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1
IMAGE PROCESSING APPARATUS AND
METHOD FOR GENERATING A
RESTORATION IMAGE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS REFERENCE TO RELATED
APPLICATIONS

More than one reissue application has been filed for the
reissue of U.S. Pat. No. 7,986,360. The present application
is [a continuation of U.S. patent application Ser. No. 10,466,
015 filed on Jan. 14, 2004 which was the National Stage of
International Application No. PCT/JP02/00036, filed on Jan.
9, 2002, and which claims priority to Japanese Patent
Document Nos. P2001-000979 filed on Jan. 9, 2001; and
P2001-000980 filed on Jan. 9, 2001, the disclosures of which
are herein incorporated by reference] a reissue divisional
application of U.S. application Ser. No. 13/951,178, which is
a reissue application of U.S. Pat. No. 7,986,360, which is a
continuation of U.S. patent application Ser. No. 10/466,015,
filed on Jan. 14, 2004, now U.S. Pat. No. 7,847,829, issued
Dec. 7, 2010, which was the National Stage of International
Application No. PCT/JP02/00036, filed on Jan. 9, 2002, and
which claims priority to Japanese Patent Document Nos.
P2001-000979 filed on Jan. 9, 2001; and P2001-000980
filed on Jan. 9, 2001, the disclosures of which are herein
incorporated by reference.

BACKGROUND

This invention relates to an image processing apparatus,
and more particularly to an image processing apparatus
suitable for use for production of a color image signal of a
wide dynamic range from an image signal acquired, for
example, using a CCD image sensor of the single plate type
or the like.

A solid-state image pickup device such as a CCD (Charge
Coupled Device) or a CMOS (Complementary Mental-
Oxide Semiconductor) is utilized widely in image pickup
apparatus such as a video camera and a digital still camera,
part inspection apparatus in the field of the FA (Factory
Automation) and optical measuring instruments such as an
electronic endoscope in the field of the ME (Medical Elec-
tronics).

Conventionally, a method is known wherein light inten-
sity signals measured with different sensitivities among
different pixels are synthesized in order to increase the
dynamic range of image pickup apparatus and optical mea-
suring instruments in which a solid-state image pickup
device is used. In the following, first to fourth related-art
methods of the type mentioned are described.

As the first related-art method, a method can be listed
wherein incoming light beams branched to a plurality of
optical axes having different optical transmission factors are
measured by solid-state image pickup devices disposed on
the individual optical axes. This method is disclosed in the
official gazette of Japanese Patent Laid-Open No. Hei
8-223491 and so forth. However, the first method has a
problem in that it is disadvantageous in terms of the reduc-
tion of the cost or the reduction of the space because it
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requires a plurality of solid-state image pickup devices and
a complicated optical system for branching light.

As the second related-art method, a method can be listed
wherein a single solid-state image pickup device is used
such that the exposure time thereof is divided into a plurality
of time periods to pick up a plurality of images and then the
images are synthesized. This method is disclosed in the
official gazette of Japanese Patent Laid-Open No. Hei
8-331461 and so forth. However, the second method has a
problem in that an image of a dynamic scene in which the
intensity of light varies every moment cannot be picked up
properly because the information measured with the differ-
ent sensitivities are picked up at different points of time and
with different time widths.

As the third related-art method, a method can be listed
wherein a single solid-state image pickup device is used
such that a plurality of light receiving elements adjacent
each other on an image pickup face thereof form a set which
corresponds to one pixel of an output image and have
sensitivities different from each other to pick up an image.
This method is disclosed in the official gazette of U.S. Pat.
No. 5,789,737. As a method for making the sensitivities of
light receiving elements which form a solid-state image
pickup device different from each other, a method is avail-
able wherein the light receiving elements are covered with
filters having transmission factors different from each other.
Further, a technique which adapts the third related-art
method to a color image is disclosed in the official gazette
of Japanese Patent Laid-Open No. 2000-69491.

The third related-art method is advantageous in terms of
the reduction of the cost and the reduction of the space in
terms of which the first related-art method is disadvanta-
geous. Further, the third related-art method can solve the
problem of the second related-art method that an image of a
dynamic scene cannot be picked up properly. However, with
the third related-art method, since a plurality of light receiv-
ing elements adjacent each other form a set and correspond
to one pixel of an output image, in order to secure a
resolution of output pixels, a number of image pickup
devices including a number of light receiving elements equal
to several times the number of pixels of the output image,
resulting in a subject that a large unit cell size is required.

As the fourth related-art method, a method can be listed
wherein an image pickup device having an ordinary
dynamic range is used to pick up an image with a mecha-
nism applied thereto which makes the exposure different for
each light receiving element corresponding to one pixel of
an output image and the resulting image signals are subject
to predetermined image processing to produce an image
signal of a wide dynamic range. The mechanism for making
the exposure different among different light receiving ele-
ments is implemented by producing a spatial sensitivity
pattern by changing the light transmission factor or the
numerical aperture for each light receiving element. This
method is disclosed in a document ‘S. K. Nayar and T.
Mitsunaga, “High Dynamic Range Imaging: Spatially Vary-
ing Pixel Exposures”, Proc. of Computer Vision and Pattern
Recognition 2000, Vol. 1, pp. 472-479, June, 2000°.

In the fourth related-art method, each of the light receiv-
ing elements has only one kind of sensitivity. Consequently,
each of pixels of an image picked up can acquire information
of a dynamic range which the image pickup device origi-
nally has. However, by applying predetermined image pro-
cessing to resulting image signals so that the sensitivities of
all of the pixels may become equal to one another, an image
having a wide dynamic range can be produced. Further,
since all of the light receiving elements are exposed to light
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at the same time, an image of a subject having some
movement can be picked up properly. Furthermore, since
one light receiving element corresponds to one pixel of
output image, the problem that a great unit size is required
does not occur with the fourth related-art method.

As described above, the fourth related-art method can
solve the problems of the first to third related-art methods.
However, the fourth related-art method has a premise that a
monochromatic image is produced, and has a subject that a
technique for producing a color image has not been estab-
lished. More particularly, the fourth related-art method has
a subject that a technique of producing image signals of all
color components for all pixels from an image having
different colors and/or different sensitivities among different
pixels and making the sensitivity uniform has not conven-
tionally been established.

SUMMARY

The present invention has been made in such a situation
as described above, and it is an object of the present
invention to make it possible to use a color and sensitivity
mosaic image wherein the color and/or the sensitivity are
different among different pixels to produce a restored image
wherein the pixels have a uniformed sensitivity character-
istic and each pixel has all of a plurality of color compo-
nents.

A first image processing apparatus of the present inven-
tion is characterized in that it includes restoration means for
restoring, based on a color and sensitivity mosaic image
wherein each of a plurality of pixels has one of a plurality
of color components and one of a plurality of sensitivity
characteristics with respect to the intensity of light and a
plurality of ones of the pixels which have the same color
component and the same sensitivity characteristic are
arranged in a grating-like arrangement and besides a plu-
rality of ones of the pixels which have the same color
component irrespective of the sensitivity characteristic are
arranged in a grating-like arrangement, a restoration image
wherein the sensitivities of the pixels are uniformized and
each of the pixels has all of the plurality of color compo-
nents.

The restoration means may include luminance image
production means for producing a luminance image corre-
sponding to the color and sensitivity mosaic image based on
sensitivity mosaic pattern information representative of an
arrangement of the sensitivity characteristics of the color
and sensitivity mosaic image and color mosaic pattern
information representative of an arrangement of the color
components of the color and sensitivity mosaic image, and
a plurality of monochromatic image production means each
for producing a monochromatic image corresponding to the
color and sensitivity mosaic image based on the sensitivity
mosaic pattern information, the color mosaic pattern infor-
mation and the luminance image.

The luminance image production means may include a
plurality of estimation means each for calculating an esti-
mated value of a color component corresponding to each of
the pixels of the color and sensitivity mosaic image, and
luminance candidate value calculation means for calculating
a luminance candidate value corresponding to each of the
pixels of the color and sensitivity mosaic image using a
plurality of the estimated values calculated individually by
the plurality of estimation means.

Each of the estimation means may calculate a plurality of
estimated value candidates individually corresponding to the
plurality of sensitivity characteristics, add the plurality of
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estimated value candidates and compensate for the non-
linearity of the sensitivity characteristic appearing with the
sum of the plurality of estimated value candidates.

The luminance image production means may further
include noise removal means for removing noise compo-
nents of the luminance candidate value to produce a lumi-
nance value.

Each of the monochromatic image production means may
include monochromatic image candidate production means
for producing a monochromatic image candidate corre-
sponding to the color and sensitivity mosaic image based on
the sensitivity mosaic pattern information and the color
mosaic pattern information, and modification means for
modifying the monochromatic image candidate based on the
luminance image to produce the monochromatic image.

The monochromatic image candidate production means
may calculate a plurality of monochromatic candidate values
individually corresponding to the plurality of sensitivity
characteristics, add the plurality of monochromatic candi-
date values and compensate for the non-linearity of the
sensitivity characteristic appearing with the sum of the
plurality of monochromatic candidate values to calculate
pixel values of the monochromatic image candidate to
produce the monochromatic image candidate.

The monochromatic image candidate production means
may use a direction selective smoothing process to produce
the monochromatic image candidate corresponding to the
color and sensitivity mosaic image.

The first image processing apparatus of the present inven-
tion may further include image pickup means for picking up
an image of a subject to produce the color and sensitivity
mosaic image.

The restoration means may include sensitivity character-
istic uniformization means for uniformizing the sensitivity
characteristics of the pixels based on sensitivity mosaic
pattern information representative of an arrangement of the
sensitivity characteristics of the color and sensitivity mosaic
image, and color interpolation means for interpolating color
components of the pixels based on color mosaic pattern
information representative of an arrangement of the color
components of the color and sensitivity mosaic image.

The sensitivity characteristic uniformization means may
uniformize the sensitivity characteristics of the pixels of the
color and sensitivity mosaic image based on the sensitivity
mosaic pattern information and the color mosaic pattern
information to produce a color mosaic image, and the color
interpolation means may interpolate the color components of
the pixels of the color mosaic image based on the color
mosaic pattern information to produce the restoration image.

The sensitivity characteristic uniformization means may
uniformize the sensitivity characteristics of the pixels of the
color and sensitivity mosaic image without changing the
kinds of the color components of the pixels of the color and
sensitivity mosaic image based on the sensitivity mosaic
pattern information and the color mosaic pattern information
to produce the color mosaic image.

The sensitivity characteristic uniformization means may
uniformize the sensitivity characteristics of the pixels of the
color and sensitivity mosaic image based on the sensitivity
mosaic pattern information and the color mosaic pattern
information to produce the color mosaic image and update
the color mosaic pattern information.

The sensitivity uniformization means may include com-
pensation means for compensating for the color components
of the pixels of the color and sensitivity mosaic image based
on the sensitivity mosaic pattern information, discrimination
means for discriminating the validity of the color compo-
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nents of the pixels of the color and sensitivity mosaic image
based on the sensitivity mosaic pattern information, and
modification means for modifying the color components of
the pixels compensated for by the compensation means
through an interpolation process in response to a result of the
discrimination of the discrimination means.

The sensitivity uniformization means may include calcu-
lation means for calculating estimated pixel values of the
color and sensitivity mosaic image based on the sensitivity
mosaic pattern information, and correction means for cor-
recting the estimated pixel values calculated by the calcu-
lation means.

The color interpolation means may interpolate all of the
color components of the pixels of the color and sensitivity
mosaic image without changing the sensitivity characteris-
tics of the pixels based on the sensitivity mosaic pattern
information and the color mosaic pattern information to
produce a sensitivity mosaic image of the color components,
and the sensitivity characteristic uniformization means may
uniformize the sensitivity characteristics of the pixels of the
sensitivity mosaic image based on the sensitivity mosaic
pattern information to produce the restoration image.

The color interpolation means may include extraction
means for extracting those of the pixels which have the same
sensitivity characteristic from the color and sensitivity
mosaic image, all color component interpolation means for
interpolating all of the color components of the pixels
extracted by the extraction means, and synthesis means for
synthesizing those of the pixels having all of the color
components interpolated by the all color component inter-
polation means which have the same color component and
have the different sensitivity characteristics to produce the
sensitivity mosaic image.

A first image processing method of the present invention
is characterized in that it includes a restoration step of
restoring, based on a color and sensitivity mosaic image
wherein each of a plurality of pixels has one of a plurality
of color components and one of a plurality of sensitivity
characteristics with respect to the intensity of light and a
plurality of ones of the pixels which have the same color
component and the same sensitivity characteristic are
arranged in a grating-like arrangement and besides a plu-
rality of ones of the pixels which have the same color
component irrespective of the sensitivity characteristic are
arranged in a grating-like arrangement, a restoration image
wherein the sensitivities of the pixels are uniformized and
each of the pixels has all of the plurality of color compo-
nents.

The restoration step may include a luminance image
production step of producing a luminance image corre-
sponding to the color and sensitivity mosaic image based on
sensitivity mosaic pattern information representative of an
arrangement of the sensitivity characteristics of the color
and sensitivity mosaic image and color mosaic pattern
information representative of an arrangement of the color
components of the color and sensitivity mosaic image, and
a plurality of monochromatic image production steps each of
producing a monochromatic image corresponding to the
color and sensitivity mosaic image based on the sensitivity
mosaic pattern information, the color mosaic pattern infor-
mation and the luminance image.

The luminance image production step may include a
plurality of estimation steps each of calculating an estimated
value of a color component corresponding to each of the
pixels of the color and sensitivity mosaic image, and a
luminance candidate value calculation step of calculating a
luminance candidate value corresponding to each of the
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pixels of the color and sensitivity mosaic image using a
plurality of the estimated values calculated individually by
the processing of the plurality of estimation steps.

The processing of each of the estimation steps may
calculate a plurality of estimated value candidate individu-
ally corresponding to the plurality of sensitivity character-
istics, add the plurality of estimated value candidates and
compensate for the non-linearity of the sensitivity charac-
teristic appearing with the sum of the plurality of estimated
value candidates.

The luminance image production step may further include
a noise removal step of removing noise components of the
luminance candidate value to produce a luminance value.

Each of the monochromatic image production steps may
include a monochromatic image candidate production step
of producing a monochromatic image candidate correspond-
ing to the color and sensitivity mosaic image based on the
sensitivity mosaic pattern information and the color mosaic
pattern information, and a modification step of modifying
the monochromatic image candidate based on the luminance
image to produce the monochromatic image.

The processing of the monochromatic image candidate
production step may calculate a plurality of monochromatic
candidate values individually corresponding to the plurality
of sensitivity characteristics, add the plurality of monochro-
matic candidate values and compensate for the non-linearity
of'the sensitivity characteristic appearing with the sum of the
plurality of monochromatic candidate values to calculate
pixel values of the monochromatic image candidate to
produce the monochromatic image candidate.

The processing of the monochromatic image candidate
production step may use a direction selective smoothing
process to produce the monochromatic image candidate
corresponding to the color and sensitivity mosaic image.

The first image processing method of the present inven-
tion may further include an image pickup step of picking up
an image of a subject to produce the color and sensitivity
mosaic image.

The restoration step may include a sensitivity character-
istic uniformization step of uniformizing the sensitivity
characteristics of the pixels based on sensitivity mosaic
pattern information representative of an arrangement of the
sensitivity characteristics of the color and sensitivity mosaic
image, and a color interpolation step of interpolating color
components of the pixels based on color mosaic pattern
information representative of an arrangement of the color
components of the color and sensitivity mosaic image.

The processing of the sensitivity characteristic uni-
formization step may uniformize the sensitivity character-
istics of the pixels of the color and sensitivity mosaic image
based on the sensitivity mosaic pattern information and the
color mosaic pattern information to produce a color mosaic
image, and the processing of the color interpolation step may
interpolate the color components of the pixels of the color
mosaic image based on the color mosaic pattern information
to produce the restoration image.

The processing of the sensitivity characteristic uni-
formization step may uniformize the sensitivity character-
istics of the pixels of the color and sensitivity mosaic image
without changing the kinds of the color components of the
pixels of the color and sensitivity mosaic image based on the
sensitivity mosaic pattern information and the color mosaic
pattern information to produce the color mosaic image.

The processing of the sensitivity characteristic uni-
formization step may uniformize the sensitivity character-
istics of the pixels of the color and sensitivity mosaic image
based on the sensitivity mosaic pattern information and the
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color mosaic pattern information to produce the color
mosaic image and update the color mosaic pattern informa-
tion.

The sensitivity uniformization step may include a com-
pensation step of compensating for the color components of
the pixels of the color and sensitivity mosaic image based on
the sensitivity mosaic pattern information, a discrimination
step of discriminating the validity of the color components
of' the pixels of the color and sensitivity mosaic image based
on the sensitivity mosaic pattern information, and a modi-
fication step of modifying the color components of the pixels
compensated for by the processing of the compensation step
through an interpolation process in response to a result of the
discrimination of the discrimination means.

The sensitivity uniformization step may include a calcu-
lation step of calculating estimated pixel values of the color
and sensitivity mosaic image based on the sensitivity mosaic
pattern information, and a correction step of correcting the
estimated pixel values calculated by the processing of the
calculation step.

The processing of the color interpolation step may inter-
polate all of the color components of the pixels of the color
and sensitivity mosaic image without changing the sensitiv-
ity characteristics of the pixels based on the sensitivity
mosaic pattern information and the color mosaic pattern
information to produce a sensitivity mosaic image of the
color components, and the processing of the sensitivity
characteristic uniformization step may uniformize the sen-
sitivity characteristics of the pixels of the sensitivity mosaic
image based on the sensitivity mosaic pattern information to
produce the restoration image.

The color interpolation step may include an extraction
step of extracting those of the pixels which have the same
sensitivity characteristic from the color and sensitivity
mosaic image, an all color component interpolation step of
interpolating all of the color components of the pixels
extracted by the processing of the extraction step, and a
synthesis step of synthesizing those of the pixels having all
of the color components interpolated by the processing of
the all color component interpolation step which have the
same color component and have the different sensitivity
characteristics to produce the sensitivity mosaic image.

A program of a first recording medium of the present
invention is characterized in that the program includes a
restoration step of restoring, based on a color and sensitivity
mosaic image wherein each of a plurality of pixels has one
of a plurality of color components and one of a plurality of
sensitivity characteristics with respect to the intensity of
light and a plurality of ones of the pixels which have the
same color component and the same sensitivity character-
istic are arranged in a grating-like arrangement and besides
a plurality of ones of the pixels which have the same color
component irrespective of the sensitivity characteristic are
arranged in a grating-like arrangement, a restoration image
wherein the sensitivities of the pixels are uniformized and
each of the pixels has all of the plurality of color compo-
nents.

The restoration step may include a luminance image
production step of producing a luminance image corre-
sponding to the color and sensitivity mosaic image based on
sensitivity mosaic pattern information representative of an
arrangement of the sensitivity characteristics of the color
and sensitivity mosaic image and color mosaic pattern
information representative of an arrangement of the color
components of the color and sensitivity mosaic image, and
a plurality of monochromatic image production steps each of
producing a monochromatic image corresponding to the
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color and sensitivity mosaic image based on the sensitivity
mosaic pattern information, the color mosaic pattern infor-
mation and the luminance image.

The luminance image production step may include a
plurality of estimation steps each of calculating an estimated
value of a color component corresponding to each of the
pixels of the color and sensitivity mosaic image, and a
luminance candidate value calculation step of calculating a
luminance candidate value corresponding to each of the
pixels of the color and sensitivity mosaic image using a
plurality of the estimated values calculated individually by
the processing of the plurality of estimation steps.

The processing of each of the estimation steps may
calculate a plurality of estimated value candidates individu-
ally corresponding to the plurality of sensitivity character-
istics, add the plurality of estimated value candidates and
compensate for the non-linearity of the sensitivity charac-
teristic appearing with the sum of the plurality of estimated
value candidates.

The luminance image production step may further include
a noise removal step of removing noise components of the
luminance candidate value to produce a luminance value.

Each of the monochromatic image production steps may
include a monochromatic image candidate production step
of producing a monochromatic image candidate correspond-
ing to the color and sensitivity mosaic image based on the
sensitivity mosaic pattern information and the color mosaic
pattern information, and a modification step of modifying
the monochromatic image candidate based on the luminance
image to produce the monochromatic image.

The processing of the monochromatic image candidate
production step may calculate a plurality of monochromatic
candidate values individually corresponding to the plurality
of sensitivity characteristics, add the plurality of monochro-
matic candidate values and compensate for the non-linearity
of'the sensitivity characteristic appearing with the sum of the
plurality of monochromatic candidate values to calculate
pixel values of the monochromatic image candidate to
produce the monochromatic image candidate.

The processing of the monochromatic image candidate
production step may use a direction selective smoothing
process to produce the monochromatic image candidate
corresponding to the color and sensitivity mosaic image.

The program of the first recording medium of the present
invention may further include an image pickup controlling
step of controlling a process of picking up an image of a
subject to produce the color and sensitivity mosaic image.

The restoration step may include a sensitivity character-
istic uniformization step of uniformizing the sensitivity
characteristics of the pixels based on sensitivity mosaic
pattern information representative of an arrangement of the
sensitivity characteristics of the color and sensitivity mosaic
image, and a color interpolation step of interpolating color
components of the pixels based on color mosaic pattern
information representative of an arrangement of the color
components of the color and sensitivity mosaic image.

The processing of the sensitivity characteristic uni-
formization step may uniformize the sensitivity character-
istics of the pixels of the color and sensitivity mosaic image
based on the sensitivity mosaic pattern information and the
color mosaic pattern information to produce a color mosaic
image, and the processing of the color interpolation step may
interpolate the color components of the pixels of the color
mosaic image based on the color mosaic pattern information
to produce the restoration image.

The processing of the sensitivity characteristic uni-
formization step may uniformize the sensitivity character-
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istics of the pixels of the color and sensitivity mosaic image
without changing the kinds of the color components of the
pixels of the color and sensitivity mosaic image based on the
sensitivity mosaic pattern information and the color mosaic
pattern information to produce the color mosaic image.

The processing of the sensitivity characteristic uni-
formization step may uniformize the sensitivity character-
istics of the pixels of the color and sensitivity mosaic image
based on the sensitivity mosaic pattern information and the
color mosaic pattern information to produce the color
mosaic image and update the color mosaic pattern informa-
tion.

The sensitivity uniformization step may include a com-
pensation step of compensating for the color components of
the pixels of the color and sensitivity mosaic image based on
the sensitivity mosaic pattern information, a discrimination
step of discriminating the validity of the color components
of' the pixels of the color and sensitivity mosaic image based
on the sensitivity mosaic pattern information, and a modi-
fication step of modifying the color components of the pixels
compensated for by the processing of the compensation step
through an interpolation process in response to a result of the
discrimination of the discrimination means.

The sensitivity uniformization step may include a calcu-
lation step of calculating estimated pixel values of the color
and sensitivity mosaic image based on the sensitivity mosaic
pattern information, and a correction step of correcting the
estimated pixel values calculated by the processing of the
calculation step.

The processing of the color interpolation step may inter-
polate all of the color components of the pixels of the color
and sensitivity mosaic image without changing the sensitiv-
ity characteristics of the pixels based on the sensitivity
mosaic pattern information and the color mosaic pattern
information to produce a sensitivity mosaic image of the
color components, and the processing of the sensitivity
characteristic uniformization step may uniformize the sen-
sitivity characteristics of the pixels of the sensitivity mosaic
image based on the sensitivity mosaic pattern information to
produce the restoration image.

The color interpolation step may include an extraction
step of extracting those of the pixels which have the same
sensitivity characteristic from the color and sensitivity
mosaic image, an all color component interpolation step of
interpolating all of the color components of the pixels
extracted by the processing of the extraction step, and a
synthesis step of synthesizing those of the pixels having all
of the color components interpolated by the processing of
the all color component interpolation step which have the
same color component and have the different sensitivity
characteristics to produce the sensitivity mosaic image.

Afirst program of the present invention is characterized in
that it causes a computer to execute a restoration step of
restoring, based on a color and sensitivity mosaic image
wherein each of a plurality of pixels has one of a plurality
of color components and one of a plurality of sensitivity
characteristics with respect to the intensity of light and a
plurality of ones of the pixels which have the same color
component and the same sensitivity characteristic are
arranged in a grating-like arrangement and besides a plu-
rality of ones of the pixels which have the same color
component irrespective of the sensitivity characteristic are
arranged in a grating-like arrangement, a restoration image
wherein the sensitivities of the pixels are uniformized and
each of the pixels has all of the plurality of color compo-
nents.
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The restoration step may include a luminance image
production step of producing a luminance image corre-
sponding to the color and sensitivity mosaic image based on
sensitivity mosaic pattern information representative of an
arrangement of the sensitivity characteristics of the color
and sensitivity mosaic image and color mosaic pattern
information representative of an arrangement of the color
components of the color and sensitivity mosaic image, and
a plurality of monochromatic image production steps each of
producing a monochromatic image corresponding to the
color and sensitivity mosaic image based on the sensitivity
mosaic pattern information, the color mosaic pattern infor-
mation and the luminance image.

The luminance image production step may include a
plurality of estimation steps each of calculating an estimated
value of a color component corresponding to each of the
pixels of the color and sensitivity mosaic image, and a
luminance candidate value calculation step of calculating a
luminance candidate value corresponding to each of the
pixels of the color and sensitivity mosaic image using a
plurality of the estimated values calculated individually by
the processing of the plurality of estimation steps.

The processing of each of the estimation steps may
calculate a plurality of estimated value candidates individu-
ally corresponding to the plurality of sensitivity character-
istics, add the plurality of estimated value candidates and
compensate for the non-linearity of the sensitivity charac-
teristic appearing with the sum of the plurality of estimated
value candidates.

The luminance image production step may further include
a noise removal step of removing noise components of the
luminance candidate value to produce a luminance value.

Each of the monochromatic image production steps may
include a monochromatic image candidate production step
of producing a monochromatic image candidate correspond-
ing to the color and sensitivity mosaic image based on the
sensitivity mosaic pattern information and the color mosaic
pattern information, and a modification step of modifying
the monochromatic image candidate based on the luminance
image to produce the monochromatic image.

The processing of the monochromatic image candidate
production step may calculate a plurality of monochromatic
candidate values individually corresponding to the plurality
of sensitivity characteristics, add the plurality of monochro-
matic candidate values and compensate for the non-linearity
of'the sensitivity characteristic appearing with the sum of the
plurality of monochromatic candidate values to calculate
pixel values of the monochromatic image candidate to
produce the monochromatic image candidate.

The processing of the monochromatic image candidate
production step may use a direction selective smoothing
process to produce the monochromatic image candidate
corresponding to the color and sensitivity mosaic image.

The first program of the present invention may further
include an image pickup controlling step of controlling a
process of picking up an image of a subject to produce the
color and sensitivity mosaic image.

The restoration step may include a sensitivity character-
istic uniformization step of uniformizing the sensitivity
characteristics of the pixels based on sensitivity mosaic
pattern information representative of an arrangement of the
sensitivity characteristics of the color and sensitivity mosaic
image, and a color interpolation step of interpolating color
components of the pixels based on color mosaic pattern
information representative of an arrangement of the color
components of the color and sensitivity mosaic image.
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The processing of the sensitivity characteristic uni-
formization step may uniformize the sensitivity character-
istics of the pixels of the color and sensitivity mosaic image
based on the sensitivity mosaic pattern information and the
color mosaic pattern information to produce a color mosaic
image, and the processing of the color interpolation step may
interpolate the color components of the pixels of the color
mosaic image based on the color mosaic pattern information
to produce the restoration image.

The processing of the sensitivity characteristic uni-
formization step may uniformize the sensitivity character-
istics of the pixels of the color and sensitivity mosaic image
without changing the kinds of the color components of the
pixels of the color and sensitivity mosaic image based on the
sensitivity mosaic pattern information and the color mosaic
pattern information to produce the color mosaic image.

The processing of the sensitivity characteristic uni-
formization step may uniformize the sensitivity character-
istics of the pixels of the color and sensitivity mosaic image
based on the sensitivity mosaic pattern information and the
color mosaic pattern information to produce the color
mosaic image and update the color mosaic pattern informa-
tion.

The sensitivity uniformization step may include a com-
pensation step of compensating for the color components of
the pixels of the color and sensitivity mosaic image based on
the sensitivity mosaic pattern information, a discrimination
step of discriminating the validity of the color components
of' the pixels of the color and sensitivity mosaic image based
on the sensitivity mosaic pattern information, and a modi-
fication step of modifying the color components of the pixels
compensated for by the processing of the compensation step
through an interpolation process in response to a result of the
discrimination of the discrimination means.

The sensitivity uniformization step may include a calcu-
lation step of calculating estimated pixel values of the color
and sensitivity mosaic image based on the sensitivity mosaic
pattern information, and a correction step of correcting the
estimated pixel values calculated by the processing of the
calculation step.

The processing of the color interpolation step may inter-
polate all of the color components of the pixels of the color
and sensitivity mosaic image without changing the sensitiv-
ity characteristics of the pixels based on the sensitivity
mosaic pattern information and the color mosaic pattern
information to produce a sensitivity mosaic image of the
color components, and the processing of the sensitivity
characteristic uniformization step may uniformize the sen-
sitivity characteristics of the pixels of the sensitivity mosaic
image based on the sensitivity mosaic pattern information to
produce the restoration image.

The color interpolation step may include an extraction
step of extracting those of the pixels which have the same
sensitivity characteristic from the color and sensitivity
mosaic image, an all color component interpolation step of
interpolating all of the color components of the pixels
extracted by the processing of the extraction step, and a
synthesis step of synthesizing those of the pixels having all
of the color components interpolated by the processing of
the all color component interpolation step which have the
same color component and have the different sensitivity
characteristics to produce the sensitivity mosaic image.

A second image processing apparatus of the present
invention is characterized in that it includes restoration
means for restoring, based on a color and sensitivity mosaic
image wherein each of a plurality of pixels has one of a
plurality of color components and one of a plurality of
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sensitivity characteristics with respect to the intensity of
light and a plurality of ones of the pixels which have the
same color component and the same sensitivity character-
istic are arranged in a grating-like arrangement and besides
a plurality of ones of the pixels which have the same
sensitivity characteristic irrespective of the color component
are arranged in a grating-like arrangement such that totaling
5 pixels including an arbitrary pixel and four pixels neigh-
boring upwardly, downwardly, leftwardly and rightwardly
of the arbitrary pixel include all of the color components, a
restoration image wherein the sensitivities of the pixels are
uniformized and each of the pixels has all of the plurality of
color components.

The restoration means may includes luminance image
production means for producing a luminance image corre-
sponding to the color and sensitivity mosaic image based on
sensitivity mosaic pattern information representative of an
arrangement of the sensitivity characteristics of the color
and sensitivity mosaic image and color mosaic pattern
information representative of an arrangement of the color
components of the color and sensitivity mosaic image, and
a plurality of monochromatic image production means each
for producing a monochromatic image corresponding to the
color and sensitivity mosaic image based on the sensitivity
mosaic pattern information, the color mosaic pattern infor-
mation and the luminance image.

The luminance image production means may include a
plurality of estimation means each for calculating an esti-
mated value of a color component corresponding to each of
the pixels of the color and sensitivity mosaic image, and
luminance candidate value calculation means for calculating
a luminance candidate value corresponding to each of the
pixels of the color and sensitivity mosaic image using a
plurality of the estimated values calculated individually by
the plurality of estimation means.

Each of the estimation means may calculate a plurality of
estimated value candidates individually corresponding to the
plurality of sensitivity characteristics, add the plurality of
estimated value candidates and compensate for the non-
linearity of the sensitivity characteristic appearing with the
sum of the plurality of estimated value candidates.

The luminance image production means may further
include noise removal means for removing noise compo-
nents of the luminance candidate value to produce a lumi-
nance value.

Each of the monochromatic image production means may
include monochromatic image candidate production means
for producing a monochromatic image candidate corre-
sponding to the color and sensitivity mosaic image based on
the sensitivity mosaic pattern information and the color
mosaic pattern information, and modification means for
modifying the monochromatic image candidate based on the
luminance image to produce the monochromatic image.

The monochromatic image candidate production means
may calculate a plurality of monochromatic candidate values
individually corresponding to the plurality of sensitivity
characteristics, add the plurality of monochromatic candi-
date values and compensate for the non-linearity of the
sensitivity characteristic appearing with the sum of the
plurality of monochromatic candidate values to calculate
pixel values of the monochromatic image candidate to
produce the monochromatic image candidate.

The monochromatic image candidate production means
may use a direction selective smoothing process to produce
the monochromatic image candidate corresponding to the
color and sensitivity mosaic image.
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The second image processing apparatus of the present
invention may further include image pickup means for
picking up an image of a subject to produce the color and
sensitivity mosaic image.

The restoration means may include sensitivity character-
istic uniformization means for uniformizing the sensitivity
characteristics of the pixels based on sensitivity mosaic
pattern information representative of an arrangement of the
sensitivity characteristics of the color and sensitivity mosaic
image, and color interpolation means for interpolating color
components of the pixels based on color mosaic pattern
information representative of an arrangement of the color
components of the color and sensitivity mosaic image.

The sensitivity characteristic uniformization means may
uniformize the sensitivity characteristics of the pixels of the
color and sensitivity mosaic image based on the sensitivity
mosaic pattern information and the color mosaic pattern
information to produce a color mosaic image, and the color
interpolation means may interpolate the color components of
the pixels of the color mosaic image based on the color
mosaic pattern information to produce the restoration image.

The sensitivity characteristic uniformization means may
uniformize the sensitivity characteristics of the pixels of the
color and sensitivity mosaic image without changing the
kinds of the color components of the pixels of the color and
sensitivity mosaic image based on the sensitivity mosaic
pattern information and the color mosaic pattern information
to produce the color mosaic image.

The sensitivity characteristic uniformization means may
uniformize the sensitivity characteristics of the pixels of the
color and sensitivity mosaic image based on the sensitivity
mosaic pattern information and the color mosaic pattern
information to produce the color mosaic image and update
the color mosaic pattern information.

The sensitivity uniformization means may include com-
pensation means for compensating for the color components
of' the pixels of the color and sensitivity mosaic image based
on the sensitivity mosaic pattern information, discrimination
means for discriminating the validity of the color compo-
nents of the pixels of the color and sensitivity mosaic image
based on the sensitivity mosaic pattern information, and
modification means for modifying the color components of
the pixels compensated for by the compensation means
through an interpolation process in response to a result of the
discrimination of the discrimination means.

The sensitivity uniformization means may include calcu-
lation means for calculating estimated pixel values of the
color and sensitivity mosaic image based on the sensitivity
mosaic pattern information, and correction means for cor-
recting the estimated pixel values calculated by the calcu-
lation means.

The color interpolation means may interpolate all of the
color components of the pixels of the color and sensitivity
mosaic image without changing the sensitivity characteris-
tics of the pixels based on the sensitivity mosaic pattern
information and the color mosaic pattern information to
produce a sensitivity mosaic image of the color components,
and the sensitivity characteristic uniformization means may
uniformize the sensitivity characteristics of the pixels of the
sensitivity mosaic image based on the sensitivity mosaic
pattern information to produce the restoration image.

The color interpolation means may include extraction
means for extracting those of the pixels which have the same
sensitivity characteristic from the color and sensitivity
mosaic image, all color component interpolation means for
interpolating all of the color components of the pixels
extracted by the extraction means, and synthesis means for
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synthesizing those of the pixels having all of the color
components interpolated by the all color component inter-
polation means which have the same color component and
have the different sensitivity characteristics to produce the
sensitivity mosaic image.

A second image processing method of the present inven-
tion is characterized in that it includes a restoration step of
restoring, based on a color and sensitivity mosaic image
wherein each of a plurality of pixels has one of a plurality
of color components and one of a plurality of sensitivity
characteristics with respect to the intensity of light and a
plurality of ones of the pixels which have the same color
component and the same sensitivity characteristic are
arranged in a grating-like arrangement and besides a plu-
rality of ones of the pixels which have the same sensitivity
characteristic irrespective of the color component are
arranged in a grating-like arrangement such that totaling 5
pixels including an arbitrary pixel and four pixels neighbor-
ing upwardly, downwardly, leftwardly and rightwardly of
the arbitrary pixel include all of the color components, a
restoration image wherein the sensitivities of the pixels are
uniformized and each of the pixels has all of the plurality of
color components.

The restoration step may include a luminance image
production step of producing a luminance image corre-
sponding to the color and sensitivity mosaic image based on
sensitivity mosaic pattern information representative of an
arrangement of the sensitivity characteristics of the color
and sensitivity mosaic image and color mosaic pattern
information representative of an arrangement of the color
components of the color and sensitivity mosaic image, and
a plurality of monochromatic image production steps each of
producing a monochromatic image corresponding to the
color and sensitivity mosaic image based on the sensitivity
mosaic pattern information, the color mosaic pattern infor-
mation and the luminance image.

The luminance image production step may include a
plurality of estimation steps each of calculating an estimated
value of a color component corresponding to each of the
pixels of the color and sensitivity mosaic image, and a
luminance candidate value calculation step of calculating a
luminance candidate value corresponding to each of the
pixels of the color and sensitivity mosaic image using a
plurality of the estimated values calculated individually by
the processing of the plurality of estimation steps.

The processing of each of the estimation steps may
calculate a plurality of estimated value candidates individu-
ally corresponding to the plurality of sensitivity character-
istics, add the plurality of estimated value candidates and
compensate for the non-linearity of the sensitivity charac-
teristic appearing with the sum of the plurality of estimated
value candidates.

The luminance image production step may further include
a noise removal step of removing noise components of the
luminance candidate value to produce a luminance value.

Each of the monochromatic image production steps may
include a monochromatic image candidate production step
of producing a monochromatic image candidate correspond-
ing to the color and sensitivity mosaic image based on the
sensitivity mosaic pattern information and the color mosaic
pattern information, and a modification step of modifying
the monochromatic image candidate based on the luminance
image to produce the monochromatic image.

The processing of the monochromatic image candidate
production step may calculate a plurality of monochromatic
candidate values individually corresponding to the plurality
of sensitivity characteristics, add the plurality of monochro-
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matic candidate values and compensate for the non-linearity
of' the sensitivity characteristic appearing with the sum of the
plurality of monochromatic candidate values to calculate
pixel values of the monochromatic image candidate to
produce the monochromatic image candidate.

The processing of the monochromatic image candidate
production step may use a direction selective smoothing
process to produce the monochromatic image candidate
corresponding to the color and sensitivity mosaic image.

The second image processing method of the present
invention may further include an image pickup step of
picking up an image of a subject to produce the color and
sensitivity mosaic image.

The restoration step may include a sensitivity character-
istic uniformization step of uniformizing the sensitivity
characteristics of the pixels based on sensitivity mosaic
pattern information representative of an arrangement of the
sensitivity characteristics of the color and sensitivity mosaic
image, and a color interpolation step of interpolating color
components of the pixels based on color mosaic pattern
information representative of an arrangement of the color
components of the color and sensitivity mosaic image.

The processing of the sensitivity characteristic uni-
formization step may uniformize the sensitivity character-
istics of the pixels of the color and sensitivity mosaic image
based on the sensitivity mosaic pattern information and the
color mosaic pattern information to produce a color mosaic
image, and the processing of the color interpolation step may
interpolate the color components of the pixels of the color
mosaic image based on the color mosaic pattern information
to produce the restoration image.

The processing of the sensitivity characteristic uni-
formization step may uniformize the sensitivity character-
istics of the pixels of the color and sensitivity mosaic image
without changing the kinds of the color components of the
pixels of the color and sensitivity mosaic image based on the
sensitivity mosaic pattern information and the color mosaic
pattern information to produce the color mosaic image.

The processing of the sensitivity characteristic uni-
formization step may uniformize the sensitivity character-
istics of the pixels of the color and sensitivity mosaic image
based on the sensitivity mosaic pattern information and the
color mosaic pattern information to produce the color
mosaic image and update the color mosaic pattern informa-
tion.

The sensitivity uniformization step may include a com-
pensation step of compensating for the color components of
the pixels of the color and sensitivity mosaic image based on
the sensitivity mosaic pattern information, a discrimination
step of discriminating the validity of the color components
of' the pixels of the color and sensitivity mosaic image based
on the sensitivity mosaic pattern information, and a modi-
fication step of modifying the color components of the pixels
compensated for by the processing of the compensation step
through an interpolation process in response to a result of the
discrimination of the discrimination means.

The sensitivity uniformization step may include a calcu-
lation step of calculating estimated pixel values of the color
and sensitivity mosaic image based on the sensitivity mosaic
pattern information, and a correction step of correcting the
estimated pixel values calculated by the processing of the
calculation step.

The processing of the color interpolation step may inter-
polate all of the color components of the pixels of the color
and sensitivity mosaic image without changing the sensitiv-
ity characteristics of the pixels based on the sensitivity
mosaic pattern information and the color mosaic pattern
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information to produce a sensitivity mosaic image of the
color components, and the processing of the sensitivity
characteristic uniformization step may uniformize the sen-
sitivity characteristics of the pixels of the sensitivity mosaic
image based on the sensitivity mosaic pattern information to
produce the restoration image.

The color interpolation step may include an extraction
step of extracting those of the pixels which have the same
sensitivity characteristic from the color and sensitivity
mosaic image, an all color component interpolation step of
interpolating all of the color components of the pixels
extracted by the processing of the extraction step, and a
synthesis step of synthesizing those of the pixels having all
of the color components interpolated by the processing of
the all color component interpolation step which have the
same color component and have the different sensitivity
characteristics to produce the sensitivity mosaic image.

A program of a second recording medium of the present
invention is characterized in that the program includes a
restoration step of restoring, based on a color and sensitivity
mosaic image wherein each of a plurality of pixels has one
of a plurality of color components and one of a plurality of
sensitivity characteristics with respect to the intensity of
light and a plurality of ones of the pixels which have the
same color component and the same sensitivity character-
istic are arranged in a grating-like arrangement and besides
a plurality of ones of the pixels which have the same
sensitivity characteristic irrespective of the color component
are arranged in a grating-like arrangement such that totaling
5 pixels including an arbitrary pixel and four pixels neigh-
boring upwardly, downwardly, leftwardly and rightwardly
of the arbitrary pixel include all of the color components, a
restoration image wherein the sensitivities of the pixels are
uniformized and each of the pixels has all of the plurality of
color components.

The restoration step may include a luminance image
production step of producing a luminance image corre-
sponding to the color and sensitivity mosaic image based on
sensitivity mosaic pattern information representative of an
arrangement of the sensitivity characteristics of the color
and sensitivity mosaic image and color mosaic pattern
information representative of an arrangement of the color
components of the color and sensitivity mosaic image, and
a plurality of monochromatic image production steps each of
producing a monochromatic image corresponding to the
color and sensitivity mosaic image based on the sensitivity
mosaic pattern information, the color mosaic pattern infor-
mation and the luminance image.

The luminance image production step may include a
plurality of estimation steps each of calculating an estimated
value of a color component corresponding to each of the
pixels of the color and sensitivity mosaic image, and a
luminance candidate value calculation step of calculating a
luminance candidate value corresponding to each of the
pixels of the color and sensitivity mosaic image using a
plurality of the estimated values calculated individually by
the processing of the plurality of estimation steps.

The processing of each of the estimation steps may
calculate a plurality of estimated value candidates individu-
ally corresponding to the plurality of sensitivity character-
istics, add the plurality of estimated value candidates and
compensate for the non-linearity of the sensitivity charac-
teristic appearing with the sum of the plurality of estimated
value candidates.

The luminance image production step may further include
a noise removal step of removing noise components of the
luminance candidate value to produce a luminance value.
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Each of the monochromatic image production steps may
include a monochromatic image candidate production step
of producing a monochromatic image candidate correspond-
ing to the color and sensitivity mosaic image based on the
sensitivity mosaic pattern information and the color mosaic
pattern information, and a modification step of moditying
the monochromatic image candidate based on the luminance
image to produce the monochromatic image.

The processing of the monochromatic image candidate
production step may calculate a plurality of monochromatic
candidate values individually corresponding to the plurality
of sensitivity characteristics, add the plurality of monochro-
matic candidate values and compensate for the non-linearity
of' the sensitivity characteristic appearing with the sum of the
plurality of monochromatic candidate values to calculate
pixel values of the monochromatic image candidate to
produce the monochromatic image candidate.

The processing of the monochromatic image candidate
production step may use a direction selective smoothing
process to produce the monochromatic image candidate
corresponding to the color and sensitivity mosaic image.

The program of the second recording medium of the
present invention may further include an image pickup
controlling step of controlling a process of picking up an
image of a subject to produce the color and sensitivity
mosaic image.

The restoration step may include a sensitivity character-
istic uniformization step of uniformizing the sensitivity
characteristics of the pixels based on sensitivity mosaic
pattern information representative of an arrangement of the
sensitivity characteristics of the color and sensitivity mosaic
image, and a color interpolation step of interpolating color
components of the pixels based on color mosaic pattern
information representative of an arrangement of the color
components of the color and sensitivity mosaic image.

The processing of the sensitivity characteristic uni-
formization step may uniformize the sensitivity character-
istics of the pixels of the color and sensitivity mosaic image
based on the sensitivity mosaic pattern information and the
color mosaic pattern information to produce a color mosaic
image, and the processing of the color interpolation step may
interpolate the color components of the pixels of the color
mosaic image based on the color mosaic pattern information
to produce the restoration image.

The processing of the sensitivity characteristic uni-
formization step may uniformize the sensitivity character-
istics of the pixels of the color and sensitivity mosaic image
without changing the kinds of the color components of the
pixels of the color and sensitivity mosaic image based on the
sensitivity mosaic pattern information and the color mosaic
pattern information to produce the color mosaic image.

The processing of the sensitivity characteristic uni-
formization step may uniformize the sensitivity character-
istics of the pixels of the color and sensitivity mosaic image
based on the sensitivity mosaic pattern information and the
color mosaic pattern information to produce the color
mosaic image and update the color mosaic pattern informa-
tion.

The sensitivity uniformization step may include a com-
pensation step of compensating for the color components of
the pixels of the color and sensitivity mosaic image based on
the sensitivity mosaic pattern information, a discrimination
step of discriminating the validity of the color components
of' the pixels of the color and sensitivity mosaic image based
on the sensitivity mosaic pattern information, and a modi-
fication step of modifying the color components of the pixels
compensated for by the processing of the compensation step
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through an interpolation process in response to a result of the
discrimination of the discrimination means.

The sensitivity uniformization step may include a calcu-
lation step of calculating estimated pixel values of the color
and sensitivity mosaic image based on the sensitivity mosaic
pattern information, and a correction step of correcting the
estimated pixel values calculated by the processing of the
calculation step.

The processing of the color interpolation step may inter-
polate all of the color components of the pixels of the color
and sensitivity mosaic image without changing the sensitiv-
ity characteristics of the pixels based on the sensitivity
mosaic pattern information and the color mosaic pattern
information to produce a sensitivity mosaic image of the
color components, and the processing of the sensitivity
characteristic uniformization step may uniformize the sen-
sitivity characteristics of the pixels of the sensitivity mosaic
image based on the sensitivity mosaic pattern information to
produce the restoration image.

The color interpolation step may include an extraction
step of extracting those of the pixels which have the same
sensitivity characteristic from the color and sensitivity
mosaic image, an all color component interpolation step of
interpolating all of the color components of the pixels
extracted by the processing of the extraction step, and a
synthesis step of synthesizing those of the pixels having all
of the color components interpolated by the processing of
the all color component interpolation step which have the
same color component and have the different sensitivity
characteristics to produce the sensitivity mosaic image.

A second program of the present invention is character-
ized in that it causes a computer to execute a restoration step
of restoring, based on a color and sensitivity mosaic image
wherein each of a plurality of pixels has one of a plurality
of color components and one of a plurality of sensitivity
characteristics with respect to the intensity of light and a
plurality of ones of the pixels which have the same color
component and the same sensitivity characteristic are
arranged in a grating-like arrangement and besides a plu-
rality of ones of the pixels which have the same sensitivity
characteristic irrespective of the color component are
arranged in a grating-like arrangement such that totaling 5
pixels including an arbitrary pixel and four pixels neighbor-
ing upwardly, downwardly, leftwardly and rightwardly of
the arbitrary pixel include all of the color components, a
restoration image wherein the sensitivities of the pixels are
uniformized and each of the pixels has all of the plurality of
color components.

The restoration step may include a luminance image
production step of producing a luminance image corre-
sponding to the color and sensitivity mosaic image based on
sensitivity mosaic pattern information representative of an
arrangement of the sensitivity characteristics of the color
and sensitivity mosaic image and color mosaic pattern
information representative of an arrangement of the color
components of the color and sensitivity mosaic image, and
a plurality of monochromatic image production steps each of
producing a monochromatic image corresponding to the
color and sensitivity mosaic image based on the sensitivity
mosaic pattern information, the color mosaic pattern infor-
mation and the luminance image.

The luminance image production step may include a
plurality of estimation steps each of calculating an estimated
value of a color component corresponding to each of the
pixels of the color and sensitivity mosaic image, and a
luminance candidate value calculation step of calculating a
luminance candidate value corresponding to each of the
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pixels of the color and sensitivity mosaic image using a
plurality of the estimated values calculated individually by
the processing of the plurality of estimation steps.

The processing of each of the estimation steps may
calculate a plurality of estimated value candidates individu-
ally corresponding to the plurality of sensitivity character-
istics, add the plurality of estimated value candidates and
compensate for the non-linearity of the sensitivity charac-
teristic appearing with the sum of the plurality of estimated
value candidates.

The luminance image production step may further include
a noise removal step of removing noise components of the
luminance candidate value to produce a luminance value.

Each of the monochromatic image production steps may
include a monochromatic image candidate production step
of producing a monochromatic image candidate correspond-
ing to the color and sensitivity mosaic image based on the
sensitivity mosaic pattern information and the color mosaic
pattern information, and a modification step of moditying
the monochromatic image candidate based on the luminance
image to produce the monochromatic image.

The processing of the monochromatic image candidate
production step may calculate a plurality of monochromatic
candidate values individually corresponding to the plurality
of sensitivity characteristics, add the plurality of monochro-
matic candidate values and compensate for the non-linearity
of' the sensitivity characteristic appearing with the sum of the
plurality of monochromatic candidate values to calculate
pixel values of the monochromatic image candidate to
produce the monochromatic image candidate.

The processing of the monochromatic image candidate
production step may use a direction selective smoothing
process to produce the monochromatic image candidate
corresponding to the color and sensitivity mosaic image.

The second program of the present invention may further
include an image pickup controlling step of controlling a
process of picking up an image of a subject to produce the
color and sensitivity mosaic image.

The restoration step may include a sensitivity character-
istic uniformization step of uniformizing the sensitivity
characteristics of the pixels based on sensitivity mosaic
pattern information representative of an arrangement of the
sensitivity characteristics of the color and sensitivity mosaic
image, and a color interpolation step of interpolating color
components of the pixels based on color mosaic pattern
information representative of an arrangement of the color
components of the color and sensitivity mosaic image.

The processing of the sensitivity characteristic uni-
formization step may uniformize the sensitivity character-
istics of the pixels of the color and sensitivity mosaic image
based on the sensitivity mosaic pattern information and the
color mosaic pattern information to produce a color mosaic
image, and the processing of the color interpolation step may
interpolate the color components of the pixels of the color
mosaic image based on the color mosaic pattern information
to produce the restoration image.

The processing of the sensitivity characteristic uni-
formization step may uniformize the sensitivity character-
istics of the pixels of the color and sensitivity mosaic image
without changing the kinds of the color components of the
pixels of the color and sensitivity mosaic image based on the
sensitivity mosaic pattern information and the color mosaic
pattern information to produce the color mosaic image.

The processing of the sensitivity characteristic uni-
formization step may uniformize the sensitivity character-
istics of the pixels of the color and sensitivity mosaic image
based on the sensitivity mosaic pattern information and the
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color mosaic pattern information to produce the color
mosaic image and update the color mosaic pattern informa-
tion.

The sensitivity uniformization step may include a com-
pensation step of compensating for the color components of
the pixels of the color and sensitivity mosaic image based on
the sensitivity mosaic pattern information, a discrimination
step of discriminating the validity of the color components
of the pixels of the color and sensitivity mosaic image based
on the sensitivity mosaic pattern information, and a modi-
fication step of modifying the color components of the pixels
compensated for by the processing of the compensation step
through an interpolation process in response to a result of the
discrimination of the discrimination means.

The sensitivity uniformization step may include a calcu-
lation step of calculating estimated pixel values of the color
and sensitivity mosaic image based on the sensitivity mosaic
pattern information, and a correction step of correcting the
estimated pixel values calculated by the processing of the
calculation step.

The processing of the color interpolation step may inter-
polate all of the color components of the pixels of the color
and sensitivity mosaic image without changing the sensitiv-
ity characteristics of the pixels based on the sensitivity
mosaic pattern information and the color mosaic pattern
information to produce a sensitivity mosaic image of the
color components, and the processing of the sensitivity
characteristic uniformization step may uniformize the sen-
sitivity characteristics of the pixels of the sensitivity mosaic
image based on the sensitivity mosaic pattern information to
produce the restoration image.

The color interpolation step may include an extraction
step of extracting those of the pixels which have the same
sensitivity characteristic from the color and sensitivity
mosaic image, an all color component interpolation step of
interpolating all of the color components of the pixels
extracted by the processing of the extraction step, and a
synthesis step of synthesizing those of the pixels having all
of the color components interpolated by the processing of
the all color component interpolation step which have the
same color component and have the different sensitivity
characteristics to produce the sensitivity mosaic image.

A third image processing apparatus of the present inven-
tion is characterized in that it includes sensitivity character-
istic uniformization means for uniformizing the sensitivity
characteristics of the pixels based on sensitivity mosaic
pattern information representative of an arrangement of the
sensitivity characteristics of the color and sensitivity mosaic
image, and color interpolation means for interpolating color
components of the pixels based on color mosaic pattern
information representative of an arrangement of the color
components of the color and sensitivity mosaic image.

The sensitivity characteristic uniformization means may
uniformize the sensitivity characteristics of the pixels of the
color and sensitivity mosaic image based on the sensitivity
mosaic pattern information and the color mosaic pattern
information to produce a color mosaic image, and the color
interpolation means may interpolate the color components of
the pixels of the color mosaic image based on the color
mosaic pattern information to produce the restoration image.

The sensitivity characteristic uniformization means may
uniformize the sensitivity characteristics of the pixels of the
color and sensitivity mosaic image without changing the
kinds of the color components of the pixels of the color and
sensitivity mosaic image based on the sensitivity mosaic
pattern information and the color mosaic pattern information
to produce the color mosaic image.
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The sensitivity characteristic uniformization means may
uniformize the sensitivity characteristics of the pixels of the
color and sensitivity mosaic image based on the sensitivity
mosaic pattern information and the color mosaic pattern
information to produce the color mosaic image and update
the color mosaic pattern information.

The sensitivity uniformization means may include com-
pensation means for compensating for the color components
of' the pixels of the color and sensitivity mosaic image based
on the sensitivity mosaic pattern information, discrimination
means for discriminating the validity of the color compo-
nents of the pixels of the color and sensitivity mosaic image
based on the sensitivity mosaic pattern information, and
modification means for modifying the color components of
the pixels compensated for by the compensation means
through an interpolation process in response to a result of the
discrimination of the discrimination means.

The sensitivity uniformization means may include calcu-
lation means for calculating estimated pixel values of the
color and sensitivity mosaic image based on the sensitivity
mosaic pattern information, and correction means for cor-
recting the estimated pixel values calculated by the calcu-
lation means.

The color interpolation means may interpolate all of the
color components of the pixels of the color and sensitivity
mosaic image without changing the sensitivity characteris-
tics of the pixels based on the sensitivity mosaic pattern
information and the color mosaic pattern information to
produce a sensitivity mosaic image of the color components,
and the sensitivity characteristic uniformization means may
uniformize the sensitivity characteristics of the pixels of the
sensitivity mosaic image based on the sensitivity mosaic
pattern information to produce the restoration image.

The color interpolation means may include extraction
means for extracting those of the pixels which have the same
sensitivity characteristic from the color and sensitivity
mosaic image, all color component interpolation means for
interpolating all of the color components of the pixels
extracted by the extraction means, and synthesis means for
synthesizing those of the pixels having all of the color
components interpolated by the all color component inter-
polation means which have the same color component and
have the different sensitivity characteristics to produce the
sensitivity mosaic image.

The third image processing apparatus of the present
invention may further include image pickup means for
picking up an image of a subject to produce the color and
sensitivity mosaic image.

A third image processing method of the present invention
is characterized in that it includes a sensitivity characteristic
uniformization step of uniformizing the sensitivity charac-
teristics of the pixels based on sensitivity mosaic pattern
information representative of an arrangement of the sensi-
tivity characteristics of the color and sensitivity mosaic
image, and a color interpolation step of interpolating color
components of the pixels based on color mosaic pattern
information representative of an arrangement of the color
components of the color and sensitivity mosaic image.

The processing of the sensitivity characteristic uni-
formization step may uniformize the sensitivity character-
istics of the pixels of the color and sensitivity mosaic image
based on the sensitivity mosaic pattern information and the
color mosaic pattern information to produce a color mosaic
image, and the processing of the color interpolation step may
interpolate the color components of the pixels of the color
mosaic image based on the color mosaic pattern information
to produce the restoration image.
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The processing of the sensitivity characteristic uni-
formization step may uniformize the sensitivity character-
istics of the pixels of the color and sensitivity mosaic image
without changing the kinds of the color components of the
pixels of the color and sensitivity mosaic image based on the
sensitivity mosaic pattern information and the color mosaic
pattern information to produce the color mosaic image.

The processing of the sensitivity characteristic uni-
formization step may uniformize the sensitivity character-
istics of the pixels of the color and sensitivity mosaic image
based on the sensitivity mosaic pattern information and the
color mosaic pattern information to produce the color
mosaic image and update the color mosaic pattern informa-
tion.

The sensitivity uniformization step may include a com-
pensation step of compensating for the color components of
the pixels of the color and sensitivity mosaic image based on
the sensitivity mosaic pattern information, a discrimination
step of discriminating the validity of the color components
of the pixels of the color and sensitivity mosaic image based
on the sensitivity mosaic pattern information, and a modi-
fication step of modifying the color components of the pixels
compensated for by the processing of the compensation step
through an interpolation process in response to a result of the
processing at the discrimination step.

The sensitivity uniformization step may include a calcu-
lation step of calculating estimated pixel values of the color
and sensitivity mosaic image based on the sensitivity mosaic
pattern information, and a correction step of correcting the
estimated pixel values calculated by the processing of the
calculation step.

The processing of the color interpolation step may inter-
polate all of the color components of the pixels of the color
and sensitivity mosaic image without changing the sensitiv-
ity characteristics of the pixels based on the sensitivity
mosaic pattern information and the color mosaic pattern
information to produce a sensitivity mosaic image of the
color components, and the processing of the sensitivity
characteristic uniformization step may uniformize the sen-
sitivity characteristics of the pixels of the sensitivity mosaic
image based on the sensitivity mosaic pattern information to
produce the restoration image.

The color interpolation step may include an extraction
step of extracting those of the pixels which have the same
sensitivity characteristic from the color and sensitivity
mosaic image, an all color component interpolation step of
interpolating all of the color components of the pixels
extracted by the processing of the extraction step, and a
synthesis step of synthesizing those of the pixels having all
of the color components interpolated by the processing of
the all color component interpolation step which have the
same color component and have the different sensitivity
characteristics to produce the sensitivity mosaic image.

The third image processing method of the present inven-
tion may further include an image pickup step of picking up
an image of a subject to produce the color and sensitivity
mosaic image.

A program of a third recording medium of the present
invention is characterized in that the program includes a
sensitivity characteristic uniformization step of uniformiz-
ing the sensitivity characteristics of the pixels based on
sensitivity mosaic pattern information representative of an
arrangement of the sensitivity characteristics of the color
and sensitivity mosaic image, and a color interpolation step
of interpolating color components of the pixels based on
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color mosaic pattern information representative of an
arrangement of the color components of the color and
sensitivity mosaic image.

The processing of the sensitivity characteristic uni-
formization step may uniformize the sensitivity character-
istics of the pixels of the color and sensitivity mosaic image
based on the sensitivity mosaic pattern information and the
color mosaic pattern information to produce a color mosaic
image, and the processing of the color interpolation step may
interpolate the color components of the pixels of the color
mosaic image based on the color mosaic pattern information
to produce the restoration image.

The processing of the sensitivity characteristic uni-
formization step may uniformize the sensitivity character-
istics of the pixels of the color and sensitivity mosaic image
without changing the kinds of the color components of the
pixels of the color and sensitivity mosaic image based on the
sensitivity mosaic pattern information and the color mosaic
pattern information to produce the color mosaic image.

The processing of the sensitivity characteristic uni-
formization step may uniformize the sensitivity character-
istics of the pixels of the color and sensitivity mosaic image
based on the sensitivity mosaic pattern information and the
color mosaic pattern information to produce the color
mosaic image and update the color mosaic pattern informa-
tion.

The sensitivity uniformization step may include a com-
pensation step of compensating for the color components of
the pixels of the color and sensitivity mosaic image based on
the sensitivity mosaic pattern information, a discrimination
step of discriminating the validity of the color components
of' the pixels of the color and sensitivity mosaic image based
on the sensitivity mosaic pattern information, and a modi-
fication step of modifying the color components of the pixels
compensated for by the processing of the compensation step
through an interpolation process in response to a result of the
processing at the discrimination step.

The sensitivity uniformization step may include a calcu-
lation step of calculating estimated pixel values of the color
and sensitivity mosaic image based on the sensitivity mosaic
pattern information, and a correction step of correcting the
estimated pixel values calculated by the processing of the
calculation step.

The processing of the color interpolation step may inter-
polate all of the color components of the pixels of the color
and sensitivity mosaic image without changing the sensitiv-
ity characteristics of the pixels based on the sensitivity
mosaic pattern information and the color mosaic pattern
information to produce a sensitivity mosaic image of the
color components, and the processing of the sensitivity
characteristic uniformization step may uniformize the sen-
sitivity characteristics of the pixels of the sensitivity mosaic
image based on the sensitivity mosaic pattern information to
produce the restoration image.

The color interpolation step may include an extraction
step of extracting those of the pixels which have the same
sensitivity characteristic from the color and sensitivity
mosaic image, an all color component interpolation step of
interpolating all of the color components of the pixels
extracted by the processing of the extraction step, and a
synthesis step of synthesizing those of the pixels having all
of the color components interpolated by the processing of
the all color component interpolation step which have the
same color component and have the different sensitivity
characteristics to produce the sensitivity mosaic image.

The program of the third recording medium of the present
invention may further include an image pickup controlling
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step of controlling a process of picking up an image of a
subject to produce the color and sensitivity mosaic image.
A third program of the present invention is characterized
in that it causes a computer to execute a sensitivity charac-
teristic uniformization step of uniformizing the sensitivity
characteristics of the pixels based on sensitivity mosaic
pattern information representative of an arrangement of the
sensitivity characteristics of the color and sensitivity mosaic
image, and a color interpolation step of interpolating color
components of the pixels based on color mosaic pattern
information representative of an arrangement of the color
components of the color and sensitivity mosaic image.

The processing of the sensitivity characteristic uni-
formization step may uniformize the sensitivity character-
istics of the pixels of the color and sensitivity mosaic image
based on the sensitivity mosaic pattern information and the
color mosaic pattern information to produce a color mosaic
image, and the processing of the color interpolation step may
interpolate the color components of the pixels of the color
mosaic image based on the color mosaic pattern information
to produce the restoration image.

The processing of the sensitivity characteristic uni-
formization step may uniformize the sensitivity character-
istics of the pixels of the color and sensitivity mosaic image
without changing the kinds of the color components of the
pixels of the color and sensitivity mosaic image based on the
sensitivity mosaic pattern information and the color mosaic
pattern information to produce the color mosaic image.

The processing of the sensitivity characteristic uni-
formization step may uniformize the sensitivity character-
istics of the pixels of the color and sensitivity mosaic image
based on the sensitivity mosaic pattern information and the
color mosaic pattern information to produce the color
mosaic image and update the color mosaic pattern informa-
tion.

The sensitivity uniformization step may include a com-
pensation step of compensating for the color components of
the pixels of the color and sensitivity mosaic image based on
the sensitivity mosaic pattern information, a discrimination
step of discriminating the validity of the color components
of the pixels of the color and sensitivity mosaic image based
on the sensitivity mosaic pattern information, and a modi-
fication step of modifying the color components of the pixels
compensated for by the processing of the compensation step
through an interpolation process in response to a result of the
processing at the discrimination step.

The sensitivity uniformization step may include a calcu-
lation step of calculating estimated pixel values of the color
and sensitivity mosaic image based on the sensitivity mosaic
pattern information, and a correction step of correcting the
estimated pixel values calculated by the processing of the
calculation step.

The processing of the color interpolation step may inter-
polate all of the color components of the pixels of the color
and sensitivity mosaic image without changing the sensitiv-
ity characteristics of the pixels based on the sensitivity
mosaic pattern information and the color mosaic pattern
information to produce a sensitivity mosaic image of the
color components, and the processing of the sensitivity
characteristic uniformization step may uniformize the sen-
sitivity characteristics of the pixels of the sensitivity mosaic
image based on the sensitivity mosaic pattern information to
produce the restoration image.

The color interpolation step may include an extraction
step of extracting those of the pixels which have the same
sensitivity characteristic from the color and sensitivity
mosaic image, an all color component interpolation step of
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interpolating all of the color components of the pixels
extracted by the processing of the extraction step, and a
synthesis step of synthesizing those of the pixels having all
of the color components interpolated by the processing of
the all color component interpolation step which have the
same color component and have the different sensitivity
characteristics to produce the sensitivity mosaic image.

The third program of the present invention may further
include an image pickup controlling step of controlling a
process of picking up an image of a subject to produce the
color and sensitivity mosaic image.

A fourth image processing apparatus of the present inven-
tion is characterized in that it includes luminance image
production means for producing a luminance image corre-
sponding to the color and sensitivity mosaic image based on
sensitivity mosaic pattern information representative of an
arrangement of the sensitivity characteristics of the color
and sensitivity mosaic image and color mosaic pattern
information representative of an arrangement of the color
components of the color and sensitivity mosaic image, and
a plurality of monochromatic image production means each
for producing a monochromatic image corresponding to the
color and sensitivity mosaic image based on the sensitivity
mosaic pattern information, the color mosaic pattern infor-
mation and the luminance image.

The luminance image production means may include a
plurality of estimation means each for calculating an esti-
mated value of a color component corresponding to each of
the pixels of the color and sensitivity mosaic image, and
luminance candidate value calculation means for calculating
a luminance candidate value corresponding to each of the
pixels of the color and sensitivity mosaic image using a
plurality of the estimated values calculated individually by
the plurality of estimation means.

Each of the estimation means may calculate a plurality of
estimated value candidates individually corresponding to the
plurality of sensitivity characteristics, add the plurality of
estimated value candidates and compensate for the non-
linearity of the sensitivity characteristic appearing with the
sum of the plurality of estimated value candidates.

The luminance image production means may further
include noise removal means for removing noise compo-
nents of the luminance candidate value to produce a lumi-
nance value.

Each of the monochromatic image production means may
include monochromatic image candidate production means
for producing a monochromatic image candidate corre-
sponding to the color and sensitivity mosaic image based on
the sensitivity mosaic pattern information and the color
mosaic pattern information, and modification means for
modifying the monochromatic image candidate based on the
luminance image to produce the monochromatic image.

The monochromatic image candidate production means
may calculate a plurality of monochromatic candidate values
individually corresponding to the plurality of sensitivity
characteristics, add the plurality of monochromatic candi-
date values and compensate for the non-linearity of the
sensitivity characteristic appearing with the sum of the
plurality of monochromatic candidate values to calculate
pixel values of the monochromatic image candidate to
produce the monochromatic image candidate.

The monochromatic image candidate production means
may use a direction selective smoothing process to produce
the monochromatic image candidate corresponding to the
color and sensitivity mosaic image.
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The fourth image processing apparatus of the present
invention may further include image pickup means for
picking up an image of a subject to produce the color and
sensitivity mosaic image.

A fourth image processing method of the present inven-
tion is characterized in that it includes a luminance image
production step of producing a luminance image corre-
sponding to the color and sensitivity mosaic image based on
sensitivity mosaic pattern information representative of an
arrangement of the sensitivity characteristics of the color
and sensitivity mosaic image and color mosaic pattern
information representative of an arrangement of the color
components of the color and sensitivity mosaic image, and
a plurality of monochromatic image production steps each of
producing a monochromatic image corresponding to the
color and sensitivity mosaic image based on the sensitivity
mosaic pattern information, the color mosaic pattern infor-
mation and the luminance image.

The luminance image production step may include a
plurality of estimation steps each of calculating an estimated
value of a color component corresponding to each of the
pixels of the color and sensitivity mosaic image, and a
luminance candidate value calculation step of calculating a
luminance candidate value corresponding to each of the
pixels of the color and sensitivity mosaic image using a
plurality of the estimated values calculated individually by
the processing of the plurality of estimation steps.

The processing of each of the estimation steps may
calculate a plurality of estimated value candidates individu-
ally corresponding to the plurality of sensitivity character-
istics, add the plurality of estimated value candidates and
compensate for the non-linearity of the sensitivity charac-
teristic appearing with the sum of the plurality of estimated
value candidates.

The luminance image production step may further include
a noise removal step of removing noise components of the
luminance candidate value to produce a luminance value.

Each of the monochromatic image production steps may
include a monochromatic image candidate production step
of producing a monochromatic image candidate correspond-
ing to the color and sensitivity mosaic image based on the
sensitivity mosaic pattern information and the color mosaic
pattern information, and a modification step of modifying
the monochromatic image candidate based on the luminance
image to produce the monochromatic image.

The processing of the monochromatic image candidate
production step may calculate a plurality of monochromatic
candidate values individually corresponding to the plurality
of sensitivity characteristics, add the plurality of monochro-
matic candidate values and compensate for the non-linearity
of'the sensitivity characteristic appearing with the sum of the
plurality of monochromatic candidate values to calculate
pixel values of the monochromatic image candidate to
produce the monochromatic image candidate.

The processing of the monochromatic image candidate
production step may use a direction selective smoothing
process to produce the monochromatic image candidate
corresponding to the color and sensitivity mosaic image.

The fourth image processing method of the present inven-
tion may further include an image pickup step of picking up
an image of a subject to produce the color and sensitivity
mosaic image.

A program of a fourth recording medium of the present
invention is characterized in that the program includes a
luminance image production step of producing a luminance
image corresponding to the color and sensitivity mosaic
image based on sensitivity mosaic pattern information rep-
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resentative of an arrangement of the sensitivity characteris-
tics of the color and sensitivity mosaic image and color
mosaic pattern information representative of an arrangement
of the color components of the color and sensitivity mosaic
image, and a plurality of monochromatic image production
steps each of producing a monochromatic image corre-
sponding to the color and sensitivity mosaic image based on
the sensitivity mosaic pattern information, the color mosaic
pattern information and the luminance image.

The luminance image production step may include a
plurality of estimation steps each of calculating an estimated
value of a color component corresponding to each of the
pixels of the color and sensitivity mosaic image, and a
luminance candidate value calculation step of calculating a
luminance candidate value corresponding to each of the
pixels of the color and sensitivity mosaic image using a
plurality of the estimated values calculated individually by
the processing of the plurality of estimation steps.

The processing of each of the estimation steps may
calculate a plurality of estimated value candidates individu-
ally corresponding to the plurality of sensitivity character-
istics, add the plurality of estimated value candidates and
compensate for the non-linearity of the sensitivity charac-
teristic appearing with the sum of the plurality of estimated
value candidates.

The luminance image production step may further include
a noise removal step of removing noise components of the
luminance candidate value to produce a luminance value.

Each of the monochromatic image production steps may
include a monochromatic image candidate production step
of producing a monochromatic image candidate correspond-
ing to the color and sensitivity mosaic image based on the
sensitivity mosaic pattern information and the color mosaic
pattern information, and a modification step of moditying
the monochromatic image candidate based on the luminance
image to produce the monochromatic image.

The processing of the monochromatic image candidate
production step may calculate a plurality of monochromatic
candidate values individually corresponding to the plurality
of sensitivity characteristics, add the plurality of monochro-
matic candidate values and compensate for the non-linearity
of' the sensitivity characteristic appearing with the sum of the
plurality of monochromatic candidate values to calculate
pixel values of the monochromatic image candidate to
produce the monochromatic image candidate.

The processing of the monochromatic image candidate
production step may use a direction selective smoothing
process to produce the monochromatic image candidate
corresponding to the color and sensitivity mosaic image.

The program of the fourth recording medium of the
present invention may further include an image pickup
controlling step of controlling a process of picking up an
image of a subject to produce the color and sensitivity
mosaic image.

A fourth program of the present invention is characterized
in that it causes a computer to execute a luminance image
production step of producing a luminance image corre-
sponding to the color and sensitivity mosaic image based on
sensitivity mosaic pattern information representative of an
arrangement of the sensitivity characteristics of the color
and sensitivity mosaic image and color mosaic pattern
information representative of an arrangement of the color
components of the color and sensitivity mosaic image, and
a plurality of monochromatic image production steps each of
producing a monochromatic image corresponding to the
color and sensitivity mosaic image based on the sensitivity
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mosaic pattern information, the color mosaic pattern infor-
mation and the luminance image.

The luminance image production step may include a
plurality of estimation steps each of calculating an estimated
value of a color component corresponding to each of the
pixels of the color and sensitivity mosaic image, and a
luminance candidate value calculation step of calculating a
luminance candidate value corresponding to each of the
pixels of the color and sensitivity mosaic image using a
plurality of the estimated values calculated individually by
the processing of the plurality of estimation steps.

The processing of each of the estimation steps may
calculate a plurality of estimated value candidates individu-
ally corresponding to the plurality of sensitivity character-
istics, add the plurality of estimated value candidates and
compensate for the non-linearity of the sensitivity charac-
teristic appearing with the sum of the plurality of estimated
value candidates.

The luminance image production step may further include
a noise removal step of removing noise components of the
luminance candidate value to produce a luminance value.

Each of the monochromatic image production steps may
include a monochromatic image candidate production step
of producing a monochromatic image candidate correspond-
ing to the color and sensitivity mosaic image based on the
sensitivity mosaic pattern information and the color mosaic
pattern information, and a modification step of modifying
the monochromatic image candidate based on the luminance
image to produce the monochromatic image.

The processing of the monochromatic image candidate
production step may calculate a plurality of monochromatic
candidate values individually corresponding to the plurality
of sensitivity characteristics, add the plurality of monochro-
matic candidate values and compensate for the non-linearity
of'the sensitivity characteristic appearing with the sum of the
plurality of monochromatic candidate values to calculate
pixel values of the monochromatic image candidate to
produce the monochromatic image candidate.

The processing of the monochromatic image candidate
production step may use a direction selective smoothing
process to produce the monochromatic image candidate
corresponding to the color and sensitivity mosaic image.

The fourth program of the present invention may further
include an image pickup controlling step of controlling a
process of picking up an image of a subject to produce the
color and sensitivity mosaic image.

In the first image processing apparatus and method as well
as program of the present invention, based on a color and
sensitivity mosaic image wherein each of a plurality of
pixels has one of a plurality of color components and one of
a plurality of sensitivity characteristics with respect to the
intensity of light and a plurality of ones of the pixels which
have the same color component and the same sensitivity
characteristic are arranged in a grating-like arrangement and
besides a plurality of ones of the pixels which have the same
color component irrespective of the sensitivity characteristic
are arranged in a grating-like arrangement, a restoration
image wherein the sensitivities of the pixels are uniformized
and each of the pixels has all of the plurality of color
components is restored.

In the second image processing apparatus and method as
well as program of the present invention, based on a color
and sensitivity mosaic image wherein each of a plurality of
pixels has one of a plurality of color components and one of
a plurality of sensitivity characteristics with respect to the
intensity of light and a plurality of ones of the pixels which
have the same color component and the same sensitivity
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characteristic are arranged in a grating-like arrangement and
besides a plurality of ones of the pixels which have the same
sensitivity characteristic irrespective of the color component
are arranged in a grating-like arrangement such that totaling
5 pixels including an arbitrary pixel and four pixels neigh-
boring upwardly, downwardly, leftwardly and rightwardly
of the arbitrary pixel include all of the color components, a
restoration image wherein the sensitivities of the pixels are
uniformized and each of the pixels has all of the plurality of
color components is restored.

In the third image processing apparatus and method as
well as program of the present invention, the sensitivity
characteristics of the pixels are uniformized based on sen-
sitivity mosaic pattern information representative of an
arrangement of the sensitivity characteristics of the color
and sensitivity mosaic image, and color components of the
pixels are interpolated based on color mosaic pattern infor-
mation representative of an arrangement of the color com-
ponents of the color and sensitivity mosaic image.

In the fourth image processing apparatus and method as
well as program of the present invention, a luminance image
corresponding to the color and sensitivity mosaic image is
produced based on sensitivity mosaic pattern information
representative of an arrangement of the sensitivity charac-
teristics of the color and sensitivity mosaic image and color
mosaic pattern information representative of an arrangement
of the color components of the color and sensitivity mosaic
image, and a monochromatic image corresponding to the
color and sensitivity mosaic image is produced based on the
sensitivity mosaic pattern information, the color mosaic
pattern information and the luminance image.

Additional features and advantages are described herein,
and will be apparent from the following Detailed Descrip-
tion and the figures.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a block diagram showing an example of a
configuration of a digital still camera to which the present
invention is applied;

FIG. 2 is a view illustrating general operation of the
digital still camera;

FIG. 3 is a view showing an example of a subject;

FIG. 4 is a view showing an example of a color and
sensitivity mosaic image corresponding to the example of
FIG. 3;

FIG. 5 is a view showing a color and sensitivity mosaic
pattern P1;

FIG. 6 is a view showing a color and sensitivity mosaic
pattern P2;

FIG. 7 is a view showing a color and sensitivity mosaic
pattern P3;

FIG. 8 is a view showing a color and sensitivity mosaic
pattern P4;

FIG. 9 is a view showing a color and sensitivity mosaic
pattern P5;

FIG. 10 is a view showing a color and sensitivity mosaic
pattern P6;

FIG. 11 is a view showing a color and sensitivity mosaic
pattern P7;

FIG. 12 is a view showing a color and sensitivity mosaic
pattern P8;

FIG. 13 is a view showing a color and sensitivity mosaic
pattern P9;

FIG. 14 is a view showing a color and sensitivity mosaic
pattern P10;
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FIG. 15 is a view showing a color and sensitivity mosaic
pattern P11;

FIG. 16 is a view showing a color and sensitivity mosaic
pattern P12;

FIG. 17 is a view showing a color and sensitivity mosaic
pattern P13;

FIG. 18 is a view showing a color and sensitivity mosaic
pattern P14;

FIG. 19 is a view showing a cross section of a light
receiving element of a CCD image sensor 4;

FIG. 20 is a view illustrating a method for optically
implementing a mosaic arrangement of sensitivity;

FIG. 21 is a view illustrating another method for optically
implementing a mosaic arrangement of sensitivity;

FIG. 22 is a view illustrating a further method for opti-
cally implementing a mosaic pattern of sensitivity;

FIG. 23 is a view illustrating a first method for electroni-
cally implementing a mosaic pattern of sensitivity;

FIG. 24 is a view illustrating a second method for
electronically implementing a mosaic pattern of sensitivity;

FIG. 25 is a schematic view showing an OR-type elec-
trode structure;

FIG. 26 is a sectional view showing a cross section of the
OR-type electrode structure;

FIG. 27 is a schematic view showing an AND-type
electrode structure;

FIG. 28 is a view showing a combination of the OR-type
electrode structure and the AND-type electrode structure for
implementing the color and sensitivity mosaic pattern P1;

FIG. 29 is a view showing a combination of the OR-type
electrode structure and the AND-type electrode structure for
implementing the color and sensitivity mosaic pattern P2;

FIG. 30 is a view showing a combination of the OR-type
electrode structure and the AND-type electrode structure for
implementing the color and sensitivity mosaic pattern P3;

FIG. 31 is a view showing a combination of the OR-type
electrode structure and the AND-type electrode structure for
implementing the color and sensitivity mosaic pattern P4;

FIG. 32 is a view showing a combination of the OR-type
electrode structure and the AND-type electrode structure for
implementing the color and sensitivity mosaic pattern P5;

FIG. 33 is a view illustrating a definition of position
coordinates of a pixel;

FIG. 34 is a view illustrating an outline of a first demosaic
process;

FIG. 35 is a graph illustrating an outline of a first
sensitivity uniformization process in the first demosaic pro-
cess;

FIG. 36 is a graph illustrating an outline of the first
sensitivity uniformization process in the first demosaic pro-
cess;

FIG. 37 is a graph illustrating an outline of the first
sensitivity uniformization process in the first demosaic pro-
cess;

FIG. 38 is a graph illustrating an outline of a second
sensitivity uniformization process in the first demosaic pro-
cess;

FIG. 39 is a graph illustrating an outline of the second
sensitivity uniformization process in the first demosaic pro-
cess;

FIG. 40 is a view illustrating an outline of a second
demosaic process;

FIG. 41 is a graph illustrating an outline of a first
sensitivity uniformization process in the second demosaic
process;
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FIG. 42 is a graph illustrating an outline of the first
sensitivity uniformization process in the second demosaic
process;

FIG. 43 is a graph illustrating an outline of a second
sensitivity uniformization process in the second demosaic
process;

FIG. 44 is a graph illustrating an outline of the second
sensitivity uniformization process in the second demosaic
process;

FIG. 45 is a block diagram showing a first example of a
configuration of an image processing section 7;

FIG. 46 is a block diagram showing a first example of a
configuration of a sensitivity uniformization section 51;

FIG. 47 is a block diagram showing an example of a
configuration of a color interpolation section 52;

FIG. 48 is a block diagram showing an example of a
configuration of a color difference image production section
72

FIG. 49 is a block diagram showing an example of a
configuration of a luminance image production section 74;

FIG. 50 is a flow chart illustrating the first demosaic
process by the first example of the configuration of the
image processing section 7;

FIG. 51 is a flow chart illustrating the first sensitivity
uniformization process by the first example of the configu-
ration of the sensitivity uniformization section 51;

FIG. 52 is a flow chart illustrating a sensitivity compen-
sation process at step S11;

FIG. 53 is a flow chart illustrating a validity discrimina-
tion process at step S12;

FIG. 54 is a flow chart illustrating a missing interpolation
process at step S13;

FIG. 55 is a flow chart illustrating a color interpolation
process at step S2;

FIG. 56 is a flow chart illustrating a first color difference
image production process at step S52;

FIG. 57 is flow chart illustrating a luminance image
production process at step S53;

FIG. 58 is a flow chart illustrating a color space conver-
sion process at step S54;

FIG. 59 is a block diagram showing a second example of
a configuration of the sensitivity uniformization section 51;

FIG. 60 is a flow chart illustrating a second sensitivity
uniformization process by the second example of the con-
figuration of the sensitivity uniformization section 51;

FIG. 61 is a flow chart illustrating an interpolation process
at step S103;

FIG. 62 is a flow chart illustrating a second color differ-
ence image production process;

FIG. 63 is a flow chart illustrating an image gradient
vector arithmetic operation process at step S123;

FIG. 64 is a block diagram showing a second example of
a configuration of the image processing section 7,

FIG. 65 is a block diagram showing a first example of a
configuration of a sensitivity uniformization section 111;

FIG. 66 is a flow chart illustrating a missing interpolation
process by a missing interpolation section 124;

FIG. 67 is a block diagram showing a second example of
a configuration of the sensitivity uniformization section 111;

FIG. 68 is a flow chart illustrating the second sensitivity
uniformization process in the second demosaic process by
the second example of the configuration of the sensitivity
uniformization section 111;

FIG. 69 is a flow chart illustrating an interpolation color
determination process at step S163;

FIG. 70 is a view illustrating an outline of a third
demosaic process;
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FIG. 71 is a view illustrating an outline of a by-sensitiv-
ity-basis color interpolation process in the third demosaic
process;

FIG. 72 is a view illustrating an outline of the by-
sensitivity-basis color interpolation process in the third
demosaic process;

FIG. 73 is a block diagram showing a third example of a
configuration of the image processing section 7;

FIG. 74 is a block diagram showing an example of a
configuration of a by-sensitivity-basis color interpolation
section 151;

FIG. 75 is a block diagram showing an example of a
configuration of a sensitivity uniformization section 152;

FIG. 76 is a flow chart illustrating the third demosaic
process by the third example of the configuration of the
image processing section 7,

FIG. 77 is a flow chart illustrating the by-sensitivity-basis
color interpolation process at step S181;

FIG. 78 is a view illustrating an extraction process at step
S193,

FIG. 79 is a view illustrating the extraction process at step
S193,

FIG. 80 is a flow chart illustrating a sensitivity uni-
formization process at step S182;

FIG. 81 is a view showing an example of a filter coeffi-
cient used in a local sum calculation process at step S203;

FIG. 82 is a block diagram showing a fourteen example
of a configuration of the image processing section 7;

FIG. 83 is a block diagram showing a first example of a
configuration of a luminance image production section 181;

FIG. 84 is a block diagram showing an example of a
configuration of a monochromatic image production section
182;

FIG. 85 is a flow chart illustrating a fourth demosaic
process by the fourth example of the configuration of the
image processing section 7,

FIG. 86 is a flow chart illustrating a luminance image
production process by the luminance image production
section 181;

FIG. 87 is a flow chart illustrating an R component
estimation process by an estimation section 191;

FIG. 88 is a view showing an example of interpolation
filter coefficients for R/B components;

FIG. 89 is a view showing interpolation filter coeflicients
for a G component;

FIG. 90 is a view illustrating a synthetic sensitivity
compensation LUT;

FIG. 91 is a view illustrating another synthetic sensitivity
compensation LUT;

FIG. 92 is a view illustrating a further synthetic sensitivity
compensation LUT;

FIG. 93 is a flow chart illustrating a noise removal process
by a noise removal section 198;

FIG. 94 is a flow chart illustrating a direction selective
smoothing process by the noise removal section 198;

FIG. 95 is a flow chart illustrating a monochromatic
image production process by the monochromatic image
production section 182;

FIG. 96 is a flow chart illustrating a ratio value calculation
process by a ratio value calculation section 202;

FIG. 97 is a view illustrating an example of smoothing
filter coefficients;

FIG. 98 is a block diagram showing a second example of
a configuration of the luminance image production section
181;

FIG. 99 is a flow chart illustrating an estimation process
of RGB components by an estimation section 211;
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FIG. 100 is a view showing an arrangement of pixels used
in an estimation pixel value C0 interpolation process;

FIG. 101 is a flow chart illustrating the estimation pixel
value C0 interpolation process;

FIG. 102 is a view showing an arrangement of pixels used
in an estimation pixel value C1 interpolation process;

FIG. 103 is a flow chart illustrating the estimation pixel
value C1 interpolation process;

FIG. 104A is a view showing an arrangement of pixels
used in an estimation pixel value C2 interpolation process;

FIG. 104B is a view showing another arrangement of
pixels used in the estimation pixel value C2 interpolation
process;

FIG. 105 is a flow chart illustrating the estimation pixel
value C2 interpolation process;

FIG. 106 is a view showing an arrangement of pixels used
in an estimation pixel value C3 interpolation process;

FIG. 107 is a flow chart illustrating the estimation pixel
value C3 interpolation process;

FIG. 108 is a flow chart illustrating an R candidate image
production process by an interpolation section 201-R;

FIG. 109 is a flow chart illustrating a B candidate image
production process by an interpolation section 201-B;

FIG. 110 is a flow chart illustrating a G candidate image
production process by an interpolation section 201-G; and

FIG. 111 is a block diagram showing a fifth example of a
configuration of the image processing section 7.

DETAILED DESCRIPTION

FIG. 1 shows an example of a configuration of a digital
still camera which is an embodiment of the present inven-
tion. The digital still camera is roughly composed of an
optical system, a signal processing system, a recording
system, a display system and a control system.

The optical system includes a lens 1 for condensing an
optical image of a subject, an iris 2 for adjusting the amount
of light of the optical image, and a CCD image sensor 4 for
photo-electrically converting the condensed optical image
into an electric signal of a wide dynamic range.

The signal processing system includes a correlation
double sampling circuit (CDS) 5 for sampling an electric
signal from the CCD image sensor 4 to reduce noise of the
electric signal, an A/D converter 6 for converting an analog
signal outputted from the correlation double sampling circuit
5 into a digital signal, and an image processing section 7 for
performing a predetermined image process for the digital
signal inputted thereto from the A/D converter 6. It is to be
noted that details of the process executed by the image
processing section 7 are hereinafter described.

The recording system includes a CODEC (Compression/
Decompression) 8 for coding and recording an image signal
processed by the image processing section 7 into a memory
9 and reading out, decoding and supplying the image signal
to the image processing section 7, and the memory 9 for
storing an image signal.

The display system includes a D/A converter 10 for
converting an image signal processed by the image process-
ing section 7 into an analog signal, a video encoder 11 for
encoding the analog image signal into a video signal of the
format compatible with a display unit 12 in the following
stage, and a display unit 12 formed from an LCD (Liquid
Crystal Display) unit or the like for displaying an image
corresponding to the video signal inputted thereto so that it
functions as a viewfinder.

The control system includes a timing generator (TG) 3 for
controlling operation timings of the components from the
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CCD image sensor 4 to the image processing section 7, an
operation inputting section 13 for allowing the user to input
a shutter timing and other commands, and a control section
14 including a CPU (Central Processing Unit) and so forth
for controlling a drive 15 to read out a controlling program
stored on a magnetic disc 16, an optical disc 17, a magneto-
optical disc 18 or a semiconductor memory 19 and control-
ling the entire digital still camera based on the controlling
program read out, a command from the user inputted from
the operation inputting section 13 and so forth.

In the digital still camera, an optical image (incoming
light) of a subject is introduced into the CCD image sensor
4 through the lens 1 and the iris 2, and it is photo-electrically
converted by the CCD image sensor 4. The resulting electric
signal is subject to removal of noise by the correlation
double sampling circuit 5 and is then converted into a digital
signal by the A/D converter 6, whereafter it is temporarily
stored into an image memory built in the image processing
section 7.

It is to be noted that, in an ordinary state, an image signal
is incessantly overwritten at a fixed frame rate into the image
memory built in the image processing section 7 under the
control of the timing generator 3 for the signal processing
system. The image signal of the image memory built in the
image processing section 7 is converted into an analog
signal by the D/A converter 10 and further converted into a
video signal by the video encoder 11, and a corresponding
image is displayed on the display unit 12.

The display unit 12 further has a function as a viewfinder
of the digital still camera. When the user depresses a shutter
button included in the operation inputting section 13, the
control section 14 controls the timing generator 3 so that the
signal processing system fetches an image signal immedi-
ately after the shutter button is depressed and thereafter
inhibits an image signal from being overwritten into the
image memory of the image processing section 7. Thereat-
ter, the image data written in the image memory of the image
processing section 7 are coded by the CODEC 8 and
recorded into the memory 9. Fetching of image data of one
frame is completed by such operation of the digital still
camera as described above.

Subsequently, an outline of operation of the digital still
camera is described with reference to FIG. 2. The digital still
camera picks up an image of a subject with a color and a
sensitivity, which are different for each pixel, through an
image pickup process of the optical system including the
CCD image sensor 4 as a principal component to obtain an
image wherein colors and sensitivities are distributed like a
mosaic (such an image as just described is hereinafter
referred to as color and sensitivity mosaic image, whose
details are hereinafter described). Thereafter, the image
obtained by the image pickup process is converted into an
image wherein each pixel has all color components and the
pixels have a uniform sensitivity by the signal processing
system which includes the image processing section 7 as a
principal component. In the following description, the pro-
cess of the signal processing system including the image
processing section 7 as a principal component for converting
a color and sensitivity mosaic image into an image wherein
each pixel has all color components and the pixels have a
uniform sensitivity is referred to as demosaic process.

For example, if an image of such a subject as shown in
FIG. 3 is picked up, then such a color and sensitivity mosaic
image as shown in FIG. 4 is obtained through the image
pickup process and is converted into an image wherein each
pixel has all color components and the pixels have a uniform
sensitivity through the image process. In particular, the
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original colors of the subject shown in FIG. 3 are restored
from the color and sensitivity mosaic image shown in FIG.
4.

Arrangement patterns (hereinafter referred to as color and
sensitivity mosaic patterns) P1 to P14 of color components
and sensitivities of pixels which compose a color and
sensitivity mosaic image are shown in FIGS. 5 to 18,
respectively. It is to be noted that, as a combination of colors
which form a color and sensitivity mosaic pattern, a com-
bination of three colors of R (red), G (green) and B (blue)
and another combination of four colors of Y (yellow), M
(magenta), C (cyan) and G (green) are available. As stages
of the sensitivity, two stages of SO and S1, three stages
which additionally include a sensitivity S2 and four stages
which additionally include a further sensitivity S3 are avail-
able. It is to be noted that, in FIGS. 5 to 18, each square
corresponds to one pixel, and an alphabetical letter repre-
sents the color of the pixel and a numeral as a subscript to
the alphabetical letter represents the sensitivity of the pixel.
For example, a pixel denoted by G, represents that the color
thereof is G (green) and the sensitivity thereof is S0. Further,
it is assumed that, as regards the sensitivity, the higher the
value, the higher the sensitivity.

The color and sensitivity mosaic patterns P1 to P14 can be
classified based on the first to fourth characteristics
described below.

The first characteristic is that, where attention is paid to
those pixels which have the same color and the same
sensitivity, they are arranged like a grating, and where
attention is paid to those pixels which have the same color
irrespective of the sensitivity, they are arranged like a
grating. The first characteristic is described with reference to
the color and sensitivity mosaic pattern P1 shown in FIG. 5.

In the color and sensitivity mosaic pattern P1 of FIG. 5,
where attention is paid to those pixels which have the color
R irrespective of the sensitivity, as can be seen apparently if
the figure is viewed in a state rotated by 45 degrees in the
clockwise direction, they are arranged like a grating wherein
they are spaced from each other by 2'/? in the horizontal
direction and by 2*2 in the vertical direction. Further, where
attention is paid to those pixels which have the color B
irrespective of the sensitivity, also they are arranged like a
grating wherein they are spaced from each other by 2'/2 in
the horizontal direction and by 2*? in the vertical direction.
Further, where attention is paid to those pixels which have
the color G irrespective of the sensitivity, also they are
arranged like a grating wherein they are spaced from each
other by 2" both in the horizontal direction and in the
vertical direction.

In addition to the color and sensitivity mosaic pattern P1
shown in FIG. 5, the color and sensitivity mosaic patterns
P2, P4, P6, P8, P9, P10, P11 and P13 have the first
characteristic.

The second characteristic is that, where attention is paid
to those pixels which have the same color and the same
sensitivity, they are arranged like a grating, and where
attention is paid to those pixels which have the same
sensitivity irrespective of the color, they are arranged like a
grating, and besides, where attention is paid to an arbitrary
pixel, all of colors included in the color and sensitivity
mosaic pattern are included in colors which totaling five
pixels including the pixel and four pixels positioned
upwardly, downwardly, leftwardly and rightwardly of the
pixel have.

In addition to the color and sensitivity mosaic pattern P3
shown in FIG. 7, the color and sensitivity mosaic patterns
P5, P7, P8, P9, P12 and P14 have the second characteristic.
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The third characteristic is that the color and sensitivity
mosaic pattern has the first characteristic and uses three
different colors and the pixels of the colors are arranged in
a Bayer arrangement. The third characteristic is described
with reference to the color and sensitivity mosaic pattern P2
shown in FIG. 6.

Where attention is paid to those pixels of the color and
sensitivity mosaic pattern P2 of FIG. 6 which have the color
G irrespective of the sensitivity, they are arranged alternately
in a checkered pattern. Where attention is paid to those
pixels which have the color R irrespective of the sensitivity,
they are arranged on every other line. Further, also where
attention is paid to those pixels whose color is B irrespective
of the sensitivity, they are arranged on every other line
similarly. Accordingly, the pattern P2 has a Bayer arrange-
ment where attention is paid only to the colors of the pixels.

It is to be noted that, in addition to the color and
sensitivity mosaic pattern P2 of FIG. 6, the color and
sensitivity mosaic patterns P10 and P11 have the third
characteristic.

The fourth characteristic is that the color and sensitivity
mosaic pattern has the second characteristic and further,
where attention is paid to those pixels which have the same
sensitivity, the arrangement of them is a Bayer arrangement.
The fourth characteristic is described with reference to the
color and sensitivity mosaic pattern P3 shown in FIG. 7.

Where attention is paid only to those pixels in the color
and sensitivity mosaic pattern P3 shown in FIG. 7 which
have the sensitivity S0, as can be seen apparently if the
figure is viewed obliquely in a state inclined by 45 degrees,
they are arranged in a spaced relationship by a distance of
2%2 and in a Bayer arrangement. Also where attention is paid
to those pixels which have the sensitivity S1, they are
arranged in a Bayer arrangement similarly.

It is to be noted that, in addition to the color and
sensitivity mosaic pattern P3 of FIG. 7, the color and
sensitivity mosaic patterns P5 and P12 have the fourth
characteristic.

Incidentally, an arrangement of any of the color and
sensitivity mosaic patterns P1 to P14 shown in FIGS. 5 to 18
is hereinafter referred to as “color mosaic arrangement”
where attention is paid only to the colors of the pixels
irrespective of the sensitivity, but is hereinafter referred to as
“sensitivity mosaic arrangement” where attention is paid
only to the sensitivities irrespective of the color.

Subsequently, a method of implementing the color and
sensitivity mosaic patterns described above on the CCD
image sensor 4 is described.

Of the color and sensitivity mosaic patterns, the color
mosaic arrangements are implemented by disposing an
on-chip color filter, which passes only light of a different
color for each pixel, on an upper face of a light receiving
element of the CCD image sensor 4.

Of the color and sensitivity mosaic patterns, the sensitiv-
ity mosaic arrangements are implemented by an optical
method or an electronic method.

A method of optically implementing a sensitivity mosaic
arrangement is described. FIG. 19 shows a cross section of
a light receiving element of the CCD image sensor 4. An
on-chip lens 21 is formed on an upper surface of the light
receiving element. The on-chip lens 21 is disposed so that it
condenses incoming light from an upper portion of the figure
on a photo-diode (PD) 23. An on-chip color filter 22 limits
a wavelength band of the incoming light (passes only a
particular wavelength band therethrough). The photo-diode
23 is formed in a wafer at a lower portion of the light
receiving element. The photo-diode 23 produces electric
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charge in response to the amount of light inputted thereto. A
vertical register 26 is formed on the opposite sides of the
photo-diode 21. A pair of vertical register driving electrodes
25 for driving the vertical register 21 are wired above the
vertical register 26.

Since the vertical register 26 is a region for transferring
electric charge produced by the photo-diode 23, the vertical
register 26 and the vertical register driving electrodes 25 are
shielded from light by a shield 24 so that no electric charge
may be produced in the vertical register 26. The shield 24 is
open only above the photo-diode 23 such that the incoming
light may pass the opening portion until it reaches the
photodiode 23.

The sensitivity of each light receiving element can be
varied (the amount of incoming light to the photo-diode 23
can be varied) making use of the CCD image sensor 4
configured in such a manner as described above.

For example, the amount of condensed light can be varied
depending upon whether or not the on-chip lens 21 is
disposed as seen in FIG. 20. Meanwhile, the light transmis-
sion factor can be varied, for example, by disposing a neutral
density filter 31 above (or below) the on-chip color filter 22
as seen in FIG. 21. Further, the incoming light amount to the
photo-diode 23 can be varied, for example, by varying the
area of the opening portion of the shield 24 as seen in FIG.
22.

Now, two different methods for electronically implement-
ing a mosaic arrangement of sensitivity are described.

For example, a first method of setting two adjacent light
receiving elements (first and second light receiving ele-
ments) to different sensitivities by changing the timing of
control is described with reference to FIG. 23.

The first stage of FIG. 23 shows an exposure period of the
CCD image sensor 4. The second stage of FIG. 23 shows a
timing of a pulse voltage for instruction of sweeping out of
electric charge. The third stage of FIG. 23 shows a timing at
which a control voltage for instruction of charge transfer is
applied. The fourth stage of FIG. 23 shows a timing of a
pulse voltage for instructing a first light receiving element to
read out electric charge. The fifth stage of FIG. 23 shows a
variation of the electric charge amount accumulated in the
first light receiving element in response to application of the
charge sweeping out pulse voltage and the charge reading
out pulse voltage. The sixth stage of FIG. 23 shows a timing
of a pulse voltage for instructing a second light receiving
element to read out electric charge. The seventh stage of
FIG. 23 shows a variation of the electric charge amount
accumulated in the second light receiving element in
response to application of the charge sweeping out pulse
voltage and the charge reading out pulse voltage.

In the first method of electronically implementing a
sensitivity mosaic arrangement, the charge sweeping out
pulse voltage is supplied commonly to the first and second
light receiving elements so that, except within an exposure
period, electric charge is swept out (reset) from the photo-
diode 23, but within an exposure period, electric charge is
reset only once at a predetermined timing.

The charge transfer voltage is supplied, except within an
exposure period, as a waveform voltage for transferring
electric charge to the vertical register 26 commonly to the
first and second light receiving elements, but is not supplied,
within an exposure period, so that transfer of electric charge
from the vertical register 26 may be stopped.

The charge reading out pulse voltage is supplied at
different timings to the light receiving elements. To the first
light receiving element, the charge reading out pulse voltage
for the first time is supplied immediately before the supply-
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ing timing of the charge sweeping out voltage within an
exposure period (second stage of FIG. 23), but the charge
reading out pulse voltage for the second time is supplied
immediately before the end of the exposure period.

As a result, from the first light receiving element, the
accumulated charge amount of the first light receiving
element is read out into the vertical register 26 at the
supplying timings of the charge reading out pulse voltage for
the first and second times. It is to be noted that, since transfer
of electric charge of the vertical register 26 stops within an
exposure period, the electric charge amounts read out twice
are added in the vertical register 26 and transferred as data
of the same frame from the vertical register 26 after the end
of the exposure period.

Meanwhile, to the second light receiving element, the
charge reading out pulse voltage is supplied only once
immediately before the supplying timing of the charge
sweeping out pulse voltage within an exposure period. As a
result, from the second light receiving element, the accu-
mulated electric charge amount of the second light receiving
element at the only one supplying timing of the charge
reading out pulse voltage is read out into the vertical register
26. It is to be noted that, since transfer of electric charge of
the vertical register 23 stops within an exposure period, the
accumulated electric charge read out from the second light
receiving element is transterred as data of the same frame as
that of the accumulated electric charge read out from the first
light receiving element from the vertical register 26 after the
end of the exposure period.

By making the control timings for the first light receiving
element and the second light receiving element different
from each other in this manner, it is possible to set so that
the accumulated electric charge amount read out from the
first light receiving element and the accumulated electric
charge amount read out from the second light receiving
element within the same exposure period, or in other words,
the sensitivities, may be different from each other.

Incidentally, the first method of electronically implement-
ing a sensitivity mosaic arrangement has a problem in that,
depending upon a light receiving element, information of a
subject cannot be measured over an overall region within an
exposure period.

Now, a second method of electronically implementing a
sensitivity mosaic arrangement is described with reference
to FIG. 24. The first to sixth stages of FIG. 24 show,
similarly to the first to sixth stages of FIG. 23, an exposure
period of the CCD image sensor 4, a timing of a pulse
voltage for instruction of sweeping out of electric charge, a
timing at which a control voltage for instruction of charge
transfer is applied, a timing of a pulse voltage for instructing
the first light receiving element to read out electric charge,
a variation of the electric charge amount accumulated in the
first light receiving element in response to application of the
charge sweeping out pulse voltage and the charge reading
out pulse voltage, a timing of a pulse voltage for instructing
the second light receiving element to read out electric
charge, and a variation of the electric charge amount accu-
mulated in the second light receiving element in response to
application of the charge sweeping out pulse voltage and the
charge reading out pulse voltage.

In the second method of electronically implementing a
sensitivity mosaic arrangement, the charge sweeping out
pulse voltage and the charge reading out pulse voltage are
supplied repetitively by a plural number of times within an
exposure period.

In particular, as regards the charge sweeping out pulse
voltage, a set of the charge sweeping out pulse voltage for



US RE47,062 E

39

the first time and the charge sweeping out pulse voltage for
the second time are supplied by a plural number of times
commonly to the first and second light receiving elements
within an exposure period. As regards the charge reading out
pulse voltage, to the first light receiving element, the charge
reading out pulse voltage for the first time is supplied, for
each set of the charge sweeping out pulse voltages for the
first and second times, immediately before the charge
sweeping out pulse voltage for the first time, and the charge
reading out pulse voltage for the second time is supplied
immediately before the charge sweeping out pulse voltage
for the second time. Meanwhile, to the second light receiv-
ing element, for each set of the charge sweeping out pulse
voltages, the charge reading out pulse voltage is supplied
only once immediately before the charge sweeping out pulse
voltage for the first time.

As a result, for each set of the charge sweeping out pulse
voltages for the first and second times, the accumulated
charge amount of the first light receiving element at the
supplying timing of the charge reading out pulse voltage for
the first time and the accumulated charge amount of the first
light receiving element at the supplying timing of the charge
reading out pulse voltage for the second time are read out
from the first light receiving element. It is to be noted that,
within an exposure period, since transfer of charge of the
vertical register 26 stops, the charge amounts read out twice
for each set are added by the vertical register 26. From the
second light receiving element, the accumulated charge
amount of the second light receiving element at the supply-
ing timing of the charge reading out pulse voltage which is
supplied only once for each set of the charge sweeping out
pulse voltage for the first and second times is read out. The
charge amount read out once for each set is added by the
vertical register 26.

In such a second method for electronically implementing
a sensitivity mosaic arrangement as described above, since
reading out of charge is repeated by a plural number of times
within an exposure period, information of the subject over
an overall region of the exposure period can be measured.

It is to be noted that, in connection with the first and
second methods for electronically implementing a sensitiv-
ity mosaic arrangement described above, reading out control
of the CCD image sensor 4 is usually applied to the vertical
register driving electrodes 25 wired for each horizontal line.
For example, in order to implement a sensitivity mosaic
arrangement wherein the sensitivity changes for each hori-
zontal line as in the color and sensitivity mosaic pattern P1
shown in FIG. 5, the electrode structure may be utilized, and
therefore, some improvements which allow application of
different reading out pulse voltages to different lines should
be made. Further, in a CCD image sensor of the progressive
scanning type having a 3-phase driven vertical register, an
arbitrary mosaic arrangement with two different sensitivity
stages can be implemented electronically by devising the
electrode structure.

FIG. 25 shows a first electrode structure of a poly-silicon
electrode for vertical transfer by an electrode wiring line
used to implement a sensitivity mosaic arrangement having
two stages of sensitivity. FIG. 26 shows a cross sectional
view of the CCD image sensor taken along line a-a' of FIG.
25. Each of a first phase vertical register driving electrode 42
and a second phase vertical register driving electrode 43 is
connected to electrodes of adjacent pixels on the same
horizontal line, and therefore, the electrodes on the same
horizontal line are driven in synchronism. Meanwhile, a
third phase vertical register driving electrode 44 is con-
nected to electrodes of adjacent pixels on the same vertical
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line, and therefore, the electrodes on the same vertical line
are driven in synchronism. Further, the second phase vertical
register driving electrode 43 and the third phase vertical
register driving electrode 44 overly a reading out gate 41
adjacent the corresponding photo-diode 23.

Accordingly, when a reading out pulse is applied to the
second phase vertical register driving electrode 43 or the
third phase vertical register driving electrode 44, the barrier
of the reading out gate 41 can be temporarily removed to
allow charge accumulated in the corresponding photo-diode
23 to be transferred to the vertical register 26. In the
following description, the electrode structure shown in
FIGS. 25 and 26 is referred to as OR type electrode
structure.

FIG. 27 shows a second electrode structure of a polysili-
con electrode for vertical transfer by electrode wiring lines
used to implement a sensitivity mosaic arrangement having
two stages of sensitivity. Also the cross section of the CCD
image sensor taken along line a-a' of FIG. 27 is similar to
that of the cross sectional view shown in FIG. 26. In
particular, also in the second electrode structure, similarly to
the first electrode structure, each of the first phase vertical
register driving electrode 42 and the second phase vertical
register driving electrode 43 is connected to electrodes of
adjacent pixels on the same horizontal line, and therefore,
the electrodes on the same horizontal line are driven in
synchronism. Since the third phase vertical register driving
electrode 44 is connected to electrodes of adjacent pixels on
the same vertical line similarly as in the first electrode
structure, the electrodes on the same vertical line are driven
in synchronism.

However, the second electrode structure is different from
the first electrode structure in that the third phase vertical
register driving electrode 44 is disposed along an edge
portion of the corresponding photo-diode 23 on the reading
out gate 41 adjacent the photo-diode 23 and a portion of the
second phase vertical register driving electrode 43 which is
worked in an elongated shape so as to be adjacent the edge
portion of the photo-diode 23 overlies the reading out gate
41.

Accordingly, when a reading out pulse is applied to only
one of the second phase vertical register driving electrode 43
and the third phase vertical register driving electrode 44, the
barrier of the reading out gate 41 cannot be removed. In
order to remove the barrier of the reading out gate 41 to
allow charge accumulated in the photo-diode 23 to be
transferred to the vertical register 26, it is necessary to apply
a reading out pulse to the second phase vertical register
driving electrode 43 and the third phase vertical register
driving electrode 44 simultaneously. In the following
description, the electrode structure shown in FIG. 27 is
referred to as AND type electrode structure.

An arbitrary mosaic arrangement with two stages of
sensitivity can be produced by using the OR type electrode
structure and the AND type electrode structure described
above in combination in one CCD image sensor. For
example, in order to implement a sensitivity mosaic arrange-
ment of the color and sensitivity mosaic pattern P1 shown in
FIG. 5, the OR type electrode structure and the AND type
electrode structure should be used in such a combination as
shown in FIG. 28.

As can be seen apparently from comparison between
FIGS. 5 and 28, the AND type electrode structure is adopted
for pixels having the low sensitivity SO from between the
two sensitivity stages S0 and S1 while the OR type electrode
structure is adopted for pixels of the high sensitivity S1. If
the reading out pulse voltage is applied to the second phase
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vertical register driving electrodes 43 of the CCD image
sensor 4 formed from such a combination of the OR and
AND type electrode structures as just described, then charge
reading out is performed only with the OR type pixels, but
if the reading out pulse voltage is applied to the second
phase vertical register driving electrode 43 and the third
phase vertical register driving electrode 44 simultaneously,
then charge reading out is performed with both of the OR
and AND type pixels, that is, all pixels.

It is to be noted that, if the supplying timings of the pulse
voltage to the second phase vertical register driving elec-
trode 43 and the third phase vertical register driving elec-
trode 44 are such that both of the second phase and the third
phase are driven at the supplying timing of the charge
reading out pulse voltage for the first time in (D) of FIG. 23
(or FIG. 24) from among the control timings shown in FIG.
23 (or FIG. 24) and the supplying timing of the charge
reading out pulse voltage of (F) of FIG. 23 (or FIG. 24)
whereas only the second phase is driven at the supplying
timing of the charge reading out pulse voltage for the second
time of (D) of FIG. 23 (or FIG. 24), then the pixels of the
OR type electrode structure have the high sensitivity S1
while the pixels of the AND type electrode structure have the
low sensitivity S0.

By a similar method, the other sensitivity mosaic arrange-
ments having two stages of sensitivity can be produced. For
example, in order to implement the sensitivity mosaic pat-
tern of the color and sensitivity mosaic pattern P2 shown in
FIG. 6, the OR type and the AND type are used in such a
combination as shown in FIG. 29. In order to implement the
sensitivity mosaic pattern of the color and sensitivity mosaic
pattern P3 shown in FIG. 7, the OR type and the AND type
are used in such a combination as shown in FIG. 30. In order
to implement the sensitivity mosaic pattern of the color and
sensitivity mosaic pattern P4 shown in FIG. 8, the OR type
and the AND type are used in such a combination as shown
in FIG. 31. In order to implement the sensitivity mosaic
pattern of the color and sensitivity mosaic pattern P5 shown
in FIG. 9, the OR type and the AND type are used in such
a combination as shown in FIG. 32.

Now, a demosaic process of the image processing system
including the image processing section 7 as a principal
component is described. However, prior to the description of
the demosaic process, a definition of position coordinates of
a pixel which is used in the description hereinafter given is
described with reference to FIG. 33.

FIG. 33 shows a coordinate system (X, y) indicating a
position of a pixel on an image. In particular, the left lower
end of the image is represented by (0, 0) and the right upper
end of the image is represented by (X,,.u Vimar)- Pixels
represented by in FIG. 33 have a horizontal dimension and
a vertical dimension of a length 1 and are arranged on a
grating. Accordingly, for example, the coordinates of the
center of the pixel at the left lower end are (0.5, 0.5), and the
coordinates of the center of the pixel at the right upper end
are (X,,,,—0.5,¥,,..—0.5). Further, image data whose phase is
displaced vertically and horizontally by a half pixel from the
pixels represented by [] (pixel data at a position represented
by @ in FIG. 33) is sometimes used, and, for example, the
coordinates of image data whose phase is displaced verti-
cally and horizontally by a half pixel from the pixel at the
left lower end are (1, 1).

FIG. 34 illustrates an outline of a first demosaic process
of the image processing system including the image pro-
cessing section 7 as a principal component.

The first demosaic process includes, as seen in FIG. 34, a
sensitivity uniformization process for uniformizing the sen-
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sitivities of pixels of a color and sensitivity mosaic image
obtained by processing of the image pickup system without
changing the colors of the pixels to produce a color mosaic
image, and a color correction process for restoring RGB
components of the pixels of a color and sensitivity mosaic
image M.

An outline of the first sensitivity uniformization process
in the first demosaic process is described with reference to
FIGS. 35 to 37. FIGS. 35 to 37 illustrate a pixel arrangement
of a predetermined one line of an image to be processed. X0
represents that the color component is X (for example, R
(red)) and the sensitivity is SO from between the two stages
of S0 and S1; X1 represents that the color component is X
and the sensitivity is S1 from between the two stages of S0
and S1; YO represents that the color component is Y (for
example, G (green)) and the sensitivity is SO from between
the two stages of S0 and S1; and Y1 represents that the color
component is Y and the sensitivity is S1 from between the
two stages of S0 and S1. Each pixel of the sensitivity S0
measures the intensity of incoming light attenuated at a
predetermined ratio while each pixel of the sensitivity S1
measures the intensity of incoming light without any attenu-
ation. Further, in FIGS. 35 to 37, the axis of abscissa
indicates the position of a pixel on a line, and the length of
a vertical bar indicates the pixel value of a corresponding
pixel.

The first sensitivity uniformization process in the first
demosaic process can be divided into processes of two
different stages. FIG. 35 shows pixel values of pixels in a
predetermined one line of a color and sensitivity mosaic
image before the first sensitivity uniformization process is
performed. It is to be noted that a curve X indicates an
intensity distribution of the color X of the incoming light,
and another curve Y indicates an intensity distribution of the
color Y.

A threshold value 6, indicates a saturation level of the
CCD image sensor 4, and when the intensity of the incoming
light exceeds the threshold value 8, the intensity cannot be
measured accurately and the measurement value then is
equal to the threshold value 0. Another threshold value 0,
indicates a noise level of the CCD image sensor 4, and also
when the intensity of the incoming light is lower than the
threshold value 6;, the intensity cannot be measured accu-
rately and the measurement value then is equal to the
threshold value 6;.

A validity discrimination result is information represen-
tative of whether or not each pixel has successfully mea-
sured the intensity of the incoming light, that is, information
representative of whether the pixel value of each pixel
measured is valid (V) or invalid (D).

Through the first stage process of the first sensitivity
uniformization process, the pixel values of the pixels of the
sensitivity S0 are scaled using the relative ratio of the
sensitivity SO to the sensitivity S1. The pixel values of the
pixels of the sensitivity S1 are not scaled. FIG. 36 shows a
result of application of the first stage process of the first
sensitivity uniformization process. In the state after the first
stage process is performed, as seen in FIG. 36, the pixels
whose validity discrimination result is valid have an original
light intensity restored by the scaling, but the pixels whose
validity discrimination result is invalid do not have an
original restored light intensity.

Therefore, in the second stage process of the first sensi-
tivity uniformization process, the pixel value of each of
those pixels which are invalid is interpolated using the pixel
values of those valid pixels of the same color which neigh-
bor with the pixel. FIG. 37 illustrates a result of application
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of the second stage process of the first sensitivity uni-
formization process. For example, the pixel of the color Y
which is at the center of FIG. 37 and is invalid is interpolated
in accordance with an interpolation curve Y' produced using
the pixel values of those pixels of the color Y which
neighbor with the pixel and are valid.

Subsequently, an outline of the second sensitivity uni-
formization process of the first demosaic process is
described with reference to FIGS. 35, 38 and 39. Also the
second sensitivity uniformization process can be divided
into two stages of processes. The pixel values of pixels in a
predetermined one line of a color and sensitivity mosaic
image before the second sensitivity uniformization process
is performed are similar to those in FIG. 35.

By the first stage process of the second sensitivity uni-
formization process, pixel values with regard to the sensi-
tivity S0 and pixel values with regard to the sensitivity S1
are estimated without changing the color of each pixel. For
example, for a pixel of the sensitivity S0 of the color X, the
pixel value with regard to the sensitivity S0 is used at it is,
and an estimated value with regard to the sensitivity S1 is
interpolated using the pixel values of those pixels of the
sensitivity S1 and the color X which are present in the
neighborhood of the pixel. FIG. 38 shows a result of
application of the first stage process of the second sensitivity
uniformization process. As shown in FIG. 38, after the first
stage process is performed, each pixel has a pixel value of
sensitivity S0 or a pixel value of the sensitivity S1 of the
original color.

By the second stage process of the second sensitivity
uniformization process, for each pixel, the pixel values of
the sensitivity SO and the pixel values of the sensitivity S1
are synthesized to uniform the sensitivity. FIG. 39 shows a
result of application of the second stage process of the
second sensitivity uniformization process.

FIG. 40 shows an outline of the second demosaic process
of the image processing system which includes the image
processing section 7 as a principal component.

The second demosaic process includes, as shown in FIG.
40, a sensitivity uniformization process wherein the colors
of pixels of a color and sensitivity mosaic image obtained by
the process of the image pickup system are changed to colors
optimum for sensitivity uniformization and the sensitivities
are uniformized to produce a color mosaic image, and a
color correction process for restoring RGB components of
pixels of the color and sensitivity mosaic image M.

An outline of the first sensitivity uniformization process
of the second demosaic process is described with reference
to FIGS. 35, 41 and 42.

Also the first sensitivity uniformization process of the
second demosaic process can be divided into two stages of
processes. It is assumed that the pixel values of pixels in a
predetermined one line of a color and sensitivity mosaic
image before the first sensitivity uniformization process is
performed are similar to those in FIG. 35.

Through the first stage process of the first sensitivity
uniformization process of the second demosaic process, the
pixel values of the pixels of the sensitivity SO are scaled
using the relative ratio of the sensitivity S0 to the sensitivity
S1. The pixel values of the pixels of the sensitivity S1 are not
scaled. FIG. 41 shows a result of application of the first stage
process of the first sensitivity uniformization process. In the
state after the first stage process is performed, as seen in
FIG. 41, the pixels whose validity discrimination result is
valid (V) have an original light intensity restored by the
scaling, but the pixels whose validity discrimination result is
invalid (I) do not have an original restored light intensity.
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Therefore, in the second stage process of the first sensi-
tivity uniformization process of the second demosaic pro-
cess, the pixel value of each of those pixels which are invalid
is interpolated using the pixel values of those valid pixels,
regardless colors thereof, which neighbor with the pixel.
FIG. 42 illustrates a result of application of the second stage
process of the first sensitivity uniformization process. For
example, the pixel value of the pixel of the color Y which is
at the center of FIG. 41 and is invalid is interpolated in
accordance with an interpolation curve X' produced using
the pixel values of pixels of the color X which neighbor with
the pixel and are valid.

Now, an outline of the second sensitivity uniformization
process of the second demosaic process is described with
reference to FIGS. 35, 43 and 44. Also the second sensitivity
uniformization process of the second demosaic process can
be divided into two stages of processes. It is assumed that the
pixel values of pixels on a predetermined one line of a color
and sensitivity mosaic image before the second sensitivity
uniformization process is performed are similar to those in
FIG. 35.

In the first stage process of the second sensitivity uni-
formization process of the second demosaic process, for
each pixel, the pixel values of neighboring pixels which are
positioned comparatively near to the pixel irrespective of the
color are used to estimate the pixel value with regard to the
sensitivity S0 and the pixel value with regard to the sensi-
tivity S1. For example, as an estimated value of a pixel of the
color X, where a pixel neighboring the pixel has the color Y,
an estimated value with regard to the sensitivity S1 of the
color Y and the pixel value with regard to the sensitivity S1
are interpolated. FIG. 43 illustrates a result of application of
the first stage process of the second sensitivity uniformiza-
tion process. As shown in FIG. 43, after the first stage
process is performed, each pixel has the pixel value with
regard to the sensitivity S0 and the pixel value with regard
to the sensitivity S1 of the original color because the color
thereof has been changed to the color of the neighboring
pixel irrespective of the original color.

In the second stage process of the second sensitivity
uniformization process of the second demosaic process, for
each pixel, the pixel value with regard to the sensitivity S0
and the pixel value with regard to the sensitivity S1 are
synthesized to uniform the sensitivity. FIG. 44 shows a
result of application of the second stage process of the
second sensitivity uniformization process.

Now, a first example of a configuration of the image
processing section 7 which principally executes the first
demosaic process is described with reference to FIG. 45. It
is assumed that, in the following description, unless other-
wise specified, the color and sensitivity mosaic image has
the color and sensitivity mosaic pattern P2 of FIG. 6, or in
other words, in the color and sensitivity mosaic image, the
color of each pixel is one of the three primary colors of R,
G and B and the sensitivity is one of SO0 and S1. However,
the configuration and the operation described below can be
applied to another color and sensitivity mosaic image which
includes three colors other than R, G and B or a further color
and sensitivity mosaic image which includes four colors.

In the first example of a configuration of the image
processing section 7, a color and sensitivity mosaic image
from the image pickup system is supplied to a sensitivity
uniformization section 51. Color mosaic pattern information
representative of a color mosaic arrangement of the color
and sensitivity mosaic image is supplied to the sensitivity
uniformization section 51 and a color interpolation section
52. Sensitivity mosaic pattern information representative of
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a sensitivity mosaic arrangement of the color and sensitivity
mosaic image is supplied to the sensitivity uniformization
section 51.

The sensitivity uniformization section 51 performs a
sensitivity uniformization process for the color and sensi-
tivity mosaic image based on the color mosaic pattern
information and the sensitivity mosaic pattern information to
produce a color mosaic image M wherein the sensitivities of
the pixels are uniformized while the colors of the pixels are
not changed, and outputs the color mosaic image M to the
color interpolation section 52.

The color interpolation section 52 performs a color inter-
polation process, in which the color mosaic pattern infor-
mation is used, for the color mosaic image M from the
sensitivity uniformization section 51 to produce output
images R, G and B.

It is to be noted that the color mosaic pattern information
is information representative of the types of the colors (in the
present case, the colors of R, G and B) of the pixels of the
color and sensitivity mosaic image, and information of a
color component of each of the pixels can be acquired using
the position of the pixel as an index.

The sensitivity mosaic pattern information is information
representative of the types of the sensitivities (in the present
case, SO and S1) of the pixels of the color and sensitivity
mosaic image, and information of the sensitivity of each of
the pixels can be acquired using the position of the pixel as
an index.

FIG. 46 shows a first example of the configuration of the
sensitivity uniformization section 51. The first example of a
configuration is an example of a configuration of the sensi-
tivity uniformization section 51 which executes the first
sensitivity uniformization process described with reference
to FIGS. 35 to 37.

In the first example of the configuration of the sensitivity
uniformization section 51, a color and sensitivity mosaic
image from the image pickup system is supplied to a
sensitivity compensation section 61 and a validity discrimi-
nation section 63. Color mosaic pattern information is
supplied to a missing interpolation section 64. Sensitivity
mosaic pattern information is supplied to the sensitivity
compensation section 61 and the validity discrimination
section 63.

The sensitivity compensation section 61 performs sensi-
tivity compensation for the color and sensitivity mosaic
image based a relative sensitivity value S obtained from a
relative sensitivity value LUT 62 and outputs a resulting
color and sensitivity mosaic image to the missing interpo-
lation section 64. The relative sensitivity value LUT 62 is a
lookup table which outputs a relative sensitivity value S
using the sensitivity of a pixel as an index.

The validity discrimination section 63 compares the pixel
value of each of the pixels of the color and sensitivity mosaic
image with the threshold value 0 of the saturation level and
the threshold value 6, of the noise level to discriminate the
validity of the pixel value and supplies a result of the
discrimination as discrimination information to the missing
interpolation section 64. In the discrimination information,
information representative of “valid” or “invalid” regarding
the pixel value of each pixel is described.

The missing interpolation section 64 performs a missing
interpolation process for the sensitivity-compensated color
and sensitivity mosaic image based on the discrimination
information from the validity discrimination section 63 to
produce a color mosaic image M and outputs the color
mosaic image M to the color interpolation section 52 in the
next stage.
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FIG. 47 shows an example of a configuration of the color
interpolation section 52. In the color interpolation section
52, the color mosaic image M from the sensitivity uni-
formization section 51 is supplied to a gradation conversion
section 71. The color mosaic pattern information is supplied
to color difference image production sections 72 and 73 and
a luminance image production section 74.

The gradation conversion section 71 performs a gradation
conversion process for the color mosaic image M and
supplies a resulting modulated color mosaic image Mg to the
color difference image production sections 72 and 73 and the
luminance image production section 74. For the gradation
conversion process, particularly conversion based on a
power function of the power y or the like is used.

The color difference image production section 72 uses the
modulated color mosaic image Mg to produce a color
difference image C wherein all pixels have a color difference
C (=R-G) component and supplies the color difference
image C to the luminance image production section 74 and
a color space conversion section 75. The color difference
image production section 73 produces a color difference
image D wherein all pixels have a color difference D
(=B-G) component and supplies the color difference image
D to the luminance image production section 74 and the
color space conversion section 75. The luminance image
production section 74 uses the modulated mosaic image Mg
and the color difference images C and D to produce a
luminance image L. and supplies the luminance image L to
the color space conversion section 75.

The color space conversion section 75 performs a color
space conversion process for the color difference images C
and D and the luminance image [ and supplies resulting
modulated images (images in each of which the pixels have
an R, G or B component) to gradation reverse conversion
sections 76 to 78.

The gradation reverse conversion section 76 raises the
pixel values of the R components from the color space
conversion section 75 to the (1/y)th power to perform
reverse conversion to the gradation conversion by the gra-
dation conversion section 71 to obtain an output image R.
The gradation reverse conversion section 77 raises the pixel
values of the G components from the color space conversion
section 75 to the (1/y)th power to perform reverse conver-
sion to the gradation conversion by the gradation conversion
section 71 to obtain an output image G. The gradation
reverse conversion section 78 raises the pixel values of the
B components from the color space conversion section 75 to
the (1/y)th power to perform reverse conversion to the
gradation conversion by the gradation conversion section 71
to obtain an output image B.

It is to be noted that, where the color mosaic image M
supplied from the sensitivity uniformization section 51 has
a Bayer arrangement, the color interpolation section 52 may
execute a color interpolation process, for example, using the
related-art method disclosed in the official gazette of Japa-
nese Patent Laid-Open No. Sho 61-501424 and so forth.

FIG. 48 shows an example of a configuration of the color
difference image production section 72. In the color differ-
ence image production section 72, the modulated color
mosaic image Mg from the gradation conversion section 71
is supplied to smoothing sections 81 and 82. Also the color
mosaic pattern information is supplied to the smoothing
sections 81 and 82.

The smoothing section 81 uses, for each pixel, the pixel
values of neighboring pixels having an R component to
interpolate the R component of the pixel to produce a
smoothed image R' of the R component and supplies the
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image R' to a subtractor 83. The smoothing section 82 uses,
for each pixel, the pixel values of neighboring pixels having
a G component to interpolate the G component of the pixel
to produce a smoothed image G' of the G component and
supplies the image G' to the subtractor 83.

The subtractor 83 subtracts the pixel values of the pixels
of the smoothed image G' of the G component from the
smoothing section 82 from the pixel values of the corre-
sponding pixels of the smoothed image R' of the R compo-
nent from the smoothing section 81 to produce a color
difference image C and supplies the color difference image
C to the color space conversion section 75.

It is to be noted that also the color difference image
production section 73 has a similar configuration.

FIG. 49 shows an example of a configuration of the
luminance image production section 74. A luminance cal-
culation section 91 which composes the luminance image
production section 74 calculates a luminance candidate
value of each pixel based on the modulated color mosaic
image Mg from the gradation conversion section 71, the
color difference image C from the color difference image
production section 72, the color difference image D from the
color difference image production section 73 and the color
mosaic pattern information and outputs a luminance candi-
date value image Lc formed from luminance pixel values of
the pixels to a noise removal section 92.

The noise removal section 92 synthesizes a smoothing
component (hereinafter described) with each of the pixel
values (luminance candidate values) of the luminance can-
didate value image L.c to remove noise from the luminance
candidate value image ¢ and outputs a resulting luminance
image L to the color space conversion section 75.

Subsequently, the first demosaic process by the first
example of the configuration of the image processing section
7 shown in FIG. 45 is described with reference to a flow
chart of FIG. 50.

At step S1, the sensitivity uniformization section 51
performs a sensitivity uniformization process for the color
and sensitivity mosaic image based on the color mosaic
pattern information and the sensitivity mosaic pattern infor-
mation and outputs a resulting color mosaic image M to the
color interpolation section 52.

Details of the first sensitivity uniformization process by
the first example of the configuration of the sensitivity
uniformization section 51 shown in FIG. 46 are described
with reference to a flow chart of FIG. 51.

At step S11, the sensitivity compensation section 61
performs a sensitivity compensation process for the color
and sensitivity mosaic image inputted thereto and supplies
the sensitivity-compensated color and sensitivity mosaic
image to the missing interpolation section 64.

Details of the sensitivity compensation process are
described with reference to a flow chart of FIG. 52. At step
S21, the sensitivity compensation section 61 discriminates
whether or not all pixels of the color and sensitivity mosaic
image have been used as a noticed pixel. If the sensitivity
compensation section 61 discriminates that all pixels have
not been used as a noticed pixel, then the processing
advances to step S22. At step S22, the sensitivity compen-
sation section 61 determines one by one pixel as a noticed
pixel beginning with the left lowermost pixel and ending
with the right uppermost pixel of the color and sensitivity
mosaic image.

At step S23, the sensitivity compensation section 61
refers to the sensitivity mosaic pattern information to
acquire the sensitivity (S0 or S1) of the noticed pixel and
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further refers to the relative sensitivity value LUT 62 to
acquire the relative sensitivity value S corresponding to the
pixel of the noticed pixel.

At step S24, the sensitivity compensation section 61
divides the pixel value of the noticed pixel of the color and
sensitivity mosaic image by the relative sensitivity value S
to compensate for the sensitivity of the pixel value. The
sensitivity-compensated pixel value is a pixel value of a
sensitivity-compensated color and sensitivity mosaic image.

The processing returns to step S21 so that the processing
at steps S21 to S24 is repeated until it is discriminated at step
S21 that all pixels have been used as a noticed pixel. When
it is discriminated at step S21 that all pixels have been used
as a noticed pixel, the processing returns to step S12 of FIG.
51.

At step S12, the validity discrimination section 63 per-
forms a validity discrimination process for the color and
sensitivity mosaic image to produce discrimination infor-
mation representative of the validity of the pixel value of
each pixel and supplies the discrimination information to the
missing interpolation section 64. It is to be noted that the
validity discrimination process at step S12 may be executed
in parallel to the sensitivity compensation process at step
Sé61.

Details of the wvalidity discrimination process are
described with reference to a flow chart of FIG. 53. At step
S31, the validity discrimination section 63 discriminates
whether or not all pixels of the color and sensitivity mosaic
image have been used as a noticed pixel. If it is discrimi-
nated that all pixels have not been used as a noticed pixel,
then the processing advances to step S32. At step S32, the
validity discrimination section 63 determines one by one
pixel as a noticed pixel beginning with the left lowermost
pixel and ending with the right uppermost pixel of the color
and sensitivity mosaic image.

At step S33, the validity discrimination section 63 dis-
criminates whether or not the pixel value of the noticed pixel
of'the color and sensitivity mosaic image is within the range
between the threshold value 8, of the noise level and the
threshold value 0, of the saturation level. If the validity
discrimination section 63 discriminates that the pixel value
is within the range between the threshold values, then the
processing advances to step S34.

At step S34, the validity discrimination section 63 sets the
discrimination information of the noticed pixel as valid. The
processing returns to step S31.

If it is discriminated at step S33 that the pixel value of the
noticed pixel of the color and sensitivity mosaic image is not
within the range between the threshold values, then the
processing advances to step S35. At step S35, the validity
discrimination section 63 discriminates whether or not the
pixel value of the noticed pixel of the color and sensitivity
mosaic image is equal to or higher than the threshold level
0;, of the saturation level. If the validity discrimination
section 63 discriminates that the pixel value is higher than
the threshold value 6, of the saturation level, then the
processing advances to step S36.

At step S36, the validity discrimination section 63 refers
to the sensitivity mosaic pattern information to discriminate
whether or not the noticed pixel has the sensitivity S0. If the
validity discrimination section 63 discriminates that the
noticed pixel has the sensitivity SO, then the processing
advances to step S34. If the validity discrimination section
63 discriminates that the noticed pixel does not have the
sensitivity S0, then the processing advances to step S37.
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At step S37, the validity discrimination section 63 sets the
discrimination information of the noticed pixel as invalid.
The processing returns to step S31.

If it is discriminated at step S35 that the pixel value of the
noticed pixel of the color and sensitivity mosaic image is not
equal to or higher than the threshold value 6, of the
saturation level, then the processing advances to step S38. At
step S38, the validity discrimination section 63 refers to the
sensitivity mosaic pattern information to discriminate
whether or not the noticed pixel has the sensitivity S1. If the
validity discrimination section 63 discriminates that the
noticed pixel has the sensitivity S1, then the processing
advances to step S34. However, if the validity discrimination
section 63 discriminates that the noticed pixel does not have
the sensitivity S1, then the processing advances to step S37.

Thereafter, the processing at steps S31 to S38 is repeated
until it is discriminated at step S31 that all pixels have been
used as a noticed pixel. When it is discriminated at step S31
that all pixels have been used as a noticed pixel, the
processing returns to step S13 of FIG. 51.

At step S13, the missing interpolation section 64 performs
a missing interpolation process for the sensitivity-compen-
sated color and sensitivity mosaic image based on the
discrimination information from the validity discrimination
section 63 and supplies a resulting color mosaic image M to
the color interpolation section 52.

Details of the missing interpolation process are described
with reference to a flow chart of FIG. 54. At step S41, the
missing interpolation section 64 discriminates whether or
not all pixels of the sensitivity-compensated color and
sensitivity mosaic image have been used as a noticed pixel.
If the missing interpolation section 64 discriminates that all
pixels have not been used as a noticed pixel, then the
processing advances to step S42. At step S42, the missing
interpolation section 64 determines one by one pixel as a
noticed pixel beginning with the left lowermost pixel and
ending with the right uppermost pixel of the sensitivity-
compensated color and sensitivity mosaic image.

At step S43, the missing interpolation section 64 discrimi-
nates whether or not the discrimination information of the
noticed pixel is invalid. If the missing interpolation section
64 discriminates that the discrimination information is
invalid, then the processing advances to step S44.

At step S44, the missing interpolation section 64 refers to
the color mosaic pattern information to discriminate the type
of the color of the noticed pixel (in the present case, one of
the colors of R, G and B), detect, from among neighboring
pixels with the noticed pixel (for example, in the present
case, 5x5 pixels centered at the noticed pixel), those pixels
which have the same color and whose discrimination infor-
mation is valid, and extracts the pixel values of the detected
pixels (hereinafter referred to as reference pixels).

At step S45, the missing interpolation section 64 acquires
a number of filter coefficients set in advance corresponding
to relative positions of the reference pixels to the noticed
pixel, the number being equal to the number of the reference
pixels. At step S46, the missing interpolation section 64
multiplies the pixel values of the reference pixels by the
corresponding filter coefficients and arithmetically operates
the sum total of the products. Further, the missing interpo-
lation section 64 divides the sum total of the products by the
sum total of the used filter coefficients and determines the
quotient as a pixel value of the noticed pixel of the color
mosaic image M.

The processing returns to step S41 so that the processing
at steps S41 to 46 is repeated until it is discriminated at step
S41 that all pixels have been used as a noticed pixel. When
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it is discriminated at step S41 that all pixels have been used
as a noticed pixel, the processing returns to step S2 of FIG.
50.

At step S2, the color interpolation section 52 performs a
color interpolation process for the color mosaic image M
obtained by the sensitivity uniformization process at step S1
described above based on the color mosaic pattern informa-
tion to produce output images R, G and B.

Details of the color interpolation process are described
with reference to a flow chart of FIG. 55. At step S51, the
gradation conversion section 71 performs a gradation modu-
lation process for the color mosaic image M (more particu-
larly, raises the pixel values of the modulated color mosaic
image Mg to the yth power) to produce a modulated color
mosaic image Mg and supplies the modulated color mosaic
image Mg to the color difference image production sections
72 and 73 and the luminance image production section 74.

At step S52, the color difference image production section
72 uses the modulated color mosaic image Mg from the
gradation conversion section 71 to produce a color differ-
ence image C and supplies the color difference image C to
the luminance image production section 74 and the color
space conversion section 75. Meanwhile, the color differ-
ence image production section 73 uses the modulated color
mosaic image Mg from the gradation conversion section 71
to produce a color difference image D and supplies the color
difference image D to the luminance image production
section 74 and the color space conversion section 75.

The first process of the color difference image production
section 72 producing a color difference image C is described
with reference to a flow chart of FIG. 56. At step S61, the
smoothing sections 81 and 82 discriminate whether or not all
pixels of the modulated color mosaic image Mg have been
used as a noticed pixel. If the smoothing sections 81 and 82
discriminate that all pixels have not been used as a noticed
pixel, then the processing advances to step S62. At step S62,
the smoothing sections 81 and 82 determine one by one pixel
as a noticed pixel beginning with the left lowermost pixel
and ending with the right uppermost pixel of the modulated
color mosaic image Mg.

At step S63, the smoothing section 81 refers to the color
mosaic pattern information to detect, from among neighbor-
ing pixels with the noticed pixel (for example, 5x5 pixels
centered at the noticed pixel), those pixels which have an R
component, and extracts the pixel values of the detected
pixels (hereinafter referred to as reference pixels). Mean-
while, also the smoothing section 82 similarly refers to the
color mosaic pattern information to detect, from among
neighboring pixels with the noticed pixel, those pixels which
have a G component, and extracts the pixel values of the
detected pixels.

At step S64, the smoothing section 81 acquires a number
of filter coefficients set in advance corresponding to relative
positions of the reference pixels having an R component to
the noticed pixel, the number being equal to the number of
the reference pixels. Meanwhile, also the smoothing section
82 similarly acquires a number of filter coefficients set in
advance corresponding to relative positions of the reference
pixels having a G component to the noticed pixel, the
number being equal to the number of the reference pixels.

At step S65, the smoothing section 81 multiplies the pixel
values of the reference pixels having an R component by the
corresponding filter coefficients and arithmetically operates
the sum total of the products. Further, the smoothing section
81 divides the sum total of the products by the sum total of
the used filter coefficients and determines the quotient as a
pixel value corresponding to the noticed pixel of an image
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R' which includes only smoothed R components. Mean-
while, also the smoothing section 82 similarly multiplies the
pixel values of the reference pixels having a G component
by the corresponding filter coeflicients and arithmetically
operates the sum total of the products. Further, the smooth-
ing section 82 divides the sum total of the products by the
sum total of the used filter coefficients and determines the
quotient as a pixel value corresponding to the noticed pixel
of an image G' which includes only smoothed G compo-
nents.

At step S66, the subtractor 83 subtracts the pixel value
corresponding to the noticed pixel of the image R' which
includes only smoothed R components from the smoothing
section 81 from the pixel value corresponding to the noticed
pixel of the image G' which includes only smoothed G
components from the smoothing section 82 and determines
the difference as a pixel value corresponding to the noticed
pixel of a color difference image C.

The processing returns to step S61 so that the processing
at steps S61 to S66 is repeated until it is discriminated at step
S61 that all pixels have been used as a noticed pixel. When
it is discriminated at step S61 that all pixels have been used
as a noticed pixel, the processing returns to step S53 of FIG.
55.

It is to be noted that, since the processing of the color
difference image production section 73 when it produces a
color difference image D is similar to the first process of the
color difference image production section 72 when it pro-
duces the color difference image C described above, descrip-
tion of the processing is omitted.

At step S53, the luminance image production section 74
produces a luminance image L. using the modulated mosaic
image Mg and the color difference signals C and D and
supplies the luminance image L to the color space conver-
sion section 75.

Details of the luminance image production process of the
luminance image production section 74 are described with
reference to a flow chart of FIG. 57. At step S71, the
luminance calculation section 91 discriminates whether or
not all pixels of the modulated color mosaic image Mg have
been used as a noticed pixel. If the luminance calculation
section 91 discriminates that all pixels have not been used as
a noticed pixel, then the processing advances to step S72. At
step S72, the luminance calculation section 91 determines
one by one pixel as a noticed pixel beginning with the left
lowermost pixel and ending with the right uppermost pixel
of the modulated color mosaic image Mg.

At step S73, the luminance calculation section 91 refers to
the color mosaic pattern information to discriminate the type
of the color of the noticed pixel (in the present case, one of
the colors of R, G and B).

If it is discriminated at step S73 that the type of the color
of the noticed pixel is R, then the processing advances to
step S74. At step S74, the luminance calculation section 91
applies the modulated color mosaic image Mg and the pixel
values of the color difference signals C and D corresponding
to the noticed pixel to the following expression (1) to
calculate the pixel value of a luminance candidate image Lc
corresponding to the noticed pixel:

Lc=3Mg-2C+D o)

If it is discriminated at step S73 that the type of the color
of the noticed pixel is G, then the processing advances to
step S75. At step S75, the luminance calculation section 91
applies the modulated color mosaic image Mg and the pixel
values of the color difference signals C and D corresponding
to the noticed pixel to the following expression (2) to
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calculate the pixel value of the luminance candidate image
Lc corresponding to the noticed pixel:

Lc=3Mg+C+D )

If it is discriminated at step S73 that the type of the color
of the noticed pixel is B, then the processing advances to
step S76. At step S76, the luminance calculation section 91
applies the modulated color mosaic image Mg and the pixel
values Mg of the color difference signals C and D corre-
sponding to the noticed pixel to the following expression (3)
to calculate the pixel value of the luminance candidate
image Lc corresponding to the noticed pixel:

Lc=3Mg+C-2D 3)

It is to be noted that, in the expressions (1) to (3), Lc, Mg,
C and D represent the pixel values of the luminance candi-
date image Lc, modulated color mosaic image Mg, color
difference signal C and color difference image D corre-
sponding to the noticed pixel, respectively.

The processing returns to step S71 so that the processing
at steps S71 to S76 is repeated until it is discriminated at step
S71 that all pixels have been used as a noticed pixel. When
it is discriminated at step S71 that all pixels have been used
as a noticed pixel, the processing advances to step S77.

The luminance candidate image Lc produced by the
processing at steps S71 to S76 described above is supplied
to the noise removal section 92.

At step S77, the noise removal section 92 discriminates
whether or not all pixels of the modulated color mosaic
image Mg have been used as a noticed pixel. If the noise
removal section 92 discriminates that all pixels have not
been used as a noticed pixel, then the processing advances
to step S78. At step S78, the noise removal section 92
determines one by one pixel as a noticed pixel beginning
with the left lowermost pixel and ending with the right
uppermost pixel of the modulated color mosaic image Mg.

At step S79, the noise removal section 92 applies the pixel
values (luminance candidate values) of the pixels positioned
upwardly, downwardly, leftwardly and rightwardly of the
noticed pixel to the following expression (4) to calculate a
gradient V corresponding to the noticed pixel. It is to be
noted that the gradient V is a vector whose factors are linear
differential coefficients in the horizontal direction and the
vertical direction of the image. Further, the pixel values
(luminance candidate values) of the pixels positioned
upwardly, downwardly, leftwardly and rightwardly of the
noticed pixel are represented by Le(U), Le(D), Le(ll) and
Lc(R), respectively.

gradient V=(Lc¢(R)-Le(L),Le(U)-Le(D)) 4

At step S80, the noise removal section 92 applies the pixel
values (luminance candidate values) of the pixels positioned
leftwardly, rightwardly, upwardly and downwardly of the
noticed pixel to the following expressions (5) and (6) to
calculate a smoothed component Hh in the horizontal direc-
tion and a smoothed component Hv in the vertical direction
corresponding to the noticed pixel:

Hh=(Le(L)+Le(R))/2 )]

Hv=(Le(U)+Le(D))/2 6

At step S81, the noise removal section 92 calculates a
smoothing contribution wh in the horizontal direction and a
smoothing contribution wv in the vertical direction corre-
sponding to the absolute value

IV of the gradient V corresponding to the noticed pixel
calculated at step S79.
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More particularly, where the absolute value of the gradi-
ent V is higher than 0, the absolute value of the inner product
of the normalized gradient V/||V|| and the vector (1, 0) is
subtracted from 1 as given by the following expression (7)
to obtain the smoothing contribution wh in the horizontal
direction. Further, as given by the following expression (8),
the absolute value of the inner product of the normalized
gradient V/||V|| and the vector (0, 1) is subtracted from 1 to
obtain the smoothing contribution wv in the vertical direc-
tion:

wh=1-IV/|V||,(1,0)! )

wy=1-|V/V|V|,(0,1)] ®)

Where the absolute value of the gradient V is O, the
smoothing contribution wh in the horizontal direction and
the smoothing contribution wv in the vertical direction are
both set to 0.5.

At step S82, the noise removal section 92 uses the
following expression (9) to calculate the pixel value (lumi-
nance value) of the luminance image L corresponding to the
noticed pixel:

L=Le+(wh-Hh+wv-Hv)/(wh+wv) ()]

It is to be noted that Lc and L in the expression (9)
represent the pixel values of the luminance candidate image
Lc and the luminance image L. corresponding to the noticed
pixel.

The processing returns to step S77 so that the processing
at steps S77 to S82 is repeated until it is discriminated at step
S77 that all pixels have been used as a noticed pixel. When
it is discriminated at step S77 that all pixels have been used
as a noticed pixel, the processing returns to step S54 of FIG.
55.

At step S54, the color space conversion section 75 per-
forms a color space conversion process for the color differ-
ence images C and D and the luminance image L. to produce
modulated images in each of which each pixel has an R, G
or B component and supplies the modulated images to the
gradation reverse conversion sections 76 to 78, respectively.

Details of the color space conversion process are
described with reference to a flow chart of FIG. 58. At step
S91, the color space conversion section 75 discriminates
whether or not all pixels of the luminance image [ (which
may alternatively be the color difference image C or the
color difference image D) have been used as a noticed pixel.
If the color space conversion section 75 discriminates that
all pixels have not been used as a noticed pixel, then the
processing advances to step S92. At step S92, the color space
conversion section 75 determines one by one pixel as a
noticed pixel beginning with the left lowermost pixel and
ending with the right uppermost pixel of the color and
sensitivity mosaic image.

At step S93, the color space conversion section 75 applies
the pixel values of the luminance image L, color difference
image C and color difference image D corresponding to the
noticed pixel to the following expressions (10), (11) and (12)
to calculate the value Rg of the R component, the value Gg
of the G component and the value Bg of the B component
of the modulated images corresponding to the noticed pixel:

Rg=(L+2C-D)/3 (10)

Gg=(L-C-D)/3 (11

Bg=(L-C+2D)/3

It is to be noted that, in the expressions (10) to (12), L, C
and D are the pixel values of the luminance image L, color
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difference signal C and color difference image D corre-
sponding to the noticed pixel, respectively.

The processing returns to step S91 so that the processing
at steps S91 to S93 is repeated until it is discriminated at step
S91 that all pixels have been used as a noticed pixel. When
it is discriminated at step S91 that all pixels have been used
as a noticed pixel, the processing returns to step S55 of FIG.
55.

At step S55, the gradation reverse conversion section 76
performs a gradation reverse conversion process corre-
sponding to the gradation conversion process at step S51
(more particularly, to raise pixel values to the 1/yth power)
for the R component of each pixel of the modulated image
supplied from the color space conversion section 75 to
produce an output image R. Similarly, the gradation reverse
conversion section 77 performs a gradation reverse conver-
sion process corresponding to the gradation conversion
process at step S51 for the G component of each pixel of the
modulated image supplied from the color space conversion
section 75 to produce an output image G. The gradation
reverse conversion section 78 performs a gradation reverse
conversion process corresponding to the gradation conver-
sion process at step S51 for the B component of each pixel
of the modulated image supplied from the color space
conversion section 75 to produce an output image B.
Through such a color interpolation process as described
above, the output images R, G and BG are produced.

Description of the first demosaic process by the first
example of the configuration of the sensitivity uniformiza-
tion section 51 shown in FIG. 45 is ended thereby.

Now, a second example of the configuration of the sen-
sitivity uniformization section 51 which can be used in place
of the second example of the configuration of the sensitivity
uniformization section 51 shown in FIG. 46 is described
with reference to FIG. 59.

The second example of the configuration is an example of
the configuration wherein the second sensitivity uniformiza-
tion process in the first demosaic process described with
reference to FIGS. 35, 38 and 39 is executed by the
sensitivity uniformization section 51.

It is assumed that, in the color and sensitivity mosaic
image described below, the color of each pixel is one of the
three primary colors of R, G and B and the sensitivity is one
of four stages SO, S1, S2 and S3 as in the color and
sensitivity mosaic pattern P10 of FIG. 14 or the color and
sensitivity mosaic pattern P1 of FIG. 15. However, the
configuration and the operation described below can be
applied also to another color and sensitivity mosaic image
which includes three colors other than R, G and B or a
further color and sensitivity mosaic image which includes
four colors. Further, they can be applied also to a color and
sensitivity mosaic pattern wherein the sensitivity has two
stages or three stages.

In the second example of the configuration of the sensi-
tivity uniformization section 51, a color and sensitivity
mosaic image from the image pickup system, color mosaic
pattern information and sensitivity mosaic pattern informa-
tion are supplied to interpolation sections 101-1 to 101-4.

The interpolation section 101-1 performs an interpolation
process of the sensitivity SO without changing the color of
each pixel of the color and sensitivity mosaic image and
outputs an interpolation value corresponding to the resulting
sensitivity SO to an adder 102. The interpolation section
101-2 performs an interpolation process of the sensitivity S1
without changing the color of each pixel of the color and
sensitivity mosaic image and outputs an interpolation value
corresponding to the resulting sensitivity S1 to the adder
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102. The interpolation section 101-3 performs an interpola-
tion process of the sensitivity S2 without changing the color
of each pixel of the color and sensitivity mosaic image and
outputs an interpolation value corresponding to the resulting
sensitivity S2 to the adder 102. The interpolation section
101-4 performs an interpolation process of the sensitivity S3
without changing the color of each pixel of the color and
sensitivity mosaic image and outputs an interpolation value
corresponding to the resulting sensitivity S3 to the adder
102.

The adder 102 adds, for each pixel, the sensitivities S0 to
S3 inputted thereto from the interpolation sections 101-1 to
101-4 and supplies the sum as a pixel value of a color mosaic
candidate image to a synthetic sensitivity compensation
section 103.

The synthetic sensitivity compensation section 103 col-
lates the pixel value of the color mosaic candidate image
supplied thereto from the adder 102 with a synthetic sensi-
tivity compensation LUT 104 to produce a color mosaic
image M wherein the resulting value is used as a pixel value
and supplies the color mosaic image M to the color inter-
polation section 52. The synthetic sensitivity compensation
LUT 104 is configured so as to acquire a pixel value of the
color mosaic image M using a pixel value of the color
mosaic candidate image as an index.

The second sensitivity uniformization process in the first
demosaic process by the second example of the configura-
tion of the sensitivity uniformization section 51 shown in
FIG. 59 is described with reference to a flow chart of FIG.
60.

At step S101, the interpolation sections 101-1 to 101-4
discriminate whether or not all pixels of the color and
sensitivity mosaic image have been used as a noticed pixel.
If the interpolation sections 101-1 to 101-4 discriminate that
all pixels have not been used as a noticed pixel, then the
processing advances to step S102. At step S102, the inter-
polation sections 101-1 to 101-4 determine one by one pixel
as a noticed pixel beginning with the left lowermost pixel
and ending with the right uppermost pixel of the color and
sensitivity mosaic image.

At step S103, the interpolation sections 101-1 to 101-4
perform an interpolation process without changing the color
of each pixel of the color and sensitivity mosaic image to
produce interpolation values corresponding to the sensitivi-
ties S0, S1, S2 and the sensitivity S3, respectively, and
output the interpolation values to the adder 102.

The interpolation process for the sensitivity S0 by the
interpolation section 101-1 is described with reference to a
flow chart of FIG. 61. At step 111, the interpolation section
101-1 detects those of pixels positioned in the neighborhood
of'the noticed pixel of the color and sensitivity mosaic image
(for example, 5x5 pixels centered at the noticed pixel) which
have a color same as that of the noticed pixel and have the
sensitivity S0, and extracts the pixel values of the detected
pixels (hereinafter referred to as reference pixels). At step
S112, the interpolation section 101-1 acquires a number of
filter coefficients set in advance corresponding to relative
positions of the detected reference pixels to the noticed
pixel, the number being equal to the number of the reference
pixels. At step S113, the interpolation section 101-1 multi-
plies the pixel values of the reference pixels and the corre-
sponding filter coefficients and arithmetically operates the
sum total of the products. Further, the interpolation section
101-1 divides the sum total of the products by the sum total
of the used filter coefficients and determines the quotient as
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an interpolation value corresponding to the sensitivity S0 of
the noticed pixel. The processing returns to step S60 of FI1G.
60.

It is to be noted that, since the interpolation processes for
the sensitivities S1 to S3 by the interpolation sections 101-2
and 101-3 are similar to the interpolation process for the
sensitivity SO by the interpolation section 101-1 described
above, description of the interpolation processes is omitted.

At step S104, the adder 102 adds the interpolation values
for the sensitivities SO to S3 corresponding to the noticed
pixel inputted from the interpolation sections 101-1 to 101-4
and supplies the sum as a pixel value of a color mosaic
candidate image corresponding to the noticed pixel to the
synthetic sensitivity compensation section 103.

At step S105, the synthetic sensitivity compensation
section 103 collates the pixel value of the color mosaic
candidate image supplied thereto from the adder 102 with
the synthetic sensitivity compensation LUT 104 and deter-
mines a detected value as a pixel value of a color mosaic
image M corresponding to the noticed pixel.

The processing returns to step S101 so that the processing
at steps S101 to S105 is repeated until it is discriminated at
step S101 that all pixels have been used as a noticed pixel.
When it is discriminated at step S101 that all pixels have
been used as a noticed pixel, the second sensitivity uni-
formization process of the first demosaic process is ended.

It is to be noted that, after the second sensitivity uni-
formization process, the color interpolation process
described hereinabove with reference to the flow chart of
FIG. 55 is executed.

Now, a second process for producing a color difference
image C which can be executed by the color difference
image production section 72 in place of the first process
(FIG. 56) for producing a color difference image C described
hereinabove is described with reference to a flow chart of
FIG. 62.

At step S121, the smoothing sections 81 and 82 discrimi-
nate whether or not all pixels of the modulated color mosaic
image Mg have been used as a noticed pixel. If the smooth-
ing sections 81 and 82 discriminate that all pixels have not
been used as a noticed pixel, then the processing advances
to step S122. At step S122, the smoothing sections 81 and 82
determine one by one pixel as a noticed pixel beginning with
the left lowermost pixel and ending with the right uppermost
pixel of the modulated color mosaic image Mg.

At step S123, the smoothing section 81 arithmetically
operates an image gradient vector g corresponding to the
noticed pixel.

Details of the image gradient vector arithmetic operation
process are described with reference to a flow chart of FIG.
63. In the image gradient vector arithmetic operation pro-
cess, only those of all pixels of the color mosaic image Mg
which have a single type of a color are used to arithmetically
operate the image gradient vector g.

It is to be noted that, although a predetermined single type
of'a color may be selected arbitrarily, for example, where the
color mosaic pattern of the color mosaic image Mg has a
Bayer arrangement, since the number of pixels having a G
component is equal to twice that of pixels having an R
component or pixels having a B component, the single type
of'a color is reasonably set to G. Accordingly, the following
description proceeds assuming that the color mosaic pattern
of the color mosaic image Mg has a Bayer arrangement and
that G is selected as the predetermined single type of a color.

At step S141, the smoothing section 81 discriminates
whether or not the color of the noticed pixel is G. If the
smoothing section 81 discriminates that the color of the
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noticed pixel is G, then the processing advances to step
S142. In this instance, the colors of the four pixels posi-
tioned upwardly, downwardly, leftwardly and rightwardly of
the noticed pixel are not G, and the colors of the four pixels
positioned in the oblique directions from the noticed pixel
are G.

At step S142, the smoothing section 81 interpolates the
values G(U), G(D), G(L) and G(R) of G components cor-
responding to the four pixels positioned upwardly, down-
wardly, leftwardly and rightwardly of the noticed pixel,
respectively, by applying the pixel value G(LU) of the pixel
neighboring leftwardly upwards of the noticed pixel and
having a G component, the pixel value G(LD) of the pixel
neighboring leftwardly downwards of the noticed pixel and
having a G component, the pixel value G(RU) of the pixel
neighboring rightwardly upwards of the noticed pixel and
having a G component and the pixel value G(RD) of the
pixel neighboring rightwardly downwards of the noticed
pixel and having a G component to the following expres-
sions (13) to (16):

GU)=(G(LU+G(RU))/2 13)

G(D)=(G(LD)+G(RD))/2 (14)

G(L)=(GLU+G(LD))/2 1s)

G(R)=(G(RU+G(RD))/2 (16)

At step S143, the smoothing section 81 applies the values
G(U), G(D), G(L) and G(R) of the G components corre-
sponding to the four pixels positioned upwardly, down-
wardly, leftwardly and rightwardly of the noticed pixel to the
following expressions (17) to (19) to calculate a vector g'
and normalize the vector g' in accordance with the following
expression (20) to calculate a gradient vector g:

gh-GR)-G(L) an

gv=G(U)-G(D) 18)

g=(gh.gv) (19)
g=Glgll

It is to be noted that, if it is discriminated at step S141 that
the color of the noticed pixel is not G, then the processing
advances to step S144. In this instance, the colors of the four
pixels positioned upwardly, downwardly, leftwardly and
rightwardly of the noticed pixel are G.

At step S144, the smoothing section 81 acquires the pixel
values of the four pixels positioned upwardly, downwardly,
leftwardly and rightwardly of the noticed pixel and substi-
tutes them into the values G(U), G(D), G(L) and G(R),
respectively.

The image gradient vector g corresponding to the noticed
pixel is arithmetically operated in such a manner as
described above. It is to be noted that, also where the color
mosaic pattern of the color mosaic image Mg does not have
a Bayer arrangement, a similar process can be applied to
arithmetically operate the image gradient vector g.

The processing returns to step S124 of FIG. 62.

At step S124, the smoothing section 81 refers to the color
mosaic pattern information to detect those of pixels neigh-
boring with the noticed pixel (for example, 5x5 pixels
centered at the noticed pixel) which have an R component,
and extracts the pixel values of the detected pixels (herein-
after referred to as reference pixels). Meanwhile, also the
smoothing section 82 similarly refers to the color mosaic
pattern information to detect those of pixels neighboring
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with the noticed pixel which have a G component, and
extracts the pixel values of the detected pixels.

At step S125, the smoothing section 81 calculates the
position vectors n from the noticed pixel to the reference
pixels which have an R component and normalizes them.
Meanwhile, also the smoothing section 82 similarly calcu-
lates the position vectors n from the noticed pixel to the
reference pixels which have a G component and normalizes
them.

At step S126, as shown in the following expression (21),
the smoothing section 81 divides, for each of the reference
pixels having an R component, the absolute value of an inner
product of the gradient vector g of the noticed pixel and the
position vector n from 1 and arithmetically operates the
difference to the pth power to calculate a significance w of
the reference pixel. Meanwhile, also the smoothing section
82 similarly calculates a significance w for each of the
reference pixels having a G component. Here, p is a constant
for adjusting the sharpness of direction selection and is set
in advance.

w=(1-1(n,g)}?

At step S127, the smoothing section 81 acquires a number
of filter coefficients set in advance corresponding to relative
positions of the reference pixels having an R component to
the noticed pixel, the number being equal to the number of
the reference pixels. Meanwhile, also the smoothing section
82 similarly acquires a number of filter coefficients set in
advance corresponding to relative positions of the reference
pixels having a G component to the noticed pixel, the
number being equal to the number of the reference pixels.

At step S128, the smoothing section 81 multiplies the
pixel values of the reference pixels having an R component
by the corresponding filter coefficients and significances
and arithmetically operates the sum total of the products.
Further, the smoothing section 81 multiplies the filter coef-
ficients and the significances w corresponding to the refer-
ence pixels and arithmetically operates the sum total of the
products. Meanwhile, also the smoothing section 82 simi-
larly multiplies the pixel values of the reference pixels
having a G component by the corresponding filter coeffi-
cients and significances w and arithmetically operates the
sum total of the products. Further, the smoothing section 82
multiplies the filter coefficients and the significances
corresponding to the reference pixels and arithmetically
operates the sum total of the products.

At step S129, the smoothing section 81 divides the sum
total of the products of the pixel values of the reference
pixels having an R component and the corresponding filter
coeflicients and significances w by the sum total of the
products of the filter coeflicients and the significances w
corresponding to the reference pixels calculated at step S128
and determines the quotient as a pixel value corresponding
to the noticed pixel of the image R' which includes only
smoothed R components. Meanwhile, also the smoothing
section 82 divides the sum total of the products of the pixel
values of the reference pixels having a G component and the
corresponding filter coefficients and significances w by the
sum total of the products of the filter coefficients and the
significances w corresponding to the reference pixels calcu-
lated at step S128 and determines the quotient as a pixel
value corresponding to the noticed pixel of the image G'
which includes only smoothed G components.

At step S130, the subtractor 83 subtracts the pixel value
corresponding to the noticed pixel of the image G', which
only includes smoothed G components, from the smoothing
section 82 from the pixel value corresponding to the noticed
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pixel of the image R', which only includes smoothed R
components, from the smoothing section 81, and determines
the difference as a pixel value of the noticed pixel of the
color difference image C.

The processing returns to step S121 so that the processing
at steps S121 to 130 is repeated until it is discriminated at
step S121 that all pixels have been used as a noticed pixel.
When it is discriminated at step S121 that all pixels have
been used as a noticed pixel, the color difference image
production process is ended and the processing returns to
step S53 of FIG. 55.

It is to be noted that, since the process of the color
difference image production section 73 when it produces a
color difference image D is similar to the second process of
the color difference image production section 72 when it
produces the color difference image C described above,
description of it is omitted.

In the second process for producing a color difference
image C, since a contour of an object in an image is detected
and smoothing is executed in parallel to the contour, occur-
rence of a color moire effect can be suppressed when
compared with that in the first process for producing the
color difference image C.

Subsequently, a second example of a configuration of the
image processing section 7 which principally executes the
second demosaic process is described with reference to FIG.
64. In the second example of the configuration of the image
processing section 7, a color and sensitivity mosaic image
from the image pickup system, color mosaic pattern infor-
mation representative of a color mosaic arrangement of the
color and sensitivity mosaic image and sensitivity mosaic
pattern information representative of a sensitivity mosaic
arrangement of the color and sensitivity mosaic image are
supplied to a sensitivity uniformization section 111.

The sensitivity uniformization section 111 performs a
sensitivity uniformization process for the color and sensi-
tivity mosaic image based on the color mosaic pattern
information and the sensitivity mosaic information and
outputs a resulting color mosaic image M having a uni-
formized sensitivity to the color interpolation section 52. It
is to be noted, however, that, since the color mosaic arrange-
ment of the resulting color mosaic image M is not neces-
sarily same as the color mosaic arrangement of the original
color and sensitivity mosaic image, the sensitivity uni-
formization section 111 updates the color mosaic pattern
information and supplies it to a color interpolation section
112.

The color interpolation section 112 performs, similarly to
the color interpolation section 52 of FIG. 45, a color
interpolation process, in which the color mosaic pattern
information is used, for the color mosaic image M from the
sensitivity uniformization section 111 to produce output
images R, G and B.

FIG. 65 shows a first example of a configuration of the
sensitivity uniformization section 111. The first example of
the configuration is an example of a configuration of the
sensitivity uniformization section 111 which executes the
first sensitivity uniformization process in the second demo-
saic process described hereinabove with reference to FIGS.
35, 41 and 42.

In the first example of the configuration of the sensitivity
uniformization section 111, a color and sensitivity mosaic
image from the image pickup system is supplied to a
sensitivity compensation section 121 and a validity discrimi-
nation section 123. Color mosaic pattern information is
supplied to a missing interpolation section 124. Sensitivity
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mosaic pattern information is supplied to the sensitivity
compensation section 121 and the validity discrimination
section 123.

The sensitivity compensation section 121 performs sen-
sitivity compensation for the color and sensitivity mosaic
image based on a relative sensitivity value S obtained from
a relative sensitivity value LUT 122 and outputs the result-
ing color and sensitivity mosaic image to the missing
interpolation section 124. The relative sensitivity value LUT
122 is a lookup table which outputs a relative sensitivity
value S using a sensitivity of a pixel as an index.

The validity discrimination section 123 compares the
pixel value of each of the pixels of the color and sensitivity
mosaic image with the threshold value 0,, of the saturation
level and the threshold value 6, of the noise level to
discriminate the validity of the pixel value and supplies a
result of the discrimination as discrimination information to
the missing interpolation section 124. In the discrimination
information, information representative of “valid” or
“invalid” regarding the pixel value of each pixel is
described.

The missing interpolation section 124 uses, based on the
discrimination information from the validity discrimination
section 123, the pixel values of those pixels from among all
pixels of the sensitivity-compensated color and sensitivity
mosaic image whose discrimination information is valid as
they are, but uses, for each of those pixels whose discrimi-
nation information is invalid, the pixel values of those pixels
having a color which is included most in the sensitivity-
compensated color and sensitivity mosaic image to interpo-
late the pixel value of the color component. Use of the pixel
values of those pixels having a color which is included most
in this manner facilitates restoration of a high frequency
component. Further, the missing interpolation section 124
updates the color mosaic pattern information corresponding
to the color mosaic arrangement of the produced color
mosaic image M and outputs the updated color mosaic
pattern information to the color interpolation section 112.

Now, a second demosaic process executed principally by
the second example of the configuration of the image
processing section 7 shown in FIG. 64 is described. How-
ever, most part of the second demosaic process is similar to
that of the first demosaic process described hereinabove.
Therefore, a process different from that of the first demosaic
process described hereinabove, that is, a missing interpola-
tion process of the missing interpolation section 124 which
composes the sensitivity uniformization section 111 is
described with reference to a flow chart of FIG. 66. In the
following description, it is assumed that the number of
pixels having a G component is greatest in the color and
sensitivity mosaic image. However, a similar process can be
applied similarly also where the number of pixels having
any other color component is greatest.

At step S151, the missing interpolation section 124 dis-
criminates whether or not all pixels of the sensitivity-
compensated color and sensitivity mosaic image have been
used as a noticed pixel. If the missing interpolation section
124 discriminates that all pixels have not been used as a
noticed pixel, then the processing advances to step S152. At
step S152, the missing interpolation section 124 determines
one by one pixel as a noticed pixel beginning with the left
lowermost pixel and ending with the right uppermost pixel
of the sensitivity-compensated color and sensitivity mosaic
image.

At step S153, the missing interpolation section 124 dis-
criminates whether or not the discrimination information of
the noticed pixel is invalid. If the missing interpolation
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section 124 discriminates that the discrimination informa-
tion is invalid, then the processing advances to step S154.

At step S154, the missing interpolation section 124 refers
to the color mosaic pattern information to detect those pixels
neighboring with the noticed pixel (for example, 5x5 pixels
centered at the noticed pixel) which have a G component and
whose discrimination information is valid, and extracts the
pixel values of the detected pixels (hereinafter referred to as
reference pixels). Further, the missing interpolation section
124 acquires a number of filter coefficients set in advance
corresponding to relative positions of the reference pixels to
the noticed pixel, the number being equal to the number of
the reference pixels. Furthermore, the missing interpolation
section 124 multiplies the pixel values of the reference
pixels and the corresponding filter coefficients and arith-
metically operates the sum total of the products. Further, the
missing interpolation section 124 divides the sum total of the
products by the sum total of the used filter coefficients and
determines the quotient as a pixel value of the noticed pixel
of the color mosaic image M.

At step S155, the missing interpolation section 124
updates the color of the noticed pixel in the color mosaic
pattern information to G.

It is to be noted that, if it is discriminated at step S153 that
the discrimination information of the noticed pixel is not
invalid, then the processes at steps S154 and S155 are
skipped.

The processing returns to step S151 so that the processing
at steps S151 to 155 is repeated until it is discriminated at
step S151 that all pixels have been used as a noticed pixel.
When it is discriminated at step S151 that all pixels have
been used as a noticed pixel, the missing interpolation
process is ended and the color mosaic image M obtained and
the updated color mosaic pattern information are supplied to
the color interpolation section 112 in the following stage.

Now, a second example of a configuration of the sensi-
tivity uniformization section 111 which can be used in place
of the first example of the configuration of the sensitivity
uniformization section 111 shown in FIG. 65 is described
with reference to FIG. 67.

The second example of the configuration is an example of
a configuration for allowing the sensitivity uniformization
section 111 to execute the second sensitivity uniformization
process of the second demosaic process described herein-
above with reference to FIGS. 35, 43 and 44.

The following description proceeds assuming that, in the
color and sensitivity mosaic image, the color of each pixel
is one of the three primary colors of R, G and B as in the
color and sensitivity mosaic pattern P10 of FIG. 14 or the
color and sensitivity mosaic pattern P1 of FIG. 15 and the
sensitivity is one of sensitivities of four stages of S0, S1, S2
and S3. However, the configuration and the operation
described below can be applied also to another color and
sensitivity mosaic image which includes three colors other
than R, G and B or a further color and sensitivity mosaic
image which includes four colors. Furthermore, they can be
applied also to a color and sensitivity mosaic pattern
wherein the number of stages of sensitivity is two or three.

In the second example of the configuration of the sensi-
tivity uniformization section 111, a color and sensitivity
mosaic image from the image pickup system, color mosaic
pattern information and sensitivity mosaic pattern informa-
tion are supplied to interpolation sections 132-1 to 132-4.
The color mosaic pattern information is supplied also to an
interpolation color determination section 131.

The interpolation color determination section 131 desig-
nates the color (interpolation color) of interpolation values

20

25

30

35

40

45

65

62

to be interpolated by the interpolation sections 132-1 to
132-3 based on the color mosaic pattern information. Fur-
ther, the interpolation color determination section 131
updates the color mosaic pattern information in accordance
with determination of the interpolation colors.

The interpolation section 131-1 performs an interpolation
process of the sensitivity SO for the color and sensitivity
mosaic image in accordance with the designation of an
interpolation color from the interpolation color determina-
tion section 131 and outputs a resulting interpolation value
corresponding to the sensitivity SO to an adder 133. The
interpolation section 131-2 performs an interpolation pro-
cess of the sensitivity S1 for the color and sensitivity mosaic
image in accordance with the designation of the interpola-
tion color from the interpolation color determination section
131 and outputs a resulting interpolation value correspond-
ing to the sensitivity S1 to the adder 133. The interpolation
section 131-3 performs an interpolation process of the
sensitivity S2 for the color and sensitivity mosaic image in
accordance with the designation of the interpolation color
from the interpolation color determination section 131 and
outputs a resulting interpolation value corresponding to the
sensitivity S2 to the adder 133. The interpolation section
131-4 performs an interpolation process of the sensitivity S3
for the color and sensitivity mosaic image in accordance
with the 131 designation of the interpolation color from the
interpolation color determination section and outputs a
resulting interpolation value corresponding to the sensitivity
S3 to the adder 133.

The adder 133 adds the interpolation values of the sen-
sitivities S0 to S3 inputted thereto from the interpolation
sections 132-1 to 132-4 for each pixel and supplies the sum
as a pixel value of a color mosaic candidate image to a
synthetic sensitivity compensation section 134.

The synthetic sensitivity compensation section 134 col-
lates the pixel value of the color mosaic candidate image
supplied thereto from the adder 133 with a synthetic sensi-
tivity compensation LUT 135 and produces and supplies a
color mosaic image wherein the resulting value is used as a
pixel value to the color interpolation section 112. The
synthetic sensitivity compensation LUT 135 allows a pixel
value of the color and sensitivity mosaic image M using a
pixel value of the color mosaic candidate image as an index.

A second sensitivity uniformization process in the second
demosaic process by the second example of the configura-
tion of the sensitivity uniformization section 111 shown in
FIG. 67 is described with reference to a flow chart of FIG.
68.

At step S161, the interpolation sections 132-1 to 132-4
discriminate whether or not all pixels of the color and
sensitivity mosaic image have been used as a noticed pixel.
If the interpolation sections 132-1 to 132-4 discriminate that
all pixels have not been used as a noticed pixel, then the
processing advances to step S162. At step S162, the inter-
polation sections 132-1 to 132-4 determine one by one pixel
as a noticed pixel beginning with the left lowermost pixel
and ending with the right uppermost pixel of the color and
sensitivity mosaic image.

At step S163, the interpolation color determination sec-
tion 131 executes an interpolation color determination pro-
cess based on the color mosaic pattern information and
issues a notification of a resulting interpolation color of the
noticed pixel to the interpolation sections 132-1 to 132-4.

Details of the interpolation color determination process of
the interpolation color determination section 131 are
described with reference to a flow chart of FIG. 69. It is to
be noted that the object of the interpolation color determi-



US RE47,062 E

63

nation process is to interpolate the pixel value of the noticed
pixel using pixels comparatively neighboring with the
noticed pixel and it is assumed that the color mosaic
arrangement of the color and sensitivity mosaic image has a
Bayer arrangement.

At step S171, the interpolation color determination sec-
tion 131 refers to the color mosaic pattern information to
discriminate the color of the noticed pixel.

If it is discriminated at step S171 that the color of the
noticed pixel is G, then the processing advances to step
S172. In this instance, also the colors of the four pixels
neighboring in the oblique directions with the noticed pixel
are G. At step S172, the interpolation color determination
section 131 determines the interpolation color of the noticed
pixel as G and issues a notification of this to the interpolation
sections 132-1 to 132-4. Further, the interpolation color
determination section 131 updates the color mosaic pattern
information corresponding to the noticed pixel to G.

If it is discriminated at step S171 that the color of the
noticed pixel is R, then the processing advances to step
S173. In this instance, the colors of the four pixels neigh-
boring in the oblique directions with the noticed pixel are B.
At step S173, the interpolation color determination section
131 determines the interpolation color of the noticed pixel as
B and issues a notification of this to the interpolation
sections 132-1 to 132-4. Further, the interpolation color
determination section 131 updates the color mosaic pattern
information corresponding to the noticed pixel to G.

If it is discriminated at step S171 that the color of the
noticed pixel is B, then the processing advances to step
S174. In this instance, also the colors of the four pixels
neighboring in the oblique directions with the noticed pixel
are R. At step S174, the interpolation color determination
section 131 determines the interpolation color of the noticed
pixel as R and issues a notification of this to the interpolation
sections 132-1 to 132-4. Further, the interpolation color
determination section 131 updates the color mosaic pattern
information corresponding to the noticed pixel to R.

With the interpolation color determination process
described above, the interpolation color of the noticed pixel
is designated so that R and B of the color and sensitivity
mosaic image whose color mosaic arrangement is a Bayer
arrangement are exchanged for each other. Therefore, also
the updated color mosaic pattern information maintains the
Bayer arrangement.

The processing returns to step S164 of FIG. 68. At step
S164, the interpolation sections 132-1 to 132-4 individually
perform an interpolation process for the color and sensitivity
mosaic image in accordance with the designation of the
interpolation color from the interpolation color determina-
tion section 131 to produce an interpolation value corre-
sponding to the sensitivity S0, S1, S2 or S3 and outputs the
interpolation value to the adder 133.

More particularly, for example, the interpolation section
132-1 detects, from among pixels positioned in the neigh-
borhood of the noticed pixel of the color and sensitivity
mosaic image (for example, from among 5x5 pixels centered
at the noticed pixel), those pixels which have the color
designated from the interpolation color determination sec-
tion 131 and whose sensitivity is S0, and extracts the pixel
values of the detected pixels (hereinafter referred to as
reference pixels). Further, the interpolation section 132-1
acquires a number of filter coefficients set in advance
corresponding to relative positions of the detected reference
pixels to the noticed pixel, the number being equal to the
number of the reference pixels. Furthermore, the interpola-
tion section 132-1 multiplies the pixel values of the refer-
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ence pixels and the corresponding filter coefficients and
arithmetically operates the sum total of the products. Fur-
ther, the interpolation section 132-1 divides the sum total of
the products by the sum total of the used filter coeflicients
and determines the quotient as an interpolation value cor-
responding to the sensitivity S0 of the noticed pixel.

It is to be noted that the interpolation processes for the
sensitivities S1 to S3 by the interpolation sections 132-2 to
132-3 are similar to the interpolation process for the sensi-
tivity SO by the interpolation section 132-1, and therefore,
description of it is omitted.

At step S165, the adder 133 adds the interpolation values
for the sensitivities SO to S3 corresponding to the noticed
pixel inputted therefrom from the interpolation sections
132-1 to 132-4 and supplies the sum as a pixel value of the
color mosaic candidate image corresponding to the noticed
pixel to the synthetic sensitivity compensation section 133.

At step S166, the synthetic sensitivity compensation
section 134 collates the pixel value of the color mosaic
candidate image supplied thereto from the adder 133 with
the synthetic sensitivity compensation LUT 135 and deter-
mines a resulting value as a pixel value of the color mosaic
image M corresponding to the noticed pixel.

The processing returns to step S161 so that the processing
at steps S161 to 166 is repeated until it is discriminated at
step S161 that all pixels have been used as a noticed pixel.
When it is discriminated at step S161 that all pixels have
been used as a noticed pixel, the second sensitivity uni-
formization process in the second demosaic process is
ended.

It is to be noted that, although a color interpolation
process is performed by the color interpolation section 112
for the color mosaic image M obtained by the second
sensitivity uniformization process of the second demosaic
process, since the process is similar to the color interpolation
process described hereinabove with reference to the flow
chart of FIG. 55, description of it is omitted.

FIG. 70 illustrates an outline of a third demosaic process
of the image processing system which includes the image
processing section 7 as a principal component.

The third demosaic process includes, as seen in FIG. 70,
a by-sensitivity-basis color interpolation process wherein
RGB components of pixels of a color and sensitivity mosaic
image obtained by processing of the image pickup section
are interpolated without changing the sensitivities of the
pixels to produce a sensitivity mosaic image MsR for an R
component, a sensitivity mosaic image MsG for a G com-
ponent and a sensitivity mosaic image MsB for a B com-
ponent, and a sensitivity uniformization process for uni-
formizing the sensitivities of the sensitivity mosaic image
for an R component, the sensitivity mosaic image for a G
component and the sensitivity mosaic image for a B com-
ponent to produce output images R, G and B, respectively.

The by-sensitivity-basis color interpolation process of the
third demosaic process includes an extraction process for
extracting only those pixels which have the same sensitivity
from the color and sensitivity mosaic image, a color inter-
polation process for interpolating the pixel values of the
RGB components of the pixels extracted by the extraction
process, and an insertion process for synthesizing the pixel
values interpolated by the color interpolation process for
each of the RGB components to produce sensitivity mosaic
images.

For example, in the extraction process, only the pixels
which have the sensitivity S1 are extracted from the color
and sensitivity mosaic image to produce a color mosaic
image McS1 wherein the pixels are disposed in a checkered
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manner. In the color interpolation process, an image Rsl
wherein the pixels which have the sensitivity S1 and have an
R component are disposed in a checkered manner, another
image Gsl wherein the pixels which have the sensitivity S1
and have a G component are disposed in a checkered manner
and a further image Bs1 wherein the pixels which have the
sensitivity S1 and have a B component are disposed in a
checkered manner are produced from the color mosaic
image McS1.

For example, in the insertion process, an image RS0 and
another image RS1 produced by the color interpolation
process are combined to produce a sensitivity mosaic image
MsR.

Subsequently, a third example of a configuration of the
image processing section 7 which principally executes the
third demosaic process is described with reference to FIG.
73.

In the third example of the configuration of the image
processing section 7, a color and sensitivity mosaic image
from the image pickup system is supplied to a by-sensitivity-
basis color interpolation section 151. Color mosaic pattern
information representative of a color mosaic arrangement of
the color and sensitivity mosaic image is supplied to the
by-sensitivity-basis color interpolation section 151. Sensi-
tivity mosaic pattern information representative of a sensi-
tivity mosaic arrangement of the color and sensitivity
mosaic image is supplied to the by-sensitivity-basis color
interpolation section 151 and sensitivity uniformization sec-
tions 152 to 154.

It is to be noted that, in the following description, unless
otherwise specified, the color and sensitivity mosaic image
has the color and sensitivity mosaic pattern P3 of FIG. 7. In
particular, each pixel has a color which is one of the three
primary colors of R, G and B and has a sensitivity of one of
S0 and S1. Further, where attention is paid to only the pixels
of the sensitivity SO irrespective of the color, they are
arranged in a checkered manner. Similarly, the pixels of the
sensitivity S1 are arranged in a checkered manner.

However, the configuration and the operation described
below can be applied also to another color and sensitivity
mosaic image having three colors other than R, G and B or
a further color and sensitivity mosaic image which has four
colors.

The by-sensitivity-basis color interpolation section 151
performs a by-sensitivity-basis color interpolation process
for the color and sensitivity mosaic image and supplies
resulting sensitivity mosaic image MsR for an R component,
sensitivity mosaic image MsG for a G component and
sensitivity mosaic image MsB for a B component to corre-
sponding ones of the sensitivity uniformization sections 152
to 154, respectively.

The sensitivity uniformization section 152 performs a
sensitivity uniformization process for the sensitivity mosaic
image MsR for an R component to produce an output image
R. The sensitivity uniformization section 153 performs a
sensitivity uniformization process for the sensitivity mosaic
image MsG for a G component to produce an output image
G. The sensitivity uniformization section 154 performs a
sensitivity uniformization process for the sensitivity mosaic
image MsB for a B component to produce an output image
B.

FIG. 74 shows an example of a configuration of the
by-sensitivity-basis color interpolation section 151. In the
by-sensitivity-basis color interpolation section 151, the color
and sensitivity mosaic image, color mosaic pattern informa-
tion and sensitivity mosaic pattern information are supplied
to an extraction section 161.
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The extraction section 161 performs an extraction process
of the sensitivity S1 (in the present case, i=0 or 1) for the
color and sensitivity mosaic image and supplies a resulting
color mosaic image McSi which includes pixels of the
sensitivity Si to a color interpolation section 162. It is to be
noted that the color mosaic image McSi is an image repre-
sented using an st coordinate system different from the xy
coordinate system of the original color and sensitivity
mosaic image (details are hereinafter described with refer-
ence to FIGS. 78 and 79). Further, the extraction section 161
produces color mosaic pattern information of the sensitivity
Si representative of a color mosaic arrangement of the color
mosaic image McSi and supplies the color mosaic pattern
information to the color interpolation section 162. Further-
more, the extraction section 161 produces original position
information of the sensitivity Si which has a positional
relationship between the color mosaic image McSi and the
original color and sensitivity mosaic image and supplies the
original position information of the sensitivity Si to insertion
sections 163 to 165.

The color interpolation section 162 interpolates RGB
components of all pixels of the color mosaic image McSi
from the extraction section 161 and supplies resulting
images Rsi, Gsi and Bsi to the corresponding insertion
sections 163 to 165, respectively. The image Rsi is an image
composed of pixel values of R components corresponding to
the pixels of the color mosaic image McSi. The image Gsi
is an image composed of pixel values of G components
corresponding to the pixels of the color mosaic image McSi.
The image Bsi is an image composed of pixel values of B
components corresponding to the pixels of the color mosaic
image McSi. Further, the images Rsi, Gsi and Bsi are
represented using a coordinate system same as that of the
color mosaic image McSi. It is to be noted that the color
interpolation section 162 is configured in a similar manner
as in the example of the configuration of the color interpo-
lation section 52 shown in FIG. 47.

The insertion section 163 combines a number of images
Rsi of an R component equal to the number of kinds of
sensitivities supplied from the color interpolation section
162 based on the original position information of the sen-
sitivity Si supplied from the extraction section 161 to
produce a sensitivity mosaic image MsR, and supplies the
sensitivity mosaic image MsR to the sensitivity uniformiza-
tion section 152. The insertion section 164 combines a
number of images Gsi of a G component equal to the number
of'kinds of sensitivities supplied from the color interpolation
section 162 based on the original position information of the
sensitivity Si supplied from the extraction section 161 to
produce a sensitivity mosaic image MsG, and supplies the
sensitivity mosaic image MsG to the sensitivity uniformiza-
tion section 153. The insertion section 165 combines a
number of images Bsi of a B component equal to the number
of'kinds of sensitivities supplied from the color interpolation
section 162 based on the original position information of the
sensitivity Si supplied from the extraction section 161 to
produce a sensitivity mosaic image MsB, and supplies the
sensitivity mosaic image MsB to the sensitivity uniformiza-
tion section 154.

FIG. 75 shows an example of a configuration of the
sensitivity uniformization section 152. In the sensitivity
uniformization section 152, the sensitivity mosaic image
MsR supplied from the insertion section 163 of the by-
sensitivity-basis color interpolation section 151 is supplied
to a local sum calculation section 171. The local sum
calculation section 171 performs, for each pixel of the
sensitivity mosaic image MsR, a local sum calculation
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process using pixels neighboring with the pixel and supplies
resulting the local sum corresponding to each of the pixels
to a synthetic sensitivity compensation section 172. The
synthetic sensitivity compensation section 172 collates the
local sums with a synthetic sensitivity compensation LUT
173 to acquire corresponding compensation values and
produces an output image R using the compensation values
as pixel values. The synthetic sensitivity compensation LUT
173 can supply a corresponding compensation value when a
local sum is inputted as an index thereto.

It is to be noted that examples of configurations of the
sensitivity uniformization sections 153 and 154 are similar
to the example of the configuration of the sensitivity uni-
formization section 152 shown in FIG. 75, and therefore,
description of them is omitted.

Subsequently, a third demosaic process by the third
example of the configuration of the image processing section
7 shown in FIG. 73 is described with reference to a flow
chart of FIG. 76.

At step 181, the by-sensitivity-basis color interpolation
section 151 performs a by-sensitivity-basis color interpola-
tion process for the color and sensitivity mosaic image to
produce an R component sensitivity mosaic image MsR, a G
component sensitivity mosaic image MsG and a B compo-
nent sensitivity mosaic image MsB and supplies them to the
sensitivity uniformization sections 152 to 154, respectively.

Details of the by-sensitivity-basis color interpolation pro-
cess of the by-sensitivity-basis color interpolation section
151 are described with reference to a flow chart of FIG. 77.
At step S191, the extraction section 161 discriminates
whether or not all sensitivities (in the present case, S0 and
S1) included in the sensitivity mosaic pattern information
have been designated. If the extraction section 161 discrimi-
nates that all sensitivities have not been designated, then the
processing advances to step S192.

At step S192, the extraction section 161 determines one of
all kinds of sensitivities included in the sensitivity mosaic
pattern information. The designated sensitivity is repre-
sented by Si.

At step S193, the extraction section 161 extracts only
pixels of the sensitivity Si from among all pixels of the color
and sensitivity mosaic image to produce a color mosaic
image McSi of the sensitivity Si and supplies the color
mosaic image McSi to the color interpolation section 162.
Further, the extraction section 161 produces original posi-
tion information of the sensitivity Si which keeps a posi-
tional relationship between the color mosaic image McSi
and the original color and sensitivity mosaic image and
supplies the original position information to the insertion
sections 163 to 165. Further, the extraction section 161
produces color mosaic pattern information of the sensitivity
Si representative of a color mosaic arrangement of the color
mosaic image McSi and supplies the color mosaic pattern
information to the color interpolation section 162.

Details of the process at step S193 are described with
reference to FIGS. 78 and 79.

Since pixels of the sensitivity Si extracted do not have a
pixel distance of the original color and sensitivity mosaic
image, the color mosaic image McSi of the sensitivity Si
produced is formed in a grating wherein the pixel distance,
the original and the direction are different from those of the
original color and sensitivity mosaic image. Therefore, the
extraction section 61 produces, simultaneously with produc-
tion of the color mosaic image McSi, original position
information which allows, for each pixel, information of the
original position to be referred to based on a corresponding
relationship between the coordinate system of the original
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color and sensitivity mosaic image and the coordinate sys-
tem of the color mosaic image McSi.

The corresponding relationship between the coordinate
systems of the original color and sensitivity mosaic image
and the color mosaic image McSi to be produced is such as
illustrated in FIG. 78 or 79. Referring to FIGS. 78 and 79,
the original color and sensitivity mosaic image is indicated
on the Xy coordinate system while the color mosaic image
McSi is indicated on the st coordinate system. Further, ll of
the color and sensitivity mosaic image represents a pixel of
the sensitivity S0, and [] of the color and sensitivity mosaic
image represents a pixel of the sensitivity S0. By using the
st coordinate system set obliquely with respect to the xy
coordinate system in this manner, pixels of the sensitivity Si
disposed in a checkered manner on the original color and
sensitivity mosaic image can be extracted as a pixel arrange-
ment of an equal distance grating.

Extraction of pixels of the sensitivity S0 represented by l
of the color and sensitivity mosaic image is described with
reference to FIG. 78. For example, a pixel A in FIG. 78 is
represented as (x,, y,) on the xy coordinate system which
represents the original color and sensitivity mosaic image
but is represented as (s,, t,) on the st coordinate system
which represents the color mosaic image McSi to be pro-
duced. (s,, t,) and (x,, y,) have such relationships as
represented by the following expression (22):

s~ {(Ra=1Hy.4)2

= K= LR ) +7.4 172 (22)

The extraction section 161 applies the coordinates (X,
y ;) of the pixel of the sensitivity SO of the original color and
sensitivity mosaic image to the expression (22) to calculate
the coordinates (s 4, t,) on the color mosaic image McSi and
uses the value of the pixel for the coordinates to produce a
color mosaic image McSi. Simultaneously, the extraction
section 161 places the coordinates (X, y,) in a correspond-
ing relationship to the coordinates (s, t,) into the original
position information of the sensitivity S0.

Extraction of a pixel of the sensitivity S1 represented by
[ of the color and sensitivity mosaic image is described
with reference to FIG. 79. For example, a pixel B in FIG. 79
is represented as (Xz, V) on the xy coordinate system which
represents the original color and sensitivity mosaic image
but is represented as (s, tz) on the st coordinate system
which represents the color mosaic image McSi to be pro-
duced. (sz tz) and (xz yz) have such a relationship as
represented by the following expression (23):

sp=(Xptyp)/2

t5={ K= 1= Xp)+¥5}/2 (23)

The extraction section 161 applies the coordinates (Xg,
yz) of the pixel of the sensitivity S1 of the original color and
sensitivity mosaic image to the expression (22) to calculate
the coordinates (s, tz) on the color mosaic image McSi and
uses the value of the pixel for the coordinates to produce a
color mosaic image McSi. Simultaneously, the extraction
section 161 places the coordinates (Xz, Yz) in a correspond-
ing relationship to the coordinates (s, tz) into the original
position information of the sensitivity S1.

Referring back to FIG. 77, the color interpolation section
162 interpolates RGB components of all pixels of the color
mosaic image McSi from the extraction section 161 to
produce images Rsi, Gsi and Bsi and supplies the images
Rsi, Gsi and Bsi to the corresponding insertion sections 163
to 165, respectively. It is to be noted that details of process-
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ing of the color interpolation section 162 are similar to those
of the color interpolation process of the color interpolation
section 52 described with reference to FIG. 55, and there-
fore, description of them is omitted.

The processing returns to step S191 so that the processing
at steps S191 to S194 is repeated until it is discriminated at
step S191 that all sensitivities included in the sensitivity
mosaic pattern information have been designated. When it is
discriminated at step S191 that all sensitivities included in
the sensitivity mosaic pattern information have been desig-
nated, the processing advances to step S195.

At step S195, the insertion section 163 combines a
number of images Rsi of an R component (in the present
case, the images Rs0 and images Rs1) equal to the number
of'kinds of sensitivities supplied from the color interpolation
section 162 based on all of the original position information
supplied from the extraction section 161 to produce a
sensitivity mosaic image MsR, and supplies the sensitivity
mosaic image MsR to the sensitivity uniformization section
152. Similarly, the insertion section 164 produces and sup-
plies a sensitivity mosaic image MsG to the sensitivity
uniformization section 153, and the insertion section 165
produces and supplies a sensitivity mosaic image MsB to the
sensitivity uniformization section 154.

The processing returns to step S182 of FIG. 76. At step
S182, the sensitivity uniformization section 152 performs a
sensitivity uniformization process for the R component
sensitivity mosaic image MsR to produce an output image R.
The sensitivity uniformization section 153 performs a sen-
sitivity uniformization process for the G component sensi-
tivity mosaic image MsG to produce an output image G. The
sensitivity uniformization section 154 performs a sensitivity
uniformization for the B component sensitivity mosaic
image MsB to produce an output image B.

The sensitivity uniformization process of the sensitivity
uniformization section 152 is described with reference to a
flow chart of FIG. 80. At step S201, the local sum calculation
section 171 discriminates whether or not all pixels of the R
component sensitivity mosaic image MsR have been used as
a noticed pixel. If the local sum calculation section 171
discriminates that all pixels have not been used as a noticed
pixel, then the processing advances to step S202. At step
S202, the local sum calculation section 171 determines one
by one pixel as a noticed pixel beginning with the left
lowermost pixel and ending with the right uppermost pixel
of the sensitivity mosaic image MsR.

At step S203, the local sum calculation section 171
calculates a local sum corresponding to the noticed pixel and
supplies it to the synthetic sensitivity compensation section
172. More particularly, the pixel values of 5x5 pixels
(hereinafter referred to as reference pixels) centered at the
noticed pixel are extracted, and the pixel values are multi-
plied by such filter coefficients set in advance corresponding
to relative positions of the reference pixels to the noticed
pixel as seen in FIG. 81, whereafter the sum total of the
products is arithmetically operated. Further, the sum total of
the products is divided by the sum total of the 25 filter
coeflicients, and the quotient is determined as a local sum
corresponding to the noticed pixel.

At step S204, the synthetic sensitivity compensation
section 172 collates the local sum with the synthetic sensi-
tivity compensation LUT 173 to acquire a corresponding
compensation value and determines the compensation value
as a pixel value of the output image R corresponding to the
noticed pixels.

The processing returns to step S201 so that the processing
at steps S201 to S204 is repeated until it is discriminated at
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step S201 that all pixels have been used as a noticed pixel.
When it is discriminated at step S201 that all pixels have
been used as a noticed pixel, the sensitivity uniformization
process is ended, and the processing returns to FIG. 76.

It is to be noted that, although also the sensitivity uni-
formization sections 153 and 154 execute a similar sensi-
tivity uniformization process in parallel to the sensitivity
uniformization process of the sensitivity uniformization
section 152, detailed description of it is omitted.

Description of the third demosaic process by the third
example of the configuration of the image processing section
7 is ended therewith.

Subsequently, an outline of a fourth demosaic process of
the image processing system including the image processing
section 7 as a principal component is described.

The fourth demosaic process includes a luminance image
production process for producing a luminance image from a
color and sensitivity mosaic image obtained by processing
of the image pickup system, and a monochromatic image
process for producing output images R, G and B using the
color and sensitivity mosaic image and the luminance
image.

FIG. 82 shows a fourth example of a configuration of the
image processing section 7 which principally executes the
fourth demosaic process.

In the fourth example of the configuration of the image
processing section 7, a color and sensitivity mosaic image
from the image pickup system, color mosaic pattern infor-
mation which indicates a color mosaic arrangement of the
color and sensitivity mosaic image and sensitivity mosaic
pattern information which indicates a sensitivity mosaic
arrangement of the color and sensitivity mosaic image are
supplied to a luminance image production section 181 and
monochromatic image production sections 182 to 184.

It is to be noted that, in the following description, unless
otherwise specified, the color and sensitivity mosaic image
has the color and sensitivity mosaic pattern P2 of FIG. 6. In
particular, each pixel has a color which is one of the three
primary colors of R, G and B and has a sensitivity of one of
S0 and S1, and further, where attention is paid only to the
color irrespective of the sensitivity, the pixels of the color
are arranged in a Bayer arrangement.

However, the configuration and the operation described
below can be applied also to another color and sensitivity
mosaic image which includes three colors other than R, G
and B or a further color and sensitivity mosaic image which
includes four colors.

The luminance image production section 181 performs a
luminance image production process for the color and
sensitivity mosaic image supplied thereto and supplies a
resulting luminance image to the monochromatic image
production sections 182 to 184.

The monochromatic image production section 182 pro-
duces an output image R using the color and sensitivity
mosaic image and the luminance image supplied thereto.
The monochromatic image production section 183 produces
an output image G using the color and sensitivity mosaic
image and the luminance image supplied thereto. The mono-
chromatic image production section 184 produces an output
image B using the color and sensitivity mosaic image and
luminance image supplied thereto.

FIG. 83 shows a first example of a configuration of the
luminance image production section 181. In the first
example of the configuration of the luminance image pro-
duction section 181, a color and sensitivity mosaic image,
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color mosaic pattern information and sensitivity mosaic
pattern information are supplied to estimation sections 191
to 193.

The estimation section 191 performs an R component
estimation process for the color and sensitivity mosaic
image and supplies an estimation value R' of an R compo-
nent for each pixel obtained by the process to a multiplier
194. The estimation section 192 performs a G component
estimation process for the color and sensitivity mosaic
image and supplies an estimation value G' of a G component
for each pixel obtained by the process to another multiplier
195. The estimation section 193 performs a B component
estimation process for the color and sensitivity mosaic
image and supplies an estimation value B' of a B component
for each pixel obtained by the process to a further multiplier
196.

The multiplier 194 multiplies the estimation value R’
supplied from the estimation section 191 by a color balance
coeflicient K, and outputs the product to an adder 197. The
multiplier 195 multiplies the estimation value G' supplied
from the estimation section 192 by a color balance coeffi-
cient K and outputs the product to the adder 197. The
multiplier 196 multiplies the estimation value B' supplied
from the estimation section 193 by a color balance coeffi-
cient K5 and outputs the product to the adder 197.

The adder 197 adds the product R'[CJk,, inputted from the
multiplier 194, the product G'[Jk; inputted from the multi-
plier 195 and the product B'Jk inputted from the multiplier
196, and produces a luminance candidate image wherein the
resulting sum is used as a pixel value and supplies the
luminance candidate image to a noise removal section 198.

Here, the color balance coefficients kz, ks and kg are
values set in advance and, for example, k,=0.3, k;=0.6 and
kz=0.1. It is to be noted that, basically, the color balance
coeflicients ky, k; and k; may have any values only if they
can be used to calculate, as a luminance candidate value, a
value having a correlation to a luminance variation. Accord-
ingly, for example, the color balance coefficients may be
kp=ks=ks.

The noise removal section 198 performs a noise removal
process for the luminance candidate image supplied from the
adder 197 and supplies the resulting luminance image to
monochromatic image production sections 182 to 184.

FIG. 84 shows an example of a configuration of the
monochromatic image production section 182. In the mono-
chromatic image production section 182, the color and
sensitivity mosaic image, the color mosaic pattern informa-
tion and the sensitivity mosaic pattern information are
supplied to an interpolation section 201. The luminance
image is supplied to a ratio value calculation section 202 and
a multiplier 203.

The interpolation section 201 performs an interpolation
process for the color and sensitivity mosaic image and
outputs an R candidate image wherein all resulting pixels
have pixel values of an R component to the ratio value
calculation section 202. The ratio value calculation section
202 calculates a low-frequency component of an intensity
ratio (the low-frequency component is hereinafter referred to
merely as an intensity ratio) between corresponding pixels
of the R candidate image and the luminance image and
produces ratio value information which represents an inten-
sity ratio corresponding to each pixel, and supplies the ratio
value information to the multiplier 203.

The multiplier 203 multiplies the pixel value of each pixel
of the luminance image by the corresponding intensity ratio
and produces an output image R having the product as a
pixel value.
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It is to be noted that, since also examples of a configu-
ration of the monochromatic image production sections 183
and 184 are similar to the example of the configuration of the
monochromatic image production section 182, description
of them is omitted.

Now, the fourth demosaic process by the fourth example
of the configuration of the image processing section 7 is
described with reference to a flow chart of FIG. 85.

At step S211, the luminance image production section 181
performs a luminance image production process for the
color and sensitivity mosaic image to produce a luminance
image and supplies the luminance image to the monochro-
matic image production sections 182 to 184.

The luminance image production process of the lumi-
nance image production section 181 is described with ref-
erence to a flow chart of FIG. 86.

At step S221, the estimation sections 191 to 193 discrimi-
nate whether or not all pixels of the color and sensitivity
mosaic image have been used as a noticed pixel. If the
estimation sections 191 to 193 discriminate that all pixels
have not been used as a noticed pixel, then the processing
advances to step S222. At step S222, the estimation sections
191 to 193 determine one by one pixel as a noticed pixel
beginning with the left lowermost pixel and ending with the
right uppermost pixel of the color and sensitivity mosaic
image.

At step S223, the estimation section 191 performs an R
component estimation process for the color and sensitivity
mosaic image to estimate an estimation value R' correspond-
ing to the noticed pixel and supplies the estimation value R'
to the multiplier 194. The estimation section 192 performs a
G component estimation process for the color and sensitivity
mosaic image to estimate an estimation value G' correspond-
ing to the noticed pixel and supplies the estimation value G'
to the multiplier 194. The estimation section 193 performs a
B component estimation process for the color and sensitivity
mosaic image to estimate an estimation value B' correspond-
ing to the noticed pixel and supplies the estimation value B'
to the multiplier 194.

The R component estimation process of the estimation
section 191 is described with reference to a flow chart of
FIG. 87. At step S231, the estimation section 191 refers to
the color mosaic pattern information and the sensitivity
mosaic pattern information to detect those of pixels neigh-
boring with the noticed pixel (for example, 15x15 pixels
centered at the noticed pixel) which have an R component
and have the sensitivity S0, and extracts the pixel values of
the detected pixels (hereinafter referred to as reference
pixels).

At step S232, the estimation section 191 acquires a
number of such R component interpolation filter coefficients
set in advance corresponding to relative positions of the
reference pixels to the noticed pixel as shown in FIG. 88, the
number being equal to the number of the reference pixels.
Further, the estimation section 191 multiplies the pixel
values of the reference pixels and the corresponding filter
coeflicients and arithmetically operates the sum total of the
products. Furthermore, the estimation section 191 divides
the sum total of the products by the sum total of the used R
component interpolation filter coeflicients to acquire a first
quotient.

At step S233, the estimation section 191 refers to the color
mosaic pattern information and the sensitivity mosaic pat-
tern information to detect those of pixels neighboring with
the noticed pixel (for example, 15x15 pixels centered at the
noticed pixel) which have an R component and have the
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sensitivity S1, and extracts the pixel values of the detected
pixels (hereinafter referred to as reference pixels).

At step S234, the estimation section 191 acquires a
number of R component interpolation filter coefficients
corresponding to relative positions of the reference pixels to
the noticed pixel, the number being equal to the number of
the reference pixels. Further, the estimation section 191
multiplies the pixel values of the reference pixels and the
corresponding filter coefficients and arithmetically operates
the sum total of the products. Furthermore, the estimation
section 191 divides the sum total of the products by the sum
total of the used interpolation filter coefficients to acquire a
second quotient.

At step S235, the estimation section 191 adds the first
quotient acquired at step S232 and the second quotient
acquired at step S234. At step S235, the estimation section
191 collates the sum of the first quotient and the second
quotient arithmetically operated at step S235 with a syn-
thetic sensitivity compensation LUT (hereinafter described)
built therein to acquire a compensation value of a compen-
sated sensitivity characteristic. The acquired compensation
value is determined as an estimation value R' corresponding
to the noticed pixel. The processing returns to step S224 of
FIG. 86.

It is to be noted that, since the G component interpolation
processes of the estimation section 192 and the B component
interpolation processes of the estimation section 193 are
similar to the R component interpolation process of the
estimation section 191, description of them is omitted. It is
to be noted, however, in the G component estimation process
of the estimation section 192, reference pixels are detected
from among 7x7 pixels centered at the noticed pixel, and
further, the G component interpolation filter coefficients
illustrated in FIG. 89 are used.

Here, the synthetic sensitivity compensation LUT used by
the estimation section 191 is described with reference to
FIGS. 90 to 92. FIG. 90 shows a characteristic curve b of
pixels of the sensitivity SO0 and another characteristic curve
a of pixels of the sensitivity S1, and the axis of abscissa
indicates the intensity of incoming light and the axis of
ordinate indicate the pixel value. In FIG. 90, the sensitivity
S1 of the high sensitivity has a sensitivity as high as four
times that of the sensitivity SO of the low sensitivity.

In the estimation process, a first quotient calculated from
a pixel of the sensitivity SO measured with such a charac-
teristic as indicated by the characteristic curve b of FIG. 90
and a second quotient calculated using a pixel of the
sensitivity S1 measured with such a characteristic as indi-
cated by the characteristic curve a of FIG. 90 are added.
Accordingly, the sum of the first quotient and the second
quotient has such a characteristic synthesized from the
characteristics of the sensitivity SO and the sensitivity S1 as
indicated by a characteristic curve ¢ of FIG. 91.

While the synthesized characteristic curve ¢ exhibits a
characteristic of a wide dynamic range from a low lumi-
nance to a high luminance, since it has a shape of a
polygonal line, an original linear characteristic is restored
using a characteristic curve reverse to the sensitivity char-
acteristic curve ¢. More particularly, the sum of the first
product and the second product is applied to a reverse
characteristic curve d to the sensitivity characteristic curve
¢ of FIG. 91 as shown in FIG. 92 to compensate for the
non-linearity.

In particular, the synthetic sensitivity compensation LUT
is obtained by converting the reverse characteristic curve d
of FIG. 92 into a lookup table.
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Description is given with reference back to FIG. 86. At
step S224, the multiplier 194 multiplies the estimation value
R' supplied from the estimation section 191 by a color
balance coefficient k; and outputs the product to the adder
197. The multiplier 195 multiplies the estimation value G'
supplied from the estimation section 192 by a color balance
coeflicient k; and outputs the product to the adder 197. The
multiplier 196 multiplies the estimation value B' supplied
from the estimation section 193 by a color balance coeffi-
cient k; and outputs the product to the adder 197. The adder
197 adds the product R"kj inputted from the multiplier 194,
the product G"k; inputted from the multiplier 195 and the
product B'k; inputted from the multiplier 196, and deter-
mines the sum as a pixel value (luminance candidate value)
of'a luminance candidate image corresponding to the noticed
pixel.

The processing returns to step S221 so that the processing
at steps S221 to S224 is repeated until it is discriminated at
step S221 that all pixels have been used as a noticed pixel.
When it is discriminated at step S221 that all pixels have
been used as a noticed pixel, the processing advances to step
S225. It is to be noted that the luminance candidate image
produced by the processes at steps S221 to 224 is supplied
to the noise removal section 198.

At step S225, the noise removal section 198 performs a
noise removal process for the luminance candidate image
supplied thereto from the adder 197 to produce a luminance
image and supplies the luminance image to the monochro-
matic image production sections 182 to 184.

The noise removal process of the noise removal section
198 is described with reference to a flow chart of FIG. 93.
At step S241, the noise removal section 198 discriminates
whether or not all pixels of the luminance candidate image
have been used as a noticed pixel. If the noise removal
section 198 discriminates that all pixels have not been used
as a noticed pixel, then the processing advances to step
S242. At step S242, the noise removal section 198 deter-
mines one by one pixel as a noticed pixel beginning with the
left lowermost pixel and ending with the right uppermost
pixel of the luminance candidate image.

At step S243, the noise removal section 198 acquires the
pixel values (luminance candidate values) of the pixels
positioned upwardly, downwardly, leftwardly and right-
wardly of the noticed pixel and substitutes the acquired
luminance candidate values of the pixels positioned
upwardly, downwardly, leftwardly and rightwardly of the
noticed pixel into variables a3, a0, al and a2, respectively.

At step S244, the noise removal section 198 executes a
direction selective smoothing process to acquire a smoothed
value corresponding to the noticed pixel.

The direction selective smoothing process of the noise
removal section 198 is described with reference to a flow
chart of FIG. 94. At step S251, the noise removal section 198
applies the variables a3, a0, al, a2 to the following expres-
sion (24) to calculate a luminance gradient vector g corre-
sponding to the noticed pixel:

luminance gradient vector g

=(a2-al,a3-a0)

At step S252, the noise removal section 198 arithmeti-
cally operates the magnitude (absolute value)

|IV|| of the luminance gradient vector g.

At step S253, the noise removal section 198 applies the
variables a0 to a3 to the following expressions (25) and (26)
to calculate a smoothed component Hh in the horizontal
direction and a smoothed component Hv in the vertical
direction corresponding to the noticed pixel:

24
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Hh=(al+a2)/2 (25)

Hv=(a3+a0)/2

At step S254, the noise removal section 198 arithmeti-
cally operates a significance wh in the horizontal direction
and a significance wv in the vertical direction corresponding
to the absolute value

|lgl| of the luminance gradient vector g.

More particularly, where the absolute value ||g|| of the
luminance gradient vector g is higher than 0, the absolute
value of the inner product of the normalized luminance
gradient vector g/||g|| and the vector (1, 0) is subtracted from
1 to obtain the significance wh in the horizontal direction as
given by the following expression (27). Further, the absolute
value of the inner product of the normalized luminance
gradient vector g/||g|| and the vector (0, 1) is subtracted from
1 to obtain the significance wv in the vertical direction as
given by the following expression (28).

wh=1-I(g/lg,(1,0)!

6

@7

wy=1-I(/llg],0, 1)

Where the absolute value ||g|| of the luminance gradient
vector g is 0, the smoothing contribution rate wh in the
horizontal direction and the smoothing contribution rate wv
in the vertical direction are both set to 0.5.

At step S255, the noise removal section 198 arithmeti-
cally operates a smoothed value a corresponding to the
noticed pixel using the following expression (29):

28)

a=(wh-Hh+wv-Hv)/(wh+wv)

The processing returns to step S245 of FIG. 93. At step
S245, the noise removal section 198 arithmetically operates
an average value between the pixel value (luminance can-
didate value) of the noticed pixel and the smoothed value a
corresponding to the noticed pixel calculated at step S244
and determines the average value as a pixel value (lumi-
nance value) of the luminance image corresponding to the
noticed pixel.

The processing returns to step S241 so that the processing
at steps S241 to S245 is repeated until it is discriminated at
step S241 that all pixels have been used as a noticed pixel.
When it is discriminated at step S241 that all pixels have
been used as a noticed pixel, the noise removal process is
ended and also the luminance image production process is
ended, and the processing returns to step S212 of FIG. 85.

At step S212, the monochromatic image production sec-
tions 182 to 184 produce the output images R, G, and B,
respectively by using the supplied color and sensitivity
mosaic image and the luminance image.

A first monochromatic image production process of the
monochromatic image production section 182 is described
with reference to a flow chart of FIG. 95.

At step S261, the interpolation section 201 performs an
interpolation process for the color and sensitivity mosaic
image to produce an R candidate image wherein all pixels
have pixel values of an R component and outputs the R
candidate image to the ratio value calculation section 202.

It is to be noted that the interpolation process of the
interpolation section 201 is similar to the R component
estimation process of the estimation section 191 which
composes the luminance image production section 181
described hereinabove with reference to the flow chart of
FIG. 87, and therefore, description of it is omitted.

At step S262, the ratio value calculation section 202
performs a ratio value calculation process to calculate an
intensity ratio and further produces ratio value information
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representative of the intensity ratio corresponding to each
pixel, and supplies the intensity ratio and the ratio value
information to the multiplier 203.

The ratio value calculation process of the ratio value
calculation section 202 is described with reference to a flow
chart of FIG. 96. At step S271, the ratio value calculation
section 202 discriminates whether or not all pixels of the R
candidate image have been used as a noticed pixel. If the
ratio value calculation section 202 discriminates that all
pixels have not been used as a noticed pixel, then the
processing advances to step S272. At step S272, the ratio
value calculation section 202 determines one by one pixel as
a noticed pixel beginning with the left lowermost pixel and
ending with the right uppermost pixel of the R candidate
image.

At step S273, the ratio value calculation section 202 refers
to those pixels which are positioned in the neighborhood of
the noticed pixel (for example, 7x7 pixels centered at the
noticed pixel) to acquire the pixel values (monochromatic
candidate values of R components) of the pixels. Further, the
ratio value calculation section 202 extracts the pixel values
(luminance values) of the pixels of the luminance image
which are positioned at the same coordinates as those of the
reference pixels.

At step S274, the ratio value calculation section 202
acquires a number of smoothing filter coefficients set in
advance as shown in FIG. 97 corresponding to relative
positions of the reference pixels to the noticed pixel, the
number being equal to the number of the reference pixels.

At step S275, the ratio value calculation section 202
multiplies the monochromatic candidate values for an R
component of the reference pixels and the corresponding
filter coefficients, divides the products by the corresponding
luminance values and arithmetically operates the sum total
of the quotients. Further, the ratio value calculation section
202 divides the sum total of the quotients by the sum total
of the used smoothing filter coefficients and determines the
quotient as an intensity ratio corresponding to the noticed
pixel to produce ratio value information.

The processing returns to step S271 so that the processing
at steps S271 to S275 is repeated until it is discriminated at
step S271 that all pixels of the R candidate image have been
used as a noticed pixel. When it is discriminated at step S271
that all pixels of the R candidate image have been used as a
noticed pixel, the ratio value information produced is sup-
plied to the multiplier 203, and the processing returns to step
S263 of FIG. 95.

At step S263, the multiplier 203 multiplies the pixel
values of the pixels of the luminance image by the corre-
sponding intensity ratios to produce an output image R
wherein the products are used as pixel values.

It is to be noted that, simultaneously with the first mono-
chromatic image production process of the monochromatic
image production section 182, also the monochromatic
image production sections 183 and 184 execute similar
processes.

Description of the fourth demosaic process by the fourth
example of the configuration of the image processing section
7 is ended therewith.

FIG. 98 shows a second example of a configuration of the
luminance image production section 181. The second
example of the configuration of the luminance image pro-
duction section 181 replaces the estimation sections 191 to
193 of the first example of the configuration of the lumi-
nance image production section 181 shown in FIG. 83 with
an estimation section 211.
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In the second example of the configuration of the lumi-
nance image production section 181, a color and sensitivity
mosaic image, color mosaic pattern information and sensi-
tivity mosaic pattern information are supplied to the esti-
mation section 211.

The estimation section 121 performs a component esti-
mation process for the color and sensitivity mosaic image
and supplies an estimation value R' of an R component, a
estimation value G' of a G component and an estimation
value B' of a B component for each pixel obtained by the
component estimation process to the corresponding multi-
pliers 194 to 196, respectively.

It is to be noted that the elements from the multiplier 194
to the noise removal section 198 included in the second
example of the configuration of the luminance image pro-
duction section 181 are similar to the elements from the
multiplier 194 to the noise removal section 198 included in
the first example of the configuration of the luminance
image production section 181 shown in FIG. 83 in which
like reference numerals are applied, and therefore, descrip-
tion of them is omitted.

Now, the estimation process for RGB components by the
estimation section 211 is described with reference to a flow
chart of FIG. 99. It is to be noted that the estimation process
for RGB components is a process which can be executed in
place of the R component estimation process described
hereinabove with reference to FIG. 87 as a process at step
S223 of FIG. 86. Accordingly, the processing at steps S281
et seq. is described assuming that a noticed pixel of a color
and sensitivity mosaic image has already been determined
by the estimation section 211.

At step S281, the estimation section 211 calculates an
estimated pixel value C0 corresponding to the noticed pixel
through an estimated pixel value CO0 interpolation process
wherein the pixel values of such four pixels centered at the
noticed pixel as shown in FIG. 100 are used. The estimated
pixel value CO interpolation process is described with ref-
erence to a flow chart of FIG. 101.

At step S291, the estimation section 211 substitutes the
pixel values of the four pixels positioned upwardly, down-
wardly, leftwardly and rightwardly of the noticed pixel
indicated by O each with a space of one pixel left therebe-
tween into variables a3, a0, al and a2 and applies a direction
selective smoothing process described hereinabove with
reference to FIG. 94 to arithmetically operate a smoothed
value a.

The process of substituting the pixel values of four pixels
positioned upwardly, downwardly, leftwardly and right-
wardly of a designated pixel into the variables a3, a0, al and
a2 and applying the direction selective smoothing process
described hereinabove with reference to FIG. 94 to arith-
metically operate a smoothed value o in this manner is
hereinafter defined as a vertical direction selective smooth-
ing process corresponding to the designated pixel.

At step S292, the estimation section 211 adds the
smoothed value o obtained at step S291 to the pixel value
of the noticed pixel and determines the sum as the estimated
pixel value C0 of the noticed pixel. The processing returns
to step S282 of FIG. 99.

At step S282, the estimation section 211 calculates an
estimated pixel value C1 corresponding to the noticed pixel
through an estimated pixel value C1 interpolation process
wherein such 12 pixels centered at the noticed pixel as
shown in FIG. 102 are used. The estimated pixel value C1
interpolation process is described with reference to a flow
chart of FIG. 103.
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At step S301, the estimation section 211 discriminates
whether or not the color of the noticed pixel is G. If the
estimation section 211 discriminates that the color of the
noticed pixel is G, then the processing advances to step
S302. At step S302, the estimation section 211 substitutes
the pixel values of four pixels positioned leftwardly down-
wards, leftwardly upwards, rightwardly downwards and
rightwardly upwards in the neighborhood of the noticed
pixel represented by O as shown in FIG. 102 into the
variables a0, al, a2 and a3, respectively, and applies the
direction selective smoothing process described hereinabove
with reference to FIG. 94 to arithmetically operate a
smoothed value o.

The process of substituting the pixel values of four pixels
positioned leftwardly downwards, leftwardly upwards,
rightwardly downwards and rightwardly upwards in the
neighborhood of a designated pixel into the variables a0, al,
a2 and a3, respectively, and applying the direction selective
smoothing process described hereinabove with reference to
FIG. 94 to arithmetically operate a smoothed value a is
hereinafter defined as an oblique direction selective smooth-
ing process corresponding to the designated pixel.

At step S303, the estimation section 211 multiplies the
smoothed value o obtained at step S302 by 2 and determines
the product as an estimated pixel value C1 of the noticed
pixel. The processing returns to step S283 of FIG. 99.

It is to be noted that, if it is discriminated at step S301 that
the color of the noticed pixel is not G, then the processing
advances to step S304.

At step S304, the estimation section 211 executes the
vertical direction selective smoothing process using four
pixels positioned with a space of one pixel left from the pixel
neighboring leftwardly upwards of the noticed pixel to
calculate a smoothed value o and substitutes the smoothed
value o into the variable al. At step S305, the estimation
section 211 executes the vertical direction selective smooth-
ing process using four pixels positioned with a space of one
pixel left from the pixel neighboring rightwardly downwards
of the noticed pixel to calculate a smoothed value o and
substitutes the smoothed value o into the variable a2. At step
S306, the estimation section 211 substitutes the pixel value
of the pixel neighboring leftwardly downwards of the
noticed pixel into the variable a0 and substitutes the pixel
value of the pixel neighboring rightwardly upwards of the
noticed pixel into the variable a3.

At step S307, the estimation section 211 applies the
variables a0, al, a2 and a3 whose values have been set at
steps S304 to S306 to the direction selective smoothing
process described hereinabove with reference to FIG. 94 to
arithmetically operate a smoothed value o and determines
the value of the smoothed value a as a smoothed value o'.

At step S308, the estimation section 211 executes the
vertical direction selective smoothing process using four
pixels positioned with a space of one pixel left from the pixel
neighboring leftwardly downwards of the noticed pixel to
calculate a smoothed value o and substitutes the smoothed
value o into the variable a0. At step S309, the estimation
section 211 executes the vertical direction selective smooth-
ing process using four pixels positioned with a space of one
pixel left from the pixel neighboring rightwardly upwards of
the noticed pixel to calculate a smoothed value a and
substitutes the smoothed value o into the variable a3. At step
S310, the estimation section 211 substitutes the pixel value
of the pixel neighboring leftwardly upwards of the noticed
pixel into the variable al and substitutes the pixel value of
the pixel neighboring rightwardly downwards of the noticed
pixel into the variable a2.
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At step S311, the estimation section 211 applies the
variables a0, al, a2 and a3 whose values have been set at
steps S308 to S310 to the direction selective smoothing
process described hereinabove with reference to FIG. 94 to
arithmetically operate a smoothed value o and determines
the value of the smoothed value o as a smoothed value a".

At step S312, the estimation section 211 adds the
smoothed value o' obtained at step S307 and the smoothed
value a" obtained at step S311 and determines the sum as an
estimated pixel value C1 corresponding to the noticed pixel.
The processing returns to step S283 of FIG. 99.

At step S283, the estimation section 211 calculates a
estimated pixel value C2 corresponding to the noticed pixel
through a estimated pixel value C2 interpolation process
wherein such four pixels centered at the noticed pixel as
shown in FIG. 104A or such eight pixels centered at the
noticed pixel as shown in FIG. 104B are used. The estimated
pixel value C2 interpolation process is described with ref-
erence to a flow chart of FIG. 105.

At step S321, the estimation section 211 discriminates
whether or not the color of the noticed pixel is G. If the
estimation section 211 discriminates that the color of the
noticed pixel is G, then the processing advances to step
S322.

At step S322, the estimation section 211 executes the
vertical direction selective smoothing process using four
pixels positioned with a space of one pixel left from the pixel
neighboring upwardly of the noticed pixel to calculate a
smoothed value o and determines it as a smoothed value o'.

At step S323, the estimation section 211 executes the
vertical direction selective smoothing process using four
pixels positioned with a space of one pixel left from the pixel
neighboring downwardly of the noticed pixel to calculate a
smoothed value o and determines it as a smoothed value "

At step S324, the estimation section 211 adds an average
value of the pixel value of the pixel neighboring down-
wardly of the noticed pixel and the smoothed value o'
obtained at step S322 and an average value of the pixel value
of the pixel neighboring upwardly of the noticed pixel and
the smoothed value a" obtained at step S323 and determines
the sum as an estimated pixel value C2 corresponding to the
noticed pixel. The processing returns to step S284 of FIG.
99.

It is to be noted that, if it is discriminated at step S321 that
the color of the noticed pixel is not G, then the processing
advances to step S325.

At step S325, the estimation section 211 executes the
oblique direction selective smoothing process using four
pixels positioned obliquely in the neighborhood of the pixel
neighboring leftwardly of the noticed pixel to calculate a
smoothed value o and substitutes it into the variable al. At
step S326, the estimation section 211 executes the oblique
direction selective smoothing process using four pixels
positioned obliquely in the neighborhood of the pixel neigh-
boring rightwardly of the noticed pixel to calculate a
smoothed value o and substitutes it into the variable a2. At
step S327, the estimation section 211 substitutes the pixel
value of the pixel neighboring downwardly of the noticed
pixel into the variable a0 and substitutes the pixel value of
the pixel neighboring upwardly of the noticed pixel into the
variable a3.

At step S328, the estimation section 211 applies the
variables a0, al, a2 and a3 whose values have been set at
steps S325 to S327 to the direction selective smoothing
process described hereinabove with reference to FIG. 94 to
arithmetically operate a smoothed value o and determines
the value of the smoothed value a as a smoothed value o'.
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At step S329, the estimation section 211 executes the
oblique direction selective smoothing process using four
pixels positioned obliquely in the neighborhood of the pixel
neighboring downwardly of the noticed pixel to calculate a
smoothed value a and substitutes it into the variable a0. At
step S330, the estimation section 211 executes the oblique
direction selective smoothing process using four pixels
positioned obliquely in the neighborhood of the pixel neigh-
boring upwardly of the noticed pixel to calculate a smoothed
value o and substitutes it into the variable a3. At step S331,
the estimation section 211 substitutes the pixel value of the
pixel neighboring leftwardly of the noticed pixel into the
variable al and substitutes the pixel value of the pixel
neighboring rightwardly of the noticed pixel into the vari-
able a2.

At step S332, the estimation section 211 applies the
variables a0, al, a2 and a3 whose values have been set at
steps S329 to S331 to the direction selective smoothing
process described hereinabove with reference to FIG. 94 to
arithmetically operate a smoothed value o and determines
the value of the smoothed value o as a smoothed value a".

At step S333, the estimation section 211 adds the
smoothed value o' obtained at step S328 and the smoothed
value " obtained at step S322 and determines the sum as an
estimated pixel value C2 corresponding to the noticed pixel.
The processing returns to step S284 of FIG. 99.

At step S284, the estimation section 211 calculates a
estimated pixel value C3 corresponding to the noticed pixel
through an estimated pixel value C3 interpolation process
wherein such eight pixels centered at the noticed pixel as
shown in FIG. 106 are used. The estimated pixel value C3
interpolation process is described with reference to a flow
chart of FIG. 107.

At step S341, the estimation section 211 discriminates
whether or not the color of the noticed pixel is G. If the
estimation section 211 discriminates that the color of the
noticed pixel is G, then the processing advances to step
S342.

At step S342, the estimation section 211 executes the
vertical direction selective smoothing process using four
pixels positioned with a space of one pixel left from the pixel
neighboring rightwardly of the noticed pixel to calculate a
smoothed value o and determines it as a smoothed value o'.

At step S343, the estimation section 211 executes the
vertical direction selective smoothing process using four
pixels positioned with a space of one pixel left from the pixel
neighboring leftwardly of the noticed pixel to calculate a
smoothed value o and determines it as a smoothed value "

At step S344, the estimation section 211 adds an average
value of the pixel value of the pixel neighboring leftwardly
of the noticed pixel and the smoothed value o' obtained at
step S342 and an average value of the pixel value of the pixel
neighboring rightwardly of the noticed pixel and the
smoothed value o" obtained at step S343 and determines the
sum as an estimated pixel value C3 corresponding to the
noticed pixel. The processing returns to step S285 of FIG.
99.

It is to be noted that, if it is discriminated at step S341 that
the color of the noticed pixel is G, then the processing
advances to step S345. At step S345, the estimation section
211 sets the estimated pixel value C3 corresponding to the
noticed pixel to 0. The processing returns to step S285 of
FIG. 99.

At step S285, the estimation section 211 refers to the color
mosaic pattern information and the sensitivity mosaic pat-
tern information to discriminate the color and the sensitivity
of the noticed pixel, and applies, based on a result of the
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discrimination, the estimated pixel values C0 to C3 corre-
sponding to the noticed pixel obtained at steps S281 to S284
to a synthetic sensitivity compensation LUT (similar to the
synthetic sensitivity compensation LUT described herein-
above with reference to FIGS. 90 to 92) built therein to
calculate estimated values R', G' and B'.

In particular, where the color of the noticed pixel is G and
the sensitivity is S0, a value LUT(C2) when the estimated
pixel value C2 is applied to the synthetic sensitivity com-
pensation LUT is determined as the estimated value R', and
a value LUT((C0+C1/)2)) when an average value of the
estimated pixel values C0+C1 is applied to the synthetic
sensitivity compensation LUT is determined as the esti-
mated value G' while a value LUT(C3) when the estimated
pixel value C3 is applied to the synthetic sensitivity com-
pensation LUT is determined as the estimated value B'.

Where the color of the noticed pixel is G and the sensi-
tivity is S1, a value LUT(C3) when the estimated pixel value
C3 is applied to the synthetic sensitivity compensation LUT
is determined as the estimated value R', and a value LUT
((C0+C1/)2)) when an average value of the estimated pixel
values C0+C1 is applied to the synthetic sensitivity com-
pensation LUT is determined as the estimated value G' while
a value LUT(C2) when the estimated pixel value C2 is
applied to the synthetic sensitivity compensation LUT is
determined as the estimated value B'.

Where the color of the noticed pixel is R, a value
LUT(CO0) when the estimated pixel value C0 is applied to the
synthetic sensitivity compensation LUT is determined as the
estimated value R', and a value LUT(C2) when an average
value of the estimated pixel value C2 is applied to the
synthetic sensitivity compensation LUT is determined as the
estimated value G' while a value LUT(C1) when the esti-
mated pixel value C1 is applied to the synthetic sensitivity
compensation LUT is determined as the estimated value B'.

Where the color of the noticed pixel is B, a value
LUT(C1) when the estimated pixel value C1 is applied to the
synthetic sensitivity compensation LUT is determined as the
estimated value R', and a value LUT(C2) when an average
value of the estimated pixel value C2 is applied to the
synthetic sensitivity compensation LUT is determined as the
estimated value G' while a value LUT(C0) when the esti-
mated pixel value C0 is applied to the synthetic sensitivity
compensation LUT is determined as the estimated value B'.

Since, in the estimation process of RGB components by
the estimation section 211, the estimated pixel values C0 to
C3 produced making use of the direction selective smooth-
ing process are used in such a manner as described above,
deterioration of the resolution of an image signal is sup-
pressed.

Description of the estimation process for RGB compo-
nents by the estimation section 211 is ended therewith.

Incidentally, it is described in the foregoing description
that the monochromatic image production sections 183 and
184 of the fourth example of the configuration of the image
processing section 7 are configured similarly to the example
of'the configuration of the monochromatic image production
section 182 shown in FIG. 84 and execute a process similar
to the monochromatic image production process (FIG. 95)
of the monochromatic image production section 182
described with reference to FIG. 95. However, the mono-
chromatic image production sections 182 to 184 may oth-
erwise execute unique processes individually optimized
therefor in place of the monochromatic candidate image
process (step S261 of FIG. 95) included in the monochro-
matic image production process.
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The R candidate image production process executed by
the monochromatic image production section 182 in place of
the monochromatic candidate image production process at
step S261 is described with reference to a flow chart of FIG.
108. It is to be noted that, for the convenience of description,
the interpolation section 201 which composes the mono-
chromatic image production section 182 is hereinafter
referred to as interpolation section 201-R.

At step S351, the interpolation section 201-R discrimi-
nates whether or not all pixels of the color and sensitivity
mosaic image have been used as a noticed pixel for the first
time. If the interpolation section 201-R discriminates that all
pixels have not been used as a noticed pixel for the first time,
then the processing advances to step S352. At step S352, the
interpolation section 201-R determines one by one pixel as
a noticed pixel for the first time beginning with the left
lowermost pixel and ending with the right uppermost pixel
of the color and sensitivity mosaic image.

At step S353, the interpolation section 201-R discrimi-
nates whether or not the color of the noticed pixel for the first
time is R. If the interpolation section 201-R discriminates
that the color of the noticed pixel for the first time is R, then
the processing advances to step S354. At step S354, the
interpolation section 201-R executes the vertical direction
selective smoothing process using four pixels positioned
upwardly, downwardly, leftwardly and rightwardly of the
noticed pixel for the first time with a space of one pixel left
therebetween to calculate a smoothed value a.. At step S355,
the interpolation section 201-R applies the sum of the pixel
value of the noticed pixel for the first time and the smoothed
value a calculated at step S354 to a synthetic sensitivity
compensation LUT (a synthetic sensitivity compensation
LUT similar to that described with reference to FIGS. 90 to
92) built therein and determines the resulting value as a pixel
value corresponding to the noticed pixel for the first time of
an R candidate image. The processing returns to step S351.

It is to be noted that, if it is discriminated at step S353 that
the color of the noticed pixel for the first time is not R, then
the processing returns to step S351 skipping the steps S354
and S355.

Thereafter, the processing at steps S351 to S355 is
repeated until it is discriminated at step S351 that all pixels
of the color and sensitivity mosaic image have been used as
a noticed pixel for the first time. When it is discriminated at
step S351 that all pixels of the color and sensitivity mosaic
image have been used as a noticed pixel for the first time, the
processing advances to step S356.

At step S356, the interpolation section 201-R discrimi-
nates whether or not all pixels of the color and sensitivity
mosaic image have been used as a noticed pixel for the
second time. If the interpolation section 201-R discriminates
that all pixels have not been used as a noticed pixel for the
second time, then the processing advances to step S357. At
step S357, the interpolation section 201-R determines one
by one pixel as a noticed pixel for the second time beginning
with the left lowermost pixel and ending with the right
uppermost pixel of the color and sensitivity mosaic image.

At step S358, the interpolation section 201-R discrimi-
nates whether or not the color of the noticed pixel for the
second time is B. If the interpolation section 201-R dis-
criminates that the color of the noticed pixel for the second
time is B, then the processing advances to step S359. At step
S359, the interpolation section 201-R executes the oblique
direction selective smoothing process using four pixels
positioned obliquely in the neighborhood of the noticed
pixel for the second time to calculate a smoothed value a. At
step S360, the interpolation section 201-R determines the
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smoothed value a calculated at step S359 as a pixel value
corresponding to the noticed pixel for the second time of the
R candidate image. The processing returns to step S356.

It is to be noted that, if it is discriminated at step S358 that
the color of the noticed pixel for the second time is not B,
then the processing returns to step S356 skipping the steps
S359 and S360.

Thereafter, the processing at steps S356 to S360 is
repeated until it is discriminated at step S356 that all pixels
of the color and sensitivity mosaic image have been used as
a noticed pixel for the second time. When it is discriminated
at step S356 that all pixels of the color and sensitivity mosaic
image have been used as a noticed pixel for the second time,
the processing advances to step S351.

At step S361, the interpolation section 201-R discrimi-
nates whether or not all pixels of the color and sensitivity
mosaic image have been used as a noticed pixel for the third
time. If the interpolation section 201-R discriminates that all
pixels have not been used as a noticed pixel for the third
time, then the processing advances to step S362. At step
8362, the interpolation section 201-R determines one by one
pixel as a noticed pixel for the third time beginning with the
left lowermost pixel and ending with the right uppermost
pixel of the color and sensitivity mosaic image.

At step S363, the interpolation section 201-R discrimi-
nates whether or not the color of the noticed pixel for the
third time is G. If the interpolation section 201-R discrimi-
nates that the color of the noticed pixel for the third time is
G, then the processing advances to step S364. At step S364,
the interpolation section 201-R executes the vertical direc-
tion selective smoothing process using four pixels posi-
tioned upwardly, downwardly, leftwardly and rightwardly of
the noticed pixel for the third time to calculate a smoothed
value o. At step S365, the interpolation section 201-R
determines the smoothed value a calculated at step S364 as
a pixel value corresponding to the noticed pixel for the third
time of an R candidate image.

It is to be noted that, if it is discriminated at step S363 that
the color of the noticed pixel for the third time is not G, then
the processing returns to step S351 skipping the steps S364
and S365.

Thereafter, the processing at steps S361 to S365 is
repeated until it is discriminated at step S361 that all pixels
of the color and sensitivity mosaic image have been used as
a noticed pixel for the third time. When it is discriminated
at step S361 that all pixels of the color and sensitivity mosaic
image have been used as a noticed pixel for the third time,
the R candidate image production process is ended.

The B candidate image production process executed by
the monochromatic image production section 184 is
described with reference to a flow chart of FIG. 109. It is to
be noted that, for the convenience of description, the com-
ponent of the monochromatic image production section 184
which corresponds to the interpolation section 201 of the
monochromatic image production section 182 is hereinafter
referred to as interpolation section 201-B.

At step S371, the interpolation section 201-B discrimi-
nates whether or not all pixels of the color and sensitivity
mosaic image have been used as a noticed pixel for the first
time. If the interpolation section 201-B discriminates that all
pixels have not been used as a noticed pixel for the first time,
then the processing advances to step S372. At step S372, the
interpolation section 201-B determines one by one pixel as
a noticed pixel for the first time beginning with the left
lowermost pixel and ending with the right uppermost pixel
of the color and sensitivity mosaic image.
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At step S373, the interpolation section 201-B discrimi-
nates whether or not the color of the noticed pixel for the first
time is B. If the interpolation section 201-B discriminates
that the color of the noticed pixel for the first time is B, then
the processing advances to step S374. At step S374, the
interpolation section 201-B executes the vertical direction
selective smoothing process using four pixels positioned
upwardly, downwardly, leftwardly and rightwardly of the
noticed pixel for the first time with a space of one pixel left
therebetween to calculate a smoothed value a.. At step S375,
the interpolation section 201-B applies the sum of the pixel
value of the noticed pixel for the first time and the smoothed
value a calculated at step S374 to a synthetic sensitivity
compensation LUT (a synthetic sensitivity compensation
LUT similar to that described with reference to FIGS. 90 to
92) built therein and determines the resulting value as a pixel
value corresponding to the noticed pixel for the first time of
a B candidate image. The processing returns to step S371.

It is to be noted that, if it is discriminated at step S373 that
the color of the noticed pixel for the first time is not B, then
the processing returns to step S371 skipping the steps S374
and S375.

Thereafter, the processing at steps S371 to S375 is
repeated until it is discriminated at step S371 that all pixels
of the color and sensitivity mosaic image have been used as
a noticed pixel for the first time. When it is discriminated at
step S371 that all pixels of the color and sensitivity mosaic
image have been used as a noticed pixel for the first time, the
processing advances to step S376.

At step S376, the interpolation section 201-B discrimi-
nates whether or not all pixels of the color and sensitivity
mosaic image have been used as a noticed pixel for the
second time. If the interpolation section 201-B discriminates
that all pixels have not been used as a noticed pixel for the
second time, then the processing advances to step S377. At
step S377, the interpolation section 201-B determines one
by one pixel as a noticed pixel for the second time beginning
with the left lowermost pixel and ending with the right
uppermost pixel of the color and sensitivity mosaic image.

At step S378, the interpolation section 201-B discrimi-
nates whether or not the color of the noticed pixel for the
second time is R. If the interpolation section 201-B dis-
criminates that the color of the noticed pixel for the second
time is R, then the processing advances to step S379. At step
8379, the interpolation section 201-B executes the oblique
direction selective smoothing process using four pixels
positioned obliquely in the neighborhood of the noticed
pixel for the second time to calculate a smoothed value a. At
step S380, the interpolation section 201-B determines the
smoothed value a calculated at step S379 as a pixel value
corresponding to the noticed pixel for the second time of the
B candidate image. The processing returns to step S376.

It is to be noted that, if it is discriminated at step S378 that
the color of the noticed pixel for the second time is not R,
then the processing returns to step S376 skipping the steps
S379 and S380.

Thereafter, the processing at steps S376 to S380 is
repeated until it is discriminated at step S376 that all pixels
of the color and sensitivity mosaic image have been used as
a noticed pixel for the second time. When it is discriminated
at step S376 that all pixels of the color and sensitivity mosaic
image have been used as a noticed pixel for the second time,
the processing advances to step S381.

At step S381, the interpolation section 201-B discrimi-
nates whether or not all pixels of the color and sensitivity
mosaic image have been used as a noticed pixel for the third
time. If the interpolation section 201-B discriminates that all
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pixels have not been used as a noticed pixel for the third
time, then the processing advances to step S382. At step
S382, the interpolation section 201-B determines one by one
pixel as a noticed pixel for the third time beginning with the
left lowermost pixel and ending with the right uppermost
pixel of the color and sensitivity mosaic image.

At step S383, the interpolation section 201-B discrimi-
nates whether or not the color of the noticed pixel for the
third time is G. If the interpolation section 201-B discrimi-
nates that the color of the noticed pixel for the third time is
G, then the processing advances to step S384. At step S384,
the interpolation section 201-B executes the vertical direc-
tion selective smoothing process using four pixels posi-
tioned upwardly, downwardly, leftwardly and rightwardly in
the neighborhood of the noticed pixel for the third time to
calculate a smoothed value a. At step S385, the interpolation
section 201-B determines the smoothed value a calculated
at step S384 as a pixel value corresponding to the noticed
pixel for the third time of a B candidate image. The
processing returns to step S381.

It is to be noted that, if it is discriminated at step S383 that
the color of the noticed pixel for the third time is not G, then
the processing returns to step S381 skipping the steps S384
and S385.

Thereafter, the processing at steps S381 to S385 is
repeated until it is discriminated at step S381 that all pixels
of the color and sensitivity mosaic image have been used as
a noticed pixel for the third time. When it is discriminated
at step S381 that all pixels of the color and sensitivity mosaic
image have been used as a noticed pixel for the third time,
the B candidate image production process is ended.

The G candidate image production process executed by
the monochromatic image production section 183 is
described with reference to a flow chart of FIG. 110. It is to
be noted that, for the convenience of description, the com-
ponent of the monochromatic image production section 183
which corresponds to the interpolation section 201 of the
monochromatic image production section 182 is hereinafter
referred to as interpolation section 201-G.

At step S391, the interpolation section 201-G discrimi-
nates whether or not all pixels of the color and sensitivity
mosaic image have been used as a noticed pixel for the first
time. If the interpolation section 201-G discriminates that all
pixels have not been used as a noticed pixel for the first time,
then the processing advances to step S392. At step S392, the
interpolation section 201-G determines one by one pixel as
a noticed pixel for the first time beginning with the left
lowermost pixel and ending with the right uppermost pixel
of the color and sensitivity mosaic image.

At step S393, the interpolation section 201-G discrimi-
nates whether or not the color of the noticed pixel for the first
time is G. If the interpolation section 201-G discriminates
that the color of the noticed pixel for the first time is G, then
the processing advances to step S394. At step S394, the
interpolation section 201-G executes the oblique direction
selective smoothing process using four pixels positioned
obliquely in the neighborhood of the noticed pixel for the
first time to calculate a smoothed value a. At step S395, the
interpolation section 201-G applies the sum of the pixel
value of the noticed pixel for the first time and the smoothed
value a calculated at step S394 to a synthetic sensitivity
compensation LUT (a synthetic sensitivity compensation
LUT similar to that described with reference to FIGS. 90 to
92) built therein and determines the resulting value as a pixel
value corresponding to the noticed pixel for the first time of
a G candidate image. The processing returns to step S391.
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It is to be noted that, if it is discriminated at step S393 that
the color of the noticed pixel for the first time is not G, then
the processing returns to step S391 skipping the steps S394
and S395.

Thereafter, the processing at steps S391 to S395 is
repeated until it is discriminated at step S391 that all pixels
of the color and sensitivity mosaic image have been used as
a noticed pixel for the first time. When it is discriminated at
step S391 that all pixels of the color and sensitivity mosaic
image have been used as a noticed pixel for the first time, the
processing advances to step S396.

At step S396, the interpolation section 201-G discrimi-
nates whether or not all pixels of the color and sensitivity
mosaic image have been used as a noticed pixel for the
second time. If the interpolation section 201-G discriminates
that all pixels have not been used as a noticed pixel for the
second time, then the processing advances to step S397. At
step S397, the interpolation section 201-G determines one
by one pixel as a noticed pixel for the second time beginning
with the left lowermost pixel and ending with the right
uppermost pixel of the color and sensitivity mosaic image.

At step S398, the interpolation section 201-G discrimi-
nates whether or not the color of the noticed pixel for the
second time is G. If the interpolation section 201-G dis-
criminates that the color of the noticed pixel for the second
time is not G, then the processing advances to step S399. At
step S399, the interpolation section 201-G executes the
vertical direction selective smoothing process using four
pixels positioned upwardly, downwardly, leftwardly and
rightwardly in the neighborhood of the noticed pixel for the
second time to calculate a smoothed value c.. At step S400,
the interpolation section 201-G determines the smoothed
value a calculated at step S399 as a pixel value correspond-
ing to the noticed pixel for the second time of the G
candidate image. The processing returns to step S396.

It is to be noted that, if it is discriminated at step S398 that
the color of the noticed pixel for the second time is R, then
the processing returns to step S396 skipping the steps S399
and S400.

Thereafter, the processing at steps S396 to S400 is
repeated until it is discriminated at step S396 that all pixels
of the color and sensitivity mosaic image have been used as
a noticed pixel for the second time. When it is discriminated
at step S396 that all pixels of the color and sensitivity mosaic
image have been used as a noticed pixel for the second time,
the R candidate image production process is ended.

Incidentally, as described hereinabove, in the fourth
demosaic process, a luminance image and monochromatic
images are produced from a color and sensitivity mosaic
image, and all colors are restored making use of the corre-
lation between the luminance and the color components to
restore all pixels having a uniform sensitivity and all color
components. However, the luminance image to be produced
first may have a biased spectral characteristic only if color
information to be restored has the correlation and the signal
can be restored with a high resolution. For example, the
characteristic of a color mosaic arrangement of a color and
sensitivity mosaic image that it includes a number of pixels
of G equal to twice that of pixels of R or pixels of B like a
Bayer arrangement may be utilized to produce an image of
a G component in place of a luminance image, and the
correlation between G and R or between G and B may be
utilized to produce an image of an R component and an
image of a B component.

To execute such processing as just described, the image
processing section 7 may be configured in such a manner as
shown in FIG. 110. A luminance image production section
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221 executes processing similar to that of the interpolation
section 201 (FIG. 84) of the monochromatic image produc-
tion section 182 in the fourth example of the configuration
of the image processing section 7 to produce an output
image G. Monochromatic image production sections 222
and 223 execute processing similar to that of the monochro-
matic image production sections 182 and 184 in the fourth
example of the configuration of the image processing section
7 to produce an output image R and an output image B,
respectively.

Description of the examples of the configuration of the
image processing section 7 for executing the first to fourth
demosaic processes is ended therewith.

It is to be noted that, while the series of processes
described above can be executed by hardware, it may
otherwise be executed by software. Where the series of
processes is executed by software, a program which con-
structs the software is installed from a recording medium
into a computer incorporated in hardware for exclusive use
or, for example, a personal computer for universal use which
can execute various functions by installing various pro-
grams.

The recording medium is formed as a package medium
such as, as shown in FIG. 1, a magnetic disc 16 (including
a floppy disc), an optical disc 17 (including a CD-ROM
(Compact Disc-Read Only Memory) and a DVD (Digital
Versatile Disc)), or a magneto-optical disc 18 (including an
MD (Mini Disc)), or a semiconductor memory 19 which has
the program recorded thereon or therein and is distributed to
provide the program to a user separately from a computer.
Else, the recording medium is formed as a ROM, a hard disc
or the like in which the program is recorded and which is
provided to a user in a state wherein the program is incor-
porated in a computer.

It is to be noted that, in the present specification, the steps
which describe the program recorded in a recording medium
may be but need not necessarily be processed in a time series
in the order as described, and include processes which are
executed in parallel or individually without being processed
in a time series.

INDUSTRIAL APPLICABILITY

As described above, according to the present invention, a
restored image wherein the sensitivities of pixels are uni-
formized and each pixel has all of a plurality of color
components.
It should be understood that various changes and modi-
fications to the presently preferred embodiments described
herein will be apparent to those skilled in the art. Such
changes and modifications can be made without departing
from the spirit and scope of the present subject matter and
without diminishing its intended advantages. It is therefore
intended that such changes and modifications be covered by
the appended claims.
The invention claimed is as follows:
[1. An image processing apparatus comprising:
restoration means for generating a restoration image
based on a color-and-sensitivity mosaic image wherein

each of a plurality of pixels has one of first to third color
components and one of a plurality of sensitivity char-
acteristics with respect to intensity of light,

in terms of the sensitivity characteristics of the pixels, the

pixels disposed in a same line have a same sensitivity
characteristic, and the pixels disposed in different lines,
which are adjacent to each other, have different sensi-
tivity characteristics,
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in terms of the color components of the pixels, the pixels
having the first color component are arranged in a
checker pattern irrespective of the pixels’ sensitivity
characteristics, the pixels having the second color com-
ponent are arranged so as to be disposed in adjacent
different lines and adjacent in a diagonal direction, and
the pixels having the third color component are
arranged so as to be disposed in adjacent different lines
and adjacent in a diagonal direction,

in the restoration image, for each color component, the
sensitivities of the pixels are uniformized, using as
inputs (i) color mosaic pattern information, (ii) a color
and sensitivity mosaic image, and (iii) sensitivity
mosaic pattern information, so that each of the pixels
having different sensitivity characteristics are (i) scaled
to the same light intensity as the pixels having the same
sensitivity characteristics to create sensitivity compen-
sated pixel information for each of the pixels having
different sensitivity characteristics and (ii) compared
with a threshold value to discriminate the validity of the
pixel value to create discrimination information for
each of the pixels having different sensitivity charac-
teristics, and each of the uniformized pixels has all of
the plurality of color components.]

[2. An image processing method comprising:

a restoration step of generating a restoration image based
on a color-and-sensitivity mosaic image wherein,

each of a plurality of pixels has one of first to third color
components and one of a plurality of sensitivity char-
acteristics with respect to intensity of light,

in terms of sensitivity characteristics of the pixels, the
pixels disposed in a same line have a same sensitivity
characteristic, and the pixels disposed in different lines,
which are adjacent to each other, have different sensi-
tivity characteristics,

in terms of color components of the pixels, the pixels
having the first color component are arranged in a
checker pattern irrespective of the pixels’ sensitivity
characteristics, the pixels having the second color com-
ponent are arranged so as to be disposed in adjacent
different lines and adjacent in a diagonal direction, and
the pixels having the third color component are
arranged so as to be disposed in adjacent different lines
and adjacent in a diagonal direction,

in the restoration image, for each color component, the
sensitivities of the pixels are uniformized, using as
inputs (i) color mosaic pattern information, (ii) a color
and sensitivity mosaic image, and (iii) sensitivity
mosaic pattern information, so that each of the pixels
having different sensitivity characteristics are (i) scaled
to the same light intensity as the pixels having the same
sensitivity characteristics to create sensitivity compen-
sated pixel information for each of the pixels having
different sensitivity characteristics and (ii) compared
with a threshold value to discriminate the validity of the
pixel value to create discrimination information for
each of the pixels having different sensitivity charac-
teristics, and each of the uniformized pixels has all of
the plurality of color components.]

[3. An image processing apparatus comprising:

restoration means for generating a restoration image
based on a color-and-sensitivity mosaic image wherein

each of a plurality of pixels has one of first to third color
components and one of a plurality of sensitivity char-
acteristics with respect to intensity of light,
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the pixels having the first to third color components are
arranged in a Bayer pattern with their color compo-
nents,

the pixels having the first color component have different
sensitivity characteristics from each other in different
lines,

the pixels having the second color component are
arranged so as to form a checker pattern with their
sensitivity characteristics,

the pixels having the third color component are arranged
so as to form a checker pattern with their sensitivity
characteristics, and

in the restoration image, for each color component, the
sensitivities of the pixels are uniformized, using as
inputs (i) color mosaic pattern information, (ii) a color
and sensitivity mosaic image, and (iii) sensitivity
mosaic pattern information, so that each of the pixels
having different sensitivity characteristics are (i) scaled
to the same light intensity as the pixels having the same
sensitivity characteristics to create sensitivity compen-
sated pixel information for each of the pixels having
different sensitivity characteristics and (ii) compared
with a threshold value to discriminate the validity of the
pixel value to create discrimination information for
each of the pixels having different sensitivity charac-
teristics, and each of the uniformized pixels has all of
the plurality of color components.]

[4. An image processing method comprising:

a restoration step of generating a restoration image based
on a color-and-sensitivity mosaic image wherein

each of a plurality of pixels has one of first to third color
components and one of a plurality of sensitivity char-
acteristics with respect to intensity of light,

the pixels having the first to third color components are
arranged in a Bayer pattern with their color compo-
nents,

the pixels having the first color component have different
sensitivity characteristics from each other in different
lines,

the pixels having the second color component are
arranged so as to form a checker pattern with their
sensitivity characteristics,

the pixels having, the third color component are arranged
so as to form a checker pattern with their sensitivity
characteristics, and

in the restoration image, for each color component, the
sensitivities of the pixels are uniformized, using as
inputs (i) color mosaic pattern information, (ii) a color
and sensitivity mosaic image, and (iii) sensitivity
mosaic pattern information, so that each of the pixels
having different sensitivity characteristics are (i) scaled
to the same light intensity as the pixels having the same
sensitivity characteristics to create sensitivity compen-
sated pixel information for each of the pixels having
different sensitivity characteristics and (ii) compared
with a threshold value to discriminate the validity of the
pixel value to create discrimination information for
each of the pixels having different sensitivity charac-
teristics, and each of the uniformized pixels has all of
the plurality of color components.]

5. An image pickup device comprising:

a plurality of pixels configured to sense light, each of the
plurality of pixels having one of a plurality of color
components and one of a plurality of sensitivity char-
acteristics to light intensity, wherein pixels having a
same color component and a same sensitivity charac-
teristic are arranged in a lattice arrangement, and
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pixels having the same color component irrespective of
the senmsitivity characteristic are arranged in a lattice
arrangement;

a photo-electric conversion unit configured to produce a
color and sensitivity mosaic image based on the light
sensed by the plurality of pixels; and

a restoration unit configured to (i) use the color and
sensitivity mosaic image as an input for scaling each of
the pixels having different sensitivity characteristics to
a same light intensity as the pixels having a same
sensitivity characteristic to create sensitivity compen-
sated pixel information for each of the pixels having
different sensitivity characteristics, (ii) use the color
and sensitivity mosaic image as an input for comparing
each of the pixels having different sensitivity charac-
teristics with a threshold value to discviminate the
validity of a pixel value to create discrimination infor-
mation for each of the pixels having different sensitivity
characteristics, and (iii) interpolate the sensitivity com-
pensated pixel information based on the discrimination
information.

6. The image pickup device according to claim 5, wherein
the plurality of color components include three color com-
ponents.

7. The image pickup device according to claim 5, wherein
the plurality of color components include red, green, and
blue color components.

8. The image pickup device according to claim 5, wherein
the plurality of color components include green and blue
color components.

9. The image pickup device according to claim 5, wherein
the plurality of color components include red and blue color
components.

10. The image pickup device according to claim 5,
wherein the plurality of color components include red and
green color components.

11. The image pickup device according to claim 35,
wherein the plurality of color components include at least a
color component besides red, green and blue.

12. The image pickup device according to claim 35,
wherein the plurality of color components include red,
green, and blue color components and a fourth color com-
ponent.

13. The image pickup device according to claim 35,
wherein the plurality of sensitivity characteristics include
two patterns.

14. The image pickup device according to claim 5,
wherein the image pickup device changes between a normal
mode and a high dynamic range mode.

15. An image pickup method comprising:

a step for sensing light by a plurality of pixels, each of the
plurality of pixels having one of a plurality of color
components and one of a plurality of sensitivity char-
acteristics to light intensity, wherein pixels having a
same color component and a same sensitivity charac-
teristic are arranged in a lattice arrangement, and
pixels having the same color component irrespective of
the senmsitivity characteristic are arranged in a lattice
arrangement;

a step for producing a color and sensitivity mosaic image
based on the light sensed by the plurality of pixels;

using the color and sensitivity mosaic image as an input,
a step for scaling each of the pixels having different
sensitivity characteristics to a same light intensity as
the pixels having a same sensitivity characteristic to
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create sensitivity compensated pixel information for
each of the pixels having different sensitivity charac-
teristics;
using the color and sensitivity mosaic image as an input,
a step for comparing each of the pixels having different
sensitivity characteristics with a threshold value to
discriminate the validity of a pixel value to create
discrimination information for each of the pixels hav-
ing different sensitivity characteristics; and
a step for interpolating the sensitivity compensated pixel
information based on the discrimination information.
16. A program stored on a non-transitory computer read-
able storage medium, which when executed, causes a com-
puter to:

sense light by a plurality of pixels, each of the plurality of 15

pixels having one of a plurality of color components
and one of a plurality of sensitivity characteristics to
light intensity, wherein pixels having a same color
component and a same sensitivity characteristic are
arranged in a lattice arrangement, and pixels having
the same color component irrespective of the sensitivity
characteristic are arranged in a lattice arrangement;

produce a color and sensitivity mosaic image based on the
light sensed by the plurality of pixels;

use the color and sensitivity mosaic image as an input for
scaling each of the pixels having different sensitivity
characteristics to a same light intensity as the pixels
having a same sensitivity characteristic to create sen-
sitivity compensated pixel information for each of the
pixels having different sensitivity characteristics;

use the color and sensitivity mosaic image as an input for
comparing each of the pixels having different sensitivity
characteristics with a threshold value to discriminate
the validity of a pixel value to create discrimination
information for each of the pixels having different
sensitivity characteristics; and

interpolate the sensitivity compensated pixel information
based on the discrimination information.

17. An image pickup apparatus comprising:

a plurality of pixels configured to sense light, each of the
plurality of pixels having one of a plurality of color
components and one of a plurality of sensitivity char-
acteristics to light intensity, wherein pixels having a
same color component and a same sensitivity charac-
teristic are arranged in a lattice arrangement, and
pixels having the same color component irrespective of
the sensitivity characteristic are arranged in a lattice
arrangement;

a photo-electric conversion unit configured to produce a
color and sensitivity mosaic image based on the light
sensed by the plurality of pixels; and
restoration unit configured to produce a restoration
image based on the color and sensitivity mosaic image
by (i) using the color and sensitivity mosaic image as
an input for scaling each of the pixels having different
sensitivity characteristics to a same light intensity as
the pixels having a same sensitivity characteristic to
create sensitivity compensated pixel information for
each of the pixels having different sensitivity charac-
teristics, (ii) using the color and senmsitivity mosaic
image as an input for comparing each of the pixels
having different sensitivity characteristics with a
threshold value to discriminate the validity of a pixel
value to create discvimination information for each of
the pixels having different sensitivity characteristics,
and (iii) interpolating the sensitivity compensated pixel
information based on the discrimination information,
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wherein the restoration image has uniform sensitivities of
the pixels.

18. The image pickup apparatus according to claim 17,
wherein the plurality of color components include three
color components.

19. The image pickup apparatus according to claim 17,
wherein the plurality of color components include red,
green, and blue color components.

20. The image pickup apparatus according to claim 17,
wherein the plurality of color components include green and
blue color components.

21. The image pickup apparatus according to claim 17,
wherein the plurality of color components include red and
blue color components.

22. The image pickup apparatus according to claim 17,
wherein the plurality of color components include red and
green color components.

23. The image pickup apparatus according to claim 17,
wherein the plurality of color components include at least a
color component besides red, green and blue.

24. The image pickup apparatus according to claim 17,
wherein the plurality of color components include red,
green, and blue color components and a fourth color com-
ponent.

25. The image pickup apparatus according to claim 17,
wherein the plurality of sensitivity characteristics include
two patterns.

26. The image pickup apparatus according to claim 17,
wherein the image pickup apparatus changes between a
normal mode and a high dynamic range mode.

27. An image pickup method comprising:

a step for sensing light by a plurality of pixels, each of the
plurality of pixels having one of a plurality of color
components and one of a plurality of sensitivity char-
acteristics to light intensity, wherein pixels having a
same color component and a same sensitivity charac-
teristic are arranged in a lattice arrangement, and
pixels having the same color component irrespective of
the senmsitivity characteristic are arranged in a lattice
arrangement;

a step for producing a color and sensitivity mosaic image
based on the light sensed by the plurality of pixels; and

producing a restoration image based on the color and
sensitivity mosaic image by (i) using the color and
sensitivity mosaic image as an input, a step for scaling
each of the pixels having different sensitivity charac-
teristics to a same light intensity as the pixels having a
same sensitivity characteristic to create senmsitivity
compensated pixel information for each of the pixels
having different sensitivity characteristics, (ii) using
the color and sensitivity mosaic image as an input, a
step for comparing each of the pixels having different
sensitivity characteristics with a threshold value to
discriminate the validity of a pixel value to create
discrimination information for each of the pixels hav-
ing different sensitivity characteristics, and (iii) a step
for interpolating the semsitivity compensated pixel
information based on the discrimination information,

wherein the restoration image has uniform sensitivities of
the pixels.

28. A program stored on a non-transitory computer read-
able storage medium, which when executed, causes a com-
puter to:

sense light by a plurality of pixels, each of the plurality of
pixels having one of a plurality of color components
and one of a plurality of sensitivity characteristics to
light intensity, wherein pixels having a same color



US RE47,062 E

93

component and a same sensitivity characteristic are
arranged in a lattice arrangement, and pixels having
the same color component irrespective of the sensitivity
characteristic are arranged in a lattice arrangement;

produce a color and sensitivity mosaic image based on the
light sensed by the plurality of pixels; and

produce a restoration image based on the color and
sensitivity mosaic image by (i) using the color and
sensitivity mosaic image as an input for scaling each of
the pixels having different sensitivity characteristics to
a same light intensity as the pixels having a same
sensitivity characteristic to create sensitivity compen-
sated pixel information for each of the pixels having
different sensitivity characteristics, (ii) using the color
and sensitivity mosaic image as an input for comparing
each of the pixels having different sensitivity charac-
teristics with a threshold value to discriminate the
validity of a pixel value to create discrimination infor-
mation for each of the pixels having different sensitivity
characteristics, and (iii) interpolating the sensitivity
compensated pixel information based on the discrimi-
nation information,

wherein the restoration image has uniform sensitivities of
the pixels.

29. An image pickup apparatus comprising:

a plurality of pixels configured to sense light, each of the
plurality of pixels having one of a plurality of color
components and one of a plurality of sensitivity char-
acteristics to light intensity, wherein pixels having a
same color component and a same sensitivity charac-
teristic are arranged in a lattice arrangement, and
pixels having the same color component irrespective of
the sensitivity characteristic are arranged in a lattice
arrangement;

a photo-electric conversion unit configured to produce a
color and sensitivity mosaic image based on the light
sensed by the plurality of pixels; and

an image processing unit configured to produce a mosaic
image based on the color and sensitivity mosaic image
by (i) using the color and sensitivity mosaic image as
an input for scaling each of the pixels having different
sensitivity characteristics to a same light intensity as
the pixels having a same sensitivity characteristic to
create sensitivity compensated pixel information for
each of the pixels having different sensitivity charac-
teristics, (ii) using the color and senmsitivity mosaic
image as an input for comparing each of the pixels
having different sensitivity characteristics with a
threshold value to discriminate the validity of a pixel
value to create discvimination information for each of
the pixels having different sensitivity characteristics,
and (iii) interpolating the sensitivity compensated pixel
information based on the discrimination information,

wherein the mosaic image has uniform sensitivities of the
pixels and each of the pixels has one of the plurality of
color components.

30. The image pickup apparatus according to claim 29,
wherein the plurality of color components include three
color components.

31. The image pickup apparatus according to claim 29,
wherein the plurality of colovr components include red,
green, and blue color components.

32. The image pickup apparatus according to claim 29,
wherein the plurality of color components include green and
blue color components.
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33. The image pickup apparatus according to claim 29,
wherein the plurality of color components include red and
blue color components.

34. The image pickup apparatus according to claim 29,
wherein the plurality of color components include red and
green color components.

35. The image pickup apparatus according to claim 29,
wherein the plurality of color components include at least a
color component besides red, green and blue.

36. The image pickup apparatus according to claim 29,
wherein the plurality of color components include red,
green, and blue color components and a fourth color com-
ponent.

37. The image pickup apparatus according to claim 29,
wherein the plurality of sensitivity characteristics include
two patterns.

38. The image pickup apparatus according to claim 29,
wherein the image pickup apparatus changes between a
normal mode and a high dynamic range mode.

39. An image pickup method comprising:

a step for sensing light by a plurality of pixels, each of the
plurality of pixels having one of a plurality of color
components and one of a plurality of sensitivity char-
acteristics to light intensity, wherein pixels having a
same color component and a same sensitivity charac-
teristic are arranged in a lattice arrangement, and
pixels having the same color component irrespective of
the senmsitivity characteristic are arranged in a lattice
arrangement;

a step for producing a color and sensitivity mosaic image
based on the light sensed by the plurality of pixels; and

producing a mosaic image based on the color and sen-
sitivity mosaic image by (i) using the color and sensi-
tivity mosaic image as an input, a step for scaling each
of the pixels having different sensitivity characteristics
to a same light intensity as the pixels having a same
sensitivity characteristic to create sensitivity compen-
sated pixel information for each of the pixels having
different sensitivity characteristics, (ii) using the color
and sensitivity mosaic image as an input, a step for
comparing each of the pixels having different sensitivity
characteristics with a threshold value to discriminate
the validity of a pixel value to create discrimination
information for each of the pixels having different
sensitivity characteristics, and (iii) a step for interpo-
lating the sensitivity compensated pixel information
based on the discrimination information,

wherein the mosaic image has uniform sensitivities of the
pixels and each of the pixels has one of the plurality of
color components.

40. A program stored on a non-transitory computer read-
able storage medium, which when executed, causes a com-
puter to:

sense light by a plurality of pixels, each of the plurality of
pixels having one of a plurality of color components
and one of a plurality of sensitivity characteristics to
light intensity, wherein pixels having a same color
component and a same sensitivity characteristic are
arranged in a lattice arrangement, and pixels having
the same color component irrespective of the sensitivity
characteristic are arranged in a lattice arrangement;

produce a color and sensitivity mosaic image based on the
light sensed by the plurality of pixels; and

produce a mosaic image based on the color and sensitivity
mosaic image by (i) using the color and sensitivity
mosaic image as an input for scaling each of the pixels
having different sensitivity characteristics to a same
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light intensity as the pixels having a same sensitivity
characteristic to create sensitivity compensated pixel
information for each of the pixels having different
sensitivity characteristics, (ii) using the color and
sensitivity mosaic image as an input for comparing 5
each of the pixels having different sensitivity charac-
teristics with a threshold value to discriminate the
validity of a pixel value to create discrimination infor-
mation for each of the pixels having different sensitivity
characteristics, and (iii) interpolating the sensitivity 10
compensated pixel information based on the discrimi-
nation information,

wherein the mosaic image has uniform sensitivities of the
pixels and each of the pixels has one of the plurality of
color components. 15
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