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FIG.6
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FIG.10
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FIG.11
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FIG.15
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FIG.16
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IMAGE PROCESSING APPARATUS AND IMAGE
PROCESSING METHOD AS WELL AS COMPUTER
PROGRAM

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] The present invention contains subject matter
related to Japanese Patent Application JP 2004-323592 filed
in the Japanese Patent Office on Nov. 8, 2004, the entire
contents of which being incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] This invention relates to an image processing appa-
ratus and an image processing method as well as a computer
program, and more particularly to an image processing
apparatus and an image processing method as well as a
computer program wherein image data which suffers from a
false color caused, for example, by aberration of a lens are
corrected to produce image data of a high quality.

[0003] When an image is picked up by a camera, various
problems are caused by aberration of a lens. Particularly
where a camera which includes a lens having a high mag-
nification or a lens produced by a low production cost is used
to pick up an image, the picked up image sometimes suffers
from a false color caused by aberration of the lens. Among
such false colors, a false color of purple having a very high
color saturation sometimes appears in the proximity of an
edge of a low luminance region when an image of such a
scene that the luminance difference is very great (for
example, a scene in which a beam of the sun leaks through
leaves of trees) is picked up. This is called purple fringe (PF)
and has a bad influence on the picture quality.

[0004] This is a phenomenon that a false color is generated
at an edge portion in an image because the point image
distribution differs depending upon the wavelength. Even if
a false color is not very conspicuous with ordinary pixels, if
the image includes an edge portion of a high contrast at
which an overexposed highlight by a saturation condition in
luminance level occurs, then a purple false color appears
around the edge portion and this makes the image different
from a natural image. Usually, since a purple-like color
appears frequently as a false color in the proximity of an
overexposed highlight, such a false color as just mentioned
is called purple fringe. However, depending upon the lens,
image pickup condition and so forth, a greenish color
sometimes appears as a false color. In this manner, various
false colors possibly appear. In the following description, the
term “purple fringe” is used to signify a phenomenon of
appearance of a false color at an edge portion of a high
contrast at which an overexposed highlight appears irrespec-
tive of the color generated.

[0005] As a countermeasure for reducing the chromatic
aberration, a configuration is available wherein a lens made
of a special material such as fluorite is applied. However, in
order to produce such a lens as just mentioned, a high cost
is required, and consequently, the produced lens becomes
expensive. Therefore, the lens of the type described is not
popularly used although it is used in some high-grade
camera such as a camera of the lens exchange type.

[0006] Japanese Patent Laid-Open No. 2003-60983 dis-
closes a method of reducing false colors, which are gener-
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ated by chromatic aberration, through an image process.
According to the method, a process for suppressing the
color, that is, a process for decreasing the saturation, is
performed for a region of an image in which a high fre-
quency component of a green channel has a high level.
Further, as a countermeasure where an overexposed high-
light appears, a configuration that two images are picked up
with different exposures and an original luminance of an
overexposed highlight is estimated to lower the chromatic
saturation of the overexposed highlight is disclosed in
Japanese Patent Laid-Open No. 2003-60983.

[0007] However, according to the process disclosed in
Japanese Patent Laid-Open No. 2003-60983, since it is
decided from a result of estimation of the luminance of an
overexposed highlight by what degree the chromatic satu-
ration can be decreased, there is the possibility that, if the
estimation is made in error, then the original color of the
image pickup subject may drop excessively. As a result, an
unnatural resultant image may be formed. Further, it is
necessary to perform image pickup twice with different
exposures in order to allow luminance estimation of an
overexposed highlight, and there is a problem that, if a
camera shake by a hand, blurring of an image pickup subject
or the like occurs, then it is difficult to obtain a correct result.
Further, since the exposure must be changed to perform
image pickup twice, there is a problem that the method
cannot be applied where image pickup of moving pictures
cannot be performed using a video camera or the like.

SUMMARY OF THE INVENTION

[0008] It is desirable to provide an image processing
apparatus and an image processing method as well as a
computer program by which an efficient image correction
process for moving pictures picked up by a video camera or
the like can be performed. According to the present inven-
tion, an image process is executed on the real-time basis for
image data of a fixed frame rate inputted from an image
pickup section, and resulting data are stored into a memory
or outputted.

[0009] Tt is desirable to provide an image processing
apparatus and an image processing method as well as a
computer program by which image data of a high quality can
be produced.

[0010] According to the present invention, taking notice of
a false color such as a purple fringe which appears around
an overexposed highlight, a false color region is detected,
and an image process by which correction of the false color
is performed principally is executed to produce image data
of a high quality.

[0011] Further, according to the present invention, a false
color degree of a noticed pixel selected from among com-
ponent pixels of image data is calculated as a parameter
indicative of the possibility that the notice pixel may be a
false color pixel, and a saturation reduction rate is calculated
based on the false color degree, whereafter a saturation
reduction process based on the calculated saturation reduc-
tion rate and a succeeding saturation correction process are
performed so that a pixel having an excessively reduced
saturation may not appear.

[0012] In particular, according to an embodiment of the
present invention, there is provided an image processing
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apparatus including a correction parameter calculation sec-
tion for calculating, as a correction parameter for component
pixels of a processing image, a saturation reduction rate
corresponding to each of the pixels, and a correction pro-
cessing section for applying the saturation reduction rate to
execute a pixel value correction process including a satura-
tion reduction process of the component pixels of the
processing image. The correction processing section
includes a pixel saturation reduction processing section for
executing the saturation reduction process for each of the
pixels based on the saturation reduction rate calculated by
the correction parameter calculation section, and a pixel
saturation correction processing section for correcting the
saturation of any saturation reduction pixel whose saturation
has been reduced by the pixel saturation reduction process-
ing section so that the difference of the saturation of the
saturation reduction pixel and the saturation of a surround-
ing reference pixel is reduced.

[0013] The image processing apparatus may be configured
such that the pixel saturation correction processing section
selects one of those pixels which are positioned in the
proximity of the saturation reduction pixel and along the
same scanning line as that of the saturation reduction pixel
as a reference pixel and executes the saturation correction
process for the saturation reduction pixel so that the differ-
ence between the saturation of the selected reference pixel
and the saturation of the saturation reduction pixel is
reduced.

[0014] As an alternative, the image processing apparatus
may be configured such that the pixel saturation correction
processing section selects those pixels which are positioned
in the proximity of the saturation reduction pixel and along
the same scanning line as that of the saturation reduction
pixel as reference pixels and executes a process of adjusting
the saturation of the saturation reduction pixel so as to
approach the saturation of that one of the reference pixels
which has the highest saturation.

[0015] As another alternative, the image processing appa-
ratus may be configured such that the pixel saturation
correction processing section selects those pixels which are
positioned in the proximity of the saturation reduction pixel
and along the same scanning line as that of the saturation
reduction pixel as reference pixels and executes, if the
saturation of that one of the reference pixels which has the
highest saturation is equal to or lower than the saturation of
the saturation reduction pixel prior to the saturation reduc-
tion, a process of adjusting the saturation of the saturation
reduction pixel so as to approach the saturation of the
saturation reduction pixel prior to the saturation reduction.

[0016] The image processing apparatus may be configured
such that the correction parameter calculation section cal-
culates, as regards a noticed pixel selected from within the
processing image, (a) a purple degree as similarity informa-
tion between the hue of the noticed pixel and the hue of a
false color, and (b) distance information of the noticed pixel
from an overexposed highlight pixel, calculates (c) a false
color degree based on the purple degree and the distance
information, and (d) a directional gain based on direction
information of the noticed pixel from the overexposed
highlight pixel, and calculates the saturation reduction rate
corresponding to the noticed pixel based on the false color
degree and the directional gain.
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[0017] In this instance, the image processing apparatus
may be configured such that the correction parameter cal-
culation section calculates the false color degree which has
a value which increases as the similarity between the hue of
the noticed pixel and the hue of the false color increases and
as the distance from the overexposed highlight pixel
increases, calculates the directional gain which has a value
which increases as the parallelism between the noticed pixel
and overexposed highlight pixel and the scanning line
increases, and calculates the saturation reduction rate which
has a value which increases as the false color degree of the
noticed pixel increases and as the directional gain increases.
The pixel saturation reduction processing section executes
the saturation reduction process for each pixel based on the
saturation reduction rate calculated by the correction param-
eter calculation section.

[0018] According to another embodiment of the present
invention, there is provided an image processing method
including the steps of calculating, as a correction parameter
for component pixels of a processing image, a saturation
reduction rate corresponding to each of the pixels, and
applying the saturation reduction rate to execute a pixel
value correction process including a saturation reduction
process of the component pixels of the processing image.
The correction processing step includes steps of executing
the saturation reduction process for each of the pixels based
on the saturation reduction rate calculated by the correction
parameter calculation step, and correcting the saturation of
any saturation reduction pixel whose saturation has been
reduced by the pixel saturation reduction processing step so
that the difference of the saturation of the saturation reduc-
tion pixel and the saturation of a surrounding reference pixel
is reduced.

[0019] The image processing method may be configured
such that the pixel saturation correction processing step
selects one of those pixels which are positioned in the
proximity of the saturation reduction pixel and along the
same scanning line as that of the saturation reduction pixel
as a reference pixel and executes the saturation correction
process for the saturation reduction pixel so that the differ-
ence between the saturation of the selected reference pixel
and the saturation of the saturation reduction pixel is
reduced.

[0020] As an alternative, the image processing method
may be configured such that the pixel saturation correction
processing step selects those pixels which are positioned in
the proximity of the saturation reduction pixel and along the
same scanning line as that of the saturation reduction pixel
as reference pixels and executes a process of adjusting the
saturation of the saturation reduction pixel so as to approach
the saturation of that one of the reference pixels which has
the highest saturation.

[0021] As another alternative, the image processing
method may be configured such that the pixel saturation
correction processing step selects those pixels which are
positioned in the proximity of the saturation reduction pixel
and along the same scanning line as that of the saturation
reduction pixel as reference pixels and executes, if the
saturation of that one of the reference pixels which has the
highest saturation is equal to or lower than the saturation of
the saturation reduction pixel prior to the saturation reduc-
tion, a process of adjusting the saturation of the saturation
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reduction pixel so as to approach the saturation of the
saturation reduction pixel prior to the saturation reduction.

[0022] The image processing method may be configured
such that the correction parameter calculation step calcu-
lates, as regards a noticed pixel selected from within the
processing image, (a) a purple degree as similarity informa-
tion between the hue of the noticed pixel and the hue of a
false color, and (b) distance information of the noticed pixel
from an overexposed highlight pixel, calculates (c) a false
color degree based on the purple degree and the distance
information, and (d) a directional gain based on direction
information of the noticed pixel from the overexposed
highlight pixel, and calculates the saturation reduction rate
corresponding to the noticed pixel based on the false color
degree and the directional gain.

[0023] In this instance, the image processing method may
be configured such that the correction parameter calculation
step calculates the false color degree which has a value
which increases as the similarity between the hue of the
noticed pixel and the hue of the false color increases and as
the distance from the overexposed highlight pixel increases,
calculates the directional gain which has a value which
increases as the parallelism between the noticed pixel and
overexposed highlight pixel and the scanning line increases,
and calculates the saturation reduction rate which has a
value which increases as the false color degree of the noticed
pixel increases and as the directional gain increases. The
pixel saturation reduction processing step executes the satu-
ration reduction process for each pixel based on the satura-
tion reduction rate calculated by the correction parameter
calculation step.

[0024] According to a further embodiment of the present
invention, there is provided a computer program for causing
image processing to be executed on a computer, including
the steps of calculating, as a correction parameter for com-
ponent pixels of a processing image, a saturation reduction
rate corresponding to each of the pixels, and applying the
saturation reduction rate to execute a pixel value correction
process including a saturation reduction process of the
component pixels of the processing image. The correction
processing step includes steps of executing the saturation
reduction process for each of the pixels based on the
saturation reduction rate calculated by the correction param-
eter calculation step, and correcting the saturation of any
saturation reduction pixel whose saturation has been reduced
by the pixel saturation reduction processing step so that the
difference of the saturation of the saturation reduction pixel
and the saturation of a surrounding reference pixel.

[0025] 1t is to be noted that the computer program of the
present invention can be provided, for example, to a general
purpose computer system which can execute various pro-
gram codes through a recording medium or a communica-
tion medium by which the computer program is provided in
a computer-readable form, for example, a storage medium
such as a CD, an FD or an MO or a communication medium
such as a network. Where such a program as described above
is provided in a computer-readable form, processes accord-
ing to the program are implemented on the computer system.

[0026] According to the present invention, as a correction
parameter for component pixels of a processing image, a
saturation reduction rate corresponding to each of the pixels
is calculated, and a saturation reduction process for each of
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the pixels is executed based on the calculated saturation
reduction rate. Further, the saturation of any saturation
reduction pixel whose saturation has been reduced is cor-
rected so that the difference of the saturation of the satura-
tion reduction pixel and the saturation of a surrounding
reference pixel is reduced. Consequently, for example, in a
correction process of a false color pixel which suffers from
a purple fringe or the like, unfavorable conspicuousness of
the pixel by a great difference in saturation from surrounding
pixels caused by excessive reduction of the saturation of the
pixel can be prevented. Consequently, correction image data
of a high quality can be produced.

[0027] Further, according to the present invention, a satu-
ration reduction rate corresponding to each of the pixels is
calculated, and a saturation reduction process for each of the
pixels is executed based on the calculated saturation reduc-
tion rate. Further, the saturation of any saturation reduction
pixel whose saturation has been reduced is corrected so that
the difference of the saturation of the saturation reduction
pixel and the saturation of a surrounding reference pixel is
reduced. Furthermore, a surrounding pixel or pixels to be
referred to in a saturation correction process are selected
along a scanning line. Consequently, only pixel information
picked up by a video camera or the like and inputted along
the scanning line can be used to perform an image process.
Therefore, an efficient real-time image process can be
achieved.

[0028] Furthermore, according to the present invention, in
calculation of a saturation reduction rate as a correction
parameter, a false color degree is calculated such that it has
a value which increases as the similarity between the hue of
the noticed pixel and the hue of a false color increases and
as the distance from an overexposed highlight pixel
increases, and a directional gain is calculated such that it has
a value which increases as the parallelism between the
noticed pixel and overexposed highlight pixel and a scan-
ning line increases. Further, the saturation reduction rate is
calculated such that it has a value which increases as the
false color degree of the noticed pixel increases and as the
directional gain increases. Furthermore, in the saturation
reduction process, the saturation reduction process for each
pixel is executed based on the saturation reduction rate
having the property described. Therefore, where a normal
pixel which is not a false color pixel exists on the same
scanning line as that of the noticed pixel, the saturation
reduction process is executed with a high saturation reduc-
tion rate, and thereafter, saturation correction can be per-
formed based on the saturation information of the normal
pixel. On the other hand, if a normal pixel which is not a
false color pixel does not exist on the same scanning lien as
that of the noticed pixel, then the saturation reduction
process is performed with a reduced saturation reduction
rate. Therefore, even when saturation information of a
normal pixel cannot be acquired in the later saturation
correction process, the difference in saturation from the
surrounding pixels can be prevented from becoming exces-
sively great. Consequently, correction image data of a high
quality can be produced.

[0029] The above and other objects, features and advan-
tages of the present invention will become apparent from the
following description and the appended claims, taken in
conjunction with the accompanying drawings in which like
parts or elements denoted by like reference symbols.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG. 1 is a block diagram showing a configuration
of an image processing apparatus to which the present
invention is applied;

[0031] FIGS. 2A and 2B are schematic views illustrating
a problem involved in a chromatic saturation correction
process of a false color (PF) pixel;

[0032] FIG. 3 is a block diagram showing a processing
configuration of a digital signal processing section (DSP) of
the image processing apparatus of FIG. 1;

[0033] FIG. 4 is a block diagram showing a processing
configuration of a false color (PF) correction processing
section of the digital signal processing section of FIG. 3;

[0034] FIG. 5 is a flow chart illustrating a processing
procedure of the false color (PF) correction processing
section of FIG. 4,

[0035] FIG. 6 is a flow chart illustrating a processing
procedure of an overexposed highlight detection process
executed by the false color (PF) correction processing
section of FIG. 4;

[0036] FIG. 7 is a flow chart illustrating a processing
procedure of an overexposed highlight distance-direction
vector calculation process executed by the false color (PF)
correction processing section of FIG. 4;

[0037] FIG. 8 is a diagrammatic view illustrating details
of a calculation process for an overexposed highlight search
range by the overexposed highlight distance-direction vector
calculation section shown in FIG. 4;

[0038] FIG. 9 is a diagrammatic view illustrating details
of an overexposed highlight distance calculation process by
the overexposed highlight distance-direction vector calcu-
lation section shown in FIG. 4;

[0039] FIG. 10 is a diagram illustrating a lookup table
used by a direction gain calculation section shown in FIG.
4;

[0040] FIG. 11 is a flow chart illustrating a processing
procedure executed by the direction gain calculation section
shown in FIG. 4;

[0041] FIG. 12 is a diagram illustrating an example of
classification of direction vectors of shortest distance over-
exposed highlight pixel positions individually correspond-
ing to pixel positions into five different groups depending
upon the direction or angle;

[0042] FIG. 13 is a schematic view illustrating a process
of executing correction of a pixel value while pixel infor-
mation is read along a scanning line;

[0043] FIG. 14 is a diagram illustrating an example of
setting of a false color (PF) hue and a purple degree on a
CbCr color difference plane;

[0044] FIG. 15 is a flow chart illustrating details of a
process by a pixel chromatic saturation correction process-
ing section shown in FIG. 4; and

[0045] FIG.16 is a flow chart illustrating details of a pixel
color difference component blurring processing section
shown in FIG. 4.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0046] In the following, details of an image processing
apparatus and an image processing method as well as a
computer program according to the present invention are
described with reference to the accompanying drawings.

[0047] FIG. 1 shows an example of a configuration of the
image processing apparatus. It is to be noted that, while the
image processing apparatus shown in FIG. 1 is shown as an
example of an apparatus which includes an image pickup
section and executes a correction process for image data
picked up by the image pickup section, also it is possible for
the image processing apparatus of the present invention to
receive image data stored in a storage section such as, for
example, a hard disk as an input thereto and execute
correction of the inputted image. Further, the image data of
an object of the correction process may not only be data
inputted through the image pickup section but also be any
input image data such as image data inputted through a
storage section or a network.

[0048] A detailed configuration of the image processing
apparatus shown in FIG. 1 is described. Referring to FIG.
1, the image processing apparatus includes a lens 101, an iris
102, a solid-state image pickup device (CCD) 103, a corre-
lation double sampling circuit 104, an A/D converter 105, a
DSP block 106, and a timing generator 107. The image
processing apparatus further includes a D/A converter 108,
a video encoder 109, a video monitor 110, a codec 111, a
memory 112, a CPU 113 and an inputting device 114.

[0049] The inputting device 114 includes operation but-
tons such as a recording button provided on the camera
body. The DSP block 106 is a block which includes a
processor for signal processing and a RAM for an image.
The processor for signal processing performs programmed
image processing for image data stored in the image RAM.

[0050] General operation of the image processing appara-
tus of the present embodiment is described below.

[0051] Incoming light coming to the solid-state image
pickup device (CCD) 103 through an optical system is first
received by light receiving elements on an image pickup
plane and converted into electric signals by photoelectric
conversion by the light receiving elements. Then, noise is
removed from the electric signals by the correlation double
sampling circuit 104, and resulting signals are converted
into digital signals by the A/D converter 105 and temporarily
stored into an image memory in the DSP block 106.

[0052] While the camera is picking up an image, the
timing generator 107 controls the signal processing system
so that image fetching at a fixed frame rate may be main-
tained. A stream of pixel signals is sent at a fixed rate also
to the digital signal processing section (DSP) 106, by which
appropriate signal processing is performed for the stream.
Resulting image data are sent to one or both of the D/A
converter 108 and the codec 111. The D/A converter 108
converts the image data supplied thereto from the digital
signal processing section (DSP) 106 into an analog signal,
and the analog signal is converted into a video signal by the
video encoder 109. The video signal can be monitored on the
video monitor 110. In the present embodiment, the video
monitor 110 serves as a viewfinder of the camera. Mean-
while, the codec 111 encodes the image data supplied thereto



US 2006/0098253 Al

from the digital signal processing section (DSP) 106, and the
encoded image data are recorded into the memory 112. Here,
the memory 112 may be a recording apparatus which uses a
semiconductor recording medium, a magnetic recording
medium, a magneto-optical recording medium, an optical
recording medium or the like.

[0053] While general operation of the entire system of the
digital video camera as an example of the image processing
apparatus of the present embodiment is such as described
above, the image processing according to the present inven-
tion, that is, an image data correction process, is executed by
the digital signal processing section (DSP) 106.

[0054] 1In the following, details of the image data correc-
tion process executed by the image processing apparatus of
the present embodiment are described. In the image process
executed by the image processing apparatus of the present
embodiment, a false color such as a purple fringe appearing
principally around an overexposed highlight is detected and
the false color degree of each pixel is calculated, and
appropriate correction is performed corresponding to the
thus calculated false color degrees. Image data of a high
quality are produced by the correction process.

[0055] First, a manner of appearance of a false color
(purple fringe) and an outline of the process of the present
invention are described. A false color (purple fringe) is a
phenomenon that a color offset by chromatic aberration
appears strikingly around an overexposed highlight pixel
section. An overexposed highlight pixel is a pixel of a high
luminance whose level is proximate to a saturation level. A
false color of, for example, purple different from an original
hue of an image pickup subject appears on pixels around
overexposed highlight pixels which are such high luminance
pixels as described above. The false color pixels are called
purple fringe (PF).

[0056] The size of the overexposed highlight range in
which the false color (PF: purple fringe) appears is coordi-
nated with the iris and the focal length of the optical system
and changes relying upon the distance from the optical
center. Also as regards the direction in which the false color
appears, the false color appears in a direction from the
optical center toward the outer side of the overexposed
highlight pixels and also in the opposite direction from the
overexposed highlight pixels toward the optical center. The
tendency in which the false color appears depends upon the
optical system used for image pickup.

[0057] In the image process of the present invention,
component pixels of an image frame inputted as a picked up
image are successively selected as a noticed pixel, and it is
determined whether or not an overexposed highlight pixel
exists in the proximity of the noticed pixel, whereafter it is
determined whether or not the noticed pixel exhibits a purple
color and has a high saturation. In other words, a pixel which
satisfies the following conditions:

[0058] (a) an overexposed highlight pixel exists around
the noticed pixel;

[0059] (b) the noticed pixel exhibits a purple color; and

[0060] (c) the noticed pixel has a high saturation is deter-
mined as a false color (PF: purple fringe) pixel, and the
correction process is executed for the pixel.
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[0061] In a form of the correction processing, it is one of
possible methods, for example, to execute a correction
process based on peripheral pixels to perform a correction
process for a false color (PF) pixel such as to acquire pixel
values of pixels which are positioned around a detected false
color pixel but do not exhibit a false color (PF) and deter-
mine an average value of the acquired pixel values as a pixel
value of the false color pixel. However, the interpolation
process wherein pixel values of peripheral pixels are
acquired and a pixel value to be set to the false color pixel
is calculated based on the acquired pixel values and then the
calculated pixel value is re-set as the pixel value of the false
color pixel has a problem that it increases the processing
load.

[0062] For example, if the interpolation process described
above is performed for an image inputted at a fixed frame
rate from an image picked up by a video camera, then the
possibility that the correction process may not be performed
at the video frame rate is high. Therefore, the interpolation
process is not practical as a process for a picked up image
of a video camera.

[0063] In the image process of the present invention, not
such an interpolation process wherein pixel values of periph-
eral pixels are applied as described above but a process of
decreasing the saturation of a pixel is performed. However,
if a pixel which satisfies the criteria (a) to (c¢) described
hereinabove is selected as a false color (PF) pixel and the
saturation reduction process is performed only for the
selected false color (PF) pixel, depending upon the satura-
tions of surrounding pixels of the false color (PF) pixel for
which the saturation reduction process has been performed,
the saturation decrease only at the false color (PF) pixel
portion becomes conspicuous, which makes the image look
unnatural.

[0064] This phenomenon is described with reference to
FIGS. 2A and 2B, which illustrate an example of a process
wherein a false color (PF) pixel exists in a region contiguous
to an overexposed highlight pixel which is a high luminance
pixel. FIGS. 2A and 2B actually illustrate processes in cases
in which component pixels have different saturations. In
FIGS. 2A and 2B, A0 and B0 indicate pixel configurations
prior to the process. In particular, false color (PF) pixels 151
and 161 as purple fringe pixels are positioned adjacent
overexposed highlight pixels 150 and 160 having a substan-
tially saturation luminance level, respectively. It is to be
noted that each of the overexposed highlight pixels 150 and
160, the false color (PF) pixels 151 and 161 and normal
pixels 152 and 162 represents not a single pixel but a pixel
group including a plurality of pixels.

[0065] Next to the false color (PF) pixels 151 and 161, the
normal pixels 152 and 162 which have a hue and a saturation
of a material body of the image pickup subject and are not
false color pixels are positioned, respectively. It is to be
noted that each broken line shown in FIGS. 2A and 2B
denotes a body contour 155 or 165 which is a contour of the
material body as the image pickup subject. The difference
between FIGS. 2A and 2B resides in the saturations of the
normal pixels 152 and 162 adjacent the false color (PF)
pixels 151 and 161.

[0066] In the case of FIG. 2A, the normal pixel 152
adjacent the false color (PF) pixel 151 has a high saturation
and is a high saturation pixel. A dark dot in FIG. 2A
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schematically illustrates the level of the saturation of a pixel.
Where the dark dot is shown at a high position, it indicates
a high saturation, but where the dark dot is shown at a low
position, it indicates a low saturation. In the case of FIG. 2B,
the normal pixel 162 adjacent the false color (PF) pixel 161
has a low saturation and is a low saturation pixel. A dark dot
in FIG. 2B schematically illustrates the level of the satura-
tion of a pixel. Where the dark dot is shown at a high
position, it indicates a high saturation, but where the dark dot
is shown at a low position, it indicates a low saturation. It is
to be noted that the false color (PF) pixels 151 and 161 are
pixels having a high saturation and having a hue of a purple
color and do not reflect a color or a saturation of the material
body of the original image pickup subject. In such an
instance as just described, if a saturation reduction process
for the false color (PF) pixels 151 and 161 is performed, then
in most cases, the false color (PF) pixels 151 and 161
become less conspicuous and an improved image is
obtained.

[0067] However, as described hereinabove, under certain
circumstances, that is, depending upon the saturation of
surrounding pixels of a false color (PF) pixel, discoloring
only at the false color (PF) pixel portion becomes conspicu-
ous and the image sometimes looks unnatural.

[0068] Not only the false color (PF) pixel 151 shown in
FIG. 2A but also the false color (PF) pixel 161 shown in
FIG. 2B satisfy the conditions described hereinabove, that
is, the conditions

[0069] (a) an overexposed highlight pixel exists around
the noticed pixel;

[0070] (b) the noticed pixel exhibits a purple color; and

[0071] (c) the noticed pixel has a high saturation and are
determined to be false color (PF: purple fringe) pixels. Thus,
it is determined that the saturation reduction process should
be performed for the false color (PF) pixels 151 and 161.

[0072] Results of the saturation reduction process for the
false color pixels are indicated by A1 and A2 in FIG. 2A. In
particular, Al indicates a result of the process where the
saturation of the false color (PF) pixel 151 is reduced a little
and A2 indicates a result of the process where the saturation
of the false color (PF) pixel 151 is reduced by a great
amount. Also in FIG. 2B, B1 indicates a result of the process
where the saturation of the false color (PF) pixel 161 is
reduced a little and B2 indicates a result of the process where
the saturation of the false color (PF) pixel 161 is reduced by
a great amount. In FIGS. 2A and 2B, the amount of
movement of each dark dot in the downward direction
corresponds to the reduced amount of the saturation.

[0073] As seen from A2 of FIG. 2A, when the saturation
of the false color (PF) pixel 151 is reduced by a great
amount, although the adjacent normal pixel 152 has a high
saturation, only the saturation of the false color (PF) pixel
151 is reduced by a great amount and a clear difference in
saturation appears between the two pixels. Originally, not
only the false color (PF) pixel 151 but also the normal pixel
152 are pixels representing two material bodies partitioned
by the body contour 155 and a great difference in saturation
should not appear between the two pixels 151 and 152.
However, in the corrected image shown in FIG. 2A, the
saturation of the false color (PF) pixel 151 for which the
saturation reduction process has been performed visually
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exhibits a saturation much different from that of the normal
pixel 152, and the pixel having the reduced saturation is a
visually conspicuous pixel and exhibits a very unnatural
looking. In such an instance as just described, the correction
process for the saturation reduction does not result in
enhancement of the image quality.

[0074] Where the pixel configurations are such as
described above, the image process of the present invention
eliminates the unnaturalness by performing such correction
that the saturation of the false color (PF) pixel 151 is not
reduced by a great amount when compared with the satu-
ration of the normal pixel 152. For example, a saturation
reduction process for the false color (PF) pixel 151 is
performed by such a degree as indicated by Al so that the
difference in saturation from the normal pixel 152 may not
become excessively great.

[0075] On the other hand, where the normal pixel 162
adjacent the false color (PF) pixel 161 has a low saturation
and is a low saturation pixel as seen in FIG. 2B, even if the
process of reducing the saturation of the false color (PF)
pixel 161 by a great amount is performed, the difference in
saturation from the adjacent normal pixel 162 does not
become great as seen from B2 of FIG. 2B. In other words,
since, in this instance, also the saturation of the adjacent
normal pixel 162 is low and the difference in saturation
between the pixels is small, the pixels provide no visual
unnaturalness.

[0076] On the contrary, where the saturation of the adja-
cent normal pixel 162 is low in this manner, if the saturation
reduction process wherein the reduction amount from that of
the false color (PF) pixel 161 is set to a low value as seen
in B1 of FIG. 2B, then a difference remains between the
saturation of the false color (PF) pixel 161 and the saturation
of the normal pixel 162. This makes the image an unnatural
image in which the false color (PF) pixel 161 is conspicuous
and from which a purple fringe is visually recognized.
Accordingly, in such a pixel configuration as shown in FIG.
2B, it is preferable to perform a saturation reduction process
wherein the reduction amount for the false color (PF) pixel
161 is set to a high value.

[0077] Inthe image process of the present invention, when
the saturation reduction process for a false color (PF) pixel
is performed, a saturation adjustment process is performed
such that the difference in saturation of the false color (PF)
pixel from pixels in a peripheral region may not become
great thereby to produce a correction image of a high quality.
In the following, details of the image process of the present
invention are described.

[0078] In the image process of the present invention, a
false color degree (PF degree) hereinafter described is
calculated for component pixels of each image frame picked
up by the image pickup section, for example, of the image
processing apparatus shown in FIG. 1 and inputted to the
digital signal processing section (DSP) 106. Then, a correc-
tion process is performed based on the calculated false color
degree (PF degree) for each pixel. “PF” signifies the purple
fringe.

[0079] Tt is to be noted that, while a typical phenomenon
of a false color caused by lens aberration which appears at
an edge portion of a high contrast at which an overexposed
highlight appears as a saturation state of the luminance level
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is called purple fringe as described hereinabove, the false
color is not limited to a purple color but may sometimes be
a greenish color. The embodiment described below can be
applied to a correction process not only for a purple color but
also for an arbitrary false color which may appear around an
overexposed highlight.

[0080] An entire sequence of the image process executed
by the digital signal processing section (DSP) 106 of the
image processing apparatus of the present invention is
described with reference to FIG. 3. The digital signal
processing section (DSP) 106 executes a data process, for
example, in accordance with a computer program. FIG. 3 is
a block diagram in which different functions of the digital
signal processing section (DSP) 106 are shown as blocks in
order to illustrate the process executed by the digital signal
processing section (DSP) 106.

[0081] As seen in FIG. 3, the digital signal processing
section (DSP) 106 includes a white balance adjustment
section 201, a gamma correction processing section 202, a
demosaic processing section 203, a YCbCr conversion sec-
tion 204, an edge emphasis processing section 205 and a
false color (PF) correction processing section 206.

[0082] An image signal acquired by the solid-state image
pickup device (CCD) 103 of the image processing apparatus
shown in FIG. 1 is a mosaic image 251 of colors. For
example, if image pickup is performed through a color filter
having a color array such as, for example, a color array of
an original color system (for example, the Bayer array), then
a signal of a predetermined wavelength, that is, only color
component data of the particular wavelength, is acquired for
each pixel. For example, where a solid-state image pickup
device of a single plate color type of the Bayer array is used,
an output image of the solid state image pickup device
makes a mosaic image 251 having information only of R, G
or B for each pixel.

[0083] The digital signal processing section (DSP) 106
receives the mosaic image 251 as an input thereto, and the
white balance adjustment section 201 executes white bal-
ance adjustment first and then the gamma correction pro-
cessing section 202 performs a gamma correction process.
Then, the demosaic processing section 203 executes a demo-
saic process as a data production process for producing data
wherein RGB data are set to all pixels from the color mosaic
image.

[0084] Thereafter, the demosaic image data wherein RGB
data are set to all pixels are inputted to the YCbCr conver-
sion section 204, which thus executes a conversion process
of the RGB signal into a signal of a YCbCr color space to
separate the RGB signal into a luminance signal (Y) and
color signals (Cb, Cr). The luminance signal (Y) is inputted
to the edge emphasis processing section 205, by which an
edge emphasis process is performed based on the luminance
signal (Y).

[0085] Then, the false color (PF) correction processing
section 206 receives the luminance signal (Y) after the edge
emphasis process and the color signals (Cb, Cr), and
executes a false color (PF) correction process to produce
YCbCr image data 252 formed from the corrected lumi-
nance signal (Y) and color signals (Cb, Cr). Image data
based on the YCbCr image data 252 are stored into a
memory in the image processing apparatus and/or outputted
to an outputting section such as a monitor apparatus.
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[0086] In the processing functions illustrated in FIG. 3,
the processes by the blocks from the white balance adjust-
ment section 201 to the edge emphasis processing section
205 are similar to those executed by an image processing
apparatus of a conventional digital video camera and so
forth, and therefore, detailed description of the processes is
omitted herein to avoid redundancy. The process by the false
color (PF) correction processing section 206 is unique to the
present invention, and details of the process executed by the
false color (PF) correction processing section 206 are
described.

[0087] FIG. 4 illustrates the process by the false color
(PF) correction processing section 206. As described here-
inabove, the digital signal processing section (DSP) 106
executes a data process, for example, in accordance with a
computer program. FIG. 4 illustrates the process executed
by the digital signal processing section (DSP) 106 as blocks
of different functions. In FIG. 4, the blocks shown corre-
spond to the individual processing functions executed by the
false color (PF) correction processing section 206, and data
transferred between difference ones of the processing func-
tions are indicated as data sandwiched by upper and lower
lines.

[0088] The false color (PF) correction processing section
206 is roughly divided into two processing sections as seen
in FIG. 4. One of the processing sections is a correction
parameter (saturation reduction rate) calculation section
300, and the other processing section is a correction pro-
cessing section 310. The correction parameter (saturation
reduction rate) calculation section 300 calculates, based on
a YCbCr input image 351 which is input image data, a false
color degree which is an index value representing by what
amount the color of each of component pixels of the input
image is near to a false color (PF). Then, the correction
parameter (saturation reduction rate) calculation section 300
calculates a saturation reduction rate which is a correction
parameter based on the calculated false color degree. The
false color degree and the saturation reduction ratio are
successively calculated as pixel coordinated values for each
of the component pixels of the image data.

[0089] The correction processing section 310 receives the
saturation reduction rates corresponding to the pixels cal-
culated by the correction parameter (saturation reduction
rate) calculation section 300 and executes, based on the
saturation pixel values inputted thereto, pixel value correc-
tion for the component pixels of the YCbCr input image 351
of the input image data, particularly, a saturation reduction
process, a saturation correction process and a blurring pro-
cess. Results of the correction process by the correction
processing section 310 are outputted as a correction result
image, that is, a YCbCr output image 371. Consequently,
image data based on the YCbCr output image 371 are stored
into the memory or outputted to the monitor.

[0090] First, an outline of a series of processes executed
by the false color (PF) correction processing section 206
shown in FIG. 4 is described. Details of the processes by the
component sections are described later. The YCbCr input
image 351 for which the edge emphasis process has been
performed is inputted from the YCbCr conversion section
204 and the edge emphasis processing section 205 sepa-
rately as a luminance component [Y]352 and a color differ-
ence component [C]353 to the false color (PF) correction
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processing section 206. In particular, the luminance com-
ponent [Y]352 and the color difference component [C]353
are successively inputted for each of pixel lines, for
example, along a scanning line.

[0091] First, an overexposed highlight detection section
301 of the correction parameter (saturation reduction rate)
calculation section 300 uses the luminance component
[Y]352 to perform an overexposed highlight detection pro-
cess and outputs a resulting overexposed highlight detection
map [W]354. An overexposed highlight distance-direction
vector calculation section 302 receives the overexposed
highlight detection map [W]354 as an input thereto and
performs a calculation process of the distance and the
direction vector of a noticed pixel from an overexposed
highlight pixel and outputs a distance [Wi]355 to the nearest
overexposed highlight and a direction vector [ WDirect]356
in which the nearest overexposed highlight exists.

[0092] An overexposed highlight degree calculation sec-
tion 303 receives the distance [Wi]355 to the nearest over-
exposed highlight as an input thereto to perform an over-
exposed highlight degree calculation process and outputs an
overexposed highlight degree [Wr] to a false color degree
calculation section 306. On the other hand, the direction
vector [WDirect]356 in which the nearest overexposed
highlight exists is inputted to a directional gain calculation
section 304, by which a directional gain [Dr]360 is calcu-
lated based on the direction vector [WDirect]356. The
directional gain [Dr]360 calculated is outputted to a satura-
tion reduction rate calculation section 307.

[0093] Meanwhile, the color difference component [C]353
of the input image 351 is inputted to a purple degree
calculation section 305, by which a purple degree [Pr]358 is
calculated based on the color difference component [C]353.
The calculated purple degree [Pr]358 is outputted to the
false color degree calculation section 306.

[0094] The false color degree calculation section 306
receives the purple degree [Pr]358 and the overexposed
highlight degree [Wr]357 as inputs thereto and calculates a
false color degree [PFr]359 and outputs the calculated false
color degree [PFr]359 to the saturation reduction rate cal-
culation section 307.

[0095] The saturation reduction rate calculation section
307 receives the false color degree [PFr]359 and the direc-
tional gain [Dr]360 as inputs thereto and calculates a satu-
ration reduction rate [R]361 based on the input values. The
saturation reduction rate calculation section 307 outputs the
saturation reduction rate [R]361 to the components of the
correction processing section 310, that is, a pixel saturation
reduction processing section 311, a pixel saturation correc-
tion processing section 312 and a pixel color difference
component blurring processing section 313.

[0096] The pixel saturation reduction processing section
311 receives the color difference component [C]353 of the
input image 351 as an input thereto and performs a satura-
tion reduction process for a false color (PF) pixel portion
based on the saturation reduction rate [R]361 inputted from
the correction parameter (saturation reduction rate) calcula-
tion section 300. The pixel saturation reduction processing
section 311 outputs a false color (PF) portion saturation
reduction result image [Cs]362 to the pixel saturation cor-
rection processing section 312.
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[0097] The pixel saturation correction processing section
312 receives the false color (PF) portion saturation reduction
result image [Cs]362 from the pixel saturation reduction
processing section 311 and executes correction of the satu-
ration reduction amount. In particular, the pixel saturation
correction processing section 312 detects a portion for which
the saturation has been reduced excessively by the pixel
saturation reduction processing section 311 and performs a
saturation correction process with reference to the satura-
tions of peripheral pixels.

[0098] The pixel saturation correction processing section
312 selects a pixel for which the saturation reduction process
has been executed by the pixel saturation reduction process-
ing section 311, that is, a pixel principally decided as a false
color (PF) pixel, as an object of correction and performs a
correction process for the selected pixel. In particular, since
the object range of the saturation correction is a portion
whose saturation has been reduced, it is necessary to select
a pixel whose saturation reduction rate [R]361 is not equal
to 0. To this end, the pixel saturation correction processing
section 312 receives the saturation reduction rate [R]361 as
an input thereto and selects any pixel whose saturation
reduction rate [R]361 is not equal to 0, and performs
saturation correction for the selected pixel.

[0099] The pixel saturation correction processing section
312 outputs a saturation correction image [Cc]363, which is
an image of a result of execution of the saturation correction,
to the pixel color difference component blurring processing
section 313. The pixel color difference component blurring
processing section 313 executes a process of applying
blurring to multiplying color difference signals of the satu-
ration correction image [Cc]363, that is, a blurring process.
Also the blurring process is not performed for all pixels, but
a region including a pixel for which the saturation reduction
and correction processes have been performed is selected as
a processing object, and the blurring process is executed for
the selected processing object region. The pixel color dif-
ference component blurring processing section 313 receives
the saturation reduction rate [R]361 for selection of a
processing object region and selects those pixels whose
saturation reduction rate [R]361 is not equal to 0 to deter-
mine a processing object region for the blurring process, and
then performs the blurring process for the blurring process-
ing object region.

[0100] The pixel color difference component blurring pro-
cessing section 313 executes the blurring process to produce
and output a correction color difference component image
[Ctemp]364 as a correction result. The correction color
difference component image [Ctemp]364 is synthesized
with the luminance component [ Y]365 and outputted as the
final YCbCr output image 371. The YCbCr output image
371 as a result of the correction process is stored into the
memory of the image processing apparatus and/or outputted
to the outputting section such as the monitor section.

[0101] FIG. 5 illustrates a processing procedure of a series
of processes executed by the false color (PF) correction
processing section 206 described hereinabove. Processes at
step S101 to S106 correspond to the processes by the
correction parameter (saturation reduction rate) calculation
section 300, and processes at steps S107 to S109 correspond
to the processes by the correction processing section 310.

[0102] At step S101, the overexposed highlight detection
process is performed by the overexposed highlight detection
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section 301 of the correction parameter (saturation reduction
rate) calculation section 300. At step S102, the overexposed
highlight distance-direction vector calculation process is
executed by the overexposed highlight distance-direction
vector calculation section 302. At step S103, the overex-
posed highlight degree calculation process is executed by
the overexposed highlight degree calculation section 303
and the direction gain calculation process is executed by the
directional gain calculation section 304. At step S104, the
purple degree calculation process is executed by the purple
degree calculation section 305. At step S105, the false color
degree calculation process is executed by the false color
degree calculation section 306. At step S106, the saturation
reduction rate calculation process is executed by the satu-
ration reduction rate calculation section 307.

[0103] At step S107, the false color (PF) pixel saturation
reduction process is executed by the pixel saturation reduc-
tion processing section 311 of the correction processing
section 310. At step S108, the false color (PF) pixel satu-
ration correction process is executed by the pixel saturation
correction processing section 312. At step S109, the false
color (PF) pixel color difference component blurring process
is executed by the pixel color difference component blurring
processing section 313. As a result of execution of the
processing steps described above, a YCbCr output image
371 as final correction image data is produced and outputted.

[0104] In the following, details of the processes of the
components of the false color (PF) correction processing
section 206 are described. It is to be noted that the image
data of the processing object are image frame data of an
image of a horizontal dimension="width” and a vertical
dimension="height”, and data corresponding to component
pixels are successively inputted along a scanning line of the
image frame data and a correction process is performed for
the inputted data.

[0105] First, a process of the correction parameter (satu-
ration reduction rate) calculation section 300 is described.
As described hereinabove, the correction parameter (satu-
ration reduction rate) calculation section 300 calculates a
false color (PF) degree and a saturation reduction rate as a
correction parameter based on the calculated false color
degree. The false color (PF) degree is calculated for each of
the component pixels of the image data and calculated based
on the distance of each pixel from an overexposed highlight
pixel and a similarity of the hue of each pixel to the hue of
the false color (purple fringe). In the present embodiment, it
is estimated that a pixel which is positioned near to an
overexposed highlight pixel and exhibits a purple color is a
false color (PF) (purple fringe) pixel. Accordingly, the false
color (PF) degree has a higher value as the distance from the
overexposed highlight pixel is shorter and as the hue is
nearer to a purple color.

[0106] Overexposed Highlight Detection Section 301

[0107] The overexposed highlight detection section 301 of
the correction parameter (saturation reduction rate) calcula-
tion section 300 uses the luminance component [Y]352 to
perform an overexposed highlight detection process and
outputs an overexposed highlight detection map [W]354.
FIG. 6 illustrates a processing procedure executed by the
overexposed highlight detection section 301. The process
executed by the overexposed highlight detection section 301
is described below with reference to the flow chart of FIG.
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6. The flow illustrated in FIG. 6 indicates a process corre-
sponding to the process at step S101 of the flow chart of
FIG. 5.

[0108] The processing flow shown in FIG. 6 indicates two
frameworks, of which

[0109] the outer one is denoted by For (y=0; y<height;
y=y+1) and

[0110]
x=x+1).

the inner one is denoted by For (x=0; x<width;

[0111] The inner framework which include steps S201 to
S205 is executed as processes for

[0112] For (x=0; x<width; x=x+1)

[0113] along the x axis which is a scanning line for the
image data and signifies that the processes at steps S201 to
S205 are executed for each of the pixels of 0 to “width”
along the x axis. After the processes for one scanning line are
ended, the processes for a next scanning line are executed
similarly. This is executed as processes for

[0114] For (y=0; y<height; y=y+1)

[0115] as indicated in the outer framework in FIG. 6 and
signifies that the scanning line is successively shifted by one
line along the y axis perpendicular to the scanning line and
the processes of For (x=0; x<width; x=x+1), that is, the
processes at steps S201 to S205, are executed for the pixels
of 0 to “width” along the x axis. As a result, the processes
at steps S201 to S205 are executed successively for all
component pixels of (x=0 to “width”, y=0 to “height”) of the
image frame.

[0116] The processes at the individual steps are described.
At step S201, the overexposed highlight detection section
301 acquires the luminance value of each pixel from the
luminance component [Y]352 inputted thereto. The noticed
pixel is a pixel (x, y), and the luminance value of the noticed
pixel (x, y) is represented by Y(x, y). At step S202, the
overexposed highlight detection section 301 compares the
luminance value Y (x, y) of the noticed pixel with a threshold
value set in advance.

[0117] At steps S203 to S205, if the luminance value Y(x,
y)=value of the noticed pixel (X, y) is higher than the
threshold value, then a flag “flag” for the noticed pixel (X, y)
is set to “flag”=[true], but otherwise, the flag is set to
“flag”=[false]. Then, the overexposed highlight detection
section 301 sets an overexposed highlight detection map
[w]354. This is determined for all of the pixels (x=0 to
“width”, y=0 to “height”) which form the image of the
horizontal width=“width” and the vertical height="height”,
and the overexposed highlight detection map [W]354
wherein the flag (true or false) corresponding to each pixel
is set is completed. The completed overexposed highlight
detection map [W]354 is outputted to the overexposed
highlight distance-direction vector calculation section 302.

[0118] Overexposed Highlight Distance-Direction Vector
Calculation Section 302

[0119] The overexposed highlight distance-direction vec-
tor calculation section 302 receives the overexposed high-
light detection map [ W]354 as an input thereto and performs
a calculation process of the distance and the direction vector
of the noticed pixel (x, y) from an overexposed highlight
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pixel. Then, the overexposed highlight distance-direction
vector calculation section 302 outputs a distance [Wi]355 to
the overexposed highlight pixel nearest to the noticed pixel
(X, y), that is, to the nearest overexposed highlight, and a
direction vector [ WDirect]356 representative of a direction
in which the nearest overexposed highlight to the noticed
pixel (x, y) is present. The process of the overexposed
highlight distance-direction vector calculation section 302 is
described with reference to FIG. 7. The flow illustrated in
FIG. 7 indicates a process corresponding to the process at
step S102 of the flow chart of FIG. 5.

[0120] Tt is to be noted that also the processing flow
illustrated in FIG. 7 has two frameworks similar to those of
the flow of FIG. 6, that is, an outer framework denoted by
For (y=0; y<height; y=y+1) and an inner framework denoted
by For (x=0; x<width; x=x+1), and processes at the steps are
successively executed for the component pixels of (x=0 to
width, y=0 to height) of the processing object image frame.

[0121] First at step S301, calculation of an overexposed
highlight search range (X, Vo, X;, ¥;) corresponding to the
noticed pixel (x, y) is performed. A setting process of the
overexposed highlight search range (x,, y,, X;, ¥;) corre-
sponding to the noticed pixel (X, y) is a process for setting
a search region in which an overexposed highlight pixel may
possibly exist in a neighboring region of the noticed pixel (x,
y). Details of this process are hereinafter described.

[0122] At step S302, a variable [Dmin] representative of
the shortest distance between the noticed pixel (x, y) and the
overexposed highlight pixel is initialized. Thereafter, the
processing advances to step S303, at which processes at
steps S304 to S308 are executed to perform detection of an
overexposed highlight pixel within the overexposed high-
light search range (x,, ¥, X;, ¥,) set for the noticed pixel (x,
y) to determine the variable [Dmin] between the noticed
pixel (X, y) and the overexposed highlight pixel and the
direction (sx, sy)=(|s/, [t|) from the noticed pixel (x, y) to the
overexposed highlight pixel. It is to be noted that the process
at step S303, that is, the processes at steps S304 to S308, are
successively executed for the component pixels (s=x, to x,,
y=y, toy,) in the overexposed highlight search range (x,, y,,

X1s Y1))-

[0123] The processes at steps S304 to S308 are described.
At step S304, an overexposed highlight search is performed
within the overexposed highlight search range (Xq, Yo, X1, ¥;)
set at step S301. The overexposed highlight search is
executed based on the overexposed highlight detection map
[W]354 produced by the overexposed highlight detection
section 301. At step S304, a flag W(s, t) for the YCbCr input
image 351 regarding the selected pixel (s, t) successively
selected from within the overexposed highlight search range
(Xos Vo5 Xy, ¥y ) 1s decided.

[0124] Where the flag W(s, t)="true”, the selected pixel (s,
1) is an overexposed highlight pixel, but where the flag W(s,
t)="false”, the selected pixel (s, t) is not an overexposed
highlight pixel. If the flag W(s, t)="true” and the selected
pixel (s, t) is an overexposed highlight pixel, then the
processing advances to step S305, at which the distance [D]
between the noticed pixel (X, y) and the selected pixel (s, t)
is calculated. Then at step S306, the overexposed highlight
distance-direction vector calculation section 302 executes
comparison of the distance [D] with the variable [Dmin]. If
the distance [D] is smaller than the variable [Dmin], then the
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overexposed highlight distance-direction vector calculation
section 302 executes an updating process of the variable
[Dmin] at step S307. Further at step S308, the overexposed
highlight distance-direction vector calculation section 302
determines the direction vector (sx, sy)=(ls|, [t|) from the
noticed pixel (X, y) to the overexposed highlight pixel at the
shortest distance.

[0125] The processes described above are executed for all
pixels (x=0 to “width”, y=0 to “height”) which compose the
image of the horizontal width="width” and the vertical
height=“height”. Then at step S309, the distance [Wi(x,
y)=Dmin]355 to the nearest overexposed highlight is pro-
duced, and at step S310, the direction vector [ WDirect(x,
y)=(sx, sy)]356 in which the nearest overexposed highlight
exists is calculated.

[0126] The distance [Wi(x, y)=Dmin]355 to the nearest
overexposed highlight is outputted to the overexposed high-
light degree calculation section 303 while the direction
vector [WDirect(x, y)=(sx, sy)]356 to the nearest overex-
posed highlight is outputted to the directional gain calcula-
tion section 304.

[0127] Now, details processes at the processing steps of
the overexposed highlight distance-direction vector calcu-
lation section 302 illustrated in the flow chart of FIG. 7 are
described. First, details of the process at step S301, that is,
details of the calculation process for an overexposed high-
light search range (Xq, Yo, X, ¥;) corresponding to a noticed
pixel (x, y), are described with reference to FIG. 8. As
described hereinabove, the setting process for the overex-
posed highlight search range (X,, Yo, X;, ¥;) corresponding
to the noticed pixel (x, y) is a process of setting a search
region for an overexposed highlight pixel which may pos-
sibly exist in a neighboring region of the noticed pixel (x, y).
While false color (PF) pixels appear in the proximity of and
around a portion at which an overexposed highlight appears,
the range within which such false color (PF) pixels appear
differs depending upon the position of the overexposed
highlight on the image.

[0128] For example, a false color.

[0129] (PF) is more liable to appear toward a direction
from a central portion of an image which is the optical center
to an end of the image, and a larger false color (PF) portion
sometimes appears toward the direction. The characteristic
of the range within which a false color (PF) appears differs
also depending upon the type of the optical system, setting
of the iris, focal length and so forth and the position of the
noticed pixel.

[0130]

[0131] ) is a false color (PF) pixel, then calculation of the
overexposed highlight search range (x,, y,, X;, y;) corre-
sponding to the noticed pixel (x, y) is executed at step S301
in the flow of FIG. 7. While various methods are available
for the setting of an overexposed highlight search range, in
the present embodiment, an overexposed highlight search
range (Scox, Scoy, Scix, Sciy) which corresponds to an
image center pixel 400 located at a central portion of a
processing object image (width “width”, height="height”)
and another overexposed highlight search range (Seox,
Seoy, Seix, Seiy) corresponding to an image end pixel 401
at an image end portion are set in advance as seen in FIG.
8 and retained as table data. Further, the overexposed

In the present embodiment, if the noticed pixel (x,
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highlight search range (X, Vo, X;, ¥1)=(S0x, Soy, Six, Siy)
corresponding to a noticed pixel (x, y) 402 is calculated
based on the overexposed highlight search range data cor-
responding to the image central pixel and the image end
pixel set as the table data in response to the pixel position of
the noticed pixel (X, y).

[0132] A particular calculation process of the overexposed
highlight search range (X, Vo, X;, ¥;)=(S0x, Soy, Six, Siy)
corresponding to the noticed pixel (x, y) is described. The
overexposed highlight search range (X, Vo, X;, ¥;)=(Sox,
Soy, Six, Siy) is determined using the following expressions

—dx dx' ¢8)

Sox = Scox X + Seox X
dx

’ ’

dy-dy
+ Seoy X Fi

Soy = Scoy X

dx—dx Cdx
+ Seix X —

Six = Scixx Ix Tx

dv—dv ,
Siy = Sciyx Y-y + Seiy X d};

where Scox, Scoy, Scix and Sciy are the overexposed
highlight search range (Scox, Scoy, Scix, Sciy) at a central
portion of the processing object image (width="width”,
height="height”), and Seox, Seoy, Seix and Seiy are the
overexposed highlight search range (Seox, Seoy, Seix, Seiy)
at the image end portion.

[0133] Further, dx and dy are the distance from the image
center to the image end, and dx=width/2 and dy=height/2.
Further, dx' and dy' are the distance from the image center
to the noticed pixel (x, y), and dx'=[x-width/2| and dy'=|y-
height/2|.

[0134] It is to be noted, however, that, while the calcula-
tion process of an overexposed highlight search range may
be configured such that, when the noticed pixel is changed,
calculation based on the expressions (1) above is performed
sequentially, it may otherwise be configured such that, when
the noticed pixel is changed, the calculation based on the
expressions (1) is not executed, but the overexposed high-
light search range data corresponding to the preceding
noticed pixel are utilized to determine the overexposed
highlight search range corresponding to the next noticed
pixel. In particular, where the calculation process of an
overexposed highlight search range is configured such that
the overexposed highlight search range data corresponding
to the next search pixel are calculated by adding only a
variation amount for the overexposed highlight search range
data corresponding to the preceding noticed pixel.

[0135] For example, as regards [Sox] which is one of
component data of the overexposed highlight search range
(Xps Yo» X;» ¥1)=(Sox, Soy, Six, Siy) corresponding to the
noticed pixel (X, y), according to the expressions (1) given
hereinabove, [Sox] is incremented or decremented by 1 for
each (dx/(Scox-Seox)). Accordingly, (dx/(Scox—Seox)) is
calculated in advance, and the value of [Sox] set to the
overexposed highlight search range calculated already
should be varied by one. Also the other values Soy, Six and
Siy can be calculated by a similar process. Where the
configuration that overexposed highlight range data corre-
sponding to a preceding noticed pixel are utilized to deter-
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mine an overexposed highlight search range corresponding
to a next noticed pixel in this manner is used, an efficient
process which reduces the calculation load can be antici-
pated.

[0136] Now, details of the overexposed highlight distance
calculation process at step S305 in the flow chart of FIG. 7
are described with reference to FIG. 9. When the distance
from a noticed pixel to an overexposed highlight pixel is to
be calculated, it is necessary to take the direction in which
a false color (PF) appears into consideration similarly as in
the search range setting process for an overexposed high-
light pixel. FIG. 9 illustrates an overexposed highlight
search range 420 for a noticed pixel (x, y) 410.

[0137] The overexposed highlight presence possibilities at
four points of pixels 421 to 424 of the overexposed highlight
search range 420 corresponding to the noticed pixel (x, y)
410 shown in FIG. 9, that is, (X,, Yo, X, ¥;)=(S0X%, Soy, Six,
Siy), are substantially equal to each other. As described
hereinabove, false color (PF) pixels appear in the proximity
of and around a portion at which an overexposed highlight
appears. However, as described hereinabove, while false
color (PF) pixels appear in the proximity of and around a
portion at which an overexposed highlight appears, the
range within which such false color (PF) pixels appear
differs depending upon the position of the overexposed
highlight on the image, and a false color (PF) is more liable
to appear toward a direction from a central portion of an
image which is the optical center to an end of the image and
there is a tendency that a larger false color (PF) portion
toward the direction. The overexposed highlight search
range 420 of FIG. 9 is an overexposed highlight search
range set corresponding to the noticed pixel (x, y) 410 which
is a false color (PF) pixel. Accordingly, the overexposed
highlight search range 420 is not set in a region around the
noticed pixel (%, y) 410.

[0138] The overexposed highlight search range 420 is set
as a region in which the overexposed highlight presence
possibilities at the four points of the pixels 421 to 424 at the
ends of the overexposed highlight search range 420 are
substantially equal to each other.

[0139] In the overexposed highlight distance calculation
process at step S305 of the flow chart of FIG. 7, in the
calculation of the distance [D] between the noticed pixel (x,
y) 410 and an overexposed highlight pixel (a, b) 431, not an
actual distance is calculated, but the absolute value of the
difference between the x coordinates of the overexposed
highlight position and the noticed pixel is normalized using
Sox or Six and the absolute value of the difference between
the y coordinates of the overexposed highlight pixel portion
position and the noticed pixel using Soy or Siy to calculate
the distance d.

[0140] The distance calculation process based on normal-
ization corresponds to the calculation of the distance d based
on a supposition that the distances from the noticed pixel (x,
y) 410 to the pixels 421 to 424 at the ends of the overexposed
highlight search range 420 in FIG. 9 are equal to one
another, that is, Sox=Soy=Six=Siy.

[0141] The distance d between the noticed pixel (x, y) 410
and the overexposed highlight pixel (a, b) 431 shown in
FIG. 9 is determined in accordance with the following
expression (2):

d=dx+dy &)
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where dx and dy are values calculated in accordance with the
following expressions:

de= " here a <

=W (where a < x)

dx_la—xl b o

= w2 (where a = x)

dy = u (where b < y)
Hl

dy = u (where b= y)
H2

where X, y and a, b are coordinate values of the noticed pixel
(X, y) and the overexposed highlight pixel (a, b), and W1,
W2 and H1, H2 are distances from the noticed pixel (x, y)
of the overexposed highlight search range set corresponding
to the noticed pixel (x, y) to the overexposed highlight
search range boundaries. In other words, W1, W2 and H1,
H2 represent the distances shown in FIG. 9, and in particu-
lar, W1 and W2 represent the values of the two distances in
the x direction and H1 and H2 represent the values of the two
distances in the y direction.

[0142] In the distance calculation process at step S305 of
the flow chart of FIG. 7, the distance between the noticed
pixel (X, y) and the overexposed highlight pixel (a, b) is
calculated in accordance with the expression (2) given
hereinabove. It is to be noted that the distance calculated in
accordance with the expression (2) is called Manhattan
distance, and here, the Manhattan distance is determined for
simplified calculation. Not the Manhattan distance but the
distance: Vi (dX2+dy2) between the noticed pixel (x, y) and the
overexposed highlight pixel (a, b) may be determined
instead.

[0143] The distance d calculated in accordance with the
expression (2) has a value of d=0.0 to 1.0, and where d=0.0,
an overexposed highlight is nearest to the noticed pixel, but
where d=1.0, the distance is long.

[0144] The overexposed highlight direction vector calcu-
lation process at step S308 of the flow of FIG. 7 is described
below. The process at step S308 is to determine the direction
vector (sx, sy)=(|s|, [t|) from the noticed pixel (x, y) to an
overexposed highlight pixel at the short distance. At this
step, in which direction (vertical, horizontal or oblique
direction) an overexposed highlight exists with respect to the
noticed pixel can be specified by determining the absolute
values of the relative coordinate values from the position (x,
y) of the noticed pixel to the position (a, b) of the overex-
posed highlight. For example, if the absolute value of the
vertical position is higher than the absolute value of the
horizontal position, then it can be decided that an overex-
posed highlight exists at least in an obliquely upward
direction.

[0145] For example, if the position of the overexposed
highlight at the shortest distance is (a, b) in relative position
from the noticed pixel (X, y), then the vector in the overex-
posed highlight direction is (|al, |b|). Here, |a| and |b| repre-
sent the absolute values of a and b, respectively.

[0146] As described hereinabove, the overexposed high-

light distance-direction vector calculation section 302
shown in FIG. 4 receives the overexposed highlight detec-
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tion map [W]354 as an input thereto and executes processing
in accordance with the flow of FIG. 7 to perform a process
of calculating the distance and the direction vector of the
noticed pixel (x, y) from the overexposed highlight pixel.
Then, the overexposed highlight distance-direction vector
calculation section 302 outputs the distance [Wi]355 to the
overexposed highlight pixel nearest to the noticed pixel (x,
y), that is, the nearest overexposed highlight pixel, to the
overexposed highlight degree calculation section 303 and
outputs the direction vector [WDirect]356 indicative of the
direction in which the nearest overexposed highlight exists
from the noticed pixel (x, y) to the directional gain calcu-
lation section 304.

[0147] Overexposed Highlight Degree Calculation Sec-
tion

[0148] Now, details of the process of the overexposed
highlight degree calculation section 303 are described. The
overexposed highlight degree calculation section 303
receives the distance [ Wi]355 between the noticed pixel and
the overexposed highlight pixel nearest to the noticed pixel
as an input thereto and performs the overexposed highlight
degree calculation process to calculate the overexposed
highlight degree [Wr], and outputs the overexposed high-
light degree [Wr] to the false color degree calculation
section 306.

[0149] The overexposed highlight degree calculation sec-
tion 303 receives the distance [Wi]355 to the nearest over-
exposed highlight pixel produced by the overexposed high-
light distance-direction vector calculation section 302 as an
input thereto and performs data conversion applying a
lookup table (LUT) based on the inputted distance [Wi] data
values to calculate the overexposed highlight degree [Wr],
and outputs the overexposed highlight degree [Wr] to the
false color degree calculation section 306. The process
corresponds to the process of the overexposed highlight
degree calculation section 303 included in the process at step
S103 of the flow chart of FIG. 5. An example of a graph
which represents the lookup table (LUT) to be applied by the
overexposed highlight degree calculation section 303 is
shown in FIG. 10.

[0150] Referring to FIG. 10, the axis of abscissa indicates
the distance [Wi] data to the nearest overexposed highlight
pixel inputted from the overexposed highlight distance-
direction vector calculation section 302, and the axis of
ordinate indicates the overexposed highlight degree [Wr] to
be outputted to the false color degree calculation section
306. The distance [Wi] data and the overexposed highlight
degrees [Wr] correspond in a one by one corresponding
relationship to each other, and the overexposed highlight
degree calculation section 303 acquires a corresponding
value of the overexposed highlight degree [Wr] based on the
distance [Wi] data to the nearest overexposed highlight pixel
inputted from the overexposed highlight distance-direction
vector calculation section 302. For example, where the
lookup table (LUT) shown in FIG. 10 is applied, the
overexposed highlight degree calculation section 303
acquires and outputs such a value of the overexposed
highlight degree [Wr] as given below to the false color
degree calculation section 306. In particular,

[0151] where the distance [Wi] to the overexposed high-
light pixel is [Wi]=0, the overexposed highlight degree
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[0152] where the distance [Wi] to the overexposed high-
light pixel is [Wi]=0.25, the overexposed highlight degree
[Wr]=0.5,

[0153] where the distance [Wi] to the overexposed high-
light pixel is [Wi]=0.5, the overexposed highlight degree
[Wr]=0.65, or

[0154] where the distance [Wi] to the overexposed high-
light pixel is [Wi]=1.0, the overexposed highlight degree
[Wr]=1.0 is acquired and outputted.

[0155] The process described above is executed for each
pixel, and the overexposed highlight degree [Wr] corre-
sponding to each pixel is calculated and outputted to the
false color degree calculation section 306. It is to be noted
that the lookup table (LUT) shown in FIG. 10 is a mere
example and is set taking the manner of appearance of a
false color (PF) into consideration. However, the lookup
table to be used for the data conversion described above is
not limited to the specific lookup table (LUT) shown in FIG.
10.

[0156] Directional Gain Calculation Section 304

[0157] Now, details of the process of the directional gain
calculation section 304 are described. The directional gain
calculation section 304 calculates a directional gain [Dr]
based on the direction vector [WDirect]356 outputted from
the overexposed highlight distance-direction vector calcu-
lation section 302, that is, the direction vector [ WDirect]356
from the noticed pixel toward the nearest overexposed
highlight pixel, and outputs the calculated directional gain
[Dr] to the saturation reduction rate calculation section 307.
The process of the directional gain calculation section 304 is
described below with reference to a flow chart of FIG. 11.
The flow illustrated in FIG. 11 corresponds to the process of
the directional gain calculation section 304 included in the
process at step S103 of the follow chart of FIG. 5.

[0158] The directional gain calculation section 304
receives a corresponding direction vector [ WDirect(x, y)]
for each noticed pixel (%, y) of the processing object image
as an input thereto and outputs a directional gain [Dr(X, y)]
corresponding to each pixel.

[0159] In the present embodiment, direction vectors
[WDirect(x, y)] corresponding to pixels as input values are
classified in such a manner as seen in FIG. 12. FIG. 12
illustrates an example wherein direction vectors [ WDirect(x,
y)] corresponding to the individual pixel positions (X, y) into
five different vectors 0, 1, 2, 3 and 4 individually for
different directions.

[0160] Referring to FIG. 12, the directional gain calcula-
tion section 304 classifies direction vectors [ WDirect(x, y)]
of the corresponding shortest overexposed highlight pixel
positions for the individual pixel positions (x, y) of the
processing object image inputted from the overexposed
highlight distance-direction vector calculation section 302
into five directions. The processing procedure for the clas-
sification into the five directions is the processes at steps
S401 to S410 in the flow of FIG. 11.

[0161] Tt is to be noted that also the processing flow
illustrated in FIG. 11 has two frameworks similar to those
of the other flows described hereinabove, that is, an outer
framework denoted by For (y=0; y<height; y=y+1) and an
inner framework denoted by For (x=0; x<width; x=x+1), and
processes at the steps are successively executed for the
component pixels of (x=0 to “width”, y=0 to “height”) of the
processing object image frame.
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[0162] Referring to FIG. 11, at step S401, direction data
of the direction vector [WDirect(x, y)] of the shortest
overexposed highlight pixel position corresponding for each
pixel position (X, y) are set as (sx, sy), and at step S402, it
is decided whether or not 4xsy<1xsx is satisfied. If 4xsy<1x
sx is satisfied, then the processing advances to step S403, at
which it is decided that the direction angle is “angle”=0. This
is a process at which it is decided that the direction vector
[WDirect(x, y)] corresponding to the pixel position (X, y) is
within the region of “angle”=0 in FIG. 12.

[0163] If the direction vector (sx, sy) of the noticed pixel
does not satisfy 4xsy<1xsx at step S402, then the processing
advances to step S404, at which it is decided whether or not
3xsy <2xsx is satisfled. If 3xsy<2xsx is satisfied, then the
processing advances to step S405, at which it is decided that
the direction angle is “angle”=1. This is a process in which
it is decided that the direction vector [WDirect(x, y)] cor-
responding to the pixel position (%, y) is within the region of
“angle”=1 in FIG. 12.

[0164] If the direction vector (sx, sy) of the noticed pixel
does not satisfy 3xsy<2xsx at step S404, then the processing
advances to step S406, at which it is decided whether or not
2xsy<3xsx is satisfled. If 2xSy<3xsx is satisfied, then the
processing advances to step S407, at which it is decided that
the direction angle is “angle”=2. This is a process in which
it is decided that the direction vector [WDirect(x, y)] cor-
responding to the noticed pixel (x, y) is within the region of
“angle”=2 in FIG. 12.

[0165] If the direction vector (sx, sy) of the noticed pixel
does not satisfy 2xsy<3xsx at step S406, then the processing
advances to step S408, at which it is decided whether or not
1xsy<4xsx is satisfied. If 1xsy<4xsx is satisfied, then the
processing advances to step S409, at which it is decided that
the direction angle is “angle”=3. This is a process in which
it is decided that the direction vector [WDirect(x, y)] cor-
responding to the noticed pixel (X, y) is within the region of
“angle”=3 in FIG. 12.

[0166] If the direction vector (sx, sy) of the noticed pixel
does not satisfy 1xSy<4xsx at step S408, then the processing
advances to step S410, at which it is decided that the
direction angle is “angle”=4. This is a process in which it is
decided that the direction vector [WDirect(x, y)] corre-
sponding to the pixel position (X, y) is within the region of
“angle”=4 in FIG. 12.

[0167] In this manner, the directional gain calculation
section 304 executes, at steps S401 to S410, a process of
classifying the direction vector [ WDirect(x, y)] of the short-
est white navigation pixel position corresponding to each
pixel position (X, y) of a processing object image inputted
from the overexposed highlight distance-direction vector
calculation section 302 into one of the five directions
(“angle”=0, 1, 2, 3 and 4).

[0168] Then, the processing advances to step S411, at
which the directional gain [Dr(x, y)] corresponding to each
noticed pixel (x, y) is calculated. The individual-direction
gain calculation is executed in accordance with the follow-
ing expression:

gain=ax(4-angle)/4+bxangle/4

where a is the saturation reduction rate where an overex-
posed highlight exists in the horizontal direction with
respect to the noticed pixel, and b is the saturation reduction
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rate where the overexposed highlight exists in the vertical
direction with respect to the noticed pixel. The values of a
and b are set such that the saturation reduction ratio where
an overexposed highlight exists in the horizontal direction
with respect to the noticed pixel is higher than that where an
overexposed highlight exists in the vertical direction with
respect to the noticed pixel. In other words, the values of a
and b are set so as to satisfy

a>b
in advance. However, they also satisfy
0=a=1 and 0=b=1

[0169] The “angle” in the expression hereinabove assumes
one of 0 to 4 determined in the processes at steps S401 to
S410, that is, one of 0, 1, 2, 3 and 4 determined based on the
direction vector (sx, sy) of the direction vector [ WDirect(x,
y)] of the shortest overexposed highlight pixel position
corresponding to each pixel position (X, y).

[0170] The setting of the calculation expression at step
S411 signifies that, where the overexposed highlight pixel at
the shortest distance detected corresponding to a certain
noticed pixel (x, y) exists in the horizontal direction with
respect to the noticed pixel, the saturation reduction rate of
the noticed pixel (X, y) is set to a comparatively high value.
On the other hand, where the overexposed highlight pixel at
the shortest distance exists in the vertical direction with
respect to the noticed pixel, the saturation reduction rate of
the noticed pixel (x, y) is set to a comparatively low value.

[0171] At step S412, the gain [gain] calculated at step
S411 is set as the directional gain [Dr(x, y).] corresponding
to the noticed pixel (X, y).

[0172] The directional gain calculation section 304 calcu-
lates the directional gain [Dr] based on the directional vector
[WDirect]356 outputted from the overexposed highlight
distance-direction vector calculation section 302, that is, the
direction vector [ WDirect]356 from the noticed pixel toward
the nearest overexposed highlight pixel, and outputs the
calculated directional gain [Dr] to the saturation reduction
rate calculation section 307.

[0173] The directional gain calculation section 304
executes the individual-direction gain calculation in accor-
dance with the following expression as described herein-
above:

gain=ax(4-angle)/4+bxangle/4
[0174] Here, the values of a and b are set to a=1.0 and
b=0.7. In this setting, the “gain” calculated based on the
value: 0 to 4 of the angle (“angle”) of the direction vector
[WDirect(x, y)] from the noticed pixel (x, y) toward the
nearest overexposed highlight pixel, that is, the directional
gain [Dr(x, y)], has the following value:

[0175] angle=0: Dr(x, y)=gain=1.0
[0176] angle=1: Dr(x, y)=gain=0.925
[0177] angle=2: Dr(x, y)=gain=0.85
[0178] angle=3: Dr(x, y)=gain=0.755
[0179] angle=4: Dr(x, y)=gain=0.7

[0180] The directional gain [Dr(x, y)] is outputted to the
saturation reduction rate calculation section 307 in the
configuration shown in FIG. 4 and is applied as an index
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value to be used in calculation of a saturation reduction rate
[R] of the noticed pixel (X, y). The saturation reduction rate
[R] is set to a higher value as the directional gain [Dr(x, y)]
is nearer to 1, but is set to a lower value as the directional
gain [Dr(x, y)] is nearer to O.

[0181] Accordingly, in the case of “angle”=0, the satura-
tion reduction rate [R] is set to a high value, and the
saturation of the noticed pixel (X, y) is reduced by a great
amount. However, in the case of “angle”=4, the saturation
reduction rate [R] is set to a low value and the reduction
amount of the saturation for the noticed pixel (x, y) is set to
a low value.

[0182] The reason whey such a saturation reduction pro-
cess as described above is executed is described with
reference to FIG. 13. As described hereinabove, the image
processing apparatus of the present invention executes pro-
cessing of moving picture data, which are inputted, for
example, at a fixed frame rate, on the real time basis. In
particular, image frame data picked up is inputted to the
digital signal processing section (DSP) 106 (refer to FIG. 1)
of the apparatus, and a process of executing correction of
pixel values is performed while pixel information is read
along a scanning line.

[0183] In the image processing apparatus of the present
invention, it is necessary not to read out picked up image
data stored once in a memory and execute a correction
process for the stored image data, but to perform a correction
process on the real time basis based on pixel information
inputted along a scanning line. Where image data stored
once in a memory are read out to execute a process therefor,
it is possible to arbitrarily select pixel information at an
arbitrary pixel position and perform a process applying pixel
information corresponding to various selected pixels. How-
ever, where the image processing apparatus is configured so
as to execute a correction process based on pixel information
inputted along a scanning line, it is necessary to perform a
process applying only pixel information temporarily accu-
mulated in the memory in the DSP 106 (refer to FIG. 1).

[0184] The pixel information temporarily stored in the
memory in the DSP 106 is only pixel information corre-
sponding to a fixed number of pixels along the scanning line.
Accordingly, where it is tried to correct pixel values of a
noticed pixel (X, y) based on pixel value information of
peripheral pixels, only pixel information corresponding to
those pixels which are positioned in the proximity of the
pixel position of the noticed pixel (x, y) and along the
scanning line is applicable information.

[0185] Thus, as seen in FIG. 13, it is necessary for pixel
data values to be read along a scanning line (arrow mark in
an image frame) of an image frame 500 and processed by the
DSP 106. (A) of FIG. 13 illustrates a process where false
color (PF) pixels successively appear along the horizontal
direction of a noticed pixel 511, that is, in a scanning line
direction, and (B) of FIG. 13 illustrates a process where
false color (PF) pixels successively appear in a vertical
direction of a noticed pixel 521, that is, a direction perpen-
dicular to a scanning line.

[0186] Where false color (PF) pixels successively appear
along the horizontal direction of the noticed pixel 511, that
is, in the direction of a scanning line as seen in (A) of FIG.
13, if it is tried to execute pixel value correction of the
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noticed pixel 511 based on pixel information of surrounding
pixels, pixel information which can be temporarily stored in
the memory in the DSP is only information of pixels along
the scanning line, that is, only pixel information of pixels
almost all of which are false color (PF) pixels. An arrow
mark shown in (A) of FIG. 13 indicates a referable pixel
region 512 as a region of pixel information which can be
temporarily accumulated into the memory in the DSP.

[0187] In the configuration of (A) of FIG. 13, an overex-
posed highlight pixel 513 exists in a vertical (upward)
direction of the noticed pixel 511, that is, in a direction
perpendicular to a scanning line, and the angle (“angle”)
value mentioned hereinabove is “angle” 4, and where the
setting of a=1.0 and b=0.7 given hereinabove is used, the
gain of the angle value is calculated in accordance with the
following expression:

gain=ax(4-angle)/4+bxangle/4
and therefore, the directional gain Dr(x, y) is given by
Dr(x,y)=gain=0.7

[0188] In other words, the saturation reduction rate of the
noticed pixel (X, y) is suppressed so that saturation reduction
by a great amount is not executed. This is because, although
the noticed pixel (x, y) is a false color (PF) pixel and requires
saturation reduction, since also those pixels which can be
referred to are false color (PF) pixels, a pixel having normal
saturation information cannot be referred to, and if satura-
tion reduction by a great amount is executed, then a satu-
ration correction process wherein a normal pixel 514 which
is a normal pixel positioned in the vertical direction, that is,
in the case of the image configuration shown in (A) of FIG.
13, in the vertical (downward) direction, that is, which is
neither false color (PF) pixel nor overexposed highlight
pixel, is referred to is impossible and there is the possibility
that the difference in saturation between the noticed pixel
511 for which the saturation reduction has been performed
and the normal pixel 514 may become unsuitably great.

[0189] If the difference in saturation between the noticed
pixel 511 for which the saturation reduction has been
performed and the normal pixel 514 becomes great, then the
unnaturalness of the image increases, resulting in deterio-
ration of the quality of the image. In order to prevent such
a situation as just described, in the case of such a configu-
ration as shown in (A) of FIG. 13, even where the noticed
pixel 511 is a false color (PF) pixel, excessive reduction of
the saturation by reduction of the saturation reduction rate is
not executed. It is to be noted that details of the saturation
reduction process and the correction process are hereinafter
described.

[0190] On the other hand, where false color (PF) pixels
successively appear in a vertical direction of the noticed
pixel 521, that is, in a direction perpendicular to the scanning
line direction and particularly an overexposed highlight
pixel 523 and a normal pixel 524 exist in the scanning line
direction as seen in (B) of FIG. 13, if it is tried to execute
pixel value correction of the noticed pixel 521 based on
image information of surrounding pixels, then the pixel
information which can be temporarily accumulated into the
memory in the DSP is pixel information of those pixels
which are positioned along the scanning line and included in
a referable pixel region 522. In this instance, image infor-
mation of the normal pixel 524 which is neither overexposed
highlight pixel nor false color (PF) pixel can be applied.
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[0191] In the configuration of (B) of FIG. 13, the over-
exposed highlight pixel 523 is positioned in the horizontal
direction of the noticed pixel 521, that is, in the scanning
direction, and the “angle” value described hereinabove is
“angle”=0, and where the setting of a=1.0 and b=0.7
described hereinabove is used, the gain of the “angle” is
calculated in accordance with the following expression:

gain=ax(4-angle)/4+bxangle/4
and the directional gain Dr(x, y) is given as
Dr(x,y)=gain=1.0

[0192] In other words, the saturation reduction rate of the
noticed pixel (X, y) is set to a high value.

[0193] In the configuration of (B) of FIG. 13, the noticed
pixel (%, y) 521 is a false color (PF) pixel, and even where
a saturation reduction process by a great amount is executed,
the pixel information of the normal pixel 524 positioned on
the same scanning line as that of the noticed pixel (x, y) 521
can be read out from the memory in the DSP, and appropriate
saturation correction with the saturation of the normal pixel
524 referred to can be performed. In other words, even if
saturation reduction of the noticed pixel 521 by a great
amount is executed, correction adapted for the saturation of
the normal pixel 524 can be performed in later saturation
correction.

[0194] This saturation correction process can prevent such
a situation that the difference in saturation between the
noticed pixel 521 and the normal pixel 524 becomes sig-
nificantly great. Based on such a reason as just described,
where the image has such a pixel configuration as shown in
(B) of FIG. 13, the saturation reduction rate of the noticed
pixel 521 is set to a high value.

[0195] Purple Degree Calculation Section 305

[0196] Now, details of the process of the purple degree
calculation section 305 of the false color (PF) correction
processing section 206 shown in FIG. 4 are described. The
purple degree calculation section 305 receives the color
difference component [C]353 of the input image 351 as an
input thereto as seen in FIG. 4 and executes a process of
calculating the purple degree [Pr]358 based on the color
difference component [C]353 and outputting the calculated
purple degree [Pr]358 to the false color degree calculation
section 306. The process of the purple degree calculation
section 305 is described below.

[0197] Color difference component [C] data of a noticed
pixel (x, y) for which the process is to be executed by the
purple degree calculation section 305 are represented by (Cr,
Cb). In the present embodiment, the process is performed for
data developed in the YCbCr color space, and as color
information, color information of each pixel is defined on
the CbCr color difference plane. The purple degree calcu-
lation section 305 receives color difference data (Cb, Cr) of
the noticed pixel (x, y) as an input thereto and calculates and
outputs the purple degree [Pr(x, y)] as closeness information
to a hue of a false color (PF) for each noticed pixel to the
false color degree calculation section 306.

[0198] The purple degree [Pr(x, y)] is represented by a
value ranging from 0.0 to 1.0, and Pr=0.0 represents that the
color is far from a false color (PF) hue whereas Pr=1.0 is
closest to the false color (PF) hue.
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[0199] An example of setting of a false color (PF) hue and
a purple degree [Pr] on the CbCr color difference plane is
described with reference to FIG. 14. A graph shown in FIG.
14 indicates the CbCr color difference plane, and a line 601
(Fg) in FIG. 14 is false color (PF) hue line corresponding to
a hue of a false color (PF) on the CbCr color difference
plane. A typical purple fringe has a hue on the false color
(PF) hue line 601.

[0200] Another line 602 in FIG. 14 is a noticed pixel hue
line corresponding to the hue of the noticed pixel (x, y)
shown as an example. As the noticed pixel hue line 602
comes nearer to the false color (PF) hue line 601, the hue of
the noticed pixel (X, y) comes nearer to the false color (PF)
hue, and as the noticed pixel hue line 602 goes away from
the false color (PF) hue line 601, the hue of the noticed pixel
(X, y) goes away from the false color (PF) hue.

[0201] Lines 611 and 612 in FIG. 14 are hue lines rotated
by an angle 6, from the false color (PF) hue line 601 and
purple degree [Pr] O lines. The angle 6,,,, is set in advance
and, for example, to 300. As the hue of the noticed pixel (x,
y) comes nearer to the false color (PF) hue line 601 from the
purple degree [Pr] O line 611 or 612, the value of the purple
degree [Pr] becomes higher, and the purple degree [Pr] is 1
where the hue of the noticed pixel (X, y) is on the false color
(PF) hue line 601. In particular, where the noticed pixel hue
line 602 is between the purple degree [Pr] O lines 611 and
612, the purple degree [Pr] of the noticed pixel (x, y) is set
to a value ranging from 0 to 1. Where the noticed pixel hue
line 602 is not between the purple degree [Pr] 0 lines 611 and
612, the purple degree [Pr] of the noticed pixel (x, y) is set
to 0.

[0202] The purple degree [Pr(x, y)] of the noticed pixel (x,
y) is determined in accordance with the following calcula-
tion expression:

Omax — {1Fp — 0(x, y)} ©)

Omax

Prix, y) =

where Fgy is the angle defined by the axis Cb and the false
color (PF) hue line on the color difference data (Cb, Cr), 6(x,
y)is the angle defined by the axis Cb and the noticed pixel
hue line, and 0, is the angle defined by and set in advance
between the false color (PF) hue line and the purple degree
[Pr] O line and is set, for example, to 30°.

[0203] In this manner, the purple degree calculation sec-
tion 305 receives the color difference component [C]353 of
the input image 351 as an input thereto and executes a
process of calculating the purple degree [Pr]358 based on
the color difference component [C]353 in accordance with
the calculation expression (3) given above and outputting
the calculated purple degree [Pr]358 to the false color degree
calculation section 306.

[0204] False Color Degree Calculation Section 306

[0205] Now, details of the process of the false color degree
calculation section 306 are described. The false color degree
calculation section 306 calculates a false color degree [PFr]
359 based on the purple degree [Pr]358 inputted from the
purple degree calculation section 305 and the direction
vector [WDirect]356 inputted from the overexposed high-
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light degree calculation section 303 as seen in FIG. 4 and
outputs the calculated false color degree [PFr]359 to the
saturation reduction rate calculation section 307.

[0206] The false color degree calculation section 306
calculates the false color degree [PFr(x, y)] of the noticed
pixel (x, y) based on the purple degree [Pr(x, y)] of the
noticed pixel (X, y) and the overexposed highlight degree
[Wr(x, y)] of the noticed pixel (x, y) in accordance with the
following expression (4):

PFr(x,y)=Pr(x,y)x Wr(x,y) 4)

[0207] The expression (4) indicates that the false color
degree [PFr(x, y)] of the noticed pixel (x, y) is calculated by
multiplication of the purple degree [Pr(x, y)] of the noticed
pixel (%, y) and the overexposed highlight degree [Wr(x, y)]
of the noticed pixel (%, y).

[0208] In the expression (4) above, the purple degree
[Pr(x, y)] has a value ranging from O to 1, and also the
overexposed highlight degree [Wr(x, y)] has a flue ranging
from 0 to 1. Therefore, also the false color degree [PFr(x, y)]
is set within a range from O to 1. The false color degree
[PFr]=1.0 indicates that the false color degree is highest, that
is, the possibility that the noticed pixel may have a false
color (PF), is highest. On the other hand, the false color
degree [PFr]=0.0 indicates that the false color degree is
lowest, that is, the possibility that the noticed pixel may have
a false color (PF), is lowest.

[0209] Saturation Reduction Rate Calculation Section 307

[0210] Now, details of the process of the saturation reduc-
tion rate calculation section 307 are described. The satura-
tion reduction rate calculation section 307 calculate a satu-
ration reduction rate [R]361 based on the false color degree
[PFr]359 inputted from the false color degree calculation
section 306 and the directional gain [Dr]360 inputted from
the directional gain calculation section 304 as seen in FIG.
4. Then, the saturation reduction rate calculation section 307
outputs the calculated saturation reduction rate [R]361 to the
processing sections of the correction processing section 310,
that is, to the pixel saturation reduction processing section
311, pixel saturation correction processing section 312 and
pixel color difference component blurring processing sec-
tion 313.

[0211] The saturation reduction rate calculation section
307 calculates the saturation reduction rate R(x, y) of the
noticed pixel (x, y) based on the false color degree [PFr(x,
y)] of the noticed pixel (x, y) and the directional gain [Dr(x,
y)] of the noticed pixel (x, y) in accordance with the
following calculation expression (5):

R(x,y)=PFr(x,y)xDr(x,y) (5)

[0212] The expression (5) above indicates that the satura-
tion reduction rate R(x, y) of the noticed pixel (x, y) is
calculated by multiplication of the false color degree [PFr(x,
y)] of the noticed pixel (x, y) and the directional gain [Dr(x,
y)] of the noticed pixel (x, y).

[0213] In the expression (5) above, the false color degree
[PFr(x, y)] has a value ranging from 0 to 1, and also the
directional gain [Dr(x, y)] has a value ranging from 0 to 1.
Therefore, also the saturation reduction rate R(x, y) is set
within a range from O to 1. The saturation reduction rate R(x,
y)=1.0 signifies that the saturation reduction process is
executed with the highest level, and the saturation reduction
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rate R(X, y)=0.0 signifies that the saturation reduction pro-
cess is executed with the lowest level.

[0214] The saturation reduction rate calculation section
307 calculates the saturation reduction rate [R]361 based on
the false color degree [PFr]359 inputted from the false color
degree calculation section 306 and the directional gain
[Dr]360 inputted from the directional gain calculation sec-
tion 304 in accordance with the expression (5) given here-
inabove. Then, the saturation reduction rate calculation
section 307 outputs the calculated saturation reduction rate
[R]361 to the processing sections of the correction process-
ing section 310, that is, to the pixel saturation reduction
processing section 311, pixel saturation correction process-
ing section 312 and pixel color difference component blur-
ring processing section 313.

[0215] The processes described above are details of the
process of the correction parameter (saturation reduction
rate) calculation section 300 shown in FIG. 4, and by the
process, a saturation reduction rate R(X, y) corresponding to
a noticed pixel (x, y) is set and a pixel value correction
process is executed applying the saturation reduction rate
R(x, y) by the pixel saturation reduction processing section
311, pixel saturation correction processing section 312 and
pixel color difference component blurring processing sec-
tion 313 of the correction processing section 310.

[0216] In the following, details of the processes executed
by the pixel saturation reduction processing section 311,
pixel saturation correction processing section 312 and pixel
color difference component blurring processing section 313
of the correction processing section 310 are described suc-
cessively.

[0217] Pixel Saturation Reduction Processing Section 311

[0218] The pixel saturation reduction processing section
311 receives the color difference component [C]353 of the
input image 351 as an input thereto as seen in FIG. 4, and
performs a saturation reduction process of a false color (PF)
pixel portion based on the saturation reduction rate [R]361
inputted from the correction parameter (saturation reduction
rate) calculation section 300. Then, the pixel saturation
reduction processing section 311 outputs a false color [PF]
portion saturation reduction result image [Cs]362 to the
pixel saturation correction processing section 312.

[0219] A particular process of the pixel saturation reduc-
tion processing section 311 is described. The pixel saturation
reduction processing section 311 calculates reduction satu-
rations Cs(x, y)Cr and Cs(x, y)Cb of the Cr and Cb com-
ponents of the noticed pixel (x, y) after the saturation
reduction based on original saturations C(x, y)Cr and C(x,
y)Cb of the Cr and Cb components of the noticed pixel (x,
y) acquired based on the color difference component [C]353
of the input image 351 and the saturation reduction rate R(x,
y) of the noticed pixel (x, y) inputted from the correction
parameter (saturation reduction rate) calculation section 300
in accordance with the following expressions (6):

Cs(x,y)Cr=C(x,y)Cr={1.0-R(x,y)}

Cs(x,y)Cb=C(x,y)Chx{1.0-R(x,y)} (6)
where the saturation reduction rate R(x, y) of the noticed
pixel (%, y) has a value within a range from 0 to 1 and has
a value nearer to 1 as the false color degree [PFr(x, y)] of the
noticed pixel (x, y) becomes higher. In the expressions 6
above,
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{1.0-R(xp)}

has a value which decreases toward 0 as the false color
degree [PFr(x, y)] of the noticed pixel (X, y) becomes higher,
and the expressions (6) above represent a process of multi-
plying the original saturation C(x, y) by the value of
{1.0-R(x, y)}, as the false color degree [PFr(x, y)] of the
noticed pixel (X, y) becomes higher, the degree by which the
saturation is reduced increases.

[0220] In other words, the expressions (6) signify that a
process of reducing the saturation by a greater amount as the
false color degree [PFr(x, y)] of the noticed pixel (x, y)
increases (approaches 1) but decreasing the degree of reduc-
tion as the false color degree [PFr(x, y)] of the noticed pixel
(X, y) decreases (approaches 0).

[0221] Pixel Saturation Correction Processing Section 312

[0222] The pixel saturation correction processing section
312 receives the false color [ PF] portion saturation reduction
result image [Cs]362 from the pixel saturation reduction
processing section 311 as an input thereto as seen in FIG. 4
and executes correction of the reduction amount of the
saturation. In particular, the pixel saturation correction pro-
cessing section 312 detects a portion where the saturation
has been reduced excessively or the like by the pixel
saturation reduction processing section 311 and performs a
saturation correction process with reference to the satura-
tions of surrounding pixels. The pixel saturation correction
processing section 312 selects a pixel for which the satura-
tion reduction process has been executed by the pixel
saturation reduction processing section 311, that is, a pixel
which has been decided principally as a false color (PF)
pixel, and performs a correction process for the selected
pixel. In particular, since the object range of the saturation
correction is a portion in which the saturation has been
reduced, it becomes necessary to select a pixel whose
saturation reduction rate [R]361 is not 0, and therefore, the
pixel saturation correction processing section 312 receives
the saturation reduction rate [R]361 as an input thereto,
selects a pixel whose saturation reduction rate [R]361 is not
equal to 0 and performs saturation correction for the selected
pixel. A saturation correction image [Cc]363 which is an
image for which the saturation correction is performed is
outputted to the pixel color difference component blurring
processing section 313. Details of the process of the pixel
saturation correction processing section 312 are described
now with reference to a processing flow illustrated in FIG.
15. It is to be noted that the processing flow illustrated in
FIG. 15 corresponds to the detailed process of the saturation
correction process at step S108 of the flow chart of FIG. 5.

[0223] Tt is to be noted that also the processing flow
illustrated in FIG. 15 has two frameworks similar to those
of the other flows described hereinabove, that is, an outer
framework denoted by For (y=0; y<height; y=y+1) and an
inner framework denoted by For (x=0; x<width; x=x+1), and
processes at the steps are successively executed for the
component pixels of (x=0 to “width”, y=0 to “height”) of the
processing object image frame. However, the pixel satura-
tion correction processing section 312 selects a pixel whose
saturation reduction rate [R] has a value higher than 0 as a
noticed pixel and performs a process in accordance with the
flow illustrated in FIG. 15 for the selected pixel. In particu-
lar, at a stage preceding to step S501, it is decided whether
or not a pixel inputted along a scanning line has a value of
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the saturation reduction rate [R] higher than 0. Then, only
when it is decided that the pixel has a value of the saturation
reduction rate [R] higher than 0, the pixel is selected as a
noticed pixel (x, y) and the processing at steps beginning
with step S501 is executed.

[0224] Referring to FIG. 15, at steps S501 and S502, an
initialization process of values cr and cb to

cr=Cs(x,y)Cr
cb=Cs(x,y)Cb

as saturation parameters of the noticed pixel (x, y) are
executed applying the color components Cs(x, y)Cr and
Cs(x, y)Cb of the noticed pixel (X, y) after the saturation
reduction, respectively.

[0225] Then at steps S503 and S504, the pixel saturation
correction processing section 312 calculates a saturation
[ccLv] based on the hue Cs(x, y) of the noticed pixel (x, y)
for which the saturation reduction process has been per-
formed by the pixel saturation reduction processing section
311 and a saturation [ocLv] based on the original saturation
C(x, y) of the noticed pixel (x, y) before the saturation
reduction process has been performed by the pixel saturation
reduction processing section 311. The saturation calculation
is executed in accordance with the following expressions
D

ccLv=/Cs(x,y)Cr/+/Cs(x,y)Cb/

ocLv=/C(x,y)Cr{+/C(x,y)Cb/ (7)

[0226] Then at steps S505 and S506, the pixel saturation
correction processing section 312 executes initialization of
reference pixels in the proximity of the noticed pixel. In
particular, at step S505, the pixel saturation correction
processing section 312 sets a parameter [refExist] represen-
tative of information of whether or not a reference pixel
exists in the proximity of the noticed pixel to [refExist]=
“false” to set the parameter [refExist] to absence of a
reference pixel. Then at step S506, the pixel saturation
correction processing section 312 initializes another param-
eter [rfLv] representative of a value of the reference satu-
ration of a reference pixel to 0.

[0227] At next step S507, the pixel saturation correction
processing section 312 executes a process of acquiring
saturation information as pixel information of a reference
pixel which can be acquired from within a neighboring
region of the noticed pixel. It is to be noted that reference
pixel information which can be acquired from a neighboring
region of the noticed pixel is pixel information of pixels
which are positioned in the proximity of the noticed pixel
along the scanning line as described hereinabove with
reference to FIG. 13. For example, a reference saturation is
acquired from within a search range of k (for example,
k=10) pixels on the left and right sides with respect to the
noticed pixel.

[0228] Details of the process at step S507 are processes
executed particularly at steps S508 to S512. It is to be noted
that, at step S507, the search range is set to pixels on the left
and right of the noticed pixel (X, y), and a reference pixel is
represented as reference pixel (s, y), and the hue Cs of the
reference pixel (s, y) after the saturation reduction is repre-
sented by Cs(s, y).

[0229] At step S508, the pixel saturation correction pro-
cessing section 312 decides based on the hue Cs(s, y) of one
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selected reference pixel (s, y) after the saturation reduction
whether or not the reference pixel (s, y) is an overexposed
highlight pixel. If it is decided that the reference pixel (s, y)
is an overexposed highlight pixel, then a succeeding process
for a reference pixel is executed.

[0230] On the other hand, if it is decided that the reference
pixel (s, y) is not an overexposed highlight pixel, then the
processing advances to step S509, at which the pixel satu-
ration correction processing section 312 sets a parameter
[refExist] representative of information of presence/absence
of a reference pixel to [refExist]="true” thereby to set the
parameter [refExist] so as to represent presence of a refer-
ence pixel and then calculate a temporary saturation value
[rfLv_temp] of the reference pixel based on the hue Cs(s, y)
of the reference pixel (s, y). The hue calculation is per-
formed in accordance with

rfLv__temp=[/Cs(s,y)Cr/+/Cs(s,y)Cb/
similarly to the expression (7) given hereinabove.

[0231] Then, the pixel saturation correction processing
section 312 decides whether or not the temporary saturation
value [rfLv_temp] of the reference pixel has a value higher
than the saturation value [rflLv] of a reference pixel calcu-
lated before then, that is, whether or not the expression:

rfLv<rfLv_temp

is satisfied. If the expression is not satisfied, then the
processing advances to a next process for the reference
pixel. However, if the expression is satisfied, then the pixel
saturation correction processing section 312 executes, at
step S512, a process of updating the saturation value [rfLv]
of the reference pixel as the temporary saturation value
[rfLv_temp] of the reference pixel.

[0232] The processes described above are executed for the
search range of k (for example, k=10) pixels on the left and
right with respect to the noticed pixel and determines the
saturation value of that one of reference pixels included in
the search range other than overexposed highlight pixels
which has the highest saturation as the saturation value
[rfLv] of a reference pixel. It is to be noted that, if the k (for
example, k=10) pixels on the left and right of the noticed
pixel include only overexposed highlight pixels, then the
parameter [refExist] representative of presence/absence of a
reference pixel to [refExist]=“false” so that the setting of
absence of a reference pixel is maintained.

[0233] At step S513, the referable pixel region 512
decides whether or not the parameter [refExist] representa-
tive of presence/absence of a reference pixel is [refExist]=
“true”, that is, whether or not the parameter [refExist]
indicates presence of a reference pixel. If [refExist]=“false”,
that is, if no reference pixel exists, then the processing
advances to step S514, at which the pixel saturation correc-
tion processing section 312 sets the saturation value [rflLv]
of the reference pixel to the saturation [ccLv] which is based
on the hue Cs(x, y) of the noticed pixel (x, y) for which the
saturation reduction process has been performed by the pixel
saturation reduction processing section 311. Thereafter, the
processing advances to step S515.

[0234] After the process at step S514 and when it is
decided at step S513 that the parameter [refExist] represen-
tative of presence/absence of a reference pixel is [refExist]=
“true”, that is, a reference pixel is present, the processing



US 2006/0098253 Al

advances to step S515, at which the pixel saturation correc-
tion processing section 312 executes comparison between
the saturation value [rfL.v] of the reference pixel and the
original saturation [ocLv] of the noticed pixel prior to the
saturation reduction.

[0235] If
rfLV<ocLv

is satisfied, that is, if the value of the original saturation
[ocLv] of the noticed pixel prior to the saturation reduction
is higher than the saturation value [rfL.v] of the reference
pixel, then the processing advances to step S516. At step
S516, the pixel saturation correction processing section 312
executes a process of setting the saturation value [rfLv] of
the noticed pixel to the original saturation [ocLv] of the
noticed pixel prior to the saturation reduction.

[0236] After the process at step S516 and when it is
decided at step S515 that rfl.V<ocLV is not satisfied, that is,
the value of the original saturation [ocLv] of the noticed
pixel prior to the saturation reduction is not higher than the
saturation value [rfLv] of the reference pixel, the pixel
saturation correction processing section 312 updates, at
steps S517 and S518, color difference component values [cr]
and [cb] of the noticed pixel (x, y) in accordance with the
following expressions:

cr=crx(rfLv/ccLy)
ch=chx(rfLv/ccLv)

[0237] The expressions above are processes executed to
adjust the color difference component values [cr] and [cb] of
a result of the reduction in saturation by the pixel saturation
reduction processing section 311 with regard to the noticed
pixel (x, y) with the ratio between a saturation [xxLv] of the
noticed pixel after the saturation reduction process and the
saturation value [rfLv] of the reference pixel, that is, rflv/
ccLv.

[0238] If the saturation value [rfLv] of the reference pixel
which has the highest saturation from among the pixels
selected in the reference pixel acquisition region other than
overexposed highlight pixels is lower than the original
saturation [ocLv] of the noticed pixel prior to the saturation
reduction (step S515: No), then the pixel saturation correc-
tion processing section 312 applies the saturation value
[rfLv] of the reference pixel having the highest saturation to
set a value of rflv/ccLv.

[0239] However, if the saturation value [rfLv] of the
reference pixel which has the highest saturation from among
the pixels selected in the reference pixel acquisition region
other than overexposed highlight pixels is higher than the
original saturation [ocLv] of the noticed pixel prior to the
saturation reduction (step S515: Yes), then the pixel satura-
tion correction processing section 312 changes the saturation
value [rfLv] of the reference pixel having the highest satu-
ration to the original saturation [ocLv] of the noticed pixel
before the saturation reduction to set the value of rflv/ccLv.

[0240] Then, the pixel saturation correction processing
section 312 calculates, based on the set values (rfl.v/ccLv),
cr=crx(rfLv/ccLv)
ch=chx(rfLv/ccLv)

and updates the color difference component values [cr] and
[cb] of the noticed pixel (x, y) with the resulting values.

May 11, 2006

[0241] The reference for the reference saturation is con-
ditioned such that the pixel has the highest saturation within
the search range and is not an overexposed highlight pixel.
If the saturation value [rfLv] is found within the search range
(refExist="true”), then if it is not higher than the saturation
[ocLv] of the original image, then the pixel saturation
correction processing section 312 executes a process of
multiplying the color components after the saturation reduc-
tion by rflv/ccLv, that is, a process of raising the saturation,
which has been reduced to ccLv by the saturation reduction,
to the saturation value [rfLv]. However, if the saturation
value [rfLv] is higher than the saturation [ocLv] of the
original image, then the pixel saturation correction process-
ing section 312 sets the saturation value [rfLv] to rflLv=ocLv
at step S516 to raise the saturation correction to ocLv/ccLv
times such that, even if correction is performed by the
maximum amount, the saturation is not raised beyond that of
the original image. If the saturation value [rfLv] is not
available, then no particular correction of the saturation is
performed.

[0242] The reason why that one of the reference pixels
having the highest saturation is applied in the saturation
correction is that, where the saturation of the noticed pixel
(X, y) is higher than those of surrounding pixels, the satu-
ration of the noticed pixel (X, y) is adjusted so as to become
nearer to those of the surrounding pixels thereby to prevent
the differences in saturation between the pixels from becom-
ing excessively great to prevent the false color (PF) pixels,
for which the saturation reduction process has been per-
formed, from becoming conspicuous.

[0243] At steps S519 and S520, the pixel saturation cor-
rection processing section 312 applies the following values
cb and cr:

cr=crx(rfLv/ccLy)

ch=cbx(rfLv/ccLv)

which are the hue data of the noticed pixel calculated at steps
S517 and S518 to set the color components [Cc] of the
noticed pixel (x, y) after the saturation correction respec-
tively as

Ce(x,y)Cr=cr
Ce(x,y)Ch=cb

[0244] As described above, the pixel saturation correction
processing section 312 corrects the color components [Cc]
of the noticed pixel (x, y) after the saturation correction in
the following processing manner. In particular, the pixel
saturation correction processing section 312 executes pro-
cesses of

[0245] (a) selecting those pixels which are positioned in
the proximity of a saturation reduction pixel which is a
noticed pixel (x, y) and besides positioned on the same
scanning line as that of the saturation reduction pixel as
reference pixels and adjusting the saturation of the saturation
reduction pixel so as to become nearer to the saturation value
[rfLv] of that one of the reference pixels which has the
highest saturation, and

[0246] (b) adjusting, if the saturation of that one of the
reference pixels along the same scanning line as that of the
saturation reduction pixel which has the highest saturation is
lower than that of the saturation reduction pixel before the
saturation reduction, the saturation of the saturation reduc-
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tion pixel which is the noticed pixel (x, y) so as to become
nearer to the saturation [ocLv] prior to the saturation reduc-
tion.

[0247] The pixel saturation correction processing section
312 receives the false color [ PF] portion saturation reduction
result image [Cs]362 as an input thereto from the pixel
saturation reduction processing section 311, executes cor-
rection of the reduction amount of the saturation to produce
a saturation correction image [Cc]363 and outputs the satu-
ration correction image [Cc]363 to the pixel color difference
component blurring processing section 313 in this manner.

[0248] Pixel Color Difference Component Blurring Pro-
cessing Section 313

[0249] Now, a process of the pixel color difference com-
ponent blurring processing section 313 is described. The
pixel color difference component blurring processing sec-
tion 313 executes a process of applying blurring to the color
difference component of the saturation correction image
[Cc]363, that is, a blurring process. The pixel color differ-
ence component blurring processing section 313 executes a
process of reducing the difference in hue between a pixel for
which the saturation reduction process is executed and a
surrounding pixel.

[0250] Tt is to be noted that also the blurring process to be
executed by the pixel color difference component blurring
processing section 313 is not performed for all pixels but is
executed for pixels in a pixel region selected as a processing
object which includes pixels for which the saturation reduc-
tion and correction processes have been performed. The
pixel color difference component blurring processing sec-
tion 313 receives the saturation reduction rate [R]361 as an
input thereto for the selection of a processing object region,
selects those pixels whose saturation reduction rate [R]361
is not equal to 0, determines a processing object region for
the blurring process and performs a blurring process for the
determined processing object region. Details of the process
of the pixel color difference component blurring processing
section 313 are described with reference to a processing flow
illustrated in FIG. 16. It is to be noted that the processing
flow illustrated in FIG. 16 corresponds to detailed process-
ing of the false color (PF) pixel color different component
blurring process at step S109 of the flow chart of FIG. 5.

[0251] The processing of the pixel color difference com-
ponent blurring processing section 313 is to smooth the
saturation variation at a portion for which saturation correc-
tion is performed and apply blurring in order to conform a
boundary portion between a portion in which the saturation
is reduced and a normal pixel portion in which the saturation
is not reduced. Also the blurring process is executed using
only pixel information of those pixels which exist on the left
and right of a noticed pixel along the scanning line.

[0252] Tt is to be noted that also the processing flow
illustrated in FIG. 16 has two frameworks similar to those
of the other flows described hereinabove, that is, an outer
framework denoted by For (y=0; y<height; y=y+1) and an
inner framework denoted by For (x=0; x<width; x=x+1), and
processes at the steps are successively executed for the
component pixels of (x=0 to “width”, y=0 to “height”) of the
processing object image frame. However, the pixel color
difference component blurring processing section 313
selects those pixels whose saturation reduction rate [R] is
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not equal to 0, determines a processing object region for a
blurring process and performs a blurring process for the
processing object region. Accordingly, at a stage preceding
to step S601, it is decided whether or not a pixel inputted
along a scanning line has a value of the saturation reduction
rate [R] which is not equal to 0. Then, only when it is
decided that the pixel has a value of the saturation reduction
rate [R] which is not equal to 0, the pixel is selected as a
noticed pixel (x, y) and the processing at steps beginning
with step S601 is executed.

[0253] Processes at the individual steps of the flow chart
illustrated in FIG. 16 are described. The pixel color differ-
ence component blurring processing section 313 executes
initialization at step S601. In particular, the pixel color
difference component blurring processing section 313 ini-
tializes a flag [execBlur] representative of whether or not a
blurring process should be executed for the noticed pixel (x,
y) to [execBlur]="false” thereby to initialize the flag [ex-
ecblur] so as not to apply blurring.

[0254] Then at step S602, the pixel color difference com-
ponent blurring processing section 313 acquires the satura-
tion reduction rates R(s, y) of peripheral pixels (s, y) as
acquirable pixel information of reference pixels around the
noticed pixel (x, y). If a pixel having a saturation reduction
rate R(s, y) which is higher than 0 is detected from among
the peripheral pixels (s, y) (step S603: Yes), then the pixel
color difference component blurring processing section 313
updates, at step S604, the flag [execBlur], which is a flag
indicative of whether or not a blurring process should be
performed, to [execBlur]=“true” thereby to set the flag
[execBlur] so as to execute blurring. It is to be noted that
reference pixel information acquirable from a neighboring
region of a noticed pixel is pixel information of pixels which
neighbor with the noticed pixel along the scanning line as
described hereinabove with reference to FIG. 13. Thus, the
pixel color difference component blurring processing sec-
tion 313 acquires pixel information [saturation reduction
rates R(s, y)] from a search region which includes, for
example, j (for example, j=7) pixels on the left and right of
the noticed pixel and then executes the process at step S602
(steps S603 to S604).

[0255] Then, if it is decided at step S605 that the flag
[execBlur] is set to [true], then the processing advances to
step S607, at which the pixel color difference component
blurring processing section 313 executes a process of apply-
ing blurring (Blur) filter centered at the noticed pixel (X, y).
The color component [Blur(Cc(x, y))] of the noticed pixel
(x, y) after the blurring process by the blurring filter is
calculated in accordance with the following expression (8):

Blur(Ce(x, y)) = ®

7 7
Z Ce(x+1,y) + Z Ce(x— i, y) + 2% Ce(x, y)]/16
i=1

i=1

[0256] The pixel color difference component blurring pro-
cessing section 313 performs calculation for the color dif-
ference component values [cr] and [cb] of the noticed pixel
(X, y) in accordance with the expression (8) above to
calculate the color components [Blur(Cc(x, y))] of the color
difference component values [cr] and [cb] after the satura-
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tion correction. It is to be noted that, in the expression (8)
above, Cc(x, y) is a color component [ Ce(x, y] of the noticed
pixel (x, y) after the saturation correction, and Cc(x+, y) and
Cc(x—i, y) are color components [Cc] after the saturation
correction of the pixels moved by =i pixel distances from the
noticed pixel (X, y) on the scanning line.

[0257] The expression above represents an example
wherein the blurring process in which color components of
+7 pixels from the noticed pixel are applied is executed. It
is to be noted that the manner of the blurring process is not
limited to that to which the expression (8) given above is
applied. The blurring process may have any form only if it
is a process effective to conform a boundary portion between
a portion in which the saturation is reduced and a normal
pixel portion in which the saturation is not reduced.

[0258] The pixel color difference component blurring pro-
cessing section 313 executes the process described above to
produce and output a correction color difference component
image [Ctemp]364 as a result of the correction as seen in
FIG. 4. The correction color difference component image
[Ctemp]364 is synthesized with the luminance component
[Y]365 and outputted as a final YCbCr output image 371.
The YCbCr output image 371 as the result of the correction
process is stored into the memory in the image processing
apparatus and/or outputted to the outputting section such as
the monitor apparatus.

[0259] Ttis to be noted that, although it is described above
that the YCbCr color space is applied in the process of the
embodiment, the process according to the present invention
described above can be applied to any other color space such
as the CIEL*a*b* space only if information thereof includes
luminance information and hue information separate from
each other.

[0260] By the process of the present invention described
above, while pixel information is successively fetched along
a scanning line, pixel value correction in which only pixel
information of those pixels which are positioned in the
proximity of a noticed pixel (X, y) along the scanning line is
used can be performed. Consequently, it becomes possible to
process image data picked up by a video camera on the
real-time basis and to execute pixel value correction of a
false color (PF) pixel without making the difference in
saturation from surrounding pixels excessively great. Con-
sequently, it is possible to produce image data of a high

quality.

[0261] It is to be noted that the series of processes
described hereinabove can be executed by hardware or by
software or by a composite configuration of hardware and
software. Where the series of processes is executed by
software, a program which records a processing sequence of
the software can be installed into a memory in and executed
by a computer incorporated in hardware for exclusive use or
can be installed into and executed by a computer for
universal use.

[0262] For example, the program can be recorded in
advance on a hard disk or in a ROM (Read Only Memory)
as a recording medium. Or the program may be stored
(recorded) temporarily or permanently on a removable
recording medium such as a flexible disk, a CD-ROM
(Compact Disc-Read Only Memory), an MO (Magneto-
Optical) disk, a DVD (Digital Versatile Disk), a magnetic
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disk or a semiconductor memory. Such a removable record-
ing medium as just described can be provided as package
software.

[0263] Tt is to be noted that, while the program can be
installed from such a removable recording medium as
described above into a computer, it may otherwise be
transferred by radio from a download site to the computer or
transferred by wire communication through a network such
as a LAN (Local Area Network) or the Internet to the
computer. The computer can receive the program transferred
in this manner and install the program into a recording
medium such as a hard disk built therein.

[0264] Tt is to be noted that the processes described in the
present specification may be processed in a time series in the
order as described or may be processed parallelly or indi-
vidually depending upon the processing capacity of the
apparatus which executes the process or as occasion
demands. Further, in the present specification, the term
“system” is used to represent an entire apparatus composed
of a plurality of apparatus, but the components may not
necessarily be housed in the same housing.

[0265] While a preferred embodiment of the present
invention has been described using specific terms, such
description is for illustrative purpose only, and it is to be
understood that changes and variations may be made with-
out departing from the spirit or scope of the following
claims.

What is claimed is:
1. An image processing apparatus, comprising:

a correction parameter calculation section for calculating,
as a correction parameter for component pixels of a
processing image, a saturation reduction rate corre-
sponding to each of the pixels; and

a correction processing section for applying the saturation
reduction rate to execute a pixel value correction pro-
cess including a saturation reduction process of the
component pixels of the processing image;

said correction processing section including a pixel satu-
ration reduction processing section for executing the
saturation reduction process for each of the pixels
based on the saturation reduction rate calculated by said
correction parameter calculation section, and a pixel
saturation correction processing section for correcting
the saturation of any saturation reduction pixel whose
saturation has been reduced by said pixel saturation
reduction processing section so that the difference of
the saturation of the saturation reduction pixel and the
saturation of a surrounding reference pixel is reduced.

2. The image processing apparatus according to claim 1,
wherein said correction processing section further includes
a blurring processing section for executing, for output data
of said pixel saturation correction processing section, a
blurring process of reducing the difference in hue between
any pixel for which the saturation reduction process has
been performed and a surrounding pixel.

3. The image processing apparatus according to claim 1,
wherein said pixel saturation correction processing section
selects one of those pixels which are positioned in the
proximity of the saturation reduction pixel and along the
same scanning line as that of the saturation reduction pixel
as a reference pixel and executes the saturation correction
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process for the saturation reduction pixel so that the differ-
ence between the saturation of the selected reference pixel
and the saturation of the saturation reduction pixel is
reduced.

4. The image processing apparatus according to claim 1,
wherein said pixel saturation correction processing section
selects those pixels which are positioned in the proximity of
the saturation reduction pixel and along the same scanning
line as that of the saturation reduction pixel as reference
pixels and executes a process of adjusting the saturation of
the saturation reduction pixel so as to approach the satura-
tion of that one of the reference pixels which has the highest
saturation.

5. The image processing apparatus according to claim 1,
wherein said pixel saturation correction processing section
selects those pixels which are positioned in the proximity of
the saturation reduction pixel and along the same scanning
line as that of the saturation reduction pixel as reference
pixels and executes, if the saturation of that one of the
reference pixels which has the highest saturation is equal to
or lower than the saturation of the saturation reduction pixel
prior to the saturation reduction, a process of adjusting the
saturation of the saturation reduction pixel so as to approach
the saturation of the saturation reduction pixel prior to the
saturation reduction.

6. The image processing apparatus according to claim 1,
wherein said correction parameter calculation section cal-
culates, as regards a noticed pixel selected from within the
processing image,

(a) a purple degree as similarity information between the
hue of the noticed pixel and the hue of a false color, and

(b) distance information of the noticed pixel from an
overexposed highlight pixel, calculates

(c) a false color degree based on the purple degree and the
distance information, and

(d) a directional gain based on direction information of
the noticed pixel from the overexposed highlight pixel,
and

calculates the saturation reduction rate corresponding to
the noticed pixel based on the false color degree and the
directional gain.
7. The image processing apparatus according to claim 6,
wherein said correction parameter calculation section

calculates the false color degree which has a value which
increases as the similarity between the hue of the
noticed pixel and the hue of the false color increases
and as the distance from the overexposed highlight
pixel increases,

calculates the directional gain which has a value which
increases as the parallelism between the noticed pixel
and overexposed highlight pixel and the scanning line
increases, and

calculates the saturation reduction rate which has a value
which increases as the false color degree of the noticed
pixel increases and as the directional gain increases,
and

said pixel saturation reduction processing section
executes the saturation reduction process for each pixel
based on the saturation reduction rate calculated by said
correction parameter calculation section.
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8. The image processing apparatus according to claim 6,
wherein the false color is a purple fringe, and the purple
degree serves as the similarity information between the hue
of the noticed pixel and the hue of the purple fringe.

9. An image processing method, comprising the steps of:

calculating, as a correction parameter for component
pixels of a processing image, a saturation reduction rate
corresponding to each of the pixels; and

applying the saturation reduction rate to execute a pixel
value correction process including a saturation reduc-
tion process of the component pixels of the processing
image;

the correction processing step including steps of execut-
ing the saturation reduction process for each of the
pixels based on the saturation reduction rate calculated
by the correction parameter calculation step, and cor-
recting the saturation of any saturation reduction pixel
whose saturation has been reduced by the pixel satu-
ration reduction processing step so that the difference
of the saturation of the saturation reduction pixel and
the saturation of a surrounding reference pixel is
reduced.

10. The image processing method according to claim 9,
wherein the correction processing step further includes a
blurring processing step of executing, for output data of the
pixel saturation correction processing step, a blurring pro-
cess of reducing the difference in hue between any pixel for
which the saturation reduction process has been performed
and a surrounding pixel.

11. The image processing method according to claim 9,
wherein the pixel saturation correction processing step
selects one of those pixels which are positioned in the
proximity of the saturation reduction pixel and along the
same scanning line as that of the saturation reduction pixel
as a reference pixel and executes the saturation correction
process for the saturation reduction pixel so that the differ-
ence between the saturation of the selected reference pixel
and the saturation of the saturation reduction pixel is
reduced.

12. The image processing method according to claim 9,
wherein the pixel saturation correction processing step
selects those pixels which are positioned in the proximity of
the saturation reduction pixel and along the same scanning
line as that of the saturation reduction pixel as reference
pixels and executes a process of adjusting the saturation of
the saturation reduction pixel so as to approach the satura-
tion of that one of the reference pixels which has the highest
saturation.

13. The image processing method according to claim 9,
wherein the pixel saturation correction processing step
selects those pixels which are positioned in the proximity of
the saturation reduction pixel and along the same scanning
line as that of the saturation reduction pixel as reference
pixels and executes, if the saturation of that one of the
reference pixels which has the highest saturation is equal to
or lower than the saturation of the saturation reduction pixel
prior to the saturation reduction, a process of adjusting the
saturation of the saturation reduction pixel so as to approach
the saturation of the saturation reduction pixel prior to the
saturation reduction.
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14. The image processing method according to claim 9,
wherein the correction parameter calculation step calculates,
as regards a noticed pixel selected from within the process-
ing image,

(a) a purple degree as similarity information between the
hue of the noticed pixel and the hue of a false color, and

(b) distance information of the noticed pixel from an
overexposed highlight pixel,

calculates

(c) a false color degree based on the purple degree and the
distance information, and

(d) a directional gain based on direction information of
the noticed pixel from the overexposed highlight pixel,
and

calculates the saturation reduction rate corresponding to
the noticed pixel based on the false color degree and the
directional gain.
15. The image processing method according to claim 14,
wherein the correction parameter calculation step

calculates the false color degree which has a value which
increases as the similarity between the hue of the
noticed pixel and the hue of the false color increases
and as the distance from the overexposed highlight
pixel increases,

calculates the directional gain which has a value which
increases as the parallelism between the noticed pixel
and overexposed highlight pixel and the scanning line
increases, and

calculates the saturation reduction rate which has a value
which increases as the false color degree of the noticed
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pixel increases and as the directional gain increases,
and

said pixel saturation reduction processing step executes
the saturation reduction process for each pixel based on
the saturation reduction rate calculated by the correc-
tion parameter calculation step.

16. The image processing method according to claim 14,
wherein the false color is a purple fringe, and the purple
degree serves as the similarity information between the hue
of the noticed pixel and the hue of the purple fringe.

17. A computer program for causing image processing to
be executed on a computer, comprising the steps of:

calculating, as a correction parameter for component
pixels of a processing image, a saturation reduction rate
corresponding to each of the pixels; and

applying the saturation reduction rate to execute a pixel
value correction process including a saturation reduc-
tion process of the component pixels of the processing
image;

the correction processing step including steps of execut-
ing the saturation reduction process for each of the
pixels based on the saturation reduction rate calculated
by the correction parameter calculation step, and cor-
recting the saturation of any saturation reduction pixel
whose saturation has been reduced by the pixel satu-
ration reduction processing step so that the difference
of the saturation of the saturation reduction pixel and
the saturation of a surrounding reference pixel.



