
(19) United States 

Nakami 

US 20030053095A1 

(12) Patent Application Publication (10) Pub. N0.: US 2003/0053095 A1 

(54) APPARATUS AND METHOD FOR 
ADJUSTING OUTPUT IMAGE FROM IMAGE 
DATA 

(76) Inventor: Yoshihiro Nakami, Nagano-ken (JP) 

Correspondence Address: 
MARTINE & PENILLA, LLP 
710 LAKEWAY DRIVE 
SUITE 170 
SUNNYVALE, CA 94085 (US) 

(21) Appl. N0.: 

(22) PCT Filed: 

(86) PCT N0.: PCT/JP02/01060 

(30) Foreign Application Priority Data 

Feb. 9, 2001 (JP) ....................................... .. 2001-34539 

MATRIX OPERATION (s) J 

IMAGE PROCESSING I 

S200\ I 

IMAGE FILE GF 

YCbCr 

S220\ ‘ RGB 
I: GAMMA CORRECTION T4 -- GAMMA VALUE 

I 

MATRIX OPERATION (M) 

I MATRIX OPERATION (N-1 u 

XYZ 

I 

8240 
\ v 

WRGB 

AUTOMATIC IMAGE 
ADJUSTMENT 

S250 \ 
PROCESSING 

wRGB COLOR CONVERSION 

I HALF—TONEPROOESS1NG I 
CMYK 

I 

[ PRINT OUT I 

(43) Pub. Date: Mar. 20, 2003 

Publication Classi?cation 

(51) Int. Cl.7 ...... .. B41J 1/00; G06K 1/00; G06K 9/40 
(52) U.S.Cl. ........................................... .. 358/1.9; 382/274 

(57) ABSTRACT 

If a memory card MC is inserted in a slot 34, a control circuit 
30 of a color printer 20 acquires image output control 
information GI from the memory card MC and analyzes this 
information. A CPU 31 modi?es a brightness standard value 
Bstd corresponding to a brightness parameter by taking 
account of a preset exposure bias value When an exposure 
bias value other than Zero is set. The CPU 31 determines the 
brightness correction level Brev by correcting the brightness 
representative value Brep so as to bring it closer to the 
brightness standard value Bstd that has been modi?ed, and 
adjusts the image quality of image data by taking account of 
the brightness correction level Brev. As a result, the image 
quality of image data can be automatically adjusted Without 
degrading output conditions that have been set arbitrarily. 
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APPARATUS AND METHOD FOR ADJUSTING 
OUTPUT IMAGE FROM IMAGE DATA 

TECHNICAL FIELD 

[0001] The present invention relates to image adjustment 
technology for adjusting the image quality of image data. 

BACKGROUND ART 

[0002] Image quality of image data generated by digital 
still cameras (DSC), digital video cameras (DVC), scanners, 
and the like, can be adjusted at one’s discretion by image 
retouch applications on personal computers. The image 
adjustment function for automatic adjustment of image 
quality of image data is typically provided in image retouch 
applications, and the image quality of image data output 
from an output device can be easily improved if this image 
adjustment function is used. Well-knoWn examples of output 
devices for image ?les include CRT, LCD, printers, projec 
tors, TV receivers, and the like. 

[0003] Printer drivers controlling the operation of printers, 
Which are the output devices, are also provided With the 
function of automatic adjustment of image quality of image 
data, and the image quality of image data Which is to be 
printed can be also easily improved by using such printer 
drivers. 

[0004] HoWever, With the image quality automatic adjust 
ment function provided by such image retouch applications 
and printer drivers, image quality correction is conducted by 
using as a standard the image data having typical image 
quality characteristic. By contrast, image data Which are the 
object of image processing can be generated under a variety 
of different conditions. Therefore, image quality sometimes 
cannot be improved by executing indiscriminately the image 
quality automatic adjustment function and changing the 
image quality parameter values of image data by using the 
standard values. 

[0005] Further, in some of image data generation devices, 
such as DSC and the like, image quality of image data can 
be adjusted at one’s discretion during image data generation, 
and the user can intentionally generate image data With the 
prescribed image quality. When the image quality automatic 
adjustment function is executed With respect to such image 
data, the problem is that the adjustment is automatically 
conducted based on the image quality serving as a standard 
till the intended image quality of the image data, and 
automatic image adjustment re?ecting the user’s intention 
cannot be executed. This problem is not limited to DSC and 
is a common problem for other image data generation 
devices such as DVC and the like. 

DISCLOSURE OF THE INVENTION 

[0006] The present invention has been created to resolve 
the above-described problem, and it is an object of the 
present invention to adjust automatically and appropriately 
the image quality correspondingly to individual image data. 
Another object is to adjust automatically the image quality 
of image data, Without degrading the output conditions that 
have been set arbitrarily. 

[0007] In order to resolve the above-described problems, 
in accordance With the ?rst aspect of the present invention, 
an output device Which uses the image data and image 
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output control information, Which contains at least the 
exposure bias value information in image data generation 
and has been associated With the image data, and outputs the 
image data is provided. The output device according to the 
?rst aspect of the present invention comprises image param 
eter value acquisition means for analyZing the image data 
and acquiring the value of the image quality parameter 
indicating at least the characteristic of the image data, Which 
relates to brightness, image quality adjustment means for 
adjusting the image quality of the image data based on the 
standard image quality parameter value that has been deter 
mined in advance With respect to the image quality param 
eter value relating at least to the brightness, the acquired 
image quality parameter value, and the exposure bias value, 
and output means for outputting the image data that have 
been subjected to the image quality adjustment. 

[0008] With the output device according to the ?rst aspect 
of the present invention, the image quality of image data is 
adjusted based on the standard image quality parameter 
value corresponding to the image quality parameter value 
relating at least to the brightness, the image quality param 
eter value relating to the brightness, and the exposure bias 
value information. Therefore, the image quality of image 
data can be automatically adjusted Without degrading the 
output conditions that have been set arbitrarily, for example, 
brightness conditions. Further, the image quality can be 
appropriately automatically adjusted correspondingly to 
individual image data. Therefore, When bright output results 
are intended, the bright output results are obtained, and 
When dark output results are intended, the dark output results 
are obtained. 

[0009] In the output device according to the ?rst aspect of 
the present invention, image quality adjustment means may 
adjust the image quality of image data so as to reduce or 
eliminate the deviation of the image quality parameter value 
from the standard image quality parameter value re?ecting 
With the exposure bias value information. Because such a 
con?guration is provided, the image quality of image data is 
adjusted so as to reduce or eliminate the deviation of the 
image quality parameter value from the standard image 
quality parameter value re?ecting With the exposure bias 
value information. Therefore, the image quality of image 
data can be automatically adjusted Without degrading the 
output conditions that have been set arbitrarily, for example, 
brightness conditions, and the image quality can be appro 
priately automatically adjusted correspondingly to indi 
vidual image data. 

[0010] In the output device according to the ?rst aspect of 
the present invention, image quality adjustment means may 
adjust the image quality of image data by calculating the 
image quality adjustment quantity from the standard image 
quality parameter value and the image quality parameter 
value, modifying the image quality adjustment quantity 
re?ecting With the exposure bias value information, and 
using the image quality adjustment quantity thus modi?ed. 
Alternatively, the output device according to the ?rst aspect 
of the present invention may further comprise standard 
image quality parameter value modi?cation means for modi 
fying the standard image quality parameter value based on 
the exposure bias value information, and image quality 
adjustment means may adjust the image quality of the image 
data based on the modi?ed standard image quality parameter 
value and the acquired image quality parameter value, 



US 2003/0053095 A1 

instead of the standard image quality parameter value, 
acquired image quality parameter value, and exposure bias 
value information. 

[0011] With the output device according to the ?rst aspect 
of the present invention, the image quality of image data can 
be adjusted by computing the image quality adjustment 
quantity from the standard image quality parameter value 
and image quality parameter value, modifying the image 
quality adjustment quantity re?ecting With the eXposure bias 
value information, and using the image quality adjustment 
quantity thus modi?ed. Alternatively, the standard image 
quality parameter value corresponding to the image quality 
parameter value relating at least to the brightness can be 
modi?ed and the image quality of image data can be 
adjusted based at least on the modi?ed standard image 
quality parameter value and the image quality parameter 
value relating to the brightness. Therefore, the image quality 
of image data can be automatically adjusted Without degrad 
ing the output conditions that have been set arbitrarily, for 
eXample, brightness conditions. Further, the image quality 
can be appropriately automatically adjusted correspondingly 
to individual image data. Consequently, When bright output 
results are intended, the bright output results are obtained, 
and When dark output results are intended, the dark output 
results are obtained. 

[0012] In the output device according to the ?rst aspect of 
the present invention, standard image quality parameter 
value modi?cation means may execute no modi?cation of 
the standard image quality parameter value When the eXpo 
sure bias value has been set to Zero as a result of analysis of 
the image output control information. In such a case a 
decision can be made that no arbitrary output conditions 
have been set With respect to brightness. Therefore, no 
output results re?ecting the photographer’s intentions are 
provided even though the standard image quality parameter 
value has not been modi?ed. 

[0013] In accordance With the second aspect of the present 
invention, an image data processing device Which uses 
image data and image output control information, Which 
contains at least the eXposure bias value information in 
image data generation and has been associated With the 
image data, and processes the image data is provided. The 
image data processing device according to the second aspect 
of the present invention comprises obtaining means for 
obtaining the image data and the image output control 
information, image parameter value acquisition means for 
analyZing the image data that has been doWnloaded and 
acquiring the value of the image quality parameter indicat 
ing at least the characteristic of the image data, Which relates 
to brightness, and image quality adjustment means for 
adjusting the image quality of the image data based on the 
standard image quality parameter value that has been deter 
mined in advance With respect to the image quality param 
eter value relating at least to the brightness, the acquired 
image quality parameter value, and the eXposure bias value 
information. 

[0014] With the image data processing device according to 
the second aspect of the present invention, the function and 
effect can be obtained Which is similar to that of the output 
device according to the ?rst aspect of the present invention. 
Furthermore, the image data processing device according to 
the second aspect of the present invention can be imple 
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mented in a variety of modes similarly to the output device 
according to the ?rst aspect of the present invention. 

[0015] According to the third aspect of the present inven 
tion, a method for image quality adjustment of image data is 
provided. The method for image quality adjustment accord 
ing to the third aspect of the present invention comprises: 
acquiring image data and image output control information 
Which contains at least the eXposure bias value information 
during image data generation and has been associated With 
the image data, analyZing the image data and acquiring the 
value of the image quality parameter indicating at least the 
characteristic of the image data, Which relates to brightness, 
analyZing the image output control information and acquir 
ing the eXposure bias value from the eXposure bias value 
information, and adjusting the image quality of the image 
data based on the standard image quality parameter value 
that has been determined in advance, the acquired image 
quality parameter value, and the eXposure bias value. 

[0016] With the method for image quality adjustment 
according to the third aspect of the present invention, the 
function and effect can be obtained Which is similar to that 
of the output device according to the ?rst aspect of the 
present invention. Furthermore, the method for image qual 
ity adjustment according to the third aspect of the present 
invention can be implemented in a variety of modes simi 
larly to the output device according to the ?rst aspect of the 
present invention. 

[0017] According to the fourth aspect of the present inven 
tion, a computer-readable medium storing a program for 
adjusting the image quality of image data is provided. In the 
computer-readable medium according to the fourth aspect of 
the present invention, the program instructs the computer to 
eXecutes functions of: acquiring image data and image 
output control information Which contains at least the eXpo 
sure bias value information during image data generation 
and has been associated With the image data, analyZing the 
image data and acquiring the value of the image quality 
parameter indicating at least the characteristic of the image 
data, Which relates to the brightness, analyZing the image 
output control information and acquiring the eXposure bias 
value from the eXposure bias value information, and adjust 
ing the image quality of the image data based on the standard 
image quality parameter value that has been determined in 
advance, the image quality parameter value, and the eXpo 
sure bias value. 

[0018] With the computer-readable medium according to 
the fourth aspect of the present invention, the function and 
effect can be obtained Which is similar to that of the output 
device according to the ?rst aspect of the present invention. 
Furthermore, the computer-readable medium according to 
the fourth aspect of the present invention can be imple 
mented in a variety of modes similarly to the output device 
according to the ?rst aspect of the present invention. 

[0019] According to the ?fth aspect of the present inven 
tion, an image data generation device for generating image 
data that has been associated With image processing condi 
tions of image data in an output device is provided. The 
image data generation device according to the ?fth aspect of 
the present invention comprises image data generation 
means for generating image data, eXposure bias value infor 
mation acquisition means for acquiring eXposure bias value 
information, image quality parameter value acquisition 
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means for analyzing the generated image data and acquiring 
the value of image quality parameter indicating at least the 
characteristic of the image data, Which relates to the bright 
ness, image processing conditions generation means for 
generating the image processing conditions based on the 
standard image quality parameter value that has been deter 
mined in advance With respect to the image quality param 
eter value relating to the brightness, the acquired image 
quality parameter value, and the eXposure bias value infor 
mation, and output means for outputting the generated 
image processing conditions and the image data associated 
With each other. 

[0020] With the image generation device according to the 
?fth aspect of the present invention, image processing 
conditions of image data in the output device are generated 
based on the standard image quality parameter value, image 
quality parameter value relating to the brightness, and the 
eXposure bias value information. Therefore, image process 
ing of image data can be easily eXecuted Without ?nding the 
image processing conditions in the output device. Further 
more, the image quality of image data can be automatically 
adjusted Without degrading the output conditions that have 
been set arbitrarily, for eXample, brightness conditions, and 
the image quality can be appropriately automatically 
adjusted correspondingly to individual image data. There 
fore, When bright output results are intended, the bright 
output results are obtained, and When dark output results are 
intended, the dark output results are obtained. Further, the 
image data and image processing conditions may be asso 
ciated With each other and stored in the same ?le. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 illustrates an eXample of an image data 
output system that can employ the image output device of 
the present embodiment; 

[0022] FIG. 2 is a block diagram illustrating the schematic 
con?guration of a digital still camera that can generate an 
image ?le (image data) Which is output by the image output 
device of the present embodiment; 

[0023] FIG. 3 illustrates schematically the internal con 
?guration of the image ?le that can be used in the present 
embodiment; 

[0024] FIG. 4 illustrates a schematic internal structure of 
the image ?le that has been stored in the EXif ?le format; 

[0025] FIG. 5 illustrates an eXample of the data structure 
of the appended information storage region 112 of the image 
?le GF that can be used in the present embodiment; 

[0026] FIG. 6 is a block diagram illustrating the schematic 
con?guration of the color printer 20 of the present embodi 
ment; 

[0027] FIG. 7 illustrates the internal con?guration of the 
control circuit 30 of color printer 20; 

[0028] FIG. 8 is a How chart illustrating the How of 
generation processing of the image ?le GF in the digital still 
camera 12; 

[0029] FIG. 9 is a How chart illustrating the processing 
routine of printing processing in the color printer 20 of the 
present embodiment; 
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[0030] FIG. 10 is a How chart illustrating the How of 
image processing in the color printer 20 of the present 
embodiment; 
[0031] FIG. 11 is a How chart illustrating the processing 
routine of automatic image adjustment in the color printer 
20; 
[0032] FIG. 12 is a graph illustrating schematically the 
relationship betWeen the input level and output level of 
brightness; and 

[0033] FIG. 13 is a ?oWchart illustrating the processing 
routine of printing processing in the color printer 20 of the 
other embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0034] The output image adjustment of the image ?le in 
accordance With the present invention Will be described 
hereinbeloW in the sequence as folloWs based on several 
embodiments thereof, With reference to the appended draW 
mgs. 

[0035] A. Con?guration of image data output system. 

[0036] B. Con?guration of image ?le. 

[0037] C. Con?guration of image data system that can 
use the image ?le. 

[0038] D. Image processing in digital still camera. 

[0039] E. Image processing in printer. 

[0040] F. Other embodiments. 

[0041] A. Con?guration of Image Data Output System. 

[0042] The con?guration of the image data output system 
that can employ the image output device implementing the 
image output adjustment of the present embodiment Will be 
described beloW With reference to FIGS. 1 and 2. FIG. 1 
illustrates an eXample of the image data output system that 
can employ the image output device of the ?rst embodiment. 
FIG. 2 is a block diagram illustrating the schematic con 
?guration of the digital still camera that can generate an 
image ?le (image data) Which is output by the image output 
device of the ?rst embodiment. 

[0043] An image data output system 10 comprises a digital 
still camera 12 as an input device generating an image ?le, 
and a color printer 20 serving as an output device for 
executing image processing based on the image ?le gener 
ated by the digital still camera 12 and outputting the images. 
Besides the printer 20, a monitor 14 such as a CRT display, 
LCD display, and the like, or a projector can be used as the 
output device. In the explanation beloW, it Will be assumed 
that the color printer 20 is used as the output device. 

[0044] The digital still camera 12 is a camera acquiring 
images by forming an image of optical information on a 
digital device (CCD or photoelectronic multiplier). As 
shoWn in FIG. 2, the digital still camera comprises an 
optical circuit 121 provided With a CCD or the like for 
converging optical information, an image acquisition circuit 
122 for controlling the optical circuit 121 and acquiring the 
image, an image processing circuit 123 for treating and 
processing the acquired digital images, and a control circuit 
124 comprising a memory and controlling all of the above 
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circuits. The digital still camera 12 stores the acquired 
images as digital data in a memory card MC serving as a 
storage device. The storage format for image data in the 
digital still camera 12 is usually a JPEG format, but other 
storage formats, for example, a TIFF format, GIF format, 
BMP format, and the like can be also used. 

[0045] The digital still camera 12 also comprises a selec 
tion-determination button 126 for setting a photographing 
mode, an exposure bias value (exposure correction value), a 
light source, and the like, and a liquid-crystal display 127 for 
previeWing the picked-up images or for setting the photo 
graphing mode by using the selection-determination button 
126. The exposure bias value Which is set in the digital still 
camera 12 is represented by an exposure quantity EV, and 
When no exposure correction is conducted, this quantity is 
recorded as EV=:0. When it is desired that the exposure be 
corrected so as to obtain a brighter image With respect to the 
proper exposure automatically set in the digital still camera 
12, the exposure bias value is set at a positive side as +0.1 
EV, +2.0 EV, and When the correction of exposure to a 
darker image With respect to the proper exposure is desired, 
the exposure bias value is set at a negative side as —0.1 EV, 
—2.0 EV. 

[0046] In the digital still camera 12 used in the present 
image data output system 10, in addition to the image data 
GD, the image output control information GI is stored as an 
image ?le GF in the memory card. Thus, during photograph 
ing, the image output control information GI together With 
the image data GD is automatically put as an image ?le GF 
into the memory card MC. Furthermore, When the user has 
in advance selected the photographing mode, such as a 
portrait or night vieW mode, an image ?le GF containing a 
parameter value of the image quality parameter, Which 
corresponds to the selected photographing mode, as the 
image output control information GI is put into the memory 
card MC. Alternatively, When a parameter such as an expo 
sure bias value, light source, and the like is set for any value, 
an image ?le GF containing a set value of the parameter, 
Which has been set, as the image output control information 
GI in put into the memory card MC. 

[0047] When photographing has been executed in an auto 
matic photographing mode in the digital still camera 12, an 
image ?le GF containing values of parameters, such as the 
exposure time, light source, diaphragm, shutter speed, focal 
distance of the lens, and the like during the photographing, 
as the image output control information is put into the 
memory card MC. Further, parameters employed in photo 
graphing modes and parameter values are stored in a 
memory in a control circuit 124 of the digital control camera 
12. 

[0048] The image ?le generated in the digital still camera 
12 is transmitted to a color printer 20, for example, via a 
cable CV and computer PC or a cable CV. Alternatively, the 
image ?le is transmitted to the color printer via a computer 
PC having installed in a memory card slot thereof the 
memory card MC that has stored the image ?le GF in the 
digital still camera 12, or by directly connecting the memory 
card MC to the printer 20. The explanation provided here 
inbeloW Will relate to the case in Which the memory card is 
directly connected to the color printer 20. 

[0049] B. Con?guration of Image File 
[0050] Aschematic con?guration of the image ?le that can 
be used in the present embodiment Will be described beloW 
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With reference to FIG. 3. FIG. 3 is an explanatory ?gure 
illustrating schematically an example of the internal con 
?guration of the image ?le that can be used in the present 
embodiment. The image ?le GF comprises an image data 
storage region 101 for storing the image data GD and an 
image output control information storage region 102 for 
storing the information GI controlling the output state of 
image data (image output control information). The image 
data is stored, for example, in the JPEG format, and the 
image output control information GI is stored in the TIFF 
format. The terms ?le structure, data structure, and storage 
region in the present embodiment mean images of ?les or 
data in a state in Which the ?les or data have been stored in 
a memory device. 

[0051] The image output control information GI is the 
information (image quality generation information) relating 
to the image quality in the case of image data generating 
(photographing) in an image data generation device such as 
the digital still camera 12 or the like and can contain 
parameters relating to exposure time, ISO sensitivity, dia 
phragm, shutter speed, and focal distance that are automati 
cally generated in the course of photographing, and also the 
output control parameters such as the exposure bias value, 
light source, photographing mode, target color space, and 
the like, that are arbitrarily set by the user. 

[0052] The above-mentioned image ?le GF of the present 
embodiment can be generated by input devices (image ?le 
generation devices) other than the digital still camera 12, for 
example, by digital video cameras, scanners, and the like. 

[0053] The image ?le GF of the present embodiments 
basically may comprise the above-mentioned image data 
region 101 and image output control information storage 
region 102 and can have a ?le structure corresponding to the 
?le format that has already been standardiZed. The case in 
Which the image ?le GF of the present invention Was 
conformed to the standardiZed ?le format Will be described 
beloW in greater detail. 

[0054] The image ?le GF of the present embodiment, for 
example, can have a ?le structure corresponding to an image 
?le format standard for digital still cameras Speci? 
cations of Exif ?les are determined by the Japanese Elec 
tronic Information Technology Association (JEITA). The 
schematic internal structure of the ?le in the case When the 
image ?le GF of the present embodiment has a ?le format 
corresponding to the Exif ?le format Will be described 
hereinbeloW With reference to FIG. 4. FIG. 4 is an explana 
tory ?gure illustrating the schematic internal structure of the 
image ?le GF of the present embodiment, Which Was stored 
in the Exif ?le format. 

[0055] The image ?le GFE as an Exif ?le comprises a 
JPEG image data storage region 111 for storing image data 
in JPEG format and an appended information storage region 
112 for storing various information relating to the JPEG 
image data that has been stored. The JPEG data storage 
region 111 is equivalent to the above-described image data 
storage region 101, and the appended information storage 
region 112 is equivalent to the above-described image output 
control information storage region 102. Thus, the image 
output control information (image output control informa 
tion GI) referred to When the JPEG image is output, such as 
photographing date and time, exposure, shutter rate, light 
source, exposure bias value, target color space, and the like, 
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is stored in the appended information storage region 112. 
Furthermore, in addition to the image output control infor 
mation GI, the thumb nail image data of JPEG images that 
has been stored in the JPEG image data storage region 111 
is stored in the TIFF format in the appended information 
storage region 112. It is Well knoWn to those skilled in the 
art that in the Exif format ?les, tags for specifying data are 
used and the data are sometimes named by the tag names. 

[0056] The data structure of appended information storage 
region 112 Will be explained beloW in greater detail With 
reference to FIG. 5. FIG. 5 illustrates an example of the data 
structure of appended information storage region 112 of 
image ?le GF that can be used in the present embodiment. 

[0057] In the appended information storage region 112, as 
shoWn in the ?gure, the parameter values relating to infor 
mation such as the exposure time, lens F value, exposure 
control mode, ISO sensitivity, exposure bias value, light 
source, ?ash, focal distance and the like are stored according 
to the preset addresses. In the output device, the image 
output control information GI can be acquired by indicating 
the address corresponding to the desired information 
(parameter). 
[0058] C. Con?guration of Image Output Device 

[0059] The schematic con?guration of the image output 
device, that is, color printer 20 of the present embodiment 
Will be described beloW With reference to FIG. 6. FIG. 6 is 
a block diagram illustrating the schematic con?guration of 
color printer 20 of the present embodiment. 

[0060] The color printer 20 is a printer that can output 
color images, for example, an ink-jet printer in Which an 
image is formed by ejecting color inks of four colors, cyan 
(C), magenta (M), yelloW (Y), and black (K), on a printing 
medium and forming a dot pattern. Alternatively, the color 
printer is an electrophotographic printer in Which an image 
is formed by transferring a color toner on a printing medium 
and ?xing it thereon. In addition to the above-mentioned 
four colors of color inks, light cyan (LC), light magenta 
(LM), and dark yelloW (DY) may be used. 

[0061] The color printer 20, as shoWn in the ?gure, is 
composed of a mechanism for driving a printing head 211 
carried on a carriage 21, ejecting the inks, and forming dots, 
a mechanism for reciprocally moving the carriage 21 in the 
axial direction of a platen 23 With a carriage motor 22, a 
mechanism for transporting printing paper P With a paper 
feeding motor 24, and a control circuit 30. The mechanism 
for reciprocally moving the carriage 21 in the axial direction 
of platen 23 is composed of a sliding shaft 25 for slidably 
supporting the carriage 21 installed parallel to the axis of 
platen 23, a pulley 27 for stretching an endless driving belt 
26 betWeen the carriage motor 22 and the pulley, and a 
position detection sensor for detecting the original position 
of carriage 21. The mechanism for transporting printing 
paper P is composed of the platen 23, paper-feeding motor 
24 for rotating the platen 23, an appended paper-supplying 
roller (not shoWn in the ?gures), and a gear train (not shoWn 
in the ?gures) for transferring the rotation of paper-feeding 
motor 24 to the platen 23 and appended paper-supplying 
roller. 

[0062] The control circuit 30 appropriately controls the 
movement of paper-feeding motor 24, carriage motor 22, 
and printing head 211, While exchanging signals With a 
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control panel 29 of the printer. Printing paper P fed to the 
color printer 20 is set so as to be squeeZed betWeen the platen 
23 and appended paper-supplying roller and transported 
through the prescribed distance according to the rotation 
angle of platen 23 An ink cartridge 212 and an ink cartridge 
213 are installed in the carriage 21. The ink cartridge 212 
accommodates black ink, Whereas other inks, that is, 
inks of a total of six colors: inks of light cyan (LC), light 
magenta (LM), and dark yelloW (DY) colors in addition to 
inks of three colors, cyan (C), magenta (M), and yelloW 

[0063] The internal con?guration of the control circuit 30 
of color printer 20 Will be explained beloW With reference to 
FIG. 7. FIG. 7 illustrates the internal con?guration of the 
control circuit 30 of color printer 20. As shoWn in the ?gure, 
inside the control circuit 30 there are provided a CPU 31, a 
PROM 32, a RAM 33, a PCMCIA slot 34 for acquiring data 
from the memory card MC, a peripheral input/output unit 
(PIO) conducting data exchange With the paper-feeding 
motor 24 and carriage motor 22, a timer 36, a drive buffer 
37, and the like. The drive buffer 37 is used as a buffer 
supplying dot on-off signals to the ink ejection heads 214 to 
220. The above-described components are connected to each 
other With a bus 38, alloWing for data exchange therebe 
tWeen. Furthermore, the control circuit 30 is also provided 
With an oscillator 39 outputting a drive Waveform With the 
prescribed frequency, and a distributed output device 40 for 
distributing the output from the oscillator 39 to the ink 
ejection heads 214 to 220 With the prescribed timing. 

[0064] The control circuit 30 reads out an image ?le 100 
from the memory card MC, analyZes the appended infor 
mation, and executes image processing based on the ana 
lyZed control information AI. The control circuit 30 outputs 
dot data to the drive buffer 37 With the prescribed timing, in 
synchronism With the movement of paper-feeding motor 24 
or carriage motor 22. The comprehensive How of image 
processing executed by the control circuit 30 Will be 
described beloW. 

[0065] D. Image Processing in Digital Still Camera 

[0066] Image processing in the digital still camera Will be 
described beloW With reference to FIG. 8. FIG. 8 is a How 
chart illustrating the How of generation and processing of an 
image ?le GF in the digital still camera 12. 

[0067] The control circuit 124 of digital still camera 12 
makes a decision (step S100) as to Whether the photograph 
ing mode or the image output control information, such as 
light source exposure bias value, and the like, has been set 
by the user prior to photographing. Setting of the image 
output control information is executed by the user Who 
operates the selection-setting button 126 and makes a selec 
tion from the photographing modes that have been prepared 
in advance and are displayed on a liquid-crystal display 127. 
Alternatively, it is executed by the user Who operates the 
selection-setting button 126 in a similar manner and changes 
the settings on the liquid crystal display 127. 

[0068] When the control circuit 124 decides that the image 
output control information has been set (step S100: Yes), the 
circuit generates image data (step S110) by using parameter 
values stipulated by the image output control information, 
Which has been set, according to the photographing require 
ments, for example, by pushing of the shutter button. The 
control circuit 124 puts the generated image data GD and the 
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image output control information GI containing the output 
conditions Which have been discretionary set and output 
conditions Which are provided automatically, as the image 
?le GF into the memory card MC (step S120), thereby 
ending the present processing routine. Data generated in the 
digital still camera 12 are converted from the RGB color 
space and represented by the YCbCr color space. 

[0069] By contrast, When the control circuit 124 decides 
that the image output control information has not been set 
(step S100: No), the image data GD is generated according 
to photographing requirements (step S130). The control 
circuit 124 puts the generated image data GD and the image 
output control information GI containing the output condi 
tions Which are provided automatically during image data 
generation, as the image ?le GF into the memory card MC 
(step S140), thereby ending the present processing routine. 

[0070] Because of the above-described processing 
executed in the digital still camera 12, the image ?le GF that 
has been stored in the memory card is provided With the 
image data GD and also image output control information 
GI containing values of various parameters during image 
data generation. 

[0071] E. Image Processing in Color Printer 20 

[0072] Image processing in the color printer 20 of the 
present embodiment Will be described beloW With reference 
to FIGS. 9-11. FIG. 9 is a How chart illustrating the 
processing routine of printing processing in the color printer 
20 of the present embodiment. FIG. 10 is a How chart 
illustrating the How of image processing in the color printer 
20. FIG. 11 is a How chart illustrating the processing routine 
of automatic image adjustment in the color printer 20. In the 
image processing in the color printer 20 according to the 
present embodiment, the color space conversion processing 
is executed ?rst and then the automatic image adjustment is 
executed. 

[0073] If the memory card MC is inserted into a slot 34, 
the control circuit 30 (CPU 31) of color printer 20 reads out 
the image ?le 100 from the memory card MC, and the image 
?le 100 that has been read out is temporarily stored in the 
RAM 33 (step S100). The CPU 31 retrieves the image output 
control information GI indicating the information during 
image data generation from the appended information stor 
age region 102 of the image ?le 100 that has been read out 
(step S110). If the CPU 31 has retrieved and detected the 
image output control information (step S120: Yes), the CPU 
31 acquires and analyZes the image output control informa 
tion GI during image data generation (step S130). The CPU 
31 executed the image processing (described hereinbeloW in 
greater detail) based on the analyZed image output control 
information GI (step S140) and prints out the processed 
image data (step 150). 

[0074] When the CPU 31 could not retrieve and detect the 
image output control information (step S120: No), the image 
output control information during image data generation 
cannot be taken into account. Therefore, the usual image 
processing is executed in Which the image output control 
information that has been stored in advance as default values 
in the color printer 20, that is, various parameters values, are 
acquired from the ROM 32 (step S160). The CPU 31 prints 
out the processed image data (step S150) and ends the 
present processing routine. 
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[0075] Image processing executed in the color printer 20 
Will be described beloW in greater detail With reference to 
FIG. 10. The CPU 31 of color printer 20 picks up image data 
GD from the image ?le GF that has been read out (step 
S200). The digital still camera 12, as described above, stores 
the image data as a JPEG format ?le; in the JPEG ?le, the 
image data are stored by using the YCbCr color space to 
increase the compression ratio. 

[0076] The CPU 31 executes 3x3 matrix computation S to 
convert the image data based on the YCrCb color space into 
image data based on the RGB color space (step S210). The 
matrix computation S is represented by the folloWing com 
putational formulas: 

R Y 

[G :S[ Cb-128] B Cr-128 

1.40200 ] 1 0 

S: 1 —0.34414 —0.71414 

1 1.77200 0 

[0077] The CPU 31 then executes gamma correction as 
Well as matrix computation M With respect to the thus 
obtained image data based on the RGB color space (step 
S220). When gamma correction is executed, the CPU 31 
acquires gamma value of DSC from the image output 
control information GI and executes gamma conversion 
processing With respect to video data by using the acquired 
gamma values. Matrix computation M is a computational 
processing executed for converting the RGB color space into 
the XYZ color space. Because the image ?le GF used in the 
present embodiment can contain color space information 
during image generation, if the image ?le GF contains the 
color space information, When the CPU 31 executes matrix 
computation M, it executes matrix computation by referring 
to the color space information and using the matrix (M) 
corresponding to the color space during image generation. 
The matrix computation M is represented by the folloWing 
computational formulas: 

0.2988 0.5868 0.1144 

0 0.0661 1.1150 

0.6067 0.1736 0.2001 

[0078] Rt, Gt, BtZO 

R v G v B v 

“4%) “($1 Mlé) 
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[0079] Rt, Gt, Bt<0 

[0080] The color space of image data GD obtained after 
the matrix computation M has been executed is the XYZ 
color space. In prior art, the color space used during image 
processing in a printer or computer Was limited to sRGB, 
and the color space of digital still camera 12 could not be 
used effectively. By contrast, in the present embodiment, 
When the image ?le GF contains a color space information, 
a printer (printer driver) is used Which modi?es the matrix 
(M) used in the matrix computation M correspondingly to 
the color space information. Therefore, the color space of 
digital still camera 12 is used effectively and correct color 
reproduction can be implemented. 

[0081] Because the CPU 31 executes image adjustment 
based on discretionary information, it executes processing 
by Which the color space of image data GD is converted 
from the XYZ color space into the WRGB color space, that 
is, executes matrix computation N“1 and inverse gamma 
correction (step S230). The WRGB color space is Wider than 
the sRGB color space. When gamma correction is executed, 
the CPU 31 acquires default gamma values of the printer 
from ROM 32 and executes the inverse gamma conversion 
processing With respect to video data by using the inverse 
number of the acquired gamma value. When matrix com 
putation N“1 is executed, the CPU 31 executes matrix 
computation by using the matrix (N_1) corresponding to 
conversion to the WRGB color space from the ROM 31. The 
matrix computation N-1 is represented by the folloWing 
computational formulas: 

Bw Z 

-1.77561 0.73649] 3.30572 

N’1=[—l.049ll 2.1694 —l.4797 
0.0658289 —0.24l078 1.24898 

E E E 

[0082] The color space of image data GD obtained after 
the matrix computation N-1 has been executed is the WRGB 
color space. The WRGB color space, as has been mentioned 
above, is Wider than the sRGB color space and corresponds 
to a color space that can be generated by the digital still 
camera 12. 

[0083] The CPU 31 executes the automatic adjustment 
processing of image quality (step S240). In the image quality 
automatic adjustment processing of the present embodiment, 
the characteristic parameter values indicating image quality 
are acquired by analyZing the image data GD contained in 
the image ?le GF, and the automatic adjustment of image 
quality for correction of the acquired characteristic param 
eter values is executed by taking account of the image output 
control information GI contained in the image ?le GF. Such 
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an automatic adjustment processing of image quality Will be 
described beloW in greater detail With reference to FIG. 11. 

[0084] First, the CPU 31 analyZes the image data GD, 
acquires various characteristic parameters indicating the 
characteristics of image data GD, and temporarily puts them 
into the RAM 32 (step S300). The brightness parameter 
indicating the brightness characteristic is acquired as a 
brightness representative value Brep, among the image 
statistical values obtained by the analysis of image data GD. 
The CPU 31 analyZes the image output control information 
GI and acquires values of control parameters (information) 
controlling (designating) the image outputs such as light 
source, exposure bias value, exposure time, diaphragm, ISO 
focal distance, and the like (step S310). 

[0085] The CPU 31 changes (modi?es) the standard val 
ues and coef?cients that have been set for each of the 
parameters, While taking account of the acquired values of 
control parameters (step S320). The standard values and 
coef?cients that have been set for each of the parameters are 
the values set under an assumption that the image data has 
been generated under typical image generation conditions 
(output control conditions). Accordingly, in order to imple 
ment automatic adjustment of image quality that accurately 
re?ects the intentions of the photographer (person generat 
ing the image), the standard values and coefficients are 
changed by taking into consideration individual output con 
trol conditions, in particularly, With respect to the output 
control conditions that can be arbitrarily set by the photog 
rapher. The standard values and coef?cients are the index 
values of parameters at Which the output results of the image 
preset by image evaluation based on quantitative or func 
tional evaluation are optimiZed. 

[0086] First, the modi?cation of brightness standard val 
ues that are set With respect to brightness parameters, among 
the characteristic parameters, Will be explained. The bright 
ness standard value Bstd is, for example, an eight-bit infor 
mation that can take a value of 0-255, and the normal value 
thereof is set to 128. The brightness standard value Bstd is 
modi?ed by adding to or deducting from the brightness 
normal value 128 a value calculated by using a conversion 
formula 0.1 EV (exposure bias value)=2 (brightness modi 
?cation value) With respect to this normal value. Thus, Bstd 
becomes 128+brightness modi?cation value. For example, if 
the exposure bias value is corrected by +1.0 EV, the bright 
ness modi?cation value becomes (1.0/0.1)><2=20, and the 
brightness standard value Bstd becomes 128+20=148. On 
the other hand, if the exposure bias value is corrected by 
—0.5 EV, the brightness modi?cation value becomes —(0.5/ 
0.1)><2=—10, and the brightness standard value Bstd 
becomes 128—10=118. 

[0087] When the exposure bias value other than 0 is set, a 
decision can be made that the photographer conducted 
photographing by changing the brightness intentionally. 
Therefore, in order to re?ect the photographer’s intention, 
the brightness standard value Bstd is modi?ed based on the 
exposure bias value, and automatic adjustment of brightness 
re?ecting the photographer’s intention is implemented. 

[0088] The CPU 31 executes the automatic adjustment of 
image quality correcting the image data GD so as to bring it 
closer to the changed standard value (step S330). The 
correction bringing the brightness value of image data GD 
closer to the standard value is executed based on the 
folloWing formula. 
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[0089] The relationship between the input level and output 
level used When executing the correction Which brings the 
brightness value of image data GD closer to the standard 
value Will be explained beloW With reference to FIG. 12. 
FIG. 12 is a graph schematically illustrating the relationship 
betWeen the input level and output level of brightness With 
respect to each pixel of image data. When the exposure bias 
value is a positive value and the correction increasing the 
brightness is executed, for example, the output levels OL1, 
OL2 are raised according to the correction level in the 1A 
point of the input level. On the other hand, When the 
exposure bias value has a negative value and the correction 
decreasing the brightness is executed, for example, the 
output level OL3 is loWered according to the correction level 
in the 3A point of the input level. Values excluding the point 
corresponding to the correction level are interpolated by a 
spline curve. 

[0090] For example, When the brightness representative 
value Brep=100 and the exposure bias value is Zero, the 
above formula gives a brightness correction level Brev of 10 
(OL1). On the other hand, When the brightness representa 
tive value Brep=100 and the exposure bias value is 16, the 
above formula gives a brightness correction level Brev of 13 
(O13). When the brightness standard value Bstd Was not 
modi?ed by taking the exposure bias value into account, as 
long as the brightness representative value Brep Was the 
same, it Was not re?ected in the output results of image data. 
HoWever, if the brightness standard value Bstd is modi?ed 
by taking the exposure bias value into account, the bright 
ness correction level Brev can be corrected by three levels 
up as compared to the case When the exposure bias value 
Was not taken into account. Therefore, the intentions of the 
photographer Who Wishes to increase the brightness of 
output results can be re?ected in the output results of image 
data. 

[0091] Alternatively, the brightness correction level Brev 
may be directly corrected up or doWn, Without modifying the 
brightness standard value Bstd. For example, When the 
exposure bias value is set to 0.5 EV, using the conversion 
formula 0.1 EV=2(level) produces (0.5/0.1)><2=1, and the 
brightness correction level Brev becomes 10+brightness 
standard value Bstd. If the brightness standard value Bstd is 
10, a resulting brightness correction level Brev of 20 is 
obtained. This value, as described above, is used for modi 
fying the tone curve for determining the output level corre 
sponding to the input level of brightness value of image data 
GD, and the brightness of image data GD is adjusted by 
correcting the brightness value of each pixel of image data 
GD. 

[0092] The CPU 31 returns to the image processing rou 
tine, Which is the main routine, after the automatic adjust 
ment other than the above-described brightness adjustment 
has been executed (step S360). 

[0093] If the image quality adjustment processing is com 
pleted, the CPU 31 executes the WRGB color conversion 
processing and half-tone processing for printing (step S250). 
In the WRGB conversion processing, the CPU 31 refers to 
the look-up table (LUT) for conversion into the CMYK 
color space that corresponded to the WRGB color space 
stored in the ROM 31 and changes the color space of image 
data from the WRGB color space into the CMYK color 
space. Thus, image data composed of gradation values of 
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R~G'B is converted into gradation values used in the color 
printer 20, for example, of six colors C'M'Y'K'LC'LM. 

[0094] In the half-tone processing, the image data sub 
jected to color conversion are received and the gradation 
number conversion processing is conducted. In the present 
embodiment, the image data after color conversion are 
represented as data having 256 gradation Widths per each 
color. By contrast, in the color printer 20 of the present 
embodiment, only any one state of the “dots are formed” 
state and “dots are not formed” state is assumed and the 
color printer 20 of the present embodiment can locally 
represent only tWo gradations. Here, image data having 256 
gradations is converted into the image data represented With 
tWo gradations that can be represented by the color printer 
20. Examples of typical methods for such bigradation pro 
cessing (binariZation) include a method termed an error 
diffusion method and a method termed a textural dithering 
method. 

[0095] In the color printer 20, prior to the color conversion 
processing, a resolution conversion processing is executed 
by Which the resolution of image data is converted into the 
printing resolution. When the resolution of image data is 
loWer than the printing resolution, the resolution conversion 
processing is executed by generating neW data betWeen the 
adjacent image data by conducting linear interpolation. 
Conversely, When the resolution of image data is higher than 
the printing resolution, the resolution conversion processing 
is executed by thinning out the image data at a constant ratio. 
The color printer 20 also executes the interlace processing 
by Which the image data that has been converted to a format 
representing the presence or absence of dot formation is 
rearranged in the order in Which it has to be transferred to the 
color printer 20. 

[0096] As described above, With the color printer 20 of the 
present embodiment, the image quality of image data GD 
can be automatically adjusted by taking account of the 
image output control information GI contained in the image 
?le GF. Therefore, even When the user arbitrarily sets the 
output control conditions of image data, executing the 
automatic adjustment of image quality modi?es the arbitrary 
output control conditions and makes it possible to resolve 
the problem associated With the conventional image quality 
automatic adjustment function Which could not re?ect the 
user’s intentions. 

[0097] In particular, With the color printer 20 of the present 
embodiment, When the image quality of image data GD is 
automatically adjusted, modifying the brightness standard 
value Bstd by taking account of the exposure bias value 
makes it possible to correct the brightness correction level 
Brev up or doWn With respect to the case When the exposure 
bias value is not taken into account. Therefore, the photog 
rapher’s intention of making the output results brighter or 
darker can be re?ected in the output results of image data. 
Furthermore, When the exposure bias value is Zero, a deci 
sion can be made that the photographer Wants no intentional 
output results relating to brightness. Therefore, the bright 
ness standard value Bstd is not modi?ed. 

[0098] Furthermore, because the image quality can be 
automatically adjusted by using the image output control 
information GI contained in the image ?le GF, high-quality 
printing results re?ecting the user’s photographing inten 










