A Study on the Color Modelling Method for
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ABSTRACT

Color pictures on CPT are generally affected by the receiver characteristic and the condition of exterior
illurninants. Moreover, readjustment of incorrect color in the CPT causes color distortion on a given picture.

This paper describes a color adjustment method for modelling of CPT at the view point of observer
in the ordinary lighting condition. To develop this method, we proposed ways of luminance recompensation
under the gamma transformation for the intensity of illuminant, hue/saturation compensation for the types
of illuminant and control of specific color for the reference.

Based on these method, a color correlation system is suggested with the goal of reducing the color
errors which are represented due to the influence of reflectance component of illuminants, the gamma
transformation of CPT and the frequently adjustment of reference scene to set a optimum color.
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1. Introduction

Color is one of the important factors to determine
the quality of an image and color display technology
of CPT has been improved significantly. However,
the color image on CPT has been somewhat
distorted due to the other factors such as gamma
correction at the receiver side, the influence of
exterior illuminant[1] and the control of specific
reference color[2-3]. It pays to remind ourselves
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that we cannot truly watch color picture on CPT
because of these factors.

In conventional TV system, before conversion
from the RGB signal to YIQ signal, non-linear
processing to compensate the transfer charac-
teristic of the color picture tube, called gamma
correction, is applied to the RGB signall4]. Gamma
is frequently used for the CPT tone curve char-
acteristic of each channel. Because of the gamma
pre-compensation, reproduced luminance signal is
degraded by chrominance signal and gain of the
luminance signal over cut-off frequency can be
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reduced.

The another problem for reproduction of color
on CPT is exterior lighting conditions which affect
reproduced colors. Generally, the color coordinates
of the reproduced pictures are shifted for the types
as well as the intensity of the illuminants. Because
human visual system depends on interaction be-
tween light and the eye, we have also to consider
how exterior illuminant manages to influence color
information on CPT.

The color of objects is determined by the
spectral distribution of the light the objects emit.
When the observer watches color picture on CPT
under ordinary environment, the exterior illuminant
irradiates on CPT. Thus, the brightness, saturation
and the hue of the color picture become changed.
From this reason, the color on CPT can be some-
what distorted due to lighting condition at the view
point of the color reappearance.

As mentioned above, from the gamma pre-
compensation and the influence of exterior lighting
conditions, chromaticity of color pictures on CPT
is somewhat distorted. For readjustment of dis-
torted colors on CPT, the viewer can adjust the
color control at the receiver, but another changes
take place from the unreasonable adjustment. Thus,
some form of automatic color control is desirable.

In this paper, we proposed the color modelling
method to reproduce the real colors on CPT. For
the reappearance of color pictures, we provide the
employment of gamma compensation, the compen—
sation method for the condition of exterior
illuminants, and the specific color control method

for the viewer.

2. Gamma transformation for the intensity
of illuminant

Gamma correction is quite different in nature
from other color display elements proceeding actual
color adjustment. In fact it is a matter of taste

whether the selection of gamma should be con-

sidered as an color adjustment. Especially, if exte—-
rior illuminant irradiate on CPT, the brightness
somewhat changes and from the results gamma
must be transformed for the intensity of illuminant.
Thus, it is necessary to transform automatically
the most optimal gamma for each exterior envi-
ronment.

In TV system, the picture tube is adjusted to
produce the desired reference white by a suitable
adjustment of the three gain controls and the light
intensity in tristimulus values(R, G, B) produced
by each beam current, which is power function( A )

of the applied voltage as follows:

R=kE,
G=kE,,
B=kE,

And the respective phosphors produce corre—
sponding luminance Y;, Yg, Yb from the red, green,
and blue gun, respectively.

X =aE’
Yg :'BEg’
Y, =)E,

where, ¢ + 8 + A=1 and total luminance Y is the
sum of Y,, Yy, and Y.

However, the reproduced luminance signal is
distorted by the interfering signal, which produces
frequency difference bhetween color-subcarrier.
And also, the reflectance component of illuminant
in the ordinary viewing environment causes color
difference to the viewers.

Thus, we provide a automatic gamma selection
for the intensity of illuminants. Selection of a
gamma affects the colors of image. Especially,
gamma greatly affects the brightness of an image.
If the intensity of illuminants increase, the color
coordinate of an image on CPT shifts toward
reference white and the brightness of an image
increase. Thus, gamma readjustment is necessary
before the compensation of color information.

In TV system, when the video signals with
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standard NTSC primary were transmitted, the
gamma (1) of CPT is 2.2 and pre-compensation
factor at the transmission side is 0.45. Thus, these
gamma factors are reduced for the intensity of
illuminants as 2.0 or 1.0. If the factors 2.0 is applied
to the receiver, compensation circuit can be
simplified. And also, the chrominance signal, which
produces the three color difference signal, produces
no luminance variation in a linear display, that is
gamma factor is 1.

The decision procedure of gamma for the

intensity of illuminant is as follows:

Compute the Intensity of exterior illuminant
Select optimal gamma factors
If (intensity 50 lux with a fluorescent lamp or
45 lux with a incandescent lamp)
gamma = 1.0
else if (30 lux with a fluorescent lamp intensity
50 Ilux with a fluorescent lamp) or
(25 lux with a incandescent lamp intensity
45 lux with a incandescent lamp)
gamma = 2.0

else gamma = 22

3. Hue/Saturation correction for the types
of illuminants

Frequently, a reproduction of an color image on
CPT will differ deliberately from the original
because the original and reproduction environment
factors have different attributes. Thus, when
reproducing a color pictures on CPT, it is often
desirable to approach at the sides of chromatic
differences within system and visual space for the
various factors which affect to visual system.

The goal of CPT color measurement is to
determine tristimulus values X, Y, Z, as defined by
the CIE in its publications. For exterior illuminant

with a spectral energy distribution ¢ (1),

30nm _
X =k [ " p(A)x(A)dA

30nm —
Y = k 60nm (p(l)y(l)dl (l)

30nm -
z=k[ "oz AdA

where, k is a constant that depends on the
circumstances, and x(A), y (1), z(A), are color
matching function. While it is possible to obtain
the colorimetric values of pictures by using the
spectral reflectance of exterior illuminant and the

spectral characteristic of the exterior illuminants.
30nm —
X, =k [ RAAAA)A
30nm —
Y=k [ RPN @
30nm —
Z, =k conm R(AD)p(A)z(A)dA

In this paper, to improve the exact expression
and to evaluate the degree of reproduction quality
on CPT. CIE Lu 'v’ uniform color space is adopted.

The block diagram of the reproduced color on
CPT is shown in Fig. 1. A color image on CPT
is transformed from the original RGB data into
XYZ tristimulus values. However, the spectral
reflectance Re( A1) of the exterior illuminant is
added on the reproduced image and the chromatic
values on CPT is affected. To enhance color picture
on CPT, the X'Y'Z' tristimulus value of the repro-

duced image under a illuminant must be corrected

illuminant

Fig. 1. Diagram of the reproduced color on CPT.
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from the spectral reflectance of a exterior illuminant
and the spectral radiant distribution of CPT.

If fluorescent irradiate on CPT, the hue value of
reproduced color somewhat distorted with bluish-
tone. Similarly, the hue value of reproduced color
somewhat distorted with redish-tone for the in-
candescent case, respectively. And also, brightness
increase toward white point. Thus, to correct
distorted colors, saturation and hue values should
be corrected because brightness is corrected in the
gamma transformation step.

In this paper, the colorimetric characteristic of
the CPT under the exterior illuminant is calculated
using spectroradiometer. To discriminate the exte-
rior illuminant and to correct the distorted image
on CPT, color sensing circuit{1] was taken. From
the chromatic matching between distorted image
and original image, correction factors such as
R-Y/B-Y, gain, hue, and saturation values in the
color control chips are controlled for the illuminant

using TV control mode.

4. Reference color control for color mea-
surement

In TV system, the viewer finds that color changes
between channels, scenes, or even TV receivers
generally require readjustment of the color control
[5-9]. However it is unreasonable to expect the
viewer to constantly adjust his color contro} as
these changes take place. The viewer does not
have a reference color and some colors such as
flesh tone, green, and blue are more important than
other colors in the determination of reference color.
In order to satisfy viewers demand, reference color
control algorithm is necessary. Displaying ref-
erence colors in a current television system is
difficult problem because it has non-linear char-
acteristic of corresponding factors such as viewers
demands, human visual characteristic and system
characteristic itself.

In TV system, many reference colors can be

defined for the viewers, but we used flesh tone for
reference. Because flesh is the most critical and
common color reference in the color display system
that the viewer can rely on. Moreover, the flesh
tone has been situated as an important memory
color not only in our lives but also in color display
systems such as TV[10-11]. The xy color coor-
dinate of flesh tone in actual television system is
(0.401, 0.368).

5. Color adjustment diagram for modelling
of CPT

The proposed method to describe the modelling
of the color reappearance on CPT is shown in Fig.
2. To develop this method, we proposed ways of
luminance compensation under the adaptive gamma
transformation for the intensity of illuminant, the
compensation of lighting influence and the control

of spectfic color.

Color reappearance on CPT

Fig. 2. Color adjustment diagram.
6. Experimental results

In the experiment, we focus on the modelling of
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color images reproduced on CPT under the gamma
controls and the compensation of hue/saturation
for the change of illuminants. Fig. 3 shows the
comparison of color errors between distorted and
corrected color image on CPT under the exterior
illuminants such as incandescent lamp(yellow
point : conventional, blue point : proposed) and flu-
orescent lamp (green point : conventional, red point:
proposed) for the intensity level (point 1: small,
point 2: medium, point 3: high intensity). Fig 4
shows the uvcolor chromaticity of five skin colors
for the selecting of the reference color.

Fig. 5 and Fig. 6 show the photography of real
images on CPT from without and with the proposed
algorithm. Fig. 5 (a) is the original beautiful girl
image reproduced on CPT, Fig. 5 (b) is the resulting
image controlled on the gamma (2.0-2.2) and the

Color error

Intensity

Fig. 3. Comparison of color error between distorted
and corrected color image on CPT.

.4 -6
Lvi 0 --- 1

Fig. 4. The uv color chromaticity of skin color.

(b)

Fig. 5. Comparison of beautiful girl image with red,
green and blue signal reproduced on CPT:
(a) original image: (b) modelling image.

reference flesh-tone. Fig. 6 (a) is the original beau-
tiful girl image and, Fig. 6 (b) is the resulting image
controlled on the gamma (2.0-2.2) and reference
red colors. From the result, the modelling color
system represent specific colors more vivid than

others.

7. Conclusion

This paper describes a method for color adjust-
ment of CPT in the ordinary lighting condition. To
develop this method, we proposed ways of lumi-
nance recompensation under the gamma trans-
formation for the intensity of illuminant, hue/
saturation compensation for the types of illu-
minant and control method of specific color in CPT

for the reference color.
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(b)

Fig. 6. Comparison of beautiful girl image with
flowers reproduced on CPT: (a) original
image. (b) modelling image.

Based on these method, a color correction
system is suggested with the goal of reducing the
color errors which are represented due to the
influence of illuminants, the gamma transformation
of CPT and the frequently adjustment of reference

scene to set a reference color.
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