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(57) Abstract: A method and an apparatus for brightness-controlling image conversion.. The method includes converting an input
image of a first non-linear color space into a second linear color space; determining a brightness control ratio; adjusting channels of
the second linear color space according to the brightness control ratio; converting the second linear color space into the first non-lin -

ear color space to form an output image.
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Description
Title of Invention: METHOD AND APPARATUS FOR

BRIGHTNESS-CONTROLLING IMAGE CONVERSION
Technical Field

The present invention relates generally to image processing, and, more particularly,
to a method and an apparatus for brightness-controlling image conversion, which can

control the brightness of an image without reducing the image's saturation.

Background Art

An image captured in under low brightness conditions by a portable camera or a
typical camera or an excessively bright image may include details, that a user cannot
easily distinguish due to the the image's low contrast and, thus, frequently require the
control of the brightness of the image. An image's quality can be improved by in-
creasing the brightness of theimage which is dark as a whole, or by reducing the
brightness of the image which is bright as a whole. Further, when an image includes a
relatively complex structure as well as relatively complex colors, the brightness of the
image is sometimes controlled. Moreover, the brightness of an image is controlled in
order to improve the outdoor visibility of the image. There is an algorithm for
converting a color space of an input image and then converting only information from
a channel corresponding to brightness in order to reduce a noise such as a block noise
or a contour noise.

However, in the above brightness changing scheme, only a brightness channel is
usually controlled, and, thus, the color impression of the original input image is often
lost. Specifically, when the brightness of the image increases, the saturation thereof, as
perceived by a person's eyes becomes lower. A person, who sees the image, often has
the feeling that colors appear to be missing in the image. In order to correct this dis-
advantage, the image is first processed by an algorithm for brightness correction,
before an algorithm for saturation improvement is additionally applied to the processed
image. However, in this case, even such a process of applying the dual algorithms can-
notcompensate for the saturation according to the degree of brightness change but can
compensate for only the saturation of the output image. Therefore, there is a dis-
advantage in that the color impression of the original image cannot be reproduced as it
is.

FIG. 1 illustratesillustrates a normal scheme for brightness correction. In general, a
High Dynamic Range (HDR) algorithm or noise reduction algorithm for performing
input/output brightness conversion by using a histogram or mapping function which
converts an Red, Green and Blue (RGB) input image 110 to a YCbCr color space 120
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as illustrated in FIG. 1 and shown in equation (1) below. The most frequently used
YCbCr color space is a BT.601 version (see equation (1)) applied to an Standard
Definition Television (SDTV), and divides an input RGB image into a Y channel cor-
responding to a brightness and a Cb-Cr color space similar to an opponent color space.
A'Y value is usually called "luma," and is similar to a luminance value perceived by
the human eye.

MathFigure 1
[Math.1]

Y=0.299*%R-+0.587*G+0.114*B
C5=128-0.168736*R-0.331264*G+0.5*RB

C o=128+0.5*R-0.418688*(-0.081312*R

Therefore, in equation (1), an algorithm, which is intended to be applied toa Y value
among the existing algorithms for brightness control, is applied to a Y value 130 (as
denoted by reference numeral 140), and converted Y' value 150 is obtained. The
algorithm then converts a Y'CbCr 160, which includes the converted Y'value 150 and
existing Cb-Cr values, to RGB values by using equation (2) below, and outputs
converted R'G'B' values 170.

MathFigure 2
[Math.2]

R'=298.082*Y/256-+408.583* C ,/256-222.921
7'=298.082* ¥7256-100.291* C ,/256-208.120* C ,/256+135.576
B'=298.082*Y/256+516.412% C ,/256-276.836

Otherwise, either an Hue-Saturation-Level (HSL) color space, an Hue-
Saturation-Value (HSV) color space or an Hue-Saturation-Intensity (his) color space
may be used instead of a YCbCr color space. When M is max(R, G, B) and m is
min(R, G, B) even though there is a slight difference between hue values and there is a
slight difference between saturation(or chroma) values, a C (Chroma) is defined as (M
- m), and an H (Hue) is defined by equation (3) below.

MathFigure 3
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~
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Also, even though each Intensity (I) value, an Level (L) value and a Value (V) value
has many forms thereof, the I, L and V values are usually defined as I=(R-G-B)/3,
V=max(R, G, B), and L= (max(R, G, B)-min(R, G, B))/2.

The above method for using a color space refers to a method in which either an I, L
or V value corresponding to a brightness is converted and the converted I, L or V value
is inversely converted again while maintaining a hue value and a saturation (or
chroma) value as they are, similarly to an algorithm for correcting a brightness by
using only a Y value in a YCbCr color space.

With respect to controlling only a brightness, the above color space conversion may
appear to be efficient in terms of the simplicity of an algorithm and resource
management. However, when brightness increases, the saturation perceived by the
human eye becomes lower, as described above. A saturation perceived by the human
eye is usually defined in a CIE-L*a*b* color space as follows. First, CIE-L*a*b*
values are defined, from XYZ, color values measured by a color spectro-radiometer or
spectro-photometer, by equation (4) below.

MathFigure 4
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[Math.4]

L =116/(Y/Y,)~16
a’ =500[/(X/X,)- f(¥/Y,)]
b =200[/ (YY)~ £(Z/7 )]

where
)

3 t > (6/29)
FO=21729) 4

—| — | t+— otherwise
306 29

[14] In equation (4), L represents brightness, but has a perceptionally uniform charac-

teristic normalized to white of a current light source. Also, a* and b* represent the
characteristic of red-green as opponent colors and that of blue-yellow as opponent
colors, respectively. L is similar to Y, and a* and b* are similar to Cb and Cr in terms
of the YCbCr color space.

[15] CIE-L*C*h* is defined by CIE-L*a*b*, L* coordinates are the same as L* in
L*a*b*, and C* and h*, which represent chroma and hue, are defined by equation (5)
below.

[16] MathFigure 5
[Math.5]

C,=~a’+b">

ES

h , = arctan —

2]

[17] C* and h* are similar to hue and saturation in the HSV color space or in the HSL
color space as described above. However, coordinates in the above HSV or HSL color
space are obtained from an input RGB to which a gamma correction is not applied,
and, therefore, have difficulty in directly relating to a human visual system. Nev-
ertheless, each of the C* and h* values also has perceptionally uniform characteristic.

[18] In order to explain saturation perceived by the human eye, first, the meanings of the
terms colorfulness, chroma and saturation will be briefly described. Colorfulness
represents a color difference between any color and gray, and chroma can be defined
as colorfulness for the brightnessof a color, which looks white but is different than

white in similar viewing conditions. Saturation can be defined as colorfulness for the
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brightness of a relevant color itself. Namely, even when the same color has different
degrees of colorfulnesses depending on the brightnesses of the same color, the human
eye can perceive the different degree of colorfulnesses of the color. Accordingly, with
respect to saturation, it is possible to express saturation only after normalizing a current

chroma value to a relevant brightness.
Therefore, saturation can be defined in the CIE-L*a*b* or CIE-L*C*h* color space

by equation (6) below.
MathFigure 6

[Math.6]
ab T T *

L L

In equation (6), in the same brightness (i.e. L* or Y), the higher a chroma value

becomes (or the higher Cb-Cr values become), the higher a perceived saturation value
becomes. Otherwise, in the same chroma value, the lower a brightness becomes, the
higher a saturation value becomes, so that a person has the feeling that the relevant
color becomes darker. On the contrary, in the same chroma value (similarly equal Cb-
Cr values), the brighter a brightness becomes, the lower a perceived saturation
becomes.

The existing method for changing only a Y value in the YCbCr color space has been
frequently used for the efficient use of resources and based on the theory that the
human visual system is more sensitive to luminance than chrominance. However,
when the brightness of an output image is higher than that of an input image, the
saturation perceived by the human eye is low, so that the image looks foggy and the
image appears to be missing colors. However, several color space conversions, which
are performed in order to make up for this disadvantage, significantly increase the

complexity of hardware and cause resource consumption and cost increase.
Disclosure of Invention

Technical Problem

As aresult, there is a need for a method in which brightness-controlling image
conversion can be performed while maintaining a saturation thereof perceived by the
human eye. Also, there is a need for a method in which the above brightness-con-
trolling image conversion can be performed with low hardware complexity and low

resource consumption.
Solution to Problem

Accordingly, the present invention has been made to solve the abovementioned

problems occurring in the prior art, and the present invention provides a method and an
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apparatus, which can achieve efficient resource management and the low complexity
of hardware and can perform brightness-controlling image conversion while
maintaining a saturation of the image perceived by the human eye, so that the method

and the apparatus may be applied in a portable terminal environment.
In accordance with an aspect of the present invention, a method for brightness-con-

trolling image conversion is provided, the method including converting an input image
of a first non-linear color space into a second linear color space; determining a
brightness control ratio; adjusting channels of the second linear color space according
to the brightness control ratio converting the second linear color space into the first
non-linear color space to form an output image.

In accordance with another aspect of the present invention, an apparatus for
brightness-controlling image conversion is provided, the apparatus including a color
space converter to convert an input image of a first non-linear color space into a
second linear color space; a brightness control ratio determiner to determine a
brightness control ratio; a brightness controller to adjust channels of the second linear
color space according to the brightness control ratio and convert the second linear
color space into the first non-linear color space to form an output image.
Advantageous Effects of Invention

According to anembodiment of the present invention, brightness can be controlled
without reducing saturation in either a Television, a mobile phone or a projector phone.
Accordingly, it is also possible to minimize the use of resources. Specifically, the
algorithm described above corrects a brightness of an image while maintaining a
saturation thereof perceived by the human eye. Hence, it is possible to maintain far
better color impression of the image than usual correction of only the brightness
thereof.

Brief Description of Drawings

The patent or application file contains at least one drawing executed in color. Copies
of this patent or patent application publication with color drawing(s) will be provided
by the Office upon request and payment of the necessary fee.

The above and other features, aspects, and advantages of the present invention will
be more apparent from the following detailed description taken in conjunction with the
accompanying drawings, in which:

FIG. 1 illustrates a normal scheme for brightness correction;

FIG. 2 illustrates a method for brightness-controlling image conversion according to
an embodiment of the present invention;

FIG. 3 illustrates a method for brightness-controlling image conversion according to

another embodiment of the present invention;
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FIG. 4 is a flowchart illustrating a method for brightness-controlling image

conversion according to an embodiment of the present invention;
FIG. 5 is a block diagram illustrating the configuration of an apparatus for

brightness-controlling image conversion according to an embodiment of the present
invention; and

FIGs. 6Aand 6B illustrate examples of the normal method and a method for
brightness-controlling image conversion according to an embodiment of the present
invention.

Mode for the Invention

Hereinafter, embodiments of an apparatus and an operation method according to the
present invention will be described in detail with reference to the accompanying
drawings. The following description includes specific details such as specific elements,
and the like, and the specific details are only provided to help more general under-
standing of the present invention. Therefore, it will be apparent to a person having
ordinary skill in the art that changes in form and details may be made in the specific
details without departing from the scope of the present invention. Moreover, detailed
descriptions of known techniques related to the present invention will be omitted when
it is determined that the detailed descriptions of the known techniques may unnec-
essarily obscure the subject matter of the present invention in explaining the present
invention.

The present invention maintains a saturation perceived by the human eye by simul-
taneously changing a chroma value as much as the amount of brightness changed by an
algorithm for brightness correction as shown in equation (6) and is accompanied by the
minimum use of resources and a minimum number of color space conversions so that
the invention can be implemented in a mobile terminal. Also, the present invention
proposes a method for maintaining the original color when the increase of a brightness
causes deviation from the color gamut of a relevant color.

FIG. 2 illustrates a method for brightness-controlling image conversion according to
the present invention.

Referring to FIG. 2, a color space conversion is first performed in a method for
brightness-controlling image conversion according to the present invention. In a color
space conversion, an RGB color space of an image is converted to an XYZ color
space.

The original file captured by a camera or a broadcasting camera may include signals
proportional to the characteristics of an image sensor of the camera or broadcasting
camera. However, assuming the original file is output by a display of 2.2 gamma, the

original file is gamma-corrected and is stored as a computer file, or the original file is
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captured and is stored by/in a camera. A lot of files stored as described above are
altered to meet the specification of an RGB color space so that they can show a similar
performance on a Cathode Ray Tube (CRT). Accordingly, the first process of color
space conversion corresponds to a process for converting an input RGB 210 to a so-
called linear RGB 220 after a process for gamma-uncorrecting input RGB values. In
equation (7), shown below, C,,, represents RGB values of an input image for which a
value ranging from 0 to 255 is normalized to a value ranging from O to 1, and Cy,.., as
gamma-uncorrected linear RGB values has Ry;,c.r, Giieor and By, Values obtained by
applying the Cj,... to R, G and B of the input image.

MathFigure 7
[Math.7]

o _[1292€ C, <0.0031308
1+ a)CP —a, €, >0.0031308

linear linear

inear ?

where d = 0055

The gamma-uncorrected linear RGB values are converted to XYZ values, according
to values described in the IEC 61966-2-1:1999 standard document, by equation (8)
below.

MathFigure 8
[Math.8]

X1 [0.4124 03576 0.1805[ R,
Y |=[02126 0.7152 0.0722| G, .
Z | 10.0193 0.1192 0.9505 |

| linear |
Brightness control (denoted by reference numeral 230) of the image is then
performed. When it is assumed that the input image is converted to XYZ by equation
(8) and an algorithm for brightness correction then converts a Y value to a kY value,
the above conversion result is the same as the result of changing only a Y value and
inversely converting the changed Y value in YCbCr by the prior art. As a result, the
algorithm for brightness correction is not different from the previous algorithm in that
only the brightness is changed. However, if it is assumed that XYZ values are all
multiplied by k and [X,Y,Z] is converted to [kX,kY kZ], it may be considered the same
as the case in which [R,G,B]max becomes [kR kG, kZ]max. When this case is in-
terpreted as a physical phenomenon, it may be considered to one in which a light

source emits light while maintaining a predetermined RGB ratio. When [kX,kY ,kZ] is



WO 2012/108707 PCT/KR2012/000981

substituted for [X,Y,Z] in an equation for calculating L*a*b*, L', a' and b' can be
expressed by equation (9) below.
[45] MathFigure 9
[Math.9]
1 1
L'=116(ky)* —16 =116k*y —16
1 ! 1
a' = 500[(kx)’ — (ky)' | = k’a’
! ! !
b' = 200[(ky)? —(kz)3] = kb
[46] Therefore, a comparison of saturations corresponding to [X,Y,Z] and [kX,kY kZ]
gives equation (10) below.
[47] MathFigure 10
[Math.10]

l
r 3_ *
Cab o k Cab,

1
kb’ b

h,, = arctan—— = arctan—;
ka’ a
saturation, = C* = Cal;
116(y)* —16
1
saturation, = C: — k3C1:b
[16(ky)° ~16
"

ab

1
: 3 3
116(y)° —16k
[48] Therefore, when an algorithm for brightness correction such as an HDR algorithm

usually increases the brightness of outputto that of input by 70% to 150% of an input

image, the two saturation values do not show such a significant difference. More
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specifically, when an output image becomes much brighter than the input image, k >>
1 and the denominator of saturation2 value becomes somewhat smaller. Accordingly, a
perceived saturation becomes a little higher, but there is no significant difference in
that the slight increase of the perceived saturation corresponds to the result of causing a
C*/L" value to be approximation to the human eye.

As can be seen from equation (8), there is a linear relation between linearized RGB
values and XYZ values. Accordingly, multiplying [X,Y,Z] by k has the same result as
multiplying the linearized RGB values by k.

Therefore, when the ratio of a Y value of the output image to that of the input image
is represented by k (i.e., a scale value) and, for example, a brightness is controlled by
using a histogram obtained in an L* space, an output L* value is converted to Y, and
then the ratio of an output Y to an input Y is calculated, as shown FIG. 2. Then,
linearized RGB values of the original image is multiplied by the calculated ratio, and
so that a display of 2.2 gamma can display the linearized RGB values of the original
image, the multiplication result is gamma-corrected as defined by equation (11) below.
FIG. 3 illustrates a method for brightness-controlling image conversion according to
the present invention. In obtaining a histogram in a Y space, scaling can be performed
(as denoted by reference numeral 330) on input/output values in the Y space without
conversion to L* as shown in FIG. 3.

MathFigure 11
[Math.11]

Csr b

b C,,., < 0.04045
12.92

C =< 2.4

linear Cs,ﬂgb +q

, C
l+a

srgh

> 0.04045

N

However, when there are values which exceed 255 among the linearized RGB values
multiplied by k, the correction of a brightness control ratio (denoted by reference
numerals 240 and 250) is performed in order to maintain color balance.

It is normal for each value which exceeds 255 to be lowered to 255 as an upper limit
when there are values. The color balance of output RGB values may be lost, so that the
output RGB values may look unnatural. Therefore, the present invention proposes the
application of an algorithm for increasing a color brightness up to the maximum
brightness only to the extent that the color balance can be maintained.

Referring to FIGs. 2 and 3, a gamut preservation block 240 first checks whether there

are values that exceed 255, among the linearized RGB values multiplied by k (i.e.
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output linearized RGB values). When any of the output linearized RGB values exceeds
255, the gamut preservation block 240 divides 255 by the largest value among the
output linearized RGB values, and a new value, which is obtained by multiplying the
result value of the division by the existing k, is represented by is represented by k'
(where k' < k). Accordingly, when the linearized RGB values (i.e. the input linearized
RGB values) are multiplied by k', the largest value among the resulting RGB values
has 255 as an output value, and each of the remaining values has a value less than 255.
Therefore, slightly reducing the brightness as a whole can prevent unnaturalness
caused by deviating from a color gamut without losing the color balance. As described
above, an output RGB 270 is obtained by multiplying (denoted by reference numeral
260) the linearized RGB by the k' value scale,,,., which has been corrected.

FIG. 4 is a flowchart showing a method for brightness-controlling image conversion
according to an embodiment of the present invention. Referring to FIG. 4, in step 401,
a color space of an input image is converted. Specifically, an input image of a first
non-linear color space is converted into a second linear color space. For example, an
RGB color space of the input image is converted to a linear RGB color space, and then
the linear RGB color space is converted to an XYZ color space. In step 403, a
brightness control ratio(scale) is calculated. The brightness control scale is expressed
by the brightness of an output image to that of the input image, and may be a value
received as input from a user or the outside or is previously set. In step 405, the
brightness control scale is corrected in order to maintain color balance. When
linearized RGB values are changed depending on the brightness control ratio received
as input in step 403 and then deviation from a color gamut occurs, the brightness
control ratio is reduced such that the color balance may be maintained without
deviating from the color gamut. In other words, when a channel exceeding a prede-
termined color gamut exists among the channels of the second linear color space
adjusted according to the brightness control ratio, the brightness control correcter
corrects the brightness control ratio by multiplying, by the brightness control ratio, a
result value obtained by dividing a maximum value of the color gamut by a value of a
highest channel among the adjusted channels of the second linear color space.In step
407, a new RGB is obtained by multiplying the linear RGB by the corrected brightness
control ratio(scale,,,), and brightness control is performed by using the obtained new
RGB.

FIG. 5 is a block diagram illustrating the configuration of an apparatus for
brightness-controlling image conversion according to an embodiment of the present
invention. Referring to FIG. 5, an apparatus for brightness-controlling image
conversion according to the present invention includes: a color space converter 510 for

receiving an image as input, and converting a color space of the input image; a
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brightness control determiner(calculator) 520 for determining a brightness control ratio
a brightness control corrector 530 for applying the brightness control ratio, which has
been determined by the brightness control determiner 520, to each channel in a linear
RGB color space of the original image, and when there is a color which deviates from
a color gamut, correcting a brightness control ratio in order to maintain color balance;
and a brightness control applicator 540 for obtaining an output RGB by multiplying a
linear RGB by the corrected brightness control ratio(scale,,y,), and performing
brightness control by using the obtained output RGB.

The color space converter 510 coverts an input image in an RGB color space to a
linear RGB color space, and then converts the linear RGB color space to an XYZ color
space.

The brightness control corrector 530 multiplies each channel in the linear RGB color
space of an image by the above brightness control ratio, and determines whether a
channel exceeding a color gamut exists among the channels in the linear RGB color
space of the image. When the channel exceeding the color gamut exists in the channels
in the linear RGB color space, the brightness control corrector 530 obtains a result
value by dividing a maximum value of the color gamut by the value of the highest
channel, and determines, as a new brightness control ratio, a result value obtained by
multiplying the result value of the division by the above brightness control ratio.

The brightness control applicator 540 generates an output image by multiplying each
channel in the linear RGB color space of the image by the above corrected brightness
control ratio.

FIGs. 6Aand 6B illustrate examples of the existing method and a method for
brightness-controlling image conversion according to an embodiment of the present
invention. FIGs. 6A and 6B illustrate the application result of the existing algorithmfor
correcting only a brightness of an image and that of an algorithm for keeping a
brightness of an image while maintaining a saturation thereof according to an em-
bodiment of the present invention, respectively. Particularly, judging from the
difference between the color of a face shown in FIG. 6B and an ocher wall shown in
FIG. 6A, the image is displayed in far better image quality by keeping the saturation of
the image in the method according to the embodiment of the present invention.

According to anembodiment of the present invention, brightness can be controlled
without reducing saturation in either a Television, a mobile phone or a projector phone.
Accordingly, it is also possible to minimize the use of resources. Specifically, the
algorithm described above corrects a brightness of an image while maintaining a
saturation thereof perceived by the human eye. Hence, it is possible to maintain far
better color impression of the image than usual correction of only the brightness

thereof.



13

WO 2012/108707 PCT/KR2012/000981

[62]

[63]

The operationand the configuration may be implemented as described above in a
method and an apparatus for brightness-controlling image conversion according to an
embodiment of the present invention.

While the invention has been shown and described with reference to certain em-
bodiments thereof, it will be understood by those skilled in the art that various changes
in form and details may be made therein without departing from the spirit and scope of
the invention. Therefore, the spirit and scope of the present invention must be defined
not by the described embodiments thereof but by the appended claims their

equivalents.



WO 2012/108707

[Claim 1]

[Claim 2]

[Claim 3]

[Claim 4]

[Claim 5]
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Claims

A brightness control method of an image, the method comprising:
converting an input image of a first non-linear color space into a second
linear color space;

determining a brightness control ratio;

adjusting channels of the second linear color space according to the
brightness control ratio;

converting the second linear color space into the first non-linear color
space to form an output image.

The method of Claim 1, further comprising:

when a channel exceeding a predetermined color gamut exists among
the channels of the second linear color space adjusted according to the
brightness control ratio, correcting the brightness control ratio by mul-
tiplying, by the brightness control ratio, a result value obtained by
dividing a maximum value of the color gamut by a value of a highest
channel among the adjusted channels of the second linear color space.
The method of Claim 1, wherein the brightness control ratio is
expressed by a ratio of a brightness of the output image to a brightness
of the input image.

The method of Claim 1, wherein converting an input image of a first
non-linear color space into a second linear color space comprises:
converting an input image in a Red, Green and Blue (RGB) color space
to a linear RGB color space; and

converting the linear RGB color space to an XYZ color space.

The method of Claim 2, further comprising:

multiplying each channel in the linear RGB color space of the image by
the brightness control ratio;

determining whether a channel exceeding a color gamut exists in the
channels in the linear RGB color space of the image; and

determining, as a new brightness control ratio, aresult value obtained
by multiplying the result value, which has been obtained by dividing a
maximum value of the color gamut by a value of the highest channel,
by the brightness control ratio when the channel exceeding the color
gamut exists in the channels in the linear RGB color space.

The method of Claim 5, further comprising:

generating an output image by multiplying each channel in the linear

RGB color space of the image by the corrected brightness control ratio.
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[Claim 8]

[Claim 9]

[Claim 10]

[Claim 11]

[Claim 12]
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A brightness control apparatus of an image, the apparatus comprising:
a color space converter to convert an input image of a first non-linear
color space into a second linear color space;

a brightness control ratio determiner to determine a brightness control
ratio;

a brightness controller to adjust channels of the second linear color
space according to the brightness control ratio and convert the second
linear color space into the first non-linear color space to form an output
image.

The apparatus of Claim 7, further comprising:

a brightness control corrector to correct the brightness control ratio
when a channel exceeding a predetermined color gamut exists among
the channels of the second linear color space adjusted according to the
brightness control ratio, by multiplying, by the brightness control ratio,
a result value obtained by dividing a maximum value of the color
gamut by a value of a highest channel among the adjusted channels of
the second linear color space.

The apparatus of Claim 7, wherein the brightness control ratio is
expressed by a ratio of a brightness of the output image to a brightness
of the input image.

The apparatus of Claim 7, wherein the color space converter converts
an input image in a Red, Green and Blue (RGB) () color space to a
linear RGB color space, and converts the linear RGB color space to an
XYZ color space.

The apparatus of Claim 10, the apparatus further comprising:

a brightness control corrector to multiply each channel in the linear
RGB color space of the image by the brightness control ratio; to
determine whether a channel exceeding a color gamut exists among the
channels in the linear RGB color space of the image and to determine
as a new brightness control ratio, a result value obtained by multiplying
a resultvalue, which has been obtained by dividing a maximum value of
the color gamut by a value of the highest channel, by the brightness
control ratio when the channel exceeding the color gamut exists among
the channels in the linear RGB color space.

The apparatus of Claim 11, wherein the brightness control applicator
generates an output image by multiplying each channel in the linear

RGB color space of the image by the corrected brightness control ratio.
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