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IMAGE COMPENSATION DEVICE, IMAGE
PROCESSING APPARATUS AND METHODS
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority under 35 U.S.C. §119(a)
from Korean Patent Application No. 10-2011-0035909, filed
on Apr. 18, 2011, 1n the Korean Intellectual Property Office,
the contents of which are incorporated herein by reference in
its entirety.

BACKGROUND

1. Field of the General Inventive Concept

The present general inventive concept relates to a method
and apparatus to compensate an 1mage, and a method and
apparatus to process an 1mage, and more particularly, to a
method and apparatus to compensate a faded 1mage, and a
method and apparatus to process a faded image.

2. Description of the Related Art

Photos have been used for a long period of time as a
medium for recalling the past. Recently, as digital cameras
have been rapidly spread, many users store photos in a
memory, or upload photos to a webpage without printing
photos, 1n order to see photos. However, even 1n such a situ-
ation, a considerable number of users print and use photos.

In general, chromaticity of an 1mage captured by a camera
varies according to chromaticity of a light source used in
capturing process. However, as time passes, chromaticity of a
photo 1s changed, and thus the photo becomes faded gener-
ally. In particular, a speed or degree of fading 1s determined
according to an environment such as a temperature or humid-
ity, the characteristics of photographic paper, or the charac-
teristics of material used to print the photo.

Thus, 11 a user does not have the original data or film of a
taded photo, the user may not obtain a photo having original
chromaticity.

Thus, technologies of compensating faded photos to have
original chromaticity have been developed. However, these
technologies are used to compensate a photo of which chro-
maticity of all parts of the photo 1s uniformly changed. Thus,
it 1s difficult to compensate a photo of which chromaticity 1s
nonuniformly changed.

Therefore, there 1s a need for a technology of compensating,
a photo 1mage to have chromaticity similar to original chro-
maticity.

SUMMARY

The present general inventive concept provides a method
and apparatus to compensate an 1mage, and a method and
apparatus to process an image, thereby effectively compen-
sating a faded 1mage.

Additional features and utilities of the present general
inventive concept will be set forth 1n part in the description
which follows and, 1n part, will be obvious from the descrip-
tion, or may be learned by practice of the general inventive
concept.

The foregoing and/or other features and utilities of the
present general mventive concept may be achieved by pro-
viding an 1mage compensating apparatus including: an input
unit to receive mput of an photo 1mage, a Gaussian filtering,
unit to perform Gaussian filtering on the photo image, a
division-map generating unit to convert the photo image on
which the Gaussian filtering 1s performed 1nto a color space
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including a plurality of color components and then generating
a chromaticity division-map based on a color coordinate
value 1n the color space, a calculating unit to calculate average
chromaticity of each respective region by using the chroma-
ticity division-map, and a compensating unit to compensate
chromaticity of each respective region of the photo 1image by
using the average chromaticity of each respective region.

The 1mage compensating apparatus may further include a
converting unit to convert the photo 1mage on which the
Gaussian filtering 1s performed into a C-M-Y color space,
wherein the division-map generating unit converts the photo
image on which Gaussian filtering 1s performed into an
L-Cyb-Crg color space, and generates the chromaticity divi-
sion-map based on a Cyb-Crg color coordinate value, and
wherein the compensating unit compensates the chromaticity
by using a CMY value converted by the converting unit and
the average chromaticity of each respective region.

The compensating unit may compensate the photo image
by using a weight obtained by converting a size of each
channel 1 a Cyb-Crg space into a CMY value.

The division-map generating unit may check Cyb and Crg
values of each pixel, wherein, when the Cyb value 1s equal to
or greater than a first predetermined threshold value, the
division-map generating unit determines a corresponding
pixel to yellow, wherein, when the Cyb value 1s less than the
first predetermined threshold value, the division-map gener-
ating unit determines the corresponding pixel to blue,
wherein, when the Crg value 1s equal to or greater than a
second predetermined threshold value, the division-map gen-
erating unit determines the corresponding pixel to red, and
wherein, when the Crg value 1s less than the second predeter-
mined threshold value, the division-map generating umit
determines the corresponding pixel to green.

The 1mage compensating apparatus may further include a
saturation and contrast adjusting unit to adjust saturation and
contrast of an1mage of which chromaticity 1s compensated by
the compensating unit.

The calculating unit may calculate average chromaticity of
cach CMY value according to the following equation:

4 A 4 * 2

wherein ‘NPn’ 1s the number of pixels ol a region ‘n’, ‘n’ 1s
cach region, and R(x,y,n), G(x,y,n), and B(x,y,n) are R, G and
B values of each pixel of the region ‘n’, respectively.

The compensating unit may compensate chromaticity of
cach respective region of the photo 1mage according to the
following equation:

If (.?C, B H)Lavg (H)

Ii,avg (H)

?i(-xayan)zwf(-xay) ,I.:C, M,Y

wherein Wi(x,y) 1s a weight of pixels of each channel 1n the
CMY color space, Lavg(n) i1s average lightness of each
respective region, and 11(x,y,n) 1s chromaticity of each respec-
tive pixel of an mput photo 1image.
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The foregoing and/or other features and utilities of the
present general mventive concept may also be achieved by
providing a method of compensating an 1image, the method
including: when a photo 1image 1s input, performing Gaussian
filtering on the photo 1mage, converting the photo 1mage on
which the Gaussian filtering 1s performed 1nto a color space
including a plurality of color components, and then generat-
ing a chromaticity division-map based on a color coordinate
value 1n the color space, calculating average chromaticity of
cach respective region by using the chromaticity division-
map, and compensating chromaticity of each respective
region of the photo 1image by using the average chromaticity
ol each respective region.

The method may further include converting the photo
image on which the Gaussian filtering 1s performed 1nto a
C-M-Y color space, wherein the generating of the chroma-
ticity division-map may include converting the photo 1image
on which Gaussian filtering 1s performed into an L-Cyb-Crg
color space, and generating the chromaticity division-map
based on a Cyb-Crg color coordinate value, and wherein the
compensating includes compensating the chromaticity by
using a CMY value converted from the photo 1image and the
average chromaticity of each respective region.

The compensating may include compensating the photo
image by using a weight obtained by converting a size of each
channel 1n a converted Cyb-Crg space into a CMY value.

The generating of the chromaticity division-map may
include checking Cyb and Crg values of each pixel, when the
Cyb value 1s equal to or greater than a first predetermined
threshold value, determining a corresponding pixel to yellow,
when the Cyb value 1s less than the first predetermined thresh-
old value, determining the corresponding pixel to blue, when
the Crg value 1s equal to or greater than a second predeter-
mined threshold value, determining the corresponding pixel
to red, and when the Crg value 1s less than the second prede-
termined threshold value, determining the corresponding
pixel to green.

The method may further include adjusting saturation and
contrast of an image of which chromaticity 1s compensated.

The calculating may include average chromaticity of each
CMY value according to the following equation:

L
leavsM) = 55 Z; L - R(x, y, n)
L
I, avg (1) = — Zﬂ L - Gx, y, n)
L
Iy avg () = - Zﬂ L - B(x, y, n)

. > 4 > 2

wherein ‘NPn’ 1s the number of pixels of a region ‘n’, ‘n’ 1s
cach region, and R(x,y,n), G(x,y,n), and B(x,y,n) are R, G and
B values of each pixel of the region ‘n’, respectively.

The compensating may include compensating chromatic-
ity of each respective region of the photo 1image according to
the following equation:

I:' (}.’:, R H’)Lavg (H)

(%, y, m) = Wilx, y)— =
1,avg

A=C, MY

wherein W1(x,y) 1s a weight of pixels of each channel 1n the
CMY color space, Lavg(n) 1s average lightness of each
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respective region, and 11(x,y,n) 1s chromaticity of each respec-
tive pixel of an mnput photo 1mage.

The foregoing and/or other features and utilities of the
present general inventive concept may also be achieved by
providing an 1image processing apparatus including a display
unit to display a selection window about a plurality of meth-
ods of compensating chromaticity, and a chromaticity com-
pensating umt to compensate chromaticity of a photo image
by using a chromaticity compensating method that 1s selected
in the selection window, wherein the chromaticity compen-
sating method may include a compensating method based on
an L-Cyb-Crg color space and at least one method based on
estimation of a light source.

The 1mage processing apparatus may further include a
controller to control the display unit to display a photo 1mage
that 1s compensated by the chromaticity compensating unit,
wherein the photo 1mage may include at least one of an 1image
captured by an 1imaging device installed 1n the image process-
ing apparatus, an image transmitted from an external device,
and an 1mage read from a recording medium installed 1nside
or outside the image processing apparatus.

The compensating method based on an L-Cyb-Crg color
space may be a chromaticity compensating method including
performing Gaussian filtering on a photo 1mage, converting
the photo 1mage into the L-Cyb-Crg color space, generating a
chromaticity division-map based on a Cyb-Crg color coordi-
nate value, calculating average chromaticity of each respec-
tive region by using the chromaticity division-map, and then
compensating chromaticity of each respective region of the
photo 1image by using a C-M-Y image of the photo image and
the calculated chromaticity of each respective region.

The foregoing and/or other features and utilities of the
present general mventive concept may also be achieved by
providing a method of processing an 1mage 1 an 1mage
processing apparatus, the method including when a program
to compensate a photo 1mage 1s operated, displaying an inter-
face window to compensate chromaticity, when a photo
image to be compensated 1s selected in the interface window,
displaying the selected photo image, and recerving selection
ol a region to be compensated of the photo 1image, when the
region to be compensated 1s selected, compensating the
selected region by using a basic compensating method, dis-
playing an 1mage that 1s compensated by using the basic
compensating method, when a menu to check a result
obtained by using a different compensating method 1s
selected, displaying at least one 1image that 1s compensated by
using at least one different compensating method, when chro-
maticity compensation using the basic compensating method
or the different compensating method 1s completed, display-
ing a menu to adjust saturation and contrast, and when the
adjustment of the saturation and the contrast 1s completed,
displaying an image including at least one executing com-
mand about a final image.

Any one of the basic compensating method and the differ-
ent compensating method may be a compensating method
based on an L-Cyb-Crg color space including performing
Gaussian filtering on a photo 1mage, converting the photo
image 1nto the L-Cyb-Crg color space, generating a chroma-
ticity division-map based on a Cyb-Crg color coordinate
value, calculating average chromaticity of each respective
region by using the chromaticity division-map, and then com-
pensating chromaticity of each respective region of the photo
image by using a C-M-Y image of the photo image and the
calculated chromaticity of each respective region.

The foregoing and/or other features and utilities of the
present general mventive concept may also be achieved by
providing a method of processing an image, the method
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including: displaying photo images compensated according
to a plurality of methods of compensating chromaticity,
respectively, when one photo image among the displayed
photo 1mages 1s selected, compensating an original photo
image by using a chromaticity compensating method corre-
sponding to the selected photo 1image, and performing at least
one operation of printing, transmitting and storing the com-
pensated photo 1mage, wherein the plurality of methods of
compensating chromaticity may include a compensating
method based on an L-Cyb-Crg color space and at least one
compensating method based on estimation of a light source,
and wherein the compensating method based on an L-Cyb-
Crg color space 1s a chromaticity compensating method
including performing Gaussian filtering on a photo image,
converting the photo 1mage nto the L-Cyb-Crg color space,
generating a chromaticity division-map based on a Cyb-Crg
color coordinate value, calculating average chromaticity of
cach respective region by using the chromaticity division-
map, and then compensating chromaticity of each respective
region of the photo 1image by using a C-M-Y image of the
photo 1image and the calculated chromaticity of each respec-
tive region.

According to the above-described features of the inventive
concept, a faded 1image may be effectively processed.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other features and utilities of the present
general mventive concept will become apparent and more
readily appreciated from the following description of the
exemplary embodiments, taken in conjunction with the
accompanying drawings ol which:

FIGS. 1 and 2 are block diagrams illustrating an image
compensating apparatus, according to various exemplary
embodiments of the present general inventive concept;

FIG. 3 illustrates scan images of the original photo and
photos exposed to the sun;

FIG. 4 1s a graph illustrating a variation of chroma of a
faded 1mage;

FIG. 5 1s a graph illustrating a varnation of saturation of a
faded 1mage;

FIG. 6 1s a graph 1llustrating a vanation of lightness of a
faded 1mage;

FIGS. 7 and 8 are 1images and a graph illustrating a varia-
tion of hue as time passes;

FI1G. 9 15 a color coordinate image 1llustrating a Cyb-Crg
color plane;

FIG. 10 1s a diagram of a chromaticity division-map,
according to an exemplary embodiment of the inventive con-
cept;

FI1G. 11 1s a flowchart of a method of generating a chroma-
ticity division-map, according to an exemplary embodiment
of the mventive concept;

FI1G. 12 1s a graph 1llustrating various examples of Gamma
curves to adjust the contrast;

FIG. 13 1s a graph illustrating an HSI color space to adjust
the chromaticity;

FIG. 14 1s a graph illustrating a curve of the improved
chromaticity according to the lightness;

FI1G. 151s a flowchart of an operation of a system to process
a faded 1mage, according to an exemplary embodiment of the
inventive concept;

FIGS. 16 through 22 are diagrams illustrating interface
windows of an 1mage processing operation, according to
exemplary embodiments of the inventive concept;
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FIG. 23 1s a block diagram of an 1image processing appa-
ratus according to an exemplary embodiment of the inventive
concept;

FIG. 24 1s a flowchart of a method of compensating an
image, according to an exemplary embodiment of the mven-
tive concept;

FIGS. 25 and 26 are flowcharts ol methods of processing an
image, according to exemplary embodiments of the inventive
concept;

FIGS. 27 and 28 illustrate a image compensation system
according to an exemplary embodiment of the present general
inventive concept; and

FIG. 29 illustrates a window interface to compensate skin
regions of an input image according to an exemplary embodi-
ment of the present general inventive concept.

(Ll

DETAILED DESCRIPTION OF TH.
EXEMPLARY EMBODIMENTS

Reference will now be made in detaill to exemplary
embodiments of the present general inventive concept,
examples of which are illustrated 1n the accompanying draw-
ings, wherein like reference numerals refer to the like ele-
ments throughout. The exemplary embodiments are
described below 1n order to explain the present general inven-
tive concept by referring to the figures.

FIGS. 1 and 2 are block diagrams illustrating an 1mage
compensating apparatus, according to various exemplary
embodiments of the mventive concept. The 1mage compen-
sating apparatus of FIGS. 1 and 2 may be embodied as a single
independent electronmic device, or alternatively, may be
embodied as a module, a unit, or a chip, which 1s 1nstalled 1n
a single independent electronic device.

The image compensating apparatus 100 of FIGS. 1 and 2
may compensate an 1image by using a compensating method
based on converted color space including, but not limited to
an L-Cyb-Crg color space and a RGB color space.

In at least one exemplary embodiment 1llustrated 1n FIGS.
1 and 2, an 1mage compensating apparatus 100 divides chro-
maticity of a faded photo mput to an mput unit 110, 1n order
to estimate and compensate the faded photo. The chromatic-
ity of the of faded 1nput photo may be distributed 1n a non-
unmiform manner. For example, 1n the faded photo, some parts
of the image may have a nonuniform chromaticity distribu-
tion, whereas some parts of the 1image have a uniform chro-
maticity distribution. Thus, 1n order to divide different chro-
maticity ol the faded image, the image compensating
apparatus 100 may use the L-Cyb-Crg color space. The
L-Cyb-Crg color space refers to a color space that has a
lightness channel L and complementary colors of axes of
Cyb, Crg. In this case, L indicates gradation of white and
black, Cyb indicates yellow and blue, and Crg indicates red
and green.

A faded image generally has an overall red appearance.
Thus, when color division 1s performed on the faded 1mage 1n
the L-Cyb-Crg color space, a large amount of a red compo-
nent 1s detected 1n a Crg channel, and a large amount of yellow
component 1s detected 1n a Cyb channel.

The image compensating apparatus 100 divides the chro-
maticity of the faded image by using the L-Cyb-Crg color
space, and compensates the divided chromaticity of each
respective region.

Examples of configurations of the image compensating,
apparatus 100 are illustrated in FIGS. 1 and 2.

Referring to FI1G. 1, the image compensating apparatus 100
includes an mmput unit 110, a Gaussian filtering unit 120, a
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converting unit 130, a division-map generating unit 140, a
calculating unit 150, and a compensating unit 160.

The mput unit 110 may receive a photo image including an
RGB channel. The RGB color channel refers to the red (R),
green () and blue (B) components of the photo image. Each
color channel may be analyzed separately to determine color
information residing on a single respective color channel.
More specifically, the input unit 110 may recerve an image
captured by an 1imaging unit (not illustrated) or a camera,
which 1s placed outside the 1mage compensating apparatus
100, or an 1mage stored 1n a separate memory (not shown).
Alternatively, the input unit 110 may receive an image from
an 1independent device, a module, a unit, a chip, or the like,
which 1s placed outside the 1mage compensating apparatus
100. In this case, the input unit 110 may receive a general
image as well as a faded 1image. That 1s, an 1mage that 1s not
faded may be compensated by an 1mage compensating appa-
ratus or an 1mage processing apparatus, according to various
exemplary embodiments of the mventive concept. In addi-
tion, a painting image as well as a photo 1mage may be
compensated.

The Gaussian filtering unit 120 performs Gaussian filtering,
on the photo 1mage recerved by the input unit 110. The Gaus-
s1an filtering unit 120 applies a Gaussian filter to each RGB
channel included in the photo image. In detail, the Gaussian
filtering may be performed according to Equation 1 below.

Ri:If(x:y) *F(x:y)

Fl(x, y)zKe_(xz 7Y% and E(x,v)dxdy=1

In Equation 1, ‘I’ denotes a RGB channel of an input image.
‘F” denotes a Gaussian filter. The Gaussian filter may be used
so that noise included 1n the faded 1image may be blurred, and
a contour phenomenon, which may occur when the divided
chromaticity 1s compensated of each respective region, may
be reduced.

When the Gaussian filtering unit 120 performs the Gauss-
1an filtering, the division-map generating unit 140 converts an
image Rion which the Gaussian filtering 1s performed 1nto the
L-Cyb-Crg color space. In addition, the division-map gener-
ating unit 140 generates a chromaticity division map based on
color coordinate values of Cyb-Crg. In this case, the division-
map generating umt 140 may determine a space with 8 bits to
cach pixel, and may determine a bit to each chromaticity axis
so as to define chromaticity of each pixel. In detail, as 1llus-
trated 1n Table 1 below, a bit corresponding to each pixel
position 1s set based on the divided chromaticity.

TABLE 1
Y B R G
1 0 1 0 1 0 1 0

The division-map generating unit 140 may mark bits, as
illustrated 1n Table 1, may compare a chromaticity of each bat,
and may obtain chromaticity values of corresponding posi-
tions. Thus, an 1image that 1s blurred by performing the Gaus-
s1an {iltering may be divided into regions according to chro-
maticity. A division map will be described later.

The calculating unit 150 calculates average chromaticity of
cach respective region by using the division map generated by
the division-map generating umt 140. In detail, the calculat-
ing unit 150 estimates faded chromaticity in each of the
divided regions in the division map. In this case, an RGB
image that 1s Gaussian-blurred 1s converted into the CMY
color space. After being converted into the CMY color space,
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a division value may be used to calculate the average chro-
maticity of each respective region, and also the average chro-
maticity of each respective channel. In this case, chromaticity
1s estimated and compensated based on gray world assump-
tion. For example, applying the gray world assumption to a
printing medium allows for an assumption that an average of
cachrespective channel 1n animage 1s gray. Further, under the
gray world assumption, chromaticity of an image 1s divided in
a complementary color space having values of LCybCrg, and
faded chromaticity of each respective region, 1s estimated
based on the divided chromaticity.

The calculating umit 150 applies the gray world assumption
to the faded 1image 1n the CMY color space. The calculating
unit 150 may calculate the average chromaticity of each CMY
value according to Equation 2 below.

1 NP,
leavg ) = 7 Z; L - R(x, y, n)
NPy
Iitavg () = 35 Zﬂ 1 - Glx, y, )
1 NPy
Iy avg () = - Zﬂ L - B(x, y, n)
In Equation 2, ‘NPn’ denotes the number of pixels of a
region ‘n’, ‘n’ denotes each region, and R(x,y,n), G(x,y,n),

and B(x,y,n) denote R, G and B values of each pixel of the
region ‘n’, respectively.

The converting unit 130 converts the photo image on which
the Gaussian filtering 1s performed, or a photo 1mage input to
the converting unit 130 through the mput unit 110 into the
CMY color space. That 1s, as described above, during a cal-
culating operation of the calculating umit 150, the RGB image
that 1s Gaussian-blurred 1s converted into the CMY color
space. This operation may be performed by the converting,
umt 130, and then, the resulting values may be provided to the
calculating unit 150.

In addition, the converting unit 130 may convert an 1nput
image 1tself into the CMY color space, and may provide the
resulting values to the compensating unit 160.

The compensating unit 160 compensates chromaticity of
cach respective region of the photo image by using values of
CMY converted by the converting unit 130, and values cal-
culated by the calculating unit 150, including the average
chromaticity values of each CMY value. More specifically,
the compensating unit 160 may remove the faded chromatic-
ity by multiplying the average chromaticity of each respective
region, which 1s calculated by the calculating unit 150, by an
average chromaticity ratio to lightness. That 1s, the compen-
sating unit 160 may perform compensation according to
Equation 3 below.

f;(x, y, n)Lgyg(n) (3)

Ii,avg (H)

?i(-xayan)zwf(-xay) ,I.:C, M,Y

In Equation 3, Wi1(x,y) denotes a weight of pixels of each
channel 1n the CMY color space. That 1s, Wi(X,y) denotes a
weight obtained by converting a size of each channel i a
converted Cyb-Crg space into a CMY value.

More specifically, in Equation 3, in order to determine
Wi(x,y), a value obtained by converting an 1mage on which
Gaussian convolution 1s performed mto Cyb-Crg 1s used. In
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this case, when Cyb(X,y) 1s equal to or greater than 0, Cyb(x,
y) 1s determined to as Yellow. When Cyb(x,y) 1s less than O,
Cyb(x,y) 1s determined to as Blue. When Crg(x,y) 1s equal to
or greater than 0, Crg(x,y) 1s determined to as Red. When
Crg(x,y) 1s less than 0, Crg(x,y) 1s determined to Green.
Cyb(x,y) and Crg(x,y) are normalized for each respective
channel by dividing Cyb(x,y) and Crg(x,y) by a maximum
value Ymax, Bmax, Rmax, and Gmax in respective regions Y,
R, G, and B, and values expressed in terms of Cyb-Crg are
converted mto values 1n the CMY color space. In this case,
normalized Wi(i=cmy) 1s calculated by using Yellow 1tsell,
C=(G+B)/2, and M=R+B)/2. The compensating unit 160
may perform compensation by using the above-described
method.

In Equation 3 above, Lavg(n) may be an average lightness
of eachrespectiveregion, and l1(x,y,n) may be chromaticity of
cach respective pixel of the mput photo 1mage. 11(x,y,n) 1s a
resulting value obtained by converting the photo image input
to the mput unit 110 1into a CMY 1mage 1n the converting unit
130.

The image compensating apparatus 100 of FIG. 2 further
include a saturation and contrast adjusting unit 170 1n addi-
tion to the 1image compensating apparatus 100 of FIG. 1.

In FIG. 2, the saturation and contrast adjusting unit 170
adjusts the saturation and contrast of an image of which
chromaticity 1s compensated by the compensating unit 160.
That 1s, with regard to a faded 1mage, lowered saturation and
contrast reduction due to increased lightness may not be
compensated by compensating chromaticity only. Thus,
separate compensation may be further performed on satura-
tion and contrast of the image.

First, the saturation and contrast adjusting unmt 170 applies
a Gamma curve to a dark region (e.g., less than 0.5) 1 order
to adaptively adjust contrast according to lightness of an
image. The Gamma curve may be defined as:

y=1+10.5-mean,|

(4)

The saturation and contrast adjusting unit 170 may apply
different Gamma curves according to average lightness of an
image. That 1s, contrast of the imaged may be increased by
applying x'”” when the average lightness of the image is low,
and by applying x” when the average lightness of the image 1s
high. FIG. 12 1s a graph illustrating various examples of
(yamma curves.

The saturation and contrast adjusting umit 170 may
improve saturation according to lightness of the image 1n an
hue, saturation and intensity (HSI) color space, 1n order to
increase saturation that 1s reduced by fading the image. Satu-
ration in the range of 10 to 40% may be adjusted with respect
to a lightness value. In this case, a default value may be
determined through a subjective estimation test. For example,
20% may be determined as a default value.

FI1G. 13 1s a graph 1llustrating an HSI color space. FIG. 14
1s a graph illustrating a case where saturation of an 1mage 1s
improved by the saturation and contrast adjusting unit 170,
according to an exemplary embodiment of the inventive con-
cept.

As a result of improving saturation, an 1mage portion such
as a skin 1mage may also become smoother than an 1mage of
which chromaticity 1s compensated only.

FIG. 3 1s a set of images 1illustrating that chromaticity of a
photo 1mage 1s changed as time passes.

In general, chromaticity of an 1image captured by a camera
varies according to chromaticity of a light source. Such a
process of recogmzing color by using light may be defined
according to Equation 5 below.

O;=IS{MRMML(M)dA

(3)
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In Equation 5, “Q,” 1s recognized color, “S,” 1s a response
function of human vision, “R” is reflectivity of an object, “L”
1s a light source, and “1” 1s each channel R, G, or B. An image
captured by using light 1s determined based on an influence of
a uniform light source and retlectivity of an object.

However, a fading degree of a printed image may vary
according to the characteristics of dye, the characteristics of
photographic paper, a light source, an environment, and the
like. That 1s, even when portions of an 1image are aifected by
the same light source, the fading degree of the portions of the
image may be different according to colors of the portions of
the 1image, unlike a change 1n chromaticity when a uniform
light source 1s used.

In order to analyze such characteristics of a faded image, a
patch 1image may be printed using a photoprinter, such as
Frontier 570 photo printer. A first printed 1mage 1s kept 1n an
indoor dark room, and a second printed 1mage 1s exposed to
sunlight outdoors for about 8 weeks to be faded. The results
are 1llustrated in FI1G. 3. In this case, a surrounding tempera-
ture 1s a high temperature of about 40 to about 501, and
surrounding humidity 1s low. Varniations of the lightness, hue
and saturation of the first and second printed 1mage were
measured by using Spectrolino.

FIG. 3 shows scanning images of an original image, and
images that are exposed to sunlight for 2, 4, 6, 7, and 8 weeks.
Asillustrated in FIG. 3, as time passes, the chromaticity of the
original image 1s gradually changed to red chromaticity.

FIGS. 4 through 6 are graphs illustrating variations of
chroma, saturation and lightness of a faded 1mage, respec-
tively.

As 1llustrated 1n FIGS. 4 through 6, the chroma of the faded
image 1s focused on red, and the saturation of the faded image
1s lowered. In addition, as time passes, the lightness of the
faded 1image 1s increased. In this case, with regard to a white
patch and a black patch, the chroma of the white patch 1s
barely changed, but the chroma of the black patch 1s remark-
ably changed. In addition, the saturation of the white patch 1s
barely changed. These varniations are different from a case
under an assumption of White Patch Retinex that1s a common
light source model. White Patch Retinex 1s based on an
assumption in that the chromaticity of a light source 1is
obtained since a white object totally reflects light. On the
other hand, 1n a faded 1mage, a patch containing dye 1s more
alfected by a light source than a patch without dye.

FIG. 7 shows a comparison between an original image and
an 1mage after 8 weeks. FIG. 8 1s a graph 1llustrating a varia-
tion of hue as time passes.

Referring to FIG. 8, variation of hue 1s known 1n a time
sequence. Patches of the original image have different hue
values. However, as time passes, the hue values of the patches
are focused on red region and overlap with each other. In this
case, the hue values of the patches are moved to the same red
region. However, a movement direction and a movement
amount are not constant. This 1s because a patch 1image 1s not
determined based on an influence of a uniform light source
and reflectivity of an object, unlike in Equation 3, but instead
variations of respective patches are different according to
various parameters, which 1s defined according to Equation 6.

F'=I-E=hours(I-E)

hours(l-E)=hours(P-R-E-H-T+N) (6)

In Equation 6, F 1s afaded image, 11s an original image, and
E 1s a light source. In general, a model of the faded image may
be expressed by the product the light source and the original
image with time, as 1llustrated 1n an upper equation of Equa-
tion 6. In detail, the model may be expressed by dye charac-
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teristics P, humidity H, temperature T, and noise N, as 1llus-
trated mm a lower equation of Equation 6. Also m a
conventional method of compensating an 1mage based on
estimation of a light source, various parameters other than a
light source and reflectivity of an object are considered, but
are negligible. However, when a faded image 1s compensated,
humidity, a temperature, and a type of light source as well as
dye characteristics largely aflect a physical change 1 dye,
and thus are not negligible. However, since a faded image 1s
exposed to various surroundings, 1t 1s difficult to estimate the
humidity, temperature, and type of light source of the faded
image. Thus, a similar compensating method to the original
image may be applied to the faded 1image.

Thus, a method of compensating an 1mage based on esti-
mation of a light source of color recognition model of human
vision according to Equation 5 may be used. That 1s, 1f a single
uniform light source 1s used, variations of all hues of an 1image
are uniform so that estimated chromaticity may be applied to
all regions. However, as described above, different results
corresponding to the faded image may be obtained. That 1is,
even though an 1mage 1s atflected by a single umiform light
source, variations of hues of a printed 1mage are different
according to dye characteristics and surrounding characteris-
tics of the printed image.

In consideration with this point, as 1llustrated in FIGS. 1
and 2, the 1mage compensating apparatus 100 may use a
compensating method based on an L-Cyb-Crg color space.

In the compensating method based on the L-Cyb-Crg color
space, chromaticity of a faded imaged 1s considered when the
faded image 1s digital-imaged, unlike in the color recognition
model of human vision according to Equation 5, which 1s
assumed 1n a conventional method of compensating an image
based on estimation of a light source.

Color of a faded 1mage 1s compensated under two assump-
tions. First, the same color of patches 1s changed to have the
same color. The second assumption 1s gray world assumption.
Based on the assumptions, chromaticity i1s divided based on
the L-Cyb-Crg color space, chromaticity of each respective
region 1s estimated based on the divided chromaticity, and
then estimated chromaticity may be compensated.

FIG. 9 shows an L-Cyb-Crg color space. As described
above, Cyb indicates yellow and blue, and Crg indicates red
and green.

In at least one exemplary embodiment, a faded image may
be compensated by using a CMY color space instead of a
conventional RGB color space. Accordingly, compensation
the various dyes of the faded 1mage may be achieved.

Thus, unpredictable variation as well as predictable varia-
tion may be compensated.

FIG. 10 1s a diagram of a chromaticity division-map,
according to an exemplary embodiment of the inventive con-
cept. Referring to FIG. 10, a single photo image may be
divided 1nto a plurality of color regions. In at least one exem-
plary embodiment 1llustrated 1n FIG. 10, the photo 1mage 1s
divided 1nto a region (B, R), and a region (Y,R).

The chromaticity division-map may be generated in vari-
ous ways. FIG. 11 1s a flowchart of a method of generating a
chromaticity division-map, according to an exemplary
embodiment of the inventive concept.

Referring to FIG. 11, when Gaussian filtering 1s performed
so as to obtain an 1image that 1s Gaussian blurred (51110), the
image may be converted into an L-Cyb-Crg color space based
on a CMY color space (51120).

Then, a division map 1s generated based on the converted
image (S1130).

More specifically, Cyb and Crg of each pixel included in
the converted image are analyzed. In this case, when Cyb(x,y)
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1s equal to or greater than O, the pixel 1s determined to Yellow.
When Cyb(x,y) 1s less than 0, the pixel 1s determined to Blue.
When Crg(x,y) 1s equal to or greater than 0, the pixel i1s
determined to Red. When Crg(x,y) 1s less than O, the pixel 1s
determined to Green. Thus, as illustrated 1 Table 1, a plural-
ity ol bit values may indicate regions of each respective pixel,

and division-map may be generated of each respective pixel.
The graphs 1llustrated 1n FIGS. 12 through 14 have been

described 1n the detailed description of the saturation and
contrast adjusting unit 170 of FIG. 2, and thus the detailed
description of the graphs are omitted herein.

The above-described 1mage compensating apparatus 100
may be mstalled or used in various types of image processing
apparatuses. The image processing apparatus may be embod-
ied as an apparatus to form an 1mage on various recording
media such as paper, a screen or a memory, for example, an
image forming apparatus such as a printer, a scanner, a copier
or a multifunctional printer, or a display apparatus such as a
television (TV), a monitor, a laptop computer or a personal
computer (PC).

According to various exemplary embodiments of the
inventive concept, the image processing apparatus may com-
pensate an 1mage by using a compensating method based on
the L-Cyb-Crg color space only, or alternatively, may com-
pensate an 1image by using the compensating method based on
the L-Cyb-Crg color space as well as a conventional method
based on estimation of a light source.

That 1s, the 1mage processing apparatus may show various
images by using the above-described L-Cyb-Crg color space
and at least one conventional method, and may allow a user to
select a desired 1mage. Examples of conventional methods
may include GWA, WR, CGWR, or the like. Thus, the user
may directly preview images being compensated in various
ways, and may select a desired compensation method.
Accordingly, the user may obtain a compensating method to
which users’ opinions are retlected. The Gray World Assump-
tion (GWA) indicates a method of correcting chromaticity
based on the assumption that the average chromaticity value
of an 1image for each channel corresponds to gray. That 1s,
according to the GWA, the average chromaticity value of an
image for each channel 1s calculated, and a compensation
coellicient 1s calculated based on the result of the calculation.
White patch retinex (WR) indicates a method of correcting
chromaticity based on the assumption that RGB values of a
pixel having a maximum brightness value of an image 1s the
chromaticity of a light source. Combining gray world and
white patch retinex (CGWR) indicates a method of correcting
an 1mage by modeling an equation that can satisfy both the
GWA and the WR assumption and calculating a coelficient of
the equation to compensate for the 1mage.

FIG. 151s a flowchart of an operation of a system to process
a faded 1mage, according to an exemplary embodiment of the
inventive concept. Referring to FIG. 15, when the faded
image 1s obtained (S1510), a photo region 1s selected 1n the
faded 1image. The faded 1mage may be obtained by directly
capturing a faded image by a digital camera, may be obtained
by scanning a faded 1image by a digital scanner, and/or may be
obtained from other servers and/or storage media.

The photo region may be manually selected from the
obtained 1mage by a user.

Thus, when the photo 1mage is selected, the chromaticity of
the photo 1image may be compensated by using a basic com-
pensating method including, but not limited to, a conven-
tional chromaticity compensating method based on an esti-
mation of a light source. Then, the resulting image of which
chromaticity 1s compensated 1s displayed (51530).
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When the user previews the resulting image compensated
by using the basic compensating method, 11 the user 1s satis-
fied with the resulting 1image, at least one operation of print-
ing, transmitting, and storing may be performed on the result-
ing 1image (S1560, S1570, and S1580). The user may select a
printing menu, a transmitting menu, a storing menu, or the
like, on an 1interface window. According to the selected menu,
the resulting 1mage 1tself may be printed, or alternatively, the
resulting image may be transmitted to an external apparatus
or may be stored 1n a memory.

When the user 1s not satisfied with the resulting image of
which chromaticity 1s compensated by using the basic com-
pensating method, the user may select a menu to obtain com-
pensated 1mage by using a different compensating method
(S1540). The different compensating method may include,
but1s not limited to, the L-Cyb-Crg color space compensation
method described 1n detail above. In response to selecting the
different compensation method, the basic compensating set-
ting mentioned above may be changed so that the different
compensating method may be performed (S1550).

FIGS. 16 through 22 are diagrams illustrating interface
windows of an 1mage processing operation, according to
exemplary embodiments of the inventive concept.

Referring to FIG. 16, when a program to compensate a
faded 1image 1s executed 1n an 1mage processing apparatus
100, an interface window 180 corresponding to the program1s
displayed 1n a display 185 of the image processing apparatus
100. The interface window 180 may display various menus to
scan and/or to open a photo 1mage to be processed. A user may
select a menu corresponding to a method of obtaining a
desired 1mage of the user.

FI1G. 17 shows a screen of a case where a menu ‘load faded
image’ 1s selected. Referring to FIG. 17, a selection area to
select a photo to be loaded and menus are displayed. The user
may select a photo by inputting a file address where the faded
image 1s stored. The selected photo 190 may be displayed 1n
the selection area of the iterface window 180.

FIG. 18 shows a screen 1llustrating a method of selecting a
compensation region to be compensated in the selected photo
190. The user may select and/or define the region 200 to be
compensated by dragging and/or defining the region using a
cursor 210. The cursor 210 may be manipulated using one or
more keys included with the image processing apparatus 100,
and/or by contacting the display 183 via human touching. For
example, a user of the image processing apparatus 100 may
touch a vicinity of a screen of the display 185 displaying the
cursor 210, and may drag the cursor 210 and/or adjust the size
of the cursor by moving one or more fingers across the display
screen to indicate and/or define the region 200 of the selected
photo 190 to be compensated.

As mentioned above, light and dark regions of an 1image
may be atfected differently by long periods of exposed light.
For example, the chroma of a light region may not be changed
by light exposure, while the chroma of dark regions may be
significantly atfected. In addition, improving saturation of a
skin 1mage may also become smoother than an 1mage of
which chromaticity 1s compensated only. Further, the fading
degree of the portions of the image may be different accord-
ing to colors of the portions of the image. Accordingly, dyes
used for dark skin regions of persons included in an 1mage
may have a higher degree of fading than dyes used for light
skin regions.

Accordingly, at least one exemplary embodiment 1llus-
trated 1n FIG. 29 illustrates an interface window the image
processing apparatus 100 may detect one or more skin regions
of an 1image included 1n the selected photo. Once the image
processing apparatus 100 has detected the one or more skin
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regions, a user may select one or more desired skin regions to
be compensated by touching areas of the display 1835 where
the one or more skin regions of the selected photo 190 are
displayed. In response to touching the desired skin on the
display screen, a cursor 210 1s displayed indicating the skin
region to be compensated. Accordingly, the image processing
apparatus 100 may compensate the color of the selected skin
regions indicated by the cursors 210, while maintaining the
color of non-selected skin regions. Additionally, a user may
select a first color compensation method to be applied to a first
plurality of selected skin regions, and may select a second
color compensation method different from the first compen-
sation method to be applied to a second plurality of selected
skin regions.

In another exemplary embodiment, a user may select one
or more skin regions of an image displayed 1n a selected photo
190, as discussed above. In response to the selection of the
skin region, the 1image processing apparatus may determine
the race of the image corresponding to the selected skin
region, and may automatically compensate the color of the
skin region based on an ideal color compensation method
corresponding to the detected race.

FIG. 19 shows a screen to 1dentily an image that 1s com-
pensated by using a basic compensating method after the
region 200 1s selected. Referring to FI1G. 19, both an original
image 190 and the processed image 220 that 1s compensated
by using the basic compensating method are displayed 1n a
single interface window 180. Thus, the user may directly
preview the 1image on the interface window 180. Then, the
user may select whether to apply the basic compensating
method, or may preview a different compensating method
from the basic compensating method.

FIG. 20 illustrates a screen of a display 1835 where difierent
compensating methods may be selected. Referring to FI1G. 20,
processed 1mages that are compensated by using Combined

Gray World and Retinex (CGWR) 222, Gray World Assump-
tion (GWA) 224, White patch Retinex (VVR) 226, and LCy-
bCrg 228 methods are displayed together with the original
selected 1mage 190.

FIG. 21 1llustrates an mtertace window 180 to adjust satu-
ration and contrast of an 1image after the chromaticity of the
image 1s compensated. The user may directly adjust the satu-
ration and contrast of the image by moving a saturation
adjusting tag 230 and a contrast adjusting tag 232 displayed in
the interface window 180.

FIG. 22 1s illustrates an interface window 180 to display a
processed 1image 220 of which chromaticity, saturation, and
saturation are finally compensated. The interface widow 180
may include a menu 234 having one or more inputs 236 to
execute a process ol the image processing apparatus 100. The
user may further process the processed image 220 by select-
ing one or more operations including, but not limited to,
storing, mail-sending, printing, or the like, to finally process
an 1image 220.

FIG. 23 1s a block diagram of an 1image processing appa-
ratus 300 according to an exemplary embodiment of the
inventive concept.

Referring to FIG. 23, the image processing apparatus 300
includes an mterface unit 310, a controller 320, a storage unit
330, a display unit 340, a communication unit 350, an 1mage
forming unit 360, and a chromaticity compensating unit 370.

The mterface unit 310 transmits and recerves data to and
from various storage media, or various devices that are
installed inside or outside the 1image processing apparatus
300. The image processing apparatus 300 may be connected
to a digital camera, a memory stick, a memory card, or the like
through the interface unit 310 so as to recerve a photo image.
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That 1s, the photo 1image may be at least one of an 1image
captured by an imaging device installed 1n the 1image process-
ing apparatus 300, an 1image transmitted from an external
device, and an 1mage read from a recording medium 1nstalled
inside or outside the image processing apparatus 300.

The display unit 340 may display an image to select a
plurality of methods of compensating chromaticity. Accord-
ing to another exemplary embodiment of the inventive con-
cept, as 1llustrated in FIGS. 16 through 22, interface windows
may be sequentially displayed. Alternatively, as described
with reference to FIG. 15, an image that 1s compensated by
using a basic compensating method 1s displayed. In this case,
when a user selects a menu corresponding to a different
compensating method, at least one 1image that 1s compensated
by using the different compensating method may be further
displayed.

The chromaticity compensating unit 370 compensates

chromaticity of the photo 1image by using a method of com-
pensating chromaticity that is selected in the selection image.
In detail, the method of compensating chromaticity may
include the compensating method based on an L-Cyb-Crg
color space, and at least one method based estimation of a
light source.
In this case, the chromaticity compensating unit 370 may
include the same structure as that of the image compensating
apparatus 370 of FIGS. 1 and 2. Alternatively, 1n addition to
the structure as 1llustrated in FIGS. 1 and 2, the chromaticity
compensating unit 370 may further include a light source
estimation module (not shown) to compensate an 1mage by
using a conventional method based on estimation of a light
source. In FIG. 23, in spite of the name of the chromaticity
compensating unit 370, the chromaticity compensating unit
370 may compensate saturation and contrast of the image. An
operation of the chromaticity compensating unit 370 of FIG.
23 has been described with reference to FIGS. 1 and 2, and
thus will be omitted herein.

The controller 320 may control the display unit 340 to
display the photo image that 1s compensated by the chroma-
ticity compensating unit 370.

The communication unit 350 may transmit the final image
to an external device, or may receive an original 1mage from
an external device through network communication. Addi-
tionally, the communicating unit 350 may communicate with
a remote communication unit 350" included with a remotely
located 1mage processing apparatus 300' via a network, as
discussed further below.

The 1image forming unit 360 performs an 1mage forming
operation of printing the final image on paper and/or record-
ing the final image on a recoding medium. More specifically,
when a user selects a printing menu, the 1image forming unit
360 prints the final 1image 1tself on paper. The image forming
unit 360 may be configured 1n various ways according to a
printing method. If the image forming unit 360 1s of a laser
type, the image forming unit 360 may include a charging unait,
an exposing unit, a photoconductor, a developing unit, a trans-
ferring unit, a fixing unit, or the like. Such configuration of the
image forming unit 360 1s known 1n the art, and thus will be
omitted herein.

The storage unit 330 may store a program to compensate
chromaticity, saturation, contrast, or the like, and may store
an original image to be compensated. In addition, according
to users’ selection, the controller 320 may store the final
image 1n the storage unit 330.

The commumnication unit 350 allows the image processing,
apparatus 300 to communicate over a network. Referring to
FIG. 27, an exemplary image processing system 102 accord-
ing to the present general inventive concept 1s illustrated. The
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image processing system 102, generally indicated, includes a
server module 500 1n communication with a network 380.
The network 380 includes, but 1s not limited to, a cloud
network 380.

The server module 500 may further include a storage unit
502 that stores one or more original photo 1mages, and a
compensation module 504, which compensates fading of a
faded photo 1image, as discussed in detail above. The com-
pensation module 504 may be in communication with the
storage unit 502 to receive a faded image photo among the
original photo 1images stored 1n the storage unit 502.

The 1mage processing system 102 further includes a first
image processing apparatus 300 and a second 1mage process-
ing apparatus 300' remotely located from the first processing
apparatus 300. The first image processing apparatus 300 and
the second 1mage processing apparatus 300' may be in com-
munication with the cloud network 380, as discussed in
greater detail below.

Each of the first and second 1mage process apparatuses

300/300' includes a controller 320/320', a display 340/340",
and communication units 350/350. The communication unit
350 communicates with the remote communication unit 350
included with a remotely located image processing apparatus
300" via a network 380. Each of the first and second image
processing apparatuses 300/300' may include a web-browser
interface that controls the compensation module 504 via the
internet. The web-browser may generate control signals
based on various Internet environment program languages
including, but not limited to, Java.

The cloud network 380 allows a first user to collaborate
with a remotely located second user 1n real-time to compen-
sate fading of a selected faded image 390. For example, a first
user may operate a lirst 1mage processing apparatus 300,
which includes a first interface window 340. The first inter-
face window 340 may operate as discussed 1n detail above. A
second user remotely located from the first user may operate
a remotely located 1image processing apparatus 300', which
includes a second interface window 340"

The first and/or second user may select a desired faded
photo 390 to be compensated using the fading compensation
methods discussed 1n detail above. For example, the first
and/or second controller 320/320' may generate a control
signal that selects a faded photo 390 from the storage unit 502
and 1nputs the faded photo 390 to the compensation module
504. When the faded photo 390 1s selected, the faded photo
390 1s simultaneously displayed in both the first interface
window 340 and the second interface window 340'. Accord-
ingly, a first user and a remotely located second user may
collaborate with one another in real-time to generate a finally
processed photo that compensates the fading of the faded
photo 390.

More specifically, the cloud network 380 allows a user of
the first 1mage processing apparatus 300 and a user of a
remotely located second 1mage processing apparatus 300' to
dynamically apply fading compensation methods, as dis-
cussed above, to the selected faded photo 390 simultaneously
displayed on each of the first interface window 340 and the
second interface window 340'. Referring to FIG. 28, for
example, when the second user adjusts the contrast and satu-
ration of the faded photo 390 via the remote interface window
340', the first user dynamically realizes the second user’s
compensation of the faded photo 390 on the first interface
window 340. Alternatively, a first user may select a fading
compensation method described above, including a CGWR
method, a GWA method, a WR method, or a LCybCrg
method, using the first interface window 340. In response to
selecting the fading compensation method, the faded photo
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390 displayed on the remote 1nterface window 340' 1s com-
pensated. Accordingly, two users remotely located from each
other may collaborate to compensate fading of a faded photo
in a quick and accurate manner.

Additionally, each of the first and second interface win-
dows 340, 340' may include an indicator 400, which indicates
to the first and second users that a compensation of the faded
photo 390 1s currently 1n progress. For example, the indicator
400 may be displayed in first interface window 340 1n
response to the second user completing a fading compensa-
tion of the faded photo 390 via the remote second interface
window 340' of the remotely located image processing appa-
ratus 300'. In another exemplary embodiment, the indicator
400 may be displayed in the first interface window 340 while
the second user 1n 1n the process of compensating the faded
photo 390. When the second user has completed the fading
compensation using the remotely located second 1mage pro-
cessing unit 300", the indicator 400 disappears from the first
interface window 340 of the first processing apparatus 300.
Thus, the indicator 400 allows the first user and the remotely
located second user to easily determine when to begin a
respective compensation on the faded photo 390, without
interfering with each other.

FIG. 24 1s a flowchart of a method of compensating an

image, according to an exemplary embodiment of the mven-
tive concept. Referring to FIG. 24, when a photo 1mage 1s
iput (S2410), Gaussian filtering 1s performed (52420), and a
chromaticity division-map 1s generated (S2430). Then, aver-
age chromaticity of each respective region 1s calculated
(S2440), and chromaticity of the photo image 1s compensated
according to the average chromaticity (52450). If necessary,
saturation and contrast of the photo 1image may be compen-
sated (52460). The method of FIG. 24 1s the same as an
operation of the image compensating apparatus 370 1llus-
trated in FIGS. 1 and 2, and thus will be omitted herein.

FIG. 25 1s a flowchart of a method of processing an 1mage,
according to an exemplary embodiment of the inventive con-
cept. Referring to FIG. 25, when a selection 1image 1s dis-
played (52510), a user may select a method of compensating
chromaticity (S2520). Then, the chromaticity may be com-
pensated by using the selected method (S2530).

In this case, the compensating method based on an L-Cyb-

Crg color space, and at least one method based estimation of

a light source may be displayed on the selection image. The
user may select a desired compensating method. In addition,
compensating methods may be displayed by displaying a
name of a compensating method, or by displaying a resulting,
image that 1s compensated by using a corresponding compen-
sating method.

In addition, the compensating method based on an L-Cyb-
Crg color space may be a method including performing Gaus-
s1an filtering on a photo 1mage, converting the photo 1mage
into the L-Cyb-Crg color space, generating a chromaticity
division-map based on a Cyb-Crg color coordinate value,
calculating average chromaticity of each respective region by
using the chromaticity division-map, and then compensating,
chromaticity of each respective region of the photo 1mage by
using a C-M-Y 1mage of the photo image and the calculated
chromaticity of each respective region. The compensating
method based on an L-Cyb-Crg color space has been
described with reference to FIGS. 1 and 2, and thus will be
omitted herein.

FI1G. 26 1s a flowchart of a method of processing an image,
according to another exemplary embodiment of the inventive
concept.

Referring to FIG. 26, a user may execute a program to
compensate an 1image (S2610). The program may be executed
by selecting an 1con displayed on a screen of the image
processing apparatus.
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When the program i1s executed, an interface window to
compensate chromaticity 1s displayed (52620).

Thus, when a photo 1image to be compensated 1s selected 1n
the interface window, the selected photo 1mage 1s displayed,
and a region to be compensated 1s selected 1n the photo image
(52630).

When the region to be compensated i1s selected, the
selected region may be compensated by using a basic com-
pensating method (S2640). Then, an 1image that 1s compen-
sated by using the basic compensating method 1s displayed
(52650).

Thus, when a menu to check a result obtained according to
a different compensating method 1s selected (S2660), at least
one 1mage that 1s compensated by using at least one different
compensating method 1s displayed (5S2670).

Then, amenu to adjust saturation and contrast 1s displayed,
and the saturation and contrast are adjusted according to the
menu (S2680).

When the saturation and contrast are completely adjusted,
a final 1image 1s displayed (82690). An 1mage including at
least one processing command about the final 1image 1s dis-
played. An operation 1s performed according to a menu
selected 1n the image. That 1s, an operation such as printing,
transmission, storing, or the like may be performed.

According to the above-described exemplary embodi-
ments, a photo 1image may be converted into the L-Cyb-Crg
color space, and a chromaticity division-map 1s generated. In
at least one exemplary embodiment of the present general
inventive concept, the photo image may be converted into an
RGB color space, or other color spaces, and the chromaticity
division-map may be generated. In this case, an operation of
converting a photo image on which Gaussian filtering 1s per-
formed into a C-M-Y color space may be omitted.

As described above, a faded 1mage may be recovered to an
original image as possible by appropniately compensating the
faded image. Further, compensation of nonuniform chro-
matic fading 1n a photographic 1image may be achieved.

According to the above-described exemplary embodi-
ments of the inventive concept, methods of compensating and
processing an image may be stored 1n various types of record-
ing media, and may be embodied by a program code that 1s
executed by a central processing unit (CPU) included 1n an
clectronic device.

In detail, the program code to execute the methods of
compensating and processing an image may be stored 1n
various types ol recording media that are capable of being
read by a reader, such as a random access memory (RAM), a
flash memory, a read only memory (ROM), an erasable pro-
grammable ROM (EPROM), an electronically erasable and
programmable ROM (EEPROM), a register, a hard disk, a
removable disk, a memory card, a universal serial bus (USB)
memory, CD-ROM, or the like.

Although a few exemplary embodiments of the present
general inventive concept have been 1llustrated and described,
it will be appreciated by those skilled 1n the art that changes
may be made i1n these exemplary embodiments without
departing from the principles and spirit of the general imnven-
tive concept, the scope of which 1s defined in the appended
claims and their equivalents.

What 1s claimed 1s:

1. An image compensating apparatus comprising:

an input unit to receive mput of an photo 1image;

a Gaussian filtering unit to perform Gaussian filtering on
the photo 1mage;

a division-map generating unit to convert the photo image
on which the Gaussian filtering 1s performed into a color
space comprising a plurality of color components and
then generating a chromaticity division-map for divid-
ing the photo 1image on which the Gaussian filtering 1s
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performed 1nto regions according to chromaticity based
on a color coordinate value 1n the color space;

a calculating unit to calculate average chromaticity of each
respective region among the regions by using the chro-
maticity division-map; and

a compensating unit to compensate chromaticity of each
respective region of the photo image by using the aver-
age chromaticity of each respective region.

2. The 1image compensating apparatus of claim 1, further
comprising a converting unit to convert the photo 1image on
which the Gaussian filtering 1s performed into a C-M-Y color
space,

wherein the division-map generating unit converts the
photo 1mage on which Gaussian filtering 1s performed
into an L-Cyb-Crg color space, and generates the chro-
maticity division-map based on a Cyb-Crg color coor-
dinate value, and

wherein the compensating unit compensates the chroma-
ticity by using a CMY value converted by the converting,
umt and the average chromaticity of each respective
region.

3. The image compensating apparatus of claim 2, wherein
the compensating unit compensates the photo image by using
a weight obtained by converting a size of each channel 1n a
Cyb-Crg space into a CMY value.

4. The image compensating apparatus of claim 3, wherein
the division-map generating unit checks Cyb and Crg values
ol each pixel,

wherein, when the Cyb value 1s equal to or greater than a
first predetermined threshold value, the division-map
generating unit determines a corresponding pixel to yel-
low,

wherein, when the Cyb value 1s less than the first predeter-
mined threshold value, the division-map generating unit
determines the corresponding pixel to blue,

wherein, when the Crg value 1s equal to or greater than a
second predetermined threshold value, the division-map
generating unit determines the corresponding pixel to
red, and

wherein, when the Crg value 1s less than the second prede-
termined threshold value, the division-map generating
unmt determines the corresponding pixel to green.

5. The 1image compensating apparatus of claim 3, further

comprising;

a saturation and contrast adjusting unit to adjust saturation
and contrast of an 1image of which chromaticity 1s com-
pensated by the compensating unit.

6. The image compensating apparatus of claim 2, wherein

the calculating unit calculates average chromaticity of each
CMY value according to the following equation:

1 NPy,
leavg ) = 1 Z; L - R(x, y, n)
1 NP,
Iitavg (1) = 375 Zﬂ 1 -Gl y, n)
1 NP,
Iy avg () = - Zﬂ L - B(x, y, n)
wherein ‘NPn’ 1s the number of pixels of aregion ‘n’, ‘n’1s
cach region, and R(x,y,n), G(X,y,n), and B(x,y,n) are R,

G and B values of each pixel of the region ‘n’, respec-
tively.
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7. The 1mage compensating apparatus of claim 6, wherein
the compensating umt compensates chromaticity of each
respective region of the photo image according to the follow-
Ing equation:

If (X, Y, n)Lavg (H)

Ii=C MY
Ii,avg(n)

I:(x, y, n) = Wilx, )

wherein Wi(x,y) 1s a weight of pixels of each channel 1n the
CMY color space, Lavg(n) 1s average lightness of each
respective region, and li(x,y,n) 1s chromaticity of each
respective pixel of an input photo 1mage.

8. A method of compensating an 1mage, the method com-
prising;:
when a photo 1mage 1s input, performing Gaussian filtering
on the photo 1mage;

converting the photo image on which the Gaussian filtering
1s performed into a color space comprising a plurality of
color components, and then generating a chromaticity
division-map for dividing the photo image on which the
Gaussian filtering 1s performed 1nto regions according to
chromaticity based on a color coordinate value in the
color space;

calculating average chromaticity of each respective region
among the regions by using the chromaticity division-
map; and

compensating chromaticity of each respective region of the
photo 1mage by using the average chromaticity of each
respective region.

9. The method of claim 8, further comprising:

converting the photo image on which the Gaussian filtering,
1s performed 1nto a C-M-Y color space,

wherein the generating of the chromaticity division-map
comprises converting the photo 1mage on which Gaus-
sian filtering 1s performed mnto an L-Cyb-Crg color
space, and generating the chromaticity division-map
based on a Cyb-Crg color coordinate value, and

wherein the compensating comprises compensating the
chromaticity by using a CMY value converted from the
photo 1mage and the average chromaticity of each
respective region.

10. The method of claim 9, wherein the compensating
comprises compensating the photo image by using a weight
obtained by converting a size of each channel 1n a converted
Cyb-Crg space mto a CMY value.

11. The method of claim 10, wherein the generating of the
chromaticity division-map comprises checking Cyb and Crg
values of each pixel; when the Cyb value 1s equal to or greater
than a first predetermined threshold value, determining a
corresponding pixel to yellow; when the Cyb value 1s less
than the first predetermined threshold value, determiming the
corresponding pixel to blue; when the Crg value 1s equal to or
greater than a second predetermined threshold value, deter-
mining the corresponding pixel to red; and when the Crg
value 1s less than the second predetermined threshold value,
determining the corresponding pixel to green.

12. The method of claim 10, further comprising;:

adjusting saturation and contrast of an 1mage of which
chromaticity 1s compensated.

13. The method of claim 9, wherein the calculating com-
prises average chromaticity of each CMY value according to
the following equation:
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1 NPy,
lcavg(n) = === ) 1 = Ry, m)
" x=0

| NPy 5
Iavg (1) = 2= ) 1= Glx, y. )
" x=0
1 NP,
IY,GFg(n) — NP Z 1 —B(X, Y, H)
" =0 10

4 A 4 *» 2

wherein ‘NPn’ 1s the number of pixels of a region ‘n’, ‘n’1s

cach region, and R(x,y,n), G(X,y,n), and B(x,y,n) are R,

(G and B values of each pixel of the region ‘n’, respec-
tively. 15

14. The method of claim 13, wherein the compensating

comprises compensating chromaticity of each respective

region of the photo 1mage according to the following equa-

tion:

20

A { i (J;', " H’)Law (H)
1:(x, v, n) = Wi(x, v) f (H)g i=C,M.Y
LLavg

25
wherein Wi(x,y) 1s a weight of pixels of each channel in the

CMY color space, Lavg(n) 1s average lightness of each
respective region, and l1(x,y,n) 1s chromaticity of each
respective pixel of an input photo image.

15. An 1mage processing apparatus comprising:

a display unit to display a selection window about a plu- 0
rality of methods of compensating chromaticity; and

a chromaticity compensating unit to compensate chroma-
ticity ol a photo 1image by using a chromaticity compen-
sating method that 1s selected in the selection window,

Wherein the chromaticity compensating method com-
prises a compensating method based on an L-Cub-Crag
color space and at least one method based on estimation
of a light source, and

wherein the compensating method based on the L-Cub-
Crag color space 1s a chromaticity compensating method
comprising performing Gaussian filtering on the photo
image, converting the photo image nto the L-Cub-Crag
color space, generating a chromaticity division-map of
regions ol the photo 1mage based on a Cyb-Crg color
coordinate value, calculating average chromaticity of
cach respective region of the regions by using the chro-
maticity division-map, and then compensating chroma-
ticity of each respective region of the photo 1mage by
using a C-M-Y 1mage of the photo image and the calcu-
lated average chromaticity of each respective region.

16. The image processing apparatus of claim 15, further

comprising;

a controller to control the display unit to display a photo
image that 1s compensated by the chromaticity compen-
sating unit,

wherein the photo 1mage comprises at least one of an 1mage
captured by an 1maging device installed in the image
processing apparatus, an i1mage transmitted from an
external device, and an 1mage read from a recording
medium 1nstalled 1nside or outside the image processing
apparatus.

17. A method of processing an image 1in an 1mage process-

ing apparatus, the method comprising:

when a program to compensate a photo 1mage 1s operated,
displaying an interface window to compensate chroma-

ticity;
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when the photo 1mage to be compensated 1s selected 1n the
interface window, displaying the selected photo 1mage,
and receiving selection of a region to be compensated of
the photo 1mage;
when the region to be compensated 1s selected, compen-
sating the selected region by using a basic compensating,
method;
displaying an image that 1s compensated by using the basic
compensating method;
when a menu to check a result obtained by using a different
compensating method 1s selected, displaying atleast one
image that 1s compensated by using the different com-
pensating method;
when chromaticity compensation using the basic compen-
sating method or the different compensating method 1s
completed, displaying a menu to adjust saturation and
contrast; and
when adjustment of the saturation and the contrast are
completed, displaying an image comprising at least one
executing command about a final 1mage,
wherein any one of the basic compensating method and the
different compensating method 1s a compensating
method based on an L-Cyb-Crg color space comprising
performing Gaussian filtering on the photo 1mage, con-
verting the photo image into the L-Cyb-Crg color space,
generating a chromaticity division-map of regions of the
photo 1mage based on a Cyb-Crg color coordinate value,
calculating average chromaticity of each respective
region of the regions by using the chromaticity division-
map, and then compensating chromaticity of each
respective region of the photo 1image by using a C-M-Y
image ol the photo 1mage and the calculated average
chromaticity of each respective region.
18. A method of processing an 1mage, the method compris-
ng:
displaying photo images compensated according to a plu-
rality of methods of compensating chromaticity, respec-
tively;
when one photo 1image among the displayed photo images
1s selected, compensating an original photo image by
using a chromaticity compensating method correspond-
ing to the selected photo 1mage; and
performing at least one operation of printing, transmitting
and storing the compensated photo image,
wherein the plurality of methods of compensating chroma-
ticity comprise a compensating method based on an
L-Cyb-Crg color space and at least one compensating,
method based on estimation of a light source, and
wherein the compensating method based on an L-Cyb-Crg
color space 1s a chromaticity compensating method
comprising performing Gaussian filtering on a photo
image, converting the photo image nto the L-Cyb-Crg
color space, generating a chromaticity division-map for
dividing the photo 1image on which the Gaussian filtering
1s performed into regions according to chromaticity
based on a Cyb-Crg color coordinate value, calculating
average chromaticity of each respective region among
the regions by using the chromaticity division-map, and
then compensating chromaticity of each respective
region of the photo image by using a C-M-Y image of
the photo 1image and the calculated chromaticity of each
respective region.
19. The method of claim 8, wherein the photo 1mage, on
which the Gaussian {iltering 1s performed, 1s an RGB photo
1mage.
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