin)

Object 2 6
Spectral reflectance f{1) A, NRTHADIRTADEF —x s —
¢ 1.5 7 . ¢
* Vector-matrix representation e 1 , /\
y=SEf S, K ) / \
— S f 0.5 / /
e ] yk AN \\ 1
+ f, : Spectral radiance 0 0
. . 380 480 580 680 780 380 480 580 680 780
¢ PI'Q] ection of fe by S or PI'OJ ection of f by SE W Color matching functions of human observer Example of the spectral sensitivity of a color camera
Vector-matrix representation BEBIEEDLIICLTEDON-OM?
How were color spaces defined?
Sampling of wavelengths
+ Additive mixture of three-primary colors 3REDIEEE
700nm, monochromatic light (red)
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XYZ Color Matching Functions (CMF)

RGB three primary colors
Color is represented by three positive variables RGB 3Ef
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XYZ color space, xy-chromaticity diagram . L}near combination of a set of cqlor matchlng functions
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CIE 1976 L*a*b* Uniform Chromaticity Space (UCS)
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5.2.1 Input of color images Ho—EBDA S
Color image input devices

* Color camera, scanner, ..., endoscopy
| =
I L Image signal

Reflected light from object y=SEf

= - [rEms, (az

Color filters  Sensors

(Modulation of illumination light)
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5.2 Color imaging and display systems Problem
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White-balance
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camera Gamma
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Reproduced color

MRGBIESETHAVIWER. BETERNELD

Digital color image data

Pixel interleaved
RGBRGBRGBRGBRGB

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

» Two color objects Impossible to discriminate !
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Luther condition

+ If the space spanned by S,
covers the space spanned by C,
=)
g is derivable from y for arbitrary f,
g=My

. Linear .
Color signal . =P Colorimetry
conversion

3x3 matrix multiplication

¢ Conversion matrix
y=SEf
g=CEf

M=CS§(SS§')!

Color gamut

i

Color gamut of RGB display

Color gamut of color printer

g =My
=CS(S'S)Y'SEf=CEf=g 57 X 62
5.2.2 Color display NI—T1RTLA
* Wide gamut televisions
* Spectral radiance of j-th primary color : P( A )
*  Color signal for j-th primary color: {r },= r;
* Spectral radiance of reproduced color : Q(4) = | erPj )
* Reproduced color q J=RGE .
Ex.Laser display
g9 = [ QC,(di=[ Y rP(AC,(Ddi= Y a,r,  (5.13)
Jj=R,G.B Jj=R.G,B
s q=Ar T
* Expanding Color Gamut: Multiprimary color display
e MEREORE Colr ot peseri b
¢ Color Gamut presented
Green by RGB display system
% SRBOIEERT y
Blue ETORERTTED
BRTIFARL !
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Additive color mixture

Visible Color for
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5.3 Color reproduction
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Conversion such that g = g’ : Colorimetric color reproduction
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5.3.2 Color management
NT—IR—V A BEE

» Device independent color reproduction

> e

N

conversion

Colorimetry

Color conversion

5.3.1 Objectives in color reproduction
BBIEDODFE R W.G. Hunt)

* Spectral color reproduction SN EEIE
» Exact color reproduction EHEGBRBE

— Tristimulus values are reproduced
* Colorimetric color reproduction ABHBERER

— Do not care luminance
» Equivalent color reproduction EificER

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

— Luminance should be similar to the original

« Corresponding color reproduction g SBER
— Tristimulus values do not agree with original, but matching the
color appearance
 Preferred color reproduction FELLEER

KHEERTHBORRETIMFELVEBR INEELSNTE !

Color spaces for input and output devices
ATRAOBZER., HAORADOEBZERM

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

Color scRGB
™ conversion = ﬁ
Camera, —| Color conversion
Scanner for
]
Color
conversion
ICC Profile || Raw SRGB AdobeRGB
Data
Color conversion with ‘
"ICC Profile"

Color printer sRGB AdobeRGB

Display Display
Color spaces for output deyice.
ex., SRGB, AdobeRGB




Color spaces used in color images
Ho—ERICEDLDNTODEEDBZERM
* NTSC RGB (1953)

* SMPTE 170M RGB (Current NTSC) KIREDNTSCIEBT. 70912380

« ITU-R BT.709 RGB (HDTV)
« IEC 61966-2-1 (sRGB)

« IEC 61966-2-2 (scRGB)

* Adobe RGB

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

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

5.4 Color image processing
54 H5—ERNE

5.4.1 Properties of color images ~ AZ—E{RDMHE

* 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
— but is sensitive to the spatial color variation
— Tt is difficult to memorize the color accurately
(The memorized color shifts)

72

Original ‘ Luminance

Chrominance
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Smoothing only chrominance component

Original

5.4.3 Color image restoration Ho—EBDER

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

— 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
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5.4.2 Wiener filtering in color images
(Color estimation)

HS—ERIZETE204FT—T4IL 2 (BHETE)

Image signal y=SEf+n=Sf,+n
Color (tristimulus values) g=CE f=Cf,
Estimated Color g =My

e=E{llg-glI’}=E{lg-My [’} — min

e= Efrri(g-My)g-My)']}
Ly

oM
0

0
i @~ MY) =~ [CEf — M(SEF +n)] = ~(SEf +n)
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5.4.4 Color image analysis A5 —E{Z#EHT (f5l)

» Color image segmentation
» 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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