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Chapter 1

Introduction

The aim of this software is to display color information in different color spaces.
It can realize color conversion in RGB, CMY, XYZ, xyY, I1I:13, UVW,
LSLM, L*a*b*, L*u*v*, L*H*C*, HSV, HSI, L*"H*S*, YUV, YIQ, YC0LCr
color spaces.

It proposes two visualization methods:

1. A 2D representation of the colors (image representation with pseudo-
color).

2. A 3D representation of the colors where the coordinates of each color (in a
particular color space) are used to determine the position in the 3D space.

1.1 What is a color space ?

A color space is a method by which we can specify, create and visualize color.
As humans do, we may define a color by its attributes of brightness, hue and
colorfulness. A computer will describe a color stimulus in terms of the excita-
tions of red, green and blue phosphors on the CRT faceplate. A printing press
describes a color stimulus in terms of the reflectance and absorbance of cyan,
magenta, yellow and black inks on the paper. Such a color is usually specified
by using three coordinates, or attributes, which represent its position within a
specific color space. These coordinates do not tell us what the color looks like,
but only where the color is located within a particular color space.

1.2 Why is there more than one color space ?

Different color spaces are better for different applications, some equipment has
limiting factors that dictate the size and type of color space that can be used.
Some color spaces are perceptually linear. Many color spaces, particularly in
computer graphics are not linear in this way. Some color spaces are intuitive
to use, i.e. it is easy for the user to navigate within them and creating desired
colors is relatively easy. Finally, some color spaces are device dependent while
others are not - i.e device independent.
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Color Definitions

2.1 Generality

In this chapter we will define several color concepts and all the mathematic
relations used in Color Space.

2.1.1 What is the difference between device dependent
and device independent ?

A device dependent color space is a color space where the resultant color de-
pends on the equipment and the set-up used to produce it. For example the
color produced using pixel values of rgb = (250,134,67) will alter as you change
the brightness and contrast on your display. In the same way if you swap your
monitor the red, green and blue phosphors will have slightly different charac-
teristics and the color produced will change. Thus RGB is a color space that
is dependent on the system being used, it is device dependent. A device in-
dependent color space is one where the coordinates used to specify the color
will produce the same color wherever they are applied. An example of a device
independent color space is the CIE L*a*b* color space (known as CIELAB and
based on the human visual system).

Another way of looking a device dependency is to imagine an RGB cube
within a color space representing all possible colors (for example a CIE based
color space). We define a color by the values on the three axes, however the
exact color will depend on the position of the cube within the perceptual color
space, move the cube (by changing the set-up) and the color will change. Some
device dependent color spaces have their position within CIE space defined,
these are known as device calibrated color spaces and are a kind of half way house
between dependent and independent color spaces. For example, a graphics file
that contains colorimetric information, i.e. the white point, transfer functions,
and phosphor chromaticities, would enable device dependent RGB data to be
modified for whatever device was being used - i.e. calibrated to specific devices.

2.1.2 What is a color gamut ?

A color gamut is the area enclosed by a color space in three dimensions. It
is usual to represent the gamut of a color reproduction system graphically as
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the range of colors available in some device independent color space. Often the
gamut will be represented in only two dimensions.

2.1.3 What is the CIE System ?

The CIE has defined a system that classifies color according to the HVS (the
human visual system). Using this system we can specify any color in terms of
its CIE coordinates.

The CIE system works by weighting the spectral power distribution of an
object in terms of three color matching functions. These functions are the sen-
sitivities of a standard observer to light of different wavelengths. The weighting
is performed over the visual spectrum, from around 360nm to 830nm in set
intervals. However, the illuminant, and lighting and viewing geometry are care-
fully defined, since these all affect the appearance of a particular color. This
process produces three CIE tri-stimulus values, XYZ, which are the building
blocks from which many color measurements are made.

2.1.4 Gamma and linearity

Many image processing operations, and also color space transforms that in-
volve device independent color spaces, like the CIE system based ones, must
be performed in a linear luminance domain. By this we really mean that the
relationship between pixel values specified in software and the luminance of a
specific area on the CRT display must be known. In most cases the CRT will
have a non-linear response. The luminance of a CRT is generally modeled using
a power function with an exponent, gamma, somewhere between 2.2 (NTSC
and SMPTE specifications) and 2.8. This relationship is given as follows:

luminance = voltage”

Where luminance and voltage are normalised. In order to display image
information as linear luminance we need to modify the voltages sent to the CRT.
This process stems from television systems where the camera and receiver had
different transfer functions (which, unless corrected, would cause problems with
tone reproduction). The modification applied is known as gamma correction
and is given below:

NewVoltage = OldV oltage™/™)

(both voltages are normalised and 7 is the value of the exponent of the
power function that most closely models the luminance-voltage relationship of
the display being used.)

For a color computer system we can replace the voltages by the pixel values
selected, this of course assumes that your graphics card converts digital values
to analogue voltages in a linear way. (For precision work you should check this).
The color relationships are:

R=aR"+b G=a.G"+b B=aB"7+b

where R’, G', and B’ are the normalised input RGB pixel values and R, G,
and B are the normalised gamma corrected signals sent to the graphics card.



CHAPTER 2. COLOR DEFINITIONS 4

The values of the constants a and b compensate for the overall system gain and
system offset respectively. (essentially gain is contrast and offset is intensity.)
For basic applications the value of a, b and = can be assumed to be consistent
between color channels, however for precise applications they must be measured
for each channel separately.

2.2 Tristimulus values

2.2.1 The concept of the tristimulus values

The light that reaches the retina is absorbed by three different pigments that
differ in their absorption spectra.

Relative absoption spectra of the shortwavelength cone (blue) s(A), middle-
wavelength cone (green) m(\) and longwavelength cone (red) I(\).

If one pigment absorbs a photon which leads to its photoisomeration the in-
formation about the wavelength of the photon is lost (principle of univariance).
Lights of different wavelengths are able to produce the same degree of isomera-
tions (if their intensities are adjusted properly) and consequently produce equal
sensations. The probability of isomeration of one pigment is not correlated with
the probability of isomeration of another pigment. The probability of isomer-
ation is just determined by the wavelengths of the incident photons. If we do
not think about the influences of the spatial and temporal effects that influence
perception, the sensation of color is determined by the number of isomerations
in the three types of pigments. Therefore colors can be described by just three
numbers, the tristimulus values, independent of their spectral compositions that
lead to these three numbers.

2.2.2 The Tristimulus Values

The tristimulus values T for a complex light stimulus () (light stimulus that
is not monochromatic) can be calculated for the specific primaries P with their
corresponding color matching functions P()\):

n:AHWNMM%=A%WﬂMM@=A&Wﬂ”M

2.2.3 Consequences

1. The amount of excitation of the three pigment types for a complex light
stimulus I(\) can be calculated:

Some = A SON)I(A).dN Mo — A M) I(N).dN Lope = /A JON).I(M).dA

2. The amount of excitation of one pigment type for one of the primaries
P(X) can be calculated:

Severs = A SOV PLA) AN Mo, = /A )Py A Lo = A 1) PL(A).dA
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This can be done for the other two primaries as well. Each primary has
a defined overlap with the absorption spectra of the three pigments and
consequently leads to a defined sensation. An increase in intensity of one
primary reduces to the multiplication with a scalar for each pigment. Now,
because of the principle of univariance, we can add the influences of the
three primaries to the resulting excitations of the three pigment types.

3. Because of 2 there exists a linear transformation between the tristimulus
values of a set of primaries and the color space formed by the isomerations
of the cone pigments.

Tristimulus values describe the whole sensation of a color. There exist a lot
of other possibilities to describe the sensation of color. For example it is possible
to use something equivalent to cylinder coordinates where a color is expressed
by hue, saturation and luminance. If the luminance or the absolute intensity of a
color is not of interest then a color can be expressed in chromaticity coordinates.

2.3 Chromaticity Coordinates

In order to calculate the tristimulus values T of a light stimulus due to a set
of primaries we need the spectral shape of the color matching functions and of
the stimulus. The tristimulus values are calculated by the integration of the
product of the color matching function and the stimulus over the wavelength.
The tristimulus values describe the sensation of the stimulus due to the set
of primaries including the absolute intensities of the three primaries needed to
match the stimulus. Of course the luminance of that stimulus could be varied
without changing the hue and saturation of the stimulus. This is reflected in the
chromaticity coordinates ¢ that form a twodimensional space because luminance
is ignored.

Ty T T3

o= (9=— (3= —
YT+ P M+ Ty 0 T+ Th+ T

It is not nessecary to mention the third coordinate because it is given by:

01+Cz+03:1

2.3.1 Spectrum locus

We can read the tristimulus values for the spectral colors as the values of the
color matching functions. For complex light stimuli we would have to integrate.
After that we can calculate the chromaticity coordinates out of the tristimulus
values. In CIE space the tristimulus values are called X, Y and Z, the chromatic-
ity coordinates are called x and y. The curve for the chromaticity coordinates
of the spectral colors is called the spectrum locus (fig. 2.1).

The straight line connecting the blue part of the spectrum with the red part
of the spectrum does not belong to the spectral colors, but it can be mixed out
of the spectral colors just as all colors inside the spectrum locus.
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Figure 2.1: CIE 1931 zyY chromaticy diagram

2.4 Color spaces definitions

Color is the perceptual result of light in the visible region of the spectrum, hav-
ing wavelengths in the region of 400 nm to 700 nm. The human retina has three
types of color photoreceptor cone cells, which respond to incident radiation with
somewhat different spectral response curves. Because there are exactly three
types of color photoreceptor, three numerical components are necessary and
sufficient to describe a color.

Because we get color information from file which contain only RGB com-
ponant we will present for each color space only the RGB to the color space
transformation formula.

2.4.1 Computer Graphics Color Spaces

Traditionally the color spaces used in computer graphics have been designed
for specific devices: RGB for CRT displays and CMY for printers. They are
typically device dependent.

Computer RGB color space

This is the color space produced on a CRT (or similar) display when pixel values
are applied to a graphics card. RGB space may be visualised as a cube with
the three axis corresponding to red, green and blue (see fig. 2.2(a)).

Printer C' MY color space

The CMY color model stands for Cyan, Magenta and Yellow which are the
complements of red, green and blue respectively. This system is used primary
for printing. The CMY colors are called the ”subtractive primaries” since the
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(a) RGB color space (b) CMY color space

Figure 2.2: RGB and CMY color spaces visualisation

color specified is obtained from by what is removed from white light not added
(see fig. 2.2(b)).

2.4.2 CIE XYZ and zyY color spaces

The CIE color standard is based on imaginary primary colors XYZ — which
don’t exist physically. They are purely theoretical and independent of device-
dependent color gamuts such as RGB or CMY. These virtual primary colors
have, however, been selected so that all colors which can be perceived by the
human eye lie within their color space.

The XYZ system is based on the response curves of the eye’s three color
receptors. Since these differ slightly from person to person, CIE has defined a
”standard observer” whose spectral response corresponds more or less to the av-
erage response of the population. This objectifies the colorimetric determination
of colors.

XYZ is a 3D linear color space, and it is quite awkward to work in it directly.
It is common to project this space to the X +Y + Z = 1 plane. The result is a
2D space known as the CIE chromaticity diagram. The coordinates in this space
are usually called x and y and they are derived from XYZ using the following
equations:

X B Y B Z
"“Xiv+z YT X4v+Z T X4v+2z

As the z component bears no additional information, it is often omitted.
Note that since xy space is just a projection of the 3D XYZ space, each point
in xy corresponds to many points in the original space. Actually the missing
information is luminance Y. Color is usually described by zyY coordinates,
where z and y determine the chromaticity and Y the lightness component of
color.

(2.1)
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CIE RGB to XYZ Conversion

Conversion from RGB to XYZ takes the form of a simple matrix transformation
(equ 2.2).

R X
Gl=A]|Y (2.2)
B VA4

We can use for example this transformation:

R 3.24079  —1.537150 —0.498535 X
G | =] —0969256 1.875992  0.041556 |.| Y
B 0.055648  —0.204043 1.057311 A

and the inverse transform simply uses the inverse matrix.

1

X 3.24079  —1.537150 —0.498535 | R
Y | =] —0.969256 1.875992 0.041556 e
A 0.055648 —0.204043 1.057311 B

This is all very useful, but the interseting question is ” Where do these num-
bers come from?”. Figuring out the numbers to put it the matrix is the hard
part. The numbers are dependent on the color system of the output device we
are using. The important parts of a color system are the x and y chromaticity
coordinates and the luminance components of the primaries (zyY). However, if
we don’t know the Y values, which is often the case, then we have a problem.
However, we can solve this problem if we know the chromaticity coordinates
of the white point. For this example we use the color system which has the
following coordinates:

Coordinate | Tred YRed TGreen YGreen TBlue YBlue
Value 0.64 0.33 0.29 0.60 0.15 0.06

Coordinate | Twnite Ywhite YWhite
Value 0.3127  0.3291 1

These terms will be abbreviated to x,, yr, 24, Yg, Tb; Yb, Tw, Yuw and Y.
We know already that the equations 2.1 link the tristimulus values to the chro-
maticity coordinates.

We can transform these relations:

T z
X=-Y Z=-Y
Y Y
The first step is to use these relationships to determine the luminance Y
values. So we can calculate the tristimulus values as follows
Y, _ Y _ Y
X, = y—TIT Xg = ?ng Xy = ?sz
Y=Y, Y=Y, Y=Y
Y,
Zy, = o Zg = y—;’zg Zy = %zb

For the tristimulus values of the white point:

Xy =20 Y=Y, Zy=2
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We now make another assumption which is that the sum of full intensity
values of red green and blue will be white. Using this assumption we can write
this relationship:

Xu =X, 4+ X, + Xp
Yo=Y, 4+Y, 1Y,
Zw = Zp+ Zy+ Z

We can then substitute in all the terms from the previous equations and
then rewrite as a matrix relationship:

Ty Ly Zg T

y—wa Yr  Yg Yo Y,
Yw = 1.0 1. 1.0 |. Y:q

Zw YVap Zr Zg Zb Y,

Yw Yr Yg Yo

This matrix can be re-written as follows:

2,  rg  omy, 7L Ty
Y, Yyr  Yg Yo Yuw Yw
Y, =] 10 1.0 1.0 . Yw
Y, Zr Zg Zb Zw Y
b Yr Yg Yb Yw

(a) XYZ color space (b) zyY color space

Figure 2.3: XYZ and zyY color spaces visualisation

We now have the luminance values Y., Yy, Y, and we can substitute these
values into the previous equations to find X,., X,, Xy, Z,, Z,, and Z;,. The final
step is to define the relationship between tristimulus values and RGB values
like this. The RGB matrix R should be the result of a multiplication of the
conversion matrix C' by the tristimulus matrix 7"

110 0 ? 7 7? Xo Xo X, X
1L o0o10|=1|27272 Yo Y. Y, Y,
100 1 ?7 7 9 Zw Zr Zy, Zp
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Then the conversion matrix can be calculated as follows

C=Rx«TT«(T+TT)!

10

If we follow this procedure through using the values given earlier then we
arrive at the following solution:

3.24079  —1.537150 —0.498535
C =] —0.969256 1.875992 0.041556
0.055648  —0.204043 1.057311
Chromaticity coordinates of phosphors
Name Ty Yr Tg Yg Tp Yb White point
Short-Persistence | 0.61 035 | 0.29 0.59 | 0.15 0.063 N/A
Long-Persistence | 0.62 033 | 0.21 0.685 | 0.15 0.063 N/A
NTSC 0.67 033 | 021 0.71 | 0.14 0.08 Mluminant C
EBU 0.64 033 | 0.30 0.60 | 0.15 0.06 | Nluminant D65
Dell 0.625 0.340 | 0.275 0.605 | 0.150 0.065 9300 K
SMPTE 0.630 0.340 | 0.310 0.595 | 0.155 0.070 | INluminant D65
HB LEDs 0.700 0.300 | 0.170 0.700 | 0.130 0.075 | x,=.31 y,,=.32
Standard white points

Name Ty Yuw

Muminant A 0.44757  0.40745

Illuminant B 0.34842  0.35161

Illuminant C 0.31006 0.31616

Illuminant D65 0.3127  0.3291

Direct Sunlight 0.3362  0.3502

Light from overcast sky | 0.3134  0.3275

INluminant E 1/3 1/3

2.4.3 CIF L*a*b* and L*u*v* color spaces

There are based directly on CIE XYZ (1931) and are another attempt to lin-
earise the perceptibility of unit vector color differences. Again, it is non-linear,
and the conversions are still reversible. Coloring information is referred to the
color of the white point of the system. The non-linear relationships for L*a*b*
(see equ. 2.3 and fig. 2.4(a)) are the same as for L*u*v* (see equ. 2.6 and fig.
2.4(b)) and are intended to mimic the logarithmic response of the eye.

with

116 (%)7 ~ 16
903.3 (YXD)

500 | () — f(3%)
200|f(32) — f(£)
- Us

= 7.787U 4+ 16/116

pour

pour

> 0.008856
Y
v; < 0.008856

pour U > 0.008856
pour U < 0.008856

(2.3)
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and

4X 9y

UX,Y,Z)= — ot VIX,Y,Z)=—— (25

( )= Xrmvasz &V )= Xtvasz @Y

%

L 116 ( ) pour ¥ > 0.008856

* Y Y
L 903.3 (7) pour ¥ < 0008856,
W= 18L7|U(X,Y,2) - U(Xo, Yo, Z)]
v* 130 |V(X,Y, Z) — V(Xo, YO,ZO]

(a) L*a*b* color space (b) L*u*v* color space

Figure 2.4: L*a*b* and L*u*v* color spaces visualisation

2.4.4 Color spaces used in video standards

YUV and YIQ are standard color spaces used for analogue television trans-
mission. YUV is used in European TVs (see fig. 2.5(a)) and YIQ in North
American TVs (NTSC) (see fig. 2.5(b)). Y is linked to the component of lu-
minancy, and U, V and I, ¢ are linked to the components of chrominancy. Y
come from the standard CIE XYZ.

Transformation RGB to YUV

Y = 0299 x R+0.587x G+ 0.114 x B
U = —0.147x R—0.289 x G+ 0.436 x B
V. = 0.615x R—0.515x G—0.100 x B

Transformation RGB to YIQ

= 0299 x R+0.587TxG+0.114 x B
= 0596 x R—-0274xG—-0.322x B
= 0212xR—-0523xG+0.311 x B

O~ =
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(a) YUV color space (b) YIQ color space

Figure 2.5: YUV and YIQ color spaces visualisation

With these formula the Y range is [0;1], but U, V, I, and @ can be as well
negative as positive.

Y CbCr (see fig.2.4.4) is a color space is similar to YUV and YIQ. Y remains
the component of luminancy but Cb and Cr become the respective components
of blue and red. The transformation formula for this color space depend on the
recommendation used. We use the recommendation Rec 601-1 which give as
coefficients for red the value 0.2989, for green the value 0.5866 and for blue the
value 0.1145.

Figure 2.6: YCbC'r color space
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Jodens

N

Figure 2.7: I, 1513 color space

Transformation RGB to YCbCr

Y = 0.2989 x R+ 0.5866 x G +0.1145 x B
Cb = -0.1688 x R —0.3312 x G+ 0.5000 x B
Cr = 0.5000 x R—0.4184 x G —0.0816 x B

2.4.5 Linear transformation of RGB

2.4.6 I,1,15 color space

Ohta [1] introduce, after a colorimetric analysis of 8 images, this color space.
This color space is a linear tranformation of RGB (see fig. 2.4.6).

Transformation RGB to [11513

L = 3(R+G+B)
I, = i(R_B)
I, = 126-R-B)

2.4.7 LSLM color space

This color space is a linear tranformation of RGB (see fig. 2.4.7).

Transformation RGB to LSLM

L = 0.209(R—0.5)+0.715(G — 0.5) 4+ 0.076(B — 0.5)
S = 0.209(R—0.5) 4 0.715(G — 0.5) — 0.924(B — 0.5)
LM = 3.148(R —0.5) — 2.799(G — 0.5) — 0.349(B — 0.5)

2.4.8 HSV and HSI color spaces

The representation of the colors in the RGB and C MY color spaces are designed
for specific devices. But for a human observer, they are not useful definitions.
For user interfaces a more intuitive color space, designed for the way we actually
think about color is to be preferred. Such a color space are
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Figure 2.8: LSLM color space

e HSI ; Hue, Saturation and Intensity, which can be thought of as a RGB
cube tipped up onto one corner (see fig. 2.9(b) and equa. 2.7).

e There is different way to compute the HSV (Hue, Saturation and Value)
color space [2]. We use the following algorithm 2.4.8.

Transformation RGB to HSV

1 if (R > G) then Max = R; Min = G;position = 0;
2 else Mazr = G; Min = R;position = 1;
s fi
4 if (Max < B) then Max = B;position =2 fi
5 if (Min > B) then Min = B; fi
6 V= Max;
7 if (Maz # 0) then § = Mz,
8 else S = 0;
9 fi
10 if (S #0) then
11 if (position = 0)
13 else if (position = 1);
4 then H = ;70
15 else H = 5750
16 fi
17 fi
Transformation RGB to HSIT
I = (R+G+B)/3
S = VR2+G2+B2— RG—-RB- BG (2.7)

H = (a-— Arctan((R— I)@)
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with
az% if G>B
a=5 if G<B
H=1 if G=B

Note that you have to compute Intensity before Hue.

(a) HSV color space (b) HST color space

Figure 2.9: HSV and HSI color spaces visualisation

2,49 L*H*C* and L*"H*S* color spaces

The L*a*b* (and L*u*v*) has the same problem as RGB, it is not very useful for
user interface. That’s why you will preferr the L* H*C* equa. 2.8 (and L*H*S*
equa. 2.9), a color space based on L*a*b* (and L*H*S*). L*H*C* stand for
Luminosity , Chroma and Hue.

Transformation RGB to L*H*C*

L=1rL*
C = Va2 +b2
H = 0 whether a =0
H = (arctan(b*/a*) + k.7/2)/(27)
whether a # 0 (add ©/2 to H if H < 0) (2.8)
and k=01if a* >=0and b* >=0
ork=1if a*>0andb* <0
ork=2if a*<0andb* <0
ork=3if a*<0andb* >0
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Transformation RGB to L*H*S*

L=1L*
S = 13./u*? + u*2
H =0 whether u =0
H = (arctan(v*/u*) + k.7 /2)/(27)
whether u # 0 (add 7/2 to H if H < 0) (2.9)
and k=01f u* >=0and v* >=0
ork=1if u*>0andv* <0
ork=2if u*<0andv* <0
ork=3if u*<0andv* >0
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User Manual

3.1 Introduction

This software uses Gtk as GUI. This library originally developed for X-Windows
graphic interface is now available on Windows systems (thanks TLM for the
Win32 port of this library: http://www.gimp.org/~tml/gimp/win32). By us-
ing Gtk, we are able to build, without code modification, Unix and Windows
versions of this software.

The 3D color space visualization method uses OpenGL to display the 3D
color information.

3.2 Image Reader/Viewer

When you run the software a first window appear (see fig. 3.1(a)). This window
is an image reader/viewer. You can select the file to read using: the command
line, the “File/Open” menu or by a drag and drop from the file explorer of
Windows.

The ImageMagick library is used to read the image files (image with 16 bits
by channel are accepted). This library can read a tremendous variety of file
formats (see the web site of ImageMagick to get the whole list:
http://wuw.imagemagick.org).

A selection mechanism using color transparency has been included in the
image viewer. You can select different regions of interest (ROI) in the image,
at each of these ROI corresponds one transparency color (see fig. 3.1(b)).

This first window can be used as a simple image viewer. It includes all the
basic features of this kind of tool:

e Status bar with the current color value, zoom factor and the mouse pointer
coordinate (within the image coordinate system).

e Zoom In/Out in the window with the menus “Visualization/Zoom/Zoom
In” and “Visualization/Zoom/Zoom Out” or directly with the mouse:
“Control + Left click” (Zoom In), “Control + Right click” (Zoom Out).

17
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(a) Image Viewer (b) Image Viewer with ROI

Figure 3.1: Image Reader/Viewer

e Zoom window (menu “Visualization/Zoom/Zoom Window”). When you
select this menu a new window becomes visible, this window shows at
each moment (according to a specific zoom factor) the neighborhoods of
the pixel behind the mouse pointer. It is possible to change the zoom
factor in the window with a “right click”.

e Hide/Display the rulers, the scroolbars, the menu, the status bar, the grid
with the menus in “Visualization/Display”

e Gamma correction changes only the appearance of the colors. This func-
tion does not change the image buffer values.

Note: You can find the same menus with a “right click” on the image.

You can select different regions of interest (ROI) in the image, at each of
these ROI corresponds one color. With our selection method a ROI can be
composed by a set of non-connected pixels.

There are two methods to enable the selection mode in the image viewer:

e Using the toggle button at the right bottom of the window (the color of
this button is the current color of the selection)

e Using the menu “Selection/Display Selection”.

The index selection (“Selection/Select index”) enables to switch the current
ROIL. A single click on a color changes the current ROI to this color. A “Double
click” on a color activates a new window where you can select the associated
color to the ROL.

Note: You can access to the index selection by a “right double click” on the
selection button.
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Figure 3.2: Color space converter window

Different drawing modes and brushes are available:

e In “Selection” the menus switch the current drawing mode (pen, line,
rectangle, ellipse or hand).

e The menu “Selection/Select Brush” shows a new window with different
brushes.

By default, the undo level for all drawing operations is 10; you can change
this value with the menu “Edition/Undo Level”.

3.3 Color Space Converter

The color space converter window is a selector for different color spaces. It
includes three menus associated to different methods to display the color infor-
mation of an image. The main part of the window is dedicated to the color
space selection and configuration (see fig. 3.3).

For color spaces that use XYZ as intermediate color space, the primaries and
the reference white can be changed directly or by using some predefined values.

This window is the control center of this software. It is designed to launch
the different windows used to display the color information:

e Within an image where each color channels of the original color space are
associated with the red, green and blue channels of the displayed image.

e Within a 3D viewer.

3.4 Image

This window displays directly the content of the image conversion. Each channel
is mapped respectively to the red, green and blue channels of the displayed image
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(see fig. 3.3(a)). You can display separately (menu “Visualization/Channel”)
and change the look up table (LUT) used to visualize the channel informa-
tion (menu “Visualization/Channel/Lut”, there are 7 different LUT) (see fig.
3.3(b)).

This window shares the same properties as the Image Viewer and allows a
ROI selection process.

(a) L*a*b* (all components are visi- (b) zyY (only x component is visible
ble)

Figure 3.3: Image

3.5 3D Color Space Visualization

The first goal of this program was to propose an interactive method to visualize
the 3D dimensional aspect of the color information (see fig. 3.4(a) and fig.
3.4(b)). The 3D color space visualization window uses OpenGL to display the
3D color information.

A “drag and drop” process is used to transfer the color information from the
image viewer to this window:

e “Middle Button” or “Shift+ Right Button” drags the ROI colors from
the image window and release the button drops theses colors in the 3D
window (a hash table is used to reduce the color number).

e “Control + Middle Button” or “Control 4+ Shift + Right Button” drags
all the colors from the image window.
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(a) L*a*b* color space (b) zyY color space

Figure 3.4: 3D Visualization

3.5.1 3D Navigation

The navigation process uses a camera, we define this camera with its position
and its target (in Cartesian or Spherical coordinates):

e “Left Button”: modify the camera position and keep the distance to the
target.

e “Shift + Left Button”: modify the target position and keep the distance
to the camera.

e “Middle Button” or “Control + Left Button”: modify the distance to the
target.

e “Right Button”: translate the camera position according to a perpendic-
ular plane to the vector defined by the camera and the target.

e “Shift + Right Button”: translate the camera and the target position with
the same vector.

3.5.2 Camera Window

The camera window (see fig. 3.5.2) offers to change the camera properties.
These properties include the position of the camera and its target in Cartesian
coordinates (“Position” and “Target”) and in Spherical coordinates (“Distance”,
“Phi” and “Theta”). “Fov” allows to adjust the field of view value and “Perspec-
tive” to choose the visualization mode (perspective or orthographic projection).

3.5.3 Visualization Menu

In this menu (see fig. 3.6(a)) you can change different properties:
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Figure 3.5: Camera window

(a) Visualization Menu (b) Objects Menu

Figure 3.6: Menus

e “Display Color” lets to display (or not) the colors.
e “Display Axes” lets to display (or not) the axes.

e “RGB cube” lets to display (or not) the RGB cube associated to the
current color space.

e “Light” enables or disables the openGL light (if you want to see the true
colors disable this menu)

e “Point” displays each color as a point.

o “Wireframe”, “Flat”, “Smooth” display each color as a geometric primi-
tive with different openGL properties.

3.5.4 Object menu

This menu (see fig. 3.6(a)) can be used to change the geometric primitive used
to visualize the colors (if you are in Wireframe, Flat or Smooth mode).
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(a) Viewport window (b) Color space configuration win-
dow

Figure 3.7: Configuration windows

3.5.5 Viewport Properties Window

The Viewport Properties Window (see fig. 3.7(a)) allows to change the back-
ground color and the size of the 3D window.

3.5.6 Color Space Configuration Window

The Color Space Configuration Window (see fig. 3.7(b)) lets to modify the 3D
display properties (RGB cube properties, axes properties...).

3.5.7 Informations Window

This window (see fig. 3.5.7) displays the color cloud statistics.

3.6 3D Histogram Visualization

This window is very similar to the 3D Color Space Visualization window. It can
be used to visualize the color histogram (see fig. 3.9(a) and fig. 3.9(b)) of an
image (or a ROI).

With this representation we use the size of geometric primitive to evaluate
the colors density.
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Figure 3.8: Informations window

(a) L*u*v* color space (b) I I2I3 color space

Figure 3.9: Histograms
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