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(57) ABSTRACT 

An image processing apparatus includes the following ele 
ments. An image data obtaining unit obtains image data. A 
sampling unit samples the image data. A statistic Value 
determining unit determines a statistic Value based on sta 
tistic information in a histogram With respect to a grayscale 
Value of image data that is obtained by performing rough 
quantization and linear interpolation on the sampled image 
data. A correction-amount determining unit determines a 
correction amount to be used for image processing based on 
the statistic Value. An image processing unit performs the 
image processing according to the correction amount. 
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IMAGE PROCESSING APPARATUS, IMAGE 
PROCESSING METHOD, AND IMAGE 

PROCESSING PROGRAM 

BACKGROUND 

[0001] 1. Technical Field 

[0002] The present invention relates to techniques for 
performing image processing on image data using sampled 
image data. 

[0003] 2. RelatedArt 

[0004] There have been proposed techniques for associ 
ating image data With image processing control information 
containing image processing conditions of the image data, as 
disclosed in, for example, JP-A-2003-52002. The image 
processing control information is con?gured so that, 
depending on the combination of the image generating 
device, e. g., a digital still camera, and the output device, e. g., 
a printer, the quality of images output from the output device 
can be improved. By performing image processing (image 
quality adjustment) on the image data according to the 
image processing control information (image processing 
conditions) associated With the image data, an image pro 
cessing apparatus obtains output images re?ecting the image 
output characteristics of the output device. In the image 
processing for the image data, an amount by Which to correct 
the image data is determined based on statistic values of the 
image data. 

[0005] In the related art, hoWever, an operation of deter 
mining statistic values of image data places a large load on 
a control circuit. If the image data is sampled at a loW 
resolution to determine the statistic values in order to reduce 
the load on the control circuit, the resolution of the sampled 
image data is loW, and the accuracy of the statistic values is 
also loW. It is therefore dif?cult to correctly derive the 
correction amount. 

SUMMARY 

[0006] An advantage of the invention is that, even in the 
case of loW-resolution sampled image data, high-accuracy 
statistic values are determined to derive a correction amount 
appropriate for image processing. 

[0007] According to an aspect of the invention, image 
processing apparatus includes the folloWing elements. An 
image data obtaining unit obtains image data. A sampling 
unit samples the image data. A statistic value determining 
unit determines a statistic value based on statistic informa 
tion in a histogram With respect to a grayscale value of 
image data that is obtained by performing rough quantiZa 
tion and linear interpolation on the sampled image data. A 
correction-amount determining unit determines a correction 
amount to be used for image processing based on the statistic 
value. An image processing unit performs the image pro 
cessing according to the correction amount. 

[0008] The image processing apparatus is incorporated in, 
for example, a portable device, a display device, a color 
printer, or the like, and performs image processing on image 
data obtained from the outside based on statistic values of 
the image data. The image processing apparatus samples the 
image data at a loW resolution, performs rough quantization 
on the sampled image data, and performs linear interpolation 
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of the number of pixels, thereby generating a histogram. The 
image processing apparatus determines a correction amount 
based on statistic values that are determined from statistic 
information in the generated histogram, and performs image 
processing on the image data. Thus, in the case of loW 
resolution sampled image data, the accuracy of the statistic 
values is high and the correction amount can correctly be 
derived. 

[0009] According to another aspect of the invention, an 
image processing method includes obtaining image data, 
sampling the image data, determining a statistic value based 
on statistic information in a histogram With respect to a 
grayscale value of image data that is obtained by performing 
rough quantiZation and linear interpolation on the sampled 
image data, determining a correction amount to be used for 
image processing based on the statistic value, and perform 
ing the image processing according to the correction 
amount. 

[0010] According to another aspect of the invention, an 
image processing program executed by an image processing 
apparatus including a control circuit causes the image pro 
cessing apparatus to function as an image data obtaining unit 
that obtains image data, a sampling unit that samples the 
image data, a statistic value determining unit that determines 
a statistic value based on statistic information in a histogram 
With respect to a grayscale value of image data that is 
obtained by performing rough quantiZation and linear inter 
polation on the sampled image data, a correction-amount 
determining unit that determines a correction amount to be 
used for image processing based on the statistic value, and 
an image processing unit that performs the image processing 
based on the correction amount. 

[0011] The image processing method and the image pro 
cessing program also alloW a high-accuracy statistic value 
and a precise correction amount to be derived in the case of 
loW-resolution sampled image data. 

[0012] In the image processing apparatus, the correction 
amount determining unit may include a correction-amount 
adjusting unit that determines a ratio of pixels having a 
speci?c color in all pixels based on the sampled image data 
and that adjusts the correction amount according to the ratio 
of the pixels having the speci?c color. The speci?c color 
may be a memory color, such as the color of human skin or 
the color of sky, or a characteristic color, such as high 
chroma colors. Since the correction amount is determined 
according to the ratio of the pixels having the speci?c color 
in the sampled image data, it is possible to appropriately 
correct the speci?c color in the image data. 

[0013] In the image processing apparatus, an image 
de?ned by the image data may be divided into a central area 
and a surrounding area surrounding the central area, and the 
sampling unit may include a divisional area sampling unit 
that samples the central area and the surrounding area at a 
loW resolution. Thus, high-speed backlit-image determina 
tion processing can be achieved Without placing a load on a 
control circuit. 

[0014] In the image processing apparatus, the correction 
amount determining unit may include a backlit-image deter 
mining unit that determines Whether or not the image data is 
backlit image data using the histogram and a statistic value 
that is determined based on sampled image data in the 
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central area and the surrounding area. It is therefore possible 
to determine whether or not the original image data is backlit 
image data based on the sampled image data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The invention will be described with reference to 
the accompanying drawings, wherein like numbers refer 
ence like elements. 

[0016] FIG. 1 is a schematic diagram of an image pro 
cessing system including an image processing apparatus 
according to an embodiment of the invention. 

[0017] FIGS. 2A and 2B are schematic block diagrams of 
the image processing apparatus according to the embodi 
ment. 

[0018] FIG. 3 is a schematic con?guration diagram of 
image data GD in the embodiment. 

[0019] FIG. 4 is a diagram showing example parameters 
recorded as image processing control information GI. 

[0020] FIG. 5 is a diagram showing example parameters 
recorded as photographic information SI. 

[0021] FIG. 6 is a block diagram of functional modules 
implemented by a control circuit 60 in a portable device or 
a display device according to the embodiment. 

[0022] FIGS. 7A and 7B are histograms of sampled 
image data. 

[0023] FIGS. 8A to 8C are histograms of sampled image 
data. 

[0024] FIGS. 9A and 9B are diagrams showing the rela 
tionship between the ratio of a speci?c color and the 
application rate. 

[0025] FIG. 10 is a diagram showing an image that is 
divided into a central divisional area and a surrounding 
divisional area. 

[0026] FIG. 11 is a table showing the resolution of each 
central-area sub-region and each surrounding-area sub-re 
gion. 
[0027] FIG. 12 is a typical histogram of a backlit image. 

[0028] FIG. 13 is a table showing the number of pixels 
sampled in each central-area sub-region and each surround 
ing-area sub-region. 
[0029] FIG. 14 is a ?owchart showing a main routine for 
image processing. 
[0030] FIG. 15 is a ?owchart showing a routine for a work 
color space converting process. 

[0031] FIG. 16 is a ?owchart showing a routine for a 
correction-amount determining process. 

[0032] FIG. 17 is a ?owchart showing a routine for an 
image-quality adjusting process. 

[0033] FIG. 18 is a ?owchart showing a routine for a 
device color space converting process. 

DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

[0034] An image processing apparatus and method and a 
display device and method according to an embodiment of 
the invention will be described below with reference to the 
drawings. 
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Schematic Con?guration of Image Processing System 

[0035] An image processing apparatus (display device) 
according to an embodiment of the invention and an image 
processing system including the image processing apparatus 
(display device) will be described with reference to FIGS. 
1 and 2. FIG. 1 schematically illustrates the con?guration of 
the image processing system including the image processing 
apparatus according to this embodiment. 

[0036] The image processing system includes a digital 
camera 10, a portable device 20, a display device 30, and a 
color printer 50. The digital camera 10 serves as an input 
device that generates image data. The portable device 20 
serves as an image processing apparatus that performs image 
processing on image data GD using image processing con 
trol information GI associated with the image data GD, and 
also serves as a display image output device (display device) 
that outputs an image using the image data subjected to the 
image processing. The color printer 50 has functions of a 
print-image display and output apparatus that prints and 
outputs images, and functions of the display device and the 
image processing apparatus. 

[0037] The digital camera 10 obtains an image by focusing 
optical information onto a digital device (photoelectric con 
version element, such as a charge-coupled device (CCD) or 
a photomultiplier). The digital camera 10 includes a photo 
electric conversion circuit including a CCD for converting 
optical information into electrical information, an image 
obtaining circuit that obtains an image by controlling the 
photoelectric conversion circuit, and an image processing 
circuit that processes obtained digital image. 

[0038] The digital camera 10 stores the obtained image as 
digital data in a memory card MC serving as a storage 
device. Typical image data storage formats for the digital 
camera 10 are lossy compression formats, such as JPEG, and 
lossless compression formats, such as TIFF. Other data 
formats, such as RAW, GIF, and BMP, may be used as 
storage formats. 

[0039] When generating the image data GD, the digital 
camera 10 records photographic information SI and image 
processing control information GI in a header of the image 
data GD. The photographic information SI includes photo 
graphic conditions that are set during photographing. The 
image processing control information GI de?nes image 
processing conditions pre-stored in a memory (e.g., a read 
only memory (ROM)) of the digital camera 10. The digital 
camera 10 stores the generated image data GD in the 
memory card MC or the like. 

[0040] The structure of the image data GD used in the 
embodiment and example parameters recorded as the image 
processing control information GI and the photographic 
information SI will now be described with reference to 
FIGS. 3 to 5. FIG. 3 schematically illustrates the structure 
of the image data GD used in the embodiment. FIG. 4 
illustrates example parameters recorded as the image pro 
cessing control information GI. FIG. 5 illustrates example 
parameters recorded as the photographic information SI. For 
convenience of illustration, the data and information shown 
in FIGS. 3 to 5 conceptually represent, for example, data and 
information stored in a memory. 

[0041] The image data GD includes the image processing 
control information GI that de?nes image processing con 
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ditions for image processing on the image data GD and the 
photographic information SI that represents photographic 
conditions for each image captured, and records them in, for 
example, the header of the image data GD. The image 
processing control information GI and the photographic 
information SI are therefore associated With the image data 
GD. The image processing control information GI is infor 
mation that is experimentally determined so that a desired 
output image can be produced When image data generated 
by an image data generating device, e.g., the digital camera 
10, is output from a predetermined image output device. 

[0042] The parameters recorded as the photographic infor 
mation SI may include, for example, but not be limited to, 
shutter speed, exposure mode, ISO, aperture, photographic 
scene type, ?ash ON/OFF, Which are set for each image 
captured. 

[0043] The parameters recorded as the image processing 
control information GI may include, for example, but not be 
limited to, noise suppression ON/OFF (noise suppression 
level), sharpness, brightness, RGB color balance, contrast, 
memory colors, and capture mode (image processing mode 
corresponding to the photographic conditions). The image 
processing control information GI is determined in vieW of, 
for example, the image data generating characteristics of the 
digital camera 10 that generates the image data GD and the 
image output characteristics of the print-image display and 
output device, Which is a function of the color printer 50. 
Thus, if image data subjected to image processing using the 
image processing control information GI is output from an 
image output device having different image output charac 
teristics from those of the print-image display and output 
device, this output image may be different from that output 
from the print-image display and output device. In this 
embodiment, therefore, adjustment information for adjust 
ing the image processing control information GI depending 
on the image output characteristics of the image output 
device is used to eliminate or reduce the difference in quality 
betWeen the output images. The adjustment information may 
be difference information for matching the image processing 
control information GI to the image output characteristics of 
the image output device, replacement information for 
replacing the image processing control information GI, or 
generation information for generating neW image processing 
control information that is based on the image processing 
control information GI and that is matched to the image 
output characteristics of the image output device. The 
adjustment information may be included in the image pro 
cessing control information GI or may be stored in a storage 
unit of each image output device. 

[0044] The portable device 20 is a portable terminal 
having a relatively small display panel 21, and may be 
implemented by a cellular telephone, a personal digital 
assistant (PDA), or the like. The portable device 20 obtains 
image data from the digital camera 10 or a netWork server 
(not shoWn) via a storage medium, Wireless communications 
such as infrared communications or radio communications, 
or a cable. The display panel 21 is a display panel having 
unique image output characteristics, e.g., a liquid crystal 
display panel or an organic electroluminescent (EL) display 
panel. 

[0045] The display device 30 is a display device having a 
display panel 31 for displaying an image, such as an 
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electronic photo frame. The display device 30 performs 
image processing on image data in a stand-alone manner, 
and displays an output image. The display device 30 obtains 
image data from the digital camera 10 or a netWork server 
(not shoWn) via a storage medium, Wireless communications 
such as infrared communications or radio communications, 
or a cable. The display panel 31 is a display panel having 
unique image output characteristics, e.g., a liquid crystal 
display panel or an organic EL display panel. 

[0046] The color printer 50 is a multi-functional color 
printer having functions of a print-image display and output 
device capable of outputting a color image and an image 
processing apparatus. A user can use the color printer 50 to 
directly perform image processing on the image data GD of 
the digital camera 10 to print the image data GD Without 
connecting the color printer 50 to a personal computer or the 
like. The color printer 50 has a display panel 35 for dis 
playing an image. The display panel 35 is similar to the 
display panel 31, and is used to alloW the user to check (or 
“previeW”) an image to be printed before printing it. The 
color printer 50 that functions as an image processing 
apparatus performs image processing using the image pro 
cessing control information GI according to each of the 
image output characteristics of the color printer 50 as a 
printer output device and the image output characteristics of 
the display panel 35. An image With a relatively large 
number of pixels is printed from the color printer 50 because 
of the high resolution of the color printer 50. On the other 
hand, the resolution of the display panel 21 of the portable 
device 20, the display panel 31 of the display device 30, or 
the built-in display panel 35 of the color printer 50 is not so 
high that a loW-resolution image is generated and displayed 
on such a display panel. The loW-resolution image may be 
generated by a loW-resolution image generation method, 
such as a nearest-neighbor method, a linear interpolation 
method, or a cubic interpolation method. According to an 
embodiment of the invention, statistic information to be 
used for image processing is obtained from the loW-resolu 
tion image, thereby achieving high-speed image processing. 
A method for generating a histogram for obtaining statistic 
information and a method for calculating statistic values are 
discussed beloW. 

[0047] FIGS. 2A and 2B schematically illustrate the 
con?guration of the portable device 20, the display device 
30, and the color printer 50 according to this embodiment. 
FIG. 2A is a schematic diagram of the portable device 20 or 
the display device 30, and FIG. 2B is a schematic diagram 
of the color printer 50. Each of the portable device 20 and 
the display device 30 includes a control circuit 6011, an input 
operation unit 61a, a communication controller 6211, a 
display driving controller 63a, and a memory card slot 64a. 
The color printer 50 includes a control circuit 60b, an input 
operation unit 61b, a communication controller 62b, a 
display driving controller 63b, a memory card slot 64b, and 
a printer driving controller 65. 

[0048] The control circuits 60a and 60b include central 
processing units (CPUs) 601a and 601b, random access 
memories (RAMs) 602a and 602b, and hard disk drives 
(HDDs) or ROMs 603a and 603b, respectively. The CPUs 
601a and 60119 execute various types of computation pro 
cessing, such as image processing. The RAMs 602a and 
60219 temporarily store various data, such as input image 
data and computation results. The HDDs or ROMs 603a and 
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6031) store programs executed by the CPUs 601a and 601b, 
an adjustment table for adjusting the image processing 
control information GI, and so forth. 

[0049] The input operation units 6111 and 61b are inter 
faces for receiving input from the outside, and are imple 
mented as, for example, key operation units or scroll opera 
tion units. The display panels 31 and 35 may be used as 
touch-panel input operation units 6111 and 61b, respectively. 

[0050] The communication controllers 62a and 62b con 
trol communication for sending and receiving image data to 
and from the digital camera 10 or a netWork server. The 
communication controllers 62a and 62b perform desired 
communication in response to requests input via, for 
example, the input operation units 6111 and 61b and the 
control circuits 60a and 60b. 

[0051] The display driving controller 63a controls the 
displaying of output images on the display panel 21 or 31. 
The display driving controller 63b controls the draWing of 
output images to be displayed on the display panel 35. For 
example, When the display panels 31 and 35 are liquid 
crystal display panels, the display driving controllers 63a 
and 63b control the driving of the orientation of the liquid 
crystals based on output image data sent from the control 
circuits 60a and 60b to form dot patterns corresponding to 
the output image data. 

[0052] The printer driving controller 65 causes an image 
to be output to a printing medium. For example, When the 
color printer 50 is an ink-jet printer, the color printer 50 
forms dot patterns by ejecting four colors of ink, that is, cyan 
(C), magenta (M), yelloW (Y), and black (K), onto a printing 
medium, thereby generating an image. When the color 
printer 50 is an electrophotographic printer, the color printer 
50 generates an image by transferring and ?xing color toner 
onto a printing medium. In addition to the four colors 
described above, ink colors including light cyan (LC), light 
magenta (LM), blue, and red may also be used. 

Functional Con?guration of Control Circuit 

[0053] An overvieW of modules implemented by the con 
trol circuit 60a of the portable device 20 or the display 
device 30 or the control circuit 60b of the color printer 50 
Will noW be described With reference to FIG. 6. FIG. 6 is a 
block diagram of functional modules implemented by the 
control circuit 60a of the portable device 20 or the display 
device 30 or the control circuit 60b of the color printer 50 
according to this embodiment. The modules shoWn in FIG. 
6 may be implemented by the CPU 60111 or 6011) solely or 
the control circuit 6011 or 60b, and may be implemented by 
hardWare or softWare. The functional modules described 
beloW can also be implemented by a personal computer by 
connecting the portable device 20, the display device 30, or 
the color printer 50 to the personal computer. 

[0054] The image data GD to be subjected to image 
processing is obtained by an image data obtaining module 
M1. 

[0055] The image processing control information GI and 
photographic information SI associated With the image data 
GD are obtained by an image-processing-control-informa 
tion-GI-and-photographic-information-SI (hereinafter 
referred to as “GI/ SI”) obtaining module M2. The obtained 
image processing control information GI and photographic 
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information SI are adjusted by a GI/ SI adjusting module M3 
depending on an image output device. 

[0056] The image processing control information GI is 
generally con?gured so that an optimum output image 
(namely, the optimum image quality) can be obtained in 
connection With the relationship betWeen a speci?c image 
data generating device, e.g., the digital camera 10, and a 
speci?c image output device. Thus, desirably, When an 
image output device different from the speci?c image output 
device performs image processing using the image process 
ing control information GI, the image processing control 
information GI is adjusted in accordance With the image 
output characteristics of the different image output device. 

[0057] The GI/SI adjusting module M3 adjusts the image 
processing control information GI and the photographic 
information SI using adjustment information that is obtained 
by an adjustment information obtaining module M4. The 
adjustment information may be included in the image pro 
cessing control information GI or may be pre-recorded in the 
HDD/ROM 60311 or 60319 of the control circuit 6011 or 60b. 

[0058] In order to perform image processing on the image 
data GD using reference values, an image data analyZing 
module M6 samples the image data GD to determine a 
histogram, and determines an analytic value (statistic value 
and characteristic value) for each of the parameters (image 
quality parameters) relating to the quality of the image data 
GD based on the histogram. 

[0059] A correction-amount determining module M7 
determines an amount by Which to correct the image data 
GD during the image processing using the analysis results. 

[0060] The determined correction amount is changed by a 
correction-amount changing module M8 so as to re?ect the 
image processing control information GI and photographic 
information SI adjusted using the adjustment information. 

[0061] An image processing module M5 performs image 
processing on the image data GD using the changed correc 
tion amount. An image data output module M9 sends the 
image data GD subjected to the image processing, as output 
image data, to the display driving controller 6311 or 63b. In 
a case Where the control circuit 6011 or 60b includes an image 
output module M10, the image data GD subjected to the 
image processing is output as an output image to the display 
panel 21, 31, or 35 or to a printing medium via the image 
output module M10. 

[0062] Instead of using the changed correction amount, for 
example, the image processing module M5 may perform 
image processing using the parameters recorded as the 
adjusted image processing control information GI. 

Method for Sampling Image Data 

[0063] In the correction-amount determining processing 
performed in the correction-amount determining module 
M7, a correction amount to be used for automatic image 
quality adjustment for alloWing the parameters relating to 
the quality of the image data GD to be equal to or close to 
reference values is determined. 

[0064] Thus, the image data analyZing module M6 
samples the image data GD, and obtains an analytic value 
(statistic value and characteristic value) for each of the 
parameters (image quality parameters) relating to the quality 
















