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(7) ABSTRACT

In conventional image processing techniques, although a
certain kind of image adjustment provides a desired effect on
an image, it may cause an undesired side effect thereon,
resulting in an unsatisfactory result of adjustment.

On a computer serving as the nucleus of image processing,
a region applicable to image processing is specified at a step,
an object pixel is moved for judging whether or not it
belongs to the specified region at the subsequent steps, and
then a specified image processing operation is carried out if
the object pixel is judged to belong to the specified region.
Therefore, adjustment of image data in a certain region does
not have an adverse effect on image data in other regions,
making it possible to realize satisfactory adjustment in an
entire image with ease.

Further, on the computer, chromaticity “x-y” of each pixel is
calculated at a step, and statistical calculation is performed
at the subsequent steps if a value of chromaticity thus
calculated is in a possible chromaticity range. After comple-
tion of statistical calculation on all the pixels, an average
value is determined at the subsequent step, and a degree of
each color adjustment is calculated while taking account of
the number of pixels of interest at the subsequent step. In this
manner, accurate statistical calculation is performed on color
pixels to be adjusted independently of brightness, and a
degree of each color adjustment is regulated by taking
account of the number of pixels of interest, thereby making
it possible to carry out optimum color adjustment processing
without giving an adverse effect on colors of surrounding
pixels.
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IMAGE PROCESSING APPARATUS, IMAGE
PROCESSING METHOD, IMAGE PROCESSING
PROGRAM RECORDING MEDIUM, COLOR
ADJUSTMENT METHOD, COLOR ADJUSTMENT
DEVICE, AND COLOR ADJUSTMENT CONTROL
PROGRAM RECORDING MEDIUM

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to an image process-
ing apparatus, an image processing method and an image
processing program recording medium for inputting digital
photographic image data containing dot-matrix pixels and
converting each pixel of the image data according to pre-
determined correspondence relationship information, and it
is also concerned with a color adjustment method, a color
adjustment device and a color adjustment control program
recording medium for carrying out optimum color adjust-
ment.

[0003] 2. Description of Related Art

[0004] There are a variety of conventional image process-
ing techniques for processing digital photographic image
data, more specifically such image processing techniques for
contrast enhancement, chromaticity correction, and bright-
ness correction, for example. Each pixel of image data is
converted according to predetermined correspondence rela-
tionship information in these conventional image processing
techniques. In an example of chromaticity correction, a color
conversion table is prepared beforehand, and when original
image data is input, the color conversion table is referenced
to produce output image data. Thus, in flesh color correction,
for example, a flesh color part of an image is made vivid on
output.

[0005] In conventional image processing techniques men-
tioned above, however, when correction of certain chroma-
ticity is made, an entire image may be affected by the
correction, causing an unsatisfactory result of image adjust-
ment. For instance, if it is attempted to make a pallid
complexion of a person’s image look ruddy, an entire image
may become reddish. Namely, although a certain kind of
image adjustment provides a desired effect on an image, it
may cause an undesired side effect thereon.

SUMMARY OF THE INVENTION

[0006] Tt is therefore an object of the present invention to
provide an image processing apparatus which is capable of
minimizing an adverse side effect in adjustment of an image
data.

[0007] In accomplishing this object of the present inven-
tion and according to one aspect thereof, there is provided an
image processing apparatus for inputting photographic
image data containing dot-matrix pixels and converting each
pixel of the image data according to predetermined corre-
spondence relationship information, which comprises the
correspondence relationship holding unit which holds a
plurality of correspondence relationship information of the
image data in combination with applicable object informa-
tion thereof, the correspondence relationship judging unit
which judges each correspondence relationship for convert-
ing each pixel of the image data according to the correspon-
dence relationship and applicable object information which
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are held by the correspondence relationship holding unit,
and the image data converting unit which converts each
pixel of the image data by referencing each correspondence
relationship judged by the correspondence relationship judg-
ing unit from the correspondence relationship holding unit.

[0008] Where an image contains dot-matrix pixels and
each pixel is indicated in image data representation, each
pixel of image data is converted according to predetermined
correspondence relationship information in the above-men-
tioned arrangement of the present invention. In this image
processing, a plurality of correspondence relationship infor-
mation for image data conversion and applicable object
information are held in combination. According to these
information, a judgment is formed on each correspondence
relationship for conversion of each pixel of image data, and
based on result of judgment, conversion of each pixel of
image data is carried out.

[0009] More specifically, there are provided plural corre-
spondence relationships for image data conversion, and it is
judged which correspondence relationship is to be applied to
each pixel. Then, image data conversion is performed by
applying a proper correspondence relationship to each pixel.
For example, a correspondence relationship for making
green color of tree leaves more vivid is applied to green
color pixels indicating tree leaves, and a correspondence
relationship for making a complexion ruddy is applied to
flesh color pixels. In this manner, each correspondence
relationship is flexibly applied as required.

[0010] In accordance with the present invention, since
correspondence relationship information for image data con-
version can be changed for each pixel, it is possible to
provide an image processing method which allows execu-
tion of desired image processing without giving an adverse
effect to unspecified parts of an image.

[0011] Tt will be obvious to those skilled in the art that the
image processing method in which plural correspondence
relationship information can be changed for each pixel is
practicable not only in a substantial apparatus, but also in a
system on its method. From this point of view, the present
invention provides an image processing apparatus of input-
ting photographic image data containing dot-matrix pixels
and converting each pixel of the image data according to
predetermined correspondence relationship information, in
which a plurality of correspondence relationship informa-
tion for conversion of the image data and applicable object
information thereof are held in combination, each corre-
spondence relationship for converting each pixel of the
image data is judged according to the correspondence rela-
tionship and applicable object information thus held, and
each pixel of the image data is converted according to result
of judgment.

[0012] The present invention for realizing image process-
ing as mentioned above may be practiced in a variety of
forms, i.e., it may be embodied in hardware, software or
combination thereof in various arrangements that are modi-
fiable as required. As an example of practicing the present
invention, it may be embodied in image processing software.
In this case, according to the present invention, there is
provided a software storage medium for recording the image
processing software. From this viewpoint, the present inven-
tion provides a storage medium for recording an image
processing program for inputting photographic image data
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containing dot-matrix pixels on a computer and converting
each pixel of the image data according to predetermined
correspondence relationship information, the image process-
ing program comprising the steps of; holding a plurality of
correspondence relationship information for conversion of
the image data in combination with applicable object infor-
mation thereof, forming judgment on each correspondence
relationship for converting each pixel of the image data
according to the correspondence relationship and applicable
object information thus held, and converting each pixel of
the image data according to result of judgment thus formed.
In this case, the same functionalities as in the foregoing
description can be provided.

[0013] The storage medium for recording the image pro-
cessing program may be a magnetic storage medium, a
magneto-optical storage medium or any software storage
medium to be developed in the future. Obviously, the present
invention embodied in image processing software may take
such a replicated form as a primary replicated product,
secondary replicated product, etc. In addition, the image
processing software according to the present invention may
be supplied through use of a communication line or in a form
of contents written in a semiconductor chip.

[0014] Still more, there may be provided such an arrange-
ment that some parts of the present invention are embodied
in software while the other parts thereof are embodied in
hardware. In a modified embodiment of the present inven-
tion, some parts thereof may be formed as software recorded
on a storage medium to be read into hardware as required.

[0015] Inimage processing according to the present inven-
tion, photographic image data is particularly suitable as
object data to be processed. However, it is not necessarily
required to use 100% photographic image data as object
data, and semi-synthetic image data or composite-photo-
graphic image data produced from plural photographic
images may be used as object data.

[0016] As stated above, in accordance with the present
invention, there are provided a plurality of correspondence
relationships in combination with applicable object infor-
mation thereof. Each correspondence relationship is used to
perform specific conversion of input image data, and for
each correspondence relationship, there is provided appli-
cable object information thereof. It is to be understood that
such applicable object information may take a variety of
forms.

[0017] Another object of the present invention is to pro-
vide an image processing method of using applicable object
information.

[0018] According to the present invention, there is pro-
vided an image processing apparatus wherein, in the corre-
spondence relationship information holding unit, each cor-
respondence relationship applicable to each part of image is
held along with information on each part applicable to each
correspondence relationship, and wherein, in the correspon-
dence relationship judgment means, a part of image corre-
sponding to each pixel is detected and each correspondence
relationship for conversion is judged through comparing the
detected part of image with part information for each
correspondence relationship.

[0019] Inthe above-mentioned arrangement of the present
invention, a unique correspondence relationship is appli-
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cable to each part of image, and there is provided part
information applicable to each correspondence relationship.
Therefore, a part of image corresponding to each pixel is
detected, and the detected part of image is compared with
part information for each correspondence relationship. Thus,
if a match is found, image data conversion is carried out
using relevant correspondence relationship information.

[0020] More specifically, a unique correspondence rela-
tionship is provided for each part, of image and it is applied
to image data to be converted. For instance, a correspon-
dence relationship for sky-blue color is applied to an upper
part of image, while performing no conversion on a lower
part of image. In this case, a part of image is not limited in
its size and shape, and it may take any shape such as a
rectangular shape, round shape, free shape, etc. Further-
more, it is not necessarily required to specify a part of image
in a particular range. A part of image may be specified with
respect to a certain center point. In this case, a degree of
adjustment in image conversion may be decreased gradually
as being apart from the center point. Obviously, a certain
correspondence relationship may be applied to a plurality of
parts of image.

[0021] As stated above, in accordance with the present
invention, since each correspondence relationship is
changed with each part of image, it is possible to carry out
image processing with a particular location specified,
thereby permitting easy operation.

[0022] Another object of the present invention is to pro-
vide an image processing method of specifying an appli-
cable object.

[0023] According to the present invention, there is pro-
vided an image processing apparatus wherein, in the corre-
spondence relationship information holding unit, a plurality
of correspondence relationships are held along with infor-
mation on chromaticity applicable to each correspondence
relationship, and wherein, in the correspondence relation-
ship judgment means, a value of chromaticity of each pixel
is detected and each correspondence relationship for con-
version is judged through comparing the detected value of
chromaticity with information on chromaticity for each
correspondence relationship.

[0024] In the above-mentioned arrangement of the present
invention, a unique correspondence relationship is appli-
cable to each level of chromaticity. Therefore, a value of
chromaticity of each pixel is detected, and the detected value
of chromaticity is compared with information on chroma-
ticity for each correspondence relationship in judgment on
each correspondence relationship for conversion. In this
case, chromaticity is used for the purpose of judgment on
applicability of each correspondence relationship, i.e., it is
not necessarily required to adjust a level of chromaticity.

[0025] In accordance with the present invention, since an
object can be selected using chromaticity, its embodiment is
relatively easy even if pixels to be processed are located at
a plurality of parts of image.

[0026] Inchromaticity judgment, input image data may be
used intactly, or a color space scheme is changed before
judgment so that input image data is converted into data easy
for judgment on chromaticity. Still more, it is not necessarily
required to use a narrow definition of chromaticity. Chro-
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maticity judgment may be made in a wider definition by
using a level of any predetermined recognizable character-
istic of image data.

[0027] Tt is possible to adopt various units for setting
correspondence relationship information for image data con-
version.

[0028] Another object of the present invention is to pro-
vide an image processing apparatus of using a color con-
version table.

[0029] According to the present invention, there is pro-
vided an image processing method wherein, in the step of
holding the correspondence relationship information, a color
conversion table is used for storing information on corre-
spondence relationship between pre-converted original
image data and post-converted image data.

[0030] Inthe above-mentioned arrangement of the present
invention, the color conversion table retains pre-converted
image data and post-converted image data. By referencing
the color conversion table using pre-converted image data,
it is possible to attain post-converted image data, i.c.,
correspondence relationship information is stored in a form
of table.

[0031] Besides, it is possible to hold correspondence rela-
tionship information in such forms as arithmetic expres-
sions, arithmetic parameters, etc. However, in use of a table
form, there is an advantage that operations can be simplified
since just referencing is required.

[0032] As stated above, in accordance with the present
invention, since correspondence relationship information is
held in the color conversion table, it is relatively easy to
carry out image data conversion.

[0033] As to a plurality of correspondence relationships, it
is not necessarily required to provide different kinds of
correspondence relationships.

[0034] Another object of the present invention is to pro-
vide an image processing apparatus of attaining results of
plural conversions substantially.

[0035] According to the present invention, there is pro-
vided an image processing apparatus wherein, in the corre-
spondence relationship information holding unit, a plurality
of correspondence relationships are realized by changing a
degree of correspondence relationship applicability.

[0036] Inthe above-mentioned arrangement of the present
invention, a plurality correspondence relationships are set up
by changing a degree of correspondence relationship appli-
cability. For example, according to a degree of applicability,
relational association can be made between image data not
applied to a certain level of correspondence relationship and
image data applied thereto. In this case, either linear or
non-linear relational association may be made.

[0037] Still more, in use of such a degree of applicability,
just a single correspondence relationship can set up a
condition converted by applying the correspondence rela-
tionship and a condition not converted substantially, i.e., it
is possible to provide a plurality of correspondence relation-
ships. In this case, more correspondence relationships can be
realized by changing a degree of applicability as required.
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[0038] As stated above, in accordance with the present
invention, it is possible to rearrange a single correspondence
relationship as a plurality of correspondence relationships by
changing a degree of applicability.

[0039] Another object of the present invention is to pro-
vide an image processing method of holding a plurality of
correspondence relationships which may be predetermined
or specified as required.

[0040] According to the present invention, there is pro-
vided an image processing apparatus wherein, the corre-
spondence relationship information holding unit includes
the correspondence relationship specifying unit in which a
plurality of correspondence relationships applicable to the
image data are specified in succession as required.

[0041] In the above-mentioned arrangement of present
invention, a plurality of correspondence relationships to be
applied to the image data are specified in succession. There
are two kinds of correspondence relationship elements; a
condition to be converted, and an object to be applied. Either
one or both of these kinds of elements may be taken. In this
case, it is also possible to specify a part of each image and
select a conversion condition for the specified part of image.
Still more, there maybe provided such an arrangement that
a flesh color adjustment item or a sky-blue color adjustment
item is selectable as an optional function of image process-
ing.

[0042] As stated above, in accordance with the present
invention, since applicable correspondence relationships can
be specified as required, it is possible to improve a degree of
freedom in image processing.

[0043] Another object of the present invention is to pro-
vide an image processing apparatus of holding each corre-
spondence relationship for adjusting brightness.

[0044] According to the present invention, there is pro-
vided an image processing apparatus wherein, in the corre-
spondence relationship information holding unit, each cor-
respondence relationship for adjusting brightness of the
image data is held.

[0045] In the above-mentioned arrangement of the present
invention, each correspondence relationship for adjusting
brightness according to the image data is held, and bright-
ness of predetermined pixels is adjusted using the corre-
spondence relationship thus held. For example, on a certain
part of image, brightness of pixels thereof is increased.

[0046] As stated above, in accordance with the present
invention, it is possible to adjust brightness on a part of
image based on applicable correspondence relationship
information.

[0047] Another object of the present invention is to pro-
vide an image processing apparatus of holding each corre-
spondence relationship for adjusting chromaticity.

[0048] According to the present invention, there is pro-
vided an image processing apparatus wherein, in the corre-
spondence relationship information holding unit, each cor-
respondence relationship for adjusting chromaticity
according to the image data is held.

[0049] In the above-mentioned arrangement of the present
invention, each correspondence relationship for adjusting
chromaticity according to the image data is held, and chro-
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maticity of predetermined pixels is adjusted using the cor-
respondence relationship thus held. For example, on a part
of image containing flesh color pixels, enhancement is made
to provide ruddy flesh color.

[0050] As stated above, in accordance with the present
invention, it is possible to adjust chromaticity on a part of
image based on applicable correspondence relationship
information.

[0051] Another object of the present invention is to pro-
vide an image processing apparatus of adjusting color viv-
idness.

[0052] According to the present invention, there is pro-
vided an image processing apparatus wherein, in the corre-
spondence relationship information holding unit, each cor-
respondence relationship for adjusting color vividness
according to the image data is held.

[0053] Inthe above-mentioned arrangement of the present
invention, each correspondence relationship for adjusting
color vividness according to the image data is held, and
vividness of predetermined pixels is adjusted using the
correspondence relationship thus held. For example, to
enhance color of any subject on a surrounding background,
color adjustment is made so that the color of the subject
becomes more vivid.

[0054] As stated above, in accordance with the present
invention, it is possible to adjust color vividness on a part of
image based on applicable correspondence relationship
information.

[0055] If it is distinguished clearly whether a predeter-
mined correspondence relationship is to be applied or not, a
conspicuous boundary may take place in an image. There-
fore, another object of the present invention is to make such
a boundary unrecognizable by providing an image process-
ing apparatus for adjusting a level of correspondence rela-
tionship gradually.

[0056] According to the present invention, there is pro-
vided an image processing apparatus wherein, in the image
data conversion unit, for pixels in a transition region
between regions which are different in terms of correspon-
dence relationship, a level of correspondence relationship is
adjusted gradually.

[0057] Inthe above-mentioned arrangement of the present
invention, a transition region is provided between regions
which are different in terms of correspondence relationship,
and for pixels in the transition region, a level of correspon-
dence relationship is adjusted gradually in image data con-
version, thereby eliminating a stepwise difference in a
processed image.

[0058] As stated above, in accordance with the present
invention, it is possible to suppress occurrence of a stepwise
difference on a boundary between regions to which different
correspondence relationships are applied respectively in an
image.

[0059] A level of correspondence relationship to be
adjusted gradually in a transition region is selectable as
required, and either linear or non-linear transition may be
applied.

[0060] As mentioned in the foregoing description, corre-
spondence relationship information for image data conver-
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sion can be used for color adjustment. However, as to
selection of an element color and a degree of enhancement,
it is required for a human operator to make a decision. In
color adjustment processing of digital image data, it is
difficult to identify which part will cause conspicuous color
deviation in advance.

[0061] For instance, in case of a color image of a building,
color deviation will not be recognized as long as an original
color thereof is unknown. However, in case of a flesh color
image of a person’s face, an original color thereof can be
presumed in most cases. Therefore, adjustment of flesh color
in an image is performed by the operator so that natural flesh
color is given.

[0062] In color adjustment, there is a problematic factor
which is referred to as a memory color effect in psychology.
When a lemon is photographed as a subject, for example, a
color of a photographed lemon image looks slightly somber
even if it meets a color of the actual lemon in measurement
using a calorimeter. Agreement between the color of the
lemon image and that of the actual lemon cannot be found
unless a side-by-side comparison check is made. Due to a
memory color effect in psychology, a person memorizes that
a color of a lemon is vivid in general. However, an actual
lemon does not have such a vivid color as is memorized.
Therefore, even if a lemon image is corrected to have its
actual color, it is not satisfactory in terms of visual sensation
in psychology. In case of flesh color, green color of tree
leaves and blue color of sky, a memory color effect tends to
occur as stated above.

[0063] When a person conducts adjustment of flesh color,
for example, a degree of flesh color enhancement is deter-
mined in an appropriate range though the flesh color does
not exactly match its memory color. If the flesh color is
adjusted to exactly match its memory color, deviation will
occur in other colors.

[0064] Therefore, automatic color adjustment cannot be
performed just by predetermining correspondence relation-
ship information. Even in automatic color adjustment, it is
rather difficult to attain satisfactory result due to a memory
color effect, i.e., a person must readjust result of automatic
color adjustment.

[0065] 1t is another object of the present invention to
provide a color adjustment device, a color adjustment
method and a storage medium for recording a color adjust-
ment control program for carrying out optimum color adjust-
ment processing automatically while taking account of such
factors as a memory color effect.

[0066] According to the present invention, there is pro-
vided a color adjustment device for performing color sepa-
ration of color image data for each predetermined element
color and adjusting the color image data in enhancement to
provide each desired color in result of color image output
delivered for each element color by such a device as an
image output device, etc., comprising; the chromaticity
judging unit which determines a value of chromaticity of
each pixel according to the color image data, the object
chromaticity pixel statistical calculation unit which per-
forms statistical calculation on pixels having chromaticity
values which have been determined to meet a predefined
range of chromaticity by the chromaticity judging unit, the
color adjustment degree judging unit which determines a
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degree of color adjustment so as to eliminate a difference
between a predetermined optimum value for pixels meeting
the predefined range of chromaticity and a result value
attained in the statistical calculation and for regulating the
degree of color adjustment according to an occupancy ratio
of pixels subjected to statistical calculation to the total
number of pixels, and the color adjusting unit which carries
out color adjustment of the image data according to the
regulated degree of color adjustment.

[0067] Inthe above-mentioned arrangement of the present
invention, a value of chromaticity of each pixel is deter-
mined according to the color image data. Since a value of
chromaticity represents an absolute ratio in psychophysical
color specification which does not depend on brightness,
important parts (objects) in an image can be identified
according to possible ranges of chromaticity. For example,
an object can be distinguished by checking whether its
chromaticity value is in a possible chromaticity range of
flesh color or green color of tree leaves. Based on this
principle of chromaticity, if determined chromaticity values
of pixels are in a predefined chromaticity range, statistical
calculation is performed on these pixels. In the above
example, if determined chromaticity values of pixels are in
the possible chromaticity range of flesh color, they are
subjected to statistical calculation. For statistical calculation,
an average value, median, etc. may be taken. Statistical
calculation on pixels having chromaticity in a predefined
range with respect to all the pixels of an image is analogous
to a situation that a person judges an average level of flesh
color with respect to flesh-color-like pixels.

[0068] Then, it is necessary to judge whether or not a
particular color matches its memory color. A degree of color
adjustment is so determined as to eliminate a difference
between a predetermined optimum value for pixels meeting
a predefined range of chromaticity and a result value
attained in the statistical calculation. However, if a degree of
color adjustment thus determined is applied intactly, a flesh
color part will be adjusted to have memory flesh color, for
example, but non-allowable color deviation will occur on
other color parts. Therefore, the degree of color adjustment
thus determined is regulated according to an occupancy ratio
of pixels subjected to the statistical calculation to the total
number of pixels. In this manner, color adjustment is made
properly so that adjustment of flesh color will not cause an
excessive change in other colors. Thus, the image data is
color-adjusted according to the regulated degree of color
adjustment.

[0069] As stated above, in accordance with the present
invention, it is possible to provide a color adjustment
method which enables automatic color adjustment process-
ing through chromaticity statistical calculation for simulat-
ing human judgment.

[0070] It is to be understood that a method of performing
statistical calculation on pixels having chromaticity in a
predefined range and reflecting result of statistical calcula-
tion in a degree of color adjustment is practicable in a
substantial apparatus for its implementation. From this point
of view, the present invention provides a color adjustment
device for performing color separation of color image data
for each predetermined element color and adjusting the color
image data in enhancement to provide each desired color in
result of color image output delivered for each element color
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by such a device as an image output device, etc., comprising
the steps of; determining a value of chromaticity of each
pixel according to the color image data, performing statis-
tical calculation on pixels having chromaticity values which
have been determined to meet a predefined range of chro-
maticity, determining a degree of color adjustment so as to
eliminate a difference between a predetermined optimum
value for pixels meeting the predefined range of chromatic-
ity and a result value attained in the statistical calculation,
regulating the degree of color adjustment according to an
occupancy ratio of pixels subjected to the statistical calcu-
lation to the total number of pixels, and carrying out color
adjustment of the image data according to the regulated
degree of color adjustment.

[0071] As an example of practicing the present invention,
it may be embodied in color adjustment control software for
a color adjustment device. In this case, according to the
present invention, there is provided a software storage
medium for recording the color adjustment control software.
From this viewpoint, the present invention provides a stor-
age medium for recording a color adjustment control pro-
gram for performing color separation of color image data for
each predetermined element color on a computer and adjust-
ing the color image data in enhancement to provide each
desired color in result of color image output delivered for
each element color by such a device as an image output
device, etc., the color adjustment control program compris-
ing the steps of; determining a value of chromaticity of each
pixel according to the color image data, performing statis-
tical calculation on pixels having chromaticity values which
have been determined to meet a predefined range of chro-
maticity, determining a degree of color adjustment so as to
eliminate a difference between a predetermined optimum
value for pixels meeting the predefined range of chromatic-
ity and a result value attained in the statistical calculation,
regulating the degree of color adjustment according to an
occupancy ratio of pixels subjected to the statistical calcu-
lation to the total number of pixels, and carrying out color
adjustment of the image data according to the regulated
degree of color adjustment. In this case, the same function-
alities as in the foregoing description can be provided.

[0072] In determining chromaticity of each pixel of color
image data, chromaticity conversion is performed taking
account of a color space coordinate scheme used for original
color image data. In this case, chromaticity is used intactly
if it is a direct element, or chromaticity is converted if it is
not a direct element. For conversion, a conversion table or
a conversion expression may be used. In this case, it is not
necessarily required to attain an accurate value in result, i.e.,
an error may be contained if its adverse effect is insignifi-
cant.

[0073] When determined chromaticity values of pixels are
in a predefined chromaticity range, statistical calculation is
performed on these pixels. In this case, it is not necessarily
required to make an alternative-choice judgment, i.e., it is
not necessarily required to determine whether the predefined
chromaticity range is satisfied or not. Instead, statistical
calculation may be made while changing a weight factor.

[0074] A variety of statistical calculation approaches may
be used in application.

[0075] Another object of the present invention is to pro-
vide a color adjustment method which is advantageous in the
amount of calculation.
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[0076] According to the present invention, there is pro-
vided a color adjustment device wherein: in object chroma-
ticity pixel statistical calculation unit, an average value of
pixels judged to be object pixels is calculated for each
element color of color image data; and in color adjustment
degree judging unit, an optimum value of each element color
is provided for color image data meeting the predefined
range of chromaticity, and a degree of color adjustment is
determined according to the optimum value of each element
color.

[0077] Inthe above-mentioned arrangement of the present
invention, statistical calculation is performed for each ele-
ment color of color image data to determine an average
value of pixels judged to be object pixels, i.e., statistical
calculation is carried out using each element color of color
image data instead of chromaticity statistical calculation. On
the other hand, an optimum value of each element color is
provided for color image data meeting the predefined range
of chromaticity. In judgment of a degree of color adjustment,
comparison for each element color is performed, and a
difference attained is used as a degree of element color
adjustment.

[0078] In accordance with the present invention, it is
judged from chromaticity whether or not an objet is appli-
cable to statistical calculation. Since statistical calculation is
performed for each element color of color image data,
statistical result can be used easily in subsequent arithmetic
operations.

[0079] Besides, it is possible to use median calculation,
standard deviation calculation, etc. though the amount of
calculation increases in statistics.

[0080] A range of chromaticity to be subjected to statis-
tical calculation can be changed as required.

[0081] Another object of the present invention is to pro-
vide a color adjustment device which is suitable for memory
color adjustment.

[0082] According to the present invention, there is pro-
vided a color adjustment device wherein, in the object
chromaticity pixel statistical calculation unit, statistical cal-
culation is performed on object chromaticity pixels in a
possible range of chromaticity in terms of memory color in
psychology.

[0083] In the above-mentioned arrangement of the present
invention, statistical calculation is performed on object
chromaticity pixels which meet a possible range of chroma-
ticity in terms of memory color in psychology. In this case,
it is not necessarily required to attain statistical result using
just one possible range of chromaticity. It is possible to carry
out a plurality of statistical calculations respectively by
specifying plural possible chromaticity ranges.

[0084] In accordance with the present invention, since
calculation is performed on pixels corresponding to memory
color, a degree of color adjustment is regulated according to
the number of pixels, thereby making it possible to form a
judgment similar to that by a person.

[0085] In judgment of a degree of color adjustment, a
degree of color adjustment is so determined as to eliminate
a difference between a predetermined optimum value for
pixels meeting a predefined range of chromaticity and a
result value attained in the statistical calculation, and the
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degree of color adjustment is regulated according to an
occupancy ratio of pixels subjected to statistical calculation
to the total number of pixels. In this case, it is not necessarily
required to carry out these two steps of processing. It is just
required to provide the same result of processing. For
example, if a difference between a predetermined optimum
value for pixels meeting a predefined range of chromaticity
and a result value attained in statistical calculation is
obtained in a step of statistical calculation, it may be
reflected in result of statistical calculation. If an occupancy
ratio of pixels subjected to statistical calculation to the total
number of pixels is obtained in the step of statistical calcu-
lation, it may be reflected in result of statistical calculation.
Sill more, it is not necessarily required to perform subtrac-
tion to attain a difference between a predetermined optimum
value and a result value in statistical calculation. It is just
required to include any proper calculation inherently.

[0086] A degree of color adjustment may also be deter-
mined in a variety of forms.

[0087] Another object of the present invention is to pro-
vide a color adjustment device of determining a degree of
color adjustment.

[0088] According to the present invention, there is pro-
vided a color adjustment device wherein, in the color
adjustment degree judging unit, atone curve representing
input-output relationship information is used for changing a
degree of element color enhancement, and a tone curve is
formed according to the degree of color adjustment.

[0089] In the above-mentioned arrangement of the present
invention, a tone curve is formed according a degree of color
adjustment, and a degree of element color enhancement is
changed according to the tone curve thus formed so that
input-output relationship information on each element color
is represented by the tone curve.

[0090] In accordance with the present invention, since a
tone curve is used, it is easy to add adjusted conditions of
other element colors from an overall point of view. In this
case, a memory color part is adjusted toward an ideal color
level and adjacent color regions are adjusted gradually in a
continuous manner, thereby preventing occurrence of
pseudo-contouring due to tone jumping.

[0091] The above and other objects, features and advan-
tages of the present invention will become more apparent
from the following description of embodiments with refer-
ence to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0092] FIG. 1 is a block diagram showing an image
processing apparatus in a preferred embodiment of the
present invention;

[0093] FIG. 2 is a block diagram showing concrete
examples of hardware for the image processing apparatus
according to the present invention;

[0094] FIG. 3 is a schematic block diagram showing
another example of application of the image processing
apparatus according to the present invention;

[0095] FIG. 4 is a schematic block diagram showing
another example of application of the image processing
apparatus according to the present invention;
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[0096] FIG. 5 is a flowchart of image processing in the
image processing apparatus according to the present inven-
tion;

[0097] FIG. 6 is a diagram showing a state in which a
processing object pixel is moved;

[0098] FIG. 7 is a diagram showing a display window for
specifying a processing object area and a processing item;
[0099] FIG. 8 is a diagram showing that two processing
object areas are selected;

[0100] FIG. 9 shows a region reference table used for
storing specified regions and image processing objects;

[0101] FIG. 10 is a diagram showing a window for
selecting a processing object and a processing item;

[0102] FIG. 11 is a diagram showing rectangular regions
specified with chromaticity “x-y”;

[0103] FIG. 12 is a diagram showing that center points are
specified with chromaticity “x-y”;

[0104]

[0105] FIG. 14 is a graph showing a change in applica-
bility when a center point is specified with chromaticity
“X-y”;

[0106] FIG. 15 is a graph showing a luminance distribu-
tion range in expansion;

FIG. 13 is a flowchart of applicability setting;

[0107] FIG. 16 shows a conversion table for expanding a
luminance distribution range;

[0108] FIG. 17 is a graph showing a conversion relation-
ship for expanding a luminance distribution range;

[0109] FIG. 18 is a graph showing a conceptual condition
for increasing luminance by y-curve correction;

[0110] FIG. 19 is a graph showing a conceptual condition
for decreasing luminance by y-curve correction;

[0111] FIG. 20 is a graph showing a correspondence
relationship of luminance subjected to y-correction;

[0112] FIG. 21 is a diagram showing an unsharp mask
comprising 5x5 pixels;

[0113] FIG. 22 is a graph showing a statistical condition
of saturation distribution;

[0114] FIG. 23 is a graph showing a relationship between
minimum saturation ‘A’ and saturation index ‘S’;

[0115] FIG. 24 is a diagram showing a display window
which contains an area to be processed in entire image
processing and an area to be processed in partial image
processing;

[0116] FIG. 25 is a block diagram showing a color adjust-
ment device in a preferred embodiment of the present
invention;

[0117] FIG. 26 is a flowchart of color adjustment process-
ing in the color adjustment device according to the present
invention;

[0118] FIGS. 27(a)-(c) are diagrammatic illustrations
showing tone cures for converting gradation data with
predetermined degrees of enhancement;
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[0119] FIG. 28 is a flowchart of color adjustment process-
ing in a modified embodiment according to the present
invention;

[0120] FIG. 29 is a diagram showing a window for
selecting a color adjustment object for the color adjustment
processing; and

[0121] FIG. 30 is a diagram illustrating an original pho-
tographic image to be subjected to the color adjustment
processing.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0122] The present invention will now be described in
detail by way of example with reference to the accompany-
ing drawings.

[0123] FIG. 1 shows a block diagram of an image pro-
cessing scheme using an image processing apparatus in a
preferred embodiment of the present invention, and FIG. 2
presents a schematic block diagram illustrating a concrete
example of a hardware configuration.

[0124] Referring to FIG. 1, an image input device 10
supplies photographic image data containing dot-matrix
pixels of a photographic or picture image to an image
processing apparatus 20, on which an object applicable to
image processing and conditions thereof are specified and
then image processing is carried out for object pixels.
Thereafter, the image processing apparatus 20 delivers the
image data thus processed to an image output device 30, on
which the processed image is output in a dot-matrix pixel
form.

[0125] As shown in FIG. 2, a concrete example of the
image input device 10 is a scanner 11, a digital still camera
12 or a video camcorder 14, a concrete example of the
image,processing apparatus 20 is a computer system com-
prising a computer 21, a hard disk unit 22, a keyboard 23,
a mouse 27, a CD-ROM drive unit 24, a floppy disk drive
unit, 25, a modem 26, etc., and a concrete example of the
image output device 30 is a printer 31 or a display monitor
32. In the present preferred embodiment, photographic
image data is most suitable as input data since objet pixels
are specified for correcting deficiencies in an image and
image processing is performed according to a predetermined
correspondence relationship. The modem 26 can be con-
nected to a public communication line for downloading
software and data from an external network through the
public communication line.

[0126] In the present preferred embodiment, the scanner
11 or digital still camera 12 serving as the image input
device 10 provides RGB (red, green, blue) gradation image
data, the printer 31 serving as the image output device 30
requires input of CMY (cyan, magenta, yellow) or CMYK
(cyan, magenta, yellow, black) binary gradation data, and
the display monitor 32 requires input of RGB gradation data.
In the computer 21, a printer driver 215 for the printer 31 and
a display driver 21¢ for the display monitor 32 are run under
control of an operating system 21a.

[0127] Furthermore, an image processing application 21d
is controlled by the operating system 21a for execution of
processing thereof, and the image processing application
21d carries out predetermined image processing in conjunc-
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tion with the printer driver 21b or the display driver 21c as
required. Therefore, the computer 21 serving as the image
processing apparatus 20 is used for receiving RGB gradation
data and generating optimally image-processed RGB gra-
dation data through image evaluation for output onto the
display monitor 32 by means of the display driver 21c. The
computer 21 is also used for converting RGB gradation data
into CMY (or CMYK) binary data for output onto the printer
31 by means of the printer driver 21b.

[0128] As mentioned above, the computer system is
arranged between the image input device and the image
output device for carrying out image evaluation and image
processing in the present preferred embodiment. The com-
puter system is not always-required, however It is to be
understood that the invention is applicable to a variety of
image data processing apparatuses. As shown in FIG. 3, for
example, there may be provided such a system arrangement
that an image processing apparatus for carrying out image
processing for each predetermined applicable object is
incorporated in a digital still camera 124 and converted
image data is displayed on a display monitor 324 or printed
on a printer 31a. Still more, as shown in FIG. 4, for a printer
31b capable of receiving image data and printing images
without using a computer system, there may be provided
such an arrangement that image data is input from a scanner
11b, a digital still camera 12b or modem 26b to the printer
31b, in which image processing is carried out through
judgment on whether or not each pixel belongs to each
applicable object.

[0129] In the embodiments mentioned above, image
evaluation and image processing are implemented by means
of an image processing program flowcharted in FIG. 5§,
which is run on the computer 21, for example. Referring to
FIG. 5, the image processing program is executed through
the following steps: At the first step S100, an applicable
object is specified for each image processing. At steps S110
to S140, a predetermined image processing operation is
performed by moving an object pixel for each dot-matrix
pixel as shown in FIG. 6. More specifically, at step S110, it
is judged whether each object pixel is applicable to image
processing conditions specified at S100. At step S120, image
data is converted according to the result of judgment. In this
conversion, image processing is accomplished in effect. At
steps S130 and S140, each object pixel is moved as required.
The following describes this image processing flow in
further detail.

[0130] Depending on image processing conditions, it is
determined which pixels are to be subjected to image
processing. In the present preferred embodiment, a part of
image to be processed is specified as shown in FIGS. 7 and
8. Referring to FIG. 7, there are provided an operation area
41 along a top side of a window 40 for window frame
operation, a display area 42 at a center part of the window
40, and a processing menu area 43 at a bottom side of the
window 40 for image processing menu items.

[0131] An image to be processed is displayed on the
display area 42, a rectangular region is specified using the
mouse 27, and an image processing menu item is selected on
the processing menu area 43 using the mouse 27. The
processing menu area 43 contains executable image pro-
cessing items including ‘CONTRAST’ adjustment,
‘BRIGHTNESS’ adjustment, ‘SHARPNESS’ adjustment
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and ‘SATURATION’ adjustment items, each of which is
provided with arrows for specifying a degree of adjustment.
For instance, clicking an up-arrow of ‘CONTRAST” adjust-
ment item with the mouse 27 specifies image processing for
increasing contrast, and clicking a down-arrow thereof
specifies image processing for decreasing contrast.

[0132] For each specified region of image, a plurality of
image processing items may be selected. When ‘LIST
DISPLAY/EDIT’ item on the processing menu area 43 is
clicked, information on a selected image processing item is
displayed as shown in a region reference table exemplified
in FIG. 9, i.e., an upper left corner coordinate point and a
lower right corner coordinate point of each specified region,
a specified kind of image processing, and a specified level of
adjustment are displayed. A level value indicates a degree of
image processing adjustment, which can be increased/de-
creased by clicking an up/down-arrow of each image pro-
cessing item on the processing menu area 43 as many times
as required. A kind-of-processing code indicates a particular
kind of image processing as follows: In the example shown
in FIG. 9, the CONTRAST adjustment item is indicated as
‘1°, the BRIGHTNESS adjustment item is indicated as ‘2°,
the SHARPNESS adjustment item is indicated as ‘3°, and
the SATURATION adjustment item is indicated as ‘4’. The
kinds of image processing and levels of adjustment will be
described in more detail together with description of image
processing conditions. For removing a image processing
item from the region reference table, it is just required to
highlight the image processing item by clicking with the
mouse and press a DELETE key on the keyboard 23.
Besides, the contents of the region reference table can be
edited in other manners similar to those in ordinary appli-
cation software.

[0133] In the present preferred embodiment, since the
image processing application 21d is executed at an applica-
tion level of the operating system 21a, an image be pro-
cessed can be displayed in the window 40 and a region of
interest can be specified in it. However, in an instance where
the same image processing functionality is implemented at
a driver level of the operating system 214, e.g., in the printer
driver 21b, an image to be processed may not be displayed
in a window.

[0134] FIG. 10 shows an example in which an object of
image processing is specified regardless of whether win-
dowing display is provided or not. When the printer driver
21b is made active, an window 50 is selectable as an option.
While a part of image to be processed is specified in the
examples shown in FIG. 7 to 9, pixels to be processed are
selected by specitying image chromaticity this example. The
following describes chromaticity used in the invention.

[0135] As an example of representation in chromaticity,
“x-y” chromaticity calculation is performed below. Assum-
ing that RGB gradation data containing pixels to be pro-
cessed in RGB color scheme is (R, G, B), the following
expressions are given.

r=R/(R+G+B) o)
9=G/(R+G+B) )
[0136] Then, in XYZ color scheme, the following corre-

spondence relationship is set up between chromaticity coor-
dinates “x” and “y”.

x=(1.1302+1.6387r+0.6215g)/(6.7846-3.0157r—
0.3857g) ®3)
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y=(0.0601+0.93997+4.5306)/(6.7846-3.0157r~

0.3857g) (4
[0137] Since a value of chromaticity represents an abso-
lute ratio in psychophysical color specification which does
not depend on brightness, it is possible to identify an object
to which the pixels of interest belong according to chroma-
ticity thereof.

[0138] For example, in an object image of a person, it is
necessary to extract pixels in a flesh color part. A value of
chromaticity of flesh color is in a range expressed below.

0.35<x<0.40 O]
0.33<y<0.36 (6)

[0139] Hence, if a determined chromaticity value of each
pixel is within the range indicated above, it can be assumed
that the pixel of interest corresponds to a point of skin of a
person’s image in most cases. Similarly, as to such object
images as blue sky and green leaves of trees, chromaticity is
also applicable in judgment. Regardless of brightness, pixels
of blue sky and green leaves of trees can be identified
approximately. FIG. 11 shows a distribution relationship of
“x-y” chromaticity, in which there are indicated applicable
rectangular regions corresponding to flesh color, sky-blue
color and green color of leaves. As shown in FIG. 10, there
may be provided such:an arrangement that a range value of
“x-y” chromaticity distribution can be specified directly for
individual definition.

[0140] FIG. 12 shows a technique for specifying a center
point in determination of each applicable region. In case of
flesh color, a center point of its, applicable region is found
as expressed below using Equations (5) and (6).

x=0.375 )
y=0.345 3)

[0141] Then, with reference to this center point, it is
checked whether a value of chromaticity is within a range of
a predetermined radius or not. If this condition is satisfied,
it is judged that each pixel of interest belongs to a particular
applicable region.

[0142] In the window 50 selectable using an optional
function of the printer driver 21b, there are provided adjust-
ment items which indicate practical examples corresponding
to predefined chromaticity ranges to be specified for an
object so that a human operator can easily adjust a color of
blue sky or green leaves of trees as desired. In addition, there
are provided arrow buttons which are used for increasing or
decreasing chromaticity of pixels of interest.

[0143] Inthe example shown in FIG. 10, a range of pixels
is specified with chromaticity and it is determined whether
the chromaticity is to be enhanced or not in image process-
ing. However, it is not always necessary to let chromaticity-
based pixel selection be consistent with image processing to
be performed. For instance, in image processing, it is
allowed to increase brightness of flesh color pixels or
contrast of green color pixels. Namely, chromaticity is used
only as an index indicating whether pixels of interest are to
be processed or not. In this example, chromaticity is used
just for the purpose of pixel selection in image processing.

[0144] As described above, step S100 at which an appli-
cable object is specified for each image processing com-
prises the unit for specifying a correspondence relationship.
However, it is to be understood that step S100 is not limited
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to this function and may be modified to provide the unit for
specifying a part of image or a value of chromaticity as
required. There may also be provided such an arrangement
that other factors including brightness and sharpness are
specified. As shown in FIG. 9, the region reference table for
indicating a specified region and holding its image process-
ing in a correspondence relationship is stored in a memory
area of the computer system in the present preferred embodi-
ment. It will be obvious to those skilled in the art that the
region reference table is used to provide the unit for holding
a correspondence relationship in combination with a color
conversion table for image processing (to be described
later).

[0145] At step S110 and the subsequent steps, each object
pixel is moved and it is judged whether each object pixel is
applicable to a specified operation of image processing as
mentioned above. For checking whether each object pixel is
to be subjected to image processing or not, the region
reference table shown in FIG. 9 is used. A coordinate
location of each object pixel is compared with upper left
corner and lower right corner coordinates indicated in each
field of the region reference table. If the coordinate location
of each object pixel meets a coordinate value indicated in
any field, it is judged that the object pixel of interest is
applicable to image processing. If it does not meet any
coordinate value indicated in any field, it is judged that the
object pixel of interest is not applicable to image processing.
In case that chromaticity is used for judgment as shown in
FIG. 10, object pixel chromaticity is calculated using Equa-
tions (1) to (4), and it is judged whether a calculated value
is within a chromaticity range selected using an optional
function of the printer driver 21b.

[0146] Whether an object is applicable to image process-
ing or not is judged according to a part of image or
chromaticity as mentioned above. However, if an alterna-
tive-choice judgment is made to determine whether a spe-
cific range is satisfied or not, any visual stepwise difference
is prone to occur in an adjacent region. For instance, if
brightness of a certain rectangular region is increased while
brightness of an immediate outside part thereof is not
increased, a stepwise difference in brightness occurs on a
boundary therebetween, resulting in the rectangular region
being distinguishable clearly.

[0147] To circumvent this adverse effect, the present pre-
ferred embodiment uses a parameter of image processing
applicability k. Referring to FIG. 13, if an object is judged
to belong to a specified region at step Sill, applicability k is
set to ‘1° at step S112. For a transition region on a circum-
ference of the specified region, applicability k is changed in
arange of ‘0’ to ‘1°. More specifically, if the object is judged
to be within the transition region at step S113, applicability
k is adjusted toward ‘1 at step S114 in case the object is near
the specified region or it is adjusted toward ‘0’ in case the
object is apart from the specified region. If the object is
judged not to belong to the specified region nor the transition
region, applicability k is set to ‘0’ at step S115. While a
center point of chromaticity is specified as exemplified in
FIG. 12, there may be provided such an arrangement as
shown in FIG. 14. Referring to FIG. 14, applicability k is
set to ‘1’ for an image processing object corresponding to
radius ‘r0°, and under condition that a transition region is
provided in a range of radius ‘r0’ to ‘rl’, applicability k is
gradually adjusted toward ‘0’ in a circumferential region.
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[0148] At step S110, an applicable correspondence rela-
tionship is judged, and at steps S111 to S115, applicability k
is determined as mentioned above. According to the present
preferred embodiment, there is provided the unit for judging
a correspondence relationship using software processing
including such procedural steps as steps S110 to S115
mentioned above and hardware for implementation thereof.
While applicability k is determined as a result of judgment
in each image processing in the present preferred embodi-
ment, it will be obvious to those skilled in the art that an
alternative-choice judgment is also feasible in application.

[0149] At step S120, image processing is carried out for
each object pixel according to applicability k. The following
describes more specific conditions of image processing in
practicing the present invention.

[0150] Contrast indicates a width of luminance in an entire
image, and inmost cases of contrast adjustment, it is desired
to increase a width of contrast. Referring to FIG. 15, there
is shown a histogram of statistical luminance distribution of
pixels of a certain image. In case of a solid-line curve of
narrow distribution, a difference in luminance among bright
and dark pixels is relatively small. In case of a dot-dashed-
line curve, of broad distribution, a difference in luminance
among bright and dark pixels is relatively large, which
signifies that a width of contrast is increased. Referring to
FIG. 17, there is shown a graph indicating a luminance
conversion operation for enhancing contrast. Assuming that
the following equation holds for a relationship between
original unconverted luminance y and converted luminance
Y,

Y=ay+b [©)]

[0151] Through conversion under condition “a>1", a dif-
ference between a maximum value of luminance ‘ymax’ and
a minimum value of luminance ‘ymin’ is increased, resulting
in a broad distribution of luminance as shown in FIG. 15. In
this case, it is preferred to determine slope ‘a’ and offset ‘b’
according to luminance distribution. For example, the fol-
lowing equations are given:

a=255/(ymax—ymin) 10
b=—a-ymin or 255-a-ymax 11

[0152] Under the conditions indicated above, a certain
narrow luminance distribution can be expanded to a repro-
ducible extent. However, if it is expanded to an extreme end
of a reproducible range,, highlights may be blown out to
white or shadows may be plugged up to black. To prevent
this, a non-expand able margin corresponding to a lumi-
nance value of approx. ‘5’ is provided at each of the upper
and lower limits of the reproducible range. Resultantly,
conversion parameters are expressed as follows:

a=245/(ymax—ymin) 12)
b=5-a-ymin or 250-a-ymax 13)
[0153] In this case, conversion is not performed in ranges

where “y<5” and “y>250".

[0154] In image data conversion, it is not required to
perform calculation each time. If a luminance value range is
‘0’ to ‘255°, a result of conversion is predetermined for each
luminance value and a conversion table is prepared as shown
in FIG. 16. In this case, the conversion table is usable just
for luminance. In an instance where image data contains
direct elements of luminance, the conversion table can be
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used. Contrarily, in an instance where image data contains
only indirect elements of luminance, the conversion table
cannot be used. In most computer systems, red, green and
blue elements of image data are indicated in gradation of
brightness, i.e., color gradation data (R, G, B) is used. Since
such gradation data (R, G, B) does not provide direct values
of luminance, it is necessary to perform conversion to Luv
color space scheme for determining luminance. This method
is, however, disadvantageous since a large amount of cal-
culation is required. Therefore, the following conversion
expression is used, which is commonly adopted in television
signal processing for directly determining luminance from
RGB data:

y=0.30R+0.59G+0.11B (14)

[0155] On a principle that linear conversion can be made
between gradation data and luminance y as indicated above,
Equation (9) is applicable to a relationship between original
unconverted gradation data (R0, GO, B0O) and converted
gradation data (R1, G1, B1). Then, the following expres-
sions are given:

R1=aR0+b (15)
G1=aG0+b (16)
Bl1=aB0+b 17

[0156] Consequently, the conversion table shown in FIG.
16 is applicable to gradation data conversion.

[0157] The following describes an image processing tech-
nique for adjusting brightness. As in the above-mentioned
case of contrast adjustment, a histogram of brightness dis-
tribution is assumed. Referring to FIG. 18, a solid-line curve
indicates a luminance distribution which has its peak
inclined toward a dark level. In this case, the peak of entire
distribution is shifted toward a bright side as indicated by a
broken-line curve. Referring to FIG. 19, a solid-line curve
indicates a luminance distribution which has its peak
inclined toward a bright side. In this case, the peak of entire
distribution is shifted toward a dark side as indicated by a
broken-line curve. In these cases, linear luminance conver-
sion as shown in FIG. 17 is not performed, but y-curve
luminance conversion is performed as shown in FIG. 20.

[0158] In y-curve correction, entire brightness is increased
when “y<1”, and it is decreased when “y>1". Adegree of this
correction can be adjusted gradually by clicking an up-arrow
or down-arrow of the BRIGHTNESS adjustment item on the
processing menu area 43 shown in FIG. 7 as many time as
required at step S100.

[0159] As in contrast adjustment, it is also possible to set
up a value of y automatically. As a result of our various
experiments, it has been found that the following approach
is advantageous: In a luminance distribution, median ‘ymed’
is predetermined. If it is less than ‘85°, an image of interest
is judged to be too dark and y correction is made according
to a y value indicated below.

y=ymed/85 18)
[0160] or,
y=(ymed/$5) ** (1/2) (19)

[0161] Note, however, that even if “y<0.7”, a value of y is
set to 0.7 forcedly. Unless this kind of limit is provided, a
night-scene image appears to be of daytime. If an image is
brightened excessively, it becomes whitish entirely, result-
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ing in low contrast. In this case, it is preferred to perform
such a processing operation as enhancement of saturation in
combination.

[0162] If median ‘ymed’ is larger than ‘128’, an image of
interest is judged to be too bright and y correction is made
according to a v value indicated below.

y=ymed/128 (20)
[0163] or,

y=(ymed/128) ** (1/2) (1)
[0164] In this case, a limit is also provided so that a value

of v is set to 1.3 forcedly even if “y>1.3” for the purpose of
preventing the image of interest from becoming too dark.

[0165] For this y correction, it is preferred to provide such
a conversion table as shown in FIG. 16.

[0166] In edge enhancement processing for adjusting
sharpness of an image, with respect to original non-en-
hanced luminance Y of each pixel, enhanced luminance Y'
is calculated as expressed below.

Y'=Y+Eenhance-(Y-Yunsharp) (22)

[0167] where ‘Eenhance’ indicates a degree of edge
enhancement, and ‘Yunsharp® indicates unsharp-mask pro-
cessing for each pixel of image data. The following
describes the unsharp-mask processing: Referring to FIG.
21, there is shown an example of an unsharp mask 60
comprising 5x5 pixels. The unsharp mask 60 is used in
summation in such a manner that a center value of ‘100’ is
assigned as a weight to a processing object pixel “Y(x,y)’ in
dot-matrix image data and a weight corresponding to a value
in each array box of the unsharp mask 60 is assigned to each
circumferential pixel thereof. In use of the unsharp mask 60,
summation is performed based on the following expression:

Yunsharp (x, y) = (1 /396)2 (MijxY(x+i, Y + j) 23)

i

[0168] In Equation (23), ‘396 indicates a total value of
weighting factors. For an unsharp mask having a different
size, a total of values in array boxes thereof is indicated.
‘Mij’ represents a weighting factor indicated in each array
box of an unsharp mask, and ‘Y(x,y) ’ represents each pixel
of image data. In the unsharp mask 60, ‘i’ and ‘j° indicate
coordinates on horizontal and vertical axes thereof.

[0169] Edge enhancement calculation based on Equation
(22) provides the following functional meaning: ‘Yun-
sharp(x,y)’ is the result of addition in which a weight
assigned to each circumferential pixel is reduced with
respect to a pixel of interest, and accordingly an image is
unsharpened through processing. Such an unsharpening
operation is functionally equivalent to low-pass filtering.
Therefore, “Y(x,y) —Yunsharp(x,y)” signifies that a low-
frequency component is subtracted from each of original
components, i.e., it is functionally equivalent to high-pass
filtering. If a high-frequency component subjected to high-
pass filtering is multiplied by a degree of edge enhancement
‘Eenhance’ and a result value of this multiplication is added
to “Y(x,y)”, it means that a high-frequency component is
increased in proportion to the degree of edge enhancement
‘Eenhance’. Thus, edge enhancement is accomplished.

Page 42 of 50

Mar. 6, 2003

Since edge enhancement is required only for an edge part of
an image, it is possible to reduce the amount of processing
substantially by performing only in case that there is a large
difference between adjacent pixels of image data.

[0170] In this case, the degree of edge enhancement ‘Een-
hance’ can be adjusted by clicking an up-arrow or down-
arrow of the SHARPNESS adjustment item on the process-
ing menu area 43 shown in FIG. 7 as many times as required
at step S100. Still more, it is possible to set up the degree of
edge enhancement ‘Eenhance’ automatically.

[0171] At an edge part of an image, a difference in
gradation data increases between adjacent pixels. This dif-
ference represents a gradient of luminance, which is referred
to as a degree of edging. In an image, a degree of variation
in luminance can be calculated by determining each of
horizontal-direction and vertical-direction vector compo-
nents. Although an object pixel in an image containing
dot-matrix pixels is adjacent to eight pixels, a degree of
variation is determined only with respect to adjacent pixels
in horizontal and wvertical directions for the purpose of
simplifying calculation. Summation is performed on length
values of respective vectors to represent a degree of edging
‘g’ for the object pixel of interest, and a sum value of edging
degree is divided by the number of pixels to attain an
average value. Assuming that the number of pixels is indi-
cated as ‘E(I)pix’, a degree of sharpness ‘SL’ of an object
image can be calculated as expressed below.

SL=3|g|/E(Dpix 249

[0172] Inthis case, as a value of ‘SL’ decreases, the degree
of sharpness becomes lower (blurring). As a value of ‘SI”
increases, the degree of sharpness becomes higher (clearer
imaging).

[0173] Since sharpness of an image depends on a visual
sensation of an individual person, a degree of sharpness ‘SI”
is determined similarly using image data which has optimum
sharpness attained experimentally. A value thus determined
is set as an ideal level of sharpness ‘SLopt’, and a degree of
edge enhancement ‘Eenhance’ is determined as expressed
below.

Eenhance=ks (SLopt-SL) ** (1/2) 25

[0174] where coefficient ‘ks’ varies with a size of image.
In case that image data contains ‘height’ dots and ‘width’
dots in vertical and horizontal directions respectively, coef-
ficient ‘ks’ can be determined as indicated below.

ks=min (height, width) /A (26)

[0175] where ‘min (height, width)’ indicates the number
of ‘height’ dots or the number of ‘width’ dots, whichever is
smaller, and ‘A’ is a constant value of ‘768,

[0176] TItis to be understood that the above value has been
attained from experimental results and may be altered as
required. Basically, as an image size increases, it is advisable
to increase the degree of edge enhancement.

[0177] In the above-mentioned fashion, edge enhance-
ment processing can be carried out in manual or automatic
setting.

[0178] The following describes an image processing tech-
nique for adjusting saturation. In case of saturation adjust-
ment using a saturation enhancement parameter ‘Sratio’, the
parameter can be changed as required for such image data
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that has saturation parameters. For attaining a saturation
value from gradation data containing RGB component val-
ues only, it is primarily necessary to perform conversion to
a color space scheme in which saturation values are used as
direct component values. However, in this processing, RGB
image data is converted into Luv-space image data, and then
after saturation enhancement, it is re-converted into RGB
image data again, resulting in an increase in the amount of
calculation. Therefore, RGB gradation data is directly sub-
jected to saturation enhancement.

[0179] In RGB color space scheme in which components
are represented by hue component values having approxi-
mately equivalent relationships, condition “R=G=B” signi-
fies gray without saturation. It is therefore considered that a
minimum value of each component indicates just a decrease
in saturation without affecting hue of each pixel. Based on
this principle, saturation can be enhanced by subtracting a
minimum value of each component from all the component
values and increasing a resultant difference value of sub-
traction.

[0180] If a component value of blue (B) is minimum in
RGB gradation data containing red, green and blue compo-
nents (R, G, B), conversion is performed as shown below
using the saturation enhancement parameter ‘Sratio’.

i R'=B+(R-B)xSratio @7
G'=B+(G-B)xSratio (28)
BB (29)

[0181] Thus, since there is no need to perform conversion
and re-conversion between RGB color space scheme and
Lub space scheme, a time required for processing can be
reduced substantially. While the present preferred embodi-
ment uses a technique of subtracting a minimum component
value from another component value as to a non-saturated
component, a different conversion equation may be used for
subtracting a value of a non-saturated component. In case
that just a minimum value is subtracted as in Equations (27)
to (29), the amount of processing is relatively small since
multiplication or division is not involved.

[0182] In saturation adjustment using Equations (27) to
(29), satisfactory conversion can be performed but there is
a tendency that an image becomes brighter entirely due to an
increase in luminance when saturation is enhanced. There-
fore, conversion is performed for a difference value attained
by subtracting a value corresponding to luminance from
each component value. Assuming that saturation enhance-
ment is expressed as shown below,

R=R+AR (30)
G'=G+AG 31)
B'=B+AB (32

[0183] Each of the above operands AR, AG and AB can be
determined according to a difference value with respect to
luminance as shown below.

AR=(R-Y)xSratio (33)
AG=(G-Y)xSratio (34
AB=(B-Y)xSratio (35)

[0184] Hence, conversion can be carried out as expressed
below.

R'=R+(R-Y)xSratio 36)
G'=G+(G-Y)xSratio 37
B'=B+(B-Y)xSratio (38)
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[0185] As to retention of luminance, the following equa-
tions are applicable:

Y'=Y+Ay (39
[0186]
AY =0.30AR + 0.59AG + 1.11AB (40)

= Sratio {(0.3R +0.59G +0.11B) - Y}

=0

[0187] In case of input of gray (R=G=B), condition “lumi-
nance Y=R=G=B" is set up, resulting in condition “operand
AR=AG=AB=0". Thus, no color is given in case of non-
saturation. In use of Equations (36) to (38), luminance can
be retained and an image does not become brighter entirely
even when saturation is enhanced.

[0188] In this case, the saturation enhancement parameter
‘Sratio’ can be adjusted by clicking an up-arrow or down-
arrow of the SATURATION adjustment item on the pro-
cessing menu area 43 shown in FIG. 7 as many times as
required at step 100. Still more, it is possible to set up the
saturation enhancement parameter “Sratio” automatically.

[0189] A value of pixel saturation can be determined in a
simplified manner. For this purpose, a substitute value ‘X’ of
saturation is calculated as shown below.

X=|G+B-2xR| (41)

[0190] Essentially, a value of saturation becomes ‘0’ under
condition “R=G=B”, and it becomes maximum when a
single color of red, green and blue is given or two colors
thereof are mixed at a predetermined ratio. Based on this
nature, it is possible to represent a value of saturation
directly. Yet, using the simple Equation (41), a maximum
value of saturation is provided for a single color of red or a
mixture color of cyan produced by mixing green and blue,
and a value of saturation is indicated as ‘O’ when each
component is uniform. For a single color of green or blue,
approximately half a level of maximum is provided. It is
obvious that substitution into the following equations is also
possible.

X'=|R+B-2xG]| (42)
X"=|G+R-2xB]| (43)
[0191] In a histogram distribution as to the substitute value

‘X’ of saturation, saturation levels are distributed in a range
of minimum ‘0’ to maximum ‘511” as schemed in FIG. 22.
Then, according to the statistical saturation distribution
shown in FIG. 22, a saturation index ‘S’ of an image of
interest is determined. In the saturation distribution, a range
of upper ‘16%’ is defined, and a minimum saturation value
‘A’ in the defined range is taken to represent saturation of the
image of interest.

[0192] If A<92, then

S=—Ax(10/92)+50 (44)
[0193] If 92=A<184, then

S=—Ax(10/46)+60 (45)
[0194] If 184=A<230, then

S=—Ax(10/23)+100 (46)
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[0195] If 230=A, then
5=0 #7)
[0196] In this manner, the saturation index ‘S’ is deter-

mined. Referring to FIG. 23, there is shown a relationship
between minimum saturation ‘A’ and saturation index ‘S’.
As shown in this figure, the saturation index ‘S’ increases in
a range of maximum ‘50’ to minimum ‘0’ as the saturation
‘A’ decreases, and it decrcases as the saturation ‘A’
increases. For conversion from the saturation index ‘S’ to the
saturation enhancement parameter ‘Sratio’, the following
equation is applicable:

Sratio=(5+100)/100 (48)

[0197] Inthis case, when the saturation index ‘S’ is ‘0’, the
saturation enhancement parameter ‘Sratio’ becomes ‘1’ not
to allow saturation enhancement.

[0198] The following describes a technique for enhancing
chromaticity while specifying a range of pixels according to
chromaticity as shown in FIG. 10. In principle, an approach
for increasing luminance of pixels in chromaticity enhance-
ment is employed. Therefore, a y-correction tone curve as
shown in FIG. 20 is used. According to a degree of
chromaticity enhancement, a value of y can be adjusted, and
it is also possible to set up a y value automatically, which
will be described later.

[0199] In the present preferred embodiment, there are
provided such image processing techniques as mentioned
hereinabove. Since a correspondence relationship applicable
to an object pixel is judged at step S110 and applicability k
is determined at steps S111 to S115, image data conversion
is performed at step S120 according to result of judgment.

[0200] As mentioned above, on the processing menu area
43 shown in FIG. 7, a kind of image processing is selected
and a level of enhancement is specified. Therefore, at step
S100, an image processing conversion table based on
respective enhance levels for image processing is prepared
and stored into a predetermined memory area of the com-
puter system. Then, at step S120, the image processing
conversion table is referenced to carry out conversion as
described below.

[0201] Under condition that components of pre-converted
RGB gradation data are (Rpre, Gpre, Bpre), components of
post-converted RGB gradation data attained through refer-
ence to a predetermined conversion table are (Rpost, Gpost,
Bpost), and components of final image data are (Rfinl, Gfinl,
Bfinl), conversion is performed as expressed below.

Rfinl=k-Rpost+(1-k)-Rpre 49)
Gfinl=k-Gpost+(1-k)-Gpre (50)
Bfinl=k-Bpost+(1-k)-Bpre 51
[0202] In image processing based on these equations, a

gradual increase in weight assignment is made in a transition
region where applicability k varies from ‘0’ to ‘1°, resulting
in elimination of a stepwise difference.

[0203] Equations (49) to (51) are used in succession for all
the image processing conversion tables to which the object
pixel is applicable. If applicability k is ‘0°, it is not necessary
to perform image data conversion. As to Equations (49) to
(51), each of red, green and blue components is subjected to
calculation, but just one or two of these components may be
calculated in some cases. Still more, in such a situation
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where applicability k is not used, each component (Rpost,
Gpost, Bpost) of RGB gradation data attainable just by
changing a kind of conversion table may be used intactly.

[0204] In the foregoing description, an applicable object is
specified for each image processing, i.e., only a particular
region in view of an entire image is subjected to image
processing. It is however possible to perform additional
image processing operation on a particular region while
carrying out a certain image processing operation in the
entire image.

[0205] Under condition that each component (Rtotal, Gto-
tal, Btotal) can be attained as a result of image processing
conversion for the entire image and each component (Rpart,
Gpart, Bpart) can be attained as a result of image processing
conversion for any particular region, weighted addition is
performed using applicability k' similar to the applicability
as shown below.

Rfinl=k"Rpart+(1-k’)-Rtotal (52
Gfinl=k"Gpart+(1-k') Grotal (53)
Bfinl=k"Bpart+(1-k')-Btotal 54

[0206] Referring to FIG. 24, there is shown a schematic
example in which an image of a slightly back-lighted person
in a scene is selected to increase its brightness while entire
color vividness is enhanced. A result of conversion on a
region of the entire image (Rtotal, Gtotal, Btotal), hatched
by frontward-sloping diagonal lines, is laid over a result of
conversion on a region of the person’s image (Rpart, Gpart,
Bpart), hatched by backward-sloping diagonal lines, accord-
ing to applicability k'. In this case, on the region of the
person’s image, applicability k' is set to a maximum level of
0.5, and on a transition region at a circumference thereof,
applicability k' is adjusted in a range of O<k'<0.5. Still more,
if applicability k' is set to a maximum level of 1.0 on the
region of the person’s image and applicability k' is adjusted
in a range of O<k'<1.0 on the transition region at the
circumference thereof, conversion for the entire image can
be excluded from the region of the person’s image. In the
same manner, a multiplicity of image processing results can
be applied.

[0207] Thereafter, at step S130, the object pixel is moved,
and at step S140, it is checked whether all the object pixels
have been subjected to processing. If processing is com-
pleted for all the object pixels, the image processing
sequence concerned comes to an end.

[0208] Having described the present preferred embodi-
ment as related to techniques for automatically setting up a
degree of enhancement in respective image processing
operations, there may also be provided such an arrangement
that image data is sampled uniformly for statistical calcu-
lation at a step before movement of an object pixel as
mentioned above and a degree of enhancement is set up
automatically according to result of statistical calculation
while a conversion table is created.

[0209] In an instance where a range of chromaticity is
selected using an optional function of the printer driver 21b,
an enhancement level can be set up automatically in such a
manner as mentioned above, thereby making it possible to
improve operability.

[0210] The following describes operations in the preferred
embodiment arranged as stated above.
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[0211] Tt is assumed that a photographic image is read in
using the scanner 11 and printed out using the printer 31.
First, under condition that the operating system 214 is run on
the computer 21, the image processing application 214 is
launched to let the scanner 11 read in the photographic
image. When the photographic image thus read in is taken
into the image processing application 21d under control of
the operating system 21a, the image processing application
21d carries out image processing operations as flowcharted
in FIG. 5.

[0212] At step S100, the read-in photographic image is
presented on the display area 42 of the window 40 as shown
in FIG. 7 so that an applicable object can be specified. In this
state, a human operator specifies a rectangular region of
sky-blue part using the mouse 27 and clicks the up-arrow of
the SATURATION adjustment item on the processing menu
area 43 as many times as desired for saturation enhance-
ment. Still more, the operator specifies a rectangular region
of person’s image part at the center and clicks the up-arrow
of the BRIGHTNESS adjustment item on the processing
menu area 43 as many times as desired for brightness
enhancement. Namely, while specifying an image process-
ing operation of saturation enhancement on a rectangular
region corresponding to a sky part of background, the
operator specifies an image processing operation of bright-
ness enhancement on a rectangular region corresponding to
a person’s image part.

[0213] When the window 40 is closed on completion of
specifications, a conversion table is created according to the
specifications. That is, a kind of image processing is deter-
mined with reference to a kind-of-processing code indicated
on the region reference table shown in FIG. 9, and a degree
of enhancement is judged according to a level-of-adjustment
value indicated thereon for conversion table creation. In this
example, a conversion table for saturation enhancement
processing and a conversion table for brightness enhance-
ment processing are created.

[0214] Thereafter, an object pixel applicable to processing
is set at an initial position, and at step S110, it is judged
whether or not a coordinate location of the object pixel is
included in the region reference table shown in FIG. 9. In
this case, a transition region is also taken into account, and
applicability k is attained. If the object pixel is located in a
hatched region as shown in FIG. 8, applicability k is set to
‘1°. Then, at step S120, with reference to a conversion table
for applicable image processing, the image data is converted
according to Equations (49) to (51). In an example shown in
FIG. 8, the rectangular region specifying the background
part and the rectangular region specifying the person’s
image part are overlaid partially, and an overlaid part is
subjected to image data conversion through two steps using
Equations (49) to (51). In a transition region, image data
conversion is also performed to eliminate a stepwise differ-
ence along a non-specified circumferential part.

[0215] The above-mentioned operations are repeated
while moving each object pixel applicable to processing at
step S130 until it is judge at step S140 that all the pixels have
been processed. Thus, saturation is enhanced on the sky-blue
part to provide a clear blue sky image, while the person’s
part is brightened to provide such a blight image as photo-
graphed with flash light even if the person’s image is
back-lighted in scene. It is to be understood that the blue-sky
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part is not brightened due to enhancement of brightness of
the person’s part and saturation of the person’s part is not
increased due to enhancement of saturation of the blue-sky
part.

[0216] Thereafter, image data thus processed is displayed
on the display monitor 32 through the display driver 21c,
and if the image thus displayed is satisfactory, it is printed
out on the printer 31 through the printer driver 215. More
specifically, the printer driver 21b receives RGB gradation
image data which has been subjected to image processing as
specified for each specified region, performs resolution
conversion as predetermined, and carries out rasterization
according to a print head region of the printer 31. Then, the
image data thus rasterized is subjected to RGB-to-CMYK
color conversion, and thereafter, CMYK gradation image
data is converted into binary image data for output onto the
printer 31.

[0217] In an instance where the printer driver 215 is made
active by a request for print processing from a certain
application unlike the above-mentioned image processing
through the image processing application 21d, an image to
be read in may not be displayed on the display area 42 of the
window 40. In this case, the printer driver 21b can present
such an option selection window as shown in FIG. 10. On
this window, the operator specifies a desired image process-
ing item to attain a clear flesh color part of a person’s image
or a vivid green part of tree leaves, for example, while
observing an original photograph or the like. This processing
operation corresponds to step S100 in FIG. 5 at which an
applicable object is specified.

[0218] After an optional processing item is selected, the
printer driver 21b creates a conversion table internally and
judges chromaticity of each pixel of input image data. Thus,
it is checked whether chromaticity of each pixel is appli-
cable to the selected optional processing item. If it is
applicable, image processing conversion is carried out using
Equations (49) to (51) with reference to the conversion table,
and image data thus converted is further converted into
CMYK image data which can be printed out onto the printer
31.

[0219] In such a manner as mentioned above, flesh color
pixels of a person’s image and green color pixels of tree
images in an original scene are enhanced through adjust-
ment, resulting in vivid imaging on printout.

[0220] Thus, on the computer 21 serving as the nucleus of
image processing, a region applicable to image processing is
specified at step S100, an object pixel is moved for judging
whether or not it belongs to the specified region at steps
S110 to S140, and then a specified image processing opera-
tion is carried out if the object pixel is judged to belong to
the specified region. Therefore, adjustment of image data in
a certain region does not have an adverse effect on image
data in another region, making it possible to realize satis-
factory adjustment in an entire image with ease.

[0221] While chromaticity enhancement is made in a
range of pixels specified according to chromaticity in the
example mentioned above, it is also practicable to set up a
degree of enhancement automatically. The following
describes details of a color adjustment device implemented
for the purpose of automatic setting of a degree of enhance-
ment.
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[0222] Referring to FIG. 25, there is shown a block
diagram of a color adjustment device in a preferred embodi-
ment of the present invention. A concrete example of a
hardware configuration of this system is similar to that
illustrated in FIG. 2.

[0223] In FIG. 25, an image input device 70 supplies
photographic color image data containing dot-matrix pixels
to a color adjustment device 80, on which optimum color
adjustment processing for the color image data is carried out.
Then, the color adjustment device 80 delivers color-adjusted
image data to an image output device 90, on which a
color-adjusted image is output in a dot-matrix pixel form. In
this sequence, the color-adjusted image data delivered by the
color adjustment device 80 is produced through judging an
object and color of image according to chromaticity of each
pixel and determining a principle and degree of optimum
color adjustment in terms of color correction of an entire
image. For this purpose, the color adjustment device 80
comprises the unit for judging chromaticity, the unit for
statistical calculation of object chromaticity pixels, the unit
for judging a degree of color adjustment, and the unit for
adjusting color.

[0224] To be more specific, judgment on an object and
color adjustment thereof are carried out by a color adjust-
ment processing program as flowcharted in FIG. 26, which
is run on the computer 21. Note that a flowchart exemplified
in FIG. 26 is for color adjustment processing to provide
clear flesh color.

[0225] In the color adjustment processing, statistical cal-
culation is performed on flesh-color-like pixels according to
chromaticity of each pixel. As shown in FIG. 6, each object
pixel is moved for statistical calculation on all the pixels.

[0226] First, at step S210, chromaticity “x-y” of each pixel
is calculated. As in the case of the example in the foregoing
description, flesh color is identified if the following expres-
sions are satisfied.

0.35<x<0.40 O]
0.33<y<0.36 (6)

[0227] At step S220, it is judged whether or not chroma-
ticity “x-y” converted according to each pixel of RGB
gradation data is in a predefined flesh color range. If it is in
the flesh color range, statistical calculation is performed on
each pixel of color image data at step S230. This statistical
calculation signifies simple addition of RGB gradation data
values. The number of pixels is also counted to determine an
average value for pixels judged to have flesh color, which
will be described in detail later.

[0228] Thereafter, regardless of whether or not each object
pixel is judged to have flesh color, each object pixel is
moved at step S240. Thus, the above-mentioned sequence is
repeated until it is judged at step S250 that processing for all
the pixels is completed. On completion of processing for all
the pixels, step S260 is performed to divide statistical result
data by the number of pixels for determining an average
value (Rs.ave, Gs.ave, Bs.ave).

[0229] Software processing for “x-y” chromaticity calcu-
lation at step S210 and hardware for execution thereof
provide the unit for judging chromaticity. It is judged at step
S220 whether or not chromaticity “x-y” is in a predeter-
mined object range, and if the predetermined object range is
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satisfied, statistical calculation is performed on color image
data at step S230. Then, at steps S240 and S250, each object
pixel is moved until all the pixels are taken. At step S260,
statistical result is divided by the number of pixels to
determine an average value. These software processing
operations and hardware for execution thereof provide the
unit for statistical calculation of object chromaticity pixels.

[0230] As to pixels having preferable flesh color, an ideal
value (Rs.ideal, Gs.ideal, Bs.ideal) is predefined. In terms of
memory color in psychology, each ideal value is different
from result of actual measurement. In an example of flesh
color, a person tends to have an optical illusion that slightly
deviated flesh color is true rather than flesh color conform-
ing to actual measurement result. This optical illusion is
based on a stereotyped recognition of flesh color on photo-
graphs and pictures, i.e., it is referred to as a memory color
effect in psychology. In the present invention, an ideal value
is predefined in consideration of such a memory color effect
so that color adjustment is made to eliminate a difference
from the ideal value. Therefore, the ideal value may be in a
wide target range expected without being biased to actual
color.

[0231] Regarding flesh color pixels, a difference between
an average value (Rs.ave, Gs.ave, Bs.ave) of RGB gradation
data and an ideal value (Rs.ideal, Gs.ideal, Bs.ideal) pre-
defined for preferable flesh color represents a degree of
deviation in color image data fundamentally.

[0232] However, it is not preferred to apply the difference
as a degree of color adjustment intactly. For instance, if the
same degree of color adjustment is applied to all the pixels,
a flesh color part may become satisfactory but colors of
pixels on any parts other than the flesh color part may be
affected significantly.

[0233] In the present preferred embodiment, therefore, a
ratio of the number of flesh color pixels to the total number
of pixels (flesh color ratio) is determined at step S270 for
regulating a degree of color adjustment. Degrees of adjust-
ment of primary colors AR, AG and AB are expressed as
shown below.

AR=ks(Rs.ideal-Rs.ave) (55
AG=ks(Gs.ideal-Gs.ave) (56)
AB=ks(Bs.ideal-Bs.ave) 57

[0234] Based on these equations, a value of flesh color
ratio ‘ks’ is attained as indicated below.

ks=(Number of flesh color pixels/Total number of

pixels)
[0235] A degree of color adjustment thus attained is not
applied intactly to color image data adjustment. In the
present preferred embodiment, a tone curve is prepared
using the degree of color adjustment at step S280. FIG. 27
is a diagrammatic illustration showing tone curves prepared
in the present embodiment.

[0236] A tone curve represents an input-output relation-
ship where RGB gradation data is converted with a degree
of enhancement regulated. In an example of 256 gradations
ranging from levels ‘0’ to ‘255°, a spline curve is drawn with
respect to three identified output value points corresponding
to gradation level ‘0°, gradation level ‘255 and a certain
medium gradation level therebetween. Assuming that
medium gradation level ‘64° is taken and output values are
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‘0°, ‘64’ and ‘255°, there is a coincidence in an input-output
relationship even if input values are ‘0°, ‘64’ and ‘255°,
resulting in a tone curve being straightened. However, if
output value ‘64’ is not provided for input value ‘64°, a
gentle curve as shown in FIG. 27 is drawn to set up an
input-output relationship. In the present preferred embodi-
ment, a control point corresponding to the average value
(Rs.ave, Gs.ave, Bs.ave) of RGB gradation data is used as a
medium gradation level, and respective degrees of color
adjustment AR, AG and AB are reflected in formation of a
tone curve. In this fashion, the control point is changed so
that each ideal value (Rs.ideal, Gs.ideal, Bs.ideal) is met
when the flesh color ratio ‘ks’ is ‘1°.

[0237] At step S290, element colors of color image data
are converted for all the pixels again using a tone curve thus
attained to accomplish color adjustment of the color image
data.

[0238] Software processing at step S270 where color
adjustment is made according to a ratio of the number of
object pixels to the total number of pixels while determining
a difference between a statistical result value and an ideal
value, software processing at step S280 where a tone curve
is formed according to a determined degree of color adjust-
ment, and hardware for execution thereof provide the unit
for judging a degree of color adjustment. Software process-
ing at step S290 where color image data is converted and
hardware for execution thereof provide the unit for adjusting
color.

[0239] Having described the present preferred embodi-
ment as related to flesh color adjustment for the purpose of
simplicity in explanation, it is to be understood that color
adjustment is not limited to flesh color. In consideration of
a memory color effect in psychology, it is often desired to
attain more vivid green color of tree leaves and clearer blue
color of sky in addition to clearer flesh color through color
adjustment processing. Referring to FIG. 28, there is shown
a modified embodiment in which an object of adjustment is
selectable.

[0240] In the example shown in FIG. 28, an object of
color adjustment is selected first at step S 305. In use of the
computer 21, a window shown in FIG. 29 is presented on
the display monitor 32 so that a human operator can select
an object of color adjustment. The window exemplified in
FIG. 29 is provided with a flesh color adjustment item for
clearer flesh color, a green color adjustment item for more
vivid green color of tree leaves, and a blue color adjustment
item for clearer sky blue, each of which has a check box for
allowing individual selection. In this example, duplicate
selection is also permitted. When the operator turns on a
desired check box and click the ‘OK’ button, a flag for each
object thus specified is set up to start a loop processing of
steps S310 to S350.

[0241] In the loop processing, while moving an object
pixel, statistical calculation is performed on each pixel
through determining chromaticity as in the foregoing
description. At step S310, object pixel chromaticity “x-y” is
determined using Equations (1) to (4). Then, at step S315, a
flesh color adjustment flag which has been set up at step
S305 is referenced to judge whether or not the operator has
selected the flesh color adjustment item. If it has been
selected, statistical processing for flesh color pixels is per-
formed. This statistical processing is carried out in the same
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manner as at steps S220 and S230 in the previous example.
If chromaticity “x-y” determined at step S310 is in a
predefined possible chromaticity range corresponding to
flesh color, statistical calculation is performed for each
element color of RGB gradation data.

[0242] At step S325, a green color adjustment flag is
referenced to judged whether or not the operator has selected
the green color adjustment item in the same manner as for
flesh color adjustment. If the green color adjustment item
has been selected, object pixel chromaticity “x-y” is checked
to judge whether or not it is in a predefined possible
chromaticity range corresponding to green color of tree
leaves. If it is in the corresponding predefined chromaticity
range, statistical calculation is performed at step S330. This
statistical calculation is carried out in an area different from
that subjected to flesh color statistical calculation.

[0243] Then, at step S335, the blue color adjustment item
is checked to form a judgment in the same manner, and at
step S340, statistical calculation is performed on another
area.

[0244] At step S345, cach object pixel is moved, and the
above-mentioned sequence is repeated until it is judged at
step S350 that processing for all the pixels is completed. In
this modified embodiment, a plurality of objects may be
selected for color adjustment. Even in such a situation,
statistical calculation is performed at steps S315 to S340 if
chromaticity of each object pixel is in a predefined chroma-
ticity range. Therefore, these processing operations provide
the unit for statistical calculation of object chromaticity
pixels.

[0245] At steps S355 to S365 after completion of chro-
maticity statistical calculation on all the pixels, a degree of
adjustment for each color is calculated according to result of
statistical calculation. Unlike the previous example, a pro-
cessing operation for determining an average value from
statistical calculation result is performed simultaneously
with calculation of a degree of each color adjustment in this
modified embodiment, and it is possible to modify relevant
calculation procedures as required. As described in the
previous example, each adjustment of flesh color, green
color and blue color is carried out in the same manner. That
is, an average value is calculated according to statistical
calculation result, a difference between it and an ideal value
predefined for preferable color is determined, and multipli-
cation by a flesh color ratio, green color ratio or blue color
ratio is performed for regulating a degree of each color
adjustment.

[0246] Upon completion of step S365, there are provided
three kinds of degrees of color adjustment since degrees of
flesh color adjustment, green color adjustment and blue
color adjustment have been determined through respective
statistical calculations. Therefore, in the modified embodi-
ment, addition is performed to reflect results of these sta-
tistical calculations inclusively. More specifically, in a situ-
ation of wider application of processing objects, degrees of
color adjustment for respective processing objects AR, AG
and AB are determined as expressed below.
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AR = Z ki (Ri-ideal — Ri-ave) (58)
AG = Z ki(Gi- ideal — Gi- ave) (59)
(60)

AB = Z Ki(Bi- ideal — Bi-ave)

[0247] where

61

Zki<:1

[0248] i=1: flesh color
[0249] i=2: green color
[0250] i=3: blue color
[0251] In this case, it is assumed that no duplicate count-

ing is made.

[0252] At step S370, a tone curve is formed according to
each of degrees of color adjustment AR, AG and AG thus
determined, as shown in FIG. 27. In this case, control points
are indicated by X ki‘Ri.ave, X ki‘Gi.ave, X ki-Bi.ave.
Software processing operations at steps S355 to S370 pro-
vide the unit for judging degree of color adjustment. After
formation of each tone curve, color image data is adjusted at
step S375.

[0253] The above-mentioned color adjustment device may
also be implemented as a printer driver. Inmost cases, a
printer driver is not capable of temporarily storing data in an
output process after processing of input data. Hence, there is
a certain limitation in functionality for changing processing
conditions according to each region divided as desired.
However, by setting up degrees of color adjustment for a
plurality of elements as shown in Equations (58) to (60), it
is possible to carry out effective color adjustment even for
the printer driver having such a functional limitation.

[0254] The following describes operations of a preferred
embodiment arranged with a printer driver.

[0255] As in the previous exemplary embodiment, it is
assumed that a photographic color image shown in FIG. 30
is read in using the scanner 11 and printed out using the
printer 31. First, under condition that the operating system
21a is run on the computer 21, the color adjustment appli-
cation 214 is launched to let the scanner 11 read in the
photographic image. When the photographic image thus
read in is taken into the color adjustment application 21d
under control of the operating system 21a, an object pixel
applicable to processing is set at an initial position. Then, at
step S210, chromaticity “x-y” of each pixel is calculated
using Equations (1) to (4). At step S220, it is judged whether
or not each of values ‘x’ and ‘y’ is in a predefined flesh color
chromaticity range. If it is in the flesh color chromaticity
range, statistical calculation is performed on each pixel of
color image data for each element color at step S230. In the
photographic image shown in FIG. 30, pixels of person’s
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hands, legs or face can be judged to have flesh color. In this
example, statistical calculation is performed on a few per-
cent of all the pixels as flesh color pixels. Then, at step S240,
each object pixel is moved. Thus, the above-mentioned
sequence is repeated until it is judged at step S250 that
processing for all the pixels is completed. After completion
of processing for all the pixels, statistical result data is
divided by the number of flesh color pixels to determine an
average value at step S260. At step S270, a difference
between an ideal value of flesh color and the average value
of flesh color pixels is determined, and it is multiplied by a
flesh color ratio that represents a ratio of the number of flesh
color pixels to the total number of pixels. At step S280, a
tone curve is formed accordingly. Then, at step S290, based
on the tone curve, each element color of color image data is
converted for color adjustment. Since a degree of color
adjustment is set at a moderate level with respect to the ideal
value of flesh color in consideration of the ratio of the
number of flesh color pixels to the total number of pixels,
preferable color can be attained through proper color adjust-
ment.

[0256] In the example shown in FIG. 30, a difference
between an average value of flesh color pixels attained in
statistical calculation and an ideal value of flesh color is
multiplied by a flesh color ratio indicating a few percent
value for regulating a degree of color adjustment. According
to the regulated degree of color adjustment, a tone curve is
formed for accomplishing color adjustment.

[0257] Still more, if a flesh color adjustment item, green
color adjustment item and blue color adjustment item are
selected in adjustment object selection as exemplified
before, chromaticity “x-y” is calculated for all the pixels at
step S310. Then, at steps S315 to S340, individual statistical
calculation is performed for each adjustment object. In the
example shown in FIG. 30, on a flesh color part of a
person’s image, a green color part of tree leaves and a
sky-blue part of a background, each chromaticity “x-y” is
applicable to each object range for statistical calculation.

[0258] After completion of processing for all the pixels, a
degree of color adjustment for each object is determined in
consideration of an occupancy ratio of object pixels at steps
S355 to S365. At step S370, a tone curve is formed through
regulating each degree of color adjustment thus determined.
Then, at step S375, color adjustment is carried out for all the
pixels of color image data. In this manner, flesh color
adjustment for attaining clearer flesh color, green color
adjustment for attaining more vivid green color of tree
leaves, and blue color adjustment for attaining clearer sky
blue in background are carried out through regulation
according to the occupancy ratio of object pixels of each
color.

[0259] After color adjustment thus accomplished, a color
image is displayed on the display monitor 32 through the
display driver 21c, and then if the color image thus displayed
is satisfactory, it is printed out onto the printer 31 through the
printer driver 21b. More specifically, the printer driver 215
receives RGB gradation image data which has been sub-
jected to color adjustment, performs resolution conversion
as predetermined, and carries out rasterization according to
a print head region of the printer 31. Then, the image data
thus rasterized is subjected to RGB-to-CMYK color con-
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version, and thereafter, CMYK gradation image data is
converted into binary image data for output onto the printer
31.

[0260] Through the above-mentioned processing, the pho-
tographic color image read in using the scanner 11 is
automatically subjected to optimum color adjustment.
Thereafter, it is displayed on the display monitor 32, and
then printed out onto the printer 31.

[0261] As set forth hereinabove, on the computer serving
as the nucleus of color adjustment, chromaticity “x-y” of
each pixel is calculated at step S210, and statistical calcu-
lation is performed at steps S220 to S230 if a value of
chromaticity thus calculated is in a chromaticity range
predefined for each color. After completion of statistical
calculation on all the pixels, an average value is determined
at step S260, and a degree of each color adjustment is
calculated while taking account of an occupancy ratio of
object pixels of each color at step S270. In this fashion,
accurate statistical calculation is performed on color pixels
to be adjusted independently of brightness, and a degree of
each color adjustment is regulated by taking account of the
number of pixels of each color in terms of occupancy ratio,
thereby making it possible to carry out optimum color
adjustment processing without giving an adverse effect on
colors of pixels surrounding object pixels.

[0262] The invention may be embodied in other specific
forms without departing from the spirit or essential charac-
teristics thereof. The present embodiments are therefore to
be considered in all respects as illustrative and not restric-
tive, the scope of the invention being indicated by the
appended claims rather by the foregoing description and all
changes which come within the meaning and range of
equivalency of the claims are therefore intended to be
embraced therein.

What is claimed is:

1. An image processing apparatus for inputting photo-
graphic image data containing dot-matrix pixels and con-
verting each pixel of said image data according to prede-
termined  correspondence  relationship  information,
comprising:

correspondence relationship holding the unit which holds
a plurality of correspondence relationship information
for conversion of said image data in combination with
applicable object information thereof;

correspondence relationship judging unit which judges
each correspondence relationship for converting each
pixel of said image data according to said correspon-
dence relationship and applicable object information
which is held by said correspondence relationship
holding unit; and

image data converting unit which converts each pixel of
said image data by referencing each correspondence
relationship judged by said correspondence relation-
ship judging unit from said correspondence relation-
ship holding unit.

2. An image processing apparatus as claimed in claim 1,
wherein, in said correspondence relationship information
holding unit, each correspondence relationship applicable to
each part of image being held along with information on
each part applicable to each correspondence relationship,
and wherein, in the step of forming a judgment on said
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correspondence relationship, a part of image corresponding
to each pixel being detected and each correspondence rela-
tionship for conversion being judged through comparing the
detected part of image with part information for each
correspondence relationship.

3. An image processing apparatus as claimed in claim 1,
wherein, in said correspondence relationship information
holding unit, a plurality of correspondence relationships
being held along with information on chromaticity appli-
cable to each correspondence relationship, and wherein, in
said correspondence relationship judgement unit, a value of
chromaticity of each pixel being detected and each corre-
spondence relationship for conversion being judged through
comparing the detected value of chromaticity with informa-
tion on chromaticity for each correspondence relationship.

4. An image processing apparatus as claimed in claim 1,
wherein, in said correspondence relationship information
holding unit, being provided a color conversion table which
stores information on correspondence relationship between
pre-converted original image data,and post-converted image
data.

5. An image processing apparatus as claimed in claim 1,
wherein, in said correspondence relationship information
holding unit, a plurality of correspondence relationships
being realized by changing a degree of correspondence
relationship applicability.

6. An image processing apparatus as claimed in claim 1,
wherein, in said correspondence relationship information
holding unit, a plurality of correspondence relationships
applicable to said image data being specified in succession
as required.

7. An image processing apparatus as claimed in claim 1,
wherein, in said correspondence relationship information
holding unit, each correspondence relationship for adjusting
brightness according to said image data being held.

8. An image processing apparatus as claimed in claim 1,
wherein, in said correspondence relationship information
holding unit, each correspondence relationship for adjusting
chromaticity according to said image data being held.

9. An image processing apparatus as claimed in claim 1,
wherein, in said correspondence relationship information
holding unit, each correspondence relationship for adjusting
color vividness according to said image data being held.

10. An image processing apparatus as claimed in claim 1,
wherein, in said image data converting unit, for pixels in a
transition region between regions which being different in
terms of correspondence relationship, a level of correspon-
dence relationship is adjusted gradually in image data con-
version.

11. An image processing method of inputting photo-
graphic image data containing dot-matrix pixels and con-
verting each pixel of said image data according to prede-
termined  correspondence  relationship  information,
comprising the steps of:

holding a plurality of correspondence relationship infor-
mation for conversion of said image data in combina-
tion with applicable objet information thereof;

forming a judgment on each correspondence relationship
for converting each pixel of said image data according
to said correspondence relationship and applicable
object information thus held; and

converting each pixel of said image data according to
result of judgment thus formed.
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12. A storage medium for recording an image processing
program for inputting photographic image data containing
dot-matrix pixels on a computer and converting each pixel
of said image data according to predetermined correspon-
dence relationship information, said image processing pro-
gram comprising the steps of:

holding a plurality of correspondence relationship infor-
mation for conversion of said image data in combina-
tion with applicable object information thereof;

forming a judgment on each correspondence relationship
for converting each pixel of said image data according
to said correspondence relationship and applicable
object information thus held; and

converting each pixel of said image data according to

result of judgment thus formed.

13. A color adjustment device for performing color sepa-
ration of color image data for each predetermined element
color and adjusting said color image data in enhancement to
provide each desired color in result of color image output
delivered for each element color by such a device as an
image output device, etc., comprising:

chromaticity judging unit which determines a value of
chromaticity of each pixel according to said color
image data;

object chromaticity pixel statistical calculation unit which
performs statistical calculation on pixels having chro-
maticity values which have been determined to meet a
predefined range of chromaticity by said chromaticity
judging unit;

color adjustment degree judging unit which determines a
degree of color adjustment so as to eliminate a differ-
ence between a predetermined optimum value for pix-
els meeting said predefined range of chromaticity and
a result value attained in said statistical calculation and
for regulating said degree of color adjustment accord-
ing to an occupancy ratio of pixels subjected to said
statistical calculation to the total number of pixels; and

color adjusting unit which carries out color adjustment of
said image data according to the regulated degree of
color adjustment.

14. A color adjustment device as claimed in claim 13,
wherein: in said object chromaticity pixel statistical calcu-
lating unit, an average; value of pixels judged to be object
pixels being calculated for each element color of color
image data; in said color adjustment degree judging unit, an
optimum value of each element color being provided for
color image data meeting said predefined range of chroma-
ticity, and a degree of color adjustment being determined
according to said optimum value of each element color.

15. A color adjustment device as claimed in claim 13,
wherein, in said chromaticity pixel statistical calculating
unit, statistical calculation being performed on object chro-
maticity pixels in a possible range of chromaticity in terms
of memory color in psychology.
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16. A color adjustment device as claimed in claim 13,
wherein, in a color adjustment degree judging unit, a tone
curve representing input-output relationship information
being used for changing a degree of element color enhance-
ment, and a tone curve being formed according to said
degree of color adjustment.

17. A color adjustment method of performing color sepa-
ration of color image data for each predetermined element
color and adjusting said color image data in enhancement to
provide each desired color in result of color image output
delivered for each element color by such a device as an
image output device, etc., comprising the steps of:

determining a value of chromaticity of each pixel accord-
ing to said color image data;

performing statistical calculation on pixels having chro-
maticity values which have been determined to meet a
predefined range of chromaticity;

determining a degree of color adjustment so as to elimi-
nate a difference between a predetermined optimum
value for pixels meeting said predefined range of
chromaticity and a result value attained in said statis-
tical calculation;

regulating said degree of color adjustment according to an
occupancy ratio of pixels subjected to said statistical
calculation to the total number of pixels; and

carrying out color adjustment of said image data accord-

ing to the regulated degree of color adjustment.

18. A storage medium for recording a color adjustment
control program for performing color separation of color
image data for each predetermined element color on a
computer and adjusting said color image data in enhance-
ment to provide each desired color in result of color image
output delivered for each element color by such a device as
an image output device, etc., said color adjustment control
program comprising the steps of:

determining a value of chromaticity of each pixel accord-
ing to said color image data,

performing statistical calculation on pixels having chro-
maticity values which have been determined to meet a
predefined range of chromaticity,

determining a degree of color adjustment so as to elimi-
nate a difference between a predetermined optimum
value for pixels meeting said predefined range of
chromaticity and a result value attained in said statis-
tical calculation;

regulating said degree of color adjustment according to an
occupancy ratio of pixels subjected to said statistical
calculation to the total number of pixels; and

carrying out color adjustment of said image data accord-
ing to the regulated degree of color adjustment.





