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(57) ABSTRACT 

A CPU 200 acquires image data of a photographed image, 
determines a specific Subject area containing a specific Sub 
ject in the photographed image, and calculates a specific 
Subject characteristic value for representing a characteristic 
of image data corresponding to the determined specific Sub 
ject area. CPU200 calculates a correction value for color 
balance correction using the calculated specific Subject char 
acteristic value and a preset characteristic target value, and 
executes the color balance correction on the image data using 
the calculated correction value. 

18 Claims, 7 Drawing Sheets 
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COLOR CORRECTION DEVICE, COLOR 
CORRECTION METHOD, AND COLOR 

CORRECTION PROGRAM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to image processing, and 

particularly relates to art for color balance correction on 
image data. 

2. Description of the Related Art 
Image processing called color balance correction for cor 

recting changes in color according to the type of light Source 
during imaging, is performed on image data generated by a 
digital still camera or a video camera. As a typical color 
balance correction method, methods are known for which the 
basic idea is to correct each color component so that the 
average color of the overall image becomes colorless (white 
or gray). 
By color balance correction, it is possible to reduce color 

seepage that occurs in images. For example, a Subject that was 
originally white color can be reproduced with the correct 
white color regardless of the type of light source or the like 
during imaging. 

However, aforementioned color balance correction per 
formed on a portrait (human Subject image) for which the 
overall background is a blue-tinged white, Suppresses blue 
tints and emphasizes the red tints for the overall image, so the 
flesh color of the human subject which is the main subject 
becomes red-tinged, significantly distancing it from the 
desired color. Thus, when using such conventional correction 
method, there is the risk of making an undesirable change to 
the color tone of a specific Subject. 

SUMMARY OF THE INVENTION 

The present invention was is intended to address the afore 
mentioned problems, and its object is to provides image pro 
cessing to execute color balance correction according to the 
Subject and to improve the appearance of the Subject in an 
image. 

In order to solve the above-mentioned problem, a first 
aspect of the present invention provides an image processing 
device for executing color balance correction on image data 
of a photographed image. The image processing device of the 
first aspect of the present invention is characterized by com 
prising: an image data acquisition module that acquires the 
image data; a specific Subject area determination module that 
determines a specific Subject area containing a specific Sub 
ject in the photographed image; a specific Subject character 
istic value calculation module that calculates a specific Sub 
ject characteristic value for representing a characteristic of 
image data corresponding to the determined specific Subject 
area; a correction value calculation module that calculate a 
correction value for color balance correction using the calcu 
lated specific Subject characteristic value and a preset char 
acteristic target value; and a correction execution module that 
execute the color balance correction on the image data using 
the calculated correction value. 

According to the image processing device of the first aspect 
of the present invention, a specific Subject area containing a 
specific Subject is determined and a correction value for color 
balance correction is obtained using a specific Subject char 
acteristic value for representing characteristic of image data 
corresponding to the determined specific Subject area and a 
predetermined characteristic target value. Therefore, it is pos 
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2 
sible to correct the color balance according to the specific 
Subject characteristic and to improve the appearance of the 
Subject in the image. 

In the image processing device of the first aspect of the 
present invention, the specific Subject characteristic value 
calculation may be executed using weighted distribution with 
a weight in a center area of the specific Subjectarea larger than 
a weight in an area outside the center area. In this case, it is 
possible to correct the color balance using a specific Subject 
characteristic value which better reflects the characteristic of 
the center area of the specific area, the center area tending to 
affect the appearance of the image. Therefore it is possible to 
improve the appearance of the Subject in the image. 

In the image processing device of the first aspect of the 
present invention, when a plurality of the specific Subject 
-areas are determined, the specific Subject characteristic value 
calculation can be executed using weighted distribution set 
according to a size of each specific Subject area on each 
specific subject characteristic value of the plurality of specific 
Subject areas. The specific Subject characteristics value cal 
culation may also be executed by obtaining a weighted aver 
age value of the specific Subject characteristic value of the 
plurality of specific Subject areas. In this case, it is possible to 
correct the color balance using a specific Subject characteris 
tic value which better reflects the characteristic of a large 
specific Subject area tending to affect the appearance of the 
image, making it possible to improve the appearance of the 
Subject in the image. 

In the image processing device of the first aspect of the 
present invention, the specific Subject characteristic value 
may be a characteristic value relating to a hue of the specific 
subject. In this case, it is possible to correct the color balance 
according to the hue of the specific Subject. 

In the image processing device of the first aspect of the 
present invention, the specific Subject characteristic value 
may be a specific color characteristic value for representing a 
characteristic of pixel data included within the specific sub 
ject area, the pixel data belonging to a specific color range. In 
this case, it is possible to correct the color balance with a 
specific coloras a reference, and to improve the appearance of 
a Subject having the specific color. 

In the image processing device of the first aspect of the 
present invention, the specific color characteristic value may 
be a statistical value of pixel values of the pixel data belong 
ing to the specific color range, wherein the characteristic 
target value may be a preset pixel target value, and wherein 
the correction value calculated by the correction value calcu 
lation module may be a correction value for eliminating or 
reducing a difference between the statistical value of pixel 
values and the pixel target value. By calculating a correction 
value for color balance correction for eliminating or reducing 
the difference between the statistical value of pixel values of 
the pixel data belonging to the specific color range and the 
pixel target value, it is possible to correct the overall color 
balance so that the specific color of the Subject approaches a 
desirable color. 

In the image processing device of the first aspect of the 
present invention, the specific Subject may be a face part of a 
human Subject, and wherein the pixel data belonging to the 
specific color range may be flesh colored pixel data belonging 
to a color range corresponding to a flesh color of the human 
subject. In this case, it is possible to correct the overall color 
balance according to the flesh color of the human subject that 
is the subject for an image for which the subject is the face part 
of a human Subject. 

In the image processing device of the first aspect of the 
present invention, the correction value calculated by the cor 
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rection value calculation module is a correction value 
weighted according to an area ratio of the specific Subject area 
to a whole area of the photographed image. It is more Suitable 
that executing color balance correction according to a specific 
Subject on an photographed image, when the photographed 
image having a large area ratio of the specific Subject area to 
a whole area of the image. Therefore, in this case, it is possible 
to more Suitably correct the overall color balance by adjusting 
the correction strength according to the area ratio of the 
specific Subject area. 

In the image processing device of the first aspect of the 
present invention, the correction execution module may 
execute the color balance correction using the correction 
value when the area ratio is greater than a reference value. 
When the area ratio of the specific subject area is greater than 
a preset reference value, the specific Subject in the specific 
Subject area is the main Subject, and color balance correction 
according to the specific Subject is considered to be more 
effective. Therefore, in Such case, by executing color balance 
correction according to the specific Subject, it is possible to 
further improve the appearance of the specific subject in the 
image. 

In the image processing device of the first aspect of the 
present invention, the specific Subject determination module 
determines the specific Subject area using pixel values of 
pixel data included in a target area for determination, and a 
position of the target area in the photographed image. In this 
case, pixel values of pixel data included in a target area for 
determination, and the position of that area in the photo 
graphed image are used for the process of determining the 
specific Subject area, So it is possible to improve the precision 
of determining the specific Subject area. 
A second aspect of the present invention provides an image 

processing method for executing color balance correction on 
image data of a photographed image The image processing 
method of the second aspect of the present invention com 
prises the steps of acquiring the image data; determining a 
specific Subject area containing a specific Subject in the pho 
tographed image; calculating a specific Subject characteristic 
value for representing a characteristic of image data corre 
sponding to the determined specific Subject area; calculating 
a correction value for color balance correction using the cal 
culated specific Subject characteristic value and a preset char 
acteristic target value; and executing the color balance cor 
rection on the image data using the calculated correction 
value. 

According to the image processing method of the second 
aspect of the present invention, the similar functions and 
effects as the image processing device of the first aspect of the 
present invention can be obtained. In addition, the image 
processing method of the second aspect of the present inven 
tion may also be actualized in a variety of aspects in a way 
similar to the image processing device of the first aspect of the 
present invention. 
The image processing device of the first aspect of the 

present invention and the image processing method of the 
second aspect of the present invention may also be actualized 
as a computer program for realizing the functions of Such 
method or device and a recording medium on which the 
computer program is stored. 

These and other objects, features, aspects, and advantages 
of the present invention will become more apparent from the 
following detailed description of the preferred embodiments 
with the accompanying drawings. 
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4 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic showing an image processing system 
including an image processing device (personal computer) of 
the present embodiment; 

FIG. 2 is a functional block diagram of a personal computer 
20 (CPU 200) of the present embodiment: 

FIG.3 is a flowchart showing the processing routine of the 
image processing of the present embodiment; 

FIG. 4 is a flowchart showing the processing routine of the 
color balance correction of the present embodiment; 

FIG. 5 is a schematic conceptually showing an example of 
an image expressed by image data GD1 which is target of 
processing: 

FIG. 6 is a schematic conceptually showing the results of 
face area determination; 

FIG. 7 is the first schematic describing the distribution of a 
weighting factor W used for calculating a flesh color pixel 
average value. 

FIG. 8 is the second schematic describing the distribution 
ofa weighting factor Wused for calculating a flesh color pixel 
average value; and 

FIG.9 is a graph showing the contents of the color balance 
correction of the present embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Following, the image processing device of the present 
invention is described based on the embodiments with refer 
ence to drawings. 

A. Arrangement of the Image Processing System FIG. 1 is 
a schematic showing an image processing system including 
an image processing device of the present embodiment. An 
arrangement of an image processing system, to which the 
image processing device of the present embodiment can be 
applied, will now be described with reference to FIG. 1. 
The image processing system includes: a digital still cam 

era 10 as an input device for generating image data; apersonal 
computer 20 as an image processing device for executing 
image processing including color balance correction on 
image data generated by the digital still camera 10 and out 
putting image data for printing; and a color printer 30 as an 
output device for outputting images using image data for 
printing. The color printer 30 may also have an image pro 
cessing function that a personal computer 20 has in order that 
the color printer 30 can do stand alone execution of image 
processing and image output. As an output device, instead of 
the printer 30, other devices can be used as well, for example, 
a monitor 25 Such as LCD display, a projector, a display 
device that functions as an electronic photo frame. For the 
description below, the color printer 30 connected with the 
personal computer 20 is used as the output device. 
The personal computer 20 is a computer in common use, 

and includes: a CPU200 that executes a program for image 
processing including color balance correction; a RAM 201 
that temporarily stores data Such as image data and results of 
calculation made by CPU200; and a hard disk drive (HDD) 
202 that stores the image processing programs. The personal 
computer 20 also includes: a card slot 203 for mounting a 
memory card MC; and an input/output terminal 204 for con 
necting a connection cable from the digital still camera 10 or 
the like. 
The digital still camera10 is a camera for acquiring images 

by focusing optical information a digital device (CCD or 
photomultiplier). The digital still camera 10 saves the 
acquired images as digital data in the memory card MC as a 
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storage device. The saving format generally used for the 
digital still camera 10 is a JPEG which is a non-reversible 
compression saving format, or a TIFF which is a reversible 
compression saving format. 
The color printer 30 is a printer capable of outputting color 

images, such as an inkjet type printer that forms images by 
forming a dot pattern by depositing four colors of inks, i.e. 
cyan, magenta, yellow, and black onto a printing medium. 
Alternatively, it is an electro photographic printer that forms 
images by transferring and fixing color toner on a printing 
medium. In addition to the four colors noted above, it is also 
possible to use light cyan (pale cyan), light magenta (pale 
magenta), red, and blue. 
The following describes a case when an image data GD1 

generated by the digital still camera 10 is sent to the personal 
computer 20, image processing on the image data GD1 is 
executed by the personal computer 20, and the processed 
image data is output to the color printer 30. 

B. Functional Block of the Personal Computer 20 FIG. 2 is 
a functional block diagram of the personal computer 20 (CPU 
200) of the present embodiment. A summary of the functional 
block of the personal computer 20 (CPU 200) is described 
with reference to FIG. 2. 
An image data acquisition module M1 acquires the image 

data GD1 of the image, the image data GD1 being the target 
of processing. The image data acquisition module M1 sends 
the acquired image data GD1 to a face area determination 
module M2 and a correction execution module M6. Also, the 
image data acquisition module M1 sends the acquired image 
data GD1 to a white pixel average value calculation module 
M3 and a flesh color pixel average value calculation module 
M4 when necessary. 
The face area determination module M2 analyzes the 

image data GD1 obtained from the image data acquisition 
module M1 and determines an area containing the face part of 
a human Subject as the Subject. The face area determination 
module M2 sends the face area determination results to the 
flesh color pixel average value calculation module M4. 
The white pixel average value calculation module M3 ana 

lyzes the image data GD1 obtained from the image data 
acquisition module Ml, calculates the white pixel average 
value, and sends the calculated white pixel average value to a 
correction value calculating module M5. 
The flesh color pixel average value calculating module M4 

acquires the image data GD1 from the image data acquisition 
module M1, and acquires the face area determination results 
from the face area determination module M2. The flesh color 
pixel average value calculation module M4 analyzes the 
image data corresponding to the determined face area, calcu 
lates the flesh color pixel average value, and sends the calcu 
lated flesh color pixel average value to the correction value 
calculation module M5. 
The correction value calculation module M5 calculates the 

a correction value for color balance correction based on the 
white pixel average value obtained from the white pixel aver 
age value calculation module M3 and a preset white pixel 
target value, or, based on the flesh color pixel average value 
obtained from the flesh color pixel average value calculation 
module M4 and a preset flesh color pixel average value. The 
correction value calculation module M5 sends the calculated 
correction value for color balance correction to the correction 
execution module M6. 
The correction execution module M6 acquires the correc 

tion value for color balance correction from the correction 
value calculation module M5, and acquires the image data 
GD1 from the image data acquisition module M1. Using the 
acquired correction value for color balance correction, the 
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6 
correction execution module M6 executes color balance cor 
rection on the overall image data GD1, and generates post 
correction image data GD2. 

Note that the specific subject area determination module 
in the claims is equivalent to the face area determination 
module M2 in the present embodiment, and the specific 
Subject characteristic value calculation module in the claims 
is equivalent to the flesh color pixel average value calculation 
module M4 in the present embodiment. 

C. Image Processing at the Personal Computer 20 The 
image processing executed at the personal computer 20 is 
described with reference to FIG. 3 through FIG.9. 

FIG. 3 is a flow chart showing a processing routine of an 
image process of the present embodiment. When the memory 
card MC is inserted into a slot 203, or when a connection 
cable CV connected to the digital still camera10 is connected 
to the input/output terminal 204, the personal computer 20 
(CPU 200) activates the program of this image processing. 
CPU200 acquires (reads) the image data GD1 of the image as 
the target of processing from the memory card MC according 
to user instructions, and temporarily stores the acquired 
image data in the RAM 201 (step S110). 
CPU200 executes image data decompression and color 

conversion (step S120). The image data GD1 in the present 
embodiment is stored in the form of JPEG image or com 
pressed YCbCr data. CPU200 converts this compressed data 
to RGB data that is typically used for image processing by a 
personal computer. Specifically, CPU200 decompresses the 
image data GD, and executes a matrix calculation using a 
matrix on the decompressed image data GD1 for YCbCr 
RGB color conversion. 
The matrix is a matrix that is typically used for the conver 

sion from YCbCr data to RGB data in the JFIF standard, and 
is well-known to persons skilled in the art. A detail of the 
matrix is thus not described herein. 

Next, CPU200 executes color balance correction process 
ing on the converted image data GD1(step S130). 

FIG. 4 is a flowchart showing the processing routine of the 
color balance correction of the present embodiment. When 
the color balance correction process starts, CPU200 first 
determines the specific Subject area processing for determin 
ing an image area containing the specific Subject on the image 
expressed by data GD1. In the present embodiment, the spe 
cific subject is the face part of a human subject, and CPU200 
determines the face area containing the face(step S202). 

In the process of the face area determination of the present 
embodiment, CPU200 divides equally the image expressed 
by image data GD1 into vertical 16 x horizontal 16 image 
sections, i.e. 256 image sections. CPU200 judges for each 
image section whether the image section contains a face. 
Specifically, CPU200 analyzes the image data corresponding 
to the image section which is the target of processing, and 
judges whether preset judging standards are met, and whether 
the Subject within the image section is the face part of a human 
Subject. 

For example, when the proportion offlesh color pixel data 
to the total pixel data within the image section is greater than 
a specified proportion value R1, CPU200 may also judge the 
image section to be an image section for which the Subject is 
the face part of a human subject (hereafter called a “face 
image section'). Flesh color pixel data means pixel data 
belonging to a specified color range C1 corresponding to flesh 
color of the human subject. The specified color range C1 is set 
in the HSB color space, for example, by respectively deciding 
onahue value H range, a Saturation S range, and a brightness 
B range. Optimal range as the specified color range Cl and 
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optimal value as the specified proportion value R1 are set 
empirically through analysis of image samples and the like. 

FIG. 5 is a schematic conceptually showing an example of 
an image expressed by image data GD1 which is target of 
processing. This image is a typical portrait (human Subject 
image) in which a relatively large human face part Foccupies 
roughly the center portion. As a concrete example, FIG. 6 
shows the results of the process of the face area determination 
executed on the image data GD1 shown in FIG. 5. 

FIG. 6 is a schematic conceptually showing the results of 
face area determination. As shown in FIG. 6, as a result of the 
process of the face area determination, CPU200 determines 
an area as a face area FA consisting of a plurality of face 
image sections out of the 256 sections, the determined face 
area FA corresponding to a human Subject face part F in an 
image shown in FIG. 5. In the process of face area determi 
nation, only the flesh color pixel proportion is considered, but 
it is also possible to set additional determination criteria for 
the recognized face area FA to increase the determination 
precision. As additional determination criteria, determination 
criteria using position information of the face area FA in an 
image may be set. Generally, in images for which a human 
Subject was imaged as the main Subject, there is a tendency to 
position the face part of the human Subject in the center, and 
there are almost no cases of contacting the face part as the 
main subject with the left or right sides (in other words, a 
situation in which the face part is cut off at the image edge). 
Therefore, for example when the face area FA does not con 
tact the left edge or the right edge of the image, CPU200 may 
finally determine the face area FA to be the face area. 
CPU200 determines whether or not there is a face area FA 

in the photographed image as the target of processing (step 
S204). As a result of face area determination processing, 
when the face area FA is recognized, CPU200 determines that 
there is the face area FA (step S204: Yes), and then determines 
whether or not the proportion of the overall image occupied 
by the face area FA is greater than the reference (step S206). 
When the number of face image areas that the face area FA 
includes is greater than a specified reference number, for 
example, CPU200 determines that the proportion occupied 
by the face area FA is greater than the reference. In specific 
terms, of the image areas evenly divided into vertical 16 by 
horizontal 16 sections, when the image areas determined to 
be face image areas are 16 or greater, it is also possible to 
determine that the proportion occupied by the face area FA is 
greater than the reference. 
When there are no face areas FA, or when an area ratio of 

the face area FA to a whole area of the image is less than the 
reference, CPU200 decides to execute normal color balance 
correction (hereafter also called “normal correction') on the 
image data GD1 (step S206: No). 
When the area ratio of the face area FA is greater than the 

reference, CPU200 decides to execute color balance correc 
tion with the flesh color in the face area FA as a reference 
(hereafter also called “flesh color reference correction') on 
the image data GD1 (step S206: Yes). The reason that an area 
ratio of the face area FA being greater than the reference is 
used as a condition for executing flesh color reference cor 
rection is that when an area ratio of the face area to a whole 
area is Small, there is a high possibility that the human Subject 
is not the main Subject. Here, the main Subject means that 
among the Subjects existing in a photographed image, a Sub 
ject that characterized the photographed image, for example, 
the person in a portrait. For the images in which a human 
subject is not the main subject, it is not effective to execute 
flesh color reference correction. Also, in fact, there is the risk 
that the color balance of a main Subject that is not a human 
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8 
Subject (e.g. Scenery) will be destroyed. Therefore, for images 
in which a human Subject is not the main Subject, it is appro 
priate to execute normal correction. 
When executing flesh color reference correction, of the 

image data GD1, CPU200 analyzes the image data corre 
sponding to the face area FA, and calculates the flesh color 
pixel average value (step S208). The flesh color pixel average 
value is a weighted average value of the pixel value of the 
flesh color pixel data contained in the face area FA. In specific 
terms, CPU200 acquires the pixel values of the flesh color 
pixel data among the image data corresponding to the face 
area FA by sampling or on a pixel-by-pixel basis. CPU200 
multiplies a weighting factor W on the acquired pixel values 
of the flesh color pixel data, and calculates a weighted pixel 
value. And using the calculated weighted pixel value, 
CPU200 calculates a flesh color pixel average saturation F 
(S) ave and a flesh color pixel average hue F (H) ave in the 
HSB color space. 

FIG. 7 is a first schematic describing the distribution of a 
weighting factor W used for calculating a flesh color pixel 
average value. The weighting factor W is determined accord 
ing to the position of the flesh color pixel data in the face area 
FA. The distribution of the weighting factor W on the straight 
line A-A in the face area FA (Y direction weighted distribu 
tion), and the distribution of the weighting factor W on the 
straight line B-B (X direction weighted distribution) are 
shown in FIG. 7. As shown in FIG. 7, the weight becomes 
larger as the weighting factor W approaches an area at the 
center of the face area FA (hereafter called the “center area'), 
and the weight is set to be smaller in an area outside the center 
aaS. 

FIG. 8 is the second schematic describing the distribution 
ofa weighting factor Wused for calculating a flesh color pixel 
average value. Using FIG. 8, the distribution of the weighting 
factor W is described when there are determined to be a 
plurality of face areas in the image data which is the target of 
processing. With the example shown in FIG. 8, there are 
determined to be two face areas, a face area FA L, and a face 
area FAS that is smaller than the face area FAL. The same 
as the case of the face area FA explained using FIG.7, for each 
of face areas FA L and FA S, the weighting factor W has 
greater weight the more it is in the center area, and the weight 
is set to be Smaller in other areas. Then, the maximum value 
of the weighting factor W of each face area is set to a different 
value according to the size of each face area. Specifically, as 
shown in FIG. 8, the maximum value W S of the weighting 
factor W of the face area FAS that is smaller than the face 
area FAL is set to be smaller than the maximum value W 1 
of the weighting factor W of the face area FA. L. For example, 
it is also possible to set the maximum value of the weighting 
factor W to be proportional to the square measure of the face 
aca. 

Using the calculated flesh color pixel average Saturation F 
(S) ave, the flesh color pixel average hue F (H) ave, and the 
preset flesh color pixel target value, CPU200 calculates the 
correction value for color balance correction (hereafter called 
“flesh color reference correction value') (step S210). 
CPU200 converts the flesh color pixel average color in the 

HSB color space to an RGB color space, and calculates the 
flesh color pixel average color in the RGB color space. Here, 
the flesh color pixel average color for the HSB color space is 
a color defined by the calculated flesh color pixel average 
saturation F (S) ave, the calculated flesh color pixel average 
hue F (H) ave, and a preset correction reference brightness F 
(B) ref. Then, the respective RGB color component values 
for representing the flesh color pixel average color in the RGB 
color space are F2(R) ave, F2(G) ave, and F2(B) ave. In the 
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present embodiment, a brightness value represented by 8-bit 
data and scope of a brightness value is from 0 to 255. Then, a 
preset correction reference brightness F (B) ref is set to 192, 
for example. 
The flesh color pixel target value is a pixel value that 

defines the flesh color pixel target color for the correction 
reference brightness F (B) ref The flesh color pixel target 
color is a color obtained empirically by Sample analysis, for 
example; and is a flesh color that is desirable as the flesh color 
of the human subject. In the present embodiment, the flesh 
color pixel target color is defined in the HSB color space by 
three flesh color pixel target values (flesh color pixel target 
hue F (H) target, flesh color pixel target saturation F (S) tar 
get, and correction reference brightness F (B) ref). The 
respective RGB color component values for representing the 
flesh color pixel target color converted from in the HSB color 
space to in the RGB space are F2(R) target, F2(G) target, 
and F2(B) target. 
CPU200 calculates the flesh color reference correction 

values for each respective RGB color component, the values 
being correction value AC (R) face, AC (G) face, and AC 
(B) face. CPU200 calculates each correction value using the 
various numerical values described above according to the 
following formulas (1a) to (1c). 

AC(R) face=F2(R) target-F2 (R) ave (1a) 

AC(G) face=F2(G) target-F2(G) ave (1b) 

AC(B) face=F2(B) target-F2(B) ave (1c) 

The right sides of the formulas (1a) to (1c) are the differ 
ence between the pixel value for representing the average 
color of the flesh color pixel within the face area FA in the 
RGB color space, and the pixel value for representing the 
flesh color pixel target color which is a desirable flesh color in 
the RGB space. When the flesh color within the face area FA 
is skewed from the desirable flesh color. The right sides of the 
formulas (1a) to (1c) have an effect of correcting the color 
balance of the overall image in a direction for which the flesh 
color within the face area FA approaches the desirable flesh 
color. 

Described next is a case that executes normal color balance 
correction (normal correction) (step S204: No, or step S206: 
No). For normal correction, it is possible to use various meth 
ods that are publicly known as color balance correction meth 
ods. For example, the method in which the average value of 
the image data close to white color approaches colorless 
(correct white) can be used. Following is a brief description of 
Such method. 

When executing normal correction, CPU200 analyzes the 
overall image data GD1, and calculates the white pixel aver 
age value (step S212). A white pixel means a pixel which has 
pixel values belonging to a law saturation and high brightness 
specified color range (color range close to white) in the HSB 
color space. The white pixel average value is an average value 
relating to pixel data of white pixels. As the white pixel 
average value, CPU200 calculates the average value of each 
color component in the RGB color space W (R) ave, W 
(G) ave, and W (B) ave, and the average value of brightness 
in the HSB color space W (H) ave. 

Using the calculated white pixel average values, CPU200 
calculates the normal correction values for each color com 
ponent in the RGB color space, i.e. AC (R) white, AC 
(G) white, and AC (B) white, according to the following 
formulas (2a) through (2c) (step S214). 
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10 
AC(R) white = W(H) ave-W(R) ave (2a) 

AC(G) white = W(H) ave-W(G) ave (2b) 

AC(B) white = W(H) ave-W(B) ave (2c) 

The right sides of formulas (2a) through (2a) through (2c) 
have an effect of correcting the overall image color balance in 
a direction for which the white pixel color approaches a 
colorless color (correct white) when the white pixel color is 
skewed from the colorless color. 
When the correction value for color balance correction 

(flesh color reference correction value or normal correction 
value) is calculated, CPU200 uses each of the calculated 
correction values AC (R), (G), and (B) to execute color bal 
ance correction, and generates post-correction image data 
GD2 (step S216). 

FIG.9 is a graph showing the contents of the color balance 
correction executed using each correction value AC (R), (G), 
and (B). CPU200 executes gradation correction on all the 
pixel data of the image data GD1 using a tone curve on each 
color component RGB. In FIG. 9, the dotted line shows the 
unconverted characteristics. Each correction value AC (R), 
(G), and (B) calculated with the procedure described above 
correlates to the shift volume of an output value correspond 
ing to an input reference value Dref from the unconverted 
characteristic. 
As the input reference value Dref, it is possible to use a 

specified fixed value, for example. In the present embodi 
ment, the value of the correction reference brightness F 
(B) ref (192) is used as the input reference value Dref for 
each RGB component value that can obtain values 0 to 255 
represented by 8-bit information. The tone curve is obtained 
by obtaining the primary characteristics line that shifts Dref 
as the input value to Dref +AC as the output value, for 
example. 
CPU200 then executes memory color correction on post 

correction image data GD2 (step S218). The memory color 
can be called the color that is generally remembered as an 
image by most people. For example, specific Subject colors 
such as “human flesh color,” “sky color,” “sunset color, and 
'greenplant color” are set inadvance. In specific terms, as the 
memory color of “human flesh color” (hereafter called “flesh 
color memory color), a specified saturation S. hue H, and 
brightness B are memorized in a program. Memory color 
correction is executed on an specified pixel data only, the 
specified pixel data corresponding to specific Subjects (such 
as human skin) for which a memory color (e.g. flesh color 
memory color described above) is set. On the other hand, 
color balance correction is executed on all pixel data in image 
data. That's the difference between memory color correction 
and color balance correction. Memory color correction cor 
rects the specified pixel data in a direction for which a specific 
Subject color of the image as the target of processing 
approaches the memory color. 
To describe a specific example of memory color correction 

for “human flesh color.” CPU200 executes the same process 
as step S208 (see FIG. 4) for the color balance correction on 
post-correction image data GD2. As the result, the flesh color 
pixel average value for post-correction image data GD2 is 
calculated. Furthermore, CPU200 uses the calculated flesh 
color pixel average value and the flesh color memory color 
value described above to calculate a correction value for 
memory color correction for each component RGB. CPU200 
uses the calculated correction value to stipulate the tone curve 
for each RGB component, and finally performs input-output 
conversion for each RGB component offlesh color data of the 
image data GD2 using each stipulated tone curve. 
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Here, the flesh color pixel target color for the color balance 
correction (step S216) and the flesh color memory color as a 
reference for memory color correction (step S218) are differ 
ent colors. The flesh color pixel target color can be called the 
average color of the flesh color perceived via the color adap 
tation (the work of trying to perceive the color of an object 
with the effect of the light source eliminated) performed 
unconsciously when a person actually views a human Subject. 
On the other hand, as described above, the flesh color memory 
color can be called the ideal flesh color that many people 
typically remember as an image. The flesh color memory 
color is set to have a better appearance than the color of the 
actually perceived flesh, and for example is set to a healthy 
flesh color that has more of a pink tinge. 
The processing on human Subject images using the image 

processing of this present embodiment can be said to adjust 
the overall image color tone so as to reproduce the flesh color 
of an actually perceived object (color after color adaptation) 
when a person images a subject (human Subject) by doing 
color balance correction (step S216), and to perform color 
correction only on the flesh parts of a subject (human Subject) 
so that the image has a better appearance by doing memory 
color correction(step S218). Doing the processing divided 
into two levels in this way is because when color tone adjust 
ment of the overall image is done in combination with the 
flesh color memory color, there is the risk that an undesirable 
effect on the overall image will occur, such as the overall 
image being tinged with pink color. 
CPU200 then outputs the post-correction image data GD2 

to the printer driver (step S150) and ends this processing 
routine. At the printer driver, color conversion processing is 
executed for converting the post-correction image GD2 to 
CMYK data. Specifically, the color system of the image data 
is converted to a CMYK color system which is the color 
system used when the color printer 30 executed print process 
ing. In specific terms, the color conversion processing is 
executed using a lookup table stored in the HDD 202 (or 
ROM) which correlates the RGB color system to the CMYK 
color system. Also, halftone processing and resolution con 
version processing are executed, and post-processing data is 
output as raster data for printing to the color printer 30. 
As described above, according to the present embodiment, 

face area FA containing the face of a human Subject is deter 
mined in image data for representing an image with a human 
Subject as the Subject (e.g. a portrait), the image data corre 
sponding to the determined face area FA is analyzed, and the 
flesh color pixel average value for the pixel value of the face 
area FA is calculated. Then, color balance correction is 
executed using the calculated flesh color pixel average value 
and the preset flesh color pixel target value. Therefore, it is 
possible to do color balance correction according to the flesh 
color that the human Subject has, and to avoid giving an 
undesirable change in the flesh color of the human subject 
which is the main Subject. 

Furthermore, according to the present embodiment, the 
correction value for color balance correction that would 
eliminate or reduce the difference between the flesh color 
pixel average value and the flesh color pixel target value is 
calculated, and color balance correction is executed using the 
calculated correction value. Therefore, it is possible to correct 
the overall color balance in a direction for which the flesh 
color of the human Subject in the image goes toward a desir 
able color. 

Also, according to the present embodiment, calculation is 
done using a weighted distribution set so that the flesh color 
pixel average value is weighted heavily in the center area of 
the face area FA, and weighted lightly in areas other than the 
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12 
center area. As a result, a flesh color pixel average value is 
calculated that better reflects the flesh color of the center area 
of the face area. That allows the device to correct the color 
balance in a direction that further improves the appearance of 
the portrait, since the center area tends to affect the appear 
ance of the portrait. The center area in the face part of the 
human Subject, for example, forehead or nose area, tends to 
affect the appearance, so correcting the center area to a desir 
able flesh color is desired. Meanwhile, face areas other than 
the center area, for example the marginal area in the face, 
tends to become a shadow and become darker. Reflecting the 
flesh color of the Such marginal area when correcting the 
color balance, there may be cases when the flesh color near 
the center of the face part cannot come sufficiently close to the 
desirable flesh color. However, according to the present 
embodiment, it is possible to correct the color balance appro 
priately to reflect the flesh color of the face center part. 

Furthermore, according to the present embodiment, whena 
plurality of face areas are determined in the image data, the 
flesh color pixel average value is calculated for each of the 
determined plurality of face areas using weighted distribution 
set according to the size of the face area. As a result, for 
human Subject images including a plurality of human Subject 
face parts, a flesh color pixel average value that better reflects 
the flesh color of a large face part which tends to affect the 
appearance is calculated. So it is possible to do color balance 
correction in a direction that will further improve the appear 
ance of the human Subject image. 

Also, according to the present embodiment, when the area 
ratio of the face area FA to the whole area of the image is 
greater than a specified reference value, flesh color reference 
correction is executed. Therefore, it is possible to suitably 
execute flesh color reference correction only on images for 
which flesh color reference correction effect is large, for 
which the human Subject occupies an area greater than a 
specified proportion in the image. 

Other Embodiments: 
Instead of the calculation formulas of the embodiment 

described above, it is possible to use various formulas 
for calculating the correction value for color balance 
correction based on the specific Subject characteristic 
value and the characteristic target value. For example, as 
the specific subject characteristic value, the flesh color 
pixel average value is used in the embodiment described 
above, but instead of the average value, it is also possible 
to use an another statistical value, for example, interme 
diate value. 

Also, instead of the formulas (1a) to (1c), it is possible to 
use the following formulas multiplied each of the formulas 
(1a) to (1c) with the coefficient k. 

AC(R) face =kx{F2(R) target-F2 (R) ave (3a) 

AC(G) face =kx{F2(G) target-F2 (G) ave (3.b) 

AC(B) face =kx{F2(B) target-F2 (B) ave (3.c) 

In this case, it is possible to adjust the color balance cor 
rection level with the value of the coefficient k. 

The value of the coefficient k may be determined according 
to the area ratio of the face area FA to a whole area of the 
image. For example, the value of the coefficient k may be set 
in a range from 0 to 1 in proportion to area ratio of the face 
area FA to a whole area of the image. In this case, for an image 
for which the face area FA is large and the effect of the flesh 
color reference correction is large, it is possible to correct the 
flesh color of the image in a direction that comes significantly 
close to the desirable flesh color, and to improve the appear 
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ance of the image. Meanwhile, for an image for which the 
face area FA is small and there isn't much effect of the flesh 
color reference correction, by reducing the volume that the 
flesh color of the image approaches the desirable flesh color, 
it is possible for the flesh color reference correction to avoid 
giving undesirable changes to areas other than the face area 
FA 

Furthermore, in the embodiment noted above, according to 
whether or not the area ratio of the face area FA to a whole 
area of the image is greater than a specified reference value, a 
determination is made of whether to use the flesh color ref 
erence correction value AC face or to use normal correction 
value AC white (FIG. 4: step S206). Instead of this, it is also 
possible to use coefficients k1 and k2 determined according to 
the area ratio of the face area FA to a whole area. The coeffi 
cients k1 and k2 give a weighting for the flesh color reference 
correction value AC face and the normal correction value 
AC white. For example, it is possible to execute color bal 
ance correction using the correction value for color balance 
correction AC obtained by the following formulas (4a) to 
(4c). 

AC(R)=k1xAC (R) face +k2xAC(R) white (4a) 

AC(G)=k133 AC(G) face--k2xAC(G) white (4b) 

AC(B)=k1xAC(B) face--k2xAC(B) white (4c) 

The coefficients k1 and k2 are each set in a range from 0 to 
1. The coefficient k1 is set larger the greater the area ratio of 
the face area FA, and is set smaller the smaller it is. Con 
versely, the coefficient k2 is set smaller the greater the area 
ratio of the face area FA, and is set larger the smaller it is. 

In this case, the proportion of the element of the flesh color 
reference correction value and the proportion of the element 
of the normal correction value that occupies the correction 
value for color balance correction AC (R) is adjusted accord 
ing to the area ratio of the face area FA to a whole area of the 
image, so appropriate color balance correction is performed 
for the image. Specifically, for images in which the area ratio 
of the face area FA is large, color balance correction is 
executed with a focus on making the flesh color of the face 
area FA to the desirable flesh color, and meanwhile, for 
images in which the area ratio of the face area FA is Small, 
color balance correction is executed with a focus on the color 
tone of the area other than the face area FA. 

Also, the right side of formulas (1a) to (1c) had formulas 
only of difference values (e.g. F2(R) target-F2(R) ave), but 
other formulas may also be used. In this case. It is preferable 
to use formulas to calculate a correction value for color bal 
ance correction which eliminates or decrease the difference 
between the statistical value of the pixel value of the flesh 
color pixel data (e.g. the average value in the embodiment) 
and the flesh color pixel target value. For example, it is pos 
sible to use the formulas that include a squared value or 
square root of the difference value. 

In the embodiment noted above, specific subject determi 
nation processing was performed with the face part of a 
human Subject as the specific Subject, and color balance pro 
cessing was executed with the flesh color pixel data pixel 
average value as the specific Subject characteristics, but it is 
also possible to execute the similar color balance correction 
with another item as the specific subject. In this case, CPU200 
is able to execute suitable color balance correction on the 
image data having a specific Subject other than a human face 
according to the specific Subject characteristic. For example, 
CPU200 uses trees (a forest or the like) as the specific subject, 
and determines a tree area in the image. Then, CPU200 ana 
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14 
lyzes the image data corresponding to a tree area recognized 
as a result of determination, and may obtain the pixel average 
value of the pixel data belonging to the color area correspond 
ing to the green of the trees as the specific Subject character 
istic value. 

In the embodiment noted above, face area determination 
processing was executed using 256 image sections (vertical 
16xhorizontal 16 sections) into which divided the image 
equally, but other determination method can be used. For 
example, when image generation history information associ 
ated with the image data is included in a file including the 
image data GD1, CPU200 acquires the image generation 
history information and may suitably use Such information 
for the face area determination processing. The image gen 
eration history information means information recorded in an 
Exif data area when the image data is saved in an Exif file 
format, for example. In specific terms. The image generation 
history information may include Subject position information 
relating to the position of the main subject in the image, or 
photographed scene information Such as a “human Subject.” 
“scenery,” or “night scene.” 

In addition to the image processing of the working 
examples noted above, it is also possible to execute other 
types of image adjustment processing. For example, after 
further executing typical image adjustment processing Such 
as contrast, Saturation, or sharpness correction on the image 
data GD2, it is also possible to output the already image data 
to the printer driver. 

Although image processing of the present invention have 
been described above in terms of embodiments, these 
embodiments of the invention are only purposed to facilitate 
understanding of the present invention and are not considered 
to limit the present invention. There may be various changes, 
modifications, and equivalents without departing from the 
spirit or scope of the claims of the present invention. 
The Japanese patent applications as the basis of the priority 

claim of this application are incorporated in the disclosure 
hereof by reference: 
(1).Japanese Patent Application No. 2004-97537 (filing date: 

Mar. 30, 2004). 
(2) Japanese Patent Application No. 2005-37997 (filing date: 

Feb. 15, 2005). 
What is claimed is: 
1. An image processing device for executing color balance 

correction on image data of a photographed image, said 
image processing device comprising: 

an image data acquisition module that acquires said image 
data; 

a specific Subject area determination module that deter 
mines a specific Subject area in said photographed 
image, wherein said specific Subject area contains a spe 
cific Subject in said photographed image: 

a specific Subject characteristic value calculation module 
that calculates a specific Subject characteristic value, 
wherein said specific Subject characteristic value repre 
sents a characteristic of image data corresponding to 
said determined specific Subject area, wherein said spe 
cific Subject characteristic value calculation is executed 
using weighted distribution, and wherein said weighted 
distribution is set So as to be a weight in a center area of 
said specific Subject area larger than a weight in an area 
outside said center area; 

a correction value calculation module that calculates a 
correction value for color balance correction using said 
calculated specific Subject characteristic value and a pre 
set characteristic target value; and 
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a correction execution module that executes said color 
balance correction on said image data using said calcu 
lated correction value. 

2. An image processing device according to claim 1 
wherein 

said specific Subject characteristic value calculation is 
executed by obtaining a weighted average value of each 
specific subject characteristic value of a plurality of 
specific Subject areas. 

3. An image processing device according to claim 1, 
wherein 

said specific Subject characteristic value includes a charac 
teristic value relating to a hue of said specific Subject. 

4. An image processing device according to claim 1, 
wherein 

said specific Subject characteristic value includes a specific 
color characteristic value for representing a characteris 
tic of pixel data included within said specific subject 
area, said pixel data belonging to a specific color range. 

5. An image processing device according to claim 4. 
wherein 

said specific color characteristic value includes a statistical 
value of pixel values of said pixel data belonging to said 
specific color range, 

wherein said characteristic target value includes a preset 
pixel target value, and 

wherein said calculated correction value includes a correc 
tion value for eliminating or reducing a difference 
between said statistical value of pixel values and said 
pixel target value. 

6. An image processing device according to claim 4. 
wherein 

said specific Subject includes a face part of a human Sub 
ject, and 

wherein said pixel data belonging to said specific color 
range includes flesh colored pixel data belonging to a 
color range corresponding to a flesh color of said human 
Subject. 

7. An image processing device according to claim 1, 
wherein 

said correction execution module executes said color bal 
ance correction using said calculated correction value 
when an area ratio of said specific Subject area to a whole 
area of said photographed image is greater than a refer 
ence value. 

8. An image processing device for executing color balance 
correction on image data of a photographed image, said 
image processing device comprising: 

an image data acquisition module that acquires said image 
data; 

a specific Subject area determination module that deter 
mines a specific Subject area in said photographed 
image, wherein said specific Subject area contains a spe 
cific Subject in said photographed image: 

a specific Subject characteristic value calculation module 
that calculates a specific Subject characteristic value, 
wherein said specific Subject characteristic value repre 
sents a characteristic of image data corresponding to 
said determined specific Subject area; 

a correction value calculation module that calculates a 
correction value for color balance correction using said 
calculated specific Subject characteristic value and a pre 
set characteristic target value; and 

a correction execution module that executes said color 
balance correction on said image data using said calcu 
lated correction value, wherein 
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16 
when a plurality of said specific Subject areas are deter 

mined, 
said specific Subject characteristic value calculation is 

executed using weighted distribution, wherein said 
weighted distribution is set according to a size of each 
specific Subject area on each specific Subject character 
istic value of said plurality of specific Subject areas. 

9. An image processing device for executing color balance 
correction on image data of a photographed image, said 
image processing device comprising: 

an image data acquisition module that acquires said image 
data; 

a specific Subject area determination module that deter 
mines a specific Subject area in said photographed 
image, wherein said specific Subject area contains a spe 
cific Subject in said photographed image: 

a specific Subject characteristic value calculation module 
that calculates a specific Subject characteristic value, 
wherein said specific Subject characteristic value repre 
sents a characteristic of image data corresponding to 
said determined specific Subject area; 

a correction value calculation module that calculates a 
correction value for color balance correction using said 
calculated specific Subject characteristic value and a pre 
set characteristic target value, wherein said calculated 
correction value includes a correction value weighted 
according to an area ratio of said specific Subject area to 
a whole area of said photographed image; and 

a correction execution module that executes said color 
balance correction on said image data using said calcu 
lated correction value. 

10. An image processing device for executing color bal 
ance correction on image data of a photographed image, said 
image processing device comprising: 

an image data acquisition module that acquires said image 
data: 

a specific Subject area determination module that deter 
mines a specific Subject area in said photographed 
image, wherein said specific Subject area contains a spe 
cific Subject in said photographed image, and wherein 
said specific Subject area determination module deter 
mines said specific Subject area using pixel values of 
pixel data included in a target area for determination, and 
a position of said target area in said photographed image: 

a specific Subject characteristic value calculation module 
that calculates a specific Subject characteristic value, 
wherein said specific Subject characteristic value repre 
sents a characteristic of image data corresponding to 
said determined specific Subject area; 

a correction value calculation module that calculates a 
correction value for color balance correction using said 
calculated specific Subject characteristic value and a pre 
set characteristic target value; and 

a correction execution module that executes said color 
balance correction on said image data using said calcu 
lated correction value. 

11. An image processing method for executing color bal 
ance correction on image data of a photographed image, said 
image processing method comprising: 

acquiring said image data; 
determining a specific Subject area in said photographed 

image, wherein said specific Subject area contains a spe 
cific Subject in said photographed image: 

calculating a specific Subject characteristic value, wherein 
said specific Subject characteristic value represents a 
characteristic of image data corresponding to said deter 
mined specific Subject area, wherein said calculating 
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said specific Subject characteristic value is executed 
using weighted distribution, and wherein said weighted 
distribution is set so as to be a weight in a center area of 
said specific Subject area larger than a weight in an area 
outside said center area; 

calculating a correction value for color balance correction 
using said calculated specific Subject characteristic 
value and a preset characteristic target value; and 

executing said color balance correction on said image data 
using said calculated correction value. 

12. An image processing method for executing color bal 
ance correction on image data of a photographed image, said 
image processing method comprising: 

acquiring said image data: 
determining a specific Subject area in said photographed 

image, wherein said specific Subject area contains a spe 
cific Subject in said photographed image: 

calculating a specific Subject characteristic value, wherein 
said specific Subject characteristic value represents a 
characteristic of image data corresponding to said deter 
mined specific Subject area; 

calculating a correction value for color balance correction 
using said calculated specific Subject characteristic 
value and a preset characteristic target value; and 

executing said color balance correction on said image data 
using said calculated correction value, wherein 

when a plurality of said specific Subject areas are deter 
mined, 

said calculating said specific Subject characteristic value is 
executed using weighted distribution, wherein said 
weighted distribution is set according to a size of each 
specific subject area on each specific subject character 
istic value of said plurality of specific Subject areas. 

13. An image processing method according to claim 12, 
wherein 

said specific Subject characteristic value includes a specific 
color characteristic value for representing a characteris 
tic of pixel data included within said specific subject 
area, said pixel data belonging to a specific color range. 

14. An image processing method according to claim 13, 
wherein 

said specific color characteristic value includes a statistical 
value of pixel values of said pixel data belonging to said 
specific color range, 

wherein said characteristic target value includes a preset 
pixel target value, and 

wherein said calculated correction value includes a correc 
tion value for eliminating or reducing a difference 
between said statistical value of pixel values and said 
pixel target value. 

15. An image processing method according to claim 13, 
wherein 

said specific Subject includes a face part of a human Sub 
ject, and 

wherein said pixel data belonging to said specific color 
range includes flesh colored pixel data belonging to a 
color range corresponding to a flesh color of said human 
Subject. 
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16. An image processing method according to claim 12, 

wherein 
said executing said color balance correction on said image 

data using said calculated correction value is carried out 
when an area ratio of said specific Subject area to a whole 
area of said photographed image is greater than a refer 
ence value. 

17. An image processing method for executing color bal 
ance correction on image data of a photographed image, said 
image processing method comprising: 

acquiring said image data; 
determining a specific Subject area in said photographed 

image, wherein said specific Subject area contains a spe 
cific Subject in said photographed image: 

calculating a specific Subject characteristic value, wherein 
said specific Subject characteristic value represents a 
characteristic of image data corresponding to said deter 
mined specific Subject area; 

calculating a correction value for color balance correction 
using said calculated specific Subject characteristic 
value and a preset characteristic target value, wherein 
said calculated correction value includes a correction 
value weighted according to an area ratio of said specific 
Subject area to a whole area of said photographed image: 
and 

executing said color balance correction on said image data 
using said calculated correction value. 

18. A computer program product for executing color bal 
ance correction on image data of a photographed image, said 
computer program product comprising: 

a computer readable medium; and 
a computer program stored on said computer readable 

medium, said computer program comprising: 
a program instruction for acquiring said image data; 
a program instruction for determining a specific Subject 

area in said photographed image, wherein said specific 
Subject area contains a specific Subject in said photo 
graphed image: 

a program instruction for calculating a specific Subject 
characteristic value, wherein said specific Subject char 
acteristic value represents a characteristic of image data 
corresponding to said determined specific Subject area; 

a program instruction for calculating a correction value for 
color balance correction using said calculated specific 
Subject characteristic value and a preset characteristic 
target value; and 

a program instruction for executing said color balance cor 
rection on said image data using said calculated correc 
tion value, wherein 

when a plurality of said specific Subject areas are deter 
mined, 

said specific Subject characteristic value calculation is 
executed using weighted distribution, wherein said 
weighted distribution is set according to a size of each 
specific Subject area on each specific Subject character 
istic value of said plurality of specific Subject areas. 
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